CA82C54

PROGRAMMABLE INTERVAL TIMER

- A high performance device featuring pin
and functional compatibility with the

industry standard 8254

. Supports 8086/88 and 80186/188 micro-

processors

- High Speed: zero wait state 10 MHz and

8 MHz versions available

« Low power CMOS implementation
« TTL input/output compatibility

- Compatible with 8080/85 , 8086/88,
80286/386 and 68000 pP families

« Fully static operation

- Three independent 16 bit counters
- Six programmable tounter modes
+ Status read-back command

- Binary or BCD counting
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Figure 1 : CA82C54 BLOCK DIAGRAM
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The CA82C54 is a counter/imer device that includes
complete pin and functional compatibility with the
industry standard 8254. Designed for fast 10 MHz
operation, it has three independently programmable 16
bit counters and six programmable counter modes.
Counting can be performed in both binary and BCD
formats.

The CA82C54 offers a very flexible, hardware solution to
the generation of accurate time delays in microprocessor
systems. A general purpose, multi-timing element, it can
be used to implement event counters, elapsed time
indicators, waveform generators plus a host of other
functions.

The low power consumption of the CA82C54 makes it
ideally suited to portable systems or those with low
power standby modes. )

[=]
s8525ER

e N - R KR
.p4a ] 5 2] NC
D3 ] s 2 Ts
[¢&——— CLK 0 02 37 2a[] A1
oy O &+ CA82C54 =[] A0
[ &—— GATE 0 po [} e 2 [ cuwke
Cike [ 1o 2 [J out2
— our o N [ n [ GATE2
'EEEERE
ODOouUguanu
EBEL2EDT ¥
z
le——— cix s 3557353
[&—— GATE 1
I —» ouT1
1 Voo
H WR
3 RD
4 cs
le— cik 2 s A
6 Ag
l@———— GATE 2 7 ClK2
s ouT 2
’ ° GATE2
out 2 ouTto g 10 CiK1
GATEO O 41 GATE 1
12 ouT 1

Figure 2: PLCC and DIP
PIN CONFIGURATIONS

Document: 808254.MD500.01
-73

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



CA82C54

Newbridge Microsystems

Table 1 : PIN DESCRIPTIONS

Symbol Pins Type Name and Function
PLCC PDIP
Address: These two address pins are used to select the Control Word
Register (for read or write operations), or one of the three Counters. They
are normally connected to the system address bus.
Ao, Aq 22,23 19,20 ! Ay | Ay Selects:
0 o Counter 0
o] 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
CLKO 10 9 ] Clock 0: Clockinput of Counter 0.
CLK1 18 15 1 | Clock 1: Clockinput of Counter 1.
CLK2 21 18 | Clock 2: Clockinput of Counter 2.
s 54 ' 21 I Chip Select: Active LOW control signal to enable the CA82C54 to
respond to RD and WR signals. if CS is not LOW, RD and WR are ignored.
D7-Dg 2-9 1-8 VYO | Data: Bi-directional 3-state data bus lines, connected to system data bus.
GATEO 13 1 | Gate 0: Gate inputof Counter 0.
GATE 1 17 14 1 Gate 1: Gate inputof Counter 1.
GATE2 19 16 l Gate 2: Gate inputof Counter 2.
ouTo 12 10 (o} Output 0: Output of Counter 0.
ouT1 16 13 O | Output 1: Output of Counter 1.
ouT2 20 17 (o] Output 2: Qutput of Counter 2.
RD 26 2 i Read Control: Active LOW control signal used to enable the CA82C54
for read operations by the CPU.
Voo 28 24 - Power: 5v+10% DC Supply
Vss 14 12 - Ground: Ov
WR 27 23 | Write Control: Active LOW confrol signal used to enable the CA82C54
to be written to by the CPU.

FUNCTIONAL DESCRIPTION

The CA82C54 is a versatile programmable interval
timer/counter designed for use in high speed 8, 16 and
32-bit microprocessor systems. It provides a means of
generating accurate time delays in hardware that is fully
software configurable. it can be treated as an array of /O
ports, with minimal software overhead.

The internal structure of the CA82C54 is illustrated in
the block diagram of Figure 1. Major functional blocks
include a data bus buffer, read/write logic, control word
register, and three programmable counters.

Data Bus Buffer Block

The 8-bit, 3-state data bus buffer provides controllable,
bi-directional interface between the CA82C54 and the
microprocessor system bus.

Read/Write Logic Block

The read/write logic block generates internal control
signals for the different functional blocks using address
and control information obtained from the system. The
active LOW signals; CS, RD and WR are used to sefect
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the CA82C54 for operation, read a counter, and write to
a counter (or the control word register) respectively. cs
must be LOW for RD or WR to be recognized. Note that
RD and WR must NOT be active at the same time.

The inputs Ag and A4 are used to select the control word
register, or one of the three counters that is to be writ-
ten to or read from (see Table 1). Ag and Aq connect
directly to the corresponding signals of the micropro-
cessor address bus, while CS is derived from the
address bus using either a linear select method, or an
address decoder device.

Control Word Register

The control word register is a write only register that is
selected by the readwrite logic block when Ag and
Ay =1. When TS and WR are LOW, data is written into
the CA82C54 control word register from the CPU via the
data bus buffer. Control word data is interpreted as a
number of different commands which are used to
program the various device functions. For example,
status information is available with the Read-Back
Command. These are discussed further in the section
on programming.

Counter Blocks

The CA82C54 contains three identical, independent
counter blocks. Each counter provides the same func-
tions, but can be programmed to operate in different
modes relative to each other. A typical CA82C54
counter is illustrated in Figure 3, and contains the
following functional elements: control logic, counter,
output latches, count registers and status register.

The Control Logic provides the interface between the
counter proper, the program instructions contained in
the control word register and the external signals CLK n,
GATE n and OUT n. It also keeps the status register
information current, controls the access of OL and CR to
the intemal data bus, and the loading of CE from the CR
registers.

The Counter proper (shown in the Figure 3 as CE, for
counting element) is a 16-bit presettable synchronous
down counter.

The Output Latches (shown as OLyy and OL) provide a
mechanism whereby the CPU can read the cument
contents of the CE. These two 8-bit latches (M for most
significant byte and L for least significant byte) together

form a 16-bit latch capable of holding the complete

contents of the CE. Note that this arrangement is also
convenient for communicating 16-bit values over the 8-
bitintemal databus.

During normal operation, the contents of OL track with
the contents of CE. When a Counter Latch Command is
issued by the CPU to a particular counter, its OL latches

the current value of CE so that it can be read by the CPU
(the CE cannot be read directly). OL then returns to
tracking with CE. Note that only one latch (OLy followed
by OLy) at a time is enabled by the counter's controt
logic.

The Count Registers (shown as CRy and CR|) behave
as input latches to the CE, and provide a mechanism
whereby the initial count value can be downloaded from
the CPU to the CE. Similar'in operation to OL, CR is
controlled by the counter control logic. When a two byte
initial count is to be downloaded, it is transferred one
byte at a time across the internal CA82C54 data bus to
the appropriate register (CRy if the most significant byte,
CR_ otherwise). CE is loaded by transferring both bytes
simultaneously from CR. Note that CR is the interface
between CE and the data bus, since CE cannot be
accessed directly.

Both CRyy and CRy are cleared automatically when the
counter is programmed and a new initial count is to be
written. Thus, regardless of the counter’s previous
programming, both CR bytes will be initialized to a known
zero state. This is important in the case where one byte
counts are programmed (either most significant or least
significant byte), so that the unused byte is always zero,
and won't corrupt the inital count value loaded into CE.

The Status Register and Laich is used to hold the
current contents of the control word register and the
status of the output and null count flag (see section on
Programming). The contents of the status register must
be latched to become available to the data bus, where
they can be read by the CPU,

Note that the Control Word Register is also shown in the
Counter block diagram. While not a part of the counter
proper, its contents determine-the functional operation
of the counter, including mode selections programmed.
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Figure 3 : BLOCK DIAGRAM of a COUNTER
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Table 2 : AC CHARACTERISTICS {Ta = —40° to +85°C, Vpp = 5V 1 10%, Vgg = OV) Bus Parameters!

Symbol Parameter Test Limits (8 MHz) Limits (10 MH2) Units
Conditions Min Max Min Max
tAD Pata delay from address - 220 - 185 ns
tar Address stable before RDJ 45 - 30 - ns
taw Address stable before WR{ 0 - 0 - ns
toL CLK setup for count latch —40 45 —40 40 ns
oLk Clock period 125 DC 100 DC ns
tof RDT to data floating 5 90 5 65 ns
tow Data setup time before WRT 120 - 95 - ns
= Clock fall ime - 25 - 25 ns
tcH Gate hold time after CLKT Note 2 50 - 50 - ns
taL Gate width low 80 - 50 - ns
tas Gate setup time to CLKT 50 - 40 - ns
tow Gate width high 50 - 50 - ns
top Outputdelay from CLKJ - 150 - 100 ns
toba Outputdelay from Gatel - 120 - 100 ns
trwH High pulse width Note 3 60 - 30 - ns
tpwi Low pulse width Note 3 60 - 50 - ns
tr Clock rise time - 25 - 25 ns
tRA Address hold time after RDT ] - 0 - ns
trD Data delay from RDJ - 120 - 85 ns
taR RD pulse width 150 - 95- - ns
trv Command recovery time 200 - 165 - ns
tsr CS stable before RDJ 0 : 0 - ns
tsw CS stable before WRL 0 - 0 - ns
twa Address hold time WRT 0 - ] . ns
twe CLK delay for loading 0 55 o] 55 ns
two Data hold time after WRT 0 - 0 - ns
twa Gate delay for sampling -5 50 -5 40 ns
two OUT delay from Mode Write - 260 - 240 ns
tww WR pulse width 150 - 95 - ns

Notes: 1. AC timings measured at Vo =2.0V, Vo =08V
© 2. InModes 1 and 5 triggers are sampied on each rising clock edge. A second trigger within 120 ns of the rising clock
edge may not be detected, (70 ns for CAB2C54-10).
3. Low-going glitches that violate tpyyy, tpwy may cause errors requiring counter reprogramming.
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Figure 4 : TIMING DIAGRAMS
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Table 3 : DC CHARACTERISTICS (T4 = —40°C to +85°C, Vpp = 5V 1 10%, Vgg = 0V)

Symbol Parameter Test Limits Units
Conditions Min Max
lop Vpp Supply Current CLK Freq =5 MHz, CA82C54~5
CLK Freq = 8 MHz, CA82C54-8 - 20 mA
CLK Freq = 10 MHz, CA82C54-10
Ippse Vpp Standby Supply Current CLK Freq = DG, CS = HIGH - 10 HA

Allinputs/data bus = HIGH
All outputs floating

IbpsB1t Vpp Standby Supply Current CLK Freq = DC, CS = HIGH - 150 HA
All other inputs, outputs,
VO plus floating
h Input Load Current ViN = Vppto OV - +20 HA
loFL Output Float Leakage Vout = Vppto 0.45V - +10 HA
ViH Input High Voltage 2.0 Vpp + 0.5V v
ViL Input Low Voltage -0.5 0.8 v
VoH QOutput High Voltage loy = -400 pA Vpp - 0.4V - v
IoH = -25mA 3.0 - v
VoL Output Low Voitage loL = 2.5mA . 0.4 v
Table 4 : CAPACITANCE (Tj =25 °C, Vpp = GND = 0V)
Symbol Parameter Test Limits Units
Conditions Min Max
Cin Input Capacitance FREQ=1MHz - 10 pF
Cuwo /O Capacitance Unmeasured pins - 20 pF
Cout Output Capacitance returnedto Vgg - 20 pF

Table 5 : RECOMMENDED OPERATING CONDITIONS

Operating Voltage Range +4.0to +6.0 Volts
Operating Temperature Range Commercial 0°Cto +70°C
Industrial —40°C to +85°C

Table 6 : ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias 0°Cto 70°C
Storage Temperature ~65°C to +150°C
Voltage on Any Pin with Respect to Ground —0.5Vto+7V
Power Dissipation 1 Watt

Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied. Exposwre
to maximum rating conditions for extended periods may affect device reliability.
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PROGRAMMING

When installed in microprocessor systems the CAB2C54
Programmable Interval Timer appears to the system
software as an array of peripheral I/O ports, namely: three
counters, and a control register for MODE programming.

After power-up, the state of the CA82C54 is undefined.
Thus, the mode, the count value and the output of all
the counters are undefined. The subsequent operation
of each counter is determined when it is programmed,
and each counter must be programmed before it can be
used. Unused counters need not be programmed.

Counters are programmed by writing a Control Word and
then an initial count value for the counter in question. All
Control Words are written into the Control Word
Register, which is selected when Aq,Ag=11. The
Control Word itself specifies which counter is being
programmed. ltis illustrated in Figure 7.

By contrast, initial counts are written into the counters,
not the Control Word Register. Aq, Ag inputs are used
to select the counter to be written into. The format of the
initial count is determined by the Control Word used.

A number of commands are available to the user which
allow access to the programmable features of the
CA82C54. These are described in detail below.

Dy Dg Dg Dy D3 D2 Dy Do

ISC'I ISOO]RW'I'F!VWI M2 ] M1 I MO IBCDI

0 | BINARY COUNTER 18 - BITS

4 | BINARY CODED DECIMAL (BCD}

COUNTER (4 DECADES)

MODE 0
MODE 1
MODE 2
MODE 3
MODE 4
MODE 5§

wl|=|x|{xlo|o
o|o=|—-|olo
=|lo|=lo|+{o

COUNTER LATCH COMMAND {see READ OPERATIONS)

READ/WRITE LEAST SICNIFICANT BYTE ONLY

READ/WRITEMOSTSIGNIFICANT BYTE ONLY

- {=|o|o
~ |ojalo

READVWRITE LEAST SIGNIFICANT BYTEFIRST,

THEN MOST SIGNIFICANT BYTE

SELECT COUNTER 0
SELECT COUNTER 1
0o SELECT COUNTER 2
1 READ - BACK COMMAND (see READ OPERATIONS)

=|=|e]o]

Figure 7 : CONTROL WORD FORMAT

Write Operations

Programming for the CA82C54 is very flexible, and
requires that only two conventions be followed:

+ For each Counter, the Control Word must be written
before the initial count is written.

« The initial count must follow the count format
specified in the Control Word (least significant byte
only, most significant byte only, or least significant
byte and then most significant byte).

Since the Control Word Register and the three Counters
have separate addresses (selected by the Ay, Ay
inputs), and each Control Word specifies the Counter it
applies to (SCO, SC1 bits), no special instruction
sequence is required. Any programming sequence that
follows the conventions above is acceptable.

A new initial count may be written to a Counter at any
time without affecting the Counter's programmed Mode
in any way. Counting will be affected as described in the
Mode definitions. The new count must follow the
programmed count format.

If a Counter is programmed to read/write 2—byte counts,
the following precaution applies: a program must not
transfer control (between writing the first and second
byte) to another routine which also writes into the same
Counter. Otherwise, the Counter will be loaded with an
incorrect count.

Example | Step Operation Ayl Ag
1 1 Control Word - Counter 0 1 1
2 LSB of courg - Counter 0 0 0
3 MSB of count - Counter 0 0 0
4 Control Word - Caunter 1 1 1
5 LSBof count - Counter 1 [+ 1
[ MSB of count - Counter 1 (o] 1
7 Control Word - Counter 2 1 1
8 LSB of count - Counter 2 1 0
9 MSB of count - Counter 2 1 0
2 1 Control Word - Counter 1 1 1
2 Control Word - Counter 0 1 1
3 LSB of count - Counter 1 o] 1
4 Control Word - Counter 2 1 1
5 LSB of count - Counter 0 0 0
6 MSB of count - Counter 1 0 1
7 LSB of count - Counter 2 1 0
8 MSB of count - Counter 0 4] o]
9 MSB of count - Counter 2 1 o]

Note: In both examples, all counters are programmed to read/write 2-
byte counts. These are two of many programiming sequences.

Figure 8 : SAMPLE PROGRAMMING SEQUENCES
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Read Operations

It is often desirable to read the value of a counter without
disturbing the count in progress, a procedure easily
accomplished in the CA82C54.

There are three possible methods for reading the
counters. The first is through the Read-Back Command.
The second is a simple read operation of the counter,
which is selected with the Ay, Ay inputs. The only
requirement is that the CLK input of the selected
counter must be inhibited by using either the GATE
input or external logic; or the count must first be latched.
Otherwise, the count may be in process of changing
when it is read, giving an undefined result. The third
method involves a special software command called the
Counter Latch Command, described in more detail
below.

Counter Latch Command

The Counter Latch Command, like a Control Word, is
written to the Control Word Register, which is selected
when Ay, Ag=11. Also like a Control Word, the SCO,
SC1 bits select one of the three Counters, but two other
bits, Dg and Dy, distinguish this command from a Contro!
Word.

The selected counter's output latch (OL) latches the
count at the time the Counter Latch Command is
received. This count is held in the latch until it is read by
the CPU (or until the counter is reprogrammed). The
count is then unlatched automatically and the OL returns
to following the counting element (CE). This allows
reading the contents of the Counters on the fly without
affecting counting in progress. Multiple Counter Latch
Commands may be used to latch more than one

Oy D¢ Oy D4 D3 O Dy Dg
s o [o [ x [ = =] ]
Base Conditions:
« AjAg=11
* RD=1
+ CS=0 0 | 0 [COUNTERO
0 | 1 _|COUNTERY
* WR=0 i | 0 _|COUNTER2
1| 1_|READ - BACK COMMAND

SC1, SCO - specify counter to be latched
Ds, D4 - 00 designates Counter Latch Command
X - don't care

Note: Don't care bits (X) should be 0 to insure compatibility

with future Newbridge Microsystem products.

Figure 9 : COUNTER LATCH COMMAND FORMAT

counter. Each latched Counter's OL holds its count until
it is read. Counter Latch Commands do not affect the
programmed Mode of the counter in any way.

if a counter is latched and then, some time later, latched
again before the count is read, the second Counter
Latch Command is ignored. The count read will be the
count at the time the first Counter Latch Command was
issued.

With either method, the count must be read according to
the programmed format; specifically, if the counter is pro-
grammed for two byte counts, two bytes must be read.
The two bytes do not have to be read one right after the
other; read or write or programming operations of other
counters may be inserted between them.

Another feature of the CAB2C54 is that reads and writes
of the same counter may be interleaved; for example, if
the counter is programmed for two byte counts, the
following sequence is valid:

1. Read leastsignificant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Write new most significant byte.

If a counter is programmed to read and write two-byte
counts, the following precaution applies: a program must
not transfer control {between reading first and second
byte) to another routine which also reads from that same
counter. Otherwise, an incomect count will be read.

Read-Back Command

The Read-Back Command allows the user to check the
count value, the programmed Mode and the current
state of the OUT pin and Null count flag of the selected
caunter(s).

The command is written into the Control Word Register
and has the format shown in Figure 10. The command
applies to the counters selected by setting their
corresponding bits D3, Do, D4 = 1.

The Read—-Back Command may be used to laich multiple
counter output latches (OL) by setting the COUNT bit
Ds=0 and selecting the desired counter(s). This
single command is functionally egquivalent to several
counter latch commands, one for each counter latched.
Each counter's latched count is held untit it is read (or
the counter is reprogrammed). That counter is
automatically unlatched when read, but other counters
remain latched until they are read. If multiple count
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Read-Back Commands are issued to the same counter
without reading the count, all but the first are ignored.
That is, the count which will be read is the count at the
time the first Read—Back Command was issued.

The Read-Back Command may also be used to latch
status information of selected counter(s) by setting bit
Dg =0 (STATUS). Status must be latched to be read;
as counter status is obtained by a read from that counter.

The counter status format is shown in Figure 11. Bits Ds
through Dg contain the counter's programmed Mode
exacly as written in the last Mode Control Word.
OUTPUT bit Dy contains the curmrent state of the OUT
pin. This allows the user to monitor counter output via
software, thus eliminating some hardware from a system.

NULL COUNT bit Dg indicates when the last count
written to the Counter Register (CR) has been loaded
into the counting element (CE). The exact time this hap-
pens depends on the Mode of the counter and is des-
cribed in the Mode Definitions. Until the count is loaded
into the counting element (CE), it can't be read from the
counter. If the count is laiched or read before this time,
the count value will not reflect the new count just written.
The operation of Null Count is shown in Figure 12.

If multiple status latch operations of the counter(s) are
performed without reading the status, all but the first are
ignored. That is, the status that will be read is the status
of the counter at the time the first status Read—Back
Command was issued.

Both count and status of the selected counter(s) may be
latched simultaneously by setting both COUNT and
STATUS bits D5, Dg = 0. This is functionally the same
as issuing two separate Read—Back Commands at once,
and the above discussions apply here also. Specifically,
if multiple count and/or status Read-Back Commands
are issued to the same counter(s) without any inter-
vening reads, all but the first are ignored, This is ilius-
trated in Table 7.

Table 7 : READ-BACK COMMAND EXAMPLE

Dy Dg Ds Dy D3 22} Dy Do
[ 1 I 1 lootm‘rlsrAmsICNTZICNT‘l}:NTo] 0 l
BaseAOondiﬁt:n:: Ds: 0 = Laich count of selected counter(s)
*Anho= Dy: 0 = Laich status of selected counter(s)

';sb"’ Da: 1 = Select Counter 2
*RD =1 Dy: 1 = Select Counter 1
* WR=0

Dy: 1 = Select Counter 0
Figure 10 : READ-BACK COMMAND FORMAT

Dy Dg Dg Dy D5 Dy Dy Dg
outpuT| NULL faws JRwo | M2 | m1 | mo |Bco
counr | P

)
[COUNTER PROGRAMMED MODE (see Figure 6) ]

[ NULL COUNT ]
[0 | COUNTAVAILABLE FOR READING ]

[T ] ouTPNBT ]
o | ouTPNISO ]

Figure 11 : STATUS BYTE

This Action: Causes:
A | Write to the control word register? Null Count = 1
B | Write to the count register (CR)2 Null Count = 1
C | New count is loaded into CE (CR — CE) Null Count = 0

Notes: -

1. Only the counter specified by the control word will have its null
count set = 1. Null counts of other counters are unaffected.

2. If the counter is programmed for two-byte counts (least significant
byte then most significant byte) null count goes to 1 when second
byte is writlen

Figure 12 : NULL COUNT OPERATION

Command Description Resuit Command Word
Dy|Dg| Ds{Dg | D3| D2 | Dy | Do
Read back count and status of Counter 0 Count and status latched for Counter O 141 o|ojo}joj1]|O
Read back status of Counter 1 Status latched for Counter 1 1 1 110 o1 00
Read back status of Counters 2, 1 Status latched for Counter 2 only 111l 1]o |1t ]olo
Read back count of Counter 2 Count latched for Counter 2 1 1 o1 1101010
Read back count and status of Counter 1 Count latched for Counter 1, 1 1 o}o0 o1 0|0
but not status
Read back status of Counter 1 Command ignored, stalus already 1 1 110 0|0 1]0
latched for Counter 1
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OPERATIONAL DESCRIPTION

The foliowing operations are common to all modes.

Control Word: When a Control Word is written to a
Counter, all Control Logic is Reset, and OUT is initialized
to a known state. No CLK pulses are needed.

Gate: The GATE input is always sampled on the rising
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input is
level sensitive, and the logic level is sampled on the
rising edge of CLK. In Modes 1, 2, 3, and 5 the GATE
input is rising-edge sensitive. In these modes, a rising
edge of GATE (trigger) sets an edge-sensitive flip-flop in
the Counter. This flip-flop is sampled on the next rising
edge of CLK, then is immediately reset. In this way, a
trigger will be detected no matter when it ocrurs and a
high logic level does not have to be maintained untit the
next CLK pulse. A summary is given in Table 10.

Note that in Modes 2 and 3, the GATE input is both
edge- and level-sensitive. If a CLK source other than the
system clock is used in Modes 2 and 3, GATE should be
pulsed immediately after the WR for a new count value.

Counter: New counts are loaded, with the largest
possible initial count being zero (0), equivalent to 2'¢ for
binary counting and 104 for BCD counting, as in Table 8.

Counters decremented on the falling edge of CLK do
not stop when they reach zero. in Modes 0, 1, 4, and 5
the Counters wrap around to the highest count (either
FFFF hex for binary counting or 9999 for BCD counting),
then continue counting. Modes 2 and 3 are periodic; the
Counters reload themselves with the initial count, then
continue counting from there.

If both the count and status registers of a counter are
latched, the first read operation of that counter will retum
the latched status, regardless of which was latched first.
The next one or two reads (the counter can be
programmed for one or two type counts) wili return the
latched count. Subsequent reads will return an
unlatched count. Read and Write operations are
summarized in Table 9.

Table 9 : READ/WRITE OPERATIONS SUMMARY

Table 8 : MIN AND MAX INITIAL COUNTS C|RO WM %
0 1 0 0 0 Write into Counter 0
Mode Mclmm;m Mg;mm o 1 0 o 1 Write into Counter 1
0 1 0 [+] 1 [} 1 0o Wirite into Counter 2
1 1 0 (¢} 1 o] 1 1 Write Control Word
2 2 0 [ 0 1 0 o Read from Counter 0
3 2 0 [} 0 1 (] 1 Read from Counter 1
4 1 0 0 0 1 1 0 |. Read from Counter 2
5 1 0 © | 0| 1} 1] 1| NoOperation (3-State)
* 0is equivalent to 216 for binary and 104 for BCD counting. 1 X X X | X No-Operation (3-State)
[ 1 1 X | X | No-Operation (3-State)
Table 10 : GATE PIN OPERATIONS SUMMARY
Signat Status Low, or
Modes Going Low Rising High
0 « Disables counting - « Enables counting
1 - « Initiates counting -
» Resets output after next clock
2 « Disables counting « Initiates counting = Enables counting
« Sets outputimmediately high
3 « Disables counting » Initiates counting = Enables counting
« Sets outputimmediately high
4 » Disables counting - = Enables counting
5 - » Initiates counting -
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MODE DEFINITIONS

The following terms are useful
operation of the CA82C54.

in describing the
« CLKpulse: A rising edge, followed by a falling
edge, of a Counter’s CLK input.

A rising edge of a Counter's GATE
input.

Transfer of a count from the CR to
the CE (see Functional Description)

« Trigger:

« Counter loading:

Mode 0 : Interrupt on Terminal Count

Mode O is typically used for event counting. After the
Control Word is writtens, OUT is set low, and remains low
until the Counter reaches zero. OUT then goes high and
remains high until a new count or a new Mode ¢ Control
Word is written into the Counter.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After a Control Word and initial count are written to a
Counter, the initial count is loaded on the next CLK
pulse. Since this CLK pulse does not decrement the
count, OUT does not go high until N + 1 CLK pulses
after the initial count is written (where N is the initial count
value).

If a new count is written to the Counter, it is loaded on
the next CLK pulse and counting continues from the
new count. If a two-byte count is written, the following
happens:

1. Writing the first byte disables counting. OUT is set
low immediately (no clock pulse required).

2. Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the counting sequence to be synchronized
by software. Again, OUT does not go high until N + 1
CLK pulses-after the new countof N is written.

If an initial count is written while GATE = 0, it will still be
loaded on the next CLK pulse. When GATE goes high,
OUT wili go high N CLK puises later. A CLK pulse is not
required to load the Counter as this has already been
done.

ar Y /
RN R R A R A R

[ VY

Notes: These conventions apply to all mode timing diagrams:
1. Coumters are programmed for binary (not BCD) counting
and for reading/writing least significant byte (LSB) only.
2. The counter is always selected (CS always low).

3. CW stands for Control Word; CW = 10 means a control
word of 10, hex is written to the counter.

4. LSBis the Least Significant Byte of count.

5. Numbers below diagrams are count values.
The lower number is the least significant byte.
The upper number is the most significant byta,

Since the counter is programmed to read/write LSB only,
the most significant byte cannot be read.

N stands for an undefined count.
Vertical lines show transitions between count values.

Figure 13 : MODE 0 TIMING
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Mode 1 : Hardware Retriggerable One-Shot

OUT is initially high. To begin the one-shot pulse, OUT
goes low on the CLK pulse following a trigger and
remains low until the Counter reaches zero. OUT then
goes high and remains high until the CLK pulse
following the next trigger.

After a Control Word and initial count have been written,
the Counter is armed. A trigger causes the Counter to
be loaded and OUT to be set Jow on the next CLK puise,
starting the one-shot pulse. An initial count of N resuits
in a one-shot pulse N CLK cycles long. Since the one-
shot is retriggerable, OUT remains low for N CLK pulses
after any trigger. The one-shot pulse can be repeated
without rewriting the same count into the counter. GATE
has no effecton OUT.

If a new count is written to the Counter during a one-shot
pulse, the current one-shot is not affected unless the
Counter is retriggered. In this case, the new count is
loaded into the Counter and the one-shot pulse
continues for the duration of the count.

cwat2 Lm.3
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Mode 2 : Rate Generator

This mode functions like a divide-by-N counter and is
typically used for generating Real Time Clock Interrupts.
OUT is initially high. When the initial count has de-
cremented to 1, OUT goes Jow for one CLK pulse, then
high again. The Counter reloads the initial count and the
process is repeated. Mode 2 is periodic, with the same
sequence repeated indefinitely. For an initial count of N,
the sequence repeats every N CLK cycies.

GATE = 1 enables counting; GATE = 0 disables
counting. If GATE goes low during an output pulse, OUT
is set high immediately. A trigger reloads the initial count
into the Counter on the next CLK pulse; OUT goes low
N CLK pulses after the trigger. Thus the GATE input can
be used to synchronize the Counter.

After a Control Word and initial count have been written,
the Counter is loaded on the next CLK pulse. OUT goes
low N CLK pulses after the initial count is written, which
aliows the Counter to be synchronized by software.

CWa s .3

oare b A 3 our I v/
o 7 | S \_____ RN A A N N N
nln u'-l-'jlfl}lﬁlﬁlf'ﬁl Note: A GATE tansition should not occur one clock cyde prior
reaching the terminal count (TC).
Figure 14 : MODE 1 TIMING Figure 15 : MODE 2 TIMING
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Writing a new count while counting does not affect the e e
current counting sequence. If a trigger is received after a
new count is written, but before the end of the current AN AN AN AW a W aWaWa WaWaWalaWa s
period, the Counter is loaded with the new count on the

next CLK pulse and counting continues from the new e
count. Else, the new count is loaded at the end of the o T 2\ f \ f v
curmrentcounting cycle. In Mode 2, a countof 1 isillegal. Pa ool l IHE

Mode 3 : Square Wave Mode

Mode 3 is typically used for Baud rate generation, and is -
similar to Mode 2 except for the duty cycle of OUT. OUT

is initially high. When half the initial count has expired, AN AN AN AW AWAWAWAWAWAWAWAWAWAR
OUT goes fow for the remainder of the count. Mode 3 is anre
also periodic, with the sequence above repeated
indefinitely. An initial count of N results in a square wave or | SN 7
with a period of N CLK cycles. l'l"!'l"'l'|'f‘|'
GATE = 1 enables counting; GATE = 0 disables

counting. if GATE goes /ow while OUT is low, OUT is set

high immediately (no CLK pulse is needed). A frigger wote_ imas
reloads the Counter with the initial count on the next = S L J
CLK pulse. Thus the GATE input can be used to ax

synchronize the Counter. e

The Counter is loaded on the next CLK puise after a | S p

Control Word and initial count have been written. This o

allows the Counter 1o be synchronized by software. — — —
Writing a new count while counting does not affect the | l' RN l bl l SRR
current counting sequence. If a trigger is received after  Now: A GATE transition should not occur one dock prior to terminal
writing a new count but before the end of the current count

half-cycle of the square wave, the Counter is loaded with
the new count on the next CLK pulse and counting
continues from the new count. Otherwise, the new
countis loaded at the end of the current half-cycle.

Mode 3 is implemented as follows according to whether
the initial count value is even or odd: -

Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then decremented by two
on succeeding CLK pulses. When the count expires,
OUT goes fow and the Counter is reloaded with the
initial count. The above process is repeated indefinitely.

Odd counts: OUT is initially high. The initial count minus
one (to give an even number) is loaded on one CLK
pulse and then decremented by two on succeeding
CLK pulses. One CLK pulse after the count expires,
OUT goes low and the Counter is reloaded with the initial
count minus one. Succeeding CLK pulses decrement
the count by two. When the count expires, OUT goes
high again and the Counter is reloaded with the initial ’
count minus one. The above process is repeated
indefinitely. So for odd counts, OUT is high for (N + 1)/2
counts and low for (N - 1)/2 counts.

Figure 16 : MODE 3 TIMING
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Mode 4 : Software Triggered Strobe

CUT is initially high. When the initial count expires, OUT
goes low for one CLK pulse and then goes high again.
Counting sequence is friggered by writing initial count.
GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effecton OUT.

The Counter is loaded on the next CLK pulse after a
Control Word and initial count have been written. This
CLK puise does not decrement the count, so for an
initial count of N, OUT does not strobe low until N + 1
CLK pulses after the initial count is written.

If a new count is written during counting, it is loaded on
the next CLK pulse and counting continues from the
new count. If a two-byte count is written, the following
events occur:

1. Wiriting the first byte has no effect on counting.
2. Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the sequence to be retriggered by software.
OUT strobes low N + 1 CLK pulses after the new count
of N is written.
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cw. 18 8.3 LS8 -2
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Mode 5 : Retriggerable Hardware Triggered Strobe

OUT is initially high. Counting is triggered by a rising
edge of GATE. When the initial count has expired, OUT
goes lowfor one CLK pulse, then goes highagain.

After a Control Word and initial count has been written,
the counter is loaded on the first CLK puise following a
trigger. This CLK pulse does not decrement the count,
s0, given an initial count of N, OUT does not strobe low
until N + 1 CLK pulses after a trigger.

A trigger causes the Counter to be loaded with the initial
count on the next CLK puise. The counting sequence is
retriggerable, so OUT will not go./fow untl N + 1 CLK
pulses after any trigger. GATE has no effect on QUT.

If a new count is written during counting, the current
counting sequence will not be affected. If a trigger
occurs after the new count is written, but before the
current count expires, the Counter will be loaded with
the new count on the next CLK pulse and counting will
continue from there.

- CWet2 L. -3
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Figure 17 : MODE 4 TIMING Figure 18 : MODE 5 TIMING
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