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This appendix contains the data sheet for the
AmS513A/AmZ8073A System Timing Controller.
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System Timing Controller

DISTINCTIVE CHARACTERISTICS

Five independent 16-bit counters

High speed counting rates

Up/down and birary/BCD counting
Internal oscillator frequency source
Tapped frequency scaler

Programmable frequency output

8-bit or 16-bit bus interface
Time-of-day option

Alarm comparators on counters 1 and 2

Gomplex duty cycle oulputs

One-shot or continuous cutputs
Programmable count/gate source selection
Programmable input and output polarities
Programmabia gating functions
Retriggering capability

+5 volt powsr supply

Standard 40-pin package

GENERAL DESCRIPTION

The Am9513A System Timing Condroller is an LSI circuit
designed to service many types of counting, sequencing
and timing applications. it provides the capability for pro-
grammable frequency synthesis, high resolution program-
mable duty cycle waveforms, refriggerable digita! one-
shots, time-ol-day clocking, coincidence alarms, complex
pulse generation, high resolution baud rate generation,
frequency shift keying, stop-watching timing, event count
accumulation, waveform analysis, etc. A variety of program-
mable operating modes and control features allow the
AmI513A to be personalized for particular applications as
well as dynamically reconfigured under program control.

The STC includes five general-purpose 16-bit counters. A
vatiety of internal frequency sources and external pins may

be selected as inputs for individual counters with software
salectable active-high or active-low input polarty. Both
hardwara and software gating of each counter is available.
Three-state outputs for each counter provide pulses or
tevels and can be active-high or active-low. The counters
can be prograrmmed to count up or down in either binary or
BCD. The host processor may read an accumulated count
at any time without disturbing the counting process. Any of
the counters may be internally concatenated to form any
effective counter langth up to 80 bits.

The AmZB073A* is functionally equivatent to the Am3513A
with timing enhancements which allow it to be fully speeéd
compatible with the AmZ8001 and AmZ8002 microproces-
SOfS.
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Figure 1-1.
*ZB00C 15 a tacemark of Ziog, Inc 017310
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Top View
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Note: Pin 1 is marked for orientation

ORDERING iNFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the foliowing:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

/ B Valld Combinations
DC, bCB, DI,
Amas13A/ | DIB. PE. PCB,
Davice Type Screening Option Amz6073A | P 1B, LC
B=8um In /BO‘A . 3
Blank = Sid. Processing
D = Cor Package Tem
= Cerdip 24-pin C = Commercial 0°C 1o 70°C
P = Plastic | '= Inustrial —40°C to B5°C Valld Combinations

L= Leadless Chip Consult the local AMD sales office to con-

Carrior . firm availability of specific valid combinations,
J-Piqshcc.l-mtaded check for newly released valid combinations
and/or obtain additional data on AMD's stan-

dard military grade product.

M731D
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Pin No. Name 1] Description

1 Voo +5Y Power Supply.
2 Vgg Ground.
56 X1, X2 o1 {Crysial). X1 and X2 are the connections for an external crystai used 1 determine the Irequency of tha

imernat oacilfator. The crystal should be a paraliel-resanant, fundamental-maode type. An AC ar LT or other
reactiva network may bo used inatead of a crystal. For driving from an external frequency source, X1 shoukd
be lofi open and X2 should be connected to A& TTL source and a pull-up ragistor.

-
{ 7 FOUT 0 {Frequency Out). The FOUT output is derived from a 4-bit counter that may be programmed to divide its
S input by any integer value from 1 through 16 inclusive. Tha input to the counter is selected from any of 15
80urces, including the intermal scaled oscillator frequencies. FOUT may be gated on and off under software
control and when off will exhibit a low impedance to ground. Control over the various FOUT options resides
in the Master Moda register. After power-up, FOUT provides a frequency that is 1716 that of the oscillator.
The input source on power.up is F1.

4, 38, GATE1 - GATES ] (Gate). The Gate inputs may be used o control the operations of individual counters by determining when .
36-34 counting may proceed. The sama Gate inpul may control up to three countars. Gate pins may also be
selected as count sources for any of the counters and for the FOUT dwider. The active polarity for a
selecied Gate input is programmed at each counter. Gating function options aflow level-sensitive gating or
edge-initiated gating. Other gating modes ara available including one that allows the Gate input 1o salect
between two counter output frequencies. All gating functions may also be disabled. The actve Gate input is .
conditioned by an auxiliary input when the unit is operating with an externa! 8-bil data bus. Ses Data Bus .
description. Schmitt-trigger circuitry on the GATE inputs allows slow transition times to be used.

33-29 SRC1 - SACS i (Source).The Source inpuis provide external signals that may be counted by any of the counters. Any
Source line may be rouled ta any or all of the counters and the FOUT divider. Tha aclive palarity for &
selected SAC input is programmed at each counter. Any duty cycle wavelorm will be accepted as long as
the minimum pulse widgth is at least hall the pariod of the maximum specified counting frequency tor the
part. Schmiti-irigger circuitry on the SRC inputs allows slow iransition times to ba used.

3, 2, 40, CuUT1-OUTS [o] (Counter). Each 3.staie OUT signal is directly associated with 8 corrgsponding individual counter.
38, 37 Depending on the counter configuration, the OUT signal may be a pulse, a square wave, or a complex duty
cycle wavelorm. OUT pulse polarities are individually programmable. The output circuitry detecls the
countar giala that would have been afl bits zero in the absence of a reinwalization. That information is used
o generate the selected wavelorm typa. An optional oulput mode for Countars 1 and 2 overrigas the
normal output mode and pravides a trua OUT signal when the caunter contenis match the cantents of an

Alarm register.
12-18, 20, DBo-Der, o {Data Bus). The 16 bidirectional Data Bus lines are used for information exchanges with the host processor.
22-28 DBs - DB15 HIGH on a Data Bus lina comesponds 1o one and LOW cotresponds {o zere; These lines act as inputa when

WR and T3 are active and as cutputs when Al and TF are active. When TS is inactive, these pins are
placad in a high-impedance state. i

Aftor powar-up of raset, the data bus will be configured for 8-bit widtn and will use only DBO through DBY. ‘..f_
DBO is the loast significant and DR7 i3 the mast signiticant bit position. The data bus may be reconfigured
for 16-bil width by changing a control bit in the Master Mode register. This is accomplished by writing an 8-
bit command inte the low-order DD lines while holding the DB13-DB15 lines at a logic high lavel.
Theraatter, all 16 lines can be used, with DB as the least signiticant and DB 15 as the mosi significant bit
When operating in the 8-bit data bus environment, DB8 - DB15 will never be driven aclive by the AmB513A.
DB8 through DB12 may optionally be used as additional Gale inpuls {see Figure 1-3). H unused, they
shouid be held HIGH. When pulled LOW, & GATENA signa! will disalile the action of the oorreﬁﬁmng
counter N gating. DB13- D215 should be helkd HiGH in 8-bit bus mode whenever TS and are
gimullaneously active.

10 [« t (Chip Select). The active-low Chip Select input enables Read and Write operations on the data bus. When
Chip Saloct is HIGH, the Read and Wrile inputs are ignorad. The first Chip Salect signal atter power-up is
used to clear the powar-on resat circuitry. If Chip Select is tied to ground permanenily, the powar-on raset
circuilry may not function. In such a configuration, the software raset command musl be issued following
power-up 1o reset the AmSS513A.

11 RD i (Read). The active-low Read signal is conditioned by Chip Seleci and indicates that internal information is
to be transtarred to the data bus. The source will ba determined by the being addressed and, for Data
Port reads, by the conterds of the Data Pointer register. WH and shouid be mutually exclusive.

] WA 3 {(Writa). The active-fow Write signal is conditioned by Chip Select and indicates thai data bus information is
to be transierred 1o an internal location. The destination will be determined by the being addressed
and, for Oata Port writes, by the contemts of the Data Pointer register. WR and shouid be mutuaily
exclusive.

-} c/b i (Control/Datal. The Conirol/Data signal salects source and dastination locations for Read and Write
operations on the data bus. Control Write operatons load the Command register and the Data Pointer.
Control Read operations oulput the Stalus register. Data Read and Data Write transfers communicate with
all gther intarnal ragistars. Indiract addressing at the data port is controlled internaliy by the Data Pointer
ragister.
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+ 9 Volls VCC Power 1
Ground VSS Power 1
Crystal X1, X2 Q1 2
Read RD Input 1
Wride WH Input 1
Chip Select [0 Input 1
Conirol/Data c/D input 1
Source N SRC Input 5
Gate N GATE Input 5
Data Bus DB o 16
Frequency Out FOUT Crutput 1
Cut N ouT Output 5

Figure 1-2. Interface Signal Summary

Figure 1-2 summarizes the interface signats and
their abbreviations for the STC.

Data Bus Width {MM14)
Package
Pin 16 Bits 8 Bits
12 DBO DBo
13 DB1 DBe1
t4 DB2 DB2
15 DB3 DB3
16 DB4 DB4
17 DBS DBs
18 DB6 DB6
19 caz DB?
20 DBg GATE 1A
22 DB9 GATE 2A
23 DB10 GATE 3A
24 DB11 GATE 4A
25 DB12 GATE 5A
26 DB13 {VIH)
27 DB14 (VIH)
28 DB15 (VIH)

Figure 1-3. Data Bus Assignments
Interface Considerations

All of the input and output signais for the AmMY513A are
specified with logic levels compatible with those of standard
TTL circuits. In addition to providing TTL compatibla voltage
levets, other output condilions ara specified to help configure
non-standard interface circuitry. The logic level spachications
take into account all worst-case combinations of the three
variables that affect the logic lavel thresholds: ambient tem-
perature, supply voitage and processing parameters. A
change in any of these toward nominal vaiues will improve the
actual operating margins and will increase noise immunity.

Unprotected open gate inputs of high quality MOS transistors
exhibit very high resistances on the order of perhaps 1014
ohms. it 15 easy, therefore, in some circumstances, for charge
o enter the gate node of such an input faster than it can be
dischargec and consequently, for the gate voltage to rise high
enough to break down the oxides and destroy the transistor.
Allinputs 10 the Am9513A include protection networks to help

WIS ST B W MU ING IR LTUCE T WD AL YT OIS
1or voltages beyond the normal oparating fevels. Note, howev-
er, that input energy levels can nonetheless be 100 high to be
successfully absorbed, Corwentional design, storage, and
handling precawtions should be observed so that the protec-
tion networks themsalves are not overstrassed.

Within the limits of normal operation, the input protection
tircuitry is inactive and may be modelad as a lumped series
RC as shown in Figure 1-4(a). The functionally active input
connection during normal operation is the gate of a MOS
transistor. No aclive sources or drains are connacted to the
inputs so that neither transient nor steady-state cuments are
impressed on the driving signals other than the charging or
discharging of the input capacitance and the accumulated
leakage associated with the protection network and the input
circuit.

a)

b)

x[} e
100k

X2 D_—_W_r e
I3
=41

AF0Q2520

Figure 1-4. Input Circuitry

The only exception to the purely capacitive input case is the
X2 crystal input. As shown in Figure 1-4(b) an internal resistor
connacts X1 and X2 in addition to the protection network, The
resistor is a modastly high value of mora than 100kohms.

Fanout from the driving circuitry into the Am9513A inputs will
generally be limited by transition time considerations rather
than DC current limitations when the loading is dominated by
conventional MOS circuits. in an operating environment, alt
inputs should be terminated so they do not ficat and therefore
will not accumulate stray static charges. Unused inputs should
ba tied directly to Ground or VCC, as appropriate. An input in
use will have some type of logic output driving it, and
{ermination during operation will not be a problem. Where
inputs are driven from logic external to the card containing this
chip, however, on-board termination should be provided to
protect the chip when the board is unplugged (the input would
otherwise float). A pull-up resistor or a simple inverter or gate
will suffice.

AT,
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dewce for processor oriented systems that is designed to
enhance the available capability with respect to counting and
timing operations. il provides the capability for programmable
frequency synthesis, high resolution programmable duty cycle
waveforms, refriggerable digtal timing functions, time-of-day
clocking, coincidence alarms, compiex putse generation, high
resolution baud rate generation, frequency shift keying, stop-
watching timing, event-count accumulation, waveform analysis
and many more. A variety of programmable oparating modes
and control features allow the Am8513A 10 be personalized for
particufar applications as well as dynamically reconfigured
under pregram control.

The STC includes five general-purpose 16-bit counters. A
variety of internal frequency sources and external pins may be
selacted as mputs for individual counters with software select-
able active-high or active-low input polarity. Both hardware
and software gating o1 each counter is available. Three-state
outputs for each counter provide sither pulses or levels, The
counters can be programmed 10 count up or down in either
binary or BCD. The accumulated count may be read withiout
disturbing the counting process. Any of the counters may be
internatty concatenated to form an effective counter length of
up 1o 80 bits. )

The Am9513A block diagrams indicate the interface -signals
and the basic flow of information. internal contre! lines and the
intarnal data bus have been omitted. The contral and data
registars are all connected to a common internal 16-bit bus.
The external bus may be B- or 16-bits wide; in the B-bit mode,
the internal 16-bit information is multiplexed to the low order
data bus pins DBO through DB7.

An internal oscillator provides a convenient source of frequen-
cies for use as counter inputs. The oscillator's frequency is
controllad at the X1 and X2 interface pins by an external
reaclive network such as a crystal: The oscillator output is
divided by the Frequéncy Scaler to provide several sub-
fraquencies. One of the scaled iraquencies (or one of tén input
signals) may be selacted as an input 10 the FOUT divider and
then comes oul of the chip at the FOUT interface pin.

The STC is addressed by the externat sysleni as two
{ocations: a Control port and a Data port. Tha Control port

register. 1ne Uata por s useq 10 communicate with ali cther
addressable internal locations. The Data Pointer reglster
conirols the Data port addressing.

Among the registers accessible through the Data por: are the
Mastar Mode register and five Counter Modo registers, one for
each counter. The Master Mode ragister controls the program-
mable optins that are not controlied by the Counter Mode
registers,

Each of the five genaral-purpose counters is 16-bits long and
is independently controlled by its Countar Mode register.
Through this register, a user can software select one of 16
sources as the counter input, a variéty of gating and repetition
modes, up or down counting in binary or BCD and active-| hlgh
or aclive-low input and output” polarities.

. Associated with each counter are a Load register and a Hold
register, both accessibla through the Data port. The Load
ragister is used to automatically reload the counter to any
predefined value, thus controlling the effective count pefiod.
The Hold register is used to save count values without
disturbing the count process, permitting thé host processor to
read intermadiate counts. In addition, tha Hold register may bie
used as a soecond Load register {0 generate a number ot
complex output waveforms.

All five counters have the same basic control logic and control
registers. Counters 1 and 2 have additional Alarm registors
ang comparalors associated with them, plus the extra logic
necessary for operating in a 24-hour time-of-day mode. For
real-time operation, the time-of-day fogic will accept 50Hz,
60Hz or 100HZ input frequencies.

Each general counter has a single dedicated output pin. It may
be turned off when the output is not of interast or may be
configured in a variely of ways to drive interrupt controliers,
Drartington buiters, bus drivers, etc. The counter inputs, on the
other hand, are specifically not dedicated to any given
interface fine. Considarable versatility is available for configur-
ing both the input and the gating of individual counters. This
not only permits dynamic reassignment of inputs under soft-
ware-control, but also aliows multiple countars to use a single
input and a single gate pin to control more than one counter.
Indeed, a single pin can be the gate for one counter and, at
the same {ime, the count source for another.

sAe —Spa] )
Garg S WPUT 16-81T LOAD REGISTER
SELECT
rara S 5T
1 -OuT .
TON 1 — e CONTROL
COUNTER B
CONTROL 16-BIT COUNTER |l
LOGK aur
N

| O —

16 BT HOLD REGISTER

16-BIT MODE HEGISTER

—

36-BIT TOR

f

16-B17 ALARK REGISTER

LS001220
Figure 1-5. Counter Loagic Groups 1 and 2
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Figure 1-6. Counter Logic Groups 3, 4 and 5
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commands belore counting can commence. Once armed, the
counting process may be further enabled or disabled using the
hardware gating facilities. The ARM and DISARM commands
permit software gating of the count process in some modes.

The LOAD command causes the counter to be reloaded with
the value in either the associated Load register or the
associated Hold register. i will offen be used as a software
refrigger or as counter initialization prior to active hardware
gating.

Tha DISARM command disables further counting independent
of any hardware gating. A disarmed courter may be reloaded
using the LOAD command, may be incremented or decrem-
ented using the STEP command and may be read using the
SAVE command. A count process may ba resumed using an
ARM command,

The SAVE command fransfers the contents of a counter o its
associated Hold register. This command will overwrite any
previous Hold register contents. The SAVE command is
designad to allow an accumulated count 1o be preserved so
that it can be read by the host CPU at some later time.

Two combinations of the basic commands exist to either
LOAD AND ARM or to DISARM AND SAVE any combination
of counters. Additional commands are provided to: step an
individual counter by one count; set and clear an output
toggle; issue a software rasel; clear and set special bils in the
Master Mode register; and load the Data Pointer register.

Note: Separate LOAD and ARM commands should be used
for asynchronous operations.

Power Supply

The AmM9513A requires only a single 5V powsr supply.
Maximum supply currents are specified in the electrical
spacification at the high end of the voltage tolerance and the
low end of the temperature range. In addition, the current
spacifications take into account the worstcase distdbution of
processing parameters that may be encountered during the
manufacturing life of the product. Typicai supply current
values, on the other hand, are spacified at a nominal +5.0
volts, a nominal ambient temperature of 25°C, and nominal
processing parameters. Supply current always decreases with
increasing ambient temperature: thermal run-away is not a
problam,

Supply current will vary somewhat from part to part, but a
given unit at a given operating temparature wilt exhibit a nearly
constant power drain. There is no functional operating region
that witl cause more than a fow parcant change in the supply
current. Decoupling of VCC, then, is straightforward and will
generally be used to isolate the Am9513A from VGC noise
originating externally

CONTROL PORT REGISTERS

The STC is addressed by the external system as only two
locations: a Control port and a Data port. Transfers at the
Controt porl {C/D = HIGH) allow direct access to the Com-
mand register whan writing and the Siatus register when
reading. All other available internal locations are accessed for
both reading and writing via the Data port (C/D = LOW). Data

¢

the Master Mode register and the Data Pointer control
structure allow several types of transfer sequencing to be
used. See Figure 1-7.

Trans{ers to and trom the Control port are always 8-bils wide.
Each access 1o the Conirod port will ransfer data betwesn the
Gommand register {writes) or Status register {reads) and Data
Bus pins DBO-DB?, regardless of whether the Am9513A is in
8- or 16-bit bus mode. When the Am8513A is in 8-bus mode,
Data Bus pins DB13-DB15 should be held at a logic high
whenover T3 and WR are both active.

Command Register

The Command register provides direct control over each of
the five general counters and confrols access through the
Data port by allowing the user to update the Data Pointer
register, The "Command Description’’ section of this data
sheet explains the detailed operation of each command. A
summary of all commands appears in Figure 1-20. Six of the
command types are used for direct software control of the
cpunting process. Each of these six commands contains a 5-
it $ field. in a linear-select fashion, each bit in the S field
corresponds to one of the five general counters (S1 = Counter
t, 52 = Counter 2, etc.). Whan an S bit is a one, the specified
operation is performad on the counter so designated; when an
S bil is a zero, no operation occurs for the corresponding
counter.

Data Pointer Register

The 6-bit Data Pointer register is loaded by issuing the
appropriate commang through the Control port 1o the Com-
mand register. As shown in Figure 1-7, the contents of the
Data Pointar register are used to conirol the Data port
muliplexer, selacting which internal register is to be accessi-
ble through the Data port.

The Data Pointer consists of a 3-bit Group Pointer, a 2-bit
Element Pointer and a 1-bit Byte Pointer, depicted in Figure 1-
8. The Byie Pointer bit indicates which byte of a 16-bit register
is to be transferred on the next access through the Data port.
Whenever the Data Pointer is loaded, the Byte Pointer bit is
set to one, indicating a least-significant byte is expected. The
Byte Pointer toggles following each 8-bit data transter with an
8-bit data bus (MM13 = 0), or it aiways remains set with the
16-bit data bus option {MM13 = 1). The Element and Group
pointers are used to select which internal register is o be
accessible ihrough the Data port. Althcugh the contents of the
Element and Group Pointer in the Data Pointer register cannot
be read by the host processor, the Byte Pointer is available as
a bit in the Status register.

Random access to any avaiiabla internal data location can be
accomplished by simply loading the Data Pointer using the
command shown in Figure 1-9 and then inifiating a data read
or data write. This procedure can be used at any time,
ragardless of the setting of the Data Pointer Control bit
(MM14), When the B-bit data bus configuration is baing used
(MM13 = 0}, two bytes of data would normally be transferred
foliowing the issuing of the "Load Data Pointer” command.

To permit the host processor to rapidly access the various
internal registers, automatic sequencing of the Dala Pointer is
provided.

2-367
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Figure 1-7. Am9513A Register Access
;
Command
Register [s7] c6 C5 C4 (o= ] cz Ct o ( SRO
S — — }
) 000
Data Pointer
Register e2 E1 G4 G2 &1 ap
Byte Pointer
1 = Least Significant Byte Transierred Next
0 = Most Significant Byle Transterred Next
Eiement Pointer Group Pointer
00 = Mode Register 000 = Ihegal
01 = Load Register Etement Cycle Increment . 001 = Counter Group 1
10 = Hold Register 010 = Counter Group 2
11 = Hold Register (Hokt Cycle Increment} - 011 = Counter Group 3 :
A ) l 100 = Counler Group 4 3
40 = Alarm Register 1 101 = Counter Group & :
01 = Alarm Register 2 § Control Cycle increment 110 = Hlegal
10 = Master Mode Reg. 111 = Control Group
11 = Status Register (No Incrermant) ,
DFDO18%0
Figure 1-8. Data Pointer Register
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Mode Load Holt Hold

Register | Reglster | Register | Register
Countar * FFQ1 FFO8 FF11 FF19
Counter 2 FFo2 FFOA FF12 FF1A
Counter 3 FFO3 FFOB FF13 FF18
Counter 4 FFO4 FFOC FF14 FFIG
Counter 5 FFOS FFOD FF15 FF1D

Maslar Mode Raegister = FF17
Alarm 1 Register = FFO7
Alarm 2 Register = FFOF
Status Register = FF1F

Noles:

1. All codes are in hex.

2. Wnen used with an 8-bit bus, onfy the two low order hex
digits should be written to the command port; the 'FF' prefix
should be used only for a 16-Lit data bus interlace.

Figure 1-9. Load Data Pointer Commands

Sequencing is enabled by clearning Master Mode bit 14 (MM14)
to zero, As shown in Figure 1-10 several typee of sequancing
are available depending on the data bus width being used and
the initial Data Pointer value entered by command.

When E1 =0 or E2=0 and G4, G2, G1 points to a Gounter
Group, the Data Pointer wilt proceed through the Element
cycle. The Element field will automatically sequence through

tha threse values 00, 01 and 10 starting with the value entered, .

‘When the transition from 10 10 0D occurs, the Group field wiil
also be incremented by one. Note that the Element fiald in this
case does not sequence to a value of 11. The Group field
circulates only within the five Counter Group codes.

it E2, E1 = 11 and a Counter Group are salected, then only the
Group tield is sequenced. This is the Hold cycle. it allows the
Hold ragisters to be sequentially accessed while bypassing
the Moda and Load registers, The third type of sequencing is
the Control cycle. If G4, G2, G1 =111 and E2, E1 11, the
Element Pointer will be incramentad through the values 00, 01
and 10, with no change to the Group Pointer.

When G4, G2, G1 =111 and E2, E1 = 11, no incrementing
takas place and only tha Status register will be available
through the Data port. Note that the Status register can also
always be read directly through the Contral port.

For ali these auto-sequencing modes, if an 8-bit data bus is
used, the Byte pointer will toggle atter every data transfer to
allow the least and most significant bytes to be transferred
before the Element or Group fields are incremented.

Prefetch Circuit

To minimize the read access time to internal AmB513A
registars, a prefeich circuit is used for all read operations
through the Data port. Following each read or write operation
through the Data port, the Data Pointer register is updated to
point to the next register to be accessed. Immediately
following this update, the rew register data is transfarred to a
special prefetch latch at the interface pad logic. When the usar
performs a subseguent read of the Data port, the data bus
drivers are enabled, outputting the prefetched data on the bus.
Since the internal data register is accessad prior o the start of
the read operation, its access time is transparent to the user.
To keep the prefetched data consistant with the Data Pointer,
prefetches are alsc performed after gach wrile to the Data
port and after execution of the "Load Data Pointer” com-
mand. The iollowing rules should be kept in mind regarding
Data port Transfers.

LOUMRer 1 Moo Mey. Lounter 1 Mode Heg
| |
Courter 2 Hold Reg. Counter 1 Load Reg.
{ }
. Courter 1 Hoid Reg.
: |
* Counter 2 Mode Reg.
i
Conmer! Hokl Fsg. Counter 2;"’“ Reg.
R
HOLD CYCLE Counter 2 Hoid Reg.
}
L
.
»
[ ]
}
‘ Counter 5 Hold Reg.
Alarm Reg. 1 I
‘ ELEMENT CYCLE
Alarm Reg. 2
J }
Master Mode Reg. Status Fag.
L | I
CONTROL GROUP CYCLE STATUS CYCLE
LS001240

Figure 1-10. Data Pointer Sequencing

1. The Data Pointer register should always be relcaded before
reading from the Data port if & command, other than "Load
Data Pointer,"” was issued to the Am9513A following the
tast Data port read or write. The Dala Pointer does not have
to ba loaded again if the first Data port transaction after a
command entry is 8 write, since the Data port write will
automatically cause a new prefetch 1o ocour.

2. Operating modes N, O, Q, R and X allow the user to save
the counter contents in the Hold register by applying an
active-going gate edge. H the Data Pointer register had
been pointing to the Hold register in question, the pre-
fatched value will not correspond 1o the new value saved in
the Hold Register. To avoid reading an incorrect value, a
new '"Load Data Pointer’ command should be issued
before attempting to read the saved daig. A Data port write
{to another register) wilt also initiate a prefetch; subsequent
reads will access the recently saved Hold register data.
Many systems will use the "saving"' gate edge to interrupt
the host GPU. In systems such as this, the interrupt service
routine should issue & "'Load Data Pointer'' command price
to reading the saved dala.

Status Register

The 8-bit read-only Status register indicates the state of the
Byta Pointer bit in the Data Pointer register and the state of the
QOUT signal for each of the general counters. See Figures 1-11
and 1-18. The OUT signals reported are those internal to the
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The Status register OUT bit reflects an active-high or active-
low TG output, or a TC Toggled output, as programmed in the
Cutput Control Figdd of the Counter Mode register. That is, it
reflects the exact state of the OUT pin. When the low-
impedance to Ground Outpul option {CM2-CM0O =000) is
selected, the Stalus register will reflect an active-high TC
Qutput. When a high-impedance Output option (CM2-
CMO = 100) is selected, the Status register will reflect an
active-low TC output.

For Counters 1 and 2, the OUT pin will reflect tha comparator
output if the comparalors are enabled. The Status register bit
and QOUT pin are active-high if CM2 =0 and active-low i
CM2 = 1. When the high-impedance opfion is selected and
the comparator is enabled, the status register bit will reflect an
active-high comparator output. When the low-impedance to
Ground option is selectad and the comparator is enabled, the
status register bit will reflect an active-low comparator output,

The Status register is normally accessed by reading the
Control port (see Figure 1-7) but may aiso be read via the Data
port as part of the Control Group.

SRA7 | SR6 [ SR5 | SR4 [ SAR3 | SA2 ] SA1 | SRO

| |

—— ouT 4 ouT 2 BYTE
00R 1 POINTER
QuT s ouT3 OuT 1

DFCO1900

Figure 1-11. Status Register Bit Assignments

DATA PORT REGISTERS
Counter Logic Groups

As shown in Figures 1-5 and 1-8, each of the five Counter
Logic Groups consists of a 16-bit general counter with
associated control and ouiput Jogic, a 16-bit Load register, a
16-bit Hold register and a 16-bit Mode register. in addition,
Counter Groups 1 and 2 alse include 16-bit Comparators and
16-bit Alarm ragisters. The comparator/alarm functions are
controlied by the Master Mode register. The operation of the
Counter Mode ragisters is tha same for alf five counters. The
host CPU hag both read and write access to ali registers in the
Counter Logic Groups through the Data port. The counter
itsalf is never directly accessed.

Load Register

The 16-bit road/write Load register is used to control the
effective length of the general counter. Any 16-bit value may
be written inrto the Load register. That value can then be
transferred into the counter each time the Terminal Count (TC)
occurs. 'Terminal Count” is defined as that period of time
when the counter contents would have been zero if an
external value had not been transferred into the counter. Thus,
the terminal count frequency can be the input frequency
divided by the value in the Load register. In all operating

accumulated in the counter, the Load register action can
become transparent by filling the Load register with all zeros.

Hold Register

The 16-bit read/write Hold register is dual-purpose. It can be
used in the same way as the Load ragister, thus offering an
alternate source for module definition for the counter. The
Hold register may also be used to store accumulated counter
valuas tor later transter to the host processor. This allows the
count to be sampled white the counting process proceeds
without interruption. Transfer of the counter contents into the
Hold register is accomplished by the hardware interface in
some operating modes or by softwaro commands at any time.

Counter Mode Register

The 16-bit read/write Counter Mode register controls the
gating, counting, output and source select functions within
each Counter Logic Group. The "Counter Mode Control
Options”' section of this document describes the detailed
control options available. Figure 1-17 shows the bit assign-
ments for the Counter Mode registers.

Alarm Registers and Comparators

Added functions are available in the Counter Logic Groups for
Counters 1 and 2 (see Figure 1-5). Each contains a 16-bit
Alarm register and a 16-bit Comparator. When the value in the
countar reaches the value in the Alarm ragister, the Compara-
tor output will go true. The Master Mode register contains
control bits to individually enable/disable the comparators.
When enabled, the comparator output appears on the OUT pin
of the associated counter in place of the normal counter
output. Tho outpat will remain true as long as the comparison
is true, that is, until the next input causes the count to change.
The polarity of the Comparator output will be active-high if the
QOutput Control Yisld of the Counter Mode register is 001 or 010
and active-low if the Cutput Control field is 101.

MASTER MODE CONTROL OPTIONS

The 16-bit Master Mode {(MM) register is used to control those
internal activities that are not controlled by the individual
Counter Mode registers. This inciudes frequency control,
Time-of-Day operation, comparator controls, data bus width
and data pointer sequencing. Figure 1-12 shows the bit
assignments for the Master Mode register. This section
describes the use of each controi field.

Master Mode register bits MM12, MM13 and MM14 can be
individually set and resat using cormmands issued to the
Command register. In addiion, they can all be changed by
writing directly to the Master Mode register.

After power-on reset or a Master Reset command, the Master
Mode register is cleared to an all zero condition. This results in
the following configuration:

Time-of-Day disabled

Both Comparators disabled

FOUT Source is frequency Fi
FOUT Divider set for divide-by-16
FOUT gated on

Data Bus 8 bits wida

Data Pointer Sequencing enabled
Frequency Scaler divides in binary

01731D
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VAR = LIWAGR DY 10
0001 = Divide by 1
0010 = Divide by 2
0011 = Divida by 3
0100 = Divide by 4

- 0V01 = Divide by 5
0110 = Divide by 8
0111 = Divide by 7
1000 = Divide by 6
100t = Divide by &
1010 = Divide by 10
1011 = Divide by 11
1100 = Divide by 12
1101 = Divide'by 13
1110 = Divide by 14
1111 = Divide by 15

o000 = &3
0001 = SRAC 1
0010 = SAC 2
0011 = SRC 3
0100 = SRC 4
010t = SRC S
0110 = GATE 1
0111 = GATE 2
1000 = GATE 3
1001 = GATE 4 r""\i
1010 = GATE § {

1011 = F1 S
1100 = F2
1Ot = F3 -
1110 = F4 -
1111 = F5

C|vwnisfameial wina] nenz fnes [aamto] meto | s |z | e | s s | iz | ez | o | neo

L. rour Gae
0 = FOUT On

Data Bus Width
0=8-BrBus

1 =18-Bit Bus

Deta Pointer Control
@ = Enabie Increment
1 = Disable- incroment
Scaler Control

0 = Binary Division

- 1 = BCD Division

Figure 1-12. Master Mode Register Bit Assignments

1 = FOUT Off {Low Z to GND)

e e—

0 = Disablad

1 = Enabled
Time-of-Day Mode

00, = TOD Disabled

01 = YOD Enabied;

10 = TOD Enabled;

1% = TOD Enabled;

+ok
-'OUI

g
mpm
0 Input

DFOQt9t11

Time-of-Day

Bits MMO and MM1 of the Master Mode register specify the
. Time-of-Day (TOD) options. When MMO = (0 and MM1 = 0, the
. special logic, used to implement TOD is disabled, and Count-
ors 1 and 2 will operale in exactly the same way as Counters
3, 4 and 5 When MMO = 1 or MM1 = 1, additional counter
decoding and control logic is enabled on Counters 1 and 2,
which causes their decades to tum over at the counts that
generate appropriate 24-hour TOD accumulations. For addi-
tional information, see the Time-of-Day chapter in the 9513A
- System 1|m|ng controller !achnecai manual

- Comparator Enable

8its MM2 and ‘MM3 control the’ Comparators associated with
Counters 1 and 2 'Whan a Cbmparator ig enabled, its outputis”
substituted for the normal counter output on the associated

~.QUT1 or OUTZ pin. The comparator output will be active-high
if the output control field of the Counler Mode register is 001
or 010 and active-low for a code of 101. Once the compare
output is true, it will remain so-until the count changes and the
comparison thereicre goes false.

The two Comparators can always be used individually in any

. operating mode. One special case.occurs when the Time-of-
Day option is revoked and both Comparators are enabled. The
operation of Comparator 2 will then be conditioned by
Comparator 1 so that a full 32-bit compare must be true in
order to generate a true signal on OUT2. QUT1 will continue,

" as usual, to reflect the state of the 16-bit comparisen between
Alarm 1 and Counter 1,

FOUT Source

Master Mode bits MM4 through MM7 specily the source input
for the FOUT divider. Fifteen inputs are available for selection,
and they include the five Source pins, the five Gate pins and
the five internal frequencies derived from the oscillatdr. The
16th combination of the four cantrol bits (all zeros) is used to
assura that an aclive frequency is avaiiatlle at lha mput fo lhe
FOUT divider following reset. . .

FOUT Dlvlder

Bits MM8 ‘through MM11 spacify the dividing ratio - for ihe
FOUT Divider. The FOUT source (selacted by bits MM4
through MM7) is divided by an integer value betwean 1-and 16,
inclusive, and is then passad to the FOUT output buffer. After-
power-on or reset, the FOUT divider is set to divida-by-16. .

FOUT Gate

Master Mode bit MM12 provides ‘a software gatlng capability
for the FOUT signal. When MM12 =1, FOUT is off and in a
low-impedance state to ground. MM12 may be set or cleared
in conjunction with the loading of the other bits in tha Master
Mode register; alternatively, there are commands that allow
MM 12 fo be individually set or cleared directly without chang-
ing any other Master Mode bits. Aﬂer power-up of reset, FOUT
is gated on.

When changing the FOUT divider ratio or FOUT source,
fransient pulses as short as half the period of the FOUT
source may appear on the FOUT pin. Turning the FOUT gate
on or off can algso generate a transient. This should be
considered when using FOUT as a system clock source.
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order o configure the part for an 8-bit or 16-bit external bus.
The internal bus is always 16-bits wide, Whon MM13 =1, 16-
bit data is transferred direcily between the internal bus and alt
16 of the external bus lines. In this configuration, the Byle

. Pointer bit in the Dala Pointer register remains set at ail times.
© When MM13 = 0, 16-bit internal data is transferred a byte ata

time to and from the eight low-order external data bus lines.
The Byte Pointer bit toggies with sach byte transfer in this
mode.

When the Am3513A is sei to operate with an 8-bit data bus
width, pins D88 through DB15 are not used for the data bus
and are available for other functions. Pins DB13 through DB1S
should be tied high. Pins DBB through DB12 are usod as
auxiliary gating inputs and are labelad GATE1A through
GATESA respectively. The auxiliary gate pin, GATENA, is
logically ANDed with the gate input to Counter N, as shown in
Figure 1-13. The output of the AND gate is then used as the
gating signal tor Counter N.

Data Pointer Sequencing

Bit MM14 coniro!s the Data Pointer logic to enable or disable
tha automatic sequencing functions. When MM14 =1, the
contents of the Data Pointer can be changed only directly by
entering a command. When MM14 =0, several types of
automatic sequencing of the Data Pointer are available. These
are described in the Data Pointer register section of this
docurnant,

5

TCN -1 —ad
GATE NPT
GATEW -1 —1  aTieLERER coct
GATEN AMD POLARITY
SELECT LOGIC AND
GATEN .1 Evie L o] counter

GATEN-A

DF001820

Figure 1-13. Gating Control

Thus, the host processor, by controlling MM 14, may repetitive-
ly read/write a single internal focation, or may sequentially
read/write groups of locations. Bit MM14 can be loaded by
writing to the Master Mode register or can be set or cleared by
software command,

Scaler Ratios

Master Mode bit MM 15 controls the counting configuration of
the Freguency Scaler counter. When MM15 =0, the Scaler
dividas the oscillator fraquency in binary steps so that each
subfrequency is 1/16 of the preceding frequency. When
MM15 = 1, the Scaler divides in BCD steps so that adjacent
frequencies are related by ratios of 10 instead of 16 (see
Figure 1-14),

Fi
2]
£
F4
A ———
osc 4BITS ‘oiTs 48ms AMIS F———nF5
o e |
FREQUENCY SCALER
AF00Z540
BCD Blnary
Scaling Scaling
Frequency MM15 =1 MM15=0
1 OsC 0O5C
F2 F1 = 10 F1 + 16
Fa F1 -+ 100 F1 + 256
F4 F1 < 1,000 F1 = 4,098
F5 F1 < 10,000 F1 + 65536

Figure 1-14. Frequency Scaler Ratios
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Special Gate [CM7)

Reload Source (CM6}
Rapetion (CM5)

Gate Control (CM15-CM13)
Count to TC once. then disarm
Count to TC twice. then disarm X X X
Count t0 TG repeatedly withoul disarrming X x X X X X
Gate mpul does nol gate counter inpul X X X X
Count only during active gate level

cle]l
(=S R=F I
o

c|lo|af

§‘°°‘

gl-=[~|=
2
:

0
1
0
LEVEL | EDGE LEVEL { EDGE | 000 jLEVEL | EDGE

K§OOOI

>
>

b

4

Stast count on aclive gate edge and stop count on X X
next TC

Start count on aclive gate edge and step count on X X
second TC

No hardware retrggering X X X X X X X X X X X X
Rejoad counter from Load register on TC X X X X X X

Retoad counter on each TC, alternaling reload % X X X X X
source between Load and Hold registers

Transler i.cad register inte counter on aach TC that
gate is LOW, transfer Hold register into counter on
each TC that gale is HIGH.

Cn active gate edge transler counter inte Hoid
regisier and then reload counter from Load register

Counter Mode M
Special Gate (CM7) 1
Reload Source (CME) [+
Repetition {CMS5) 0 Q
Gate Control {CM15-CM13) 000 | LEVEL | EDGE
Counl tg TC ence, then disarm X X
Count to TG twice, then disarm X
Count to TG repeatedly without disarming X X ’ X X
Gats nput does not gale counter input X X
Count only during active gate level X X

Start count on active gate edge and stop count on X X %
next TG

Start count on active gate edge and stop count on
second TC

o|l=1Z
al=lo
I B B 19

alal|=]OC
=|lo|=12
cjuje]d
o|~|=fc

§_..c_-.-n
-

gle[-|-]o
gl-1-|-]<
f
&

LEVEL | EDGE LEVEL | EDGE EDGE

No hardware retriggering . X X X
Aeload counter fram Load register on TC X X x X X

Relcad counler an each TC, alternating reload
source batween Load and Hold registers.

Transfer Load register mto counter on each TC that
gate is LOW, transter Hold ragister into counter on b4 X
aach TC that gate 15 HIGH.
On aclive gate edge iranster counler intc Hold X X X X
regisier and then reload counter Iror Load register
On aclive gate edge transer counter into Hold X
register, but counting continues

Motes: 1. Courter modes M, P, T, U and W are taserved and should not be used.
2. Mode X 15 available for AmI9513A only.

Figure 1-15 Counter Mode Operating Summary

COUNTER MODE DESCRIPTIONS the ARM command is omitted. The retriggering modes (N, O,
@ and R) are shown with one retrigger operation. Beth a TC

Counter Mode register bits CM15-CM13 and CM7-CM5 select oulput ‘waveform and a TC Toggled oulput waveform are
the operating mode for each counter {see Figure 1-15). To shown for each mode. The symbols L and H are used to
simplify references to a particular mode, each mode is represent count values equal 1o the Load and Hold register
assigned a letter from A through X. Representative wavelorms contents, respectively. The symbols K and N represent
for the counter modes are illustrated in Figures 1-16a through arbilrary coumt values. For each mode, the required bit pattern
1-16v. (Because the letter suffix in the figure number is keyed in the Counter Moda register is shown; *"don’t care” bits are
te the mode, Figures 1-16m, 1-16p, 1-161, 1-16u and 1-16w do marked "'X." These figures are designed to clarty the mode
not exist.) The figures assume down counting on rising source descriptions; the Am8513A Electrical Specification should be
edges. Those modes which automatically disarm the counter used as the authoritative reference for timing relationships
(CM5 = 0} are shown with the W plus ertering the required between signals.

ARM command; for mades which count repetitively {CM5 = 1),
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going source eages gnly, not 10 mactive-going edges. Similar- source edges when it is issued an ARM command. On each

ly, the phrase “'gate edges” refers only o active-going gate TC, the counter will reload from the Load register and
edges. Also, again 10 avoid verbosity and euphuism, the aomatically disarm itselt, inhibiting Turther courting. Counting
descriptions of some modes state that a counter is stopped or will resume when a new ARM command is issued.

disarmed "on a TG, inhibiting further counting." As is fully MODE B
explained in the TC section of this document, for these modes

the counter is actually stopped or disarmed following the Software-Triggered Strobe with Level Gating
aclive-going source edge which drives the counter out of TC.
D In other wards, sinc # counter in the TC state always counts, | CM15 | CM14 | CM13 | CM12 [ CM11] cm10 [ cMe | cme

irespective of its galing or armiay status, the stopping or

L disarming of the counl seguence is delayed until TC is LEVEL X X X * X
terminated.
CM7 [ CMB | CM5 | CM4 | CM3 | CM2 | CM1 | CMC
MODE A o Lo | o x [ x| x] xTx
Software-Triggered Strobe with No Hardware Mode B, shown in Figure 1-16b, is identical to Mode A except
Gating that source edges are counted only when the assigned Gate is
active. The counter must be armed befare counting can accur.
CM16 | CM14 [ CM13 | CM12 | CM11 [ CM10 | CM3 | CM8 Once armed, the counter will count all source edges which
0 o 0 X X X X % occur while the Gate is active and disregard those edges
which occur while the Gate is inactive. This parrits the Gale '
to turn the counl process on and ofl. On each TC the counter
CM7 | CMé | CM5 | CM4 | CM3 | CM2 | CM1 | CMO will reioad from the Load register and automatically disarm
0 0 0 X X X X % itseif.dinhibiting further counting unitl a new ARM command is
issuad.

SOuRcE _/—\/\/_\/_\/\_/_\_/_\_/_\f\_
WA \_/anu
COMMAND
COUNT X
VALUE Lot L'X2X1XLX Lo
TC
ouTeuT

TC TOGGLED )
ouTeuT

WF004590

Figure 1-i6a. Mode A Waveforms
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WFQ04600

Figure 1-16b. Mode B Waveforms

MODE C armed counter. The counter must be armed before application
of the triggered Gate edge; Gate edges applied to a disarmed
counter are disregarded. The counter will start counting on the

first source edge after the friggering Gale edge and will
CMi5 ] CM14 | CM13 ) CM12 | GM11 | CM10 | CMS | CM8 continue ¢counting untit TC. At ng the counter wili reload from
EGGE X X X X X the Load register and automatically disarm itself. Counting will
then remain inhibited until a new ARM command and & new
Gate edge are applied in that order. Note that after application
of a triggered Gate edge, the Gate input will be disregarded for

Hardware-Triggered Strobe

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

0 o [ X X X X X the remainder of the count cycle. This differs from Mode B,
where the Gate can be modulated throughout the count cycle
Mode G, shown in Figure 1-16¢, is identical 1o Mode A, except to stop and start the counter.

that ¢counting will not begin until a Gate edge is applied to the

WF0D4610

Figure 1-16¢c. Mcde C Waveforms
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CM15 | CM14 | CM13 [ CM12 | CM11| GM10 | M9 | CMs omis [ cm1a | omiz[omiz [ omit [omio | ome | oms
o 4] 0 X X X X X LEVEL % X X X X
CM7 { CM6 | CM5 [ CM4 | CM3 | CM2 | CM1 | CMO CM7 | CMB [ CM5 | CM4 | CM3 | CM2 | CM1 | CMO
o] 0 1 X X X X X ¢ 0 1 X X X X X

() Mode D, shown in Figure 1-16d, is typically used in frequency

generation applications. In this mode, the Gate input does not
affect counter operation. Once armed, the counter will count
to TC repetitively, On each TC, the counter will reload itsetl
from the Load register; hence, the Load register value
datarmines the time between TCs. A square wave rate
generalor may be obtained by specifying the TC Toggled
output mode in the Counter Mode register.

Mode £, shown in Figure 1-16e, is idgentical to Mode D, except
the counter will enly count those source edges which occur
while the Gate input is active. This feature atlows the counting
process 1o be enabled and disabled wnder hardware control. A )
square wave rate generator may be obtained by specitying the '
TC Toggled cutput mode.

sounce _/-\_/—\_/_\_/_\/_\_/_\_/_\_/_\_/-\_
COUNT x x x x x
VM-UEML—XL"‘ I.gZX? 1 L L—-| L 2
TC OUTPUT _/_—\ / \
T¢ TOGGLED ' .
QUTPUT

WF004620

Figure 1-16d. Mode D Waveforms

COUNT
VALUE 2 1 L L 1 L2 K42 K+ 1 . L3 X -1 « 2 H 1 L [N 1 L 2
bas
ouTPuT
TC TOGGLED
QuUTPUT B

WFOR4B30

Figure 1-16e. Mode E Waveforms
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cM1s [ cMi1a [cmia[cmiz|emir [ cmie| e | ome

WAFIRFELEI W Y VIR WU MW LAY WM F W Iwew e W see s

EDGE X X X X X

CM15 | CM14 | CM13 | CM12 | CM11 [ CM10; CM9 | CM8

0 0 [ X x X X X

CM7 | CM6 | CMS | CM4 | CM3 | CM2 | CM1 | CMO

0 0 1 X X X X X

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMD

Mode F, shown in Figure 1-16f, provides a non-retriggerable
one-shot timing function. The counter must be armed before it
will function. Application of a Gate adge to the armed counter
will enable counting. When the counter reaches TC, it wil
reload itsel! from tha Load regisier. The counter will tharn: stop
counting, awaiting a new Gate edge. Note that unlike Mode C,
a new ARM command is not needed after TG, only a new Gate
adge. After application of a triggering Gate edge, the Gate
input is disregarded until TC,

0 1 0 X X X X X

In Mode G, the Gate does not affect the counter's operation.
Once armed, the counter will count to TC twice and then
automatically disarm itself. For most applications, the counter
will initially be loaded from the Load register either by a LOAD
commandg or by the last TG of an earlier timing cycle, Upon
counting to the first TC, the counter will reload itself from the
Hold register. Counting wilt proceed until the second TC, when
the counter will retoad itself from the Load register and
automatically disarm itself, inhibiting further counting. Counting
can be resurned by issuing a new ARM command, A software.
triggered delayed pulse one-shot may be generated by speci-
tying the TC Toggled culput mode in the Counter Mode
register. The initial counter contents control the delay from the
ARM command uniil the output pulse starts. The Hold register
contents control the pulse duration. Mode G is shown in Figure

1-16g.
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Figure 1-16f. Mode F Waveforms

01731D
2-377




A A T e N T N 7" A W S W S W S S W

I ) €5 €3 €3 00 (2 €9 €3 &9 S

WF004650
'Flgure 1-16g9. Mode G Waveforms
MODE H MODE 1
Software-Triggered Delayed Pulse One-Shot Hardware-Triggered Delayed Pulse Strobe

with Hardware Gating
oM15 | cM14 [ CM13 | cM12 [ CM11] CM1o | GMa | cus

cM15 | CM14 [cm13 [cmiz [ cmit [emio] ome | oms EOGE <1 x 1 x 1 x 1 x

LEVEL X X X X X
i CM7 | oMs | CM5 | cM4 | M3 | oMz | oMt | ome

CM7 | CME | CM5 | CM4 | CM3 | CM2 | CM1 | CMO 0 1 0 X X X X X

0 1 o X X X X X

Mode |, éhown in Figure 1-16i, is identical to Mode G, except

that the Gate input is used 1o qualify which source edges are armed counter. The counter must be armed before application
to be counted. The counter must be armed for counting to of the triggering Gate adge; Gate adges appliad to a disarmeéd
occur. Once armed, the counter will count all source edges counter are disregarded. An armed counter wilk start counting
- that ocour while the Gate is inactive. This permits the Gate 1o on the first source edge after the triggering Gate edge:

Mode H, shown in Figure 1-16h, is identical to Mode G except that counting will not begin until a Gate edge is apphed to an

turrt the count process on and off. As with Mode G, the Counting will then procesd in the same manner as in Mode G.
counter will be reloaded from the Hold register on the first TC After the second TC, the counter will disarm itsell. An ARM

and relcaded from the Load register and disarmed on the command and Gate edge must be issued in this order 1o

sacond TC. This mode allows the Gale to control the restart counting. Note that after application of a trggering

axtonsion of both the initial output delay time and the pulse Gate edge, the Gate input will be disregarded until the second

width, TC. This differs from Mode H, where the Gate can be

. . . modulated throughout the count cycle to stop and starl the
counter. .

are TRTORRRED, _/ L/ i NUVARE 1l

ourriy 7\ [\
TC TOGGLED Y _X_
ARM
COMMANG
WF004660

Figure 1-16h. Mode H Waveforms
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Figure 1-16i. Mode 1 Waveforms

MODE J

Variable Duty Cycle Rate Generator with No
Hardware Gating

MODE K

Variable Duty Cycle Rate Generator with Level
Gating

cM15 [ omi14 | cm13 ] omiz[cmit oMo | cme | cme CM15] GM1a [ cM13] CM12 [oM11] cmi10 ] oM | cme
o ol o x| x| x| x]x LEVEL x [ x| x ] x| x
CM? | CME | CM5 | CM4 | CM3 | CM2 | CM1 | CMO CM7 | CM6 | CM5 | CM4 | CM3 | CM2 j CM1 | CMO
1] 1 1 X X X X X 0 1 1 X X X X X

Mode J, shown in Figure 1-16i, will find the greatest usage in
frequency generation applications with variable duty cycle
requirements. Once armed, the counter will count continuously
until it is issued a DISARM command. On the first TC, the
counter will be reloaded from the Hold register. Counting will
then proceed until the second TG at which time the counter
wilt be reloadad from the Load ragister. Counting will continue,
with the reload source alternating on each TC, until a DISARM
command is issued tc the counter. {The third TC reloads from
the Hold register, the fourth TC reloads from the Load register,
etc} A variable duty cycle output can be genvrated by
specitying the TC Toggied output in the Counter Made
ragister, The Load and Hold values then directly control the
output duty cycle, with high resclution available when relatively
high count values are usad.

Mode K, shown in Figure 1-16k, is identical to Mode J, axcept
that source edges are only counted when the Gate is active.
The counter must be armed for counting to occur. Once
armed, the counter will count all source adges which occur
while Gate is active and disregard those source edges which
vecur while the Gate is inactiva. This parmits the Gate %o turn
the count process on and off. As with Mode J, the reload
source used will aiternate on each TC, starling with the Hold
ragister on the first TC after any ARM command. When the TC
Toggled cutput is used, this mode atlows the Gale to modulate
the duty cycle of the output waveform. It can affect both the
HIGH and LOW portions of the output waveform.
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Figure 1:16j. Mode J Waveforms
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Figure 1-16k. Mode K -Waveforms
MODE L MODE N

Hardware-Triggered Delayed Pulse One-Shot

Software-Triggered Strobe with Level Gating
and Hardware Retriggering

om15 [ omta [M13 | GMr2 | GMi1 [ cmio | cMs | cua oM15 [ CM14 [ cm13 [ cm12 [ cmi1{cMI0 | CM9 | GMe

EOGE X | X | X ] X | X LEVEL x |ox iox | x| x
cM7 [ cMs | oMs | cma | oma | omz | om1 | omo cM7 | ome | cms | ome | oma [ omz | omi | oMo
o [+ [ [ x| x [ x]x]x 1o o[ x [ x i x [ x]x

Mode L, shown in Figura 1-16, is similar to Mode J except that
counting will not begin until a Gate edge is applied to an armed
counter. The counter must be armed before application of tha
triggering Gate edge; Gate edges .applied to a disarmed
counter are disregarded. The counter will slart counting
source edges aftor the trlggeﬂng Gate adge, and counting will
procesd Until the second TC. Note'that aftér application of a
triggeririg Gaté edge, the Gate inplii willbe disregarded for the

'remamder of ‘the count cycle. This ditfers from Made K, whére

inie gate can be modulated throughout the count cycle to stop

and start the countér. On the first TC after application of the

triggering Gate' edgs, the' counter will be reloaded from the
Hold register. On the second TC, the counter will be relcaded
from this Lead register, and counting will stop until a new gate
edge'is issued fo-the counter. Note that unlike Mode K, new
Gate edges are requnred aﬂer avery second TC to continue
countmg

Moda N, shown in Figure 1-16n, provides a software-triggerad
strobe with level gating that is also hardware retriggerable.
.The, counter must be issued an ARM command befare
counting can ocour. Once armed, the courtter will count all
source edges ‘which occur while the gate is active and -
disregard those source edges which occur whils the Gate is
inactive. This permits the Gate to turn the count process on
and off. . After, the issuance ot the. ARM. command. and. the
application of an active Ga1e, the counter will <ount to TC.
Upon reaching TC, the counter will reload from the Load

- register and autormgtically disarm itself, inhibiting forther count-
ing: Counting . will resume .upon the issuance of a new ARM -
cormmand.” All active-going Gate edges issued.10.an armed
counter will cause a retrigger opefation. Upon ‘application of
the Gale adge, the counter contents will be saved in the Hold
regastar On the first qualified source edge after application of.
the reffiggering gate edge, the contents of the Load register -
will ba transierred into the counter. Counting will resima on
the second qualitiod source aedge after the refriggering Gate
edge. Qualified source edges are active- gomg odges whmh
cceur while the Gate is active,
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Flgure 1-16l. Mode L Waveforms
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Figure 1-16n. Mode N Waveforms
MODE © moedulate counting. The counter must be armed befora appli-
cation of the triggering Gate edge; Gate edges applied to a
Software-Triggered Strobe with Edge Gating disarmed counter are disregarded. Irrespective of the Gate
and Hardware Retriggering level, the counter will count all source edges after the
triggering Gate edge untif the first TC. On the first TCthe
CM15 ICM14 l CM13{ CM12 | CM11 | CM10 | CM9 | CM8 counter will be reloaded from the Load register and disarmed.

A new ARM command and 2 new Gate edge must be appliod

EDGE X X X L a in that order 1o infliate a new counting cycle. Unlike Modes C,

F, I and L, which disregard the Gate input once counting starts,

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO in Mode O the count process wil be retriggered on all active-

going Gate edges, including the first Gate edge used 1o start

! 0 0 X x X X X the counter. On each retriggering Gate edge, the counter

contents will be transferred into the Hold register. On the first

Mode O, shown in Figure 1-160, is simitar Mede N, excep! that source edge afler the relriggering Gate edge, the Load

counting will not begin until an aclive-going Gate edge is register contents will be transferred into the counter. Counting
applied to an armed counter and the Gate level is not used to will resume on the second-source edge afler a retrigger.
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2-381

“Artisan Technof.c_a_'gy‘pro' p- :Qual'ity _.st:r_uﬁen'tat'ion . Guatanteed | (88)88SOURCE | www




o

v AR VAR WAL W AW AW AV Y AV A VAW AV AVAVAVA VAW
7 NANNALAVALNW/ZL\AARAANAARMANNRY G660
CE T 69 () 0D €3 65 (D (=) €3 €5 € G

T
[- 11 T ’ \
L 1
TC TOO0LED 'i tr X
- 4 —
X
WFQ04720
Figure 1-160. Mode O Waveforms
MODE Q MODE R

Rate Generator with Synchronization (Event
Counter with Auto-Read/Reset)

Retriggerable One-Shot

cM15 | cm14 | cm13 [ cmiz | cMi1 [ cmio | ome | cme

CM15 [ Cma4 | cmia [ cMiz [ oMi1 [ cmio | ome | oms

LEVEL X X X X X

EDGE X X X X X

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

GCM7 | CM6 | CM5 | CMd4 | CM3 | CM2 | OM1 | CMO

1 0 1 X X X X X

1 Q 1 X x X X X

Mode Q, shown in Figure 1-16q, provides a rale generalor with
synchronization or an event counter with auto-read/reset. The
countar must first be issued an ARM command belore
counting can occur. Once armed, the counter will count all
source adges which occur while the Gate is active and
disregard those edges which cocur while the Gatoe is inactive.
This permils the Gate to turn the count process on and off.
Aiter the issuance of an ARM command and the application of
an active Gate, the counter will count to TC ropstitively. On
each TC.the counter wili reload itself from the Load register.
The counter may be retriggerad at any time by presenting an
active-qgoing Gate edge to the Gate inpul. The retriggering
Gate edge will transfer the contents of tha counter inlo the
Hold register. Tha first quakilied source edge aller the retng-
gering Gate edge will transfer the contents of the Load
register into the Counter. Counting will resume on the second
qualified source edge afler the retriggering Gate edge. Quali-
fied source edges are active-going edges which occur while
the Gate is active.

Mode R, shown in Figure 1-16¢, is similar to Mode Q. excepl
thal edge gating rather than level gating is used. (n other
words, rather than use the Gale level to qualify which source
edges to count, Gate edges are used to start the counting
operation. The counter must be armed betore appiication of
the triggering Gate adge; Gate edges applied 10 a disarmead
counter are disregarded. After application of a Gate edge, an
armed counter wiil count all source edges until TG, irrespec-
tive ot the Gate level. On the first TG, the courter will be
reloadad from the Load ragister and slopped. Subsequent
counting will not cccur until a new Gate edge is applied. All
Gate adges apphed 1o the counter, including the first used to
trigger counting, initiate a retrigger operation. Upon application
of a Gate edge, the counter contents are saved in the Hold
register. On the first source edge alter the retnggenng Gate
edge, the Load register contents will be transferred into the
courder. Counting wil resume on the second source edge
after the retriggering Gate edge.
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Figure 1-16q. Mode Q Waveforms
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Figure i-16r. Mode R Waveforms
-,
MODE 5 MODE V
RELOAD SOURCE Frequency-Shift Keying
cMi5 | oM14 | cM13] omiz [ om11 [ om1o] ome | oms CM15 | CM14 | CM13 | CM12 | CM11 | CM10} CM9 ; CM8

0 0 0 X X X X X

0 0 0 X X X X 4

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

CM7 [ CM8 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

1 1 1 X X X X X

In this mode. the relcad source for LOAD commands (wre-
speclive of whether the counter is armed or disarmed) and for
TC-initiated reloads is determined by the Gate input. The Gate
input in Mode § is used conly to select the retoad source, not to
start or modulate counting. When the Gate is Low, the Load
register s used; when the Gate is High, the Hold register is
used Note the Low-Load, High-Hold mremonic convention.
Once armed, Ihe counter will count to TC twice and then
disarm iself. On each TC, the counter will be reloaded from
the relcad source selected by the Gate. Foliowing the second
TC. an ARM command is required 1o start a new counting
cycle Mode S 15 shown in Figure 1-16s.

Mode ¥, shown in Figure 1-18v, provides frequency.-shift
keying modulation capability. Gate operation in this mode is
identical to that in Mode S. If the Gate is tow, a LOAD
command or a TG-induced refoad will reload the counter from
the Load register. If the Gate is HIGH, LOADs and reloads will
occur from the Hold register. The polarity of the Gate only
selects the reload source; it does not starl or modulate
counting. Once armed, the counter will count repetitively 1o
TC. On each TC, the counter will reload itself from the register
determined by the potarity of the Gate. Counting will continue
in this manner unti a DISARM command is issued to the
counter. Frequency shift keying may be obtained by specifying
a TC Toggled outpul mode in the Counter Mode register. The
switching of frequencies is achieved by modulating the Gate.
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Figure 1-16s., Mode S Waveforms
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Figure 1-16v, Mode V Waveforms
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Figure 1-16x. Mode X Wavelorms

MODE X
Hardware Save {available in Am9513A only)

cM15 [ cM14 [ cmi13 | cmi2[cMi1 [cmio | cme | oms

Edge X X X X X

CM7 [ CMB | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

1 1 1 X X X X X

Mode X, as shown in Figure 1-16x, provides a hardware
sampling of the counter contents without interrupting the
counmt. A LOAD AND ARM command or a LOAD command
followed by an ARM command is required to initialize the
counter. Once armed, a Gate edge starts the counting
operation; Gate edges applied to a disarmed counter are
disregarded. After application of the Triggering Gate edge, the
countar will count all qualified source edges until the first TG,
irrespective of the gate level, All gate edges apphied during the
counting sequence will store the current count in the Hold
ragister, but they will nat interrupt the counting sequence. On
each TC, the counter will be reloaded from the Load register
and stopped. Subsequent counting requires a new triggering
Gate adge; counting resumes on the first source edge
following the triggering Gate edge.

Note: Mode X is only available in the Am9513'A’ devicas.

COUNTER MODE CONTROL OPTIONS

Each Counter Logic Group includes a 16-bit Counter Mode
{CM) register used toc control all of the individual options
available with its associated general counter. These options
include output configuration, ceunt control, count source and
gating control. Figure 1-17 shows the bit assignments for the
Counter Mode registers. This section describes the contro!
options in detail. Note that generally each counter is indepen-
dently configured and does net depend on information outside
its Counter Logic Group. The Counter Mode register should be
loaded only when the counter is Disarmed. Attempts ic lcad
the Countar Mode register when the counter is armed may
resull in erratic counter operation.

After power-on reset or a Master Reset command, the
Counter Mode registers are initialized to a preset condition.
The value entered is 0BOO hex and resuits in the following
control configuration:

Oultput low-impedance to ground
Count down

Count binary

Count once

Lead register selacted

No retriggering

Ft input source selected
Positive-true input polarity

No gating

Output Control

Counter mode bits CMO through CM2 specify the output
control configuration. Figure 1-18 shows a schematic repre-
sentation of the output control logic. The OUT pin may be off
(a high-impedance state), or it may be inactive with a low-
impedance to ground. The three remaining valid combinations
represent the active-high, activellow or TC Toggle output
waveforms.

One output form available is called Terminal Count (TC) and
represents the period in time that the countar reaches an
aquivalent value of zero. TC will occur on the next count when
the countsr is at 0001 for down counting, at 9999 (BCD) for
BGD up counting or at FFFF thex) for binary up counting.
Figure 1-19 shows a Terminal Count pulse and an example
contaxt that generated it. The TC width is determined by the
period of the counting source. Regardless of any gating input
or whether the counter is Armed or Disarmed, the terminal
count will go active for only one clock cycle. Figure 1-19
assumes active-high source polarity, counter armed, countar
decrementing and an external reload value of K.

The counter will always be joaded from an external location
when TC occurs; the user ¢can choose the source location and
the valua, It a non-zero value is picked, the counter will never
really attain a zero state, and TC will indicate the counter state
that would have been zero had no parallel transfar occurred.
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VAR AT VT LR Sy e e
0001 = SAC 1 1 = Enable Special Gate
0010 = SAC2 0 = Pelosd rom Load
0011 = SAC3 1 = Reloadfrom Load of Hokd
0100 = SRC4 Excapt in Mods X Which
M0 = SRCS Reloads Only from Load
0110 = 1
o1 - gzz 0 = CounOnce
1000 = GATE3 1 = Count Repettivety
1001 = GATE4 0 = Binary Count
1010 = GATES 1 = BCO Count

¢ 1011 « F1 0 = Cout Cown

H 1100 = F2 1 = Comnip
1101 = F3
1110 = F4
111 = F§

(= [ [ o [ [ [ oo [ [ [ow [ [ow [ oo [ [om [ o]

——— —_—————

e—insnn Souros Edge
0 = Counton Rising Edge
+ = Count on Faing Eage

Gating Control Output Control
000 = NoGating . 00C = inective, QutputLow
0031 = Active High TCN-1 00t = Active High Terminai Counl Fulsa
010 = ActveHighLevel GATE N+1 010 = TC Yoggled
0t = ActiveHighLevet GATE N-1 ot1 = inegal
100 = ActiveHighLevet GATEN H0 = mactive, Ouput High - Impedance
101 = ActiveLow Lavel GATEN 101 = ActivelLow Terminal Count Pulse
110 = ActiveMHigh Edge GATE N 110 = thegal
111 = ActiveLow Edge GATEN 1Y = fhegal
DFo0azez

Note: See Figure 1-15 for restrictions on Count Control and Gating Control bit combinations.

Figure 1-17. Counter Mode Register Bit Assignments

T ——————
] a r 1
E I o aTATUS I
COUNTER —1  2:% l 2:1 I 3 QUTPUT
TC OUTPUT "1 { X i
c &
—p B , |
QLEAR l f | OUTPUT LOW
TC/TC TOGGLE COMPARATOR POLARITY oUTPUT
' seLzcT | _oumur | cowmmoL o3 CONTROL
COUNTERS 1 AND 2 OMY
TC CONMECTION
TO N + 1 COUNTER
BD003390
Figure 1-18. Output Control Logic
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Figure 1-19. Counter Output Waveforms

The other outpul form, TC Toggled, uses the trailing edge of

TC to toggle a flip-flop to generate an output level instead of a
pulse. The toggie output is 1/2 the frequency of TC. The TC
Toggled output will frequently be used to generate variable
duty-cycle square waves in Operating Modes G through K.

In Maode 1. the TC Toggled output can be used to generate a
one-shot function, with the delay to the start of the oulput
putse and the width of the outpul pulse separately programma-
ble. With selection of the minimum delay to the start of the
pulse, the output will toggle on the second sourte pulse
following application of the triggering Gate edge.

Note that the TC Toggled cutput form contains no implication
about whether the cutput is active-high or active-low, Unlike
the TC output, which generates a fransient pulse which can
clearly be active-high or active-low, the TC Toggted output
waveform only flips the state of the output on each TC. The
sote criterion of whether the TC Toggled output is active-iigh
or active-low is the level of the output at the start of the count
cycle. This can be controlled by the Set and Clear Qutput
commands. (See Figure 1-20.)

TC (Terminal Count)

Or: each Terminal Count (TC), the counter will reload itsalf
from the Load or Hold register. TC is defined as that period of
time when the counter contents would have been zerc had no
refoad occurred. Some special conditions apply to counter
operation immediately before and during TC.

1. In the clock cycle betore TC, an internal signal is generated
that commits the counter to go o TC on the next count, and
retriggering by a hardware Gate edge (Modes N, O, Q and
R} or a scftware LOAD or LOAD AND ARM command will
not extend the time to TC. Note that the "next count”
driving the counter 1o TC can be caused by the application
of a counl source edge (in level gating modes, the edge
must ocour while the gate is active, or it will be disregarded),
by the application of a LOAD or LOAD AND ARM command
{see 2 below) or by the application of a STEP command.

2. 1f a LOAD or LOAD AND ARM command is executed during

the cycle precegmg TC, the counter will immediately go to
TC. i these commangs are issued during TG, the TC state
will immedialety lerminate.

3. When TG 15 active, the counter wilt always count the next
source edge 1ssued to 1%, even if it is disarmed or gated off
during TC. This means thalt TC will never be active for
longer than one count period and it may, in fact, be shorter if
a STEP command or a LOAD or LOAD AND ARM command
15 apphed during TC (see item 2 above). This also means

that a counter that is disarmed or stopped on TC is actually
disarmed/stopped immediately following TG~

This may cause count sequences different from what a user
might expect. Since the counter is always reloaded at the start
of TC and since it always counts at the end of TC, the counter
conterts following TC will differ by one from the reloaded
value, irrespective of the operating mode used.

If the refoaded value was 0001 for down ¢ounting, 8999 (BCD)
for BCD up counting or FFFF (hex) for binary up counting, the
count at the end of TC will drive the counter inte TC again
regardless of whether the counter is gatad off or disarmed. As
long as these values are reloaded, the TC output will stay
active, If a TC Toggled output is setected, it will toggle on each
count. Execution of a LOAD, LOAD AND ARM or STEP
command with thaese counter contents will act the same as
application of a source pulse, causing TC to remain active and
a TC Toggled cutput to {cggle.

Count Control

Courder Mode bits CM3 through CM7 specify the various
options available for direct control of the counting process.
CM3 and CM4 operate independently of the others and
control up/down and BCD/binary counting. They may be
combined ireely with other control bits to form many types of
counting configurations, The other three bits and the Gating
Control field interact in complex ways. Bit CM5 controls the
repatition of the count process. When CMS5 = 1, counting will
proceed in the specified mode unlil the counter is disarmed.
When CM5 = 0, the count process will proceed only until one
fulk cycle of operation occurs. This may occur after one or two
TC events. The counter is then disarmed automatically. The
single or double TC requirement will depend on the state of
other control bits. Note that even if the counter is automatical-
ly disarmed upon a TC, it always counts the count source edge
which generates the trailing TC edge.

When TC occurs, the counter is always relpadad with a value
from either the Load register of the Hold register. Bi CM6
spacifies the source options for reloading the counter. When
CME = 0, the contents of the Load ragister will ba transferred
into the counter at every occurrence of TC, When CM6 = 1,
the courtter reload location will be either the Load or Hold
Register. The reload location in this case may be controlled
externally by using a Gate pin (Modes S and V) or may
allernate on each TC (Modes G through L. With alternating
sources and with the TC Toggled output selected, the duty
cycle of the output waveiorm is controlied by the relative Load
and Hold values and very fine resoiution of duty cycles ratios
may be achieved.
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on the status of the Gating Control field and bits CM5 and
CM6.

Hardware Retriggering

Whenever hardware reftriggering is enabled (Modes N, O, Q,
and R), aH aclive-going Gate edges initiate retrigger opera-
tions. On application of the Gate edge, the counter contents
will be transferred to the Hold register. On the first qualified
source edge after application of the refriggering Gato edge,
the Load register contents will be transferred into the counter.
{Qualified source edges are edges which occur while the
counter s gated on and Armed)

This means that, if lovel gating is used, the edge occurring on
active-going gate transitions will initiate a retriggar. Similarly,
when edge gating is enabled, an edge used to start the
counier will also initiate a retrigger. The first count source
edge applied afier the Gate edge will not increment/decre-
ment the counter but retrigger it.

If a LOAD, LOAD AND ARM, or a STEP Command occurs
batween the retriggering Gate edge and the first qualified
source odge, it will be interpreted as a source edge and
transfer the Load register contents into the counter. Thereai-
ter, the courter will count all qualified source odges:

Whan sceme form of Gating is specified, CM7 controls hard-
ware retriggering. In this case, whan CMY =0, hardware
retriggering does not occur; when CM7 = 1, the counter is
retriggered any time an active-going Gate edge occurs.
Retriggering causes the counter value to be saved in the Hold
register and the Load register contents o be transferred into
the counter.

When No Gating is specified, the definition of CM7 changes. In
this case, when CM7 = 0, the Gate input has no effect on the
counting; when CM7 = 1, the Gate input specifies the scurce
(selecting either the Load or Hold register) used to reload the
counter when TC occurs. Figure 1-15 shows the various
available control combinations for these interrelated bits.

Count Source Selection

Counter Mode bits CM8 through CM12 specify the source
used as input to the counter and the active edge that is
counted. Bit CM12 controls the polarity for all the sources;
logic zero counts rising edges and logic one counts talling
edges. Bits CMB through CM11 select 1 of 16 counting
sources io route o the counter input. Five of the available
inputs are internal frequencies derived from the intemnal
oscillator {see Figure 1-14 for frequency assignments). Ten of
the available inpuls are interface pins; five are labeled SAC
and five are labeled GATE.

The 16th available input is the TC output from the adjacent
lower-numbered counter. {The Counter 5 TC wraps around to
the Counter 1 input.) This option allows internal concatenating
that permits very long counts te be accumulated. Since all five
countars may be concatenated, it is possible to configure a
counter that is 80-bits fong on one Am9513A chip. When TCN-
1 is the source, the count ripples between the connected
counters, External connections can aiso be made, and can
use the ioggle bit for even longer counts. This is ecasiy
accomplished by selecting a TC Toggled output mode and
wiring OUTN 1o one of the SRC inputs.

Gating Controtl

Counter Mode bits CM15, CM14, CM13 specify the hardware
galing options. When "no gating’” is selected {000),the count-

IPTLANTU Yallly Luninyuianun.,

For a code of 100 in this field, counting can proceed only when
the pin labeled GATEN associaled with Gounter N is at a logic
high favel. When it goes LOW, counting is simply suspended
until the Gate goes HiGH again. A code of 101 perfarms the
same function with an opposite active polarity. Codes 010 and
011 offer the same function as 100, but specify atternate input
pins as Gating Sources. This allows any of three interface pins
to be used as gates for a given counter. On Counter 4, for
exampie, pin 34, pin 35 or pin 36 may be used 1o parform the
gating function. This also allows a single Gate pin to simulta-
neously control up o three counters. Counters 1 and 5 are
considered adjacent when using TCN - 1 (001}, Gate N +1
(010) and Gate N -1 (011) controls.

For codes of 110 or 111 in this field, counting proceeds after
the specified active Gate edge until ona or two TC events
occur. Within this interval, the Gate input is ignored, except for
the retriggering option. When repetition is selected, a cycle will
be repeated as soon as another Gate edge occurs. With
repetition selected, any Gate edge applied after TC goes
active will start a new count cycle. Edge gating is useful when
implementing a digital single-shot since the gate can sarve as
a convenient firing triggér.

A 001 code in this field selects the TC (not TOGGLE) output
from the adjacent lower-numbered counter as the gate. This is
useful for synchronous counting when adjacent counters are
concatenated.

COMMAND DESCRIPTIONS

The command set for the Am3513A allows the host processor
to customize and manage the operating modes and features
for particular applicaticns, to initialize and update both the
internal data and control information, and to manipulate
operating bits during cperation. Commands are anterad direct-
ly into the B-bit Command register by writing into the Control
port (see Figure 1-7}).

All available commands are described in the following text.
Figure 1-20 summarizes the command codes and includes a
brief descriplion of ¢ach function. Figure 1-21 shows all the
unused code combinations; unused codes should not be
entered inlo the Command register since undefined activities
may occur.

Six of the command types are used for direct software control
of the counting process and they each contain a 5-bit S fiald.
In a Yinoar-select fashion, each bitin the S field corresponds to
one of five general counders (S1 = Counter 1, $2 = Counter 2,
etc). When an 5 bit is a one, the specified opueration is
parformed on the counter so designated; when an S bitis a
zerd, no operation occurs for the corresponding counter. This
type of command format has three basic advantages. It saves
host scftware by allowing any combination of counters to be
acted on by a single command. it allows simultaneous action
on multiple counters where synchronization of commands is
important. it alows counter-spacific service routines 1o conlrol
individual countars without needing to be aware of the
operating confext of other counters.

Three of the commands use a 3-bit binary code (N4, N2, N1)
to identify the atfected counter (a 001 programs counter 1,
etc.). Uniike the previously mentioned commands, these
commangs allow you to program only one counter at a time.
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C7 |C8|C5:Ca|Ca|C2|cC1|co Command Description
0 ¢ 0 £2 €1 G4 | G2 | &1 Load Data Pointer register with contents of € and G fields.
(G#000, G*10)
[+ 0 i S5 | 5S4 53 52 | & Arm counting for all salected caunters
Q 1 [H 85 S4 53 52 1 Load contents of specified sowrce inlo all selected counters
0 1 1- | 88 | S4 S3 | 82 | &1 Load and Arm all selected counters®
1 [} 0 S65 | 54 [ 853 | 82 | &1 Disarm ard Save all selected countars
1 a 1 S5 : S4 53 | 82 | 81 | Save all selected counters in Hold ragistar
1 1 0 S5 | 54 83 | 82 | 81 | Disarm all selected countors
1 1 1 [} 1 N4 Nz N Sat Toggle oul (MIGH) 1or counter N {001 < N < 101)
1 1 1 0 o N4 N2 N1 Clear Toggle out (LOW) for counter N {001 <N < 101)
1 1 1 1 [+ N4 NZ Nt Step counter N (D01 < N < 101}
1 1 1 o 1 [¥] 0 0 Sel MM14 ({Disable Data Pointer Sequencing)
1 1 1 1) 1 1 1 '] Sel MM12 (Gate off FOUT)
1 1 1 Q 1 1 1 1 Seol MM13 (Enter 16-bit bus moda)
1 1 1 0 0 I [+] 0 Clear MM14 {Enable Data Pointer Sequencing}
1 1 1 0 0 1 1 [ Clear MM12 {Gate on FOUT)
1 1 1 0 0 1 1 1 Cloar MM13 (Enter 8-bit bus mode)
1 1 1 1 1 Q ] o Enable Prefetch for Write operations {(AmS513'A' only)
1 1 1 1 1 a 9 1 Disable Prefetch for Wiite cperations (AmS513'A’ only}
1 1 1 1 1 1 1 1 Masier reset

*Not to be used for asynchronous operations.

cT|cs|c5|ca(cCalc2(c1|cCo
1)t |l1y1|/o0]oejo]|o
ti1t /1 lrijot1{1]o0
Ml e v o1 |1]
ofjolorx|xlt1i1}o0
olo]o|{x|xjo|locio
A T O T T O I ' 4

*Unused excapl when XXX =111, 001 or 000.
Figure 1-21, Am9513A Unused
Command Codes

Arm Countérs

C? C6 C5 C4 C3 C2 &1 Cp

Coding:
’ 0 0 1 S5 S4 83 s2 St

Description: Any combination of counters, as specified by the
S field, wilt be enabled for counting. A counter must be armed
before counting can commerce. Onge armed, the counting
process may be further enabled or disabled using the hard-
ware gating facilities. This command can only arm or do
nothing for a given counter; a zero in the S field does not
disarm the counter.

ARM and DISARM commands can be used to gate counter
operation o and off under softwaré control. DISARM com-
mands entered while a counter is in the TC slate will not take
effect until the counter ieaves TC. This ensures that the
counter never latches up in a TG state. (The counter may
lsave the TC siate because of application of a count source
adga, execution of a LOAD or LOAD AND ARM command, or
execution of a STEP command.}

In modes which alternate reload sources (Modes G-L), the
ARMing operation is used as a reset for the logic which
determines which reload source io use on the wpcoming TC.

Figure 1-20. Am9513A Command Summary

Following sach ARM or LOAD AND ARM command, a counter
in one of these modes will reload from the Hold register on the
first TC and alternate reload sources thereatter {reload from
the Load register on the second TC, the Hold register on the
third; etc.).

Load Counters

C7 €6 C56 C4 C3 C2 C1 CO
0 1 0 S5 84 83 82 §1

Coding:

Description: Any combination of counters, as specified in the 5
field, will be loaded with praviously entarad values. The source
of information for each counter will b either the asscciated
Load register or the associated Hold register, as determined
by the operating configuration in the Mode register. The Load/
Hedd contents are not changad. This command will cause a
transtfer independent of any cumrent operating configuration for
the counter. 1t will often be used as a software retrigger or as
counter initialization prior 1o active hardware gating.

if a LOAD or LOAD AND ARM command is executed during
the cycle preceding TC, the counter will go immediately to TC.
This occurs because the LOAD operation is performed by
generating a pseudo-count pulse internal to the AmMY513A,
and the AmBS513A is expecting to go into TC on the next count
pulse. The reload source used 10 reload the counter will be the
same as that which would have been used if the TC wara
generated by a source edge rather than by the LOAD
operation,

Execution of a LOAD or LOAD AND ARM command while the
counter is in TC will cause the TC to end. For Armed counters
in all modes except S or V, the LOAD source used will be that
to be used for the upcoming TC. {The LOADIng operation will

not alter the selection of reload source for the upcoming TC.) -

For Disarmed counters in modes except S or V, the reload
sources used will be the LGAD register. For modes S or V, the
reload source will be selected by the GATE input, regardless
of whether the counter is Armed or Disarmed.

2-389
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dnves the counter to TG in these medes, the reload source for
the next TC will be from the opposite reioad location. In other
words, the LOAD-generated TC will cause the reload sources
to alternate just as a TC generated by a source edge would,
Note that if a second LOAD command is issued during the
LOAD-generated TC {or during any other TC, for that matier),
the second LOAD command will terminate the TG and cause a
raload from the source designated for use with the next TC.
The second LOAD wili not aiter the reload source for the next
TC since the second LOAD does not generate a TC; reload
scurces alternate on TCs only, not on LGAD commands,

Load and Arm Counters*

Coding: C/i C6 Cs5 (G4 C3 C2 C1 Co
0 * 1 S5 54 53 S2 H

Description: Any combination of counters, as specified in the S
fiold, will be first loaded and then armed. This command is
equivalent o issuing a LOAD command and then an ARM
command.

A LOAD AND ARM command which drives a counter 1o TC
generates the same sequence of operations as execution of a
LOAD command and then an ARM command. in modes which
disarm on TG (Modes A-C and N-O, and Modes G-l and S if
the current TC is the second in the cycle), the ARM part of the
LOAD AND ARM command will re-enabie counting for another
cycle. In modes which alternate reload sources (Modes G-L),
the ARMing operation will cause the next TC to reload from
the HOLD register, imespective of which reload source the
current TC used.

*This command should not be used during asynchronous

operations.

Disarm Counters

Coding: C7 C6 C5 C4 C3 C2 C1 Co
1 1 0 S5 54 53 82 St

Description: Any combination of counters, as specified by the
S field, will be disabled from counting. A disarmed counter will
cease all counting indapendent of other conditions. The only
exception to this is that a counter in the TC state will always
count once, in order to leave TC, betore DISARMing. This
count may be generated by a source edge, by a LOAD or
LOAD AND ARM command (the LOAD AND ARM command
will negate the DISARM command) or by a STEP command. A
disarmed counter may be updated using the LOAD command
and may be read using tha SAVE command. A count process
may be resumed using an ARM command. See the ARM
command description for further details.

Save Counters

Cading: C7 C&6 C5 Ca C3 C2 C1 Co
1 0 1 85 S4 83 82 &1

Description: Any combination of counters, as specified by S
field, will have their contents transferred into their asscciated
Hold ragister. The transfer takes place without interfering with
any counting thal may be underway This command will
overwrite any previous Hodd register contents. The SAVE
command is designed to allow an accumulated count to be
preserved so that it can be read by the host CPU at some later
time.

Disarm and Save Counters

Coding: C? C6 C& C4 O3 C2 C1 CO
1 0 D0 S5 S4 S3 52 S

he transiorred info 1he associated Hold regisiers. This com-
mand is identical to issuing a DISARM command followed by a
SAVE command,

Set TC Toggle Qutput

Coding: L7 C6 G5 C4 3 G2 O GO
1 1 1 0 1 N4 N2 Nt
(021 <N < 101)

Description: The initial output level for TG Toggle mode is set
{HIGH} for counter N selacted by N4, N2, N1 = 001 (Counter
1) thru 101 (Counter 5) respectively. This command conditions
the TG Foggle flip-flop (see Figure 1-18), but does not appear
at the counter output unless TC Toggle mode (CM2, CM1,
CMQ = 010) is setosted.

Clear TC Taggle Qutput

Coding: C7 C6 G5 C4 C3 Cc2 €1 QO
1 1 1 0 0 N4 N2 N
{001 < N < 101)

Description; The initial output levet for TC Toggle mode is
Cieared (LOW) tor counter N selected by N4, N2, N1 = 001
(Counter 1} thry 103 (Counter 5) respectively. This command
conditions the TC Toggie flip-fiop (see Figure 1-18, but does
not appear at the counter output undass TC Toggle made
(CM2, CM1, CMO = 010} is selactad,

Step Counter

Coding: C?7 C6 C5 C4 C3 C2 &1 Q0
i1 1 1 0 N4 N2 NI
{001 <N <101)

Description: Gounter N is incremented or decremanted by ona,
depending on its operating configuration. If the Counter Moda
register associated with the selacted counter has its CM3 bit
cieared tc zero, this command will cause the counter to
decrament by one. If CM3 is set to a logic high, this command
will increment the counter by one. The STEP command will
take effect even on a disarmed counter.

Load Data Pointer Register

Coding: C7 C6 C5 G4 C3 C2 1 Co
0 0 0 E2 E1 G4 G2 G
(G4, G2. G #000. *110)

Description: Bits in the E and G fialds will be transferred into
the corresponding Element and Group fields of the Data
Pointer register as shown in Figure 1-8. The Byte Pointer bit in
the Data Pointer register is set. Translers into the Data Pointer
only occur for G field values of 001, 010, 011, 100, 101 and
111. Values of 000 and 110 for G should not be used. See the
"Setting the Data Pointer Register'' section of this documant
for additicnal details.

Disable Data Pointer Sequencing

Cading: Cr C6 C5 Cs C3 C2 C1 CC
i 1 0 1 0 0 0

Description: This command sets Masler Mode bit 14 without
affecting other bits in the Master Modo rogister. MM14
controls the automatic saquencing of the Data Pointer regis-
tor. Disabling the sequancing allows repatitive host processor
access to a given internal iocation without repeditive updating
of the Data Pointer. MM 14 may also be controlled by loading a
full word into the Master Mode register,
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Coding C7 C6 G5 Ca C3 L2 C1 Lo

i
[+« 1 0 o 0o o o

Descripticn: This command clears Master Mode bit 14 without
affecting other bits in the Master Mode register. MM14
controls the automatic sequencing of the Data Pointer regis-
ter. Enabling the sequencing allows sequential host processor
access to several internal locations without repetitive updating
ot the Data Pointer. MM 14 may also be conirolled by loading a
fuli word inte the Master Mode register. Sea the ''Data Pointer
Register’’ section of this document for additional inforrmation
on Data Pointer sequencing

Enable 16-Bit Data Bus

Coding: C7 C6 C5 G4 C3 C2 G1 CO

1 1 L 1 \ 1

Description: This command sets Master Mode bit 13 without
affecting other bits in the Master Mode register. MM13
controls the multiplexer in the data bus buffer. When MM13 is
set, no mulliplexing takes place and all 16 extarnal data bus
lines are used to transfer information into and out of the STC.
MNM13 may also be controlled by toading the tull Masier Mode
register in parallel.

Enable B-Bit Data Bus

LCoding: C7 C6 C5 C4 C3 G2 C1 Q0

1 Al 1 0 0 1 1 ¥

Description: This command clears Master Mode bit 13 without
affecting other bits in the Master Mode register. MM13
controls the multiplexer in the data bus buffer. When MM13 is
cleared, the muitiplexer is enabled and 16-bit internal informa-
tion is transferred eight bits at a time to the eight low-order
external data bus lines. MM13 may also be controlled by
loading the fuli Master Mode register in paraliel.

Gate Off FOUT

C7 €6 C5 C4 C3 C2 C1 Co
11 s 0 1 1 1 0

Coding:

Description: This command sets Mastor Mode bit 12 without
affecting other bits in the Master Mode register. MM12
controls the output state of the FOUT signal. When gated off,
the FOUT line will exhibit a low-impedance to ground. MM12
may also be confrolled by loading the full Master Mode
register in parailel.

Gate On FOUT

C7 C6 C5 Ca 3 C2 C1 CO
oo 10 0 1 1 0

Coding:

Description: This command clears Master Mode bit 12 without
affecting other bits in the Master Mode register. MM12

selected and divided FOUT signal. MM12 may also be
controlled by joading the full Master Mode registar in parallel.
When FOUT is gated on or off, a transient pulse may be
generated on the FOUT signal.

Disable Prefetch for Write Operations

C7 6 G5 €4 C3 C2 Ct CO
i 1 ¢+ 1 1 0 0 1

Coding:

Description: This command disables the prefetch circuitry
during Write operations (if doss not affect Read operations).
This reduces the write recovery time and allows the user to
use hlock move instructions for indtialization of the Am9513A
registers. Once profetch is disabled for writing, an Enable
Prefetch for Write or a Reset command is necessary o re-
enable the pretetch circuitry for writing. Note: This command is
only available in Am9513'A’ devices; it is an illegat command
in the "non-A Am8513" device.

Enable Prefetch for Write Operations

€7 €6 C5 C4 C3 G2 Ct o
t 11 1 1+ 0 0 @

Coding:

" Description: This command re-enables the prefetch circuitry

for Write operations. H is used only to terminate the Disable
Pretetch Command. Note: This command is only avaitable in
AmO513'A’ devices; it is an ilegal command in the "nen-A
Am9513" device.

Master Reset

C7 C6 C5 C4 C3 C2 C1 QD
1 1 1 1 1 1 1 1

Coding:

Description: The Master Resst command duplicates the action
of the power-cn reset circuitry. It disarms ail counters, enters
0000 in the Master Mode, Load and Hold registers and enters
0800 thex) in the Counter Mode ragisters.

Fotlowing either a power-up or software reset, the LOAD
command should be applied 1o all the counters lo clear any
that may be in a TC state. The Data Pointer register should
also be set to a legal value, since reset does not initialize it. A
completa reset cperation follows,

b

. Using the procedure given in the “Command Initiation”
section of this document, enter the FF {(hex) command 1o
pertorm a software resetl.

2. Using the "Command Initiation"” procedure, enter the LOAD

command for all counters, opcode 5F (hex).

3, Using the procedure given in the “"Setting the Data Pointer

Register' section of this document, set the Data Pointer to

a valid code. The tegal Data Pointer codes are given in

Figure 1-9.

The Master Mode, Gounter Mode, Load and Hold registers
can now be initialized to the desired values.
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Storage Temperature ........... e —B5°C to +150°C

VCC with Respect to VSS..,. ....—0.5V fo +7.0V
All Signal Voltages
with Respecl to V85 ............. -05V o +7.0V

Power Dissipitation {Package Limitation).................. 1.5W

Slresses above those Jisted undor ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure 1o absolute
maximum ratings for extended periods may affect device
refiability.

DC CHARACTERISTICS over operating range unless otherwise specilied

Grade Ta vee Vss
Commercial 0°C 10 70°C 5V +5% oV
Indusirial -40°C 1o 85°C S5V +10% ov

Operaling ranges defina those limits over which the function-

ality of the device is guaranteed.

Parameters Description Test Conditions Min Typ Max tUnits
All | v88-05 0.8
¥IL Input Low Voltage nputs Except X2 Volts
X2 nput Vv85-05 0.8
All input Except X2 2.2v vCC
Vir Input High Vollage Valt
nput Py Iag X2 Input 38 VGCC olte
VITH Input Hysteresis (SRC and GATE Inputs Only) 0.2 0.3 Volts
VOL Cutput Low Voltage IOL = 3.2mA 04 Volts
VCOH Qutput High Voltage IOH = - 200pA 24 Volts
1x Input Load Current (Except X2) VSS = VIN < VCC 19 HA
x Input Load Curremt X2 +100 #A
VSS+0.4 < VOUT <VCC
10Z Cutput Leakage Current (Excapt X1} High-Impedance State 25 HA
Ta=-55°C 275
1CC VCC Supply Current (Steady State} Ta=0C 255 mA
Ta=+25°C 180 235
CIN Input Capacitance f=1MHz, Tp = +25°C. 10
cour Output Capacitance All pins nol urkler 15 pF
o IN/OUT Capacilance test at Ov. 20
SWITCHING TEST INPUT/QUTPUT WAVEFORMS
_L I At
18pF
24V
Xz.n e — 2.0X $ - |
0g =" POINIS™—u g4 E_< x2
.45V
WF004810 18pF
TC002000
Crystal 15 fundamental mode paraliel resonant 32pF load capacitance less than 10082 ESR G, less than 100pF.
C1731D
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AmB513A | AmZBOTIA
Parameters Description Figure | Min | Max| Min | Max | Units
TAVRL C/D vaid to Read Low 23 25 25 ns
TAVWH C/D Vaid 1o Write High 23 170 170 ns
TCHCH X2 High 10 X2 High (X2 Period) 24 145 145 ns
TCHCL X2 High 10 X2 Low (X2 High Pulse Width} 24 70 70 ng
TCLCH X2 Low 1o X2 Migh (X2 Low Pulse Width) 24 70 70 ns
TOVWH Data in Valid 1o Wrila High 23 80 80 ng
TEREH fé%:j':tces%:glee "T{ﬁhe)w(N%?:":O?aurw e 24 |45 145 ns
15&% Count Source Pulse Duration {Nole 18} 24 70 70 ns
TEHFV Count Sourca High to FOUT Valid (Note 10} 24 500 500 s
TEHGY [Cb?;:ts S‘IO(]l:er:Ba H;g;: to Gate Valid {Level Gating Hold Time) 24 0 10 as
TEHRAL Count Sourca High lo Raad Low (Set-up Time) (Notes 5, 10} 23 180 190 ns
TEHWH Count Sourca Righ lo Write High (Set-up Time) (Notes 6, 10% 23 {-100 -160 ns
TC Cutput 24 00 300
TEHYV Count Source High lo Qut Valid (Note 10) | Immediate or Delayed Toggle Cutput 24 300 300 ns
Comparater Outpul 24 350 350
TFN FN High o FN + 1 Valid (Note 14) 24 75 75 ns
TGVEH g‘a‘:::ae s\p’a‘%d' t& .010;)!’11 Source High (Level Gating Set-up Time) 24 100 100 ns
TGVGY Gate valid to Gate Valid {Gate Pulse Duration) (Notes 11, 13} 24 145 145 ns
TGVWH Gata Valid to Write High (Notes 6, 13) 23 -100 -100 ng
TRHAX Aead High % G/ Don't Care 23 0 [} ns
TRHEH Read High ¢ Counl Source High (Notes 7, 10) 23 1} [ ng
TREQX Aead High to Data Qut Invalid 23 10 10 ns
TRKQZ (Data Bk Rolcass Timgy e 2 8 ol B
TRHAL Read High to Read Low {Read Recovary Time) 23 1000 1000 ns
TRHSH Read High to 3 High (Mote 15) 23 0 1] ns
TRHWL Read High to Wrile Low (Read Recovery Time) 23 1000 1000 ns
TRLQV Read Low 1o Data Out Valid 23 116G 1o ns
TRLOX Read Low to Dala Bus Driven (Data Bus Drive Time) 23 20 20 ns
TRLRH feoad Low to Read High (Read Pulse Duration) {Note 15) 23 160 160 ns
TSLAL T8 Low o Read Low (Note 15) 23 20 20 ns
. TSLWH TT Low to Write High (Note 15) 23 170 170 ns
TWHAX Wnte High lo €/D Don't Care 23 20 20 ns
TWHDX Write High lo Data In Don‘t Care 23 20 20 ns
TWHEH Write High to Count Source High (Notes 8, 10, 17) 23 550 550 ns
TWHGV Write High lo Gate Valid (Notes 8, 13, 17) 23 475 475 ns
TWHRL Write High lo Read Low {Write Recovery Time) 23 15001 1000 ns
TWHSH Wnta High to T8 High {Note 15} . 23 20 20 ns
TWHWL Writa High lo Writa Low (Write Racovary Time) a3 15001 1000 ns
TWHYV Wwnta High 1o Out Valid (Note 9, 17) 23 650 650 | ns
TWLWH Write Low to Wnte High [Writa Pulse Duration) (Note 15) 23 150 150 ns
“In short data wrie mode TWHRL ang TWHWL minimun = 1000ns.
Notes: A (Address) = C/D .
C (Clock) = X2
1 Typical values are for Tp = 25°C, nominal supply voltage D {Data In) = DBO-DB15
ang nominal processing parameters. E (Enabled counter source input) = SRC1-SACS,
2. Test cor;ditlons ?ssumef gaer:jitio; 21ir(;'|\'a's c: 1otnstc|>r l;s& FEQSEFIIGATES‘ FI-F5.TON
timing reference levels of 0.8V and 2.0V an 0}1 put loading G (Counter gate input) = GATE1-GATES, TON-1
of one TTL gate plus 100pF, unless otharwise noted. a EData Out?_= DBg-DB 15
3. Abbrewviations used for the switching paramater symbols are R {Read) = RD -
given as the letter T tollowed by four or five characters. The $ (Chip Select) = TS
first and third characters represent the signal names on W (Write) = WR
which the measurements start and end. Signal abbrevia- ¥ (QOutput) = OUT1-CUTS
tions used are
01731D
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H = HIGH

L= LOW

V = VALID

X = Unknown or Don't care
Z = High-Impedance

. Switching parameters are listed in alphabetical order.

Any input transition that occurs before this minimum setup
requirement will be reflected in the contents read from the
status register.

Any input transition that occurs betore this minimum setup
requiremont will act on the counter before the execution of
the operation initiated by the write and the counter may be
off by one count.

Any input transition that occurs atter this minimum hold time
is guarantesd to not influence the contents read from the
status register on the current read operation,

. Any input transition that occurs after this minimum holg time

is guaranteed to be seen by the counter as occurring after
the action initiated by the write operation and the counter
may be off by one count.

. This parameter applies to cases where the wiite operation

causes a change in the output bit.

10. The enabled count source is one of F1-F5, TCN-1 SAC1-

SRCS5 or GATE1-GATE 5, as selected in the applicable
Counter Mode register. The timing diagram assumes the

11. This parameter applies to edge gating (CM15-CM13 = 110
or 111} and gating whean both CM?7 =1 and CM15-
CM13 = 000. This paramater reprasents the rinirmurn
GATE pulse widih needed o ensure that the pulss initiates
counting or countar reloading.

12. This parameter applies to both edge and level gating
{CM15-CM13 = 001 through 111) and gating whaen both
CM7 =1 and CM15-CM13 = 000, This parameter repre-
sents the minimum setup or hold times to ensure that the
Gate input is sean at the intended level on the active
source odge and the counter may be off by one count.

13. This parameter assumes that the GATENA input is unused
(16-bit bus mode) or is tied high. In cases-where the
GATENA input is used, this timing spacification mus! be
met by both the GATE and GATENA inputs.

14. Signafs F1-F5 cannot be directly monitored by the user.
The phase difference betwsean these signals will manitest
itsell by causing counters using two different F signals to
count al different times on nominally simultaneous trans:
tions in the F signals, F1 = X2.

15. This fiming specification assumes that TS is active whan-
ever RD or WH are active. TS may ba held active
indefinitely.

16. This parameter assumes X2 is driven from an external gate
with a square wave.

17. This parameter assumes that the write operation is to the
command register,

2-394
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Glossary

Actlve high: designates a signal that has to go high to produce

O ~ an effect.

Active low: designates a signal that has to go low to produce
an effect.

Address: the 1abel identifying the memory location where
information is stored.

Analog data: data that is represented by any value between two
limits.

Analog-to-digital conversion {(A/D): the process of changing
an analog signai into a digital value that represents the
magnitude of the signal at the moment of conversion.

Analog-to-Digital converter (A/D or ADC): an electronic
device, often an integrated circuit, that produces a digital output
directly propertional to an analog signal input.

ASClH: American Standard Code for Information Interchange. A
popular standard method of enceding alphanumeric characters
into 7 or 8 hinary digits.

Asynchronous: a timing method in which one event accurs
independent of other events; without synchronizationtoa -
reference timing clock.

Base address: a memory address that serves as a point of
reference. All other points are located by offsetting (adding to or
subtracting from) in relation to the base address.

Binary-coded decimal {BCD): a code for representing decimal
digits by means of 4-bit binary nibbles.

Blt: Acronym for binary digit. The smallest entity of data in
digital form; it is either a binary 0 or 1.
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Block: a set of items, such as words, characters, or digits,
treated as a unit.

Buffer: an area of storage that is temporarily reserved for use in
performing an input/output operation.

Bus: a system of connections that allows each partof a
computer to communicate with the other parts.

Byte: a sequence of eight adjacent bits that are operated upon
as a unit.

Clock: the device that generates periodic signals for
synchronization.

Comparator: an analog electronic circuit used to comparse two
values and set a digital indicator that identifies which valug is
greater.

Computer: a functional unit that can perform substantial
computation, including numerous arithmetic operations or logic
operations, without intervention by a human operator during a
run.

Configuration: the devices and programs that make up a
system, subsystem, or network.

Conversion time: in an analog /O system, the time required to
convert data. This could include switching time, seitling time,
acquisition time, A/D conversion time, etc.

Counter: in hardware, a circuit that can count pulses. In
software, a memory location used by a program to count certain
occurrences.

CPU (Central Processing Unit): the part of a computer that
executes the instructions in a program. '

Data acquisition: A method of acquiring an analog signal and
digitizing it through a combination of a multiplexer,
instrumentation amplifier, sample and hold amplifier, A/D
converter, address register, timing and control circuits, and
buffers,
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dB: decibel.

Default: a value assigned or an action taken automatically
unless another is specified.

Q Digital data: data represented by a series of discrete values
between two limits.

Digital-to-Anafog conversion: the process of changing
discrete data into a continuously varying signal (analog voltage).

Digltal-to-Analog converter {DAC): a device that converts
digital information into a corresponding analog voitage or current.

DIP switch: a set of switches contained in a dual in-line
package.

Disable: to stop the operation of a circuit or device.
Expansion board: a plug-in circuit board that adds features or

capabilities beyond those basic fo a computer, such as a data
acquisition system expansion board. ’

Expanslon slots: the spaces provided in a computer to
accommodate expansion boards.

Falllng edge: synonym for negative-going edge.
Flag: acharacter that signals the occurrence of some condition.

Fllp-ﬁop: acircuit or device containing active elements, capable
of assuming either one of two stables states at a given time.

Gate: a signal that enables the passage of other signals through
a circuit. _

Ground: an electrically neutral wire having the same potential
as the surrounding earth. Normally, a non-current carrying circuit
intended for safety purposes. A reference point for an electrical
system.
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Hertz {Hz): a unit of frequency equal to one cycle per second.
Initlalize: to set counters, switches, addresses, or the contents
of storage to zero, or other starting values, at the beginning of
the operation of a computer routine. -

Interrupt: a computer signal indicating that the CPU should
suspend its current 1ask to service a designated activity.

/O (Input/Output): the process of transferring data to orfrom a

computer system including communications channels, operator
interface devices, or data acquisition and control channels.

Kilobyte (kByte): 1024 bytes.
Kilohertz {kHz): 1060 he/rtz.

Latch: a feedback loop in sequential digital circuits used to
maintain a stats.

Linearity: a measure of the system deviation from a perfect
converter {usually 1/2 LSB). O

Load: in programming, to enter data into storage or registers.

LSB (Least Significant Bit): The smallest measurable
increment of signal.

. Mask: a pattern of characters that is used to control the
- retention or elimination of portions of another pattern of
characters.

Megabyte (Mbyte): 1,048,576 byles.

Megahertz (MH2): 1,000,000 hertz.

Memory: elactronic devices that enable a computer to store and
recall information. 1n its broadest sense, memory refers to any

hardware capabie of servicing that end, eg disk, tape, or
semi-conductor storage.
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Mode: a method of operation.

Module: a packaged functional hardware unit designed for use
with other components.

R
Q.‘/‘

Nibble: One half of a byte.

Nolse: An undesirable electrical interference to a signal.
Sources of noise include the AC power line, motors, generators,
transformers, fluorescent lights, soldering irons, CRT displays,
computers, electrical storms, welders, radio transmitters, and
others.

One-shot: a circuit that delivers one output pulse of desired
duration for each input (trigger) pulse.

Output: pertaining to a device, process, or channel involved in
an output process, or to the data or states involved in an output
process.

- _ Peripheral: A devicethat is external to the CPU and main
. memory, 8.g., printer, modem, or terminal.

Polling: interrogation of devices for purposes such as to aveid
contention, to determine operational status, or to determine
readiness to send or receive data.

Port: an access point for data entry or exit.
: Positive true: synonym for active high.

Positive-going edge: the edge of a pulse or signal changing in
a positive direction.

Priority: a rank assigned to a task that determines its
precedence in receiving system resources.

Pulse: a variation in the value of a quantity, short in relation to
the time schedule of interest, the final value being the same as
the initial value.
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RAM (Random access memory): volatile computer memory
that holds instructions and data forthe CPU to operate on. The
memory can be both read and changed during computer
operation. Also called read-write memory.

Range: refers to the maximum allowable full-scale signal (input \ )
or output) that yields a specified performance level. '

Read: to acquire or interpret data from a storage devuce froma
data medium, or from another source.

Reglster: a storage device, having a specified storage capacity
such as a bit, a byte, or a word; usually intended for a special

purpose.

Resolution: the smallest significant number to which a
measurement can be determined. For example, a converter with
12-bit resolution can resolve 1 part in 4096. (2'2=4096.)

‘Rising edge: synonym for positive-going edge.

ROM (Read Only Memory): non-volatile memory that contains
permanent, fixed data. The computer can read the data
contalned in ROM, but cannot change it in any way.

Settiing time: the time required for the D/A converter cutput to
reach + 1/2 LSB of its final value.

Shielded cable: a cable with foil or other sheathing around it to
stop radlo frequency interference and magnetic fields from
generating extraneous signals on the cable conductors.

Source: the origin of a signal or electrical energy.

Square wave: an attemating or pulsating current or voltage
whose waveshape is square. .g

Synchronous: a timing method in which one event occurs ina
fixed time relationship to another event.
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TC (terminal count): the value on which a counter is set up to
stop counting.

Throughput: a method of representing how fast data can be
moved through all or part of a computer system.

Timing: the method by which the execution of instructions or
events is controlled. {See Asynchronous and Synhchronous.)

TTL (Transistor-transistor logic): a popular logic circuit family
that uses multiple-emitter transistors.

Volatile: memory that loses data when power is removed.

Word: the standard number of bits that a processor manipulates
at one time. Microprocessors typically use 8-or 16-bit words.

Write: to make a permanent or transient recording of data in a
storage device or on a data medium.
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Index

A

Adapter description file, 3, 6, 11, 83
copying to reference diskette, 8-9

Alarm “x" register, 55

Alarm comparators, 33
using individually, 33
using together, 33

AmMS513A

Alarm “x" register, 55
Command register, 39-46
Counter “x” Hold register, 55
Counter “x™ Load register, 55
Counter “x" Mode register, 52-55
command register codes, 4046

16-bit Bus Mode, 45

8-bit Bus Mode, 46

Arm Counters, 44

Clear Toggle Out, 45

Disable Data Pointer Sequencing,
45

Disable Prefetch, 46
Disarm Counters, 44
Disarm-and-Save Counters, 44

Enable Data Pointer Sequencing,
45

Enable Prefetch, 46

Gate Off FOUT, 45

Gate On FOUT, 45

Load Counters, 44

Load Data Pointer Register, 42 .
Load-and-Arm Counters, 44
Master Reset, 46

Save Counters, 44

Set Teggle Out, 44

Step Counter, 45
data sheet, 109144
data transfers, 38
features, 27
Master Mode register, 49-51
Programmabile Divider, 28, 49, 51
Status register, 47
subfrequencies, 28

BCD scaling, 29

binary scaling, 28

AmS513A Control register, 39-47
Am9513A Data Register, 48-55
Auto Incrementing, 43, 49
Automatic configuration, 11

B

Base I/O address, 3, 11, 83
selecting, 85

BCD counting, 30-31
- BCD scaling, 28, 34
BCD to decimal equivalents, 31
" Binary counting, 30-31
Binary or BCD, 54
Binary scaling, 28
Binary to hexadecimal equivalents, 31
Bus interface, 28
Byte Pointer, 47

Index 153

“Aftisan Technology Grotip

Stiumentation .. Guaranteed | (888




C

Clear Interrupt register, 62
Command register, 30—46 .

Command register codes, 40—46
16-bit Bus Mode, 45
8-bit Bus Mode, 46
Arm Countors, 44
Clear Toggle Out, 45
Disable Data Pointer Sequencing, 45
Disable Prefetch, 46
Disarm Counters, 44
Disarm-and-Save Counters, 44
Enable Data Pointer Sequencing, 45
Enable Prefetch, 46
Gate Off FOUT, 45
Gate On FOUT, 45
Load Counters, 44
Load Data Pointer Register, 42
Load-and-Arm Counters, 44
Master Reset, 46
Save Counters, 44
Set Toggle Out, 44
Step Counter, 45

Comparators, output, 33
Compare 1 and 2 Enable, 51
Compare 2 Enable, 51
Configuration, 81-86

Connections, digital inputs/outputs,
19-21
Connectors, 88-96
J1, 89, 95-96
pin assignments, 96
P1, 89, 90-94

154 Index

pin assignments, 91-94

Control/Status register, 56-59
bit functions, 56
DIO 0 Out Enable, 58
DIO 1 Qut Enable, 58
Frequency Select, 57
Interrupt Flag, 57
Latch Enable, 59
Latched, 59 '
Recovery Flag, 57
‘Software Interrupt Enable, 58

Count Direction, 54

Count Once, 54

Count Source, 32, 53
Counter “x” Hold register, 55
Counter “x" Load register, 55

Counter “x” Mode register, 52-55
Binary or BCD, 54
bit functions, §2
Count Direction, 54
Count Once, 54
Count Source, 53
‘Gating Control, 52 -
QOutput Control, 55
Reload Mode, 54
Source Edge, 53
Special Gate, 53
Countertimer devices, connacting to
DT2913 board, 14-18
Counterftimer subsystem, 27-34
8-bit bus interface, 28 '
counter/timers, 30—38
frequency scaler, 28-29
general description, 3

Countertimers, 3038
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alarm comparators, 33
count source, 32
counting once, 32
counting repetitively, 32
gating control, 32 '
output control, 32
programming, 66-68
time-of-day option, 33
Counting
BCD, 30-31
binary, 30-31

Customer Service Department, 5

D

Data Bus Width, 50

DIO 0 Qut Enable, 58

DIO 1 Qut Enable, 58

DIO subsystem, general description, 3
Digital I/O lines, connecting, 21

‘Digital /O operations, 6371

Digital i/0 ports, 35
output-enabling, 35

Digital VO subsystem, 35
programming, 69-71

DT2919

base /O address, 3, 11, 83
selacting, 85

block diagram, 26
configuration, 81-86
connectors, 89-96
countertimer subsystem, 27-34
factory service, 80
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digital I/O subsystem, 35

general description, 3

initializing, 64-65

installing, 10

interrupt priority level, 3, 11, 83
selecting, 86

overview, 25-26

POS registers, 84

programming sequences, 63-73

specifications, 101-108

DT758-C screw terminal panel, 4,

a97-99 -

connecting to DT2919 board, 13

screw terminal assignments, 15, 98

specifications, 99

E

Element values, 42
Error code 165, 11

External connections
connecting to DT2919 board, 14-18
gate, 14 ~ '
output, 14
source, 14

‘External source, connecting to screw

terminal panel, 17

F

F1 power supply etch, 15, 16, 78

FOUT, 29
connecting, 18

FOUT Divider, 50
FOUT Gate, 50
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FOUT Source, 51 Port 1 Data, 61

Frequency Output signal. See FOUT Initializing the DT2919, 6465
Frequency Select, 57 Inputting digital data
: {atch disabled, €9
Frequency scaler, 2829 '
equency latch enabled, 70 )
Installation procedure, 6—22 '
G . connecting digital ¥O devices, 19-21

connecting peripheral devices, 1418
GATEN, 32, 52 connecting the screw terminal panal,
GATE N+1, 32, 52 13

copying adapter description file, 8-9
GATEN-1, 32,52 installing the board, 10

Gates, 14 POS-configuring the board, 11-12
connecting, 17 powering up the system, 22
Gating Control, 32, 52 required equipment, 7
Group values, 42 Interrupt Flag, 57
Interrupt operation, 36
H Interrupt priority level, 3, 11, 83
selecting, 86
Help, xi Interrupt signal, connecting, 18

service and support, 79-80 Interrupts, 3, 86

How to use this manual, ix=xi _ clearing, 36, 73
generating, 72

I
J

/O base address _ _
' range, 85 .J1 connector, 95-96
selecting, 85 counter/timer pin assignments, 16

digital I/O pin assignments, 20

/O registers, 37-62 . ,
pin assignments, 98

Am9513A Control, 3947
Ama513A Data, 48-55

Clear Interrupt, 62 L
Contro¥Status, 56-59

Port 0 Data, 60 Latch, 35
156 Index
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Latch Enabla, 59
Latched, 59
Load Data Pointer, commands, 43

Load Register value, calculating, 68—69

Master Mode register, 49-51
Auto Incrementing, 49
bit functions, 49
Compare 1 and 2 Enable, 51
Data Bus Width, 50

. FQUT Divider, 50
FOUT Gate, 50
FOUT Source, 51
Scaler Control, 49
Time-of-Day Mode, 51

Micro Channel, 3

O

Onboard clock, 3, 28
Output “x”, 47 '
Cutput Control, 32, 55

Output_s, 14
connecting, 17

Qutputting digital data, 71

P

P1 connector, 30~94
pin assignments, 91-94

PACER diskette, 3, 5, 8, 83
PACER subroutine library, 4, 5, 25

FOS configuration
conflicts, 12
/O base address, 85
interrupt priority level, 86
procedure, 11-12

POS registers, 84
Port 0 Data register, 60

Port 0 Latched! line, 35, 59
connecting, 21

Port 0 Strobe/ line, 35, 59
connecting, 21

Port 1 Data register, 61

Ports, 35
latching, 35
output-enabling, 35, 58

Power supply etch, 78
Programmable Divider, 29, 49, 51
Programmable Option Select, 83
Programming the DT2919, 63-73

R

Recovery Flag, 57
Reference diskette, 7, 8, 11, 83

Registers, 3, 3762
AmO513A Control, 35-47
Amg513A Data, 48-55
AmS513A internal

Alarm “x" register, 55
Command register, 39—46
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Counter “x” Hold register, 55 T
Counter “x" Load register, 55

Counter “x” Mode register, 52-55 TCN-1, 32, 34, 52, 53, 68
Master Mode register, 49--51 Terminal count, 32, 47, 54, 55, 65, 67, e
Status register, 47 €8 %\>
Clear interrupt, 62 Time-ot-Day Mode, 51
ControVStatus, 56-59 Time-of-Day Option, 33-39
POS, 84 enabling, 51
Port 0 Data, 60 register format, 33
Port 1 Data, 61 supported frequencies, 34
Related documents, x Troubleshooting, 75-80
Reload Mode, 54 checklist, 77

RMA procedure, 80
gpecific problems, 78

S

Scaler Control, 49 U

Screw terminal panels, DT758-C, Unpacking, 5 ,
97-99 Using the DT2919, 23-73

Selectable Scaler, 28 Special Gate, 53

Set Configuration utility, 11, 85 Specifications, 101-108

‘Software Interrupt Enable, 58 . Status register, 4743

Byte Pointer, 47

Source Edge, 53 bit functions, 47

Sources, 14 Output “x", 47
connecting, 17 System Contiguration utility, 83
Special Gate, 53
Specifications, 101-108 T
Status register, 47 TeN
Byte Pointer, 47 CN-1,32, 34
bit functions, 47 : Terminal count, 32
Cutput “x”, 47 Time-of-Day Mode, 51

System Configuration utility, 83 Time-of-Day option, enabling, 51
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Time-of-day option, 33-39
register format, 33
supported frequencies, 34

Troubleshooting, 7580 .
checklist, 77
RMA precedure, 80

specific problems, 78

U

Unpacking, 5
Using the DT2919, 23-73
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WARRANTY AND SERVICE POLICY

WARRANTY

Data Transtation, for the effective period of the
warranty set out below, warrants that its standard
hardware products shall be free from defocts in
materials and workmanship under normal use
and service. Data Translation's obligation under
this warmranty shall not arise until Buyer retums
the defective product, freight prepaid to Data
Translation's facility or another spedified location.
The only responsibility of Data Translation under
this warranty is, at its option, to replace or repair,
free of charge, any defective component of such
products.

EFFECTIVE PERIOD OF WARRANTY

Beards, modules, and systems, 90 days from
date of invoice. Repaired or replacement
products, 30 days from date of retum {as to
repairad or replaced component parts anly).

RETURN OUTSIDE THE U.S.A.
AND CANADA

Contact the local sales representative or factory
for authorization and shipping instructions.

LIMITATIONS ON WARRANTY

THE WARRANTY SET FORTH DOES NOT
EXTEND TO AND SHALL NOT APPLY TO:

1. Products which have heen repaired or altered
by other than Data Translation's personnel,
unless Buyar has properly altarad or
repaired the products in accordance with
procedures previously approved in writing by
Data Translation.

2. Products which have been subject to misuse,
neglect, accident, or improper installation.

THE WARRANTY AND REMEDIES SET FORTH
ABOVE ARE IN LIEU OF ALL OTHER
WARRANTIES EXPRESSED OR IMPLIED,
ORAL OR WRITTEN, EITHER IN FACT OR BY
CPERATICN OF LAW, STATUTORY OR

“; Artisan Technology Group - Qua‘lity_"lh

OTHERWISE, INCLUDING WARRANTIES CF
MERCHANTABILITY AND FiTNESS FOR A
PARTICULAR PURPOSE, WHICH DATA
TRANSLATION SPECIFICALLY DISCLAIMS.
DATA TRANSLATION, INC, NEITHER
ASSUMES NOR AUTHORIZES ANY OTHER
LIABILITY IN CONNECTION WITH THE SALES,
INSTALLATION, OR USE OF ITS PRODUCTS.
DATA THANSLATION, INC. SHALL HAVE NO
LIABILITY FOR INCIDENTAL OR
CONSEQUENTIAL DAMAGES OF ANY KIND
ARISING OUT OF THE SALE, iNSTALLATION,
OR USE OF ITS PRODUCTS.

SERVICE POLICY

a Data Translation, inc. will repair or replace any
faulty item within ten days after recsipt of said
part regardless of its wamanty status.

b. A 72-hour service plan is available. Contact
factory for details.

¢, If a product should fail during the warranty
period, it will be repaired free of charge. For
out of warranty repairs, tha customer wili be
inveiced for repair charges.

RETURN PROCEDURES

a. Upon determining that repair services are
required the customer must::

1. Obtain a "Return Material Authorization®
number from the Customer Service
Department, 508-481-3700, by providing
the serial number of the preduct.

2. Carefully package the praduct in anti-static
package and ship prepaid to Data
Translation. The RMA number should
show on the outside of the package.

b. Upon completion of the services required, an
invoice is issued stating charges, when
applicable, and work completed. A packing
slip is enclosed in the return shipment. Data
Translation will prepay return shipment via
UPS for all continentai USA returns. For
returns requested via air freight, material will
be sent "Air Coliect”,
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Reader’'s Comment Form

Please use this form to let us know about your experience using this manual. |
Your suggestions will help us continue to improve the accuracy, organlzatlon and
overall quality of our user publications.

Manual title:

Document UM

What is your general reaction to this manual?

Accuracy [] excellent [Jverygood [Jgood [Jfair []poor
Completeness [J exceltent [Jverygood [Jgood [Jfair [Jpoor
Usability []exceltent [verygood [Jgood [Jfair [Jpoor

What parts of the manual do you use most?

1. 2.
3. 4,

What errors have you found?

Additional comments or suggestions:

It we have questions about your comments, may we call you? Yes No
Name: Title;

Company:

Address:

Phone:

Pleasse mail this form to:

Technlcal Publications Department
Data Translation, inc.
100 Locke Drive
Marlboro, MA 017521192
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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




