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This project is concerned the study about Neumerical
Control Equipment and is designed to interface with Micro-computer
8088 which will co-circuit in order to drive stepping motor which
will co-ordinate with driling machine, by have a control systen
into 2 directions; X and Y which the motion will use stepping.
Therefofe; this project is concentratedon .control aspect of
stepping motdr to move to distance as required by using stepping
motor 4 phases 8 volt/phase 0.89 amp/phase 1.8 degree)step (with
co-ground system) 2 units and have motivation with eaéh 2 phases
which the utilization will co-with written software. The control
can be done by transmitting desired data through software in
order to have Micro-computer 8088 work as instruction unit to
outsider to program 8255 in order to have circulate direction
signal and program 8253-5 which is the counter to generate pulse
for 2 drive stepping motor circuit to move to required distance.

This thesis will have =all the detail of working

function and utilization for both hardware and software.
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Relation
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3include<sbdio.h>

#include<string.h>

#include<math. h>

main()

{

int dot,i,4;

float iy[2551, ix[255];

float avgx,avgy:

int dismov;

unsigned int disx,disys

int speed, sped;

int timeri,timer2;

int indal, inda2;

char kkk, lop,change,copo;

kole: clrsecr();

giLntf(" number of dol (max 255 hole):");
scanfl ("%9d",&dot);

printf (" speed rate (minnimum 50 Hz) s
scanf ("%9d", tspeed) ;

prian("\n\h");

for (i=13i<=dotsi+4)

printf (" enter xx2d= ",i); '
secanf ("#f", Rix[i1);

printf¢" enter yx2d= ",i);



scanf ("4{",&iylil); :

avgx=0;
avgy=0;

printf("\n\n"); !

i
¥

printf(" press (Y)es if all option is ok and press anykey to phange
change = getch();

*

if (change != 'y")
goto kole;

for (i=t1ii<=dot;itr+)

avgx = (ix(il~-avgx): :
if (avgx < 0)

indal = 3;

else if (avgx > 0)

inaq} = T3

else indal = 0;

avgy = (iyCil-avgy);

if tavgy < 0)

inda2 = 48;

else if (avgy > 0)

inda2 = 112;

else inda2 = 0; .
printf("\n\n");

printf(" distance in x = «1fcm distance in y = %1fcm\n\n",aygx,avq

¢



disx = (fabs(avgx)+1500)-67; /*¥s3tep x Lo movex/

disy = (fabs(avgy)*1500)1500; /*step ¥y Lo mover/s
avgx = (ixCilr;
avgy = (iylil);

outportb(0x303, 128);
oulporth(ox303,0);

sped 1200000/specd;
outporth(0x307,54);

outporth(ox304, (sped+256) ) ;
ouLportb(0x304.(sped/256));
outporthb(0x30b,54);

autporlb(0x308, (sped%256)) ;
outpmrbb(0x308.(sped/zﬁc));
ocubportb(oxs307,114);
ouLporLb(OxSOé,(disx%256));
ouLporLb(0x305,(disx/256));
ohtporth(OxBOb.lla);
outporlb(0x309, (disy%256));
outportb(nx3ng, (disy/2561);
printf (" press (S)tarl Lo move\n™);
man: lop = getch();

if (lop == ')
outpmrtb(OXBOO.indalcinduZ);

else golo man;

Limert = (disx/speed)+1000;



timer2 = (disy/speed)41000;
if (Limertl < timer2)

delay(tLimer2)

else

delay(timer1);

if (id<dot) . i

clrser(); t

|

gotoxy(1,85); '
printf("press (Crontinue to move next position\n\p");

i
printf("press (Eyxit Lo oubt\n");

yui: kkk = getah();
switch(kklo
case "¢’ : hrealk;

case 'e' : ( clrserO; exit(); brealk;) N

defaull : goto yui;

printf("\n\n");
printf(" press (Argain to set data again\n\n"1;
printf " press (Quit  to oub\n"); h

wert: copo = getch(); :

switch(copm



case '
case ’a
default
)
}

]

{ clrscrO); exit(); break; )
goto kole;

golo wert;

ERS
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i
uy b
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Hex Range Usage

000-00F DMA Chip 8237A-5

020-021 Jnterrupt 8259A

040-043 Timer 8253-5

060-063 PPl 8255A-5

080-083 DMA Page Registers

0AX*® NM! Mask Register-

ocx ° Reserved

0EX Reserved

200-20F Game Control

216217 Expansion Unit

220-24F Reserved

278-27F Reserved

2F0-2F7 Reserved

2F8-2FF Asynchronous Communications (Secondary)

300-31F Prototype Card

320-32F Fixed Disk

378-37F Printer

380-38C°* SDLC Communications

380-389°° Binary Synchronous Communications {Secondary)

2A0-3A9 Binary Synchronous Communications (Primary)

380-38F 1BM Monochrome Display/Printer

3C0-3CF Reserved

3D0-3DF Color/Graphics

3E0-3E7 Reserved

3F0-3F7 Diskatte

3F8-3FF Asynchronous Communications (Primary)

* At power-on time, the Non Mask Intsrrupt into the 8088 is masked off.
This mask bit can be sat and reset through system software as follows:
Set mask: Write hex 80 to 1/Q Address hex AQ {enable NM!}

Clear mask: Write hex 00 to /O Address hex AO (disable NMI)

*¢ SDLC Communications and Secondary Binary Synchronous
Communications cannot be used together because their hex
addresses averiap.

1/0 Address Map

1-8 _System Unit




System Expansion Slots /

Clock Chip
Trimmer

Keyboard 170

Up to 256K
Read/Write
Memory =
With Parity

. Checking

Py

i System:

el Power
HRil’ Connections
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cCaACAC A )

System Board Component Diagrant

System Board Switch Settings

All system board switch settings for total system memory, number
of diskette drives, and type of display are located in “Appendix

G: Switch Settings.”

Board

8l Auxitiary
i~ Processor
A4 Socket

N Intel 8088

Processor

- ROM

B1O0S

-~ ROM

BASIC
System

v Configuration

Dip
Switches

System Unit 1-13
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1/0 Channel Description

The following is a description of the IBM Personal Computer XT
_1/O Channel. All lines are TTL-compatible.

Signal . I/O Description

osC ° O Oscilator High-speed clock with a 70-ns
. period (14.31818 MHz). It has a 50%
duty cycle. '

CLX O  System clock: It is a divide-by-three of the
oscillator and has a period of 210 ns (4.77
MHZz). The clock has a 339% duty cycle.

RESETDRV O  This line is used to reset or initialize
system logic upon power-up or during a
low line voltage outage. This signal is
synchronized to the falling edge of clock
and is active high.

AO0-A19 O  Address bits O to 19: These lines are used
to address memory and I/O devices within
the system. The 20 address lines allow
access of up to 1 megabyte of memory. A0
is the least significant bit (LSB) and Al9is
the most significant bit (MSB). These lines
are generated by either the processor or

DMA controller. They are active high.

DO-D7 I/O Data Bits 0 to 7: These lines provide data
bus bits 0 to 7 for the processor, memory,
and 1/O devices. DO is the least significant
bit (LSB) and D7 is the most significant bit
(MSB). These lines are active high. ~

ALE . O  Address Latch Enable: This line is
provided by the 8288 Bus Controller and is
used on the system board to latch valid
addresses from the processor. Itis
available to the I/O channel as an indicator
of a valid processor address (when used
with AEN). Processor addresses are
latched with the failing edge of ALE.

1-16 System Unit



Signal I/0. -Description

I/OCHCK I

[/OCHRDY 1

IRQ2IRQ7 1
IOR 0
oW o

-I/0O Channel Check: This line provides
the processor with parity (error)
information on memory or devices in the
1/0 channel. When this signal is active
low, a parity error is indicated.

o

-
—
=
&
%-
~h
=
~

oo

1/0 Channel Ready: This line, normally
high (ready), is pulled low (not ready) by a
memory or I/O device to lengthen 1/0 or
memory cycles. It allows slower devices to
attach to the I/O channel with a minimum

- of difficulty. Any slow device using this

line should drive it low immediately upon
detecting a valid address and a read or
write command. This line should never be

"held low longer than 10 clock cycles.

Machine cycles (1/0 or memory) are
extended by an integral number of CLK
cycles (210 ns).

Interrupt Request 2 to 7: These lines are
used to signal the processor that an I/O
device requires attention. They are
prioritized with IRQ2 as the highest
priority and IRQ?7 as the lowest. An
Interrupt Request is generated by raising
an.JRQ line (low to high) and holding it
high-until it is acknowledged by the
processor (interrupt service routine).

-I/0 Read Command: This command line
instructs an I/O device to drive its data
onto the data bus. It may be driven by the
processor or the DMA controller.

This signal is active low.

-I/O Write Command: This command line
instructs an I/O device to read the data on
the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

System Unit 1-17



DRQI-DRQ3 I

DACKO- .0

DACK3
AEN o
I™C O

1-18 System Unit

Description

Memory Read Command: This command .
line instructs the memory to drive its data -
onto the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low. , :

Memory Write Command: This command
line instructs the memory to store the data
present on the data bus. It may be driven
by the processor or the DMA controller.
This signal is active low.

* DMA Request 1 to 3: These lines are

asynchronous channel requests used by
peripheral devices to gain DMA service.
They are prioritized with DRQ3 being the
lowest and DRQ1 being the highest. A
request is generated by bringing a DRQ
lipe to an active level (high). A DRQ line
must be held high until the corresponding
DACK line goes active. ot

-DMA Acknowledge O to 3: These lines
are used to acknowledge DMA requests
(DRQ1-DRQ3) and to refresh system
dynamic memory (DACKO). They are
active low. )

Address Enable: This line is used to
de-gate the processor and other devices

" from the I/O channel to allow DMA

transfers to take place. When this line is
active (High), the DMA controller has
control of the address bus, data bus, read
command lines (memory and I/0), and the
write command lines (memory and I/0).

Terminal Count: This line provides a puise
when the terminal count for any DMA
channel is reached. This signal is active

high.



'Signal - 1/0 Description

"CARD SLCTD I  -Card Selected: This line is activated by
cards in expansion slot J8. It signals the
system board that the card has been
selected and that appropriate drivers on the
system board should be directed to either
read from, or write to, expansion slot J8.

" Connectors J1 through J8 are tied together
at this pin, but the system board does not
use their signal. This line should be driven
by an open collector device. :

ol
=
-
=20
2
b5
"
o

The following voltages are available on the system board 1/0
channel:

+35 Vdc £5%, located on 2 connector pins
—35 Vdc £10%, located on 1 connector pin
+12 Vde £5%, located on 1 connector pin
—12 Vdc £10%, located on 1 connector pin
GND (Ground), located on 3 connector pins

System Unit 1-19
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P ROG RAMMABLE INTERVAL TlMER
. MCS-BS“' COmpatible 8253-5 o = Coupt Binary or BCD
a3 lndependont 16-Bit Counters -, . Sln'gle.-l- 5V Supply
i DCfo 26 m-iz L. 17 = Avallable in EXPRESS. ,
. - ' -——Standard Temperature Range
» Programmable Counter Modes - 2 —Extended Tem'perature Range

The intel® 8253 is a programemable countentimer davice designed for use as an Intal microcomputar peripheral. it uses nMOS
sschnology with a single +5V supply and is packaged in a 24-pin plastic DIP.

risorganizedas 3 Indopendent 16-bit counters, each with a count rate of upt0 28 MH:. Al modu of operauon are softwan
pmgrammable. ¥

DATA
o N
*% <'_.—_—'l/ norren

I
i
E
|

WR ———=Q “peaD/
wneTe

A 10616
" —— :
a j B
. 4

contRoL

wORD
AEGISTER
*

\ ) -

Figure 1. Block Dl.lgrlm '. Figure 2. Pin Configuration .

-




- _doopsin gystems software,

d“te[ g . . 8253/8253-5 * - -t
FUNCTIONAL DESCRIPTION. A0, A1 _ . g
General . . o "* These Inputs are normally connected to the address bus.

. The 8253 is a programmable Interval timer/counter
specifically designed for use with the Intei™ Micro-
computer systams. lts function is that of a general
purpose, multi-timing element that can be treated 8s an
array of /O ports in the system software.

“The 8253 iolvcs one of the most common problems inany .

microcomputer system, the generation of accurate time
delays under softwaracontrol. Instead of setting up timing

8253 to match his requirements, initializes’ one of the

: counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU whén it has completed its tasks. it is easy to see
that the software overhead is minimal and that muitiple.
delays can easily be maintained by assignment of priority
levels. . .

the programmaer contiguresthe-

Other countertimer functions that are non-delay in .

nature but aiso coromon to most microcomputers can be
implemented with the 8253.

& Programmable Rate Generator

e Event Counter

« Binary Rate Muitiplier

o Real Time Clock

o Digital One-Shot

o Complex Motor Controlier

Data Bus Bulfer

* This 3-state, bi-directional, 8-bit bufferisusedtointerface
the 8253 to the system data bus. Data is transmitted or
‘received by the butfer upon execution of INputor OUTput

.

CPU instructions. The Dats Bus Buffer has three basic *

functions.
1. Programming the MODES of the 3253,
2. Loading the count registers. -
3. Reading the count vaiues.

" Read/Writs Logic

The Read/Write Logic dccepts inputs from thesystembus
and in"turn generates control signals for oversil device
operation. It is enabled or disabled by CS so that no
operation can occur 10 change the function unless the,
devics has been selected by the system logic. -

RD (Read) C - .
A “low” on this input informs the 8253 that the CPU is
inputting data in the form of 3 counters value.

] .

WR (Write) .
A “low” on this input informs the 8253 that the CPU is
- outputting datainthe formof mede information orloading -

counters. ’ . .

Treir function is to select one of the three counters tobe
operated on and to address the control word register for

. mode selection.. Lot .

-C3(Chip Select) -~ . R
A “low” on this input enables the 8253. No reading or
writing will occur uniess the device is selected. The [
input has no effect upon the actual’ operation of the
counters. . .

.

Ok
U=

N

our2

S 7L

Figure 3: ‘Block Dlagram Showing Data Bus Buffer and

v .

Resd/Write Loglc Fc_xpcuom .
Cs | RO | WR | A1 | A0
0 1 0 [] (1] Load Counter No. 0
0 -1 Q [+] 1 Load Counter No. 1
Q- 1 0 1 0 Load Counter No. 2
) 1 [+] 1 1 Writs Mode Word
o 0 1 0 0 Read Counter No. 0
0 0 1 0 1 - | Read Counter No. 1"
0 [ 1 1 0 | Read Counter No.2
Q 0 1 1 1 No-Qperation 3-State
1 X X X X | Disable 3-State
[+] 1 1 X X | No-Operation 3-State
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COntrol Word Register

The Control Word Register is selected when AQ, A1 are 11.

It then accepts informaticn from the data Bus buffer and
stores it in a register. The information stored in this
register controls the cperational MODE of each counter,
selaction of binary or BCD countlng and the loadlng of
each count register.

The Contro! Word Register can on!y be written into; no
read operation of its contents is available. .

Counter #0, Counter #1, Counter #2

These three functional blocks are identica inoperationso
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in eithar binary or BCD and its

input, gate and output are configured by the selection ol .

MODES stored in the Control Word Register.

The counters are fully independent and each cap have
separate Mode conflguration and counting operation,
dinary or BCD. Also, there are special festures in the
control word that handle the loading of the count valus so
that software overhud can be minimized for these
functions.

The reading of the contonts of nch counter isavailableto

the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fiy” without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 Is a component of the Intel™ Microcomputer
Systems and Interfaces in the same manner as ail other
peripherais of the family. it is treated by the systems
software as an array of peripheral /O ports: three sre
counters and the fourth is a control register for MODE
programming.

Basicaily, the ssiect inputs AQ, A1 connect to the A0, A1
address bus sigmals of the CPU. The C3 can be derived
diractly from the sddress bus using a linear select method.
Or it carr be coninected to the cutput of a docoder suchas
an Intel® 8205 for larqef systems. T .

N R

Figure 4. Block Diagram Showing Control Word
_Register and Counter Functions

ADORESS BUS (18)

P 1 $ 00 .

CONTROL BUS

I R

OATA St (9}

. COUNTEIR
. , | 3

'our eate cux' 'ouruneu' ‘our aamt aax’

T

. Figure 5, ma_sm;m iInterface
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Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 170 operations.

Each counter of the-8253 is individually programmed by,
writing' 8 control word into the Control Word Register.
(AO,A1=11) - ° b R

Control Word Format
Dy Ds Ds (s \Da D2 Dy Og
[sc1 [ sco [ AL1 | Aio [m2] w1 [ Mo | seo |

Deflnition of Control

. the following:

$C.— Select Counter: -
. 8C1 - SCo n
0 0 Select Counter 0 ™
-0 1 Select Counter 1 .~
1 0 Select Counter 2
1 - 1 Hegal :
RL — Read/Loac: : )
AL RLO . ” B .
4 Counter Latching operation (see

READ/WRITE Procedure Section)

1 Q Read/Load most significant byte only.

0 1 Read/Load least significant byts only.

1 1 Read/Load least significant byts first,
) then mast significant byte.

intel

- . - M MODE:. . -
OPERATIONAL DESC!.RIPTION. ‘ M2 M1 MO®

General ~ - " oo o]Modeo | |

The complete functional definition of the 6253 is 0|01 |Modet | .

programmed by the systems software. A set of control x| 1 0 | Mode2 .
_words must be sent out by the CPU to initialize each

counter of.the 8253 with the desired MODEandquantity -| X |"1 ] ¥ Mode 3

Information. Prior to [nitfalizatién, the MODE, count, and 1 ‘o | o] Moded :
output of ali counters Is undafined. These control words . -

program the MODE, Loading sequence and selection of 1 0 |. 1.] Mode§ .
binary or BCD counting. .- Al[Ls/] .

Oncs programmed, the 8253 is ready to perform whatever BCD: .

timing tasks it is assigned to accomplish. o .

The actual counting operation of l.l:;:h ::ounter .i; E o Binary Counter 16-bits

completely independent and additions! logic is provid , -

on-chip so that the usual problems associated with 1 (B:"S‘V ?")‘d "\ {BCD) Counter
efficient monitoring and management of external, reades

asynchronous “events or rates to the microcomputer : :
_ system have been eliminated. ' d .

Counter Loading

The count register Is not loaded until the count value is
written (one or two bytes, depending on the mode.
selected by the RL bits), followed by a rsing edge and a
talling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Dafinltion -

MOOE 0: Intsrrupt on Terminal Count. The output will
be initiaily low after the mode set operation. After the
count Is loaded Into the selected count register, the out-
put will remain low and the counter wit} cotnt. When ter-
minal count {s reached the output will go high and re-
main high until tite selected count register is reloaded -

- with the mode or a new count Is loaded. The counter

continues to decrement after terminal count has been
.mm.d' - - L. . L

Rewrlting a counter register during count_lng results in
. (1) Writs 1st byte stops the cument counting. ° -
* (@) Write 2nd byte stasts the naw count.

! MODE 1: Programmable One-Shot. The output will o

fow on the count following the rising edge of the gate in-
put. . . . . ) .
The cutput will go high on the terminal count. if a new
count value Is lcaded while the output Is low it wiif not
affect the duration of the one-shot puise until the suc-

. ceeding trigger. The current count can be read at any
_ time without affecting the one-shot pulse. .- .

The one-shot is ratriggerable, hencs the output-will re;

- main low for the full count after any rising edge of the

gate input.
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MODE 2= Rate Generator. Divide by N counter. The out-
put will be fow for one period of the input clock. The
period from one output puise to the next equals the
number of Input counts in the count register. If the
count register Is relcaded between output pulses the
prasent period will not be affected, but the aubaoquent
period wiil reflect the new valuo.

The gate Input, when low, will force the oufput high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate Input can bo used
to synchronize the counter. *

When this mode Is sst, the output will remaln high until
after the count register is loaded. The output then can
aiso be synchronized by software. . . .

MODE 3: Squzre Wm Rste Generator.Similar to MODE
2 excapt that the output will remain high unti! one hait
the count has besn completed (for even numbers) and
go low for the other half of the count..This is accom-
plished by decrementing the counter by two on the fall-

ing edge of each clock puise. When the counter reaches *

terminal count, the state of the output [s changed and
the counter is reloaded with the full count and the whole
process Is repeated. .

it the count is odd and the outpuf is high, tho first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
Is reloaded. The first clock pulse (following the relocad)
decrements the counter by 3. Subsequent clock pulses

decrement the count by 2 until timeout. Then the whole -

process is repeated. In this way, if the count Is odd, the
output will be-high for (N+ 12 counts and low for
(N-1)y2 counts. [

" In Modes 2 and 3, if a CLK source other than the systsm
clock isused, GATE shouid be pulﬂd immodlltnly fouowing
WH of a new count valus.

MODE 4: Software Triggered Strobe. After. tho mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On.terminal courit, the

]

° !

". output will go low for one lnput clock period, then wil”

go high again,
i1 the count ragister is reloaded duii'nghéoun'tlng. the new'

.- countwill be loaded on the next CLX pulse. The count will
. be lnhibhod while the GATE lnput is low.

LT
PR RN

‘MODE 5: l-l:rdnn Tdcgond Strobe. The counter will
start counting after the rising edge of the trigger input

- and will go low for one clock period when the terminal

count Is reached. The counter {s retriggerable. The out-

put will not go low until tha fuil count after the rising

odge of t.ny trigger.
Signal Low
Status Or Golng & .
Modes Low Rising | wgn
. 0 Disadies s Enabdles .
counting counting
) — 1) Initintes —_—
2) Resais outowt
= after next clock
2 1} Disadtes
counting B m EnaMn.
& Sets output . counting
immediatety. | 2 Intiates
counting
high -
3 1) D [N
2) Sets output initiates counting
immediately a counting - R
hoh :
4 Disatles . —_— Enabies
counting counting
$ y, ¢ a— Initistes —

- Figure 6. Gate Pin Operations Summary

.
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MODE 0: Interrupt on Terminal Count

4 3 2 43 21 0

el | gy —— —— By A
iy e ————— LN gy

MODE 2: Rate Generator

aocx _MOSUNUIUNUNLUnULT.
TR - 4 3 21 .ﬂ3.3' anz Ve
1
ouTRuTy, LI L
WW&-» 2 1t e»2 ) N2 Y
Mot —

4 3 2 1
OUTPUT INTERRUPT) .
: e k_f_ ]
: 4 : :
GATE R gy .
. s 4 3 2 ? {
OUTPUT RNTERAUIT) 1 L] ] .
meflT -r1p_u —
Aoleom

MODE 3: Square Wave Generator

cLocx
4 2 4 2 4 2:4 2 & 12
ourrutimeq I LT L |
$ & 2 8 2.6 4 2 8 2
ouTIUT(aan ™ | S

c 4

~1h

MODE 4: Software Triggered Strobe

WK nod
4 3 2 v O -
ouTT LT
LOAD® LT H g
GATE : 1 5
4 4 3 2 1t O

MODE 5: Hardwars Triggered Sirobe

Lam [

4 3 2 ¢ 8-

ovmﬂh~¢ | S

. b QATE ---J_L;r——————-

' 4 3 4 3 2 1 8
OUTPUT (n=d) .

Figure 7, 8253 Timing Dlagrams : . .
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8253 READ/WRITE PROCEDURE
Writs Operations '

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed numbaer of count register bytes (1 or 2)
prior to actually using the selected counter.

The sctual order of the programming is quite flexible.
writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to de first or counter #2 last. Each counter's MODE
control word register has a separate address so that its

loading is completely sequencs independent. (SC0, SC1) .

The loading of the Count Register with the actua! count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
losding of the counter's count register is still sequence
independent like the MODE control. word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes. programmed in the
* MODE control word (RLO, RL1). The one or two bytes to
be loaded,In the count register do not have to follow the
associated MODE controf word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded In order.

All counters are down counters. Thus, the value loaded
into the count register will actuaily be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10*for 8CD). in MODEO
the new count will not restart until the foad has been
compfeted. it will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program=-
med. Then proceed with the restart operation. >

MODE Control Word
Counter n

Count ﬁogister byte. -
Counter n

Cournt Register byte
Counter n

-

.

Note: Format thown is  simple example of losding the 8253 and
. does not imply that.it is the only format that can be used.

Figure 8. Programming Format

A1} AQ
37 Moogo%on:::o:)ww 11
- el \WI R K
No. 3 Moogof:‘::::o; Word N
No.d | Lsa O e o
X Count Register Byte 0 )
No.5 | Ms8 Counter 1
os [o immee |1 [
No'--7 M coung:::r“ 28m 110
gy Vo m“a?ﬁm"" 7/ - ol o
o [ Sl o]0

’ ﬁmn The exclusive sddresaes of esch counter’s count register maks| .

+  the task of programming the 8233 a very simple matter, and
maximum effective use of the device will cesult If this feature

Is fully utilized,

* Figure 8. Alternate Programming Formats
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Read Operations Read Operation Chart -
In most counter applications itbeqomesnccessaryto read Al A0 RD * R -
the value of the count in progress and makée a2 :
computational decision based on this quantity. Event 0 -0 ] Read Counter No. 0
counters are probably the most common application that g

.uses this-function. The 8253 contains logic that will allow 0 1 0 Read Counter No. 1
the programmer to easily read the contents of any of the 1 V] [+] Read Counter No. 2 .
three counters without disturbing the actual count in 1 1 0 Megal

progress. ’ .. .

There are two methods that the programmer can use 1o, Reading While Counting

read the value of the counters, The first method invoives
the use of .simple 1/O read operations of the selected
counter. By controlling the A0, A1inputs to the 8253 the
programmer can select the counter 10 be read (remember
that no read operation of the mode register is allowed AC,
A1-11). The only requirement with this method is that in

order to assure a'stable couat reading the actual operation

of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits
the clock input. The contents of the counter selected will
be available as foliows: A

first 10 Read contains the east-significant byte (LSB).

second I/0 Read contains the mast significant byte
(MSB). :

Due to the internal logic of the 8253 it is absolutely”
necessary to complete the entire reading procedure. iftwo
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the
same counter. / ’

in order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can. be
accessed using simple WR commands to the MODRE

- register. Basically, when the programmer wishes to read -

the contents of a selected counter “onthe fly”heloadsthe .

. MODE register with a special code which [atches the

present count value into a storage register so that its
contents contain an accurate, stable quantity. The ~
programmer then issues a normal read command to the
selected counter and the contents of the latched register is
available. . . . . : .

MODE Register for utchl.ng Count -

AD, AT = 11
D7 D6 pDs | D4 | D3 | D2 D1 [o]1]
sC1t SCo 0 [} X X X X
" SC1,8C0~ specify counter to be latched. .-

DS,.D4  — 00 designates counter latching operation.
b — don‘tcare. - . . )
The same limitation appilas to this mode of reading the
counter as the previous method. That is, it Is mandatory

to complets the entire read cperation as programmed..
This command has no effect on the counter's mode.

CLX

*1f an 808S clock output Is to drive an 82538 clock input, It must be reduced 10 2 MMz or less. N .t 2

*'1.5MHz cuc. ) . .

_82535.

.

3 L Figure 10. MCS-85™ Clock Interface*
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ABSOLU'i’E MAXIMUM RATINGS*

Ambient Temperature Under Bias ........- 0°Cto70°C
Storage Temperature  ........ceeeoe -65°Clo+150°C
Voltage On Any Pin .
withRespecttoGround ...ccecvvevees ~Q.5Vte+7V
veevcesesescencegonsannnasn . Twatt

Power Dissipation

.

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings™ may cause pormanent demage to the
devics. This is a stress rating only and functional opera-
tion of the davice at these or any other conditions above
those indicated In the operational sections of this
specification Is not implisd. Exposure to sbsolute maxi-
mum rating conditions for. extended periods may affsct

" devics rallabllity.

D.C. CHARACTERISTICS (1x = 0C io 70°C, Vc = &V £10%)*

Symbol Parameter Min. Max. Unit Test Condlitions
Vi Input Low Voltage - -0.5 0.8 v -
Vi Input High Voltage - 22 | Veetsv| v
Vou Output Low Volitage - 0.45 \ Note 1
Vou Output High Voltage 2.4 \4 Note 2
b Input Load Current £10 PA. Vin = Ve to OV
lorL Output Float Legkage +10 HA Vourt =Vee to 45V .
lee Vee Supply Current 140 mA -
CAPACITANCE (T = 25°C.Vcc = GND = 0V)
Symbol Paramater Min. | Typ. { Max. | Unit | Test Conditions
Cin Input Capacitance .10 pF | fc=1MHz .
Cio 1/0 Capacitance 20 pF ‘| Unmeasured pins returned 10 Vs N

}-C. cﬁARACTERlSTlCS (TA=0Cto 70°C, Veg = am} =10%, GND = QV) *

__Bus Parameters (Note 3)
READ CYCLE o Ter
. = . 8253 82535 " -.
-  Symbol - Parametsr - Min. Max, Min. Max. Unit
: AR Address Stable Befors READ 0 | 30 ns
. tha Address Hold Time for READ 5 5. ns
tan READ Pulse Width 400 300 ns
. tro Data Oelay From READU] . 300 20 ns )
i toF to Data Floating 25 125 25 - 100 ns.
; tay ;nm:ov«y Time Between READ ; - i hs :
L Any Other Control Signat 8 8




3 - M ..
I 'tel ' : : 8253/8253-5

- A.C. CHARACTERISTICS (Conth;lued) '

WRITE CYCLE S A
. . 8253 8253-5 .
Symbol Parametar Min. | Max Min. | Max. Unit
* taw - | AddressStable Before WRITE . 50 30 ns -
twa Address Hold Time for WRITE 30 0 ns
tww WRITE Pulse Width . 400 300 ns
tow. Data Sat Up Time for WRITE 300 -250 ns
two Data Hold Time for WRITE 40 30 ns
tav ' | Recovery Time Between WHITE ° 1 1 : -
: . and Any Other Control Signal .
CLOCK AND GATE TIMING ‘
I . . a253 82535 .
. > .Symbal Parameter Min. Max, Min. Max. Unit
tek Clock Period .. 3820 ,de 30 de ns *
tpw | High Pulss Width 230 230 ns
towL Low Pulse Width 150 150 ns
tGw Gate Width High 150 150 ns
tGL Gats Width Low 100 100 ns
tGs Gate Set Up Time to CLKT 100 100 ns
tGH Gate Hold Time After CLX? 50 50 ns
00 Output Delay From CLK}(¢] 400 400 ns
) toog Output Delay From Gatsd {4} 300 300 - " ns
NOTES: ) .
f.log= 22 mA.
2. loy = ~400 pA. J
3. AC timings measured uVou22.V°|_-0.&
4, C = 150pF. $
* ForExtnndodeontun wness.uam.ucm pmmm
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT )
24 R - .
UNDER
. . . >1wm"<“x . . - Ilc‘-uo.p
s 4 - .
AQMW‘;MM“M“AWTNWMA * . -
wact-mwsmmummawﬁ-w
AV FOR ALOGIC O s c\m.!.om
, .
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' 8253/8253-5 -
WAVEFORMS ’ -
[ WRITETIMING READ TIMING
- L ! N .
ooes N X hves_ R .
. - s - » — [
oaTASUS ) . m i j' )
~towr . " —={tno[= <{tosfo—m
" ‘F -MTA“WLO HIGH IMPEDANCE
CLOCK AND GATE TIMING

f——
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S4T4/T4T4 Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Packege Package . Package Packege Packeage
Device Type [—— Device Type Device Type Device T Deviceé Type
e [CTP MIcH P cTPImIcF YPe CTPImIcH P [eTPImIcH PO ICTPIMicE
SNE4STA N W] SNS4HT4 0 W] SNSALS e I wal SNSaT4 i w2 SNSaL e J@InG T2
Tl . SN1aS4 Ha SNMHN JDNT| SNNULST JDINT SNT4H 3 NG SN J TN [T €
RCHILD FM54S14/F M35 1410T: IF MS4HTA/F MIHY4 [0/ F Q) msesie/ b s LY FQ:] FMSAI4/F MINTL (D' F 2
FM FC74574/FC9S574 [DT:| rE F CTAM¢/F C3HY4 |DT.{P) F @] rorwsn ssomsie [ ICd ¥G.] FC3474 FCSNN {DT |PTA
MOTOROLA SNIAL ST 23
c - DMSAHT4 JOINY, DM84L S74 P 4 DM5474 JUNG]  [w2{ DmseLa 3 LNy F2
NS.C. DM 4574 D DM 74474 JLIND) DM74L S 74 DM 474 3 G-N DML baing! r2
PH’L'PS'. N74574 [ GJJI31/T4HTL T NYLST 3 FJJI31 /4
354574 S54H74 FUIAD wl) S54M Ay (w2
SIGN:T'CS NMSH N7eH74 F (|AQ NILS TR Ad N7474 F 3 AT
SIEMENS - - g Tl [
FUJTSY 3 M MB420 M
HITACH HD74574 [ G} HDT4LS T4 P, HD7474/HD2510 | G{PG
MITSUBISHI s TR MTALS 78 FT M5327:M5374 P
NEC 74574 | o LS C.i wPB2Id 03 {C 3. M
/I
TOSHIBA TO3TAA PG |
Electricel Characteristics SNS54LS74/SN74L574
s ok i ratings over ing free-au range
Buooly vorigr VOO v Opwarwy booesr | SNEALS -3¢ iz o . .
oo vorn v ] weeeewe  Monas i o Pin Assignments (Top View)
SWaos wmareturs rengr ~45T w0 14C 4 !
operslng . @ @\' .
. SNSALSTA ENTALS T4 e '
wat C CLR 0 XK ®R 0 X TR 10 10 GND 2 20
W Wow  Wax] W W08 ek _]’f“d fsl Dl i fol (o) fel.  [wifulTellim fiob{vlis)
Suoety veruge. VOO a3 [} 54 |en 3 LX) v T l I I
Hogtrirwet A mar7ent. 1w —-a -400 A L3 | H : ! l
Lom-oval TBA Surrom, TOL 0 5] wa o o ¢
R Goes v ) 3 L r—%_ 5o ® e cunpy doin eafd [l
J et e F3 2 L2y ¢ cx [ !
N .| High-locel oata X 31 9 o 9 LI WAL
e 1 Low-level dals 20° ER [N | l [ 1
ST i 5 s TR 0T W e
Opwestong wan-sr Msmersiors, Ty ~45 s » %{ < el 1D K PRI 1T GND L X
LA . Cte. R
" . N '
__.oloctn'cu characteristics over recommended operating . Functional Table
free-air temperature range
PARAMETER & TEST CONDITIONS ¥ | MIN TYP3 MAX JUNIT ‘74, ‘H74, 'LS74, 'ST4 (See Note 2)
Vi High-level input voluage 2 \J INPUTS QUTPUTS
Vi Low-evel mnput voltage 0.8{ Vv PRESET CLEAR CLOCX D "] Q
M Inpwt camp voliage VCG=MIN, )=~ igmA ~1.5] v N L H X X H L
v
4 Veo=MIN, V=2V, L X x L H
7 H ] ; 4y 4 .
(]} gh-fevel outpul voftape VL =0.8V.  lon=MAX 2.7 34 v L O x x woowe
Voo=MIN,  Vyq=2v, . .M T M 1 W ln L
v, 1] - @ o
0L Low-evel output voitage Vi =0.8V. 1oy = dmk 0.25 04} V . o " 1 L L "
K
Inpul current 8t 2"1', . :'l " H L X 19% &
n nout p':m VCoRMAX, V=7V o': A
voltage — .
Coach 9.4 . Functional Block Diagram
0, 4.K, 20
High-eve! Ctear 40
[
M out ourant hm_ Veo=MAR. Vi=2.7v ol 44
Clocy 20
0.1X, - 04 .
Lowdevs! Ciear =03 ’
' 2 :
1w nowt owrrent o resn) Vee=MAY, V=04V o3 mA
Clock = -0.4 .
N |
Short-cwout Serses 54L S -2 -100
# o
05 output current & [Swres 7aL 5] YOS TMAX ~20 Tt ™A
. Supply current .
1 AX, ]
ce (Average per 1lep-ticp) veg=M See Note 4 8| ma .
]
Olock frequency veee V. 2 33 MH2z 74, U374, WIE ASYA, LIS DUAL DELIPFLOP Witn CLEAR AN PRESLY
PLH | pom clear, preset or clock ;A.:-:-CF‘ " B - :
(3 approprate) 10 0 o O LI, n
tPHL A =0 )
. NGTES 1 1 Witk 81 outputz ooen, 1GC 'S Messored wih the & ané O ouituts Mph 0 Turh,
N At the time of macspement, the COCh ¥OU* 13 gronnded
2 Hotugh weel (51-03) 318te), L = lum leoes (sleany #2ie), X- stslevant
Tt UARSLOn 0% hew 10 RIS Mve'
Quthe Jeve’ Of Q DRitre e wdrdte it €000 1L00S wete £ S18DLshOY
. o This €oriQ. 78007 13 RONMTALIC, TRAT 1 o1 b W1 PEEIST when Presst
ANG Clege wOLTL et I b g tve (B3 ) b opl
TFor conditons encwn 85 MIN o MAX, ute The Bop. @t value d W1 receaame nded g Cund-lLions

ZAR typical values ave a1 Voe TSV, Tar 2.

ONot murs (har ne GUIDJL $70uld be 3PTted 81 8 L

PP RICOIGITON Teidy 1me, ow to-Ruph-ieve’ Oultn?,
PH| Mprooegetion delay time, high-to-low-leve! oulpy’ »
The arrom inCiate (G 00ge O 1's CHIN DUISE UneC for retenie * B B fimng 608
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54139,/74139 Dua! 2-Line-to-4-Line Decoder./Demultiplexer
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL /] Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device Type Device T
YPe reTPmIcH YPeIcTPIMIeH YPe rCTPImIcF YPereTrImlc YPe IcTpImcF]
- | snsasias I Wi SNSIL 5139 4y Wy
Tl . SNI4S139 JiNna SNIELSI139 4 SINYY
Sy (o) fusesi s rnsizy | oG [
FAIRCHLD TCNSIN/FOONES | D] AL )
MOTOROLA SNTAL 5139 Fo
- sC OM54L 5139 .
NS.C. DM745139 DMTALS 139 ©
PHUPS : NT4S139 I8 NIALS139 []
$545139 FalBi Wi
SIGNETICS N745139 FiiBi W N74_S133 A O
SIEMENS
FUIITSU 405139 MO
HTACH! HOTAL S 138 BT
MTSUBISHI 5 NTILS 139 Pq
. NEC IED c1
|
' | AMD f
Electrical Characteristics SN54L.S139/SN74LS 139 Pin Assignment (Top View)
: absolute maximum ratings over operating . . @
free-air temperature range , SELECT  DATA OUTPUTS
Suooly voftage, Voo 7V ° g Wes-aw | SW4] _ —55Cio 125C Voo St e e
tnout voltage v temperature range | snyeLs 0°C 10 30°C sl fzfzigngjol} e
Storage lemperature range —$5'Cto 150°C ) 2 1 l 1 M
R recommended opering conditions 7 lo B Y0 v n’ 1
Y
) SNS4LS 135 sNisiy T oo '
MIN_NOM_MAX [ MIN NOM MAX .
Suopty vo'taye_ Vep 45 5 55]ats S 5.5 V R { ]
Hgn-level oulpul curent, gy 400 4N ] A £ Yo vy ¥z v3
Low-ievel ouiput Current, 1oy [ S | mA il GC~TH W T Y
Oierating ree-ax_temeratwre, Ta =55 5] o 04 IO e[
-alectrical characteristics over recommended operating . tm‘:r.z':i- B, 0Ye WV ove vy
free-air temperature renge - . SELECT DATA QUTPUTS
PARAMETER ¢ TEST CONDITIONSt [MIN TYPE MAX | UNIT positive logic: see function table
Vi Fegnelevet mput voltage 2 v .
Vit Low-level wout vohape o8] V Function Table
vy tnput clamp voliage Vog=MIN, = =18mA 1.5 v o N
v Highlevel @ VEC=MIN.Viy=2V, | Sisus [ 2.5 3.4 7 /S189 'LS188
oM 1oh- level outout veltage Vi =0.8V. lop= = Al SO | 2.7 3.4 (EACH DECODER,/DEMULTIPL EXER:
. {Voo=MN. V=2V, L INPU'
YpL  Lowsleve! output voltage 0.3 o8] v INPUTS -
‘ Vp=08V. lo=8mA ENABLE TSELECT| OUTPVTS
. 10Ut cutreni a1 maximym VOERMAK, V=1V . 0.1 ] ma [} 8 AFTYO Yi Y2z Y3
wput voltage H X X H H H H
"y Hghelevel wraul ounrent vCG'M"‘- V=27V 20f pA L L M L L M H H
. Low-leve! wput cwrrent Vog=MAx,  V=0.5V 04| mA L L M|l HL H H
Shor I circuit_output current @ | Viry = MAX, =20 —100| mA
Voo =MAX, Quiputs enavied 1 L e
e Supoly currerd - " and ooen 6. n{ ma . L H H|H H H L
::;4"1 from Bunary seiect Veeo=3V, 2 ———;: ;‘; " . M hgh tevel, L =lowteve:, X mwretevant
| oL | D Any output TaA=Z5C.. tevels w_ o] . Functional Block Disgram
oy CL=1%F. |of 3 T : . w o)
P | from Enavlke AL = dalay 16 4 \ "o
‘euy |10 Any outout 2 FTRETY il t""“'°"¢ ! { LR
’ ’ - @ J‘ LN
. . sELECY IA_|>“-T'§—-4 m *
. ©WNPyUTS o Y3
: 18 1.
OATa
ouTPYTS
’ .o . | pp——— "Dy
’
: . tnanLE ’°ﬂ"0-1‘_— '
. 1 tAL
. . e 2ve
"
- s [ PSS,
uts 9, 4% _ "b—‘j}_“‘z
*$139°LS139 DECODER/DEMUTIPLEXER®

TFor conmtiny swian s NN o MAT,
TAN typce valuen @t 1) Vop SV, Ta 25

ONDL Tre e Gutinit AMaE D AR terd 2° 8 hime
€ PLH S PUaNaTon Oefay i

Rowcturtgneie e output, 1D 4

UN e AISKODNATe vAlUE At hed UnGPT TECOTMENIE2 ODErating Cunditions or the BPPLCALIE evice type,

>

de

T2y \ime, frohet

ovtpst -
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Hex lnverter

5404,/7404

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . . Package , Package . Package , Package
. vice e Device Type Device Type Device Type Device Type
Device Type [TBTMICF clPM[F cIPIM[cF CPIM[CF YPe [CTPTMICF
SN54504 a9 wl] GNSAH04 1 W] SNSAL S04 )1 w2 ] SNSe0t N w2§ SN54L08 Ja N1Td
T.L ] ENMSO4 3 INTY SN 3L INTY SNTAL SO0L JEINT SNT4DL 43 INY, SNI4LOL JINLIT2
A LD FMS4504 'F M3S04]Dt 7 w5ar0s FmsHoa |G o BT 03 4 | F M504 F M904 (Do Fa -
FAIRCH! FC74504 /F C9504 JO0.| #S: FCYaw04/F CEHO4 (DL [PY CT4L304 © FOR 304 o3 [*1- r{ [Fmra04 FCINDL 1D 1P
% C3:08 L F i MCSe0e u{_ Fa
MOTOROLA M C3008 L ]Fd F Q1 SN4LSO4 P MCT40¢ CYIEY
NS.C DN 54H04 JANL DOM541. S04 OME0d Ja Ny w2 DMb5eL04 J3INY (X3
> DMI4AS504 NG, DM74§ 104 JLINT DM74L S04 UM 7404 38T DM74L04 5 TN F2
: !
PHILIPS N74504 T NI4HO4 [+ NTALSO4 i F 241 12404 [ 1
GNET! 554504 F(U]AL Wy 554104 F Al W' $3404 FilA} W2
S ICS NTES04 Fa{aLl  [wif NTaHOL FU(AT: NT2L S04 AT, N743¢ FL{aT
SIEMENS - ) T
FUJTSU 74, S04 MT VBAIg S0
= » i
HITACHI HD74504 [AEE HDILSOL e 1 HD 7404 /RD2522 @k;:‘: i
MITSUBISHI Horzeos C3 7EL S04 Py w53204 L'L
NEC 74504 C 14L 504 ic 7 »PB235 DT
TOSHIBA T034044 PI{
Electrical Characteristics SN54L.S04/SN74LS04
absolute mazimum ralings over operating fre [ range
Suaoh vottage. VGG K v Ovaraimg Wem-sv | snsaLs ~35C 1o IC 3
ool VIR T N T TC % wc Schematics (esch gate)
Storage empalwre "a%ge ~83°C W 155C
SNBALS04 SN74LS04 ot
1) NOM MAX BN NOM MAX .
Suooly vottage, VOO a3 $ 35 an 5 LR v N
Mgyl oviaut owrent (0w - 800 - 40 -t
Low-ieve! ouput owrren. Io 4 L] [
Oleraing Woe-aw temor-atwe Ta - 5% 175 [] n <
electrical characteristics over recommended operating
* free-air temperature range
PARAMETER TEST CONDITIONS 1 MIN TYP $ MAX | UNIT 4
V|p __ Highuievel inpul voltage 2 v
Vi Low-leve! mput vo'tage 0.8 V ?
v Input _clamp voliage Voo =MIN, h=—iBmA =1.5{ v d
! = 2 9 ng_um ‘:IL"VIL Rap CMCUIT T R1 | A2 | RS | R4
\{ High-level output voits - % A B ) v “04 _"‘_J_‘-i".}r‘q%“
oH o aul & g =MAX "L04__ | 40w] 20w 800120
. VeC=MIN,  Viy= 2V, Input clamp diedes not
V, i p diodes on .
OL  Lowevel ouiput voltage IgL = 4mA P SNS4L 7SHTAL * circuits. S04 CIRCUIT
y o Muwoureia Vee=MAX, Vi=TV 0.1] ma ‘04 "LO4 CIRCUITS ’
maumum input wottspe
[ High-level mput_current VOEO=MAX , V=27V 20[ uhA -
I Low-level mput Surrent VOG=MAX, V) =0.4V ~0.4] mA .
Short-cwcun T seLs Fanuy | ~20 =100
[
05 ouput currenmt @ Veem A S ey | =20 =)
| I
CCH  Supply current Veo=MAX Total, outputs hgh 1.2 2.4] mA X
lecL  Supply current Total, outputs low 3.6 6.6' mA . B
Average per gate
Ll Supply current v, sV 0.4 mA
cc Y CC=3V Hrsass suty cyole) . ,
Propagation delay tyme, ’
[ . [ N1 .
PLR  {ow-t0-hgn-sovel output Vog=SV.  To=25C. "
Propaganon delay tums, CL=I5PF, R =2KQ .
[ ) 0o
PHL  pigh-10-iow-teve! output o A

Pin Assignments (Top View)

O e
1Y §A &Y OND SY SA &y
13 2l el el e 8

Vee ¢A $Y SA SY 4A aY

[Os[lis{fjsj]s[ja}u]]

L I

DDA

1A 1Y 2A 2Y 3A 2y GND 1A 2Y A voo 34 3Y 4A

positive loglc ¢
YmA

e,
-eyy
Se .
il
. e [ 2N
‘HO4 CIRCUIT

‘L304 CIRCUIT

Rewsstor values shown are nomwat and in ohms

tFor conditons shown s MIN or 'MAX. use the appropriate value SpECIG UnOer reCcUT Mended ODE BNLNG CONGILIONS,

SAN typicat values are 81 VGO 5V, TA=28C.

ONot more than one Oulpul SPOUIJ D ShOried at & time, and for SNSAH’/SNH" ane SNSIS®, SKT4S’, durdtion of short-cwount Should Aot 820868 1 Sevund
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.
5408,/T408  Quadruple 2-Input Positive-AND Gate .
Schottky TTL Migh-Speed TTL Low-Power Schottky TTL Stendard TTL Low-Power TTL
Packege Package , Package Packsge X Package
: Device Type Device Type Device Type Device Type Device Type
P C|P|{M|CF| » C|P{MICF] C |P|MiCF C|P|MCF| C|P[M|CF
T.1 . | SN54S03 J 3 wi L SNSAL S08 IR wj{ SNS408 Ik W)
’ - SNT4S08 39 INT SNISL S08 33 NT SN1408 JAiN
FAIRCHILD PSSR~ FMISOE of 3 |F MS4HO8 FMSHOS D4 #1 | rusausos/ fmscs [ # | FMS408/F MINO2 |D( 1
FCIS00, " FCVS08 o [0 7 [F Cran08 ‘FCoHO8 [V IPT. FCTALS8 7 FOMLSOE oT ¥G | F C1408FCoNOS [DT[PT
MC0! [ Fi
MOTOROLA MC3001 L] [P Fii] SNT4L 508 P 7 MCT408 P
NS.C. DM 54H08 3N DM54L 508 Pt DM408 JG Nl (Wi | OMS4L08
. ) DM T4H03 . PAINT DM 4L S08 P 1 DM 7408 JONT DM74L08
PHILIPS N74S08 ] NT4HO8 T NTe, S08 1 N7408 1
S34H08 FOA-L wl S5408 Fijall Wy
SIGNETICS N74508 4 NT4HOS F(:]A3 N74L 508 X N7408 FIAT
SIEMENS ST 5
FUJITSV TS v -
HITACH! HO 4L S0b Py HD7408 / H
MITSUBISHI M74L 508 P 1] M53208
NEC L. 508 cT P82} D1
TOSHIBA g ot 5T
Electrical Characteristics SN541.S08/SN74LS08
bsolut i ratings over ing fres o rande - .,
Swooiy voitsar VOO ™ Oowaung ¥eewss | snsecs 45T 0 15T H
oot Vo I semoersrwre oo "SNTaLS D Schematics (each gate) |
Interemiter wollaer 3 5v Sioragt tewmosaturd (¢ -8§8°C 10 130°C vee \
SNBALSOB GNT4LE0E - ‘
N NOM____WAX | WAN wou__wax | T x
Swooy vollsge VGG Fy 'x) s 38 a4 [y $ 1 v
Mgh-lovel euviod Surront. 10M = 300 800 A OUT:UT H
Low-evel Sutvt Currem, 1o 4 8 -4 f
Operatng iree-d= temoerature. ¥4 -$% 123 L) »” b :
electrical ch teristics over r ded operating GND =
free-air temperature range
PARAMETER TEST CONDITIONS t MIN TYP 3 MAX { UNIT W CIRCULT . .
Vin Hign-teve) mpul voltage 2 v E
Vi Low-evel mput voitage e8| v
Vi lnpw clamp voltage VoC=MIN, 1= =|8mA ~-1.5] Vv .
Voe=MIN,  Vig=2V.
VoH  High-leve! output voitage 1om=MAX 27 34 v
. Vee=MIN, vV . E2 )
VoL  Low-levsl output vuluo; top = dmA i 0.2 0.4 V. .
~N
" Inpul Ourrent at ch_M‘x. ViV o.1| ma
meXImum mput voltage TS
hM High-level nput current Vg = MAX Vig=2.7V 201 pA . :
Iy, Low-evel wnput current Voo =MAX Vi =0.4V ~0.4{ mA -
Short oweust SALS Famdy | =20 — 100
05 oot current @ Voo MAX J4LS Famiy | =20 0] ™
) ) 44, .
cCH__Supnly current Veo=MAX Total, outpuls hgh 2 8! mA .
1gcL,  Swply current Total, outouis low 4.4  0.8] mA
Avecsge perpate
! . N B i .
. CC  Supply ourrent VEC™SVe icne auty cycte) , 0B mA 508 CIRCUIT
Y Proocagation delsy time, . N s .
PLH o to-hightevel output vee= SV,  Ta=25C. . ~ .
4 Propagation delay time, C=15pF., A =20 . . N -
PHL  ponetodow-eve! output Lo wfm
’ Pin Assignment (Top View) ' "t
» " L L3
4
L@
cC " ¥
[[1S{)SiEIN | [] e - - ."vm
. '_j ] ' »
. 1n 3»
*%.
. : [
: _LFD | E“ . *
12 ["] 3Byt ‘LS08 ComcurT
] A % I GND
itive fogic:
pee * Resistor values shown are nominal and in ohms.
Y=AB
1 For condtions shown 88 MIN or MAX, use m ADPrOprIste velues fied under operng

$ AN typcal valves are 8t Voo=SV, Ta=25C.
®NOL  more then one Outputl Shouid be Shorted at 8 ime, &nd for SNS4S°/SN74S’, duration of outout Short olrourt should Aot 6x08ed one $ecONd.

-



5473 /7473 Dual J-K Master-Slave Flip-Flop with Clear
Schottky TTL High-Speed TTL Low-Power Schottky TTL Stendard TTL Low-Power TTL
Package Package . Package Package , Package
d Device Type Device' Type Device Type Device Type
Device Type [ETHTmIc C]P M[cH clrIm[cH clPIm[cH cPM[cF
SN5AHT3 o) W34 SNSALSTA JO W] SN5473 JO) WO SNSAL73 SQINDITE
T.L SNHTI JDIND SNLST) JOND) SN413 JECIND SNILTI DOINDITRY
FMS4RT3/F M§H 73 [0 F O rvsasn, pesty FIAS473/F MINTI_|0G) F Of
FAIRCI-!!LD FonTaFCo3 0T PD RIALSTI, FOOLSTY FCT4T3/FCINT3_|DA.[PD ,
> MC3163 L F A MC5473 L F O
MOTOROLA WC3083 LOP®|  F3f SNILST 0 MC473 LG PT| FO) _
DMS4HT3 JANT DMMLST3 PC DM5473 G (ND[  [wdf OMsaL73 JOIND] JFO
NS.C. . DM 74H73 JTINT DML ST3 PO DM 7473 G IND OM4LT3 LOIND]  [FO
PHILIPS NT4HT3 [ NTALS73 ) FJJ121/1473 a
S54H73 FOAQ] WY 55473 FG AT w
SIGNETICS NIHT3 FOIAT. NTLSTy a0 N7aT3 FGLIAT
SIEMENS T T
FUJITSU
HITACHI € DML ST 2 HD7473 7HO2515 | ©PT: -
H T
MITSUBISHI - 1 MIaLST3 PT [EHE 5D ]
T T
NEC l »PB225 o leT: ‘
|
TOSHIBA , 1 TOUIA PO
Electrical Characteristics SNS4LS73/SN74LS73A " . .
Sbeoiots marimum JabngE val 0peratng lres-ow Gmpersture range Pin Assignment (Top View)
Swely vaiage, VoL w Operareg Foe-as [ swnsis =55T w MT IJ 19 10 GND X 2N 20
irout vore v torevewerowe | swnLs re e wr va) 1) 12} (11 fro] [o] ]9
Swep wmpershre tanp =6$T to 1M
"SNSALS73A SN74LST7IA \ Y4 L
L] oOM MAR | MIN oA MAX
Swooly vorege, YOO a8 s 8 an A N v . (D
Pagrieve! DUt rreat 10u =doo -e00 »t
Lowdovel mtpn Current, 10y 4 $ s
v v, 1] Onco ngn » Ld IA RpcigtinInEigIat
Mo or cue e n ) 'Ch . L. IK Voo 26K 24 ¥
Hiph-ievel CAl8 E.1% 257 LuR. . CLR
. o Lowieve! data 21 20° a5 3
4 . Function Tables .
Ioeut ResE BPL, fey [ 5! Cod B B3
rere v we e ry N i 73 H73,'LI3 (See Note 2)  LS73 (See Note 2)
electrical characteristics over recommended operating INPYTS oUTPUTS INPUTS OUTPUTS
free-air temperature range . . |CLEAR CLOCK J K Q & CLEAR CLOCK J K Q 0
PARAMETER » TEST CONDITIONS ¥ |MIN_TYP 3 MAX JUNIT L XX Xt M L Xx ox e ow
Vin__ High-leve! mpul voltage 7 v L n v L o, & H oL v {o, T
Vi Low-dcve!l moul voltape o8] v " S H L v ¢ H i oL Mot
Vi woul chmo votage VGC=MIN, 1| =—18mA —15] v H AL ML H L H QLo
. Voo =WIN,  Vin=2v, H N° M M | TOGOLE " ! W wn | TooeLeE
OMH igh-level outpul voltape Vi =0.8V. gy~ MAX 2.1 34 v H H X X 0 U
VoL  Low-leve! ostput voltage VeorMIN. Vi =2V, 025 04 v Functiona: Block Diagrams
Vip 0.8V, lop wara . ¢
ok, o i X 1
tnput current a1 |Cioar 0.3 * "'OJ—, ¥ S l
1 =MAX, e
! manmum mnout Preset vee X vi=w 0.3 "4 S
vo'lage Clock 0.4
0, J.K. 20 -
High-level Cloar §0 ' !
iy wout curent ryo Veo=MAX, V=27V M vA .
Clors 80 ! 1 = s
0.4, X, ~04 &
» U . - b+ B8
e . Low-level Clea Vo =MAX, Vis0.av ot .. T3-DUAL J-K WITH CLEAR
nput current Preset -9.8
Crock -0 8
: Shori-crem Secres 3L S -20 - 100 *—
[ MA
05 output cureent & |Serres 74L S Veo=MAX -2 - 108 mA
B
Icc voply owrrent Voe™=MAX, See Note 1 '] 6| ma
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