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CHAPTER ONE
INTRODUCTION

1.0 GENERAL

The bc330VME Time Code Processor Operationa and Technical Manua provides the following
information:

Generd Introduction.

Ingtdlation and Setup Details.

Operation and Software Interface Detalls.
I/0O Sgnd Informétion.

Theory of Operation.

Programming Examples.

Drawing Set.

1.1 KEY FEATURES
The sdient features of the bc330VME Time Code Processor include:

Decodes commonly used time code formats. IRIG A, IRIG B, 2137, MILA, NASA36.
Continues to provide time during loss of input time code.

Provides microsecond resolution.

Allowstime capture via an externd event trigger input.

Provides programmabl e propagation delay compensation.

Functions as an A16:D08(O) dave with flexible interrupt capabilities.

Its 4K byte block can be located on any 4K byte boundary in the VM Ebus short address space.
Provides both front pandl and P2 (with -6UD option) 1/0 connections.

Accommodates 3U or 6U (with optiona front panel) racks.

Drives Datum'’s optiond LED display modules with the decoded time.

Datum Inc. bc330VME Time Code Processor 1-1
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1.2 bc330VME OVERVIEW

The bc330VME isasngle height (3U) VMEbus module designed to decode serid time code signals
and provide additiona capabilities not normaly found on asingle board time code reader. The module
conssts of a3U printed circuit board designed to connect to a Datum extenson module which converts
the bc330VME into a 6U module and provides additiona functiondity such asthe -6UD LED display
extenson shown in Fgure 1-1. (Consult the factory for the availability of other extenson modules.)

The operation of the bc330VME is controlled by registers written and read by the host viaVMEbus
A16:D8(O) datatransfers. These registers are used for:

Defining the time code trandation modes of operation.
Activating time capture operations.

Holding the captured time and Satus.

Defining on-board interrupt priority levels and vectors.
Defining the heartbest interval rate.

Defining the propagation delay compensation vaue.

The principa performance characterigtics of the bc330VME are listed in Table 1-1 (located on the
following page).

1-2 bc330VME Time Code Processor Datum Inc.
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bc330VME Performance Specifications

Item

Time Code Reader
Time Code Formats
Carrier Range

Flywhed Accuracy
Modulation Retio
Input Amplitude
Input Impedance

VMEbus Interface
Standardization

Address Space

Data Transfer
Interrupter
Power

TTL/CMOS Input Signals
Event Capture

TTL/CMOS Output Signals
1 Pulse Per Second
Heartbeat Pulse

Operating and Storage Environments

|EEE 1014-1987

Table1-1

Description
IRIG A, IRIG B, 2137, NASA 36, MILA
IRIGA, 10kHz + 2%
IRIG B, 1kHz £ 2%
2137 1kHz + 2%
NASA 36 1kHz £ 2%
MILA 1kHz + 2%
<3.6 ms per hour
31to6:1
SV to5Vpp
5K Ohms (AC coupled)
Revison C.1 of the VMEbus Spec

A16, AM Codes $29 and $2D
4K contiguous bytes

D08(0)

D08(0), I(1-7), ROAK
+5VDC @600mA

TTL/CMOS, Positive or Negative Edge Triggered,
50ns min width, 500 pis min period

TTL/CMOS, Postive edge on time
TTL/CMOS, Pogtive edge on time

Temperature
Operating 0° to 70° C
Non- Operating -50° to 125° C
Redative Humidity
Operating 10% to 80% (non-condensing)
Non-Operating 5% to 95%
Altitude
Operating 1,000 ft below sealeve to 60,000 ft above sealeve
Datum Inc bc330VME Time Code Processor 1-3
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Non- Operating 1,000 ft below sealeve to 20,000 ft above sealevel
1.3 TIME CODE FORMATS

The widespread use of coded timing Sgnalsto assist in the correation of intercept and test data began in
the early 1950's. These signd's can be decoded in red time to indicate the current Time of Day (TOD)
or recorded aong with intercept/test data on magnetic tape recorders for post processing and time
correlaion.

Hundreds of time code formats were developed: one for each agency involved. During the early
1960’ s the InterRange Instrumentation Group (IRIG) promoted a series of “standard” time code
formats now loosdly referred to as IRIG Time Codes. The bc330VME decodes two of these formats:
IRIGA and IRIG B.

More complete details on these and other time code formatsis available free of charge, on request,
from Datum Inc, in the form of the Datum Inc Handbook of Time Code Formats. Figure 1-2 illustrates
aframeof IRIG A, B, or G time code.

Figure1-1
bc330VME VM Ebus Time Code Processor
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1-4 bc330VME Time Code Processor Datum Inc.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



INTRODUCTION

Figure 1-2
IRIG Time Code Frame

IRIG B Time Code Frame

Symbols:
=  Reference Marik: 8 HC, 2 LC

ifhown  Logical "1": 5 HC, 2 LC

lwwen  Logical 0" or Space: 2 HC, 8 LC
10 Cycles or 10 milliseconds for IRIG B or IEEE1344

On Time and First Sub Frame:

:<— ON TIME "~ +10 mS

A double referance mark denotes the start of the frame, 'On Time'. Encoded BCD data
is the time at On Time. The encoded data is this first subframe is 32 Seconds,

Frame:
IRIG B:
| oT
'RRSSRMMRHHRDDRD_RCCRCCRCCRBBRBBR
! Saconds Control Characters
Minutes Control Characters
Hours Control Characters
Deys 17 BIT BINARY
TOD
Datum Inc bc330VME Time Code Processor 1-5
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CHAPTER TWO
INSTALLATION AND SETUP

2.0 GENERAL

The bc330VME isasngle height (3U) VMEbus board designed to be ingtdled in a standard VMEbus
subrack. The bc30VME can be equipped with either a3U or (optiona) 6U front panel. This section
details the steps required to ingtal the module in the subrack.

2.1 BASE ADDRESS SELECTION

Before ingtdling the module in the subrack, the address DIP switch (SW1) must be set. The location of
SW1isshown on Figure 1-1. The bc330VME occupies the 4K bytesin the VMEbus short address
gpace and can be fregly located on any 4K byte boundary. The 4 DIP switch positions of SW1
correspond to address bits A15-A12 as shown in Figure 2-1 and determine the base address for the
module. The addressis defined as the address selected by the SW1 DIP switch when A11-Al are 0.

Figure2-1
DIP Switch SW1
Address Bit Al5 Al4 Al13 Al12
SW1 Switch 4 3 2 1
o o o

@) @) @) @)

To select abase address, set each of the 4 DIP switchesto the ON (same as CLOSED) or OFF (same
as OPEN) position. Setting a DIP switch to the ON position selects alogica O for that address bit, and
the OFF position selectsalogica 1.

The bc330VME responds to address modifiers $2D (Short Supervisory Access) and $29 (Short Non-
Privileged Access) as decoded by the U14 address modifier decoder PLD shown in Figure 1-1. This
decoder PLD can be modified by the factory to decode different and/or additional address modifiers.
Consult the factory for custom address modifier decoding.

Datum Inc. bc330VME Time Code Reader 2-1
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2.2 INSTALLATION PROCEDURE

Once the base address has been selected, the bc330VME isready to beingtdled in the VMEbus
subrack. Ingal the bc330VME asfollows:

Remove the IACKIN*/IACKOUT* backplane jumper for the bc330VME dot. This step should
be done even if you will not be using interrupts for the bc330VME.

Verify that the power to the subrack isturned off before inserting the bc330VME module into the
subrack.

Insert the bc330VME into the subrack dot and secure the board in this dot by tightening the two
front pandl screws.

2-2 bc330VME Time Code Reader Datum Inc.
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CHAPTER THREE
OPERATION AND SOFTWARE INTERFACE

3.0 GENERAL

The bc330VME occupies 4K bytes in the VMEbus short address space (2K D08 [O] memory
locations). Refer to Section 2.1 for details on base address selection. All data transfers between the
VMEDbus and the bc330VME are D08(O) type (single odd byte transfers). This chapter describes the
bc330VME regigters and their use.

3.1 REGISTERS

This section describes the registers used on the bc330VME for controlling its operation and transferring
timedata. Section 3.2 details the use of theseregisters. The Control Register memory map for the
bc330VME islisted in Table 3-1. The memory map for the bc330VME regigtersislised in Table 3-2.
Thefirst column of these tables shows the offset from the base address of each register. The vaue of
each regigter following a VMEbus SY SRESET* is shown where ‘- -’ indicates that the register contents
isundefined. A label for each register islisted asis abrief description of the register’ s function.

3.1.1 CONTROL REGISTERSAND WARM START REGISTER

The Control Registers govern the operation of the bc330VME. A write of any non-zero vaue to the
WARM START Regidter (offset 7FD) causes the bc330VME to perform awarm start reset. During a
warm dart reset, the bc330VME reads the Control Regigters to determine its mode of operation. To
control the operation of the bc330VME, firgt write the appropriate values to the control registers, then
write any non-zero value to the WARM START Register. When the bc330VME is ready to accept
new Control Register values, it will set the WARM START Register contentsto zero. The Control
Regigters are described below. All values are in base hexadecimal.

TCSEL: Input Time Code Selection (offset 001)
00 Automaticaly detectsan IRIG B, IRIG A, 2137, or NASA 36 time code signdl.

42 = Decodes|RIG B only. Automatic code detection is disabled.
41 = Decodes|RIG A only. Automatic code detection is disabled.

43 = Decodes 2137 only.
4D = Decodes MILA only.
4E = Decodes NASA 36 only.

52 = Beginsflywheding immediady.

When ICSEL is set to 52, the gart time will be the time contained in REQTIME (Requested Time Data
Block) when aWARM START is performed. The user should load REQTIME with the desired start
time (see Section 3.1.6) and FERRO/1 with frequency adjust data if necessary (see Section 3.1.5) prior
to issuing the WARM START command.

Datum Inc. bc330VME Time Code Processor 31
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Table 3-1
bc330VME Control Register Memory Map
OFFSET RESET LABEL DESCRIPTION
(HEX) VALUE
001 00 TCSEL Time Code Format Select
003 00 TVINTEN Time Vdid Int Enable
005 00 EVENT Externa Event Control
007 00 MODE Mode Control
009 00 PROPDELO Propagation Delay (M SB)
00B 00 PROPDEL1 Propagation Delay (LSB)
021 00 HBCTRL Heartbeat Control
023 00 HBRATEO Heartbeat Rate (M SB)
025 00 HBRATE1 Heartbeat Rate (L SB)
7FD 00 WARMSTRT | Warm Start Command

TVINTEN:Time Vaid Interrupt Enable (offset 003)

00 = Disabletimevalid interrupt (interrupt source 3).

01 = Enableinterrupt on Time Request time vaid.

02 = Enableinterrupt on Externa Event Capture time vaid.

03 = Enableinterrupt on either Bus Time Request or Externd Event Capture time

vaid.
EVENT: Externd Event Control (offset 005)

00 = Disable Externd Event Capture.

01 = Enable Externd Event Capture on therising edge of the Externa Event Capture
Input.

02 = Enable Externa Event Capture on the failing edge of the Externd Event Capture
Input.

03 = Enable Externa Event Capture on both the risng and falling edges of the Externd

Event Capture Input.

MODE:
00 =

Mode Control (offset 007)
Read time code mode.

PROPDEL 0 and PROPDEL 1. Propagation Delay (offset 009 and 00B)

The propagation delay compensation function can offset the effects of long cables between the time
code source and the bc330VME. These two registers are combined to produce a sgned 16-bit
quantity. The range of values supported is-2048 to +2047. Each unit represents adelay of 0.5 pisec.
For example, avaue of 1000 would effect adelay of 500 psec. Positive vaues advance the 1 PPS

32 bc330VME Time Code Processor Datum Inc.
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(Pulse Per Second) and heartbeat pulses relative to the time code; negative vauesretard the 1 PPS
and heartbeat pulses.

HBCTRL: Heartbeat Control (Offset 021)
00 Disable heartbeat pulses (output remains high).
01 Enable heartbeat pulses at the rate defined by HBRATEO and HBRATEL. The
heartbest festure is not available for IRIG A.

HBRATEO and HBRATEL:  Heartbeat Rate (offset 023 and 025)

The rate at which the heartbeat pulses are generated is controlled by these registers which are combined
to produce a 16-bit unsgned value. Therate of heartbeat pulsesisin pulses per second. For example,
avaue of 1000 would generate 1000 pulses per second. Heartbeat rates are supported from 1 to
2000 pulses per second. Rates above 2000 are not recommended. The heartbeat pulses are
synchronized to the time code. The bc330VME must be decoding time or flywhedling before the
heartbesat rate is programmed.

3.1.2 TIME REQUEST REGISTER

The Time Request Regigter is used to request time from the bc330VME over the VMEbus. A read or
write to this register causes the bc330VME to freeze the time and transfer it to the Requested Time
Data Block so that the time can be read over the VMEDbus.

3.1.3 STATUSBYTE

The bc330VME provides a satus byte containing the status of the time code decoder. The Satus byte
is organized into two 4-bit fields. The lower order fidd (bits 0-3) designates the last known time code
format detected asfollows:

= Wam Start complete, time code not yet found.
= |IRIGB

= IRIGA

MILA

= 2137

= NASA 36

g wWNEO
1

The upper field (bits 4-7) denotes the time code tracking status as follows:

0 = currently decoding time
1 = flywheding

Theterm ‘flywheding’” means that the input time code has been logt or is unusable, but thet the
bc330VME is dill providing time, heartbests, etc., asif the time code was il present.

Datum Inc. bc330VME Time Code Processor 33
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314 TIME VALID FLAG REGISTER

The Time Vdid Hag Register (offset 41F) is used to indicate when the time data blocks contain vaid
time data.

TVFLAG: TimeVdid Hag Regigter (offset 41F)

Bit0 = 1 when Time Requedt timeisvalid.
Bitl = 1when Externd Event Capturetimeisvaid.
Bits2-7 = Not Used.
Table3-2
bc330VME Register Memory Map
OFFSET RESET LABEL DESCRIPTION
(HEX) VALUE
401-417 - - REQTIME Requested Time Data Block
421-437 - - EVTIME Ext Event Time Data Block
419 - - STATUS Status Byte
41B - - FERRO Frequency Error Byte O (MSB)
41D - - FERR1 Frequency Error Byte 1 (LSB)
41F 00 TVFLAG TimeVdid Hag
7FF - - INT3ACK Int Source 3 Acknowledge
C01 - - TIMEREQ Time Request
801 00 INTCRO INT Control Register O
803 00 INTCR1 INT Control Register 1
805 00 INTCR2 INT Control Register 2
807 00 INTCR3 INT Control Register 3
809 1F INTVO INT Vector Register O
80B 1F INTV1 INT Vector Register 1
80D 1F INTV2 INT Vector Register 2
80F 1F INTV3 INT Vector Register 3
EO1 - - PINTCLRO Pending Interrupt Clear O
EO3 - - PINTCLR1 Pending Interrupt Clear 1
E05 - - PINTCLR2 Pending Interrupt Clear 2
EO7 - - PINTCLR3 Pending Interrupt Clear 3

Once the user detectsthat avdid timeis available, the time data block can beread. Once the time data
is read, the user must clear the gppropriate bit in the Time Vdid FHag Regigter. The bc330VME will
only set these bits (except during aWARM START); the user must clear them. The user should clear
bit O of the TVFLAG register before performing atime request.

34
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Table 3-3
Time Data Block Format
OFFSET (HEX) DATA
REQ/EVENT

410/421 Days Hundreds (= for MILA)
403/423 Days Tens
405/425 Days Units
407/427 Hours Tens
409/429 Hours Units
40B/42B Minutes Tens
40D/42D Minutes Units
40F/42F Seconds Tens
411/431 Seconds Units
413/433 Subsecond Count Byte 0 (M SB)
415/435 Subsecond Count Byte 1
417/437 Subsecond Count Byte 2 (L SB)

3.1.5 FREQUENCY ERROR DATA

The Frequency Error Datais used in conjunction with the subsecond count bytes to determine an
accurate subsecond time.  Section 3.3 describes the meaning and use of the Frequency Error data.
Both the Time Request and Externa Event Capture times use the same Frequency Error data.

FERRO and FERR1 must be loaded by the user to set the flywhed rate when the TCSEL byteis set to
52 (FERRO/1 are st by the bc330VME for dl other values of TCSEL.) A vaue of 33920 decimal
causes the bc330VME crysta frequency to be used directly. A value of 33921 lowers the output rate
by 5 partsin 10E7. A value of 33919 increases the output rate by 5 partsin 10E7. The bc330VME
firmware does not initidize FERRO/1 a power up; these memory locations will contain undetermined
values.

316 TIME REQUEST/EXTERNAL EVENT TIME DATA BLOCKS

Two separate blocks of data are used to hold time data. One block holds the time for a Time Request
(from the VMEDbus) and one block holds the time for an Externa Event capture. The format of these
time data blocksis shown in Table 3-3. Thetime digits for days hundreds through seconds units contain
the values 00 - 09. The subsecond count bytes are described in Section 3.3. The requested time data
block isloaded with zeros on power up.

Datum Inc. bc330VME Time Code Processor 35
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For the MILA countdown time code format the days hundreds digit (offset 401/421) holds the sign bit
(MILA does not contain adays hundreds digit). The vauesfor the sgn bit are:

00 + (plustime).
01 - (minustime).

3.1.7 INTERRUPT CONTROL, VECTOR AND PINTCLR REGISTERS

The bc330VME supports four independent interrupt sources (interrupt source 0-3). Associated with
each interrupt source are three registers. one Interrupt Control Register, one Interrupt Vector Regigter,
and one Pending Interrupt Clear Regigter.

3.1.7.1 INTERRUPT CONTROL REGISTERS
The Interrupt Control Registers govern the operation of the VMEbus interrupts. There is one control

register for each interrupt source (i.e. INTCRO controlsinterrupt source O, INTCR 1 controls interrupt
source 1, etc.). The Interrupt Control Register format is shown below.

BIT I 6 5 4 3 2 1 0

FUNCTION [ FLAG FAC X/IN IRE IRAC L2 L1 LO

L2 L1, LO: Interrupt Leve

The three interrupt level bits determine the level a which an interrupt will be generated:

L2 L1 L0 RO LEVEL
0 0 0 DISABLED
0 0 1 IRO1
0 1 0 IRO2
0 1 1 IRO3
1 0 0 IRQ4
1 0 1 IRO5
1 1 0 IRO6
1 1 1 IRQ7

IRAC: Interrupt Auto Clear

If the IRAC is s, IRE (Bit 4) is cleared during an interrupt acknowledge cycle responding to
thisrequest. Thisaction of clearing IRE disables the interrupt request. To re-enable the
interrupt associated with this register, IRE must be set again by writing to the control regigter.

36 bc330VME Time Code Processor Datum Inc.
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IRE: Interrupt Enable

Thisbit must be set to 1 to enable the bus interrupt request associated with the control register.
X/IN: Externd/Interna Vector

Thisbit must be cleared to O in &l cases.
FAC: Hag Auto Clear

If FACissetto 1, the FLAG hit isautomatically cleared during an interrupt acknowledge cycle.
FLAG: HagBit

Thisbit isaflag bit that can be used for processor-to-processor communication and resource
dlocation. The FLAG hit has no affect on the operation of the interrupts.

3.1.7.2 INTERRUPT VECTOR REGISTERS

Each of the four interrupt sources has associated with it an interrupt vector register. Interrupt source O
uses INTVO, interrupt source 1 uses INTV 1, etc. The 8 bit interrupt vector is supplied to the VMEbus
during an interrupt acknowledge cycle. The four Interrupt Vector Registers are set to OF at reset which
corresponds to the MC68000 vector for an uninitiaized interrupt vector.

3.1.7.3 INTERRUPT SOURCE 3 ACKNOWLEDGE REGISTER

Interrupt source 3 requires an acknowledge operation following the interrupt. Before another interrupt
from source 3 can take place, the Interrupt Source 3 Acknowledge Register must be read. The
contents of thisregister are meaningless. Interrupt sources 0-2 do not have corresponding interrupt
acknowledge registers.

3.2 FUNCTIONAL DESCRIPTION

Section 3.1 provided an overview of the bc330VME registers and their function. This section provides
adescription of how these registers are used to achieve the desired functions.

3.21 CONTROLLING THE OPERATING MODE OF THE bc330VME

To control the operating mode of the bc330VME, first write the appropriate data to the Control
Regigters. Then, to cause the bc330VME to take action on the Control Register data, write any non-
zero valueto the WARM START Regiger. Thisaction will cause the bc330VME to perform awarm
reset and to act on the datain the Control Registers. When the bc330VME is ready to accept another

Datum Inc. bc330VME Time Code Processor 37
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WARM START command, it will clear the contents of the WARM START Regigter to 0. Do not
initiate awarm reset unlessthe WARM START Regider isO.

The bc330VME will take 140 psecs to load the Time Request Data Block with the time in response to
aTimeRequest. Thetime, however, isfrozen at the ingtant that the Time Request Regigter is accessed.

3.22 EXTERNAL EVENT CAPTURE

The bc330VME has the ability to capture time and generate an interrupt in response to an externd
event. Usethe Externa Event Control Register (offset 005) in the control block to enable the externa
event function and to select the active edge for capture. When the bc330VME detects the appropriate
edge of the event signd it will freeze the time and load the Event Capture Time Data Block (offsat 421-
437) with thetime. Following the time data transfer, the bc330VME will set bit 1 of the Time Vdid
Flag Regider (offsat 41F), and if the Time Vdid Interrupt Enable byte in the control block is set to 02
or 03 the bc330VME will generate aVMEbus interrupt to take place. The Event Capture Time Data
Block can then beread. After reading the time, bit 1 of the Time Valid register must be cleared. The
bc330VME will not overwrite the Event Capture Time Block unless it detects that bit 1 of the Time
Vaid Flag Register has been cleared. This prevents the Event Time data from being destroyed by a
subsequent event before the user has achanceto read it. The user should be certain that bit 1 of the
TimeVaid FHag is cleared before sarting External Event Captures.

The bc330VME will take 140 psecs to load the Time Request Data Block with the time in response to
aTimeRequest. Thetime, however, isfrozen at the ingtant that the Time Request Register is accessed.

3.23 RATE PROGRAMMABLE HEARTBEAT PULSES

It is often useful to generate a periodic pulse (heartbest) which is synchronized to the time code sgndl.
The bc330VME has the ability to generate this heartbeat. The control register HBCTRL enables the
heartbegt, and the registers HBRATEO and HBRATEL determine the rate of the pulses (in pulses per
second). Following a change to the heartbeat control and rate registers, the user must perform a
bc330VME warm start as described above. The bc330VME must be decoding time or flywhedling
(see Status Byte) before the Heartbeat Pulses are started or €se synchronization of the pulsesin the
time code will not occur. Heartbesat rates are supported from 1 to 2000 pulses per second. Heartbeat
rates above 2000 are not recommended. The heartbeat pulses are available on the front pand 1/0
connector. The heartbeat can generate VMEbus interrupts (interrupt source 2) aswell. Therising edge
of the heartbeat occurs on time. The heartbest feature is not available for the IRIG A time code format.

3.24 PROPAGATION DELAY COMPENSATION

When the time code source is located an appreciable distance from the bc330VME, a significant
propagation delay will be introduced. The bc330VME incorporates a propagation delay compensation
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feature which removes the effects of thisdday. To utilize this feature, Smply load the desired vaue into
the PROPDEL 0 and PROPDEL 1 registers and then perform a bc330VME warm dart.

The PROPDELO (MSB) and PROPDEL1 (LSB) registers are loaded with a 16-bit sgned value
between -2048 and +2047. Each unit represents 0.5 pusec. Positive values advance the 1 PPS and
heartbesat relative to the time code; negative values retard the 1 PPS and heartbeat. For example, if the
cable between the time code source and the bc330VME introduces adelay of 50 psec, and you want
to make the system act asif the time code source is Sitting right next to the bc330VME, then load the
vaue +100 into the propagation delay regigters.

3.3 SUBSECOND COUNT AND FREQUENCY ERROR
NOTE: The notation 2E6 means 2 x 10° or 2,000,000.

The subsecond count in conjunction with the frequency error is used to derive an accurate subsecond
time. The subsecond count is an unsigned 24-bit binary number, and the Frequency Error isan
unsigned 16-bit binary number. The subsecond count multiplied by 0.5 psec will provide the nomina
subsecond time. Therefore, the subsecond count varies nominaly between 0 and 2E6 - 1 (1,999,999)
each second. However, due to the difference between the bc330VME' s crysta clock frequency and
the frequency of the time code, the subsecond count can vary between 0 and some number greater than
or lessthan 2E6-1. Thisvariation in subsecond countsin a 1 second interva givesrise to the frequency
error bytes.

If the bc330VME clock is exactly on frequency and the input time code time base is also perfect, then
the frequency error is0. When the frequency error is 0, the frequency error bytes contain the vaue
33920 decimd (8480 hex). If the frequency error bytes contain the vaue 34000 decima (33920 +
80), for example, then the bc330VME time base isfast by 80 partsin 2E6, and the subsecond count
would need to be scaled down by theratio of 2E6/ (2E6 + 80). Likewise, if the frequency error bytes
contain the value 33840 decimal (33920 - 80) then the bc330VME time base is dow by 80 partsin
2E6, and the subsecond count would need to be scaled up by theratio of 2E6 / (2E6 - 80). In generd,
the subsecond count needs to be scaed by the following factor:

2E6 / (2E6 + (Frequency Error - 33920))
When scaed by the above factor, the subsecond count will always vary between 0 and 2E6-1, giving
an accurate number of 0.5 pisec counts. This methodology alows the user to completely remove the

effects of the bc330VME crysta clock frequency offset and aging.

The user may aso smply divide the subsecond count by the factor (2e6 + (Frequency Error - 33920))
to produce areal number which varies between 0.0000000 and 0.9999995.
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CHAPTER THREE

The programming examples in Chapter 6 provide some useful data structures and agorithms for
working with the subsecond count and frequency error vaues.

3.4 VMEDbusINTERRUPTS

The bc330VME provides four independent VM Ebus interrupt sources as shown in Table 3-4. As
described above, associated with each interrupt source are three registers: Interrupt Control Register,
Vector Regigter, Pending Interrupt Clear Register. Each interrupt source can generate an interrupt on
any one of the seven interrupt request levels (IRQL) onthe VMEbus. All four sources could also use
the same IRQL. Additiondly, each interrupt source can have its own unique interrupt vector. The
following sections describe the operation of each interrupt source.

Table3-4
Interrupt Sources
Interrupt Sources
INT
SOURCE FUNCTION
0 1 Pulse Per Second
1 Future Implementation
2 Heartbeat Pulses
3 Ext Event/Time Request Time Vdid

3.4.1 INTERRUPT SOURCE 0 (1 Pulse Per Second)

The bc330VME generates a 1 Pulse Per Second (1PPS) signal. Thissignal generates arising edge
which occurs at the one time mark of the time code sgnad and is available on the J3 I/O connector. This
1 PPS sgndl can aso be used to generate aVMEbus interrupt. Since this signal is dways active, there
will probably be an interrupt pending associated with it. Therefore, when the Interrupt Control Register
IS set to enable interrupts for this source, an interrupt would be immediately generated. To clear this
pending interrupt, Smply read or write the PINTCL RO register before enabling interrupt source 0 with
INTCRO.

310 bc330VME Time Code Processor Datum Inc.
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3.4.2 INTERRUPT SOURCE 1 (Future | mplementation)
3.4.3 INTERRUPT SOUCE 2 (Heartbeat Pulses)

The rate programmable heartbeat pulses can be used to generate VMEbus interrupts. Use INTCR2,
INTV2, and PINTCLR2 to control thisinterrupt source. Theinterrupt is generated on the risng edge
of the heartbest pulse.

3.4.4 INTERRUPT SOURCE 3 (Time Valid)

Interrupt Source 3 is used to inform the user that avalid time (Externd Event or Time Request) has
been loaded into the Time Data Block without having to poll the Time Vdid Hag Regigter. The Time
Vadid Interrupt Control Register (offset 003) isused (along with INTCRS, INTV3, and PINTCLR3) to
enable thisinterrupt. The user should clear any source 3 pending interrupts before enabling interrupts
with INTCR3 by accessing the PINTCLR3 Register. Also, be sureto read the INT3ACK register
after servicing the interrupt or a subsequent interrupt cannot take place.
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CHAPTER FOUR
INPUT/OUTPUT CONNECTORS

4.0 GENERAL

All 1/0 sgnds (except the PDC sgnds) are available on the front pand connectors. Time code input is
available on the front pane BNC and 15 pin DS connector. The PDC dgnals are available on a20 pin
rectangular connector located near the bottom edge of the module (3U verson only). The location of dl
connectors is shown in Figure 1-1.

4.1 J1 SERIAL DIFFERENTIAL TTL OUTPUT

A serid output (Differentia TTL) is available on the front pand phone jack connector labeled “ J1.”
Either afour wire or Sx wire phone jack can be used with J1. The pinoutsfor J1 arelisted in Table 4-
1. Figure 4-1 showsthe orientation of the J1 pinouts.

The Tx(-) sgnd will drive most RS-232 interfaces.
4.2 TIME CODE INPUT

The time code input is available on the front panel BNC labdled “ J2” and is connected in pardld with
the other connectors which carry thissignd.

4.3 J3SIGNAL I/0 CONNECTOR

All I/O sgnds (except the PDC sgnals and serid output) are connected to the front panel 15 pin DS
connector labeled “J3” and are connected in paralld with the other connectors which carry these
sgnds. The pinout assgnments for the J3 connector are shown in Table 4-2.

4.4 J4 PDC CONNECTOR

The J4 pin connector carries the PDC signas which can be used to drive Datum Time Display modules.
The pin assgnments for the J4 connector are shown in Table 4-3.

4.5 PDC SIGNAL DESCRIPTION
The signds carried on the PDC (Peripherd Data Connector) are generaly used to drive other Datum

products which require decoded time such as the PC26V display module. These signds can, however,
be used by the user for avariety of applications.
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CHAPTER FOUR

Decoded timeis transmitted over the PDC once per time code frame using the PDC ENABLE* and
DO-D7 linesin abyte serid fashion (i.e. aburst of 9 bytes are sent) just after the ontime mark. The
DO-D7 encoding is shown in Table 4-4. The lower nibble contains the BCD encoded time digit and the
upper nibble determines which digit has been transmitted. The DO-D3 data lines are vdid at therisng
edge of PDC ENABLE*. The D4-D7 datalines are vaid anytime PDC ENABLE* islow.

EACH CYCLE isaTTL representation of the time code carrier (high during positive haf cycles, low
during negative hdf cycdes). 1 PPSisaTTL sgnd whose risng edge occurs once per second on time.

Table4-1
J1 Serial Output Pinouts
J1 SIGNAL DESCRIPTION
1 TX(-)
2 Not Used
3 TX(+)
4 Ground
5 Not Used
6 Ground
Figure4-1
J1 Phone Jack Pinout Orientation
5 3 1
6 4 2 bc330VME
Front View
4-2 bc330VME Time Code Processor Datum Inc.
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Table4-2

J31/0O Connector Pinouts

Signal Description
Time Code Input
Ground
Auxiliary Analog Input 1
Ground
Auxiliary Andog Input 2
Ground
Externd Event Input
(Future Implementation)
Heartbeat Pulse Output
(Future Implementation)
1 PPS Output
Ground
-6U Option 1/0
-6U Option 1/0
Not Used
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CHAPTER FOUR

Table4-3
J4 PDC Connector Pinouts
J4 Signal Description
1 Ground
2 PDC ENABLE*
3 DO
4 D1
5 D2
6 D3
7 D4
8 D5
9 D6
10 D7
11 EACH CYCLE
12 Not Used
13 1 PPS
14-17 Not Used
18 Ground
19 +5VDC
20 +5VDC
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Table4-4
PDC Data Format
D7 D6 D5 D4 D3-DO0 (BCD)
0 0 0 0 Days Hundreds
0 0 0 1 Days Tens
0 0 1 0 Days Units
0 0 1 1 Hours Tens
0 1 0 0 Hours Units
0 1 0 1 Minutes Tens
0 1 1 0 Minutes Units
0 1 1 1 Seconds Tens
1 0 0 0 Seconds Units
Datum Inc bc330VME Time Code Processor 45
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CHAPTER FIVE

THEORY OF OPERATION
5.0 GENERAL

This section describes the Theory of Operation for the bc330VME Time Code Processor Module,
Reference Schematic Diagram 11370.

5.1 TIME CODE READER

The heart of the bc330VME utilizes Datum’ s reduced chip set decoder circuitry. Details on the
operation of this circuitry are proprietary.

5.2 VMEbusINTERFACE

The VMEDbus interface congsts of the usua assortment of bus transceivers, buffers, and decoders
commonly found on any microprocessor based system. Support for the interface is provided by the
VME 2000 Save Module Interface device from PLX Technology and the MC68153 Bus Interrupter
Module from Motorola.

Datum Inc. bc330VME Time Code Processor
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CHAPTER SIX
PROGRAMMING EXAMPLES

6.0 GENERAL

This section provides programming examples to illustrate the operation of the bc330VME. The
examples are written in the C programming language. Hexadecima congtants are specified in C by
using the prefix ‘Ox.” The functionsread_byte() and write_byte() are used to indicate adirect access to
aphysca memory location. In most programming environments, reed byte() and write_byte() can be
defined as the following macros, assuming that type char is used for DO8(0) data and that ‘addr’ can be
successfully cast as a pointer to type char.

#define read_byte(addr) (*(char *) (BASE + addr))
#define write_byte(addr, data) *(char *) (BASE + addr) =data

A system dependent base address is defined below where *YYYY’ indicates a 64k byte page of
memory used for A16 data, and ‘S’ indicates the SW1 dip switch setting.

#define BASE OxY'YY'YS000

Memory locations are referred to with the BASE congtant plus an offset congtant. The offset congtants
are referred to with alabd that is defined in Table 3-1 and Table 3-2.

6.1 SETTING UP THE CONTROL REGISTERS
This example shows how to set up the bc330VME control registers. The bc330VME is set up to

automaticaly detect an IRIG A or IRIG B time code input sgnd, disable Time Vaid Interrupts, disable
External Event Capture, and operate in the ‘read time code’ mode.

while(read_byte(WARMSTART) ) ; /* the bc330VME isready to */
[* accept setup datawhen */
/* WARMSTART =0 */
write_byte(TCSEL,0) ; [* setup control registers */

write_byte(TVINTEN, 0);
write_byte(EVENT, 0) ;
write_byte(MODE, 0);
write_byte(HBCTRL, Q) ;
write_byte(PROPDELDO, 0) ;
write_byte(PROPDELL, 1) ;

write_byte(WARMSTRT, 1) ; [* initiate bc330VME warmreset  */
Datum Inc. bc330VME Time Code Processor 6-1
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CHAPTER SX

6.2 SET MAJORTIME

The mgjor timewill be set in REQTIME block when TCSEL is set to 0x03 or 0x52. To load a desired
mgor timeto REQTIME block, see the following programming example:

#define read_byte(addr) (*(char *) (basetaddr) )
#define write_byte(addr, data) *(char *) (baset+addr)=data
#define time0 0x401 /* days hundreds */
#define timel 0x403 /* daystens */
#define time2 0x405 /* days units */
#define time3 Ox407 /* hourstens */
#define timed 0x409 /* hours units */
#define time5 0z40b /* minutestens */
#define time6 0x40d /* minutes units */
#define time7 Ox40f /* secondstens */
#define time8 0x411 [* seconds units */
#define WARMSTART  Ox07fd [* warmstart */
/* Set mgjor time */
write byte(TCSEL, 0x03); /* select external 1pps */
write_byte(time0, 1) ; /* setime days hundreds =1 */
write_byte(timel, 0); [* setime daystens=0 */
write_byte(time2, 0); /* setime days units=0 */
write_byte(time3, 2) ; /* setime hourstens =2 */
write_byte(time4, 3) ; /* setime hours units =3 */
write_byte(time5, 4) ; /* setime minutestens =4 */
write_byte(time6, 7) ; [* setime minutes units =7 */
write_byte(time7, 5) ; /* setime seconds tens =5 */
write_byte(time8, 9) ; /* setime seconds units =9 */
write_byte(TCSEL, 0x03); /* select external 1pps */
write_byte(WARMSTART, 0x01) ; [* warmstart command */
while(read_byte(WARMSTART) {} ; /* wait until the commandisdone */

6-2 bc330VME Time Code Processor Datum Inc.
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6.3 CAPTURING AND READING TIME

This example shows how to capture time across the VMEbus using the REQTIME regigter. The
bc330VME is polled to determine when the time dataiis valid. A useful data structure is defined for (8
bit) bc330VME time data block. The union *btol’ converts four (8 hits) bytes to one (32 bit) unsgned
long integer. The structure ‘time_but’ provides storage for the entire time data block and the frequency
error bytes. The structure provides storage for the 9 mgor time (days - seconds) bytesin the
major_time char array. The three subsecond bytes are written to the time.subsec char array. The
two frequency error bytes are written to the time.fregerr char array. The subsecond count and
frequency error can then be read out as two unsigned long integers.

Union btol {
char ba[4] ;
unsigned long li;
} .

struct time_buf {

char major_time[9] ;
union botl subsec ;
union btol fregerr;

} time={C} ;
write_byte(TVFLAG, 0) ; [* clear itemvalid flag */
write_byte(TIMEREQ, 0) ; [* request time */

[* wait for timevaid (TVFLAGbit0=1) */
while( ! (read_byte(TVFLAG) & 0x01));
/* timeisnow valid and can beread */

timemajor_time[0] = read byte(BASE + 0x401L) [* dayshundreds
*/
timemajor_time[1] = read byte(BASE + 0x403L) [* daystens */
timemajor_time[8] = read byte(BASE + 0x411L) [* secs units */
/* NOTE: time.subsec.ba[0] = O */
time.subsec.ba[1] = read byte(BASE + 0x413L) /* subsec MSB */
time.subsec.ba[2] = read byte(BASE + 0x415L) /* subsec */
/* NOTE: timefregerr.ba[0] = timefregerr.ba[l] = 0 */
timefregerr.ba[2] = read byte(BASE = Ox41bL) [* freqerr MSB */
timefregerr.ba[3] = read byte(BASE = Ox41dL) [* freqerr LSB */
/* convert subsecond count and freg error to real number */
/* between 0.0000000 and 0.9999995 (SEE SECTION 3.3) /*
temp = 2000000L + (timefregerr.li - 33920);
subseconds _real = (float) time.subsec.li / (float) temp;

Datum Inc. bc330VME Time Code Processor 6-3
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CHAPTER SX

6.4 EXTERNAL EVENT TRIGGER

The following example shows how to sat up the bc330VME to receive Externd Event Triggers on the
risng edge. The event is set up to trigger aVMEbusinterrupt. Be sureto read the INT3ACK register
and write a0 to the TVFLAG register during the interrupt service so that another event can take place.

write_byte(EVENT, Ox01) ;
write_byte(TVINTEN, 0x02) ;
write byt WARMSTRT, 1) ;
write_byte(BIM3, VECTOR) ;
dummy = read_byte(INT3ACK) ;
write_byte(PINTCLR3, 0) ;
write_byte(BIMCR3, 0x12) ;

[* wait for interrupt */

[* part of interrupt serviceroutine */

/* read event timedatablock (offset 421 - 427) */
dummy = read byte(INT3ACK) ;
write_byte(TVFLAG, 0) ;

[* returnfrominterrupt */

6.5 HEARTBEAT PULSE

/*
/*
/*
/*

/*

/*
/*

/* enable event on rising edge

enableint on event time
initiate bc330VME warm reset
setup in vector

ack int source 3

[* clear pending interrupt

enableint on IRQ level 2

ack int source 3
clear timevalid register

*/

*/

*/
*/
*/
*/

*/

*/
*/

The following example shows how to set up the bc330VME to generate an interrupt every heartbest
pulse. The heartbest is set up for arate of 1,000 pulses per second. The time code format is assumed
to be IRIG B. Be surethat the bc330VME is decoding time or flywhedling before starting the heartbesat

pulses.
while(read_byte(STATUS) | = 0x01); /* wait for decoding */
write_byte(HBRATEO, 0x03) ; [* heartbeat rate (MSB) */
write_byte(HBRATEL, OXES) ; /* heartbeat rate (LSB) */
write_byte(HBCTRL, 1) ; [* initiate bc330VME warm reset */
write_byte(BIMV2, VECTOR) ; /* set upint vector */
write_byte(PINCLR2.0) ; /* clear pending interrupt */
write_byte(BIMCR2, 0x15) ; /* enableint on IRQ level 5 */
/* wait for interrupt generate every millisecond */

6-4 bc330VME Time Code Processor Datum Inc.
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CHAPTER SEVEN

DRAWING SET
7.0 GENERAL

This chapter contains the schematic diagram, assembly drawing, and partslist for the bc330VME.
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Ref: Drawing No. 11373 F

Assembly, Parts Listing
bec330VME Time Code Processor

Ref: UC 100
Mov 14, 1935 Page: 2 of 2
AS | OPT| BCPMN MANF PN MANUFACTURE YALUE DESCRIPTION QTY# REF DESIG,
1501150 | CMGSCDISM3 CDE 15  PF, 500V DIFFED MICA CAPACITOR 200 |G25
1500035 | J3SAMANGEM © 13 MF, 35V ALLMINUM ELECTROLYTIC Cap 200 | Cras
15033% | 32GAMROZEM i 33 MF Y ALLNINUM ELECTROLYTIC CAP. 100 |c28
1506100 | SRZ11CIOBEAA AV 00 WF, 100V MCOND CERAMIC CAPACITOR 2 AL 100 |Cn
1506153 | GRZ11CISHAL AVK 15000 PF, 100V WONG CERAMIC CAPACITOR 2 AL 100 |c20
1506562 | SR211C5E2AA AV 5600 PF, 100V MOND CERAMIC CAPACITOR 2 AL 100 |Cre
1515104 | MDOTSE1D4MAR AVIUBTMS 01 MF 50V [P GLAAD CAPACITOR 2 | Clas0i2149821-28
1700150 11372F EANCOMM DIV, DATUM be3a0 TCP PRINTED CIRCUIT BOARD 100 | PCB1
oo | 3t ANPHENDL 50 OHM FRONT MNT BNGC BULEHEAD RECEP 100 |
TIM001 | D136 ERMI %6 POS DN CONMECTOR, MALE 100 | P
iz4mE | pepszI-t ANE 15 P05 'Y SKT, 318 RTANG PCEWNT BAL 100 |8
249024 | R4-AGIID AUGAT 24 POS SLIM DIP SOCKET 200 | AEF:uB.10
2150020 | 10620-01-445 ANDOMEPECIRA 20 POS 4P SOCKET 200 | REF-U14,18
2150028 | 106280145 ANDOMSPECIRA 28POS 4P SOCKET 100 | REF. U4
NE2EZ | B4IT4B2 AN E2POS PLCC REC CHIP CARRIER 200 |REFU23
2150004 | S5-64865-NF STEWARD Rt 1PT8 POS SHIELDED PHONE JACK PCMNT 100 |4
[05-800 SEIKOD BMHz CRYSTAL 100 1M
404E00 YME-EL-1450 PHILLIPE COMPOMENTS VME EXTRACTOR HANDLES KIT 100 | BKT1
saoonee | 334115 kil JACK SCREW KIT 100 | BKT1
o2 | RCOPGFIRS ALLEM BRADLEY 1K OHM, 14 FIXED RESISTOR 100 | P4
4Tonca RCOPGF 10 ALLEM BRADLEY 10 K OHM, 14W FIXED RESISTOR 500 |RLILE D
4701153 RCOTGFIEA) ALLEM BRADLEY 15 K OHM, 14W FIXED RESISTOR 100 |Ri2
4TO104 RCOPGFa04! ALLEM BRADLEY 200 K OHM, 14W FIXED RESISTOR 100 |Rs
40072 | ROOPGF4TLS ALLEN BRADLEY ATH OHM, 14W FIXED RESISTOR 100 | Rt
4701813 | RCOPGFS1A) ALLEM BRADLEY 51 K OHM, 14W FIXED RESISTOR 100 |mo
4700885 | ROOPGFESS) ALLEM BRADLEY 6.8 M OHM, 14w FIXED RESISTOR 100 |m
o3 | 720G BECKIAN 10 K OHM, 12W SINGLE TURN POTENTIOMETER 100 |R7
4708472 | TI0A4T2 ALLEM BRADLEY 4.7 K OHM, 18w C-SIP RESISTORS, 10 PN X' 00 | AM1-3
58001 | PESBOM GRAYHILL 4PST DIP SWITCH 100 | 5w
Bo0ea1E | TAFT4 MATIOMAL 14P DIF PHIG BGLIAL D FLIP FLOP 200 |uss
DOCERSE | MMTLFITAN HATIONAL 20P DIP PRG QCTAL O FLIP FLOP 100 |ute
QO0BEET T4HCITI VARIOUS 20P DIP PKG OCTAL D TRANSPARENT LATCH, T/S 100 |0
goisaz | 74585 MATIONAL 1EP DIP PKG 4-BIT MAGNITUDE COMPARATOR 100 |6
FIR0Z | BEHCTIATRY WMOTORCLA E2P PLLC PKG MICROCOMPUTER 100 | U3iEKT)
G031 | MMEBC153 MACAON(X 40P DIP PKG BW CMOS BUS INTERAUPT MODULE 100 |ur
S07030 MC34084P-5 MOTOROLA 3P CASEX0-04 PKG UNDERVOLTAGE SENSING DEVICE 100 |01
JIOTEIS | TAHC244 MATIONAL 20P DOP PG QCTAL BUFFERLINE DRIVER 100 |un
oo07ay | SNTAALSMEAIN T 20P DIF PG OCTAL BUS TRANSCEIVER 100 |us2
S0THES | SNTAALSBAIA-IN | T 20P DIP PHG OCTAL BUS TRANSCEIVER 100 (w7
SO0 | VMEZOD0-45 PLX TECHOMLOGY 24P DIP VME SLAVE INTERFACE 100 |3
S0TE | XRE212CP EXAR 16F DIF PKG PHASE LOCKED LOOP 100 |Ug
MOE001 | EPBOODC-3 ALTERA 24P DIP PRG 30 EPLD 200 | REF: UB,10 [2KT)
SE01s | PALIELEA (] 20P DIP PKG . 3W PAL 100 | REF: L4 [SKT)
Q405020 | PALTBR4ACN MM 20P DIP PRG 3W PAL 38 NS 100 | AEF:U18 [SKT)
wdoE40 | 2TC2S6 VARBOUS 6P DIF PG BW 32 ¥ BYTE, CMOS EPROM 100 | REF: L4 [5KT)
MOTERD IDTTI30LATOS DT 2P PLCC PG 1K X & DUAL PORT RAM 100 | REF; U2 [SKT)
AU <3l ASSEMBLY OPTION
AU | 2109020 | aS005002 au 0 P ATANG HEADER 100 |
AU | 240m80 | 113780 BANCOMM DIV, DATUM BeI30VME <31 FRONT PANEL 100 | e
&UP HUP ASSEMBLY CPTION
fUP 2020 | 35506002 ! 20 POS CONTACT HEADER 100 | M
BUP | 2401604 113760 BAMCOMM DIV, DATUM be330VME <GP Blank F1. Panal Option 100 | BKTY
m STANDARD ASSEMBLY
w 0001 | B1EME ERMI 96 POS DIN CONMNECTOR, MALE 100 | M
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




