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PREFACE

The DAS 9100 Series Service Manuai is organized in two volumes. The first volume contains the
specifications, the theory of operation, and other instrument familiarization information. The sec-
ond volume contains the information most likely to be used directly while repairing or maintaining
a DAS module or system. Note, however, that both of the volumes are required to complete a
repair because the Verification and Adjustment Procedures are contained in the first volume.

This manual is designed for use by a qualified service technician with moderate experience with
high-speed digital circuitry. Familiarity with both the TTL and ECL logic families is assumed.
Familiarity with, and the ability to operate, standard tesi instruments used on digital circuitry, like
high-speed oscilloscopes and logic analyzers, is also assumed.

The DAS 9130 Series contains some complicated and/or non-standard circuits. For most effec-
tive use of repair time, it is wise to become familiar with the operation of the instrument, both the
hardware and the firmware. The Theory of Operation is organized as a learning guide to the
structure and function of the instrument.

Since in many cases familiarity with the instrument is not feasible, the Maintenance: General
Information and the Maintenance: Troubleshooting sections in volume two give the required infor-
mation to complete most repairs in a short time. This wili prove useful to the technician who does
not often have occasion to repair a DAS 9100 Series instrument.

WHAT THIS MANUAL CONTAINS

The Service Manual is divided into twelve sections that are located in two binders. The third
hinuer is available for Addenda to the Service Manual.

VOLUME 1

Section 1 - Introduction and Specifications. This section describes the DAS 9100, its modes of
operation, products and options, standard and optional accessaries, and electrical and physical
specifications.

Section 2 - Options. This section lists the options that are available with the DAS 9100 Series of
instruments.

Section 3 - Operating Instructions. This section describes the DAS 9100 power requirements,
module installation procedures, probe connections, and the keyboard. There is also an overview
of the menus used by the operator to control the system. Refer to the DAS 9100 Series Opera-
tor's Manual for complete operating instructions.

Section 4 - Theory of Operation. This section contains a discussion of the basic operation of the
DAS 9100 Series instruments, a block diagram description of the DAS, and detailed circuit de-
scriptions of ali parts of the mainframe, modules, probes, and options.

Section 5 - Verification and Adjustment Procedures. This section contains the functional check

procedures, the adjustment procedures and the performance check procedures for all parts of the
DAS.
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VOLUME 2

Section 6 - Maintenance: General Information. This section of the manual contains information
necessary to maintain the DAS. General precautions, disagssembly procedures, and general main-
tenance information is included in this section.

Section 7 - Maintenance: Troubleshooting. This section contains troubleshooting trees and
information.

Section 8 - Maintenance: Diagnostic Test Descriptions. This section gives detailed instructions
for using the Diagnostics menu. It also provides detailed descriptions of the operation of each test
used by the diagnostics.

Section 9 - Reference Material. This section provides quick reference material for use while
troubleshooting or adjusting any part of the DAS.

Section 10 - Replaceable Electrical Parts. This section contains a list (including Tektronix part
numbers) of all replaceable electrical parts in the DAS.

Section 11 - Diagrams. This section contains all schematics for the DAS as well as board and
component locator diagrams and tables.

Section 12 - Replaceable Mechanical Parts. This section contains lists (including part numbers)
of all replaceable mechanical parts in the DAS and provides illustration to show the location of
each of these parts.
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OPERATOR’S SAFETY SUMMARY

The general safety infermation in this summary is for both operator and service personnel. Specif-
ic cautions and warnings are placed throughout the manual where they apply but may not appear
in this summary.

TERMS IN THIS MANUAL.

CAUTION statements identify conditions or practices that could result in damage to the equip-
ment or other property.

WARNING statements identify conditions or practices that could result in personal injury or loss
of life.

TERMS AS MARKED ON EQUIPMENT

CAUTION indicates a personal injury hazard not immediately accessible as one reads the mark-
ing, or a hazard to property, including the equipment itseif.

DANGER indicates a personal injury hazard immediately accessible as one reads the marking.

SYMBOLS AS MARKED ON EQUIPMENT

A% DANGER-high voltage
@ Protective ground (earth) terminal.

A ATTENTION—refer to manual.

GROUNDING THE PRODUCT

This preduct is intended to operate from a power source that does not apply more than 250 voits
rms between the supply conductors or between either supply conductor and ground.

This product is grounded through the grounding conductor of the power cord. To avoid electrical
shock, plug the power cord into a properly wired receptacle before connecting it to the product. A
protective ground connection by way of the grounding conductor in the power cord is essential for
safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including keys and
controls that may appear to be insulating) can render an electrical shock.

Xix
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USE THE PROPER POWER CORD

Use only the power cord and connector specified for this product, and be sure it is in good
condition.

Refer to the Operating Instructions section of this manual for information on power cords and
connectors.,

USE THE PROPER FUSE

To avoid fire hazard, use only a fuse of the correct type, voitage rating, and current rating as
specified in the parts list for this product.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive atmosphere unless it has been
specifically certified for such operation.
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer also to the preceding Operator’'s Safety Summary.

DO NOT SERVICE ALONE

Do not perform internal service or adjustment of this product unless ancther person capable of
rendering first aid and resuscitation is present.

USE CARE WHEN SERVICING WITH POWER ON

Dangerous voltages exist at several points in this product. To aveid personal injury, do not touch
exposed connections and components while power is on. De not wear metal neck chains, wrist-
bands or other metal jewelry while power is on and connections and components are exposed.

Disconnect power before removing protective panels, soldering, or replacing componenfs.

USE CAUTION WHEN SERVICING THE CRT

The CRT should be serviced only by gualified personnel familiar with CRT servicing procedures
and precautions.

CRTs retain hazardous vcltages for long periods of time after power-down. Before attempting
any work inside the monitor, discharge the CRT by shorting the anode connection to chassis
ground. When discharging, connect to ground, then to anode.

Use exireme caution when handling the CRT. Rough handling may cause it to implode. Do not
nick or scratch the glass or subject it to undue pressure during removal or installation. When
handling the CRT, wear safety goggles and heavy gloves for protection.

REMOVE LOOSE OBJECTS

During disassembly or installation procedures, screws or other small objects may fall to the
bottom of the mainframe. To avoid shorting out the primary power supply, do not power up the
instrument until such objects have been removed.

xxi
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INTRODUCTION AND SPECIFICATIONS

DESCRIPTION

The Digital Analysis System (DAS) 9100 Series is a family of programmable Yogic analysis instru-
ments useful in the design, manufacture, and service of digital products. The series features a
modular system architecture that allows various instrument configurations, each tailored to meet
specific testing requirements. A DAS may be configured as a logic analyzer, as a pattern genera-
tor, or as a combination of the two. Option selections for adding an I/Q interface (GPIB, RS-232,
hard copy), a tape drive, supplemental dc power, and rackmount hardware are alsc available.

DAS modularity is built around the 9100 Series of microprocessor-controlled mainframes (see
Figure 1-1). These units house all modular components and options and provide the circuitry and
firmware necessary 1o integrate their functions.

instrument functions and additional power supplies are added to the mainframe in modules. Up to
six data acquisition and pattern generator modules may be installed, as long as they do not
exceed the maximum of 104 acquisition or 80 stimulus channels.

Choose between:
* 91A32 Data Acquisition Module, 32 channels at 25 MHz, (three maximum).

* 91A08 Data Acquisition Module, B data/glitch channels at 100 MHz, (four maximum).
¢ 91P16 Pattern Generator Module, 16 channels at 25 MHz, {one maximum).

s 91P32 Pattern Generator Expander Module, 32 channels at 25 MH2, (two maximum),

MODES OF OPERATION

DATA ACQUISITION

QOperating as a logic analyzer, the DAS can acquire up to 104 channels of parallel data. The
number of acquisition channels, along with clock and trigger functions, is a direct result of the
number and type of data acquisition modules installed in the mainframe,

Using one to three 91A32 modules, the DAS acquires and stores from 32 to 96 input channels
with 2 to 6 clock qualifiers. In this mode, all modules may be run from the same internal clock (set
at intervals ranging from 5 ms to 40 ns), or from the same external clock’s rising or falling edge
{set to 40 ns maximum). A special split-clock feature is also provided for setting each 91A32
module to a different external clock, such as those belonging to multiplexed bus structures. Three
word recognizers may be specified on all channels and used in several different triggering
sequences.
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Using one to four 91A08 modules, the DAS acquires and stores from 8 to 32 input channels with
1 to 4 clock qualifiers. All modules may run at a 100 MHz maximum clock rate using the DAS
internal clock or an external clock’s rising or falling edge. The 91A08 modules also acquire and
store glitches on al! data channels. Word recogniticn can be set to trigger on data or glitches.

Two modes are provided for using the 91A32 and 91A08 modules together. The AND mode runs
the modules simultaneously using the clock and ward recognizer functions of the 91A32 mod-
ule(s). The ARMS mode runs the two modules simultaneously, but at different clock rates. In this
mode, the 91A32 trigger enables the 91A08 trigger to produce a display effect similar to an
oscilloscope’s delayed sweep.

in all acquisition modes, triggering may be positioned at the beginning, center, or end of the
acquisition memory; or it may be delayed for up to 32,767 clock cycles. BNC connectors on the
mainframe’s back panel also provide a trigger output and a trigger enable signal.

ACQUISITION AND REFERENCE MEMORY DISPLAY
Once in memory, acquired data is displayed in either Timing Diagram or State Table format.

In the Timing Diagram format, the DAS displays data in logic waveforms representing the high
and low states of each clock cycle. Up to 16 of these waveforms are displayed at one time.
Screen editing functions are available for viewing different portions of memory, for labeling and
rearranging channel orders, and for altering display magnification. The Timing Diagram also dis-
plays 91A08 glitch information.

In the State Table format, data is displayed in hexadecimal, octal, or binary radices. Up to 16 data
words appear on the screen at one time, with channel widths as wide as 104 bits. Up to 256
mnemonic definitions can be specified and incorporated into the display. As with the Timing
Diagram, screen editing functions are provided for moving, modifying, or reformatting the display.

DAS reference memory is also displayed in hexadecimal, octal, or binary radices. Data may be
loaded into reference memory from acquisition memory. Reference memory and newly acquired
data appear on the screen as two adjacent tables. Any difference in bit values is highlighted on
the acquisition memory portion of the display. Bit masking and editing functions are provided for
altering reference memory to represent any desired bit values.

PATTERN GENERATION

When used as a pattern generator, the DAS outputs clock, data, and strobe signals to a system
under test. The 91P16 module provides 2 clock output lines, 16 data output lines, and 2 strobe
lines. The addition of one or two 91P32 expander modules increases the output to 6 clock lines,
48 data output lines, and 6 strobe lines; or to 10 clock fines, 80 data output lines, and 10 strobe
lines.

The output clocks and data signals run from the master pattern generator ctock (25 MHz maxi-
mumy}. The master clock can be supplied by the DAS internal clock or by an external clock source.
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Data output is synchronous to the clock edge. The data program may be entered in hexadecimal,
octal, or binary radices. Special commands are available for compressing this direct in-line code
through the use of call, return, goto, repeat, hold, and count functions.

Strobes are programmed asychronously, on a cycie-by-cycle basis, and may be asserted in
positive- or negative-true formats. Their leading and frailing edges may be positioned
independently.

The pattern generator aiso responds to external input signals. It accepts external interrupt,
pause, or inhibit signals. This ailows interactive comimunication with the system under test.

GPIB, RS-232, AND HARD COPY INTERFACES

All DAS test operations may be extended through the use of the GPIB, RS-232, and hard copy
interfaces inciuded in the /O interface assembly (mainframe Option 02).

The GPIB interface allows paraliel data transmission between the DAS and any compatibie host
controlier. The DAS can function as a talker and fistener in & GPIB network; the host controlier
controls all menu setup and test functions.

The B5-232 interface allows two DAS systems to be linked together for master/slave transmis-
sion. The master DAS serves as the controller for setting up and operating another DAS in a
remote location. The RS-232 interface can also be used for transmitting GPIB commands.

A composite video cutput for hard copy units or video terminals is the third interface provided by
Option 02. This feature allows documentation of test results and operating parameters.

TAPE DRIVE

The tape drive (mainframe Option 01) may be used o store specific DAS setups on a magnetic
tape. You can store the entire instrument status or selected portions of the instrument status, and
then restore that information to the DAS at any time.

MAINFRAME STANDARD COMPONENTS

Refer to Figure 1-1 for the positicn of mainframe components, available modules, and options. All
probes connect through back-panel openings.

Keyboard — a functionaily encoded kevboard located on the front of the mainframe. When fow-
ered, this unit serves as the operator's interface. Keysirokes are provided for calling up the
menus, for entering operating parameters, and for starting or stopping the test functions.

When folded, the keyboard serves as a protective front cover.

Display Monitor — a 9-inch raster scan CRT with 24, 80-character lines of display. The monitor
displays the varicus DAS menus and provides highlighted, reverse video, and blinking screen
prompters, The DAS9129 color monitor also features & color-coded display using green, yellow,
and red.

1.3



Introduction and Specs—DAS9100 Series Service Vol. |

MAINFRAME STANDARD COMPONENTS

Refer to Figure 1-1 for the position of mainframe components, available modules, and options. All
probes connect through back-panel openings.

Keyboard — a functionally encoded keyboard located on the front of the mainframe. When low-
ered, this unit serves as the operator's interface. Keystrokes are provided for calling up the
menus, for entering operating parameters, and for starting or stopping the test functions.

When folded, the keyboard serves as a protective front cover.

Display Monitor — a 9-inch raster scan CRT with 24, 80-character lines of display. The monitor
displays the various DAS menus and provides highlighted, reverse video, and blinking screen
prompters. The DASS129 color monitor also features a color-coded display using green, yellow,
and red.

Interconnect Board — an etched circuit board fixed at the bottormn of the mainframe. This board
provides the module bus slots used for installing data acquisition and pattern generator modules.
The board holds the Controller Module, the Trigger/Time Base Module, and up to six data acquisi-
tion or pattern generator modules.

Main Power Supply — an etched circuit board providing the power needed for all mainframe
companents except module bus slots 1-6. The Main Power Supply provides all operating power
for the module bus slots occupied by the Controlier and Trigger/Time Base Maodules (slots 0 and
7). Operating power for the other six slots is provided by additonal +5 V Power Supply modules.

<45 V Power Supply — a plug-in circuit modute providing all operating power for two contiguous
module bus slots. If more than two modules are to be used, more power must be added as
specified under mainframe Options 03 and 04.

Controller — a plug-in circuit module containing the system's Z80 microprocessor, firmware, and
memory. it communicates over a 72-pin CPU bus on the interconnect board and controls all
system modules including the keyboard and moenitor interfaces and the tape drive unit.

Trigger/Time Base — a plug-in circuit moduke with one P6452 Data Acquisition Probe used as
an external clock probe. This module performs two basic functions: it determines the occurrence
of a specified trigger sequence and then generates an acquisition stop/store signal. It also pro-
vides the intrnal or external clock sources required by any instaiied data acquisition or pattern
generator modules.

1-4 REV OCT 1983
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CONTROLLER MODULE DATA ACQUISITION CR
{mainframe standard) PATTERN GENERATOR
MODULES
POWER SUPPLY AREA /3 INTERFACE
{optional)

DISPLAY MONITOR
{mainframe standard)

=

TRIGGER/TIME

BASE MODULE
{mainframe standard)

KEYBOARD DC100 TAPE DRIVE
(mainframe standard} {optional)

362402

REV OCT 1983

Figure 1.1. DAS910% Mainframe configuration.
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INSTRUMENT MODULES

Module instaliation procedures are provided in Disassembly/Installation Procedures in the Mainte-
nance: General Information section.

91A32 Data Acquisition Module — The 91A32 features acquisition rates up to 25 MHz with 32
data input lines and two clock qualifiers. It has a 32-channel memory width and a 512-word depth
{three 91A32 modules maximum).

51A08 Data Acquisition Module — The 91A08 features acquisition rates up to 100 MHz with 8
data/glitch channels and one clock qualifier. It has separate data and glitch memories, both of
which have an 8-channel memory width and 512-word depth (four 91A08 modules maximum).

91P16 Pattern Generator Module — The 91P16 features 16 data output lines, 2 clock output
lines, and 2 strobe lines. It outputs atrates up to 25 MHz and has the capability to respond to exter-
nal interrupt, inhibit, and pause lines {(one 91P16 module maximumj.

91P32 Pattern Generator Expander Module — The 21P32 works in conjunction with the 91P16
to provide 32 additional data output lines, four clock output lines, and four strobe lines (two 81P32
modules maximum).

NOTE
The 91P32 modules are operabie only if a 91P16 module is installed in the mainframe.

1-6 REV OCT 1983
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MAINFRAME OPTIONS

All of the following options, except the tape drive, may be installed by qualified service personnel
in accordance with the instructions contained in the Disassembly/Installation Procedures.

OPTION 01, Tape Drive for DC100-type Cartridges — resides in a reserved space in the right-
front of the mainframe. Its recording medium is a DC100-type tape cartridge inserted into the
driver through a slot on the mainframe's front panel. This unit will store and recali DAS status,
menu parameters, and reference memeories.

DAS91F1 is the field-installable version of Option 0t1. DAS91F1 must be installed at a Tektronix
Field Service Center.

OPTION 02, 1/O interface — a plug-in circuit module providing GPIB, RS-232, and hard copy

interfaces. Included with this option is a back panel insert with appropriate connectors for each
interface.

DAS92F2 is the field-installed version of Option 02 for the DASS8129 (color) Mainframe. DASS1F2
is the field-installable version of Option 02 for the DAS9109 (monochrome) Mainframe. DASS2F2
and DASS1F2 may be installed by any qualified service technician.

OPTION 03, One +5 V Power Supply -— a plug-in circuit module providing operating power for
two contiguous module bus slots. By combining this module with the power supplies provided
with the mainframe, six of the eight bus slots receive operating power.

OFTION 04, Two +5 V Power Supplies — two plug-in circuit modules providing operating pow-
er to four medule bus siots. By combining these modules with the power supplies provided with
the mainframe, all eight of the bus slots receive power.

OPTION 05, Rackmount Hardware

OPTION A1, European Plug, 220 V/16A

OPTION A2, United Kingdom Plug, 240 V/13A

OPTION A3, Australian Plug, 240 V/10A

OPTION A4, North American Plug, 240 V/15A

REV OCT 1983
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STANDARD AND OPTIONAL ACCESSORIES

MAINFRAME

Standard Accessories

The following items are provided with any DAS mainframe, whether ordered separately or as part

of a preconfigured system.

1 062-5847-01
1 010-6452-01
1 012-1000-00
1 214-3154-00

Optional Accessories

062-5848-01
119-1350-01
012-0630-01
012-0830-02
072-0815-00
012-0820-00
012-0074-00
176-27563-00
{067-0980-00
067-1037-00

DAS 9100 Series Operator's Manual

P6452 Data Acquisition Probe (with clock cable attached)
Diagnostic lead set (10 in.)

Ejector, circuit board

DAS 9100 Series Service Manual, Vol. 1, Il, and Il
Tape Cartridges, DC100-Type; package of 5
interconnect Cable (2-meter GPIB cable)

Interconnect Cable (4-meter GPIB cable)

Interconnect Cable (2-meter R8-232 cable)

interconnect Cable (null modem)

Cable Assembly (75 Q coaxial, 42 in., for hard copy unit)
Cable Assembly (75 @ coaxial, 120 in., for hard copy unit)
DAS Service Maintenance Kit

Setup/Hold Time Test Fixture

REY OCT 1983
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91A32 DATA ACQUISITION MODULE
Standard Accessories

1 070-3627-00 91A32 Instructions

Optional Accessories

There are no optional accessories to the 91A32 module.

91A08 DATA ACQUISITION MODULE
Standard Accessories

1 070-3612-00 91A08 Instructions
1 012-0987-00 Flying lead set (5 in.)
1 012-0988-00 Ground (or V,) sense lead (5 in. with Pomona hook tip)

Optional Accessories

There are no optional accessories to the 91A08 module.

91P16 PATTERN GENERATOR MODULE
Standard Accessories

1 070-3613-00 91P16 Instructions
2 010-6455-01 P8455 TTL/MOS Pattern Generator Probes with tips and leads

Optional Accessories

There are no optional accessories to the 91A08 module.

REV OCT 1883
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1-10

91P32 PATTERN GENERATOR EXPANDER MODULE

Standard Accessories

1

Optional Accessories

There are no optional accessories to the 91A08 module.

070-3614-00

91P32 Instructions

P6452 DATA ACQUISITION PROBE

Standard Accessories

e e e e

Optional Accessoties

070-3615-00
012-0747-00
020-0720-00
012-0989-00
334-4174-00
343-1048-00

012-0987-00
012-0800-00
012-0968-00
012-1000-00
012-0989-01

103-0209-00
003-0739-00
015-0330-00
015-0339-02
015-0339-00
012-1012.00

PE452 Instructions

Flying lead set (10 wide, 10 in.}

Grabber tips; package of 12

Ground (of V) sense lead (5 in. with Pomona hook tip)
External Clock Probe iabe!

Flat cable mounts

Flying lead set (10 wide, 5 in.)
Harmenica lead set (10 wide, 10 in.}
Harmoenica lead set (10 wide, 5in.)
Diagnostic lead set (10 in.)

Ground (or V,) sense leads (5 in. with Pomona hook tips); pack-

age of 10
GPIB adapter

DIP clip, IC (16-pin test clip)

Test ciip adapter (16 DIP, 30 cm, low profile)
Test clip adapter (40 DIP, 10 cm, low profile)
Test clip adapter (40 DIP, 30 cm, low profile)
Probe extender cable (2 meters)

P6454 100 MHz CLOCK PROBE

Standard Accessories

1
1

Optional Accessories

070-3837-00
185.3658-00

195-2234-06
195-1943-06

P6454 Instructions
Lead with grabber tip; package of 2

High-speed hook tips (DIP); package of 10
High-speed hock tips (flat pack); package of 10

REV APR 1983



Introduction and Specs—DAS9100 Series Service Vol. |

P6455 TTL/MOS PATTERN GENERATOR PROBE

Standard Accessories

— ot gl ok

Optional Accessories

070-3616-00
012-1053-00
020-0720-00
012-0989-00
012-0990-00
343-1048-00

012-0747-00
012-1000-00
012-0089-01
012-0990-01

012-1012-00

P6455 Instructions

Patttern generator lead set

Grabber tips; package of 12

Ground (or V) sense lead (5 in., black, with Pomona hook tip)
Ground {or V) sense lead (5 in., green with Pomona hook tip)
Flat cable mounts

Flying lead set (10 wide, 10 in.)

Diagnostic lead set {10 in.)

Ground (or V) sense leads (5 in., black, with Pomona hook tips},
package of 10

Ground {or V) sense leads (5 in., green, with Pomoena hook tips);
package of 10

Probe extender cable (2 meters)

P6456 ECL PATTERN GENERATOR PROBE

Standard Accessories

—_— ok ot ek ek ek ok

Optional Accessories

REV FEB 1984

070-3753-00
012-0926-00
012-1001-00
020-0720-00
012-0989-00
012-0990-00
343-1048-00

012-1000-00
012-0989-01

012-0990-01

012-1012-00

P6456 Instructions

Pattern generator lead set (9 in.}

High-speed pattern generator lead set (10 wide, 5 in., harmonica)
Grabber tips; package of 12

Ground {or V|) sense lead (5 in., black, with Pomona hook tip)
Ground (or V) sense lead (5 in., green with Pomona hook tip)
Flat cable mounts

Diagnostic lead set (10 in.)

Ground {or V) sense leads (5 in., black, with Pomona hcok tips);
package of 10

Ground {or V) sense leads (5 in., green, with Pomona hook tips);
package of 10

Probe extender cable {2 meters)
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MAINFRAMES

SPECIFICATIONS

Table 1-1

DAS9129 and DAS9109 Electrical Specifications: Mainframe Power

Characteristic

Performance Requirements

Supplemental Information

MAIN POWER SUPPLY BOARD

Primary Power Input

Power Supply Clock

Vy, levels

V| levels

Inrternal Power
+12 V Supply
Voltage
Ripple
Current
Qverload Protection

Over-voltage Protection
+5 V Supply

Voltage

Ripple

Current

QOverload Protection

Over-voltage Protection
+6 V Supply

Voltage

Ripple

+12V, £1.5%
120 mV, max., p-p

+5V, +3.0%
50 mV, max., p-p

+8V, +3.0%
60 mV, max., p-p

90V to 132V (Low) or 180 V to
250 V {High), 48 to 63 Hz, Single
Phase 1000 VA max, 10 A max.

Typically 4 us high, 25 us low.
Period approximately 29 us.

From0tc 325V

From 3.25 V below 11.3 V supply
up to the 113.5 V supply.

Q.85 A min., 6.0 A max.

Current limited above 6 A and
below 12 A

Above 14 V, below 18 V

8.0A

Current fimited above 8 A and
below 14 A

Above 5.4 V, below 6.6 V
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Table 1-1 {cont)

Characteristic

Performance Requirements

Supplemental Information

MAIN POWER SUPPLY BOARD

Current

Overload Protection

Over-voltage Protection
—5 V Supply

Voltage

Ripple

Current

Overload Protection

Over-voltage Protection
—12 V Supply

Voltage

Ripple

Current

QOverload Protection
—12 V Supply

Voltage

Ripple

Current

Overload Protection

Over-voltage Protection

+11.3 V Supply
Voltage
Ripple
Current
Qverload Protection

Over-voltage Protection

-5V, +3.0%
50 mV, max., p-p

—12V, +10.0%
120 mV, max., p-p

—12V, £5.0%
120 mV, max., p-p

2A

Gurrent limited above 2 A and
below 4 A

Above 6.3V, below 7.7 V

40A

Current limited above 4 A and
below 8 A

Above —54V, below —G6.6V

(0.75 A
‘ 1.5 A fuse

5
0.035 A

Internal shutdown

79L12AC — three terminal
regulator

+11.3, +15%, —0%
250 mV, max., p-p
05A

None

| For +5 V Power Supply Modules

'ont
Jony
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Table 1-1 {cont)

Characteristic

Performance Requirements

T
Supplemental Information

+5 V POWER SUPPLY MODULE

input Power

QOutput Power

+160 V unreguiated @ 0.8 A
+50Vref@ <2mA +11.3V
unregulated @ 50 mA

Voltage +5.0V, £3%

Ripple 50V, max., p-p ':

Current 18 A, max., cont.
1.0 A, min.

Qverload Protection Current limited above 18 A and
below 25 A

Over-voitage Protection Above 5.2 V, below 6.3 V

Table 1-2

DAS9129 ELECTRICAL SPECIFICATIONS: COLOR DISPLAY MONITOR

Characteristic

Performance Requirements

Supplementai Information

Power Requirement

Monitor Internal
Supply Voltages

Screen Area
FPhosphor
Signal Inputs

Red, Green, Yellow
MPSCK, CSUNC, VSYNC

video:
RED, GREEN, YELLOW

20w,
+12V@ <18A
+5Vv @ <02A

+110 V nominal
(+104 V to +116 V)

+24 V nominal
{(+226Vio +254V)

—10 V nominal
(—86Vic —104V0

44 sq. in. {9 in. diagonal)

| MPSCK: Monitor Power Supply
Clock

CSYNCL: Horizontal sync for
color monitor only
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Tabhle 1-2 (cont)

Characteristic

Performance Requirements

Supplemental Information

Input Levels

Input Impedance

Pulse Rise Time

Color Balance

Characters

Resolution

Geometric Distortion

High Voltage
Hoeriz Blanking Interval

Scanning Frequency

Internal Adjuistments

External Adjustments

35 ns max

LSTTL, High True except MPSC
which is Low True

CSYNC: LSTTL, 2 loads
VSYNC: >1.5 ke

| MPSCK: LSTTL, 2 loads
. RED, GREEN, YELLOW:
j 1 TTL ioad each

{ Yellow-on-red matches the color
of the yellow phosphor.

Green brightness matches the
yeliow brightness on reverse
video areas.

Characters shall be readable and
located within the uniform area of
ihe raster.

.30 mm phosphor-dot, triad
spacing

Vertical or Horizontal Edge
Bowing =0.03 inches.

21 kV nominal
12 us nominal

Horiz, 15,750 hz, =500 Hz;
Vert, 60 Hz, £3.2%

Red, yeliow, green brightness; in-
tensity range; vertical position;
horizontal, vertical size; focus

Intensity
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Table 1-3

DAS9109 Electrical Specifications: CRT Monochrome Display Monitor

Characteristic

Performance Requirements

Supplemental Information

Power Requirement
Screen Area

Phosphor
Signal Inputs

Input Levels

Input Impedance
Video Response
Pulse Rise Time

Resolution

Geometric Distortion
High Voltage

Horiz Blanking Interval
Scanning Frequency

Internal Adjustments

External Adjustments

+12 V dec @200 mA

44 sq. in. (9 in. diagonal) 24 x 80
characters

P4

Separate video, horizontal and
vertical sync

TTL (2.5 to 5.0 V p-p), sync
positive at input

75 @ video; >2 kQ sync
Within 3 dB, 10 Hz to 12 MHz
20 Vrise in 40 ns

650 lines center, 500 lines
corners

< 2%, measured with std. EIA
ball chart and dot pattern

9.5 kV @ 50 nA beam current,
nominal

11.0 us min. (includes retrace and
delay)

Horiz, 15,750 Hz, +500 Hz;
Vert, 50/60 Hz

Brighthess, vertical size, vertical
linearity, horizontal hold, vertical
hold, contrast, focus, horizontal
width, S-shaping, video bias

Brightness control and Degauss
switch
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Table 1-4

DAS9129 and PAS3109 Electrical Specifications: Keyboard

Characteristic

Performance Requirements

Supplemental Information

Mainframe-to-Keyboard
Signals

Operating Power

Keyboard-to-Mainframe
Signals

Data Bus
Keydown Signal
Key-Down Sense Delay

+12V, 5% @ 110 mA, max.

—12.0V, +8% @ <10 mA,
max.

7-bit TTL, high-true
TTL Level, low-true
800 ms

Table 1-5

DAS9109 Electrical Specifications: Controller Module

Characteristic

Performance Requirements

_f

[ Supplemental Informationﬂ

Operating Power Required

DAS9129 Qutput Drive Sig-
nals (exclusive of bus signals)

Internal Adjustments

DASS108 Output Drive Sig-
nals (exclusive of bus signals)

Bus Signal Levels

QOutput Impedance of Video
Output

Refresh Rate

Screen Buffer memery Size

f
| +12 V, 5% (@ 100 mA Max.

+5V, £3% @ 2.0 A Max.
—5V, £3% @ 10 mA Max.
—12V, £10% @ 10 mA Max.

Separate red, green, yellow
video; horizontal Sync; Vertical
Sync; CSYNC; MPSCK

Horiz position (affects CSYNC
only)

Separate video, horizontal sync,
and vertical sync

TTL{(2.5 V to 5.0V, p-p), positive
llogic

75Q

60 (+ 2} frames per Second
1920 x 8 bits
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Table 1-5{cont)

Characteristic Performance Requirements Supplemental Information
Character Generation
Character Matrix 5 x 7 character,
6 x 10 block
Characters per Line 80
Lines per Screen 24
Character and Waveform (See Figure 1-2)
Sets
Attributes Highlight, blink and reverse video
Cursor Blinking reverse-video biock
Color Attributes {DAS9129 ! Yellow on red background; green,
Only) ; inverse green; yellow, inverse
yellow, blink any color

Table 1-6
DAS9129 DAS9109 Electrical Specifications: Trigger/Time Base Module
Characteristic Performance Requirements Supplemental Information
Operating Power Required +12V, +5% @ 50 mA Max.

+6V, £5% @ 75 mA Max.
+5V, +3% @ 3.5 A Max.

5 5V, +5% @ 170 mA Max.
—12V, +10% @ 50 mA Max.

Power (from Mainframe) Out- +5V, +5% @ 700 mA
put to External Clock Probe —5V, +5% @ 100 mA
Word Recognizer Output
Cutput level TTL
Propagation delay 53 ns, +10ns
Cycle delay \l Qutput signal occurs 3 clock
cycles after word is clocked in
at probes

Trigger Enable Input
Triggering level TTL

Setup time 50 ns min.
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DAS 9100 CHARACTER SET CONVERSION
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Figure 1-2, Character and Wavetform Sets.
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Table 1-6 {(cont)

Characteristic
Cycle Offset

Trigger "Event 17
Occurrence Counter

Delay Counter

91A32 Internal Clock
91A08 Internal Clock
External clock Inputs:

Pulse Period

Pulse High

Pulse Low

Probe-to-module Signals

Channel Signal
Characteristics

Channel Rise/Fall
Time

Identify Pod
Precence, and MOS
Status

Module-to-Probe Signals

Threshotd Reference
Voltage (VTHLD)

Fixed (TTL}
Variable (VAR)
Auxiliary (MOS)

Performance Requirements

Supplemental Information

40 ns, min.
19 ns, min.

19 ns, min.

TTL and VAR Threshold Ac-| (Menu-selected value)

curacy (at Module Output)

MOS Threshold Accuracy
(at Module Qutput}

(—0.25) +1%, +5mV

{Menu-selected value) (—1)
+3%, =20 mV

S5mstod0ns, 1%, =1 ns

SEmsto10ns, +1%, =1 ns

This trigger is enabled from the
fifth data word preceding this
clock cycle that the Trigger
Enable Input is received.

1 Count, min.; 32,767 Counts,
min.;

1 Count, min.; 32,767 Counts,
max.

9 channels, identify, pod
presence, and MOS status

Differential ECL V. = +5V,
Ve, = Gnd

i <3 ns 20% to 80%

Ground-true, normally open

For clocks and control signals

+1.4V
—25V 1o +5.0Vin50 mV steps

—10Vto +20 Vin 200 mV steps
Selected by slide switch on probe
in AUX position
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Table 1-6 {cont)

Characteristic

Performance Requirements Supplemental Information

TTL and VAR Threshold Ac-

curacy {to input of attached
probe

MOS Threshold Accuracy (to

input of attached probe)

| Menu-selected Value +({2%
+ 100 mV)

Menu-selected Vaiue = (4%
+ 160 mV)

Table 1-7

DAS9129 and DAS91038 Environmental Specifications

Characteristic

Description

Temperature
Operating
Storage

Humidity

Altiude

Operating

Storage
Vibration

Shock

0°C to +50°C
—40°C to +65°C
Class 5 with the following exception: before applying

power, the mainframe must reside in <<70% RH for two
hours.

4.06 km max. {15,000 ft.) - DAS9129;
3.07 km max. (10,000 f.) - DAS9109

15 km max. (50,000 ft.)
0.37 mm (015 in.) @ 10 to 45 Hz

3049.
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Table 1-8
DAS9129 and DAS9109 Physical Specifications
Characteristic Description
Weight (w/o Accessories) 230.13 kg (51 Ibs.) — DAS9129;
21/77 kg (48 Ibs.) — DAS9109.
Finish Earth brown and ivory gray
Overall Dimensions See Figure 1-3
Instrument Module Compartment Must accommodate 8 modules of size shown in Figure
(bus slots) 1-4
Power Module Compartment Must accommoedate 3 modules of size shown in Figure
1-5

91A32 DATA ACQUISITION MODULE

Table 1-9
91A32 Electrical Specifications: Power
Characteristic Performance Requirements Supplemental Information
Operating Power Reqguired +12V, +1.5% @ 700 mA max.

+5V, 3% @ 6.5 A max.
—12V, £10% @ 50 mA max.

Power (from mainframe) Qut- +5V, £5% @ 700 mA
put To Each Of Four Probes —5V, £5% @ 100 mA

1-22
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Table 1-10
91432 Electrical Speciiications: Data Acquisition and Storage

Characieristic Periormance Requiremenis Supplemental Information
Maximum Sampling Rate 25 MHz with internal or exter- 20 Mhz with Qualifiers enabled
nal clock (40 ns cycle time)
Acquisition Memory

Memory Depth 512 words

Memory Width 32 channels data (1 module, 4
mrobes); expandable to 96 chan-
nels data (3 modules, 12 probes)

Data Set-up (period data val- 29 ns, min. with data acquisi-
id pricr to external clock tion probe attached
edge)

Data Hold (period data valid 0 ns, min. with data acquisi-
beyond external clock edge} tion probe attached

Storage Qualifiers 2 per module (8 max. with 3
modules)
Qualifier Polarity Selectable: pos or neg
Qualifier Set-up Time 29 ns, min. with data acquisi-
tion prehe attached
Qualifier Hold Time 0 ns, max. with data acquisi-
tion probe atached
Clock Clock is actually a function of the
mainframe Trigger/Time Base
Maodule
Source Selectable from one internal and

three external sources through
the Trigger/Time Base. With ex-
ternal clock selected, at least one
91A32 module must be using
CLK1. CLK1 is acquired through
the External Clock Probe.

Clock Polarity {external) Selectable: rising or falting edge

Clock Period (internal) Selectable: 40 ns, or 50 ns
through 5 ms in 16 steps (1-2-5
sequence) or off

Minimum External
Clock Pulse Inputs:

Pulse Period 40 ns, min.
Pulse High 19 ns, min.
Puise Low 19 ns, min.

REV DEC 84 1-23
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Table 1-11

91A32 Electrical Specifications: Cliock and Trigger

Characteristic

Trigger
Trigger Types

Word Recognizers

Recognizer Word Width

Recognizer Bit Condition
Selecticn

Trigger Position

Stop-store Delay

Pattern Seguence
Comparison

Pattern Sequence Length
Trigger Modes
91A32 and 91A08

1-24

Periormance Requirements

Supplemental Information

Trigger is actually a function of
the mainframe's Trigger/Time
Base Module.

1, 2, and 3-level word recognition
and pattern-sequence
comparison

Three: "Event 17, “"Event 2°, and
“Event 3"

Same as memory width

Logic 1, logic 0, or X (don't care}

BEGIN, CENTER, END, and
DELAY. In DELAY mode the
91A32 trigger sequence number
is assigned as follows: Trigger
sequence = 504-DELAY value.

P/O Trigger/Time Base Module

Selectable from 1 to 32,767 sam-
ple pericds after trigger

Compare untit equai or urtif not
equatl

From 1 to 512 words

Must have both 91A32 and
91A08 modules in the system.
The $1A08 Qualifier is disabled.
“Event 2” and "Event 3" trigger
words are not supported on the
91A08 module.

The 91A08 is restricted to the
specifications of the 91A32, with
the following exception: in AND
mode the 91A08 module has a
hold time of 20 ns.

In the AND mode, the 91AQ08
modules always use the master
CLK1 from the External Clock
Probe,

91A08 pods cannot be in the
same group(s) as 91A32 pods.
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Table 1-11 {cont)

Characteristic

Performance Requirements

Supplemental Information

91A32 ARMS 91A08

91A32 EXT-SPLIT Clocks

After 91A32 completes trigger se-
quence, 81A08 is enabled, 91A32
and 91A08 have no special setup
or hold restrictions in this mode.

If any qualifiers are enabled in this
mode, you will get a separation
fence display.

In order for the split clock display
to make sense, all clocks used in
split mode must run at the same
frequency and be phase related.

CLK1 defines the cycle boundary.
Clocks CLK2 and CLK3 must falt
within the cycle times of CLK1.

Clocks CLK2 and CLK3 must
oceur 49 ns prior to the next
CLK1 boundary.

Each 91A32 module must meet
set-up and hold specifications
individualy.

The rightmost 91A32 module in
the Trigger specification menu
that uses CLK1 is the master
91A32 module. Only 91A32
modules using CLK1 in the same

polarity as the master 91A32 may
have qualifiers.

1-25
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Table 1-12

91A32 Electrical Specifications: Probe interface and Support

Characteristic

Performance Requirements

- Suppiemental Information

Probe-to-Module Signals

Channei Signal
Characteristics
Channel Rise/Fall Time

Identify, Pod Presence,
and MOS Status

Module-to-Probe Signais

Threshold Reference Voltage
(VTHLD)

Fixed (TTL)
Variable (VAR)

Auxiliary (MGS)

TTL and VAR Threshold
Accuracy (at
Module Qutput)

MOS8 Threshold
Accuracy (at
Module Cutput)

TTL and VAR Threshold
Accuracy (to input
of attached probe)

MOS Threshold Accuracy
(fo input of
attached probe)

(Menu-selected vaiue) times
(—0.25) +1%, +5mV

(Menu-selected value) times
(—1) £3%, £20 mV

9 channels, identify, pod
presence, and MOS status

Differentiat ECL
Vo= +5V,V,, =gnd

<3 ns 20% to 80%
Ground-true, normaily open

For data and quaiifiers

+14V

—25Vto +5.0Vin 50 mVv
steps.

—~10V to +20V in 200 mV
steps. Selected by putting the

slide switch on the probe in AUX

position

Menu-selected value
{+2%, +100 mV)

Menu-selected value
{£4%, £160 mV)
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91432 Environmental Specifications
The environmental specifications for this instrument {operating) meet or exceed those specified
for the operation of the DAS9129 and DAS9109 Mainframes.

The environmental specifications for this instrument non-operation shall be in accordance with
those stated for a Class V instrument in the Tektronix Standard 062-2853-00, including the
specifications pertaining to the transportation of the packaged instrument.

91432 Physical Spacifications

Trne 91A32 Data Acquisition Module consists of components mounted on an etched circuit board.
See Table 1-7 and Figure 1-4 for physical specifications.

91408 DATA ACQUISITION MODULE

Table 1-13
91A08 Elecirical Specifications: Power

Characteristic Performance Hequirements Suppiemenial Information
Input Power Used by 91A08 +12V, £1.5% @ 100 mA max.
Module +6 ¥V, +3% @ 100 mA max.

+5V, +3% (@ 8 A max.
—12V, £10% @ 100 mA max.

Input Power (from main- +5V, £5% @ 700 mA,
frame) Output To Probe —12V, £5% @ 100 mA

Table 1-14
91A08 Electrical Specifications: Data Acquisition and Storage

Characteristic Periormance Requirements Suppiemental Information
Maximum Sampling Rate 100 MHz with internal or ex- 66 MHz with qualifiers enabled;
ternal clock 66 MHz with glitch acquisition.

Valid from 0°C to 40°C
Acguisition Memory
Memory Depth _ 512 words

Memory Width 8 channels data, 8 channeis glitch
{1 module, 1 probe}; expandable
to 32 channels glitch (4 moduies
and 4 probes)

1-27
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Table 1-14 (cont)

Characteristic Performance Heguirements
Data Set-up (period data =9 ns
valid prior to external
clock edge)
Data Hold (period data valid 0 ns, max.

beyond external clock edge)
Minimum Glitch Width 7ns

Glitch Set-up (duration glitch
traiting edge must occur prior
to extarnal clock edge for
datection)

Storage Qualifiers

Quialifier Polarity

=15 ns using one to four
91A08 modules

Qualifier Set-up Time

Qualifier Hold Time 0 ns, max, with data acquisi-

tion probe attached

Table 1-15

91408 Electrical Specifications: Clock

Characterisiic

Clock

Source

Clock Polarity
{external)

Clock Period
(internal)

Accuracy
(internal ¢lock)

Performance Requirements

Supplemental Information

Valid from 0°C to 40°C

At threshold
1 ns

1 per module (4 max. with 4
modules)

Selectable: pos or neg
Valid from 0°C tc 40°C

and Trigger
Supplemenial information
Clock is actually a function of the

Trigger/Time Base Module

Selectable from two internal and
2 external sources (91A32 CLK1
from the Trigger/Time Base
module or the 100 MHz Probe)

Selectable: rising or failling edge

Selectable: 10 ns, 2( ns, 40 ns or
50 ns through 5 ms in 16 steps
(1-2-5 sequence) or off

Specified rate £1% 1 ns

REV DEC 84
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Table 1-15 {cont)

Characteristic

FPerformance Requiremenis

Supplemental Information

Trigger
Trigger Types
Word Recognition

Word Width
Bit Specification

Word Recognition

Glitch
Recognition

Trigger Position

Stop-store Delay

Pattern-sequence
Comparison

Pattern Length
External Clock
Pulse Period
Pulse High
Pulse Low

AND Mode
Characteristics

Setup Time
Heold Time

Maximum Clock Rate
{internal or External)

ARMs Mode Characteristics

10 ns min.
5 ns min.

5 ns min.

Single-level word recognition

Single-level data-word or glitch-
word, externally armable ({from
91A32 trigger)

Same as memory width

Logic 1 or logic 0, or X (don't
care)

lLogic 1 or X {don't care)

BEGIN, CENTER, END, and
DELAY. In DELAY mode, the
91A08 trigger sequence number
is assigned by the user as
follows:

trigger sequence =

508 — DELAY value

Selectable from 1 to 32,767
sample periods after trigger

Compare until equal or until not
equal

From 1 to 512 words
Valid for 0°C to 40°C

29 ns
20n
20 MHz (50 ns)

The 91AQ08 trigger will be armed
within 10 $1A32 clock cycles
after the occurrence of the
91A32 trigger
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Table 1-16

91A08 Electrical Specifications: Probe Interface and Support

Characteristic

Performance Requirements

Supplemental Information

Data Probe-to-Module
Signals

Channels

Channel signal
Characteristic

Channel Rise/Fall Time

Identify Pod Presence,
and MOS Status

Data Module-to-Probe
Signals

Threshold Reference
Voltage (VTHLD)

Fixed (TTL)
Variable (VAR)
Auxiliary (MOS)

TTL and VAR Threshold
times Accuracy (at
module output)

MOS Accuracy {(at module

output)

TTL and VAR Threshold
Accuracy (to input of
attached probe)

MQOS Threshold Accuracy
(to input of attached
probe)

Clock Signal Characteristic
(function of the P6454
100 MHz Clock Probe)

{Menu-selected value)
{(—0.25) £1%, =5 mV

{Menu-selected value) times
{(—1) 3%, £20mV

9 Channels, identify, pod
presence, and MOS status

B data/glitch and 1 qualifier

Differential ECL
Ve = +5V. V= gnd

<=3 ns 20% to 80°%

Ground-true, normally open

+14V
—2.5Vto 5.0 Vin 50 mV steps

—10Vto +20V in 200 mV
steps. Selected by slide switch on
probe in AUX position.

Menu-selected value (+2%,
+100 mV)

Menu-selected value (£ 4%,
+160 mV)

Coaxial shield at +12 V. Center
conductor at:

input signal

g5V
0 + 10
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91A08 Environmental Specifications
The environmental specifications for this instrument (operating) meet or exceed those specified
for the operation of the DAS2129 and DAS9109 Mainframes.

The environmental specifications for this instrument (non-operation) shall be in accordance with
those stated for a Class V instrument in the Tektronix Standard 062-2853-00, including the
specifications pertaining to the transportation of the packaged instrument.

91A08 Physical Specifications

The $1AC8 Data Acquisition Moduie consists of components mounted on an etched circuit board.
See Table 1-7 and Figure 1-4 for physical specifications.

PATTERN GENERATOR MODULES

Table 1-17
91P16 and 91P32 Elecirical Specifications: Power
Characteristic Performance Requirements Supplemental Information
Input Power Used by 91P16 +12V, £1.5% @ 1.5 A max.
+5V, +3% @ 9 A max.
Input Power Used by 91P32 +5V, 3% @ 9 A max.
Qutput Power (from main- +6V, £5% @ 160 mA, max.
frame) Output To Each PG +5V, +5% (@ 120 mA, max.
Probe —5V, £5% @ 230 mA, max.
Table 1-18
91P16 and 91P32 Electrical Specifications: Pattern Data
Characteristic Pertormance Requirements | Supplemental Information
Pattern Data Width 16 parallel channeis (1 91P16,

2 probes); expandable to B0
channels (1 91P186, 2 81P32’s
and 10 prcbes)

Data Channel Skew =10 ns at Probe Output All data channels will be valid at
the probe outpuis within 10 ns
of each other.

Pattern Compression The following instructions are
Techniques available to specify the se-
quence of data cutpui: COUNT,
REPEAT, HOLD, GOTO, CALL,
RETURN, HALT, and
ADVANCE

1-31
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Table 1-18 (cont)

Characteristic

Performance Requirements

Supplemental Information

REPEAT, HOLD, and Data-
Increment COUNT

Data-Clock Timing

Maximum Number of Unique
COUNT, HOLD, and
REPEAT Values

Maximum Number of nested
Subroutines and Interrupts

Maximum Number of Labels

Data changes a minimum of
2 ns and a maximum of 15 ns
after the transition of the
selected clock edge

Programmable from 2 to 255
clock cycles

Ciock
g
10 ns typical
8 total

16

32

Table 1-19

91P16 and 91P32 Electrical Specifications: Strobe and Clock OQutputs

Characteristic

Performance Requirements

Supplemental Information

1-32

Number of Strobes

Strobe Start Time
Maximum Pulse Width plus
Strobe Delay

Strobe Pulse Width

Probe Pulse Poiarity
Strobe Enable Time

Strobe Delay Accuracy

Strobe Width

Menu-selected value +10%,
+6ns

Menu-selected value +10%,
+6ns

2 individual strobes (1 module, 2
probes); expandable to 10
strobes (3 modules, 10 probes)

Selectable from 70 ns to
40.910 us in 40 ns steps

40.850 us

Selectable from 40 ns to
40.880 us in 40 ns steps

Selectable: pos or neg

First strobe edge must be
programmed 70 ns or greater
after the beginning of the
cycle boundary
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Table 1-18 (cont)

Characteristic

Performance Requirements

Supplemental Information

Strobe Trailing Edge
Restrictions

Clock Qutput

Clock Qutput Pulse Width
{using internal clock)

Clock Cutput Pulse Width
(using external clock)

Ciock Skew Between Output
Ciocks of Different Probe
Pods Interrupt Minimum
Pulse Widin

The trailing edge of a strobe
may not cccur any closer to the
rising edge of the output clock
than: 50 ns + 10% of the total
strobe cycle #ime

One clock line (rising edge
signifies beginning of each cycle)

=14 ns, min.

input clock pulse width =6 ns
(clock pulse comes from
External Clock Prohe)

+5ns

Table 1-20

91P16 and 91P32 Electrical Specifications: Timing

Characteristic

Performance Requirements

Supplemental Information

Operating Rate, RUN Mode

Clock Source

Polarity

Externat Clock
Pulse Period
Puise High
Pulse Low

internal Clock

40 ns, min.
19 ns, min.

19 ns, min.

Up to 25 MHz (40 ns cycie time),
determined by selected clock

External or internal, menu-
selectable

Rising or falling edge, menu-
selectable

Obtained from Trigger/Time Base
Module of the mainframe
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Table 1-21

91P16 and 91P32 Electrical Specifications: Input control Signals

Characteristic

Performance Requirements

E Supplemental Information

External Clock Input

Pause Input

Pause Input Hold Time

Pause Input Set.up Time
Relative to the Pattern
Generator External Clock
Input

Pause Input Set-up Time
Relative to the Pattern
Generator Clock Output

Pause Input Minimum Pulse
Width

interrupt Input

Interrupt Processing Cycle
Delay

interrupt Minimum Pulse
Wicith

1 external clock line (edge
selectable} 19 ns min. pulse

wicith

11 pause line, selectable high-

or low-true (pattern generator
maintains current output condi-
tions while pause line remains
true}. 19 ns minimum putse width,

14 ns. If pause line is held true for
14 ns after the pattern generator
External Clock transition, then
the next cycle’s output data will
pause. That is, output data will be
| held constant and output clocks

: will stop untii the pause line goes
false. Typical hold time is 7 ns.

7 ns min. Assert the pause
request 7 ns prior to the pattern
generator external clock.
Typical Value = 0 ns.

72 ns min. Assert the pause
request 72 ns prior to clock
rising edge output.

Typical Value = 60 ns.

19ns

1 interrupt line from External
Clock Probe selectable for rising
or falling edge assertion.

4 cycles. When a valid interrupt
request is fogged in, the first
interrupt vector appears at the
probe tip in the fourth following
cycle unless the instruction on
that cycle is a GOTO, CALL, or
RETURN. if so, the first interupt
vector will not appear until these
instructions have been executed.

19 ns
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Table 1-21 (cont)

Characteristic

Performance Requirements

Supplemental Information

interrupt Input Set-up Time
Relative to the Pattern
Generator External Clock
nput

Interrupt Input Set-up Time
Relative to the Pattern
Generator Clock

Interrupt latency

7 ns min. Assert the interrupt
request 7 ns prior to the selected
edge of the pattern generator
external clock.

Typical value = 0 ns.

72 ns min. Assert interrupt
request 72 ns prior to clock rising
edge output.

Typical value = 60 ns.

4 cycle times. After an interrupt,
the pattern generator must begin
to execute the interrupt routine
without receiving another inter-
rupt. After the interrupt has
begun, it is valid to interrupt
agatin. Interrupis sent at an
invalid time are ignored.

NOTE

Inhibit capability may only be used with the P6455
TTL/MOS Pattern Generator Probe.

Inhibit Delay Time

Inhibit Input Minimum Pulse
Width

!

70 ns. When the pattern genera-
tor external inhibit line is
asserted, the pattern generator
data outputs will be inhibited or
tri-stated a maximum of 70 ns
later.

19 ns

Table 1-22

91P16 and81P32 Electrical Specifications: Probe interface and Support

Characteristic

Performance Requirements

Supplemental Information

Moduie-to-Probe Signals

Signal Characteristic

Probe-to-Module Signals

Identify Signal and Pod
Presence

|10 Channels plus INHIBIT
Differential ECL, V_, = +5V,
V. = gnd

Ground-true, normally open
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91P16 and 91P32 Environmental Specifications

The environmental specifications for this instrument {operating} meet or exceed those specified
for the operation of the DAS8129 and DAS9109 Mainframes.

The environmental specifications for this instrument {non-operating) shall be in accordance with
those stated for a Class V instrument in the Tektronix Standard 062-2853-00, including the
specifications pertaining to the transportation of the packaged instrument.

91P16 and 91P32 Physical Specifications

The 91P16 and 91P32 Pattern Generator Modules consist of components on an etched circuit
board. See Table 1-7 and Figure 1-4 for physicat specifications.

P6452 DATA ACQUISITION PROBE

Table 1-23
P6452 Electrical Specifications

Characteristic Performance Requirements Supplemental Information

Module-to-Probe Signals

Operating Power +5V, £5% @ 400 mA, max.
Requirement {outputs not loaded)
Maximum [nput Threshold +10V

Control Voltage
Probe-to-Module Signals

Data Channel Signal Differential ECL, V_,, = +5V,
V. = gnd
Rise/Fall Time <3 ns, 20% to 80% excursion
MOS,L Ground-true, open circuit-false
PODSNS,L Grounded at probe
IDENT,L Ground-true, normally open
input Resistance 1M2, £1%
Input Capacitance 5 pF nominal, Lead set adds =5
to 10 pF
Maximum Non-destructive In- +40 V peak
put Voltage Range
Operating Input Voltage | From —40 V to input threshold
Range voltage +10V (+30 V for

RS-232 only)
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Table 1-23 (cont)

Characteristic

Performance Requirements

Supplemental Information

Small Signal Gain

Ratio of Input Voliage to
Threshoid Control Voltage

Threshold Offset

Transit Time of Probe {one
channel)

Transit Time of Probes (all
channels and patterns)

Qutput Impedance

4:1, 1%

+80 mV (x40 mV 20°C to
30°C)

100 mV input around pre-
grammed input threshold yields a
minimum gain of & {(across differ-
ential outpuis)

18.5ns, £2ns

185ns, 23 ns

120 @ nominal {transmission line)

Table t-24

P&452 Environmental Specifications

Characteristics

Description

Temperature
Operating
Storage

Humidity

Altitude
Qperating
Non-operating

Vibration

Shock

0°C to +50°C

| —~55°C to +75°C

30°C to 50°C

15 km (50,000 ft)

4.60 km (15,000 f1)

90% to 95% relative humidity for 5 days cycled from

.64 mm (0.0282 in.) 10 Hz to 85 Hz, 75 minutes

500 g. (1/2 sine), 1 ms, 18 shocks
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Table 1-24 (cont)

Characteristic

Description

Transportation
Vibration
Package Drop

Bench Handling

Cables
Flex Life
Puli Test

Electrical Discharge

25 mm {1 in.} at 270 rpm for 1 hour
10 drops from 91 cm (3 ft)

45° or 4 in. or equilibrium, whichever occurs first

1000 cycles at 120° flex with 0.68 kg (1.5 Ib) weight
15.88 kg (36 Ibs) axial pull at 1 minute duration

10 kV max. from 200 pF with 2 k@ series resistance

Table 1-25

P6452 Physical Specifications

Characteristics

Description

Finish

Dimensions (approx):
POD
Cable {Flat Ribbon)

Weight

Slate Grey

See Figure 1-6.
2ms (78.75n.)

340 gm (12 oz)
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P6454 100 MHz CLOCK PROBE

Table 1-26

P6454 Elecirical Specifications
(Includes Circuitry on 91A08 Module)

Characteristic

Performance Requiremenis

Supplemental Information

Hybrid-to-Module Signals
Number of Channels
Power Requirements
Voltage
Current
Transconductance
Bangdwidth
Propagation Delay
Probe Input Impedance

Input Resistance at Tip of
Probe Lead

tnput Capacitance

Reference Input Characteris.
tic at Tip

Maximum Non-destructive
Voltage to Either Input

Maximum Non-destructive
Voltage to V

Voltage Range
Operating Input
Common Mede

Input Sensitivity

Threshold Accuracy

Clock Rise Time/Fail Time
(Terminated in 50 Q to +3 V).

Minimum Input Signal Slew-
rate

One

150 MHz, min. to -3 dB point

700 mV p-p

+50mV, =3% of threshold
setting

+12V, +5%
=30 mA
2 mA/V nominal

9.2ns, £150 ps

1 MQ, £5%

S5pF, £1pF

Floating reference input
+25V (dc + peak ac)

+25V (dc + peak ac)

—4 Vo +7V (dc + peak ac)
—4Vto +7V {dc + peak ac)

700 mV p-p, centered on thresh-
old will provide full ECL swing at
output of receiver

1.0 ns max 20.80% in response
to a 700 mV p-p square wave
centered about V., at the output
of the comparator

50 Vfus
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Table 1-27
P6454 Environmental Specifications
Characteristic Description

Temperature

Operating 0°C to +50°C

Storage —55°C to +75°C
Humidity =<95% Relative Humidity
Altitude

Operating 4.6 km (15,000 ft.)

Non-operating 15 km (50,000 ft.)
Vibration 0.64 mm {0.0252 in.), 10 Hz to 55 Hz, 75 minutes
Shock 500 g. (1/2 sine), 11 ms, 18 Shocks
Bench Handling 45° or 4 in., or equilibrium, whichever comes first
Electrical Discharge 12 kV, max.; 1 k& series resistance +500 pF
Transportation

Vibration 25 mm {1 in.) at 270 rpm for 1 hour

Package Drop 10 drops from 91 cm (3 ft.)
Cables

Flex Life 10,000 cycles at 120° flex with 0.40 kg (0.882 Ib.) weight

Pull Test, Hybrid Pod 4.54 kg (10 Ibs.)

Pull Test Connector 4.54 kg (10 Ibs.)
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Table 1-28

P6454 Physical Specifications

Characteristic

Description

Length
Probe Tip to Connector
Input Leads

Weight

Probe Assembly

38 mm (1.5 in)

f 23 gm (0.81 0z)

Electrically cut to length

P6455 TTL/MOS PATTERN GENERATOR PROBE

Table 1-29

P6455 Electrical Specitications

Characteristic

Perfcrmance Requirements

Supplemental Information

Module-to-Probe Signals

Cperating Power
Requirement

Number of Channels

Channel Characteristic

INHIBIT (tri-state control)

Max Freguency

Min Pulse Width

Signal Transit Time

Inhibit, Uninhibit Delay
Time

Probe-to-Module Signals
INDENT L (identify)
PODSNS {pod Presence)

25MHzatVv, =0,V, =5V

+8V, £5% @ 160 mA, max.
—5V, £5% @ 200 mA, max,
+5V, £5% @ 120 mA, max.
max. when in AUX mode

10
Ditfenential ECL,
V= +5V, V_ =gnd

Differential ECL,
Ve = +3V, V,, = gnd

15ns

21.5 ns, +5 ns measured with
V,, =5V, V = 0V with load
1 M, 15 pF

=10 ns (after transit Time) mea-
sured with vV, = 5V, V =0V
Load: 100Q to +25V C

<15 pF

Ground-true, normally open
Grounded at pod
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Table 1-29 (cont)

Characteristic

Performance Requirements

Supplemental Information

User Loegic Supply Power to
POD

Lagic high (V,;} Range
Logic low {V,) Range
Ve (Vy —V) Range

Current Drain

Maximum Non-destructive
Voltages

Drive Configurations
TTL or MOS
Tri-state

Output Drive Current
{for V- range)

Maximum Source of Sink
Current for probe output

Qutput Levels
Logic Low (V)

Logic High (Vo)

Short Circuit Protection

Output Rise/Fall Time

TTL and MOS (V4 5V t0
15 V)

Inhibited Cutput
Leakage

Capacitance

0Vto +156V
—15Vto0OV
Avio25V

! User load cusrent 4120 mA,
max.

<V, +0.5 with current foad
of i0mA, v, +06V @
20 mA

>V, — 1.6 V with current
load of 20 mA

V,: £20V
Vot £25V
Vi —20to +5V

Active pull-up and pull-down
High impedance (> 100 k)

(3t0 5 V) (>5 to 25 V)

20mA 10 mA

Between (V, +5 V)and V|
—Q.5 V) in low state,
Between (V,; —5 V) and (V,
-+0.5 V) in high state

Slew rate >0.5 V per ns, 15 pF
load. Measured from 10% —
90% of steady state voltage.

<100 pA

10 pF, nominal without lead set.
Lead set adds ~10 pF.
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Table 1-3C

P6455 Environmental Specifications

Characteristic

Description

Temperature
Operating
Storage

Humidity

Altitude
Cperating
Non-operating

Vibration

Shock

Bench Handling

Electricai Discharge

Transportation
Vibration
Package brop

Cables
Flex Life

Pull Test

0°C to +50°C
—b5°C to +75°C

95% relative humidity for 5 days to 50°C

4.6 km (15,000 ft.)

15 km (50,000 ft)

.64 mm {0.0252 in)) 10 Hz to 55 Hz, 75 minutes
500 g. {1/2 sine}, 1 ms, 18 shocks

45° or 4 in. or equilibrium, whichever occurs first

12 kV max. from 500 pF with 1 k@ resistance

25 mm {1 in.) at 270 rpm for 1 hour

10 drops from 81 cm (3 ft.)

1000 cycies at 120° flex with 0.68 kg {1.5 Ib) weight

15.88 kg (35 Ibs) axial pull at one minute duration
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Characteristic

Table 1-31

P6455 Physical Specifications

Description

Finish
Dimensions {approx)
POD
Cable {Flat Ribbon)
Weight

Probe

Slate grey

See Figure 1-6

2ms (78.75in)

340 gm {12 oz)

P6456 ECL PATTERN GENERATOR PROBE

Table 1-32

P6456 Electrical Specifications

Characteristic

Performance Requirements

Suppiemental Information

Module-to-Probe Signals

Operating Power
Requirement

Number of Channels
Channe! Characteristic

Maximum Frequency
Minimum Pulse Width

Signal Transit Time

Probe-to-Module Signais
IDENT L (identify)
PODSNS (pod presence)

1-44

25 MHz

+6V, +5% @ 100 mA, max.
—5V, +£5% @ 230 mA, max.

10

Differential ECL,
Vo= +5V, V= gnd

15 ns

18.2 ns, +5 ns measured with
V, = 0V, V, = 5V with load
50Qtc -2V, <15pF

Ground-true, normally open

Grounded at pod
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Table 1-32 (cont)

Characteristic

Periormance Requirements

Supplemental Information

Liser Logic Supply Power to
Probe.

Vi
Vi

Maximum Non-Destructive
Input

Output Levels
Logic High (V)
Logic Low (V)

Current Drain
Vi

Ve

Protection (output short
cireuit}

V, —0.60V to V,, —1.00 V
V,, —1.65V to V,, —2.00V

OViobsvV
—55Vto0V

Vy, £15V
v, £15V
Voge £10V

With 50 Q load to V, —2 V)
With 50 € load to (V, —2 V}

User load + 130 mA, max. with
Vo = 5.2V, +5%

230 mA, max. with Ve =
52V +5%

To between (V, +-0.5Vand vV,
—0.5V)

Table 1-33
P5456 Environmental Specifications
Characteristic Description
Temperature
1

Operating | 0°C to +50°C

Storage —55°C to +75°C
Humidity 90% to 95% relative humidity for 5 days to 50°C
Alfitude

Operating 4.6 ikm {15,000 ft)

Non-operating

15 km (50,000 #)
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Table 1-33 (cont)

Characteristic Description
Vibration 0.64 mm (0.0252 in.) 10 Hz to 55 Hz, 75 minutes
Shock 500 g. (1/2 sine), 1 ms, 18 shocks

Bench Handling

Electrical Discharge

Transportation
Vibration

Package Drop

45° or 4 in. or equilibrium, whichever oceurs first

12 kV max. from 500 pF with 1 k{ series resistance

25 mm (1 in.} at 270 rpm for 1 hour

10 drops from 81 cm {3 fi)

Cables
Flex Life 1000 cycles at 120° flex with 0.88 kg (1.5 Ib} weight
Pull Test 15.88 kg (35 Ibs) axial pull at one minute duration
Table 1-34
P8456 Physical Specifications
Characteristic " Description
Finish Slate grey

Dimensions (approx)
POD
Cable (Flat Ribbon)
Weight

Probe

' See Figure 1-6

2m (7875 in.)

340 gm (12 oz)
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OPTION 01, TAPE DRIVE ASSEMBLY

Table 1-35

Tape Drive Electrical Specifications

Characteristic

Periormance Requiremenis

Supplemental Information

Power Requirements
+5V

+12V
20V —28Yv

Power Dissipation
Read/Write Speed (25 IPS)
Search Speed (60 IPS)
Standby

Cartridge Capacity

Data Cartridge Data Format
Characters Per Record

Recording Method

Recording Density
2F
1F
1F/2F Ratio

Write Current Amplitude

Write Current Rise Time

Read Output (2F)

Crosstalk {read to read)

Overwrite

0.75 min.

12 us max.

18 mV p-p min.

Regulated +5V +5% @
660 mA, ripple 10 mV max.

Regulated +3% @18 mA

Unregulated 300 mA avg, 2 A
peak (60 ms). This voitage may
be offset with respect to gnd if
the following conditions are met:
V+ must be greater than or equal
to +11 V; V— must be less than
of equal to 0 V.

<7

<11

<4.25

160 K bytes

256 8-bit bytes

Duty cycle modulation

1600 flux reversals/in.

800 flux reversals/fin/

11 mA p-p

Output into 10 k& in parallel with
200 pF

1% max.
< —30dB

1-47



Introduction and Specs—DAS9100 Series Service Vol. |

Table 1-35 (cont)

Characteristic

Performance Requirements

Supplemental Information

2 V Reference Supply Gap
Detect

One shot Delay

Delay Time At
Start of Data

Hold Time After
Loss Of Data

Read/Write Characteristics
Bit Density
Data Transfer Rate

Effective Data Transfer Raie
Soft Error Rate {recoverable)

Hard Error Rate
{unrecoverable}

Gap Detect
Error Verification Methods
Header
Data
Tape Transport
Drive Type
Drive Method

Drive Speed
Read/Write

Search

Start/Stop Time
Read/Write
Fast Fwd/Rev

2V, £7%

125 ms, £12%
870 ms, £10%

1.12 ms, +10%

<21 error in 10E6 bits read at
interface level

<1 error in 10E8 bits read

<1 error in 10E8 bits read

25 IPS, +5% (motor speed
1948 rpm)

60 IPS, +8% (motor speed
4830 rpm)

533 bpi (1600 flux reversalsfin.)

13.324K bits/sec {tape to
electronics)

1280 bytes/sec assuming no
stopping at gaps

Combined write/reads

Checksum complement
CRC-16 algorithm

Digitally controlled servo motor

Single capstan drive on cartridge
drive roller

Tach freq.: 1.623 kHz, =0.5%

Tach freq.: 4.025 kHz, +2%

30 ms at 25 ips, typical
50 ms at 60 ips, typical
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Table 1-35 (cont)

Characieristic

Performance Requirements

Supplemental Information

Start/Stop Distance
Read/Write

Fast Fwd/Rev

Start: 17, +2-tach pulses (0.255,
+0.030 in.)

Stop: 20, +5-tach pulses (0.30,
+0.075 in.)

Start: approx. 100 tach pulses or
1.5i0n.

Stop: approx. 100 tach pulses or
1.510n.

Table 1-36

Tape Drive Environmental Specifications

Characteristic

Description

Temperature
Operating
Storage

Vibration

Shock

Altitude
Operating
Storage
Humidity (relative)
Operating
Storage
Package Transportation Vibration

Package Drop

0° to +50°C max. ambient
—40° to +65°C (without tape)

Vibration swept from 10 Hz 1o 55 Hz to 10 Hz at
1 minute per sweep

Vibration 15 minutes in each of three major axes at
0.025 total displacement, holding 10 minuies at major
resonance (if none, at 55 Hz}. Time is 75 minutes.

Shock to frame of 50 g. 11 ms duration, 1/2 sine shock
pulse.

Up to 4.60 km (15,000 #)

Up to 15 km (50,000 ft)

20% to 80% non-condensing
95% max., without data cartridge
39 cm (1 in) at approximately 270 rpm

0.91 m (3 ft)
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Table 1-37
Tape Drive Physical Specifications
Characteristic Description
Dimensions
Drive Unit 11.5 em (4.38 in.) wide
8.9 cm (3.5 in.) deep
6.4 cm (2.5 in.) high
Tape Drive v 15,6 cm (6.10 in.} wide
Data Board 8.3 cm (3.25 in.) deep
1.8 cm (0.7 in.) high
Servo Board 14.1 ¢cm (5.5 in.) wide
7.9 cm (3.1 in.} deep
1.8 cm {0.7 in.) high
Weight 0.68 kg (24 oz) including electronics
Cartridge Insertion Force 05kgtc 2.3kg (1 to5ibs.)
Eject Button Activation Force 0.5kgto 1.4kg {1 to 3ibs.)
Capstan Force 400 gm, +60 gm (14, =2 oz} (measured between drive
motor capstan and cariridge drive wheel)
Read/Write Head
Type 2 track, single gap per track
Mounting Perpendicular to tape path within 6 minutes of arc
(Alignment is present using optical instrurmnents).
Read/Write Head is permanently bonded to tape
transport, realignment is not possible.
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Table 1-37 (cont)

Characteristic

Description

Status Board
Hole Detect

TPL Sensor Pulse

Cartridge Mounting

Cartridge Latching

Cartridge Ejection

1V min. at TP29 with tape stopped at a hole

2 V p-p min. signal, with 2.5 V dc mean value measured
at TP9 and motor running

Cartridge mounts so it is in contact with the 2 reference
points nearest the head and either one of the two points
nearest the cartridge entrance of the drive.

Proper cartridge location is ensured by latching
mechanism that presses cartridge against the four tape
transport reference points. The cartridge is also pushed
against the two forward reference surfaces.

As cartridge is inserted into tape transport, a pawl is
engaged that pulls the latching mechanism into place.
When the latching cam goes over the center, a spring
forces the mechanism against the cartridge that located
it against the mounting surface.

When the eject button is pushed, latching spring force is
removed and the spring on the pawl pushes the cartridge
out and resets the mechanism.

OPTION 02, I1/O INTERFACE ASSEMBLY

Table 1-38

i/0 Interface Electrical Specifications: Power

Characteristic

Performance Requirements | Supplemental Information

Inputs {frcm mainframe)
With R8-232 Connected

Without RS-232

+5V, £5% @ 560 mA
+12V, £10% @ 16 mA
—12V, £10% @ 23 mA

+5V, +5% @ 560 mA
+12V, £10% @ 16 mA
—12V, 10% @ 15 mA
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Table 1-39
I/C interface Electrical Specifications: RS-232 Lines
Characteristic Performance Requirements| Supplemental Information
Baud Rates (keyboard select) 300, 600, 1200, 2400, 4800, and
9600 baud

Inputs Input impedance; 3 kQ, <Z,,

Pin 3 Received =7 kQ2

Data

Pin 5 Clear To MARK or OFF;

Send —25V, <V, <3V

Pin 6 Data Set SPACE or ON:

Ready ; +3V, <V, <+25V

Pin 8 Data Carrier

Detect
Outputs | With load impedance:

Pin 2 Transmitted | | Rpag =3 kO

Data

Pin 4 Request To MARK or OFF:

Send Vo <—6V

Pin 20 Data SPACE or ON:

Terminal Ready Vo =+6V
Qther Case ground

Pin 1 Ground

Pin 7 Signal instrument ground

Ground

Table 1-40
I/O Interface Electrical Specifications: GPIB Signals

NOTE

The electrical specifications of this interface conform to the electrical specifications
contained in the IEEE 488-1978, "Standard Digital Interface for Programmable
instrumentation.”
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Table 1-41
11O Interface Electrical Specifications: Compaosite Video

Characteristic Performance Requirements Supplemental Information
Von 1.4V t0 1.6 V, nominal 1.5 V
Vo 0.3V to 0.7V, nominal 0.5V
Vyne OV to 0.1V, nominal 0V
Thsync 63.5 us, 0.7 us
Tosyne i 16.5ms, =0.1 ms

I/G Intertace Environmental Specifications

The environmental specifications for this instrument (operating) meet or exceed those specified
for the operation of the DAS9129 and DAS9109 Mainframes.

The environmental specifications for this instrument (non-operating) shall be in accordance with
those stated for a Class V instrument in Tektronix Standard 062-2853-00, including the specifica-
tions pertaining to the transpoeriation of the packaged instrument.

I/O Interface Physical Specifications

The DAS QOption 02 1/O Interface Assembly is made up of two etched circuit boards and cabling.
Cne board plugs into the DAS Interconnect board and the other mounts ont the DAS rear panel.
See Figure 1-7 for physical dimensions.

————16.884 in./‘—’_"”‘
’_,k‘___, —_——

9.420 in.

L 750 in.

SER403

Figure 1-3. Overall dimensions of the DA$9129 and DASS108 Mainframes.
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3p25-07

Figure 1-4. Instrument module dimensions.
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3625-018

Figure 1-5. +5 V power supply module dimensions.
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CABLE— 78.75"
{2 METERS)

3625-0%

Figure 1-6. P6452, P6455, P6456 dimensions.
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/0 BOARD
-t 8.96"

6.80"
7.25"

o | |

- 4.26" ——

IO CONNECTOR

Ll][I[I[I[I[I[H]J @)
e [ 5 ]
w8 - () | T

CABLE — 14.50" oav @

RS-232

3625-10

Figure 1-7. Dimensions of the 1/O Interface assembiy.
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OPTIONS

This section contains a brief description of the options available for purchase for a DAS 9100
Series instrument. Further information regarding any option can be found in the manual section
containing the type of information desired. For instance, to find the theory of operation for Option
02 {ithe 1/O Interface), refer to the Theory of Operations section.

The following paragraphs briefly describe the options available for the DAS 9100 Series. For more

specific information regarding the servicing or operation of any of the listed options, refer to the
appropriate part of this manual cor to the DAS 9100 Series Operator’'s Manual.

OPTION 01, TAPE DRIVE

The tape drive is a mass storage device for saving DAS menu setups and reference memory. The
tape drive is controlled through the Input Qutput menu.

DASY1F1 is the field-installable version of Option 01. DAS91F1 must be instalied at a Tektronix
Field Service Center; installation costs are included in the purchase price.

OPTION 02, i/O INTERFACE
The I/O Interface allows the DAS to use RS-232 and |EEE 488 (GPIB) data transmission tech-
nigues. RS-232 can be used in establishing a master/slave mode between two DAS instruments;
or it can be used for transmitting GPIB commands between the DAS and a host controller.

The GPIB interface allows the DAS to be controlled remotely by an intelligent device., The DAS
acts as a talkerflistener on the GPIB.

The /O Interface also has composite videc output for use with hard copy units and video
monitors.

DASS1F2 is the field-installable version of Option 02 for the DAS9109 Mainframe. DAS91F2 may
be installed by any qualified service technician.

DAS92F2 is the field-installable version of Option 02 for the DAS8129 Mainframe. DAS92F2 may
be installed by any qualified service technician.

OPTION 03, ONE +5 V POWER SUPPLY

The +5V Power Supply Module provides power for two additional instrument bus slots. By
combining this module with the power supplies standard to the mainframe, six of the eight bus
slois receive power.
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OPTION 04, TWO +5 V POWER SUPPLIES

Two +5 V Power Supply Modules, when used in combination with the power supplies standard
to the mainframe, are sufficient to power all eight bus slots in the mainframe.

OPTION 05, RACKMOUNT HARDWARE

The rackmount hardware allows a DAS mainframe to be installed in a standard 19 inch rack.
Installation instructions are provided in an instruction sheet accompanying the hardware. This
option is operator installable.
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OPERATING INSTRUCTIONS

MAINFRAME CONFIGURATION

POWER REQUIREMENTS

All DAS mainframes operate from a nominal 115 or 230 Vv, 50 to 60 Hz, single-phase power
source, Before connecting the mainframe to a power source, verify that the line-voitage indicator
on the mainframe’s back panel is showing the correct nominal voltage for the power source you

are using. Figure 3-1 shows the back-panel location of the line-voltage indicator.

If the line voltage indicator shows the wrong voltage for the power source to be used, push the
indicator switch to the other position. The line-voltage fuse must also be changed. This fuse is
located immediately above the line-voltage indicator; twist the spring-loaded fuse holder counter-

clockwise to access the fuse.

A label listing fuse requirements is located to the right of the line-voltage indicator. Use a 250 V,
10 A, slow-blow fuse for 115 V power scurces. Use a 250V, 5 A, 3 AG fuse for 230 V sources.

BURSNERENE
EENSSOERE

3624-213

Figure 3-1. Location of the line-voltage indicator.
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CAUTION g

S,

WAV N W

N

Before applying power to the mainframe, verify that the line-voitage indicator, the line
voltage fuse, and the power cord are compatible with the power source to be used.

POWER CORDS

All DAS mainframes come with a 3-wire power cord with a 3-contact plug for connection to the
power source and to protective ground. The plug protective-ground contact connects to the
accessible metal parts of the instrument through the power cord protective grounding conductor.
For protection against electrical shock, insert this plug into a power source socket that has a
securely grounded protective-ground contact.

Hazardous voltages may be present on the exposed metal surfaces of the mainframe if
the power source socket's protective ground connection is not securely grounded.

DAS mainframes are usually shipped with a 115 V power cord unless otherwise ordered. Other
power cords that can be used with the mainframe are shown in Figure 3-2. For information on
these power cords, contact your Tektronix representative or the nearest Field Office.

NORTH AMERICAN MNCRTH AMESICAN

120 VOLT/G0 Hz 240 VOLT/60 Hz UNIVERSAL EURD
RATED 15 AMPERE RATED 15 AMPERE 220 VOLT/50 Hz
{12 AMP MAX.; NEC} {12 AMP MAX.; NEC) RATED 16 AMPERE

AUSTRALIAN
243 VOLT/590 Hz
RATED 10 AMPERE’

UK.
2406 VOLT/50 Hz
RATED 13 AMPERE

362408

Figure 3-2, Optional DAS 9100 power cords.
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MAINFRAME GROUND

As shown in Figure 3-3, the mainframe provides a back-panel ground post. This post can be used
to establish a commen ground between the mainframe and other instrumentation. Use the post

connector to avoid ground-loop problems.

MAINFRAME
GROUND

3624-202

Figure 3-3. Location of the mainframe ground connector.

CONFIGURATION GUIDELINES

Figure 3-4 shows the inside of the mainframe from the front view. For information on accessing
the modute compartment and installing instrument modules, refer to the Disassembly/Installation
Procedures in the Maintenance: General Information section of this manual.

The module compartment contains eight bus slots labeled 0—7. These bus slots may be identi-
fied by the white numbers on the fan housing in front of the module compariment. Each bus slot
consists of two parallel connectors located on the DAS Interconnect board.

Bus slot O is dedicated to the Controtler Module; slot 7 is dedicated to the Trigger/Time Base
Module. These two modules are standard with the mainframe and must always be installed in

their dedicated slots.
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3-4

Bus slots 1—86 are reserved for data acquisition and pattern generator modules. Table 3-1 pro-
vides guidelines for positioning the modules within the six bus slots. These guidelines match
factory configurations and, therefore, other DAS instruments. The configuration compatibility
between two instruments is especially useful when transferring magnetic tape files from one
instrument to another. {Refer to the discussion of the Input Qutput menu in the DAS 9100 Series

Operator's Manual.)

TRIGGER/TIME BASE MODULE
(Stot 7)
CONTROLLER MODULE
{Slot 0) DATA ACQUISITION AND PAT-

POWER SUPPLY INDICATORS (TSEHN TGS)NEHATOH MODULES
ofs 1-

3624-10

Figure 3-4. Internal structure of the DAS mainframe.
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Table 3-1
Configuration Guidelines
| Functional
Max. per | Recommended in Bus
Module Mainframe Bus Slot(s) Slot(s) Comments
Controller 1 ! 0 0 Required
Trigger/
Time Base 1 7 7 Required
91A08 4 I 6 (5,4,3) 6 (5.4,3) | Required: first 91A08 in
[ slot 6, additional
lf 91A08s in descending
| slots (5,4,3).
91A32 3 2—6 1—B6
91P16 1 1 1—6
91P32 2 2—6 1—6 | Will not function without
I a 91P16 installed.

Remember, power to bus slots is modular. Verify that the selected slot has power before
installing the module.

For a module to work, it must be installed in a bus slot that is powered. The power for bus slots
1—8& is modular, s¢ you should always check {0 make sure which bus slots are powered before
you install a module,

You can see which bus slots are being powered by looking at the three power supply holes
located on the black covering over the power supply area. A +5 V power supply is present if a
chrome stem is visible in the hole. Each modular power supply supports two bus slots. The label
next to each power supply indicator tells you which bus slots that power supply supports.

MODULE CONFIGURATION LABEL

As shown in Figure 3-5, a module configuration label is provided on the mainframe’s back panel.
This labe!l is used to specify the mainframe’s module configuration, options, and serial numbers.
Any changes made to the mainframe should be written on this label.

3-8



Operating Instructions—DAS 910D Series Service Vol. 1

3-6

(DASHT25 ] 8010100 J{ V1.

BO1G100
8010100
B010100

JR24-204

Figure 3-5. Location of the module configuration label.

PROBE CONNECTIONS

CONNECTING A PROBE TO THE DAS

The DAS probes are attached to their respective modules via the mainframe's back panel. Open-
ings in the back panel allow access to the square-pin pod connectors located on the back edge of
each module.

Each back-panel opening provides room for up to four pod connector locations, labeled A—D.
Depending on the module installed in the bus slot, ohe or all of these pod connector locations may
be used.

Table 3-2 fists the various probe types, which modules they support, and where they are
connected.
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Table 3-2
DAS Probes and Their Pod Connections
- POD
Probe Type | Module Connectors

P6452 External Clock Trigger/Time Base Module C
Probe
PG452 Data Acquisition 91A32 Data Acqguisition ABCD
Probe Module !

91A08 Data Acquisition C

Module
P6455 TTL/MOS Pattern 91P16 Pattern Generator BC
Generator Probe Module
Generator Probe 91P32 Pattern Generator ABCD
(Available as an option) Module
P6454 100 MHz Clock 91A08 Data Acquisition a
Probe Module e

® Does not use a pod connector. Attach to the coaxial connector located on the 91A08 module installed in bus slot 6,

If the DAS is turned on when you are connecting the probes, the mainframe will beep when a new
probe is connected and the monitor will display that probe’s POD ID (see following description of
POD ID}) on the second line of the screen. If an acquisition probe is connected to a pattern
generator module (or vice versa) the mainframe will beep continuousty until the probe is
disconnected.

NOTE
Do not bind or tape together more than four probes of any one type.

To disconnect a probe from a pod connector, simply grasp the probe by its cable holder, and
gently pull it off the pod connector.

L

S CAUTION é

Damage may occur to the probe cable if you try to disconnect the probe by pulling the
cable rather than the cable holder.

To avoid frequent connecting and disconnecting of probes and lead sets, you may use the Chan-
nel Specification menu to rearrange the display order of data acquisition channels without recon-
necting probe leads. (For more information, refer to the discussion of the Channel Specification
menu in the DAS 8100 Series Operator’'s Manual.)
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When connecting a probe to a module, first find the bus slot where that module is installed. This
information should be written on the module configuration tabel.

Once you have the bus slot, look through the back-panel opening and locate the pod connectors.

NOTE

When connecting probes to a module with more than one pod connector, it is easiest
to connect the first probe to the bottom connector and then work up.

/

N

PROBE CONNECTOR

BACK-EDGE POD CONNECTOR
\ o

3624-205A

Figure 3-6. Connecting a probe to a pod connector.
To connect a probe:

1. Grasp the probe's cable holder.

2. Align the cable connector with a square-pin pod connector. Be sure the raised tab on the
cable holder is facing towards bus slot 0, and is aligned with the opening on the pod
connector.

3 Gently push the cable connector onto the pod connector. Do not force the connection.
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Connecting the 100 MHz Clock Probe

The P6454 100 MHz Clock Probe is not attached to a square-pin pod connector. This probe is
attached to a special coaxial connector located on the back edge of the 91A08 module installed in
bus slot 6. One 100 MHz Clock Probe supports all installed 91A08 modules.

FOD ID

Each connected probe (except for the 100 MHz Clock Probe) has a POD ID. The ID consists of a
bus siot number and a ped connector letter.

/

POD il
LOCATION

EEAE S
BEEEBE

HERBEEBEE

OO EEEEEEE

&
FEEEH
B8 EED

oo |

PROBE'S POD ID BUTTON

3624-206A

Figure 3-7. POD ID location and button.
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The POD |Ds for each possible probe location are written on the mainframe’s back panel next to
each bus slot opening.

A POD 1D button is provided on the back edge of each probe {except the 100 MHz Clock Probe).
When the DAS is turned on, you may press this button to obtain a screen readout of a specific
probe’s POD ID.

NOTE

Any time the DAS refers to a probe in a menu or a screen message, it uses the probe’s POD 1D.

P6452 EXTERNAL CLOCK PROBE

The Trigger/Time Base Module comes with one P6452 Data Acquisition Probe. Any P6452 probe
may serve as either a data acquisition probe or an external clock probe. If used as the external
clock probe, the appropriate label should be attached.

The probe comes with a 10 inch flying lead set, 12 grabber tips, and ohe 5 inch ground lead with a
Pomona hook tip.

NOTE
Do not bind or tape the External Clock Probe to any other probe.

Signal Lines

The External Clock Probe acquires seven control signals. Three of these signals are used by the
91A32 Data Acquisition Modules, and four are used by the pattern generator modules.

Table 3-3 describes the seven signal lines and their pulse characteristics.

Table 3-3
External Clock Probe Signal Lines
Input Signals Description Pulse Characteristics
CLK1 Master external clock line for 91A32 Data | 19 ns minimum external pulse
| Acquisition. width.
; 25 MHz maximum clock rate.
CLK2 Additional external clock for 91A32 mod- 19 ns minimuim external pulse
uies. May only be used for EXT SPLIT width.
clock (see Trigger Specification Menu Maximum clock rate is depen-
section.) dent on CLK1 signal.
CLK3 Additional external clock for 91A32 mod- 19 ns minimum external pulse
utes. May only be used for EXT SPLIT width.
clock (see Trigger Specification Menu Maximum clock rate is depen-
section.) dent on CLK1 signal.

l
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Table 3-3 (cont.}

Input Signals Description | Pulse Characteristics
PG CLK Master external clock for pattern generator | 19 ns minimum external pulse
modules. width.
25 MHz maximum clock rate.
PG PAUSE Pause (hold) request to pattern generator | 19 ns minimum external pulse
! modules. width.

7 ns minimum set-up time rela-
tive to pattern generator clock.

PG Interrupt request to pattern generator 19 ns minimum external pulse

INTERRUPT modules. width.

7 ns minimum set-up time and
14 ns minimum hold time rela-

tive to pattern generator clock.

PG INHIBIT Inhibit (tri-state) request to pattern genera- | 19 ns minimum external pulse
tor modules. width.

The External Clock Probe requires cne connected ground lead. This lead may be attached to the
probe at either of the two GND SENSE locations. The GND DIAGNOSTIC lecation should only be
used when the probe is connected to the diagnostic lead set. information on the diagnostic lead
set is provided fater in this section under the Operator’s Checkout Procedure.

The External Clock Probe has the same threshold range, maximum non-destructive input voltage,
and impedance as the P8452 Data Acquisition Probe. Refer to the following description of the
P&452 for these values.

P6452 DATA ACQUISITION PROBE

The P6452 Data Acquisition Probe may be used with either a 81A32 or 91A08 Data Acquisition
Module. Four of these probes are provided as standard with every 91A32 module, while one is
provided with every 81A08 module.

Figure 3-8 illustrates how this probe and its accessories are put together. The probe comes with a
10 inch fiying lead set, 12 grabber tips, and one 5 inch ground lead with a Pomona hook tip.

Each 91A08 module also provides an extra 5 inch ground lead and a 5 inch fiying lead set. For
acquisition rates >50 MHz, substitute the 5 inch lead set for the 10 inch lead set and connect the
extra ground lead.

Signal Lines

The P6452 Data Acquisition Probe uses nine input lines. Eight of these lines are used for acquir-
ing data, while cne serves as a clock qualifier tine {if attached to 91A32 Pods A and B, or 91A08
Pad C).

3-11
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All input signals to this probe must meet setup and hold requirements. The setup requirement
refers to the duration for which data must have a constant assigned value before the clock
transition. The hold requirement refers to the time that the assigned value must remain after the

clock transition.

Table 3-4 describes the eight input lines of this probe and the setup and hold requirements.

When the probe is attached to a 91A08 module, glitches are acquired on all data channels (7—0).
A glitch is defined as two or more transitions between a given clock cycle. To be recognized, the

glitch must be =5 ns in width, and it must overdrive the threshold by at least 350 mV.

TOP OF PROBE
DATA ACQUISITION PROBE LABEL
LEAD SET
{10 in. for <25 MHz;
GRABBER TIP 5in for >25 MHz)
{12 provided)

BOTTOM OF PROBE

GROUND LEAD
{use two leads for
2 > 50 MHz)

POMONA
HOOK TIP

——————

BACK OF PROBE

POD ID BUTTON
THRESHOLD-RANGE SWITCH

362418

Figure 3-8. P8452 Data Acquisition Probe.
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Tabie 3-4
P6452 Data Acquisition Probe Lines
Pulse
Input Signals Description Characteristics
70 Data channeis. Data Setup Time:
29 ns minimum
{91A32)
9 ns minimum

(91A08)

Data Hold Time:
0 ns maximum
{91A32)

0 ns maximum
(91A08)

Q Clock gualitier line Same as above.
when attached to pods
A and B of 91A32
module, or pod C of
91A08 moedule.

Ground

If used for acquisition <50 MHz, the probe requires cne ground lead connected at either GND
SENSE location. If used for acquisition rates =50 MHz, the probe requires two ground
leads—one for each GND SENSE Iocation.

The GND DIAGNOSTIC location should only be used when the probe is connected to the diag-
nostic lead set. Information on the diagnostic lead set is provided [ater in this section under the
Operator's Checkout Procedure.

Threshold Range

The threshold range switch con the back of the P6452 is used for selecting between a NORM
{TTL/VAR) and AUX (MOS) threshold. The maximum threshold control voltage is —2.50 V to
-+5.00 V in the NORM position or —10 V to +20 V in the AUX position.

This switch only selects the general threshold range. The actual threshold voltage selections are
made in the Channe! Specification menu.

Maximum MNon-Destructive Input Voltage

The maximum input voltage that may be used with the P6452 Data Acquisition Probe is a +40V
peak.

3-13



Operating Instructions—DAS 9100 Series Service Vol. 1

3-14

QW

ngAUTION- g

i

Probe circuitry may be damaged if the P6452 Data Acquisition Probe is connected to a
voltage greater than a +40V peak.

impedance

The input impedance of the P6452 Data Acquisition Probe is a 1 MQ input resistance with a 5 pF
nominal input capacitance. The lead set adds approximately § pF additional input capacitance.

IN (clock)

REF (ground;threshold}

3624-20

Figure 3-9. P6454 100 MHz Clock Probe.

P6454 100 MHz CLOCK PROBE

The 100 MHz Clock Probe provides the external clock signal for all installed 91A08 modules. It
should be attached to the 91A08 module installed in bus slot 6.

Figure 3-9 shows the various elements and features of the probe. The probe comes with two
leads with Pomona hook tips. One lead serves as the clock input (labeled IN), and the other
serves as the ground (labeled REF)}.
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IN (Clock)

The 100 MHz Clock probe provides one input clock signal. This signal serves as the external
clock line for all 91 A08 modules.

The maximum clock rate of this probe is 100 MHz (10 ns). The signal must be at least 700 mV
peak-to-peak, centered around the threshold.

REF {Threshold Ground)

The reference lead establishes the probe threshold. This lead is connected to ground, the clock
probe has the same threshold veliage as the 91A08 module to which it is connected. If the lead is
connected to a voltage source (25 V maximum), the clock probe has a threshold equal to the
91A08 threshold plus the selected voltage.

Maximum Non-Destructive Voltage
The maximum input voltage that may be used with the 100 MHz Probe is a +25 V peak.

T )

E CAUTION

PPN

Probe circuitry may be damaged if the 100 MHz Probe is connected to a voltage
greater than a +25 V peak.

Impedance

The input impedance of the 100 MHz Probe is 1 MQ with a 5 pF nominal input capacitance. The
probe lead adds approximately 5 pF additional input capacitance.

P6455 TTL/MOS PATTERN GENERATOR PROBE

The P6455 TTL/MOS Pattern Generator Probe may be used with either a 91P16 Pattern Genera-
tor Module or a 91P32 Pattern Generator Expander Module. Two of these probes are provided as
standard with a 91P16 module, while four are provided with a 91P32 module.

Figure 3-10 shows how the P6455 and its accessories are put together. The probe comes with
one @inch twisted signal/ground lead set, 12 grabber tips, one 5 inch black V| (voltage low)
ground sense lead with Pomona hook tip, and one green V, {(voltage high) ground sense lead with
Pomona hook tip.

Signal Lines

The P6455 is an active 10-channel probe used with the pattern generator modules. The stimulus
output of the probe consists of 8 data channels, one clock line, and one strobe line.

3-18



Operating instructions—DAS 9100 Series Service Vol. 1

Lead Sets and Ground

The CLK and STRB signal leads are combined with a black ground lead. For most applications
using an output clock rate sfower than 500 ns, these two ground leads do not need to be
connected. For faster clock rates, however, you should connect both of these leads to ensure
adequate clock fidelity.

PE455 TTL/MOS
PATTERN GENERATOR
PROBE

TOP OF PROBE

GRABBER TIP
{12 provided)

BOTTOM OF PROBE

V. SENSE LEAD
{black}

POMONA
HOOK TIP

Vy SENSE LEAD
{green)}

BACK OF PROBE

POD ID BUTTON

DIAGNOSTIC SWITCH

Joed-21

Figure 3-10. P8455 TTL/MOS Pattern Generator Probe.
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NOTE

Some combinations of active and capacitive loads at clock rates greater than 100 ns
require use of the high-speed harmonica lead set to maintain adequate clock fidelity.
This can be determined by examination with an oscilfoscope.

V,/V, Sense Leads

The black V| and green V,, sense leads must be used to provide power and threshold sensitivity
fo the probe. The V| lead serves as voltage low and may be connected to a voltage range of
—15V to 0 V. The V, lead serves as voltage high and may be connected to a voltage range of
0V to +15 V. The maximum operating range is 25 V.

Diagnostic Switch

A diagnostic switch is located at the back of the probe. This switch should aiways be set to
NORM, unless you are using the diagnostic lead set. Procedures on how to use the diagnostic
lead set are contained later in this section under the Operator’s Checkout Procedure.

Pg456 ECL PATTERN GENERATOR PROBE

The P6456 ECL Pattern Generator Probe is available as a mainframe optional accessory. It may
be used with either a 91P16 Pattern Generator Module or a 91P32 Pattern Generator Expander
iModule,

A combination of P6455 TTL/MOS and P6456 ECL. probes may be used on the same pattern
generator module.

Figure 3-11 shows how the P6456 probe and its accessories are put together. The probe comes
with one 9 inch twisted signal/ground lead set, 12 grabber tips, one high-speed harmonica lead
set, one 5 inch black V| (voltage low) ground sense lead with Pomona hook tip, and one 5 inch
green V|, {voltage high) ground sense lead with Pomona hook tip.

Signal Lines

The signal lines of the P6456 probe are identical to those of the P6455 TTL/MOS pattern genera-
tor probe.

Lead Sets and Ground

The 8 inch lead set may be used for most applications with 100 @ loads or more. The two ground
leads provided with the CLK and STRB signal leads should be connected.

The high-speed lead set should be used with clock rates greater than 200 ns with 50 @ loads. This
high-speed lead set provides ground with every signal lead, and ensures adequate clock fidelity.
The necessity of using the high-speed lead set is best determined by inspecting the clock fidelity
with an oscilloscope.
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V, /V, Sense Leads

The black V|, and green V, sense leads must be used to provide power and reference voltage
levels for the probe. The V| lead serves as voltage low and may be connected to a voltage range
of —5.50 V to 0 V. The Vy, lead serves as voltage high and may be connected to a voltage range
of 0V to 4+5.50 V. The maximum voltage difference between V| and Vy is 5.50 V.

PE456 ECL PATTERN
GENERATOR PROBE

TOP OF PROBE

GRABBER TIP
{12 provided)

BOTTOM OF PROBE

#v. SENSE LEAD
(black)

POMONA y
HOOK TIP i

Vi SENSE LEAD
(green)

BACK OF PROBE

POD ID BUTTON
DIAGNOSTIC SWITCH

3624 72

Figure 3-11. P6456 ECL Pattern Generator Probe.
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STANDARD AND OPTIONAL /O CONNECTORS

WORD RECOGNIZER OUTPUT AND TRIGGER INPUT CONNECTORS

Figure 3-12 shows the back panet {ocation of the Werd Recognizer Output and the Trigger Input
connectors.

The Word Recognizer Quiput connector (BNC) outputs a rising edge whenever Event 1 is recog-
nized during acquisition. Event 1 is produced whenever a 91A32 moduie is used during acquisi-
tion. For more information on Event 1, refer o the Trigger Specification Menu section of the DAS
9100 Series Operator's Manual.

The Trigger Input connector (BNC) may be used to enable the trigger on 91A32 modules during
acquisition. A high-level signat enabies the trigger.

-

WORD
RECOGNIZER
OUTPUT

TRIGGER INPUT

3624-207

Figure 3-12, Location of the Word Recognizer Qutput and Trigger Input Connectars.
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TAPE DRIVE CONTROLS

The tape drive controls are present if your DAS contains an Option 01, Tape Drive for DC100-
type Cartridges.

As shown in Figure 3-13, the tape drive has two front-panel controls: a tape slot and a tape eject
button. These two controls aflow the insertion and removal of a tape cartridge.

Tape Slot

The tape slot is used for inserting any DC100-type cartridge tapes. The tape is simply pushed
through the slot. The design of the tape drive ensures that a tape cannot be inserted upside
down.

Tape Eject Button

The tape eject button is used when removing the tape cartridge. When this button is pressed, the
tape is ejected. Tapes should be ejected before the keyboard is folded up.

TAPE SLOT

TAPE EJECT
BUTTON

TAPE
W~ CARTRIDGE

Figure 3-13. Tape Drive controls.

_———

Cleaning the Tape Drive

In order to minimize oxide and foreign matter accumutation, the tape head should be cleaned
reguiarly. Cleaning instructions are discussed in the Maintenance: General information section of
this manual.

RS-232 INTERFACE

The RS8-232 connector is provided as part of Option 02. This connector provides a serial data
interface for use with the DAS. It may be used to establish master/slave transmission between
two DAS systems, or it may be used for transmitting GPIB instructions between a DAS and a
host controller.
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For information on how to establish DAS masterfslave transmission, refer to the Input Output.

menu information in the DAS 9100 Series Operator's Manual.

The RS-232 connector is located on a back panel insert that is installed in the mainframe as a part
of Option 02.

Only eight pins of the RS-232 connector are used:

Pin 1 - Case Ground

Pin 2 ~ Transmitted Data
Pin 3 -~ Received Data

Pin 4 — Request to Send

Pin 5 — Clear to Send

Pin 7 — Signal Ground

Pin 8 — Carrier Detect

Fin 20 — Data Terminal Ready

NOTE

The modem shouid be configured for No Auto Disconnect, No Loss of Carrier Detect,
and No Abort Time Disconnect.

The R8-232 connector may also be used in & null-modem mode, where the lines are connected
without use of a modem. For this purpose, you can use the null-modem optional accessory or you
can wire the interface as follows:

RS-232 Connector RS-232 Connector
Case Ground Pin 1 Pin 1 Case Ground
Transmitted Data Pin 2 Pin 3 Received Data
Received Data Pin 3 Pin 2 Transmitted Data
Request 1o Send Pin 4 Pin 8 Carrier Detect
Clear to Send Pin 5 Pin 20 Data Terminal Ready
Signal Ground Pin 7 Pin 7 Signal Ground
Carrier Detect Pin 8 Pin 4 Request to Send
Data Terminal Ready Pin 20 Pin § Clear to Send

When the RS-232 interface is used for GPIB transmission, only pins 2, 3, and 7 need to be
connected. If a null modem is used, it must cross pins 2 and 3. Pin 20 can be toggled by the host
controller to inhibit DAS character transmission.

GENERAL PURPOSE INTERFACE BUS (GPIB)

A General Purpose Interface Bus (GPIB) is provided as part of Option 02. With this bus, the DAS
can communicate with any GPIB-compatible controller. The DAS operates as a talker and listen-
er, but not as a controller.

For detailed GPIB information, refer to the GPIB Programming section in the DAS 9100 Series
Operator's Manual.
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GPIB Switches

Eight DIP switches are used for setting the DAS talker/listener address on the bus.

They are also used for specifying the end-of-message terminator character.
Switches 4—8 - Select the DAS talker/listener address.

Switch 1 — Selects the end of message terminator.

GPIB LEDs

The four LEDs indicate the current handshaking protocol in use between the DAS and the GPIB
bus. They also indicate if a Service Reguest (SRQ) is present.

¢ SRQ Service Request
* NDAC
* NRFD Handshaking Protocol
« DAV
==
A ADDRESS SWITCHES
T T
T T

CONNECTOR

LED INDICATORS

J624-209

Figure 3-14. GPIB connectors and indicators.
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GPIB Connector

The contact assignments for the GPIB connector are as foliows:

Contact Signal Line Contact Signal Line

1 o 13 DIC5

2 Di02 14 DIO6

3 Bi103 15 DIOY

4 Di04 16 Dio8

5 EQI 17 REN

6 DAV 18 GROUND (6)

7 NRFD 19 GROUND (7)

8 NDAC 20 GROUND (8B}

9 IFC 21 GROUND (9}
10 SRQ 22 GROUND (10
11 ATN 23 GROUND (11)
12 SHIELD 24 GROUND, LOGIC

VIDEO COMPOSITE OUTPUT

The video composite BNC connector provided with Option 02 may be used with any compatible
hard copy or monitor unit. This connector is located on the mainframe’s back panel above the
GPIB connector. Control of this interface is handled via the connected hard copy or monitor
instrument,

NOTE

Be sure to read the video composite specifications carefully to ensure compatibility
between the DAS video composite signal and a hard copy or monitor unit. These
specifications are located in Section 1 of this manual under Specifications.

COLOR MONITOR CONTROLS
(DASS 129 COLOR MAINFRAME ONLY)

DEGAUSS CONTROL

If the DAS9129 Mainframe is exposed to a magnetic field (or is moved to a different orientation in
the earth’s magnetic field), the purity of the color display may be affected. The colors may appear
to bleed or shift out of alignment. If so, the degauss button located cn the mainframe’s back panel
(see Figure 3-15) can be used to neutralize the residual magnetism on the components, and
therefore, adiust the display. The degauss button should be depressed for at least five seconds.
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BRIGHTNESS CONTROL

The DAS9129 Mainframe provides a brightness controf (see Figure 3-15) that can be used to
adjust the intensity of the color display. The recommended brightrness setting under normal ambi-
ent conditions is mid-scale. Prolonged operation of the instrument set to maximum brightness
should be avoided.

DEGAUSS
BRIGHTNESS

3524-211

Fig. 3-15. Location of the degauss and brightness controls for the color monitor. {Applies to the DAS9129 Color
Mainframe only.)

KEYBOARD CONTROLS AND INDICATORS

The DAS keyboard folds up and latches to the mainframe’s front panel to serve as a protective
cover. To access the keyboard, simpiy press down on the front-panel latch and gently lower the
keyboarg.

Figure 3-16 illustrates the keyboard layout. The keyboard is divided into seven functional areas:
Menu Selection; Pattern Generator Instructions; Data Entry; Editing, Cursor, Scroll; and System
Contral. Each of these functional keyboard areas and their associated keys are described in the
following paragraphs.
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MENU SELECTION
KEYS

MEMNU SELECTION DATA ENTAY EDITING SrSTEM CONTROL

sranr stanr i
Sefite et HE
lDD CEL 9 @ !
. v LInE LINE

COMPARE. COMPARE.
CURSOR

' @ @ L@

™)

IEBHH

[

¥

L

e]
== @mE @ .
Erz 3. [c__c, l—i' w@

g
R <pgEe @7 @
PATTERN GENERATOR DATA ENTRY EDITING, CURSOR SYSTEM CONTROL
INSTRUCTION KEYS KEYS AND SCROLL KEYS KEYS

3625300

Figure 3-16. DAS keyboard functional layout.

MENU SELECTION

All DAS operations, except for GPIB, are menu driven. You may set up operating parameters by
displaying the various menus on the DAS screen and making field alterations. Fieids are alterable
menu elements that appear in inverse video.

More menu information is provided later in this section under Menu Familiarization. For specific
information on how to use the various menus, refer to the DAS 9100 Series Operator's Manual.

Refer to the numbered callouts in Figure 3-18 while reading the following descriptions of keys on
the DAS keyboard.

Five DAS menus support the data acquisition operation. The functions of these menus only apply
if at least one data acquisition module is installed in the mainframe.

@CHANNEL SPEC - This key accesses the Channel Specification menu and dispiays it on the
DAS screen.

The Channel Specification menu provides fields for organizing the data acquisition channels
into logic groups and establishing their display radix and polarity. This organization is refiect-
ed in the State Table, Trigger Specification, and Define Mnemonics menus.

The Channel Specification menu also provides fields for setting up the data acquisition probe
thresholds,

@TRIGGER SPEC - This key accesses the Trigger Specification menu and displays it on the
DAS screen.
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The Trigger Specification menu provides fields for selecting the acquisition mode, clock rate,
trigger, and qualifier parameters. This menu determines which data is stored in acquisition
memory, and thus available for display.

@STATE TABLE - This key accesses the State Table menu and displays it on the DAS
sScreen.

The State Tabie menu displays the data stored in acquisition and reference memory. it
displays each memory separately, or in comparison. The display is in a tabular format.

@TIMING DIAGRAM — This key accesses the Timing Diagram menu and displays it on the
DAS screen.

The Timing Diagram menu provides a logic-waveform display of data stored in acquisition
memory. It also displays any glitch information acquired via 91A08 modules.

@ DEFINE MNEMONICS -- This key accesses the Define Mnemonics menu and displays it on
the DAS screen.

The Define Mnemonics menu provides tables for entering up to 256 mnemonic definitions.
The mnemonics are shown on the State Table menu display.

One DAS menu supports the pattern generator operations. The functions of this menu apply only
if a 91P16 Pattern Generator Module is installed in the mainframe.

@ PATTERN GENERATOR - This key accesses the Pattern Generator menu and displays it on
the DAS screen.

The Pattern Generator menu is used for entering an output program. Fields are provided for
selecting the output clock rate, data values, program instructions, and strobe characteristics.
Fields are also provided for enabling the external input signals: interrupt, pause, and inhibit.

The Input Qutput menu is used for controlling tape drive operations which include tape formatting,
instrument setup saves and restores, and file deletions. The menu is also used for setting up and
controling RS-232 master/slave transmissions.

@INPUT QUTPUT - This key accesses the Input Output Specification menu and displays it on
the DAS screen. The functions of this menu only apply if the appropriate options (tape drive
—Option 01, RS-232 —QOption 02) are installed in the mainframe.

PATTERN GENERATOR INSTRUCTIONS

The pattern generator instruction keys are only usabie when the Pattern Generator menu is
displayed on the DAS screen. These keys enter specific instruction values into the menu's
program.
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o GOTO - This key enters a GOTO instruction into the pattern generator program. GOTO tells
the pattern generator to jump from one program line to another, then continue program
execution from that point.

@CALL - This key enters a subroutine CALL instruction intc the pattern generator program.
CALL tells the pattern generator to jump to the first program line of a subroutine, then
continue program execution from that point until a RETURN instruction is encountered.

RETURN - This key enters a RETURN instruction into the pattern generator program. RE-
TURN tells the pattern generator to return to the next sequential line from which it was
CALLed. RETURN should only be used in conjunction with a CALL (or an interrupt CALL).

COUNT - This key enters a COUNT instruction into the paitern generator program. COUNT
provides a program compression function which tells the pattern generator to stay on the
same program line and output incrementing values for up to 255 clock cycles.

REPEAT - This key enters a REPEAT instruction into the pattern generator program. RE-
PEAT provides a program compression function which tells the pattern generator to stay on
the same program line and output its data value for up to 255 clock cycles.

HOLD -- This key enters a HOLD instruction into the pattern generator program. HOLD tells
the pattern generator to stay on the same program line and hold its value for up to 255 clock
cycles. The output clock signals from the 91P16 Pattern Generator Module are also held. The
clock signals from the expander modules continue.

HALT - This key enters a HALT instruction into the pattern generator program. HALT tells
the pattern generator to stop data and clock output.

DATA ENTRY

The Data Entry keys are only usable if a menu is displayed on the DAS screen,

Keys 0-—9, A—-F, and all 20 shiftable keys are used for entering values into certain menu fields.
Entries may take the form of hexadecimal, octal, binary, decimal, or alphanumeric values.

SHIFT — This key is used with any of the other 20 data entry keys io obtain the shiftable
values G—Z.

DON'T CARE — This key is used for entering don't care status in place of digits when
specifying data for word recognition and display.

in the Pattern Generator menu, don't care is used to enter tri-state into the pattern generator
program. In other data entry fields, don't care is used tc delete field values.

@ NEXT — This key advances the screen cursor to the next menu field to the right. if the next
field is on a lower line, the cursor will move to that line. In some cases, the NEXT key skips
over fields that are not often used. Use the cursor keys to reach these fields.

INCR and DECR — These two keys are used in certain menu fields to step through predeter-
mined numerical values,
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EDITING, CURSOR, AND SCROLL

The Editing, Cursor, and Scroll keys are only usable if a menu is displayed on the DAS screen.
These keys are used for manipulating certain menu fieltds.

SELECT — This key is used in some menu fields to select between predetermined field
values,

ADD LINE — This key is used to insert lines or spaces in some menu fields.
@ DEL LINE — This key is used to delete lines and values from some menu fields.

l T <— — _ The four directional keys are used for moving the screen cursor from one menu
field to ancther. The screen cursor must be residing in a field before changes to that field may
be made.

@ A V — These two keys are used to vertically scroll through the table portions of the Chan-
nel Specification, State Table, Define Mnemonics, Pattern Generator, and Input Qutput
menus.

In the Timing Diagram menu, the two keys are used to horizontally scroll through displayed
data.

SYSTEM CONTROL

The System Control keys are used to initiate DAS operations. Except for the START PAT GEN
and STOP keys, the functions of this group all require that at least one data acguisition moduie be
installed in the mainframe.

START SYSTEM — This key starts data acquisition and pattern generator operations simul-
taneously. If no pattern generator modules are installed, the key starts data acquisition. The
key will not start the pattern generator if no data acquisition modules are installed.

START ACQUISITION — This key starts data acquisition only. If the pattern generator mod-
ules are running, the key will not affect their cperation.

@ START PAT GEN - This key starts pattern generation only. The key will not start the
pattern generator if the data acquisition modules are running.

@ COMPARE = - This key starts data acquisition comparisons. When the key is pressed, an
acquisition occurs and is compared to reference memory. If the memories are equal, the
compariscns stop. If they are unequal, a new acquisition occurs. The acquisitions continue
until the two memories are equal.

The start function for this key is either START SYSTEM or START ACQUISITION, whichev-
er was last used.
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If the start function is START SYSTEM, the key will restart the pattern generator with every
acquisition.

If the start function is START ACQUISITION, the key will only restart acquisition and will not
affect the pattern generator.

COMPARE + — This key works like the COMPARE = key, except that new acquisitions
are iaken until the two memories are unequal.

STORE — This key transfers the contents of acquisition memory into reference memory.
Any data previously stored in reference memory is lost.

SEARCH - This key is used to start memory search functions in the State Table or Timing
Diagram menus.

@ STOP — This key stops data acquisition or pattern generator operations. It also stops the
SEARCH key function.

The SHIFT/STOP key function displays the power-up configuration on the screen.

@ LOCKOUT and REMOTE — These two indicators specify whether the DAS is in a local,
remote, or lockout mode.

When the DAS is in a local mode, both lights are off. This means the DAS is being operated
from the keyboard.

The REMOTE light comes on when:

a. The R8-232 port is transmitting or receiving data.
b. The DAS is remote-addressed by the GPIB.
¢.  The tape drive is formatting a tape (the REMQTE light blinks).
d. The DAS is in a self-test mode.
The LOCKOUT light comes on when:
a. The Lockout command is sent over the RS-232 port.
b. The Universal Address Command Local Lockout is sent over the GPIB.
¢. The DAS is in a self-test mode.

When the REMOTE and LOCKQOUT lights are both on, the DAS does not respond to the
keyboard.
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MENU FAMILIARIZATION

The DAS is a menu-driven system. This means that all operations are set up via menus which are
displayed on the monitor screen. There are five menus for setting up the data acquisition opera-
tion, one menu for setting up the pattern generator, and one menu for controlling /O functions.

The following paragraphs briefly describe these menus and how they affect the overall operation
of the DAS.

DATA ACQUISITION

The block diagram in Figure 3-17 illustrates the five menus controlling data acquisition. Refer to
this diagram when reading the following paragraphs.

Channel Specification Menu

The Channel Specification menu serves two basic functions.

First, the menu determines the way in which acquisition channels are organized for display. It
organizes the channels intto logical groups, and sets display radices and polarity. This information
is then used by the Trigger Specification menu for organizing the data display and the Define
Mnemonics menu for organizing the mnamonic tables.

This channel organization in the menu is independent of the order in which channels are connect-
ed to the system under test. The organization only affects display, not the actual acquisition.
Changes can be made to the data display after the data has been acquired.

The second major function of the Channel Specification menu is to determine probe input
thresholds.

{Internal Clock} i P e B b -1
ar

Formals
TRIGGER [ REFERENCEI Werd Racognizer DEFINE

SPEC MEMORY Channels. MKNEMONICS
o MENU | MENU
— ]
Clack Probe 1
B e gy e sy el
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Qualiflers STURE Tables. |Feadout.
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| I
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L DATA A TIMING
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Figure 3-17. Functional overview of the DAS acquisition menus.
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Trigger Specification Menu

The Trigger Specification menu sets up the major acquisition parameters. First, it specifies which
modules witl be used during acquisition. Then, it specifies the acquisition clock {external or inter-
nal), and enabies clock qualifier lines.

The Trigger Specification menu also controls all word recognition and triggering parameters.

State Table Menu

The State Table menu provides access to acquisition memory and reference memory. [t allows
three display formats; acquisition memory, reference memory, or acquisition and reference mem-
ory comparison.

The channel organization of the siate table display is controlled by the Channel Specification
menu.

If the Define Mnemonics menu is used, the State Table sends the data through the mnemonics
tables for appropriate disassemnbly on the display.

Timing Diagram Menu

The Timing Diagram menu provides access o acquisition memory and 91A08 glitch memory. The
data is presented in a logic-waveform format.

NOTE

The 81A08 glitch memory is only available if 31A08 modules were used during the
acquisition. 31A08 modules always acquire giitches when they are used.

Define Mnemonics Menu

The Define Mnemonics menu is used to build mnemonic tables for the State Table menu. The
tables are organized by the Channel Specification menu to match the channel group organization.
Up to 256 mnemonics may be assigned, under cne group tabie or divided between several.

PATTERN GENERATOR

The pattern generator is used to exercise a system under iest. For this purpose, it outputs data,
clock, and strobe signals which may be used to stimulate circuit elements. It also responds to
three external signals supplied via the External Clock Probe: interrupt, pause, and inhibit.

The pattern generator may run from the DAS internal clock or an external clock supplied via the
Externa! Clock Probe. This input clogk is then used by the pattern generator as an output clock
signal. The data output is synchronous to this clock output.

Cuiput strobe signals are programmable within the clock-cycle boundaries. Their leading and
trailing edges may be programmed from the rising edge of the output clock. Plus, they may be
inserted as a positive-true or negative-true signal.
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Three external signals (interrupt, pause, and inhibit) are supplied via the External Clock Probe.
These signals may be enabled and used to interrupt the pattern generator’s program.

1/0 FUNCTIONS

The tape drive operations and the RS-232 master/slave transmission are controlled via the IN-
PUT OUTPUT menu. GPIB transmission, over the GPIB or R5-232 interface, is controlled via the
connected controlier unit.

MENU CHARACTERISTICS

There are certain characteristics and terms common to all menus. The following paragraphs
discuss these common characteristics and their meaning.

Power-Up Configuration Display

When the DAS is first powered up, it lists the mainframe bus slots and identifies all installed
modules. When setting up the various menus, you may often want to refer back to this power-up
display. This is accomplished by pressing the SHIFT and STOP keys simultaneously.

Menus and Sub-Menus
Each DAS menu is displayed on the menitor screen by pressing its associated menu key on the
keyboard.

Some of the menus are comprised of several parts called sub-menus. These sub-menus are
individual screen displays which may be selected only after the menu is entered. For exampile, the
Input Qutput menu has two sub-menus: one for controlling the tape drive and one for controlling
R$-232 master/slave transmission. To display either of these sub-menus, you must first enter the
Input Qutput menu.

Menu Default Displays

On system power up, the DAS assigns each menu with default operating parameters. When you
enter the menu, the menu and its defautt parameters appears on the DAS screen. This inintial
menu display is called the menu's default display.

If no changes are made to the menu's default display, the DAS will use the default parameters
during the various operations.

Menu Fields and the Screen Cursor

When a menu is displayed on the DAS screen, the menu’s changeable parameters appear as
reverse-video fields. Before making any changes in a specific field, you must first move the
blinking screen cursor to that field.

The screen cursor moves from field to field, in any direction. It is controlled via these keys:

. T, l, -, or T keys — move the cursor one space up, down, left, or right.

* NEXT key — moves the cursor one field to the right,
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Once the screen cursor is located in a specific field, you may change the field value. The common
usage of keys in making field changes are:

o Data Entry keys — used in fields that have a string of numeric or alphanumeric values.
o SELECT key — used in fields with predetermined values.

> INCR and DECR keys — used in fields that have specific incrementing or decrementing numeri-
cal values.

Error Message Readout

The DAS has a comprehensive set of error and prompter messages. These messages appear on
the second line of the screen and are displayed in highlighted video. The messages are also
accompanied by a beeping sound from the mainframe.

POD Messages
There are three pod messages that may appear on the second line of the screen. They are:

¢ POD ID — appears when a probe’s POD 1D button is pressed.

o POD DISCONMMECTED — appears when a probe is disconnected from the back panel of the
DAS.

¢ POD CONNECTED — appears when g probe is connected to the back panel of the DAS.

In these messages, the probes are always identified by their POD ID (bus slot number, pod
connector letter). The messages appear in highlighted video and are accompanied by a beeping
sound from the mainframe.

OPERATOR’S CHECKOUT PROCEDURE

The DAS power switch is located on the mainframe’s front panel as shown in Figure 3-18. To
power up the DAS, simply pull out the switch.

POWER-UP SELF TEST

The DAS has internal diagnostic tests that run automatically every time the mainframe is powered
up. These tests check out the major mainframe components and operating firmware.

During the first phase of self test, the DAS tests the major blocks of systermn RAM and ROM and
initializes #/O ports. The LOCKOQUT indicator on the keybeard is illuminated while the RAMs are
being tested, and the REMOTE indicator is iluminated while the ROMs are being tested. Atter the
RAM/ROM tesis, both indicators are illuminated while the DAS finishes system initialization.
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434

Figure 3-18. Location of the power switch.

The screen display does not appear until both indicators are off and the initialization is complete
(approximately 20 seconds). The display shows a configuration listing. Each installed module is
listed on the screen along with its bus slot number. At the top of the screen, a message appears
reading DAS 9100 SERIES SELF TEST IN PROGRESS.

Each listed module {except the /O board) is tested and given a PASS or FAIL notation. A PASS
means that the module test was successful, while FAIL means that the test was unsuccessful.

if a ROM checksum test failed during initialization, an error message will appear in the upper-right
portion of the screen reading ROM CHECKSUM ERROR.

When the tests are finished, the DAS screen displays a message reading DAS 9100 SERIES
SELF TEST COMPLETE.

Table 3-5 lists and defines the possible power-up errors. Some of these errors only inhibit a
portion of the DAS functions.
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Table 3-5
Power-Up Error Conditions
ERROR CONDITION DEFINITION
A display does not appear on the An error occurred on the Controller board.
screen (and the REMOTE and/or Power down the DAS, then turn it back on.

LOCKOUT indicator is on).
ROM CHECKSUM ERROR

0.... An error occurred on the Controller board, and the in-
strument will not operate properly.

1-6,... An error occurred on the medule installed in the specified
slot (1—86). The module will not operate properly. (See
descriptions of failures listed below.)

7, An error occurred on the Trigger/Time Base Module, and
the instrument will not operate properly.

RAM ERROR | The lower 16K of RAM did net pass the RAM power-up

i tesi. The instrument will not operate properly.

ROM ADDRESS ERROR The Trigger, Channel, or Start ROMs cannot be ad-
dressed or are missing. The instrument wiil not operate
properiy.

Controller FAIL The keyboard has failed the power-up test. Turn the

DAS off and on again, making sure no Key is pressed on
the keyboard.

Trigger/Time Base Module FAIL The Trigger/Time Base Mcdule has failed the power-up
test. The instrument will not operate properly.

91A32 Data Acquisition The 91A32 module has failed the power-up test. The

Module FAIL module will not operate properly, but the rest of the in-
strument is not affected.

91A08 Data Acquisition The 91A08 module has failed the power-up test. The

Module FAIL module will not operate properly, but the rest of the in-

strument is not affected.

If the 91A08 module that failed is in slot 6, remove the
module and place the functioning $1A08 modules in de-
scending slot order 6 through 3.

81P16 Pattern Generator The 91P16 module has failed the power-up test. The
Module FAIL module will not operate properly. This does not affect
data acquisition modules, but it does affect the operation
of 91P32 modules. 91P32 modules cannot be operated
without a2 91P16.

91P32 Pattern Generator The 91P32 module has failed the power-up test. The
Expander Module FAIL module will not operate properly, but the rest of the in-
strument is not affected.

3-35



Operating Instructions—DAS 9100 Series Service Vol. 1

Figure 3-19 illustrates how the DAS screen appears when no errors are found during the self test.

You may now enter any menu and begin operation.

CONF TGURAT JON:

SLOT @ CONTROLLER

SLOT 1 91Ple 16 CHANMEL ~ 4BnS PRTTERN GEHERATOR
SLOT 2 91R32 32 CHAMMEL ~ 48nS ACOUISITION MODILE
SLOT 3 21832 32 CHANNEL ~ 48nS RCOUISITION MODULE
SLOT 4 91nGR 8 CHANNEL ~ 18n5 RCOUTSITION WODULE
SLOT 5 S1pee B CHANNEL ~ 19nS RCAUISITION MADLLE
SLOT & S1AES 8 CHANNEL, # 185 ACBUISITION MODLLE
SLOT ¥ TRIGGER - TIME BASE

SoT & 140 OPTION

PRESS:  CHANNEL SPEC TD GROUF CHANNELS FOR DISPLAY.
TRIGGER SPEC TO SET UP TRIGGER CONDITIOHS.
PATTERH GERERATOR TO PROGRAM STIMULATION.

FRES
PASS
PASS
FASS
PASS
PASS
BRSS
P&SS

TEKTROHIX DAG 918 SELF TEST COMPLETED FIRMAARE VERSION 1 .87

3625-301

Figure 3-19. Successful compietion of the Power-Up Self Test.

Figure 3-20 iliustrates how the DAS screen appears when an error occurs during self test. If the
error that occurred does not affect the DAS operations you wish to perform, press the DON'T
CARE key. A prompt message will be displayed on the bottom of the screen describing the

available menus.

CONFTGURATION:

SLOT B CONTROLLER

SLOT 1 9IPE6 16 CHANWEL ~ 48nS FATTERN GEWZRATOR
SLOT 2 91A32 32 CHANMEL / 48nS ACOUISITION MOCULE
SLOT 3 91A32 32 CHANMEL < 48nS ACOUISITION MODULE
SLOT 4 Slamg 8 CHANNEL # 18n$ ACGUISITION MODULE
ELOT 5 SiAE8 8 CHANNEL # fént RCOUISITION MODULE
EL0T & 91nE8 8 CHAMNEL - 16nS RCAUISITION MODULE
SLOT 7 TRIGGER + TIME BASE

S0T8 140 OPTION

FAIL 9 g9~

PR3s
PASS
PASS
PASS
PSS
PASS
PASS

TEKTRONIX DAS 9188 SELF TEST IW PROGRESS FIRMWARE VERSION 1.87

Failures appear in
—— highiighted video.

Press the DON'T
CARE key to
leave diagnostics
and begin

PRESS:  START SYSTEM TO ENTER DIAGNDSTICS. -~
DON'T CARE TG BEGIN OPERATION.

J62s-302

operation.

Figure 3-20. Failure in the Power-Up Self Test.
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DIAGNOSTICS MENU

The power-up self tests consist of a limited number of fast functional tests that are run whenever
the DAS is powered up. These tests verify the basic functionality of the DAS, but are not consid-
ered comprehensive.

The Diagnostics menu offers more levels of diagnostics. The Diagnostic menu is only accessible
when the power-up tests show that one of the modules has failed. To enter the Diagnostics
menu, press the START SYSTEM key.

NOTE

Do not press any key other than START SYSTEM. If you do, you may leave the
power-up seif test display and lose access to the Diagnostics menu.

It is possible for a module to fail in such a way that the power-up tests do not detect the failure.
To access the Diagnostics menu in this situation, the cperator can induce a power-up failure from
the keyboard by holding down any key on the keyboard from the time the DAS is turned on to the
time the power-up self tesis are complete.

When first entered, the Diagnostics menu looks similar to the display in Figure 3-21.

The Diagnostics menu is controlled in the same way as the other DAS menus. All changeable
fields are shown in reverse video. Fields are changed by moving the blinking screen cursor into
the field to be altered. Cursor movement is controlled by the four cursor keys and the NEXT key.
The value in the field is changed either by using the SELECT key, or by entering a hexadecimal
value from the data entry keys.

If any menu selection key is pressed at this point, the diagnostics will be exited and the selected
menu will be displayed. The Diagnostics menu cannot be re-entered from the standard menu
displays.

Press the START SYSTEM key to start a diagnostic test or function. The function will either stop
by itself, or the STOP key can be pressed to stop the function at any time. The Diagnostics menu
may be exited by pressing any menu selection key while no tests are running.

Diagnosiics Menu User-Changeable Fields
Six user-changeable fields are used in the Diagnostics menu. All of these fields can apply to any
diagnostic test. :

The fellowing four fields select which modules will be tested and which functional tests will be run,
Refer to the numbered callouts in Figure 3-21 while reading the foliowing paragraphs.

@MODULE -— This field can be set to ALL or SINGLE. ALL causes all modules in the system to
be tested. SINGLE allows modules to be tested individually.

SLOT — This field oniy appears when the MODULE field is set to SINGLE. Use the data entry
keys to enter the slot number of the medule to be tested.
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When the cursor enters this field, the DAS displays the slot locations of the modules instailed
in the mainframe. The failed module is highlighted in the display.

@MODE — This field only appears when a slot number has been entered in the SLOT field.
MODE can be set to ALL or SINGLE. ALL causes most of the functions for the selected
module to be executed in sequence. SINGLE allows individual functions to be selected.

When the cursor enters this field, the DAS displays a list of the test functions available for the
selected slot.

@FUNCTION — This field appears when the MODE field is set to SINGLE. Use the data entry
keys to enter the number of the diagnostic fungtion to be run.

The following two fields influence the way the selected functional tests are run by the DAS.

@ LOOPING — This field is always present and may be set to either ON or OFF using the
SELECT key. When the field is set to ON, the looping feature allows one test or sequence of
tests to be run continuously. Use this feature to catch intermittent faults or for circuit tracing
with an oscilloscope.

(&) DISPLAY — This field only appears when the LOOPING field is set to ON. The DISPLAY
field can be set to ON or QOFF. When it is set to OFF, the Controller board stops allowing
direct memory access for the display monitor whenever a test is running. This allows the
diagnostic test that is looping to run continuously without interruptions. Use this mode to
perform circuit tracing with an oscilloscope.

NOTE

If an error occurs while a diagnostic test is running and the display is turned off, the
LOCKOUT and REMOTE lights are turned on.

For more detailed information regarding the Diagnostics menu or the functional tests, refer to the
Maintenance: Diagnostic Test Descriptions section of this manual.
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Figure 3-21. Display of the Diagnostics menu.

L Appears only when
LOOPING field set
to ON.

The DAS provides a special probe self-test capability. The test requires that your DAS contain a
91P16 Pattern Generator Module, a data acquisition module, and a diagnostic lead set. (The
diagnostic lead set is standard with every mainframe.)

The probe self test operates in the following way. One pattern generator probe and one data
acquisition probe are connected together via the diagnostic lead set. The DAS is started. A
special power-up pregram is sent out from the pattern generator and acquired by the data acqui-
sition probe. This program creates a specific dispiay pattern. If the pattern is correct, then the two
probes are functionai.

The following paragraphs describe the various steps to this test. Read these paragraphs carefully
before atternpting to test a probe.
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Connecting the Probes to the DAS
The pattern generator probe to be tested must always be connected to the 91P16 module’s ped
connector B.

The data acquisition probe should be connected to pod A of the 91A32 module installed closest to
the Trigger/Time Base Module. If no 91A32 modules are installed in the mainframe, then the data
acquisition probe should be connected to pod C of the 91A08 moedule installed in bus slot 6.

NOTE

If you use other data acquisition probe locations, make sure that the Trigger Specifica-
tion menu is set in the appropriate operating mode for the module being used.

Connecting the Diagnostic Lead Set

Figure 3-22 illustrates how the pattern generator and data acquisition probes are connected to
the diagnostic lead set. Make sure all of the following conditions are true:

1. The data acquisition ground lead from the diagnostic lead set is connected to the GND
DIAGNOSTIC location.

2. The pattern generator ground lead from the diagnostic lead set is connected to the V| location
if using a P8455 TTL/MOS probe, or to the V,, location if using a P6456 ECL probe.

3. The threshold range switch on the data acquisition probe is set to NORM.

4. The diagnostic switch on the pattern generator probe is set to AUX.

NOTE

If you are using a P6456 ECL Pattern Generator probe, you must enter the Channel
Specification menu and set the data acquisition probe's threshold fo variable (VAR).

Starting the Probe Test

Once the probes have been connected, press the START SYSTEM key. This key starts the data
acquisition and pattern generator functions simuitaneously. At the top of the screen a message
appears reading ACQUISITION AND PATTERN GENERATOR STARTED.

Dispiaying the Test Pattern

When the operation is completed, the DAS automatically displays the State Table menu. Figure
3-23 illustrates how this menu should appear. The data from the data acquisition probe being
tested should show the repeating pattern: 00, 01, 02 ,04, 08, 10, 20, 40, 80, FF, 00, and so on.

To view the pattern in the Timing Biagram menu, press the TIMING DIAGRAM menu key. Figure
3-24 illustrates a display of this pattern. To achieve a similar display, you must increase the
waveform magnification of the menu to 10. This is accomplished by positioning the cursor in the
menu’'s MAG field and pressing the INCR key.
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NOTE

When using the Timing Diagram menu dispiay, you may need fo enter the active data
acquisition channels into the menu’'s POD and CH fields.

STROBE
QUTPUT

DIAGNQSTIC
LEAD SET
TOP OF PROBES

Aga\ CLOCK

<
i
DATA ACQUISITION OUTPUT
- QUALIFIER
PROBE.«% LINE

it ol
AGNOSTE GROUND Zearresn GENERATOR
FOR PEASS : / FROBE
DIAGNOSTIC
GROUND

BOTTOM OF PROBES

DIAGNOSTIC GROUND
FOR FG6456

PATTERN GEMERATGR -
PROBE \

DATA AGQUISITION
PROBE

BACK OF PROBES

Always set
to MORM.

3624-37

Figure 3-22. Connecting the Diagnostic Lead Set.
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STATE TABLE DISPLAY:
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& 68
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Repeating pattern
verifies that the
probes are
functional.

Figure 3-23. State Table display of probe self test.
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Figure 3-24 Timing Diagram display of probe self test,

COLOR DISPLAY
(DAS9129 COLOR MAINERARME ONLY)

The DAS9129 Mainframe features a color-coded display. All menu displays appear on a black
background, and their information is catagorized by a three color code. The DAS Operator’s
Manual contains complete descriptions (with color pictures) of these displays.
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Section 4—DAS 9100 Series Service Vol. 1

THEORY OF OPERATION

SECTION ORGANIZATION

This Theory of Operation section is offered o familiarize service personnel with boih general and
specific system circuitry functions. The section is divided into three main parts. Part one consists
of the System Architecture, which explains circuit board and module functions and positioning.
Part two is a General System Description. Part three is a Detailed Circuit Description.

When using any section part, reference may be made to the system schematics as well as to the
System Block Diagram and to all system schematics as well as to figures and tables within the
text. The System Block Diagram and schematics for ali DAS circuitry are located and tabbed in
the Diagrams section.

Use the System Block Diagram especially in conjunction with the General System Description
part of this section. Blocks on the System Block Diagram correspond to subheadings in the
General System Description.

Use the system schematics especially in conjunction with the Detailed Circuit Description. Sche-
matics are referenced to section headings and subheadings by corresponding numbers in
diamonds.

Diagrams and schematics in the Diagrams section as weli as this Theory of Operation section
may also be valuable as a reference when troubleshooting system circuitry. Specific troubleshoot-
ing information is presented in the Maintenance sections of this manual, found in volume 2.

NOTE

Unless otherwise specified, the text, tables and figures in this section refer to both the
Monochrome DAS (9109). and the Color DAS (9129). Differences are called out as they
oceur.

LOGIC CONVENTIONS

Digital logic techniques are used to perform most functions within this instrument. Function and
operation of the logic circuits are represented by standard logic symbols and terms. All logic
functions are described using the positive logic convention. Positive logic is a system of notation
whereby the more positive of two levels is the true, or 1 state; and the more negative level is the
false, or 0 state.

In logic descripiions, the more positive of the two logic voltages is referred to as high, and the
more negative state as low. The specific voltages which constitute a high or low state vary
between differant electronic devices.
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Whenever a line name on a schematic is referred to within the text, that line name may be
followed by either (H} or (L}. If the schematic line name has an overscore (is asserted low), that
line name will be followed by (L) within the text. If the schematic line name does not have an
overscore, that line name may be followed by (H) within the text to indicate that the line is
asserted high.

SYSTEM ARCHITECTURE

DAS MAINFRAME

The DAS mainframe is supplied from the factory with a keyboard, a display monitor unit, a Main
Power Supply board, an Interconnect board, a Controller Module, a Trigger/Time Base Module,
and a -5V Power Supply Moduie. A probe for external clock inputs is also supplied with the
Trigger/Time Base Module. The display monitor is mounted at the front of the mainframe and the
keyboard is attached in front, below the CRT. See Figure 4-1 for board and module positioning.

The installation, removal, or repositioning of any DAS module requires the removal of
the mainframe top cover and the module compartment cover. Only these two covers
may be removed by the user. Removal of other covers exposes potentially dangerous
valtages. Only qualified personnel may remove covers other than the mainframe top
cover of the module compartment cover,

CONTROLLER IN
BUS SLOT O BUS SLOTS 1—8 FOR
+5Y POWER SUPPLY AREA INSTRUMENT MCDULES

. il 1 iz
i
i l AT EXTERNAL
|[| CLOGK PROBE
i (4 14 14 .

':I ,[I

I IJ-

DISPLAY MONITOR

TRIGGER/TIME BASE
INBUS SLOT 7

INTERCONNECT
BOARD

KEYBOARD i ,
3625-92

Figure 4-1. DAS Mainframe parts. This figure shows the Monochrome DAS (9109). The Coior DAS (9129) is similar.
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Instrument modules for test operations such as data acquisition or pattern generation are mount-
ed in bus slots 1 through 6 between the original Controller and Trigger/Time Base Mcdules.
Optional hardware and modules may be placed in the mainframe when ordered, or may be field
installed.

KEYBOARD

The keybeard serves as the operator’s interface. When the keyboard is folded into the mainframe,
it helds the power switch in the off position, which disables the DAS power,

Refer to the Operating Information section of this manual or to the DAS 9100 Series Operator’'s
Manual for user information.

DISPLAY MONITOR

The display monitor is a 9 inch CRT with etched circuit boards, mounted on a chassis. The
chassis is fixed to the DAS mainframe. Any display on the CRT is arranged by the Controller with
system firmware and controlled by the operator through the keybeard (see Figure 4-1).

NOTE

Sorme of the technical data in this manual that pertains to the Motorola Display Monitor used
in the Monochrome DAS (9109) has been taken verbatim from corresponding Motorola (© )
instruction manuails. Permission for using that material has been granted by Motorola Corp.
and credit in general is hereby documented,

The display monitor in the Color DAS (9129) is a product of Tektronix, Inc.

MAIN POWER SUPPLY

The Main Power Supply provides +12 Vdc, —12 Vdc, 46 Vdc and —5 Vdc to all system circuit-
ry. These voltages are carried through a bus on the Interconnect board. The Main Power Supply
aiso supplies the +5 Vdc to slots 0 and 7 on the Interconnect board and, therefore, to the
Controller and Trigger/Time Base Modules.

NOTE

Only bus siots ( and 7 are supplied with +5 Vdc from the Main Power Supply board. Qther
slots must be powered by +5 V Power Supply Modules as explained in the +5 V Power
Supply description following.

The Main Power Supply board is positioned in the DAS Mainframe as illustrated in Figure 4-1.
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+5V POWER SUPPLIES

At feast one +5V Power Supply Module must be installed in 2 DAS mainframe. Each supply
provides +5 Vdc for two instrument modules. A maximum of three of the +5 V medules may be
instailed on the mainframe; in this case, all of the bus slots on the mainframe receive power. See
Table 4-1 for +5 V Power Supply positioning information.

NOTE

The presence of +5 V Power Supplies in a mainframe is indicated by the presence of a
metal button in the cover over the power supplies. The power supply cover also indicates
which bus slots are receiving +5 V power.

Table 4-1
+5 V Power Supply Positioning
Module Position Bus Slots Powered
2 Left {(standard module) 1angd 2
Center | 5and 6
Right ! Jand 4

|

® The left side is the operator’s ieft as he faces the front of the mainframe,

INTERCONNECT

The Interconnect etched circuit board is fixed at the bottom of the DAS mainframe. It provides the
means of connecting and powering modules to create a system (see Figure 4-1).

The plugs for the Controller, Trigger/Time Base, and instrument modules are in tandem pairs and
are referred to as bus slots 0 through 7. These eight slots are numbered from @ to 7 (left to right
viewed from the front of the DAS mainframe). Instrument modules are installed in slots 1 through
6. The bus slot numbers may be found on the biack fan housing in front of the module
compartment.

Connectors are provided for the positioning of three +5 V Power Supply Modules (see Figure
4-1). Each of these power supplies provide +5 Vdc to two moduie bus slots. Not all DAS models
have all bus slots powered. If needed, additional +5 V Power Supplies are available as options.
Refer to the previous +5 V Power Supply discussion for detaits,

Connectors and plugs are also provided for installation of options. Optional hardware is explained
later and itlustrated in Figure 4-5, DAS options hardware.

The Interconnect board also contains a + 160 V power supply. This power supply provides power
for the Main Power Supply and any +5 V Power Supplies. The Interconnect also has a +11.3 V
power supply to provide start-up power to the switching power supplies, as weil as a +3V
supply to bias the ECL bus lines.
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CONTROLLER

The Controller Module contains the microprocessor, system RAM, and other components neces-
sary for controlling ail functions of the DAS system.

The Controller Module is an etched circuit board with connector pins on its bottom edge that plug
into slot connectors on the interconnect board. Slot O on the Interconnect board is dedicated to
the Controlier Module. Physically, the Controller Module will fit into any slot on the Interconnect
board; however, circuitry prevents proper operation from any but slot 0 (the left-most bus space
as viewed from the front of the mainframe). Refer to Figure 4-1 for proper Controller Module
positioning.

NOTE

The Controller board will operate only in Interconnect bus siot 0. In any other position,
nefther the module nor the system will function properiy.

TRIGGER/TIME BASE

The Trigger/Time Base Medule provides all internal clocks for DAS instrument modules and holds
some of the Controlier’'s ROM. The Trigger/Time Base must be installed in bus slot 7 for the DAS
to operate. The Trigger/Time Base receives alt of its power from the Main Power Supply.

The Trigger/Time Base Module provides the internal clock circuitry for the system, and provides
the controls for complex triggering based on word recognition.

Three possible external clocks for acquisition (CLK1, CLK2, and CLK3} and four signals to control
pattern generator modules (PG CLK, PG INHIBIT, PG INTERRUPT, and PG PAUSE) are chan-
neled through the Trigger/Time Base. They are input through the External Clock Probe and are
menu controllable.
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P6452 External Clock Probe

The Trigger/Time Base Moguie is supplied with a P6452 External Clock Probe. The probe sup-
plies three externai clock lines and four pattern generator control lines to the system. These
signals are controlled by the DAS menus. The probe plugs into the Pod C connector on the rear
edge of the Trigger/Time Base etched circuit board (see Figure 4-2).

POD ID
LOCATION

3623-3044
Figure 4-2. Location of the P6452 External Clock Probe.
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DATA ACQUISITION MODULES (WITH PROBES)

91A32 DATA ACQUISITION MODULE

The 91A32 Data Acquisition Module plugs intc a bus slot {any of 1 through &) on the Interconnect
board. It is a 32-channel, recirculating data acquisition module with a maximum clocking speed of
25 MHz. Trigger events are set using menu presentations on the CRT. Control is then given to the
system from the keyboard and data acquisition begins. When a word is recognized, a signal alerts
trigger circuitry on the Trigger/Time Base module and the acquisition stopping sequence is initiat-
ed. When the trigger conditions are satisfied, the 91A32 stops acquiring data and the acquired
data is displayed on the video screen.

Refer tc Figure 4-3 for physical relationships between the modules and probes.

P6452 Data Acquisition Probe

Four PB452 Data Acquisition Probes are supplied with each 91A32 Data Acquisition Module.
They plug into pod connectors A, B, C and D at the rear of the module’s etched circuit board
through a mainframe opening. System circuitry recognizes which probes are connected and
menus display their positions.

Refer to the Operating Information section of this manual and to the DAS 9100 Series Operator’'s
Manual for connecting probe leads and for data acquisition operating procedures.

A maximum of three 91A32 Data Acquisition Modules may be operated in one DAS. These
modules may be installed in any of slots 1 through 6; however, it is recommended they be placed
in ascending order with the first 91A32 in slot 2, the next going in slot 3, and the last in slot 4. This
order of instaliation ensures interchangeability of DAS setups stored on tape.

91A08 DATA ACQUISITION MODULE

The 91A08 Data Acquisiton Module is an 8-channel recirculating data acquisition module with a
maximum clocking speed of 100 MHz. Events to be recognized are selected from the displayed
menu using the keyboard. With an additional keystroke, control is given to the system and data
acquisition starts. When a trigger event is recognized, the acquisition stopping sequence is initiat-
ed. When the stopping sequence is finished, the stored data is displayed on the screen.

The 91A08 Acquisition Modules should only be installed in bus slots 6, 5, 4, and 3. The first
91A08 module must be installed in slot 6 in order for clocks to be received by any of the 91A08
modules. Additicnal 91A08 modules must reside first in slot 5, then 4, then 3 in that order; 91A08
clocks are not available in other slots. A maximum of four 91A08 modules may be operated in one
DAS mainframe.

Refer to Figure 4-3 for physical relationships between the modules and probes.

P6452 Data Acquisition Probe

Each 91AQ08 Data Acguisition Moduie is supplied with a P6452 Data Acquisition Probe. The probe
is plugged into connector C at the rear of the module’s etched circuit board.

4-7
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P&454 100 MHz Clock Probe

The external clock for 91A08 modules is usually acquired by the P6454 100 MHz Clock Probe.
This probe is plugged into a coaxial connector on the rear edge of the 91A08 module installed in
slot 6. The clock probe connector is located ahove the acquisition probe connector.

NOTE

The P6454 100 MHz Clock Probe will only operate while connected to a 91A08 module that
is installed in siot 6. Do not connect the probe to modules in other slots,

Refer to the Operating Information section of this manual and to the DAS 9100 Series Operator's
Manual for information on connecting probes and for data acquisition operating procedures.

' _:J|: l__'7\_-, |
DATA _ _}:'
ACQUISITION =T
PROBES }
:E% 91A32
\ - _I_,_,_UJJ.LUJ.LLLLLLIJ——lLUJ_LLLLLLU_LLI
—
100 MHz
CLOCK ——ca ]
PROBE
DATA ==
ACQUISITION
PROBE -
91A08

3625849

Figure 4-3. Relationship of DAS acquisition modules to probes.
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PATTERN GENERATOR MODULES (WITH PROBES)

91P16 PATTERN GENERATOR MODULE

The 21P16 Pattern Generator Module will cutput word sequences as programmed on the Pattern
Generator menu and keyed by the operator. The pattern may be generated at various speeds by
internal or external clocks. Internal clocks are selectable from 5 ms to 40 ns. External clock
speeds will operate pattern generation at speeds up to 25 MHz. The output is provided through
two 10-channel probes (refer to Figure 4-4 for probe connector locations).

P6455 TTL/MOS Pattern Generator Probe

Two 10-channel TTL/MOS probes are supplied with each 91P16 Pattern Generator Module to
output words generated. They plug into connectors B and C at the rear of the 91P16 Pattern
Generator Module circuit board. This probe outputs TTL or MOS cutput levels depending on the
vV, and V_voltages supplied by the user.

P6456 ECL Pattern Generator Probe

The ECL pattern generator probe may be used with 91P16 Pattern Generator Modules. With the
ECL probe, the pattern generator modules can output ECL data levels.

Refer to the Operating Information section of this manual and to the DAS 9100 Series Operator's
ianual for probe installation and pattern generator operating procedures.

91P32 PATTERN GENERATOR EXPANDER MODULE

The 91P32 Pattern Generator Expander Module can be used only in conjunction with a 91P16
Pattern Generator Module. Together, the 91P16 and 91P32 modules can provide a maximum of
80 channels of pattern generation. Pattern selection is made from the keyboard with reference to
the Pattern Generator Menu. Output from the 91P32 Pattern Generator Expander is through four
10-channel probes (probe connections explained below).

P6455 TTL/MOS Pattern Generator Probe

The four 10-channel probes plug inte pod connectors A, B, C and D at the rear of the 91P32
Pattern Generator Expander Module circuit board (see Figure 4-4). The probe outputs TTL or
MOS level data depending on the V|, and V, voltages supplied by the user.

P6456 ECL Pattern Generator Probe

This probe, which puts out ECL-level data, may be used with the 91P32 Pattern Generator
Expander Module.

Refer to the Operating Information section of this manual and to the DAS 9100 Series Operator’s
Manual for probe installation and pattern generator operating procedures.
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3625-95

Figure 4-4, Relationship of DAS pattern generation modules to probes.

OPTIONS

OPTION 01 (TAPE DRIVE FOR DC100-TYPE CARTRIDGES)

When the DAS Option 01 is ordered, a tape drive for DC100-type cartridges is installed in the
mainframe. The drive's components and etched circuit boards are located under the mainframe's
front fan. The tape cassette is inserted in a covered slot located above the keyhoard, adjacent to
the power onfoff switch, The tape unit is operated through the Input/Qutput menu. Figure 4-5
shows the location of the tape drive.

Refer to the Operating Information section of this manual and to the DAS 9100 Series Operator’'s
Manual for tape drive operating procedures.
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OPTION 02 (I/O INTERFACE)

Option 02 may be ordered with a DAS mainframe or added to the system. It provides interfaces
for GPIB, R8-232, and Composite Video. An etched circuit board is plugged into a space on the
Interconnect board and interface connectors are mounted on a board that is fixed in back of the
mainframe. The Input/Qutput menu controls the /O Interface. Figure 4-5 shows the lecation of the
I/0 Interface in a DAS mainframe.

Refer to the Operating Information section of this manual and to the DAS 8100 Series Operator’s
Manua! for IO Interface operating procedures.

NOTE

The IO Interface Board is in the same area in the Color DAS (9129) as it is in the Mono-
chrome DAS (8108}, but is on the opposite side of the mainframe center divider panel.

I/C INTERFACE
BOARD
+5Y POWER 170 CONNECTORS OPTION 02
SUPPLY MODULES
(OPTIONS 03 AND 04)

TAPE DRIVE
CPTION 01

3G25-95

Figure 4-5. DAS option locations.
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OPTION 03 (+5 V POWER SUPPLY MODULE)
One additional +5 V Power Supply module is supplied with an order that includes Option 3. This

supply powers an additional two bus slots of the mainframe so that a total of four bus slots are
powered.

OPTION 04 (TWO +5 V POWER SUPPLY MODULES)
Two +5 V Power Supply modules (in addition to the one supplied originally with the Mainframe})

will be supplied with an order that includes Option 04. These power supplies are sufficient to
power all of the bus slots on the mainframe Interconnect Module.

OPTION 05 (RACKMOUNT HARDWARE)

Option 05 provides all the hardware necessary to rackmount the DAS mainframe.

OPTIONAL ACCESSORIES
The two optional accessories particularly applicable to servicing the instrument are listed below.

Refer to the Introduction and Specifications Section in this manual for a complete list of optional
accessories.

SERVICE MAINTENANCE KIT {067-0980-00)

This kit contains all the extender boards and cables necessary to gain service access to all parts
of any DAS configuration.

SETUP/HOLD TEST FIXTURE (067-1037-00)

This fixture provides the fastest and easiest way to verify setup and hold times met by the 91A32

and 91A08 acquisition modules. The fixture requires a single width in a Tektronix TM 500 Oscillo-
scope mainframe.

GENERAL SYSTEM DESCRIPTION

The DAS (Digital Analysis System) 9100 Series may be configured to accomplish the following
basic operations:

1. Data acquisition of up to 104 channels at speeds up to 25 MHz {up to 32 channels can
acquire at speeds up to 100 MHz).

2. Pattern generation at speeds up to 25 MHz.



Theory of Operation—DAS 9100 Series Service Vol. 1

3. Combined data acquisition and pattern: generation.

4, Tape drive control and I/O interface control of the above operations.

The DAS can be operated as a simple eight-channel acquisition system, as an interactive system
consisting of multiple 32 and 8 channel modules, or as two independent logic analyzers. Also, a
BNC connector on the rear panel provides a trigger output for use with an oscilloscope or other
user equipment. In total, there are at least nine different modes in which the DAS can be used to
acquire data.

Refer to the Detailed Circuit Description (later in this section) for power supply and Interconnect
information.

Refer to Figure 4-6, DAS Instrument System, and the DAS System Block Biagram, in the Dia-
grams section of this manual (volume 2), for a block diagram presentation of a DAS system with
one of each module and option {excluding power supplies). Block titles in the System Block
Diagram are keyed o headings in the text of the General System Description.

NOTE

For text describing the schematics, refer to the Detailed Circuit Description that follows this
General System Description.

KEYBOARD | o] I :"g:#gn
oo CONTROLLER _ ]
cPU HIGH
BUS SPEED
BUS
EXTERNAL CLOCK PROBE | |
| } Nt TRIGGERTIME
. BASE
DATA PATTERN
B 91A32 ACQUISITION = 91P16 PATTERN —a-i_l
L]\\ MODULE <B-iim et 1 Pt GENERATOA
ACGUISITION — MODULE GENERATOR
- ™ P
|c |/ A 25 MHz 32 CHANNELS 25 MHz 76 CHANNELS ——p-i_‘
PROBES PROBES
Cl 700 MHz CLOCK PROBE
DATA g z PATTERN
L_J—» 91408 ACGUISITION . —H 91P32 PATTEAN
acauismon | MODULE 2 N paTOR GENERATOR
fost— | (d—iwe
{_]—w- 100 MHz 8 CHANNELS 25 MHz 32 CHANNELS
PAOBES - PROBES
|

TAPE 0

DAIVE INTERFAGE

OPTION 01 OPTIGN 02

3625-305
Figure 4-6. DAS instrument system.

4-13



Theory of Operation—DAS 9100 Series Service Vol. 1

4-14

DAS MAINFRAME

The following description is supported by the DAS System Biock Diagram in the Diagrams sec-
tion of this manuat (volume 2).

KEYBOARD

The operator uses the keyboard to program module operation and select menus. Pressing any
key will cause that key's seven bit code to be presented to the Controller’s data bus. See Tables
4-23 and 4-2b for a listing of the key codes used by the keyboard. Refer to the DAS 9100 Series
Operater's Manual or to the Operating Information section of this manual for procedures.

Table 4-2a
Shiftable Characters

Unshifted Hex Value Shifted Hex Value

40
52
53
56
41

42
43
55
44
45
46
47
48
49
4A
4B
4c
4D
4E
4F

0 0
X {don’t care) 13
NEXT 14
DECR 17

1

2

3
INCR

—

MMODOWP oo~ hrdwiN—
N<XXS<C-H0IOoUTO0ZErXe«—IO

TMODODM>P OO
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Table 4-2b
Unshiftable Characters
Character Hex Character Hex Character Hex
DEFINE
GOTO 1F TABLES 34 SCROLL ¥ 1D
TIMING SYSTEM
REPEAT 1D DIAGRAM 37 START 26
STATE START
HOLD 20 TABLE 38 ACQUISITION 28
START
HALT 24 DEL LINE 10 PAT GEN 29
COUNT 1E ADD LINE 11 COMPARE = 2A
CALL 21 SELECT 14 COMPARE = 2B
STORE
RETURN 22 3 17 ACQUISITION 2¢
PATTERN GENERATOR | 30 - 1A FIND WORD 2D
CHANNEL SPEC 31 - 18 STOP 2E
TRIGGER SPEGC 32 ¥ 19
INPUT-OQUTPUT 33 SCROLL A 10
CONTROLLER

The Controller board sets up the system configurations, performs system diagnostics, and per-
forms all user inferface functions.

Keyboard Interface and Control Circuitry

The keyboard interface buffers the data from the keyboard for inclusion on the microprocessor's
data bus. The control circuitry supplies a clock for the keyboard encoder, and a clock for signaling
interrupt logic that the keyboard should be read. The control circuitry also handles other inter-
rupts, the LOCKOUT and REMOTE lights, the beeper, and the baud rates.

interrupt Logic

The interrupt logic scans the interrupt lines {int0 — int7) at 3.68 MHz with a data multiplexer.
When an interrupt is present, the microprocessor’s interrupt line goes active, and stops the
multipiexer from scanning. The interrupt method allows each interrupt (0 through 7} to call differ-
ent subroutines. If the interrupt is not masked out, the IORQ and M1 lines of the microprocessor
go active, and the bit pattern corresponding to the interrupt line is loaded on the data bus. This
data is then used as part of the next address referenced by the microprocessor.

4-15
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Microprocessor

A Z80A microprocessor is the controlling element for the Controller Module. The microproces-
sor's main functions are interpreting instructions stored in RAM or ROM, and routing of data from
one place to another (from an instrument module to a system RAM, for example).

ROM and System RAM

The ROM contains the necessary instructions for powering up the DAS mainframe and interpret-
ing the code in the system ROMs located on the Trigger/Time Base as well as ROMs that may be
located on other boards (like the 91P186 or I/C Interface option). The system RAM, used for any
volatile information storage, is a set of sixteen 16K x 1-bit blocks that provides 32K bytes of read-
write memaory.

Table 4-3
DAS Memory Map
Address Memory
FFFF
Patch ROM
E000
Personality ROM for modules
Co00
A000
8000 32K RAM
6000
4000
Runtime ROM
2000
Interp ROM
0000

Address Buiffer

The address buffer isolates the microprocessor’'s address bus to prevent loading of the micro-
processor and to isolate DMA (direct memory access) activity for the display monitor from the
rest of the bus.

Data Buffer

The data huffer isolates the microprocessor’'s data bus to prevent loading of the microprocessor.

DMA (Direct Memory Access)

The DMA provides direct memory access for the CRT controller without the direct intervention of
the microprocessor. This reduces the access time for the CRT controller and decreases the time
sharing load cn the microprocessor. The DMA consists of a single 8257 integrated circuit under
the direction of the microprocessor and the CRT controller.
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CRT Controller

The CRT controller consists of an 8275 Programmable CRT Controller. The 8275 Programable
CRT Controller receives data from the DMA, stores it in a row-by-row format, and then outputs it
at a rate consistent with the display monitor. The data from the 8275 includes which character
should be displayed, as welt as character attributes like inverse video and highlighting. The CRT
Controller also provides horizontal and vertical scan timing signals for the display monitor.

Display Generator

The display generator consists primarily of a 1024 x 8 bit ROM, an eight bit shift register, and a
data selector. The CRT controller writes its data to the character ROM address, which selects a
line of a specific character. The bits output by the ROM correspond to the light and dark pattern
of a line of the selected character. The bits from the ROM go to the eight bit shift register, which
shifts the data out serially. The data selector controls which display attributes are selected.

Timing Diagram Decoding

When the timing waveform decoder is selected by the microprocessor —— through the CRT con-
troller — the General Purpose Attribute 0 {GPAD) line of the 8275 Programmable CRT Controlier
goes high. This line selects a special portion of the character ROM that disptays digital timing
waveforms instead of alphanumeric characters. The timing waveform decoder changss the way
the character ROM is addressed whenever a waveform display is selected.

DISPLAY MONITOR

The display menitor is a 9 inch video monitor that shows DAS menus for control purposes. The
DAS9109 presents a monochrome display. The DAS9129 presents a three-color display in red,
yellow and green. Refer to the Operating Information Section of this manual, or to the DAS 9100
Series Operators Manual for details of color presentations.

HIGH SPEED BUS (P1)

The high speed bus is a seventy-two line bus with seven two-sided seventy-two pin connectors.
There is one connector for each instrument module position in the DAS mainframe except for the
Controller slot,

NOTE

The Controfler Module has a connector in the same position as the instrument modules, but
it is not part of the high-speed bus.

The high speed bus is designed for rapid information transfer between the Trigger/Time Base,
acquisition modules, and pattern generation modules. Note that most, but not all, lines of the high
speed bus are common to all connectors. This presents restrictions in positioning certain modules
{such as the ¢1A08 Data Acquisition Module, for example).
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CPU BUS (P0)

The CPU Bus has seventy two lines with eight two-sided seventy-two-pin connectors (36 pins
each side). There is one connector for each module position if the DAS mainframe. The CPU bus
provides the means by which the Controller Module gets information to and from the other
modules.

TRIGGER/TIME BASE AND PROBE

The Trigger/Time Base serves two functions:

1. It can provide clock signals for all of the instrument modules of the DAS.

2. 1t provides complex triggering for the acquisition modules.

TRIGGER/TIME BASE CONTROLLER INTERFACE AND SYSTEM ROM

The controller interface provides for communications between the Controller Module and the
Trigger/Time Base. Registers store information from the Controller when written to and also
access data for the Controller Module when it is called for. Any blocks in the Trigger/Time Base
Block Diagram that are identified with an asterisk (*) use data stored in the registers and/or pass
information to the Controller Module via the interface.

The system ROM resides on the Trigger/Time Base where it can be accessed by the Controller.
The system ROM centains the diagnostic test routines and the data-acquisition-related menus.
Code required to operate the tape drive (Option 01) and the (/O Interface (Option 02) is also
located on the Trigger/Time Base.

EXTERNAL CLOCK PROBE

The probe used by the Trigger/Time Base is identical to the Data Acquisition Probe used by the
acquisition modules. It serves as an interface to the circuitry under test. The External Clock Probe
can be used to obtain as many as three different acquisition clock lines from external circuitry.
These clocks are labeled CLK1, CLK2, and CLK3. This probe also acquires four lines to control
the pattern generation function; these lines are the PG PAUSE, PG INTERRUPT, PG INHIBIT,
and PG CLK lines.

FREQUENCY DIVIDER

The frequency divider contains a 10 ns clock, and from that clock, provides the following clock
rates: 10 ns, 20 ns, 40 ns, 50 ns, 100 ns, 1 us, 10 us, 100 us, and 1 ms. Additional subdivisions of
these clock rates are provided by the 91A08 and 81A32 clock select circuits.
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91A08 CLOCK SELECT

One of the clocks provided by the frequency divider is chosen by a data selector and a register in
the 91A32 Clock Select Circuit. The selected clock is then divided further by a programmable
counter that is also controlled by a register. This clock is then applied to the 91A08 internal clock
line on the high speed bus.

91A32 CLOCK SELECT

One of the clocks provided by the frequency divider is chosen by a data selector and a register.
The selected clock is then divided further by a programmable counter that is also controlled by a
register. This clock is then applied to the 91A32 internal clock line on the high speed bus.

PIPELINED INTERNAL TIMING SEQUENCER

The pipelined internal timing sequencer uses the clock select line from the Trigger/Time Base
Controller Interface and System ROM block to choose hetween CLK 1 and the 91A32 internal
clock. The selected clock line is then shifted through registers so that each clock pulse lines up
with the proper triggering data.

The pipelined internal timing sequencer can also stop the selected clock when signaled by the
91A22 qualifier bus or the CLEAR line from the Controller.

Any block in the Trigger/Time Base identified with an A on the DAS System Block Diagram uses a
clock provided by the timing sequencer.

EVENT CONDITIONER

This block accepts the EVENT 1, EVENT 2, and EVENT 3 signals from acquisition modules, and
then conditions them according to the instructions from the controller interface. Conditioning may
include such things as trigger on EVENT 1 OR EVENT 2, invert EVENT 2, or invert EVENT 3. The
conditioned event outputs are called AAA, BBB, and CCC (not shown on the block diagram).

ARM TRIGGER

The circuitry in the arm trigger block accepts signals from the control registers and event condi-
tioner to determine when data can get through to the A counter and the trigger. The circuit
conditions signals to the A counter and may cause the A counter to be reset (depending on
programming}. When the A counter is finished, it signals the arm trigger circuit. The arm trigger
then waits for conditions to be finished {with a BBB signal}. When a BBB signal is received, the
trigger is activated.
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A COUNTER

The A counter increments each time an "AAA” word gets past the arm trigger block. When the
number of counts equals the one’s complement of the number lcaded in the A counter register, an
A done signal is sent to the arm trigger circuit. Satisfying the A counter is the first step in
triggering the 91A32 acquisition modules.

TRIGGER

When the arm trigger circuit is done, the trigger sequence is started. This makes the 91A32
trigger delay (TRIGRD) lines active and starts the delay counter. The delay counter being done is
the last triggering conditicn that must be satisfied, so the STOP-STORE signal occurs and the
HA32 QUAL line is pulled low. This stops the 91A32 modules.

DELAY COUNTER

The delay counter is loaded by the Controller with the one's complement of the number of clock
cycles the delay counter must cycle. A signal from the trigger circuit then causes the counter to
run for this predetermined number of cycles. When finished, the counter notifies the trigger circuit
that the detay is finished.

DATA ACQUISITION

In the following description, refer to the DAS System Block Diagram in the diagrams section of
this manual.

91A32 DATA ACQUISITION MODULE AND PROBES

91A32 Controller Interface

The controller interface provides a means of communications between the Controller Module and
the 91A32. The interface stores information when written to and provides data for the Controller
when called for. Any block in the 91A32 on the DAS System Block Diagram identified with an
asterisk {*) uses the 91A32 controller interface.

Data Aquisiticn Probes

There are four data acquisition probes used with the 91A32, labeled A through D. Each probe is
capable of acquiring eight lines of data. Probes A and B are alsc capable of receiving cne qualifier
line each. The probes can acquire TTL, MOS, and ECL levels. Each probe is an active device that
converts unbalanced signals to balanced line signals for transmission to the acquisition module.

Probe Receivers

Each incoming line from the acquisition probes is converted from differential ECL to TTL for use
by the 91A32 Data Acquisition Moduie.
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Clock and Clock Edge Select

The clock select circuitry uses lines from the controller interface to select between the 91A32
internal clock and three possible external clocks. If an external clock is selected, its polarity is
then adjusted for triggering on the rising or falling edge. The selected clock and edge are then
used in the clocked portions of the 91A32. Any block in the 91A32 on the DAS System Block
Diagram identified with an A uses the selected clock.

Qualifier Logic

The qualifier logic circuits receive the qualifier lines from probes A and B. The controller interface
determines the functional polarity of the qualifier lines, and whether they will be used to enable
data acquisition.

Login Register

The buffered data lines from the probes are clocked through registers so that data transitions
occur at the same time, The output from these registers is then alternately clocked into the even
and odd sides of the acquisition memory.

Memory Address Register

The memory address register (MAR) is an 8-bit counter that is clocked at the same rate as the
even acquisition memory. The output of the counter is used to set the address where data is
stored in both sides of the acquisition memory.

Acquisition iilemory

This memory stores the data acquired by the probes in an alternating fashion. One set of 32 bits
goes to the even side, the next set goes to the odd side, and the following set goes to the even
side, etc. This method provides room for 512 sets of acquired data. The address of the acquisition
memory is set by the memory address register.

Memory Readback

The memory readback circuits take the data from the acquisition memory and divide it into 8 bit
words for transfer over the CPU bus to the Controller Module.

Word Recognizers

The word recognition block is designed to recognize three different binary words, up to 32 bits
wide. The three words to be recognized are loaded into the word recognition RAM by the control-
ler interface and labeled EVENT 1, EVENT 2, and EVENT 3. if any of these words is recognized,
signals are sent on the high speed bus to the Trigger/Time Base.
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91A(08 DATA ACQUISITION MODULE AND PROBES

91A08 Controller Interface

The controiler interface is the means of communication between the Controller Module and the
91A08. The interface accepts and stores information that is written frorn the Controller and also
accesses data to the Controller when called for. Any block in the 91A08 diagram identified with an
asterisk (*) on the DAS System Block Diagram is connected to the interface.

Data Acquisition Probe

The 91A08 uses onhe data acquisition probe capable of acquiring eight lines of data and one
qualifier. The probe is identical to the probes for the Trigger/Time Base and the 91A32.

100 MHz Clock Probe

The 81A08 usually acquires external clock signals through the 100 MHz clock probe, not through
the external clock probe of the Trigger/Time Base.

Probe Receivers

Each incoming line from the data acquisition probe is converted from differential ECL to single-
ended ECL for use by the glitch and word recognizers.

Glitch and Word Recognizers

This block performs four functions. The first function is glitch identification, Glitches are identified
in each data line by watching for more than one logic transition during any one clock cycle. The
second functiori is data transmission; this allows the glitch recognition bus to output giitch data in
sync with the probe data, rather than one cycle behind. Functions three and four are for triggering.
The glitch data and the data word to be recognized are lcaded into registers by the controller
interface. If these words are recognized, signals are sent to the trigger recognizer block.

Clack and Clock Edge Select

The clock and clock edge select uses lines from the controller interface to select between the
91A08 internal clock, the 91A32 internal clock {supplied by the Trigger/Time Base), CLK1 from
the External Clock probe, or the clock from the 100 MHz Clock probe. The selected clock is then
used to clock the 91A08 module. The rising or falling edge of either CLK 1 or the clock line from
the 100 MHz Clock Probe can also be specified. Any block in the 91A08 diagram identified with
an A on the DAS System Block Diagram uses the selected clock.

Trigger Recognizer

Through signals from the controller interface, the trigger recognition circuits control whether the
trigger will happen on the data word, the glitch word, or the glitch word ORd with the data word. it
also determines whether the 91A08 trigger will appear on the EVENT 1 line of the high speed bus.
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Arm 91A08 Trigger

The arming block determines if the 91A08 trigger needs to be armed by the 91A32 trigger words
in order to complete a trigger. The arming is specified by the controller interface.

Delay Counter

The delay counter, once set by the controller interface, determines the number of clock cycles the
stop acquisition signal will be delayed from the time the trigger is satisfied. The counter is [oaded
with the one's complement of the delay count and counts up to all cnes to stop acquisition.

Qualifier Logic

The gualifier logic controls which, if any, of the following lines are used as qualifiers: the 91A32
qualifier line, and the 91A08 qualifier line. The qualifier line stops data acquisition.

Memory Address Register

The memory address register (MAR]) is an eight bit counter that is clocked at the same rate as the
even acquisition memory. The output of the counter is used to set the address where both sides
of the acquisition memory store data.

Acquisition Memory

This memcry stores the data and glitches acquired by the 91A08 for future readback by the
Controller. The memory has two sides (odd and even) that are written to alternately. The address
of the acquisition memory is determined by the memory address register.

Memory Readback

The memory readback circuit takes the data stored in the acquisition memory and divides it into 8
bit words to be put on the CPU bus for the Controller Module.

Difference Counter

The difference counter counts the number of 91A32 or CLK1 clock cycles between the 91A32
trigger and the 91A08 trigger. This information is then made accessible to the controller interface.
The Controller Module uses this information to ensure correct timing allignment when displaying
data acquired from different modules at different rates.
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PATTERN GENERATION

In the following description, refer to the DAS System Block Diagram in the diagrams section of
this manual,

91P16 PATTERN GENERATOR MODULE AND PROBES

91P16 Controller Interface and ROM

The controller interface block allows the Controller Module to write to and receive data from the
91P16 through the CPU bus. Any block in the 91P16 Biock Diagram identified with an asterisk (*}
is connected to the controller interface.

The ROM resident on the 81P16 contains the Pattern Generator menu. This ROM is accessed by
the Controller to control the pattern generator portion of the DAS.

pCode Memory

The pCcde memory is 256 x 16 bit RAM, only 13 bits of which are used. The pCode memory is
addressed by the instruction multiplexer during pattern generation. It stores strobe initiating and
tristate information as well as instruction control data. This information is lcaded by the controller
interface. The individual bits of the pCode memory are used as shown in Table 4-4.

Table 4-3
Pattern Generator pCode Assignments
bit12 | 11 10 9 8 7 goto field bit 0
1 2 tri- i strb strb 7 6 5 4 3 2 1 0
cntl field | state | 1 sel | 0 sel é * 4 *

0 0 -e— advance - HALT — HOLD |  COUNT
REPEAT

0 1 w=— GOTO

1 0 -m—— CALL

1 { -« RETURN

The uCode memory is central to the operation of the addressing portion of the 91P16. See Figure
4-7 to see the relationship between the wCode memory and other portions of the 91P16 Pattern
Generator Module.
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Figure 4-7. 91P16 address processor.

Instruction Register

The instruction register temporarily stores the data from the pCode memory for processing by the
other blocks.

Instruction Multiplexer

The goto field and the contral field from the pCode memory are interpreted by the instruction
multiplexer to determine the next address for the vector memory output and the pCode memory.
The instruction multiplexer can select the address from the goto field, the return stack, or the
advance generator.

Advance Generator

The advance generator adds one to the address output from the instruction multiplexer. The
address-plus-one is then sent to the return stack and the instruction multiplexer. The instruction
muitiplexer then uses the address-plus-one as the new address output if ADVANCE is the next
instruction received from the control field.

Return Stack

The return stack is a push-pop memory stack that will store up to sixteen return addresses. When
a GOTO instruction is received from the instruction register {or if the PG INTERRUPT line from
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the External Clock probe goes active), the return stack pushes the present address-plus-one from
the advance generator, into the return stack.

If a RETURN instruction is in the control field, the most recent addition to the Return Stack is
used as the next address from the instruction multiplexer. The next value down is then pulled to
the top of the return stack.

Vector RAM 0 and 1

This memory contains the data that is to be presented to the output latch. The data is loaded into
the vector RAM through the controller interface. During operation the vector RAM is addressed
by the instruction muiltiplexer.

Clock Control RAM

This block implements the COUNT, REPEAT, and HOLD functions. The clock control RAM is
loaded with the number of clock cycles any of these functions will require. This stack is capable of
storing REPEAT/COUNT/HOLD durations of up to 255 clock cycles, and up to 6 different function
durations that are separately addressed. The address for the clock control RAM comes from the
three least significant bits of the goto fiefd.

When a COUNT, REPEAT, or HOLD instruction is encountered in the goto field, the clock control
RAM either causes the output latches to hold on to their current data {for a HOLD or REPEAT
instruction) or makes the output latches count up from the original output vector (for COUNT
instructions). These actions continue for the duration of the instruction (held in the RAM).

Output Latches

This block is an outpui buffer for the vector memories. Values from the vector memories are
clocked into the latches and hefd until the next vaiue is clocked in. Under special circumstances
the output iatch can be caused to count up from a latched-in value {during a COUNT instruction).

Clock Control

The Pattern Generator can be run by the 91A32 internal clock, the 91A08 internal clock, or the PG
CLK from the External Clock probe (of the Trigger/Time Base}. The clock control block deter-
mines which clock is used. This block also selects the rising or falling edge of the PG CLK.

Once the clock is selected, three distinct clock lines are provided for the Pattern Generator. The
first clock, A on the System Block Diagram, goes through the high speed bus to run any Pattern
Generator Expanders in the system. The A clock runs ali the time. The next clock, B on the
System Block Diagram, runs the instruction register, the return stack, and the advance generator.
The B clock runs all the time except when a COUNT, PAUSE, or HOLD instruction is happening.
The last clock, C on the System Block Diagram, is provided through the probes to the circuit
under test. The C clock runs all the time except when a HOLD instruction is being executed.

Strobe Counter

The strobe counter, when signaled by a strobe select signal from the instruction register, counts
from 0 up to 1,023, uniess it is reset. A reset occurs whenever the end of a strobe is detected.
The counter has its own internal clock that has a 40 ns cycle time. There is only one counter for
both strobes.
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Strobes 0 and 1

Each strobe circuit consists of a 1024 x 1 bit RAM, a strobe done detector, and a polarity
selector. The RAM is loaded with Os and 1s by the controller interface. A low indicates a 40 ns
false output and a high indicates a 40 ns true output.

When a strobe is selected by the uCode memory, the strobe counter starts counting up from zero,
incrementing every 40 ns. The selected strobe has its output enabled as the counter addresses
the RAM.

When the output of the RAM makes a transition from high to low, the end detect circuit is
triggered, the counter is reset to zero, and the strobe output is disabled. The polarity selector
controls whether the strobe outputs will be active high or active low.

Pattern Generator Probes

Two P6455 TTL/MOS Pattern Generator Probes are used by the Pattern Generator. Each probe
outputs 8 bits of paraliel data, a strcbe line, and a clock line. The probe is an active device capable
of interfacing with TTL or MOS logic.

P6456 ECL Pattern Generator Probes may be used with the Pattern Generator that allows the
Pattern Generator to interface with ECL circuitry.

81P32 PATTERN GENERATOR EXPANDER MODULE AND PROBES

91P32 Controller Interface

The controller interface block allows the Controller to write to and receive data from the 91P32
Pattern Generator Expander. Any block in the 91P32 on the DAS System Block Diagram identi-
fied with an asterisk (*) is connected to the controller interface.

Program Counter

The program counter addresses both the vector memory and the ¢Code memory to determine
what data will be output. The program counter is an 8 bit bus that is taken from the output of the
instruction multiplexer of the 91P16 Pattern Generator and put on the high speed bus for use by
91P32 modules.

Clock Line

The clock used by the 91P32 Pattern Generator Expander is the A clock from the 91P16 Pattern
Generator. That clock line is put on the high speed bus by the 91P16. Any block in the 91P32 on
the DAS System Block Diagram identified with an A uses this clock line.

Vector RAM 2 through 5

This memory contains the data that is presented through the probe to the circuit under test. The
vector RAM are loaded by the controller interface. During operation the memories are addressed
by the program counter from the 81P16.
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uCode Memory

The xCode memory in the 91P32 module runs parallel to the uCode memory in the 91P16. Before
the module begins operation, the Code memory is loaded with the starting positions for each
strobe on the module. During operation the xCode memory is addressed by the program counter
from the 81P16.

Strobe Counter

The strobe counter, when signaled by a strobe select from the xCode memory, counts from 0 up
to 1023, unless it is reset. A reset occurs whenever the end of a strobe is detected. The counter
has its own internal clock that has a 40 ns cycle time. There is only one counter for all four
strobes.

Strobes 2 through 5

Each strobe circuit consists of a 1024 x 1 bit RAM, an end of strobe detect, and a polarity
selector. The RAM is loaded with Os and 1s by the controller interface. A 0 indicates a 40 ns
duration false output, and a 1 indicates a 40 ns true output. When a strobe is selected by the
uCode memory, the strobe counter starts running — counting up from 0, The selected strobe has
its output enabled as the counter addresses the RAM at 40 ns increments. If the output of the
RAM makes a transiion from true to false, the end detect circuit is triggered, the counter is reset
to zero, and the strobe output is disabled. The polarity selector controls whether the strobe
outputs will be high true or low true.

Pattern Generator Probes 2 through 5

Four P6455 TTL/MOS Pattern Generator Probes are used by the 91P32 Pattern Generator Ex-
pander. Each probe outputs 8 parallel bits of data, a strobe line, and a clock line. The probe is an
active device capable of interfacing with TTL- or MOS-leve! logic.

P6456 ECL Pattern Generator Probes may be used by the Pattern Generator Expander. This
allows the module to interface with ECL level logic.

OPTIONS

OPTION 01, TAPE DRIVE

The tape drive option allows mass storage of most DAS variables; these include trigger setups,
reference memory, pattern generator setups, and mnemonics tables.

The tape drive has three basic parts. These parts are data control, tape motion control, and
status sensors. The data control is done through a Tektronix integrated circuit that performs
paralle! to serial data conversion during writes, and serial to parallel conversion during reads. The
IC also does CRC cafculations,

Tape motion control is performed by a custom-programmed 6500/1 microcomputer. The micro-
computer sets the speed of the drive motor according to data received from the data control
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board. The 6500 regulates the speed of the motor through the use of a tachometer wheel driven
by the motor.

The sensor circuits inciude the tachometer wheel for tape speed regulation, an LED angd optical
sensor that detect the end and beginning of a tape, and two switches that detect whether a tape
is installed and whether the tape is write-protected.

OPTION 02, /O INTERFACE

The I/O Interface has three functions; the BRS-232 interface, the general purpose interface bus
(GPIB), and the composite video output. The R5-232 allows two DAS systems to be linked in a
master/siave mode or allows the DAS to be controlled remotely using GPIB commands transmit-
ted in ASCIl over the R5-232. The RS-232 is implemented by an 8251A Programmabie Communi-
cations Interface integrated circuit.

The GPIB on the I/Q Interface is managed by a TMS 9914 integrated circuit and several buffers.
The GPIB interface allows the DAS to act as a talker/listener on a GPIB controlled system.

The composite video output takes the signals going to the display monitor from the Centroller and
forms a composite signal for use with a hard copy unit or a video monitor,

Refer to the Detailed Circuit Description, which follows, for details about Interconnect board and
power supplies, and for a detailed description of the schematics.

MAINFRAME DETAILED CIRCUIT DESCRIPTION

Refer to schematics in the Diagrams section of this manual while reading this detailed circuit
description. Diagram numbers in the diamonds on page tabs in the Diagrams section are keyed to
the numbers in diamonds at the relevant headings and subheadings of the circuit descriptions.

In text, signal mnemonics may be followed by (H) or {L). If the schematic signal name has an
overscore (is asserted low), that signal name will be followed by (L} within this text. If the sche-
matic signal name does not have an overscore, that signal name may be followed by (H} to
indicate that the signal is asserted high.

The assembly numbers (A numbers) in Table 4-5 have been assigned to all etched circuit boards
used in the DAS. When necessary, A numbers are assigned to assemblies around the ECBs. For
example, the P6455 Patiern Generator Probe assembly is A15. The boards in that assembly are
assigned an A number, also. The P6455 TTL/MOS Pattern Generator Probe ECB number is
A15A1. Circuit boards that are fixed in the mainframe {the A2 Main Power Supply board, for
example) and modules that are made up of only an etched circuit board (such as the 91A32 Data
Acquisition Module)} have only an assembly number — A12, A13, etc. Assemblies that do not
have etched circuit beards do not have assembly numbers.

Assembly numbers are used to identify components to the board on which they are mounted.
R100 could be a resistor on any board, but A1R100 identifies the resistor and the ECB.
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NOTE

A numbers will be etched on circuit boards if possible. Boards that are supplied by a
vendor or special Tektronix boards may not have A numbers etched on, but they are
assigned and explained in the text.

Table 4-5
Assembly Numbers for DAS Assemblies and Circuit Boards
Al DASS109 Interconnect ECB
A2 Main Power Supply ECB
A3 +5 V Power Supply Module
A3A1 +5 Vv Power Supply ECB
Ad DAS9109 Display Monitor
Ad4A1 Deflection ECB
A4A2 Signal ECB
A5 Keyboard
ADA1 Keyboard ECB
AB DAS39109 Monochrome Controller ECB
A7 P6452 Data Acquisition Probe
A7A1 P6452 Data Acquisition Probe ECB
A9 P6454 100 MHz Clock Probe
Al0 Trigger/Time Base ECB
Al2 91A32 Data Acquisition Module ECB
A13 91A08 Data Acquisition Module ECB
Al4 91P16 Pattern Generator Module ECB
A15 P6455 TTL/MOS Pattern Generator Probe
A15A1 P6455 TTL/MOS Pattern Generator Probe ECB
Al16 P6456 ECL. Pattern Generator Probe
A15A1 P6456 ECL. Pattern Generator Probe ECB
Al7 91P32 Pattern Generator Expander Module ECB
A18 Option 01, Tape Drive for DC100-type Cartridges
A18A1 Tape Drive Data ECB
A18A2 Tape Drive Servo ECB
A18A3 Tape Drive Transport Assembly
A18A3A1 | Tape Drive Transport Assembly Sensor ECB
A18A3A2 | Tape Drive Transport Assembly Status ECB
A19 Option 02, /O Interface
A19A1 I/0 Interface Option ECB
A19A2 /O Interface Connector ECB
AB5 DAS9108 Capacitor Bracket
A25A1 DAS9108 Capacitor Bracket ECB
A30 DAS9129 Color Display Monitor
A30A1 Deflection ECB
A30A2 Z-axis ECB
A30A3 CRT ECB
A31 DAS9129 interconnect ECB
A32 DAS9129 Capacitor Bracket
AJ32A2 DAS9129 Capacitor Bracket ECB
A33 DAS9129 Color Controller ECB
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INTERCONNECT BOARD

The Interconnect beard serves two purposes. It has the bus lines and connectors that connect all
of the modules and sub-assemblies of the DAS 9100 Mainframe. It also holds the £160 V supply
and the +11.3 V supply for the Main Power Supply, and any +5 V Power Supply moduies.

INTERCONNECT +5 ¥ CONNECTORS AND CPU BUS @AND <2>

Schematics M1 and M2 {monochrome) or C1 and C2 {color) in the Diagrams secticn, show all
connections between the Controller and every other circuit board on the DAS. Schematic 1 also
shows power supply plugs. Table 4-6 shows what board or module each connector should be
attached to.

Table 4-6
MAIN INTERCONNECT CONNECTORS
DAS 9109 {(Monochrome) DAS 9129 {Color)
J100 Contralier J100 Controller
J1in Coniroller J101 Controller

J10 Jio
J20 J2o
J30 J30
J40 Instrument modules J30 Instrument modules
J50 J50
J60 J60
J70 Trigger/Time Base J70 Trigger/Time Base
JBO Test Fixture J8O Test Fixture
J101 Main Power Supply J101 Main Power Supply
J131 /O Interface J131 [/O Interface
J212 J212
J311 5V Power Supplies J311 5 V Power Supplies
J321 J321
J421 Display Monitor
J422 Tape Drive J422 Display Monitor
J423 Keyboard

J425 Tape Drive

J427 Tape Drive

J429 Keyboard
J431 Tape Drive
J432 Future Use J432 Future Use

DAS 9100 SERIES INTERCONNECT HIGH SPEED BUS AND SHIELDS @
AND <f>

The schematics M3 and M4 (monochrome) or C3 and C4 (ceolor) show the connections between
the various high speed modules in the DAS, the instrument modules and the Trigger/Time Base.
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Note that the bus and shields are not the same at al! connectors on the Interconnect board. This
places certain restrictions on module location (discussed in the Operating Information section of
this manual).

The resistors on the lines create a specific line impedance. This reduces ringing and glitches on
the bus lines.

DAS 91700 SERIES INTERCONNECT *+160 V SUPPLY @

AC Input Power

The turn-on procedure for the ac input power starts with pulling on the DAS main power switch,
§100. This switch turns on the fans and the 11.3 V supply (in the other power block). When the
11.3 V supply is stabilized, refay K101 is turned on. Relay K101 supplies power to the + 160 V
power supply.

The ac input power block also performs supply voftage selection. When S103 is in the 230 V
position, the + 160 V power supply works as a standard bridge rectifier circuit, as shown in Figure
4-8a. With 3103 in the 115 V position, the supply acts as a voltage doubler, as shown in Figure
4-8h. Switch $103 also causes the secondaries of T1(H to be driven in paraflel in the 115V
position, and in series in the 230 V position.

N cR120
o
- -+
230V AC +160 ¥ N CR120
LINE

o4 v 2000 4F 115V AC 160V

3 2000 4F LINE X 2000 4

—160 Y

:]: 2000 uF

—160 ¥
a) 230 POSITION b) 115 POSITION

3525-307
Figure 4-8. +160 V power supply.

=+ 160 Volt Power Supply M @ orC @

The 160 V power supply receives power through relay K101, which charges +160 V supply
capacitor. The spark gaps (E124 and E125 for the monochrome DAS and E115 and E119 for the
color DAS}) repress line surges and spikes.
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Capacitor Bracket Board M <5> orC <5>

The Capacitor Bracket Board is separate from the main interconnect board. 1t contains the foliow-
ing circuitry: the main filter capacitors for the =160 V supply, resistors to bleed off the voltage
across the filter capacitors after the power is turned off, and a neon light that blinks when
excessive voltage is present across the filter.

DAS 9109 Interconnect +11.3 Y and +3 V supplies M &>

+11.3 V Supply. The +11.3 V start-up power supply is derived from T101 and a full-wave rectifi-
er CR109. The supply is filtered by C102 and regulated by VR111 and Q112. As soon as the
+12 V supply in the Main Power Supply is operating, the +11.3 V line is raised to +11.6 V.
(1112 no longer conducts, shutting off the +11.3 V supply. The LOW LINE SENSE(H) line is used
by the Main Power Supply.

+3 V Supply. The +3 V supply is controlled by the +5 V supply in the Main Power Supply. R108
and R109 provide a + 3 voltage reference to the non-inverting input of op amp U110. The output
of the op amp drives the base of transistor Q11 to maintain the potential on the ECL line of the
high speed bus. A transistor in the feedback loop of the op amp maintains voltage accuracy.

DAS 9129 Interconnect +11.3 V and +3 V supplies C <5>

+11.3 V Supply. The -+11.3 V start-up power supply is derived from T101 and a full-wave rectifi-
er CR202. The supply is filtered by C101 and reguiated by VR203 and Q202. As soon as the
+12 V supply in the Main Power Supply is operating, the +11.3V line is raised to +11.6 V.
Q202 no longer conducts, shutting off the +11.3 V supply. The LOW LINE SENSE(H) is used by
the Main Power Supply.

+3 V Supply. The +3 V supply is controlled by the +5 V suppiy in the Main Power Supply. R205
and R305 provide a +3 voltage reference to the non-inverting input of op amp U207. The output
of the op amp drives the base of transistor Q205 to maintain the potential on the ECL line of the
high speed bus. A transistor inside the feedback loop of the op amp maintains voltage accuracy.

MAIN POWER SUPPLY

The Main Power Supply {assembly number A2} is a switching power supply with outputs of
+12V, +6V, £5V, and two —12 V supplies. There is also a power supply clock and +5V

e Y Y YT T Y Y Y Y
I 4 uF T235
1‘4#F
-0y Q215
-0 V 3625-308

Figure 4-9. Concept of the switching power supply.
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reference output. The inputs required are a = 160 V nonregulated supply, and a +11.3 V start-up
supply. All component numbers in the Main Power Supply description are assumed to have A2 as
a preface unless otherwise stated.

Pin 2 of U875 monitors both the +6 V SENSE and +5 V SENSE lines through a resistor network
consisting of R770, R771, and R772. Diode CR783 prevents an overvoltage condition on the
+6 V line from influencing the +5 V line. Capacitor C875 allows a short over-voltage condition
(less than 1 ms) to occur without triggering the circuit.

e e e e -I
| |
! B OVER
i YOLTAGE |
SENSE |
tg“g : +12 ¥ AEGULATOR TO +11.3V
SENSE [ POWER
RIPPLE [
-—— SUPPLY { - OVER
CLOCK | GENERATOR CURRENT | +12 V our
| — M SENSE -
|
| N 5V
O F——————— L REFERENCE |—=
REGULATOR
|-l> SWITCHING 5V 46V OUT
.| Losic REGULATOR [
45V +5V OUT
+160 ¥ REGULATOR | -
POWER . i
LCo0s | o205 TAANSFORMER
enn T RECTIFIERS +5v -
o AND FILTERS _, , S ron %
A =Iv
—150 Y Tcma dtb v L 1z vour
Qs
_12y 12V [kba) OLT
REGULATOR | ™
3525309

Figure 4-10. DAS Main Power Supply block diagram.

MAIN POWER SUPPLY BOARD @

Power Supply Clock

The clock is built around comparator U820D. When the comparator output is high, the non-
inverting input is raised to 7.5 V and €923 is charged through R921 and R819. This state contin-
ues until the voltage at the inverting input exceeds the voltage at the non-inverting input and
causes the output to go to ground. Pin 13 going to ground pulls the non-inverting pin to 3.7 V and
causes C923 to discharge through R819 — instead of R821 because of diode CR921.
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The comparator output, pin13of U820, goes high when the charge on capacitor C823 falls below
the voltage of the non-inverting input of the comparator. This ends the clock cycle.

The output of the comparator drives transistor Q916, which provides the current necessary to
drive ali clocked sources. The clock output looks iike Figure 4-11.

N e [
4us

3623-3110

Figure 4-11. Power supply clock output.

The clock line on the Main Power Supply beard clocks the +5 V Power Supply modules {o make
all supplies switch in phase.

The LOW LINE SENSE{H) shuts down the clock if the incoming line voltage drops below 90 V ac.
The nonregulated side of the 11.3 V supply is voliage divided by R835, R836, and R942, and is
compared to the +5 V reference by comparator U830A. If the non-regulated side of the 11.3V
supply goes too low, the output of U8B30A goes to ground, so diode CR922 conducts. Because of
this path to ground, capacitor C923 cannhot charge, and the clock stops. Resistor R836 provides
some hysteresis so the low line sensor does not start a free-running osciliation.

Switching Logic

The switching logic drives switches Q205 and Q215 to provide pulsed dc to transformer T235.
The switching is designed to provide pulse width modulation for the switches as a means of
voltage regulation. U720B is a divide-by-two clocked flip-flop that writes alternate 1s and 0s to
triple-input NOR gate U7158, and the inverse to triple-input NOR gate U715C. Flip-flop U720A is
set by a rising edge from the over-voltage or over-current sensors, and is reset by a rising edge
from the clock. The output of RS flip-flop U720A is sent to inputs of all the triple-input NOR gates
in package U715, The clock is also sent to all three NOR gates. A timing diagram showing the
relationships between the clock signal, the over-voltage or over-current signal, and the three NOR
gate outputs is shown in Figure 4-12.

high
Glock —f \ \ M M o
. high
Over-vollage L_m —/ jam Ioug-v
_ \ hion
MOA gate B low
— — —— high
NOR gate A —r—j I
1 [ nen
NOR gaie C low
Q215 on
T415 Primary —/—L\_l——/_\—\_ Q205 0215 off
Q205 on

AB25-311
Figure 4-12. Main Power Supply switching logic.
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Each of the NOR gates in U715 drives a switching transistor. If NOR gate B is high, current flows
from tap 2 to tap 3 of T415, through Q518 to ground. Likewise, if NOR gate C is high, current
flows from tap 2 to tap 1 and through Q514 to ground. When the over-voltage or over-current line
is set, all of the NOR gates outputs are low. This situation makes Q518 and Q514 non-conducting
and Q617 conducting, which shorts out transformer T415 across diodes CR513 and CR519. The
short means no current will flow through T415, as ¢an be seen in Figure 4-12.

Switches

The secondaries of transformer T415 drive the bases of switching transistors 205 and Q215.
When current flows from tap 2 to tap 3 of the base drive transformar T415, Q205 is turned on and
Q215 is left off. Q205 then conducts current from the 4160 V supply through the primary of T235
to charge capacitors C505 and C708. When the current to the base drive transformer is turned
off, both drive transistors are turned off. As a result, no current flows through the primary of the
power transformer. When transistor Q215 is turned on, capacitors €505 and C708 are dis-
charged to —160 V through the primary of transformer T235. Then both drive transistors are
turned off and the cycle repeats.

The support components for the switches include resistors R600 and R608, which bleed off
capacitors C505 and C708. R224 and C223 damp ringing from the inductance of the primary of
T235 when both drive transistors turn off. Diodes CR312 and CR318 limit the back EMF from the
primary’s inductance to the supply voltages (£ 160 V) to protect the driving transistors. Diodes
CR306, CR308, CR315, and CR317 keep the driving transistors from saturating, so they turn off
fast. Capacitors C307 and C316 bypass diodes CR306 and CR317 during turn-off.

EWl Filter

When driving transistors Q205 and Q215 switch at high frequencies, they will force high frequen-
cy interference into the supplying lines. Since this interference can disrupt other devices connect-
ed to the same line supply, it must be filtered out. T905, L701, C812, C912, and C811 are an EMI
filter to block this interference before it gets to the supply line.

+12 Volt Supply

Diodes CR268 and CR258 form a full-wave rectifier off the secondary of T235, which provides the
412 outputs. Inductor LB45 and capacitors C653, C845, and C745 provide filtering for the
+12 V supply.

+12 Volt Sense

The outputs of comparators U830C, U830D, and U820B form an OR gate. If the +12 V line goes
over-voltage or draws too much current, this OR gate output goes high; otherwise the output, pin
1 of UB208B, will be low. UB20B is an inverting buffer with its non-inverting terminal tied to the
+5 V reference. The cutput is used to set flip-flop U720A.

A ripple generator is tied to the non-inverting pins of the over-voltage and over-current sensors,
LUB30C and UB30D. The ripple generator consists of comparator U820C, inverting buffer Q834
(which is controlled by comparator Q832, a constant current source), and capacitor C939. When
Q834 is turned on by the clock being high, C939 is charged high. When Q834 is turned off by the
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clock, the charge on €939 is drained through Q832. This causes a downward voltage ramp. The
ramp wave acress C839 is put through voltage divider R837 and R931 to produce & 200 mV peak
to peak waveform. The ripple waveform is attached to the non-inverting side of both the over-
voltage and over-current sensors to prevent the comparators from free-running, to provide for a
small amount of ripple at the output, and to keep cver-voitage and/or over-current control in syng
with the clock rate.

The over-voltage sensor built around U830C has a line (pin 5 of P940) that ties to the +12V
supply bus to sense if the voitage gets too high. If this line should get disconnected, R944
prevents the output from going totally out of regulation. R837 and R935 divide the sensed voltage
to +5 V. C725 provides loop compensation. The non-inverting input of US30C goes to the +5V
reference and is coupled through a capacitor to the ripple generator.

Over-current sensor UB30D looks at the voltage drop across resistor R730 through resistors
R734 and R726 to the non-inverting input, and through R737 and R736 to the inverting input.
These resitors form a voltage divider between the collector of Q832 and ground.

Comparator U830B can be used to force the +12 V regulator's wired OR gate to trigger at the
inverse of the power supply clock for power-up testing and troubleshooting. See the Mainie-
nance: Troubleshooting section of this manual for mare information,

Over-Yoltage Protection (OYF)

The over-voltage protection circuit consists of 2 special-purpose ICs (U875 and U885) and a
means of pulling the power supply clock high. The +12 V supply has its own OVP in the +12 V
sense circuitry. The +6 V and +5 V supplies are monitored by U875, and the 45V supply is
monitored by U8BS5.

Pin 2 of U875 monitors both the +6 V SENSE and +5 V SENSE lines through a resistor network
consisting of R770, R771, and R772. Dicde CR783 prevents an overvoltage condition on the +6
line from influencing the 45V line. Capacitor C875 allows a short over-voltage condition {less
than 1 ms) to cccur without triggering the circuit.

Pin 2 of UBB5 monitors the —5 V SENSE line through resistor network R888 and R887. Capaci-
tor CB87 allows a short over-voitage condition {less than 1 ms) to occur without triggering the
circuit.

If either UB75 or U885 detects an over-voltage condition, SCR Q985 is turned on through diode
CR980 or CR981. These dicdes act as an OR gate for the over-voltage condition. When the SCR
is turned on, the base of transistor Q918 is pulled low. This brings the collector of the transistor
close to 11.3 V {supplied by the emitter). The high voltage from the collector supplies enough
current to pull the output of the power supply clock high; so the clock line no longer pulses. This
turns off ali power supplies that use the power supply clock (this includes the entire Main Power
Supply and all +5 V Power Supplies in the mainframe).

+5 Volt Reference

The +5 V reference derives power from the 11.3 V power-up supply on the Interconnect board
until the +12 V supply is operating. Then diode CR738 conducts and allows the +12 V supply to
take over. The +5 V reference is Zener dicde VR931 between the ground sense line and the non-
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inverting side of comparator UB20A. The comparator is wired as an op amp. The +5 volt refer-
ence can be adjusted through the use of variable resistor R936. The reference voliage is used on
the Main Power Supply board as well as by the +5 V modules as their +5 V reference.

—12 Volt Supply

Diodes CR356 and CR359, in the preregulated supplies block, form a fuli-wave rectifier for the
—12 V supply and LB50 and C665 provide filtering. Fuse F150 provides over-current protection.

—12 Volt Keyboard Supply

Since the keyboard requires a more tightly regulated supply than the regular —12 V supply, a
seperate keyboard supply is used. Diodes CR357 and CR358, in the preregulated supplies block,
form a fuli-wave rectifier. R572 and C570 form a simple RC filter to remove ripple. U975 is a
standard 3-terminal, — 12 V regulator. Diodes CR976 and CR977 provide protection from positive
voltages and spikes. Capacitors C976 and C977 remove noise from the line.

Preregulated Supphies

The preregutated supplies output recified and filtered voltages from the main power transformer,
T235. Most of these supplies have already been discussed. The last of these supplies to cover is
the +£8 V supply, which supplies power to the +6 V, +5V, and —5 V regulators.

Taps 8 and 10 of T235 provide current to a bridge rectifier consisting of CR430A, CR430B,
CR355, and CR255. From the rectifiers, the current goes through filters made of L448, 14285,
C458, and C456. The rectifier diodes are Schottky, and because of their turn-off speed, may
produce ringing that is snubbed by R532, R536, C532, and C536. This supply is used as a source
for the regulated +6 V, +5V, and —5 V supplies.

+6 Volt Supply

The +8 V supply provides a current source for series pass transistor Q170, which has its base
controlled by Q172. The base of 172 is in turn controlted by op amp U280B. U28CA senses the
voltage drop across current-limiting resistor R275, causing pin 1 go low if too much current is
drawn. if pin 1 goes low, the non-inverting input of U280B goes te ground, which drives its ocutput
low, decreasing the current through Q170. The + 8 V sense line is voltage-divided through R277
and R278 and compared to the +-5 V reference by op amp U280B to control the output voltage.
C275 provides compensaticn for the feedback loop. Zener diode VR376 provides reverse-voltage
protection.

+5 VYolt Supply

The +5 V reguiator works in exactly the same way as the 46 regulator except two series pass
transistors are connected in parallet for greater curreni-handling capabilities.

—5 Voit Supply

The output of the —8 V supply passes through a —5 V regulator similar to the +6 V regulator.
The +5 V reference is applied across voltage divider R688 and R781. The divider provides 0 V,
which the over-voltage detector then compares to ground.
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+5 VOLT POWER SUPPLY MODULE

The +5 V module (assembly number A3} supplies +5V at 18 A, which is sufficient to drive two
instrument modules. The module cannct be operated without a Main Power Supply board since
the Main Power Supply provides both the clock and the +5 V reference for the +5 V module,
Any component numbers in the +5 V power supply circuit description are assumed to have A3 as
a preface unless otherwise stated.

The +5 V module operates like the +12 V side of the Main Power Supply. Figure 4-13 is a block
diagram of the 45 Volt Power Supply.
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Figure 4-13. +5 Volt Power Supply block diagram.

+5 VOLT POWER SUPPLY @

Power Supply Clock

The clock is provided by the Main Power Supply and is used to controi the switching logic and the
+5 V regulators.
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Switching Logic

The switching logic drives switches Q165 and Q265 to provide pulsed dc to transformer T565.
The switching is designed to provide pulse width modulation for the switches as a means of
voltage regulation. The clocked flip-flop U315B is a divide-by-two that writes alternate 1s and 0s
1o triple-input NOR gate U215B and the inverse to triple-input NOR gate U215C. Flip-fiop U315A
is set by a rising edge from the over-voltage or over-current sensors in the +5 V sense circuit,
and is reset by a rising edge from the clock. The output of the RS flip-flop is sent to inputs of all
the triple-input NOR gates in package U215. The clock is also sent to ail three NOR gates. A
timing diagram showing the relationships between the clock line, the over-voltage or over-current
line, and the three NOR gates is shown in Figure 4-14.

Clock _f 3\ ™ M M high

low

Over-voltage A 1\ [ high

low

NORgateB __ 7\ 1 high

|ow

NOR gate A f "L f 1 ! 3 " high

low

NOR gate C I — :‘ﬂgh
ow

T145 Primary 2165 on
165, G265 off
2265 on

3623-213

Figure 4-14. +5 VoIt Power Supply switching logic.

Each of the NOR gates in U246 drives a switching transistor. If NOR gate B is high, current flows
from tap 2 to tap 3 of T255, through Q248 to ground. Likewise, if NOR gate C is high, current
flows from tap 2 to tap 1 and through Q244 to ground. When the over-voltage or over-current line
is set, all of the NOR gates outputs are low. This situation makes Q248 and G244 non-conducting
and Q246 conducting, which shorts the transformer out across diodes CR148 and CR342. The
short means no current will flow through T255, as can be seen in Figure 4-14,

Switches

The secondaries of transformer T255 drive the bases of switching transistors Q165 and Q265.
When current flows from tap 2 to tap 3 of the base drive transformer T255, Q165 is turned on and
Q265 is left off. Q165 then conducts current from the + 160 V supply through the primary of T565
to charge capacitors C135 and C155. When the current to the base drive transformer is turned
off, both drive transistors are turned off so no current flows through the primary of the power
transformer. When transistor Q265 is turned on, capacitors C135 and C155 are discharged to
—160 V through the primary of transformer T565. Then both drive transistors are-again turned off
and the cycle repeats,
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The support components for the switches include the following:

» Resistors R145 and R354, which bleed off capacitors C135 and C155.

» Resistor R546 and capagcitor C468, which damp any ringing frem the inductance of the primary
of transformer T5G5 when both drive transistors turn off.

= Diodes CR254 and CR35686, which limit the back EMF from the transformer primary inductance
10 the supply voltages (+ 160 V) to protect the driving transistors.

= Diodes CR158, CR252, CR354, and CR355, which keep the driving transistors from saturating,
allowing them to turn off fast.

o Capacitors G252 and C350, which bypass dicdes CR158 and CR354 during turn-off.

EM Filter

When driving transistors Q165 and Q265 switch at high frequencies, they force high frequency
interference into the supplying lines. Since this interference can disrupt other devices connected
to the same line supply, it must be filiered out. T114, L116, C118, C121, and R112 are an EMI
filter to block this interference before it gets to the supply line.

+5 Volt Supply

This block is a standard full-wave rectifier with the exception of resistors R635 and R756 and
capacitors C646 and C756. These components act as snubbers to restrict ringing when the
diodes switch. 1.435, L620, C625, and C615 act as a standard LC filter. Diode CR508 prevents
the output from being reversed.

+5V Sense

The outputs of comparators U415A and D and U415B form an OR gate. If the 45V line goes
over-voltage or draws too much current, this OR gate goes high; otherwise the cutput, pin 1 of
U415B, will be low. U415B is an inverting buffer with its nen-inverting terminal tied to the +5 V
reference. The output is used to set flip-flop U315A.

A rippie generator is tied to the non-inverting pins of the over-voltage and over-current sensors.
The ripple generator consists of comparator U415C, an inverting buffer; Q318, which is controlled
by the comparator; Q319, a constant current scurce; and capacitor C425. When Q318 is turned
on by the clock being high, C425 is charged high. When Q318 is turned off by the clock, the
charge on C425 is drained through Q319. This causes a downward voltage ramp. The ramp wave
across C425 is voltage divided by R525 and R423 to produce a 200 mV peak to peak waveform.
The ripple waveform is applied to the non-inverting side of both the over-voltage and over-current
sensors to prevent the comparators from free-running, and to provide for a small amount of ripple
at the output. It also keeps the over-voltage and/or over-current control in sync with the clock
rate.

The over-voltage sensor built around U415D has an input from pin 5 of P4040. This input ties to
the 45V supply bus tc sense if the voltage gets too high. If this line should be disconnected,
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R506 prevents the output from going totally out of regulation. R514 matches impedance to the
comparator. C515 provides loop compensation. The non-inverting input of U415D goes to the
+5 V reference and is coupled through a capacitor to the ripple generator.

The over-current sensor, U415A, looks at the voltage drop across resistor R720 through resistors
R516, R517, and R518, which form a voltage divider. The non-inverting input of the comparator is
biased by the ripple generator. C519 removes noise.

Transistor Q317 can be used to force the +5 V reguiator’s wired OR gate to trigger at the inverse
of the power supply clock for power-up testing and troubleshooting. See the Maintenance: Trou-
bleshooting section of this manual for more information.

Over-Voltage Protection {(OVP)

The over-voltage protection circuit consists of special purpose IC U225 and a means of pulling the
power supply clock high.

Pin 2 of U225 monitors the +5 V SENSE line through resistor network R226, and R227. Capaci-
tor C255 allows a short over-voltage condition (less than 1 ms} to occur without triggering the
circuit.

If U255 detects an over-voltage condition, SCR Q235 is turned on. When the SCR is turned on,
the base of transistor Q335 is pulled low. This brings the collector of the transistor close to 11.3 V
(supplied to the emitter). The high voltage from the collector supplies enough current to pull the
output of the power supply clock high so the clock line no longer pulses. This turns off the +-5 V
supply. The clock stoppage is blocked from affecting other power supplies by diode CR217.

DAS 9129 COLOR DISPLAY MONITOR

The DAS 9129 Color Display Monitor disptays red, green, and yellow information from the con-
troller on a 9 inch CRT. Each color represents a level of importance.

» Red indicates the highest level of importance.
» Yellow indicates foreground information.
+ Green indicates background information.

» Reverse video indicates user changeable areas.

All component numbers in the DAS 9129 color monitor description are assumed to have an A30
preface. This number is etched on all of the color monitor circuit boards.
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DEFLECTION BOARD C

Vertical Deflection

The vertical deflection circuit creates a current ramp in the vertical deflection yoke,

The VERT SYNC(H) line from the controller turns Q232 on and off. When Q232 is turned off,
C238 is charged by the constant current source from Q1134. This creates a linear voltage ramp
into Q132.

When Q232 is turned on, C238 is discharged very rapidly through Q232 to ground. €238 remains
low until Q232 is turned off by VERT SYNC(H), at which point the voltage ramp will begin again.

The emitter follower, Q132, provides a low impedance output for the voliage ramp. The output of
Q132 is applied to U116A.

U116A, 330, and Q235 make up a current amplifier that translates the voltage ramp, at the
emitter of Q132, to a current ramp in the deflection yoke. The output of the amplifier at TP270
forces a current through the deflection yoke and R310. The current in the deflection yoke pro-
duces a voltage ramp on R310 that is fed back through R211, which nulls the input at TP175.

CR211 and CR212 provide a linearity correction at the screen edge.

The vertical positioning circuitry, which includes R170, governs the vertical position by varying the
current through R122 to the summing node at TP175.

Horizontal Deflection

Clock line CSYNC(H} is the horizontal sync for the color monitor. CSYNC{H) is used in place of
HORZ SYNC(H) because the color monitor has a different drive requirement than the mono-
chrome monitor.

U508A, US08B, and Q517 together make up an inverter with high sourcing and sinking capabili-
ties. This inverter goes into a Baker circuit (CR435 through CR438) to prevent transistor 0443
from saturating.

Q443 is the switch that controls a current ramp for the yoke and {ly-back transformer T460. When
Q443 is on, the 110 Vdc begins to supply a current through the fly-back transtormer and the
yoke. The deflection yoke current, which is flowing in the reverse direction, begins to ramp up
linearly {see Figure 4-15).

When CSYNC is high, the base of Q4423 is pulled negative about 4 V, turning it off. The current,
which is from the parallel combination of the horizontal deilection yoke and the fly-back trans-
former primary winding, flows into C534 and C530. This praoduces a half sine wave with 900 V
peak at TP259 (Q433 collector). When the voltage retuins to zero, the deflection yoke current has
changed direction and flows through CR334. The current will continue fo flow through CR334
until the deflection yoke current passes through 0, at which point Q443 begins to conduci. (See
Figure 4-15.)
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Figure 4-15. Horizontal deflection circuit, current vs. voitage.

Horizontal Size Control

L255 is a variable inductor that increases or decreases the current in the yoke. This increase or
decrease controls the horizontal size.

High Voltage Section

The high voltage section rectifies the fly-back pulse to create the 21 kV potential and the high
voltage focus potential.

The horizontal circuitry needs a geometric correction, because the CRT face is flat. The correction
voltage circuit corrects the horizontal deflection by modulating the 110 V applied to the fly-back
transformer. This will produce a slightly larger horizontal size at the vertical center of the screen,
compensating for the shorter beam length at that position. (See Figure 4-16.)
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Figure 4-16. Modulation of the 110 V vs. veriical deflection.

Z AXIS BOARD C

Z Axis Amplifier

There are three lines that make up the video data: RED(H), GREEN(H), and YELLOW(H). These
three lines go into separate NAND gates that act as inverters: U635B for red, UB35A for green,
and UG458 for yellow.

The output of each NAND gate drives the Z-axis output transistors (Q440, Q530, and Q540),
which provide the voltage gain for the Z-axis outputs. If one or more of the three color video lines
is high, the Z-axis output associated with that line goes low, allowing that color to write to the
screen.

The potentiometers R140, R130, and R150 control the dc level of the Z-axis signal to set the
relative brightness of the three colors.

The yellow characters that are in a red background are created by turning on the green color gun
at the same time that the red background is on. When the RED{H) and GREEN(H) signals, which
come from the controller, are high at the same time, the red intensity is slightly brighter than
normal, because UB45A bypasses R642. The red background is slightly dimmer than the other
colors to increase the readability of the yellow-on-red.

Color Monitor Power Supply
The color monitor has a switching supply that creates +110V, +24V, and —10V.
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At power-up, the monitor power supply remains off for six seconds until the controller is ready.
The 555 timer, U410, prevents it from turning on by disabling the shift register, U520. After six
seconds, U520 counts 5 MPSCLK(H) pulses before allowing U510 to start. U510 is a regulating
pulse width modulator which governs the switching supply. The internal timing of U510 is con-
trolied by MPSCLK(H}, (pin 12). It has automatic soft start and current limit capabilities. Pins 1
and 2 are used for beam current sensing, and pins 6 and 7 are used for the +12V current
sensing. If the monitor draws too much current from the +12 V supply the SH{L) output resets
U520, and the supply will remain off for 5 MPSCLK(H) pulses. This aliows C619 to discharge
more completely before attempting to start again. C619 provides the automatic soft start.

The outputs of U510, pins 13 and 16, drive transistors Q410 and Q420. These push-pull transis-
tors are the current drivers for the main power supply transformer, T300. The on-times of these
transistors do not overlap.

The output of T300 is rectified by the following diode pairs: CR427 and CR426 produce + 110 V,
CR424 and CR325 +24 V, and CR423 and CR421 —10 V.

Inductors L100, L111, and L1271 prevent the current from decaying to 0 A during the off portion of
the power supply cycle. Capacitors C200, C210, and C220, filter out the ripple for each of the
lines.

DAS 9109 MOTOROLA DISPLAY MONITOR

NOTE

Material used in the Motorola Display Monitor circuit description and associated schematics
and component placement diagrams are taken from the “M1000 and M2000 Series Service
Manual” © 1979 Motorola, Inc., by permission of Motorola, Inc.

The Motorola Display Monitor is the main user output interface of the DASS109 mainframe,
Unless otherwise noted, all component numbers in the Motorola Display Monitor circuit descrip-
tion are assumed to have an A4 preface. The Motorcia Display Monitor does not have its A
numbers etched on its circuit boards.

MOTOROLA DISPLAY MONITOR M

Video Amplitier

The video amplifier circuit consists of four stages that include Q, Q2, Q3, and Q4. The first
stage, i1, functions as an emitter follower. The low ocutput impedance of this first stage permits
use of a fow resistance CONTRAST control, R, which furnishes a flat video response over its
entire range without the need for compensation. The collector output of Q1 is used to drive the
sync separator, Q5. Capacitor C2 provides high freguency roli-off to limit the collector output to
the bandwidth required to pass synchronization signals.

Transistors Q2 and Q3 form a direct-coupled amplifier with frequency compensation provided by
C40 arid C41. The output from Q3 is capacitively coupled (C5) to the base of Q4, the video output
stage. The VIDEO BIAS control, R14, is used to set the quiescent collector current of Q4. Fre-
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quency compensation is provided by R17 and C6. The combined action of clamping dicde D1 and
capacitor C5 provides dc restoration for the video signal.

Components C7, 2, and R19 provide CRT beam current limiting. Diode D2 is normally forward-
biased; therefore, as Q4 conducts, its collector voitage drops. This causes a larger beam current
to flow through R19, which in turn causes the voltage drop across it to rise. If excessive beam
current flows, the voltage across R19 becomes greater than the collector voltage of Q4. This
action reverse-biases D2, which prevents further increase in beam current. Capacitor C7 helps
couple video to the CRT cathode, pin 2, through R20. Resistor R20 is used to asolate Q4 from
transients that may occur as a result of CRT arcing.

Sync Separator

The sync separator employs two stages. Transistor Q5 is the sync separator and Q6 is the sync
amplifier. The video input o the the sync separator is black positive. Capacitor C3 is charged by
the peak bias current that flows when the positive peak of the input takes G5 to saturation. This
charge depends on the peak-to-peak input to Q5 and thus makes the bias for Q5 track the
amplitude of the input signal. As a result, Q5 ampiifies only the positive peaks of the input signal.
The initial bias current through R23 sets the clipping level.

Phase Detector

The phase detector control consists of two diodes (D3 and D13} in a keyed clamp circuit. Two
inputs are required to generate the required output: one from the sync amplifier, Q6, and one from
the horizontal output circuit, Q8. The required output must be of the proper polarity and amplitude
to correct phase differences between the input horizontal sync pulses and the horizontal time
base. The horizontal cutput (Q8) collector pulse is integrated into a sawtooth by R28, C13, and
R29. During herizontat sync time, both diodes conduct, which shorts C13 to ground. This effec-
tively clamps the sawtocth on C13 to ground at sync time. If the horizontal time base is in phase
with the sync {waveform A in Figure 4-17), the sync pulse will occur when the sawtooth is passing
through its ac axis and the net charge on C13 will be zero (waveform B in Figure 4-17). If the
horizontal time base is lagging the sync, the sawtooth on C13 will be clamped to ground at a point
negative from the ac axis. This will result in a positive dc charge on C13 (waveform C in Figure
4-17). This is the correct polarity to cause the horizontai oscillator to speed up to correct the
phase lag. Likewise, if the horizontal time base is leading the sync, the sawtooth on C13 will be
clamped at a point positive from its ac axis. This results in a net negative charge on G13, which is
the required polarity to slow the horizontat oscillator {(waveform D in Figure 4-17).
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Figure 4-17. Phase detector waveforms.
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Passive components R30, R31, and C16 comprise the phase detector filter. The bandpass of this
filter is chosen to provide correction of horizontal oscillator phase without ringing or hunting.
When present, optional capacitor C14 times the phase detector for correct centering of the
picture on the raster. .

Horizontal Oscillator and Driver

The horizontal osciltator consists of integrated circuit IC1, which is essentially a voltage-contreolled
oscillator with variable mark-space ratio (duty cycle) and internal voltage reference. The reference
voltage is present at pin 6, while resistors R37 and R38 determine the mark-space ratio. The main
oscillator timing capacitor is C17, with its charging current derived from three sources: (a) a fixed
current from R33, (b) a variable current from R34 and HORZ HOLD control R35, and (c) a
correcting current from the phase detector network through R32. The combination of these three
charging currents and C17 determines the horizontal frequency. The output from IC1 {pin 1} is a
square wave of proper frequency and duration that is applied to the base of horizontal driver Q7.
The output from Q7 is coupled via the horizontal driver transformer T1 (current step-up) to the
base of horizontai output device Q8. Components R41 and C19 provide current limiting, while
components R40 and C18 provide transformer damping to suppress ringing in the primary of T2
when Q7 goes into cutoff,

Horizontal Output

The secondary of T1 provides the required low drive impedance for Q8. Once during each hori-
zontal period Q8 operates as a switch that connects the supply veoltage ocross the parailel
combination of the horizontal deflection yoke (L3-A) and the primary of the high voltage trans-
former, T2. The required deflection current (through the horizental yoke) is formed by the L-R time
constant of the yoke and primary winding of the transformer, T2. An S-shaping transformer, T3,
and capacitor C44 provide additional shaping of the horizontal deflection yoke current for proper
linearity. The horizontal retrace pulse charges C33 through D7 to provide 487 V.

Momentary transients at the collector of Q8, should they cccur, are limited to the voltage on C33
since D7 will conduct if the collector voltage exceeds this value.

The damper diode, D10, conducts during the period between retrace and turn-on of Q8. Capacitor
C20 is the retrace tuning capacitor. Coil L1 is a series HORIZ WIDTH control. Components C32
and D8 generate a negative voltage necessary to propetly bias the CRT. A copper sleeve on the
neck of the CRT shapes the horizontal magnetic field for proper linearity.

Pin 4 of the high voltage transformer, T2, is a boost winding, which together with components
D11 and C34, develops a 4400 V for G2 of the CRT. This same -+400 V is also present on the
high side of FOQCUS control R61.

Dynamic Focus

Due to the geometry of a CRT, the electron beam travels a greater distance when deflected to the
corner as compared to the distance traveled to the center of the CRT screen. As a result of the
distance change, epiimum focus can be obtained only at one point. One method to resolve this
difficulty is to modulate the focus voltage at the horizontal sweep rate. Now optimum focus
voltage is made variable on the horizontal axis of the CRT, which compensates for the beam
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travel along the axis. The secondary of transformer T3 generates a parabolic voltage, which
together with a fixed voltage from the FOCUS control, R61, is applied to the focus grid, pin 6 of
the CRT. This system dynamically changes the value of the focus voliage from the CRT screen
center to the screen edge, which will provide an optimum amount of voltage for best overall focus.

Yertical Oscillator, Driver, and Quiput

Composite sync pulses from the collector of sync amplifier Q6 are applied to the double-integrat-
ing network of R45, C23, R48, and C24. The horizontal component of the sync signal is removed,
leaving only the sync pulses, The vertical sync pulses are coupled to the free-running vertical
oscillator stage, Q10, by C45 and R47. Transistors Q10 and Q12 are connected as a multivibra-
tor. Transistor Q11 is used as an emitter follower that provides a low impedance drive for the
vertical output stage, Q12. The series combination of capacitors C27 and C28 is initially charged
to the supply voltage through R53 and the VERT SIZE control, R52, which generates an expo-
nential voltage ramp.

When a positive vertical sync pulse is applied to the base of Q10, it begins conducting, which
discharges C27 and C28. This action turns off Q11 and causes a decrease in the collector current
of Q12, which also decreases the vertical deflection current through the vertical deflection yoke
(Y3-B) and the vertical choke (L2). The resulting rapidly collapsing field in L2 generates a large
voltage spike that is used for vertical retrace. Components R58, €28, R51, and C26 shape this
spike to ensure that Q10 remains conducting until retrace is carried to completion. Diode D4
couples the shaped spike to the base of Q10. At this point Q10 reverts to its non-conducting state
and the cycle repeats. The VERT HOL.D control, R49 and R48, provides a feedback signal to Q10
to maintain oscillation in the event vertical sync pulses are not present. Diodes D5 and D8 provide
the proper voltage drops to run Q12 class A

Vertical linearity is maintained by applying the ramp voltage generaied across R59, through R57
{VERT LIN control) and R54, to the junction of C27 and C28. Since this path is resistive, the
waveform will be integrated into a parabola by C27 (waveform A in Figure 4-18}. This results in
predistortion of the ramp waveform (waveform C in Figure 4-18). Waveform B in Figure 4.16
illustrates what the drive sawtooth would look like without parabola shaping. Parabolic shaping is
necessary to compensate for the non-linear charging of C27 and C28, and the impedance change
occurring in L2 with current. Capacitor C31 serves to remove the dc component of the vertical
deflection yoke current. Diode D9 clamps the collector voltage of Q12 to a safe level.

PARABOLA AT JUNCTION
OF C27 AND C28

u
|
VERTICAL DRIVE WITHOUT
| VERT PARABOLA ADDED
|

m

N

PARABOLA PULSE AND VERTICAL
SAWTOOTH ADDED TOGETHER,
WHICH PRODUCES THE REQUIRED
VERT DRIVING SIGNAL.

3625-308

Figure 4-18. Venrtical-drive waveforms.

4-4%



Theory of Operation—DAS 9100 Series Service Vol. 1

4-50

Retrace Blanking

Retrace blanking is provided by negative-going horizontal and vertical rate pulses applied to G1 of
the CRT. The collector pulse from the verticalt output stage, Q8, is developed across R43 through
R42 and C22. The collector puise from the vertical output stage, Q12, is differentiated by C21 to
remove the sawtooth portion of the waveform. The remaining pulse appears across R43. The
mixed vertical and herizontal pulses on R43 are amplified and inverted by the blanking amplifier,
Q9, and applied to G1 of the CRT.

KEYBOARD

The keyboard {assembly number A5) is the main user input interface to the DAS. All component
numbers in the keyboard circuit description are assumed to have AS as a preface unless other-
wise noted.

KEYBOARD @

An etched circuit board has key switches set in a matrix to provide X and Y inputs to an encoder,
U157. The encoder supplies 7-bit paraltel code words, KBIT0O through KBIT8, to the Controller
module through connectors onto the system's data bus. The scanning rate of the encoder is
determined by C147 and R149.

Tri-state transceiver U141 is used to buffer the code words from the encoder to the data bus.

The STROBE(H) output from the encoder is inverted and used as the KEY DOWN(L) signal for the
Controller. STROBE(H) is set with any key stroke and stays high {low to the Controller) as long as
the key is depressed or for a duration determined by C167 and R168. The keyboard encoder
stops scanning for as long as the strobe is set.

Refer to schematic 9, the DAS keyhoard, in the Diagrams section, and to Figure 4-19 for key
designations and matrix assignments.

MENU SELECTION DATA ENTRY ELITING SYSIEM CORTROL
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Figure 4-19. DAS keyboard hexadecimal codes.
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REMOTE and LOCKOUT for the GPIB and RS-232 functions are read on the keyboard with an
LED for each. They are lit when the controller supplies a low at pins 15 and 16, respectively, at
J400. Control is from the control circuitry on the Controller board (see the Controller circuit
description, following).

FIRMWARE

The acquistion, pattern generation, and /O capabilities of the DAS are all provided by firmware.
For a thorough understanding of the system, therefore, the firmware must be taken into account.
The firmware comes into its own in three particular areas.

» During power-up the firmware sets up the DAS for cperation and verifies the operation of most
of the hardware.

o When the START SYSTEM key is pressed, the firmware loads user-programmed values into
the hardware ports so that the system operates in the desired way.

» The firmware also manages all menus for programming operation of the DAS and displaying
acquired data.

POWER-UP SEQUENCE

Upon power-up the DAS firmware exacutes code out of the Interp ROM that tests the system
RAM (resident on the Controller board) and the system ROM (which resides mostly on the Trig-
ger/Time Base, but may reside on other boards as well). The power-up routine then organizes the
systemn ROM code into a useable system,

The portion of the power-up procedure being executed is indicated by the status of the LOCK.
OUT and REMOTE lights on the DAS keyboard. A step-by-step procedure for the power.up
sequence follows.

NOTE

if the DAS cannot complete the power-up procedure, pressing any key on the keyboard wifl
cause the DAS to re-attempt power-up. This may be useful in troubleshooting an intermit-
tent Controlter problem.

1. The DAS turns on the LOCKOUT light.

2. If Opticn 02, the I/O Interface, is installed in the DAS, the baud rate for the RS-232 port is set
to the default vaiue {4800 baud).

3. The firmware now determines how much RAM is available. All DAS Controller boards come
with 32K of RAM. If less than 32K of RAM is detected, the power-up sequence continues,
but an error message appears on the screen after power-up.

451
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10.

11,

12.

13.

All of the system RAM on the Controller board is tested now. First the data lines for the RAM
are checked by a walking-1 sequence at address 4000. If one of the values read back does
not match the expected value, the value that was read is stored in register HL of the ZBOA.
Otherwise, the RAM test continues with step 5.

. All locations in RAM are loaded with 55 hexadecimal.

. All addresses in RAM are examined and compared to 55 hexadecimal. If a match occurs,

then AA is loaded into the address and the next address is compared to 55. If a value found
in the RAM does not match 55, the RAM test stops and loads the address of the failure into
register HL of the Z80A. The test may be re.started from step 1 by pressing any key on the
DAS.

After every address in RAM has been examined for 55 and Ipaded with AA hexadecimal, the
ZB0A examines all RAM addresses again for AA. If AA is found in all cases, then step 8 is
initiated. If a value found in the RAM does not match AA, the test reacts the same as for a
failure in step 6.

The RAM test has been passed. The LOCKOUT light on the keyboard turns off and the
REMOTE tight is turned on. The REMOTE light indicates that the ROMs resident on the
Controller board are being checked.

. Both the Interp and Runtime ROMs on the Controller are checksummed. If the checksum is

passed, the test proceeds to the next step. If the Interp ROM fails, register HL of the Z80A is
loaded with 1FFF and the test stops. If Runtime fails the checksum, then register HL is
loaded with 3FFF.

Both Contreller ROMs have now passed the checksum. Both the REMOTE and LOCKOUT
lights are turned on for the duration of the power.up routine.

The ZBOA searches the Trigger/Time Base and all instrument cards in the DAS for ROMs.
When a ROM is found a checksum is performed. If a checksum error is found, the test
continues, but an error message is displayed when the display monitor is started.

A list is now created by the firmware that indicates the location of all I/O drivers in the
firmware. As each driver is located, it initializes the hardware it controls.

NOTE

If an /O driver contains a checksum error, the driver will still attempt to initialize the hard-
ware. The system may fail if a faulty /O driver is executed with an incorrect instruction. If the
DAS fails with both the LOCKOUT and REMOTE lights on, try running the DAS after
removing all ROMs that contain /O drivers,

Now a list is created by the firmware that indicates the location of all units. (A unit is a self-
contained set of Pascal instructions. A unit roughly corresponds to a menu.) The variables
that set the menu status {like internal clock rates or trigger values) are loaded into their own
table so they are accessible to all of the units.
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15.

18.

17.

18,

19.

20.
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The DAS now locates all patches in the firmware. A patch list table is created that contains
the locations of all valid patches.

The Pascal interpreter starts operating at this point. The interpreter takes Pascal codes
stored in units and executes the codes through the Z80A.

Up to this peint, all instructions that were execuied are found in the Interp ROM. The Run-
time ROM now starts executing its instructions.

When the Interp ROM starts operating, both the LOCKQUT and REMOTE lights turn off.
This indicates that the system is initialized and ready to operate.

The DMA and CRT Controller ICs on the Controlter board are now initialized so messages
can be shown on the display monitor. Note, however, that no data has yet been loaded into
the RAM locations that hold video screen information.

The keyboard and the interrupts to the Z8CA are now enabled.

NOTE

if the interrupt circuits are malfunctioning the Z80A will not have the opportunity to show
information on the screen,

SELF TEST IN PROGRESS appears on the screen. From this point on, the screen provides
a good indication of the operations being performed by the microprocessor.

OPERATION OF THE START SYSTEM KEY

The START SYSTEM key informs the Controller board that the instrument modules in the DAS
must now be programmed and start acquiring data andjor generating patterns. There are seven
major steps the Controiler performs in the following sequence when the START SYSTEM key is
pressed.

. Display the start message at the top of the screen of the display monitor.

. Program the data acquisition and pattern generation modules with the information contained

in the Channel Specification, Trigger Specification, and Pattern Generator menus.
Start the pattern generator and data acquisition modules.

Monitor the data acquisition modules while they are operating.

After data acquisition is finished, complete shutting down the acquisition modules.

Process the data acquired by the DAS for display on the State Table and Timing Diagram
menus.

Finally, give controi to the State Table or Timing Diagram menu; whichever was displayed
last.
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Each step in the above sequence consists of one or several procedures, The procedures involved
in each of the above steps are given next.

NOTE

After the START SYSTEM key is pressed, the Controller takes over operation of the DAS.
No further actions of the operaftor are needed. Thus, the processes described next are
perforrmed entirely by the Controlier board, with no operator intervention.

The Processes for Step 1

There is only one procedure for initiating the START SYSTEM process. The message ACQUISI-
TION AND PATTERN GENERATOR STARTED is shown at the top of the video display. If the
DAS only contains acquisition modules, the display will refer only to acquisition.

The Processes for Step 2

The acquisition and pattern generator moduies are programmed at this point.

a. Clear the Trigger/Time Base Module and stop the pattern generator. This is done by loading
the Trigger/Time Base A10U275 with 0000 1010 binary. Clearing the Trigger/Time Base
initializes the trigger and initializes the pipelined internal timing sequencer.

b. If an acquisition is to be performed then:
1. Set the 91A32 to single-step and initialize the MAR and qualifier pipeline.
2. Turn off the 91A08 clock (set clock selector to 00 hexadecimal) and clear the 91A08.

3. If 91A32 modules are being used, then load the A counter and delay counter on the Trigger/
Time Base. All the values foaded into the counters are the one’s compiement of the values
specified in the Trigger Specification menu. The values are loaded in the following se-
quence. The A count Isb then the A count msbh are loaded. Then the delay count Isb and
finally the delay msb are loaded.

4. H 91A08 modules are being used, then load the 91A08 delay counter. First the EN LD
DELAY O(H) line is made active. Next the delay counter is loaded with the one's comple-
ment of the programmed delay. The counter is loaded in the following sequence: msb of the
delay counter is loaded with 00 hexadecimal. The Isb of the of the counter is now loaded,
and finally the msb is loaded with the desired value. Finally, the EN LD DELAY 0O{H) ling is
brought back low.

5. Load the word recegnizers on the 91A32 modules. This requires loading both the 91A32
modules and the Trigger/Time Base. First the START ALL{L) signal is generated on the
Trigger/Time Base. Then the word recognizers in each 91A32 are loaded. The word recog-
nizers are loaded by hitting the SINGLE STEP line of the selected 91A32 once and then
loading all of the word recognizer RAMSs from the least significant to the most significant.
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6. When all 91A32 word recognizers have been loaded, the Trigger/Time Base is cleared
again. Then each 91A32 has both the even MAR and odd MAR loaded with 00 hexadeci-
mat. After the MARs are loaded, the 91A32 has INIT(L} pulsed low to clear the qualifiers
again.

7. If $1A08 modules are being used, then each 91A08 has the following steps performed. Both
the even and odd MARs are loaded with 00. Then the three control registers that regulate
the M218 trigger recognizers are programmed. Finally the trigger control register is loaded
with a value depending on whether the 81A08 is used in AND mode (16 hexadecimal),
ARMS mode (3E hexadecimal), or ONLY mode (OE hexadecimal).

Pregram all acquisition and external clock probe thresholds.

Program the data acquisition and pattern generator clocks. First the two internal clock rates
on the Trigger/Time Base are programmed. Then the 81A32 modules are programmed fo the
clock and clock edge that each one will use. Next, all 1A08 modules are pregrammed to

select the ciock to be used for the acquisition memory, as well as the clock for the difference
counter,

Program the Trigger/Time Base to pass the proper polarity of pattern generator control
signals {the external clock, inhibit, pause, interrupt lines).

Pregram the data acquisition probe qualifiers; first 91A32 qualifiers, then 91A08 qualifiers.

If the pattern generator is to be run, then program the paitern generator modules in the
following sequence:

1. If 31P32 medules are used, then their strobe shapes are programmed.

2. The 91P16 is set to single-step. The interrupts and the instruction multiplexer are disabled.

3. The program counter loading register is set to 01 hexadecimal and the single-step clock is
pulsed. This sets the pattern generator so it will start executing instructions at pCode
address 01.

4. The program counter loading register is set to 00 hexadecimal. This is done because the
outputs of the instruction multiplexer and the program counter loading register are wire
ORed. If the loading register had a value other than 00, the program counter would not
work.

5. The interrupt signal is now enabled or disabled, according to the way the Paitern Generator
menu is programmed. The single-step clock is then pulsed again 1o initialize the interrupt
signal pipeline.

6. Next, the PROBE CLK EN{H) line is programmed high and the instruction multiplexer is
enabled.

7. The strobe shapes for the 81P16 are now programmed.

8. Finally, the clock that will run the 91P16 is programmed into the CLK CNTL BUS.
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The Processes for Step 3

Start the data acquisiton and pattern generator modules. Everything is now set to go. The
START ALL signal is made active to let all modules run.

The Processes for Step 4

Monitor the data acquisition modules while they are operating. This consists entirely of seeing
whether the acquisition medules have triggered, and whether the acquisition memories have been
filled. This information is avaitable through control registers on both 91A32 and 91A08 modules.
Finally, the 21ACB and the $1A32 STOP STORE signals are monitored. When STOP STORE is
true, then the next step can occur.

The Processes for Steps 5 through 7

The procedures for reading back and formatting data from the acquisition modules are very
dependent on the specific module being read. Refer to the detailed circuit descriptions of the
memory readback circuits of the relevent modules for more information.

THE RORMs

There are three types of firmware in the DAS ROMs. There are units, which roughly correspond
to menus. There are drivers, which control I/O devices {like the tape drive or R$-232 port). There
are also patches, which are corrections or up-grades to firmware in a ROM that has already been
masked. All three of these types of firmware wili be referred to as items for the purposes of this
discussion.

Each item (a unit, a driver, or a patch) contained in a ROM has a number associated with it. All
firmware has a unique number. At power-up, if two pieces of firmware are found with the same
item number, the one with the highest version number (*V" number} is used. Item numbers are
assigned in the following way:

DECIMAL HEX FUNCTION
00— 63 00 — 3F Pascal units (menus)
64 — 127 40 —7F Patches for units
128 - 255 80 — FF I/O drivers

Following is a description of the contents of the standard ROMs that are found in a DAS. Be-
cause the ROMs were released over a period of time, some of the Iater ones contain patches for
ROMs that had already been masked.

NOTE

The Interp, Runtime, and Patch ROMs must be focated in the proper sockets on the Con-
troffer board. The Pat Gen ROM must be located on a 91P16 module. Any other ROM in the
system will be functional when plugged into any ROM socket on the Trigger/Time Base or
/O interface boards.



Theory of Operation—DAS 8100 Series Service Vol. 1

Interp ROM

Located on the Coniroller board, this ROM contains the Pascal interpreter as weli as the Z80
assembly code required to power-up the DAS and the initiai RAM test and ROM checksum
routines.

Runtirie ROM

This ROM, located on the Controller board, contains one unit: unit 0 (V0). Unit 0 contains the DAS
power-up display and support menu routines.

Channel ROM

This ROM, located on the Trigger/Time Base, contains two units: unit 3 (V22) and unit 12 {(V10}.
Unit 3 controls the Channel Specification menu. Unit 12 contains the Pattern Generator Timing
menu.

Detine ROM

This ROM, located on the Trigger/Time Base, contains one driver and one unit: driver 128 (V1)
and unit 8 (V0). Unit 8 contains the Define Mnemonics menu. Driver 128 is an old driver for the
tape drive (Option 01). Driver 128 is not currently used for the tape drive, the driver actually used
is in the 1/O0 ROM.

Diag 1 ROM

This ROM, located on the Trigger/Time Base, contains one unit and one pateh: unit 14 {V1) and
patch 71 {V1). Unit 14 contains the diagnecstic tests for the Trigger/Time Base, 91A32, 91ADB,
91216 and 91P32 boards. Patch 71 is a patch to the State Table (affects unit 11, V23) to allow for
the creaticn of microprocessor disassembly tapes.

Diag 2 RCM

This ROM, located on the Trigger/Time Base, contains one unit: unit 2 (V1). Unit 2 contains the
diagnostic menu and the diagnostic tests for the Controller board.

1/O ROM

Located on the Trigger/Time Base, this ROM contains a unit, a driver, and a patch: unit 7 (V1),
driver 128 {(V2), and patch 85 (V1). Unit 7 contains the input Output menu. Driver 129 is the actual
driver for the tape drive (Option 01). Patch 685 (affects unit 3, V22) fixes a scrolling problem in the
Channel Specification menu when there are multiple 91A32 modules.

Start ROM

Located on the Trigger/Time Base, this ROM contains cne unit and one patch: unit 9 {(V26) and
patch 67 (V1). Unit 9 operates the system control keys. Patch 67 actually contains three patches.
These paiches are patch 62, patch 51, and patch 14. Patch 62 (affects unit 0, V0) makes the Pod
ID buttens and the connect/disconnect signals operate for pods A, B, and D of the 91P32 module.
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Patch 51 (affects unit 11, V23) stops an infinite loop that could occur in the State Table menu
when the STORE key was pressed. Patch 14 (affects unit 5, V8) makes add line and delete line
work properly for 91P32 modules in the Pattern Generator mehu,

State ROM

This ROM, located on the Trigger/Time Base, contains one unit and one patch: unit 11 (v23) and
patch 86 {V1). Unit 11 is the State Table menu. Patch 66 (affects unit 6, V12) corrects an error in
the Trigger Specification menu.

Timing RCM

Located on the Trigger/Time Base, this ROM contains one unit, one patch, and one driver: unit 4
(V10), patch 64 {V1}, and driver 130 (V1). Unit 4 contains the Timing Diagram menu.

Patch 64 actually contains three patches. These paiches are patch 40 (V1), patch 41 (V1), and
patch 55 (V1). Patch 40 (affects unit 5, V8) corrects a difficulty with labels in the Pattern Genera-
tor menu that were referenced before they were defined. Patch 41 {affects unit 5, V8) fixes a
problem with single-stepping the pattern generator while the cursor was in the INTERRUPT ON
field. Patch 85 (affects unit 5, V8) allows the use of strobes on the first instruction of an interrupt
routine.

Driver 130 contains two driver patches. These patches are Csp 19 and Csp 4. Csp 19 fixes the
patch procedures so variables other than local or global can be referred to in a patch. Csp 4
adjusts the switch mapping registers when a procedure is exited. This patch is necessary for the
GPIB driver and for procedures that have been patched and are exited from.

Trigger ROM

Located on the Trigger/Time Base, this ROM contains one unit: unit 6 {V12). Unit 6 contains the
Trigger Specification menu.

Pat Gen ROM

Located on the 91P16 Pattern Generator, this ROM contains one unit: unit § (V8). Unit 5 contains
the Pattern Generator menu.

GPIB1 ROM

Located on the I/O Interface, Option 02, this ROM contains one unit and one patch: unit 15 (V5)
and patch 70 (V1). Unit 15 contains the message processor for the GPIB. Patch 70 is a modifica-
tion to the Runtime firmware to support the GPIB.

GPIB2 ROM

Located on the I/O Interface, Option 02, this ROM contains one unit and two drivers: unit 13 (V0),
driver 133 {V1), and driver 134 (V2). Unit 13 contains more firmware for the message processor
for the GPIB (see GPIB1}. Driver 133 runs the input and output of the GPIB. Driver 134 is the RS-
232 driver, which allows GPIB commands to be accepted over RS-232.
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Patch ROM (Version 1.05)

The patch ROM contains an assortment of patches that are included as they become ne'cessary.
The information given here may not contain the most recent patches. Be sure to refer to the
Change Information section at the back of this manual to find the most recent patches.

This ROM contains patch 69 (V1), which is a reference to 26 different patch procedures. The
individual patch procedures are listed below. The ROM also contains two drivers (actually, driver
patchesy): driver 135 and driver 136. Finally, there is a special purpose assembly language patch,
which patches the interpreter. This patch is called the Boot Patch,

Patch 53 (V1) for unit 11, V23 (the State Table menu). It fixes the menu so the acquisition
memory continues to be displayed after a new reference memory is loaded from the tape or GPIB.

Patch 2 (V1) for unit 11, V23 (the State Table menu). it changes the way reference memory
space is allocated.

Patch 1 (V1) for unit 11, V23 (the State Table menu). If the tape drive restores the system with
a configuration change, the restored reference memory may not be used. This prevents exposing
reference memory that has not been programmed.

Patch 44 (V1} for unit 11, V23 (the State Table menu). This patch fixes the COMPARE=
routine, which on certain occasions would compare one extra value, and therefore could fail.

Patch 35 (V1) for unit 11, V23 (the State Table menu). This patch fixes the ARMS mode display
s0 when no fast data is displayed the slow data is compressed to normal size.

Patch 24 (V1) for unit 5, V8 (the Pattern Generator menu). This patch displays 91P32 modules
from the high numbered slot to the low slot (instead of low te high).

Patch 34 (V1) for unit 5, V8 (the Pattern Generator menu). This patch prevents definition of
more than 6 duration values for COUNT, REPEAT, and HOLD instructions in the Pattern Genera-
tor menu,

Patch 2 (V1) for unit 12, V10 (the Pattern Generator Timing menu). This patch adds 30 ns to all
strobe delays. Default value was 40 ns, now it is 70 ns.

Patch 18 (V1) for unit 8, Y0 (the Define Mnemonics menu). This patch fixes a bug in the use of
the INCR and DECR keys with define values greater than 16 bits. It also corrects a problem in the
use of INCR and DECR on X (don't carg) values.

Patch 21 (V1) for unit 8, Y0 (the Define Mnemonics menu). This patch has influence on later
DAS versions, and is nof presently applicable.

Pateh 35 (Y1) for unit 8, VO (the Define Mnemonics menu). This paich repairs a difficuity with
the Define Mnemonics menu, which caused mnemoenics defined for group B to appear in group C
under certain conditions.

Paten 356 (V1) for unit 6, V12 {ihe Trigger Specification menu). This patch restricts the allowa-
ble gualifiers in split clock mode to the slots that match the master CLK1’s slope.

Paich 63 (Y1) for unit 6, V1 (the Trigger Specification menu). When in split clock mode, this
patch removes the programmability of qualifiers when a slot set to CLK1 has its slope changed
fram that of the master CLK1.

.59



Theory of Operation—DAS 9100 Series Service Vol. 1

4-50

Patch 12 (V1) for unit 3, ¥22 (the Channel Specification menu). This patch changes the power-
up default pod sequence assignment. It was ABCD. Itis now DCBA, which makes pod A the least
significant.

Patch 15 (V1) for unit 7, V1 (the Input Output menu). This patch initializes the counter, which
watches the number of retries when a soft error is found.

Patch 37 (V1) for unit 7, V1 (the Input Output menu). This patch causes configuration changes
in the state table menu to occur only when the reference memory is restored.

Patch 42 (V1) for unit 7, V1 (the Input Output menu). The DC100 tape manufacturers recom-
mend that the tape be wound to the end and then rewound before writing to it if the tape has been
stored (or shipped) at a higher-than-usual temperature. This patch winds the tape to the hole at
the end of the tape before a format operation is performed.

Patch 1 (V1) for unit 2, V1 {the diagnostics). This patch allows the diagnostic ROMs 10 be
patched from the Patch ROM.

Patch 16 (V1) for unit 14, V1 (the diagnostics). This patch turns off the DAS display monitor
during ramping of the DAC circuitry. This eliminates variations in step width during these tests
caused by DMAs.

Patch 79 (V1) for unit 14, V1 (the diagnostics). This patch clears the high byte of the integer
where the MAR is stored,

Patch 81 (V1) for unit 14, V1 (the diagnostics). This patch fixes the 91A08 difference counter
test so both the high and the low byte are read by the test, rather than only reading the low byte.

Patch 33 (V1) for unit 4, V10 {the Timing Diagram menu). When all fast clocks took place inside
8 slow clock periods, there was a 45 second delay the first time the timing diagram was entered.
This delay was caused by an algorithm that calculated the optimum magnification. This patch
replaces this calculation with an assumption that a magnification of 3 is good enough.

Patch 56 (V1) for unit 4, Y10 (the Timing Diagram menu). This patch corrects an infinite loop
that occurred sometimes when & fence was used and the fast module triggered before the slow
module.

Patch 17 (V1) for unit 15, V1 (the GPIB message processor). This patch accepts ali ASCI
characters so they can be mapped into the DAS special character set.

Patch 62 (V1) for unit 13, V1 {the GPIB message processor). This patch causes configuration
changes in the state table menu to occur only when the reference memory is restored,

Patch 1 (V1). This patch is not applicable to current firmware.

Driver 135 (V1) fixes driver 129, V2 (the tape drive driver). This patch corrects a difficulty that
occurs when the tape drive is operated over RS-232 in master/slave mode. If the RS-232 haud
rate was set to either 300 or 600, the tape drive would kick the baud rate up to 1200, thus
terminating communications. This patch prevents the baud rate from changing at inappropriate
times.

Driver 136 (V3) fixes driver 133, V1 (the GPIB driver). This patch prevents the input buifer of
the GPIB chip on the I/O Interface board from over-running.
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Boot Patch {V1). This patch alters the power-up sequence in the Interp ROM. With this patch,
drivers found in the Patch ROM are brought into operation last. This is required for driver 135 and
driver 136 to work properiy.

CONTROLLER

The Controller board in the DAS mainframe provides most logic functions, drives all interfaces,
and provides the intelligence for the DAS. For an overview of the Controller’s circuits refer to the
Controller in the General System Description.

CONTROLLER MICROPROCESSOR

Controller Clocik

Crystal Y432 and inverter 431D form a 29.4912 MHz ECL level clock. The crystal is kept centered
around the ECL threshold levei by inverter U431C. Narmally U431C would oscillate, but this is an
unstable condition because of low pass filter C330. So U431C stays centered at the threshold
voltage, V. The crystal’s oscillations would upset the stability of the V., source, so a notch fiter
consisting of L435 and C431 isolates the ac from the V., source but passes V. Transistors
Q435 and Q438 convert the clock from ECL to TTL levels.

U337C buffers the 29.4912 MHz clock signal. This signal is divided-by-two by register US35B.
Registers U331A and B divide the signal by four and give two identical signals 90° out of ghase
with each other. These signals are 3.6864 MHz clocks. One of the 3.6864 MHz clocks is convert-
ed to MOS levels by U337A and Q335, so it can be used to clock the microprocessor. The two
3.6864 MHz clocks are inverted by U337C and D, and sent to the CPU bus as PHASE(L) and
2PHASE(L).

Microprocessor

The CPU of the Controlier is a Z80A microprocessor, U351, The data bus, address bus, and
those control lines that are outpuis, are all buffered because the microprocessor must drive large
numbers of circuits. The functions of the various pins of the microprocessor are listed below.

Data Bus. The data bus is a bidirectional bus used for data transfers with memory and other
modules. it also receives firmware instructions that are interpreted by the microprocessor.

Address Bus. The address bus provides the addresses for memory and /O data exchanges. The
16-bit bus provides direct access to 64K addresses.

RFSH(L}. Goes active to indicate the lower 7 bits of the address bus contain a refresh address for
dynamic RAMs. It is used in conjunction with the MREQ(L) signal to do a refresh read to all
dynamic RAMs,

Mi{L). Goes active when the microprocessor is in the op code fetch cycle of an instruction
execution.

AD{L). Goees active when the microprocessor is ready to receive data on the data bus from the
currently addressed device.

2.1
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WR(L}). Goes active when the micropracessor is writing data on the data bus to the currently
addressed device.

MREQ(L). Goes active to indicate that the address bus holds a valid address for a memory-read
or memory-write operation.

IORQ(L). Goes active to indicate that the lower half of the address bus holds a valid /O address

. for a read or write operation. An IORQ(L} signal is also generated with an M1(L) signal to ac-

knowledge an interrupt and indicate the interrupt vector can be placed on the data bus. Interrupt
acknowledge operations occur during M1{L) cycles, but /O operations never gccur while M1(L) is
active, '

INT(L). This input is made active to request an interrupt. A request is honored at the end of the
current instruction if the internal interrupt enable flip-flop is in the enable position, and the
BUSRQ(L) signal is not active. There are three different software-controliable modes for the
microprocessor 1o react to the interrupt signal.

NMI(L). This input is made active to request a non-maskable interrupt. A request is honored at the
end of the current instruction if the BUSRQ(L) signal is not active. A non-maskable interrupt
causes the microprocessor to store all contents of its registers in external stack and start execut-
ing instructions at address 0066.

RESET(L}). This input is made active to force the program counter to 0000 and initialize the
microprocessaor. initialization inciudes:

1. Disabie maskable interupts.
2. Set Register { o 00.

3. Set Register R to 00.

4. Set Interrupt mode to 0.

While the RESET(L} is active, the address and data buses go 1o a high impedance state and all
output control signals go to the inactive state.

BUSREQ(L). This input is made active to request use of the data, address, and conirol buses by
some device other than the microprocessor. In response to this signal the microprocessor sets its
inputs to these buses to a high impedance state as soon as the current machine cycle is finished.

BUSAK(L). This output goes active 1o indicate that the data, address, and control buses can be
used by devices other than the microprocessor. The microprocessor’s inputs to these buses are
set to & high impedance state when BUSAK(L} is active.

There is also a delay circuit built around US37D and Q539 which prevents the microprocessor
frorn being initiated (RESET(L}} untit the power supplies have stabilized. This is done by sensing
when the Main Power Supply has been stable long enough to charge €538 through R539 high
enough to flip inverter US370. When the inverter's output flips low, the transistor pulls the RE-
SET(L} line low to initiate the microprocessor's start-up sequence.

interrupt Logic

The interrupt logic polls the eight interrupt request lines tc signal the microprocessor when an
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interrupt request is oceurring. Counter U137A is clocked at the same rate as the microprocessor.
The counter increments and causes data selector U141 to scan the eight interrupt lines. If one of
the eight interrupt lines is active {low), the data selector wilt produce a signal which: 1) signals the
interrupt line of the microprocessor, and 2) stops the counter from scanning. When the interrupt
signal is acknowledged, the BM1(L) and BIORQ{L) lines go active. This causes inverting-input
NAND gate U138D to output a low signal, which enables tri-state buffer U237. This tri-state buffer
then passes the value held in counter U137A on to the data bus so the microprocessor can go to
the proper interrupt rouiine.

The microprocessor is programmed to react to any maskable interrupt in mode 3. This mode of
interrupt has a different starting address for each interrupt routine. When an interrupt is accepted,
a 16 bit pointer is formed from the lowest eight bits of the pointer (the value on the data bus), and
the highest eight bits of the pointer (the contents of internal register I). The pointer is then used to
address 16 bits of memory, which in turn are used as the starting address of the routine. The
address bus then jumps to the new starting address and starts to execute the routine. The
contents of all internal registers are dumped to the external stack before the interrupt is pro-
cessed, so when the interrupt routine is finished the microprocessor can return to the original
place in its program.

Wait Generator

These gates regutate the insertion of wait states in microprocessor routines to keep pace with
slower speed peripherals. The wait control works in two ways. Any WAIT(L) signal from the
interconnect board activates wait states for as long as the signal is active. All other wait.
producing signals go through registers U168A and B. These registers have the effect of producing
a one-clock-cycle wait state, regardless of the duration of the wait-producing signals. See Figure
4.20 for a timing diagram of the one cycle wait producing circuit.
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Figure 4-20. One-cycle wait circuit timing diagram.
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Several different combinations of signals will produce a one-cycle wait. Presently, one-cycle waits
are caused by all op code fetches, any time ROM is read, and any I/O execution. Reading from
RAM does not cause a one-cycle wait. Table 4-7 shows all of the different signal combinations
that will produce a one-cycle wait and those that will cancel one-cycle waits.
Table 4-7
One Cycle Wait Triggering Signals

BA15 BA14 BMI BIOREQ . BMREQ State
0 0 X X L Wait 1 clock
1 1 X X L Wait 1 clock
X X L X ) 4 Wait 1 clock
X X X L H Wait 1 clock
X X X L L Cancels Wait 1

Externzl Bus Request Logic

The data, address, and control bus on the interconnect board, is normally under control of the
controller board. It ¢an be relinquished at the request of another card by driving the BREQ(L) line
fow. This causes pin 11 of U151 to activate the BUSRQ{L) line of the Z80. The Z80 will stop
executing at the first avialable cycle and tristate it's busses. The Z80 then asserts BUSAK(L).
BUSAK(L) is anded with BREQ(L) by U338B. The output of of U338B tristates address buffers
U475 and U478, control bus buffer U438, and data bus buffer U555, Pin 1 of U555 is driven low
through U138B and UG37C making it an input on the bus side. The output of U338B is also
inverted and returned to the interconnect bus on the BACK(L) line.

Data Bus Access Logic

The direction of the data bus buffer, U555, is determined by gates U297D, U205C, U295A, and
U537C. Table 4-8 shows what combinations of active signals influence the direction of the data
bus buffer. Note that the combination of the DMARD(L) and DMA IN PROGRESS(L) lines being
active causes the buffer to present a high impedance in both directions.

Table 4-8
Data Bus Buffer Direction Signals
BREQ(L)&BUSAK(L) BIORG{L) | BA7 BAG6 BRD(L) Buffer U555
L X X X H microprocessor output
L H H H L microprocessor input
L L H H L microprocessor input
L H H H L microprocessor input
L L L H L microprocessor input
L L H L L microprocessor cutput
L L H L L microprocessor input
L H H L L microprocessor input
L L L L L microprocessor input
H X X X | X microprocessor input

CONTROLLER DMA AND SLOT SELECT @

Direct Memory Access Controller {DMA)

The direct memory access (DMA) controller, U251, provides data to the programmable CRT
controller {schematic 12) to determine what is presented on the display monitor. The DMA ac-
quires controf of the data and address buses from the microprocessor when the programmable
CRT controller requests data. Data is then transferred from memory to the CRT controller. At the
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end of the DMA cycle, contro! of the buses is returned to the microprocessor so it can continue
operations. The DMA controls the buses for about 15% of the operating time.

The handshaking procedure for a DMA reguest proceeds as follows:

o

The CRT controller (schematic 12) makes DRQ2(H) active.

° The DMA (schematic 11) responds by making HRQ(H) active. This in turn makes BUSRQ(L)
active through NOR gate U338D.

o The microprocessor {schematic 10) receives the BUSRQ(L) signal and, at the end of the current
instruction cycle, sets all of its inputs to the buses at a high impedance and sets BUSAK(L)
active.

o BUSAK(L) is inverted through inverting-input AND gate 1338C to give BUSAK(H). BUSAK(H) is
appiied to the HLDA(H) input of the DMA to inform it that the bus can be used for direct memory
transfer.

° The B257 sends out the address, and the data gets on the bus.

o Finally, the DACK2(L) line gces active to signal the CRT controller that the data is now ready to
be transferred.

When the DMA has control of the buses, it creates an address or the data being read in accor-
dance with how it was programmed. The lowest 8 bits of the address bus come from @ through
A7 on the DMA. The DO through D7 bits from the DMA replaced on the highest eight lines of the
address bus through atch U481 when the AEN(H) line goes active. For more nformation regarding
how the DMA is used, see the CRT Cntroller detailed circuit description that appears iater in this
section.

Control Circuitry

The cortrol circuitry provides decoding of the data and address buses for various internal and
external signals.

Registers U305A and U305B service the keyboard interrupt signal. The 60 Hz signal from the
CRT controller is divided by two by U305B. When this signal has a falling edge, capacitor C300
appties a negative-going spike to U305A, pin 1. This spike resets register U305A sc the Q(H)
output is low. The Q(H) output is the 30 Hz signal that goes active to signai the Controiler that the
keyboard should be read. When the interrupt is acknowledged the INTERRUPT VECTORI(L) goes
active which clocks register U305A and sets its Q{H) output high. This sequence is repeated
every 33 milliseconds.

The 1/O Register, U345, decodes four address lines (BA4 through BAY) from the Controller ad-
dress bus to control some system 1/O selection. it cutputs enable signals as follows:

YO{L). A low signal (DMA CS(L)), which selects the DMA Controller for initial programming (see
the DMA on schematic 11).
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Y1(L}. A low signal (CRT CS(L}}, which enables the programmable CRT controller {(see the CRT
Controller on schematic 12).

Y2{L). A low signhal (BEEPER CS{(L)) to inverting-input NAND gate U127C, which clocks the
beeper register, U227, in this circuitry block.

Y3(L). A low signal (MAP REG CS(L)} to inverting-input NAND gate U138C, which clocks the I/O
mapping register, U541 (refer to the Slot-Select Logic circuit description).

Y4{L}. A low signal (GLITCH DISPLAY(L)), which either enables the keyboard interface to be read
{see the Keyhoard Read circuitry block on schematic 13), or allows glitches to be shown or
suppressed in the timing display (see the CRT Controller on schematic 12).

Y5(L). Used for test only.

Y&(L}. A low signal (TAPE DRIVE CS(L}}, which enables Option 01, the tape drive. Refer to the
tape drive circuit description.

Y7({L}). A low signal (I/O INTERFACE OPTION CS(L}}, which enables Option 02, the I/O Interface.
Refer to the I/O Interface circuit description.

The beeper register, U227, provides various I/O and interfacing signals. It is clocked by a chip-
select bit from the I/O register, and by BWR(L) from the microprocessor through inverting-input
NAND gate U127C. Clocking is determined by the firmware. The register's outputs control the
following parameters:

Q0. A high bit allows current to flow through the magnet of the beeper. Sounds are determined by
the on-off rate of this bit.

Q1. When this bit is low, current flows through the LOCKOUT LED on the keyboard.
Q2. When this bit is [ow, current flows through the REMOTE LED on the keyboard.

Q3 and Q4. These bits are wired to data selector U131B to provide selection bits A and B. These
bits determine the BAUD CLOCK rate {see the Baud Clocks circuit description).

Q5. After passing through buffer U127D, this bit provides the TAPE RESET signal to Option 01,
the tape drive.

Q6. This bit provides the DRQ1({H) signal to the DMA controller (see the DMA on schematic 11)

Q7. This bit provides the INT 7(L) signal to the interrupt logic through inverter U337B (see the
Microprocessor block on schematic 10).

Transistor Q110 provides the power handling capabilities needed to drive the beeper, LS100. The
beeper makes audible signals whenever required by the firmware.

Baud Clocks

The 14.7456 MHz clock from the microprocessor’s clock is divided by three by registers U131C
and D, and NAND gate U531B. This 4.9152 MHz clock is divided again by counter U231A to
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produce 2.44576 MHz (called 2PHASE/3(H)), 614.4 kHz, and 307.2 kHz. Both 2PHASE/3(H) and
the 614.4 kHz clock are inverted by U537A and U325A, respectively, and then pass through P1.
The 307.2 kHz clock is further divided by counter U231B. The output of U231B is applied to data
selector U131B and selected by a code from the beeper register, U227. The baud clock selection
code is shown in Table 4.9. The selected clock is output as BAUD CLOCK{H) on P1.

Table 4-9
Baud Rate Selection Codes
Beeper Register Data
Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7 Clock Output
X X X 0 0 X X X 153.6 kHz
X X X 1 0 X X X 76.8 kHz
X X X 0 1 X X X 38.4 kHz
X X X 1 1 X X X 19.2 kHz

Slot-Select Logic

The slot-select logic controls which modules are being written to or read by the microprocessor.
The selection is done by specifing the bus slot the desired module resides in. Slot selection is
initiated by the MAP REG CS(L), Y3, signal from the 1/O register, U345, and a BWR(L) signal from
the microprocessor. These signals cause inverting-input NAND gate U138C to generate a falling
edge followed by a rising edge when BWR(L) is deactivated. On the rising edge from U138C, BDO
through BD3 (from the microprocessor) are clocked into the 1/O mapping register, U541, The data
from the I/O mapping register, the 1/O SEL(L) signal, and BA7 are all decoded by the slot select
decoders, U605, U511, U563, and U565. Table 4-10 shows how these signals are deccded.

Table 4-10
Slot And Port Decoding
BD3 | BD2 | BD1 | BDO Slot Port®
' |
o | 0 0 0 SEL SLOTO(L) | e
0 o | o 1 SEL SLOT 1{L) PORT 1(L)
o | o | 0 SEL SLOT 2(L) PORT 2(1)
0 o | 1 1 SEL SLOT 3(L) PORT 3(L)
0 1 |0 0 SEL SLOT 4(L) PORT 4(L)
0 1 0 1 SEL SLOT 5(L) PORT 5(L)
0 1 1 0 SEL SLOT 6(L) PORT 6(L)
0 1 1 1 SEL SLOT 7(L) PORT 7(L)
1 0 0 0 SEL SLOT 8(L) PORT 8(L)
110 0 1 SEL SLOT 9(L) PORT 9(L)
1 0 1 0 SEL SLOT 10(L) PORT 10(L)
1 0 1 1 SEL SLOT 11(L) PORT 11(L)
1 1 o | 0 SEL SLOT 12(L) PORT 12(L)
1 1 o | 1 SEL SLOT 13(L) PORT 13(L)
1 1 1 0 SEL SLOT 14(L) PORT 14{L)
1 1 1 1 SEL SLOT 15(L) PORT 15(L}

 Ports are selected only when both 1/0 SEL{L) and BA7 are low,
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CONTROLLER DISPLAY MONITOR INTERFACE

CRT Controller

The 8275 Programmable GRT Controller, U121, has as its primary functions refreshing the dis-
play monitor (by buffering the information from memory} and keeping track of the electron gun
position on the CRT. When the Controller board is powered up, the CRT controller is programmed
to request DMA bursts that are eight cycles long and fifteen cycles apart. The fifteen cycles allow
time for the microprocessor to perform its tasks. The CRT controller is also programmed so that
the character blocks are ten dots high, with 80 characters horizontally across the screen and 24
lines of characters vertically down the screen.

When the display is in cperation, the programmable CRT controlier partially lcads one of the two
character buffers {part of U121} during each DMA burst. One character buffer is loaded by the
DMA while the other buffer outputs character codes. When one 80 character huffer is emptied
completely, the other buffer is used for output and the emptied buffer is filled by DMA bursts. The
programmable CRT controller also indicates when the presently displayed character has any
special attributes, like inverse video, highlighting, or video suppression. In addition, there is a
General Purpose Attribute line, GPAQ(H), which specifies whether standard characters or timing
waveforms are displayed.

Display Clocks

The 29.4812 MHz clock is divided by three by registers U535C and U535D and NAND gate
US31C. This results in a 9.8304 MHz clock called DOT CLOCK(H). DOT CLOCK{H}) is divided by
six by counter U425 and NAND gate US31A. The divide-by-six circuit has two out-of-phase
outputs, both of which run at 1.6384 MHz. One of the 1.6384 MHz clocks is called CHAR
CLOCK(L). These three clocks are related as shown in Figure 4-21,

blordeRelo O AN AN AN AN AN AN AW AW AN A WA AW AWAN AW |
CHAR CLOCK (L} —\ —  — r
US31A _ f " \

3625317
Figure 4-21. Display clock timing.

CHAR CLOCK(L) clocks the programmable CRT controller to regulate how often character codes
are advanced. The clock from NAND gate U531A clocks visual attribute data through register
U321. The clock from U531A passes through U405C and is used for logging new data into shift
register U315. BOT CLOCK(H) clocks shift register U315. PHASED DOT CLOCK(L) passes
through OR gate U205A and is used in video highlighting.

Display Generator

The heart of the display generator is a 1K x 8 bit ROM (U215) that decodes the data from the
programmable CRT controller into bits that will make sense when shown on the display menitor.
The display generator has two modes of operation: the character generator and the timing display
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generator. All display characters consist of dots filling in a rectangular matrix (six dots across and
ten dots high} as shown in Figure 4-22.

Alphanumeric characters are addressed in character ROM U215 by CCQ through CC5, used to
address A3 through A8, and GPAQ(H) from the programmable CRT controller, used for AS. The
ROM produces one 6-dot line at a time, as specified by the line counter (address lines AQ, A1, and
A2). For standard alphanumerics, GPAO line is low. When GPAD is low, character selection lines
CC1 and CC4 pass through AND gates U105A and D unaltered, because the GPAD{H) is low and
inverting-input OR gate U197C produces a high.

Line
Number LC3 through LCO Dot Matrix
1 oy 000 (RRERORERENY
2 (@ oot [ORSRRRNRIRY
3 (v} oo SRR RRARERE These lwo hnes
4 (0} ] LTeIerentntl automatically
5 0} 100 BEREEEEREER duplicate each
5 (0 101 IREREARENS other.
7 0) 110 SASRIRSREND
8 0} 111 SESRSASEARY: o
k:} {1) 000 Ll This line is
10 {1 01 NI irin  =e—— auvtomalically
blanked.
‘LC3 tin parentheses) is not sent to the character ROM.
3625-318

Figure 4-22, Display characier format.

The tenth line of all characters is autematically blanked because AND gate U105C activaies the
VSPB(H) signal. See Table 4.11 and Figure 4-22 for more details. The first and ninth lines in a
character automaticaily duplicate each other because they both write io low order address 000,
so these lines are usually programmed biank in the character ROM.

The character ROM, U215, generates all six dots in one line of a character simultaneousiy. This
data is serialized by shift register U315. New daia is logged into the shift register just before the
new character is to be displayed. The data is then shifted out through Q{H) by DOT CLOCK(H).
The shifted out data is ther decoded by U200.

Data selector U200 takes data from shift register U315 and the visual attribute signals from
register U321. With this information, U200 creates video information for the display monitor. See
Table 4-11 for an explanation of how the data is decoded.

Transistor Q425, with its asscciated circuitry, is an intensity control to regulate the voltages going
to the display monitor.

Register U400B, exclusive-OR gate U115A, and inverting-input NOR gate U300D ordinarily pass
exactly the same data that comes out of shift register U315. Whenever the RVVB(H) signal is
active, however, the register and two gates stretch the length of the low signals from the shift
register. This slightly enlarges the dark character against the light background shown on the
video screen.

The RVVB(H) line only goes active when the CRT screen shows inverse video. When reverse

video is not oceurring, register U400B is held reset, so U300B outputs the same data that U315
outputs.
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Table 4-11
Visual Attribute Decoding
Aftributes

.‘ Output Muxes Origin of Qutput Signals

I

1 5elB | SelA | Selected

VSPE | RVBB | HGLTB | EXPB Input Video Red Green Yellow | Visual Display

0 0 0 0 0 | u31s 0 U315 0 Normal Text—Green
0 o, 0 , 1 i 1 uats g U421 U315 | Yellow Text?
0 g 1 !0 |! 2 U215 + & DOT CLK 1 U315 + u4n 0 Highlighted Text—

i Green on Red?
0 0] 1 1] 3 U315 + # DOT GLK 1 U315 + U4 0 | Highlighted Text—
Green on Red?

0 1 0 0 0 U315 0 U315 __0_ { Reverse Video—Green
0 1 0 1 1 U315 ¢ uazi U315 | Reverse Video— Yellow®
0 1 1 0 2 U3l + #DOTCLK 1 U815+ U421 0 | Highlighted Text—

| Green on Red?
0 i 1 1 3 U315 + #DOTCLK 1 U315 + U421 ¢ | Highlighted Text—

[ Green on Red?®

1 ‘ X o X X 0 0 o 0 Suppressed Video—Blank

"Highlighted fext is perceived as yellow an red, Can have green glitches,

When RVVB(H) is active {inverse video is occurring), high cutputs from inverting-input NOR gate
U300D have the same rising and falling edges as the output of U315. Low outputs from U300D,
however, have their rising edge delayed by 1/2 of a DOT CLK(H} clock cycle. This is a result of
clocking register UW400B with the PHASED DOT CLK{H) signal.

Timing Diagram Decoding

The timing display generator is enabled by GPAG(H). When this line from the CRT controller goes
high, the most significant bit of the character ROM, U215, goes high. This selects the half of the
ROM that is used for waveform display. The timing display has a different data decoding format
from the standard alphanumeric characters because there are more than 64 timing display
characters.

Figure 4-23 shows a standard timing display character. The first and ninth lines are programmed
blank in the ROM and the tenth line is automatically blanked. The middle five lines are identical.

First Timing Mibble 7\ /Y Second Timing Nibble

ling - {10181 T111]1 11 -a——— Programmed blank
line 1 F[|IEEIEE - Top of waveform

line 2- E[]|]TEE][)

e 3 H|) |1 EZX][!}

line 4 - E[]|]1H=E][] Middle of waveiorm
line 5- K| REI[]

iine §- W] FZ[]

line 7 MMEMKAE|] =s——— Bottom of waveform
line 8- [JTI0110]11] 1] =-==—— Programmed tlank
line 9- [YTI010E1] 1) ———  Automalically Danked

Falling Edge J J T'
Rising Edge Glitch

Figure 4-23. Timing display character.
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This means there are, ROM-addressing-wise, only four different lines for each waveform: the top
line (identical to the hottom ling), the top of the waveform, the middle of the waveform (five
identical lines), and the bottom of the waveform. Since the waveform only requires four different
lines, the line selection address for the character ROM need only be two bits instead of the three
adddress lines used for alphanumeric characters.

Since the line selecting requirements are reduced from 3 to 2 address lines, the left-over address
line (A2} is used to select the waveform to be displayed. This allows the use of seven address
lines to specify the type of waveform, instead of the six used for alphanumerics.

There are two timing nibbles in the character selection word. The nibbles divide the displayed
character in half. Each nibble displays information regarding one acquired bit. The necessary data
to define one nibble is 1) what was the data stored, 2} was there a glitch with the data, and 3) was
there a transition immediately before this data was stored. The format bit allows the use of special
characters in the timing display. Table 4-12 shows how the nibbles are decoded. Each nibble
occupies three vertical ines {half of a standard character).

Table 4-12
First/Second Timing Display Nibble Dececding
Previous Bit I Format Glitch Data Display
A2/AB AB/AS A7/A4 AB/A3

X l 1 X 0 — “space” .
X ' 1 X 1 —
1 0] 0 1 3~
0 0 0 1 > 1
1 ] 0 0 —_— i
0 ¢ 0 ) —-
1 0 1 1 > ’[ :
0 0 1 1 -{4 i
1 0 1 0 PN
0 0 1 0 > 1

The data specifying a new waveform must contain the data bit prior to the first nibble of the new
waveform. This bit determines if there should be a rising or falling edge, or a high or low display of
the first nibble of the new character. The previous hit is supplied to the ROM address by
hardware.

The previcus data bit is recognized and stored by registers U415B, C, and D, and the associated
gates. Registers U415C and D detect when GPAO(H) goes high by turning NAND gate U311C
low. This is important because data writiten before GPAO(H) goes active is not waveform display
data, therefore does not contain valid previous-bit information.

Register U415B shifts through data from CCO, which is the vaiue of the previous data bit. If this is
valid waveform data (determined by NAND gate U311C) it passes through NAND gate U311D
and inverting-input OR gate U311A. If GPAQ(H) iust made the upward transition, the value of the
previous bit is indeterminate. To fix the value, the previous bit is assumed to be the same as the
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first bit of the displayed character. The first data bit of the new waveform is given in address bit
CC3. When GPAQO(H) has a rising edge, bit CC3 is passed through NAND gate U311E and
inverting input OR gate U311A, and is used as the previous data bit.

Data selector U211 and its associated logic convert the character ROM line selection code from
three bits to two bits. When GPAQ(H) is low, the line count outputs (LCO through LC2) are passed
through by the data selecior. When GPAO(H) is high, the three bits are decoded into two bits by
exclusive-OR gate U115D, inverter U115B, AND gate U105C, and inverting-input OR gate
U205D. A fogic chart of how the decoding works is shown in Table 4-13.

Table 4-13
Waveform Dispiay Line Count Decoding
In Out
LC2 LC1 Lco . 2B 3B
0 0 ¢ 0 0— Programmed blank
0 0 1 0 1—— Top of waveform
0 1 0 1 0
o 1 1 1 0
1 0 0 1 0 Middle of waveform (identical)
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1=— Bottom of waveform
0 0 0 0 0— Programmed blank
0 0 1 0 1=—— Automatically blanked

All of the above information leads to selecting characters in the character ROM. When the charac-
ter ROM is in the timing display format, the addresses are assigned as shown in Table 4-14.

Table 4-14
ROM Addressing For Timing Characters

A0 Indicates which line is being displayed
A1}/

A2 Previous data hit

A3 /—- data

Ad Data for second timing nibble glitch

A5 \_format

A6 previous bit /-data
A7 Data for first timing nibble glitch
Ag \—format
A9 High to enable timing diagram

In the timing display decoding, the format bit {(A8/AS5) specifies whether the displayed nibble is a
special character (1) or a standard timing waveform (Q). The special characters are the fuzz
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character and the space. The fuzz shows an over-density of data and the space shows a lack of
data. If the format bit is 0, standard timing waveforms are generated. The waveforms are de-
signed so that if the previous bit is different from the data bit a vertical line is the first part of the
nibble.

If the glitch bit is a 1, a vertical line is in the middle part of the nibble. The data bit determines
whether the horizontal bar in the character is at the top (1) or the bottom (0) of the nibble.

Glitch displays are determined by bits A7 and A4. There are some cases where glitch displays are
not wanted, so there is hardware to allow glitch suppression. Register U185A is clocked by both
BWR(L) and GLITCH SUPPRESS(H) being active. If BD7 is low when this happens, glitches are
displayed; if BD7 is high, glitches are suppressed. If the GLITCH SUPPRESS(H) line and GPAD
are both high, inverting-input OR gate U197 writes out a low. That low will mask out the CC1 and
CC4 data from the programmable CRT controller through AND gates U105A and D. This turns all
glitch addresses to the character ROM to 0s so glitches are not displayed.

Display Monitor Timing

Counters U515 and U521 act as pulse stretchers. The Horizontal Retrace signal, HRTC({H), from
ihe programmable CRT controller (U121) is normally low. The low from HRTC(H) holds counter
U515 in the load mode, so the counter is loaded with 3011 binary.

HRTC(H) goes high to indicate the end of a line. When HRTC{H} goes high, counter U515 goes
intc count mode. U515 increments from 0011 binary to 0000 (wrap around}, when the counter is
disabled by inverting-input AND gate U517B. At this time HORIZ SYNC(H), from U300A, returns
low. The end result is that the HRTC({H) signal lasts for 13 CHAR CLK pulses. Counter U521
operates similarly, except it is triggered by the VRTC(H) signal from the programmable CRT
controller to create the VERT SYNC(H) signal.

MPSCLK C @

The color monitor's low voltage switching power supply is synchronized so that the display will
not jitter. The MPSCLK clock line governs the supply’s switching time. MPSCLK is in phase with
horizontal sync, and is twice as fast.

HRTC(H} creates the first MPSCLK through inveriers U603A and UB03C, and AND gate U300A.
At the same time, HORZ SYNC(H) loads counters U500 and U600, When the count reaches 10
0000 binary, pin 2 of U405 goes high, allowing U515 to clock out a MPSCLK in between the clock
pulses of either HORZ SYNC(H) or CSYNC({H) (see Figure 4-24).

CSYNC(H) C &

CSYNC(H) is the color monitor's horizontal sync. It is created by a set of counters initialized by
HORZ SYNC(H). The counters (U500 and U600} clock out CSYNC(H) just before, or just after the
next HORZ SYNC(H).

When U500 and U800 reaches 1010000 binary, pin 3 of the NAND gate U603B goes low and
enables counter L1521,

The 5100 switches (1,2, and 3} determine the number of counts U521 will count before CSYNG{H)
is clocked out. (see Figure 4-24)
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Figure 4-24. Horizontal sync timing for the color monitor.

CONTROLLER SYSTEM MEMORY CONTROL @

Memory Map

The Controller-tied memory in the DAS is divided into six different sections by the Memory Map.
This is accomplished by the three highest-order bits on the address bus, BA13, BA14, and BA15.
The mapping is setected by the BMREQXL) signal from the microprocessor's control bus. The
memory map register, U195, decodes the addresses as is shown in Table 4-15.

Table 4-15
Memory Decoding

BA13 BA14 BA15 Signal Selected Memory
0 0 0 SYS QL) Interp ROM, U591
1 o 0 SYS 1(L) Runtime ROM, U585
0 1 OJ/UPPER RAM SEL(L) Upper RAM, schematic 14
1 1 o
0 0 1:|/LOWEFI RAM SEL(L) Lower RAM, schematic 14
1 0 1
0 1 1 PERSONALITY(L) Personality ROMs
1 1 1 PATCH(L) Patch ROM, U597

If either of the system ROMs or the Patch ROM are selected by the memory map register, U195,
when the BRD(L) line goes active, inverting-input NAND gate U165C produces a low (active)
signal. This enables tri-state buffer U571,

System ROM

The address bus lines, BAQ through BA12, are buffered by U488 ahd U495A-E. These address
lines are then bused to ROMs U585, U591, and U597. These ROMs output data when cne
receives a chip-select signal (CS(L)) from the memory map, discussed previously. The selected
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ROM then writes its data through buffer U571 when the buffer is enabled by a signal from the
memory map.

ROMs U585 and U581 contain the information required to power up the system and display the
power-up menu. ROM U597 is a Patch ROM that contains corrections to firmware bugs. U597
may be either an EPROM or a masked ROM. Cne EPROM type has 2K x 8 bits of storage. The
masked ROM and another type of EPROM have 8K x 8 bits of storage. The pins of J498 are
strapped to correctly address the type of ROM installed.

RAM Addressing Logic

The system RAM (schematic 14} in the Controller has multiplexed addressing. The RAM I1Cs have
only seven pins to accept addresses, but they require fourteen bits for a full address. The full
address is input by means of the RAS(L) (Row Address Strobe) and CAS{L) {Column Address
Strobe) lines. The RAM addressing logic creates the RAS(L) and CAS(L) signals and multiplexes
the address bus, as well as deiermining the direction of the RAM read/write buffer, U581. There
are three situations the RAM addressing logic has to handie: instruction fetch and refresh, data
read, and data write. In addition, the circuits have to differentiate between the two sets of system
RAM: the lower RAM and the upper RAM.

The instruction fetch and refresh cycle consists of two seperate processes, the fetch and the
refresh. However, since both processes occur every time the microprocessor goes through an M1
cycle {op code fetch), both processes may be looked at as one whole. Refer to Figure 4-25 while
reading about the instruction feich and refresh cycle.

Instruction —a-— Refrash ——o=
Fetch
PHASE [\ [\ .\
2PHASEL) _ /T \ /T \_J N/ \_/ ,
BMREQ / T L_é
BM1 () T\ / ~ 5
RAM SELECT (L) T\ LTI
BROD(L — v :)
BWR .
BRFSH (L) \ —
BAO-13 ~Y( —X ) G
uizea, @ Ty 0
wysB.Q Ty ::
U188, & 0
RAS(L) Y\ \ E—
CAS({L) ————\__ { )
WR (L) CZ o
3625-321

Figure 4-25. RAM addressing logic: timing diagram for instruction fetch in RAM and refresh cycle.
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To perform an instruction feich the BM1(L} line goes low. This signal cannot be clocked through
register U185B because it is being held set. Next, the address bus changes to hold the address of
the instruction being fetched. At this point only the lower half of the address bus (BAQ through
BAB) will go through data selectors U485 and U481 to be written to the system RAM on RADQ
—RA7. If the address on the address bus is mapped to the lower RAM, the LOWER RAM
SELECTI(L) signal goes active. If the address is mapped to the upper RAM, the UPPER RAM
SELECT(L) signal goes active. If the address is not mapped to either RAM, neither signal goes
active and the RAM addressing logic is not used. For this discussion it is assumed that the
address is mapped to the upper RAM. The UPPER RAM SELECTI(L) enables the RAM data bus
buffer, U581.

Next, both BMREQ{L) and BRD{L) go active. BMREQ{L} is inverted to BMREQ({H). BMREQ(H) is
the last high signal necessary to make three input NAND gate U1888 output a low signal, which is
UPPER RAS(L). BRD{L) sets the direction for buffer U581, At the next falling edge from PHA-
SE(L), a high gets clocked through U178A, which puts the upper half of the address bus on RAO
— RA7Y. At the next rising edge of 2PHASE(L), register U178B clocks out a high. This makes
NAND gate U188A ge low so UPPER CAS(L) is active. At the next falling edge from PHASE(L), all
registers get set back to their initial conditions by BMREQ{L) going high. The RAM addressing
logic is now ready to refresh the system RAM.

The read, write, and refresh cycles exercise the RAM addressing logic in ways similar to the
instruction fetch cycle. For signal timing diagrams of these different ways the RAM addressing
logic is used, refer to Figures 4-25, 4.26, and 4-27.

Write -
PHASE _ \ ! \ Y
PHASE(L) _ T\ \ f \ I
BMREQ f \ o
BM1 (L) 0
RAM SELECT (L} ——\ o
BRD (L) o
BWR | e N (‘)
BRFSH (L) b
BAO-13 ~—=y Y o
U17BA, Q f \ .
u178B, @ e W
U858, @ :
RAS(L) —\ 1
CAS (L) Y S ;}
e i

J625-322

Figure 4-26. RAM addressing logic: timing diagram for data write in RAM.
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- ——— Read
PHASE _ [T 1\ . / a— "
2PHASE (L) f \ / \ a— o
BMREQ f \ .
BMi{Ly Y é
RAM SELECTIL)  ~ A J
BRO(L — T,
BWR :
BRFSH (L) ;
BAO-13 3 X,
U178A, Q f —/ N
Ut78B, Q e W
U185B, Q 5
RAS (L) r———‘:]
CAS (L) Y S—
WR (L) )
3625.323

Figure 4-27. RAM addressing logic: timing diagram for data read in RAM.

CONTROLLER SYSTEW RAM

Lower RAM

The lower RAM consists of eight 4116 type 16K x 1 bit RAMs. All signals to the lower RAM come
from the RAM addressing logic, schematic 13. For information on how the RAM is written to and
read, see the RAM addressing logic circuit description.

Upper RAM

The upper RAM consists of eight 4116 type 16K x 1 bit RAMs. The upper RAM is identical to the
lower RAM except for the addressing lines. Refer to the RAM addressing logic, schematic 13, for
information of how the RAM is written to and read.

P6452 EXTERNAL CLOCK PROBE

The Trigges/Time Base uses a data acquisition probe to acquire three external clocks for data
acquisition and four control lines for the pattern generation modules. This probe is identical to the
probes used by the 91A32 and 91A08 acqguisition modules. For more details, read the probe
circuit description immediately following the circuit descriptions of the instrument modules.
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TRIGGER/TIME BASE

The Trigger/Time Base Moduie performs two basic funtions in the DAS instrument configurations.
it provides internai clocks for all of the instrument modules, and contains most of the triggering
logic for the 91A32 Data Acquisition Module. The 91A32 trigger can also be influenced by, and be
made to influence, the 91A08 triggering. All of the companent numbers in the Trigger/Time Base
description are assumed to have an A10 preface unless otherwise noted.

This description is divided into several levels. The level divisions are by schematic and then by
functional block on the schematic. Numbers in diamonds refer to the numbers on schematic tabs
in the Diagrams section. Those schematics should be referred to while reading the circuit descrip-
tion. For an overview of the Trigger/Time Base circuits, refer {o the Trigger/Time Base in the
previous General System Description.

TRIGGER/TIME BASE CONTROLLER INTERFACE @

The Controller interface takes data from the Controller board and sends it to the appropriate
registers in the Trigger/Time Base. This is performed by decoding the lowest four bits on the
address bus and interpreting RESET(L), BWR{L), BRD({L), and PORT(L) from the Controller.

For example, suppose 02 is present on the address bus at the same time the Controller is writing
PORT(L) and BWR(L). PORT(L) and BWR(L) enable decoder U491. An 02 on the address bus
puts YZ(L) low on the enabled decoder U491 and clocks register U275. Any data on the data bus
at that moment is then held by U275 until the same process happens again of the RESET(L)} line
from the Controlier becomes active.

Tabile 4-186 shows which signals can be written from the Controfler to reconfigure the Trigger/Time
Base and which ICs each set of signals affects.

TRIGGER/TIME BASE ROM

Ali of the menus and interpretive information for the 91A32, 91A08, and Trigger/Time Base are
stored in ROM. These ROMs are all addressed by the address bus of the Controller and are
mapped in from CO00 to DFFF. At power up, the Controller reads each ROM to see what is
stored in it. The Coniroller then sets up a table in RAM to select the ROM to be read for each
selected menu.

Memory Map

To select the desired ROM, the MAP1({L) line from the Controller Interface must be active. The
active MAP1(L) clocks bits DO through D3 on the data bus into register U495. Bit 3 selects either
decoder LJ595 (if low) or decoder U536 (if high). The selected decoder then enables the appropri-
ate ROM. If the PERSONALITY(L), SELECT SLOT(L), and BBRD(L) lines (all from the Controller)
are active, decoder U471B will allow the selected ROM to be read on the data bus through U381.
Table 4-17 shows a hexadecimal listing of how each ROM gets enabled.
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Table 4-16

Trigger/Time Base—Controller Interface Map

ROM

There are sockets for @ MK36000-type ROMs on the Trigger/Time Base board. The ROMSs in
these sockets are selected by the memory map. There is one socket (for U295) that is suitable for
either an MK36000-type ROM or a 2716-type ROM. The type of ROM to be used dictates the

configuration of jumper J195.

Hex | ICs Affected
Addr |RESET BWR | BRD , PORT Line Name U# Schem.#
AXXX0 H L X \ L IMAP1(L) U495 16
XXX H L X L |THRESHOLD(L) U131 17
XXX H X L | L !'PODSTATUS(L) 1/2 U177 15
2XKX2 H L X L ! CNTLCG(H) U275 15
XXX2 H X L L 'MOS STATUS{L) u37zs 15
TXXX3 H L X L l,CLK 91A32(H) U135 19
FXXX4 H L X L. ‘CLK 91 A0B(H) U141 19
XXX5 | X L X L | DELAYO(L) | U351 & U36GT 18
XXX X X L L |STATUS QL) 1/2 U7 15
XXX6 X L X L |DELAY1t({L) | U345 & U36 18
BXXXT H L X L [ACNTRO(L) U271 18
IXXX8 H L X L [ACNTRi(L) | U274 18
XXX9 X L X L |SINGLE STEP {L) U221 & U321 19
XXXA X L X L |DIAG B DONE(L) U245B 18
XXXB X L. X L |DIAG 91A32 TRIG(L) U145A 18
XXXC X L X L |DIAG DELAY EN{H) u461B 18
XXXD X L X L _TF{IG CLK SEL{H) | U128 17
? These lines have their registers reset to 0 by a RESET(L) signal.
Table 4-17
MENU ROM SELECTION
Hex Code ROM Hex Code ROM
1 U391 6 U283
2 uz2a 7 U287
3 U3ss 8 U181
4 U395 9 £J183
5 uzg1 A U2g5
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TRIGGER/TIME BASE EXTERNAL CLOCK PROBE INTERFACE @

Probe Threshold DAC

Register U131 has level-setting information written to it by the controller interface. This level-
setting data in U131 controls digital-to-analog converter (DAC) U121. This DAC has a current
output that is converted to a voltage output by op amp U109.

VREF- is supplied to the DAC by op amp U206. U206 compensates for differences between the
DAS ground and the ground of the circuit under test. VREF + is set with variable resistor R110 by
adjusting the potentia! difference between TP105 and TP110 to 1.60 V with the greatest possible
accuracy. This voltage sets the current output by the DAC when the most significant bit is set.
Less significant bits are controlled by an internal current divider.

IO(H) and 10{L) are the DAC outputs. IO(H) is a current sink that is proportional to the 8-bit input.
IO(L} sinks a current proportional to the one's complement of the 8-bit input. The sum of these
current sinks is always a constant current. The constant current is set by zener diode VR112 and
variable resistor R110.

The current out of the IO{H) pin cf the DAC is converted to a voltage by op amp U109. The offset
voltage of U109 is controlled by variable resistor R106. Solid state switch U108 sets whether the
op amp acts as a voltage follower (switch open) or as a voltage multiplier (switch closed). When
the switch is closed, the inverting input of the op amp is controlied by voltage divider R210 and
R117. This means the inverting input reads a voltage that is 1/4 the voltage at the output. If the
switch is open, R210 and the ground reference are disconnected. R117 then matches R118 and
op amp U109 acts as a voltage follower.

Probe Receivers

The acquisition clock lines from the External Clock Probe are buffered and retained in their
complementary ECL form. The acquired clocks are then supplied to the high speed bus through
P1; acquired clock CK1 is also retained for use in trigger generation.

Signal Control

The trigger portion of the Trigger/Time Base is designed to provide complex triggering for 91A32
acquisition modules. Since 91A32s are usually clocked by either 91A32 INT CLK(L) or CLK1, the
triggering section of the Trigger/Time Base must have a means of selecting between these two
clocks, Register U128 selects one of these two clocks by writing to NOR gates U421 A, B, and D.
Two of the three clocks — CK1(H)}, CK1(L). and 81A32 INT CLK(L) — are masked out by the
signals from U128. The clock that passes through these NOR gates is inverted by the NOR gate,
and written to transistor Q431. Q431 and Q432 convert the ECL clock signal to TTL levels.

The pattern generator external control lines are buffered and passed through programmable
inverters (U309). All four control lines are then put on the high speed bus for use by a pattern
generator module.

Pipelined Internal Timing Sequencer

This section controls the clocks to various parts of the trigger, and creates DQUAL(H). Refer to
Figure 4-28, which shows how the pipefined internal timing sequencer relates to the rest of the
trigger. The pipeline exists because the qualifier and word recogniticn signals caused by an
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TRIGGER PITS AND 91432 PITS
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Figure 4-28. Simplified trigger shutdown circuit diagram.

acquired word are not processed on the same cleck cycles. The pipeline is initiated at start-up
time as shown in Figure 4-29. The pipeline is preset by the CLEAR(L) line.

if the qualifier goes low (stops storage) before the trigger occurs, the pipeline performs the action
diagramed in Figure 4-30. This action: '

1. stops CLKA(H), CLKA{L), and CLKB(L) one cycle after the qualifier signal goes low, and

2. makes the DQUAL({H) go low two cycles after the qualifier signal goes low.

asstease _ /O UL Lo

91432 TRIGRD (H)

91A32 TRIGRD (L}
S1A2Z QUAL(H)  _ _ TN O f
GLEAR (L} \ O {

0

us4ag,.a  _ Y L
US43B. Q (L} _ A O f
Ua734,Q  _ A O |
uarsa. QL) - Y ¢ \
ua7aB, QL) | X O

3625-345

Figure 4-29. Initiating the pipelined in"2rnal timing sequencer.
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Figure 4-30. Qualifying before triggering the pipelined internal timing sequencer.

When the qualifier line returns high, the clocks and the DQUAL return to their normal states after
one and two clock cycles, respectively.

After trigger conditions have been fulfilled, the 91A32 TRIGGERED(H) and 91A32 TRIGGERED{L)
signals go active, If the 91A32 QUALIFIER(H) line is high, the output of the pipeline does not
change from its previous cutput. The inputs to NOR gate U546B and inverting input AND gate
U546A change, but the outputs do not change.

After the trigger occurs, if the qualifier line goes low, the J and K inputs to all three registers in the
pipeline are driven low by the gates in front of the inputs to the registers. Writing low to both the J
and K inputs of a register [ocks up the register so it will continue to ocutput the previously logged-in
data. This action prevents the low state of the qualifier from passing through the pipeline and
stopping CLK1({H), CLK1(L), and CLK2(L) or changing the DQUAL(H) state.

TRIGGER/TIME BASE TRIGGER CIRCUITS

Event Conditioner

The trigger receives EVENT 1, 2, and 3 recognition signals from the high speed bus. The event
conditioner controls how the trigger will react to these signals.

The EVENT 1, 2, and 3 signals are clocked in from the high speed bus through registers U44B8A
and B, and U445A. The EVENT 2 and 3 signals may be inverted by exclusive-OR gates U443D
and C, respectively, depending on the INV2 and INV3 signals. The 10R2 line influences the state
of pins 4, 10, and 11 in U451, and thus changes the way events 1 and 2 are decoded. The EVENT
1 and (possibly inverted) EVENT 2 signals are then decoded by U451 and the 10R2 line. Table
4.18 lists the outputs of the decoder for each circumstance. Table 4-19 shows how the INV2,
INV3, and 10R2 lines are set for each triggering mode.
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Table 4-18
A, B Decoding
EVENT 1 EVENT 2 | 10R2 AAA BBB

0 0 0 0 0

1 0 0 1 0

0 1 0 0 1

1 1 0 i 1

0 0 1 0 1

1 0 1 1 1

0 1 1 1 1

1 1 1 1 1

Tahle 4-19
Trigger Mode Setting
Inputs Menu Setting
10R2 | INV2 | INV3 TRIGGER ON L ] i RESET ON

1 0 0 (1] [ 3]
0 0 0 [1)] Followed By (2] I 38 ]
0 0 1 [1] Followed By [2] [ XXX)
1 0 8] [1] Or (2] [ 3]
0 1 0 [1] Then Not [2] [ 3 ]

Note: Events 1, 2, and 3 may be any combination of data and don’t cares except at ™. At * Event 3
may be anything except all don't cares.

Arm Trigaer

The arm trigger circuits determine what signals go to the A counter. The AAA(H) line gets clocked
through U155B by CLKB(L). The Q(L) goes low, passes through U151C, and resets flip-flop
U155B. This resulis in a negative-going spike from QL) of U155B, which is sent to A counter
U255. This flip-flop can be reset by holding any of the lines to OR gate U151C low. The signais
that reset the flip-flop are ARM(H), A DONE(L), and Q(L) from pin 7 of the same flip-flop.

BBB(H) and CCC(H) are controlled in the same way as AAA(H). The BBB flip-flop, U155A, is reset
by ARM(H), by pin 9 of U2458, and by its own Q{L). The CCC flip-flop, U145B, is reset by ARM,
by pin @ of U245RB, and by its own Q{l). The output of the BEB flip-flop is used in the trigger
circuits. The output of CCC flip-flop U145B reloads the A counter.

A Counter

The one’'s complement of the TRIGGER ON OCCURRENCE number in the Trigger Specification
menu is loaded into registers U271 and U274 by the Trigger/Time Base coniroller interface,
schemafic 15. Before the DAS starts to acquire data, the data in these registers is foaded into
presettable counters U255, U261, U161, and U165 by the CLEAR(L) signal. The counters can
also be reloaded by the CCC flip-flop, U145B.
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After loading, the counters are advanced one count by a negative-going spike from AAA flip-flop.
When ali the A counter’'s outputs are high, A DONE(L} is generated by AND gates U265A, B, and
D, and 13-input NAND gate U248. A DONE(L) resets the AAA flip-flop so that the A counter
cannot be advanced further, and writes a low signal to the D input of flip-flop U245B.

Trigger

When A DONE(L) is low, the first BBB signal through U155A clocks a low into U245B. A low from
U245B means that the trigger conditions have been met. This low resets flip-flops U155A and
U145B. The low in U245B also releases the reset state that was holding U145A low.

When U145A is released from the reset, Q(L) goes low at the next falling edge from CLKA{L}. The
low from the QL) output of U145A is the 81A32 TRIGRD(L} signal and drives inverter U435E to
produce the 91A32 TRIG O(H) signal. The Q(H) output of U145A goes high—which produces the
91A32 TRIGRD(H) signal, and provides a high to the input of NAND gate U461A.

If all the inputs to NAND gate U461A are high, the output goes low. This allows CLK(H} pulses
from NAND gate U378C to pass through NAND gate U461B, so that CLK{H) is output by NAND
gate U341C. These pulses clock the delay counter.

Delay Counter

The delay counter is loaded with the delay count by the Trigger/Time Base controller interface,
Presettable counters U351, U361, U345, and U365 are preset to the one’s complement of the
value in the DELAY field of the Trigger Specification menu.

Whenever the output of U341C presents a negative going edge to CLK1 of U351, the counters
increment. When every output of the delay counters is high, AND gates U371A, U371B, U371D,
and 13-input NAND gate U355 generate a signal through inverter LI341A. This signal goes high
when the counters read FFFF hexadecimal, and returns low on the next clock, when the counters
wrap around to 0000 hexadecimal. Flip-flop U543A is clocked on that falling edge.

CLK{H) from U341C to U543A sets its Q(H) line high. This turns on transistor Q538 so that 91A32
QUALIFIER BUS(L) goes active. This inputs a Jow signal to NAND gate U461A, inhibiting the
clock to the delay counter.

It is also possible to make the 9TA32 QUALIFIER BUS(L) active by writing a START ALL{L). This
turns on Q539, bypassing the rest of the triggering circuits. START ALL(L) is the signal that
allows all 91A32 modules to start acquiring data by releasing the 91A32 QUALIFIER BUS(L)
signal.

TRIGGER/TIME BASE INTERNAL CLOCKS

Time Base Clock

The components around U100D and crystal Y100 form a high stability 100 MHz clock. Inverter
U100C is set up as an osciltlator by connecting its output to its input. Capacitor C202, however, is
set up as a low-pass filter 5o oscillating is an unstable condition. The inverter is then forced into



Theory of Operation—DAS 9100 Series Service Vol. 1

“dc oscillation”, at a stable value intermediate to the two ECL threshold levels. This intermediate
value is called V.

Since the stability of U100C would be upset by the oscillation of the crystal, a notch filter is used
o provide isolation. L101 and C201 form a notch filter centered at 92 MHz, which stops the
crystal from unsettling U100C, but allows V,, to pass. The steady intermediate voltage, Vy,,
keeps U100D triggering regularly. U100B is a buffer to keep the oscillator stable.

Frequency Divider

The 100 MHz clock output from U1008 is fed to counter Li215. The Q1 output of U215 is a divide
by two, which gives a 20 ns clock output. The Q2 output of U215 divides by five to provide a
50 ns clock. These outputs again are divided by two, by U315B and U315A, respectively, to yield
a 40 ns clock and a 100 ns clock.,

The associated transistor pairs (Q212, Q211, Q311, and Q312) are ECL to TTL converters.
Inverter U100A and capacitor C214 provide an ECL triggering threshold, Vy,, for the ECL to TTL
converters.

There is also a decade divider consisting of U235A and B, and U241A and B. Each of the
counters in the decade divider divides an input signal by ten, starting from a 100 ns input. The
decade divider provides clock periods of 1 ps, 10 ps, 100 pgs, and 1 ms.

91A08 Clock Selector

The Trigger/Time Base controller interface writes the rate for the 91A08 INT CLK into register
U141, If bits DO or D1 are high, then data selector U471A will choose either the 10 ns, the 20 ns,
or the 40 ns clocks as output through the AND gates in U415, If any of bits D2 through D5 are
high in U141, a decoding action occurs, Bits D4, D5, and D6 are used to select a 100 ns, 1 ps,
10 us, 100 ps, or 1 ms clock through data selector U325.

The selected clock from the frequency divider goes to bi-quinary divider U325. The outputs of this
divider, as well as the 50 ns clock, go to U335 where one clock is selected by bits D2, D3, and D4.
The selected clock is then output from U335 and converted to ECL to be transmitted on the
91A08 INT CLK(L) line of the high speed bus. Table 4-20 lists the hexadecimal code that is written
to U141 to define which clock is used.

Table £4-20
91408 Internal Clock Selection Code

Hex Code Clock Rate | Hex Code Clock Rate Hex Code Clock Rate
00 Off 30 500 ns | 88 100 us
01 10 ns 48 1 us [ 8C 200 us
02 20 ns 4C 2 us ! a0 500 ps
03 40 ns 50 5 us ; A8 1 ms
04 50 ns 68 10 us ‘ AC 2 ms
28 100 ns BC 20 us | BO 5 ms
2C 200 ns 70 50 us E8 Single Step
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91A32 Internal Clock Selector

The Trigger/Time Base controller interface writes the rate for the 81A32 INT CLK into register
U135. If bit DO is high, the 40 ns clock will be the output through buffer U425A. Otherwise, the
selector is similar to the clock selector in the $1A08 time base. Refer to the 91AQ8 time base
circuit description for more details. The hexadecimal code that is written to U135 to define the
rate for the 91A32 internal clock is listed in Table 4-21.

Table 4-21
91A32 Internal Clock Selection Code

Hex Code Clock Rate Hex Code Clock Rate Hex Code { Clock Rate
00 Off 4C 2 us 90 500 us
03 40 ns 50 5us A8 ‘ 1 ms
04 ' 50ns 68 10 us AC 2 ms
28 100 ns 6C 20 us 80 5ms
2C 200 ns : 70 I 50 ps E8 Single Step
30 500 ns | 88 ! 100 us
48 148 | 8C | 200 us

DATA ACQUISITION
DETAILED CIRCUIT DESCRIPTIONS

P6452 DATA ACQUISITION PROBE

The Data Acquisition Probe is used by the 91A32 and 91A08 acquisition modules as well as by
the Trigger/Time Base. The probe is used to acquire qualifier signals and data to be stored. Refer
to the probe circuit description immediately following the circuit descriptions of the instrument
modules for more detaifs.

91A32 DATA ACQUISITION MODULE

The 91A32 Data Acquisition Module can acquire 32 independent channels of information at
speeds up to 25 MHz. The module also has a three-word event recognizer that works with the
Trigger/Time Base for triggering. Data can be stored up to 512 sets deep. All component numbers
in the 91A32 module circuit description are assumed to have an A12 preface unless otherwise
noted.

This description will be divided into several sections. The section divisions will be by schematic
and then by functional blocks on the schematic. Numbers in diamonds refer to the numbers on
schematic tabs in the Diagrams section of this manual. Those schematics should be referred to
while reading the circuit description. For an overview of the 91A32 acquisition moduie's circits,
refer to the 91A32 in the General System Description, earlier in this section.
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91432 CONTROLLER INTERFACE

The 91A32 controller interface takes data from the Controller board and sends it to appropriate
registers by decoding the lowest four bits on the address bus and interpreting BWR(L), PORT(L),
and BRD(L) from the Controller board. The interface also takes data from the module and writes it
on the data bus at the command of the Controller board.

For example, suppose the Controller board is reading the MOS switch status. The address bus
nas 2 hexadecimal written on the least significant four bits. Simultanecusly, PORT(L) and BRD{L)
go active. This action enables deceder U341, which decodes the address; pin 3 goes active {low).
The MOS status register, U241, is then enabled and puts data on the data bus.

The writing procedure is similar, except the BWRI(L) and PORT{L) signals must be active to
enable decoders U441 and U451. Bit 3 of the address bus selects between these two decoders
while a write procedure is occurring. Table 4-22 shows which registers are connected to the data

bus by each hexadecimal address and the BWR{L), BRD{L), and PORT(L)} lines.

Table 4-22
91A32 — Controller Interface Map
| ICs Affected

Addr | BWR BRD PORT Line Name U# Schem.#
XXX0 | X L L | CARD ID STRB(L) U245 20
XXX1 X L L | POD DETECT RD(L) U33s 20
XXX1 L X L | DAC DATA REG(L) uest 20
XXX2 X L L | MOS RD(L) U241 20
XXX2 L | X L { CNTL REG(L) Uses 20
XXX3 | x | L L | MAR RDBK(L) U251 24
XXX3 L ' X L | CHIP SEL REG(L) U658 20
XXX4 } X } L L | EBRO(L) U165 & U168 23
XXX4 L | X L | MAR CLK(L) U655A & B 24
XXX5 | X | L L |EBRI(L) U171 & U175 23
XXX5 ‘ L] X L | WD REC WE 0O(L) U465 & U468 25
XXX6 | X L L | EBR2L) U178 & U181 23
XXX6 L X L | WD REC WE 1(L) U471 & U475 25
XXX7 X L L | EBR3L) U185 & UiB8 23
XXX7 L X L | WD REC WE 2(L) U478 & U481 25
XXX8 | X L L | OBRO(L) U265 & U268 23
XXX8 L X L | WD REC WE 3(L) U485 & U488 25
XXX9 X L L | OBRI(L) U271 & U275 23
XXX8 | L X L | SINGLE STEP u63s 24
XXXA | X L L | OBR2(L) U278 & U281 23
Xxxa oL X L | 0-MAR LDW) UBS5A & B 24
xxxB | x L L | OBR3(L) U285 & U288 23
XXXB | L X L | aosETL) U233A 24
XXXC L X L | Q1 SET{L) U233B 24
XXXF L X L [INIT() U233A & B & UI53A 24
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Probe Threshold

The 91A32 controller interface writes level-setting information to register U661. This level-setting
data in U661 controls digital-to-analog converter (DAC) U152. This DAC has a current output that
is converted to voltages by op amps U122, U133, U149, and U142,

The VREF- input to the DAC is supplied by op amp U105. U105 compensates for differences
between the DAS ground and the ground of the circuit under test. VREF+ is set by variable
resistor R147. The voltage at VREF + is set by adjusting the potential between TP147 and TP148
to 1.60 V with the greatest possible accuracy. This voltage sets the current supplied if the most
significant bit is set. Less significant bits are controlled by an internal current divider.

IO(H) and IO(L) are the DAC outputs. IO(H) is a current sink that is proportional to the 8-bit input.
IO(L) sinks a current proportional to the one's complement of the 8-bit input. The sum of these
current sinks is a constant cusrent. The constant current is set by Zener dicde VR148 and
variable resistor R147,

The current out of the 1O(H) pin of the DAC is converted to threshold voltages by op amps U122,
U133, U140, and U148. The offset voltage of each of these op amps is individually set with
trimmer potentiometers.

The solid state switches in U134 control whether the op amp acts as a voltage follower (switch
open) or as a voltage multiplier (switch closed). When a switch is closed, the inverting input of the
associated op amp is controlled by a voltage divider that sets the inverting input to 1/4 of the
output voltage of the op amp. If a switch is open, the voltage divider is disconnected from the
ground reference and the op amp acts as a voltage follower (because the feedback resistance
matches the input resistance).

91A32 POD A AND B RECEIVERS @

Pod A Receivers

Each probe receiver is identical, so only one receiver wilt be described. Refer to Figure 4-31 while
reading this circuit description.

+12V
+5V
§ 680
120
CH
u (o] Q2
+5V
150 T_ T
100 62pF7F £ 220 I_D—'
= Jy
: TEST BUS
TEST BUS EN A625.327

Figure 4-31. 91A32 probe receiver.
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TEST BUS EN(L) is inverted and allows the TBD0—TBD7 bus to write data into the acquisition
memory as though it were coming from a probe. This is done by pulling the probe input to the
NAND gate high. The 220 Q resistor is usually a pull down resistor, but when the test bus is
enabled, it pulls up to +5 V. This pulls the probe input to the NAND gate high, so TBDO—TBD7
can write data through the NANE gates. When the test bus is not in use, all of its lines are
programmed high, otherwise they would mask out data from the probe.

Pod B Receivers

The receivers for pod B are identical to the receivers for pod A, discussed previously. Refer to the
pod A receiver discussion for more information.

Transistors Q1 and Q2 and the 680 Q resistor are a differential ECL to TTL iranslator. The
resistors attached to the bases of these transistors are line terminators to match impedance of
the transmission line. The 220 Q resistor ang the 62 pF capacitor are a time delay. The delay
allows the selected clock sufficient time to be set up before clocking through data.

91432 POD C AND D RECE!VERS @

The receivers for pods G and D are identical to the receivers for pod A, discussed previousty.
Refer to the pod A receiver discussion for more information.

91A32 ACQUISITION MEMORY @

Log-in Registers

Data from the probe receivers is clocked through registers, U121, U221, U321 U421, U521, and
U621 and inverted by buffers U125, U225, U325, U425, U525, and UB25. This deskews the data
and corrects the polarity.

Even Acquisition Memory

The even register (U131, U231, U331, U431, U531, and U831} is clocked at one half the selected
clock rate, so only every other set of data from the probes gets clocked through. The data out of
this register goes to both the even acquisition memory and the even word recognition RAM
(schematic 25).

The even acquisition memory, U165, U168, U171, U175, U178, U181, U185, and U188, stores
alternate sets of data from the probes. The other sets of data are stored by the odd acquisition
memory. The memory is loaded from the even register with ali 32 bits from the probes. While
acquiring data, the WE(L) lines are all enabled by the even write-enable generator {schematic 24).
The memory can store 256 sets of data for future readback. Before acquisition starts, the
CS0—CS83(L} bus must have all iow voitages written on if.

The Controller board can only read data 8 bits at a time. The acquisition memory is divided into
four 8-bit bytes for readback purposes. Each 8-bit section can be read back by writing a low on
both the EBRO-—EBR3(L) bus and the C50-—CG&3(L} bus 10 the memories to be read.
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Even Acquisition Readback

When the Controller board ts reading back data from even acquisition memory, one line on the
EBRO—EBR3(L) bus must go low. That selects which 8-bit byte of memory will be read. The
EBRO—EBR3(L) bus has all of its lines NORed by U345B to enable buffer U351. The output of
the buffer is connected to the data bus, so the memory byte can be read by the Controller board.

Odd Acquisition Memory

The odd acquisition memory stores the aiternate sets of data that are not stored by the even
acquisition memory. The odd acquisition memory is functionally idertical to the even acquisition
memory, except for being clocked by the ODD REG CLK(H) rather than the EVEN REG CLK{H).
For further detaiis refer to the even acquisition memory circuit description.

0dd Acquisition Readback

The odd readback is functionally identical to the even readback. When the Controller board is
reading back data from odd acquisition memory, one line on the ORBO—O0ORB3(L) bus must go
low. That selects which 8-bit byte of memory will be read.

The ORBO—ORB3(L) bus has all of its lines NORed by U345A to enable buffer U361. The output
of the buffer is connected to the data bus, so the memoary byte can be read by the Controller
board.

91A32 TIMING CIRCUITS

Clock Select

CLK1, CLK2, and CLK3, from the External Clock Probe; the 91A32 INT CLK(L); and the SINGLE
STEP(H) signal are inputs to data selector UB38. The external clock lines are deskewed by
comparators U835A, B, and C. Data selector U638 then outputs the clock line selected by the
CLK SEL 0 - CLK SEL 2{H) bus. An octal listing of the clock select code written on the select bus

is shown in Table 4-23. The clock output from the data selector is converted to TTL levels by
transistors Q533 and Q534.

Table 4-23
91A32 Clock Select Code
Hex Code Selected Clock Hex Code Selected Clock
0 SINGLE STEP(H) 4 CLK2{L)
1 91A32 INT CLK(L) 5 CLK2(H)
2 CLK3(L) 6 CLK1(L)
3 CLK3(H) } 7 CLK1(H)

Qualifier Logic

Qualifiers from the probes are clocked through flip-flops U233A and B by the selected clock. If
INIT(L) goes active, both of these flip-flops are reset until INIT(L) goes inactive. The outputs of the
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flip-flops are sent to inputs of the NAND gates in U641. These NAND gates allow the 91A32
controller interface to select which qualifier is enabled, and what polarity it is, through the QENQO
—QEN3({H) bus. Any disabled qualifier has 0 written to its NAND gate by the QENO—QEN3(H)
bus, masking the qualifier signal.

The cutputs of these open collector NAND gates are wire-ANDed and used as an input to NAND
gate UG48A and to register U651A. These two inputs provide two different paths for the signal to
follow. Cne or the other of the paths is selected by the Q+1 EN(H) signa! from the 91A32
controller interface.

In SPLIT CLOCK mode, when the 91A32 module Is being clocked by anything other than the
master clock, the qualifier signal must have an extra clock cycle added before it is used by the
91A32.

Register UB51A adds that extra cycle through the use of the Q+1 EN(H). In any other clocking
mode, the extra clock cycle must not be present.

If Q+1 EN(H) is low, register UB51A is held reset and NAND gate UB48A inverts the qualifier
signal from U&41. If Q+1 EN(H) is high, register U651A clocks through the qualifier signal from
Us41; however, NAND gate U646A has its output held low by the signal from inverter U646B.

If the qualifier is not passing through register U651A, then whenever the the qualifier signal from
U641 is high (that is, no qualifiers are in their inactive state) register U655B and exclusive-OR
gates U645C and UG45D oscillate at one half the clock frequency. If the qualifier line goes active
{low) the oscillations stop at the next clock edge.

If the qualifier signal is being passed through register UB51A, there is a one clock cycle delay
before the oscillation of U6558 is shut down by the qualifier.

The output of oscillator U655B is duplicated by register US55A to provide sufficient fan-out.

EVEN WORD(H) is used by the Controller board to find out where the last data was stored in
acquisition memory. If EVEN WORD(H) is high, the last word written was in the even side memory
at the OMAR address plus one. If EVEN WORD(H) is low, the last acquired data was written to
the odd side memory at the OMAR address. See the following description of the memory address
registers.

Memory Address Registers

The memory address registers control the address where data in the acquisition memory is read
or written.

When the Controller board loads an address inte the address counter, EMAR LD(L) goes active,
The EMAR {(even memory address register, U158 and U161) is then loaded with the contents of
the D0-D7 bus. This value is then cutput by the EMAR. The EMAR counts up from this value each
time it is clocked by the EVEN WORD(H} signal.

The output of the EMAR then addresses the even acquisition memory. The output from the
EMAR is also clocked into the OMAR {odd memory address register, U261 and U255C and D) by
the WRD REC MUX CONT(H) clock; the complement of EVEN WORD(H). The OMAR output is
used to address the odd acquisition memory. The OMAR output can also be read back by the
Controller board through tri-state buffer U251.
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All Valid Register

The most significant bit of the OMAR (pin 7 of U255) clocks register U153A. INIT(L) resets
register U153A, so it initially has a low output. If the register gets clocked, the output goes high
and does not change with subsequent clocks. The msb from the OMAR has a falling edge when
the OMAR has incremented past 256 decimal. The ALL VALID{H} line, from register U153A, is
then used by the Controfler as an indication that all the addresses in the acquisition memory
contain valid data.

Even Write-Enable Generator

Data must be clocked into the even acquisition memory at the same rate it is clocked out of the
even register. However, because of propagation delays and set up times, the same clock cannot
be used for both purposes. The even write-enable generator generates a new clock from the
EVEN REG CLK(H) to be used by the even acquisition memory. The EVEN WE(L) output of the
write-enable generator has two special characteristics: its rising edge is delayed for a specified
time after the rising edge of the EVEN REG CLK(H), and the pulse is high for a specified period of
time independent of the EVEN REG CLK(H). Figure 4-32 shows a timing diagram for one cycle of
the write-enable generator.

Inverter U435A inverts the EVEN REG CLK(H) so the rising edge of the clock becomes a falling
edge. The falling edge is integrated by RC network R325, C351, C352, and C345. When the
integrated signal goes below the TTL threshold level, inverter U346A outputs a high. When the
EVEN REG CLK(H) goes low, inverter U435A outputs a high that is passed through diode CR352
to charge the capacitors. This section of circuitry is now ready to receive another EVEN REG
CLK(H) rising edge.

The output of inverter U346A clocks register U155A. If RAM DIS(H) is low (which means acquisi-
tion is enabled), the Q(L) output of U155A goes high when it is clocked. The Q{L) output is
inverted by U346F, which outputs a falling edge. The falling edge is integrated by R156, C156,
C158, and C243. When the integrated signal falls below the TTL threshold level, buffer U151A
outputs a low, which sets register U155A, Setting the register forces QL) low s¢ inverter U346F
outputs a high. This high output charges Ci56, C158, and C243 through diode CR156. As the
capacitors charge, the output of buffer U151A goes high, so the register is no longer set. The
register is now ready to receive another clock pulse from inverter U346A.

Input f
Qutput Y
mput — e

4354

U346A
Gutput [
L1554
Qin f 3
Input f
U151A P
Qutput \
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U155A
Q \ /
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Figure 4-32. 91A32 even write-enable generator timing diagram.
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Jumpers W245 and W445 give the write-enable generator a broader adjustment range. If the
pulse delay or duration is too short, a jumper may be placed to disable capacitors C345 andfor
C243. If the delay or duration is too short, the straps may be placed to enable these capacitors.

Qdd Write-Enable Generator

The odd write-enable generator provides write-enable pulses for the odd acquisition merory. The
odd write-enable generator is functionally identical to the even write-enable generator. Refer 1o
the even write-enable generator circuit description for more information.

81A32 WORD RECOGNIZER

Even Word Recognizer RAM

The even word recognizer RAM (U465, U471, U478, and U485} is designed to look for specific
words that are output on the EW0—EW31 bus.

To understand how the RAM is used for word recognition, consider the memory as an addrass-
able register. The memory is programmed by writing 1s in all the addresses that correspond to
the words to be recognized, and Os in all other addresses. After programming, the stream of data
containing the word to be recognized is used to address the RAM. When the RAM outputs a 1,
the word is recognized.

Since the words to be recognized may have X (don't care) as an element, programming becomes
slightly more complicated. If the word to be recognized is 10100110, a singie 1 must be written
inte memory. If X010011G is to be recognized, 1s must be loaded at both addresses 00100110
and 10100110. If XX100110 is to be recognized, 1s must be loaded at {four different addresses.
So, if XXXXXXXX is to be recognized, all 256 addresses must have 1s written in them.

Since 32 bits have to be recognized, four 8-bit RAMSs are used. Each RAM recognizes eight of the
32 bits involved. All four of the RAMSs must recognize their words at the same time for triggering
o ocaour,

Each RAM is used to recognize three different words: Event 1, through the D1 lines; Event 2,
through the D2 lines; and Event 3, through the D3 lines. The D4 lines are for future expansion.

QOdd Werd Recognizer RAM

The odd word recegnizer RAM (U468, U475, U481, U488) is functionally identical to the even
word recognizer RAM. For further details, read the even word recognizer RAM circuit description.

Word Recognizer Multiplexer

Since all four word recognition RAMs must output high signals at the same time for a word to be
recognized, the outputs of the RAMs are NANDed by U675, U681, UB8S, and U688. The ocutput
of a NAND gate goes low to signal word recognition.

The data from the probes was divided into iwo alternating sides—even and odd. These two sides
are clocked 180° out of phase with each other. Since word recognition from either the even or
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odd side is vaiid, the word recogrition signals from the two sides are multiplexed so there are only
three word recognition signals, not six. (The fourth word recognition signal, through NAND gates
UBBBA and B, is not used.} The word recognition signais are multiplexed by U871. The output of
the multiplexer is clocked through register U545A.

The signals from register 545 will be masked out by NAND gates U541A, B, C, and D if WD
REC EN(H} is low. if WD REC EN{H) is high, the signals are inveried by these NAND gates and
passed onto the high speed bus on the Interconnect board.

Exclusive-OR gate U645A has EVENT2(H) and EVENT3{H) as inputs. The output of U645A can
be read by the Controller board. This is used during diagnostic exercises 1o see if the EVENT2(H)
and EVENT3(H} lines are acting properly.

P6452 DATA ACQUISITION PROBE

The data acquisition probe is used by the 91A32 and 91A08 acquisition modules as well as the
Trigger/Time Base. The probe is used tc acquire quaiifier signals and data to be stored. Refer to
the probe circuit description immediately following the circuit descriptions of the instrument mod-
ules for more details.

91A08 DATA ACQUISITION MODULE

The 91A08 Data Acquisition Module can acquire eight independent channels of information at
speeds up to 100 MHz. The module has a single-word event recognizer for triggering, stores up
to 512 data words, and recognizes and stores glitches. All of the component numbers used in the
91A08 module circuit description are assumed to have an A13 preface.

This circuit description will be divided into several sections. The section divisions are by schematic
and then by functional blocks on the schematic. Numbers in diamonds refer to the numbers on
schematics tabs in the diagrams section. Those schematics should be referred to while reading
the circuit description. For an overview of the 91A08 acquisition module's circuits, refer to the
81A08 in the General System Description earlier in this manual.

91A08 CONTROLLER INTERFACE

The 21A08 controller interface takes data from the Controller board and sends it to appropriate
registers by decoding the lowest four bits on the address bus and interpreting BWR(L}, PORT(L},
and BRD{L) from the Controller board. The interface also takes data from the module and writes it
on the data bus at the command of the Controlter beard.

For example, suppose the Controller board is reading the probe status. The address bus has 9
hexadecimal written on the least significant four bits. This address is inverted to 6 hexadecimal by
U671A—C, and H. Simultaneously, PORT(L) and BRD{L) go active. This action enables decoder
U675, which decodes the address bus so that YB&(L) (pin 9) goes active. Pod status register U678
is then enabled and lets data onto the data bus. The writing procedure is similar, except the
BWR(L) and PORT{L)signals must be active to enable U171. Table 4-24 shows which registers
are connected io the data bus by each hexadecimal address and the BWR(L), BRD(L), and
PORT(L) lines.
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Table 4-24
91A08 Controller Interface Map
Hex ICs Affected
Addr RESET | BWR | BRD | Port Line Name u# Schem.#
XXX0 X X L L. CARD ID(L) U695 26
XXX X X L L POD STATUSIL) U678 26
XXX1 H L X L THRESHOLD{L) U118 26
XXX2 X X L L MOS STATUS(L) U681 26
XXX2 H L X L CLK SEL({L) U131 30
XXX3 X X L L MAR RD{L) U175D 26
XXX3 X L X L MAR LD{L) U255 & U258 29
XXX4 X X L L  MEM RD(L) U175D & B 26 & 29
XXX4 X L X L MEM LD{L) U175B 29
XXX5 X X (W L DIFFO{L) U688 30
XXX5 X L. X L DELAYO{L) U155 31
XXX6 X X l. L DIFF1{L) uea 30
XXX6 X L. X L DELAY1{L) U151 & U145 31
XXX7 H L. X L WD REC DATA(L) U125 27
XXX8 H L X L. WD REC CONT(L) U128 27
XXXA H L X L GLITCH CONT(L) U121 27
XXXB H L X L. TRIG CONTIL) U135 31
XXXC H L X L QUAL MEM CONT{(L) U141 29

+3 V Power Supply

The +3 V power supply is used for biasing ECL. circuits on the 91A08. Since +3 V is not supplied
by the power supplies, it is created on the module by this +3 V switching current pump.

In ECL circuitry, the +3 V biasing supply tends to float up to +4 V. The +3 V supply must then
dispose of surplus current to keep the supply at 3 V. This supply disposes of the surplus current
by bootstrapping it into the +5 V supply. The +5V Power Supply Module that is driving the
91A08 then adjusts for the extra current to maintain the 45 V regulation.

Resistors R399, R397, and R398 form a voltage divider to give a 43 V reference to comparator
U298A. The non-inverting pin of the comparator is connected to the +3 V line through R392.

Whenever the +3 V goes over-voltage, the output of comparator U298A goes high, which turns
on Q298 and turns off Q297. This raises the base voltage at Q295, and the side of L2980 tied to
Q295 is pulled to ground.

When the side of L290 that is attached to (4295 is pulled to ground, current flows from the +3 V
supply into L290. Because of the inductance of L290, most of the current drawn is stored in the
magnetic field of the inductor rather than going through Q295 to ground.

When inductor L290 has drawn enough current, the +3 V line drops below the reference voltage.
This reverses the above procedure, halting conduction by Q295. (Resistors R392 and R396
provide hysteresis so the regulator does not oscillate.) When Q295 stops conducting, L2920 stops
drawing current from the +3 V supply. However, there is still a magnetic field around L290 that
stores the energy previously pulled out of the +3 V supply.
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The magnetic fiefd around L2890 starts to collapse when Q295 stops conducting, so L290 is
forced to dissipate as much power as it absorbed from the +3 V supply. The only place that the
power can be dissipated is through CR291 into L292. The result is that L290 forces out a pulse of
current at +5 V, which goes through CR2981 into the +5 V supply. L292 evens out the current
spikes coming through CR291 to ease regulation of the +5 V supply,

Comparator U298B works as an over-current sensor by monitoring the voliage across R191. If
Q295 is conducting too much of the time, the current through L290 wiil become great enough to
activate this comparator and shut down Q2985.

Probe Threshold

The 91A08 controller interface writes level-setting information to digital-to-analog converter (DAC)
U118. THRESHOLD(L) clocks the level-setting information into the DAC. The DAC outputs cur-
rent that is converted to voltage by op amps U101 and U201.

The VREF- input of the DAC is supplied by op amp U211. U211 compensates for differences
between the DAS ground and the ground of the circuit under test. VREF 4+ is set by variable
resistor R110. The voltage at VREF + is set by adjusting the potential between TP106 and TP111
to 1.60 V with the greatest possible accuracy. This voltage sets the current supplied if the most
significant bit is set. Less significant bits are controlled by an internal current divider.

10(H) and 1O(L) are the DAC outputs. IO(H} is a current sink that is proportional to the 8-bit input.
1O{L) sinks a current proportional to the one’'s complement of the 8-bit input. The sum of these
currents is constant. The constant current is set by Zener diode VR106 and variable resistor
R110.

The current out of the IO(H) pin of the DAC is converted to a voltage by each of op amps U101
and U201. The offset voitage of each op amp is set with trimmer potentiometers.

Solid state switch U115 controls whether op amp U201 acis as a voltage follower (switch open)
or as a voltage multiplier (switch closed). When a switch is closed, the inverting input of U201 is
controlied by a voltage divider (R202 and R203) that sets the inverting input to 1/4 of the output
voltage of the op amp. If a switch is open, the voltage divider is disconnected from the ground
reference so the op amp acts as a voltage follower (because the feedback resistance matches the
input resistance).

The output of U201 controls the threshold voliage of the data acquisition probe. The output of
U101 controls the threshold voltage of the 100 MHz Clock Probe.

91A08 DATA RECEIVERS

Data Probe Receiver

Each of the inputs from the data acquisition probe is level converted by a differential amplifier. All
of the data inputs and the qualifier are then run through delay lines. This allows the clock to be set
up by the clock selector and used when the corresponding data arrives at the glitch detect
circuits.
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Glitch and Word Recognizers

All glitch recognition and word recognition is performed by M218 integrated circuits U228, U325,
U225, U328, U321, U221, U318, and U218. All the one-bit channels are identical, so only one
channel will be described. Each M218 has severai control lines. These control lines come from the
word/glitch trigger control block. The pin numbers in the following list refer to the M218 1Cs in the
glitch and word recognizer block.

e GRFIN (pin 15) is held high if glitch triggering is set on this probe bit; otherwise it is held low.
s WRFIN {pin 7) is held high if this probe bit is part of a data word to be recognized.

= PH/L (pin 8) is high if this probe hit must be high for word recognition. If this probe bit must be
low, the PH/L bit is low.

o CLOCK {pin 1) is used 1o clock out data and to reset the glitch sensor.
o DIN (pin 12) is for the data bit coming from the probe.

o DOUT (pin 3) shifts out the data that was present at DIN. GOUT (pin 2) goes high if there was a
glitch in the DIN line inside the previous clock cycle.

o WR(L) {pin 8) is active if the previous probe data was the proper polarity for word recegnition
and the WRFIN line is high. Each WR(L) line is wire-ORed with three other WR(L) bits.

o GR bit (pin 14) becomes active if a glitch is detected and the GRFIN bit is high. Each GR line is
wire-ORed with three other GR bits.

Word/Glitch Trigger Controi

Three data registers in this block control the triggering for the 91A08. Registers U128 and U125
control triggering on data words, U121 controls triggering on glitch detection. (Also refer to the
glitch and word recognizers circuitry.)

91 A08 data word triggering consists of two parts:

* whether a bit is watched or ignored {care or don't care)

¢ whether a bit must be high or low to cause triggering.

U128 controls whether a bit is watched or ignored. If a bit is to be ignored, the corresponding line
out of U128 writes out a jow voltage. If a bit is watched, the corresponding line is high.

U125 controls the state each bit must be in (high or low} to cause a trigger.

U121 controls whether or not detecting a glitch on a line is a triggering condition.
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91A08 ACQUISITION MEMORY

Even Acquisition Memory

The even register (U241, U238, U235, and U231} is clocked at one half the selected clock rate,
clocking every other set of data from the probes through the even register.

AND/NAND gates U355, 251, 248, and 245 usually mask out the data on the ECLDO—ECLD7{H)
bus because the ECL MEM ACC EN(L.) line is high. However, whenever the Controller board
needs to write data into the acquisition memory, it can do so through these AND/NAND gates.

For the Controller board to write data into the even acquisition memory, the ECLL MEM ACC
EN(L) line is pulled low. The data to be loaded into the memory must now be placed on the
ECLDO—ECLD7{H) bus. The Controller also sets the address to be loaded and, finally, pulses the
EVEN WE(L) line. For more information, refer to the memory read and load circuit description
{schematic 29).

The even acquisition memory (U285, U281, U278, U271, and U268) stores alternate sets of data
from the probes. The other sets of data are stored by the odd acquisition memory. This format of
data storage is illustrated in Figure 4-33.

Clock ___f\ N N 5 N
Even Data X X X
Odd Data X A

3625-329

Figure 4-33. Data demultiplexing timing diagram.

The acquisition memory is loaded from the even register with 8 data bits, 8 glitch recognition bits,
and 4 miscellaneous bits. While acquiring data, the WE(L} lines are all enabled by the even write-
enable generator (schematic 29). The memory can store 256 sets of data for future readback.

The Controller board can only read data 8 bits at a time. The acquisition memory is divided into 3
bytes for readback purposes. Each byte can be read back by writing a low on the BS0O—BS2(L)
bus to the byte to be read.

Odd Acquisition Memory

The odd acquisition memory stores the alternate sets of data that are not stored by the even
acquisition memory. The odd acquisition memory is functionally identical to the even acquisition
memory, except for being clocked by QDD WE(L) rather than EVEN WE(L). For further details,
refer to the even acquisition memory circuit description.

91A08 MEMORY AND QUALIFIER CONTROLS

Qualifier and Memory Control Register

This register is loaded with data from the 91A08 controller interface. The outputs of this register
control the behavior of many of the qualifier and storage circuits.
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Memory Read and Load Circuitry

These circuits allow the Controller board o read from or write to the acquisition memory. To do
this, MEM ACC EN(H) goes active and MEM RD(L) (to read memory) or the MEM LD({L) (to write
into memory) go active.

Every time MEM RD(L) or MEM LD{(L) go active, counter U578 increments by one. When the
counter hits 1000 binary, it gets loaded with all zeros so it can start counting up again.

The counting is decoded by U581 and then buffered by U585 to provide the BS0—BS8(H) bus.
The end result is, every time a MEM RDB{L) or MEM LD(L) is selected, while MEM ACC EN(H) is
active, the BS0—BS6(H) bus gets advanced cne position unti! all six bus lines have been en-
ahled. Then the first bus line is enabled again.

In the event that the Controlier board needs to foad an address into the address counter, the
MAR LDO{L) line goes active. This starts the astable multivibrator built around Schmitt trigger
U181B. The multivibrator wilt run for seven cycles and then be stopped by the QD output of
counter U591B. The QA and QB outputs from counter U591B drive EVEN CLK(H) and ODD
CLK{H) through flip-flop U528B. While the astable multiviprator is running, memory address regis-
ters U285, U258, U265, and U465E—F are loaded with whatever data is present on the
ECLDO—ECLD7{H) bus.

Memory Address

The memory address registers control the address where data in the acquisition memory is read
or written.

The output of even memory address register (EMAR) U258 and U255 is used to address the even
acquisition memory. The output from the EMAR is also clocked into odd memory address register
(OMAR) U261 and U255C and D by the ODD CLK({H} {the complement of EVEN CLK(H)). The
OMAR output is used to address the odd acquisition memory. The OMAR output can also be
read back by the Controller board through comparators and a tri-state buffer (these are seen on
schematic 26).

The initiai value in the EMAR is loaded by the memory read and load circuitry, discussed
previously.

The most significant bit of the OMAR {pin 7 of U485) clocks MAR overflow register U655B. The
CLR TRIG ECL(H) signal sets register U855B, so it initially has a high cutput. If the register gets
clocked, the output goes low and does not change with future clock inputs.

The msb from the OMAR has a falling edge when the OMAR has incremented past 256 decimal.
MAR OVERFLOW{(H) from register U655B is then used by the Controller as an indication that alil
the addresses in the acquisition memory have vatid data written in them.

Qualifier Logic

PRB QUAL HI/LC determines the active state of QUALIFIER{H) by either setting register U518A
or resetting U518B. The active state of INH PRB QUAL(H) disables QUALIFIER(H) entirely by
causing both registers US18A and B to always write low signals.
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QUALIFIER(H) is applied to the inputs of registers US81A and B, and possibly gets clocked
through. When QUALIFIER(H) is at the selected state, the enabled register clocks out a high. This
stops register U528B from transmitting the EVEN CLK(H) and QDD CLK{H) signals (through
exclusive-OR U525C). The 91A08 QUAL BUS(L) signal can alsc stop the even and odd clocks in
the same way. The even and odd clocks drive the acquisition memory, so stopping them stops
data acquisition.

Even-Odd Clock Generator

Register U528B is a divide by two. It drives the EVEN CLK({H) and ODD CLK(H) signals alternate-
ly at half the speed of CLK B(H). These clocks allow data to be written to the two acquisition
memory sides alternately.

Even Write-Enable Generator

Data must be clocked inte the even acquisition memory at the same rate it is clocked out of the
even register. However, because of propagation delays and set up times, the same clock cannot
be used for both purposes. The even write-enable generator generates a new clock from EVEN
CLK(H) to be used by the even acquisition memory. The output of the write-enable generator has
two special characteristics: its rising edge is delayed for a specified time after the rising edge of
the EVEN CLK(H), and the pulse is high for a specified pericd of time independent of EVEN
CLK(H). Figure 4-34 shows a timing diagram for one cycie of the write-enable generator.

If the data from inverting-input OR gate US51C is low and register US61A is being clocked, the
register and two comparators works as a single-shot multivibrator. Keep in mind that ECL logic
can source current but cannot sink it, and the inputs are high impedance.

The EVEN WE(L) signal is generated whenever a low is clocked into the D input of U561A. The
Q(H) output then goes low. Previously, the Q(H) output was high, which charged up C656. When
the Q(H) output goes low, C656 starts to discharge through R661, which controls the puise delay.
When C656 discharges to V,,,, comparator US58A has a rising edge on its inverting output. This
edge does three things: it charges C857 high; it is inverted by U558C to provide a low output on
EVEN WE(L): and it is written, through U558C, to the set pin of register US61A.

A set-active signal forces the Q{H) output of U561 A high, which charges CB856 high and is inverted
by US58A. The low output from U5S58A causes C671 to discharge through R658, which deter-
mines the pulse width. After C658 discharges to V,, US58C puts a high on its inverting output.

Clock pin ____f_w
D pin
5 pin |
0 pin \ f{
nondinverting input -~ e
Us58A {

UsG1A

inverting output 1
non-invertinginput e
Us58C
irverting output _—‘\—)(__—__—

3625-330

Figure 4-34. 91A08 even write-enable timing diagram.
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This ends the EVEN WE(L) pulse, and writes a low to the set pin of US61A, so the next clock
pulse can be excepted. Refer to Figure 4-34 for a timing diagram of the generation of a WE(L)
pulse.

If ENABLE LOAD{H) is active and neither MEM RD(L} ncr MEM LDI(L) is active, a high is written
out of AND gate U455C. This high line disables the clock on register U561A. Otherwise, register
U561A is clocked by EVEN CLK{H). If either MAR LD(L) or INH WR EN(H) are active, inverting-
input OR gate U551C will output a high and the write-enable generators will be disabled.

Odd Write-Enable Generator

The odd write-enable generator provides write-enable pulses for the odd acquisition memeory. The
odd write-enable generator is functionally identical to the even write-enable genarator. Refer to
the even write-enable generator circuit description for more information.

31408 CLOCKS AND DIFFERENCE COUNTER

Clock Select Contrel Register

This register selects the clock used to clock the 91A08 module, and the clock used by the
difference counter. The register is loaded with data from the TTLDO—TTLD? bus by the 91A08
contreller interface.

180 NiHz Clock Probe Receiver

Signals from the 100 MHz Clock Probe enter the 91A08 module through J300 and are passed
through an adjustable delay line. This delay line is a coax cable that is connected between J302
and J705. The length of the coax is adjusted so the acquired data has the proper setup time
before being clocked in. U701, G601, and Q602 then adjust the threshold of the singie-ended
signal from the clock probe, and convert it to differential ECL.

Clocik Selectors

The clock selector circuits select the clock to be used for acquiring data, and select the triggering
functions in the 91A08. CLKSELQO(H), CLKSEL1{H), and CLKSEL2(H) are coded in octal to enable
the appropriate clock. See Table 4-25 for a code listing. These signals are decoded by U605
which then passes the selected clock.

Table 4-25
91A08 Clock Selection Code
Octal Octal
Code Selected Clock Code Selected Clock
1 91A32 INTL CLK(L) 4 91A08 INTL CLK(L)
2 CKL1(H) 5 PRB CLK{(L)
3 CKL1(L) i 6 PRB CLK(H)
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If there are both 91A32 and 91A08 type modules in the same DAS configuration, they may be
made to trigger at different times. The difference counter counts how many clock cycles there are
between the two trigger times. The time difference is measured in terms of the clock that drives
the master 21A32 module(s) {either the 91A32 internal clock or either edge of external CKL1). The
91A32 INTL CLK SEL({L), S8EL CLK1 NOT(L), and SEL CLK1(L) signals control which clock is
used for the difference counter. The selected clock then passes through one of the inverting-input
NAND gates in U435.

Start-Up Circuit

The selected clock has a three cycle wait/start up control circuit consisting of AND gate U4558
and three registers, U441B, U415C, and U415D. All three registers are held set by AND gate
U455B until the START ACQ(H) signal goes high, or the PUT 91A08 TRIG ON EVENT 1(L) signal
goes low. The three registers then start clocking through the inverted (by U541B) START ACQ{H)
signal.

When START ACQ(H) goss high, these registers start clocking through a low. When the low is
clocked out of the last register (U415D), the low enables the NOR gates in U615, which then
transmit the sefected clock.

91A08 Clock Drivers
The selected clock is sent to the rest of the 91A08 module through the gates in U615 and U511,

Start Delay Flip-Flop

Start delay flip-flop (U415A) prevents data acquisition for one clock cycle after the clocks are
enabled. This syncs the 9TAC8 module to the 91A32 modules, and prevents an off-by-one error
by the MAR overflow flip-flop {U655B on schematic 29).

Before the 91A08 clock starts to run, the CLR TRIG ECL(H}) line sets U415A sc the Q(H) output is
high. When the first clock comes out of U511, it clocks & low out of U415A so the 91AQ8 can start
acquiring data. The start delay flip-flop can be over-ridden by the 81A32 ECL QUAL EN({H) signal,
because the 81A32 QUAL bus will then give the 91A08 the proper starting time.

Difference Counter

If there are both $1A32 and 91A08 modules in the same DAS configuration, they may be made to
trigger at different times. The difference counter counts how many clock cycles there are between
the two trigger times. The time difference is measured in terms of the clock that drives the master
91A32 module(s) (either the 91A32 internal clock or either edge of external CLK1). The selected
clock comes from one of the inverting-input NAND gates in U435 and is translated to TTL by
Q644 and Q645, which drive counter U588.

The counter is enabled threugh OR gate U431B, which is inverted and translated to TTL by Q571
and Q572. The 91A32 TRIG 0(L) and the 91A08 TRIGRD(H) signals are inputs 1o the OR gate.
Before the difference counter starts, the 81A32 TRIG 0O(L) signal is high, which prevents the
counter from starting. After the 91A32 modules finish the trigger sequence, the 81A32 TRIG 0(L)
line goes iow and the difference counter starts. When the 91A08 module finishes its trigger
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sequence, 91A08 TRIGRD{H) goes high. This stops the difference counter through the ENP pin of
U588. Also, if the most significant bit of counter U595A goes high (the difference counter hits
8000 hexadecimal), the counter is stopped by inverter U185D.

The state of the counters can be read on the data bus through buffers U688 and U691.

Miscellaneous Input

The misceilanecus data stored in the 91A08 acquisition memory is used to decode how data
acquired by the 91A08 corresponds to data acquired by 91A32 modules. This information is used
particularly when the DAS is in 91A32 ARMS 91A08 mode. 91A32 QUAL(H)} is clocked through
register U445B to be stored in the acguisition memory.

The clock used by the master 91A32 module {91A32 internal clock, CLK1 rising edge, or CLK1
falling edge} is also stored in the 91A08 acquisition memory so 81A08 data can be synchronized
with $1A32 data when the boards are running at different rates.

91A08 TRIGGER @

Trigger Control Register

This register selects the triggering mode of the 91A08 module. The register is loaded with data
from the TTLDO—TTLD7 bus by the 91AQ8 controlter interface.

91A08 Trigger

The word recognition (WRO(L) and WR1(L)) and glitch recognition {GRO(H) and GR1(H)) signals
come from the glitch and word recognizers section of schematic 27. These signals are pipelined
for one clock pulse by registers U425A and U421A, and then the similar lines are wire-ORed
before being delayed one or mare clock pulses by register U528A and C.

The resultant glitch trigger signal from U528A is placed on the 91A08 GLITCH BUS(H). If DE-
LAYED QUAL(L) is low, the glitch trigger signal will be inverted by NOR gate U625F: otherwise,
the glitch trigger signal is masked out. The output of UB25F is passed to the input of UG25A
where it may be masked out by either EN GLITCH OR(L} or DELAYED QUAL(L). If the glitch
trigger signal makes it this far, it is wire-ORed with the word recognizer signal from U625C and
passed on to register US21B.

The outputs of U625A and C go to the D input of register U521B. If this register is allowed to
clock through the signal {controlled by the arm 91A08 trigger section and the pipelined internal
timing sequencer), it outputs the 81A08 TRIGRD(H) signal. If a low (active) signal is clocked out of
the QL) output of register U5218B, inverter U525A re-inverts the signal and places it on the D
input. This latches-up the register so it stays triggered until it is reset.

Table 4-26 shows how the triggering control lines are set for the different triggering modes.
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Table 4-26
91A08 Triggering Modes
Mode EN GLITCH OR({L) IGNORE GLITCHES

Glitches L H

Off
Glitches L. L

On

Arm Trigger

The arm trigger circuits determine whether a trigger signal can pass through U521B and whether
the 91A08 trigger is used by the Trigger/Time Base. The circuit is controlled by ARM 91A08
TRIG(L), ARM 91A08 ON 21A32 TRIG(H), and 91A32 TRIG O(H). Table 4-27 shows how the
arming control signals are set for various arming modes.

Table 4-27
91A08 Arming Modes
PUT 91A08 ARM 91A08
ARM 91A08 TRIG ON ON 91A32
Mode TRIG(L) EVENT 1(L) TRIG(H)

91A32 ONLY H L H
91A32 AND 91A08 L H L
91A32 ARMS 91A08 L L L
91A08 ONLY L L. L

The ARM 91A08 TRIG(L) and ARM 31A08 ON 91A32 TRIG(H) signals control whether register
U5218B is held reset, or may not be reset, or is held reset until 91A32 TRIG 0(H} goes high. This is
done through gates U431C and D, U438B and C, and U451C and E,

Put 91A08 Trigger on Event 1

The word recognizer signal from U528C is placed on the 91A08 DATA WR BUS(H)} where it will
be clocked through U251A unless the PUT 91A08 TRIG ON EVENT 1{L) signal holds the register
reset. The output of the register is then put on the EVENT 1(H) bus of the Interconnect to be used
by the Trigger/Time Base board.

Pipelined Internal Timing Sequencer

This section of circuitry controls the qualifier lines to various parts of the 91A08 and creates
DELAYED QUALIL). The pipeline is necessary because the qualifier and word recognition signals
caused by acquired data and glitches are not processed on the same clock cycles.
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Refer to Figure 4-35, which shows how the pipelined internal timing sequencer relates to the rest
of the $1A08 module,

. 91A08 QUAL BUS .

DELAY

Us21C Us15A Us15B COUNTER
START . QUAL —-‘j“\ 7 a 3 o DELAYED QUAL = e
. CLKE > CLKB > CLK B CLKE
91A08 QUAL BUS QUAL Z 3 FREEZE
| QUAL
usz2ig ]
TRIGGER RECOGNIZED 91A08 TAIGRD Us21E
I o el
CLKB
= 91A08 THIGRD

B

A625-331

Figure 4-35. Simplified trigger shutdown circuit diagram.

The pipelined internal timing sequencer is initiated at start-up time as shown in Figure 4-36. The
presetting of the pipeline is done by the CLR TRIG ECL(H) line.

CLK B {H) e VY e VY e W S WSV St U
91A08 TRIGRD {H)

@]
¢}

QUAL (H)

QUAL (L]

CLR TRIG ECL {H} f

—
—

usisa,Q [ ¢ .
us1sa. Qi — .\ () —
usisg.Q 0 o
3625-332

Figure 4-36. Initiating the pipelined internal timing sequencer.
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If the qualifier goes low (stops storage) before the trigger occurs, the pipeline performs the
actions diagramed in Figure 4-37. This causes the DELAYED QUAL(L) line to go high two clock
cycles after the qualifier signal goes low. When the qualifier line returns high, the DELAYED
QUAL(L) signal returns low after one clock cycle.

CLK B {H) A VY A IR A U S R
91408 TRIGRD (H) O

auaLty v T

QuaLy [T 9=

CLR TRIG ECL (H)

()
)

Us15A, G ! \
U515A, Q (L) \ 0 f
usisg, q f a \

3625.333
Figure 4-37. Qualifying before triggering the pipelined internal timing sequencer.

After trigger conditions have been fulfilled, the 91A08 TRIGRD(H) and 91A08 TRIGRD(L) signals
go active. If QUAL{H) and QUAL(L) are active, the output of the pipeline does not change from its
previous output. The inputs to OR gate U621C and inverting- input AND gate U621E change, but
the outputs do not change.

After the trigger occurs, if QUAL{H) goes low, both the J(L) and the K(L) inputs to both registers in
the pipeline go high. This is caused by the gates in front of the inputs to the registers. Writing high
to both the J(L} and K(L} inputs of a register locks up the register so it will continue to output the
previously logged-in data. This action prevents the low condition of QUAL(H) from passing
through the pipeline and changing the DELAYED QUAL(L) state.

Lower 1/4 Delay Counter

The delay counter allows the 81A08 to delay the time when acquisition is stopped by a preset
number of clock pericds. The delay counter is divided into two portions, the lower 1/4 and the top
3/4, because the lower section must operate faster than the top part. The lower 1/4 is therefore
designed with ECL, while the top portion is TTL.

The lower 1/4 of the counter, U428, is loaded with a delay value by the 91A08 controller interface.
When the EN LD DELAY O(H) is high, U428 is loaded with the lowest four bits on the
ECLDO—ECLD?7 bus.

Once lpaded, the counter increments cnce with every rising edge from CLK B(H) unless it is
disabled through pin 6. The counter is disabled by the 91A08 TRIGRD(L) signal OR the QUAL(L)
signal OR the DELAYED QUAL(L} signal. This means the counter cannot increment until the
91A08 has triggered, and then it cannot increment unless the data being acquired is qualified.

The Q3(H} output of the lower 1/4 counter clocks the UP({H)} line of the top 3/4 of the delay
counter.
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The end of the delay count is also detected in this circuit block. When the top 3/4 of the delay
counter outputs ali high values, a high is written to inverter U541C. The low out of U541C is
translated to ECL levels and ORed with QUAL(L) by U431A. The output of U431A is wire-ORed
with the terminal count pin of U428 and set fo the D input of register U518B. So when the count is
not yet completed, register U518B clocks through high values. When the terminal count is
reached, the D input of register U518B drops low, clocking through a low, causing the 91A08
STOP STORE(L) signal to go active. Simuitaneously, U518B pulis up on the 91A08 QUAL
BUS(L} line so ail 91A08 modules in the system are stopped from acguiring data.

Top 3/4 Delay Counter

The delay counter allows the 91A08 to delay the time when acquisition is stopped by a preset
number of clock periods. The delay counter is divided into two portions, the lower 1/4 and the top
3/4, because the lower section must operate faster than the top part. The top 3/4 is therefore
designed with TTL, whiie the lower 1/4 is designed with ECL.

The top 3/4 of the delay counter (U155, U145, and U151) is loaded with a delay value by the
91 AQ8 Controller interface. When DELAY O{L) is active, U155 is loaded with the highest four bits
on the TTLDCO—TTLD7 bus. When DELAY 1{L} is active, U145 and U151 are toaded with the
value on the TTLDO—TTLD7Y bus.

The Q3 output of U428 suppties the up count clock for the top 3/4 delay counter. The signal from
U428 is converted from ECL to TTL by transistors Q151 and Q152.

The outputs of the top 3/4 delay counter pass through open collector buffers. The outputs of
these buffers are wire-ANDed and sent back to the lower 1/4 delay counter, where the end of the
deiay count is detected.

PATTERN GENERATION
DETAILED CIRCUIT DESCRIPTIONS

P6455 TTL/MOS PATTERN GENERATOR PROBE

The pattern generator probe uses data from a pattern generator or a pattern generator expander
o create 8 bits of data, a clock, and a strobe that can be used to stimulate external circuits. The
probe output has variabie high and low levels and can also go to a high impedance state. See the
detailed circuit description following the descriptions of the instrument moduies for more details.

91P16 PATTERN GENERATOR

The 21P16 Pattern Generator can stimulate sixteen different logic lines at rates up to 25 MHz.
Patterns are specified by means of a special purpose programming code and can contain a non-
repeating pattern of 2566 words, or repeating patterns of much greater duration. For an overview
of the circuits in the paltern generator, refer to the 91P16 Pattern Generator in the General
System Description.
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This description is divided into several sections. The section divisions are by schematic and then
by functional blocks on the schematic. Numbers in diamonds refer to the numbers on schematics
tabs in the Diagrams section. Refer to those schematics while reading the circuit descriptions. All
of the compenent numbers in the 91P16 module’s circuit description are assumed to have an A14
preface unless otherwise noted.

91P16 CONTROLLER INTERFACE @

Controller Interface

The 91P16 contrcller interface takes data from the Controller board and sends it to appropriate
registers and RAMs by deccding the lowest 4 bits on the address bus and interpreting BWR(L),
PORT(L), and BRD{L) from the Controller board. The interface also takes data from the module
and writes it on the data bus at the command of the Controller board.

For example, suppose the Controller board is reading the pod IDs.The address bus has 1 octal
written on the least significant three bits. Simultaneously the BRD(L) and PORT{L) signals go
active. This action enables decoder U485, which decodes the address so pin 14 goes active (low).
The pod status register, U661, is then enabled and puts data on the data bus. The writing
procedure is similar, except the BWR(L) and PORT(L) signals must go active to enabie UB85.
Table 4-28 shows which registers are connected to the data bus by each hexadecimal address
and the BWR(L), BRD{L), and PORT{L) lines.

Tabile 4-28
91P16 — Controller Interface Map

Hex ‘ E ICs Affected
Addr BWR | BRD | PORT Line Name ._ U# Schem#
: : = e

Xxxt | X oL L | POD READ{L) 1 ues1 32
XXx2 . L | X | L [CNTLO{L) usgs 32
XXX3 ' L ] X | L |CNTL1{L) us81 32
XXX4 X L L | vCTR MEM RD(L) U371 32
XXX4 L X L |STB LD(L) U153 & U165 33
XXX5 L X L 1 xCO{L) U435 & U441 33
XXX6 L X L +xC1{L) U427 & U431 33
XXX7 L X L '"WCTR Q(L) U421 & 0425 36
XXX8 L X L | VCTR 1(L} U521 & Ub25 36
XXX9 L X L | SINGLE STEP{L) U617 35
XXXA L X L | VCTR PC LID{L) U367 & U471 34
XXXB L X L | uC PCLD{L) U445 & Us41 33
XXXC L X L [IRLDOL) U365C 35
XXXD L X L | STACK LD(L) U145 & U151 35

The 91P16 contrcller interface also holds ROM U481, which contains menus, instructions for

programing the 91P16 and 91P32 modules, and a record of the read back data at each address.
This ROM is selected to be read when the BRIXL), PERSONALITY(L), and SEL SLOT(L) signals
are all active. The ROM's data is then put on the data bus through buffer U485 when addressed
by BAD-BA12 (the address bus lines).
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The resistor packs, R595, R571, R695, and R597 are TTL-to-ECL converters.

2 A Currenti Source

The 2 A current source converts 1 Aat +12 V1o 2 A at +5 V. This is needed because the 91P16
module draws more current from the +5 V supplies in the mainframe than they can supply.

The current from the +12 V supply that is converted o +5 V passes through fuse F696. If the
fuse blows, the voltage drop across the fuse will turn on LED DS198 as a warning light. The
current drain from the supply is isolated from the +12 V supply by LC network L6395 and C498,

Q398 is the power transistor that switches pulses of 412 V current into inductor L494. Switching
is controiled by current-sensing comparator U198A through transistors Q196 and Q197.

Comparator U198A menitors for 2 A through R394 (a voltage drop of 0.2 V). When the compara-
tor senses that less than 2 A is flowing through R394, it outputs a high voitage. This high voltage
turns on switch transistors Q196, Q197, and Q398. The switch loads current into inductor L494.
The reactance of L494 stores the initial urn-on current and integrates the voltage pulse from the
+12 V supply. After the initial turn-on of the switch, L 494 starts passing more current until finally
2 A are flowing through R384. The current is sensed by the comparator, which turns off the
switch.

When the switch transistor 398 is turned off, the current stored in inductor L4984 is discharged
through R384. When the current coming from the inducter drops below 2 A, the comparator turns
on again, repeating the cycle.

The current through R394 follows a triangie wave. Notice that inducter L494, by integrating the
current, provides the hysteresis needed by the circuit. LC network L294 and C382 flatten out the
2 A supply further,

The circuit has no voltage regulation. The load provided by the 91P16 for the 2 A current source
guarantees that more than 2 A is needed to maintain the 45 V supply at +5 V. The remainder of
the necessary current is provided by the 45 V Power Supplies in the mainframe, which regulate
the voltage.

91P16 CODE MEMORY AND STROBES @

wCode Memory

The pCode memory, U427, U431, U435, and U441, is where the uCode is loaded into memory
and then recalled for deceding into instructions. The pCode is stored in a 13 x 258 bit format. The
memory is loaded from the data bus intc two different sets of RAM, the first eight bits by pCQ(L)
and the last five bits by ¢C1(L). The address being loaded is set by registers U445 and U541.

While the pattern generator is running, registers U541 and U445 are loaded with 00; so the
pCode memory is addressed through ECL program counter bus ECLPO0—ECLP7(H) which comes
from the instruction multiplexer (schematic 34). The data in the uCode memory then goes to the
instruction register. Table 4-29 shows how the pCode is decoded. (In Table 4-29 sth — sirobe,
sel = select, and int = interrupt.)
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For the COUNT, REPEAT, and HOLD instructions, the lowest three bits of the GOTO FIELD(H)
specify an address in the clock control RAM (see the clock control RAM circuit description).

If the Cntl Field contains 11 binary, the GOTO FIELD{H) is ignored. If the Cntl Field contains 01 or
10 binary, the value in the GOTO FIELD(H) is used as the new paosition for the program counter.
Instruction Register

The data in the pCode memaory goes to registers U451, U453, and U467A. All these registers are
clocked by the IR CLK{H) and write their data to the appropriate circuits for decoding.

Table 4-29
Pattern Generator uCode Decoding
bit12 11 10 9 8 7 hit 0
1 0 tri- sth stb 7 6 5 4 3 2 1 0
Cntl Field state 1 sel 0 sel GOTO FIELD

Bits 12 and 11 —— The Cntl Field, CO(H) and C1(H), regulate what action is performed by the
pattern generator. The decoding is as follows:

00 — ADVANCE, COUNT, REPEAT, HOLD, or HALT (determined by the contents of the

GOTO FIELD).
01 — GOTO The GOTO FIELD{H) contains the the value that the program counter is
10 — CALL adjusted to.

11 — RETURN adjusts the program counter to the value at the top of the stack.

Bit 10 — The INT TRI ST(H) bit goes high to indicate that all of the pattern generator’'s probe
outputs should present a high impedance to the circuit being stimulated.

Bit 9 — The STB1 SEL{L) bit signals the pattern generator that strobe 1 should start.
Bit 8 - The STBO SEL(L) bit signals the pattern generator that strobe 0 should start.

Bits 7 through 0 — The GOTO FIELD(H) is decoded according to the contents of the Cnt! Field,
CO(H) and C1(H). If the Cnil Field is 00 the GOTO FIELD is decoded as follows.

GOTO FIELD Bits instruction
7 6 5 4 3 2 1 0
0 X 0 0 0 X X X ADVANCE
o X 0 0 1 X X X COUNT
0 X 0 1 0 X X X REPEAT
0 X 1 o 0 o0 0 o0 HOLD
1 X 0 0 0 0 0 0O HALT

Strobe Control

The strobe control! registers turn the strobe clock on and off, control which strobe is enabled, and
prevent the strobes from being interrupted in the middle of their cycles.
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The STB1 SEL(L) and the STB0 SEL(L) signals are clocked through registers U285A and B,
respectively. If either of these signals goes active (low), the corresponding register clocks out a
low from its Q(H) output and a high from its Q(L} output. The low from the Q{H) output un-asserts
the reset on the end-detect register (either U267A or U265A). This allows the selected strobe to
pass through the register and prevents the un-selected strobe from getting through.

The high from the Q{L) output of one of the strobe control registers does the following things:

» masks the STB TO(H) signal from clocking either of the strobe control registers, effectively
latching up the registers.

¢ starts the strobe clock circuit.

The strobe control remains in this state until the end of the sirobe is detected. The end of strobe
detector sets the corresponding strobe control register, which reverses the state of its outputs.
This stops the strobe clock circuit and allows STB TO(H) entry into the strobe control registers.
The registers are now ready to receive another strobe signal.

Strobe Clock

The strobe clock drives both strobes. The clock is turned on by either of the Q{L) cutputs of the
strobe control registers, U285A and B. When a strobe is selected, one of the Q{L) ouiputs of
registers U285A and B presents a high to the D input of register U281B and to pins 4 and 13 of
U185.

The high to all these inputs causes the following events:

o OR gate U185A (output pin 2) outputs a high that causes the strobe counter to go inio the
count mode.

o the output of NOR gate U185C {output pin 14) goes low, allowing OR/NOR U185B to start
oscillating.

* U281B clocks through a high with the first rising edge from U185B.

The period of oscillation of U185B is determined by the amount of time necessary to charge and
discharge capacitors C196 and C197 through R193. As soon as the oscillation starts, the high at
the D input of U281B gets clocked through. As leng as one of the strobe control registers outputs
a high on its Q{L) pin, the ciock will continue to oscillate.

The strobe clock is shut down by the end-detect circuitry. When the active strobe has an end-
detect, the corresponding strobe control register, U285A or B, is set. Setting the register causes
the Q{H) output to go high and the Q{L) output to go low. This causes register U281B 1o have a
low logged in at the next falling edge of the strobe clock.

Once the data is logged in, the outputs of register U2B1B stop the clock (through NOR gate
U185C) and load the strobe counter with all zeros (through OR gate U185A). The clock now waits
to be reactivated by a strobe-select signal.
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Strobe Counter

The strobe counter addresses both strobe RAMs in an incrementing fashion whenever a strobe is
running. The counter is initially loaded with all zeros. This value is output on the QO(H) through
Q3(H) pins of all three counters, U167, U171, and U175. When started by OR gate U185A, the
counters increment in sync with the strobe clock. The output of the counters then addresses the
strobe RAM, U153, and U165.

Strobe HAM

The strobe RAM is programmed before run time by the Controller board. While programming, the
couniers are advanced in a single-step fashion by the STB LD{L) and the STB LDEN(H) through
AND gate U271C. After each counter advance, values are joaded into the strobe RAMs from
DO(H} and D1{H) of the pattern generator data bus, DO-D7.

When the pattern generator is running, the strobe counter addresses both RAMs simultaneously,
incrementing every 40 ns. The RAMs are loaded with zeros for the strobe delay period, and then
with ones for the active period of the strobe. Both strobe RAMs output the strobe data even
when only one strobe has been selected. The data from the strobe RAMS is also used by the end-
detect and polarity-select circuits.

End-Detect and Polarity Select

There are two identical end-detect and demultiplexer circuits: one for strobe 0 and one for
strobe 1. Since the circuits are identical, only the circuit for strobe 0 is described.

The data from strobe RAM U153 is written to register U267 A. If the strobe is not seiected, U267A
is held reset by strobe control register U285B, so the strobe data does not pass through. If strobe
0 is selected, the data is clocked through register U267 A at 40 ns intervals, The data from U267A
is then clocked through U267B into exclusive-OR gate U261A. This gate makes the strobe low
active if STBO POL(H) is high, otherwise leaving the strobe high active.

AND gate U271A detects the end of the strobe by going high when both U267A’s Q(L} and
U2678's Q(H) outputs are high. This only occurs when the RAM output data makes a transition
from high to tow. The high from AND gate U271A sets strcbe control register U285B to stop the
clock and set the strobe counter back to all zeros.

91P16 STACK AND INSTRUCTION MULTIPLEXER

Call Stack

The call stack stores the program counter + 1 {(PC + 1) value any time a CALL instruction is
encountered. If a RETURN instruction is encountered, the value at the top of the call stack is put
on the program counter. The call stack then decrements and puts the next-most-recentty-loaded
value at the top of the stack. The call stack can store 16 different PC + 1 values in a push-pop
format,

First, uCode bits MC11({H} and MC12(H) and the INT(H) signal must be decoded by OR gates
U465B and C, inverter U461C, and NOR gate U461D. The results of the decoding are shown in
Table 4-30.
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Table 4-30
Stack Code Decoding

INSTRUCTION INT | MC12 | MC11 s2 S1 : U353’s Action
R RO

ADVANCE 0 0 0 101 Hold

GO TO 0 0 1 1 01 Hold

CALL 0 1 0 1 .0 Increment

RETURN 0 1 1 0 1 Decrement

ADVANCE 1 0 0 1 0 Increment

GO TO 1 0 1 0 1 Decrement

CALL 1 1 0 1 0 Increment

RETURN 1 1 1 Q 1 Decrement

The write-enable pulses generated by register U5658 and its associated circuitry make allow-
ances for setup and hold times of the RAM. Pulses are generated whenever counter U353 incre-
ments; that is, whenever 81 is low. The time constant of R663 and C562 determines the total
length of the write-enable sequence. R360 and C362 control how long after the write-enable
sequence begins the write-enable line goes active (flow).

RAMs U251 and U351 are identically addressed to provide 16 x 8 bits of storage. The RAM’s
outputs are buffered and synchronized by registers U345 and U245. The data through the regis-
ters is sent to the instruction multiplexer to be used when returning from sub-routines.

Interrupt Logic

The interrupt logic accepts the PG EXT INT(H) signal, clocks it through a register, and applies
conditioning logic.

Before an interrupt can be received, register U131A must be set. Also, the interrupt may only
occur during an ADVANCE, COUNT, REPEAT, or HOLD instruction. The interrupt(L) signal from
Q(L) of register U131B is wire ORed with the two Cnil Field bits, MC11(H) and MC12(H). If the
Cnti Field bits and the interrupt(L) signals are all low, the INT(H} signal goes high.

The INT(H} signal is clocked through register U535 and sets flip-flop U131A, which on the next
rising edge from the clock passes through U1318 and turns off the INT(H) signal. Each INT(H)
signal lasts for two clock periods.

Advance Generator

The value on the program counter bus, EPCO0—EPC?7, is incremented by cne by AND gates U545
ana U551, and exclusive OR gates U645 and U651. The output of these gates is clocked through
registers U367 and U471. The register’s output, ADVO—ADV?7, is used by the ADVANCE instruc-
tion to increase the program counter value by one.

Instruction Multiplexer

The instruction multiplexer controls the program counter value, EPC0O-—-EPC7?, by selecting the
ADVO—ADV7 bus (ADVANCE), the GOTO0—GOTO7 bus {GOTO and CALL), or the RO—R7(H)
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bus (RETURN). The data selection is regulated by the Cntl Field, MC11{H) and MC12(H), as
shown in Table 4-31. Each of the four data selectors, U337, U335, U331, and U327, selects data
for two of the hits in the program counter.

Table 4-31
Instruction Muitiplexer Decoding
CNTL FIELD
MC11 MC12 Selected Data

co c1
0 0 ADVANCE (ADV0 — 7)
1 0 GOTO (GOTO FIELD)
0 1 CALL (GOTO FIELD)
1 1 RETURN (RETURN ADDRESS BUS)

The program count, EPCO—EPC?, is then sent {o address the uCode memory and is also
clocked through the program counter buffer.

Program Counter Buijfer

The program counter, EPCO—EPC7, is clocked through the program counter buffer, U535 and
U531. The data from these registers is sent on the PCQ-—PC7? bus to the vector memory. The
output of the registers is alsc buffered and sent through the Interconnect board on the PCQ—PC7
bus to any H1P32 Pattern Generator Expanders in the DAS.

91P16 TIMING CIRCUITS @

Clock Selector

The CLK CONT(H) bus goes from the 91P16 controlter interface to data selector U617. The clock
choices are 91A32 INTL CLK(L), 91A08 INTL CLK{L), PG EXT CLK(L), and SINGLE STER(L). The
Z output pin of data selector U617 is buffered by NOR gates U115B,C,D and used for on board
clocking. The W output pin is bufiered by NOR gate U1218 and used to clock 91P32 Pattern
Generator Expander moduies.

uCode Clock Decoder

Gates U3418, C and D, U241C and D, and U237B and C decode Cntl Field bits CO{H} and C1(H)
and bits 3-7 of the GOTQ FIELD(H) te provide cleck control signals. The pCode fields are decoded
as shown in Table 4-32.
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Table 4-32
#CODE FIELD CLOCK STOPPING LOGIC
Inputs Outputs
|
CNTL FIELD GOTO FIELD | HOLD HALT IR CLK EN

C1 co 7 l 5 4 3 |
! 0 X ! X X | X 0 0 1
0 1 X X X X 0 0 1
1 1 X : X X X 0 0 1
0 0 0 0 o | 1 0 0 0
0 o | o 0 1, 0 || o 0 0
0 0 0 1 0 0 1 0 0
0 0 1 0 0 ' 0 l 0 1 J 1

The HOLD{H} output of U237 pin 14 is used by the probe clock and inhibit circuitry. IR CLK EN(H),
the output of U241 pin 9, is used in the clock control circuitry. The wire ORed HALT(H) outputs of
U241 pin 14 and U237 pin 3, control registers U125A and B, which stop the clock line through
NOR gates U121B, and U115,

When HALT(H) is low, register U125A clocks through lows on the falling edge of the selected
91P16 clock. The Q output of register U125A is clocked through register U125B on the rising
edge of the selected 91P16 clock. Both registers may be reset by the uC PC EN(L) signal (uCode
program counter enable).

The PG EXT PAUSE(H) signal from the Interconnect can also make HALT(H} active through
buffer U237B (output pin 3). PRB CLK EN(H) can mask out the STB TO(H) and INT CLK(H)
signals through NOR gates U115B and D.

Comparator U2150D converts the signal out of register U125B from ECL to TTL and writes it, as
HALT RD(H), to the 91P16 controller interface.

Clock Control RAM

The clock control RAM stores six different durations for COUNT, REPEAT, and HOLD instruc-
tions. When one of these instructions is programmed into the Pattern Generator menu, a field
appears for specifing the number of clock periods the instruction should be executed. The one’s
complement of that number is Joaded into RAMs U145 and U151 by the DO—D7 bus and STACK
LD(L}). The RAMs are addressed by the lowest three bits of the GOTO FIELD{H).

During run time, the RAMs are continually addressed by the lowest three bits of the GOTO
FIELD(H). As long as the Q(L) output of register U235B (in the clock control portion of the
schematic) is low, counters U137 and U141 are loaded with the contents of the RAMSs, and the
CO(L} signal from U141 stays low. When the Q(L) output of register U2356B goes high, the
counters no longer are loaded from the RAMs and increment with each clock cycle. The CO(L}
signal of U141 goes high when the counters start to increment. When the counters wrap around
to 00 hexadecimal, the CO(L)} signal returns low. The CO(L) signal is part of the clock control
circuit.
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Ciock Control

The clock control circuit regulates the turning on and off of clocks to the call stack, and controls
the instruction register (IR CLK(H)) and the program counter {IR CLK EN{H)). The clock control
circuit also controls the output latch (OUT CNTR LD{L)) and indicates whether the count register,
U137 and U141, should increment or load new values.

Ordinarily, IR CLK EN(H) at U241 pin 9 is high. If either a COUNT, REPEAT, or HOLD instruction
is encountered, IR CLK EN(H) goes low. As long as IR CLK EN(L) is high, the CNT REG CLK(H)
can pass through AND gates U135C and U237D.

Register U235B cutputs a low on its Q(L) output. The low on QL) helds the counters in count
register U137 and U141 in the load mode so the counter's CO(L) outputs are low. The clock
control circuit is stable in this condition. Figure 4-38 shows what the logic levels are in this state.

_CNTREGCLK (%) LL241A () OUTPUT CNTR CLK
o > -
U23sB [
o & @ 1©  vss
[~ @
u2418
ol ¢ @ E:@ © OUTPUT CNTALD _ (&)
— | o -
u237D IR CLK
1 v ® 0 OLLL
CIN u135¢ @) Pe cu
Q| s2 © 1 [ -
< 5 ut97C
@ﬁ>&iﬁ > ([ U23sA
) un17p| s
50 glo_je
_IR CLOCK EN &
L [t =]
B U237A
_CPCEN @ | >

GOTO3®

3625-334

Figure 4-38. Clock control: non-count logic state.

If IR CLK EN(H} goes low, the following events occur:

* AND gates U135C and U237D stop transmitting the clock, because their formerly high inputs
go low.

» The D input to register Li235B goes fow.

At the next rising edge from the clock, register U235B logs through a low on the Q{H} output and
a high on the Q{L) output. The Q(L) output changes the inputs of counters U137 and U141 so the
CO(L} pins go high. The Q{L) output of U235B also stops the clock from passing through NOR
gate U177C, so register U235A is no longer set at the beginning of each clock cycle. The high on
the Q{L) pin of U235B aiso allows the value present on the GOTO 3 line to pass through AND
gate U241B.
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The Q{H) output of register U235B goes low, but the clock input to register U235A remains low
because of the CO(L) pin of U141. Figure 4-39 shows the status of the circuitry at this point.

The situation shown in Figure 4-39 stays stable until the counters in the count register (U137 and
U141) wrap around, causing the CO{L) {or COUT{L}) pin of U141 to go low. That low causes NOR
gate U117D to start transmitting the inverse of the clock to register U235A.

U241A
=h_(:m REG CLK (@) N () OUTPUT CNTR CI:—L'E
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| [ ® [ p———
uza7n o B CLK
L U141 CAmp' >
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I CLOCKEN D
bl L
u237A
_uCPCEND
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Figure 4-39. Clock control: start-count logic state.,

Nothing else changes until the next falling edge from the clock. At this point a low gets clocked
through register U235A, causing a high on the Q{L) output. A high on the Q{L) output of U235A
lets the clock pass through AND gates U135C and U237D.

At the next rising edge from the clock, a high is logged into U235B. The high from the Q(H) output
of U235B stops the clock from passing through NOR gate U177D. The low on the Q(L) pin of
L2358 allows the inverted clock to reach the set pin of U235A. The GQ(L) pin of U235B also sets
counters U137 and U141 to load data rather than increment, and forces the output of AND gate
U2418 low. The logic levels at this point are those shown in Figure 4-40.

The situation shown in Figure 4-40 remains until the clock falls low. When this happens, NOR
gate U125D cutputs a high. This sets register U235A so QL) goes low. When Q(L) goes low, it

returns to the state it was in initially, as shown in Figure 4-38. Another low IR CLK EN(L) can be-

accepted at any time. Figure 4-41 is a timing diagram for the clock control circuit.

Probe Clock and Inhibit
The probe clock and inhibit section controls and buffers the clock and the tri-state signals that
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Figure 4-40. Clock control: end-count logic state.

control the probe. INT CLK(H) is usually transmitted through OR gates U110A and C. This clock
may be masked out by INT HOLD(H).

The INHIBIT signal is created by the PG EXT TRI-ST(H) or INT TRI-ST(H) signals through OR
gate U207A, B, and C. The level on the interrupt line can be read by the 91P16 controller interface
through comparator U221A. The comparator acts as an ECL to TTL converter.

countreaek LS LS L LT
RCKEN — () T
U235A, Q (L} () f\
U2358, Q (L) ()
ook L LN () A U A
U141, CO (L} IR

3625-337
Figure 4-41. Pattern generator clock control timing diagram.

91P16 VECTOR MEMORY AND PROBE INTERFACE

Vector RAM

For each value of the program counter there is: 1) 2 uCode instruction, and 2) an output value.
The vector memory (U421, U425, U521, and U525) is loaded with the values to be output by the
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probes for each program counter value when the pattern generator is programmed. While the
pattern generator is running, the vector memory is addressed by the program counter. The data
from the vector memory goes to the output latches.

Output Latches
Cutput latches U315, U415, U515, and U615 have two functions.

¢ In most situations the latches act as registers, clocking through data from the vector memory.
This oceurs as iong as pin 7 of the counters is held low; that is, while QUT CNTR LD(L) is
active.

o QUT CNTR LD{(L) goes high when a COUNT instruction is encountered. This causes the output
latches to stop clocking-through data and start incrementing by che with each clock period. The
count continues untit OUT CNTR LD{L) returns low. All data out of the output fatch is sent to the
probe interface and readback circuits.

Probe Interiace

The data from the output latches is buffered by U305, U405, U505, and U605. The output of
these buffers is sent through the connecters to the probes.

Rezadbacl: Select, PC Readbacl:, and Yector Readbaclt

The readback function allows the Controller board to read the vector output and the program
counter, Since all this data takes up 24 bits, it is divided into three 8-bit bytes. The VMO(H) and
VM1(H) signals on the VCTR MSEL(H) bus come from the Controller interface and determine
which of the three 8-bit bytes will be read. This bus is decoded by U225B, which then turns on one
of three comparators, U221B, C, and D. The ouipuis of these comparators drive the inverting
inputs of the readback comparators, U310, U321, U325, U410, U510, and UG10.

The output of the readback comparators is wire ORed into buffer U371 {on schematic 32). The
comparators that are not enabled cutput low levels. The enabled comparators act as ECL to TTL
converters. Tri-state buffer U371 {on schematic 32) is enabled by VECT MEM RD(L).

P6455 TTL/MOS PATTERN GENERATOR PROBE

The P8455 TTL/MOS Patiern Generator Probe takes data from a 91P16 Pattern Generator or a
91P32 Pattern Generator Expander, and creates ten output lines that can be used to stimulate
external circuits. The output has variable high and low levels, and can also go to a high imped-
ance state. See the detailed circuit description following the descriptions of the instrument mod-
ules for more details.

91P32 PATTERN GENERATOR EXPANDER

The 91P32 Pattern Generator Expander modute can stimulate thirty-two independent channels at
rates up to 256 MHz. The module can output a non-repeating seguence up fo 512 words deep, or a
repeating sequence much deeper. The 91P32 can only work in combiriation with a 81P16 module
(pattern generator). All of the component numbers in the 91P32 module circuit description are
assumed to have an A17 preface unless otherwise noted.
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This description is divided into several sections. The section divisions are by schematic and then
by functional blocks on the schematic. Numbers in diamonds refer to the numbers on schematic
tabs in the Diagrams section of this manual. Refer to those schematics while reading the circuit
descriptions.

91P32 CONTROLLER INTERFACE @

The 91P32 controller interface takes data from the Controller board and sends it to appropriate
registers and RAMs by decoding the lowest four bits of the address bus and interpreting BWR(L),
PORT(L), and BRD(L) from the Controller. The interface also takes data from the module and
writes it on the data bus at the command of the Controller board.

For example, suppose the Controller board is reading the pod IDs. The Controiler writes 1 octal,
written on the least significant three bits of the address bus. Simultaneously, BRD{L} and
PORTI{L) go active, enabling decoder U445, which decodes the address 50 pin 14 goes active
{low). The pcd status register, U638, is then enabled and puts data on the data bus. The writing
procedure is similar, except the BWR(L) and PORT(L) signals must be active to enable U441 and
U448. Tabie 4-33 shows which registers are connected to the data bus by each hexadecimal
address and the BWR(L), BRD(L) and PORT(L) signals.

Table 4-33
91P32 — Controller Interface Map
Hex F ICs Affected
Addr BWR BRD PORT Line Name U# Schem#
XXX0 X L L  CARD ID{L) Us41 37
XXX1 X L L  POD READIL) U638 37
XXX2 L X L CNTL 0{L) U538 37
XXX3 L X L  CNTL 1(L) U545 37
XXxa | X L L VCTR MEM RD(L}) U635 37
XXX4 L X L  STBLD{L) U358 U361 40
U365 U368
XXX5 L X L zCOL) U135 40
XXX9 L X L VCTR2{L) U125 U131 38
XXXA L X L VCTR3{L) U325 U331 38
XXXB | L X L VCTR4(L) U425 U431 39
XXXC a L X L VCTRS5{L) Us25 U531 39

91P32 VECTOR MEMORY 2 AND 3

PC Buffer

The 91P32 Pattern Generator Expander is driven by the program counter from the 91P16. The
PCO—PC7 bus comes off the interconnect board through P1 and is buffered by U621, and UG28.
The program count then is sent 1o address all vector memories on the 91P32 as well as the
uCode RAM for the 91P32 strobes.
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Vector RAM 2 and 3

Before operation, vector RAM 2 and 3 (U125 and U131) is loaded with the values to be output by
the probes for each program count {PC) value. Vector RAM 2 is loaded by the VCTR2(L) line and
D0-—D7. Vector RAM 3 is loaded by the VCTR3(L) line. During run time, the vector memory is
addressed by the program counter and outputs the previously programmed data.

The data from vector RAM 2 and 3 goes to registers U115, U318, and U318A—D. These regis-
ters clock out the data simultaneously so it is transmitted to the probes with as little skew as
possible.

A and B Probe Interface

Differential output buffers U101, U105, U301, and U305 transmit data from the output latches of
vector RAM 2 and 3 to the associated probes.

Readback Vector 2 and 3

Comparators U108, U111, U308, and U311 take data from the data ouiput registers of vector
memories 2 and 3, convert it from ECL to TTL, and write it on the RVB0--RVB7 bus to the
91P32 controller interface.

The output from the comparators is divided into two 8-bit bytes. Each corresponding bit in the two
bytes is wire ORed (RVBO from byte 2 with RVB0 from byte 3, etc.). Readback bytes are selected
by BYTE 2 SEL{H) and BYTE 3 SEL{H), causing the selected byte to output data and the non-
selected byte to output zeros (go to a high impedance state).

31P32 VECTOR MEMORY 4 AND 5

Vector RAM 4 and 5

Vector RAM 4 and 5 (U425, U431, U525, and U531) works identically to vector RAM 2 and 3
(schematic 38), with the exception that vector RAM 4 and 5 are lcaded by the VCTR 4(L} and
VCTRS(L) signals.

Before operation, the vector RAM is loaded with the values to be output by the probes for each
program counter (PC) value. During run time, the vector memory is addressed by the PCO—PC7
bus and outputs the previously programmed data. The data from the vector memory goes to the
probe interface and readback circuits.

The data from vector RAM 4 and 5 goes to registers U415, U615, and U515A, C, D, and E. These
registers clock ocut the data simultansously so it is transmitted to the probes with as little skew as
possible.

Readback Vector 4 and 5

Comparators U508, U511, U608, and U611 take data from the data output registers of vector
memories 4 and 5, convert it from ECL to TTL., and write it to the 91P32 controller interface on the
RVBO—RVBY bus.
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The output from the comparators is divided into two 8-bit bytes. Each corresponding bit in the two
bytes is wire ORed (RVBO from byte 4 with RVBO from byte 5, etc). Readback bytes are selected
by BYTE 4 SEL(H} and BYTE 5 SEL{H), causing the selected byte to output data and the non-
selected byte to output zeros (i.e., go to a high impedance state).

Data from the comparators for vector bytes 2 and 3 is wire ORed with the corresponding bits
from the comparators for vector bytes 4 and 5. The data from all these comparators goes to tri-
state buffer U635, on schematic 37. The Controller board can read selected output data bytes
through this buffer by making VCTR MEM RD(L} active.

91P32 STROBES

Strobe uCode RAM

The strobes in the 91P32 require a signal to trigger. The 91P32 xCode RAM, U135, provides this
trigger by writing a zero whenever a strobe is to start, and ones at all other times. The PCO—FC7
bus from the 91P16 addresses this RAM. A strobe is triggered whenever the program counter
contains the proper value. The RAM is organized so that DOO starts strobe 2, DO1 starts strobe
3, DO2 starts strobe 4, and DO3 starts strobe 5.

Strobe Control

Strobe control registers U141 and U341 turn the strobe clock on and off, control which strobe is
enabled, and prevent the strobes from being interrupted in the middle of their cycles.

The STB2 SEL({L), STB3 SEL(L), STB4 SEL(L), and STB5 SEL(L) signals are clocked through
registers U141 and U341. If any of these signals goes active (low) the corresponding register
clocks cut a low from its Q(H) output and a high from its Q{L) output. The low from the Q(H)
output releases the reset on the corresponding end-detect register {U155B, U151B, U348B, or
U351B). This allows the selected strobe to pass through the register and prevents any unselected
strobe from getting through.

The high from the Q{L) output of one of the strobe controf registers does the following things.

* Masks the EXPANSION CLK(H) signal from clocking any of the strobe control registers, effec-
tively latching up the registers.

¢ Starts the strobe clock circuit.

The strobe control registers remain in this state until the end of the strobe is detected. The end-of-
strobe detector sets the corresponding strobe control register, which reverses the state of its
outputs. This stops the strobe clock circuit and allows STB TO(H} entry into the strobe control
registers, The registers are now ready to receive another strobe signal.

Strobe Clock

The strobe clock drives all four strobes on the 91P32. The clock is turned on by the Q(L} outputs
of the strobe control registers, U141 and U341, When a strobe is selected, the Q(L) outputs of
these registers present a high to the D input of register U161A and to pins 11 and 12 of U158.
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The high to all these inputs causes the following events:

s OR gate U158C outputs a high, which causes the strobe counter to start counting.
s the output of NOR gate U1588 goes low, allowing OR/NOR U158A to start oscillating.

o U181A clocks through a high with the first rising edge from U158A.

The periocd of oscillation of U158A is determined by the amount of time necessary to charge and
discharge capacitors C158 and C160 through R153. As soon as the oscillation starts, the high at
the D input of U161A is clocked through. As long as one of the strobe control registers outputs a
high on its Q(L}) pin, the clock will continue to oscillate.

The strobe clock is shut down by the end-detect circuitry. When the active strobe has an end-
detect, the corresponding strobe controf register, U141 or U341, is set. Setting the register
causes the Q{H) output to go high and the Q(L} output to go low. This causes register U161A to
have a low logged in at the next falling edge of the strobe clock.

Once the data is logged in, the outputs of register Ut161A stop the clock through NOR gate
U158B, and Ioad the strobe counter with all zeros through OR gate U158C. The clock now waits
to be reactivated by a strobe-select signal.

Strobe Counter

The expansion strobe counter is initially loaded with ail zeros. This value is output on the Q0 —
Q3 pins of all three counters, U355, U455, and U458. Once started, the counters increment in
sync with the strobe clock. The output of the counters then addresses the strobe RAM, U358,
U361, U365, and U368.

Strobe RAM

The strobe RAMs (U358, U361, U365, and U368) are programmed before run-time by the Con-
troller board. While programming, the counters are advanced in a single-step fashion by STB
LD(L) and STB LDEN{H) through AND gate U148A. After each counter advance, values are
loaded into the strobe RAMs by DO(H), D1({H)}, D2{H), and D3(H) of the pattern generatcer expan-
der data bus, D0—D7.

When the pattern generator is running, the strobe counter addresses all RAMs simultaneously,
incrementing every 40 ns. The RAMs are loaded with zeros for the delay pericd of the strobe, and
then ones for active strobe duration. Alf strobe RAMs output the strobe data even when only one
strobe has been selected. The data from the RAMSs is used by the end-detect and polarity-select
circuits.

End-Detect and Polarity Select
There are four identical end-detect and demultiplexer circuits; one each for strobes 2, 3, 4, and 5.
Since the circuits are identical, only the gircuit for strobe 2 is described.

The data from strobe RAM U358 is written to register U155B. If the strobe is not selected, U155B
is held reset by strobe control register U141B, so that the strobe data does not pass through. K
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strobe 2 is selected, the data is clocked through register U1558 at 40 ns intervals. The data from
U155B is then clocked through U155A into exclusive-OR gate U451C. This gate makes the
strobe active low if STB2 POL{H) is high, otherwise leaving the strobe active high.

AND gate U145C detects the end of the strobe by going high when the Q(L) output of U155B and
the Q(H) output of U155A are high. This only occurs when the RAM output data makes a transi-
tion from high to low. The high from AND gate U145C sets strobe control register U141B to stop
the clock and set the strobe counter back to all zeros.

Probe Clock and Inhibit

Differential buffer U401 transmits the EXPANSION CLK(H} to the probes to be output from the
probes. Differential buffer U405 transmits the INH PG signal to the probes, so the probes receive
signals to enter a high impedance state.

PROBE DETAILED CIRCUIT DESCRIPTIONS

P6452 DATA ACQUISITION AND EXTERNAL CLOCK PROBE

P6452 DATA ACQUISITION PROBE

The P6452 Acquisition Probe is used by the Trigger/Time Base hoard, the 91A32 module, and the
91A08 module. When used with the Trigger/Time Base, the probe is used to acquire external
clock signals for acquisition medules and external control signals for pattern generator modules.
When used with either a 91A32 or 91A08 module, the probe acquires eight channels of data and
may also acquire a clock qualifier signal. All of the component numbers in the P6452 probe circuit
description are assumed to have an A7 or A7A1 preface unless otherwise noted.

Refer to the P6452 schematic (schematic 41} and Figure 4-42 while reading this circuit
description.

The P6452 acquisition probe is a 10 channel amplifier. Each channel has a minimum small signal
gain of 5, The voltage divider and amplifier at the input are hybridized. There are two hybrids for
each probe, and each hybrid contains 5 channeils. Each channel of the hybrid goes to an ECL line
driver. The outputs of the probe are differential ECL.

P&452

200K

VIN :
‘L‘> out
800K

¥ THRESHOLD

3625-338

Figure 4-42. One channel of a P6452.
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For the probe tc respond to an input signal, the signal must be centered around the probe’s
ground. This is accomplished by applying a threshold {offset) voltage to the shunt leg of the input
voltage divider. The voltage divider gives the threshold voltage an effective gain of —4. For
example, to set the probe to accept data centered around +1 V, the V threshold input to the
voltage divider must be —0.25 V.

P8454 100 MHz CLOCK PROBE

The P6454 100 MHz Clock Probe is used by a 91A08 module instalted in siot 6 of a DAS main-
frame. The probe acquires external clock signals for 91A08 modules at rates up to 100 MHz. The
P6454 probe will only operate when connected to a 21A08 module in slot 6. All of the component
numbers in the P6454 probe circuit description are assumed to have an A9 preface unless other-
wise noted. The package of the P6454 100 MHz Clock Probe is simple enough that no schematic
is provided in the manual. Refer to Figure 4-43 while reading this circuit description.

+15 REF

TO 51408 { o= S OUT N —&—
( :_ ==Y i PROBE CONNECTORS

3I625-339

Figure 4-43. P6454 100 MiHz Clock Probe.

A hybrid at the probe tip acts as a 1 M@ input, 50 @ output, 10X FET probe. The twe inputs to the
probes, Vi, and V., perform the same function as the signal and ground inputs on standard
probes. The only exception is that V,,; may be referenced to a dc voltage other than ground. The
hybrid output will track V,, with respect to this reference level.

The cable of the P6454 probe is cut to electrical length at the factory. This cable length is critical
since it controls the setup time of all 91A08 maodules in the DAS when the external clock is used.
The cable is a 50 @ coaxial cable. The shield carries +12 V for use by the hybrid. The center
conductor carries the clock signal, which rides above the probe ground.

P8455 TTL/MOS PATTERN GENERATOR PROBE

P6455 TTL/MOS PATTERN GENERATOR PROBE

The P6455 TTL/MOS Pattern Generator Probe is used by 91P16 and 91P32 pattern generator
modules. The probe cutputs ten channels of data at TTL and MOS logic levels. The output levels
of the probe (V) are set by the voltages present at the probe inputs V (high output level) and V_
(low output level). Channels 0 through 7 are defined as data channels and have inhibit {tri-state)
capabilities. Channels B and 9 output clock and strobe signals and do not inhibit. All of the
component numbers in the P§455 circuit description are assumed to have an A15 or A15A1
preface unless otherwise noted.
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Refer to the PB6455 schematic (schematic 42) and Figure 4-44 while reading this circuit
description.

A hybrid data driver circuit drives each output channel of the probe. These hybrids cannot be
serviced. The hybrids require the two user-defined voltages (V4 and V), +6V, and -5V to
operate. The INHIBIT(L) input operates around ECL levels, but the high state (not inhibit) must be
high impedance (no current flow out of the node).

Diode CR114, which is common to all channels, prevents current flow if Vy, and V_are reversed.
The diodes from the output of each hybrid to Vy and V_ are also for circuit protection.

The circuitry around Q316, Q318, Q114, and Q214 receives the INHIBIT{L) signal. Transistors
Q316 and Q318 form a current switch. In the non-inhibit mode, Q318 is turned on, putting approx-
imately 3.1 V on the bases of Q1114 and Q214. The emitters of Q114 and Q214 are at approxi-
mately 3.8 V. Since the nominal voltage at the inhibit pin of the hybrid {pin 5} is approximately
+4 V, diodes CR110, CR111, CR112, CR210, CR211, CR212, CR213, and CR310 cannot con-
duct. This turns off the INHIBIT(L) signal.

When inhibit is enabled, Q318 turns off. Voltage divider R215 and R216 biases the bases of Q114
and Q214 to about 1.6 V. This turns on Q114 and Q214, putting their emitters at approximately
2.3 V. This allows the diodes to conduct, so the inhibit pin of the hybrid drops to about +-3 V
causing the hybrids to tri-state.

VH

ECL IN o 2P

E 5 59 v ouT
6.’7

ECL INHIBIT VL

m “INHIBIT

| 8 DIODES
1

3625-340

Figure 4-44. One channel of a P6455.

P6456 ECL PATTERN GENERATOR PROBE

P6456 ECL PATTERN GENERATOR PROBE

The P6456 ECL Pattern Generator Probe is used by 21P16 and 91P32 pattern generator mod-
ules. The probe outputs ten channels of data at ECL logic levels. The output levels of the probe
(Vou0 are set by the voltages present at the probe inputs Vy, (high output level) and V|_(low output
level). Channels 0 through 7 are defined as data channels. Channels 8 and 9 output clock and
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strobe signals. The P6456 ECL probe does not have inhibit capabilities and does not respond to
an INHIBIT(L) signal from a pattern generator module. All of the component numbers in the P6456
circuit description are assumed to have an A16 or A16A1 preface unless otherwise noted.

Refer to the PB456 schematic (schematic 43) and Figure 4-45 while reading this circuit
description.

ECL OUT

VL

3625-341

Figure 4-45. One channel of a P6456.

Transistors Q1 and Q2 form a differential-pair current switch. They turn Q2 on and off. When Q3
is off, RS and LR1 pull up on the base of Q4. Resistor R6 is a pull-down resistor that pulls a
nominal amount of sink current. This allows the probe to run at slow speeds (for instance, with the
diagnostic lead set) without an external pull-down resistor.

When Q3 is on, the base of Q4 is pulled low so the ECL CUT nocde goes to an ECL low.

Diode CR1 serves as a Baker clamp which speeds up the turn-on of Q3. LR1 provides some
peaking to the output of Q4 to compensate for the effect of the lead set. Lamp DS1 at the
collector of Q4 provides current limiting. The bulb usually has a low resistance, but if too much
current flows (if the emitter of Q4 is shorted to ground) the filament heats up and increases its
resistance.

The outputs of the probe are static-protected by diodes CR2 and CR3 and by spark gaps de-
signed into the printed circuit board.

OPTION DETAILED CIRCUIT DESCRIPTIONS
OPTION 01 - TAPE DRIVE

The optional tape drive provides a mass storage device for the DAS. Tapes may be loaded with
data stored in reference memary, mnemonic disassembly tables, acquisition setups, pattern gen-
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erator programs, or all of the above. The tape drive uses DC100-type data cartridges. Each
cartridge can hold several different setups, lists, and programs. All of the component numbers in
the tape drive circuit description are assumed to have A18 as a preface unless otherwise noted.

This description is divided into several sections. The section divisions are by schematic, and then
by functional blocks on the schematics. Numbers in diamonds refer to numbers on schematic tabs
in the Diagrams section of this manual. Refer to those schematics while reading this circuit
description.

TAPE FORMAT

The data stored on the tape by the tape drive is encoded by duty cycle modulation. The tape drive
indicates the beginning of one clock period on the tape by writing a rising edge. The presence of a
1 or a 0 on the tape is determined by the location of the falling edge between two rising edges. A
falling edge that is 1/3 into the. clock period indicates a 0. A falling edge that is 2/3 into the clock
period indicates a 1. Figure 4-46 illustrates the format.

leg———— ) T 1 4’}& [+} ~——~=-|‘=— 1 ——I
—a] 1/3 e 2/3
Period Period

g L e I B e B

— CLOCK PERIOD —|—— CLOCK PERIOD —I— CLOCK PERIOD AI* CLOCK PERIOD ‘l
{DATA CELL)

3625-133

Figure 4-46. Tape bit storage format.

The stored data is divided into bytes by an internal counter in the tape controlier IC. The data
stored by the tape drive is divided into manageable sections called records. Each record contains
256 eight-bit bytes. These records include a preamble, a header, the data, and a postamble. The
data in the header, preamble, and postamble includes the number assigned to the record, record
format information, and a Cyclic Redundancy Check (CRC) value. The CRC is an error detection
code that indicates whether the data read from the record is the same as the data originally
written into the record.

Each record occupies approximately 4.85 inches of the tape. The records on the tape are separat-
ed from one another by a 0.9 inch section of tape that contains no data. The format of a single
record is shown in the Figure 4-47.

The magnetic tape in the data tape cartridge contains holes at the beginning and the end of the
tape. These holes are light-sensed. The tape drive detects the presence of the holes and performs
the steps necessary to avoid running the tape off the end of the spool.

At the beginning of a tape there are three sets of two holes each. Each set is placed 12 inches
apart and the two holes in each set are 0.218 inches apart. Twenty-four inches after these paired
holes there is a single hole. This single hole marks the beginning of useable tape space.
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AVAVAWAN
INTERRECORD
GAP 0.9 inches long or 36ms
HEX pg- Settling lime
—_ for gap defector
HEX 00
HEADER _—— =
PREAMBLE HEX 80—write sync charcter

HEX 00—clears buffer

HEX 32—data sync characier

Record number low byte

Record number high byle
HEADER Format low byte
— — — —| Format high byte

Check sum {(header+checksum=0}
HEX 00

HEX 00

PREAMBLE HEX 80
———————————— DATA REWRITE STAHRTS HERE

HEX00D

DATA AYAVYAVAY

First dala byte; start of CRC

256 BYTES OF DATA
INININ/

Last data byte

CRC LSB

POSTAMBLE CRC mMsB

HEX 00

INTERRECQORD
GAP \VAVAVAN

3625-134

Figure 4-47. Tape record format.
Al the end of a tape there is a single light-sensed hole to warn that the end of usable tape area is

approaching. Twenty-four inches after this single hole, there are three individual holes spaced 12
inches apart. These holes mark the end of usabie tape.
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TAPE DRIVE DATA BOARD

This board provides the interface between the tape drive and the DAS mainframe. It converts
parallel data to serial data as well as performing serial-to-parallel data conversions and reading
from and writing to the tape head. Al circuitry on the data board has an A18A1 preface.

Tape Controller

The tape controller, U661, is a Tektronix-made M233 Tape Controller that provides both data and
tape drive motion commands. The data contrel consists of read and write operations under the
supervision of the mainframe Controller board. The tape controller also performs CRC calcula-
tions using the CRC-16 aigorithm.

The tape controller also senses write-protect, and cartridge-in-place signals.

The tape controller IC has 40 pins that are identified as follows:

Table 4-34
Tape Controller Pin-Outs
Pin # Signal Name /O Description
1 RESET I Resets all tape controller functions.
2 INT 0 Interrupt. Current limited to drive
transistor base. Does not provide
TTL levels.
3 READ{L) I Microprocessor read request.
4 SEL{L) | Tape controller select
5 WRITE(L) I Microprocessor write.
6 Al [ Register address line 1
7 A2 | Register address line 0
8 D7 T{e] Data line 7 {(msb)
9 D6 He; Data line 6
10 D5 HO Data line 5
11 D4 1O Data line 4
12 D3 O Data line 3
13 D2 KO Data line 2
14 DA 17O Data line 1
15 DO He Data line 0 (Isb)
16 SCIL) 18] Tape drive servo control bit 1
17 SC2(L) O Tape drive servo control bit 2
18 SC3(L) 0 Tape drive servo control bit 3
19 Digital ground -
20 CNIP [ Cartridge not in place
21 HOL(L) i Hole detected
22 SFF(L) l Servo fail flag
23 RDATA 0] Read data from decoder
24 PDATA 18] Peak detected but still encoded
25 EDI I . External data input
26 Not used -
27 Write V - 475V to 5.25V supply for write

buffer
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Table 4-34{cont)
Tape Controller Pin-Outs

Pin # Signal Name 1/C Description

28 Write A+ 0

29 Write A— 0 These four lines determine the

30 Write B+ 0 direction of the write current

31 Write B+ O in the selected tape head

31 Write B— O

32 WINH | Write-inhibit signal: status set by data
cartridge

33 IT O Increase threshold: decreases output
from read amplifier

34 T B/A{L) 0 Selects data track Aor B

35 Pdata In 1 Peak data from read amplifier

36 Not used -

37 GDET I Inter-record gap detected

38 Clock - 75 times the write bit rate

39 +5 V digital - 475V 10525V

40 Bit clock -- Clocks valid data. Used with EDI

The tape controller IC have five internal eight bit registers; two command registers, a status
register, and one bidirectional data register. Selecting registers is controlled by the A0 and A1
address lines and the read/write select line. The command registers can only be written to, and the
status register can only be read from. Register addresses are shown in Table 4-35.

Table 4-35
Tape Controller Register Addresses
Address
Register Al AO READ(L) WRITE(L)
Data X L X X
Command 1 L H X L
Command 2 H H L X
Status X H L X

The Data register contains two bidirectional data buffers that receive data to be stored on the
tape, or program ihe tape controller IC, or hold data that has been read from the tape.

The Command 1 register is an 8-bit register that holds control bits that regulate the operation of
the tape heads and the servo control bits.

The Command 2 register is an 8-bit register that controls the CRC calculations, the write current,
the gap-detect interrupt, and data logging procedures.
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The Status register holds eight status bits that must periodically be read by the host microproces-
sor. The status bits contain information regarding what sort of service is required by the tape
controller from the host microprocessor, whether the tape is write-inhibited, whether an inter-
record gap is detected, if a tape cartridge is in place, if a hole in the tape is detected, or if the tape
servo has failed.

The bus read/write mode for the tape drive is selected at tape controiler U661 pins 3 and 5,
respectively. Pin 4 is the tape controller SEL(L} signal. When the SEL(L) signal is low, the tape
controller is enabled. SEL(L) must be held low during the entire read/write operation. When write
mode is selected, data flows from the DAS Controller board to the tape controller through pins 8
through 15 of U661. When read mode is selected, data flows the other direction. The READ(L)
and SEL{L) signais also control the direction bidirectional buffer U651.

Tape controller U661 synchronizes and prepares data for reading or writing on either track A or B
of the tape drive.

Write Circuitry

Data to be written to the tape is applied to the tape head through buffers, UB51 and U841C and
D, and a diode-resistor network using the diodes contained in CR361. The network is enabled by
a positive voitage applied through dicde CR631 from transistor Q666 (in the write-inhibit block).
Transistor Q666 is turned on whenever a tape cartridge is in place that is not write-protected
(detected by the status beoard, A18A3A2). Depending on the status of the bit being written, write
current flows either up or down through the tape head. The diodes provide isolation when the
tape head is reading and steer the current flow when the head is writing.

Write-Inhibit

Write-inhibit circuitry is enabled when the status board does not detect a write-enabled tape
cartridge in place. When writing is enabled, 412 V is applied to transistors Q666 and Q765. (666
applies a positive voltage to CR361, which allows write current to flow through the tape head.
Applying +12 V to the base of Q765 turns it off, which causes a high to pin 32 of tape contraller
UB61. This high signals the tape controller that writing is allowed.

If the cartridge is not write-enabled, the status board supplies no current to transistors Q666 and
Q7685. This prevents current from flowing through the tape head and signals tape controller U661
that writing is not permitted.

Read Amplifier and Track Select

When tape controller U661 is reading data from the tape head, the diodes in the write circuitry
disable all inputs to the tape head. The head then generates current due te changes in the
magnetic flux from the tape. This current due to flux changes is applied to the read preamplifier,
U721A and D, and then to the track select circuit, U615A and B. The track-select circuitry selects
which track will be read and sends data from the selected track to the programmable gain circuit.

Programmable Gain

The programmable gain circuit receives the output of the track-select circuit and the INCRTH
(increase threshold) signal from the tape controtler IC. The INCRTH signal halves the gain of
U721. This has the same effect as the magnetic tape losing half of its magnetism. The signal may
be used to verify data that has been written on the tape.
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Peak and Thresheld Detectors

Both the peak and threshold detectors receive data out of the programmable gain circuit. The
peak and threshold detectors cperate together to decode the data stored on the tape, and
differentiate between good and bad data.

Peak detector US11A switches state whenever a peak of the opposite polarity from the previous
peak is detected. The period of time between peaks is decoded by tape controller U661 into a
logic 1 or 0. The output of the peak detector goes directly to tape controller U661 to be decoded
into 8-bit bytes.

The threshold detector, U611B, switches states whenever the output of the programmable gain
circuit passes a certain threshold. The threshold detector separates valid data on the tape from
back-ground noise. The following conditions define the logic states of the threshold detector
(ADATA is the output of the programable gain circuit):

Threshold detector output = 1, when ADATA > Vg4 + 0.287 V £.30 mV
Thrashold detector output = 0, when ADATA < Vg — 0.198 V =20 mV

The output of the threshold detector also controls the operation of the peak detector through
R813.

Gap Detectlor

Gap detector U805, and U611C and D signals tape controller LUG61 when it has detected an inter-
record gap. The gap-detect circuit is slow actuating and deactuating so that noise in a gap does
not cause false beginning-of-gap or end-of-gap detections.

2 V¥ Reference

This reference, generated by U721B, provides a common reference for the read amplifier, progra-
mable gain threshold and peak detector, and gap detectors.

TAPE DRIVE SERVO BOARD

Control of the tape drive motor is accomplished with the Servo board. The Servo board is compa-
rable to the summing point in a traditional servo loop because it receives both motion commands
and feedback signals, and from these signals generates its own drive commands. Motion com-
mands come from the the tape controller IC located on the Data board (A18A1).

The feedback from the motor consists of tachometer pulses from the timing disk attached to the
tape drive motor shaft. The tachometer pulses are generated by an infrared LED/light detector
pair located on the Sensor board (A18A3A1).

The drive command generated by the Serve board is a dc voltage that drives the tape drive
motor. Functionally, the Servo board may be divided into four areas: the clock circuit, the micro-
computer, the modulator circuit, and the bridge circuit. All circuit numbers refered to in the Servo
hoard circuit descriptions are assumed to have an A18A2 preface unless otherwise noted.
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Clock

The clock is a crystal-controlled oscillator that consists of crystal Y333 and four inverters in U321.
The clock output is 4 MHz which is used by the modulator. A tap off of the modulator divider
provides a 2 MHz clock for the microprocessor.

Microprocessor

This description is confined to microcomputer operation as it applies to the operation of the tape
drive. For a detailed description of the 6500/1, refer to Rockwell literature.

Microcomputer U211 is the Rockwell 6500/1. It is a single chip microcomputer that has been
custom-programmed for use in the tape drive serve circuit. Standard features of the 650041
include four bidirectional input/output ports of eight bits each, 64 bytes of RAM, and 2048 bytes
of ROM. It receives motion commands from the tape controller IC. By using firmware algorithms,
feedback information, and housekeeping information, it outputs digital words that control the
speed and direction of the tape drive.

Motion commands from tape controller U651 (schematic 45) to the microcomputer are input at

pins 22, 23, and 24. These three bits provide eight tape motion possibilities. The possibilities are
shown in Table 4-36.

Table 4-36
Tape Motion Commands
Motion Command SC3(L) SC2(L) SC1{L)
Stop 0 0 0
Find beginning of tape 0 0 1
Reset servo fail 0 1 0
Acknowledge power up 0 1 1
Forward at 25 ips 1 0 0
Reverse at 25 ips 1 0 1
Forward at 60 ips 1 1 0
Reverse at 60 ips 1 1 1

|
|
]‘

In addition to motion commands, U221 receives a system reset signal at pin 39. When this signal
is tow, the 8500/1 is prevented from operating. When this signal goes high, the 6500/1 begins
executing its program. The cartridge in place {CIP) signal at pin 31 is a status signal informing the
6500/1 that a tape cartridge is in place, and that it is safe to operate the servo.

There are two types of feedback to the 6500/1: cartridge status feedback and tape motion
feedback. Cartridge status feedback results from the housekeeping information (beginning and
end of tape and cartridge in place). The main socurce of housekeeping information is the hole-
detect (HDT) signal applied at pin 32. By counting the number of holes and knowing the current
direction and speed of tape motion, the internal firmware can determine the initial tape position.
The 6500/1 also outputs a hole-detect signal at pin 14 for use by tape controller U651 (schematic
45).

Tape motion feedback is in the form of chopped light pulses that originate at the timing disk
attached to the drive motor shaft. The light pulses are converted to electrical pulses by the sensor
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board (A18A3A1)} and then are referred to as tachometer pulses. Tachometer pulses are received
by the 6500/1 at pin 38 and are used to measure the distance traveled by the tape. Tachometer
pulses do not correspond to bit positicn on the tape.

Tape motion commands are two digital words. One word controls the tape drive motor speed.
This word controls the modulator. The second word controls the direction of the drive and is
applied to the bridge circuit. Drive motor speed control commands come from pins 2 through 9 of
the 6500/1. The commands are eight bits in length and provide quasi-iinear drive motor speed
control.

Drive motor direction commands are ocutput at pins 25 through 28 of the 6500/1. The Table 4-37
gives the bit values for the direction commands.

Table 3-37
Drive Motor direction Commands
Command DR3 DR2 DR1 DRO
Forward 1] 1 1 ! 0
Reverse 1 0 0 1
Off 1 0 1 0

An additional output at pin 29 is motor off (MOF{H)). This signal is applied to the medulator and
when active (high) holds the modulator output off by holding D flip-flop U221B cleared.

Pin 21 is the input line for the internal counter. It is used in conjunction with pin 33 to perform a
power-up test of the modulator and internal timing chains.

Pin 33 is an input for port A and is to detect edges on the modulator during testing. See the pin 21
description.

Pins 35 and 40 are used in conjunction with the check port {pins 16 through 20). Pin 35 is used to
measure the time that the NMI signal is low.

Pin 40 is the non-maskable interrupt to the 8500/1. The length of time that this signal is held low
determines the test that will be run.

Pin 15 is the at-speed signal. It is output by the 6500/1 when the drive motor is at drive speed.

Pins 34 and 36 are used to select varicus operating modes. Pin 36 allows for selection of a 1 MHz
or 2 MHz microprocessor. This output must agree with the frequency of the clock supplied to the
6500/1. Pin 35 is a logic 0.

The servo fail flag is output at pin 13.

Pins 16 (msb) through 20 (Isb} are check ports that indicate which firmware subroutine is being
executed. Table 4-38 shows the correspondence between firmware subroutines and the value put
out by pins 16 through 20.

When the 6500/1 is reset, a test sequence is started. The test sequence starts with an internal
check of the 650071, then checks the modulator circuit. After the self-test, the 6500/1 is ready to
run.

4-135



Theory of Operation—DAS 9100 Series Service Vol. 1

4-136

Table 4-38
6500/1 Check Port Values
Port Value Meaning

1F Hardware reset

1E Internal ROM check in progress, ports set up.

1D RAM check in progress, ROM OK.

1C Medulator check in progress, RAM OK.

1B Modulator OK, signal host microprocessor that everything works.

1A Acknowledge received from host. Start tape operation.

19 The sequence hangs here if the drive does not detect a cartridge in
place.

18 Fault 1 error.

17 Waiting for cartridge removal.

16 Hole detected error (not fatal)

15 Waiting for fault acknowledge, hole too long. May indicate that the
tape ran off the end.

14 BRK error

13 Waiting for hole acknowledge

12 Waiting for fauit acknowledge

11 Slow clock error

10 Fast clock error

OF Waiting for BOT acknowledge

0OE Double hole found (located at beginning of tape}.

oD Start BOT (find beginning of tape) sequence.

oC Executing HARDRAMP sequence.

oB Executing SLOWDNZ25 sequence. This sequence slows the drive from
60 ips to 25 ips.

0A Executing STOP60. Brings tape drive to a stop.

09 Executing REG60. Brings the tape drive up to 60 ips and regulates the
speed.

08 RAMPC subroutine entered. Brings the tape drive from O ips up to
25 ips.

07 Executing HARDSTORP routine.

06 6500/1 sets up the pointers for the SLOWDN25 routine and turns off
the tape drive motor.

05 Executing COAST subroutine which sets up pointers for STOP60 and
turns off the drive motor.

04 Setting up pointers for ramping the tape drive motor to 60 ips.

03 Setting up pointers for ramping the tape drive up to 25 ips.

02 Executing the DLY 100 command. This subroutine delays 100 counts.
It is used for final tape positioning at the end of a BOT (find beginning
of tape) command.

01 Executing the tape hole checking subroutine.

00 Executing SCAN. This subroutine ensures that tape motion com-

mands are valid and executed in a manner that is safe for the magnetic
tape.
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Modulator

The modulator consists of two 4-bit adders, a counter, and a latch. It receives inpuis from the
clock circuit and the microcomputer, and its output is a logic signal to the bridge circuit that
contrcls the amount of voliage applied to the tape drive motor.,

The output of the 4 MHzclock circuit clocks counter U301. The counter is free-running as long as
register U221A is held clear. The counter output is one of the two inputs to adders U201 and
U115. The other input to these adders is a digital word from the microcomputer (6500/1) that is
proportional to the voltage to be applied to the tape drive motor.

For the purposes of this explanation, assume that the counters begin counting at zero. Also
assume that the digital word from the 6500/1 is OF hexadecimal. With these conditions, one input
to the adders is 00 (from the counter) and the other input is OF (from the 6500/1}). The counter
begins to increment. As scon as the counter reaches FO hexadecimal, a carry signal goes to flip-
flop U2218. The ocutput of U221B goes to the bridge circuit where it controls the bridge drive
voltage.

As long as flip-flop U221B is set, transistor Q161 is turned on. With Q161 on, + V1 is applied
through Darlington amplifier Q165 o the tape drive motor to turn it. Drive direction is controlled by
the bridge circuit which is explained later.

If the digital word from the 6500/1 had been a hexadecimal 00, a carry signal would never occur.
Therefore, a hexadecimal 00 resuits in a drive voitage off and a hexadecimal FF results in the
drive voltage aiways on.

Bridge Circuit

The bridge circuit applies the drive voltage to the tape drive motor. It also controls the direction of
current flow to the motor, and thus its drive direction.

The drive direction word from the 6500/1 is applied to comparators U325A and B. I the motor is
to turn in the forward direction, the output of U325A is high. This high turns on transistor Q354,
which turns on Darlington amplifiers Q265 and Q365. Current then flows through the motor in the
direction necessary for forward tape motion.

When the motor is to drive in the reverse direction, the output of U325B is high to turn on
transistor Q352. The output of Q352 turns on Q26Q and Q360, so current flows in the opposite
direction. This reverses the direction of the motor.

Transistor Q165, which is turned on by transistor Q161, controls the value of V+ to the bridge
circuit. Q161 is turned on whenever flip-flop U221B is set. The fength of time Q165 is on is
determined by the length of time flip-flop U221B is set.

When Q165 is on, inductor L150 and capacitor G255 are charged up. The time constant of this
filter is much longer than the charging puises, so the filter rises or falls to a constant voltage,
depending on the action of the modulator circuit.

Servo Board Test Routine

The ROM in the 6500/1 provides an open loop test of the Servo board. This test is entered
through the NMI interrupt pin. The duration that the NMI pin is held low determines the test that
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will be performed. During these tests, caused by the NMi pin, the values output by pins 16 (msb)
through pin 20 (Isb} take on new meanings. Table 4-39 lists the tests available, how long NMI
must be held to activate them, and the new port meanings.

Table 4-39
Servo Board Test Routine
Port Time NMI
Value Test held low
00 Drive forward with moduiator value of 00 64.77 ms
o1 Drive forward with modulator value of 20 | 63.03 ms
02 ] Drive forward with modulator value of 40 60.70 ms
03 i Drive forward with modulator value of 60 58.63 ms
04 Drive forward with modulator value of 80 56.57 ms
05 Drive forward with modulator value of AD 5453 ms
06 Drive forward with modulator value of CO 52.44 ms
Q7 Drive forward with modulator value of EQ L 50.42 ms
08 Drive reverse with modulator value of 00 : 48.22 ms
0o Drive reverse with modulator value of 20 46.18 ms
0A Drive reverse with modulator value of 40 4414 ms
0B Drive reverse with modulator value of 60 42.03 ms
0C Drive reverse with modulator value of 80 40.01 ms
oD Drive reverse with modulator value of AQ 37.95 ms
CE Drive reverse with modulator value of COQ 36.01 ms
OF Drive reverse with modulator value of EQ 33.77 ms
10 Medulator output (bridge off) 00 31.78 ms
11 Modulator output (bridge off) 20 29.75 ms
12 Modulator output {bridge off) 40 27.68 ms
13 Modulator output (bridge off) 60 25.61 ms
14 Modulator output {bridge off) 80 23.59 ms
15 Modulator output (bridge off) A0 21.54 ms
16 Modulator output (bridge off) CO 19.50 ms
17 Modulator output (bridge off) EO 17.59 ms

TAPE DRIVE SENSOR AND STATUS BOARDS

Sensor Board

The Sensor board is mounted on the tape drive housing. The board has assembly number
A18A3A1.

The Sensor board holds an infrared LED and photo-transistor pair. These components are used
by the Servo board {(A18A2) to monitor the rotation of the tachometer wheel attached tg the drive
motor. As the tachometer wheel rotates, it alternately transmits and obstructs light from the LED.
The transistor then turns on and off according to how fast the tachometer wheel rotates.
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Status Board

The Status board is mounted on the tape drive housing. The board has assembly number
ATBA3AZ.

The Status beoard menitors the current status of the tape cartridge installed in the tape drive.
Switch $2 turns on whenever a cartridge is in place. Switch S1 turns on only when a write-
enabled cartridge is in place. The signals from these switches are used by the Servo board
(A18A2} and the Data board (A18A1).

The Status board also has an infrared LED and a photo-transistor to detect holes in the magnetic
tape. When a hole is detected by transistor Q1, the output of the transistor goes to a high-pass
filter consisting of the U1B and C circuitry. The high-pass filter allows the sudden burst of light
through a hole in the tape to pass, but will not allow signals due to ambient light to trigger the hole
detect circuit.

OPTION 02 - i/O INTERFACE

The /O interface provides a means for the DAS to communicate with another DAS or other
intelligent devices. The /O interface provides GPIB and RS-232 interface capabilities. The 1/O
interface also has a composite video output. All of the component numbers in the I/C interface
circuit description are assumed to have A19A1 as a preface unless otherwise noted.

This description is divided into several sections. The secticn divisions are by schematic, and then
by functional blocks on the schematic. Numbers in diamonds refer to numbers on schematic tabs
in the Diagrams section of this manual. Refer to those schematics while reading this circuit
description.

I/0 INTERFACE GPIB AND RS-232

1/O Board Controller Interface

The I/O board Controller interface takes data and control signals from the DAS Controller board
and uses them to control the GPIB and RS-232, interfaces and to retrieve instructions from the
firmware. U246 buffers the DAS data bus and is enabled through inverting input NOR gate U347B
by PORT 8(L), COM CS(L), or ROM SEL(L}. Table 4-40 shows which integrated circuit is connect.
ed to the data bus by each hexadecimal address and the BRD(L), RESET(L), and PORT 8(L)
signals.

Table 4-40
{/O Controller Interface Map
Hex Addr PORT 8(L) | BRD(L) Uz
XXXO0 to XXX3 L. X U135
XXX4 to XXX7 L. H U251
XXX8 to XXXF L X U242

Buffer U135 transmits the GPIB address of the DAS when it is enabled. U251 is the R5-232
interface controller, and U242 is the GPIB interface controller,
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ROM

There are four ROMs in the I/O Interface that hold firmware to control the GPIB and RS-232;
U455, U451, U445, and U440. U440 may be a programmable read-only memory used to fix errors
in the firmware. U551 and U545 buffer the address bus coming from the interconnect to address
the ROMs. One of the four ROMs is selected by the data held by register U331. U331's data is
then decoded by U335 to enable the selected ROM.

NAND gate U335A detects when the ROMs are to be read. The ROMs are read when BRD(L),
SEL SLOT{L), and PERSONALITY(L) are alt active. This condition makes NAND gate U335A
output 2 low to enable decoder U3358. U335B then selects the ROM to be read. The ROM is
selected by the two lowest data bits in conjunction with BWR(L) and PORT 8(L) being active.
Table 4-41 shows the ROM select code.

Table 4-41
I/O ROM Select Codes
BWR(L) | PORTS(1L) | DI DO | Selected ROM
L } L 0 0 U455
L i L 0 1 U451
L L |1 0 U445
L L 1 1 U440

GPIB Control Buffer

Buffer U135 transmits the GPIB address to which the DAS is set when it is enabled by the
controller interface. The address is set with the DIP switch on the back panel of the DAS main-
frame. The switch alsc has a place to specify the line terminator for RS-232 and GPIB
transmissions.

GPIB

U242 is the integrated circuit that controls the GPIB interface for the DAS. U242, a TMS9914
GPIB Controller chip, performs the interface function between an IEEE 488-1975/78 General
Purpose Interface Bus (GPIB) and a microprocessor. It communicates with the microprocessor
via a memory-mapped 8-bit data bus and provides a 16-bit bus to interface with the GPIB through
buffers. IEEE 488-1975/78 standard protocol is handled automaticalty in Talker or Listener opera-
tional modes.

The IEEE 488 standard uses the negative logic convention for the GPIB lines. The FALSE state is
represented by a high voltage (>>2.0 V); the TRUE state is represented by a low voltage (<0.8 V).
The GPIB terminations of the TMS9914 are in agreement with this convention. For example, if
Data Valid is true, the DAV line is pulled low by the device. These terminations are connected to
the bus through nen-inverting buffers to obtain the correct signal polarity.

Note that the terminations on the microprocessor side of the device are in positive logic. This is in
agreement with the logic used by the DAS microprocesscr. Table 4-42 is a list of the pins of U242
and their functions.

Buffers U227, U231, U127, and U131 are line drivers to isolate the-GPIB chip from the bus.
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Table 4-42
TiI€9914 Pin Functions

Name Pin Function

ACCRGQI(L) 1 ACCESS REQUEST: this pin becomes low to request a
direct memory access.

ACCGR(L) 2 ACCESS GRANTED: when received from the direct
memory access controller, this enables the byte onto the
data bus.

CE(L) 3 CHiP ENABLE: the chip is active when the CE(L) line is
pulled low.

WE(L) 4 WRITE ENABLE: when low this line indicates to the
TMS9914 that data is being written fo one of its
registers.

DBIN 5 DATA BUS IN: a high state indicates to the TM39914
that a read is about to be carried out by the MPU.

RS0 6 REGISTER SELECT LINES: determine which register is

RS1 7 addressed by the MPU during a read or write operation.

RS2 8

INT(L) l 9 INTERRUPT: sent to the MPLU o cause a branch to a
service routine.

D7 {Isb) 10 Data transfer bits on the MPU side of the device.

D6 11

D5 12

D4 13

D3 14

D2 15

D1 ‘ 16

DO {msb) 17

CLOCK(L) 18 CLOCK: up to 5 MHz maximum input. Need not be the
system clock.

RESETI(L) 19 RESET: initializes the TMS59914 at power-up.

Ve 20 Ground reference voltage.

TE 21 TALK ENABLE: controls the direction of transfer of the
line transceivers.

REN 22 REMOTE ENABLE: sent by the system controller to se-
lect control either from the front pane! or from the GPIB.

IFC 23 INTERFACE CLEAR: sent by the bus system controlier
to set the interface system to a known guiescent state.
The bus system controlier becomes the bus controller in
charge.

NDAC 24 NOT DATA ACCEPTED: handshake signal. Acceptor
sets this high when it has latched the data from the 1O
lines.
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Table 4-42 {cont)

TMS9914 Pin Functions

Name Pin Function

NRFD 25 NOT READY FOR DATA: handshake signal. Sent by ac-
ceptor to indicate readiness for the next byte.

DAV 26 DATA VALID: handshake signal controlled by source to
show acceptors when valid data is present on the bus.

EOI 27 END OR IDENTIFY: if ATN is high this indicates the end
of a message block. If ATN is low, the bus controller is
requesting a parallel poll.

ATN 28 ATTENTION: sent by bus controller in charge when
LOW interface commands are being sent over the DIO
fines. When this signal is high, the DIO lines carry data.

SRQ 29 SERVICE REQUEST: set low by a device to indicate a
need for service.

CONT(L) 30 CONTROLLER: controls the direction of the transfer of
the bus transcievers for the bus management lines {ATN,
and SRQY). When high, the device is the bus controller in
charge.

DIO8 (msb) 3 DIOS8 through DIC1T are the data input/output lines on the

DIOY 32 GPIB side. These pins connect to the IEEE 488 bus via

DI06 33 non-inverting transceivers.

DIOS 34

DI04 35

DIO3 36

DIo2 37

DIO1 (Isb) 38

TR 39 TRIGGER: activated when the GET command is re-
ceived over the interface or the FGET command is given
by the MPU.

Vee 40 Supply voltage (-5 V nominal).

RS-232

U251 is the integrated circuit that controls the RS-232 interface for the DAS. U251, an 8251A
chip, is a Universal Synchronous/Asynchronous Receiver/Transmitter. Table 4-43 is a list of the

pins in U251 and their functions.

Buffers U155A and B, U145C and D, and U151A, B, and C are line drivers to isolate the RS-232
chip from the outside worid.
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Tahle 4-43
8251A Pin Functions
Name Pin Function
Do 27 DO through D7 are tri-state bidirectional data bits that
o1 28 interface between the data bus and the 8251A. Data,
D2 1 control words, command words, and status information
D3 2 is transmitted by these bits.
D5 6
D6 7
D7 8
RxD 3 RECEIVE DATA: this pin receives the serial data input
that the rest of the receiving converts to paraliel data.
GND 4 GROUND: the ground reference voltage for the IC.
TxC(L) 9 TRANSMITTER CLOCK: controls the rate at which
characters are transmitted.
WRI(L) 10 WRITE: when LOW informs the B251A that the CPU is
writing data or control words to the 82561A.
CS({L) 11 CHIP SELECT: when LOW the IC becomes active.
C/[DI(L)] 12 CONTROL/DATA: in conjunction with the WR{L) and

RD(L) inputs, informs the 8251A whether the word on
the data bus is a data character {low} or a control word
or status information (high).

RO{L}) 13 READ: when low this input informs the 8251A that the
CPU is reading data or status information from the inte-
grated circuit.

RxRDY 14 RECEIVER READY: this output indicates that the IC
contains a character that is ready to be sent to the CPU.

TxRDY 15 TRANSMITTER READY: indicates to the CPU that the
transmitter is ready to accept a data character.

SYNDET/BD 16 SYNC DETECT/BREAK DETECT: acts as either an in-

put or an output. When used as an output, the pin goes
high to indicate that the SYNC character has been locat-
ed and identified. When used as an input, a positive-
going signal causes the IC to start assembling data
characters on the rising edge of the next RxC(L} signal.

CTS(L) 17 CLEAR TO SEND: a tow to this input enables transmis-
sion of serial data if the TxEnable bit in the command
byte is set to a logic 1.

TXEMPTY 18 TRANSMITTER EMPTY: when the IC has no characters
to transmit, this output goés high.
TxD 19 TRANSMITTER DATA: this pin outputs the serial data

and control words from the IC.

CLK 20 CLOCK: this input is used to generate internal timing. No
external inputs or outputs are referenced to CLK.
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Table 4-43 (cont)
8251A Pin Functions

Name Pin Function

RESET 21 RESET: a high on this input forces the IC into an idle
mode.

DSR(L) 22 : DATA SET READY: this is a general-purpose one-bit
inverting input port.

RTS(L) 23 REQUEST TO SEND: this is a general-purpose one-bit
inverting output port.

DTR(L) 24 DATA TERMINAL READY: this is a general-purpose
one-bit inverting output port.

RxC(L) 25 RECEIVER CLQCK: this input controls the rate at which

the senal data is to be received.

Ve 26 Supply voltage (-5 volts nominal).

/O INTERFACE VIDEO DRIVER

NOR gates U145A and B form a composite video signal from the HORZ SYNC, VERT SYNC, and
VIDEQG(L) signals. Transistor Q139 is the final driver for the COMPOSITE VIDEO output.

/O INTERFACE CONNECTOR

The I/O Connector is a sub-assembly of Option 02, the I/O Interface. The assembly number of the
I/O connector is A19A2. This sub-assembly is attached to the back panel of the DAS mainframe.
It holds the GPIB connector, the RS-232 connector, and the composite video connector for the
IO Interface.

The I/O eonnector also holds four LEDs that indicate the GPIB status and a set of DIP switches to

select the DAS’s Talker/Listener address on the GPIB and to select the type of terminal the DAS
is communicating with.

OPTION 03

Option 03 is a single +5 Volt Power Supply for use in the DAS Mainframe. Refer to the +5 Volt
Power Supply circuit description for more detailed information about Option 03.

OPTION 04

Option 04 consists of two +5 VoIt Power Supplies for use in the DAS Mainframe. Refer to the
+5 Volt Power Supply circuit description for more information about Option 04.

OPTION 05

Option 05 consists of the hardware necessary to rackmount a DAS.
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VERIFICATION & ADJUSTMENT PROCEDURES

INTRODUCTION

NOTE

Unless otherwise specified, the material in this section appiies to all DAS 9100 Series instru-
ments. Material applicable only fo the monochrome (DAS8109) or color (DAS9128) main-
frames is identified.

This section of the manual contains three main parts: the functionat check procedures, the adjust-
ment precedures, and the performance check procedures. These parts, aiong with the test setup
information at the beginning of this secticn, should allow & qualified technician to bring into
adiustment and verify the operation of any DAS 9100 mainframe, mainframe sub-assembly, in-
strument module, probe, or option to the DAS 9100 Series.

NOTE

Throughout this manual the term verification is used to mean either a functional check or a
performance check.

Functional Check Procedures. These tests verify that the device being functionally tested is
basically operational. The procedure exercises the main user interfaces of the device to verify
their operation and checks the main internal features. These tests can be used to determine
whether adjustment and/or repair is necessary.

Adjustment Procedures. These instructions for setting variables should bring the device being
adjusted to or within product specifications. If the instrument module, mainframe sub-assembly,
probe, or option cannot meet the specifications given in this manual after adjustment, repair is
necessary.

Performance Check Procedures. These tests provide a detailed check of internal and external
product characteristics. All specifications listed in the performance requirement column of the
specifications are verified. These checks can be exiensive and time consuming. Under normal
circumstances the functional check procedures provide an adequate test of product performance
in a less costly or time consuming manner.

TEST SETUP INFORMATION

The procedures in this Verification and Adjustment Procedures section require some test setups
and general information relevant only to the DAS 9100 Series. This information is presented here
at the front of the section to prevent duplication throughout the following procedures.
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NOTE

Due to space limitations, not alf DAS test setup information can be presented here. For
questions regarding operation or disassembly that are oulside the scope of this section,
refer to the Operaling Information or the Maintenance: General Information sections of this

manual.

SUGGESTED TEST INSTRUMENTS

There are three different sets of procedures in this section: the functional check, the adjustments,
and the perfomance check. Below are lists of instruments that are used at some point in each of

these procedures, along with their Tektronix equivalents.

NOTE

Each separate procedure will only use some of the instruments given in these tables. Check

the procedure in question before appropriating test instruments.

Table 5-1

Equipment Needed For The Functional Check Procedures

Equipment

Specifications

Equivalent
Tektronix Instrument

DAS 9100 mainframe

.. DAS 9100 Service Maintenance

Kit

Digital multimeter

Oscilioscope with probe

Pulse or square wave generator

91A32 Data Acquisition Module

91P16 Pattern Generator
Module

- Diagnostic Lead Set

P6452 External Clock Probe
P6452 Data Acquisition Probe
P6454 100 MHz Clock Probe

No substitute allowed
No substitute allowed

3.5 digits, 0.1% dc volts
accuracy

50 kHz bandpass

1 MHz pulse rate, min. Qutput
swing between +5V and
ground.

No substitute allowed
91A08 Data Acquisition Module |

No substitute allowed
No substitute allowed

No substitute allowed

No substitute allowed
No substitute allowed

No substitute allowed

DM 502A

2213
PG 502

Tektronix Part number
012-1000-00
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Table 5-1 (cont)

Equipment Needed For The Functional Check Procedures

Equipment

Specifications

Equivalent
Tektronix Instrument

PB455 TTL/MOS Pattern Gen-
erator Probe

Formatted DC100-type tape
cartridge with no data stored

TEKTRONIX 4051 Desktiop
Cornputer with Option 1
fnstalied

RS-232 cable

GPIB cable

Special purpcse null modem

No substitute allowed

No substitute allowed

No substitute aflowed

JEEE 488-1978

Hand constructed, schematic
inciuded,

Tektronix part number
119-1350-00 {unformatted)

Tektronix part number
(12-0815-00

Tektronix part number
012-0630-03

None

5-3
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Table 5-2

EQUIPMENT NEEDED FOR THE ADJUSTMENT PROCEDURES

Equipment

Specifications

Equivalent
Tektronix Instrument

DAS 9100 mainframe

DAS 9100 Service Maintenance
Kit

DAS formatted DC 100-type
data cartridge

Two-channe! oscilloscope with
probes

Digital muitimeter
Pulse generator

50 @ termination for the above
pulse generator

Standard slotted screwdriver
Small slotted screwdriver

Long Shank (9 inch min.}
POZIDRIVE type magnetic
screwdriver

Smali-plastic biaded, slotted
screwdriver

Piastic alignment tool
Ruler or tape measure
Wire strippers
Soldering iron

Solder

No substitute allowed
No substitute allowed

No substitute allowed

350 MHz

3.5 digits, 0.1% dc volis
accuracy

250 MHz puise rate, variable
output levels

Tektronix part number
119-1350-00 (unformatted)

485

BM 502A

PG 502

EQUIPMENT NEEDED FOR THE PERFCRMANCE CHECK PROCEDURES

Tabie 5-3

Equipment

Specifications

Equivalent
Tektronix Instrument

_BAS 9100 mainframe
DAS 9100 Service Maintenance

Kit
DAS Setup/Hold Time Test
Fixiure

No substitute allowed

Tektronix part number

067-1037-00

REV MAY 1983



Verif. and Adjust. Procedures—DAS 9100 Series Service Yol. 1

Table 5-3 (cont)

EQUIPMENT NEEDED FOR THE PERFORMANCE CHECK PROCEDURES

Equipment

|

Specifications

Equivalent

Tektronix Instrument

TM 500 Mainframe
Two-channel oscilloscope with
probes

Digital multimeter

Pulse generator
Sine wave generator

5V Power Supply
Dual Variable DC Power Supply

91A32 Data Acquisiticn Module
91A08 Data Acquisition Module

91P16 Pattern Generator
Module
Diagnostic Lead Set

P6452 External Clock Probe
P6452 Data Acquisition Probe
P6454 100 MHz Ciock Probe

P6455 TTL/MOS Pattern Gen-
erator Probe

50 Q coaxial cable with male
BNC connectors on the ends

BNC female to BNC female
adapter

BNC male to dual hinding post

BNC T

Bayonet ground assembly
Termination, 50 @

50 & 5X attenuator

Ten 1.5 kQ resistors
Ten 50 Q resistors
2.2pF

Graph paper
Straight edge

350 MHz
3.5 digits, 0.1% dc volts accura-
¢y, 1% ac volts accuracy

250 MHz pulse rate, variable
output levels

Variable frequency up to
200 MHz with variable output

2 A output

300 mA output from both
outputs

No substitute allowed
No substitute allowed
No substitute allowed

No substitute allowed
No substitute allowed

No substitute allowed
No substitute
No substitute allowed

5% accuracy, 1/4 W
5% accuracy, 1/4 W
200V

485

DM 502A
PG 502

5G 503

PS 503A

Tektronix part number
012-1000-00

Tektronix part number
103-0028-00

Tektronix part number
103-0033-00

Tektronix part number
103-0030-00

Tektronix part number
013-0085-00

Tektronix part number
011-0049-01

Tektronix part number
011-0060-02
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USING THE DIAGNOSTIC LEAD SET

Included in the DAS Service Maintenance Kit is a special lead set called the Diagnostic Lead Set.
This lead set can be used to connect any pattern generator probe to a data acquisiton probe to
acquire pattern generator data. This lead set is often used in verification procedures to simplify
the task of connecting a pattern generator probe to a data acquisition probe.

Connecting the Probes

Figure 5-1 illustrates how pattern generator and acquisition probes are connected using the
Diagnostic Lead Set. Make sure all the following conditions are true.

* The data acquisition ground lead from the diagnostic lead set is connected to the GND DIAG-
NOSTIC location.

* The pattern generator ground lead from the diagnostic lead set is connected to the V| location if
using a P6455 TTL/MOS probe, or to the V|, location if using a P6456 ECL probe.

NCTE

If you are using a P6456 ECL Pattern Generator probe, you must enter the Channel specifi-
cation menu and set the data acquisition probe’s threshold to variable (— 1.30 V).

* The recessed threshold range switch on the data acquisiton probe is set to NORM.

* The recessed diagnostic switch on the pattern generator probe is set to AUX.

Connecting the Strobe to the Qualifier

With some tests, the strobe line of the Diagnostic Lead Set (the white flying lead on the pattern gen-
erator side) must be connected to the qualifier line ( the white flying lead on the acquisition side).
These two leads are best connected by square pins. The leads may also be connected using any
appropriate piece of conductive wire, like a piece of transistor lead, or by putting gripper tips on the
ends and hooking the gripper tips together.

Special Rules

If you modify any of the functional tests that use the Diagnostic Lead Set, be aware of the
following restrictions:

* The Diagnostic Lead Set cannot operate at clock rates less than 1 us. Be sure to set both the
acquisition and pattern generator clock rates accordingly.

* Acquisition modules using the Diagnostic Lead Set will not recognize a tri-state condition {from
the pattern generator) because there are no pull-up or puli-dewn resistors. Data read during a
tri-state condition depends entirely upon the previous data.
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3624-37

Figure 5-1. Connecting the Diagnostic Lead Set.
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CONNECTING CLOCK PROBES TO THE DIAGNOSTIC LEAD SET

At many times in the functional check procedures, a clock or strobe from the pattern generator
must be connected to a line on the External Clock Probe of the Trigger/Time Base or to the
100 MHz Clock Prohe of a 91A08 module. For example, the pattern generator strobe could
control the pattern generator interrupt, or the pattern generator clock output could be used to
perform synchronous acquisition.

Connecting the External Clock Probe to the Diagnostic Lead Set

Figure 5-2 illustrates how to connect lines between the pattern generator side of the diagnostic
lead set and the External Clock Probe. The pattern generator's output clock lead (gray flying lead
from the pattern generator side of the Diagnostic Lead Set) or the pattern generator’s strobe lead
(the white flying lead from the pattern generator side of the lead set) may be connected to any of
the External Clock Probe leads.

The two flying leads are best connected by square pins. Otherwise, these leads may also be
connected using any appropriate piece of conductive wire, like a piece of transistor lead, or by
putting gripper tips on the ends and hooking the gripper tips together.

NOTE

it is very important to connect the grounds between alf three probes in order to acguire
accurate data and controf signals.

The ground connection between the data acquisition probe and the pattern generator probe is
already made by the Diagnostic Lead Set. The external clock probe, however, must have special
connections made for a solid ground. Procedures for grounding the External Clock Probe are
given betow.

1. Insert a Pomona-type grounding clip in the GND DIAGNOSTIC position of the External Clock
Probe.

2. Insert a Pomona-type grounding clip in one of the GNID SENSE positions of the data acquisi-
tion probe.

3. Connect these two Pomona clips.

The External Clock Probe is now grounded properly.
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Figure 5-2. Connecting the External Clock Probe to the Diagnostic Lead Set.
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Connecting the 100 MHz Clock Probe to the Diagnostic Lead Set

The 100 MHz Clock Probe has two inputs, a clock input and a ground sense input. These inputs
are labeled on the probe housing. During some procedures involving the 891A08, the pattern
generator’'s output clock lead (gray flying lead from the pattern generator side of the Diagnostic
Lead Set) or the pattern generator’s strobe lead (the white flying lead from the pattern generator
side of the lead set) may be connecied to the clock input of the 100 MHz Clock Probe.

Two flying leads are best connected with square pins. These feads may also be connected using
any appropriate piece of conductive wire (like a piece of transistor tead) or by putting gripper tips
on the ends and hooking the gripper tips together.

NOTE

it is very important to connect the grounds between all three probes to acquire accurale
data and control signals.

The ground connection between the data acquisition probe and the pattern generator probe is
already made by the Diagnostic Lead Set. The 100 MHz Clock Probe, however, must have spe-
cial connections made for a solid ground. Procedures for grounding the 100 MHz Clock Probe are
given below.

1. Connect a gripper tip to the REF location of the P6454 100 MHz Clock Probe.

2. Insert a Pomona-type grounding clip in one of the GND SENSE positions of the data acquisi-
tion probe.

3. Connect these two clips.

The 100 MHz Clock Probe is now grounded properly.

USING THE DAS MAIN EXTENDER

The main extender board in the DAS 9100 Service Maintenance Kit is used in some of the
adjustment and performance check procedures. The board elevates the module being tested or
adjusted to a convienient level above the mainframe, so test points and components are
accessible.

Signal Test Points and Jumpers

Each instrument module has an A side and a B side. The B side of a module holds all of the
compenents on the board, while the A side is the solder side. The main extender board has an A
side and a B side also. Each side is iabeled at the top and bottom of the board. The extender pulls
A-side signals through to the B side, so all signals on the board are accessible in the same area.
Each signal {(on both the A side and B side) is passed through a two-pin terminal connector and a
test point, then A side signals are routed back te the A side of the board.
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Figure 5-3. Main extender A-side and B-side terminal connectors and test points.

Signals can be prevented from leaving or entering the madule being tested by removing the
appropriate terminal connector. The signal lines are numbered beneath the row of A-side terminal
connectors.

Figure 5-3 shows the rows of A-side and B-side terminal connectors and test points. Note the four
ground connections.

Power Indicator Lights

Five red LEDs in the upper right corner of the extender board indicate the presence of +6 V,
-8V, +5V, —12V, and +12 V (left 1o right).

High-Speed Bus Buffers

High-speed instrument modules can operate while connected to the main extender board. Buffers
located on the lower left side of the extender help isolate the extender stub from the high-speed
bus lines. The termination of signals is changed, but not the signals themselves.

When testing or adjusting modules in mainframe bus slots 1 through 6, activate the buffers by
placing the ten terminal connectors (located on the lower left side of the extender board) over the
upper iwo pins. When adjusting or testing the Controller board or the Trigger/Time Base board
(slots 0 and 7}, place the terminal connectors on the lower two pins, since the bus is already
terminated on the Interconnect at these two slots.

5-11
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USING THE MAIN POWER SUPPLY EXTENDER

WARHNING |

Hazardous voltages are exposed during troubleshooting procedures involving this
board. Use extreme cauttion.

Use the main power supply extender (in the DAS 9100 Series Service Maintenance Kit} when
adjusting or testing the DAS Main Power Supply. The extender board elevates the board out of
the mainframe to make test points and components accessible.

To adjust or test the DAS Main Power Supply, the supply must be removed from the mainframe,
the extender for the supply must be installed, and the supply must be connected to the top of the
extender.

For detailed instructions for removing the Main Power Supply, refer to the dissassembly proce-
dures in the Maintenance: General Information section of this manual. While reading this proce-
dure, refer 1o Figure 5-4, which illustrates the proper connection of the extender and supply.

MAIN POWER SUPPLY ——=

OO0
LLLLL LLLL LLELLE L

[WNEANAT

MAIN POWER e
SUPPLY EXTENDER

3625-135

Figure 5-4. Connecting the Main Power Supply to the extender board.
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The power supply is held in place in the mainframe with three screws underneath the left side-
panel of the mainframe. This side panel (on the same side as the display monitor) must be sfid off
the mainframe to access these three screws.

The series pass sections of the DAS Main Power Supply have transistors mounted on a heat sink
near the rear fan. These transistors are attached to the supply by cables. Remove the two
connectors that attach these cables to the supply. It should now be possible to remove the supply
entirely from the mainframe.

Insert the extender board in the mainframe in the same position the Main Power Supply occupied.

Make sure the connectors at the bottom of the extender mate properly with the pins pro-
truding from the mainframe. If the extender is connected to either side of the proper position
(one or more of the pins is not connected) the Main Power Supply may be damaged upon
power-up,

The series pass transistors must now be connected to the extender board. There are two rows of
pins on the upper right side of the main power supply extender board. Use the lower set of pins to
connect the series pass transistors to the extender in the same way they were connected to the
main power supply. (See Figure 5-4.)

Attach the DAS Main Power Supply to the top of the extender. Verify that the connectors and
pins mate properly. Locate the pins on the Main Power Supply that were attached to the series
pass transistors. Connect these pins to the pins on the main extender that are immediately above
the transistor connectors. Perform the connection with the cables found in the DAS Service
Maintenance Kit,

Do not twist the cables used to connect the DAS Main Power Supply to the extender board.
Twisting the cables may destroy the transistors or other components of the power supply.

The extender and supply combination should now look identical to Figure 5-4. The DAS may now
be powered up for adjustment or testing.

5-13
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FUNCTIONAL CHECK PROCEDURES

The Functional Check Procedure verifies that all major sections of the product being checked are
operational. These tests can be used to determine whether adjustment and/or repair is necessary.

The Functional Check Procedure is organized into sets of tests for each sub-system of the
mainframe, each type of module, each type of probe, and finally a procedure for each option.

Refer to the beginning of this Verification and Adjustment Procedures section and to the Operat-

ing Information section of this manual for nstructions on module instaliation, probe connections,
use of menus, and use of the Diagnostic Lead Set.

NOTE

These procedures assume that the user has a moderate understanding of operation of the
DAS menus and hardware.
MAIN POWER SUPPLY FUNCTIONAL CHECK

The functional check for the DAS Main Power Supply verifies the presence and accuracy of all
voltages provided by the supply.

You will need the following equipment to perform this procedure:

* DAS 9100 mainframe (containing the Main Power Supply being tested)
* Main Extender Board (in the DAS Service Maintenance Kit}
» Digital multimeter (or any dc volt measuring device)

* Oscilloscope with probe

Refer to the Operating information section of this manual for procedures covering installation of
instrument medules. Refer to the beginning of this Verification and Adjustment Procedures sec-
tion for instructions for installing the Main Extender Board.

(1) Setup for the Functional Check

The following procedures bring most of the voltages supplied by the Main Power Suppty out of
the mainframe so they can be measured. The procedure is designed so access to the power
supply compartment of the mainframe is unnecessary.

1. Turn off the mainframe. Remove the Trigger/Tirme Base board from the mainframe.

2. Set the Main Extender Board 1o accept a Trigger/Time Base board. Instail the extender in slot
7 of the mainframe.

3. Instalt the Trigger/Time Base on top of the extender.
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Do not install or remove any electrical module or sub-assembly in a DAS mainframe while
the power is on. Doing so could cause damage to the module or sub-assembly.

(2) Verifying Voltage Accuracy

The following procedures check the accuracy of the power supply voltages.

1. Turn on the mainframe. The power-up self-test should pass. Examine the LEDs at the top
foremoest corner of the extender board. All LEDs should be lit; these indicate the presence of
+12V, +6V, +5V, -5V, and —12V,

2. Using the digital multimeter, verify the accuracy of the voltages present on the main extender
board. The voltages on the main extender can be measured at the pins on the upper right-
hand corner. The voltages should be within the following tolerances.

Supply Voltage Tolerances
+12V +11.82Vto +12.18V
+6V +56B82Vito +8.18V
+5V +485Vio +515V
-5V —515Vto —485V
12V —10.80Vtc —13.20V

3. Press the CHANNEL SPEC key. If the display changes to the Channel Specification menu,
then the —12V supply for the keyboard is present and sufficiently accurate to drive the
keyboard.

(3} Yerifying Maximum Voltage Ripple

The next steps verify that the voltage ripple on the various supplies are within the maximum ripple
specification. The steps assume the voltage accuracy has just been verified, so the Trigger/Time
Base is on an extender.

1. Disconnect the digital multimeter from the extender board.

2. AC couple the oscilloscope. Set the oscilloscope to a convenient scale for measuring 120 mv
peak to peak.

3. Using the oscilloscope, verify that the ripple on any of the supply voitages does not exceed
specifications. These voltages can be measured at the pins on the upper right-hand corner of
the main extender board. The ripple should be less than or equal to the following tolerances.

5-15
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Supply Voltage Maximum Ripple
+12V 120 mV p-p
+68V 60 mV p-p
+5V 50 mV p-p
—5YV 50 mV p-p
12V 120 mV p-p

This completes the Main Power Supply functional check. Turn off the DAS mainframe before
removing the Trigger/Time Base or the Main Extender Board.

+5 V POWER SUPPLY FUNCTIONAL CHECK

The functional check for the 4-5V Power Supply verifies the presence and accuracy of the
voltage provided by the supply.

You will need the following equipment to perform this procedure:

o DAS 9100 mainframe (containing the +5 V supply to be tested)

¢ Main Extender Board (in the DAS Service Maintenance Kit)

Digital multitmeter {or any dc volt measuring device)

Oscitloscope with probe

Two DAS instrument modules

Refer to the Operating Information section of this manual for procedures covering installation of
instrument modules. Refer to the beginning of this Verification and Adjustment Procedures sec-
tion for instructions for installing the Main Extender Board.

(1) Setup for the Functional Check

The following procedures bring the voltage supplied by the 45 V Power Supply module out of the
mainframe so they can be measured. The procedure is designed so that access to the power
supply compartment of the mainframe is unnecessary.

1. Turn off the mainframe.

2. Set the Main Extender Board to accept a standard instrument module. Install the extender
board in one of the slots powered by the +5 V supply being tested (see Figure 5-5).

3. install one of the DAS instrument modules on top of the extender board. Install the other
instrument module in the other slot powered by the +5 V supply (see Figure 5-5).
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CAUTION

Do not install or remove any electrical modufe or sub-assembly in a DAS mainframe while
the power is on. Doing so wifl probably damage the module or sub-assembly.

RIGHT +5¥ POWER SUPPLY
FROVIDES POWER TO
BUS SLOTS 3 AND 4, INSTRUMENT MODULES

CENTER +5V POWER SUPPLY
PROVIDES POWER TO
BUS SLOTS 5 AND 6.

LEFT +6¥ POWER SUPPLY
PROVIDES POWER TO
BUS SLOTS 1 AND 2.

3630-1

Figure 5-5. Bus slots powered by each +5 V Power Supply Module.

(2} Verifying Voltage Accuracy
The following procedures check the accuracy of the +5 V supply voltage.

1. Turn on the mainframe. The power-up self-test should pass. examine the LEDs at the top
foremost corner of the extender board. All LEDs should be lit; these indicate the presence of
+12V, +6V, -5V, and —12V {from the main power supply} and +5 V (from the supply
being tested).

2. Using the digital multimeter, verify the accuracy of the +5V supply. The voltage can be
measured cn the main extender board on the +5 V pin in the upper right-hand corner. The
voltage should be between +4.85V and +5.15 V.
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(3) Veritying Maximum Voltage Ripple

The next steps verify that the voltage ripple on the supply is within the maximum ripple specifica-
tion. These steps assume the voltage accuracy has just been verified, so the +5 V supply can be
measured on the extender board.

1. Disconnect the digital mutimeter from the extender board.

2. AC couple the oscilloscope. Set the oscilloscope 10 a convenient scale for measuring 50 mV
peak to peak.

3. Using the oscilloscope, verify that the ripple on the supply voltage does not exceed specifica-
tions. The voltage can be measured at the +5 V pin on the upper right-hand corner of the
main extender board. The ripple should be less than or equal to 50 mV peak to peak.

This completes the -5V Power Supply functional check. Turn off the mainframe before removing
the Main Extender Board or any instrument modules.

KEYBOARD FUNCTIONAL CHECK

The functional check for the keyboard verifies the ability of the Controller board to detect each
key properly.
You will need the following equipment to perform this procedure:

* DAS 9100 mainframe with the keyboard under test installed

Refer to the Operating Information section of this manual for instructions on use of the Diagnos-
tics menu.

{1) Setup for the Functional Check

The following procedures get the user into the Diagnostics menu and then into the keyboard
function in the Diagnostics. This diagnostic function will be used {o verify the operation of the
keyboard.

1. Turn off the mainframe. Turn on the mainframe while holding down the STOP key on the
keybecard. This will cause the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on siot O, the
Caoniroller.

3. Select SINGLE mode and set the LOOPING field to ON. Then select to run function 0, the
keyboard function, and start the test by pressing START SYSTEM,
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{2) Verifying the Keys and LEDs

The following procedures verify the operation of the keys and LEDs on the keyboard.
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Figure 5-6. DAS keyboard hexadecimal codes.

1. There are two parts to the Kayboard function, test 0 and test 1. Press the SELECT key so test
1 is running (indicated in the bfinking field).

2. Press all the keys on the keyboard except SHIFT, STOP, SELECT, and up-cursor. The Diag-
nostics menu should show FAIL for as long as each key is pressed. The display should also
show the number that corresponds to the key being pressed (see Figure 5-6).

3. Note that whenever a key is pressed during this test, both LEDs on the keyboard light up. This
verifies the operation of the LEDs.

4. Press the SHIFT key at the same time the 0 key is pressed. The display shouid show 40 in the
key code field. This verifies the action of the SHIFT key.

5. Press the up-cursor key. The cursor should move to the FUNCTION select field. This verifies
the up-cursor key.

The keyboard has now been verified. The STOP key was veritied while causing the power-up self-
test failure. The SELECT key was verified while altering the test selection fields. All other keys
were verified in the Diagnostics menu,

MOTOROLA DISPLAY MONITOR FUNCTIONAL CHECK

The functional check for the Motoreia Display Monitor checks the monitor for defects in the
phosphor and verifies that the display is centered properly.

5-18
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You will need the following equipment to perform this procedure:

» DAS 9100 mainframe with the Motorola Display Monitor under test installed

Refer to the Operating Information section of this manual for instructions in the use of the Diag-
nostics menu.

(1) Setup for the Functional Check

The following procedures get the user into the Display function in the Diagnostics menu. This
diagnostic function will be used to verify the operation of the Motorola Display Monitor.

1. Turn off the mainframe. Turn on the mainframe while helding down the STOP key on the
keyboard. This will cause the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on siot 0, the
Controller.

3. Select SINGLE mode, then select to run function 1; the Display function, Start the test by
pressing START SYSTEM.

{2) Verifying the Display Centering

The following procedures check the screen display area for centering and possible rotation.

1. The screen should now show a border and cross hairs using the number 8. Verify that the
border and cross hairs are centered on the CRT screen.

2. Still observing the display area, verify that the cross hairs are not tilted with respect to the
physical mainframe.

(3) Checking for Phosphor Defects

The next steps check the CRT screen for burned-out or defective areas.

1. Press the SELECT key. The display should show a green area everywhere a character might
appear.

2. Examine the screen for dark spots in the green fields. A dark spot indicates a flaw in the
screen phosphor.

Press STOP to exit the test. This completes the functional check for the Motorofa Display
Monitor,
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COLOR DISPLAY MONITOR FUNCTIONAL CHECK

The functional check for the color display monitor verifies that the display is properly centered,
and that ail combinations of characters and cclors are legible.

You will need the following equipment to perform this procedure:

° DASY9129 Mainframe with the color monitor under test installed.

Refer to the Operating Information section of this manual for instructions on the use of the
Diagnostics menu.

(1) Setup for the Functional Check
The following procedures get the user into the DISPLAYS function of the Diagnostics menu. This
diagnostic function will be used to verify the operation of the color display moenitor.

1. Turn off the mainframe. Turn on the mainframe while holding down the STOP key on the
keyboard. This will cause the power-up seif test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on slot 0, the
Contralier.

3. Select SINGLE mode, then select to rup function 1; the DISPLAYS function. Start this test by
pressing START SYSTEM.,

{2) Veritying the Display Centering
The following procedures check the screen display area for centering and possible rotation.

1. The screen should now show a border and cross hairs using the number 8. Verify that the
border and cross hairs are centered on the CRT screen within 3.2 mm (1/8 inch).

2. Still observing the display area, verify that the cross hairs are not tilted with respect to the
physical mainframe. The maximum allowable tilt should be about 1/2 character from one side
of the screen to the next.

(3) Checking Red Phosphor Detects
The DAS self-diagnostics verify the red phosphor. Yellow and green are not checked.

1. Press the SELECT key. The disptay should show a red area everywhere a character might
appear.

2. Examine the screen for unusually dark or bright spots in the red fields. These spots indicate
flaws in the screen phosphor.

5-21
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{4) Checking Legibility
The last part of the functional check verifies the legibility of all characters in ail the available colors
and attributes.

1. Press the SELECT key. The display should now show all possible display characters in all
available colors.

2. Compare the intensity of some green characters to the intensity of some yellow characters.
This is easiest on the reverse video characters. The intensity of the yellow and the green
characters should be about the same.

3. Compare a yeilow character on a red background to a yellow character with no hackground.
‘The color of both characters should be the same.

4. Turn the rear panel intensity conirol up to maximum. The background raster should not be-
come visible and the display should remain stable (not dim and flickering).

5. Turn the intensity control down to minimum. The characters on the screen should remain
visible.

6. Return the rear panel intensity control to a comfortable intermediate setting. Press STOP to
exit the test.

This completes the functional check of the color display monitor.

CONTROLLER FUNCTIONAL CHECK

The functional check for the Controller board verifies that the Controller can bring a DAS 9100
system up to operation and can generate all possible characters for the display monitor.

You will need the following equipment to perform this procedure:;
= DAS 2100 Mainframe with the Controller board to be tested installed in slot 0.

Refer to the Operating Information section of this manual for instructions on module instaliation
and on use of the Diagnostics menu.

{1) Setup for the Functional Test

The following procedures get the user into the DISPLAYS function in the Diagnostics menu. This
diagnostic function will be used to verify the operation of the Controller interface to the display
monitor.
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Do not install or remove any efectrical module or sub-assembly in a DAS mainframe whife
the power is on. Doing so will probably darmage the module or sub-assembly.

1. Turn off the mainframe. if the Controlier to be tested is not currently instailed in the main-
frame, install it now.

2. Turn on the mainframe while holding the 0 key down. This will cause the power-up self-test to
fail.

3. When alt the mcdules in the mainframe have finished their power-up self-test, verify that the
module vs slot readout on the screen reflects the actual order of the modules in the
mainframe.

NOTE

At this point, the Controller board has passed its power-up self-test (except for the key-
board). This self-test verifies that the system RAM and ROM are operating and that the
modules can be written to and read from.

4. Press START SYSTEM to enter the Diagnostics menu. Select te run tests on siot 0, the
Controlier,

5. Select SINGLE mode, then select to run function 1; the DISPLAYS function. Start the test by
pressing START SYSTEM.

(2) Checking the User Interface

The next steps check the ability of the Controller to generate each possible character and displtay
attribute and operate the beeper.

1. Press the SELECT key twice. The video screen should show a display of ail possible charac-
ters and attributes. The display should be like Figure 5-7.
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Figure 5-7. Result of the DISPLAY function. 362584

NOTE

ff you have a color display monitor in your DAS mainframe (DAS8129 configuration), also
verify that all possible character/color combinations are displayed. The display should
include:

a Yeliow characters, normal and reverse video
* Green characters, normal and reverse video
* Yellow characters on a red background
» Yellow waveforms with green glitches

2. Press STOP to exit the diagnostic function.

3. Press the INCR key. The beeper shouid sound. This verifies the operation of the beeper on
the Controfler board.

4. Pressing the INCR key should cause the message ENTER IN HEX to appear on the screen,

Verify that the letters of the message are legible against the background field, but that the
background is still bright enough to draw attention.

This completes the functional check procedure for the Controller board.
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TRIGGER/TIME BASE FUNCTIONAL CHECK

g NOTE

If you have a system fo check that contains a 91P16 and/or a 91A32, use it/them in this
functional check procedure. Parts of the 91P16 and 91A32 functional lests are duplicated in
the tests for the Trigger/Time Base. Using them now will shorten the time required to check
the functionality of these modules. )

The functional check verifies the operation of the internal clocks, the various triggering modes,
and the centrol lines from the External Clock probe.

The Trigger/Time Base module's function is to control instrument modules while they are operat-
ing at speed. Because of this, the Trigger/Time Base must be tested in conjunction with at least
one acquisition module and a pattern generation moduie.

You will need the following equipment to perform this procedure:

o DAS 8100 mainframe with the Trigger/Time Base beard to be tested installed in slot 7.

o PB452 External Clock Probe with acquisition lead set

81P16 Pattern Generator Module

o

P6455 TTL/MOS Pattern Generator Probe

[+]

91A32 Data Acquisition Module

o

P6452 Data Acquisition Probe
e Diagnostic Lead Set

o Pulse or square-wave generator

If available, add the following:

= 91A32 Data Acquisition Module {used to check split clock acquisition).

Refer to the Operating Information section of this manual for instructions on module instaltation
and on use of the Diagnostics menu. Refer to the beginning of this Verification and Adjustment
Procedures section for information on connecting probes using the Diagnostic Lead Set.

{1) Mainframe Setup for the Functional Check

The foliowing steps configure the DAS mainframe for this functional check. If, due to insufficient
+5 V power supply modules or scme other constraint, the mainframe is not configured in the
recommended way, then steps later in the functionat check will need modification. For the great-
est ease in follewing the functional check procedure, configure the mainframe according to the
foflowing steps.
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Do not install or remove any electrical module or sub-assembly in a DAS mainframe while
the power is on. Doing so will probably damage the module or sub-assembly.

NOTE
The following steps may require removing modules that were previously instafled in the DAS
mainframe.

1. Turn off the mainframe. If the Trigger/Time Base board is not yet in the mainframe, install it in
slot 7 at this point.

2. Instalt the 91P16 Pattern Generator module in slot 1 of the mainframe.

NOTE

The mainframe will not operate if there is more than one Trigger/Time Base or more than
one 81P16 Fattern Generator modufe installed at the time of power-up. Before power-up,
make sure there are no duplicates in the mainframe.

3. install the 91A32 Data Acquisition module in slot 2. (If your system contains a 91A32 module
to be functionally checked, install it in this slot. This will save time on the 91A32 functicnal
check later on.)

4. If a second 91A32 module is available, install the second module in slot 3.

(2) Executing the Diagnostic Self-Test
The next steps run alt available self-test diagnostics on the Trigger/Time Base board.

1. Turn on the mainframe while holding down the STOP key on the keyboard. This will cause
the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on slot 7, the
Trigger/Time Base.

3. Select ALL mede, then press START SYSTEM. The DAS diagnostics will perform all avail-
able tests on the slot. The diagnostic tests WR&SEQ, A COUNTER, DELAY, 91A32 GEN,
91A32 SEL, and 91A08 GEN, should all pass. (The DAC THRSH test does not have internal
read back, so it can neither pass nor fail.)
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(3) Setup of the Probes for the Functional Check

These sieps provide the initial probe setup for these tests. This probe organization will go through
a series of permutations as the functional check continues.

As a side effect of connecting the probes, the interface between the Trigger/Time Base and the
P6452 External Clock probe is verified.

NOTE

For further details on connecting probes with the Diagnostic Lead Set, refer to the beginning
of this Verification and Adjustment Procedures section.

1. Connect the TTL/MQS pattern generator probe to pod connector B of the 91P16. Set the
diagnostic slide switch on the back of the probe to AUX.

2. Connect the data acquisition probe to pod connector A of the 91A32 in slot 2. Connect these
two probes (currently connected to the back of the DAS) using the Diagnostic Lead Set.

3. Connect the P6452 External Clock probe to pod connector C of the Trigger/Time Base.
When this probe is installed, the mainframe should beep and the message PCD 7C CON-
NECTED should show on the screen.

4. Press the Pod ID button on the back of the P6452 External Clock probe housing. The
mainframe shouid beep again and the message POD 7C should appear on the screen.

5. Install a flying lead set in the P6452 External Clock probe. Also install a ground lead in the
diagnostic ground connector on the probe.

6. Install & ground lead in one of the GND SENSE connectors of the P6452 Data Acquisition
probe. Connect the ground lead of the clock probe to the ground lead of the data acquisition
probe.

The above steps provide the basic connections for the three probes being used. The next step
sets up the probes to perform the next set of tests.

7. Connect the strobe lead from the pattern generator probe (the white flying lead) to the PG
INHIBIT lead from the P6452 External Clock probe (the red lead).

{4) Veritying the PG INHIBIT Line

The next steps verify the transmission of the PG INHIBIT signal through the External Clock
probe.
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1. Leave the Diagnostics menu by pressing the PATTERN GENERATOR key. Set the INHIBIT
field in the Pattern Generator Program menu to 0. Adjust the program that is already present
to match the follewing display.

A INSTRUCTIONS  STROBES

) o GTC 289

288 20 2

281 2081

282 a2

203 3064

2bd aoed

285 10

286 [

287 8340

208 a2 e
289 BOFF  LOTD 288

3625.344

2. Enter the Pattern Generator Timing menu and set strobe 0 to the following state:

SHAPE

3. Press START SYSTEM to start data acquisition.
4. When data acquisition is finished, enter the Timing Diagram menu. Adjust the Timing Dia-

gram display to show the data acquired through pod 2A and set the magnification to 10. The
display should look like Figure 5-B.

A display liike Figure 5-8 indicates that the inhibit signal is being received by the Trigger/Time
Base. The next steps verify the operation of the inversion of the inhibit signal.
5. Enter the Pattern Generator Program menu and set the INHIBIT field to 1.
6. Enter the Pattern Generator Timing menu and set the SHAPE field of strobe 0 to high true.
7. Press START SYSTEM.

8. When data acquisition is finished, enter the Timing Diagram menu. The display should again
look like Figure 5-8.
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TIMING DIAGRAM

CURSOR SEG: 14
DELTA TIHE:

3625-137

Figure 5-8. Trigger/Time Base inhibit test resuits.

{5) Verifying the PG PAUSE Line

The next steps verify the transmission of the PG PAUSE signal! through the External Clock probe.

1. Disconnect the strobe line from the inhibit line. Reconnect the strobe line o the PG PAUSE

ling of the External Clock probe.

yelfow PG PAUSE line.

Press START SYSTEM.

This is done by reconnecting the white strobe line to the

Enter the Pattern Generator Program menu and set the PAUSE field to 0.

. Enter the Pattern Generator Timing menu and set the SHAPE of strobe 0 to low true.

The data acquired from the pattern generator, when displayed on the Timing Diagram menu,

should look like the data shown in Figure 5-9.

TIMIM: DIAGRAM HRG:
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Figure 5-9. Trigger/Time Base pause test resuits.
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A display kike Figure 5-9 means the pause signal is being properly received and reacted to. Note in
particular that the FF value is three times the width of the other data.

The next steps verify the operation of the inversion of the pause signal.

6

7.

8.

9.

(6)

. Enter the Pattern Generator Program menu and set the PAUSE field to 1.
Enter the Pattern Generator Timing menu and set the SHAPE of strobe 0 to high true.
Press START SYSTEM.

Enter the Timing Diagram menu when acquisition is finished. The display should again maich
Figure 5-9.

Verifying the PG INTERRUPT Line

The next steps verify the transmission of the PG INTERRUPT signal through the Externat Clock
probe.

1.

Disconnect the strobe fine from the pause line. Reconnect the strobe line to the PG INTER-
RUPT line of the External Clock probe. This is done by reconnecting the white strobe line to
the orange PG INTERRUPT line.

. Enter the Pattern Generator Program menu. Set the CALL field in the Pattern Generator

menu to cali TEST on a falling edge.

. Set the pattern generator program to match the following display.

SEG  LABEL INSTRUCTIONS  STROBES

8 MK G0TD 209
280 208 0aGe @
201 £091
282 pag2
283 0934
284 29ga
205 GOFF  GOTO 288
206 TEST 9208
207 6818
208 7528
289 8340  RETURN

3625345

Enter the Pattern Generator Timing menu. Set the shape of strobe 0 to low true.

Press START SYSTEM.

. The data acquired from the pattern generator, when displayed on the Timing Diagram menu,

should look like the data shown in Figure 5-10.

A display like Figure 5-10 means the interrupt signal is being properly received and processed.
The next steps verify the operation of the inversion of the interrupt signal.
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7. Enter the Pattern Generator Program menu and set the CALL field to call TEST on a rising
edge.

8. Enter the Pattern Generator Timing menu and set the SHAPE of strobe 0 to high true.

9. Press START SYSTEM.

10. When acquisition is finished, again enter the Timing Diagram menu. The data acquired should
lock like Figure 5-10.
(7} Verifying the PG CLK Line

The next steps verify the transmission of the PG CLK signal through the External Clock probe.
These steps require the use of an external clock source. The recommended clock source is a
square wave or pulse generator with an output that swings between ground and +5 V.

1. Disconnect the strobe line from the interrupt line.

2. Connect the clock output from the pattern generator probe (the gray lead on the pattern
generator side of the Diagnostic Lead Set) to the CLK1 line on the External Clock probe (the
black lead).

3. Connect the output of the signal generator to the PG CLK line (brown) on the PB452 External
Clock probe.

4, The signal generator must have a commen ground with the probes. To accomplish this,
connect the ground of the signal generator to the two clips that connect the data acquisition
probe ground sense to the External Clock probe ground line.

The probes and the signal generator are now connected so the test can be performed.

5. Enter the Pattern Generator Program menu. Set the pattern generator clock to external
rising edge. Set the CALL field to X {don't care).

6. Adjust the pattern generator program to match the following display.

SED  LABEL INSTRUCTIOHS  STROBES
8 vl G0T0 208

00 268 0990 8
m 0aa!

2 0982 8
23 6004

204 0005 ]
205 atd

.3 2020 ]
207 0049

28 0689 B
209 POFF GOTO 288

3625-373
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Figure 5-10. Trigger/Time Base interrupt test results.

7. Enter the Trigger Specification menu and set the acquisition clock to external rising edge.

8. Press START SYSTEM.

9. When acquisition is finished, examine the Timing Diagram menu. The data acquired from the
Pattern Generator should look like the data shown in Figure 5-11,
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Figure 5-11. Pattern generator extemal clock line test results.

A display like Figure 5-11 means the pattern generator external clock is being properly received
and processed. The next steps verify the operation of the inversion of the external clock signal.

10. Enter the Pattern Generator Program menu and set the pattern generator clock to external

falling edge.

11. Press START SYSTEM.

12. When acquisition is finished, examine the Timing Diagram menu. The data acquired from the
Pattern Generator should again look like the data shown in Figure 5-11.
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This finishes the tests of the external pattern generator control signals and their inversions. The
external clocks for acquisition (CLK1, CLK2, and CLK3) will be tested at the end of the proce-
dures for the Trigger/Time Base. The separation is due to the requirement for an extra 91A32 for
the acquisition clock tests.

The next set of test procedures verify the word recognizers and triggering modes in the Trigger/
Time Base.

{8) Menu Setup for Testing the Triggering VModes

These steps provide the initial menu setup for the triggering mode tests. This initial setup will be
modified slightly as the functional check continues.

NOTE

. This setup assumes that the Pattern Generator menu and the probe connections are as they
were /eft at the conciusion of the previous steps (for the PG CLK line).

CHANNEE SPECIFICATION

GROUP RADIX  FOL HODULE  PROBE S8 LS8  THRESHOLD

A [EE 91432 POD D CH (S

B HER + 9iA32 POD X0 R Y6320 TIL  +1.480
POD 2B CH 7eS43219 TIL +1.480

e HEX +  9lai2 POD 20 M 7exdazie L+ 148U

B HEX +
E HER +
F HEX +
4 HEX +

DISCOMMNECTED PODS: 2B, 2C, 20

3625-141

Figure 5-12. Channel Specification menu for the triggering mode funclional tests.

1. Enter the Pattern Generator Program menu. Change the patiern generator clock 10 1 us.

2. Enter the Channel Specification menu. Adjust the channels so pod 2A is in group A and
remove all other pods from this group.
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3. Enter the DISPLAY ORDER field of the Channel Specification menu. Adjust the field to show
only A. All the other positions in the field should be changed to X (don’t care). The final
display should look like Figure 5-12.

{9) Veritying Single Word Triggering

The next steps verify the operation of the single word triggering capability of the Trigger/Time
Base board.

1. Enter the Trigger Specification menu. Change the 91A32 clock to 1 us (it was external rising
edge).

2. Set the Trigger Specification menu to match the following display.

91832 CLOCK:
TRIGGER DN OCCURRENCE
i
HEX
TRIGEER OH Il
L

RESET il

3. Press START SYSTEM

4. Enter the State Table menu. The trigger, shown by the highlighted data, should have oc-
curred at sequence 14 and the data should match Figure 5-13.
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STATE THELE BISPLAY:

RIE= 8
SRed = A

HCAUIIT LN

rReETRARSSEREges §x

J625-142

Figure 5.-13. State Table display to verify single word triggering.

(10) Verifying OR Mode Triggering

The following steps verify the operation of OR mode triggering.

1. Enter the Trigger Specification menu. Set the menu to match the following display.

91A%2 CLOCK:
TRICGER G CCCURRENCE

i

HEX
TRIGGER 0 IEER
]

RESET
2. Press START SYSTEM.

3. Enter the State Table menu. The trigger should be on 02 data and should have occurred at
sequence 14.
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(11) Verifying FOLLOWED BY Triggering
The following steps verify the FOLLOWED BY triggering mode.

1. Enter the Trigger Specification menu. Set the menu to match the following display.

oisz2 cLock: IEETTEEE
TRIGGER ON OCCURRENCE: RINNER

2. Press START SYSTEM.

3. Enter the State Table menu. The trigger should have occurred at sequence 15 and the data
should match data shown in Figure 5-14.

' STATE TABLE DISFLAY: JESETRALT
TRIG= @2
SH= Ed

A
SE¢  HEX
aa
12 &9
12 o8
V)
15 &
1E o
17 ®
18 1Ig
19 2
8 48
21 B3
2 K
23 09
24 0
;a8
26 84 3625142

Figure 5-14, State Table display to verify followed by triggeting.
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(12} Verifying THEN NOT Triggering

1. Enter the Trigger Specification menu. Set the menu to match the following display.

1us

9in32 CLOCK: o
TRIGGER ON OCCURRENCE: NEENES

RESET

2. Press START SYSTEM.

3. Enter the State Tabie menu. The trigger should be on 04 data and should have occurred at
sequence 15.

{13) Verifying RESET Triggering

The following steps verify the RESET capability of the trigger. Two test procedures are required
to test RESET thoroughly.

1. Enter the Trigger Specification menu. Set the menu to match the following display.

91a32 cLock: TS
TRIGGER 0N OCCURRENCE:
i
HEX
TRIGGER ON
FOLUTMED B
RESET KR

2. Press START SYSTEM.

3. Enter the State Table menu. The trigger should have occurred at sequence 15 and the data
should match data shown in Figure 5-14,

4, Enter the Trigger Specification menu. Set the menu to match the foilowing display.
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5. Press START SYSTEM.

6. The WAITING FOR 91A32 TRIGGER signal should show on the screen. This verifies the
RESET ON triggering capability.

{14) Verifying the Trigger Occurrence Counter
The following steps verify the operation of the occurrence counter.

1. Press STOP to stop the 91A32 from trying to trigger.

2. Enter the Trigger Specification menu. Set the menu to match the following display.
TRICGER SPECIFICATION

91432 CLOCK:
TRIGGER ON OCCURRENCE:

;

HER
TRIGGER OF TN
.
RESET I

3. Press START SYSTEM.

4. The WAITING FOR 91A32 TRIGGER message should appear very briefly and then the
acquired data should be shown on the screen. This verifies the action of the occurrence

counter.

(15) Verifying the Trigger Delay Counter
The next steps verify the operation of the delay counter.
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1. Enter the Trigger Specification menu. Set the menu to match the following display.

91432 CLOCK:
TRIGGER ON CCCURRENCE

4

HEY
TRIGGER OH il
RESET

2. Press START SYSTEM.

3. The WAITING FOR STOP STORE message should appear very briefly and then the acquired
data should be shown on the screen. The actual data acquired is not important, althcugh the
screen should say TRIGGER NOT IN MEMORY. This verifies the action of the delay counter.

This finishes the tests of the Trigger/Time Base triggering modes.

The next set of test procedures verify the circuitry for the internal clocks and the qualifier circuitry
on the Trigger/Time Base board.

(16) Verifying Internal Clock Independence

The next steps verify the independence of the two internal clocks provided by the Trigger/Time
Base board.

1. Enter the Trigger menu. Set the TRIGGER POSITION field to BEGIN.

2. Enter the Pattern Generatcer Program menu. Adjust the pattern generator clock to 5 us. The
91A32 clock will remain at 1 us.

3. Press START SYSTEM,

4. When acquisition is finished, enter the Timing Diagram menu. The data displayed should be
like Figure 5-15.

(17) Verifying Qualifier and Trigger Interaction
The next steps verify that the qualifier line of the 91A32 module interacts properly with the trigger.

1. Connect the strobe output from the pattern generator probe (the white lead on the pattern
generator side of the Diagnostic Lead Set) to the qualifier input of the data acquisition probe
{(the white lead on the data acquisition side of the Diagnostic Lead Set).

5-39



Verif. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

TIKING DIAGRAK Mot CURSCR SEQ: 6
DELTA TIME:
SRCH = T
POD CH MO
i - I —
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A5 1 1 a
2h 4 1 1 8
2h 3 1 1 ]
M2 1 1 n
2 1 1 1
248 L 18

3625.144
Figure 5-15. 5 us pattern generator data acquired at 1 us.

2. Enter the Pattern Generator Procgram menu. Set the pattern generator clock back to 1 us.

3. Adjust the strobe field in the Pattern Generator Program menu to match the following
display.

SE@  LABEL INSTRUCTIONS  STROBES

¥ GO0 208
L
00a)

SEERLEEREL
g

oFF  GOT0 200

3625-346

4, Enter the Pattern Generator Timing menu. Adjust strobe 0 to the following state.

POD  DELAY WIDTH  SHAPE
cTRoBE 1 1C T k

5. Enter the Trigger Specification menu. Set the qualifier for pod 2A to 0.

6. Press START SYSTEM.

7. When acquisition is finished, enter the State Table menu. The data stored should match the
data shown in Figure 5-16. Note in particular the position of the trigger, indicated by the
highlighted data. If the trigger is in the right position, the qualifier and the trigger are correlat-
ing properly.
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STATE TABLE DISPLAY: SEHNEIRSLINAA

625145

Figure 5-16, Acquisition of qualilied data.

(18) Verification of the 91A08 Internal Clock

The internal diagnostics verify the operation of all the 91A32 clock rates. The 91A08 internal clock
rates, however, are not checked. The next steps verify the availability of all 91A08 internal clock
rates of 40 ns and over.

The next steps assume that the probes are still connected as they were for the previous steps
(see the setup for the pattern generator external clock verification).

This test has the $1P16 module use the 91AO8 internal clock, so the Trigger Specification menu
must still be set in 91A32 ONLY mode.

1. Verify that the pattern generator clock output (the gray flying fead on the pattern generator
side of the Diagnostic Lead Set} is still connected to the CLK1 line (black) of the External
Clock probe.

2. Enter the Trigger Specification menu. Verify that the DAS is set to 91A32 ONLY mode. Set
alt qualifiers to the X (don't care) state.

3. In the Trigger Specification menu, set the 91A32 clock to external rising edge. Also set the
trigger to the following state.
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5-42

TRIGEER SPECIFICATION MODE: 51832 OM.Y

a3 cLock: IESETE + 1,460 TRIGGER POSITION:
TRIGGER ON OCCURRENCE:

A
HEX

TRIGER O

R

RESET I

4. Enter the Pattern Generator Program menu. Set the pattern generator clock to internal

40 ns.

5. Press START SYSTEM.

6. The actual data acquired is not vital, but data should be acquired, and the SLOW CLOCK

signal should not appear.

7. Enter the Pattern Generator Program menu again. Set the pattern generator clock to 50 ns.

Press START SYSTEM. Again, the SLOW CLOCK message should not appear. Perform the
same test for each of the other available pattern generator internal clock rates; 100 ns,
200 ns, 500 ns, 1 us, 2 us, 5 us, 10 us, 20 us, 50 us, 100 us, 200 us, 500 ps, 1 ms, 2 ms, and
finally, 5 ms. The SLOW CLOCK signal should not appear on the screen during any of these
tests.

NOTE

The remainder of the functional tests of the Trigger/Time Base board are optional. They
verify the multi-phase clocking capability of the Trigger/Time Base. To perform the following
tests the mainframe must contain two 91A32 modules.

If your test setup does not include two 81A32 modules, the functional check is complete. The test
setup may be dismantled. To prevent damage to the DAS modules used for the test, be sure to
turn off power to the mainframe before removing any modules.

(19) Setup for CLK2 and CLK3 Testing

The remaining steps in the Trigger/Time Base functional tests are optional, depending upon the
availability of two 91A32 modules. At the initial mainframe setup for all the Trigger/Time Base
tests, if two 91A32 modules were available, the 91A32 modules were installed in slots 2 and 3.
These procedures assume that both of the 81A32 modules are present and located in those slots.
Additionally, it is assumed that the probe setup has not been disturbed since the last tests.

1. Leave the clock output of the pattern generator probe {the gray flying lead on the pattern
generator side of the Diagnostic Lead Set} connected to the CLK1 input of the External Clock
probe (the black lead).
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2. Disconnect the strobe from the qualifier line. Connect the strobe line (the white flying lead on
the pattern generator side of the Diagnostic Lead Set) to the CLK2 line of the External Clock
probe {the green lead).

3. Enter the Pattern Generator Program menu. Adjust the pattern generator clock to 1 us
(internal).

4. In the Pattern Generator Program menu, adjust the strobe field so the program matches the
following display.

SE0 Lapel.  WEEN INSTRCTIONS  STROBES

(R 5208

o (070 (IR
288 0000

0091

002

008

ERIRFBERER . <

PFF GOTO 268

3625.347

5. Enter the Pattern Generator Timing menu. Adjust strobe 0 to the following state.

DELAY WIDTH  SHAPE

6. Enter the Channel Specification menu. Pod 2A should be the only occupant of group A. Put
pod 3A in group B. Remove all other pods from group B.

7. Enter the DISPLAY ORDER field of the Channel Specification menu. Adjust the field so only

A and B are showing. All other positions in the field should be set to X (don't care). The
Channel Specification menu should now lock like Figure 5-17.

8. Enter the Trigger Specification menu. Reset the trigger words in the Trigger Specification
menu to all X (don’t care).

9. Set the TRIGGER ON OCCURRENCE field in the Trigger Specification menu to 1 and set the
RESET field off.
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Figure 5-17. Channel Specification menu for acquisition clock testing.

(20) Verifying Operation of CLK2

The next steps check the operation of CLK2 and the ability of the Trigger/Time Base to clock in

split mode.

1. Set the 91A32 clock in the Trigger Specification menu to external split mode,

2. Select CLK2 rising edge for the 91A32 in slot 2. Select CLK1 rising edge for the 91A32 in slot

3. The menu should now look like Figure 5-18.
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Figure 5-18. Trigger Specification menu setup for CLK2 verification.
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3. Press START SYSTEM.
4, Enter the Timing Diagram menu. Adjust the menu so the data acquired by pods 2A and 3A is
displayed. Pod 2A should show all zeros acquired.
The previous steps verified the operation of CLK2. The next few steps verify the operation of the

inversion of CLK2,

5. Enter the Patiern Generator Program menu. Set the instruction field of sequence 0 o GOTO
200.

6. Enter the Trigger Specification menu. Change the clock for the 91A32 in slot 2 to CLK2
failing edge.

7. Press START SYSTEM.

8. Enter the Timing Diagram menu. Pod 2A should show data like the data in Figure 5-18. This
verifies the operaticn of the inversion of CLK2.
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Figure 5-19. Inversion of CLK2 and CLK3 verification display.
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(21) Verifying Operation of CLK3

The next steps check the operation of CLK3 and the ability of the Trigger/Time Base to clock in
split mede.

1.

Disconnect the CLK2 line (green) from the strobe line of the pattern generator probe. In place
of CL.LK2, connect the CLK3 line {blue) to the strabe line.

Enter the Pattern Generator Pregram menu. Change the instruction field of sequence 0 from
GOTO 200 to empty (don’t care}.

Enter the Trigger Specification menu. Change the clock for the 91A32 in slot 2 to CLK3 rising
edge.

Press START SYSTEM.

Enter the Timing Diagram rmenu. The data acquired by pod 2A should be all LOW. This
verifies the operation of CLK3.

Enter the Pattern Generator Program menu. Change the instruction field of sequence 0 from
empty (don't care) to GOTQ 200.

Enter the Trigger Specification menu. Change the clock for the 91A32 in slot 2 to CLK3
falling edge.

Press START SYSTEM.

Enter the Timing Diagram menu. Pod 2A should show data like that in Figure 5-19. This
verifies the operation of the inversion of CLK3.

This completes the Trigger/Time Base functional check. The test setup may now be dismantled.
Turn off the mainframe before removing any modules in order to prevent damage to the modules
or the mainframe.

91A32 DATA ACQUISITION MODULE FUNCTIONAL CHECK

The functional check verifies the operation of the acquisition and word recognition capabilities of
the module.

NOTE

if the 91A32 module under test was used in siot 2 in the Trigger/Time Base functional check,
some of the tests in this procedure have already been performed. Steps already performed
in the Trigger/Time Base functional check are indicated with an asterisk (*) after the step
number. These steps need not be duplicated.
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You will need the following equipment to perform this procedure:

o DAS 9100 mainframe

91P16 Pattern Generator Module

a

P6455 TTL/MQS Pattern Generator Probe

P6452 Data Acquisition Probe

P6452 External Clock Probe

a

Diagnostic L.ead Set

If available, add the following:

o 91A32 Data Acquisition module (used to check split clock acquisition)

Refer 10 the Operating Information section of this manual for instructions on module installation
and on the use of the Diagnostics menu. Refer to the beginning of this Verification and Adjust-
ment Procedures section for information on connecting probes together using the diagnostic lead
set.

(1) Mainframe Setup for the Functional Check

The following steps configure the DAS mainframe in the way used cn this functional check. If, due
to insufficient 4+5 V Power Supply meodules or some other ¢onstraint, the mainframe is not
configured in the recommended way, then steps later in the functional check will need modifica-
tion. For the greatest ease in following the functional check procedure, configure the mainframe

according to the following steps.

Do not install or remove any electrical module or sub-assembly in a DAS mainframe while
the power is on. Doing so will probably damage the module or sub-assembly.

NOTE

The following steps may require removing modules that were previously installed in the
mainframe.

1. Turn off the DAS mainframe.
2. Install the 81A32 under test in slot 2 of the mainframe (if it is not already there).

3. Install the 81P16 in the mainframe slot 1.
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NOTE

The mainframe will not operate if there is more than one 91P16 Pattern Generator moduie
installed at the time of power-up. Before power-up, make sure there are no duplicales of this
board in the mainframe.

4. if a second 91A32 module is available, install it in slot 3 (used to check split clock mode).

{2) Executing the Biagnostic Self-Test
The next steps run all available seif-test diagnostics on the 81A32 module.

1. Turn on the mainframe white holding down the STOP key on the keyboard. This will cause
the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on siot 2, the
91A32 module.

3. Select ALL mode, then press START SYSTEM. The DAS diagnostics will perform all avail-
able tests on the slot. The diagnostic tests MEM ADDR, ACQ MEM, and WRD REC should
all pass. {The DAC THRSH test does not have internal read back, so it can neither pass nor
fail.)

(3) Probe Setup for the Functional Test

These steps provide the initial setup for these tests. This probe organization will go through a
series of permutations as the functional check continues.

NOTE

For further details on connecling probes together with the Diagnostic Lead Set, refer o the
beginning of this Verification and Adjustment Procedures section.

1. Connect the TTL/MOS pattern generator probe to pod connector B of the 31P16. Set the
diagnostic slide switch on the back of the probe to AUX.

2. Connect the data acquisition probe to pod connector D of the 81A32 module in siot 2. When
this probe is installed, the mainframe should beep and the message POD 2D CONNECTED
should show on the screen.

3. Press the Pod ID button on the back of the data acquisition probe housing. The mainframe
should beep again and the message POD 2D should appear on the screen.

4. Connect these two probes (pod 1B and pod 2D) with the Diagnostic Lead Set.
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5. Connect the External Clock probe te pod connector C of the Trigger/Time Base.

8. Install a flying lead set in the External Clock probe. Also install a ground lead in the diagnostic
ground connector on the probe.

7. Install a ground lead in one of the GND SENSE connectors of the Data Acquisition Probe.
Connect the ground lead of the clock probe to the ground lead of the acquisition probe.

(4) Verifying Pod Connector D

The next steps verify the operation of all data lines of pod connector D.

1. Leave the Diagnostics by pressing the PATTERN GENERATOR key. Verify that the pattern
generator clock is set to 1 us.

2. Verity that the following pattern generator program is already present.
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m
—

INSTRUCTIOHS  STROBES
KX GOTD 268

g

£991

SEEEREEEEE
g

3625.348

3. Enter the Trigger Specification menu, Verify that the 91A32 clock is set to 1 us.
4, Press START SYSTEM,
5, Examine the Timing Diagram menu. If pod D of the 91A32 being checked is not shown on the

display, adjust the menu to show the data acquired by this pod. Set the magnification of the
Timing Diagram to 10; this should result in a display like Figure 5-20.
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Figure 5-20. Initial test data acquired by the 91A32,

(5) Veritying Pod Connector C
The next steps verify the operation of all data lines of pod connector C.
1. Remove the acquisition probe connector from pod connector D and insert it in pod connector

2C. When the connector is inserted, the mainframe should beep and the screen should show
PCOD 2C CONNECTED.

2. Press the Ped 1D button on the back of the acquisition probe housing. The mainframe should
beep again and POD 2C should show on the screen.

3. Press START SYSTEM.

4, Enter the Timing Diagram menu and adjust the display to show pod 2C's data. The display
should again look like Figure 8-20.

{6) Verifying Pod Connector B

The next steps verify the operation of all data lines of pod connector B.

1. Cennect the strobe line of the pattern generator probe (the white flying lead from the pattern
generator probe) to the qualifier line of the data acquisition probe (the white flying lead from
the data acquisition probe).

2. Remove the acquisition probe from pod connector C and insert it into pod connector B of the
91A32. When the connector is inserted, the mainframe should beep and the screen shouid
show POD 2B CONNECTED.

3. Press the Pod ID button on the back of the acquisition probe housing. The mainframe should
beep again and POD 2B should show on the screen,

4. Enter the Pattern Generator Program menu. Use the ADD LINE key to insert two lines

immediately above sequence 209 (00FF data). Then adjust the pattern generator program to
match the following display.
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5. Enter the Pattern Generator Timing menu and set strobe 0 to the following state.

6. Enter the Trigger Specification menu and set the qualifier of pod 2B to 0.

7. Press START SYSTEM.
8. Enter the Timing Diagram menu and adjust the menu to show data acquired by pod 2B. The

data acquired through pod B should look like Figure 5-20. Proper data verifies that pod B
acquires data and that qualifier B operates.

The previous steps verified the operation of the data and qualifier lines. The next few steps verify

the operation of the inversion of the qualifier.

9. Enter the Pattern Generator Timing menu and set strobe 0 to active low.

10. Enter the Trigger Specification menu and set the qualifier of pod 2B to 1.

11. Press START SYSTEM.

12. The data acquired through pod B should look like Figure 5-20 when viewed on the Timing
Diagram menu. Proper data verifies that the inversion of qualifier B operates.
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(7) Verifying Pod Connector A

The next steps verify the operation of all data lines of pod connector A.

1.

Remove the acquisition probe from pod connector B and insert it into pod connector A of the
91A32. When the connector is inserted, the mainframe should beep and the screen should
show POD 2A CONNECTED.

Press the Pod ID button on the back of the acquisition probe housing. The mainframe should
beep again and POD 2A should show on the screen.

Enter the Trigger Specification menu. Set the qualifier of pod 2A to 1 and set the qualifier of
pod 2B to X (don't care).

Press START SYSTEM.

. The data acquired through pod A should look like Figure 5-20 when viewed on the Timing

Diagram. Proper data verifies that pod A acqguires data and that the inversion of gqualifier A
operates.

The previous steps verified the operation of the data and qualifier lines. The next few steps
complete the verification of the qualifier line.

Enter the Pattern Generator Timing menu and set strobe 0 to active high.
Enter the Trigger Specification menu and set the qualiifier of pod 2A to 0.
Press START SYSTEM.

The data acquired through pod A should look like Figure 5-.20 when viewed on the Timing
Diagram menu. Proper data verifies that qualifier A operates.

(8) Verifying the All-Valid Flip-Flop

The next steps verify the operation of the All-Valid flip-flop. This flip-flop indicates whether or not
the entire acquisition memory is filled.

1.

5-52

Examine the data acquired in the previous test. There should be no data stored at sequence
0.

Enter the Trigger Specification menu. Change the trigger position from BEGIN to DELAY
with a delay value of 1000.

. Press START SYSTEM.

Enter the Timing Diagram menu and look at sequence 0. Sequence Q should contain data,
although the actual value of the data is net important. The presence of data in sequence 0
indicates that the All-Valid flip-flop toggled at the appropriate time.
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NOTE

if the 91A32 module being fested was used in slot 2 during the Trigger/Time Base furictional
test, the functional test is finished. All steps after this note have already been performed
whife testing the Trigger/Time Base.

If you are finished, you may dismantle the test setup. Turn off the DAS mainframe before remov-
ing any modules to prevent damage o the modules or the mainframe,

{9)* Verifying the CLK1 Line
The next steps verify that the 91A32 module is receiving the CLK1 signal properly through the
interconnect.

1. Connect the external clock line of the Diagnostic Lead Set (the gray fiying lead on the pattern
generator side) to the CLK1 lead (black) of the External Clock probe.

2. Enter the Trigger Specification menu and set the acquisition clock to external rising edge.
Also set the trigger position field from DELAY to BEGIN.

3. Press START SYSTEM.

4. Lock at the data acquired through pod 2A on the Timing Riagram. The data should look like
Figure 5-20.

The previous four steps verified that the 91 A32 module could receive CLK1 signals. The next few
steps verify that the inversion of CLK1 can also be received.

5. Enter the Trigger Specification menu and set the acquisition clock to external falling edge.
6. Press START SYSTEM.

7. Look at the data acquired through pod 2A on the Timing Diagram. The data should look like
Figure 5-20. Proper data verifies the operation of the inversion of the 81A32 module’s exter-
nal clock.

NOTE

The remainder of the functional tests of the 91A32 module are optional. They verify the
multi-phase clocking capability of the 9TA32. To perform the following tests the mainframe
must contain two 91A32 modules.

If your test setup does not include two 91A32 modules, the functional check is complete. The test
setup may be dismantled. To prevent damage tc the DAS modules used for the test, be sure to
turn off power to the mainframe before removing any modules.

*If the 91A32 module under test was used in slot 2 in the Trigger/Time Base functional check, some of the tests in
this procedure have already been performed. Steps already performed in the Trigger/Time Base functional check
are indicated with an asterisk {*) after the step number. These steps need not be duplicated.
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(10)* Setup for Optional CLK2 and CLK3 Testing

The remaining steps in the 91A32 module functional tests are optional, and require two 91A32
modules. At the initial mainframe setup for all the 91A32 tests, if two 31A32 modules were
available, the 91A32 modules were installed in slots 2 and 3. These procedures assume that both
of the 91A32 modules are present and located in those slots. Additionally, it is assumed that the
probe setup has not been disturbed since the last tests.

1. Leave the clock output of the pattern generator probe (the gray flying lead on the pattern
generator side of the Diagnostic l.ead Set) connected to the CLK1 input of the External Clock
probe (the black lead}).

2. Disconnect the strobe from the qualifier line. Connect the strobe line (the white flying lead on
the pattern generator side of the Diagnostic Lead Set} to the CLK2 line of the External Clock
probe (the green lead).

3. Enter the Pattern Generator Program menu. Delete sequences 210 and 208 and adjust the
strobe field so the program matches the following display.
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4. Enter the Pattern Generator Timing menu. Adjust strobe 0 to the following state.

| DELAY WIDTH SHAPE
s

5. Enter the Channel Specification menu. Make pod 2A the only occupant of group A. Put pod
3A in group B. Remove any other pods from groups A and B.

6. Enter the DISPLAY ORDER field of the Channel Specification menu. Adjust the field so only
A and B are showing. All other positions in the field should be set to X (don’t care), The
Channel Specification menu should now look like Figure 5-21.
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(11)* Optional Verification of CLK2

cification menu for acquisition cloclk testing.

The next steps check the ability of the 91A32 module to receive CLK2.

1. Enter the Trigger Specification men

to external split mode.

u. Set the 91A32 clock in the Trigger Specification menu

Select CLK2 rising edge for the 91A32 in slot 2. Select CLK1 rising edge for the 91A32 in slot

3. The menu should now look like Figure 5-22.
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Figure 5-22. Trigger menu setup for CLK2 verification.
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3. Press START SYSTEM.

4. Enter the Timing Diagram menu. Adjust the menu so the data acquired by pod 2A is dis-

played. Pod 2A should show all zeros acquired.

The previous steps verified the reception of CLKZ2. The next few steps verify that the 91A32

receives the inversion of CLK2.

5. Enter the Pattern Generator Program menu. Set the instruction field of sequence 0 to GOTO

200.

6. Enter the Trigger Specification menu. Change the clock for the 81A32 in slot 2 to CLK2

failling edge.

7. Press START SYSTEM.

8. Enter the Timing Diagram menu. Pod 2A should show data like the data in Figure 5-23. This

verifies the operation of the inversion of CLK2.
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Figure 5-23. Inversion of CLK2 and CLK3 verification display.
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(12)* Optional Verification of CLK3

The next steps check ability of the 91A32 moedule to receive CLK3.

1.

Disconnect the CLK2 line (green) from the strobe line of the pattern generator probe. in place
of CLK2, connect the CLK3 line (blue} to the strobe line,

. Enter the Pattern Generator Program menu. Change the instruction field of sequence 0 from

GOTO 200 to don’t care (empty).

Enter the Trigger Specification menu. Change the clock for the 91A32 in slot 2 to CLKS rising
edge.

. Press START SYSTEM.

Enter the Timing Diagram menu. The data acquired by pod 2A should be all LOW. This
verifies the operation of CLK3.

Enter the Pattern Generator Program menu. Enter GOTO 200 into the instruction field of
sequence 0.

Enter the Trigger Specification menu. Change the ciock for the 91A32 in slot 2 to CLK3
falling edge.

Praess START SYSTEM.

Enter the Timing Diagram menu. Pod 2A should show data like Figure 5-23. This verifies the
operation of the inversion of CLK3.

This completes the 91A32 Functional Check. The test setup may now be dismantled. Turn off the
DAS mainframe before removing any modules in order to prevent damage to the modules or the
mainframe.

91A08 DATA ACQUISITION MODULE FUNCTIONAL CHECK

The 91A08 functional check verifies the operation of the acquisition and word recognition capabili-
ties ot the module.

You will need the following equipment to perform this procedure:

o DAS 9100 mainframe

o

]

81P16 Pattern Generator Module
P6455 TTL/MOS Pattern Generator Probe
P6452 Data Acquisition Probe

P6454 100 MHz Clock Probe
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5-58

It available, add the following:

» 91A32 Data Acquisition Module (used to check 91A32 ARMS 91A08 mode and 91A32 AND
91A08 mode)

* P6452 External Clock Probe

Refer to the Operating Information section of this manual for instructions on module installation
and on the use of the Diagnostic menu. Refer to the beginning of this Verification and Adjustment
Procedures section for information on connecting probes together using the Diagnostic Lead Set.

{1) Mainframe Setup for the Functional Check

The following steps configure the DAS mainframe in the way used for this functional check. If, due
to insufficient 45 V power supply modules or some other constraint, the mainframe is not config-
ured in the recommended way, then steps later in the functional check will need modification. For
the greatest ease in following the functional check procedure, configure the mainframe according

to the following steps.

Do not install or remove any electrical module or sub-assembly in a DAS mainframe while
the power is on. Doing so will probably darnage the module or sub-assembly.

NOTE

The following steps may require removing modules that were previously installed in the
mainframe.

1. Turn off the DAS mainframe.
2. Install the 91A08 module to be checked in slot 6 of the mainframe.

3. Install the 91P16 module in slot 1.

NOTE

The mainframe will not operate if there is more than one 91P16 Pattern Generator modtuie
installed ar the time of power-up. After inserting the modules used for this test, make sure
there are no duplicates of this board in the mainframe.

4. If a 91A32 is available, it should be installed in slot 2 (used to check 91A32 ARMS 91A08
mode and 91A32 AND 91A08 mode).
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{2) Executing the Diagnostic Self-Test
The next steps run all available self-test diagnostics on the 91A08 module.

1. Turn on the mainframe while hoiding down the STOP key on the keyboard. This will cause
the power-up self-test 1o fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run the tests on slot 6, the
91A08 module.

3. Select ALL mode, then press START SYSTEM. The DAS diagnostics will perform all avail-
able tests on the slot, The diagnostic tests MEM ADDR, DIF CNTR, DEL CNTR, WRD REC,
and ACQ MEM, should all pass. {The DAC THRSH test has no internal read back, so it can
neither pass nor fail.}

{3) Probe Setup for the Functional Test

These steps provide the initial test setup for these tests. This probe organization wiil go through
several modifications as the functional test continues.

1. Connect the TTL/MOS pattern generator probe to pod connector B of the 91P16. Set the
diagnostic slide switch on the back of the probe to AUX.

2. Connect the data acquisition probe to ped connector C of the 91A08 module in slot 6. When
the probe is connected to the 91A08, the mainframe should beep and the message POD 6C
CONNECTED should show on the screen.

3. Press the Pod ID button on the back of the acquisition probe housing. The mainframe should
beep again and the message POD 6C should appear on the screen.

4. Connect these two probes (ped 1B and pod 6C) together using the Diagnostic Lead Set.

5. Connect the data acquisition probe diagonstic ground te the pattern generator VL sense
lead. Connect the 100 MHz Clock Probe REF lead to this junction also.

6. Connect the strobe line of the pattern generator probe (the white flying lead from the pattern
generator probe) to the qualifier line of the data acquisition probe (the white flying lead from
the data acquisition probe).

7. Connect the P8454 100 MHz Clock Probe to the coaxial connecter on the back of the $1A08
maodule in slot 6. This ceaxial connector is located immediately above pod connector C.

8. Connect the IN lead of the 100 MHz Clock Probe to the clock output of the pattern generator
probe (the gray flying iead on the pattern generator side of the Diagnostic Lead Set).

9. Press CHAN SPEC and select +2.50 VAR threshoid.
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{4) Verifying Pod Connector C
The next steps verify the operation of all data lines of ped connector C. The operation of the
external clock is verified at the same time.

1. Leave the diagnostics by pressing the PATTERN GENERATOR key. This displays the Pat-
tern Generator Program menu. Verify that the pattern generator clock is set to 1 us.

2. Use the ADD LINE key to insert two lines immediately above sequence 209 (00FF data).
Then adjust the pattern generator program to look like:
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3. Enter the Pattern Generator Timing menu and set strobe 0 to the following state.

DELAY WIDTH SHAPE
' G

4. Enter the Trigger Specification menu. Adjust the mode to 91A08 ONLY if the DAS is not
already set to this mode.

5. While in the Trigger Specificaticn menu, set the qualifier of pod 6C to 0. Also set the 81A08
CLOCK field to external rising edge.

6. Press START SYSTEM.

7. Examine the Timing Diagram menu. If pod C of the 91A08 is not shown on the display, adjust
the menu to show pod C's data.

8. Set the magnification of the Timing Diagram to 10; this should show a display like Figure

5-24. Proper data verifies that pod C acquires data and that the 91A08 qualifier operates.
The trigger word is not critical.
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Figure 5-24. Initial test data acquired by the 91A08B.

The previous steps verified the operation of the data and qualifier lines of the 91A08. The next
steps verify the operation of the inversion of the qualifier.

9. Enter the Pattern Generator Timing menu and set the shape of strobe 0 to active low.
10. Enter the Trigger Specification menu and set the qualifier for pod 6C to 1.
11. Press START SYSTEM.

12. The data acquired through pod C should lock like Figure 5-24 when viewed on the Timing
Diagram menu. Proper data verifies that qualifier C operates.

(5) Verifying the Inversion of the Exiernal Clock

Since the previous steps verified the operation of the external clock, this is @ good opportunity to
verify the inversion of the clock.

1. Enter the Trigger Specification menu. Set the 91A08 clock to external falling edge.
2. Press START SYSTEM.

3. Check the Timing Diagram menu to verify that the 91A08 module acquired data (any data is
acceptable). This verifies the operation of the inversion of the external clock.

{6) Verifying Triggering on Data

The next steps verify that the single level data trigger contained on the 91A08 board is functional.
1. Enter the Trigger Specification menu. Set the TRIGGER ON field to 00.
2. Press START SYSTEM.

3. Enter the State Table menu. Note the data highlightad as the trigger word. This data should
be QC. This verifies the word recognizer on the 891A08 module.
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{7) Veritying the Trigger/Qualifier Interaction
The next steps check that the trigger is reacting properly to qualifier signals.

1. Enter the Trigger Specification menu. Set the TRIGGER ON field to AA. Leave the qualifiers
set as they are.

2. Press START SYSTEM.

3. The DAS should display the WAITING FOR 91A08 TRIGGER message. This verifies that the
91A08 will not trigger on unqualified data.

4. Press STOP.
5. Enter the Trigger Specification menu. Set the TRIGGER ON field to 80,
6. Press START SYSTEM.

7. Enter the State Table menu. Notice that the highlighted word is 80. This verifies that the
trigger and qualifier on the 81A08 are interacting properly.

(8) Veritying Glitch Acquisition

The following steps verify the operation of the glitch detectors and the glitch portion of the
acquisition memory.

1. Disconnect the quaiifier line from the strobe line on the Diagnostic Lead Set. Also disconnect
the pattern generator output clock from the 100 MHz Clock Probe.

2. Reconnect the 100 MHz Clock Probe IN line to the strobe cutput of the pattern generator
probe (the white flying lead on the pattern generator side of the Diagnostic Lead Set).

3. Enter the Pattern Generator menu. Delete sequence 208 and set the data of sequence 209 to
all zeros. Then adjust the STROBE field so the pattern generator program locks like the
following:

SEQ  LABEL IHSTRUCTIGHS ~ STROBES

KA GO 288
20 ool

6891

8662

8094

8068

aale

40z8

840

gage

68ag

BerF  GOT0 208

ERIRFEERBE S

[
—
€S

3625-353
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4. Enter the Pattern Generator Timing menu and set strobe 0 to the following state.

DELAY ~ WIDTH  SHAPE

5. Enter the Trigger Specification menu and set all qualifiers to X {don't care).

GLITCHES: CURGOR SER: 18
DELTA TIHE:

Figure 5-25. 91A08 glitch detector test

8. While in the Trigger Specification menu, also set the 91A08 clock to extarnal rising edge.
7. Press START SYSTEM.
8. Enter the Timing Diagram menu and set the GLITCH field to ON. The data acquired by the

91A08 module should look like Figure 5-25. This verifies the operation of the glitch detectors
and glitch memory.

{9) VYeritying Triggering cn Glitches
The next steps verify the trigger on glitches feature of the 91A08.

1. Enter the Trigger Specification menu. Set the GLITCHES field ON. Fill the field adjacent to
the GLITCHES ON field with cnes (1). This sets the 31A08 to trigger on the first glitch it sees.

2. Set the TRIGGER ON field, in the Trigger Specification menu, to AA. This prevents the
91A08 from triggering on data words provided by the Pattern Generator.

3. Press START SYSTEM.
4. The WAITING FOR $1A08 TRIGGER message should not appear on the screen. The actual

data acquired is not important as long as the trigger occurs promptly. This verifies the trigger
on glitches capability.
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{10} Verifying the Trigger Delay Counter
The following steps verify that the delay counter for the 91A08 module is operational.

1. Enter the Trigger Specification menu. Set the GLITCHES field OFF, Set the TRIGGER ON
field to XX {(don't care).

2. In the Trigger Specification menu, change the TRIGGER POSITION field to DELAY and set
the delay value to 32767.

3. Press the START SYSTEM key.

4. The WAITING FOR 91A08 TRIGGER message may flash on the screen, but the acquisition
should be finished shortly afterwards. The screen should show the TRIGGER NOT IN MEM-
ORY message along with the acquired data. This verifies the operation of the delay counter
in the 91A08 moduie.

{11) Verifying the High Speed Internal Clocks

The following steps verify that the 10 ns and 20 ns internal clocks are present. These clocks are a
function of the Trigger/Time Base board, but they aren't verified in the Trigger/Time Base func-
tional check procedure.

1. Enter the Trigger Specification menu. Set the 91A08 clock to internal 10 ns.
2. Press START SYSTEM.

3. Data should be acguired. The actual data acquired is not important, because a 10 ns clock
exceeds the capatilities of the Diagnostic Lead Set. This verifies the operation of the 10 ns
clock.

4. Enter the Trigger Specification menu. Set the 91A08 clock to 20 ns.
5. Press START SYSTEM.

6. Data should be acquired. The actual data acquired is not important, because a 20 ns clock
exceeds the capabilities of the Diagnostic Lead Set. This verifies the operation of the 20 ns
clock.

NOTE

The remainder of the functional tests of the 91A08 module are optional. They verify the
operation of the 91A08 in 91A32 ARMS 91A08 mode and in 91A32 AND 91A08 mode. To
perform the folfowing tests the mainframe must contain a 91A32 module,

If your test setup does not include a 91A32 module, the functional check is complete. The test
setup may be dismantied. To prevent damage to the DAS modules used in the test, be sure to
turn off power to the mainframe before removing any modules.
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{12) Verifying 91A32 ARMS 91A08 Mode

The next tests verify operation of the 91A08 in ARMS mode. To perform the following tests, the
mainframe must contain a 91A32 module as well as the 81A08 module under test. Only the
91A08 module installed in slot 6 will be tested. The 91A32 module should have already been
installed in slot 2.

1.

2.

Enter the Trigger Specification menu. Set the MODE field to 91A32 ARMS 91A08.

In the Trigger Specification menu change the 91A32 clock rate to 2 #s. Change the 91A08

clock rate to 1 us. The 91A08 module now cannot trigger until it is armed by the 81A32
medule. The menu should match the display shown in Figure 5-26.

. Press START SYSTEM.

Enter the State Table menu. The first data acquired by the 91A08 may have either two or

three data words to the 91A32 module’s one data word. After the initial synchronization,
there should be exactly two 91A08 data words for every 91A32 data word. Note that the
actual data acquired is not important. This verifies the operation of the difference counter and
the miscellaneous input storage on the 91AD8.

TRIGGER SPECIFICATION

91A32 CLACK: AT
TRIGGER ON GCEURRE

23

A
B

TRIGEER POSITION: [3Reddiss

TRIGGER ON
L

PODZA  PODOR
STORE OWLY IF: 6 =Bl 0 - HR
oipgs CLock: RN TRIGEER POSITION: RN

0

HEX
TRIGGER ON B
GITCHES

FODGC
STORE MY IF: G =

3625-154

Figure 5-28. Setup for 91A32 ARMS $1ADB functional test.

(13) Verifying 91A24 ARMS 91A08 Mode

To perform the following tests, the mainframe must contain a 91A24 module as well as the 91A08
module under test.

1. Enter the Trigger Specification menu. Set the MODE field to 91A24 ARMS 91A08.

2. Select the Clock Specification menu and set the clock rate to 2 us.
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3. Press START ACQUISITION.

4. The DAS should acquire and display time-aligned data (all zeros) with 2 fast data samples
(91A08) per 1 slow data sample (91A24).

(14) Probe Setup for Verifying 91A32 AND 91A08 Mode

The following steps reorganize the probe connections so that the 91 ACB module can operate from
the 91A32 external clock (CLK1).

1. Disconnect the IN lead of the 100 MHz Clock Probe from the strobe line of the pattern
generator.

2. Connect the External Clock Probe to the Trigger/Time Base Module (pod connector 7C).
3. Connect the CLK1 line of the External Clock Probe (the black lead) to the clock output of the

pattern generator probe (the gray flying lead on the pattern generator side of the diagnostic
fead set).

4. Disconnect the REF lead of the 100 MHz Clock Probe from the GND SENSE lead of the data
acquisition probe.

5. Connect the GND DIAGNOSTIC lead of the External Clock Probe to the GND SENSE lead of
the data acquisition probe. This gives all three probes a common ground connection.

(15) Verifying 91A32 AND 91A08 Mode

The next steps verify that the 891A08 module can use alf of the clocks necessary to operate in the
91A32 AND 91A08 mode.

1. Enter the Trigger Specification menu. Set the MODE field to 91A32 AND 91A08. Change the
91A32 clock rate to 1 us.

2. Press START SYSTEM.

3. Enter the Timing Diagram menu and examine the data acquired by pod 6C. The data should
look like Figure 5-27.

TIHING DIGGRAH a6 L 1E) GLITCHES: CURSOR SEQ: _ 14
DELTA TIHE
SROH = ey - nym AT ] el —_]
T
POD CH  MeWE C
g ] nn i M .o
6 6 nn i M1t nn__o
65 i nn fan 8
&0 4 nn _nn_n.n n_n_.o@
63 n_n rn nn_n_fn_n_s
6 2 n_nn nn _nn__rnrs
6 1 _n 1N nn nn nr.e
6B _ T ru nn MUt n._e
Figure 5-27. AND mode verification data. 3625155
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The previous steps verified that the 91A08 module receives the 91A32 internal clock. The next
steps verify that the 91A08 can operate with GLK1, the 91A32 master internal clock.

4. Enter the Trigger Specification menu. Set the 91A32 clock to external rising edge.
5. Press START SYSTEM.

6. Look at the data acquired by pod 6C on the Timing Diagram menu. The data should look like
Figure 5-27. Proper data verifies the operation of the 91A08 using CLK1.

7. Enter the Trigger Specification menu. Set the 81A32 clock to external falling edge.
8. Press START SYSTEM.
9. Look at the data acquired by pod 6C on the Timing Diagram menu. The data should look like

Figure 6-27. Proper data verifies the operation of the 91A08 using the inversion of CLK1.

This completes the functional check procedure for the 91ADB Data Acquisiticn Module. The test
setup may now be dismantied. Turn off the DAS mainframe before removing any modules in order
to prevent damage to the modules or the mainframe.

91P16 PATTERN GENERATOR MODULE FUNCTIONAL CHECK

NOTE

If the 91P16 module to be functionally tested was used in the Trigger/Time Base functional
check procedure, some of the tests in this procedure will already have been performed.
These steps are indicated by an asterisk after the step number; they need not be duplicated.

You will need the following equipment to perform this precedure:

e DAS 9100 mainframe

o Diagnostic Lead Set

o P6ASE TTL/MOS Pattern Generator Probe
e PE452 Data Acquisition Probe

e Pulse or square wave generator

and either of the following:

° 91A32 Data Acquisition Module; or
e 91A08 Data Acquisition Module and

o P6454 100 MHz Clock Probe
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Refer to the Operating Instructions of this manual for instructions on module installation and on
the use of the Diagnostics menu. Refer to the beginning of this Verification and Adjustment
Procedures section for information on connecting prebes together with the Diagnostic Lead Set.

{1) Mainframe Setup for the Functional Check

The following steps configure the DAS mainframe in the way used for this functional check. If, due
to insufficient +5 V power supply modules or some other constraint, the mainframe is not config-
ured in the recommended way, then steps later in the functional check will need modification. For
the greatest ease in the functional check procedure, configure the mainframe according to the

following steps.
CAUTION

Do not install or remove any electrical modufe or sub-assembly in a DAS mainframe while
the power is on. Doing so wilf probably damage the module or sub-assembly.

NOTE

The following steps may require removing modules that were previously installed in the
mainframe.

1. Turn off the mainframe.

2. Install the 91P16 to be checked in siot 1 of the mainframe.

NOTE

The mainframe will not operate with more than one 91P16 Pattern Generator Module in-
stalfed at the time of power-up. After inserting the modules used for this test, make sure
there are no duplicates of this board in the mainframe.

3. instail the acquisition module to be used for testing. If a2 91A08 module is used, install it in
slot 6. If a 21A32 module is used, instafl it in slot 2.

(2} Executing the Diagnostic Self-Test
The next steps run all available self-test diagnostics on the 91P16 module.

1. Turn on the mainframe while helding down the STOP key on the keyboard. This will cause
the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run diagnostic tests on slot
1, the 91P16 module.
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3. Select ALL mode, then press START SYSTEM. The DAS diagnostics will perform all avail-
able tests on the slot. The diagnostic tests PC, VECTOR RAM, MICRO RAM, ADVANCE,
GOTO, CALL, RETURN, STACK RAM, and CLOCK, should all pass.

{3) Probe Setup for the Functional Test

These steps provide the inifial test setup for these tests. This probe organization will go through
several modifications as the functional check continues.

NOTE

For further details on connecting probes together with the Diagnostic Lead Set, refer to the
beginning of this Verification and Adjustment Procedures section,

1. Connect the TTL/MOS pattern generator probe to pod connector C of the 81P16. When the
probe is installed, the mainframe should beep and show the message POD 1C
CONNECTED.

2. Press the Pod 1D button on the back of the probe housing. The mainframe should beep and
display POD 1C.

3. Set the diagnostic slide switch on the back of the TTL/MOS patitern generator probe to AUX.

4, Connect the data acquisition probe to the acquisition module (either a 91A08 module or a
91A32 medule). If 2 91A32 module is used, install its data acquisition probe in pod connector

5. Connect the pattern generator probe to the data acquisition probe with the diagnostic lead
set.

6. Connect the strobe line of the pattern generator probe (the white flying lead from the pattern
generator side of the Diagnostic Lead Set) to the qualifier line of the data acquisition probe
(the white flying lead from the acquisition side of the diagnostic lead set).

7. Connect the External Ciock Probe to pod connector C of the Trigger/Time Base Module.

8. Install a flying lead set in the External Clock Probe. Also a ground lead in the GND DIAG-
NOSTIC connector on the clock probe.

9. Install a groung lead in one of the GND SENSE connectors of the data acquisition probe.
Connect the ground lead of the External Clock Probe to the ground lead of the data acquisi-
tion probe.

10. If 2 91A32 module is being used for the test, connect the CLK1 line of the External Clock
Probe (the black lead) to the clock line of the pattern generator probe (the gray flying lead on
the pattern generator side of the Diagnostic Lead Set).
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NOTE
If & 91A32 is being used for this procedure, then the probe setup is complete.

11. If a 91A08 module is being used as the acquisition module in the functional check, connect
the 100 MHz Clock Probe to the coaxial connector on the 91A08 module in slot 6.

12. Connect the IN line of the 100 MHz Clock Probe to the clock output of the pattern generator
probe (the gray flying iead from the pattern generator side of the Diagnostic Lead Set).

13. Connect the REF line of the 100 MHz Clock Probe to the unused GND SENSE line of the
data acquisition probe.

(4) Initial Menu Setup for the Functional Check
The next steps organize the menus so the remainder of the functional check will require an
minimum of menu manipuiation.

1. Leave the Diagnostics menu by pressing the PATTERN GENERATOR key. In the Pattern
Generator Program menu, verify that the pattern generator clock is set to 1 us.

2. Adjust the program already present in the Pattern Generator Program menu to match the
following display:

S0 LeBEL INSTRUCTIONS  STROBES

WK GOTD 208
n  Bede
8181
B282
Bd64
8863
1818
2628
4848
KRRk 3|
gees
ARAA )|
FFFF G670 2w

SRR EEEE S LS

3625.354

3. Enter the Pattern Generator Timing menu and set both strobes 0 and 1 to the following state:

OELAY SHAPE
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Enter the Trigger Specification menu. If the functional check is being performed with a 91A32
module, leave the MODE field set to 91A32 ONLY. If the functional check is being performed
with a 81A08 module, set the MODE field to 91A08 OMNLY.

In the Trigger Specification menu, set the acquisition clock to external rising edge.

Press the Pod ID button on the back of the data acquisition probe.

. Read the pod number off the DAS screen. Then set the qualifier for that pod o 1.

(5) Yeritying Pod Connector C

The next steps verify that the 91P16 can transmit data, strobes, and ctock signals through pod
connector C.

1

2.

. Press the START SYSTEM key.
Enter the Timing Diagram menu.

. Press the Pod 1D button on the back of the Data Acquisition probe. Read the pod number off
the DAS screen. Adjust the Timing Diagram menu to show data from this pod.

. Set the magnification of the Timing Diagram to 10; this should show a display like Figure
5-28. The actual position of the cursor and trigger will depend on the type of acquisition
module used. A 81AQ8 should trigger on sequence 18 and a 31A32 should trigger on se-
quence 14,

TIHIAG DIAGRAN oG SR OURSIR 5E0: 14
ELTh TIHE:

(3]
ra)
far)
=
L1}

=]
=
(==

g T
-humwlg

BREE
L SN

Figure 5-28. 91P16 data output test.

The previous steps verified the operation of the clock, data and the inversion of the strobe. The
next few steps verify the operation of the non-inverted strobe.

5. Enter the Pattern Generator Timing menu. Set the shape of strobe 1 to active high.
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6. Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 0
(active low).

7. Press START SYSTEM.

8. The data acqguired should match Figure 5-28.

{6} Verifying Pod Connector B

The next steps verify that the 91P16 can transmit data, strobes, and clock signhals through pod
connector B.

1. Remove the TTL/MOS pattern generator probe from pod connector C of the pattern genera-
tor. Reccnnect the probe to pod connector B of the 91P16.

2. When the probe is installed in pod connector B, the mainframe should beep and show the
message POD 1B CONNECTED.

3. Press the Pod ID button on the back of the pattern generator probe housing. The mainframe
should beep and display the message POD 1B.

4. Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 1
(active high).

5. Press the START SYSTEM key.
6. Enter the Timing Diagram menu.

7. Press the Pod ID button on the hack of the data acquisition probe. Read the pod number off
the DAS screen. Adjust the Timing Diagram menu to show data from this pod.

8. Set the magnification of the Timing Diagram to 10; this should again show a display like
Figure 5-28. The actual position of the cursor and trigger will depend on the type of acquisi-

tion module used. A 91ADB should trigger on sequence 18 and a 91A32 should trigger on
sequence 14.

The previous steps verified the operation of the clock, data and the inversion of the strobe, The
next few steps verify the cperation of the non-inverted strobe.
9. Enter the Pattern Generator Timing menu. Set the shape of strobe 0 to active high.

10. Enter the Trigger Specification menu. Set the qualifier for the Data Acquisition probe to 0
(active low).

11. Press START SYSTEM.

12. The data acquired should match Figure 5-28.
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NOTE

If the 81P16 module under test was used in slot 1 in the Trigger/Time Base functional check,
some of the tests in this procedure have afready been performed. Steps already performed
in the Trigger/Time Base functional check are indicated with an asterisk {*} after the step
number. These steps need not be duplicated.

if you are finished, you may dismantle the test setup. Turn off the DAS mainframe before remov-
ing any medules to prevent damage to the modules or the mainframe.

{(7)* Verifying the PG INHIBIT Line

The next steps verify that the 91P16 responds to the PG INHIBIT signal through the External
Clock Probe.

1. Disconnect the strobe ead of the pattern generator probe from the qualifier lead of the data
acquisition probe.

2. Connect the strobe lead from the pattern generator probe (the white flying lead) to the PG
INHIBIT lead from the External Clock Probe (the red lead).

3. Enter the Pattern Generator menu. Set the INHIBIT field in the Pattern Generator Program
menu to 0.

4. Use the DEL LINE key to remove lines 210 and 208 {data AAAA and 5555).

5. Call strobe 0 on the new 208 line of the pattern generator program. The program should now
lock like the listing below.

2

dnam [NSTRUETIONS  STROBES

LMK GOTD 268
0608

2101

6282

8484

8688

110

2828

4948

4880 ]
FFFF GOTO 288

&8

EERRFRERERS

3625-355

6. Enter the Pattern Generator Timing menu and set strobe 0 to the following state:

OELAY WIOTH  SHAPE

17
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7. Press START SYSTEM to start the DAS.

8. When data acquisition is finished, enter the Timing Diagram menu. The display should look
like Figure 5-29.

TINIMG DIAGRAN G- CURSOR SEQ: 1
UELTA TIME: iy

Figure 5-29. 91P16 inhibit test results.

A display like Figure 5-29 indicates that the inhibit signal is being properly processed by the
91P16. The next steps verify the operation of the inversion of the inhibit signal.

9. Enter the Pattern Generator Program menu and set the INHIBIT field to 1.
10. Enter the Pattern Generator Timing menu and set the SHAPE field of strobe O to high true.
11. Press START SYSTEM.

12, When data acquisition is finished, enter the Timing Diagram menu. The display should again
look like Figure 5-29.

{8)* Verifying the PG PAUSE Line

The next steps verify that the 91P18 responds to the PG PAUSE signal through the External
Clock Probe.

1. Disconnect the strobe line from the inhibit line. Reconnect the strobe line (the white flying
lead from the pattern generator probe) to the PG PAUSE line of the External Clock Probe
(the yellow lead).

2. Enter the Pattern Generator Program menu and set the PAUSE field to 0.

3. Enter the Pattern Generator Timing menu and set the SHAPE of strobe 0 to low true.

4. Press START SYSTEM.
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5. When displayed on the Timing Diagram menu, the data acquired from the pattern generator
should look like the data shown in Figure 5-30.

CURSOR SEQ: 14
QELTA TIME:

3625-158

Figure 5-30. 91P16 pause test resulis.

A display like Figure 5-30 means the pause signal is being properly received and reacted to. Note
in particular that the FF value is twice the width of the other data.

The next steps verify the operation of the inversion of the pause signal.
6. Enter the Pattern Generator Program menu and set the PAUSE field to 1.
7. Enter the Pattern Generator Timing menu and set the SHAPE of sirobe 0 to high true.
8. Press START SYSTEM.

9, Enter the Timing Diagram menu when acquisition is finished. The display should match Fig-
ure 5-30.

(9)* Verifying the PG INTERRUPT Line
The next steps verify that the 91P16 responds to the PG INTERRUPT signal through the External
Clock Probe.

1. Disconnect the strobe line from the pause line. Reconnect the strobe line (the white flying
lead from the Pattern Generator probe) to the PG INTERRUPT line of the External Clock
Prabe (the orange ling).

2. Enter the Pattern Generator Program menu. Set the CALL field in the Pattern Generator
menu to call TEST on a falling edge.

3. Set the pattern generator program to match the following display.
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4, Enter the Pattern Generator Timing menu. Set the shape of strobe 0 to low true.
5. Press START SYSTEM.

6. When displayed on the Timing Diagram menu, the data acquired from the pattern generator
should look like the data shown in Figure 5-31.
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Figure 5-31. 91P16 interrupt test results.

A display like Figure 5-31 means the interrupt signal is being properly received and processed.
The next steps verify the operation of the inversion of the interrupt signal.

7. Enter the Pattern Generator Program menu and set the CALL field to cail TEST on a rising
edge.

8. Enter the Pattern Generator Timing menu and set the SHAPE of strobe 0 to high true.

9. Press START SYSTEM.
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10. When acquisition is finished, enter the Timing Diagram menu. The data acquired should look
like Figure 5-31.

(10)* Verifying the PG CLK Line

The next steps verify the transmission of the PG CLK signal through the External Clock Probe.
These steps require the use of an external clock source. The recommended clock source is a
square wave or pulse generator with an cutput that oscillates between ground and +5 V.

1. Disconnect the strobe line from the interrupt line.

2. Connect the output of the signai generator to the PG CLK line (brown) on the P6452 External
Clock Probe.

3. The signal generator must have a commen ground with the probes. To accomplish this,
connect the ground of the signal generator 1o the two clips that connect the data acquisition
probe ground sense to the External Clock Probe ground line.

The probes and the signal generator are now connected so the test can be performed.

4. Enter the Pattern Generator Program menu. Set the pattern generator clock to external
rising edge. Set the CALL field to X (don't care).

5. Adjust the pattern generator program to match the following display:
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6. Enter the Trigger Specification menu and set the acquisition clack to external rising edge.
7. Press START SYSTEM.

8. When acquisition is finished, examine the Timing Diagram menu. The data acquired from the
Pattern Generatar should look like the data shown in Figure 5-32.
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Figure 5-32, Pattern generator external clock line test results.

A display like Figure 5-32 means the pattern generator external clock is being properly received
and processed. The next steps verify the operation of the inversion of the external clock signal.

9. Enter the Pattern Generator Program menu and set the pattern generator ¢lock to external
falling edge.

10. Press START SYSTEM.
11. When acquisition is finished, examine the Timing Diagram menu. The data acquired from the

Pattern Generator should again lock like the data shown in Figure 5-32.

This completes the functional check procedure for the 91P16 Pattern Generator Module. The test
setup may now be dismantled. Turn off the BAS mainframe before removing any modules in order
to prevent damage to the modules or the mainframe.

91P32 PATTERN GENERATOR EXPANDER MODULE FUNCTIONAL CHECK

You will need the following equipment to perform this procedure:

e DAS 9100 mainframe

91P16 Pattern Generator Module

¢ Diagnostic Lead Set

[+ ]

P6455 TTL/MOS Pattern Generator Probe

-]

P6452 External Clock Probe

PB452 Data Acquisition Probe
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and either of the following

e 91A32 Data Acquisition Module; or

¢ 91A08 Data Acquisition Module and P6454 100 MHz Clock Probe

Refer 1o the Operating Instructions section of this manual for instructions on module installation
and on the use of the Diagnostics menu. Refer to the beginning of this Verification and Adjust-
ment Procedures section for information on connecting probes together with the diagnostic lead
set.

(1) Mainframe Setup for the Functional Check

The following steps configure the DAS mainframe in the way used for this functional check. If, due
to insufficient +5 V power supply modules or some other constraint, the mainframe is not config-
ured in the reccmmended way, then steps later in the functional check will need maodification. For
the greatest ease in the functional check procedure, configure the mainframe according to the

following steps.
CAUTION

Do not install or remove any electrical module or sub-assembly in & DAS mainframe while
the power is on. Doing so will probably damage the module or sub-assembly.

NOTE

The following steps may require removing modules that were previously instafled in the
mainframe.

1. Tumn off the mainframe.

2. Install the 91P16 in slot 1 of the mainframe.

NOTE

The mainframe will not operate with more than one 91F16 Pattern Generalor Module in-
stafled at the time of power-up. After inserting the modudes used for this fest, make sure
there are no duplicates of this board in the mainframe.

3. Install the acquisition module to be used for testing. If a 91AD8 module is used, install it in
slot 6, If a 91A32 module is used, install it in slot 2.

4. Instalt the 91P32 to be checked in any empty slot of the DAS mainframe that receives 5V
power. If there is ancther 91P32 medule in the mainframe, remove it.
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NOTE

For the purposes of this procedure, it is assumed that the S1P32 module is in slot 3.
However, the 81P32 module may be tested in any other powered siol. This procedure will be
easier to follow if the 91P32 module is installed in siot 3.

(2) Executing the Diagnostic Self-Test
The next steps run all available self-test diagnostics on the 91P32 module.

1. Turn on the mainframe while holding down the STOP key on the keyboard. This will cause
the power-up self-test te fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run diagnostic tests on slot
3, the 91P32 module.

3. Select ALL mode, then press START SYSTEM. The DAS diagnostics will perform all avail-
able tests on the slot. The diagnostic test, VECTOR RAM, should pass.

{3) Probe Setup for the Functional Check

These steps provide the initial probe setup for these tests.

NOTE

For further details on connecting probes together with the Diagnostic Lead Set, refer to the
beginning of this Verification and Adjustment Procedures section.

1. Connect the TTL/MOS pattern generator probe to pod connector D of the 91P32. When the
probe is installed, the mainframe should beep and show the message POD 3D
CONNECTED.

2. Press the Pod ID butten on the back of the probe housing. The mainframe should beep and
display PCD 3D.

3. Set the diagnostic slide switch on the back of the TTL/MOS pattern generator probe to AUX.
4. Connect the data acquisition probe to the acquisiton module {either a 91A08 module or a
91A32 module). if a 91A32 module is used, install the data acquisition probe in pod connec-

tor A.

5. Connect the pattern generator probe to the data acquisition probe with the diagnostic lead
set.

6. Connect the strobe line of the pattern generator probe (the white flying lead from the pattern
generator side of the Diagnostic Lead Set} to the qualifier line of the data acquisition probe
(the white flying lead from the acquisition side of the Diagnostic Lead Set ).
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Connect the External Clock Probe to pod connector C of the Trigger/Time Base Module.

Install a flying lead set in the External Clock Probe. Also install a ground lead in the GND
CIAGNOSTIC connecter on the clock probe.,

Install a ground lead in one of the GND SENSE connectors of the data acquisition probe.
Connect the ground lead of the External Clock Probe to the ground lead of the data acquisi-
tion probe.

NOTE

If a 91A32 module is being used for the test, perform only step 10, then proceed to the initial
menu setup. If a 91A08 module is being used for the test, skip step 10 and perform steps 11
through 13.

10. If a2 91A32 module is being used for the test, connect the CLK1 line of the External Clock

11,

Probe (the black lead) to the clock line of the pattern generator probe (the gray flying lead on
the pattern generator side of the Diagnostic Lead Set).

NOTE
If a 91A32 is being used for this procedure, then the probe setup is complete,

If a 91A08 module is being used as the acquisition module in the functional check, connect
the 100 MHz Clock Probe to its connector on the 81A08 module in slot 6.

12. Connect the IN line of the 100 MHz Clock Probe to the clock output of the pattern generator

probe (the gray flying lead from the pattern generator side of the Diagnostic Lead Set).

13. Connect the REF line of the 100 MHz Clock Probe to the unused GND SENSE line of the

data acquisition probe.

{4) Initial Menu Setup for the Functional Check

The next steps organize the menus so the remainder of the functional check will require a mini-
mum of menu manipulation.

1

. Leave the Diagnostics menu by pressing the PATTERN GENERATOR key. In the Pattern
Generator Program menu, verify that the pattern generator clock is set to 1 us.

2. Adjust the program already present in the Pattern Generator Program menu to match the

following display.

§5-81



Verit, and Adjust. Procedures—DAS 9100 Series Service Vol. 1

SER  LABEL I3 INSTRUCTIONS  STROBES
g RANN O WNKY W GOTD 200

200 2609 BEAR  OOBD  POOR

201 @1e1 0181 £Aa1

282 202 8207 DOG2

283 B04  B4B4  0ROd

204 i

205 i8te 1818 @9le

206 2020 2020 paa

207 4040 404D  DOMD

208 5555 5555 0008 2345
209 8983 2080 Pes

218 ARAR  BAAR DO 2345
211 FFFF FFFF 9OFF GOTO 200

3625.358

3. Enter the Pattern Generator Timing menu and set strobes 2, 3, 4, and 5 to the following
state.

DELAY WIDTH  SHAPE

4. Enter the Trigger Specification menu. If the functional check is performed with a 91A32
module, leave the MODE field set to 91A32 ONLY. If the functional check is being performed
with a 91A08 module, set the MODE field tc 91A08 ONLY.

5. In the Trigger Specification menu, set the acquisition clock to external rising edge.

6. Press the Pod ID button on the back of the data acquisition probe.

7. Read the pod number off the DAS screen. Set the qualifier corresponding to that pod to 1.

(5) Veritying Pod Connector D

The next steps verify that the 91P32 can transmit data, strobes, and clock signals through pod
connector D.

1. Press the START SYSTEM key.
2. Enter the Timing Diagram menu.

3. Press the Pod ID button on the back of the Data Acquisition probe. Read the pod number off
the DAS screen. Adjust the Timing Diagram menu to show data from this pod.
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Set the magnification of the Timing Diagram to 10; this should show a display like Figure
§-33. The actual position of the cursor and trigger will depend on the type of acquisition
module used. A 91A08 should trigger on sequence 18, and a 91A32 should trigger on se-
quence 14,
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Figure 5-33. 91P32 data output test.

The previous steps verified the operation of the clock, data, and inversion of the strobe. The next
few steps verify the operation of the non-inverted strobe.

5.

6.

Enter the Pattern Generator Timing menu. Set the shape of strobe 5 to active high.

Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 0
(active low}.

Press START SYSTEM.

The data acquired should match Figure 5-33.

{6) Verifying Pod Connector C

The next steps verify that the 91P16 can transmit data, strobes, and clock signals through pod
connector C.

1.

Remove the TTL/MOS Pattern Generator probe from pod connector D of the 91P32 module.
Reconnect the probe to pod connector C of the 91P32 module.

When the probe is installed in pod connector C, the mainframe should beep and display the
message POD 3C CONNECTED.

Press the Pod ID button on the back of the pattern generator probe housing. The mainframe
should beep again and display PCD 3C.

Enter the Trigger Specification menu and set the quatifier for the acquisition probe tc 1
{active high).
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5. Press START SYSTEM.

6. Enter the Timing Diagram menu. The display shouid again look like Figure 5-33.
The previous steps verified the operation of the clock, data, and the inversion of the strobe. The
next few steps verify the operation of the non-inverted strobe.

7. Enter the Pattern Generator Timing menu. Set the shape of strobe 4 to active high.

8. Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 0
(active low).

9. Press START SYSTEM.

10. The data acquired should match Figure 5-33 again.

(7) Verifying Pod Connector B

The next steps verify that the 91P16 can transmit data, strobes, and clock signals through pod
connector B.

1. Remove the TTL/MOS pattern generator probe from pod connector C of the 91P32 module.
Reconnect the probe to pod connector B of the 91P32 module.

2. When the probe is installed in pod connector B, the mainframe should beep and display the
message POD 3B CONNECTED.

3. Press the Pod [D button on the back of the pattern generator probe housing. The mainframe
should beep again and display POD 3B.

4. Enter the Trigger Specification menu and set the quaiifier for the acquisition probe to 1
(active high).

5. Press START SYSTEM.

6. Enter the Timing Diagram menu. The display should again look like Figure 5-33.

The previous steps verified the operation of the clock, data, and the inversion of the strobe. The
next few steps verify the operation of the non-inverted strobe.

7. Enter the Pattern Generator Timing menu. Set the shape of strobe 3 to active high.

8. Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 0
(active low).

9. Press START SYSTEM.

1{. The data acquired shouid match Figure 5-33 again.
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(8) Veritying Pod Connector A

The next steps verify that the 91P32 can transmit data, strobes, and clock signals through pod
connector A.

1.

Remove the TTL/MOS pattern generator probe from pod connecter B of the 91P32 module.
Reconnect the probe to pod connector A of the 91P32 module.

. When the probe is installed in pod connector A, the mainframe should beep and display the

message POD 3A CONNECTED.

Press the Pod ID button on the back of the pattern generator probe housing. The mainframe
should beep again and display POD 3A.

Enter the Trigger Specification menu and set the qualifier for the acquisition probe to 1
(active high).

Press START SYSTEM.

Enter the Timing Diagram menu. The display should again look like Figure 5-33.

The previcus steps verified the operation of the clock, data, and the inversion of the strobe. The
next few steps verify the operation of the non-inverted strobe.

7.

8.

9.

10.

Enter the Pattern Generator Timing menu. Set the shape of strobe 2 to active high.

Enter the Trigger Specification menu. Set the qualifier for the data acquisition probe to 0
(active low).

Press START SYSTEM.

The data acquired should match Figure 5-33.

This completes the functional check procedure for the 91P32 Pattern Generator Expander Mod-
ule. The test setup may now be dismantled. Turn off the DAS mainframe before removing any
medules in order to prevent damage to the modules or the mainframe.

DAS PROBE FUNCTIONAL CHECK

NOTE

if any of the probes to be functionally checked were used to verify a Trigger/Time Base, an

acquisition module, or a pattern generator module, then those probes are assured to be

functional. In that case, this procedure need not be performed for those probes.
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5-86

Due to the large quantity of different types of probes that may be found in any DAS 9100 system,
this functional check procedure is designed to test any of the following probe types.

*« PG452 External Clock Probe

P6452 Data Acquisition Probe

P8454 100 MHz Clock Probe

PB455 TTL/MQS Pattern Generator Probe

PB456 ECL Pattern Generator Probe

You will need the following equipment to perform this procedure:

s DAS 9100 mainframe
« 91P16 Pattern Generator Module
* 91A08 Data Acquisition Module

¢ Diagnostic Lead Set

NOTE

if necessary, a 81A32 module and an External Clock Probe can be substituted for the 31A08.
However, if a 91A08 module is not used in the test setup, PE454 100 MHz Clock Probes
cannot be checked.

At least one acquisition probe or External Clock Probe and one pattern generator probe are
required for this procedure. These probes may include the probes to be functionally checked.

NOTE
The procedure checks all of the connected probes simuiltaneously.

The pattern generator probe outputs data that is acquired by the data acquisition probe. The
100 MHz Clock Probe acquires its clock from the pattern generator probe as well. A failure in this
functional check may indicate a failure in any of the probes under test.

Refer 10 the beginning of this Verification and Adjustment Procedures section for information on
connecting probes together with the Diagnostic Lead Set.

(1} Mainframe Setup for the Functional Check

The following steps configure the DAS mainframe in the way used for this functional check. If, due
to insufficient -5 V power supply modules or some cther constraint, the mainframe is not config-
ured in the recommended way, then steps later in the functional check will need modification. For
the greatest ease in the functional check procedure, configure the mainframe according to the
following steps.



Verif. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

CAUTION

Do not install or remove any electrical module or sub-assembly in a DAS mainframe while
the power is on. Doing so will probably damage the module or sub-assembly.

NOTE

The foliowing steps may require removing moduies that were previously instalfed in the
mainframe.

1. Turn off the mainframe.

2. Install the 31P16 module in slot 1 of the mainframe.

NOTE

The mainframe will not operate with more than one 31P16 Pattern Generator Module in-
stalled at the time of power-up. After inserting the modules used for this test, make sure
there are no duplicates of this board in the mainframe.

3. Install the 91A08 module in slot 6 of the mainframe. If a 91A08 is not available, install the
91A32 module in slot 2 of the mainframe.

(2} Installing the Pattern Generator Probe

NOTE

For further details on connecting probes with the Diagnostic Lead Set, refer to the beginning
of this Verification and Adjustment Procedures section.

1. Turn en the mainframe. All modules should pass the power-up self-test.

2. Connect a pattern generator probe (either P6455 or P6456) to pod connector B of the 81P16
module.

3. When the pattern generator probe is connected, the mainframe should beep and display the
message POD 1B CONNECTED.

4, Press the Pod 1D button on the back of the probe housing. The mainframe should beep again
and display the message POD 1B8.

5. Set the diagnostic slide switch on the back of the pattern generator probe housing to AUX.
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{3) Installing the P6452 Probe

1. Connect a P6452 probe (either data or external clock) to ped connector C of the 91A08. If a
91A32 is used in place of the 91A08, connect the P6452 probe to pod connector A of the
91A32.

2. When the P6452 probe is conhected, the mainframe should beep and display the message
POD XX CONNECTED, where XX stands for the slot and pod connector the probe was
installed in.

3. Press the Pod ID button on the back of the P6452 probe housing. The mainframe should
beep again and display the message POD XX.

(4) Installing the Clock Probe

1. Install the P6454 100 MHz Clock Probe in the coaxial connector of the 91A08 module in slot 6,

2. If a 91A08 module is not available for this test, install a P6452 External Clock Probe in the
Trigger/Time Base Module (slot 7, connector C).

(5) Connecting the Probes
These steps connect all of the probes together in the proper configuration for this test.

1. Using the Diagnostic Lead Set, connect the pattern generator probe being tested to the
P6452 probe being tested. Do not connect the grounds of the diagnostic lead set to the
probes.

2. Connect the strobe line of the pattern generator probe (the white flying lead from the pattern
generator side of the Diagnostic Lead Set) to the white flying lead on the acquisition side of
the diagnestic lead set (the qualifier line}.

3a.If a 91A08 module is being used for this test, connect the IN line of the P6454 100 MHz Clock
Probe to the clock output of the pattern generator probe (the gray flying lead). Connect the
reference lead of the P6454 100 MHz Clock Probe, the ground sense input of the P6452
probe, and the VL sense lead of the pattern generator probe together.

3b.)f a 91A32 is being used for this test, connect the CLK1 lead of the External Clock Probe of
the Trigger/Time Base (the black lead) to the clock output of the pattern generator prebe {the
gray flying lead). Connect the ground sense lead of the External Clock Probe, the ground
sense lead of the P6452 probe, and the VL sense lead of the pattern generator probe to this
same ground.
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{6) Menu Setup for the Functional Test

1. Enter the Pattern Generator Program menu and adjust the program already present to maich
the following display.lIf an ECL pattern generator probe and a 91A32 are being used set
PAUSE ON: and INHIBIT ON: fields to 0.
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2. Enter the Pattern Generator Timing menu. Adjust strobe 0 to the following state.

PO DELAY  WIDTH  SHAE
STROBE § 1 (RN jui e

o TR

3. Enter the Trigger Specification menu. Adjust the mode to 91A08 ONLY if a 91A08 module is
used, or adjust the mode to 91A32 ONLY if a 91A32 module is used.

4. In the Trigger Specification menu change the acquisition clock to external rising edge.

5. You should still be in the Trigger Specification menu. If a TTL pattern generator probe is
being used, leave the fieid adjacent to the external clock field set to TTL. If an ECL patiern
generator probe is being used, change the this field to VAR —1.30 V.

6. Press the Pod ID button on the back of the P6452 probe being tested. Set the qualifier field
corresponding 1o that probe te 0 (active low). Leave all other qualifiers set to X {don't ¢care).

7. if a PB455 TTL/MOS Pattern Generator Probe is being tested, skip this step. If a P6456 ECL
Pattern Generator Probe is being tested, enter the Channel Specification menu. Fing the
group that contains the PB452 probe being checked. Change the threshold of that group to
VAR —1.30 V.
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{7) Periorming the Test

1. Press START SYSTEM.

2. Enter the Timing Diagram menu and adjust the magnification to 10.

3. Adjust the timing diagram display to show data acquired from the pattern generator by the
91A08 (or 91A32). The display should look like Figure 5-34.
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Figure 5-34. Probe verificatian display.

4. A display tike Figure 5-34 means that the acquisition probe, the pattern generator probe and
(if used) the P6454 100 MHz Clock Probe are all functional.

NOTE

To perform tests on muftiple probes, remove a probe from its module connector and its lead
set connector(s) and replace it with the next probe to be tested. Do not change the lead set
configuration. This reduces the time required to remake connections.

This completes the functional check procedure for the probes. The test setup may now be dis-

mantled. Turn off the DAS mainframe before removing any modules to prevent damage to the
modules or the mainframe.

TAPE DRIVE (OPTION ¢1) FUNCTIONAL CHECK

You will need the following equipment to perform this procedure:

* DAS mainframe with the tape drive instafled.

¢ Formatted DC100 type tape cartridge with no data stored.
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For instructions on use of the Diagnostics menu, refer o the Operating Information section of this
manual.

{1) Menu Setup for the Functionat Test

1. Turn on the DAS mainframe containing the tape drive while holding down the STOP key. This
causes the power-up self-test to fail.

2. After the self-test is finished, press START SYSTEM to enter the Diagnostics menu.
3. Select to run diagnostic tests on slot 0 {the Controller).

4. Set the MODE field to SINGLE and run function 3, the TAPE WRITE test.
(2} Performing the Functional Test

1. Set the sliding tab on the tape cartridge in the record position. Insert the cartridge in the
drive.

2. Press START SYSTEM.
3. The test should run approximately 4 minutes. After this time, the screen message changes
from TAPE OPERATION IN PROGRESS to WAITING. There should be no hard or soft

errors shown.

4. Press STOP. The tape drive has now been verified.

This completes the functional check procedure for the tape drive.

/O INTERFACE (OPTION 02) FUNCTIONAL CHECK

This functional check procedure has two parts. The first part requires only the equipment listed
below:

e DAS mainframe with the [/O Interface installed

The second part of the functional check is optional, since it requires some specialized eguipment.
The equipment required for the second part of the test is given in the following list.

o TEKTRONIX 4051 Desktop Computer with Option 01 (Data Communications interface)
o R3-232 cable
o GPIB cable

¢ null modem {constructed according to Figures 5-37 and 5-38).

5-91



Verif. and Adjust, Procedures—DAS 9100 Series Service Vol. 1

NOTE

Alf Basic prograrns found in this text must be run on a Tekironix computer, to avoid incom-
patabilities with other versions of Basic.

The 4051 stimulates and reads the RS-232 and GPIB ports of the DAS /0O Interface. The nuli
modem allows the 4051 and the DAS to communicate without a modem.

For instructions on use of the DAS menus, refer to the Operating Information section of this

manual.

(1)} Part 1 of the Functional Check

1. On the back of the DAS mainframe, set the address switches to address 01. This is done by
setting the DIP switch on the back of the DAS to the following state. {Switches 1, 2, and 3
can be left in an indeterminate state.)

1 2 3 45 6 7 8

1 L
(] e
OPEN
16 8 4 2 1

36e25-163

Figure 5-35. Setting GPIB address 01.

[\"]

. Remove any connectors attached to the GPIB or RS-232 ports on the back panel of the
mainframe.

[95]

. Turn en the mainframe.

I

. Shortly after the power-up sequence is finished, the SRQ light on the back panel should turn
on.

5. Press the INPUT OUTPUT key to enter the input Output menu.

()]

. The Input Output menu should show a message at the top that says GPIB TALK/LISTEN
ADDRESS: 1.

7. On the back panel of the DAS mainframe, change the setting of the DIP switch to the
following state.
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i 23 456 7 8

i6 8 4 2 1 1625- 164

Figure 5-36. Setting GPIB off line.

The message on the tnput Output menu should change to say GPIB OFFLINE and the SRQ
light should go off.

NOTE

The next part of the I/Q Interface functional check is optional. To perform the following tests
a TEKTRONIX 40571 Deskitop Computer with the Data Communications Interface (Option
01) must be used.

If your test setup does not include a 4051, the functional check is complete.

{2) Part 2 of the Functional Check

1

2.

Turn off the DAS. Do not turn on any of the other instruments yet.

The 4051 Option (1 has two possible output configurations; that of a terminal, or that of a
modem. The standard output of the communications option is like a modem. If you are using
the standard output of the 4081, then construct the null modem shown in Figure 5-37.

The 4051 Option 01 has an interconnect cable as a standard accessory. The connector at
the end of this cable makes the output of the 4051 look like a terminal. If this cable is used in
the test set up, then construct the null modem shown in Figure 5-38.

Attach the null modem to one end of the RS-232 cable. Connect the RS-232 cable with the
null modem between the DAS RS-232 port and the 4051 RS-232 port.

Connect the GPIB cable between the DAS GPIB port and the 4051 GPIB port.
Turn on the 40561.

Load the program given in Table 5-4 into the 4051.

Run the program just loaded into the 4051.

Enter 1 followed by a carriage return in the 4051 for the address of the DAS.
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9. Set the GPIB address on the back of the DAS to 01, as shown in Figure 5-35.

10. Turn on the DAS and wait for the 4051 to indicate POWER ON.

DAS 4051

1 ol fe1

2 ml lﬁ 2

3 c: }4 3

5 &— ——3 4
| l

I—B
I__
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Figure 5-37. Connector between the DAS and the modem output of the 4051,
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Figure £-38. Connector between the DAS and the terminal output of the 4051 interconnect cable.
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11. On the 4051, press user defined key #1. This initiates the GPIB test.

12. While the test is running, examine the 4 LEDs on the back of the DAS. All of the L.LEDs should
flash independently. Some of the LEDs are brighter than others, but all should light to some
degree.

The GPIB test may be restarted as desired by pressing user defined key #1 again.
The GPIB port on the DAS has now been verified as operational. The next steps verify the
operation of the RS-232 port.
13. On the 4051, press user defined key #2. This initiates the RS-232 test.
14. Set the GPIB address cn the back of the DAS to 31 (off line}, as shown in Figure 5-36.

15. Press the INPUT QUTPUT key on the DAS to enter the Input Output menu. The message at
the top of the menu shold read GPIB CFFLINE.

16. Set the DEVICE field to RS-232. Set the BAUD RATE field to 2400.

17. The DAS is now ready for the test. Press carriage return on the 4051.

18. Watch the DAS screen carefully. The screen should change to the power-up display. Then
the screen should become blank and flash the message RS-232 IS ON THE AIR. The mes-
sage has 4 very short duration. The DAS screen should then return to its original state.

19. If the DAS screen is not watched carefuliy, the message may be missed. The R3-232 test
can be performed again by pressing the user defined key #1 fcllowed by a carriage return on
the 4051,

This completes the functional test of the DAS I/O Interface, Option 02. The test setup may now
be dismantled.

{3) I/O interface Test Program
This is a listing of the program used to test the GPIB and RS-232 interfaces of Option 02.

NOTE

This Basic program is written for Tektronix 40560-series graphic computing systems only.
The program must be run on a Tektronix computer, to avoid incompatabilities with other
versions of Basic.

After loading the test program into the 4051, it is highly recommended that the program be saved
on a 4051 tape. This eliminates the need of entering the program a second time should this test
need to be performed again.
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Table 5-4
GPIB and RS-232 Test Program

ON SRQ THEN 3000

GO TO 99

GO TO 1000

GO TO 2000

GO TO 1000

PAGE

PRINT *DAS9100 RS-232/GPIB CHECKOUT PROGRAM V1.0”
PRINT # 3 9% o ol e 0 ol o e 3 e i i ks e i o ol ol e i ol i ol ol e e S s ke T e R T ek e e e e e "
PRINT

PRINT “USE USER DEFINED KEYS TO INITIATE TESTS”
PRINT "
PRINT
PRINT "UDK #1 - GPIB/LED CHECKOUT SEQUENCE"

PRINT “UDK #2 - RS-232 CHECKOUT SEQUENCE"

PRINT

PRINT

PRINT “ENTER ADDRESS FOR DAS: ”;

INPUT D1

PRINT

PRINT “PLEASE TURN ON DAS’

WAIT

END

REM **** CHECKOUT IEEE 488 INTERFACE *****

ON SRQ THEN 2280

PAGE

PRINT *DAS GPIB LIGHT TEST"

PRINT “** IF BUS HANGS, THEN FAILURE SHOULD BE ASSUMED ***
WBYTE @17:

FOR I=1TO 72

WBYTE @D14-32: 255

WBYTE @D +64:

RBYTE X

X=ABS(X)

IF X< >>255 THEN 1140

PRINT *. *;

FOR J=1TO 50

NEXT J

NEXT i

PRINT

PRINT “TEST COMPLETED"

END

PRINT

PRINT “FAILURE - DATA LINES NOT CORRECT”

PRINT “DATA BUS SHOULD BE: 255 INSTEAD OF: ;X

REM ***** CHECKOUT THE RS-232 INTERFACE *****

PAGE

PRINT “RS-232 CHECKOUT SEQUENCE"
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Table 5-4 (cont)
GPIB and R5232 Test Program

2010
2020
2030
2040
2050
2080
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2195
2200
2210
2220
2230
2250
2260
2270
2280
2290
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170

PRINT

PRINT "MAKE SURE ADDRESS SWITCHES ON BACK OF THE DAS ARE”

PRINT “SET TC ADDRESS 31 (GPIB OFFLINE) AND THE BAUD RATE"
PRINT “OF THE DAS IS SET TQ 2400"
PRINT

PRINT “PRESS < CR>= WHEN READY"
INPUT A%

PRINT

CALL "RATE",2400,5,2

CALL "PRLIST”

PRINT @40:“L.LOCKOUT ON"

PRINT @40:“DEFAULT;ERASE 0,24"
PRINT @40:*“MESSAGE 2,20,20,'RS-232 IS ON THE AIR’
PRINT (@40:“SCREEN?"

INPUT @40:A%
A$=SEG(AS.POS(AS,“S",1),10)

IF A$<>“SCREEN ON;" THEN 2260
PRINT @40:“LOCKOUT?"

INPUT @40:A%
AS=SEG(A$.POS(AS,L", 1,11

iIF A$ <> "LOCKQUT ON;"THEN 2260
PRINT @40:"LOCKOUT OFF;DEFAULT”
PRINT

PRINT “TEST COMPLETE"

END

PRINT “COMMUNICATIONS ERROR”
END

POLL A,B;D1

RETURN

POLL A,B:D1

POLL A1,B1;D1

IF B1=B THEN 3240

IF B< =65 THEN 3060

PRINT “POWER ON"

GO TO 3220

IF B<:>97 THEN 3080

PRINT "COMMAND ERROR"

GO TO 3190

IF B« =98 THEN 3120

PRINT ‘EXECUTION ERROR”

GO TO 3190

IF B<>-99 THEN 3150

PRINT "SYSTEMS ERROR”

GO TO 3190

IF B<>101 THEN 3180

PRINT “POD CHECK”

GO TO 3220
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Table 5-4 {cont)
GPIB and R$232 Test Program

3180
3190
3200
3210
3220
3230
3240
3250
3260

PRINT “SRQ: ";B;

RETURN

INPUT @D1:E$

PRINT “ "; A%

ON SRQ THEN 3000

RETURN

PRINT “INTERRUPT FAILURE"

PRINT "CHECK GPIB INTERRUPT PATH”
PRINT “CHECK INTERRUPT MUX PIN #4"
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ADJUSTMENT PROCEDURES

INTRCDUCTION

This section contains procedures for adjusting instrument variables so that the instrument meets
or exceeds performance specifications. If the product cannct be made to meet or exceed specifi-
cations by following these procedures, repair is necessary.

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

Purpose

The Adjustment Procedure provides a sequence for adjustments. It is not a troubleshooting guide
or a verification procedure. The Adjustment Procedure is divided into sub-sections that describe
adjustments for one particular board or set of boards in the DAS. Each sub-section is divided into
two parts. The first part of the subsection gives a test or tests that indicate whether an adjust-
ment needs to be made. The second part gives procedures for making the actual adjustment.

Limits and Tolerances

All limits and tclerances given in this procedure are adjustment guides. They should not be
interpreted as instrument specifications unless they are also found in the Specification part of this
manual.

Tolerances given are for the instrument under test and do not include test equipment error.

Equipment Required

The equipment listed at the very beginning of this Adjustment and Verification Procedures section
in Table 5-2, or equivalent, is necessary to complete all the adjustment procedures. A partial list of
equipment needed for each individual checlc and adjustment is also shown at the beginning of
each procedure’s major step.

The specifications given in Table 5.2 are the minimum necessary to produce accurate results.
Therefore, related equipment must meat or exceed the listed specifications. Detailed instructions
for operating the test equipment are not offered in this manual. Refer to the manual for the
specific test equipment if more information is required.

Equipment Alternatives and Partial Procedures

When equipment other than recommended test equipment is substituted, control settings or
adjustment setups may need to be altered. If the exact equipment listed in Table 5-2 is not
available, check the Minimum Specification column carefully to see if any other equipment will
suffice.
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NOTE

With the exception of the Main Power Supply, each DAS module that requires adjustment
may be brought within specifications without affecting the adjustment of other modules in
the system. The Main Power Supply is the only exception and must have its +-12 V supply
within specifications before proceeding to adjust the instrument modules in the system.

Adjustment Interval

To ensure correct instrument operation, adjustment should be checked every 1,000 hours of
operation or every six months if used infrequentiy. Before performing the adjustment procedures,
perform preventive maintenance as outlined in the Maintenance: General Information section.

Test Sequence

NOTE

These adjustment procedures assume prior knowledge of some aspects of disassembly of
the DAS. If further inforration is required, refer to the disassembly procedures in the Main-
tenance: General Information section.

The Main Power Supply should be checked prior to performing any of the other adjustments.
Other circuit adjustments in the system may then be performed in any order. If any Main Power
Supply +12 V adjustment is made, any or alt of any DAS module’s circuitry may be affected, and
the entire Adjustment Procedure for instrument modules in the system should be performed.
Again, once the +12 V supply is adjusted, only the module of immediate concern must be
adjustad to insure that module’s correct operation.

MAIN POWER SUPPLY ADJUSTMENT

Pre-adjustment Test

This test checks whether the Main Power Supply needs to be adjusted. You will need the follow-
ing equipment to perform this procedure:

» DAS mainframe with Main Power Supply
* Module Extender board

* Digital multimeter (DMM) with leads

The test checks the accuracy of the + 12 V supply from the Main Power Supply. The supply must
be tested under load conditions, so any modules installed in the system may be left installed. The
minimum required load comes frorn having the Controller and the Trigger/Time Base installed in
the system. The test procedure follows.
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CAUTION

Do not install or remove any electrical module or sub-assernbly in a DAS mainframe
white the power is on. Doing so will probably damage the moduie or sub-assembly.

1. Turn off the DAS mainframe,
2. Remove the Trigger/Time Base Modute.

3. Set the jumpers on the Main Extender board to accept a Trigger/Time Base module. install
the Main Extender board in slot 7 of the mainframe.

4. install the Trigger/Time Base on the top of the extender board.

5. Set the digital muitimeter to a range that will read 12 V comfortably and with at least £0.1%
accuracy.

6. Attach the positive lead of the DMM to the +12 V test point on the Main Extender board.
7. Attach the ground lead of the DMM to a GND test point on the extender board.

8. Turn on the DMM and the DAS mainframe. The +12 V supply should be at +12 V, +1.5%.
If the DMM reads in this range, no adjustment of the Main Power Supply is required. If the
DMM does not read in this range, the Main Power Supply needs to be adjusted in the
manner indicated in the following procedure.

Adjustment

If the previous tests indicate that the Main Power Supply needs adjustment, follow the proce-
dures below. The adjustment of the +12 V Supply may cause voltage spikes on the supply lines,
so all voltage sensitive moduies are removed during this procedure. You will need the following
equipment addition to the equipment required for pre-adjustment test to perform this procedure:

s Main Power Supply Extender board
s 120, 12 W resistor
o Medium POZIDRIV-type screwdriver

= Small slotted screwdriver

CAUTION

If the + 12V supply is out of tolerance, any or all of the DAS module’s operating
circuitry may be affected. After correction of the power supply adjustment, the entire
Adjustment Procedure for all the instrument modules to be used in the system should
be performed.
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1. Turn off the DAS mainframe.

2. Remove alf instrument modules from the mainframe slots 0 through 7. This includes remov-
ing the Controlter and Trigger/Time Base Modules.

3. Remove the protective plate over the power supply section of the mainframe by removing
five flat-head POZIDRIV screws.

Removing the power supply cover will expose the technician to high volfages and
currents.

4, If the system contains Option 01, the tape drive, the drive should have its power disconnect-
ed. This can be done by locating J422 and J431 {monochrome) or J425 and J427 (color) on the
Interconnect (see Figure 5-39) and removing the connectors attached to these jacks.

INTERCONNECT BOARD

CISPLAY MONITOR

J422 OR 4425

J431 OR J427

=3 TAPE DRIVE

J625-164

Figure 5-39. Tape drive interconnect connectors.
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5. If the system being adjusted contains Option 02, the /O Interface, this board should also be
removed from the Interconnect (see Figure 5-40). The I/O Opticn board should he pulled
straight up, cut of the Interconnect’'s socket.

6. When the board is disconnected, hang the main Option 02 board by its cable over the back of
the DAS mainframe. This disconnects the I/O Interface from the power supplies.

IO BOARD

CIRCUIT BOARD EJECTOR

JB36-160

Figure 5-40, Disconnecting the |/O Interface.

7. Wait until 5 minutes have passed from the time the mainframe was turned off. This allows the
main power capacitors to drain to safe levels.

Not allowing the main power capacitors 5§ minutes to drain will expose dangerous
voltage and current levels during the following procedures.

8. Remove the Main Power Supply from the mainframe. To allow this, remove the side panel of
the mainframe that is adjacent to the Main Power Supply.
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9. Once this side panel is removed, remove the three screws shown in Figure 5-41.

MAIN POWER SUPPLY
3- AND 9-PIN CONNECTORS BOARD
PULL UP

HEAT SINK .

POWER SUPPLY FAN

METAL HEAT SINK PLATE

JB36-161

Figure 5-41. Main Power Supply removal.

10. After these screws are removed, the Main Power Supply can be lifted straight-up off of the

11.

connecting pins on the Interconnect.

Now that the Main Power Supply board has been pulled out of the mainframe, insert the
Main Power Extender board into the Interconnect. Use the same connectors that were used
by the Main Power Supply.

When inserting the Main Power Extender board, verify that the exfender’s connectors
and the Interconnect connecfors are accurately joined. If the extender is connecied
backwards or is shifted to the right or left of the appropriate position, the Main Power
Supply may be severely damaged.
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Figure 5-42. Main Power Supply adjustment locations.
12. Install the Main Power Supply on the Main Power Extender board according to the instruc-
tions found at the beginning of this Verification and Adjustment Procedures section.
13. Insert the Main Extender board (the medule extender) into slot 3 of the DAS mainframe.
14. Connect one end of the 12 @, 12 W resistor to a GND test paint on the Main Extender board.

Connect the other end of the resistor to the + 12 V test point on the Module Extender hoard.
This resistor will draw 1 A, s0 these connections must be secure.

WARNING

The 12 2 resistor may becorne quite hot during the following steps. Avoid touching the
resistor while the DAS power is on.

15. Connect the DMM leads across the resistor, the ground lead to GND, and the positive lead to
+12 V.

16. Set the DMM to a range that will comfortably read +12 V with at least £0.1% accuracy.
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17. Turn on the DMM and the DAS mainframe.

18. Adjust R936 on the Main Power Supply (see Figure 5-42) with the small slotted screwdriver
until the DMM reads +12 V within a *+ 1% test boundary.

19. Turn off power to the DAS mainframe and allow it to sit for at least five minutes before
reassembling the mainframe.

While reassembling the mainframe, do not forget to reconnect the tape drive and the /O Interface
if present. There are no further adjustments to be made in the power supplies section of the
mainframe.

NOTE

All units in the DAS mainframe are affected by the accuracy of the -+ 12 V supply from the
Main Power Supply. If this adjustment has been madse, all of the modules in the mainframe
should have their adjustment procedures performed.

CONTROLLER ADJUSTMENT

Pre-adjustment Test

The Controlier has two adjustments. Only one of the two needs to be performed, depending on
whether the Controller is used with a monochrome or a color display monitor. Perform only those
adjustments applicable to your situation. See Figure 5-43 for adjustment locations.

$100, BINARY R121, CONTRAST ADJUSTMENT

‘ SWITCH
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Figure 5-43. Controller adjustment locations.
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Monochrome Contrast Adjustment

You will need the following equipment to perform the monochrome contrast adjustment for the
Controlter board:

o DAS Mainframe with a Monochrome Display Monitor
o Main Extender board

o Small plastic-bladed screwdriver

Do not instalf or remove any efectrical modufe or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.
2. Remove the Controller Module.

3.  Set the square pin jumpers on the Main Extender board so the extender will accept a Con-
troller board. Install the Main Extender hoard in the mainframe slot 0.

4. Connect the Controller to be adjusted to the Main Extender board.
5. Turn on ihe mainframe.

6. Rotate the contrast control, R121 on the Controller, until a pleasing display is shown by the
display monitor. When adjusting contrast, one good procedure is to watch a highlighted field
for maximum readability combined with the brightest possible highlight field. See Figure 5-43
for the location of this control on the Controlter board.

CAUTION

Unusually high luminesence levels from the screen of the display monitor may shorlen
the fife of the phosphors in the CRT. Therefore, use discretion when setting the con-
trast control.

This completes the Controller adjustment for monochrome mainframes. Turn ofi the DAS main-
frame before removing the Controller board or the Main Extender board.

Color Horizontal Position Adjustment

You will need the following equipment to perform the color herizontal position adjustment for the
Controller board:
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* DAS Mainframe with a Color Display Monitor
¢ Main Extender board

* Small plastic screwdriver

Do not install or remove any electrical moduie or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.

2. Remove the Controller module.

3. Set the square pin jumpers on the Main Extender board so the extender will accept a Con-
troller board. Install the Main Extender board in the mainframe sfot 0.

4. Connect the Controller to be adjusted to the Main Extender board.

5. Turn on the mainframe.

6. Set switches 1, 2, and 3 of S100 on the Controller board so the display is centered on the
dispiay area. The switches are organized in binary, where a closed switch represents a 1 and
an open switch is a 0. As the binary number specified on $100 gets larger, the center of the
display is shifted more to the right. As the binary number decreases, the display shifts to the
left. The location of S100 on the Controller board is shown in Figure 5-43.

This completes the Controller adjustment for color mainframes. Turn off the DAS mainframe
before removing the Controller board or the Main Extender board.

MOTOROLA DISPLAY MONITOR ADJUSTMENT

Pre-adjustment Test

The Motorola Display Menitor does not, under normal circumstances, require adjustment. Do not
adjust this moniter unless the screen has become difficult to read and the contrast control on the
Controller does not increase legibility to an acceptable fevel.

Adjustment Setup Procedure
You will need the following equipment to perform the next adjustment procedures:

* DAS mainframe
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Long shank {2 inch minimum} PCZIDRIVE-type magnetic screwdriver
Display Monitor Extender cable

Small piastic-bladed, slotted screwdriver

60 MHz oscilloscope with 10X probe

Digitai multimeter (DMM)

A plastic alignment tool for tuning inductors

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.
2. Remove the DAS mainframe side panel that is adjacent to the Motorola Display Monitor.

3. Unplug the display monitor from the Interconnect board by removing the plug from socket
J421 on the Interconnect.

4, Remove the monitor from the mainframe according to the Disassembly procedures given in
the Maintenance:; General Information section of this manual.

5. Remove the most exterior of the protective shields around the monitor. Remove the back

panel of the display monitor. Instructions for these procedures are given in the disassembly
procedures, in the Maintenance: General Information section of this manual.

The display monitor contains very high voftages. Do not use metal bladed tools when
making the following adjustments. Do not touch any circuitry other than adfustment
points. In particular, be careful of the CRT, it may have over 21 kV on the anode.

6. Reconnect the Motorcla Display Menitor to the DAS mainframe using the Display Monitor
Extender cable.

7. Remove the Controller medule from slog 0 of the mainframe.

8. Install the Main Extender board in slot 0 of the mainframe. Connect the Controller to the top
of the extender board.
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There are five separate adjustments to be made in the Motorola Display Monitor. The procedures
to perform each of these adjustments are listed separately, below. The following procedures
assume that the monitor has been removed from the mainframe and reconnected and that the
protective covers have been removed as indicated previously. The locations of the monitor adjust-
ments are shown in Figures 5-44 and 5-45.

NOTE

The following material regarding the Motorola Display Monitor was taken from the “M100
and M200 Series Service Manual” 1979 Motorola, Inc., by permission of Motorola, inc.

Juz T az R35
BLANKING HORIZ, HORAZ. HORIZ,
DRIVER DAMNER HOLD

§ vioeo
BIAS

=21
VIDEQ
SUTPUT
RS7
YERT.

LIN. - 1c1

R49
VERT.
HOLP

AS
CONTRAST

Ju
TTL/COMP,

51
MATES
WITH
P1ON
DEFLECTON
CIACUIT CARD

FAEPC—0060Z-O

3625-215

Figure 5-44. Motorola Display Monitor signal circuit board (A4A2} test point and adjustment locations.
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Figure 5-45. Motorola Display Monitor deflection circuit board.
{AdA1) test point and adjustment locations.

After the monitor is fully adjusted (see following procedures), turn off the DAS mainframe.
Re-install the protective shields around the monitor.

Detach the extender cable from the monitor, and re-install the monitor in the DAS mainframe.
After the monitor is re-installed, reconnect the monitor to the Interconnect, J421.

Remove the Controller module from the Main Extender board.

Remove the Main Extender board from the mainframe and re-insert the Controller in slot 0 of
the DAS mainframe.

Put the removed side panel back on the DAS mainframe.
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Use extreme care in handling the CRT during adjustment procedures. Rough handiing
may cause the tube to implode due to the high vacuumn. Do not nick or scratch the
glass or subject it to any undue pressure. Use goggles and heavy gloves for
protection,

Focus Adjustment

To perform this adjustment you will need a

* Small plastic-bladed, slotted screwdriver

1. Turn on the DAS mainframe. The monitor screen should show the usual information.

2. Locate the Focus control, R61 {see Figures 5-44 and 5-45), in the display monitor. Adjust the

Focus control for the most legible screen display.

Horizontal Adjustments

These steps set the horizontal size and position of the color display. To perform the horizontal

adjustments you will need the following equipment:

¢ Small plastic-bladed screwdriver

¢ A plastic alignment too! for tuning inductors

1. Turn on the DAS Mainframe. The monitor screen should show the usual informaticon.

2. Locate the Horiz Hold control, R35 (see Figures 5-44 and 5-45), in the display monitor.

. Rotate R35 counterclockwise until the video display is out of horizontal sync. At this point,

rotate R35 back clockwise until the video display just locks in horizontally; then stop. Using
tape, mark the left-rand edge of the video display (not the raster edge) on the CRT face
plate.

. Continue rotating R35 clockwise until the video display is out of horizontal sync again (in the

opposite direction). At this point, rotate R35 back counterclockwise until the video just locks
in horizontally; then stop. With tape, mark the left hand edge of the video display on the CRT
face plate again.

. Observe the distance between the two marks on the CRT faceplate. Rotate R35 until the left-

hand edge of the video display is centered between the two marks on the CRT faceplate.

. Remove the marks from the CRT faceplate.
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Video Bias Adjustment

You will need the following equipment to perform this procedure:;

o Small plastic-bladed, slotted screwdriver
o Digital multimeter (DMM)
1. Turn on the DAS mainframe if it has been turned off, and warm up for five minutes. The
monitor should display the usual informaion.
2. Locate R121 on the Controlier module. Set this control to the center of its travel.

3. Locate the Contrast control, RG (see Figures 5-44 and 5-45), in the display monitor. Rotate
this centrol for minimum brightness.

4. Disconnect the input signals to the display moniter. Do this by removing jumpers on the Main
Extender board. The jumpers to remove are listed below.

From J1 on the Main Extender board
Jumper B27 — Horizontal sync
Jumper B28 — Vertical sync
Jumper B29 — Video

These jumpers can be removed using needle nose pliers or, working carefully, by hand.

5. Connect the digital multimeter across R18 in the display moniter. (The ground lead should
connect near the collector of Q4.)

6. Adjust the Video Bias control, R14 (see Figures 5-44 and 5-45), so the voltage across R18 is
+20V, £0.05V.

7. Disconnect the DMM.

8. Re-install the jumpers in the Main Extender board.

9. Adjust the Brightness control, R63 (see Figures 5-44 and 5-45), so the entire screen on the
CRT is slightly illuminated. Then reduce the brightness just until the screen is black except

where there are characters. Further adjustments in contrast should be made from the Con-
trolier module.

Horizontal Linearity Adjustment
NOTE

This adjustment procedure is required only when a CRT andjor deflection yoke have been
replaced.
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You will need the following equipment to perform this procedure:

* Slotted screwdriver

Ruler or tape measure

Small plastic-bladed screwdriver

A plastic alignment tool for tuning inductors

1. Turn off the DAS mainframe.

2. Locate the S-shaping transformer, T3 (see Figures 5-44 and 5-45}, in the display monitor.
Rotate the transformer’'s slug down to the bottom. (This temporarily minimizes the effect of
T3 in the circuit.)

3. Loosen the deflection yoke clamp screw just enough to permit sliding the copper sleeve on
the neck of the CRT back and forth. (Refer to Figure 5-46.)

4, Position the copper sleeve so that only 1/8 inch (3.2 mm) extends past the rear lip of the
deflection yoke (refer to Figure 5-46). In addition, be sure that the overlap edge of the copper
sleeve is aligned properly and is not twisted.

5. Tighten the clamp screw carefully so that the yoke position is not disturbed.

DEFLECTION
YOKE
{PARTIAL VIEW)
COPPER
SLEEVE CLAMP
BEAM
FROSTED ALIGNMENT
SLEEVE I 4 MAGNETS
(NGT ON ALL

MODELS)

SLEEVE
END

OVERLAP EDGE
) MUST BE

7 ALIGNED AS
SHOWN

RASTER
CENTERING AEPC-00150-8
MAGNETS

36as-171

Figure 5-46. Partial view of the CRT neck.
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Turn on the DAS mainframe while holding down the STOP key. Enter the Diagnostics menu
by pressing the START SYSTEM key. Select to run tests on single modules, then select slot
0 (the Controller module). Select to run tests in SINGLE mode and select FUNCTION 1, the
DISPLAY function. Press START SYSTEM to start the test.

The DAS screen should now display a border and cross hairs made of the number 8.

. (Refer to Figure 5-47.) Observe the extreme left-hand edge characters on the display screen

(designated “A” in Figure 5-47). The width of these characters should be equal to the width of
the right-hand edge characters {designated “B” in Figure 5-47). If character “A” is wider than
character “B”, the copper sleeve is extending out too far. If “A” is narrower than “B”, the
copper sleeve should be puiled cut further. Either way, the copper sleeve may have to be
repositioned by trial and error if exposing 1/8 inch (3.2 mm} of copper dees not provide the
desired linearity. Repeat steps 1 through 7, each time adjusting the amount of exposed
capper, until the width of character "A” is equal to the width of character “B".

. With the DAS mainframe turned on, observe the width of a character in the center of the CRT

screen (designated “C*" in Figure 5-47). It should be narrower than characters “A™ and “B".

CRT
- SCREEN

(LEFT [RIGHT)
EDGE) (CENTER} EDGE)

b+———————  RASTER ————
____-—--'-'_-_-___'_-_‘_____‘_‘——---_______‘

i O
L E E

AEPC-0D151

3625-172

Figure 5-47. Linearity adjustment raster display.

Connect the oscilloscope (ac coupled) between the the blue wire pin on the deflection card
and chassis ground. A parabolic waveform should appear.

Using the small plastic-bladed screwdriver, rotate the siug of T3 upward (away from the
circuit board) until the amplitude of the waveform is 125 V peak to peak. This setting makes
character “C” the same width as characters “A” and “B".

Disconnect the oscilloscope.
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Raster Centering Adjustment

NOTE

Raster centering is set at the factory and should not normally require further
adjustment.

To perform this procedure you will need a

¢ Small plastic-bladed screwdriver

1. Turn on the DAS mainframe if it is not on.

2. Position the tabs of the beam alignment magnets so they are horizontally opposing. (Refer to
Figure 5-46.)

3. Adjust R52 (vertical size} and L1 (horizontal width} so all edges of the raster are visible.
(Refer to Figures 5-44 and 5-45 for the location of these adjustments.)

4. Position the raster centering magnets for the best centering of the raster. (Refer to Figure
5-46.)

5. Readjust size and width (using R52 and L1) of the raster to approximately 6.5 inches
(16.5 cm) wide by 4 inches (10.2 cmy) high.

CRT Beam Alignment

For optimum character quality in the corners of the video display, a beam alignment magnet may
be used on the monitor CRT. If this magnet is not used, disregard this procedure.

NOTE

Adjustment of the raster centering rings must precede the adjustment of the beam alignment
magnet.

To perform this procedure you will need a

» Slotted screwdriver

The beam alignment magnet should be positioned on the neck of the CRT between the deflection
yoke and the tube base. The correct location of the magnet rings is approximately over the
second grid of the electron gun (see Figure 5-46).

1. Turn on the DAS mainframe.

2. Make sure the display monitor is set for optimum contrast {using control R121 on the Con-
troller module) and for optimum focus (see above procedures).
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3. Loosen the beam alignment magnet clamping screw just enough 1o atlow the assembly free
movement on the CRT neck.

4. While observing the tails on the dots in the corners of the display, rotate the focus rings to
minimize the tails.

5. Tighten the clamping screw.

COLOR DISPLAY MONITOR ADJUSTMENT

Pre-adjustment Test

The color display monitor found in DAS%129 mainframes does not, under normal conditions,
require adjustment. Do not adjust this monitor unless the screen has become difficult to read and
the intensity control on the back of the mainframe does not increase legibility to an acceptable
level.

Adjustment Setup Procedure

You will need the following equipment to perform the next adjustment procedures:

o DAS8129 mainframe with the monitor to be adjusted installed
¢ Slotted screwdriver
o POZIDRIV-type screwdriver

s Main extender board (from the DAS 9100 Service Maintenance Kit).

WARNING §

Do not remove or install any paneis on a DAS mainframe while the power is on. Doing
so could cause a temporary high voltage short to the panel that wouid be dangerous
for the technician.

1. Turn off the DAS mainframe.

2. Remove the top outside panel of the DAS mainframe. Also remove the mainframe side panet
that is adjacent to the color display monitor.

3. Remove the eight screws (6-32 x 0.250) securing the side of the black monitor cover to the
monitor itself. Do not try to lift the cover off yet,

4, Remove the three screws (6-32 x 0.250) securing the side of the monitor cover to the bottom
rait of the mainframe.
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Do not bend or dent the soft mu-metal shield. If it is bent or dented, it may retain strong
rmagnetic fields that will distort the color purity. Distortion caused by dents in the mu-
metal shield cannot be removed by the degaussing cofl.

5. Lift the black enamelled cover and the mu-metal shield out of the mainframe. Observe that
the tapered end of the mu-metal shield is toward the rear of the mainframe,

The adjustments on the display monitor are now exposed. There is one display monitor related
adjustment located on the Controller board. To reach this adjustment the Controller must be
placed on an extender board.

7. Remove the Controller board from slot 0 of the mainframe.

8. Set the square-pin jumpers on the extender board to accept a Controller board. Install the
extender board in slot 0 of the mainframe. Install the Controller board on top of the extender
board.

There are eight individual adjustments to be made in the color display monitor along with one
adjustment on the Controller board. The locations of the monitor adjustments are shown in
Figures 5-48 and 5-49.

Focus and Vertical Size Adjustment

These steps set the focus and vertical size of the color monitor display. To perform the focus and
vertical adjustments you will need a

* Small plastic-bladed screwdriver

The display monitor contains very high voltages. Do not use metal biaded foois when
making the following adjustments. Do not touch any circuitry other than the adjust-
ment points. In particufar, be careful of the CRT, which may have over 21 kV on the
anode.

1. Turn on the mainframe while holding down the STOP key on the keyboard. This wili cause
the power-up self test to fail,

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on slot 0, the
Contrcfler.
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Figure 5-48. Color Display Monitor adjustment locations, deflection circuit board (A30A1).
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Figure 5-49, Color Display Monitor adjustment locations, Z-axis circuit board {A30A2).
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3. Select SINGLE mode, then select to run function 1; the DISPLAYS function. Start this test
by pressing START SYSTEM and then pressing SELECT twice. The display monitor should
show an all character display.

4, Set the intensity conirol on the back of the mainframe for a bright display.

5. Adjust the focus control, T460 on the deflection board, for the best focus near the upper left-
hand corner of the screen {see Figure 5-48).

6. Adjust the vertical position trimmer potentiometer, R170 on the deflection board, so the top
of the display area is approximately 1 cm (3/8 in.) below the top of the display area.

7. Adjust the vertical size trimmer potentiometer, R175 on the deflection board, so the bottom
cf the display area is approximately 1 cm (3/8 in.) above the bottom of the display area.

8. Verify that the adjustment of the lower edge of the raster did not disturb the location of the
upper edge.

Horizontal Adjustment

These steps set the horizontal size and position of the color display. To perform the horizontal
adjustments you will need the following equipment:

o Small plastic-bladed screwdriver

s A plastic alignment tool for tuning inductors

WARNING [j

g TN THRM Wt %

The display monitor contains very high voltages. Do nof use metal bladed tools when
making the following adjusiments. Do not touch any circuitry other than the adjust-
ment points, In particular, be careful of the CRT, which may have over 21 kV on the
anode.

1. Turn on the mainframe while holding down the STOP key on the keyboard. This will cause
the power-up self test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select to run tests on slot (, the
Controller.

3. Select SINGLE mode, then select to run function 1; the DISPLAYS function. Start this test
by pressing START SYSTEM. The display monitor should show a green border and cross
hairs made of the number 8.

4, Adjust the intensity range trimmer potentiomenter, R270 on the deflection beard, so a slight
amount of the raster shows on the screen.
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5. Adjust the horizontal size inductor, L255 on the deflection beoard, so the entire raster shows
on the display area of the mainframe {see Figure 5-48).

6. Set switches 1, 2, and 3 of S100 on the Controller board s¢ the raster is centered on the
display area. The switches are organized in binary, where a closed switch represents a 1 and
an open switch is a 0. As the binary number specified on 5100 gets larger the center of the
display is shifted more to the right. As the binary number decreases the display shifts to the
left,

7. Adjust the horizontal size inductor, L255 on the deflection board, so the raster is approxi-
mately 6 mm (1/4 in.} in from both sides of the screen. If necessary, re-adjust $100 to center
the display again.

Intensity Adjustments

These steps set the intensity range of the color display. To perform the intensity adjustments you
will need a

¢ Small plastic-bladed screwdriver

The display monitor contains very high volftages. Do not use metal bladed tools when
making the following adjustments. Do not touch any circuitry other than the adjust-
ment points. In particular, be carefuf of the CRT, which may have over 21 kV on the
anode.

1. Turn off the mainframe. Turn on the mainframe while holding down the STOP key on the
keyboard. This will cause the power-up self-test to fail.

2. Press START SYSTEM to enter the Diagnostics menu. Select tests on slot 0, the Controller.

3. Select SINGLE mode, then select to run function 1; the DISPLAYS function. Start this test
by pressing START SYSTEM.

4. Press the SELECT key twice. The screen should show a display of all possible characters
and colors,

5. Adjust the intensity control on the rear panel of the DAS to minimum.

6. Adjust the red, green, and yellow bias trimmer potenﬁometers, 1130, R140, and R150 on the
Z-axis board, to minimum (see Figure 5-49).

7. Adjust the intensity range trimmer potentiometer, R270 on the deflection board, for a dim
display {see Figure 5-48).
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Observe the screen and decide whether the green or the yellow characters are dimmer.
Whichever celor is dimmer, increase that color’s intensity with either trimmer potentiometer
R130 {green) or trimmer R150 (yellow) on the Z-axis board. Continue adjusting the potenti-
ometer for the dimmer color until both colors have the same intensity.

. Compare the yellow-on-black characters to the yellow-on-red characters. Adjust the red

intensity trimmer, R140 on the Z-axis board, so the color of the yellow characters is the
same. {The yellow-on-red characters will be refatively brighter, and the red background refa-
tively dimmer, but the color will be the same.)

If the red trimmer, R140, cannot get the vellow colors to match, return the red trimmer to
minimum. Adjust the green trimmer, R130 on the Z-axis board, so the yellow characters
match in color. After adjusting the green intensity, the yellow intensity will probably need
adjusting. Return to step 8 of these procedures to adjust the yellow intensity.

Check that at least one of the three intensity trimmer potentiometers, A130, R140, and R150
on the Z-axis board, is set to minimum. If none of these trimmers is set to minimurn, then
return to step 6 of these procedures and re-adjust the display while making sure that one of
the trimmers remains at the minimum setting.

By leaving one of the trimmers at minimum, power dissipation is minimized so reliability is
increased.

Continue to observe the diagnostic "screenfull of characters” display. While rotating the rear
panel intensity contro! through its entire range, observe that;

* The screen does not become dim and flickering when the intensity is set to maximum. This
means that the writing beam of the CRT has current limited, so the intensity needs to be
reduced.

* The raster background does not show when the rear panel intensity control is set 1o maximum.

* The display remains visible at the minimum rear panel intensity setting.

If the display does not meet all the above criteria, adjust the intensity trimmer, R270 on the
deflection board, for the best compromise. '

This completes the adjustment of the color display monitor. Turn off the power to the DAS
mainframe before re-installing the Controller board and the panels around the display monitor.
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TRIGGER/TIME BASE MODULE ADJUSTMENT

Pre-adjustment Test

The Trigger/Time Base board has two refated adjustments that control the digital-to-analog con-
verter (DAC). You will need the following equipment to test the accuracy of the DAC.

* DAS mainframe

* Digital multimeter {DMM) with leads

» Main Extender board

10.

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

. Turn off the DAS mainframe.
. Remove the Trigger/Time Base board from the mainframe.

. Set the square pin jumpers on the Main Extender board to accept a Trigger/Time Base

board.

Insert the Main Extender board in the mainframe slot 7. Install the Trigger/Time Base board
on the top of the extender.

. Connect the positive lead of the DMM to test point TP208 on the Trigger/Time Base board

(see Figure 5-50). Connect the DMM ground fead to TP105 on the Trigger/Time Base board.

. Turn on the DMM.

. Turn on the DAS mainframe while holding down the STOP key. This will cause a self-test

diagnostic failure.

. When the power-up tests are finished, press the START SYSTEM key to enter the Diagnos-

tics menu.

. Adjust fields in the Diagnostics menu to run SINGLE tests on SLOT 7 {the Trigger/Time

Base). Select TEST 6, the DAC THRSH test, to be run and press the START SYSTEM
button.

The voltage between these test peints should equal the voltage shown on the screen £ 1%,
&5 my,
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11. Press the SELECT butten, Each time this key is pressed, a new voltage should appear on
the screen. The voltage at TP208 should equal that voltage 1%, £5 mV. If the voltages at
the test point fall within this boundary, the Trigger/Time Base does not need adjustment. If
this test is not passed, then the Trigger/Time Base DAC needs adjusting. To adjust the DAC,

use the following procedure.

TP105, DAC VIRTUAL GROUND

A110, DAC GAIN ADJUST
TP110, DAC GAIN REFERENCE

T TR E Ly ¢ DM, e Seam

o

H B e
- ' = m

an a2

¢ o, + w T &
Ruwy B umi

Srirraic

FEEYR Srpa bdeg
i3

i

R107 J200 TP208
DAC OFFSET DAC JUMPER DAC OUTPUT
ADJUST

3625-216

Figure 5-50. Trigger/Time Base board test point and adjustment lacations.

DAC Adjustment

This adjustment procedure assumes the pre-adjustment test has just been performed, so the
Trigger/Time Base boaard is on an extender and the DAS is in the Diagnostics menu with the
DAC THRSH test selected. In addition to the equipment needed for the pre-adjustment test, you
will need the following equipment to perform this procedure:

o Small slotted screwdriver
= Square pin shorting jumper

1. The Trigger/Time Base is on an Extender and the DMM is hooked up as described in the pre-
adjustment test. The Trigger/Time Base DAC THRSH test is selected in the Diagnostics

menu.

2. In the DAS THRSH test, select a 0.00 V output.
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3. Move the shorting jumper at J200 on the Trigger/Time Base board from pins 2 and 3 to pins
1 and 2 (see Figure 5-50).

4. Move the positive lead of the DMM to TP110 (see Figure 5-50). Leave the ground lead of the
DMM at TP105.

5. Adjust trimmer potentiometer R110 for 1.60 V, +0.05% across the two test points.

6. Move the positive lead of the DMM to TP208 on the Trigger/Time Base board (see Figure
5-50).

7. Adjust potentiometer R106 (see Figure 5-50) for 0.00 V, £ 1 mV across these two points.
8. Move the jumper at J200 from pins 1 and 2 back to pins 2 and 3.

9. Turn off the DAS, disconnect the DMM, and re-install the Trigger/Time Base in the DAS
mainframe. ‘

91A32 ACQUISITION MODULE ADJUSTMENTS

Pre-adjustment Test

The 21A32 module has a total of nine adjustments in two different circuitry areas. There are four
adjustments to the write-enable circuitry; any test of this area would require as much effort to
perform as the actual adjustment, so no pre-adjustment test is given.

There are afso five adjustments in the digital-to-analog converter (DAC) circuitry. There is a pre-

adjustment test for the DAC, which is given below. You will need the following equipment to
perform the DAC pre-adjustment test:

¢ DAS mainframe
* Digital multimeter (DMM) with leads

s Main Extender board

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.
2. Remove the 91A32 module from the mainframe.

3. Set the square pin jumpers on the Main Extender board to accept a 91A32 module.
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4. Insert the Main Extender board in the slot that the 91A32 occupied in the mainframe. Install
the 91A32 on top of the extender.

3. Connect the positive lead of the DMM to pin 6 of U122 on the 91A32 (see Figure 5-51).
Connect the DMM ground lead to TP147 on the 91A32.

PIN 6 OF U122, U133, U140, U142, DAC QUTPUTS

R120, R131
R138, R143 W03
DAC QFFSET '
ADJUSTS DAC JUMPER

TP147, DAC VIRTUAL GROUND TP162
R147. DAG GAIN ADJUST ODD WE PULSE

/ /TP‘I4B. DAC GAIN REFERENE/_/

TP160, EVEN WE PULSE+
154, ODD RISING EDGE ADJUST

wan
R B T B

TP121 TR €435 C351 C158
ODDWE EVEN WE ODD FALLING EVEN FALLING EVEN RISING
CLOCK CLOCK EDGE ADJUST EDGE ADJUST EDGE ADJUST

JG25-21T

Figure 5-51. 91A32 test point and adjustment locations.

6. Turn on the DMM,

7. Turn on the DAS mainframe while holding down the STOP key to cause a self-test diagnostic
failure.

8. When the power-up tests are finished, press the START SYSTEM key 1o enter the Diagnos-
tics menu.

9. Adjust fields in the Diagnostic menu to run SINGLE tests on the sfot with the 91A32 under
test in it. Select to run function 3, DAC THRSH. Press START SYSTEM to initiate the test.

10. The voltage read by the DMM should egual the voltage shown on the screen, within + 1%,
+5mV.
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11.

12.

Press the SELECT button. Each time this button is pressed a new voltage should appear on
the screen. The voltage measured by the DMM should equal the one shown on the screen
within £1%, £5mV.

Move the positive lead of the DMM to pin 6 of U133. Verify the accuracy of all selectable
voltages at this test point {within %1%, =5 mV). Repeat the verification at pin 6 of U140 and
at pin 6 of 1J142 (see Figure 5-51). If all the selected voltages are accurate, perform only the
91A32 write-enable adjustment procedure below. If the voltages read are not accurate, per-
form both the DAC and the write-enable adjustment procedures for the 91A32.

DAC Adjustment

This adjustment procedure assumes the pre-adjustment test has just been performed for this
module. Therefore, the 91A32 is on an extender and the DAS is in the Diagnostics menu with the
DAC THRSH test selected for the module being adjusted. In addition to the equipment needed for
the pre-adjustment test, you will need the following equipment to perform this procedure:

o Small slotted screwdriver

* Sguare pin shorting jumper

10.

11.

. The 91A32 is on its extender and the digital multimeter is hooked up as described in the pre-

adjustment test. The Diagnostics menu is called up and the $1A32 DAC THRSH test is
selected.

. In the DAC THRSH test, press the SELECT button on the keyboard until 0.00 V is displayed.

. On W103 of the 91A32, move the shorting jumper at pins 2 and 3 to pins 1 and 2 (see Figure

5-51).

Move the positive lead of the DMM to TP148. Leave the ground lead at TP147 (see Figure
5-51}).

Adjust trimmer potentiometer R147 for 1.60 V, £0.5% across the two test points.

Move the positive lead of the DMM to pin 6 of U122 on the 91A32. Adjust potentiometer
R120 for 0.00 Vv, +1 mV across the two test points.

Move the positive lead of the DMM to pin 6 of U133 and adjust for 0.00 V, +1 mV using
potentiometer R131.

Move the positive lead of the DMM to pin & of U140 and adjust for 0.00 V, +1 mV using
potentiometer R138.

Move the positive lead of the DMM to pin 6 of U142 and adjust for 0.00 V, £1 mV using
potentiometer R143.

Remove the jumper from pins 1 and 2 at J103 and replace it on pins 2 and 3.

Perform the write-enable adjustments as indicated in the next adjustment procedure.
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Write-Enable Adjustment SN B0O14475 & UP (31A32 only)

This adjustment procedure assumes either the 91A32 DAC adjustment procedure or the pre.
adjustment test has just been performed. Therefore, the 91A32 10 be adjusted is on an Extender
and the DAS is turned on. You will need the following additional equipment for this part of the
adjustment:

» Smali stotted screwdriver
» 100 MHz oscilloscope with two channels
¢ Two probes for the above oscilloscope
1. Remove the digital multimeter (DMM) from the 91A32. The DMM will not be needed to make
this adjustment.
2. Press the TRIGGER SPEC button on the DAS keyhoard.

3. In the Trigger Specification menu, specify ail “B™ hexadecimal values in the TRIGGER ON
field. This will prevent the 91A32 from triggering. No other trigger fields should be set. The
screen of the DAS should look like Figure 5-52.

TRIGGER SPECIFICATION POl 043D DY
91632 CLOCK: TRIGGER POSITION: [I3E8]
TRIGGER 0N CCCURRENCE: TR
D EF
HEX  HEX  HEX
TRIGGER ON £RES I B |
[ ]
RESET
POD3A  PAD3B

STRECGHMY IF: o=@ o=H

3525-173

Figure 5-52. 91A32 write-enable adjustment menu.

4. Attach the probe for channe! 1 of the oscilloscope to TP131 on the 91A32. Attach the probe
for channel 2 of the oscilloscope to TP160 (see Figure 5-51). The ground feads of the probes
can be attached at any ground test point on the 91A32.

5. Set the oscilloscope to trigger off a rising edge on channel one.

6. Set the jumpers at each of W241, W245, W441, and W445 to short pins 2 and 3 together.

ADD AUG 1984 5-129A
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Figure 5-53, 91A32 write-enable timing.
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7. Turn on the oscilloscope and press the START ACQUISITION button. Adjust the oscillo-
scope for a display like the one shown in Figure 5-53 (2 V/div for both channels, time base set

to 10 ns/div).
NOTE
Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.

8. Adjust variable capacitor C351 so the falling edge on channel 2 of the cscillosceps is 29 ns,
+1 ns after the rising edge in channel 1. If the capacitor cannot be set te this great a detay,
change the jumper at W445 to connect pins 1 and 2 {not 2 and 3) and again adjust C351 to
29ns, £1ns,

9. Adjust capacitor C158 so the rising edge on channet 2 is 64 ns, + 1 ns after the rising edge in
channel 1. If the capacitor cannot be set to this great a delay, change the jumper at W245 to
connect pins 1 and 2 (nct 2 and 3) and again adjusting C158 to 64 ns, 1 ns.

10. verny that the talling edge on channel 2 was not disturbed by the rising edge adjustment. The
oscilloscope display should now ook like Figure 5-53. If the time values shown on channei 2
of the oscilloscope are not accurate, perform steps 8 and 9 again until they are correct.

11. Move the probe for channel 1 to TP121. Move the probe for channel 2 to TP162. The ground

leads may be left where they were. Again, the oscilloscope disptay should look fike the one
shown in Figure 5-53.

5-130A ' _ ADD AUG 1984



Verif. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

12. Adjust variable capacitor C435 so the falling edge on channel 2 of the cscilloscope is 29 ns,
+1 ns after the rising edge in channel 1. If the capacitor cannot be set to this great a delay,
change the jumper at W441 to connect pins 1 and 2 (not 2 and 3) and again adjusting G435
to 29 ns, =1 ns.

13. Adjust capacitor C154 so the rising edge on channel 2 is 64 ns, =1 ns after the rising edge in
channel 1. If the capacitor cannot be set to this great a delay, change the jumper W241 to
connect pins 1 and 2 (not 2 and 3} and again adjust G154 to 64 ns, +1 ns.

14. Verify that the falling edge in channel 2 was not disturbed by the rising edge adjustment. The
oscilloscope display should look exactly like Figure 5-53. If the time values shown in channel
2 are not accurate, perform steps 12 and 13 again undil they are correct.

15. Disconnect the oscilloscope from the 91A32. Turn off the DAS mainframe and re-install the
91A32 module.

91A08 ACQUISITION MODULE ADJUSTMENTS

Pre-adjustment Test

The 91A08 module has a total of eight adjustments in three different circuitry areas. There are
four adjustments to the write-enable circuitry; any test of this area would require as much effort to
perform as the actual adjustment, so no pre-adjustment test is given.

There are also three adjustments in the digital to analog converter (DAC) circuitry. There is a pre-
adjustment test for the DAC, which is given below.

There is an adjustable delay line that under certain circumstances must be adjusted. The delay
line should only be adjusted if one of the following parts of the 81A08 module has been replaced
since the last adjustment. '

Component Number Component Type
A13Q601 Transistor
A13Q602 Transistor
A13U701 9685
A31U605 100163
A13UB15 100102
A13U511 100102

You will need the the following equipment to perform the pre-adjustment test for the DAC:
+ Digital multimeter {(DMM) with leads

* Main Extender board
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Do not install or remove any electrical module or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.

2. Remove the 91A08 module o be tested from the mainframe and disconnect any probes.

3. Set the square pin jumpers on the Main Extender board to accept a $1A08 module.

4. Insert the Main Extender beard in slot 6 of the mainframe. This may involve removing a
previously installed module from the mainframe. install the 91A08 on top of the extender.

Install a shorting jumper on pins 1 and 2 of J208.

5. Connect the positive lead of the DMM to TP201 on the 91A08 (see Figure 5-54). Connect the
DMM ground lead to TP106 on the 91A08.

R101, DATA
PROBE OFFSET TP285, TP281
ADJUST EVEN WE TEST POINTS
R105, CLOCK
PROBE OFFSET
ADJUST  nins slock R110, DAC TP106, DAC TP111, DAC
OFFSET GAIN ADJUST VIRTUAL GROUND  GAIN REFERENCE
REFERENCE

by

3

PCo

i

i ’
1 fgg;iiia‘-’“i“- ar H
0 Sy
FHE F R
g T A

]

fial_FPe

o

B = O

T R ey

TP204, CLOCK
THRESHOLD RE61, R658, R665, R668

L TR4di, TP485
THRESHOLD \ WE ADJUSTS ODD WE TEST POINTS
ADJUSTABLE
DELAY FOR CLOCK

TIMING

B25-218

Figure 5-54. 91A08 test point and adjustment locations.
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6. Turn on the DMM.

7. Turn on the DAS mainframe while holding down the STOP key fo cause a self-test diagnostic
failure.

8. When the power-up tests are finished, press the START SYSTEM key to enter the Diagnos-
tics menu.

9. Adjust fields in the Diagnostic menu to run SINGLE tests on the slot with the 91A08 under
test in it. Select to run function 5, DAC THRSH. Press START SY3TEM to initiate the test.

10. The voltage between test poinis TP201 and TP106 should equal the voitage shown on the
screen within £1%, =5 mV. Measure this voltage with the digital multimeter.

11. Press the SELECT button. Each time this bution is pressed, a new voltage should appear on
the screen. The voltage shown on the DMM should equal the one shown on the screen within
1%, £5mV.

12. Remove the positive lead of the DMM from TP201 and connect it to TP204. Move the
negative lead of the DMM to a GND TP. Press the SELECT button. Each time this button is
pressed, a new voltage should appear on the screen. The voltage shown on the DMM should
be within the high and low levels shown below. If all the seiected voltages are accurate,
perform cnly the ©1ACG8 write-enable adjustment procedure. If the voltages measured are not
accurate, perform both the 91AC8 DAC and write-enable adjustments.

Menu Low Nominal High

0.00 749V 750 Vv F51 v
+1.6000 A01 v A10 v A19 v
—1.5875 1.376 V 1.385 V 1.394 V

DAC Adjustment

This adiustment procedure assumes the pre-adjustment test has just been performed for this
maodule. Therefore, the 91A08 is on an extender in slot 6 and the DAS is in the Diagnostics menu
with the DAC THRSH test selected for the module being adjusted. In addition to the equipment
needed for the pre-adjustment test, you will need the following tools for this procedure:

o Small slotted screwdriver
e Square pin shorting jumper
1. The 91A08 is on its extender and the DMM is hooked up as described in the pre-adjustment
test. The Diagnostics menu is called up and the 91A08 DAC THRSH test is selected.
2. In the DAC THRSH test, press the SELECT butten on the keyboard until 0.00 V is displayed.
3. Insert the jumper at J208 pins 1 and 2 on the 91A08 (see Figure 5-54).

4. Move the positive lead of the DMM to TP111. Leave the ground lead at TP106 (see Figure
5-54).

REV MAY 1983
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5. Adjust trimmer potentiometer R110 for 1.60 V, £0.5% across the two test points.

6. Move the positive lead of the DMM to TP201 on the 91A08. Adjust potentiometer R101 for
0.00V, +1 mV across the two test points.

7. Move the ground or negative lead of the DMM to any convienient ground test point on the
91A08 circuit board.

8. Move the positive lead of the DMM to TP204 and adjust potentiometer R105 for 0.750 V,
+ 0.5 mV between the two test points.

9. Remcve the jumper at J208. (If J208 has three square pins place the jumper on pins 2 and 3.

10. Perform the 91AD8 write-enable adjustment procedure.

Write-Enable Adjustment

This procedure assumes either the 91A08 DAC adjustment procedure or the 91A08 pra-
adjustment test has just been performed. Therefore, the 21A08 to be adjusted is on an extender
and the DAS is turned con. You will need the following additional equipment for this part of the
adjustment:

» Small slotted screwdriver
+ 350 MHz oscilloscope with two channels

= Two probes for the above oscilloscope

1. Remove the digital multimeter from the 91A08. The DMM will not be needed for this
adjustment.

2. Press the TRIGGER SPEC button the DAS keyboard.

3. In the Trigger Specification menu, set the MODE field to 91A08 ONLY and specify all “B”
hexadecimal values in the TRIGGER ON field. This will prevent the 91A08 from triggering. Do
not change any other fields in the menu. The display of the DAS should now look like Figure
5-55,

4. Attach the probe for channel 1 of the oscilloscope to test point EAO (TP281) on the 91AQS.
Attach the probe for channel 2 of the scope to EWE (TP285) (see Figure 5-54). The ground
lcads of the prowes can Le ailactied at any ground test point on the 91A08.

5. Set the oscilloscope to trigger off a rising edge on channel one.

6. Turn on the oscilloscope and press the START ACQUISITION button. Adjust the oscillo-
scope for a display like the cne shown in Figure 5-56 (500 mV/div for both channels, time
base set to 10 ns/div).
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TRIGGER SFECIFICATION
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Figure 5-55. 91A08 write-enable adjustment menu.
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Measure all waveform durations in the following steps at 50% of the amplitude of the

waveform.

7. Adjust variable resistor R661 so the falling edge on channel 2 of the scope is 4 ns, +0.5 ns
after the rising edge in channel 1.

8. Adjust resistor R658 so the rising edge on channel 2 is 13 ns, = 0.5 ns after the rising edge in

channel 1.

3625-176

Figure 5-56. 91A08 write-enable timing.

NOTE
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5-136

9. Verify that the falling edge on channel 2 was not disturbed by the rising edge adjustment. The
oscilioscope display should now look exactly like Figure 5-586. If the time values shown on
channel 2 of the scope are not accurate, perform steps 8 and 9 again until they are correct.

10. Move the probe for channel 1 to QW0 (TP481). Move the probe for channel 2 to OWE
(TP485). The ground leads may be left where they were. Again, the oscilloscope display
should ook like the one shown in Figure 5-56.

11. Adjust variable resistor R665 so the falling edge on channel 2 of the oscilloscope is 4 ns,
+ 0.5 ns after the rising edge in channel 1.

12. Adjust resistor R668 so the rising edge on channel 2 is 13 ns, £ 0.5 ns after the rising edge in
channef 1.

13. Verify that the falling edge in channel 2 was not disturbed by the rising edge adjustment. The
oscilloscope display should look exactly like Figure 5-56. If the time values shown in channel
2 are not accurate, perform steps 12 and 13 again until they are correct.

14. Read the introduction to the 91A08 external clock adjustment to see if that adjustment is
needed by the 91A08 being adjusted.

External Clock Adjustment

This adjustment procedure should be performed only if one of the following parts of the 91A08
module has been replaced since the last adjustment.

Component Number Component Type
A13Q601 Transistor
A13Q602 Transistor
A130701 9685
A31U605 1001863
A13U615 100102
A13U511 100102

This adjustment procedure assumes the 81A08 write-enable adjustment procedure has just been
completed. Therefore, the 91A08 to be adjusted is on an extender and the DAS is turned on. {if
this adjustment is not applicable, the DAS mainframe should be turned off, the test equipment
disconnected, and the 91A08 module re-installed.)

The adjustment procedure involves taking data that is used to calculate the proper length of a
cable. The cable acts as a delay line that controls when the clock signal arrives from the 100 MHz
Clock Probe.

The foliowing additional equipment is needed for this part of the adjustment:
* PB454 100 MHz Clock Probe

+ 350 MHz, 2-channel oscilloscope
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Two probes for above oscilloscope

250 MHz variable amplitude pulse generator
50 Q termination for the above pulse generator
Wire strippers

Soldering iron and solder

NOTE

Measure all waveform durations in the following steps at 50% of the ampiitude of the
waveforrm.

. Connect the P8454 100 MHz Clock Probe to the 91A08 module. Do not connect a data
acquisition probe to connector C.

. Attach the 50 Q termination to the output of the pulse generator. Adiust the pulse generator
to:

Low Voltage = 0.4 V

High Voltage = 24 V

Period = 500 ns

High pulse width = 200 ns

. Adjust the oscilloscope to:
Channet A and B = 0.5 V/div
Sweep = 2 ns/div

. Attach both of the oscilloscope probes to the output of the pulse generator. Verify that both
channels of the oscilloscope have the same propagation delay. If they do not have the same
propogation delay, note which channel is slower and read the difference between the two
channels to the greatest possible accuracy (increments of 0.2 ns should be possible). Record
the difference in nancseconds as SC. If there is no difference, record 0 ns. The SC value will
be used in a later calculation.

. Remove the oscilloscope from the output of the pulse generator. Connect the output of the
pulse gererator to the PB454 clock probe's clock input. Connect the ground of the pulse
generator to the reference input of the clock probe.

. Connect the slower of the two oscilloscope channels {the channel that had the right-most
rising edge in step 4) to TP511 {if the delay is the same, either probe may be used). Connect
the ground of the probe to any convienient ground on the board. Conneci the other channel
of the scope to the input of the clock probe (DO NOT connect it at the output of the pulse
generator). Refer to Figure 5-57.
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OSCILLOSCOPE

PULSE
GENERATOR
M PE454
] N DAS MAINFRAME
ﬁ REF

SLOT B

3625177

Figure 5-57. 91A08 clock delay adjustment equipment setup.

7. Enter the DAS Trigger Specification menu. The mode should already be set to 91A08 ONLY,
and the TRIGGER ON field should contain only Bs. Change the clock to external rising edge.
The menu should now look like Figure 5-58.

TRIGGER SPECIFICATION mooe: IEEIE
TRIGGER POSITION:
8
HEX
E
PODEC

STORE DWLY If: ¢ =

L

3625178
Figure 5-58. 91A08 clock delay adjustment menu.

8. Press the START ACQUISITION key. The channel connected to TP511 should display a
clock.
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Soo(mY, SinS

200imY %

Figure 5-59. 91A08 clock delay adjustment waveform.

3625-179

Adjust each channei of the oscilloscope so each of the two waveforms is centered around
a horizontal graticule line. See Figure 5-59.

Read the time difference between the point where the input to the clock probe crosses its
center line to where the signal on TP511 crosses its center line (the propagation time).
Record this time in nanoseconds as TP.

Use the following formula to determine how much the clock delay must be lengthened or
shortened.

Adjustment (in) = (TP ns + SCns — 21 ns) x (8 in/ns)

Record the adjustment length in inches. Also record whether the result is positive or
negative.

If the calculated adjustment is less than two inches in either direction, then the delay line is
within specifications and does not need 1o he altered; the procedure is finished. Remove the
test equipment, turn off the DAS mainframe, and re-install the 91A08 module.

if the calculated adjustment is =2 inches, then continue this procedure to perform steps 13
through 15.

On the 91A08 board, locate the coaxial cable soldered to jacks J302 and J705. Unsoider this
cable from the circuit board and uncoil it from the toroid. If the adjustment length is positive
go to step 14a. If the adjustment length is negative go to step 14b,

14a.lf the adjustment length is positive, some cable must be removed from the delay line. Mea-

sure the distance specified as the adjustment length from either end. Clip the cable at that
point (as accurately as possible). Go to step 15.
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14b.If the adjustment length is negative, the cable needs to be longer than it is. Measure the
length of the present cable. Add to this distance the adjustment length. Get another piece of
cable (use only the cable type specified in the parts list). Cut this new cable to the length
calculated above (cut as accurately as possible). Install connectors on both ends of the new
cable. Throw the old cable away. Go to step 15.

15. Re-coii the medified cable around the toroidal form. Sclder one end of the cable to J302 and
the other end to J705. Return to step 8 and perform the procedure again from that point to
verify that the cable is properly lengthened or shortened.

81P16 PATTERN GENERATOR MODULE ADJUSTMENTS

Pre-adjustment Test

The 91P16 Pattern Generator has a total of three different adjustments in two different circuitry
areas. There are two adjustments to the write-enable circuitry of the stack. There is one adjust-
ment to the strobe timing circuitry. Any test of these areas would require as much effort to
perform as the actual adjustment, so no pre-adjustment test is given.

R360, FALLING
EDGE ADJUST

TP336, WE TP363, WE TP266, STROBE 0 €197 STROBE
CLOCK PULSE OuUTPUT TIMING ADJUST

REG3, RISING TPE94

EDGE ADJUST CLOCK QUTPUT
3675-190

Figure 5-60. 91P16 test point and adjustment locations.
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Strobe Timing Adjustment

You will need the following equipment to perform this procedure:

o DAS mainframe

[ +]

o

a

(-]

Main Extender board
100 MHz oscilloscope with two channels
Two probes for the above oscilloscope

Small slotted screwdriver

CAUTION

Do not install or remave any efectrical moduie or sub-assembly in a DAS mainframe
whife the power is on. Doing so will probably damage the module or sub-assembly.

. Turn off the DAS mainframe.
. Remove the 91P16 Pattern Generator 1o be tested from the mainframe.

. Adjust the square pin shorting jumpers on the Main Extender beard to accept a 21P16

module.

. Insert the Main Extender board in the slot where the 81P16 resided. Install the 81P16 on top

of the extender.

. Turn on the DAS. After the power-up sequence is done, enter the Pattern Generator menu.

. With the Pattern Generator menu in PROGRAM mode, replace the instructions at sequence

zero with the following program;

SEQ  LABEL INSTRUCTIONS  STROBES
B A K CALL 4 el

A625-363

If there are Pattern Generator Expanders in the system, there will be more cutput vector
spaces {under the HEX field). Specify all cutput data as X (don't care). Set the Paitern
Generator clock to 2 us.

. Enter the Pattern Generator Timing menu. Adjust all strobes shown in the menu to the

foliowing value.

DELA WIDTH  SHAPE
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8. Attach the probe for channel 1 of the oscitloscope to test point TP294 on the 91P16. Attach
the probe for channel 2 of the oscilloscope to TP266 (see Figure 5-60}). Set the oscilloscope
to trigger off a rising edge in channel 1. Attach the ground leads of the probes to any

convenient ground point on the Pattern Generator.

8. Turn on the oscilloscope and press the START PAT GEN key on the DAS. Adjust the
oscilloscope to show a display like the one shown in Figure 5-61.

SoomV 200!inS

91P16 CLOCK

STROBE i

S00!ImV/ %

Figure 5-61. 91P16 strobe clock adjustment.

3625-181

NOTE
Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.

10. Adjust capacitor C197 so the pulse width shown on channel 1 is 1.00 us, =10 ns.

11. Perform the 81P16 write-enable adjustment procedure.

Write-Enable Timing Adjustment

The same equipment used to adjust the 91P16 strobe timing is used for this procedure. This
procedure assumes that the strobe timing adjustment has just been performed so the 91P16 is on
an extender and the oscilloscope is connected to the 91P16 board. The menu setup for this

adjusiment and the strobe adjustment is also identical.

1. Move the probe for channel 1 to test point TP3386. Put the probe for channel 2 on TP363.
Reconnect the probe ground leads as necessary. Adjust the oscilloscope to show a display

like the one shown in Figure 5-62.
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waveform.

2. Adjust potentiometer R360 {see Figure 5-60) so the falling edge in channel 2is 15 ns, =1 ns
atter the rising edge in channel 1.

3. Adjust potentiometer R663 so the rising edge in channel 2 is 25 ns, + 1 ns after the rising

edge in channel 1.

4. Verify that the rising edge adjustment did not disturb the accuracy of the falling edge posi-
tion. The oscilloscope display should fook like Figure 5-62. if the time values shown on the
oscilloscope are not accurate, perform steps 2 and 3 again uniil they are correct.

5. Disconnect the osciloscope. Turn off the DAS mainframe and reinstail the 91P16.

31P32 PATTERN GENERATOR EXPANDER MODULE ADJUSTMENTS

Pre-adjustment Test

The 91P32 Pattern Generator Expander has one adjustment that corrects strobe timing. Any test
of this area would require as much effort as the actual adjustment, so no pre-adjusiment test is

given.

3625-182

Figure 5-62. 391P16 write-enable adjustment timing.

NOTE
Measure all waveform durations in the following steps at 50% of the amplitude of the
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Figure 5-63. 91P32 test point and adjustment locations.

Strobe Timing Adjustment

You will need the following equipment to perform this procedure:
* DAS mainframe

*» Main Extender board
* Small slotted screwdriver
* 100 MHz oscilioscope

* One probe for the above oscilfoscope

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
whife the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.

2. Remove the Pattern Generator Expander to be adjusted from the mainframe.

3. Adjust the square pin shorting jumpers on the Main Extender board to accept a 91P32

module
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. Insert the Main Extender board in the bus slot where the 91P32 resided in the mainframe.
Install the 91P32 on top of the extender.

. Turn on the DAS. After the power-up sequence is done, enter the Pattern Generator Pro-
gram menu.

. With the Pattern Generator menu in PROGRAM mode, replace the instructions at sequence
zero with the following program:

HIEH [HSTRUCTIONS  STROBES

8 A KRR B0 KRN XK MR CAlL R 9123436789

3625-364

If the system being used contains only one 91P32 (the one being adjusted), there will be eight
fewer Xs under the HEX field and the DAS wili only allow values 0 through 5 to be entered in
the STROBES field. Either way, this adjustment will not be affected.

. Enter the Pattern Generator Timing menu. Adjust all strobes shown in the menu to the
following value.

DELAY WIOTH

SH
ke

=

APE

]

. Attach the oscilloscope probe to test point TP353 on the 91P32 (see Figure 5-63), Attach the
ground lead of the probe to any convenient ground point on the Pattern Generator Expander.
Set the oscilloscope to trigger off a rising edge.

. Turn on the oscilloscope and press the START PAT GEN key on the DAS. Adjust the
oscilloscope to show a display like the one shown in Figure 5-64.

500 |mV % a200(nS

HtHI B

891P32 CLOCK

STROBE

590 | mV %

Figure 5-64. 91P32 strobe clock adjustment.

AGE5-184
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NOTE

Measure all waveforrn durations in the following steps at 50% of the amplitude of the
waveform.

10. Adjust capacitor C158 so the pulse width shown on channel 2 is 1.00 zs, £10 ns,

11. Disconnect the oscilloscope. Turn off the DAS mainframe and reinstall the 91P32 module,

TAPE DRIVE (OPTION 01) ADJUSTMENT

Pre-adjustment Test

The tape drive, Option 01 for the DAS, has one adjustment that sets the gain of the programma-
ble gain amplifier. This adjustment should only be performed if the tape drive is repaired or if the
drive will not pass the performance check.
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Figure 5-65. Tape Drive test point and adjustment locations,
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Readback Gain Adjustment

You will need the following equipment to perform this procedure:

DAS mainframe

Tape Drive Extender cable
DAS formatied data cartridge
Small slotted screwdriver
Oscilloscope

Probe for the above oscilloscope

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
white the power is on. Doing so will probably damage the module or sub-assembly.

. Turn off the DAS mainframe,

. Remove the front fan from the mainframe. The adjustment is located under the front fan

housing, and is inaccessible while the front fan is in the mainframe. instructions for removing
the front fan may be found in the Maintenance: General Information section.

. The top of the tape drive unit should now be exposed for adjustment access. Reinstall only

the Controller and Trigger/Time Base boards that were removed while removing the fan. No
other modules should be reinstalled at this time.

. Turn on the DAS mainframe while holding down the STOP key to cause a power-up self-test

failure. Press START SYSTEM to enter the diagnostic menu.

. Select to run tests on slot 0, the Controller. Set the diagnostics for single mode, function 2

(TAPE READ).

. Insert the DAS formatted data cartridge in the tape drive.

. Connect a channel of the oscilloscope to TP7 on the Tape Drive Data board (A18A1). Set the

oscilloscope 500 mV/div and 2 ms/div with triggering on the positive slope,

. Press START SYSTEM. There are two waveforms illustrated in Figures 5-66 and 5-67.

Figure 5-66 illustrates the expected waveform when a formatted tape with no data is used.
Figure 5-67 illustrates the expected waveform from a formatted tape with data.

. Refer to Figure 5-66 and adjust R831 on the Tape Drive Data board to obtain a 2 V peak-to-

peak waveform, Note that the waveform amplitude is data-dependent, and that the 2 V peak-
to-peak is an average or center value for this adjustment. The tolerance for the 2V
peak-to-peak is greater than the data-dependent amplitude variations.
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10. Turn off the DAS mainframe and disconnect the test equipment. Reinstall the front fan and
fan housing and replace all instrument modules.

500| mV/
jroe E%
I TR
| I
o),
E 200[nS
A a625-186
{FORMATTED TAPE}
Figure 5-66. Tape Drive adjustment with no data.
S00imV
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R
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B 3625-187

(TAPE WITH DATA)

Figure 5-67. Tape Drive waveform with data.
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PERFORMANCE CHECK

The Performance Check Procedure provides a detailed check of internal and external product
characteristics. These checks can be extensive and time-consuming. Under normal circum-
stances the Functional Check Procedures will provide an adequate test of product performance in
a less costly manner.

The Performance Check Procedure is organized into sets of tests for each sub-assembly of the
mainframe, for each type of instrument module, for each probe type, and finally for each option

type.

MAIN POWER SUPPLY PERFORMANCE CHECK

There is no performance check procedure for the DAS main power supply. The functional check,
given previously, verifies all of the performance requirements of the supply.

+5 ¥ POWER SUPPLY PERFORMANCE CHECK

There is no performance check procedure for the DAS +5V power supplies. The functional
check, given previously, verifies all of the performance requirements of the supplies.

KEYBOARD PERFORMANCE CHECK

There is no performance check procedure for the keyboard. The functional check, given previous-
ly, is sufficient to verify the operation of the keyboard.

MOTOROLA DISPLAY MONITOR PERFORMANCE CHECK

There is no performance check procedure for the Motorcla Display Monitor. The functional check,
given previously, is sufficient to verify the operation of the Motorcla Display Monitor.

COLOR DISPLAY MONITOR PERFORMANCE CHECK

WARNING §
.,

TR RS AT e B

This procedure makes high voitages (up to 21 kV) accessibie to the technician. Watch
vour fingers while probing in the display monitor.

{1) Performance Check Setup Procedure
You will need the following equipment to perform the next adjustment procedures:
o DASS129 mainframe with the monitor to be adjusted instalied

¢ Slotted screwdriver

o POZIDRIV-type screwdriver
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Do not remove or install any panels on a DAS mainframe while the power is on. Doing
so could cause a temporary high voltage short to the panel that would be dangerous
for the technician.

1. Turn off the DAS mainframe.

2. Remove the top cutside panel of the DAS mainframe. Also remove the mainframe side panel
that is adjacent to the color display monitor.

3. Remove the eight screws (6-32 x 0.250) securing the black monitor cover to the
monitor itself. Do not try to iift the cover off yet.

4. Remove the three screws (6-32 x 0.250) securing the side of the monitor cover to the bottom
rail of the mainframe.

Do not bend or dent the soft mu-metal shield. If it is bent or dented, it may retain strong
magnetic fields that will distort the color purity. Distortion caused by dents in the mu-
metal shield cannot be removed by the degaussing coil.
5. Lift the black enamelled cover and the mu-metal shield out of the mainframe. Observe that
the tapered end of the mu-metal shield is toward the rear of the mainframe.

The display monitor is now exposed so test points are accessible for measurements.

{2) Risetime Verification

The following measurements are made in a high volfage region (up to 21 kV). Use
caution when probing in these areas.

The only performance requirement for the color display monitor that requires checking is the video
risetime.

You will need the following additional equipment to perform this procedure:

= 60 MHz oscilloscope with probe

s 2.2 pF, 200 V capacitor
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1. Connect the 2.2 pF capacitor to the oscilloscope probe as shown in Figure 5-68. The video

signals from the Z-axis board will be monitored through this capacitor.

THIS LEAD 22pF THIS LEAD INSERTED
HOOKED AND CAPACITOR THROUGH PROBE HOOK TIP
CUPPED SHORT THEN WRAPPED ARQUND

OSCILLOSCOPE
PROBE

3625-365

7.

Figure 5-68. Connecting the 2.2 pF capacitor to the oscilloscope probe.

. Turn on the DAS mainframe.

Connect the free end of the 2.2 pF capacitor to test point TP230Q, the green video signal, on
the Z-axis board (see Figure 5-69 for the location of the test point).

Adjust the oscilloscope for as stable a trace as possibie. The rise time for any video pulses
should be less than 35 ns.

Remove the free end of the 2.2 pF capacitor from TP230 and connect it to TP240, the red
videc signal. Again, the rise time for the video should be less than 35 ns.

Remove the free end of the 2.2 pF capacitor from TP240 and connect it to TP250, the yellow
videc signal. The rise time for this signal should be less than 35 ns.

Remove the capacitor from the tip of the oscilloscope probe.

This completes the performance check of the color display monitor. There are some supplemental
tests to check functicnality of the monitor that follow. If you do not wish to perform these extra
tests, the test setup may now be dismantled.
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Figure 5-69. Color Display Monitor performance check test points, Z-axis board.
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B
WARNING |
rarnmne |

R A A TR AR

Turn off the DAS mainframe before replacing the covers on the display monitor and the
mainframe. Faifure to do so may cause temporary high voltage shorts in the
mainframe.

The next steps are procedures that can be used to check the functicnality of the color display
monitor.

NOTE

The rest of the tests for the color dispiay monitor are not performance checks. They are
supplemental verification procedures that should not be interpreted as performance
reqguirements.

{3) Monitor Power Supply Checks

WARMNIN

G

R R AR T

The following measurements are made in a high voltage region (up to 21 kV). Use
caution when probing in these areas.

The following checks verify the functions of the display monitor power supply. You wilt need the
following additional equipment to perform these checks:

@ 60 MHz oscilloscope with probe
o Digital multimeter {DMM)}
o 200, 10 W resistor
1. The display monitor should still be uncovered and the power to the DAS mainframe shouid
he on,

2. Examine the voltages provided by the display monitor power supply. The power supply and
all the following test points are located on the Z-axis board of the monitor.

3. With a DMM, examine the voltage at TP100 on the Z-axis board. The DMM should read
between 4104 and +116 V dc.

4. Examine the voltage at TP114 on the Z-axis board. The DMM should read between +22.8
and +25.4V dc.

5. Examine the voltage at TP116 on the Z.axis board. The DMM should read —10.4 and
—-9.6V dc.
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5-154

Connect the 200 @, 10 W resistor firmly to ground. After making the ground connection,
connect the other end of the 200 Q resistor to TP100 on the Z-axis board {the +110V

supply).

The connection to ground should cause the +110 V suppiy to current limit, This is made
evident by a dim, flickering display with a reduced scan.

Remove the 200 Q resistor from the +110 V supply. Also remove the resistor from its ground
connection (the 200 Q resistor will not be used again here).

Connect an insulated wire firmly to ground. Touch the end of the wire to the following test
points on the Z-axis board in sequence. Each time the connection is made, the display should
malfunction. Each time the connection is remcved, the display should return to normal.

* TP100. The +110 V dc supply

¢ TP114. The +24 V dc supply

s TP116. The —10 V dc supply

9.

10.

11.

Remove the shorting wire from any test point and disconnect the ground connection.

With the oscilloscope, observe the voitage at TP105 on the Z-axis board. The waveform
should look like Figure 5-70.

Z-AXIS BOARD
BASE OF Q410 AND Q420

~3.3 V P-P

A625-367

Figure 5-70. Color Display Monitor power supply waveform (horizontal 10 zs/div., vertical 5 V/div).

If the neutral times are wide, or the waveform is not stable, check U510 on the Z-axis board.
In particular, examine the beam current sense signals into U510 pins 1 and 2, and the +12 V
current sense signals into U510 pins 6 and 7.

With the DMM, examine TP100 on the Z.axis board (+110 V dc). While monitoring the
voltage on this test point, turn off the DAS mainframe. The voltage should immediately
decrease to zero. This prevents bright flashes when the DAS mainframe is turned off and
then on again {(a dim flash is normal).
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If the +110 V supply stays high, check CR552, C523, Q443, and assosciated circuitry on the
deflection board. '

This completes the supplemental power supply checks. If you do not wish to perform the rest of
the supplemental checks, leave the DAS mainframe turned off and reassemble the mechanical
package.

NOTE

The following tests are not performance checks. Thay are supplemental verification proce-
dures that should not be interpreted as performarice requirements.

(4) Supplemental Color Display Monitor Checks

The foliowing measurements are made In a high voltage region (up to 21 kV) . Use
caution when probing in these areas.

The following checks verify a variety of functions in the color display monitor. You will need no
additional equipment, beyond that already used in the previous tests.

1. The display monitor should still be uncovered and the power to the DAS mainframe should
be on.

2. Use an oscilloscope to monitor test point TP265 (deflection board). The waveform on TP265
is riding on top of approximately 110 V, so the oscilloscope should be ac coupled.

3. TP265 should exhibit a parabolic waveform of approximately 2.2 V amplitude and 16.6 ms
period. See Figure 5-71. There should be no lumps and the waveform should be symmetrical.
if there are problems, examine U118B and Q507 on the deflection board of the monitor.

4. Remove the oscilloscope from the mainframe. With the DMM, check the voltage on the CRT
filament. Connect the low probe of the DMM to test point TP126 on the Z-axis board.
Connect the high probe of the DMM to end of R640 on the deflection board that is nearest
the transformer shield (see Figure 5-69). The voltage read by the DMM should be 6.0 V dc,
+0.3 V.

5. Remove the DMM from the display monitor. Turn the rear panel intensity control up to
maximum, Turn off the DAS mainframe. Turn the mainframe back on while holding down the
STOP key.

If the monitor comes up with a dim, flickering display, the current limit delay circuit is malfunc-
tioning. Check Q400 and associated circuits on the Z-axis board.

6. Turn down the intensity control on the back panel to a comfortable level. Press the START
SYSTEM key to enter the Diagnostics menu and select to run tests on slot 0, the Controller.
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CORRECTION WAVEFORM
DEFLECTION BOARD
TP265

Ill|a||.l I|||||||IIIII||||| ot

iy,
I g
i||"|if l||l||’

IlI!||||Ii|

3525-368

Figure 5-71. Color Display Monitor horizontal bowing correction waveform {(horizontal 5 ms/div., vertical 1 V/div)

7. Select SINGLE mode, then select to run function 1; the DISPLAYS function. Start this test
by pressing START SYSTEM.

8. Press the SELECT button once to enter an all red display. Carefully note the current setting
of the intensity range trimmer, R270 on the deflection board.

9. Increase the rear panel intensity control to maximum. Then increase the intensity range
trimmer, R270, while watching the screen of the CRT. The display should collapse to a dim,
flickering picture. This verifies that the current limiting circuit is operating.

10. Return the intensity range trimmer, R270 on the deflection board, to its original position.
Reduce the rear panel intensity control to a comfortable tevel.

This completes the supplemental checks of the color display monitor. The test setup may now be
dismantled.

2

Wi e A
Turn off the DAS mainframe before replacing the covers on the display monitor and the

mainframe. Failure to do so may cause femporary high voltage shorts in the
mainframe.

CONTROLLER BOARD PERFORMANCE CHECK

There is no performance check procedure for the Controller board. The functional check, given
previously, is sufficient to verify the operation of the Controller board.
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TRIGGER/TIME BASE BOARD PERFORMANCE CHECK

To verify complete operation of the Trigger/Time Base board, the functional check for the board
should be performed before attempting this performance check. You will need the following equip-
ment to perform this performance check procedure:

¢ DAS 9100 mainframe

]

DAS Service Maintenance Kit

&

P6452 External Clock Probe

-]

100 MHz frequency counter with 1% resoclution

L

2 channel 100 MHz oscilloscope

o

100 MHz pulse generator with variable amplitude and width

3.5 digit digital muitimeter (DMM) with 0.1% or greater accuracy

TP105, THRESHOLD TR110, THRESHQOLD
VIRTUAL GROUND QUTPUT VOLTAGE

TR R
o LR B
A ocmn hEm T oom
—
s —
W T L5 B4 ry
AR e

3625-189

Figure 5-72. Test points on the Trigger/Time Base used in this performance check.

For instructions on use of the various menus, refer to the Operating Information section of this
manual. Refer to the beginning of this Verification and Adjustment Procedures section for infor-
mation on using the Main Extender board in the DAS Service Maintenance Kit.
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NOTE

Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.

(1} Setup for the Performance Check

These steps set up the mainframe for the entire performance check procedure.

Do not install or remove any electrical module or sub-assembly in @ DAS mainframe
while the power is on. Doing so wilf probably damage the module or sub-assembly.

1. Turn off the DAS mainframe.

2. Remove the Trigger/Time Base in the mainframe and install the Main Extender Board from
the Service Maintenance Kit in slot 7 of the mainframe. Make sure the jumpers on the
extender are in the proper configuration for a Trigger/Time Base.

3. Install the Trigger/Time Base to be tested on top of the extender.

4, Connect the P6452 External Clock Probe 1o the pod connector at the rear of the Trigger/
Time Base module.

5. Verify that the recessed slide switch on the back of the probes is set to the NORM position
on the probe.

6. Turn on the DAS mainframe while holding down the STOP key to cause a power-up self-test
failure. Enter the Diagnostics menu by pressing START SYSTEM.

7. Select to run diagnostic tests on slot 7. Select SINGLE mode, FUNCTION 6 to run the DAC
THRSH function on the Trigger/Time Base board.

8. Connect the DMM 1o read the voltage between TP105 (ground) and TP208 {pesitive) on the
Trigger/Time Base board (see Figure 5-72).

(2) Threshold Accuracy Check

The next steps verify the accuracy of the digital-tn-analon converter IDAZY in thg Trigger/t e
Base board. This DAC controls the threshold voltage of the P8452 External Clock Probe. These
steps assume the immediately preceding test setup is completed.

1. Press the START SYSTEM key. The DAS display should still show the Diagnostics menu.
The cursor should be in a field that reads +0.000 V. The DMM should now read somewhere
between —0.005V and +0.005 V.
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2. Locate the recessed slide switch on the back of the external clock probe. Set the position of
the switch to auxiliary. The DMM should now read between —0.020 V and +0.020 V.

3. Press the SELECT key on the DAS keyhoard. The DAC THRESHOLD SET field should read
+1.600 V. The DMM should read somewhere between +6.18 V and +6.62 V.

4. Locate the recessed slide switch on the back of the external clock probe. Slide the switch
back to the normal position. The DMM should now read between +1.579 V and +1.621 V.

5. Press the SELECT key again. The DAC THRESHOLD SET field should read —1.5875 V. The
DMM should read between —1.609 V and —1.566 V.

6. Again locate the recessed slide switch on the back of the external clock probe and set it to
the auxilary position. The DMM should now read between —6.56 V and —6.13 V.

7. Set the slide switch on the back of the external clock probe back to the normal position.
Disconnect the DMM from the Trigger/Time Base board. Attach the ground of one channel of
the oscilloscope to TP105 on the Trigger/Time Base board. Attach the input of the oscillo-
scope channel o TP208 (see Figure 5-72).

(3) DAC Voltage Selectability Check
The akility of the DAC to select all possible threshold voltages is now tested.

1. Press SELECT on the DAS keyboard. The DAC THRESHOLD SET field should read
RAMPING.

2. Adjust the oscilloscope to show a voltage ramp made of discrete steps from high to low.
Examine the ramp carefully to see whether any of the bits along the stair steps are
misplaced.

3. Disconnect the oscilloscope from the Trigger/Time Base board.

(4) Setup for the External Clock Check

The next steps set up test equipment and the DAS mainframe to perform the external clock
check.

1. Connect the external clock probe to pod connector C on the rear edge of the Trigger/Time
Base.

2. Connect all seven input lines of the external clock probe to the output of the pulse generator.
Connect the GND SENSE line of the probe to the ground of the pulse generator.

3. Press TRIGGER SPEC on the DAS keyboard. The DAS should display the Trigger Specifica-
tion menu. Move the cursor to the 81A32 CLOCK field.
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4,

5.

(5)

Press SELECT to select the external rising edge clock. Adjacent to the field saying EXTER-
NAL is a field saying TTL. Move the cursor into the field with TTL and press SELECT. The
field shouid now read VAR,

Adjacent to the VAR field is a field containing —1.30 V. Move the cursor into the field saying
—1.30 V. Press and hold down the INCR key of the DAS. The field should increment as long
as the key is pressed. Set the field to show +0.00 V.

External Clock Check

These steps verify the external clock line receivers. it is assumed that the previous test setup is
completed.

1.

Set the pulse generator to a 25 MHz (40 ns) puise wave. Set the pulse wave so the low puise
is 19 ns long. Set the amplitude of the pulse wave to 500 mV peak to peak centered around
ground.

Examine the output of the pulse generatcr with the oscilloscope. Verify that the output of the
pulse generator has a 18 ns low pulse and a 40 ns cycle time with an amplitude of 500 mV.

With the oscilloscope, examine the waveforms on pins B1, A2 and B4 on P1 of the Main
Extender board. These pins should show a 40 ns ECL level clock signal. These signals must
have a high pulse that is at least 11 ns wide.

With the oscilloscope, examine the waveforms con pins A1, B3, and A4 on P1 of the Main
Extender board. These pins should show a 40 ns ECL-leve! clock signal. These signals rmust
have a low pulse that is at least 11 ns wide.

. Set the pulse generator so the high pulse is 19 ns long. The amplitude and duty cycle should

remain the same.

. Examine the output of the pulse generator with the oscilloscope. Verify that the output of the

pulse generator has a 19 ns high pulse and a 40 ns cycle time with an amplitude of 500 mV.

. With the oscilloscope, examine the waveforms on pins B1, A2 and B4 on P1 of the Main

Extender board. These pins should show a 40 ns ECL level clock signai. These signals must
have a high pulse that is at least 11 ns wide.

. With the oscilloscope, examine the waveforms on pins A1, B3, and A4 on P1 of the Main

Extender board. These pins should show a 40 ns ECL-level clock signal. These sianals most
nave a iow puise that is at least 11 ns wide.

(6) Internal Clock Check

The next steps verify the accuracy of the internal clock provided by the Trigger/Time Base.

1.
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Press the TRIGGER SPEC key on the DAS. The display should show the Trigger Specifica-
tion menu.
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2. Move the cursor on the DAS screen into the 91A32 CLOCK field. Press the SELECT button
until the field reads 1 us. Then press the DECR button and held it down. The field should
decrement until it shows 40 ns,

3. Connect the frequency counter to pin A15 on P1 of the Main Extender Board. Press the
START ACQUISITION key on the DAS keyboard.

4. The frequency counter should read 25 MHz, =1%.
This completes the Trigger/Time Base performance check. The test setup may now be disman-

tled. Turn off the mainframe before removing the Main Extender board or the Trigger/Time Base
board. This prevents damage to the extender board, modules, or the mainframe.

91A32 DATA ACQUISITION MODULE PERFORMANCE CHECK
To verify complete operation of the 91A32 Data Acquisition Module, the functional check for the

board should be performed before attempting this performance check. You will need the following
equipment to complete this performance check procedure.

@ DAS mainframe

s DAS Service Maintenance Kit

s DAS Setup/Hold Time Test Fixture

o TM 500 Mainframe

o 50 @ coaxial cable with male BNC connectors on each end

c 100 MHz, 2 channel oscilloscope

o 100 MHz signal generator with adjustable amplitude

o 3.5 digit digital multimeter (DMM) with 0.1% or greater accuracy
o Four P6452 Data Acquisition Probes

* P6452 External Clock Probe

For instructions on use of the various menus, refer to the Operating Information section of this

manugl. Refer 1o the beginning of this Verification and Adjustment Procedures section for infor-
mation on using the Main Extender board in the DAS Service Maintenance Kit.

NOTE

Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.
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(1) DAS Setup/Hold Time Test Fixture Setup

These steps set up the DAS Setup/Hold Time Test Fixture so the sample rate, data setup and
hold, and qualifier setup and hold times can all be verified.

1. Locate the B-inch coaxial cable that comes with the DAS Setup/Hold Time Test Fixture.
Connect this cable between the Data Delay connectors on the test fixture.

The DAS Setup/Hold Time Test Fixture was calibrated with the 8-inch coaxial cable
that came with the fixture. The electrical length of this cable is critical fo the operation
of the fixture. Do not replace this cable with any other, except a cable with the same
Tektronix part number.

2. Install the DAS Setup/Hold Time Test Fixture in a TM 500 mainframe according to the
instructions that come with the test fixture.

3. Set up the signal generator. Set the signal generator to a 25 MHz cutput with a 50% duty
cycle that is symmetrical about ground. Set the amplitude of the signal generator to t V peak
to peak.

4. Connect the cutput of the signal generator to the CLOCK IN of the Setup/Hold Time Test
Fixture with a 50 Q coaxial cable.

{2) DAS Mainframe Setup for the Setup/Hold Time Test

The next steps set up the DAS mainframe in the way recommended for this performance check

procedure.

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
while the power is on. Doing sc will probably damage the module or sub-assembly.

1. Turn off the DAS imaiirame and instail the 91A32 module to be tested in slot 2. This may
require removing a module already occupying this space.
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. Connect all four of the P6452 Data Acquisition Probes to the pod connectors on the rear

edge of the 91A32.

. Verify that the recessed slide switches on the back of the four probes are all set to NORM.

. Connect all four data acquisition probes to the four 00-FF outputs of the Setup/Hold Time

Test Fixture. (Use the lead sets provided with the test fixture.)

. Connect the P8452 External Clock Probe to pod connector C of the Trigger/Time Base

module in the DAS (slot 7).

. Verify that the recessed slide switch on the back of the external clock probe is set to the

NCRM position.

. Connect the CLK1 input of the external clock probe to the rising edge clock output of the test

fixture. For this connection, use the high-speed flying lead set provided with the test fixture.

Connect the ground sense lead of the externai clock probe to the ground lug of the DAS
Setup/Hold Time Test Fixture.

{3) DAS Menu Setup for the Setup/Hold Test

The next steps organize the DAS menus so data can easily be acquired by and read from the
91A32 moedule under test.

—

Turn on the DAS mainframe.
Press the TRIGGER SPEC key to enter the Trigger Specification menu.

Move the screen cursor into the 81A32 CLOCK field. Press SELECT until external rising
edge is selected.

Move the cursor on the DAS screen into the field that reads TTL. Press SELECT. This field
should now read VAR and the field adjacent to it should read —1.30 V. The DAS screen
should now be similar to the menu shown in Figure 5-73.

Press the CHANNEL SPEC key on the DAS to enter the Channel Specification menu.

The screen should now show the Channel Specification menu. Under THRESHOLD on the
third line of the screen are some fields that all read TTL. For groups A, B, and C, change all
the TTLs to VAR by moving the cursor into the TTL field and pressing the SELECT key.
Groups A, B, and C should now read VAR —1.30 V.
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TRIGGER SPECIFICATION
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Figure 5-73. 91A32 setup/hold time testing trigger.

(4} Adjustments for the 19 ns High Check

The adjustments made in these steps allow the sample rate, setup, hold, and qualifiers to be
checked with a non-symmetric clock that has a 19 ns high puise in a 40 ns period.

1. Turn on the signal generator and the T™M 500 mainframe containing the Setup/Heold Time

Test Fixture.

2. Examine one of the clock outputs of the setup/hold fixture with the oscilloscope. Adjust the
output of the signa! generator until the test fixture clock output has a 19 ns high pulse with a

40 ns cycle time.

(5} 19 ns High Data Setup and Hold Time Tests

These steps verify the data setup and hold times with a 19 ns high external clock.

1. Press the “TH Ons” button on the test fixture.

2. Press the START ACQUISITION kev on the DAS. The DAS should trigger and show alter-
nating Fs and 0s in groups A, B, and C on the State Table menu.

3. Press the TIMING DIAGRAM key on the DAS. Adjust the timing diagram to show pods 2A
and 2B. Increase the magnification until the waveforms are discernable. Al of the waveforms
shauld have o B0 duty cycle and ai Siiowid be in syne.

4. Adjust the timing diagram to show pods 2C and 2D. The new waveforms should be identical

to the waveforms shown on pods 2A and 2B.

5. Press the “TSU 29ns” button on the Setup/Hold test fixture.

6. Press the START ACQUISITION key on the DAS again. The Timing Diagram menu should
update itself. The new display should show alternating Fs and 0s with a 50% duty cycle.
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Adjust the timing diagram to show pods 2A and 2B. The new waveforms should also be
identical to all the previous waveforms.

{6) 19 ns High Qualifier A Setup/Hold Time Tests

These steps verify the setup and hold times of qualifier A with a 19 ns high external clock.

1.

Press the TRIGGER SPEC key on the DAS. This should display the Trigger Specification
menu, Toward the botiom of the menu, set the qualifier for pod 2A to Q=1.

. Locate the probe attached to pod connector A {use the Pod ID button to check this}. Attach

the qualifier line of this probe to a qualifier {Q) falling edge cutput on the test fixture.

Press the “TH Ons” button on the test fixture.

Press the START ACQUISITION key on the DAS. Enter the Timing Diagram menu. All
acquired data should be Fs (high). Examine the data acquired on all four pods (2A, 2B, 2C,
and 2D). All data acquired should be high.

Enter the Trigger Specification menu. Set the qualifier for pod 2A 1o 0.

Press the “TSU 29ns” button on the test fixture.

. Press the START ACQUISITION key on the DAS. Examine the data acquired on the Timing

Diagram menu. All data acquired by all four pods should be low this time.

{7} 19 ns High Qualifier B Setup/Hold Time Tests

These steps verify the setup and hold times of qualifier B with a 19 ns high external clock.

1.

Enter the Trigger Specification menu. Set the gualifier for pod 2A 1o Q=X and the qualifier
for pod 2B to Q=0.

. Remove the qualifier line for pod 2A from the test fixture.

Locate the probe attached to ped connector B (use the Pod ID button to check this). Attach
the qualifier line of this probe to a qualifier (Q) falling edge output on the Setup/Hold test
fixture.

Press the “TH Ons” button on the test fixture.

. Press the START ACQUISITION key on the DAS. Enter the Timing Diagram menu. All

acquired data should be 0s (low). Examine the data acquired on ali four pods (2A, 2B, 2C,
and 2D). All data acquired should be low.

. Enter the Trigger Specification menu. Set the qualifier for pod 2B to 1.
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7. Press the “TSU 29ns” button on the test fixture.

8. Press the START ACQUISITION key on the DAS. Examine the data acquired on the Trigger/
Time Base. Ail data acquired by all four pods should be high this time.

(8) Setup for the 19 ns Low Check

The adjustments made in these steps allow the sample rate, setup, hold, and qualifiers to be
checked with a non-symmetric clock that has a 19 ns low pulse in a 40 ns period.

1. Turn on the DAS mainframe, the signal generator, and the TM 500 mainframe containing the
Setup/Hold Time Test Fixture.

2. Examine one of the clock outputs of the test fixture with the oscilloscope. Adjust the output
of the signal generator untit the test fixture clock output has a 19 ns low pulse with a 40 ns
cycie time.

{9) 19 ns Low Data Setup/Hold Time Tests

These steps verify the data setup and hold times with a 19 ns low external clock.

k.

. Press the “TH Ons" button on the test fixture.
2. Enter the Trigger Specification menu of the DAS. Change all qualifiers to X (don't care).

3. Press the START ACQUISITION key on the DAS. The DAS should trigger and show alier-
nating Fs and Os in groups A, B, and C on the State Table menu.

4. Press the TIMING DIAGRAM key on the DAS. Adjust the timing diagram to show pods 2A
and 28. Increase the magnification until the waveforms are discernable. All of the waveforms
shouid have a 50% duty cycle and all should be in sync.

5. Adjust the timing diagram to show pods 2C and 2D. The new wavefcrms should be like the
waveforms shown on pods 2A and 2B.

6. Press the “TSU 29ns” button on the test fixture.

7. Press the START ACQUISITION key on the DAS again. The Timing Diagram menu should
update itself. The new display should show alternating Fs and 0s with a 50% duty cycle.

8. Adjust the timing diagram to show pods 2A and 2B. The new waveforms should also be
identical to all the previous waveforms.

{10) 19 ns Low Qualifier A Setup/Hold Time Tests
These steps verify the setup and hold times of qualifier A with a 19 ns low external clock.
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1. Press the TRIGGER SPEC key on the DAS. This should display the Trigger Specification
menu. Toward the bottom of the menu, set the qualifier for pod 2A to Q=1.

2. Locate the probe attached to pod connector A {use the Pod ID button to check this). Attach
the qualifier line of this probe to a qualifier (Q) falling edge output on the test fixture.

3. Press the “TH Ons” button on the test fixture.

4. Press the START ACQUISITION key on the DAS. Enter the Timing Diagram menu. All
acquired data should be Fs (high). Examine the data acquired on ail four pods (2A, 2B, 2C,
and 2D). All data acquired should be high.

5. Enter the Trigger Specification menu. Set the qualifier for pod 2A to 0.

6. Press the *TSU 29ns” button on the test fixture.

7. Press the START ACQUISITION key on the DAS. Examine the data acquired on the Timing
Diagram menu. All data acquired by all four pods should be low this time.

{11) 19 ns Low Qualifier B Setup/Hold Time Tests

These steps verify the setup and hold times of qualifier B with a 19 ns low external clock.

1. Enter the Trigger Specification menu. Set the qualifier for pod 2A to Q=X and the qualifier
for pod 2B to Q=0.

2. Retnove the qualifier line for pod 2A from the test fixture.

3. Locate the probe attached to pod connector B {use the Pod ID button to check this). Attach
the qualifier line of this probe to a qualifier {(Q) falling edge output on the test fixture.

4. Press the “TH Ons” button on the test fixture.

5. Press the START ACQUISITION key on the DAS. Enter the Timing Diagram menu. Ali
acquired data should be Os (low). Examine the data acquired on all four pods (2A, 2B, 2C,
and 2D). All data acquired should be fow.

8. Enter the Trigger Specification menu. Set the qualifier for pod 2B to 1.

7. Press the “TSU 28ns” button on the test fixture.

8. Press the START ACQUISITION key on the DAS. Examine the data acquired on the Trigger/
Time Base. All data acquired by all four peds should be high this time.

At this point the data and qualifier setup, hold, and sample times have been verified for the worst
case external clocks. The next steps will require setting the 91A32 module up on an extender
board to verify the accuracy of the threshold circuitry and the write-enable pulses.
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{12) Mainframe Setup for the Remaining Tests

PIN 6 QF U122, U133, U140 AND U142 TP147, THRESHOLD VIRTUAL GROUND

THRESHOLD VOLTAGE OUTPUTS
TPi62, ODD TP160, EVEN

WE PULSE WE PULSE
v /S

- . - . -
L ETTR ETF DTETTTF I \]
- L . . v

TFi121, ODD WE TP131, EVEN WE
CLOCK CLOCK

2625-201

Figure 5-74. Test locations on the 91A32.

The next steps place the 91A32 on an extender board so the circuitry is accessible,

1.

)

Turn off the DAS mainframe.

Do not install or remove any elecirical module or sub-assembly in a DAS mainframe
that has power applied. Doing so will probably damage the module or sub-assembly.

ASMove e probes from ine rear edge ot the 91A32 module in slot 2 and from the test
fixture.

Remove the 91A32 module being tested from slot 2 of the DAS mainframe.
install the Main Extender board from the DAS Service Maintenance Kit in slot 2 of the
mainframe. Make sure the jumpers on the extender board are in the proper configuration for

a 91A32 module. (See the beginning of this Verification and Adjustment Procedures section).

Install the 91A32 module being tested on top of the extender board.
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(13} Setup for the Threshold Accuracy Checl

. Reinstall all four of the data acquisition probes in the four pod connectars at the back of the

91A32 module (do not reconnect the probes to the test fixture).

Verify that the recessed slide switch on the back of the probes is set to the NORM position
on all four probes.

Turn on the DAS mainframe while helding down the STOP key to cause a power-up diagnos-
tic failure.

Enter the Diagnostics menu by pressing the START SYSTEM key.

Select to run diagnostic tests on slot 2. Select SINGLE mode, FUNCTION 3 to run the DAC
THRSH function on the 91A32.

Connect the ground lead of the DMM to test point TP147 of the 91A32 (see Figure 5-74).

{14) Threshold Accuracy Check

The next steps verify the accuracy of the digital-to-analog converter (DAC) in the 91A32 module.
This DAC controis the threshold voltage of the data acquisition probes. These steps assume the
immediately preceding test setup is completed.

1.

The DAS display should still show the Diagnostics menu. Press the START SYSTEM key to
start the test.

The cursor on the DAS screen should be in a field that reads +0.000 V. Hold the positive
lead of the DMM to pin 6 of U122 on the 81A32. The DMM should now read somewhere
between —0.005 V and +0.005 V. Examine the output of pins 6 of U133, U140, and U142,
All of these outputs shouid read somewhere between —0.005 V and +-0.005 V.

Press the SELECT key on the DAS. The menu should now show +1.600 V on the display.
The DMM should read voltages somewhere between +1.579 V and +1.621 V on pins 6 of
U122, U133, U140, and U142.

Press the SELECT key. The Diagnostics menu shouid now show —1.5875 V on the screen.
The DMM should read somewhere between —1.608 V and —1.566 V on pins 6 of U122,
U133, U140, and U142,

Locate the recessed slide switch on the back of each of the P6452 probes attached to the
91A32. Set all of these switches to the AUX position.

Press the SELECT button on the DAS twice. The Diagnostics menu should display
+0.000 V. The DMM should read somewhere between —0.020 V and +0.020 V¥ when moni-
toring pins 6 of U122, U133, U140, and U142.
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7. Press the SELECT button, The DAC THRESHOLD SET field should read +1.600 V. With

the DMM, examine the voltages present at pins 6 of U122, U133, U140, and U142. These
voltages should be somewhere between +6.18 V and +6.62 V.

Press the SELECT key again. The DAC THRESHOLD SET field should show —1.5875 V.
With the DMM, examine the voltages at pins 6 of U122, U133, U140, and U142, All the
measured voltages should be between —6.56 V and —6.13 V.,

{15) DAC Voltage Seiectability Check

The next steps will test the ability of the DAC {o select all possible threshold voltages.

1.

2.

Disconnect the DMM from the 91A32 module under test.

Connect a probe of the oscilloscope to pin 6 of U122, Connect the ground lead of the probe
to TP147 on the 81A32 module.

. Press SELECT on the DAS keyboard. The DAC THRESHOLD SET field should read

RAMPING.

. Adjust the oscilloscope to show a voltage ramp made of discrete steps from high to low.

Examine the ramp carefully to see whether any of the bits along the stair-steps are
misplaced.

. Press the STOP key on the DAS to exit the DAC THRSH tests.

{16) Write-Enable Generator Check

The next steps verify the operation of the write-enable generators on the 91A32. This is a part of
verifying the sample rate of the 91A32 module.

1.
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Press the TRIGGER SPEC key on the DAS keyboard. The display should show the Trigger
Specification menu.

in the Trigger Specification menu, specify all B hexadecimal values in the TRIGGER ON field.
All other triggering fields should contain X (don’t care). The screen on the DAS should now
look like Figure 5-75.

Attach the probe for channel 1 of the oscilloscope to test point TP131 on the 91A32. Attach
the probe for channe!l 2 of the scope to TP160 (see Figura 5-74) The ground lazade of the
probes can be attached at any ground fest point on the 91A32,

Set the oscilloscope o trigger off a rising edge on channel 1.
Turn on the oscilloscope and press the START ACQUISITION key. Adjust the oscilioscope

for a display similar to that shown in Figure 5-76 (2 V/div for both channels, time base set to
10 ns/div in illustration).
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TRIGGER SPECIFICATION

9142 CLOCK:
TRIGGER 0K OCCURREMCE:

1u

TRIGGER FOSITION:

TRIGEER 0N
.
RESET
3625202
Figure 5-75. 91A32 write-enable check menu.
AV 10\ns
CLOCK
WRITE
ENABLE
PULSE
v

. The falling edge on channel 2 of the oscilloscope should be 27 ns, + 1 ns after the rising edge

Figure 5-76. 91A32 write-enable timing.

in channel 1 {see Figure 5-76).

. The rising edge on channe) 2 of the oscilloscope should be 62 ns, +1 ns after the rising edge

3625-203

in channel 1. This verifies the operation of the even write-enable generator.

. Move the prabe for channel 1 of the oscilloscope to TP121. Move the probe for channel 2 to

TP162.

. The falling edge on channel 2 of the oscilloscope should be 27 ns, =1 ns after the rising edge

in channel 1 (see Figure 5-76).
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10. The rising edge on channel 2 of the oscilloscope should be 62 ns, 1 ns after the rising edge
in channe! 1. This verifies the operation of the odd write-enable generator.

This completes the 91A32 module performance check. The test setup may now be dismantled.
Turn off the mainframe before removing the Main Extender board or the 91A32 module. This
prevents damage to the extender board, modules, or the mainframe.

91A08 DATA ACQUISITION MODULE PERFORMANCE CHECK

To verify complete operation of the 91A08 Data Acquisition Module, the functional check for the
board should be performed before attempting this performance check. You will need the following
equipment to complete this performance check procedure.

© DAS mainframe

°» DAS Service Maintenance Kit

DAS Setup/Hold Time Test Fixture

TM 500 Mainframe

50 Q coaxial cable with male BNC connectors on each end

350 MHz, 2 channel oscilloscope

100 MHz pulse generator with adjustable amplitude

100 MHz frequency counter with 1% resolution

3.5 digit digital multimeter (OMM) with 0.1% or greater accuracy

P6452 Data Acquisition Probe

P6454 100 MHz Clock Probe

For instructions on use of the various menus, refer to the Operating Information section of this
manual. Refer to the beginring of this Verification and Adjustment Procedures section for infor-
maticn on using the Main Extender board in the DAS Service Maintenance Kit.

NOTE

Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.

{1} DAS Setup/Hold Time Test Fixture Setup

These steps set up the DAS Setup/Hold Time Test Fixture so the sample rate, data setup and
hotd, and qualifier setup and hold times can all be verified.
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1. Locate the 8-inch coaxial cable that comes with the DAS Setup/Hold Time Test Fixture.
Connect this cable between the Data Delay connectors on the test fixture.

CAUTIOHN

The DAS Setup/Hold Time Test Fixture was calibrated with the 8-inch coaxial cable
that came with the fixture. The electrical length of this cable is critical to the operation
of the fixture. Do not replace this cable with any other, except a cabie with the same
Tektronix part number.

2, install the DAS Setup/Hold Time Test Fixture in a TM 500 mainframe according to the
instructions that come with the test fixture.

3. Set up the pulse generator. Set the pulse generator to a 25 MHz output with a 50% duty
cycle that is symmetrical about ground. Set the amplitude of the pulse generator to 1 V peak
to peak.

4. Connect the output of the pulse generator to the CLOCK IN of the Setup/Hold Time Test
Fixture with a 50 @ coaxial cable.

{(2) DAS Mainframe Setup for the Setup/Hold Time Test
The next steps set up the DAS mainframe in the way recommended for this performance check

procedure,
CAUTION

Do not install or remove any electrical modufe or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

1. Turn off the DAS mainframe and install the 91A08 module to be tested in slot 6. This may
require removing a module already occupying this space.

NOTE

For this test, the 81A08 module must be installed in siot 6. No other slot is acceptable for this
performance check.

2. Remove any other 91A08 moduigs that may have been previously installed in the mainframe.

3. Connect the P6452 Data Acquisition Probe to the pad connector on the rear edge of the
91A08.
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(3)

. Verify that the recessed slide switch on the back of the probes is set to the NORM position

on the data acquisition probe.

Connect the data acquisition probe to one of the four 00-FF outputs of the test fixture, (Use
one of the lead sets provided with the test fixture.)

Install a ground lead in one of the GND SENSE connectors of the data acquisition probe.
Connect the hook tip of this lead to the ground lug of the Setup/Hold Time Test Fixture.

. Connect the P6454 100 MHz Clock Probe to the coaxial connector on the back of the 91A08

module under test (slot 6).

Connect the IN input of the 100 MHz Clock Probe to the rising edge clock output of the test
fixture.

Connect the ground sense lead of the 100 MHz Clock Probe to the ground lug of the test
fixture.

DAS Menu Setup for the Setup/Hold Time Test

The next steps organize the DAS menus so data can easily be acguired by and read from the
91A08 module under test.

1

2.

Turn on the DAS mainframe.
Press the TRIGGER SPEC key to enter the Trigger Specification menu. (See Figure 5-77.)
Move the screen cursor into the MODE field. Set the mode to 91A08 ONLY.

Move the screen cursor into the 91A08 CLOCK field. Press SELECT until external rising
edge is selected.

Press the CHANNEL SPEC key on the DAS to enter the Channel Specification menu.
The screen should now show the Channel Specification menu. Under the PROBE heading

locate the POD 6C field. In the THRESHOLD field for this pod there is a field that reads
TTL +1.40 V. Change this field {o VAR —1.30 V.

{4) Adjustments for the Data Setup/Hold Time Check

The adjustments made in these steps allow the data sample rate, setup, and held to be checked.

1.

Turn on the pulse generator and the TM 500 mainframe containing the Setup/Hold Time Test
Fixture.

2. Examine one of the clock outputs of the test fixture with the oscilloscope. Adjust the output

of the pulse generator until the test fixture clock output has a symmetric output with a 10 ns
period.
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Figure 5-77. 91A08 setup/hold time testing trigger.

{5) Data Setup/Hold Time Tests
These steps verify the data setup and hold times at 100 MHz.

1. Press the "TH Ons” bution on the test fixture.

2. Press the START ACQUISITION key on the DAS. The DAS should trigger and show alter-
nating Fs and Os on the State Table menu in the group that contains the 91A08 being tested.

3. Press the TIMING DIAGRAM key on the DAS. Adjust the timing diagram to show pod 6C.
Increase the magnification until the waveforms are discernable. All of the waveforms should
have a 50% duty cycle and ali should be in sync.

5. Press the “TSU 10ns” button on the test fixture.

6. Press the START ACQUISITION key on the DAS again. The Timing Diagram menu should
update itself. The new display should show alternating Fs and Qs with a 50% duty cycle.

(6} 5 ns High Qualifier Setup/Hold Time Tests
These steps verify the setup and hold times of the qualifier with a 5 ns high external clock.

1. Examine one of the clock outputs of the test fixture with the oscilloscope.

2. Adjust the output of the pulse generator until the test fixture clock output has a 15 ns cycle
time with a 5 ns low pulse.

3. Locate the probe attached to the 91A08 module. Attach the qualifier line of this probe o a
qualifier (Q) falling edge output on the test fixture.

4, Press the “TH Ons” button on the test fixture.
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10,

Press the TRIGGER SPEC key on the DAS. This should display the Trigger Specification
menu. Toward the bottom of the menuy, set the qualifier for pod 6C to Q=1.

Press the START ACQUISITION key on the DAS.

Enter the Timing Diagram menu. Examine the data acquired by the 91A08. All data acquired
should be high.

. Enter the Trigger Specification menu. Set the qualifier for pod 6C to Q=0.

Press the *TSU 15ns” button on the test fixture.

Press the START ACQUISITION key on the DAS. Examine the data acquired on the Timing
Diagram menu. All data acquired by the 91 AQ8 shouid be low this time.

{7} 5 ns Low Qualifier Setup/Hold Time Tests

These steps verify the setup and hold times of the qualifier with a 5 ns low external clock.

1.

2.

Examine one of the clock outputs of the test fixture with the oscilloscope.

Adjust the output of the pulse generator untit the test fixture clock output has a 15 ns cycle
time with a 5 ns low pulse.

. Press the “TH Ons” button on the test fixture.

Press the TRIGGER SPEC key on the DAS. This should display the Trigger Specification
menu. Toward the bottom of the menu, set the qualifier for pod 6C to Q=1.

Press the START ACQUISITION key on the DAS.

. Enter the Timing Diagram menu. Examine the data acquired by the 91A08. All data acquired

should be high.

Enter the Trigger Specification menu. Set the qualifier for pod 6C to Q=0.

. Press the “TSU 15ns” button on the test fixture.

. Press the START ACQUISITION key on the DAS. Examine the data acquired on the Timing

Diagram menu. Al data acquired by the 91A08 should be low this time.

{8) Menu Setup for the Glitch Width Test

1.

2.

3.
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Enter the Trigger Specification menu. Set the gualifier for probe 6C to 6C=X.
In the Trigger Specification menu, set the $1A08 CLOCK field to internal 20 ns.

Set the GLITCHES field to ON. Adjacent to the GLITCHES field a field should appear that is
filled with eight Xs. Change the field to contain all 1s.
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4, Press the CHANNEL SPEC key on the DAS to enter the Channel Specification menu.

5. The screen should now show the Channel Specification menu. Under the PROBE heading
find locate the POD 6C field. In the THRESHOLD field for this pod there is a field that reads
VAR —1.30 V. Change this field to VAR 0.00 V.

(9) Glitch Width Test

The next steps verify that the 31 A08 module can detect and store glitches that are 5 ns wide with
350 mV overdrive.

1. Disconnect the data acquisition and 100 MHz Clock Probes from the Setup/Hold Time Test
Fixture. Disconnect the pulse generator from the test fixture.

2. Connect all of the data lines of the P6452 Data Acquisition Probe to the output of the pulse
generator. Connect the GND SENSE of the probe to the ground of the pulse generator.

3. Set the pulse generator for a 20 ns cycle time with a 5 ns high pulse. Set the amplitude of the
pulse to 700 mV. Center the signal around ground. The signal that the 91A08 will be captur-
ing should be similar to Figure 5-78.

-lﬂ—-—SnS———D—

THRESHOLD -+ 350mVY

_J

Figure 5-78. Glitch width and height resirictions.

THRESHOLD Vv

31625-205

4. Press the START SYSTEM key. The DAS should trigger.
5. Enter the Timing Diagram menu. Set the GLITCH field to ON.
6. Depending on the location of the pulse refative to the internal clock, each pulse can be

detected as either a glitch or a data 1. Scan each line of data acquired by pod 6C for glitch
symbols. If there are glitch symbols on each line, then the 91A08 module is detecting glitches

properly.
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(10} Mainframe Setup for the Remaining Tests

To examine the accuracy of the threshold circuits, the internal clock, and the write-enable pulses,
the 91A08 module must be placed on an extender board.

1. Turn off the DAS mainframe.

Do not install or remove any electrical module or sub-assembly in a PAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

2. Disconnect the data acquisition and 100 MHz Clock Probes from the rear of the 91AQ8
module under test.

3. Remove the 91A08 module from the mainframe.

4. Set the jumpers of the Main Extender board from the DAS Service Maintenance Kit to accept
a 91A08 module. Instali the extender board in slot 6 on the DAS mainframe.

5. Install the 31AQ0B module on top of the extender board.

6. Reconnect the data acquisition probe to pod connector C at the back of the 91A08 module.

{(11) Setup for the Threshold Accuracy Check

1. Verify that the recessed slide switch on the back of the data acquisition probe is set to the
NORM position.

2. Turn on the DAS mainframe whilte holding down the STOP key to cause a power-up diagnos-
tic failure.

3. Enter the Diagnostics menu by pressing the START SYSTEM key.

4. Select to run diagnostic tests on slot 6. Select SINGLE mode, FUNCTION 5 to run the DAC
THRSH function on the 91AQ8.

5. Connect the DMM ground lead of the DMM to test point TP106 of the 91A08 (see Figure
5.79).
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Figure 5-79. Test locations an the 91A08.

{12) Threshold Accuracy Check

The next steps verify the accuracy of the digital-to-analog converter {DAC) in the 91A32 module.
This DAC controls the threshold voltage of the data acquisition probe and the 100 MHz Clock
Probe. These steps assume the immediately preceding test setup is completed.

1.

The DAS display should still show the Diagnostics menu. Press START SYSTEM to start the
test.

. The cursor should be in the field that reads 4+0.000 V.

. Hold the positive lead of the DMM to test point TP201 on the 91A08. The DMM should now

read somewhere between —0.005 V and +0.005 V.

Press the SELECT key on the DAS. The menu should now show +1.800 V on the display.
The DMM should read voltages somewhere between +1.579 V and +1.621 V on test point
TP201.

Press the SELECT key. The Diagnostics menu should now show —1.5875 V on the screen.
The DMM should read somewhere between —1.609 V and —1.566 V on test point TP201.

Locate the recessed slide switch on the back of the P6452 probe attached to the 81A08. Set
this switch to the AUX position.

Press the SELECT button on the DAS twice. The Diagnostics menu should display
+0.000V. The DMM should read somewhere between —0.020 V and +0.020 V at test point
TP201.
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8. Press the SELECT button, The DAC THRESHOLD SET field should read +1.600 V. With
the DMM, examine the voltage present at test point TP201. This voltage should be some-
where between +6.18 V and 4-6.62 V.

9. Press the SELECT key again. The DAC THRESHOLD SET field should show —1.5875 V.
With the DMM, examine the voltage at test point TFP201. The voltage should be between
—6.56 Vand —86.13 V.

(13) DAC Voltage Selectability Check
The abitity of the DAC to select all possible threshold voltages is now tested.

1. Disconnect the DMM from the 91A08 module under test.

2. Connect a probe of the osciloscope to TP201 on the 91A0G8 module. Connect the ground
lead of the probe to TP106.

3. Press SELECT on the DAS keyboard. The BAC THRESHOLD SET field should read
RAMPING.

4. Adjust the oscilloscope to show a voltage ramp made of discrete steps from high to low.
Examine the ramp carefully to see whether one or more of the bits along the stair-steps are
mispiaced.

(14} Write-Enable Generator Check

The next steps verify the operation of the write-enable generators on the 91A08, This is a part of
verifying the sample rate of the 91A08 module.

1. Press the TRIGGER SPEC key on the DAS keyboard. The display should show the Trigger
Specification menu.

2. In the Trigger Specification menu, enter the MODE field. Adjust this field to 91A08 ONLY.
Specify all B hexadecimal values in the TRIGGER ON field. Set the GLITCHES field 1o OFF.
The screen on the DAS should now look like Figure 5-80.

3. Attach the probe for channel 1 of the oscilloscope to test point EAOQ (TP281) on the 91A08.
Attach the probe for channel 2 of the oscilloscope to test point EWE (TP285) (see Figure
5-79). The ground leads of the probes can be attached at any ground test point on the
91A08.

4. Set the oscilloscnne tn tringer off 2 rising sdge on Ghaiei 1.
5. Turn on the oscilloscope and press the START ACQUISITION key. Adjust the oscilloscope
for a display similar to that shown in Figure 5-81 (0.5 V/div for both channels, time base set

to 5 ns/div in illustration).

B. The falling edge on channel 2 of the oscilloscope should be 4 ns, +0.5 ns after the rising
edge in channel 1 {see Figure 5-81),
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3625-207

Figure 5-80. 91A08 write-enable check menu.

500 |V
CLOCK |
WRITE
ENABLE
PULSE
i 500 |mV

3625-208

Figure 5-81. 91A0B write-enable timing.

7. The rising edge on channe! 2 of the oscilloscope should be 13 ns, £0.5 ns after the rising
edge in channel 1. This verifies the operation of the even write-enable generator.

8. Move the probe for channet 1 of the oscilloscope to QAQ (TP481). Move the probe for
channel 2 to OWE (TP485). The ground leads of the oscilloscope probes may need to be
reconnected to new ground points on the 91A08 module.

9. The falling edge on channel 2 of the oscilloscope should be 4 ns, +0.5 ns after the rising
edge in channel 1 (see Figure 5-81).

5-181



Verif. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

5-182

10. The rising edge on channel 2 of the oscilloscope should be 13 ns, +0.5 ns after the rising
edge in channel 1. This verifies the operation of the odd write-enable generator.

i1. Press the STOP key to end the write-enable test.

{(15) Internal Clock Check

The next steps verify the accuracy of the internal clock provided by the Trigger/Time Base.

NOTE

The internal clock for the 91A08 module is a function of the Trigger/Time Base board.
Problems with the 91A08 internal clock can probably be traced back to the Trigger/Time
Base.

1. Press the TRIGGER SPEC key on the DAS. The display should show the Trigger Specifica-
tion menu.

2. Move the cursor on the DAS screen into the 91AD8 CLOCK field. Press the SELECT button
untit the field reads 1 us. Then press the DECR button and hold it down. The field should
decrement until it shows 10 ns.

3. Connect the frequency counter to TP511 on the 91A08 board. Press the START ACQUISI-
TION key on the DAS keyboard.

4. The frequency counter should read 100 MHz, +1%.

5. Press STOP then TRIGGER SPEC to return to the Trigger Specification menu. Adjust the
91A08 CLOCK field to 20 ns. Press the START ACQUISITION key on the DAS keyboard.

6. The frequency counter should read 50 MHz, + 1%.

This completes the 91A08 module performance check. The test setup may now be dismantled.
Turn off the mainframe before removing the Main Extender board or the 91A08 module. This
prevents damage to the extender board, modules, or the mainframe.

91P16 AND 91P32 PATTERN GENERATOR MODULES PERFORMANCE

Pl N

\Wip =¥\

This procedure checks the performance of any set of 91P16 and 91P32 modules. Any valid
combination of pattern generator modules from an individual 81P16 module, through a combina-
tion of one 91P16 and two 91P32 modules, may be checked with this perfermance check proce-
dure. All 91P16 and 91P32 modules operate as a system, so they must be tested as a system.
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Te verify complete operation of the 91P16 and/or 91P32 Pattern Generator modules, the func-
tional check for those modules should be performed before attempting this performance check.
You will need the following equipment to complete this performance check procedure:

* DAS mainframe

+ 91A08 Data Acquisition Module

* P6452 Data Acquisition Probe

+ P6454 100 MHz Clock Probe

* 350 MHz, 2 channel oscilloscope

+ 100 MHz pulse generator with adjustable amplitude
* 5V, 2 A power supply

* 100 x¢F, 10 V aluminum electrolytic capacitor

* Enough P6455 TTL/MOS Pattern Generator Probes to plug into all probe connectors of the
modules being tested

s As many 1 uF ceramic capacitors as there are pattern generator probes
* Graph paper
* Ruler or straight edge

and, if a 91P16 Pattern Generator Meodule is not being tested,
* 31P16 Pattern Generator Module

¢ Two P8455 TTL/MOS Pattern Generator Probes

For instructions on use of the various menus, refer to the Operating Information section of this
manual.

NOTE

Measure all waveform durations in the following sieps at 50% of the amplitude of the
waveform.

(1) DAS Mainframe Setup

The next steps set up the DAS mainframe in the way recommended for this perfermance check
procedure.
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Do not install or remove any efectrical modufe or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembiy.

1. Turn off the DAS mainframe.

2. Remove any 91P16 or 91P32 modules that may have previously been installed in the
mainframe.

3. Assemble the moduie or modules to be tested. Install these modules in the mainframe ac-
cording to Table 5-5.

NOTE

For the purposes of this performance check, the pattern generator modules must be in-
stalled according to Table 5-5. The modules are instafled in this manner to obtain worst case
skew. If Table 5-5 is not followed, the performance check may yield incorrect results.

Table 5-5
91P16 AND 91P32 Performance Check Mainframe Setup
Module(s) Being Tested Mainframe Setup
One 91P1i6 only Install the 81P18 in slot 1
One 91P32 only Instalt the 81P32 in slot 5
Two 91P32 moduies Install the 91P32 modules
inslots 4 and 5
One 91P16 and One 91P32 install the 91P16 in slot 1
and the 91P32 in stot 5
One 91P16 and Two 91P32s Install the 91P18 in siot 1
and the 91P32 modules in
siots 4 and 5

4. If 2 91P16 module is not being checked, install the extra 81P16 module in slot 1. A 81P18
module is required for this procedure because $1P32 modules are slaves to the 91P16.

5. Instal! the 91A08 module in slot 6 of the mainframe.

6. Turn on the DAS mainframe.
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(2) DAS Probe Setup

The next steps connect the P6455 TTL/MOS Pattern Generator Probes to the DAS and to a
+5 V power supply. The probes are also decoupled from variations in the suppfy.

1. Set the recessed siide switch on the back of all the P6455 TTL/MOS Pattern Generator
Probes to NORM.

2. Connect P6455 TTL/MOS Pattern Generator Probes to the pod connectors of all 31P16 and
91P32 modutes in the DAS mainframe.

3. Connect a 2 foot (0.6 meter) wire to the +5 V output of the power supply. Connect a 2 foot
(0.6 meter) wire to the ground of the power supply. At the end of these two wires connect the
100 ¢F electrolytic capacitor.

WARKNING H

Carefully observe the polarity of the electrolytic capacitor. Connecting the capacitor
backwards may cause it to explode.

3. Connect the V| lines of all the TTL/MOS Pattern Generator Probes to the 2 foot wire at-
tached fo the ground output of the 45V, 2 A power supply.

4. Connect the V, lines of all the TTL/MOS Pattern Generator Probes to the 2 foot wire at-
tached to the 45 V output of the +5 V, 2 A power supply.

5. Connect one 1 uF ceramic capacitor across the V|, and V_inputs to each probe. The best and
easiest way to connect these capacitors is to hook one end of each ceramic capacitor under
the hook tip that connects the probe to the +5V source. Place the other end of each
ceramic capacitor under a hook tip that connects to the ground wire.

6. After connecting all ceramic capacitors, check to make sure that all connections to 45 and
ground remain secure.

7. Install lead sets in all of the above probes.

(3) Menu Setup
This menu setup is sufficient for the data skew tests.

1. Enter the Pattern Generator menu.
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2. In the Pattern Generator Program menu enter the program shown below.

SE0  LaBEL INSTRUCTIONS  STROBES

8 TEST 06RG ©0OG3 ©GRAd QAN ooM
! FFFF  FFFF FFFF FFFF  FFFF GOTD  TEST 8123456799

3525-369

If less than a full configuration is being tested, then the fielkds under HEX show fewer avail-

able positions. Fill all available positions with the appropriate hexadecimal digits.

3. Set the pattern generator clock to internal 40 ns.

4,

Press the START PAT GEN key on the DAS.

(4) Graph Organization

The data channel skew and the data-clock timing are verified graphically. The suggested layout
for this graph is given next. Refer to Figure 5-82 while laying out the graph paper.

1.

Allow ten lines down the graph paper for each pattern generator pod used (from 2 to 10 pods
may be used). Allow enough width in each line to write legibly.

. Across the top of the graph paper, number by 1s from —5 ns to + 15 ns, allowing edge at the

rmargins for writing comments. The distance between each number should be uniform. This
will be the time axis.

List all of the used pattern generator pod connectors down the side of the graph paper
followed by the word “CLK”. These lines will be used to check the skew between output
clock lines.

. Write “PQD 1B" on the next line down. Below where POD 1B is written, write the numbers 0

through 7, one number on each line. These lines will correspond to the data lines of pod 1B.

. List all other pattern generator probe identifiers down the side of the page followed by the

numbers 0 through 7. In this way each separate probe data line is listed on a line of the graph
paper.

Your graph paper should now have the same basic layout as the graph layout shown in
Figure 5-82.

(5) Data for the Clock Skew Verification

1.

5-186

NOTE

The skew between clock outputs of the paltern generator modules is not a performance
requirement. This information is necessary, however, to find the worst case of data-clock
timing.

With any convienient high speed pulse {the output of the pattern generator may be used)
examine the timing skew between the horizontal inputs of the oscilloscope. The skew should
be less than 0.5 ns for the measurements taken in these procedures.
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POD 1B CLK
POD 1C CLK
POD 5A CLK
POD 5B CLX
POD 5C CLK
POD 5D CLK
POD 1B

0D 1C

DO NLAORN=OPNOT EBRWNSO

OD 5A

PN LWNSO

0D 5B

0D sC

QD 5D

SO MaeLR-OAT[-NNAUEON 2O T-NOOBQRNAO

-5 -4 -3 -2 1012345678910 11 12 13 14 15 ns

3625-208

Figure 5-82. Graph layout for the pattern generator skew test.
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10.

11.

. Connect the probe for channet 1 of the oscilloscope to the clock output of the probe attached

to pod connector 1B. This clock output will be referred to as the master clock for the duration
of this procedure.

Connect the probe for channel 2 of the oscilloscope to the clock output of the probe attached
to pod connector 1C.

Attach the ground leads of the two oscilloscope probes to the ground output of the 5V, 2 A
power supply.

If the +5 V power supply and the oscilloscope have not yet been turned on, do so now.

. Set the oscilloscope to 2 ns/div and 2 V/div. Trigger off a rising edge on channel 2.

Examine the traces on the oscilloscope. Count out the time difference (skew) between the
two clock signals.

Put a dot at the 0 ns position on the line that reads POD 18 CLK.

On the line of the graph paper that says POD 1C CLK, put a dot that corresponds to the
skew between the two oscilloscope channels. If channel 2 has a rising edge before channel 1,
put the skew time for POD 1C CLK on the negative side of the time axis. If channel 2 has a
rising edge after channel 1, then put the skew time on the positive side of the time axis.

Move the oscilloscope probe for channel 2 from the clock line of the probe attached to pod
connector 1C to the next clock line in the list on the graph. Repeat steps 6, 7, and 8, above
for this probe clock line. Continue until al! clock tines of all probes have been assigned skew
times.

Your clock skew data should have a format similar to the data shown in Figure 5-83.

-5 -4 -3-2-101234567891011 1213 14 15 ns

POD 1B CLK |
POD 1€ CLK & ¢
POD 5A CLK &
POD 58 CLK

POD 5C CLK @
POD 5D CLK &
POD 1B

Bl 10— O

3625-210

Figure 5-83. Example of clock skew data format.



Verit. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

(6) Data-Clock Timing Verification

The next steps invoive finding and recording the amount of time after a rising edge from the

master clock the pattern generator data changes from low to high.

POD 1B CLK
POD 1C CLK
POD 5A CLK
POD 5B CLK
POD 5C CLX
POD 5D CLK
POD 18

PN L LDN D

ob1C

OD 5A

QD 5B

oD 5C

NN EWN SO DRGNP EORNAOPN PN LEWONLAOPI®O L0 EGR O

-5 -4 -3-2-10123456878910 11 1213 14 15 ns

L&

>

£

:

-
o——o—l—oﬂq—ﬂ
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&

-

ARADNAI

-

o-t+o1otoo

e
I

"
L

-1

rL
ot

r
Y

"y
A

F—(}(H

—(.)-(]J

ag25-211

Figure 5-84. Example of data-clock timing format.
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. Connect the probe for channel 2 of the oscilloscope to the 0 data line of the probe connected

te pod connector 1B.

. The rising edge in channel 2 of the oscilloscope should happen between 2 and 15 ns after the

rising edge in the clock. Count out the actual time difference between the rising edges.

. On the line of the graph paper that says 0 under POD 1B, put a dot that corresponds to the

time difference between the two rising edges. Channel 2 of the oscilloscope should show a
rising edge 2 to 15 ns after the clock, so the dot for POD 1B 0 should be on the positive side
of the time axis.

. Use channel 2 of the oscilloscope 10 examine the data 1 through data 7 tines of probe 1B.

Record the difference between the clock and the data rising edges for each of the data lines,
The data record should now be formatted like Figure 5-84.

. Continue to examine the data channels for each pattern generator probe. Record the time

difference between the rising edges for all data channels on the appropriate line of the graph
paper.

(7) Calculations for the Data Channel Skew Verification

The next steps tell whether the data skew between pattern generator channels is within specifica-
tions. Figure 5-85 is an example of data-clock timing and data skew calcuiations.

. Locate the data channel with the rising edge the soonest after the master clock rising edge.

This should be the data channel with the dot closest to the 0 ns axis of the graph paper.
Circle this dot.

. Draw a vertical line parallel to the 0 ns axis that goes through the dot just circled.

. Locate the data channel with the rising edge the furthest from the master clock rising edge.

This should be the data channel with the dot furthest from the 0 ns axis of the graph paper.
Circle this dot.

. Draw a vertical line parailel to the 0 ns axis that goes through the dot just circled.

. Count out the number of nanoseconds between the two fines that were just drawn. This

number should be 10 ns or less to satisfy the required specifications. The distance between
the two lines represents the skew between the various data channels.
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5 -4 -3-2-10123456785910 11 12 13 14 15 ns
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Figure 5-85. Example of data-clock timing and data skew calculations.
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(8) Calculations for the Data-Clock Timing Verification

The next steps tell whether the data-clock timing of the pattern generator modules is within
specification.

1.

(9)

Locate the clock channel with the rising edge the latest after the master clock rising edge.
This is the clock channel with the dot furthest into the positive side of the time axis. Circle
this dot. If there are no clock edges after the master clock, then circle the master clock dot.

Draw a vertical line paralles to the 0 ns axis that goes through the dot just circled.

Locate the clock channel with the rising edge most previous to the master clock rising edge.
This is the clock channef with the dot furthest into the negative side of the time axis. Circie
this dot. If there are no clock edges prior to the master clock, then circle the master clock
dot.

Braw a vertical line parallet to the 0 ns axis that goes through the dot just circled.

Locate the line that corresponds to the most positive clock edge. Put some distinguishing
mark at the top of this line.

Locate the fine that corresponds to the data transition closest to the clock edges {drawn
when caiculating the data channel! skew). Put the same distinguishing mark at the top of this
fine.

Count out the number of nanoseconds between the two lines that were just identified. The
line for the data should be at least 2 ns after the line for the clock edge. i these lines are less
than 2 ns apart, then the paitern generator modules are out of specification.

Locate the clock line and the data line that are the farthest away from each other. Count the
number of nanoseconds between these two lines. These two lines should be less than 15 ns
apart. If these lines are more than 15 ns apart, then the pattern generator modules are out of
specification.

First Strobe Delay Verification

This procedure checks the strobe delay accuracy. 1t assumes that all the previous steps have
been performed so the probes and oscilloscope are properly set up.

1.

2.

Enter the Pattern Generator Program menu. Set the pattern generator clock to 100 ns.
Press the S1ART PAT GEN key.

Connect the probe for channel 2 of the oscilloscope to the STRB (strobe) output of the probe
attached to pod connector 1B.

. Adjust the oscilloscope so the rising edges of both channel 1 and channel 2 ¢an be seen.

. Measure the time after channel 1 (the clock) has a rising edge that channet 2 (the strobe) has

a rising edge. This time must fall between 57 ns and 83 ns.
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Move the probe for oscilloscope channel 2 to the next strobe line. The difference between the
rising edges should again fall between 57 ns and 83 ns.

Continue to move the probe for oscilloscope channel 2 from strobe line to strobe line untit all
strobe delay times have been checked. The difference in rise times must always fall between
57 ns and 83 ns.

{10) First Strobe Width Verification
This procedure checks the strobe width accuracy.

1.

Adjust the oscilioscope so both the rising and falling edges of the waveform in channel 2 can
be seen.

. Measure the time between the rising and falling edge in channel 2. This time must fall be-

itween 30 ns and 50 ns.

. Move the probe for oscilloscope channel 2 to each strobe line. For each strobe line measure

the time between the rising and falling edge in channel 2. This time must always fall between
30 ns and 50 ns.

{11} Second Strobe Delay Verification

These steps finish verifying the accuracy of the strobe delay.

1.

2.

Enter the Pattern Generator Program menu. Set the pattern generator clock for 50 us.

Enter the Pattern Generator Timing menu. Set the strobe delay to 40.910 us for all listed
strobes. Leave the width values for all strobes at 40 ns.

Press the START PAT GEN key.

. Adjust the oscilloscope so the rising edges of both channel 1 and channel 2 can be seen. The

rising edge for channel 2 will be a very narrow spika.

. Measure the time difference between the rising edge in channel 1 (the clock) and the rising

edge in channel 2 (the strobe). This time must fall between 36.5 us and 45.0 us.

Move the probe for oscilloscope channel 2 to the next strobe line. The difference between the
rising edges should again fall between 36.5 us and 45.0 gs.

Continue to move the probe for oscilloscope channel 2 from one strobe line to the next until
all strobe delay times have been checked. The difference in rise times must always fall
between 36.5 us and 45.0 us.
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{12) Second Strobe Width Verification
These steps finish verifying the accuracy of the strobe width.

1.

Enter the Pattern Generator Timing menu. Set the strobe delay to 70 ns for all listed strobes.
Set the width values for all strobes at 40.880 us.

. Press the START PAT GEN key.

Adjust the oscilloscope so both the rising and falling edges of the waveform in channel 2 can
be seen.

Measure the time between the rising and falling edge in channel 2. This time must fall be-
tween 36.5 us and 45.0 us.

Move the probe for oscilloscope channel 2 to each strobe line. For each strobe line, measure
the time between the rising and falling edge in channel 2. This time must always fall between
36.5 us and 45.0Q us.

{(13) Mainframe Setup for External Clock Verification

The next steps set up the DAS mainframe for the last performance checks on the 91P16 and
91P32 modules.

1.

2.

Turn on the pulse generator.

Connect the P6452 External Clock probe to pod connector C on the back of the Trigger/Time
Base module (slot 7).

Connect the PG CLK line of the external clock probe to the output of the pulse generator.
Connect the ground sense line of the external clock probe to the ground output of the pulse
generator.

Set the pulse generator 10 a 40 ns cycle time with a 19 ns high pulse. Set the pulse generator
to swing between ground and +2.5 V. Verify these settings with the oscilloscope.

Connect the P6452 Data Acquisition Probe to pod connector BA (the 91A08 module).

Verify that the recessed slide switchs on the back of the external clock probe and the data
acquisition probe are set to the NORM position.

Use the Diagnostic Lead Set to connect the P6452 Data Acquisition Probe to the P6455
TTL/MQS Pattern Generator Probe in pod connector 1B.

NOTE

in this special instance, the Diagnostic Lead Set can be expected to operate at 25 MHz.

8. Connect the P6454 100 MHz Clock Probe to the coaxial connector on the back of the 91A08

module in slot 6.
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9. Install a ground lead in cne of the GND SENSE connectors of the P6452 Data Acquisition
Probe.

10. Connect the REF lead of the P6454 100 MHz Clock Probe to the ground lead hanging from
the P6452 Data Acquisition Probe. Connect the IN lead of the P6454 probe to the clock line

out of the pattern generator probe (the gray ilying lead on the pattern generator side of the
diagnostic lead set).

{14) 19 ns High External Clock Verification

This setup organizes the menus for the External Clock Verification.

1. Enter the Pattern Generator Program menu. Adjust the program to look like the following
listing.

i [NSTRUCTIONS ~ STROBES

A G0 20
0pd2
glel 918l @818l flel  B8lal
822
G484
fgeae
1818
i
4848
gasd
FFFF G0 209

=EF
=EI
ZEER
283
2E3R

¥
269
26l
xR
283
28 668
o0
206
%7
288
289

828
g
HEEE

3625-370

2. Set the pattern generator clock to external rising edge. Leave the clock threshold set to TTL.

3. Enter the Trigger Specification menu. Set the MODE field to 91A08 ONLY. Set the 91A08
CLOCK field to external rising edge. The acquisition trigger should be set to Xs (don't care).

4. Press the START SYSTEM key.

5. Enter the Timing Diagram menu. Adjust the menu to display data acquired by pod 6A. The
data acquired by pod 6A should look like Figure 5-86.

6. Scan all of the acquired data for this ramp pattern. There should be no dropped bits or
unevenness in the pattern.

7. Remove the pattern generator probe from the lead set. If there is a 91P32 module in slot 5,
then connect the pattern generator probe from pod connector 5A to the lead set.

8. Press the START ACQUISITION key.

9. The data acquired should again look like Figure 5-88. Scan all of the acquired data for the
ramp pattern. There should be no dropped bits or unevenness in the pattern.
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10.

11.

12.

Remove the pattern generator probe from the lead set. If there is a 81P32 module in slot 4,
then connect the pattern generator probe from pod connector 4A to the lead set.

Press the START ACQUISITION key.

The data acquired should again look like Figure 5-86. Scan all of the acquired data for the
ramp pattern. There should be no dropped bits or unevenness in the pattern.

TINING DIAGRAN MaG: IR CURSOR SER:
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5 —_mnnnnon._n.nnmnmn e
2 6 SN NN Y N Y
25 AR AR Mk Nk AN _NR._RA AR MR MA@
24 4 _afanangapne B R NRIN NN DK@
M3 innannenainiiiniRrARAANNRS
22 g anfagnnnanad R ARDRMCND AR N @
2h 1 | N < N I 3 N N ¢ O O O I
208 N . O T O T

3625-213
Figure 5-86. Data acquired from the pattern generator.

{18) 19 ns Low External Clock Verification

. Set the pulse generator to a 40 ns cycle time with a 19 ns low pulse. Set the pulse generator

to swing between ground and +2.5 V. Verify these settings with the oscilioscope.

Remove the lead set from the pattern generator probe. Connect the pattern generator probe
from pod connector 1A to the lead set.

Press the START SYSTEM key.
Enter the Timing Diagram menu. The display should still show the data acquired by pod 6C.
The data acquired should look like Figure 5-86. Scan all of the acquired data for the ramp

pattern. There should be no dropped bits or uneverness in the pattern.

Remove the iead set from the pattern generator probe. If there is a 81P32 module in slot 5,
then connect the pattern generator probe from pod connector 5A 1o tha lead set,

Press the START ACQUISITION key.

. The data acquired should again look fike Figure 5-86. Scan ali of the acquired data for the

ramp pattern. There should be no dropped bits or unevenness in the paitern.

. Remove the lead set from the pattern generator probe. If there is a 21P32 module in slot 4,

then connect the pattern generator probe from pod connector 4A to the Iead set,
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9. Press the START ACQUISITION key.

10. The data acquired should again look like Figure 5-86. Scan all of the acquired data for the
ramp pattern. There should be no dropped bits or unevenness in the pattern.

This completes the 81P16 and 91P32 moedule performance check. The test setup may now be
dismantled. Turn off the DAS mainframe before removing any instrument modules. This prevents
damage 1o the modules or the mainframe.

P6452 DATA ACQUISITION OR EXTERNAL CLOCK PROBE PERFORMANCE
CHECK

To verify complete operation of the P6452 probe, the functional check for the probe should be
performed before attempting this performance check.You will need the following equipment to
complete this performance check procedure:

° DAS mainframe

» DAS Setvice Maintenance Kit

e 350 MHz, 2 channel oscilloscope

o 100 MHz pulse generator with adjustable amplitude

° Variable dc power supply

° 3.5 digit digital multimeter (DMM) with 0.1% or greater accuracy

and either of the following
° 91A32 Data Acquisition Module

or
o 91A08 Data Acquisition Module

For instructions on use of the various menus, refer to the Operating Information section of this
manual. Refer to the beginning of this Verification and Adjustment Procedures section for infor-
mation on using the Main Extender board in the DAS Service Maintenance Kit.

NOTE

Measure all waveform durations in the following steps at 50% of the amplitude of the
waveform.
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{1) Mainframe Setup

The next steps set up the DAS mainframe in the way recommended for this performance check
procedure.

Do not install or remove any electrical modufe or sub-assembly in a DAS mainframe
while the power is on. Doing so will probably damage the module or sub-assembly.

. Turn off the DAS mainframe.

. Install the Main Extender board in any of slots 1 through 6 of the DAS mainframe. Make sure

the jumpers on the extender board are set to accept an acquisition module.

. Install the data acquisition medule on top of the extender board. The acquisition module may

be either a 91A32 or a 91A08 module.

. Connect the P8452 probe to one of the pod connectors on the rear edge of the acquisition

modules.

. Verify that the recessed slide switch on the back of the P6452 Data Acquisition Probe is set

to the AUX position.

. Turn on the DAS mainframe.

(2) Rise and Fall Time Check

. Turn on the pulse generator. Set the pulse generator to output a 10 ns square wave. Set the

square wave levels to 2.5 V high and ground low. Verify these settings with the oscilloscope.
Also verify that the square wave has a 50% duty cycle.

. Connect all of the inputs of the PB452 probe to the puise generator output with a high-speed

flying lead set.

. Gonnect a ground sense lead from the P6452 probe to the ground of the pulse generator.

. With one channel of the oscilloscope, examine each output signal from the probe for rise and

fan time. Boll the rise and fall imes should be less than 3 ns from 20% to 80%. See Figure
5-87.
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<3ns <3ns

3625-214

Figure 5-87. P8452 rise and fall times.

The output signals are accessible where the pod connector is soldered on to the acquisition
board. Table 5-6 shows the correlation between pin numbers and the output channel from
the probe.

Table 5-6
P6452 Signal Locations
Signal name Pod connector pin number

CHO(H) 3
CHO{L) 2
CH1{H) 6
CH1I{L) 5
CH2(H) 9
CH2(L) 8
CH3(H) 12
CH3(L) 11
CH4(H) 15
CH4{L) 14
CH5{H) 18
CHS5(L) 17
CH&(H) 21
CHB(L) 20
CH7({H) 24
CH7{L) 23
CH8(H) 27
CHB8(L) 26
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(3} Setup for the Threshoid Accuracy Check

1. Turn off the DAS mainframe.
2. Disconnect the ftying fead set and ground connections from the pulse generator.

3. Reconnect ail of the inputs of the lead set to the output of the variable dc power supply.
Connect the ground sense iead to the ground of the variable power supply.

B

. Connect the inputs of the DMM across the outputs of the variable dc power supply. Set the
DMM to a range that wili measure +7.5 V.

5. Turn on the mainframe while holding down the STOP key to cause a power-up self-test
failure.

6. Enter the Diagnostics menu. Select to run SINGLE functionai tests on the slot containing the
extender.

-~

. Select the DAC THRSH test for the module on the extender. Press START SYSTEM to start
the DAC THRSH test,

o0

. Adjust the DAS menu so +0.000 V is selected for the DAC THRSH test.

{4) Threshoid Accuracy Check

The next steps verify the threshold detection circuitry of the probe.

1. With the oscilloscepe, monitor the output of probe CHO(H). Refer to Table 5-6 for the location
of this output.

3=

. Slowly sweep the voitage out of the dc supply from — 0.5V toward +0.5 V.

o

. Watching the oscilloscope, note when the trace changes from an ECL low to an ECL high,
and stop the sweep.

4. Read the DMM to find out the voltage when the transition occurred. This voltage should be
between — 100 mV and + 100 mV.

8]

. Repeat steps 1 through 4 for each of the active high outputs of the probe, CH1{H} through

[N Ea T}

Ciid{ ). (Reier o Tabie -6 for the jocation of each output.) Each time the transition voltage
should be inside 100 mV.

23]

. Adjust the DAS menu so 1.600 V is selected for the DAC THRSGH test.

7. With the oscilloscope, monitor the output of probe CHO{H). Refer to Table 5-6 for the location
of this output.

<o

. Slowly sweep the voltage out of the dc supply from -6.0 V toward -8.0 V.
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10.

11.

12.

13.

14,

15.

16.

17.

This completes the P6452 probe performance check. The test setup may now be dismantled.
Turn off the DAS mainframe before removing the extender or any instrument modules. This

Verif. and Adjust. Procedures—DAS 9100 Series Service Vol. 1

. Watching the oscilloscope, note when the trace changes from an ECL low to an ECL high,

and stop the sweep.

Read the DMM to find out the voltage when the transition occurred. This voltage should be
between -6.17 V and -6.63 V.

Repeat steps 7 through 10 for each of the active high outputs of the probe, CH1(H} through
CHB8(H). (Refer to Table 5-8 for the location of each output.) Each time the transition voitage
should be between +6.17 V and +6.63 V.

Adjust the DAS menu so —1.5875 V is selected for the DAC THRSH test.

With the oscilioscope, monitor the output of probe CHO(H). Refer to Table 5-6 for the location
ot this cutput.

Slowly sweep the voltage out of the dc supply from +7.0 V toward +6.0 V.

Watching the oscilloscope, note when the trace changes from an ECL. low to an ECL high,
and stop the sweep.

Read the DMM to find out the voltage when the transition occurred. This voltage should be
between 4-6.58 V and +6.12 V.

Repeat steps 13 through 16 for each of the active high ocutputs of the probe, CH1({H) through
CH8(H). (Refer to Table 5-6 for the location of each cutput.) Each time the transition voltage
should be between +658 V and +6.12 V.

prevents damage to the modules or the mainframe.

P&454 100 MiHz CLOCK PROBE PERFORMANCE CHECK

To verify complete operation of the P6454 probe, the functional check for the probe should be
performed before attempting this performance check. You will need the foliowing equipment to

complete this performance check procedure:

o DAS mainframe

o 91A08 Data Acquisition Module

DAS Service Maintenance Kit

350 MHz, 2 channel oscilloscope

s 200 MHz variable sine wave generator with adjustable amplitude

PG 502 Pulse Generator

3.5 digit digital multimeter {DMM) with 0.1% or greater accuracy

REV MAY 1983
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* BNCT

BNC male to dual binding post

* Termination, 50Q

5X Attenuator
For instructions on use of the various menus, refer to the Operating Information section of this

manual. Refer to the beginning of this Verification and Adjustment Procedures section for infor-
mation on using the Main Extender board in the DAS Service Maintenance Kit.

(1) Mainframe Setup

The next steps set up the DAS mainframe in the way recommended for this performance check

procedure.
CAUTION

Do not instail or remove any electrical module or sub-assembly in a DAS mainframe while the
power is on. Doing sc will probably darage the modute or sub-assembly.

1. Turn off the DAS mainframe,

2. Instail the Main Extender board in slot 6 of the DAS mainframe. Make sure the jumpers on
the extender board are set to accept an acquisition module.

3. Install the 91A08 module on top of the extender board.

4. Connect the P6454 100 MHz Clock Probe to the coaxial connector on the rear edge of the
91A08 module,

5. Turn on the DAS mainframe and enter the Trigger specification menu.
8. Set the trigger mode to 91AQ08 only. Set the 91A08 clock to EXT | and trigger on 55.

7. Enter the Channel Specification menu. Set the 81A08 (in slot 6) threshold to variable
+0.00V.

(2) Threshold Accuracy Check

1. Connect a 5X attenuator to the cutput of the pulse generator. Connect a T connector to the
5x terminator.

2. Connect one side of the T connector to a 50 termination. Connect to the 502 termination a
dual male binding post.
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3. Connect o the binding post the P6§454 Clock probe and a DMM.

4. Set the pulse generator PERICD to EXT TRIG and PERIOD VARIABLE fully counter
clockwise.

5. Set PULSE DURATION to SQ WAVE and pull the BACKTERM switch out. Pull the
COMPLEMENT switch out and adjust the cutput low level for —45mV to —50mV.

6. Press COMPLEMENT switch in and adjust the output high level for +45 to +-50mV. Change
the PERICD to .1us and discoennect the DMM.

7. Connect channel two of the scope to TP511 on the 21A08.

8. Press START ACQUISTION on the DAS and look for an approximate 10MHz signal at an
ECL level.

9. Press STOP and enter the CHANNEL SPEC menu and set the 91A08 threshaold variable to
—2.50V.

10. Remove the 5X attenuator from the pulse generator and repeat steps 3 through 7, adjusting
the output high level to —2.62V and the output low level for —2.37V.

11. Press START ACQUISTION on the DAS and look for an approximate 10MHz signal at an
ECL level,

12. Press STCP and enter the CHANNEL SPEC menu and set the 91A08 threshold variable to
+5.00V. Repeat steps 3 through 7, adjusting the output high level for +5.20V and the
output low level to +4.80V

13. Press START ACQUISTION on the DAS and look for an approximate 10MHz signal
between +4.80V and +5.20V.

(3) Bandwidth and Sensitivity Measurement
These steps verify the bandwidth of the P6454 100 MHz Clock Probe.

1. Turn on the sine wave generator and terminate the output with 50 2. Using a BNC T, connect
a scope probe to a Probe tip to BNC adapter and connect a BNC male to dual binding post
adapter to the 50 € termination. Connect CH 1 of the scope to the Probe to BNC adapter.
Set the output of the sine wave generator to 25 MHz. Set the signal amplitude to 700 mV
peak to peak centered around ground.

2. Connect the IN lead of the P6454 probe to the positive binding post. Connect the REF lead of
the probe to the ground binding post.

3. With the oscilloscope, watch the signal being transmitted by the probe. (This signal is avail-

able on the solder side of the 31A08 module across R702. The signal should be a sine wave.
AC couple the scope and use a scope probe with a bayonet ground assembly.
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4. With the oscilloscope, measure the amplitude of the output of the P6454 probe. To meet the
input sensitivity specification, the amplitude should be equal to or greater than 70 mV. Re-
cord this amplitude.

5. Multiply the amplitude measurement just taken by 0.707. This gives the amplitude the signal
will have when it has lost 3 dB. Record this value.

8. Increase the frequency of the sine wave while maintaining a constant amplitude of 700mV.
Continue to increase the frequency of the sine wave until the signal from the probe has
decreased by 3 dB.

7. Check the frequency of the sine wave generator at this point. The frequency of the generator
should be above 150 MHz.

P6455 TTL/MOS PATTERN GENERATOR PROBE PERFORMANCE CHECK

To verify complete operation of the P6455 probe, the functional check for the probe should be
performed before attempting this performance check. You will need the following eguipment to
complete this performance check procedure:

» DAS mainframe

91P16 Pattern Generator Moduie

100 MHz oscilioscope

¢ Dual variable dc power supply

3.5 digit digital muitimeter (DMM) with 0.1% or greater accuracy

Ten 1.5 K2 resistors

For instructions on use of the various menus, refer to the Operating information section of this
manual,
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NOTE

Measure alf waveform durations in the following steps at 50% of the amplitude of the
waveform.

{1} Mainframe Setup

The next steps setup the BAS mainframe in the way recommended for this perfoermance check
procedure.

10.

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
whife the power is on. Doing so will probably damage the module or sub-assembly.

. Turn off the DAS mainframe,

Install the 91P16 module in siot 1 of the DAS mainframe,
Set one channel of the power supply to ground ang the other channel to +5 V.

Connect the P6455 TTL/MOS Pattern Generator Probe to pod connector B on the rear edge
of the 91P16 modute.

Set the recessed slide switch on the back of the P6455 TTL/MOS Pattern Generator Probe
to NORM.

Connect the V| line of the P6455 probe to the power supply output that is currently set to
ground.

. Connect the V,, line of the P6455 probe to the +5 V output of the power supply.

Install a high speed lead set in the probe.
Turn on the DAS mainframe.

Enter the Pattern Generator Program menu. Adjust the program to match the following:

SEG  LABEL  ByIERs INSTRUCTIONS  STROBES
8 TEST 6288 ]
{ earF
2 oEa
3 GBFF GOTG  TEST
3625-371
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11,

Set the pattern generator clock to internal 40 ns.

{2) Maximum Frequency Verification
The next steps verify the operation of the probe at 25 MHz withV, = 0V andV, = +5 V.

1.

2.

Press the START PAT GEN key on the DAS keyboard.

With the oscilloscope, examine the CLK line out of the probe. The signal should be present at
25 MHz. The amplitude of the signal should be at least 3 V peak to peak.

. Examine the data lines out of the probe with the oscilloscope. The signal should be present

at 12.5 MHz. The amplitude of the signal should be at least 3 V peak to peak.

Examine the STRB output of the probe with the oscilloscope. The signal should be present at
6.28 MHz. The width of the high pulse should be between 30 and 50 ns.

(3) Logic Supply Voltage Check

These steps check the limits of the acceptable logic supply voltages.

5-206

Some of the following tests take the probe to the limit of accepiable logic thresholds.
Do not overshoot these voltages or the probe may be damaged.

. Enter the Pattern Generator Program menu. Set the pattern generator clock to internal 1 us.

Press the START PAT GEN key.

Use the oscilloscope to monitor the CLK output of the P6455 probe. Being careful not to
overshoot the target, increase the voltage for the V,, probe supply to +15 V. The CLK output
should have a pulse wave that swings near the high and low logic supplies.

Examine the other outputs of the probe. All cutputs should exhibit pulses with an amplitude
similar to the clock line.

Use the oscilloscope to monitor the CLK output of the P6455 probe. Being careful not to
overshoot the target, decrease the voltage for the V,, probe supply to 0 V.

Being careful not to go past the mark, decrease the voltage for the V| probe supply to
—15 V. The CLK output should still have a pulse wave that swings near the high and low
legic supplies.

Examine the other outputs of the probe. All outputs should exhibit pulses with an amplitude
simitar to the clock line.
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Increase the voitage for the V| probe supply to —12.5 V.

Use the oscilloscope to monitor the CLK output of the P6455 probe. Being careful not to
overshoot, increase the voltage for the V,, probe supply to 4+12.5 V. The CLK output should
show a pulse waveform of approximately 24 V peak to peak.

Examine the other outputs of the probe. All outputs should exhibit pulses with an amplitude
similar to the clock line.

(4) Current Drain Verification

These steps verify that the probe does not draw more than the specified operating current.

1.

10.

11.

12,

13.

Press the STOP key on the DAS. This stops the pattern generator and helps protect the
probe during the next connections.

. Set the DMM to a range that will read 120 mA de current.

Disconnect the power supply from the V,, line of the probe. Connect one lead of the DMM to
the V, line of the probe.

Connect one lead of the DMM to the power supply that was providing the voltage to the V|
line of the probe.

Enter the Pattern Generator Timing menu. Change the MODE field to STEP.

Press the START PAT GEN key. The DMM should indicate that 120 mA or less is being
drawn by the probe.

. Press the START PAT GEN key again. DMM should still indicate that the probe is drawing

120 mA or less.

Press the STOP key. This stops the pattern generator and helps protect the probe during the
next connections.

Disconnect both of the leads of the DMM from the power supply and the probe. Reconnect
the V, line of the probe to the power supply that is set to +12.5 V.

Disconnect the power supply from the V_line of the probe. Connect one lead of the DMM to
the V_line of the probe.

Connect one lead of the DMM to the power supply that was providing the voltage to the V
line of the probe.

Press the START PAT GEN key. The DMM should indicate that 120 mA or less is being
drawn by the probe.

Press the START PAT GEN key again. DMM should still indicate that the probe is drawing
120 mA or less.
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14. Press the STOP key.

15. Disconnect both of the leads of the DMM from the power supply and the probe. Reconnect
the V_line of the probe to the power supply that is set to —12.5 V.

{5) Output Level Verification
These steps verify the output levels of the P6455 probe.
1. If they are not already present, put gripper tips on ail outputs of the lead set.
2. Connect all of the outputs of the probe to 1.5 k resistors. Connect all of the resistors 1o the
ground of the dual power supply. Each probe channel now has a ioad of approximately 8 mA
with either of the output logic states.

3. Press the START PAT GEN key. The probe shouid now output FF hexadecimal.

4. With the DMM, check the outpdt voltage of all data channels of the probe. All voltages
should be greater than +10.9 V.

5. Press the START PAT GEN key. The probe shouid now output 00 hexadecimal.

6. With the DMM, check the output voltage of all data channels of the probe. All voltages
should be less than —12.0 V.

This completes the P6455 TTL/MOS Pattern Generator Probe performance check. The test setup
may now be dismantied. Turn off the DAS mainframe before removing any instrument modules.
This prevents damage to the modules or the mainframe.

P6456 ECL PATTERN GENERATOR PROBE PERFORMANCE CHECK

To verify compiete operation of the P6456 probe, the functional check for the probe should be
performed before attempting this performance check. You will need the foliowing equipment to
complete this performance check procedure:

¢ DAS mainframe

91P186 Pattern Generator Module

a

100 MHz oscilloscope

Dual variable dc power supply

3.5 digit digital multimeter (DMM) with 0.1% or greater accuracy

L

Ten 50 ¢ resistors

For instructions on use of the various menus, refer to the Operating Information section of this
manuat.
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NOTE

Measure all waveform durations in the following steps at 50% of the amplitude of the

W,

aveform.

(1) Mainframe Setup

The
proc

10.

11.

12.

13.

REV MAY 1983

next steps set up the DAS mainframe in the way recommended for this performance check

edure.
CAUTION

Do not install or remove any electrical module or sub-assembly in a DAS mainframe
white the power is on. Doing so will probably damage the module or sub-assermbly.

. Turn off the DAS mainframe.

Install the $1P16 module in slot 1 of the DAS mainframe.

Set the power supply so one channel is adjusted to — 3.0 V and the other channel is adjusted
to +2.0V.

. Connect the P6456 ECL Pattern Generator Probe to pod connector B on the rear edge of the

91P16 module.

Set the recessed slide switch on the back of the P6456 ECL Pattern Generator Probe to
NORM.

. Connect the V, line of the P6456 probe to the power supply output that is currently set to

—-3.0V.

Connect the V, line of the P8456 probe to the +2.0 V output of the power supply.

. install a high speed lead set in the probe.

If they are not already present, put gripper tips on all outputs of the lead set.

Connect alt of the outputs of the probe to 50 Q resistors. Connect all of the resistors to the
ground of the dual power supply. Each probe channel now has a 100 € load for proper ECL
operation.

Turn on the DAS mainframe.

Enter the Pattern Generator Program menu. Adjust the program present to match the follow-
ing program.

Set the paitern generator clock to internal 40 ns.
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5-210

LABEL INSTRUCTIONS  STROBES
TEST 6008 8

OOFF GOT0  TEST

Im-umm-mwmo—-w ﬁ

3625-372

{2) Maximum Frequency Verification

The next steps verify the operation of the probe at 25 MHz with standard ECL levels.

1.

2.

Press the START PAT GEN key on the DAS keyboard.

With the oscilloscope, examine the CLK line out of the probe. The signal should be present at
25 MHz. The amplitude of the signal should be at least 0.65 V peak to peak.

Examine the data lines out of the probe with the oscilloscope. The signal should be present
at 12.5 MHz. The amplitude of the signal should be at least 0.65 V peak to peak.

Examine the STRB output of the probe with the oscilloscope. The signal should be present at .
6.25 MHz. The width of the high pulse should be between 30 and 50 ns.

{3) Output Level Verification

These steps verify the output levels of the P6456 probe.

1.

2.

Enter the Pattern Generator Timing menu. Change the MODE field to STEP.
Press the START PAT GEN key. The probe should now output FF hexadecimal.

With the DMM, check the output voltage of all data channels of the probe. All voltages
should be between +1.4 V and +1.0 V.,

Press the START PAT GEN key. The probe should now output 00 hexadecimal.

With the DMM, check the output voltage of all data channels of the probe. All voltages
should be between +0.35V and +0.0 V.
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This completes the P6456 ECL Pattern Generator Probe performance check. The test setup may
now be dismantled. Turn off the DAS mainframe before removing any instrument modules. This
prevents damage to the modules or the mainframe,

TAPE DRIVE (OPTION 01) PERFORMANCE CHECK
The performance check for the tape drive requires special test equipment that is not available to

the general public. If a performance check is desired, the DAS mainframe containing the tape
drive must be sent to a Tektronix Service Center. There is a charge for the performance check.

1/O INTERFACE (OPTION 02) PERFORMANCE CHECK

There is no performance check procedure for the I/O Interface. The functional check, given else-
where, is sufficient to verify the operation of the I/O Interface.
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