8254

e Compatible with All Intel and Most other Microprocessors
e Handles Inputsfrom DC to 10 MHz
8 MHz 8254
10 MHz 8254-2
Status Read-Back Command
Six Programmable Counter M odes
Three Independent 16-Bit Counters
Binary or BCD Counting
Single a5V Supply
Standard Temperature Range
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8254 (cont..)

e Thelntel 8254 is acounter/timer device designed to solve
the common timing control problems in microcomputer
system design.

|t provides three independent 16-bit counters, each capable
of handling clock inputs up to 10 MHz.

« All modes are software programmable. The 8254 isa
superset of the 8253.

e The 8254 uses HMOS technology and comesin a 24-pin
plastic or CERDIP package.
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Pin Description

Pin T i
ype Name and Function
Symbol No.
D7-DO 1-8 /O DATA: Bi-directional three state data bus
lines, connected to system data bus.
CLK O 9 | CLOCK 0: Clock input of Counter O.
OuUT 0 10 O OUTPUT 0: Output of Counter O.
GATEO| 11 I GATE 0O: Gateinput of Counter O.
GND 12 GROUND: Power supply connection.
VCC 24 POWER: A 5V power supply connection.
WR 23 | WRITE CONTROL: Thisinput islow during
CPU write oper ations.
RD 27 | READ CONTROL: Thisinput islow during
CPU read oper ations.

M. Krishna Kumar
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Pin Description (cont..)

CS

21

CHIP SELECT: A low on thisinput enablesthe
8254 to respond to RD and WR signals. RD and
WR areignored otherwise.

Al, AO

20-9

ADDRESS: Used to select one of thethree
Countersor the Control Word Register for read
or write operations. Normally connected to the
system address bus.

Al AO Selects

0 0] Counter O
0 1 Counter 1
1 0 Counter 2
1 1 Control Word Register

CLK 2

18

CLOCK 2: Clock input of Counter 2.

OuT 2

17

OUT 2: Output of Counter 2.

M. Krishna Kumar
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Pin Description (cont..)

GATE 2 16 I GATE 2: Gateinput of Counter 2.
CLK 1 15 | CLOCK 1: Clock input of Counter 1.
GATE1l 14 | GATE 1: Gateinput of Counter 1.

OuT1l | OUT1 O OUT 1: Output of Counter 1.
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Functional Description

 The 8254 isaprogrammable interval timer/counter
designed for use with Intel microcomputer systems.

e Itisagenera purpose, multi-timing e ement that can be
treated as an array of 1/O ports in the system software.

e The 8254 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in software, the programmer configures the 8254 to

match his regquirements and programs one of the counters
for the desired delay.
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Functional Description (cont..)

« After the desired delay, the 8254 will interrupt the CPU.
Software overhead is minimal and variable length delays
can easlly be accommodated.

 Some of the other counter/timer functions common to

microcomputers which can be implemented with the 8254
are:

 Rea time clock
e Event-counter
e Digital one-shot
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Functional Description (cont..)

* Programmable rate generator
e SqQuare wave generator

e Binary rate multiplier

e Complex waveform generator
o Complex motor controller

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram

e DATA BUSBUFFER: This 3-state, bi-directional, 8-bit
buffer is used to interface the 8254 to the system bus, see
the figure below : Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions.

« READ/WRITE LOGIC : The Read/Write Logic accepts
Inputs from the system bus and generates control signals
for the other functional blocks of the 8254. A; and A,
select one of the three counters or the Control Word
Register to be read from/written into.

A “low” onthe RD input tellsthe 8254 that the CPU is
reading one of the counters.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 11
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Block Diagram (cont..)

e A “low” onthe WR input tells the 8254 that the CPU is
writing either a Control Word or an initial count. Both RD
and WR are qualified by CS; RD and WR are ignored
unless the 8254 has been selected by holding CS low.

e CONTROL WORD REGISTER :The Control Word
Register (see Figure 4) is selected by the Read/\Write Logic
when A,,A,= 11. If the CPU then does awrite operation to
the 8254, the datais stored in the Control Word Register
and isinterpreted as a Control Word used to define the
operation of the Counters.
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Block Diagram (cont..)

e The Control Word Register can only be written to; status
Information is available with the Read-Back Command.

e COUNTER O, COUNTER 1, COUNTER 2 :These three
functional blocks are identical in operation, so only a
single Counter will be described. The internal block
diagram of a single counter is shown in Figure 5.

e The Counters are fully independent. Each Counter may
operate in adifferent Mode.

« The Control Word Register is shown in the figure; it Is not
part of the Counter itsdlf, but its contents determine how
the Counter operates.
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Block Diagram (cont..)

« The status register, shown in Figure 5, when latched,
contains the current contents of the Control Word Register
and status of the output and null count flag. (See detailed
explanation of the Read-Back command.)

e Theactual counter islabelled CE (for  Counting
Element"). It isa16-bit presettable synchronous down
counter. OLM and OLL are two 8-hit latches. OL stands
for ~"Output Latch"; the subscripts M and L stand for
“"Most significant byte" and L east significant byte"
respectively.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 16
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Block Diagram (cont..)

e Both are normally referred to as one unit and called just
OL. These latches normally " follow" the CE, but if a
suitable Counter Latch Command is sent to the 8254, the
latches " latch" the present count until read by the CPU and
then return to * following" the CE.

 Onelatch at atimeis enabled by the counter's Control
Logic to drive the internal bus. Thisis how the 16-bit
Counter communicates over the 8-bit internal bus. Note
that the CE itself cannot be read; whenever you read the
count, it isthe OL that is being read.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 18



Block Diagram (cont..)

o Similarly, there are two 8-bit registers called CRM and
CRL (for " Count Register"). Both are normally referred to
as one unit and called just CR.

* When anew count is written to the Counter, the count is
stored in the CR and later transferred to the CE. The
Control Logic allows one register at atime to be loaded
from the internal bus. Both bytes are transferred to the CE
simultaneoudly.

e CRM and CRL are cleared when the Counter is
programmed. In thisway, If the Counter has been
programmed for one byte counts (elther most significant
Byte only or least significant byte only) the other byte will

e Zero.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 19



Block Diagram (cont..)

Note that the CE cannot be written into, whenever a count
ISwritten, it iIswritten into the CR.

The Control Logic is also shown in the diagram.

CLK n, GATE n, and OUT n are dl connected to the
outside world through the Control Logic.

8254 SYSTEM INTERFACE :The 8254 is a component
of the Intel Microcomputer Systems and interfacesin the
same manner as all other peripherals of the family.

It istreated by the system's software as an array of
peripheral 1/O ports, three are counters and the fourth isa
control register for MODE programming.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

« Basicaly, the select inputs A,,A; connect to the A A,
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel 8205 for larger systems.

e Programming the 8254 :Counters are programmed by
writing a Control Word and then an initial count.

e The Control Words are written into the Control Word
Register, which is selected when A;,A, = 11. The Control
Word itself specifies which Counter is being programmed.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

e« Control Word Format: A1LA0=11,CS=0,RD =1,
WR = 0.

e By contrast, initial counts are written into the Counters, not
the Control Word Register. The A1,A0 inputs are used to

select the Counter to be written into. The format of the
Initial count is determined by the Control Word used.

 Write Operations: The programming procedure for the
8254 is very flexible. Only two conventions need to be
remembered.

1) For each Counter, the Control Word must be written before
the initial count iswritten.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 23



Block Diagram (cont..)

2) Theinitial 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 A;,A, Inputs), and
each Control Word specifies the Counter it appliesto
(SC,,SC, hits), no special instruction sequence is required.

e Any programming sequence that follows the conventions
In Figure 7 is acceptable.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 24



D Dg Ds Dy Ds D, Dy Dy
SC1 [ SCo | RwWi | Rwo | M2 | M1 | MO | BCD

SC—Select Counter M—Mode
SC1 SCO0 M2 M1 Mo
0 0 select Counter 0 0 0 0 Mode O
0 1 Select Counter 1 0 0 1 Mode 1
1 0 Select Counter 2 X 1 0 Mode 2
1 1 Read-Back Command X 1 1 Mode 3
(see Read Operations) 3 0 a Mode 4
1 0 1 Mode 5
RW—Read/Write
RW1 RWOD
BCD
0 0 |Counter Latch Command (see Read
Operations) 0 Binary Counter 16-bits
0 1 |Read/Write least significant byte only L Binary Coded Decimal (BCD) Counter
— — (4 Decades)
1 0 |Read/Write most significant byte only
1 1 Read/Write least significant byte first,
then most significant byte

NOTE: Don't care bits (X) should be 0 to insure compatibility with future Intel products.
Figure 7. Control Word For mat
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Block Diagram (cont..)

* 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.

 |f aCounter is programmed to read/write two-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 that same
Counter. Otherwise, the Counter will be loaded with an
Incorrect count.
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Control Word—Counter 0
LSB of count—Counter O
M5B of count—Counter O
Control Word—Counter 1
LSB of count—Counter 1
M5B of count—Countar 1
Control Word—Counter 2
LSB of count—Counter 2
M5B of count—Counter 2

Control Word—Counter 0
Control Word—Counter 1
Control Word—Counter 2
LSB of count—Counter 2
LSB of count—Counter 1
LSB of count—Counter O
M5B of coumt—Countar O
M5B of count—Counter 1
M5B of coumt—Countar 2

Figure 8. A Few Possible Programming Sequences

M. Krishna Kumar

|::|-r_':|-_|._|._|._|.r_':|-|=|-_|.=h'

o = o Oy = r_':|-_|._|._|.=h'

Control Word—Counter 2
Control Word—Counter 1
Control Word—Counter O
LSB of count—Counter 2
MSEB of coumt—Counter 2
LSB of count—Counter 1
M5B of count—Counter 1
LSB of count—Counter O
M5B of count—Counter O

Control Word—Counter 1
Control Word—Countar 0
LSB of count—Counter 1
Control Word—Counter 2
LSB of count—Counter O
M5B of count—Counter 1
LSB of count—Counter 2
M5B of count—Counter O
M5B of coumt—Countar 2

MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

Read Operations: It is often desirable to read the value of
a Counter without disturbing the count in progress. Thisis
easlly done in the 8254.

There are three possible methods for reading the counters:
a simple read operation, the Counter Latch Command, and
the Read-Back Command.

Each is explained below. The first method isto perform a
simple read operation. To read the Counter, which is
selected with the A, A, inputs, the CLK input of the
selected Counter must be inhibited by using either the
GATE input or external logic.

Otherwise, the count may be in the process of changing
when it is read, giving an undefined result.
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Block Diagram (cont..)

e COUNTERLATCH COMMAND: The second method
usesthe " Counter Latch Command".

e LikeaControl Word, thiscommand is written to the
Control Word Register, which is selected when A A, =
11. Also like a Control Word, the SCO, SC1 hits select one
of the three Counters, but two other bits, D5 and D4,
distinguish this command from a Control Word.

» The selected Counter's output latch (OL) latches the count
at the time the Counter Latch Command isreceived. This
count is held in the latch until it is read by the CPU (or
until the Counter is reprogrammed).
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A1,Ap = 11; CS = 0;: RD = 1; WR = 0
D- Dg Dgs Dgs D3y Ds Dy Dg

= =0 0 0 A > A A

SC01,5C0—specify counter o be latched

SC1 SCO Counter
O 0 0
0 1 1
1 0 2
1 1 Read-Back Cormmand

D5, D4—00 designates Counter Latch Command

»—don't care

MOTE:
Don't care bits ) should ba O to insure ooormipaes ki lity
with future Intel products.,

Figure 9. Counter Latching Command For mat
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Block Diagram (cont..)

e The count isthen unlatched automatically and the OL
returnsto following" the counting element (CE).

» Thisallows reading the contents of the Counters " on the
fly" without affecting counting in progress.

e Multiple Counter Latch Commands may be used to latch
more than one Counter. Each latched Counter's OL holds
Its count until i1t is read.

e Counter Latch Commands do not affect the programmed
Mode of the Counter in any way.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

 |f aCounter islatched and then, some time later, latched
again before the count is read, the second Counter Latch
Command isignored. 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

programmed 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.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

e Another feature of the 8254 is that reads and writes of the
same Counter may be interleaved.

« Example: If the Counter is programmed for two byte
counts, the following sequence is valid.

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

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

« |f aCounter is programmed to read/write two-byte counts,

the following precaution applies. A program must not
transfer control between reading the first and second byte
to another routine which also reads from that same
Counter. Otherwise, an incorrect count will be read.

« READ-BACK COMMAND: The third method uses the
Read-Back Command. This command allows the user to

check the count value, programmed Mode, and current

states of the OUT pin and Null Count flag of the selected
counter (9).

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

e The command iswritten 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 D5, D,, D, = 1.

» The read-back command may be used to latch multiple
counter output latches (OL) by setting the COUNT bit
D. = 0 and selecting the desired counter (s). Thissingle

command is functionally equivalent to several counter
latch commands, one for each counter |atched.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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AD, A1 =11 S=10 D=1 WR=10
1| 1 | COUNT | STATUS [CNT 2| CNT 1 [CNTO | O

De: 0 = Latch count of selected counter(s)
D4 0 = Latch status of selected counters(s)
D4 1 = Select Counter 2

D= 1 = Select Countar 1

Ds: 1 = Select Counter 0

D Reserved for future axpansion; Must be 0

Figure 10. Read-Back Command For mat
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Block Diagram (cont..)

Each counter's latched count is held until it isread (or the
counter Is reprogrammed).

The counter is automatically unlatched when read, but
other counters remain latched until they are read. If
multiple count read-back commands are issued to the same
counter without reading the count, all but the first are
Ignored,; i.e., the count which will be read is the count at
the time the first read-back command was i ssued.

The read-back command may also be used to latch status
Information of selected counter (s) by setting STATUS bit
D, = 0. Status must be latched to be read; status of a
counter Is accessed by aread from that counter.
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Block Diagram (cont..)

The counter status format is shown in Figure 11.

Bits D, through D, contain the counter's programmed
Mode exactly as ertten In the last Mode Control Word.

OUTPUT bit D, contains the current state of the OUT pin.

Thisallows the user to monitor the counter's output via
software, possibly eliminating some hardware from a
system. NULL COUNT bit Dg indicates when the | ast
count written to the counter reglster (CR) has been |oaded
Into the counting element (CE).

The exact time this happens depends on the Mode of the
counter and is described in the Mode Definitions, but until
the count is loaded into the counting element (CE), it can't
be read from the counter.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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D Dg Ds Dy D3 D Dy Dy

Output o RW1 | RWO | M2 M1 (MO | BCD
Count
D- 1 = OUT Pinis 1
0 = 0UT Pinis 0
Dg = MNull Count

3
0 = Count available for reading
De~Dg Counter programmed mode (see Figure

Figure 11. Status Byte

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

If the count is latched 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; i.e., the status that will be read is the status of the
_cour;tder 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
STATUSbits D¢,D, = 0. Thisis functionally the same as
ISssuing two separate read-back commands at once, and the
above discussions apply here also.
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This Action Causes
A, Write to the contral word register ('} Null Count = 1
B. Write to the count register (CR)42)  Null Count = 1
C. New Count is loaded into Null Count = 0
CE(CR —» CE}:

NOTE:
1. Only the counter specified by the control word will

have its Null Count set to 1. Null count bits of other
counters are unaffected,

2. If the counter is progammed for two-byte counts
(least significant byte then most significant byte) Null
Count goes to 1 when the second byte is written.

Figure 12. Null Count Operation

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Block Diagram (cont..)

o Specifically, if multiple count and/or status read-back
commands are issued to the same counter (s) without any
Intervening reads, all but the first areignored. Thisis
Ilustrated in Figure 13.

 If both count and status of a counter are latched, the first
read operation of that counter will return latched status,
regardless of which was latched first. The next one or two
reads (depending on whether the counter is programmed
for one or two type counts) return latched count.
Subsequent reads return unlatched count.
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Command

Description

Result

D Dg Dg Dy Dy D Dy Dy
111 (0|01 0([0] 1|0 |Readback count and status of Count and status latched
Counter 0 for Counter 0
111 (1001|000 |Readback status of Counter 1 =tatus latched for Counter 1
111 (10| 11|00 |Readback status of Counters 2, 1 | Status latched for Counter
2, but not Counter 1
111 (0|11 [0] 0] 0 |Readback count of Counter 2 Count latched for Counter 2
1110|0101 ] 0] 0 |Readback count and status of Count latched for Counter 1,
Counter 1 but not status
1 (1100|010 |Readbackstaus of Counter 1 Command ignored, status
already latched for Counter 1

M. Krishna Kumar

Figure 13. Read-Back Command Example
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CsS | RD | WR | Ay | Ag

0 1 i 0 0 Write into Counter O

0 1 (l C 1 Write into Counter 1

0 1 (l 1 C Wrrite into Counter 2

0 1 (l 1 1 Writes Control Word

0 0 1 0 0 Read from Counter O

O 0 1 0 1 Read from Counter 1

0 0 1 1 0 Read from Counter 2

O 0 1 1 1 MNo-Operation (3-State)
1 :-i :-i k4 a MNo-Operation (3-State)
0 1 1 a A MNo-Operation (3-State)

Figure 14. Read/Write Operations Summary
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Modes (cont..)

M ode Definitions : The following are defined for use in
describing the operation of the 8254.

CLK Pulse: A rising edge, then afalling edge, in that
order, of a Counter's CLK input.

Trigger: A rising edge of a Counter's GATE input.

Counter loading: The transfer of a count from the CR to
the CE (refer to the "Functional Description”).

MODE O: INTERRUPT ON TERMINAL COUNT
Mode O istypically used for event counting. After the
Control Word iswritten, OUT isinitially low, and will
remain low until the Counter reaches zero.

M. Krishna Kumar MM/M3/LU9a/V 1/2004
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Modes (cont..)

OUT then goes high and remains high until a new count or
anew Mode O Control Word is written into the Counter.

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

After the Control Word and initial count are written to a
Counter, the initial count will be loaded on the next CLK
pulse. This CLK pulse does not decrement the count, so for
an initial count of N, OUT does not go high until N a1
CLK pulses after the initial count iswritten.

If anew count iswritten to the Counter, it will be loaded
on the next CLK pulse and counting will continue from the
new count. If atwo-byte count iswritten, the following
happens:

M. Krishna Kumar MM/M3/LU9a/V 1/2004 46



Modes (cont..)

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.

e Thisallows the counting sequence to be synchronized by
software. Again, OUT does not go high until Nal CLK
pulses after the new count of N iswritten.

« If aninitial count iswritten while GATE e O, it will still be
loaded on the next CLK pulse. When GATE goes high,
OUT will go high N CLK pulseslater; no CLK pulseis
needed to load the Counter as this has already been done.
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EAaTE
L= L 1
I F=d i L |
e = 110

e -

-

FE

R U W o W W W o Y o W W o W o W

= TE

(=] B ] )

LESEBE — &

=80T E

[ == ] F s

M. Krishna Kumar

Al
(43|

o

Figure 15. Mode O

MM/M3/LU9a/V 1/2004

=g

ug

=K

48



Modes (cont..)

Note:

1. Countersare 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 iswritten to the counter.

4. LSB stands for " Least Significant Byte" of count.

5. Numbers below diagrams are count values. The lower
number is the least significant byte. The upper number isthe
most significant byte. Since the counter is programmed to
read/write L SB only, the most significant byte cannot be
read. N stands for an undefined count. Vertical lines show
transitions between count values.
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Modes (cont..)

MODE 1: HARDWARE RETRIGGERABLE ONE-
SHOT: OUT will beinitialy high.

OUT will go low on the CLK pulse following atrigger to
begin the one-shot pulse, and will remain low until the
Counter reaches zero.

OUT will then go high and remain high until the CLK
pulse after the next trigger.

After writing the Control Word and initial count, the
Counter isarmed. A trigger results in loading the Counter

and setting OUT low on the next CLK pulse, thus starting

the one-shot pulse. Aninitial count of N will result in a
one-shot pulse N CLK cyclesin duration.
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Modes (cont..)

e Theone-shot isretriggerable, hence OUT will remain 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 effect on OUT.

e |f anew count iswritten to the Counter during a oneshot
pulse, the current one-shot is not affected unless the
counter isretriggered. In that case, the Counter is |loaded
with the new count and the oneshot pul se continues until
the new count expires.

M. Krishna Kumar MM/M3/LU9a/V 1/2004 51



e = 1= LEBE == 3

U B T Y B T T A Y A T T T A T R Y Y
O T _______'1_1‘_\ _________ -..._ri —————

GATE ‘_ S Y i D ¥ A S

S B WY A WA B WY A W A W VY W WY B VY A Y B Y
=T T T '_'I.ﬂ ———————— —.._.Ir—.'______

:
:
.
i
:
(M=
.
.
-
)

Figure 16. Mode 1
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Modes (cont..)

MODE 2. RATE GENERATOR: This Mode functions
like adivide-by-N counter. It istypically used to generate a
Real Time Clock interrupt.

OUT will initialy be high. When the initial count has
decremented to 1, OUT goes low for one CLK pulse. OUT
then goes high again, the Counter reloads the initial count
and the process is repeated.

Mode 2 is periodic, the same sequence is repeated
Indefinitely. For an initial count of N, the sequence repeats
every N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables counting.
If GATE goes low during an output pulse, OUT is set high
Immediately.
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Modes (cont..)

A trigger reloads the Counter with the initial count on the
next CLK pulse, OUT goeslow N CLK pulses after the
trigger. Thus the GATE input can be used to synchronize
the Counter.

« After writing a Control Word and initial count, the Counter
will be loaded on the next CLK pulse. OUT goeslow N
CLK Pulses after the initial count is written.

« Thisallowsthe Counter to be synchronized by software
also. Writing a new count while counting does not affect
the current counting sequence.
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Modes (cont..)

o |f atrigger isreceived after writing a new count but before
the end of the current period, the Counter will be |loaded
with the new count on the next CLK pulse and counting
will continue from the new count.

e Otherwise, the new count will be loaded at the end of the
current counting cycle. In mode 2, aCOUNT of 1is
Illegal.

« MODE 3: SQUARE WAVE MODE :Mode 3istypically

used for Baud rate generation. Mode 3 issimilar to Mode 2

except for the duty cycle of OUT. OUT will initially be
high.
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Modes (cont..)

 When half the initial count has expired, OUT goes low for
the remainder of the count. Mode 3 is periodic; the
sequence above is repeated indefinitely.

 Aninitial count of N resultsin a square wave with a
period of N CLK cycles. GATE = 1 enables counting;
GATE = 0 disables counting. If GATE goes low while
OUT islow, OUT isset high immediately; no CLK pulse
IS required.

o A trigger reloads the Counter with the initial count on the

next CLK pulse. Thusthe GATE input can be used to
synchronize the Counter.
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Modes (cont..)

« After writing a Control Word and initial count, the Counter
will be loaded on the next CLK pulse. This allowsthe
Counter to be synchronized by software also.

« Writing a new count while counting does not affect the
current counting sequence. If atrigger isreceived after
writing a new count but before the end of the current half-
cycle of the square wave, the Counter will be loaded with
the new count on the next CLK pulse and counting will
continue from the new count. Otherwise, the new count
will be loaded at the end of the current half-cycle.
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Modes (cont..)

« Mode 3:Even counts: OUT isinitialy high. Theinitial
count isloaded on one CLK pulse and then is decremented
by two on succeeding CLK pulses.

e When the count expires OUT changes value and the
Counter is reloaded with the initial count. The above
process is repeated indefinitely.

e Odd counts: OUT isinitially high. Theinitial count minus
one (an even number) is loaded on one CLK pulse and
then is decremented by two on succeeding CLK pulses.
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Modes (cont..)

 One CLK pulse after the count expires, OUT goes low and
the Counter Is reloaded with the initial count minus one.

o 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.

o Sofor odd counts, OUT will be high for (N - 1)/2 counts
and low for (N - 1)/2 counts.
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Modes (cont..)

MODE 4: SOFTWARE TRIGGERED STROBE :

OUT will beinitially high. When the initial count expires,
OUT will go low for one CLK pulse and then go high
again. The counting sequenceis triggered* by writing the
Initial count.

GATE = 1 enables counting; GATE = 0 disables counting.
GATE has no effect on OUT. After writing a Control
Word and initial count, the Counter will be |loaded on the
next CLK pulse.

This CLK pulse 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 iswritten.
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Modes (cont..)

 |f anew count iswritten during counting, it will be loaded
on the next CLK pulse and counting will continue from
the new count. If atwo-byte count iswritten, the

following happens:

1) Writing the first byte has no effect on counting.

2) Writing the second byte allows the new count to be |oaded
on the next CLK pulse.

o Thisalowsthe sequenceto be retriggered” by software.
OUT strobeslow N a1l CLK pulses after the new count of

N IS written.
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Modes (cont..)

« MODE 5. HARDWARE TRIGGERED STROBE
(RETRIGGERABLE) :OUT will initially be high.
Counting istriggered by arising edge of GATE. When the
Initial count has expired, OUT will go low for one CLK
pulse and then go high again.

« After writing the Control Word and initial count, the
counter will not be loaded until the CLK pulse after a
trigger. This CLK pulse does not decrement the count, so
for an initial count of N, OUT does not strobe low until
N =1 CLK pulses after atrigger.
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Modes (cont..)

« A trigger results in the Counter being loaded with the
Initial count on the next CLK pulse. The counting
sequence isretriggerable. OUT will not strobe low for N a
1 CLK pulses after any trigger. GATE has no effect on
OUT.

« |f anew count iswritten during counting, the current
counting sequence will not be affected. If atrigger 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.
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Modes (cont..)

e Operation Common to All Modes:

e PROGRAMMING: When a Control Word iswrittento a
Counter, all Control Logic isimmediately reset and OUT
goesto aknown initia state; no CLK pulses are required
for this.

e GATE: The GATE input is always sampled on the rising
edge of CLK. InModes 0, 2, 3, and 4 the GATE input is
level sensitive, and the logic level is sampled on therising
edge of CLK. InModes 1, 2, 3, and 5the GATE input is
rising-edge sensitive.
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Modes (cont..)

e Inthese Modes, arising edge of GATE (trigger) sets an
edge-sensitive flip-flop in the Counter. Thisflip-flop is
then sampled on the next rising edge of CLK; the flip-flop
IS reset Immediately after it issampled. In thisway, a
trigger will be detected no matter when it occurs-a high
logic level does not have to be maintained until the next
rising edge of CLK.

* Notethat in Modes 2 and 3, the GATE input is both edge-
and level-sensitive. In Modes 2 and 3, if a CLK source
other than the system clock isused, GATE should be
pulsed immediately following WR of a new count value.
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Modes (cont..)

e COUNTER: New counts are loaded and Counters are
decremented on the falling edge of CLK.

e Thelargest possible initial count isO, thisisequivalent to
,16 for binary counting and ,,* for BCD counting. The
Counter does not stop when it reaches zero.

 InModesO, 1, 4, and 5 the Counter ~wraps around" to the
highest count, either FFFF hex for binary counting or 9999
for BCD counting and continues counting.

 Modes 2 and 3 are periodic; the Counter reloads itself with
the initial count and continues counting from there.
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Min Max

Made Count Count
0 1 0
1 1 0
¢ ¢ 0
3 ¢ 0
< 1 0
5 1 0

NOTE: Oisequivalent to 216 for binary counting and 10* for BCD counting.

Figure 22. Minimum and Maximum I nitial Counts
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