Chapter 1
The Am9513A/Am9513



INTRODUCTION

Manipuiation and coordination of iming parameters and event
sequencas are universal system attributes. At the most funda-
memtal kvels of control, tme sequences are intimately embed-
ded in the essential hardware and interfaco concepts of all pro-
cassors: the necassary fiows of step-by-step procodures are
inhetent in the exectrion of evan the most basic programs. Atthe
interface level, both intemal and external hardware cogdination
-ususally require several types of timing-orientad exchanges. In
general, cortrol of systom and sub-systerm processes will often
involve: sophisticated lovels of counting, sequencing and timing
manipulations. The specific mbx of such activities will, of course,
be applcation dependent, yet counting/timing concepts are at
lsast fiundamantatly involved in all system operations, from the
simplast sequencing of a hardware interface o the complax
irteraction of high-evel processas.

Time-ralatod activities fzll into a wide variety of categories. Fre-
quency genaration, waveform duty cycle control, event counting,
interval measurement, pracise perodic interrupts, time-of-ciay
accumulation, delays, gap detection, ets., are jst a few of the
types of operations typically undartaker. Wher: the systetn must
accomplish several of these actvities, especially when some
measure of concurency ks necessary, a significant portion of the
available processing and/or hardware logic resources can be
consumed. Throughput Emitations easily arise.

A speciaized circuit with enougts versatility to handle many types
of counting and Sming funclions would tharefore be able to
simplify software, improve system perdormance and decrease
systam chip count, The Am9513 System Tuming Controlier has
been desikmed to accompiish kst such 4 tagk. it provides signifi-
cant capability for waveformn generation, counting, tining and

intorvalometer functions for many typas of procossor-ofiented
systerns. It offers an unusually versatiie conirol structure that
allows the use of many operating configurations so that a wide
variaty of applications can be efficiently sefviced.

Tha operating philosophy of the AmS513 i based on the use of
genera-purpose countars that can be cortrolied m various ways
ko produce the functions desirect. Broadly, use of the coumers
falls into twe classic categoties: (8) count accumulation, and {b)
; vision.

int the first case, the counter simply accumulates a count of
transitions that ocour on is input. An output that indicaizs the zero
state of the counter would be of only Incidental iterest. The
counter value should be available at any tme to the associated
GPLS or it might be compared with sorme independent value. The
accumuiated count might ba modified or the counter input con-
ditionad by various controls, intluding hardware and software
gating functions; in any event, in these types of applications, itis
the value of the actual count that is of interest.

in the case of frequency division, on the other hand, itis an output
waveform that is of interest and the counter imput information may
be incidental. With an output signalthat indicates the 2ero state of
the counter, selaction of the effective length of the counter arki the
input frequency are canirolled to provide the desited output fre-
quency. Addtional conrols may allow vanous types of output
waveforms to be generated from the base output frequency, but
the actual counter value will usually not be of direct inerest.

Tha Am3513 has been designed 1o handle effectively both modes
of operation, even intermixed on the same chip. In many -
stances, of course, both types of courder usage will be combined
to provide the desired function.
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Figure 1-1. General Block Diagram
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FUNCTIONAL DESCRIPTION

The Am9513 Systern Tining Controller (STC) is a support device
for procassor criented systems that is designed o enbance the
availabler capability with respect to counting and timing opera-
tions. it provides the capabifity for programmable frequency syn-
thesis, high resolution programmable duty cycie waveforms,
ratriggerable digital timing functions, time-of-tiqy clocking, coin-
cidence alarms, complex puise generation, high resolution baud
rate generafion, frequency shift keying, stop-watching timing.
event count accuimiation, waveform analysis and many more. A
vanety of programmable operating modes and control features
afiow the AmE513 10 be personalized for parficular appiications as
well a5 gynamically reconfigured under program control.

The 5TC includes {ive generl-purpose 16-bit counters. A variety
of irfema fraquency sources and external pins may be salectod
as mputs for individual courters with software selectable active-
high or active-low input polarity. Both hardware and sofiware
gating of each counter is available. Three-state outputs for sach
courder provide eithor pudses or lavels. The counters can be
programymed 1o count up o down in ether birary or BCD. The
accumulated count may be read without disturbing the counting
process. Any of the counters may be intemally concatenated o
form an effective coumter iength of up to 80 bits.

The Am#513 block diagrams (Figures 1-1, 1-2 and 1-3) indicate
the interface sigerals and the basic flow of information. Intemnal
conirol ines. and the intemnal dats bus have bean omitted. The
conirel and data registers are all connectad to & common intermnal
16-bnt bus. The endettal s may be 8- or 16-bits wide; i the S-bit
mode theintemal 16-bit information is multiplexedtothe low order
data bus ping DED through DE7.

An mtamsal oscilator piovides 2 conveniert source of froquencies
for use as counter inputs. The oscillator's frequency is controliad
at tha X1 and X2 interfacea pins by an external reactive metwork
such as a crystal The oscifalor output is divided by the Fre-
cuency Scaler 1o provide several sub-frequencies. One of the
scaled frequencies (or one of tan Input signals) may be solected
a5 an input 1o the FOUT divider and then comes out of the chip at
the FOUT imterface pin.

The STC is addressed by the external system as two locafions: &
Control port and 2 Data port. The Controd port provides direct
actess o the Status and Command ragisters, as well as allowing
the user to update the Data Poirder register. The Data portis used
to commmuricate with afl gther addressable internal locations. The
Data Pointar register controls the Data port addressing.

Agmong the registers accessible through the Data port are the
Master Mode register and five Counter Mode registers, one for
each counter. The Master Mode register controls the pro-
grammable options that are not controlied by the Counter Mode
registers.

Each of the five general-purpose courters is 16-bits long and is
independantly controlled by its Counter Mode register. Thraugh
s register, a user can soflware select one of 16 sources as the
couriter input, 2 variety of gating and repetition modes, up or
down counting in binary or BCD and active-high or active-low
input and output polarities.
Associated with each counter are a Load register and a Hold
register, both accessible through the Data pot. The Load register
is used to artomatically reload the counter to any predefined
value, thus controlling the effective count period. The Hald regs-
ter & usaed fo save count valles without disturbing the count
process, permiting the host processor o read intermediate
counis In addition, the Hold register may be used as 3 second
Load register to generate a number of complex output
waveionns. ’

All five counters- have the same basic control logic and control
registers, Counters 1 and 2 have additional Alarm registers and
comparators associated with them, phes the exira logic necessary
for operating in a 24-hour tme-of-day mode. For real-time opera-
tion the time-of-day logic wilt accept 50Hz, 60Hz of 100Hz input
frecpuencios,

Each genaral counter has a single dadicated output pin. It may be
tumed off when the output is not of interest or may be configurad
in & vanety of ways to drive intermupt controflers, Darlington buf-
fers, bus drivers, etc. The counter inputs, on the other hand, are
specifically not dedicated to any given interface fine. Consider-
ahie versatility is available for configuring both the input and the
gating of individuzal counters. This not only permits dynamic re-
assignment of inputs under software control, but also allows
muitiple counters 10 use a single Mput, anmd allows a single gate
pen to control more than one countes. Indeed, a single pin can be
the: gate for one counter and, at the same titme, the count source
$or anothor. .

A powerful command structure simphfies user interaction with the
counters. A counter must be amed by one of the ABM com-
rmands: bafore counting can commence. Once armed, the count-
ing process may be further ensbled or disabled using the
hardware gating facilities. The ARM and DISARM commands
permit soffware gating of the count process it some modes.
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Figure 1-2. Counter Logic Groups 1 and 2

Figure 1-3. Counter Logic Groups 3, 4 and 5



The LOAD command causes the counter to be reloaded with the
vidue in either the associated Load register or the associated
Hold register. It will often be used as a software retrigger or as
courter initialization prior to active hardware gating.

The DISARM command disables further counting independent of
any hardware gating. A disarmed counter may be reloaded using
the LOAD command, may be incremerted or decremerted usmg
" the STEP command and may be read using the SAVE command.
A count process may be resumed using an ARM command.

The SAVE command transfers the contents of a counter to #s
associated Hold regicter. This command will overwrite any previ-
ous Hoid register contertts. The SAVE coramand is designed to
allow an accumulated count 1o be preserved so that it ¢an be read
by the host CPU at some later trme.

Two combinations of the basic commands exist to either LOAD
AND ARM or 1o DISARM AND SAVE any combination of count-
ers. Additional: commands are provided tor step an individual
counter by one count; set and ciear an output toogle; issue 2
software reset, clear :md set specal bits n the Master Mode
register; and load the Data Pointer register.

Note: Saeparate [ OAD and ARM commands should be usad for
asynchronous operations.

INTERFACE SIGNAL DESCRIPTION

Frgure 1-5 summarizes the itterface signals and their abbrevia-
tions for the STC. Figure 1-4 shows the signal pin assignments for
the standard 40-pin dual in-fine package.

VCC: +5 volt power supply

VS5 Ground

X1, X2 (Crystal)

X1 and X2 are the connections for an extemal crystal used 1o
determing the frequency of the internal oscllator. The erystal
shouid be a parallel-resonant, fmdamerntak-mode type. An RC or
LC or other reactive network may be used mstead of a crystal. For
driving from an external frequency source, X1 should be left open
and X2 should be connecled to & TIL seurce and 2 puil-up
resistor.

FOUT (Frequency Out, Quiput)

The FOUT cutput is derived from g 4-bit counter that may be
programmed 1o divide its input by any integer vaise from 4
through 16 melusive. The input 1o the counter is selected from any
of 15 sources, including the internal scalked oscillator recuencies,
FOUT may be gated on and off under software condrol and when
off will exhibit 2 low impedance o ground. Control over the
various FOUT options resides in the Master Mode register. After
power-up, FOUT provides a frequency that is 116 that of the
oscitlator.

GATEI-GATES (Gate, inputs)

The Gate inputs may be used to control the operations of indi-
vidual courters by determining when counting may proseed, The
same Gate input may control up 1o three counters. Gate pins rmay
alse be selected as count sources for any of the counters and for
the FOUT divider. The active polarity for a selected Gate input is
programmed at each counter. Gating funcion options allow
level-sengitive gating or edge-initigted gating. Other gating
modes are available including one that allows the Gate Input 10
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Signal Abbreviation Type Pins
+5 Volts VCC Power 1
Ground V5SS Power 1
Crystal X1, X2 1o, 1 2
Read _H_}_D_' Inptrt i
Write: WR rpt 1
Chip Select cs Input 1
Control/Datz b inpast 1
Sousree N SRC Input 5
Gate N GATE Input s
Data Bus De Vo 16
Frequency Out FOUT Outpuat 1
Out N ouT Qutput 5

Frgure 1-5. Interface Signal Summary

seiect botween twe counter ouiput frequencies. All gating func-
tions may also be disabled. The active Gate input is conditioned
by an aundiiary input when the unit is operating with an extermal
8-bit datta bus, See Data Bus description. Schmitt-trigger circuitry
on the GATE inpus sllows slow transition times t© be used.
SRCI-SRCS (Source, Inputs)

The Source inputs provide extenal signals that may be counted
by any of the counters. Any Source ling may be routed to any or alf
of the counters and the FOUT divider. The active polarnty for 2
selected SRC input is prograrmmed #t éach oourter. Any duty
cycle waveform will be accepted as long as the minimum pulse
width is &t least half the period of the maximumn specified counting
frequency for the par. Schmiti-trigger circuirry on the SRC inputs
allows slow fransilion times 1o be used,



OUT1-0UTS (Counter, Outputs)

Each 3-state OUT signal is directly associated withr a comre-
sponding individual counter. Depeanding on the courter config-
uration, the OUT signal may be a pulse, & sguare wave, or a
complex duty cycle waveform. OUT puise polarities are individu-
ally programimeable. The cuthut circuitry datects the counter state
thar would have been 2li bits zero in the absencs of g reinftializa-
tion. That informetion & used to generata the selected waveform
type- An optioral ouiptst mode for Coutttars 1 and 2 overrides the
normal culput mode and provides a true OUT signal when the
counter contents match the contents of an Alarm register.
bB0-DB7, DB8-DS15 {Data Bus, Input/Output)

The 16, bidirection: Data Bus lnes are used for information
exchanges with the host proceszor. HIGH on a Data 'Bus ne
comresponds to one and LOW comesponds 1o zerc. These ines
Easmmmnmmdgmanﬁveandasmwhm
A and T35 are active. When CS is inactive, these pins are placad
in a high-impedance state.

After power-up or reset, the data bus will be confiqured for S-bit
width and will use only DBO thwough DE7. DBD is the least sig-
nificant and DE7 is the most significant bit position. The data bus
miy ba récunfiqured for 16-bit width by changing a control bit in
tha Master Mode register. This is accomplished by wiiting an8-bit
command into the low-order DB lines while holding the DE13-
DE1S lines at a logic high level Thereafler 3 16 linas ¢an be
md,thhDBDastheleastsmnﬁcamaMDWSasmenmst
significant bit position.

When operating in the 8-bit data bus envirorment, DB&-DE15 will
never be driven active by the AmaSt3. DES thirpugh DE12 may
optionally be used as additional Gate inputs (see Figure 1-6)_ if
unused they should be held high. When pulied low, a GATENA,
signal will disable the aclion of the coresponding counter N
gating. DB13-DB15 _should be held high in 8-bit bus mode
whenever C3 and WR are simoltaneously aclive.

CS (Chip Sedect, Input)

The active-low Chip Setact input enables Read and Write opera-
tions on the data bus. When Chip Select is high, the Read and
Write: inptits are ignored. The first Chip Select signal after
power-up is used to cesr the power-on reset circuitry. ¥ Chip
Select is ted fo ground permanently, the power-on reset cincuitry
may not function. In such a configuration, the soitware reset
command must be issued following power-up 1o reset the
Am9Sia

D (Read, input)

The active-low Read signal is condifioned by Chip Select and
indicates that intermnal information is to be transferred to the data
bus. The source will be determined by the port baing addressed
and, for Data Port reads, by the contents of the Data Pointar
register. WR and RD should be mutually exdusive.

WH (Wirite, Inpat)

The active-low Wiite signat is condifioned by Chip Select and
indicates that data bus nformation is 0 be ransfemed 1o an
internal location. The destination will be determined by the pornt
being addressed and, for Data Port writes, by the contants of the
Data Pointer ragistor. WA and RD shouid be mutually exclusive.

C/D (Control/Data, Input)

The Control/Data signa! selects source and destination locations
for tead arxt write operations on the data bus. Control Write
operations load the Command register and the Data Pointer.
Control Read operations output the Statys regester. Data Read

1-4

Pin 16 Bits g Birg
12 DBG DBD

13 DRt DBt

14 DBz B2

15 DBE3 DE2

6 B4 DB4

17 DBS DBES

8 DB6 Dee

12 DB7 DE7

20 DBs GATE 1A
o2 Ceg GATE 2A
22 DB1C GATE 3A
24 DB GATE 4A
25 bBiz GATE 5A
28 DE13 (ViH)

27 DE14 {VIHY

28 GBI (VIH)

Figure 1-6. Data Bus Assignments:

and Datz Write transfers communicate with all other intamal
ragisters. Indirect addressing at the data port i controlled inter-
riaity by the Data Pointer register.

Interface Considerations

Al of the nput and output sigrals for the Am9513 are specified
with logic levels compatible with thoss of standard TTL circuits.
See the AmS513 data sheet for specifications. In addition to
pmvic‘iingTTmeaﬁ:levoltagalava!s,aﬂﬁroutpmmmons
are spacihed to help confiqure non-standard nterface cirouitry.
The logic level specifications take nto account all wotst-case
cambinations of the three variablas that affect the logic level
thrasholds: srnbient temperature, supply voitage and processing
parameters. A change i any of these toward nominal values will
improve the actusl operating marging and will increase noise
imrmunity.

Unprotected open gate inputs of high quality MOS transistors
exhibit very high resistances on the order of perhaps 10 ohms. It
is easy, therefore, In some drcumstances, for cdharge to erter the
gate node of such an input faster than it can be discharged and
consequently for the gate voltage 1o rise high encugh to break
downt the oxides and destroy the tansistar. All inputs %0 the
AmS513 include protection networks to help pravent damaging
accumulations of static charge. The protection circintry is de-
signed to slow the transistions of ncoming curment surges and to
provide kow impedance discharge paths for volizges beyond the
normal oparating levels. Note, bowever, that input enargy lavels
can nonetheless be 100 high to be suctassiully absorbad. Con-
ventional design, storage, and handiing precautions shouid be
observed so that the protection networis themselves are not

. ‘

Within the fimits of nomzl operation, the input protection circuitry
iz inactive and may bé madeled a5 a lumped sefies RC as shown
in Figure 1-72 The functionzlity active input connoction during
nomzl operation is the gate of an MOS transistor. No active
sources o drains are connected to the inputs so that neither
fransiont nor steady-state cutrents are impressed on the driving
signaly cther than the chargng or discharging of the input
capacitance @ the accumulated leakage associated with the
protection network and the input cireuit. ‘
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Fgure 1-7. hiput Cirenitry

The only exceplian to the purely capacitive input case is the X2
crystal input. As shown in Figure 1-7b, an mternal resistor con-
nacts X1 and X2 in addiion o the protection network. The tesistor
is 2 modestly high value of more than 100kohms.

Fanout from the driving circuitry inlo the Ama512 inpits will gen-
orally be imfted by transition time consideratons rathar than DC
ciment kmitations when the loadng © dominated by conven-
Yoozl MOS crcutls. In an operating environment, all inputs
should be erminated so they do not float and therefore will not
accumuiate stray siatic charges. Unused inputs shoulkd be tied
ditectly to Ground or VCC, as appropriate. Ah input in use wil
have some type of logic cutput driving it and termination during
operation will not be a problem. Where mputs are driven from
Iexgic: encemnal 1o the card containing this chip, however, on-board
termination should be provided to protect the chip when the
hoard is unplugged and the input woikd therefore otherwise float.
A pull-up rasistor or a simpla inverter or gate will suffice.

Power Supply

The AmS513 requires only 2 single SV power supply. Maxdmum
supply currents are spacified in the elecirical specification at the
high and of the voltage toletance and the fow end of the tempera-
ture range. In addition, the curment speciiications take into ac-
muntﬂ:eWoramaaecﬁsﬁbution of processing parameters that
may be encountered during the manufaciuring iife of the product.
Typical supply current vahues, on the other hand, are specified at
a nominal 5.0 volis, a nominal ambient temperature of 25°C,
and nominal processing parametars. Supply carrent always do-
creases with mcreasing ambient teriperature: thenmal run-awey
iz not a problam.

Supply current will vary somewhat from part to part, but a given
unit at a given operating temperature will exhibit a nearly congtant
power drain. There is no functional operating region that will
cause more than a few percent change in the supply cumment
Decoupling of VCC, then, is straightforward and will genarally be
used 1 inolate the AMOETS frm VOO noise ariginating externally.
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CONTROL PORT REGISTERS

The STC is addressed by the extenal system a5 only two loca-
tions: aControl port and a Data port. Transfers at the Control port
(C/D = High) aliow diract access 10 the comrnand register when
writing and the status rogister when reading. All ¢ther avaiiahle
the Data port (/D = Low). Data port transfers are exectted to
and from the location currently addressed by the Data Poirter
register. Options available in the Master Mode register and the
Data Pointer control structure allow several types of transfer
segquencing 10 be used. See Figute 1-8.

Transfers to and from the Control port are atways S-bits wide.
Each access to the Control port will transfer data between the
Command rogistar (writes) or Status reqgister (reads) and Data
Bus pins DBO-DEY, regardless of whathar the AmS513 s n 8- or
16-bit bus mode. When the Am3513 15 in 8-bit bus moda, Dﬁ
Bus pins DE13-DEIS shoukd be hedd at a logic high whenever CS
and WHR are both active.

Command Reglzter

The Command register provides direct controt over each of the
five ganeral courters and controls access through the Data port
by aliowing the user to update the Data Pointer register. The
“Command Description” section of this data sheet explains the
detailed opermtion of each command. A summary of all com-
mands appears in Figure 1-21. Six of the command typas are
used for drect software control of the counting process. Each of
these six commands cortains & 5bit S fiekd. In a insar-select
fashion, each bit in the S held cormesponds to one of the five
general counters (81 = Gounter 1, $2 = Gowurtter 2, etg.). When
an S bit is a one, the specified operation is parformed on the
coumter 50 dosignated; whoen an S bit is a zero, no operafon
ocours for the comasponding countor.

Bata Pointar Register

The 6-bit Data Pointer register is loaded by issuing the appro-
priate command through the Conirol port to the Command regis-
ter. Az shown in Figurs 1-8, the conterds of the Data Pointer
register are used to comtrol the Data port multiplexer, selecing
which internal ragister is to be accassible through the Dats port.
The Data Pointer consists of a 3-bit Group Pomtar, a 2-bit Ele-
ment Pointer and a 1-bit Byto Pointer, depicted in Figure 1-9. The
Byte Ponter bt indicates which byte of a 16-bit rogister ts 1o be
wansferred on the nestt accass through the Data port Whenever
the Datz Poirter is Joaded, the Byte Pomter bit 5 sat 1o one,
indicating a least-significant byte is expacted. The Byte Pointer
toggles following each 8-bit data transfer with an 8-bit data bus
{MM13 = 0}, or it always remains set with the 16-bit data bus
option (MM13 = 1). The Element and Group pointers are used to
setact which intomal registor is 1o be accessible through the Data
port. Although the contents of the Element and Group Posmter in
the Data Pointer register cannot ba read by tha host processor,
the Byte Pointer i5 available as a bit in the Status register.
Randaorn access to any available mternal data location can be
accomplished by simply loading the Data Pointer using the com-
mand shown in Figure 1-10 and then initatng a data read or data
write. This procedurs can be usad at any time, regardiess of the
setiing of the Data Pointer Control bit {MM14). When the B-bit dlats
bus configuration is being used (MM13 = 0), two bytes: of data
would normally be transferred foliowing the ssumg of the “Load
Data Pointer” command.

Te permit the host procassor to rapidly aceess the varipus intemal
registers, atomatic sequencing of the Data, Pointer is providect
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00 = Mode Register 000 = Negal

01 = Load Register } Element Cycle Increment
10 = Hold Register

001 = Counter Group 1
[ 010 = Counter Group 2

11 = Hold Registar (Hold Cyde Incrament)

00 = Alanm Register 1
01 = Alznmn Register 2 Control Cycle increment
10 = Master Mode Reg.

100 = Counter Group 4
101 = Countar Group 5
110 = llega!

l 011 = Courter Group 3

T atm—

11 = Status Register (No Increment)

111 = Control Groug
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Figure 1-9. D:ta Pointer Register
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Element Cycla Hold Cycla
Mode Load Hold Hold
Register | Register | Begister | Regigter

Courder 1 Fr01 FFO8 FF11 FFig
Courter 2 FFO2 FFDA Friz FFiA
Courters | FFO2 OB FE138 FHE
Cotmter 4 | FRO4 FROG Fri4 G
Counter 5§ FFO5 FFoD FFis FF1D
Mastor Mode Register = FF17
Alaren 1 Register = EFQ7
Alarm 2 Regisier = FFOF
Statue Register = FFIF

Notas:

1. Al codes are inhox

2 When used with an B-bit bus, only the twor low order hex
cigits shoukd be written to the command port: the FF pre-
fix should be used only for 2 16-bit data b interiace.

Figure 1+10. Load Duta Pointer Commands

Sequencing is enabled by clearing Master Mode bit 14 (MM14) o
zero. As shown it Figure: 1-11, several types of sequencing are
avaitable depending on the: data bus width beirg used and the
initial Data Pointer value entered by command.

When E1 = Dor B2 = 0 and G4, G2, (1 pointto a Courtar Group,
the Data Pointer will proceed through the Element cycle. The
Element field will automatically sequence through the three.val-
ves 00, 01 and 10 starting with the value entered. When the
transition from 10 to 00 occurs, the Group field will also be
incrementod by one. Note that the Element field in this cass does
not sequence 10 a value of 11, The Growp field circulates only
within the five Counter Group cades.

¥ E2 E1 = 11 and a Counter Group is sefected, then only the
Group field is sequenced. This ks the Hold cydle. It allows the Hold
registors o be sequentially accessed while bypassing the Mode
and Load registers. The third type of sequencing is the Contral
cycle. f G4, G2, G1 = 111 and E2, £1 # 11, the Element Pointer
will be incremented through the values 00, 01 and 10, with no
change to the Group Poiriter.

When (54, G2, 51 = 111 and EZ, E1 = H, no ncrementing takes
p&amandonlyﬁe&taﬁregisterwﬂlbeavaﬂablemm@me
Data port. Note that the Status megister can atso always be read
directy through the Control port.

For ali of these autt-sequence modes, if an 8-bit data bus is used,
the Byte poimter will toggte after every data tremsfer 1o allow the
least and most significant bytes to be ransferred before the
Elamant or Group Felds are mcremented.

Prefetch Circait

In arder to minimize the read access fime o intemal AmS513
registers, a prefetch circuit is used for all read operations through
the Data port. Following each read or write operation through the
Data port, the Data Pomter register is updated o point to the next
register to be accessed. Immediately following this update, the
new register data is transterred 1o a special prefetch latch at the
interface pad logic. When the user performs a subsequent read of
the Data port, he data bus drivers are enabled, oulputting the
prefeteched data on the bus. Sincs the intemal data register is
accessed prior to the start of he read operation, its access ime s
frangparestt to the user. In otder to keep the prefetched data
consistent with the Data Peointer, prefetches are also parformed
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Counter 1 Hold Feg. Counter 1 Mode Reg.

' f

GCourter 2 Hold Reg. Counter 1 Load Req.

' i

Counter 1 Hold Reg.

{

Counter 2 Mode Reg.

} {

Counter 5 Hold Reg. Counter 2 Load Reg.

| {

Cotinter 2 _
HOLD CYCLE ¥ 2 Hoid Reg

vl

- g

| I Counter 5 Hold Reg.
Nal'm‘ﬁeg 1 I

ELEMENT CYCLE
Alarm Reg. 2 ‘
i '
Master Mode Reg. Sigtus Reg
CONTROL GROUP CYCLE STATUS CYCLE
MOS-174A

Figure 1-11. Data Pointer Saquencing

after each write to the Data port and after exectition of the “Load
Drata Pointer” command. The following rules should be kept m
mind regarding Data port Transfors.

1. The Data Pointer register should always be relsaded before
reaging from the Data port if a command gther than “Load
Data Pointer” was issued to the AmS513 following the last
Drata port read or write, The Data Pointer does not kave to be
loaded again if the first Data port transaction after a command
enfty is a write, sinte the Datz port wiite will autornatically
canse a hew profatch to oecur.

2 Operating modes N, O, Q, Rand X allow the user to save the
counter sortents in the Hold register by applying an active-
going gate edge. i the Data Poitter regester had been pointing
10 the Hold register in question, the prefetched value will not
comespond 1o the new valua saved n the Hold register. To
avoid reading an mcorrect value, a new “Load Data Pointar”
command should be ssued before attempting to read the
saved data A Data port write (to another registen) will also
initiate a prefatch; subseguent reads will access the recently
gamdl-loldreg'&terdata.ManysyﬂemsmTlus&ﬁa“saving”
gate adge to interrupt the host CPU. In systems such as this
the intertupt service routine should issue a “load Data
Pointer” command prior to reading the saved data.



Status Register

The 8-hit read-only Status register indicates the state of the Byte
Pointer bit o the Data Pointer register and the state of the QUT
sigral for each of the general counters. See Figures 1-12 and
1-19. The OUT signaks reported are those imerreal tothe chip after
the polarty-select ogic and just before the 3-state intarface buffar
circuitry. Bits SRE and SR7 may be O or 1.

The Status register QUT bit reflects an active-high or active-low
TC output, or 2 TG Toggled output, as programmed in the Output
Control Feid of the Cousster Mode ragister. That is, it reflects the
exact state of the OUT pin. When the Low Impedante & Ground
Outpnst option (CM2-CMO = 000) i sedacted, the Status regi
will reflect an active-high TC Ouiput When a High Impedance
Outputopmnicm-CMO 100) is selected, the Status register
will reflect an active-low TC output.

For Counters 1 and 2, the QUT pin will refiect the comparator
output if the comparators are enabled. The Status regrster bit and
OUT pin are active high if CM2 = § and active-low if CM2 = 1.
When the High Impedance option is selected and the comparator
is enabled, the status register bit will reflect an active-high ¢om-
paratGr outpit. When the Low Impadancs 1o Ground option s
salectod and the comparatornis enabled, the status registerbit will
refiect an active-low comparator output.

The Status register is nomally sccessed by reading the Corrrol
pnn(saeﬁgurev&)butmayalsnbemadwambmmrtaspart
of thie Control Group.

ER7 | SRe | GRS | SR4 | SR2 | SR2 | SRt | 5RO
S ouT 4 ouT 2 BYTE
QOR 1 POINTER
QUT S ouT 3 OuT 1
MOS-58T

Figure 1-12. Stamse Regisier Bit Aszignments

DATA PORT REGISTERS

Counter Logic Groups

As shown in Figures 1-2 and 13, each of the five Counter Logic
Groups consists of a 16-bit genaral counter with associated con-
trot and output logic, 2 16-bit Load register, a 16-bit Hold register
and 2 16-bit Mode ragister. In addition, Courtter Groups 1 and 2
alss include 16-bit Comparators and 16-bit Alarm registers. The
- comparator/alarm functions are controfied by the Master Moda
ragister. Tha opacation of the Counter Mode registersis the same
for afl fivecounters. The host CPU has both read and witle access

to all registers in the Counter Logic Groups through the Dt port.
The counter itself i never directly accessed.

Load Register

The 16-hit resxdfwrites Load register is used to control the effoctive
length of the ganeral counter. Any 16-bit value may be written into
the Load register. That vadue can then be transferred into the
coumnter each tima the Terminal Count (TC) cccurs. “Terminal
Count” is defined as that period of time when the counter contents
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wotdd have beaen zero if ah external value had act heen trans-
farrad into the counter. Thus, thederminal count frequency ¢an be
the inpuit frequancy divided by the valuea in the Load register. In all
operating mocdes either the Load or Hold register will be transfer-
red i the counter when TG ocours. In cases whore vaiues are
being accumulated in the courtar, the Load register acon can
bacome transparent by filing the Load register with all zeros.

Hold Register

The 16-bit read/write Hold register is dual-purpose. f can be used
in the: same way as the Load register, thus offering an altemate
source for module definiton for the counter. The Hold register
may also be usad iy store acommubated courter values iy later
transfer to the host processor. This aliows the count to be sam-
pied while the cournting process proceads without interruption.
Tramsfer of the counter contents into the Hold register s ac-
eomplished by the hardwara interface in some operating modes
or by software commands at any Sme.
Coumtar Moge Register

The 1€-bit read/write Counter Mode register controls the gating,
counting, output and source select functions within each Counter
Lagic Group. The “Counter Mode Control Options™ section of this
docurment describes the detailed control options available. Figure
1-18 shows the bit assignments for the Courter Mode régisters.

Alarm Registers and Comparators

Added functions are available in the Coumter Logic Groups for
Counters 1 and 2 (g0 Figure 1-2). Each contains 2 16-bit Alarm
register and a 16-hit Comparator. Whon the vahee in the counter
reaches the value & the Alarm registar, the Comparator output
will go true. The Master Mode register contains control bits to
individually enabile/disable the comparators. Whan enabled, the
comparator output appears on the OUT pin of the associated
countar it place of the nomal counter output, The ouiput will
resnain irue as long as the comparison is true, thet s, urdil the nesdt
mput causas the count to change. Tha polarty of the Comparator
output will be actve-high if e Outpt Control fiedkd of ther Coumter:
Mode register is 001 or MO and active-low if the Output Control -
fiald is 101,

MASTER MODE CONTROL OFTIONS

The 16-bit Master Mode (MM) register is used to controt those
internal activities that are not comtroffod by the individual Counter
Mede registers. This ludes frequency control, Timea-of Day
oparation, comparator controls, data bus width and data pointer
soaquencing. Figurs 1-13 shows the bit assignments for the Mas-
ter Mode register. This section describes te use of each control
field.

Mastor Mode register bits MM12, MM13 and MM14 can be indi-
vidually set and resst using commnands issued to the Command
register. In additon they can all be changad by writing directly to
the Master Mode register.
After power-on reset or 2 Master Resot command, the Master
Maode register is claared to an all 2660 condition. This resultcinthe
follows s o

Tanwe-ob-Day disabled

Both Comparators disabled

FOUT Source is frequency F1

FOUT Divider st for divide-hy-16



FOUT Divider

0000 = Divide by 16
0001 = Divida by 1
0010 = Divide by 2
0011 = Divide by 3
0100 = Divide by 4
0101 = Divide by 5
0110 = Divide by &
0111 = Divide by 7
1000 = Divide: by 8

FQUT So
0000 = F1
000t = SRC 1
0010 = SRC 2
0011 = SRC 3
0100 = SRC 4
M1 = SRGC S
010 = GATE 1
0111 = GATE 2
1000 = GATE 3

1001 = Divide by 8 1001 = GATE &
1010 = Divide by 10 1010 = GATE S
1611 = Dwvide by 11 10HT = F1
1100 = Divide by 12 1100 = £
1101 = Divide by 13 1101 = F3
1110 = Divige by 14 1110 = B4
1111 = Divide by 15 111 = F5
MMES § MMIS [V S fMVAS | MM EMMIOT MM9 | MMS { MW7 | MMG § MMS | MM4 | MM3 | MM2 1 MM1 | MMO
L rouT Gate Compare 2 Enable — —_
0=FOUT On . ( = Disabled
1 = EOUT Off {Low Z to (3ND) 1 = Enablad
Data But Widith Compare 1 Enable
0 = &-Bit Bus O = Diszbled
=1c-Bit Bug 1 = Enabled
Data Pointer Control Mode
0 = Enabie increment 00 = TOD Dizabled
1 = Disable increment Q1 = 70D Enabled: -+ 5 Input
Seakar Control 10 = TOD Enabled; — 6 put
0 = Binary Division 11 = TOD Enabled; + 10 nput
1 = BCD Dawvision

Figure -13. Master Mode Register Bit Assignments

Tir-04-Day

Bits MMO and MMT of the Master Mode register spacify the
“fime-ot-Day (F0OD) options. When MMO = 0 and MM1 = 0, the
special logic used to mplement TOD is disabled and Counters 1
and 2 wifl operate in exactly the same way as Counters 3, 4 and 5.
When MMO = 1 or MM1 = 1, additional counter decoding and
control lagic is enabled on Counters 1 ang 2 which cavses their
decades © turn ovet at the counts hat generate appropriate
24-hour TOD accumulabions. For additiona information, see the
Time-of-Day chapter in this applications note.

Comparator Ermable

Bits MMZ and MM3 control the Comparators associated with
Counter 1 and 2. When a Comparalyr is onabled, its output i
substituted for the normal counter output on the associated QUTY
or QUTZ pm. The comparator output will be active-high if the
cutpet control fisld of the Counter Moda registar ks 001 or (10 and
active low for a code of 101. Onca the compara output i frue, Ewill
remain 56 antl the count changas and the comparison therefore
goes false.

The two Comparators can always be used indivicually i any
operating mode. One special case ocours when the Time-of-Dsy
opton is invoked and both Comparators-are enabled. The opera-
ton of Comparator 2 will then be comditioned by Comparator 1 so
that = fudl 32-bit compsare must be true i order to genarate a trua
signal on OUT2. OUTt will continue, as usual, to reflact the state
of the 16-bit comparson batwesn Alarm 1 and Counter 1.

-2

FOUT Source

Master Moda bits MM4 through MM7 specify the source input for
the FOUT divider. Fiftean inputs are availablie for selection and
they include the five Source pins, the five Gate pins and the fiva
intemal frequencies derived from the osdilator. The 16th combi-
reation of the four cotttrol bits (all zeros) is used to assure that an
active frequency is avaiiable at the input o the FOUT divider
following roset.

FOUT Divider

Bits MMS through MM11 specify the dividing ratio for the FOUT
Divider. The FOUT source {selected by bits MMJ4 through MMT) is
dividad by an integer value batween 1 and 1€, mciusive, and i
ther passed to te FOUT culput buffer. After power-on of reset,
the FOUT divider is set to divide-by-16.

FOUT Gate

Master Mocde bit MMIZ provides a software gating capability for
the FOUT signal. When MMIZ2 = 1, FOUT &5 off and in & low
impedance state. o ground. MM12 may be set or clearad in
comjunection with the ioading of the other bits in the Master Mode
recister; altenatively, there are commands that aliow MMIZ 10 be
mdividually set or deared directly without changing any other
Master Moda bits. After power-up or.reset, FOUT is gated on.
When changing the FOUT dividar ratic or FOUT source, transiont
pulses as short a5 half the period of the FOUT source may appear



on the FOUT pin. Tuming the FOUT gate on or off can also
generate a fransient This should be considered when using
FOUIT as a system clock source.

Bus Width

Bit MM13 coatrols the muitiplexer at the data bus interface
order 1o configure the part for an 8-bit or 16-bit external bus. The
internal bus is always 16-bits wide. When MM13 = 1, 16-bit data
is ransfemad directly between the intemal bus and 2l 16 of the
extarmal bus lines. In this confiquration, the Byte Peinter bit in the
Bata Pointer register remains set at all imes. When MM13 = §,
16-bit intemed data is ransferved & byte at a tirne o and from the
eight Jow-order external data bus fines. The Byte Pointer bit tog-
gies with each byte transier in this mode.

When the AmMSS13 is sat to operate with an 8-bit data bus wikth,
pins DBE through DB15 are not used for the data bus and are
available for ather functions. Pins DB13 through DB15 should be
tied high. Pins DB8 through DB12 are used as awdlisry gating
inputs, ard are labeled GATEIA through GATESA respectively.
Tha auxiliary gate pin, GATENA, is jogicatly ANDed with the gate
input to Counter N, a5 shown in Figure 1-14. The output of the
ANL gate 5 then used as the gating signa! for Counter N.

Data Pointer Sequencing

Bit MM4 contmls the Data Pointer logic it enabie or disable the
automatic sequencing functions. When MM1i4 = 1, the contents
of the Data Pointer can be changed only ditectly by entering =
command. When MMI4 = 0, several types of automatic
sequencang of the Data Pointer are availabie. These are de-
sefibeds in the Dats Pomnter ragister section of this documant

L p—
GATEM =1 — | GATE

MKOITFLEXER
GATEN —ar| AMD POLARTTY EDGE
SELECT Locac- Ann
GATEN+1 —a] T=7 T L Jap—
GaTE
COMTROL
LoGK

Figure 1-14. Gating Control

Thus the host procassor, by cormtrofing MMi4, may repelitively
readiwrite a single intermal ocation, or may sequentiafiy read/
write groups of locations, Bit MM14 can be loaded by writing to the
Master Mode register or can be set or deared by software
commard.

Scaler Ratiog -

Master Mode bit MM15 controls the counting configuration of the
Frequency Scaler counter. When MMIS = 0, the Scaler divides
the oscillator frequency in binary steps so that each sub-
frequency is 116 of the precading frequency. When MMIS = 1,
e Scaler divides in BCD stops so that adiacent frequencies ara
related by ratios of 10 instead of 16 (see Figura 1-15).

Fi
3
Fz
Ft
x
ase & TS & BITS 4BTS £ BITS 5
n—
FREQUENCY SCALER
BCD Binary
Sealing Sealing
Fraquency MM1I5 = 1 MMi5 =0
1 osC OsC
F2 F1 = 10 F =16
F2 F1 = 100 Ft < 256
F4 F1 + 1,000 F1 = 4,096
s F1 =+ 10,000 F1 + 65,536
(L=

Figura 1-15. Fraquency Scaler Ratios
1-10



Counter Mode

Spacial Gate (OM7)

Relcad Source (CM&)

Repetton (CME)

Slo|a |

olo|(s|(o

oo |m

=1o|o|™MMm

R B0 LN .1

Gate Control (CM15-CM13)

EDGE

§-ooﬂ

LEVEL

gu—ucm

Count 1o TC onca, then disarm

K§ODO)

Court t= TC wice, then d=arm

Count to TC repeatedly without disarmdog

Gate input does not gate cournter input

Count ordy during active gate javel

o e TC

Start count o active gate edge and =top count
oh sacond TC

Moy harcwarer retriggeting

Reload countar fraem Lo Register on TG

Relozd counter on each TC, altemating reload
source betwaen Load and Hold Registers

Transfer Load Register inte counter on eatch
T that gate is LOW, transfer Hold Register
iniy counter on each TG that gate is HiGH.

O aetive gete edoe tansfer counter into Hold
Regster and then reload counter from
Load Register

Counter Mode

Special Gate (CM7)

Redoad Source {CME)

Repotition (CMo)

o ==

olag|a|O

—lc—lb

CEE=RELN =]

sl=|=]|-

al~|=|c

Gate Control (CM15-CM13)

gccdg

g—‘c"""tl

8lel=[~a

§-I-l-ml-<

g_-—n-li

Count to TC once, then disarm

Cournt to TC twice, than disarm

Count to TC repeatedy without disarmeng

Giatto input does ot gate counter Fpat

Countt only during active gate level

Start count on active gate adge and stop count
on nevt TG

Start countt on active gate edoer and Stop count
on sacond TC

No hardware retriggerng

Reload courter from Load Register on TG

Reioad counter on each TC, altemating raloard
source betwean Load and Hold Registers.

Transfer Load Register into courder on aach
TC that gate is LOW, wansier Hold Regiztar
into counter ot each TC that gate & HIGH.

On active gate edge rancier counter intn Hald
Regicter and ther reload counter from
Loxad Registor

Ot aclive gate edge ransfer Sounter intd
Hold Register, but countivg contivnmwes

Notes:

1. Counter modas M, P, T, U znd W are resarved and shathd not be nsed,
Figure 1-16. Counter Mode Operating Summary

2. Mode X 15 availabia for Am@5134A only.

1-11




COUNTER MODE DESCRIPTIONS

Countar Mode register bits CM15-CM13 and CM7-CMS selact
the operating made for each counter (see Figure 1-16). To
simplify references to a particutar mode, sach mode is assigned a
letter from A through X, Representalive waveforms for the
courter modes are iliustrated In Figures 1-17a through 1-17v.
(Because the letter suffix in the figure number is keyed © the
mode, Figures 1-17m, 1-17p, =174 1-17u and 1-17w do not
exist.) The figures assume down counting on rising source adges.
Thase modas which automatically disanm the courter {(CMS = 0)
are shown with the WH pulse entefing the required ARM com-
mand; for modes which cowmt repetitivaly (CMS = 1) the ARM
command is omitted. The ratriggering modes (N, O, Qand R) are
shown with one retrigger operation. Both a TG oulput wavetorm
and a TC Toggled output waveform are shown for each mode.
The symbols L and H are used to represent count vatues equal to
the Load and Hold register contents, respectively. The symbols K
and N represent arbitrary count values. For each mode, the
required bit pattern in the Counter Mode registar is shown; “gon't
cars” bits are marked “X.” These figures are designad o clarify
the mode desciptions; the Am$513 Electical Specification
should be used as the authoritative reference for timing retation-
chips balween signals. Appendix B provides a key to the
waveformn symbeols used In these diagrams.

To keap the following mode deserptions concise and to the point,
the phrase "source edges” is used to refer to achve-Going SOUICH
edges only, not to inactive~-going edges. Similacly, the phrasa
~gate edges” refers only to aciive-going gate edges. Also, again
10 avord verbosity and euphuism, the descriptions of some modes
state that 2 cowrtter is stopped or disarmed “on a TG, mhibiting
further counting.” As is fully explained in the TG section of this
document, for thase modes the counter is actually stopped or
disarmed following the adtive-going source edge which drives the
coumtter out of TC. In other words, since a counter inthe TC state
aiways counts, irrespective of iis gating or anming status, the
stopping of disarming of the count sequence is delayed uniit TG
iz torminated.

MODE A
Softweare-Triggered Strobe with Ne Hardware Gating

CMI15 | CM14 | CMIZ | CMI2 | CMIT | CMIC | CMO | CME
1] 1] o X X X X x

CM7 | CM& | CMS | CM4 | CMs3 | CM2 | CME | CMO
o c o X | X | X | X | X

Moade A, shown in Figure 1-172, is one of the simplest operating
modes. The countar will be availzhie for counting source edges
when it is issued an ARM command. On aach TG the counter wilk
reload from the Load register and automatically disarm foef,
inhibiting further counting. Counting wit resurne when & now
ARM command is issued.

MODE B
Software-Triggered Strobe with Lavel Gating

cuis | oma [Cwis [ Cmiz | Ot | oMo [ oM | oMs
LEVEL X | x| x| x| x

CM7 | CMB | CMS | M4 | cM3 | CM2 | o | CMa
o oo | x| x1i x x| x

Mode B, shown in Figure 1-17D, is identicat ts Mode A axcept that
sounes edgas are countad only when the assigned Gate i active.
The counter must ba armed before counting can octur. Once
armed, the counter will count a source adges which occur while
the Gate is active and disregard those edges which occur while
the (3ate is inactive. This parmits the Gate to wm the count
process on and off. On each TC the counter will reload from the
Load megistes and automatically disarm iself, nbibiting further
counting untl a new ARM command is issued.

sV AVAVAVAVAVAVAVAVAN

TE TOGGLED
SUTPUT |

MOS-SES

Figure 1-17a. Mode A Waveforms
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m L—1 XL_zxL—axxnx K xn—xy 2 X 1 X L x L1
TC TOGGLED X
MOS5ES
Figure 1+17b. Mode B Waveforms
MCDE C
Hardwate-Triggered Strobe counrter. The counter must be armed before application of the
rriggering Gate edge; Gate edges applied o a disarmed counter
omis | Cvi4 | CM13 | chniz [oMit [CMio | oMo | ems are disregarded. The counter will start counting on the first source
EDGE X b 4 x X X adge after the triggeting Gate edge’ and will continue cotnting
unti TC. At TC, the counter wiil reload from the Load registar and
automatically disarm itself. Counting will then remain inhibited
CM7 | CMG | CMS | CM4 | CM3 | COM2 | CMT | CMO untit 2 new ARM command and a hew Gate edge are applied in
-0 0 0 x Ie % 'y X that order. Note that after application of 2 ttiggerning Gate edge,

Moda C, shown in Figure 1-17¢, is identical i Mode A, except that
courting will not begin untll a Gate edge is applied to the ammed

tha Gate input will be cicrogarded for the remainder of the count
cycle. This differs from Mode B, whare the Gate ¢an be mod-
ulated throughout the count cycle to stop and start thwe counter.

Y AYAVAVAVAVAVAVAVAVAVAVAY

wsre YOO X OGO

—

WH

\/

114

COUNT
VALIE

Ji / \
;

TC TOGGLED

. X
r

MOS-890

Figure 1-17¢c. Mode C Waveforms
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MODE D
Bate Genermtor with No Hardware Gating

MOQDE E
Rate Generator wath Level Gating

CMIS | CMi4 {CM13 | CMI1Z2 | CM11 | CMID | CMO | CMB CM15 l Chnid [ CMIZ t CM12 | CMI1 ) CMIC | CMS | CMB
1] o] ¢ X X X X X LEVEL X X X X X
CM7 | CM& [ CMS | CM4 | CM3 | CM2 | CMT | CMD CM7 | CMB | CMS | CM4 | CM3 ) CM2 | CMT | CMO
G 0 1 X X X x x 1] 0 1 X X x X X

Mode D, shown in Figure 1-17d, is typically used in frequency
generation applications. [n ihis mode, the Gate input does not
affect counter oparation. Once armed, the counter will count 1o
TG repetitivaly. On each TC the counter will reload itself from the:
Load register; hence the Load register value determines the time:
batween TCs. A square wave rate generator may be obtained by
spedfying the TC Toggled output mode in the Courder Mode:
rogister.

Made E, shown in Figure 1-17g, is identical to Mode D, excapt the
counter will only count those source edges which ocgur while the:
Gate input is active. This feature allows the counting process to
bo enzbled and disabled under hardware control, A Square wave
rate generator may be obtained by specifying the TC Toggled
oulput mode.

o mnd  \

e WAVAVAVAVAVAVAVAVAN
sz OO XX OO X

/\

TG TOGGLED
QUTFUT

s

X

MOS-591

Figure 1-174. Mode D Waveforms
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TE TOGGELER
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MOS-532

Figure 1-17e. Mode E Waveforms
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MODE F MODE G ‘
Non-Retriggerable One-Shot ‘Sottware-Triggered Dolayed Pulse One-Shot
cw5|cm4|cws CwMiz [OMIT |CMID | CM9 | CMB CMI5 | G4 | CMI3 [ CM12 | Gt | CMHO | CMS | CMB
EDGE X X X x | x 0 0 0 X X % X X
eM7 [ oM | OM5 | CM4 | CM3 | oM2 | oMt | MO jomr |l oms | oms | oma | CM3 | Cm2 | M1 | CMO
0 o 1 X x X x X b 1 ) X X X X X

Mode F, shown in Figure 1-17f, provides a non-tetrigoerable In Mode &, the Gate does notaffect the counter's operation. Once:
one-shottiming function. The counter mustbe armed before itwill armed, the counter will court to TC twice and then automatically
function. Application of a Gate edge to the armed courter will ciisarmn fisel. For most applications, the counter will infially be
exnable counting. When the counter reachés TG, it will reload itsalf ioaded from the Load register either by 2 LOAD command or by
from the Load register. The counter will then siop counting, the last TC of an earlier fiming cycle. Upon counting to the first TC.,
awaiting a rew Gate edge. Note that enfike Mode ©, a new ARM the counter will reload itself from the Hold register. Courting will
command is not needed after TC, only a new Gate edge. After proceed undl the secornd TC, when the counter will reload #oolf
application of a triggeting Gate adge, the Gate input Is disre- from the Load register and automatically disarm itself, mhibiting
garded until TC. ) futther counting. Counting can be resumed by issuing 2 new ARM

sommand. A software-triggered delayed pulse one-shot may be
generated by specifying the TC Toggled output mode in the
Counter Mode register. The iniial counter contants control e
delay from the ARM command untl the output pulse starts. The
Hold register contents control the pulse duration. Mode G is
shown in Figime 1-173.
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Figure 1-17f. Mode F Waveforms
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MODE H
Software-Triggered Delayed Pulse Qoe-Shot with
Hardware Gating

omis | omna | omns | omsz| o | omic | oms | oms
LEVEL x | x| x [ x| x

cM7 | cMs | CMs | CMms [ om3| om2 | oMt | oMo
0 1 o x| x| x| x| %

Mode H, shown in Figure 1-17h, is identical to Mode G except that
the Giate input is used to qualfy which source edges are o be
countad. The counter must be armed for counting to occur. Once
armed, the counter will count all source edges that occurwhile the
Gate is active and Esragard those source edges that occur while
the Gate is inactive. This permits the Gate to tumn the count
process on and off. As with Mode G, the cowrter will be retoaded
from the Hold register on the first TC ard redoacied from the Load
rogister and disarmed on the second TC. This mode allows the
Gate to control the extension of both the iniial output delay time
and the pulse width.

MODE 1
Hardware-Triggered Delayed Pulse Strobe

cM15 {CcMi4 | oMz [ oz | omit [omio | oMe | oMs
EDGE x | x | x | x| x

CM7 |CME | CM5 | CM4 | CM3
o 1 o | X | X

CcM2 | M1 | CMO
x | x | x

Moxie |, ghown in Figure 1-171, is Wdentical 1o Mode &, except that
counting will not begin untl a Gate edge is applied to an armed
conrer. The counter must be armed before application of the
triggeting Gate edge; Gate edges applied o & disammed courrter
are disreqarded. An armed counter will start counting on the first
source edge after the triggering Gate edge. Counting will then
proceed in the same manner 23 in Mode G. After the second TG,
the cournter will disarm iself. An ARM command ana Gate adge
must be ssued in thes order to restart counting. Note that after
application of a triggering Gate edge. the Gate input wilt be
disregardad until the second TC. This differs from Mode H, where
the Gate ¢an be modutated throughou thecount cycle o stop and
start the counter.
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Figure 1-17h. Mode H Waveforms
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MODE J
Variable Duty Cycie Rate Generator with No
Hardware Gating

CM1E | CM14 | CM13 | CMIZ | CMTT1 | ONIG | CM3 | CMB
4] 0 0 X X x X X

OM7 | CME | CMS | CM4 | CM3 | CM2 | CMi | CMO
0 1 1T | X ] x | X | X | X

Mode J, shown n Figure 1-17], will find the greatest usage in
frequency generation apphications with vatiable duty Sycle re-
quirements. Once armed, the counter will court continuously unt!
it is issued a DISARM command. On the first TC, the counter will
be reloaded from the Hold register. Counting will then procasd
until the second TG at which time the counter will be redoaded
from the Load register. Counting will continue, with the reload
source altemating on each TG, untli 2 DISARM command is
issuad to the counter. (The third TC reicads from the Hold regis-
tar, the fourth TC rofoads from the Load ragister, ete.) A variable
duty cycle outpirt can be generated by specifying the TC Toggled
outpiit in the Counter Mode ragister. The Load and Hold values
then directly control the oudput duty cycle, with high resolution
avafable when relatively high count values are used.

MODE K
Variable Duty Cycle Rate Gotwrator with Levei Gating

cmis | omie [ oma | ez | ot { cio | oo | oMs
LEVEL x [ x [ x ] x| x

CM7 | CM& | CM5 | CM4 | CM3 | CM2 | CM1 | CMD
o 1 1 X | X | x| X ; X

ModaK,shawninFigureFﬁk.isidehﬁcaltoMﬂdﬂJamamm
countar must be ammed for counting to oo Onee armad, the
counter will count ali source edges which ocour while the Gate is
achve and- disregard those sourdes edges which occur while the
Gate is inactive. This permits the Gate to turh the count process
on and off. As with Mode J, the raload source used will altemnate
oneach TC, starting with the Hold regrster on the first TG after any
ARM command. When the TC Toggled output is used, this mode
aliows the Gate to modutate the duty cycie of the owtput
wavafoum. It can affect both the high and low portions of the
output waveform.
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Figure 1-17]. Mode J Waveforms
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MODE L
Hardware-Triggered Delayed Pulze One-Shot

Cwis | Cwia [ oz [ omnz [ omin | omio [ cmo | cus
EDGE x x| x | x| x

CM7 [ CME6 | CM5 | CM4 | CM3 | CM2 | M1 | CMO
Q 1 1 X X X X X

Mode: L, shown in Figure 1-171, is similar to Mode J except that
countitg will ot begin untll & Gate edge is appiied o an armed
counter. The counter must be armed before application of the
trigaering Gate edge; Gate edges appied to a disarmmed counter
are disregardad. The counter will start courting source edges
after the thggering Gate edge and counting will proceed until the
second TC. Note that after application of 2 triggering Gate edge,
the (Gate input will be disregarded for the rermainder of the count
cycte This differs from Mode K, where the gate can be modulated
throughout the count cycle to stop and start the counter. On the
first TC after application of the tiggering Giate sdge, the sounter
will e reloaded from the Hold register. On the second TC, the
countet will be refoaded from the Load register and counting will
stop until a new gate edge is issued to the counter. Note that
unlike Mode K, new Gate edges are required after every sacond
TC to continue courting.

MODE N ,
Software-Triggered Strobe with Level Gating and
Hardware Retriggering

CMI15 | CM14 {CMI3 | CM12 | CM11 | CMI0 | CM3 | CM8
LEVEL X | x| x | x| x

CM7 | CME | CM5 | CM4 | CM3 | CM2 | CMT | CMO
1 o o X X X X x

Made N, shown in Figure 1-17n, provides a software-triggered
strobe with level gating that is also hardware retriggerable. The
counter must first be issued an ARM command before counting
can oCCul. Once armed, the counter will count all source edges
which ocour while the gate 15 active and disregard those source
edoes which occur while the Gate is mactive. This permits the
Gate to turn the: count process of and off. After the issuance of an
ARM cormmand and the application of an active Gate, the counter
will count to TC. Upon reaching TC, the counter will reload from
the Load register and antomatically disarm itself, inhibiting further
counting. Counting will resume tpon the issuance of a new ARM
command. All active-going Gate edges issued to an armed
courtter will cause a refrigger operation. Upon application of the
Gate edge, the counter contents will be saved in the Hold register.
On the first quaiified source edge after application of the retrig-
gering gate adge the contents of the Load register will be transfer-
red into the countar, Cormiing wilt resume on the sopond qualbed
source edge after the refriggering Gate odge. Qualified source
edgesare active-going edges which occur while the Gate is active.
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Figure 1-171. Mode L Waveforms
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MODE O
Software-Triggered Strobe with Edge Gating and
Hardware Retriggering

cmis | oMi4 [Owna | oMz [ CMi1 | OM10 | CM3 | CMB
EDGE x | x | x { x | X

CM7 | OME | CM5 | CM4 | GM3 | CM2 | CMT | CMD
R o | o | x ! x ! x | x| x

Maxde ©, shown in Figure 1-170, 1 similar &) Mode N, except that
counting will not begn untl an active-going Gate edge is applied
1o an amed counter and the Gate level is not used to modulate

counting. The courter must be amed before application of the
triggering Gate edge; Gate edges applied 10 2 disarmed counter
are disregarded. irrespectve of the Gate level, the counter will
count all source edges after the tiggering Gate edge until the first
TC. On the first TC the counter will be relcaded from the Load
register and disarmed. A new ARM command and 2 new Gate
edge must beapplied in that order to inftiate a rew counting cycle.
Unlike Modes C, F, | and {, which disregard the Gate mput once
counting starts, in Mode O the count process will be refriggered
onall active-going Gate edges, including the first Gate edge used
to stert the counter. On each refriggering Gate edge, the counter
conterts will be transferred into the Hold register. On the first
source edge after the retriggering Gate edge the Load reqgister
contents will be transferred into the counter. Counting will resume
on the second-source edge after a retrigger.
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MODE G MODE R
Rate Generator with Synchrontzation Retriggerable One-Shot
{Event Counter with Auto-Read/Resat) Tig
emis | emia |emia| omiz [ ot | omio 1oms | oms CM15 | CMs4 | CM13 | oMi2 | ot | oo | cMe | eme
LEVEL x | x| x | x][x EDGE x [ x [ x [ x | x

CM7 | CM6 | OMS5 | CM4 | OM3 | CM2 | OMT | CMO

CM7 | CME | CMS | CM4 | CM3 | CM2 ) CM1 | CMO

1 o 1 X X X X X

1 0 1 X X X X X

Mode Q, shown in Figure 1-17G, provides a rate generator with
synchronization or an avent counter with auto-read/reset. The
counter must first be issued an ARM command before counting
can occur. Once armed, the counter will count all source edges
which ocour while the Gate is active and disregard those edges
which occur while the Gate s inactive. This permits the Gate 1o
Wm tha count process on and off. After the issuance of an ARM
comimand and the application of an active Gata, the counter will
count to TC repetitively. On each TC the counter will reload itself
from the Loud register. The coumter mary be retriggered at any
time by presenting an active-going Gate edge to the Giale input.
The retriggering Gate edge will tander the contents of the
counter into the Hold register. The first qualiied source edge after
the retriggering Gate edge will transfer the contents of the Load
register into the Counter. Counting will resume on the second
qualified source edge after the retriggering gate edge. Quaithed
source edges are active-going edges which occor while: the Gate
is active.

Mode R, shown in Figure 1-17T, s similar to Mode Q, except that
edge gating rather than level gating is used. inother words, rather
than use the Gate level to qualify which source edges to cound,
Gizte edges are used 1o start the counting oparation. Tl countar
must be armed before application of the iriggering Gate edige;
Gate edges applied to a disarmed counter are disregarded. After
apphcation of a Gate edge, an anmied counter wilt count all sotree
adges until TC, imespective of the Gate Javel. O the first TC the
courtar will be reloaded from the Load regster and stopped.
Subsequent counting will not ccocur until 4 new._ Gate edge is
applied. All Gate edges applied to the counter, including the first
used {o trigger counting, inftiate a retrigger operaton. Upon appli-
cation of a Gate adge, the courntar contents are saved i the Hold
ragister. On the first source edge after tho retriggering Gate edge,
the Load register contents will be transforred into the counter.
Counting will resume on the second sourte edge after the retrig-
genng Gate adge.
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Figure 1-17q. Mode Q Waveforms
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MODE S

CM15 | CMI4 | CME3 | Oz [ GMd | CMi0 | CMS | CMB

MODE V
Frequency-Shift Keying

1) o o X X X X X

CM1S | CMTa | Cvis | oz | CMit | CMIO | CM9

CM7 | CM6 | CMS5 | G4 | CM3 | CM2 | CM1 | CMO

o g 0 X X X X X

1 1 1] X x X X X

CM7 cMs | Oma | GM3 | M2 | EMT | OMO

Inthis mode, the reload source for LOAD commands (rrespective
of-whether the counter is ammed or disarmed) and for TCAnitiated
reloacs is determined by the Gate input. The Gate nputin Mode 5
is used only to select the reload source, not to start or mochulate
counting. When the Gate is Low, the Load register is used; when
the Gate is High, the Hold register is used. Note the Low-Load,
High-Hold mnemonic convention. Once armed, the cournter will
count to TC twice and then disarm itgalf. On each TC the counter
will be reloaded from the reload source selected by the Gate.
Following the second TC, an ARM command is required to art a
néw counting cycie. Mode & is shown in Figure 1-17s.

1 i 1 X X X X X

Made V, shown in Figure 1-17v, provides frequency-shift keying
modulation capabiiity. Giate aperation if: this mode is identical to
that in Mode 5._If the Gate iz Low, a LOAD command or &
TC-induced refoad will rsload the counter from the Load register.
If the Gate is High, LOADs and reloads will octur from the Hold
register. The polarity of the Gate only sefects the reload source; it
doas not start or modulate counting. Onice armed, the courter will
sount repetiively to TC. On each TC the coutrter will reload itself
from the: register determined by the polarity of the Gate. Counting
will cortinue in this manoer unttl 2 DISARM command 5 issued o
the counter. Fraquency shift keying may be obtained by specify-
ing a TC Toggled output made in the Counter Mode register. The
swilching of frequencies is achieved by modulating the Gate.
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MODE X After power-on reset or a Master Hesat command, the Counter

Hardware Save (available in AmS513A only)

CM1i5; CMi4

Edge

CM13 | CM12

X

M1
X

CMm10
X

CM3
4

oMz
X

M7
1

M
1

MG
1

Chia
X

M3
X

cvn
X

cMo
x

Moxda X, shown in Figure 1-17x, provides a hardware samplirkg of
the counter contents without interrupting the count. A Load and
Arn command or 2 Load command followed by an Arm cormmaryd
is required to initialize the counter. Once armed, 2 Gate edge
starts the counting operation; gale edges applied to a disarmmed
counter are disregarded. After apphcaton of the Triggerng Gate
edge the counter will count all qualthed sourca edges urtit the first
TC, imespactive of the gate lavel. All gate edges applisd during
the counting sequence will store the cument count in the Hold
register, but they will not inferrupt the counfing sequence. On
each TC, the counter will ba reloaded from the Load register and
stoppad. Subsequent counting requires a new triggering Gate
aedge; counting resurmes on the first souce edge following the
triggering Gate edge.

Nole: 'Mode X Is only availzble in the AmMS515A" devices.

COUNTER MODE CONTROL OPTIONS

Each Counter Logic Group includes a 18-bit Counter Mode (CM}
register used to conirol 2l of the individual options avaitable with
its associated general counter. These options include output
configuration, count confrol, count sourse and gating control.

Figure 1-18 shows the bt assignments for the Counter Mode
registers. This soction describes the control options in detail.

Note that generally each counter is independently configured and
does not depend on information outside its Counter Logic Group.
The Courter Mode register should be loaded only when the
counter is Disarmed. Atternpts-to load the Counter Mode register
when the counter is armed may result in ermatic counter operation,
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Mede registers are intfialized fo a preset condition. The value
entered is OBOO hex and results i the following control
conhguration:

Outpist low impedance o growund
Gount down

Count binary

Count ohce

Load register selectad

No retriggering

Fi mput source selacted
Positive<true input polarity

Ne gating

Output Cortrot

Counter mode bits CMO through CMZ specily the outpest controt
corfiguration:. Figure 1-18 shows a schematic representation of
the output control ingic. The OUT pin may be off (a high imped-
ance gigie), or it may be inattive with a low impedance o
ground. The three remaining vatid combinations reprasent the
aclive High, attive Low or TC Toggle output waveforms.

One output form avaitable is called Terminal Count (TC) and
represents the perod in thme that the counter reaches an equiva-
fent value of zero. TC will oocur on the next ¢ount when the
courntar i at 0001 for down counting, at 8999 (BCD) for BCD up
courting or at FFFF (hex) for binary up counéing. Figure 1-20
shows a Terminal Count pulse and an example cortext that
genarated it. The TC width is detennined by the period of the
counting’ source. Regardiess of any gating inpat or whether the
courtder i Armed or Digarmed, the terminal count will ge active for
only one clock cycle. Figure 1-20 assumes astive-high source
podarity, counter armed, eounter decramenting and an external
relead value of K,

The counter will always be loaded from an extemal location when
TG occurs; the user can choose the source oeation and the
value. i & non-zero value is picked, the counter will never really
atiain a zero state and TC will indicate the counter staté that
would have been zere had no parallel transfer coourred.



Count; Soumtd Seleetin m—— Court Coptrot
o000 = TONA 6 + Disable Special Gate
0001 = SRS 1 = Enabls Special Gate
001y = SRCZ ¢ = Reload from Load
0017 =~ SRC3 % = Rekedd from Load or Hold
0100 = SRC4 . Excapt in Mode X Which
o101 = SRCS Relpads Oniy trom Load
0110 = GATET — e wupy =
0111 = GATER 9 = Coumones "
1000 = GATE3
1001 = GATES 0 = Binary Gount
010 - GATES 1 = BCD Count
011 = =1 0 = Ceurt Down
1i00 ~ P2 1 = Countlp
1101 = F3
1110 = Fa
111 = F5
cmis | oMt | OvTs b Ot | oMt | OMI0 | CME CME oMz Chs oms s M2 ol oM - Yool
Source
= Conmy ar Kising Fdge
= Count on Fafling Edgé
Gating G Cupot Control
W = Mo Gating 000 = inastive. Cutput Low
G = Astive High TChi=1 00t = Active High Terminal Count Pulse
Q10 = Agsve High Leve! GATEN+1 070 = TC Toggled
011 = Active High Level GATEN=1 073 = Bagal )
WG = Astive High Level GATE N 100 = lna_:nve.omnljhghlmpe&mm
01 » Actve Liow Level (RATE N 107 = Active Low Terrmnal Goont Pulse
30 = Agtive High Edge GATEN 110 = Dlegal
111 = Active Low Edge GATEN 111 = [Wegal
Note: See Figure 1-17 for restrictions on Count Corrol and Gating Centrol bit combinations.
MOS-7176
Figure 1-18. Counter Mode Register Bit Assignments
l
o ZET a f_‘ ; "!
1 | TO STATUS
I | REGISTER
! B | - OUTPUT
COUNTER s B AR z:1
TS OUTPUT _ (et ML l MUx ,
————— P G [ i
;EaR ' I ¢ l GUTPUT LOW
? I | P ECT l CONTROL
] !
TG TOGGLE COMPARATOR POLARITY
i SERECT | oumwur { conTROL .
‘ COUNTERS 1 AND 2 ONLY
TC CONNECTION
TGN + T COUNTER
MOS=502A
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Figure 1-1%2. Output Control Logic
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Figure 1-20. Counter Output Waveforms

The other cutput form, TC Togoied, uses the trailing edge of TC to
toggle a flip-flop to generate an output level instead of 2 pulse.
The toggle output is 1/2 the frequency of TC. The TC Toggled
output will frequently be used to generate variable duty-cycle
suare waves in Operating Modes G throogh K.

" In Mode L the TC Toggled output can be used to generate a

onhe-shot function, with the delay to the start of the: output puise
and the width of the output pulse separately programmable. With
selection of the minimurn delay to the start of the pulse, the oulput
will toggie on the second source puise tollowing application of the
triggering Gate edge.
MNote: that the TC Toggled output form contains no implication
about whether the oulpest is active-high or active-low. Unifike the
TC owtput, which generates a transient pulse which can cearly be
active-high or active-iow, the TC Teggled output waveform only
fips the state of the oulput on each TC. The sole critara of
whether the TG Toggled cutput is active-tigh or active-low
it the level of the output at the start of the count cycle. This
can be controlied by the Set and Clear Output comimands. (See
Figure 1-21.)

TC (Terminal Count)

On each Terminal Count (TC), the counter will raload ftself from

the Load or Hold register, TC is defined as that period of time

when the counder conterts would have been zero had ro reload
ocourred. Some special conditions apply to counter operation
immedately before and during TC.

1. In the dock cycle before TC, an internal signal is generted
that cormunits the counter to go to TC on the next count, and
retriggering by a hardware Gate edge (Modes N, O, Q and R)
or g software LOAD or LOAD-and-ARM command will not
extend the time fo TC. Note that the “next count™ driving the
counter to TG can be caused by the appieation of a count
source edge (in lavel gating modes, the edge must occur while
the gate is active, or 1 will be disregarded), by the application
of a £ OAD or L OAD-and-ARM command {see 2 below) or by
the apphcation of & STEP ¢ommanc.

. If a LOAD or LOAD-and-ARM command is executed dunng
hea cycle precading TC, the counter will immediately goto TC,
i these commands are issued during TG, the TC state will
rnmediately terrmate.

- When TC is active. the counter will afways count the next
source edge issued to it even if it s disarmed or gated off
during TC. This means that TC will never be active for longer
than gne count period and it may, & fact, be shorter if a STEP
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command or a LOAD or LOAD-and-ARM command is apphed
during TC (see itern 2 above), This also means that a counter
that is disarmed or stopped on TG i actually dsarmed/
stopped immediately faflowing TC.
‘This may causecount sequences different from what a user might
expect. Since the countar is always reloaded at the start of TC,
and ginge it always counts atthe end of TC, the counter contems
followirg TC will differ by one from the reloaded vaiue, imespec-
fiver of the operating mode used.
If the refoaded value was 0001 for down counting, 9999 (RCD) for
BCD up counting or FFFE (hex) for binary up counting, the count
at the end of TC will drive the counter into TC again regardless of
whether the counter is gated off or disarmed. As long as these
values are refoaded, the TC output will stay active. If 2 TC Tog-
gled output is selected, it will toggle on each count. Execution of 2
LOAD, LOAD-and-ARM or STEF command with these counter
conterts will act the same as apphication of 2 source pulso,
causing TC to remain active and & TC Toggled output to toggle.

Count Control

Counter Mode bits CMS through CMT specify the various oplions
availablefor direct control Of the counting process, GM3 and CM4
operate independently of the others and tontrol up/down and
BCO/binary counting. They may be combined freely with other
control bits to form many types of countng corfigurations. The
other three bits and the Gating Control field interact in complex
ways, Bit CMS controls the repefition of the count process. When
CM5S = 1, counting witl proceed in the specified mode untl the
courtter is disarmed. When CMS = 0, the count process will
proceed only until one full ¢yele of operation otcurs. This may
occur after one or two TC events. The counter is then disarmed
automaticatty. The single or double TC requirement will depend
on the state of other control bits.-Note that even if the counter is
automatically disarmed upon 2 TC, it always counts the count
source edge which generates the trailing TC edyge. '

When TC occurs, the counter 5 afways reloaded with a value
from either the Load register or the Hold register. Bit CME
specifies the source options for refoading the counter. When CME
= 0, the coxnrtents of the Load register will be fransferrad into the
counier at every ogcumence of TC. When CM6 = 1, the counter
reload location will be either the Load or Hold Register. The
reload location in this case may be controlied extemnally by using
a GATE pin (Modes S and V} or may altemate on each TG (Modes
G through L), With altermating sources and with the TC Tog-
gied output selected, the duty cycle of the output waveform i



controlied by the relative Load and Hold values and very fine
resolution of daty cycle ratios may be achieved.

Bit CM7 conirols the special gating functions that allow rettigger-
hgandmeselecﬁonofLmdorHoldsoumesfwmunterrelaad—
ing. The use and definiion of M7 will depend on the status of the
Gating Contred fiedd and bits CMS and CME.

Hardware Retriggering

Whenever hardware retriggering is enabled (Modes N, O, & and
F) all active going Gate edges initiate retrigger operations. On
application of the Gate edye, the counter contents will be trans-
ferred & the Hoid register. On the first qualified source edge-after
application of the retriggering Gate edge, the Load register con-
tents will be ransfered into the counter. (Qualffied source edges
are edges which occurwhile the counter is gated onand Armmed. )

This means that i level gating is used, the edge occurring on
active-going gate tanstions will initiate 2 retrigger. Similarty,
when edge gating is enabled, an edge used 10 start the counter
will aiso initiate a retrigger. The first count source edge apphied
aftor the Gate edge will not increment/decrement the counter but
retrigger it

K a Load, Load and Amm, or Step Command ocour between the
retiggaring Gate edge and the first qualified source edge, it will
be interpreted a5 a source edge and ransfer the Load register
contents into the counter. Thereafter, the courter will count all
gualiied source edges.

When some form of Gating is specified, CM7 controls hardwire
retriggering. In this case, when CM7 = 0 hardware retriggening
does not oo when CM7 = 1 the counter is retriggerad any time
an active-going Gale edge ocours. Retriggering causes the
counter value 1o be saved in the Hold register and the Load
register contents to be transferred into the counter.

When No Gating is specified, the definfion 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 source
{selecting either the oad or Hold register) used o refoad the
counterwhen TC occurs, Figure 1-16 shows the various available
comirol combinations for these interrelated bits.

Count Source Selection

Counter Mode bits CME through CMI2 specify the source used as
Ut to the counter and the active edge that is counted. Bit CMI2
controls the polarity for all the sources; logic zero coums rising
edges and logic one courts falling edges. Bits CMS3 thirough CMT1
select 1 of 16 counting sources to route to the counter input. Five
of the available inputs are intemal frequencies derived from the
kternal oocillator (see Figure 1-15 for frequency assignments).
Ten of the available inputs are interface pins; five are labeled
SR and five are labeled GATE.

The 16th available input is the TC output from the adjacent
Ipwer-numbered counter, (The Counter 5 TG wraps around 1o the
Counter 1 input) This opton allows mternal concatenating that
permits very long counts to be accumulated. Since all five count-
ers may be concatenated, itis possible to configure a counter that
is 80-bits long on one AMSE13 chip. WhenTCN—1 is the source,
the courtt ripples between the connected counters, Extemal con-
nections can also be made. and can use the toggle bit for even
longer counts. This is easily accomphshed by selecting 2 TC
Toggled output mode and wiring OUTN te one of the SRC inputs.

Gating Gontrol

Coumer Made bits CM15, CM14, CM13 specfy the hardware
gating options. When “no gating” is selected (000) the gounter
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will proceed uncondiformally 2s long as it is armed. For any other
gating mode, the count process i conditioned by the specified
gating conhguration.

Fora code of 100n this field, courting can proceed only when the
pin labeled GATEN associated with Counter Nis ata logic high
level. When it goes low, counting is simply suspended until the
Gate goes high again. A code of 101 performs the: same function
with an opposite active polarity. Codes 010 and 011 offer the same
function as 100, but specify altemate input pins as Gating
Sources. This aliows any of three nterface pins to be used as
gates for a givent counter. On Gounter 4, for example, pin 34, pin
35 or pin 36 may be used 1o perform the gating functicrn. This also
aliows a single Gate pin to simutanecusly control up to three
countess. Counters 1 and S are considered adjacent when using
TON — 1(001), Gate N + 1 (010) and Gate N — 1 (011} controls,

For codes of 110 or 111 in this fiekd, counting proceeds after the
specified active Gate edge until one or iwo TC events occur.
Within this interval the Gate input is ignored, except for the
retriggering option. When repetition is selected, a cycie will be
repeated as soon as another Gate edge occurs. With repefition
selacted, any Gate edge appiied after TC goes active will start 2
new count cycle, Edge gating is useiul when implementing a
digitaf single-shot since the gate can serve as a convenient firing
trigger.

A 001 code in this field selects the TC output from the adjacent
lower-numberad counter as the gate. This is useful for synchro-
nous counting when adjacent counters are concatenated.

COMMAND DESCRIPTIONS

The cormand set for the AM3513 afiows the host processor
10 customize and manage the operating modes and features
for particutar applications, to inftialize and update both the inter-
nal data and control imormation, and to manipulate operating
bits during operaton. Commands are entered directly into the
8-bit Command register by wiiting into the Control port (see
Figure 1-8}.

All available commands are described in the following text. Figure
1-21 summarizes the command eodes and includes a brief de-
scription of each function. Figure 1-22 shows all the unused code
combinations: unused codes should not be entered into the
Command register since undefined activities may OCCHr.

Six of the: command types are used for direct software control of
the counting process and they each contain & Sbit S field. Ina
finear-celert fashion, each bit in the $ field corresponds to one of
the five: general counters {S1 = Counter 1, 52 = Counter 2, eic).
When an § bitis a one, the specified operation is performed on
the counter so designated; when an S bitis 2 2ef0, o operation
ocours for the coresponding courter. This type of command
format has three basic advantages. it saves host sofiware by
afiowing any combination of counters 1o be acted on by 2 singie
command. it allows simultaneous action on multiple counters
where synchronization of commands is important. [t aliows
counter-sperific service routines to control individual cournters
without needing to be aware of the operating context of other
COUNtErs.

Three of the commands use a 3-bit binary code (N4, N2, N1) to
identify the affected counter (2 001 programs counter 1, 81¢.).
Unlike the previously mentioned commands, these commands
aliow you 1o program only one counter at a ime.



Command Code

Co Command Desecription

=1
9
1=
78

Load Drata Poimer register with contents of £ and G fields.
(G & 000, G # 110)

Arm counting for all salected sourtere

Load contents of specified source into ail selacted countars

Livad ard Arm all selectoed cotmnters®

Disarm and Save all solected counters

Savie alt golectad counters in Hokd rogistar

Bizarm afl selastad countars

Set Toggle out (High) for countar N (001 = N = 101}

Clear Togase out (Low) for counter N (001 = N = 101)

Step counter N (001 == N = 101)

Sot MM14 (Disable Data Poimer Sequencing)

Sot MMI2 (Gate off FOUT)

Sat MM13 (Entor 16-bit bus moda)

Clear M4 (Enable Data Pointer Sequencing)

Claar MMIZ (Gate on FOUT)

Clegy' MM13 (Enter B-bit bus moda)

Enable Profetch: for Write operations (Ama513'A” only)

Disable Prefetch for Witte operations (AmOS15A" only)

Ml umalalald|lalar | alvlw|lalsclolo
=== [e|e|eie]|e|o(=||o|®|R|2|R| &R R|P

(ol |=|=|lo|x =i |Z|E | F|B|2|8 8|89 Qﬁ
“lelei=|=leoi4 |~ |RiR |G (B8RRIl B|Q

ek | ud |k o |k it s A |2l a

Lol R IE N IE N E T BEC N R R PN BT T PR I ' PR . Y TR O, Ny Y
A—hdoqﬂ—l—&_&.oa—&ﬁ'g“?mg

Sl Ao | Q| =130

Mastor resel

'Nottobeus;adﬁnrasyndrnmnsopmm

C1 | Co

cr
1
1
1
¢
o
1

.-400-.«.1.;8
wlolola|=-]8
x| |=]Q
~|x|x[o|le(c|f

c2
0
1
1
1
0
X

KQ‘.I-I.—I.Q
Hiolo]l=-{a|lo

*Unused axcept when 2000 = 118, 001 or 000,
Figure 1-22. AmS5513 Unused Cominand Codes

Arm Counters

Coding: C7 C6 C5 cs ¢ ¢t
0o o 1 sS4 83 82

c4 o
g5 &1

Description: Any combination of counters, a5 specified by the §
field, will be anabled for counting. A counter must be amned
before counting ¢can commence, Onee armed, the counting pro-
toss may be further anabled or disabled using the hardware
gating faciliies. This command can only ant or do nothing for 2
given counter; 2 e in the S field does not disarm the countar.

ARM and DISARM commands can b used 10 gate counter
operation on and off under softwara control. DISARM commands
entered while a counter is in the TC state will not take effect unti
the courtter leaves TC. This ensures that the counter never
latches up in a TC state. (The counter may leave the TC state
bedause of application of 2 count source edge; execution of 2
LOAD or LOAD-and-ARM command: or execution of a4 STEP
COMImand.)

Figure 1-21. AmA513 Command Summary

In modes which altermate reload scurces (Modes G-L), the
ARMIng operation s used a% & reset for the logic which deter-
mines which refoad source to use on the upeoming TC, Following
each ARM or LOAD-and-ARM commmand, & counter in one of
these modes will reload from the Hold register entha first TC ana
alternate refoad sources thereafter (reload from the Load register
ort the sacond TC, the Hold register on the third, aic.).

Load Courttery

Coding: Cr €6 C5 4 C3 C2 C1 Co
C 1 0 85 S4 S3 S2 &1

Deccription: Any cornbination of counters, as speched inthe S
field, will be ioaded with previously entored values. The source of
information for each counter will be aither the associated Load
register or the associated Hold register, as determined by the
operafing configuration in the Mode register. The Load/Hold
coments are not chianged, This command will cause a transfer
independent of any current operating configuration for the
counter. it will often be used as a software refrigger, or as courter
mitialization prior o active hardware gating.

If a LOAD or LOAD-and-ARM command s executad during the
cyeie preceding TC, the counter will go immediately to TC. This
ocours because the LOAD operation is performed by generating
a pseudo-count putse, imemal to the AMS513, and the Amgs13 s
axpecting to go into TC on the next count pulse_ ‘The reload
source used to reload the counter will be the same ag that which
would have baen used if the TG were generated by a source
adge rather than by the LOAD eperation.

Exacuticn of a LOAD or LOAD-and=-ARM command white a
courter is in TC will cause the TC to errd. For Armed counters



all moedes except S or V, the LOAD source used will be thatto be
used for the upcoming TC. (The LOADIngG operation will not alter
the sclection of relgas source for the upcoming TC.) For Dis-
armed counters in modes except S or V, the reload souwrees used
wiil be the LOAD register. For modes S or V. the reload source will
be selecled by the GATE input, regardiass of whether the counter
is Armed or Disarmed.

Special considerations apply when modes with alternating re-
load sources are used (Modes G-L). If a2 LOAD command drives
the: counter to TG in these modes, the reload source for the rext
T will be from the opposite reload location. in other words, the:
{ QAD-generated TC will cause the: reload sources fo aliemate
just as a TC generated by a source edge would. Note that if 2
second LOAD command is issued during the LOAD-genarated
TC {or during any other TC, for that matter) the second LOAD
command will terminate the TC and ¢ause 2 reioad from the
source designated for use with the nexdt TC. The second LOAD
will ot alter the reload source for the next TC since the secord
LOAD does not generate a TC; refoad sources altemate on TOs
only, not on LOAD commands.

Load and Arm Counters™

Cr Co
Q 1

Coding:

Cs ¢4 G 2 &1 Co
1 85 5S4 53 852 851

Description: Any combination of counters, as specified in the S
field, wili be first loaded and then armed. This command is
equivalent to ssuing a LOAD command and then an ARM
command.

A LOAD-and-ARM command which drives a counter 1o TS gen-
erates the same sequence of operations as execution of 2 LOAD
command and then an ABM command. In modes which disarm
on TG {(Modes A-G and N-C, and Modes G-l and S i the current
TC s the second in the cycie) the ARM part of the LOAD-and-
AFM command will re-enable counting for ancther cycle. n
modes which altemnate refoad sources (Modes G-L) the ARMIng
operating will cause the next TC 1o reload from the HOLD regis-
ter, irrespective of which reload source the current TG used.

*This cornmand shoukd not be uead during ssynchronous oparations.

Digarm Counters
Coding:

CE
0

Descrigtion: Any combination of counters, as specified by the 5
figdd, will be disable from coumting. A. disarmed counter will
cease all counting mdependent of other control concitions. The
only excaption to this is that a counter in the TC state will always
count ance, in order to leave TC, before 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
courmer may be updated using the LOAD command and may be
read usig the SAVE command. A count process may be re-
sumed using an ABM command. See the ARM command de-
scription for further detals.

Save Counters

C7 CE
1 1

Ce
o

c5
1

Coding:

c7 ce &2 G2 O GO
1 5 54 B3 52 ™
Description: Any combination of counters, as specified by the S
fieid, will have their contents transfermed into thelr associated

Hold register. The transfer takes place without imerfering with any

counting that may be underway. This command will overwrite any
previous Hold register contents. The SAVE command is de-
signed to allow an accumulated count to be preserved so that it
can be read by the host CPU at some ater te.

Digarm and Save Counters

Codling: C7 ©6 €5 €4 C3 g2 1 o
1 D 0 S5 sS4 83 52 =
Description: Any combination of courters, as specified by the S
fiekd, will be dizarmed and the contents of the counter will be
twansforred into the associated Hold rogisters. This command is
identical 1o issuing a DISARM command followed by a SAVE
command.

Set TC Toggle Output
Coding: Ce 05 G4 C3
1 1 [+] 1

- C7
1

co
Ni

c2 Gt
N4 N2

(001 = N = 101)

Descripion: The initial ouiput level for TC Toggle mode is set
{High) for coumer N selected by N4, N2, N1 = 001 (Counter 1)
thru 101 {Counter 5) respectively. This commarnd conditions the
TC Toggls fiip-fiop {see Figure 1-19), but does not appear at the
courter output undess TC Togale mede (CM2, CM1, CMO = 010}
is selocted.

Claar TC Toggle Outpt

cr C&
1 1

Coding:

Cs €4 &3 2 ¢ Co
1 0 0 N4 N2 N1

01 = N = 101)

Description: The initial output levet for TC Togyle mode is
Cieared (Low} for counter N selected by N4, N2, N1 = 001
(Counter 1) thru 101 (Counter 5) respectively. This command
condiions the TC Toggle fiip-flop (see Figure 1-19), but does not
appear at the counter outputunless TG Toggle mode (CM2, CM1,
OMO = (10} is selected.

Step Counter

Coding:

C7 G5 C5 €4 C3 G2 o
1 1 1 1 @ N4 N1

C1
N2

(001 = N = 101)

Desccription: Counter N is incremerted or decrementad by one,
gepending on iz operating configuration. If the Counter Mode:
registermsnciatedwahmaselemdmmterhasitsmm
clearsd to zero, thic command will cause the counter to decre-
ment by ome. i CM3 15 set to a logic bigh, this command wilt
increment the counter by one. The STEP command will take
effect even on a disarmmed counter. :

Load Data Pointer Ragister
Coding:

co
Gl

€T €8 ©5 2 3 G2 O
Q 0 0 E2 E1 G4 &2
(G4, G2, GT #= 000, # 110)

Description: Bits in the E and G fields will be transferred ino the
cofresponding Element and Group fields of the Data Pointer
register a5 shown in Figure 1-8. The Byte Pamter bit irt the Data
Pointer register is set Transfers into the Data Pointer only




occur for G field values of 001, 010, 011, 100, 101 and 111,
Vaiues of 000 and 110 for G should notbe used, See the “Setting
the Data Pointer Register” section of this docurment for addiionad
details.

Misable Date Pointer Sequencing
Coding:

co
0

7 6 G5 G4 C3 C2 1
Tt 1 1t o 1t ¢ 0

Description: This command sets Master Mode bit 14 without
affecting other bits i the Master Mode register. MM 14 controls
the automatic sequencing of the Data Pointer ragister. Disabling
the sequencing allows repetitive host processor access to agiven
internal location without repefitive updating of the Data Pointer.
MM14 may also be convolled by loading a full word into the
Master Mode egister.

Enable Data Pointer Sequencing
Coding:

C7 C§5 C5 C4 C3 C2 C1 CO
t 1 1 9o © 0o ©° 0

Description:. This ¢command clears Master Mode bit 14 without
affacting other bits in the Master Mode register. MM14 controls
the automatic sequencing of the Data Fointer register. Enabling
the segquencing sliows soquerntial host procescor accoess 10 Sav-
eral intermal locations without ropetiiive updating of the Data
Fointer. MM14 may also be controlled by loading a full word inte
the Master Mode register. See the “Data Poirder Ragistol” sac-
tion of this document for additional information on Data Pointar
sequencing.

Enable 16-Bit Data Buz

Codirg: cr C& C5
+ 11

Ca
4]

Ca C2 G C0
1 1 1 1

Description: This command sets Master Mode Bt 13 without
affécting other bits in the Master Mode register. MM13 controls
the multiptexer in the data bus buffer. When MM13 is set, no
multiplexdng takes place and all 16 external data bus lines are
used to trtansfer information indo and out of the STC. MM13 may
also be comrolied Qy loading the full Master Mode register in
paraflel.

Enabia 8-Bit Data Bus
Coding:

co
1

C7 C6 G5 €4 3 C2 ¢
Tt 1t 1 o @ 1 1

Dascription: This command clears Master Mode bit 13 without
affecting other bits in the Mastar Mode register. MM13 controls
the multiplexer in the data bus buffer. When MM 13 is clearad, the
multiplexer iz enabled and 16bit internal informetion 5 trans-
ferred eight bits at a time to the eight low-order external data bus
Fnas. MM13 may ako be controliéd by loading the full Mastar
Moda ragister in parallel.

Gt Off FOUT

Coding:

c4
0

Daseription: This command sets Master Mode bit 12 without
affecting other bits in the Master Mode register. MM12 controls
the ottput state of the FOUT signal. When gated off, the FOUT
ine will exhibit a low mpedancs to ground. MM12 may also be
controlied ty loading the full Master Modae regester in parallel.

c1
1

<o
4]

C7 C& C§ c3 C2
T R | 1 %

128

Description: This command giears Master Mode bit 12 without
affecting other bits in the Master Mode register. MMI2 controls
the output status of the FOUT signal. Wher: MM12 is cleared,
FOUT will become active and will drive out the selected and
dividad FOUT signal. MM12 may also be controfied by loading the:
full Master Mode register in parallel. Wiven FOUT is gated on or
off, & transient pulse may be generated on the FOUT signal.

Disable Prefetch for Write Operations

Coding: C7 C6 C5 C4 C3 G2 &

1 1 1 1 1 o o

<o
1

Daseripton: This command cizabiles the prafeteh circntry duning
Write operations (it does not affect Head operations). This re-
duces the write recovery time and afiows the user to use biock
move instructions for inifalization of the Am3513 registers. Once
prefetch is dizabled for writing, an Enable Prefetchfor Write or a
Reaset command 15 necassary to re-enable the prefetch crcuttry
for wrting. Note: This command is only available in AmISTIA"
devices; it is an illegal command in the *non-A AmSS513™ devica.

Enable Prefatch for Write Opoerations

cr Cs C5

Coding:
‘ 1 1 1

Ca 2 C2 C1 CO
i 1 0 o ¢

Descripion: This corrrnand re-enables the prefetch circuitry for
Wirite operations. It is usad only to terminate the Disable Pre-
feich Command. Note: This command is only available in
AMSSIZA devices; it is an ilfegal command n the “non-A
AmA513" davice.

Master Raxat

Coding: c1

1

7 06 G5 C4 C3 Q2 co
11T 1T 1 1t 1

Description: The Master Reset command duplicates the action
of the power-on reset cirguitty. It disarms all counters, antes
0000 in the Master Mode, Load and Hold registers and anters
OBO0D (hex) m the Counter Mode registers.,

Following efther a power-up or software resst, the LOAD com-

mand should be appiied to all the counters to clear any that may

bein a TC state. The Data Pointer register should alsobe setioa
legal value, since reset does not intalize it A complate réset
oparation is given in the following.

1. Using the procecure given in the “Command Initation™ sec-
tion of this document, enter the FF (hex) command o perform
a software reset.

2. Using the “Command Iniiation” procedure, enter the LOAD
command for all countars, opcode 5F (hex).

3. Using the procedure given in the “Seiting the Data Pointer
Register” secion of this document, set the Data Pointer
to a valid code. The legal Data Pointer codes are given in
Figure 1-10.

The Master Modte, Counter Mode, Load and Hold registers can
now b initialized to the dasired vajues,



