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9.1 Int_lroductlon

Q. Write short note on 8254, Prggmmmblc interval timer.

In Microprocessor Based System, we €0
timer —» to provide delay and counter - to count incoming pgaen.Preser_ltly. the way we
in earlier has following

implement timer/counter in 8086 based system as studied
drawbacks : : - :

@) Delay : The 8086 can provide delays of any value, but it uses software to implement
the delay. The instructions are arranged to waste time. The main disadvantage of

this scheme is 8086 is executing some instructions, it means that it is busy in doing
g at port. To implement this

work. _
Gi) Counter : The 8086 can count number of pulses arrivin
i r by 1 and again goes

8086 goes on checking port, if it is active it increments counte
on checking port. 8086 will have to execute

instructions.
In large systems, whe

The same disadvantage,

3086 wastage time is critical, a separate timer IC 8254 can

be used. The 8254 cons of 3 identical 16 bit counters. These counters can work as

» 8254 comsisty Ol & o orate . .
elays. To operate as a counter, a 16 bit count 1s

counter or can provide te time ys.
loaded and the desired mode of operation is selected. The counters will work
te the desired output. Now the 8086 job is to initialise and load

independently and genera

counters. )
In this chapter, we will discuss 8254 IC. Unless and until it is specified for 8253, the
discussion of all points remains same in all respects to both ICs. :
The two IC's 8253 and 8254 are timer I1Cs. Both are similar except following
differences :
Q. How does 8254 differ from 8253 ?
Fd 8253 T T A - RO s 3
Operating frequency 0 - 2.6 MHz. Operating frequency 0-10 MHz.
Uses N-MOS technology. Uses H-MOS technology.

Read-Back command is not available. Read-Back command is available.

Reads and writes of the same counter | Reads and writes of the same counter

cannot be interleaved. be interleaved.

ctan
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| 19.2 Features of Programmable Intervai Timer ”z ®
o Three independent 16 bit down counters. : iy e b &
e  Counters can be programmed in 6 different programmable counter modes. 1
. Countmg facility in both binary or BCD number system : L
o Compatible with Intel and other microprocessors. ' - : ;
s Single + 5V supply. : '5 I
. 24 pin dual in-line package. : A
e Itis completely TTL compatible. 2 5
« It has a powerful command called READ BACK COMMAND which allows the user %
to check the count value, programmed mode and current mode and the cu.rrent. 2
status of the counter (Only for 8254). b g
. Operating frequency range; For 8253 - DC to 2.6 MHz; For 8254 - DQ to 10 MHz. _ i. -
19.3 Pin Configura’ti'on of 8254 |
Q. Draw and explain the pin configuration of 8254. , | ff; ,,,
The pin configuration of 8254 programmable, mterval timer is as shown in
Fig. 19.3.1 .
D,-D, |10 DATABUS | ' .
-
r CLKy I | Counter inputs | _-z
'GATEy | I | Counter gate inputs CLKg -
' oate, .
OUTy | O | Counter outputs - out, . W&
= L il e Ly
—— Tl W ws o
| T | Chip select ' g e, B B \
= ” g - cu(2
Ag- A I | Counter select CS— GATE,
Vec/GND | I | + 5V supply/Ground | ouT

Pin Descnptlon

g Data bus . These are 8 blt bldu'ectlonal dat; burs i ctai |

nes. connected ;
—~ to the system data bus for data transfer between 8086 and 8254.
&5 Chip select : This is an active low input signal, used to select the

8254 IC. If TS = 0 then 8254 will be active and take part in data

h}nﬁ:; from/to 8086._ otherwise 8254 will be n de
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Read . This is an active

- - Tt “...- al' x .' ___--TH‘--___‘
low input signal, used in °°°"dmation

with A » A t?_;sﬁend data from.appmpriate_ @Eﬂ@!,t%es -1
Dg-Dr. . . . LN, B |
T Twm “Write : This is an active low input .31g_nal, used in coordination
'. with Ay, A, to load counters or to initialize counters.
s linos : These are input address lines used to distinguicy |
B dAl‘fifgﬁ parts of 8254 such as Counter 0, Counter 1, Couni?i
Control word register. ' _
A [ AL Belected part. .
] 0 Counter 0
1 Counter 1
0 Counter 2
; 1 | Control word register
6 | CLK,.; | Clock input : These are clock inputs to 3 independent counters.
% The pulses applied at these pins will be counted by respective
_ counters. _
7 GATE,_, | Gate control : These are active high, input signals used to allow
ewwmw. The function
. of gate mput is dependent on operating mode.
8 |-OUT,.; |Output: These lines are active high, output lines. The output is
dependent on operating mode...... - |

19.4 8254 Functional Block Diagram

Q.

Explain 8254 with its functional block diagram.

The block diagram of 8254 is as shown in Fig. 19.4.1.

CLK,
GATE,

ouT,

CLK,
GATE,

ouT,

CLK,
GATE,

ouT,

= Intemal data bus

Fig. 19.4.1 : Functional -block_-rdiagram of 8254

It i :
| includes data bus buffer, read/write logic, control word register and counters 0, 1,2
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— 82 P ctate bi-directional 8 bit data bus buffey
pee S Jt1 e to interface 8254 data bus Wiﬂ;;;s‘ié

|, = -

. tis < m datg
sna it ;t js internally connected to internal data bus ang itbus.
ordinati; +  _oected t0 system data bus. The direction of data 1:u°ut°’ Pins D, .p_,

ata lines :.;d write control signals. e uffer is decideq byTrearz
T i logic .o I

rdinag write ; _
n m&tzorﬂ Reﬂd This plock accepts inputs from system control bus ang addre bule

gl ss bus.

Prompea VO, the signals RD and WR |
0 mapped VO, gna and WR —

ounter 2 ¢/ e 10, RD 7 ore connected to IOR and TOW,

[ memory mapped VO, RD and WR, are connecteq to MEMR and MEMW

/‘/ A, and A; are directly connected to address lines Ajand A, -

7S is connected to address decoder.

The 8254 operation/selecﬁon is enabled/disabled by C3 onal Ao . :
Ay, A,

unters. specific part WR, RD decides writing data to 8254 or reading data from 8254
pective ,  The control word registers and the counters are selected according to t}-le'
——— signals on lines Ag and A,. ‘ :
nction Ay |‘Ao| 15 Selection
ot 0 | 0 | Counter 0

0 | 1 | Counterl
P 1 | 0 | Counter2

1 | 1 | Control word register

) Control word register
¢ This register of 8254 gets selected when Ag=1and A, =1.

* It is used to specify the BCD or binary counter to be used, its mode of
d i.e. read or write the data bytes

operation and the data transfer to be use
(LSB, MSB or both).

*  Ifthe CPU performs a write operation,
register and is referred to as Contro
Operation. &

the data is stored in the con

| terfacing
ssdss n \ =
;fﬁ ¢ puffer 8253

selects a

P Microproceséors&lnterfa‘
% . E‘ach cour
% . CLK is w
£ The coun
. :; . The 10&d
8 clock im

counter ¢

1 ‘._‘-. 19.5 Control

s

s ik G e A S
i :i‘.’.Sz'.'.'-'-"_‘rYﬁﬂ_'ﬁyq.;}k % mﬁ..' SR A

3

' The data can only be written into control word register; ™ reof Read Back

allowed. Status information is available with the help

A Command. _ o
) Counters | ' |

¢ ounters.

There are three independent, 16 bit down ¢ 1 word e
They can be programmed separately thoough o207
mode of counter. '-

gister to decide

Q.

EXP‘G:IH ﬂ‘\c |

4 iz ¢ . The control

Note: 5C,= 1 and

1)

\ The control

counter. W
Similarly,

. initialise

=
+ S

i1)

iv)

trol word b |
] Word. It is used to define counter

ad operation i 1

counters by

~ The bits R

both LSB -
The bits
Mode0 - N
The bit, E
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| g 2 inputs viz. CLK and GATE. g@

. Each counter is havin
and GATE is used to control the counter.

« dLKiSusedaSaninputtDcOuntel:

The loaded count value in counter will be decremented by: counter at each

clock input pulse. The programimer can read counter without disturbing
counter operation. -

' .] 19.5 Control word Register Format .

Q. Explain the control word register format of 8254.

. . The control word register format is as shown in Fig 1951

on Is Used to give read backoomﬁﬂnd (Only for 8254). \

& i  The control word register bits, SC, and SCo, seloct the control word register for
counter. When SCo = 0 and SC, = 0, the control word for counter 0 is selected.
Similarly, other counter control words, are selected by SCo and SC, and used to

 initialize the counters. A, and A, selects counter(s), but they are used to read/load

counters by microprocessor.
ii)  The bits RL, and RL, are used to read/load, data bytes ie. LSB byte, MSB byte or

" both LSB and MSB bytes.
iii) ‘The bits My M, and M, decides the mode of operation for selected counter,

Mode0 - Mode5.
iv)  The bit, BCD, decides the mode of counting i.e. BCD counter or binary counter.

D, Dg Ds Dy DOs D2
@J SCo {RL1 |Rlo M

T
301 SCq Select counter

1 [E:tescn=1 and SC, = 1, this combinati

= B Counter 0 -1~ =35
1 | Counter1___: 2
420 | Counter 2
ji]- 1 | 8254 Read back
S oon-u'nuqﬂ
e T R S

Fig. 19.5.1 : Control word register format

L
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19.6 8254 Write Operation . & o e
The 8254 initialisation and count value loading operations are important operations " 5 &
performed by system software. Once 8254 is programmed it is ready to perform '
operations. The order of initialisation and count value loading for counter 0, counter 1 and

counter 2 are sequence independent. But the number of data bytes programmed by RL, |}
and RL, must be completed. The example format for this is as follows*' - :

Sr. No. | Ay | Ag | dwvee v waian uid a5 L
7 111 Control word regwter for counter 0
2 0 | 0 | LSB count for counter 0 ;
3 0 | 0 | MSB tount for counter 0 3
4 1 | 1 | Control word register for counter 1
5 0 | 1 [ LSB count for counter 1 .
6 0 [ 1 | MSB count for counter 1
7 1 | 1 | Control word register for counter 2 -
8 1 | 0 | LSB count for counter 2
9 1 | 0 | MSB count for counter 2

In above format, all the 3 counters are used with 16 bit count values.

Interleaved read and write : _ s
~ The special feature of 8254 is that the read and write operation of any counter may

be interleaved. This feature allows us to read LSB byte then write LSB byte and read

MSB byte then write MSB byte. ' ,

o0 Rt RGO R IR ¥ T W Yo 0 Lo T
T o - '

it

19.7 8254 Read Operations

The counter application, requires reading the value of the counter in progress. The - ;.
8254 contains logic that allows the programmer to read the contents of counters without '
disturbing the actual count in progress. There are 3 methods for 8254 as follows : ;

¢  Method 1: Simple Read
e Method 2 : Counter Latch Operatlon |
o Method 3 : Read Baek Command (Only for 8254)

19.7. 1 Method 1 : Simple Read

o The method 1 involves, the mmple I/O read operations for the selected te
using A,, A, address inputs. sy

o The precaution should be taken that the RL,- BLl blts program.med for readmg the
number of data bytes is followed.

¢ To perform the operation Imcmprocéssor issues RD control mgnal and takes count
- yalue from selected counter. _
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then two bytes must be read, beg
2 Qre an:

' «  If two bytes are programmed to be read,
R * write operation to the same counter.

e. The requirement of this metho_d for str.abla- count reading is the
_ inhibited. Because if a counter 18 cha.pgmg its state and in the mﬁ"?lt:; shou)g Ds 3»@:?
read the contents, the count value will not be correct. To avoid such S d‘_‘"hen yo D _1a
~ counter can be inhibited either by contr:ollmg the gate input or by Gttorn 1ltlops the : 92D‘
‘inhibits the clock input. For example if the current count is 0100g. Yﬁ logic tha D3 adv
lower byte and get it as 00H. Before you refad the higher byte a pulge ii!u read the \ ‘:t g
CLKn pin and the counter decrements Le. it becomes 00FFH. Now whe applied on¥r PV Jin
the upper byte, you get it as 00H. Hence the count you read is 00qq 1 you read red
~incorrect, 0100H or 00FFH was correct. . . » Which jg he 5
19.7.2 Method 2: Counter Latch Operation | ‘
e  The problem with the method 1 is, there are chances of reading iﬁcoma %
avoid this the 8254 provides counter latch operation. (RL; RL, = 00) unt. To ‘
' - Dq-
. The control word format for latching counter is as follows :
D
s De-

Select counter ~ Counter latch

 When the above format is loaded in control register, it will latch the count value at
that instant into special register. -
The contents of special register will be an accurate and stable quantity at that
instant.. '

The pyogﬁmuner then gives normal read commands to counter same as method 1
and contents of the latched register will be available. This type of reading count

value contents is also called as reading on fly.
19.7.3. Method 3 : Read Back Command (Only for 8254)

In this methb_d to get a stable count a counter is latched with a read back command.
‘The format for read back command word is as follows : _
B, .Ds - Ds D, By, By .0 Do

: ed
Read back __ : | ReserV .
. command ¢ j . o ls | > select counter 0
* Latch count of ' ___»Select counter 1
selected counters , _ e Joct coUntr 2

Latch status of
selected counters ¢
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ofs \
\BWS yrol word format, when D, and Dy bits of eop, 24

‘oe t ;
e 007 ,mmand. The definition of other bits a]g, rol word Tegisters are |

t be re a0 c _ chan Vit
= before .Iﬁa read b:::nt of selected counters. . s asfollows. The thy

l Suacl;l tzon!-'lled‘:hen ) D‘,lﬂ h select counter-
W externalr P | P ¢ this method is, you can latch one; two
1 al loa-lc tl Ds an 0 » 1 t : ' or al] the three coun v

00H. Yoy road ¢* \ ' the appropnf!.te select counter bltfu. Once the counters ke ters ,, :":
 pulse is applieq P'utting 1 formed by simple /O read operation same as method 1 tehed, the . |
Now When you re ing is pé ‘ :

is 0000H, which, resd . word available, when a status is latched will be as follows :
D-; ¢ DG D5 D4 Da Dg Dl Do

e [l ommt | R [ o [0 ¥, 3 5]

This gives the logic level of OUT pin of selected counter when

ox

.- Output
' bit = 0, OUT pin is LOW bit = 1, OUT pin is HIGH.
o 5 Null count This bit gives the status of counter. If the counter is zero, this
j bit will be set. If counter is not. zero, this bit will be reset.
.04 D ‘ RL,, RL, gives status of read load count value
and 4
Ds o M,, M, and Mo - gives status of mode
i vk Da, : BCD gives status of counter mode
0 2
¢ 8253 timer (PIT) -
' : es of operation 0 [ -
:-Jer:si rme tgooj ‘JQr Write down the names of different mod pe . . @
| The programmable; timer IC provides following modes of operation
+  Mode 0: Interrupt o0 Terminal Cout? ,dl' ape Triggerable One Shot - (i
back commanc |, Mode 1: Programmable One Shot / Hardw _ ‘

+ - Mode?2: Rate Generator / Pulse @ere.mr

*  Mode 3 : Square Wave Generator
l +  Mode 4 : Software Triggered Strc_ﬂoe]De -
Mode 5 : Hardware Triggered Stro

> Reserved
- Select counter 0 198.1 Mode 0 : Interrupton T

. ter 1 : . :
ol Control word format uired for mode 0
Select counter 2 -
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Mode 0 | GATE,
Case (¢)

ouT,

Fig. 19.8.1 : Mode 0 timing di;gram

Case (a) : Normal operation
i) The counter initialisation and loading operation is perfurmed using two write

operations. First write to load control word register for counter 0(CWR=11H) and

Joad count value (Data = 05 H). When counter is initialised in mode 0, the

output goes LOW, at next negative going edge.

Gi) When the data 05 H is loaded, it is transferred to counter on next negative going
edgeofCLK.nﬁBrWE Loadingommtvaluewillstanommwrandemmtarwiﬂ
decrement count by 1 for each CLK, pulse.

(iii) When counter reaches zero the OUT, pin will go HIGH and remain HIGH. In
case (a) we assume the status of GATE put is HIGH.

Case (b) : Gate disable

In this case counter operation is same as case (a). Only change i GATE input- If the
GATE input becomes LOW the counter suspends counting. Again, when GATE
becomes HIGH it will resume counting upto zero.
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Case (c) : New count

In this case, counter operation is same as case (a). The only change is, loading new
count value previous reaches to ZERO.
() Ifanew count value is loaded before counter reaches zero, the counter will take new
count value and restart decrementing count value upto zero. _
(i) If a 16 bit counter (i.e. LSB and MSB) is used, then loading of LSBs, stops the
current count and loading of MSB, restarts counter with new value. :
The output in all 3 cases is made HIGH when count reaches zero. It remains HIGH
until a new count value is loaded or mode of operation is changed. This output can
be used as an interrupt, therefore the name given is Interrupt on terminal count.

19.8.2 Mode 1 : Programmable One Shot / Hardware Triggerable One .

Shot
CLK
. WA - |
Mode 1 : i
2 . < 3

CW=13H - LSB=3 A . it

Case (b) 2 e o i o — — —

out,y ]

CW = 13H LS8 =4 LSB =3 x

oo | mIH M TTNSTTTTIT T
1 B i N5

Case (0) | GATEG| j—t— A LN

. P '

OUT, | et L L\l

Fig. 19.8.2 : Mode 1 timing diagram

The control word format required for Mode 1, counter 0, Read / Load LSB data byte 3
and BCD counter will be

110 . ‘;j:r; =13H
The three cﬂeﬂm”’h"“’nmlﬁg 1982and thelrdetallsareasfollows




