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Abstract

This +thesis decribes the characteristic of stepper
motor, switching angle and pulse injections, and development
of stepper motor control. Closed-loop control of stepper
motor can improve +the performance by using positional
feedback to determine the proper phase switchings with
effect to the rotor pogitions Motor can achieve not only
more sccurate position contrbl but also much higher speed
and smoother spesad: The encoder send the position of the
motor to computer which is controller. This controller will
gend the control signal to programeble counter (8253) and
logic sequencer (8713) and these will drive the motor by the
driver. The result of tusts on tﬂe built system shows that
the encoder can send the signal to the computer through
interface circuit ggivigg the correct signals .conb;olling
motor to the desired position and improving the efficiency

of the motor.
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a1auiaf h

/¥ openloop %/

#inrinde <dos.h>

#deline counter0_8263 0x300
#deline counter2 _82530x302
#define control_word 0x303
$define status 8713 0x304
¥define imr 82590x21

sdes{ v e 55003

tdeti eyl /% four phase only %/
ddedf « a0/F lwo excite only ¥/
=be Fiy e H1,0

zele [y v 2

/¥ Glchnl vartable *x/

int 2tep, sto;



3o

FE o L ian v/

vaid inlLervrupt (*oldvectOc)(void);
void interrupt (%oldvectOb)(void);
void interrupt extern openloop(void):
void interrupt extern closeloop(void);
void seL8253_cO“$0_f(void);

void set8253 cO0_m3_f(void);

void set8253 c2_m0_1(void);

void set8253 c2-m3_1(void):

int  flag(int g0, int g2, int ud);
void sel8713(int setv);

void out50hz(int setv);

void install(void);

void restorelvoid);

vaid a{op({void);

~

veebd e 18260 0 mO f£(- oid)

at vrth{cenntrol_word, 0x30); /* mode O couirter 0 *k/

void 3el8253 c0_m3_f(void)
{

ontvortb{control_word, 0x36); /* mode 3 counter 0 %/



31

void sc18253 ¢2_m0_l1(void)
onleortb{control_word, 0x90); /* mode 0 counter 2 half *x/

void 518253 c2_m3_l{void)
{

outportb(control_word, 0x96)3 ~/* mode 3 counter 2 half */

inl flag(int g0, int 22, int dir)

{
inl varp;
varo= 32%g2 4+ 16%g0 - 8%zc + 4%eb + 2¥ea + dir:
rety ey}

H

Voo cLBT713(int setv)

outporthistatus_8713, setv);



woid ol 50hz(int setv)

ce Ay 0 om0 F)

[+ s th{cnunter0_8¢°3, OxAcl;
wrtperthriconnter0_ 8253, 0x04);
v Leorth(ime 8259,81 0 && Oxef);

VTR ‘(.‘-s(‘l\’);

void install{void)

{
oldvectlc = getvect(0x0c)}
oldvectOb = getvert(0x0b)}
setvect(0x0c,opeénloop)}
setvect(0x0b,clodeioop);

} .,

' ,;,, o «:: .
B

void restore{void) i

sutvnct(OXOC,oldveétOC);

setvect(0x0b,oldvectOb)}

/*

{1



vaid sLop(void)

g
1

attrort(status_8713, 0)

i mainliyvoid)

rvtoud, set, gateD, gated;

bt oans, fregq, count ;

int step end, step_steady, delaxéang, balep;
int outlow, outhigh;

char ansc:

gale0 = 0; date2 & Oiwﬁétﬁp = O)ahsc = ' !

1
¥

printf("\n directisn {ch & 0y CCH = 1) t") s X
\ AR "'l “
© —~2
scanf("%d",&anﬁ)éf \~Y, PTAES

ud = ans == 0 % 0 1}

A . ) o
printf("\n frequendy max '“9% . &
scanf{"%d",&freq): p

I‘ 4 i
count = F / fraq! ’ KR

printf{"\n step ")} S S
%cﬂnfl"%d",&stepmehd)i

MoanlF("\n Control mode ( Openloop: 0, Closelcop: 1) :");

e = (r-har-)getch():'
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il (anse =

i
: I3
» 5 g
ol ;f‘:jg' N

* :gf 4

printf (" Vi delay
v g g .
S oy ‘, 3 &:
scanf ( 3'%&:";" “ i
g ¥ 2

R LA,

-

AU R STAR A

Pt e n %

)

chcd

+
&
PRCeE
g e
FPE
5 AT
:{,“ﬁ 2 51
o o : . 7y 1
o= f]_ﬁn{(gate‘(),a: BgaLh 'Eud);
T RE 4
- L e AL
o fl
oS, ¥ 4%
N Dhr(sel); , b4 Fog .
By o
A :!',;*";’*g" — .
ol tintgtap ‘?’a}’
g §odet
"oy 1.3,;,‘2‘3?
Pot v 4= step; . “z R
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i
i v#jz .
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/* steady state 1hﬁétVﬁi *Y

if(ansc /* tloseloop tohtiol */

set8253ﬁciﬂmﬁﬁT7f-

,‘\{.: i e

ou:portb(chh%eﬁﬁ;éﬁsaJﬁutiaw):

uu:porfb(oounﬁero szsﬁyouthlgh)

é
outportbh(ime. 8359,s£o && Oxf7), /* enable TRG 3 %/
Tet3T713(set ) /

ol o o{3le,y s 0)i /¥ wailing oy in crhupt %y

YL ey m3_1(}.i
¥

by vih(tounteré_stéé nj;

whilolstep < step_=téady. )

Printf("e"); *
i
}
olae ? /* openloop control i/
¥
{ ’ 2

Step = D;

ke



outportb(counter0_8253; outhigh);
2et8713(set);
while(step < step_steady)

rrintf("o");

!
Plep 4= step;
R
/e low down interva | */

Lrorthiime 8259, 10 iy OXL8) 5 ) i MR, TRQI %/
1t I gate2 = q; step = 0;

co' T TlagigateQ, Bate2, ud);

oul Stthztsel )

while(step == 0);

Estop += step;

stop();

restore();

4

oulportblimr 8259ysto){/* restore TMR of 8259 %/

printf("\n Total step i %d\n", tstap);
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€Y FUNCTION TABLE

& GENERAL

Th= universal controller PMM8713 for driving SANYO stepping motor is 2 C-MOS monolithic
tyre 117 designed for controlling stepping motors of thres-phase and four-phase type.

The Sanyo's PMM8713 is designed to control either of 3 phase and 4 phase stepping motors in
any mode of 1 phase excitation, 2 phase excitation or 1—2 phase excitation.

In additon {o that, when darlington type transistors are only inserted in the output lines, it
c2n work on switching of higher current ratings of stepping motors. :
P4M2713 hasbeen developed for the purpose of simplifying the utilization of stepping motors
and it permits to easily compose 2 stepping motor drive unit by preparing 2 pulse oscillator
(pulse input signal), power switching transistors and DC power supply. :

It is chief advantages that it affords cost savings in parts inventory, purchasing, handling,
acsembly labor, circuit test and design. )

€) FEATURES

% Universal controller: "' The following 6 types of modé cn bé selected by means of 2
. excitation mode change-over terminal:
e 4 phase 1 excitation e 3 phase | excitation
@ 4 phase 2 excitation e 3 phase 2 excitation
. . ® 4 phacs 12 excitation e 3 phase 12 excitation
% Wider range of power supply voltage: VDD = +4V ~+18V
# High output current: " -° 20mA min. for both sink and soures
* High noise margin: .+ Alinput terminals have bulltin schmitt circuit
* 2 types of pulse input: . 2input terminal system * :
. 1 input, 1 change-over tefminal  System }
# Excitation detecting monijtor: Outputs monitor signal sthowing operating condition of controller

@ PIN CONNECTION (16 LEAD PLASTIC DUAL IN LINE PACKAGE)

. Voo Co Eu [ # Lo od
(Fig-1) = = 5 po Ml 6o (5

1O ‘
PMM 8713

G & @ Wl @ U8

Cit Co Ce UM Ei Ea & Vm

4 x ¥ i

PINNO. 1Cu Input pulss, UP clock { PINNO. 9R = "Reset
2CD  Input pulse, DOWN clock ' 1044  Output

3Cx  Input pulse, clock . 11¢3  Output

.

cithet one selectable

——7ATYF

4 U/D Change-gver of roution direcdon 1242 Output } 3 phase | 4 phase

“0~ DOWN-, “1~UP 1341  Output J .
SEA J14EW Excitadon monitcr
6ER 3 . 15Co_ Input pulse mouitor
7éc - 3,4 phasechange See Table -l j§Vpp (+4—+18V)
8Vss (CND) , . . "

} Exitationsnode change over

B —m—-l - ,_:. Ingnt . . Qutput
Eurstm Hoie | g2 | Ea] Eo | Co| Co| Cc|um{ R | Co| Ex] | & # | ¢
g
=210 |1 |1 | x| x|x|xjof-11 1 lo]r]o
3cheel 2 0 o0 o x[x[x|x]of~-j2r}2>10 1
 lssl 0 ] §ORG | X x| x| x|o|~-Jolrlojolco
Gerl gy [ 12 | x| x| x| x]of -1t 1 lo]o]:1
aprazdz 7 1 o o x| x| x| x]o}l~-12 2 ]o]olin
i1 Qord x| x| x]xfo}l=-109 [1]ololye

% :Don't eare — ;lIadefaite .

(Table 1)

e e e e 4

o]
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& EXCITATION SERQUENCE (Tavte-2)

-4 Phase 2 Excitation (a)

3 Phase 2 Excitation(b)

v4 Phase 1-2 Excitation (c)

e

gy OtResast| 1 2131 4 .\.:—'Olhul) 1 213 G0 (Resadd] 1 1213141351647 8
4 1 1j]olo]1 4 1 1]Jol1l 4 1 111101010 {01011
IR 0 111]0}0 4 0 1110 é 0 011111110l 01010
éy [¢) ol11110 [N 1 ol 111 & Q ojloloti1jllliloto
3, 1 o(ol111 p| ———— d. 1 glojojofolij1ily
up DOWNI Up
DOWH DOWN
3 Phase {-2 Excltation (d) * 4 Phase 1 Excitation (e) 1 Phase 1 Excitation (f)
CT50meed] 1] 2131415186 L 0resed| 1 | 213 | 4 S 0| 1 ) 2] 3
e, L 1 1i/]1]ojlofol1 # YT J0[0jo]| 1 4 1 [olaoia
4 0 oji1i1l1]010 4y 0 1JojoloO * 5} 1100
éy 1 ojolofl1j1rl1 [ 0 o|l1]040 ¢y [s] 011]0¢4
uP [ 0 ojojl1lo up
DOW N UP DOWNI
DOWN

(@ FUNCTION OF EXCITATION MONITOR(PINNOIHAND
INPUT PULSE MONITOR (PIN NO.15)

Excitation monltor (Pin No.1i) ~E. (Table-3)

T [ pwwi|1]2]314]5]6]718 coll 01 (Fig-2)
3.4 phase py o HI
1 excitation 0 ojojlojojofojoloy i il i Ei
)
‘ won bR nan
%u:?:::ion 1 tfrfrfrpal1gagl IR CD' HEETRNTETIY o
R R 0oy .
i My
L] 1 |ofrfo]r]o]a]o]n o ianatthpnnn-
e T A R TN TR
That it, transmit¢’I"evel whea butput mode Is set at 2 " :E : e 0" 0 ii " i :i EE ]
excitation, and transmits“0™ Jevel whea 1 excitadon. gutput coll (I i i i n fl N
@ MAXI MuUm RAT‘NGS (Table-4) |Chardcteristic of output currgnt
Parsroeter Symbol Ratings Uniwg vs (vol)tage-;:ﬁ:; ‘h (F:&-s),
Suosly Veltage | Ve Z0.5—~+18 v a v L .
Inowe Volitage Ve ~0.5~V put+0.5 A\ s —i - // -1 /l/ 'r--w:;!\':sv
Crnrg tomwune g | T, 0~ +68 @ < /( ™.
Starags wssersiary Tm ",65"'+l50 T ; » / :
W 280(T, = — 40C ~+ 60T} E
Poeer Dianiperion] Py Joer TG asCI] " Al :
Cutput current Te 5 mA § C } L
& o 7 1R
’ Cutrt vom e V=Y, (V)
@) ELECTRICAL /4N
CHARACTERISTICS (®) 7 ]
06 characterlstics Ta=--40C ~+B85C 7 ! | YeamsY
r Limits o 3 F [1ememe
Pamer [roidemy T Cetis [ome T} (Table-5) 7w Pt S .
I : N/ |
U () M T n " I — i
e B B 13 |3 .
toed | [a7 [¥) 3 A T 3 e
o I EE e i K ¥ rtet vonags Veo=Ve (V2
PO JY R 11 E - ’
s SR B s A al’ () v",,_’.v.w//_,-sy '
toed § “fuvy —Er i3t | [¥] bt // l1—'m
S P -n 2 | L&
3 EE i T T I
N HESIPREL 31 fSTy I I L__l.-
§ i | "Jori = - . l ‘ I ‘ I
il SR Fatt 2 el i
AL i T [ i l l | ‘ | .
e : T ' [34] 1.8, g o 3 3 3 Y r3
R EEY e (TR W M RN Oveve vorease Yea=Ve O3
Tea corveat | 1y 1T 1 X
ot b tverd Lo I BTY 70740 N EY

Jnput pulseé monitor {Pin No.15)——Co
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L
AC characieristics (Table-5) Input, output wavetorms (Fig.-4)
Tes: Cordition Limis t ve ~
Pirameter  |fomind iy — P P - AL
e " " Ve Min | Tow | Max. " “"':c Py [V -\1 :;/l o g
e N wmd=du| 1 - 2 N A oo
[Fpm— vl c=sopr| 2 —T Ve — otV
T L i, J 1009 (V.3
Min. cloet tw [ 3Y J1ir=t=200 50 4 - S o
peive wied | ten 1371 ComZ0PF = Ouem v /Y -
Min rver 5V [tr=t{=Des 100 y; ‘:f‘vu
Wae wohh LRL . . ] - ;
: ' I A Cy= 5PF 50 C iavot woe r“ I \uxtxc\{..)
1easrm e 3V [Lwilr Dos oW ns / 7 N
deley e J oo b o
(e 15V | €= i0PF 100 / A oy
5V |tr=ti=2001] O ! b ' ot
Co op timm L tr=t - L1} N —— 3k ‘“::‘\:V._;
e ”_HISV Co=30PF | O WO Inowt wevetors j :_;
- SV [rrd«n| 250 v o
old tima teas b T
sV ] comsopF | 133 1 I otV
e——— - woor tf
@ APPLICATION EXAMPLE "
(Fif’,_-5) Voo V sl GNO) (Fig.-G)
1-F e 2 input terminal system
FTSTE N
)| -
TN ey
FC-
Y (Fig.-7) .
froa ® { input, { change-over

terminal system

s , 9 PAALTS - Tr. ¢ 'I,__c_ / 4
Poeer o Fort Ve ;;a
i R s redne s oy |
R | . sapamrent S TIF e
B T V3a{ GNO) i . v -
MNote 1) R:commended the followings be ueed for output resistors ;‘__:!____" d ;
RytoRe @ KWIOOQﬁ‘f-whchnn-SV-‘ =l y
- 1W 3000 +5% when Voo = 10V - X o
o lWSOOﬂﬁ.whquoo'lfV* 4 S Ty
Pel Thc ourput current at this time will be about fox = 1§ ~ 27mA. (with Tr Va:mn = 1.2V)
In case Ton larger than this valué is requ.ued p]casc dwgn 1 umtm aa:ordmca with F'g 3{2),.
L 3p)md3). . y
(Note 2) Itis recommended that dardington (ype trmsxstots (V BC SAD Is Is: th:m 2V l: rg s more thm _
: 500) be used as switching transistors (Tr, ~ Trs). RS S « ~. .
(Note 3)  Fiease select proper input terminals depend on the type of moda to ba mcd md invu( syxmn ’
2nd connect them i dccordance with this catalog (Table-1, Fig.6, Fig.- 7) for use. -
Az for the excitation saqucnc: of ¢1 to ¢4, please tefer to Par 5, excitadon sequmc:. of this

(Ncﬂ.z: 4)
. c:hlog. -~ \

This element has a builtdn protective circuit at Itz
input to prevent it from being dumaged by high
vaitage 2nd static ejectricity. Howerer, it s very high
in impedance, therefore, it should be used with great ~
care exrrcized pot to apply 1 voltage higher than its

.} to be kept within such a nnge 2s Vi< (Vn,,

maxxmum rating Especially in operadon, it is desired

.

Vour) S V-
Input u::muuk not in use slmuld be connecu:d to
Vs ot Voo . :

e

n

4

SANYO DENKI CO.LTD.

No. 15-1, 1-chome, Kilaotsuka
Toshima-ku, Tekyo, JAPAN
TEL:TOKYO (03)917—~5151~9
TLX:2722176 SANYOT J

(f

Catarog Na. 148-3,79.9.2C8




aAlUIN A
Héx Range Usage
000-00F DMA Chip 8237A-5
020021 Interrupt B252A
040-043 Timer B253.5
060-053 PP 825BA.5
080083 DMA Page Recisters
0AX® NMI Mask Register
oeEX Reserved
0EX Reserved
200-20F Game Control
210217 Expansion Unit
220-24F RAeserved
278-27F Reserved
2F0-2F7 Reserved
2FB-2FF Asynchronous Cemmunications {Secendary)
309-31F Prototype Card
320-32F Fixed Disk
378-27F Printer
ZBO-3EC"* SOLC Communications
380.289°° Binary Synchronous Communications {Secondary)
JA0-248 Einary Synchronous Communications (Primary)
2BO-3EF IEM Monochreme Disniay/Printer
2C0-3CF Reserved
2003CF Ccior/Cranhics
SEQ3ET Reserved
3F0-3F 7 Diskette
JFE3F = Asvnchronous Cammunications {Frimary

* Atpcwer-cn time, the Non Mask Interrupt into the ECEB is mrixed off,
This mask tit can be set and reset thrcugh sysiemn scinware as {(cllows:

Set 'nask: Write hex 60 to 1/O Accres hex AC lenable NMI)
Ciear mask: Write hex 00 10 1/0 Acaoress hex AD [disable NMI}

** ED! C Communications and Secondary Binary Synchronous
Communicztions cannot be used tcoether because their hex
adcrezses overiao.

1/O Address Map

1-8  System Unit
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Clock Chip

Trimmer
Keyboard 1/0

System Expansion Slots /

/

~_

s.::i\x <
n ystem
? no» )!Q ,,,,JM”,:C?‘ B © Board
N [Eh &N EEIRES i
E 4 g = %—, Power )
E =i E = = 5 V/Connecnons
== IE =}
=l EN E ~H Auxiiiary
=l =] = % =3 Processor
1= E = [ = a5 Socket
E ‘ =l El E H ] [:- \ Intel 8088
S| B % % ’é %‘ Processor
S A i_% RoM
L [ El _1 | BIOS
- ROM
R BASIC
(] ( © xt].\g\ System
N [ + Configuration
l) DIP
= = e ey a3 p £ A T | Switches
OOOO000. L)
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Us 10 256K | (][] If_“ [H ] _lj]
Read/Write ! [ ' = —
wemon — === = === (][]
With Party ' | L] -
Checking |[ [ J [ DBPD]U]
e e A\ ! B
OGO anf=ss s s e s
UUBUUUULLACO000T
L e N i .

Pin 1 Speéaker
Output

Sysiem Boird Component Diagram

System Board Switch Seﬁings

All system board switch settings for total system memory, number
of diskette drives, and type of display are located in **Appendix
G: Switch Settings.”

Svstern Unit  1-13
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i Resr Pinel
Sipnal Name Signsl Name
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~geixy b — e
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oL i
344 & 1. — Y]
«&ap e ag — ~AQ
1
S Component Side

1/0 Channel Ciagram
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I/O Channel Description

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

Signal I/0 Description
OscC - @) Oscillator: High-speed clock with a 70-ns
A period (14.31818 MHz). It has a 50%
duty cycle.
CLK @) System clock: It is a divide-by-three of the

oscillator and has a period of 210 ns (4.77
MHz). The clock has a 33% duty cycle.

RESETDRY O This line is used to reset or initizlize
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.

AO-Al9 O Address bits 0 to 19: These lines are used
to address memory and I/O devices within
the system. The 20 address lines zllow
access of up to 1 megabyte of memory. AO
is the least significant bit (LSB) znd A19 is
the most significant bit (MSB). These lines
are generated by either the processor or
DMA contoller. They are active high.

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

ALE O Address Latch Enable: This line is
provided by the 8288 Bus Coniroller and is
used on the svstem board to latch valid
addresses from the processor. It is
avaiiable to the 1/O channel as an indiczior
of a valid processor address (whea used
with AEN). Processor addresses zre
latched with the failing edge of ALE.

1-16 System Unit
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Signal

JJOCHCK 1

/0 CHRDY I

IRQ2-IRQ7 I
$

JOR ‘0

oW 0
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1I/0 Deéscription

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

I/O Channel Ready: This line, normally
high (ready), is pulled low (not ready) by a
memory or I/O device to lengthen I/O 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 Jow 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 (I/0 or memory) are

extended by an integrz! number of CLK
cycles (210 ns).

Interrupt Request 2 to 7: These lines zare
used to signal the processor that zn /O
device requires attention. They are
prioritized with JRQ?2 zs the highest
prionty and IRQ7 as the lowest. An
Interrupt Request is generated by raising
an IRQ line (Jow to high) znd helding it
high until it is acknowledyed by the
processor (interrupt service routine).

-1/0O Read Command: This command line
instructs 2n 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 datz on
the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low,

&

System Unit  1-17
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Signal I/O Description

MEMR - O+ Memory Read Compmand: This command
line instructs the memory to drive its data
onto the data bus. Jt may be di ven by the ¢
processor or the DMA controlier. This
signal is active low.

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

DRQI-DRQ3 I DMA Regquest ] to 3: These lines are
asynchronous channel requests used by
peripheral devices to gzin DMA service.
They are prionuzed with DRQ3 being the
lowest and DRQ1 being the highest. A
request is generated by bringing 2 DRQ
line to an active leve! (high). A DRQ line
must be held high urnul the corresponding
DACK line goes acive.

DACKO- .0 -DMA Acknowledge 0 to 3: These lines

DACK3 are used to acknowiedge DMA requests
(DRQ1-DRQ3) and to refresh svstem
dynamic memory (DACKO). They are
active low. .

AEN O  Address Enable: This line is used to
de-gate the processor and other devices
from the I/O chanrel tg 2llow DMA
transfers to take pizce. When this line is

' “active (high), the DMA conwoller has
control of the address bus, datz bus, rezd
command lines (mezory and 1'0), and the
writé cotrnand lines (memory 2nd I/O).

T/C O  Terminal Coust THs lice provides a pulse
’ when the terminal count for anv DMA
chznnel is reached. This signal is active
High.

8 N

1-18 Sysiem Unit
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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 beeq
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 criven
by an open collector device.

-
_—
=
£
3
L8

The following voltages are avzilable on the system board [/O
channel:

+5 Vdc =£5%, located on 2 connector pins
=5 Vdc £10%, located on | connector pin
+12 Vdc =5%, located on 1 connector pin
—12 Vdc 10%, located on 1 connector pin
GND (Ground), loczted on 3 connector plns

A8 System Unit  1-19
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AANUIN 3

intel
' 8253/8253-5 - .
PROGRAMMABLE INTERVAL T!MER

n MCS—&S“‘.Compatlblo 8253-5 s Coup! Blnary or BCD K

n3 Independent'16-Blt Counters . . Single + 5V Supply

w DC 1o 2.6 MHz® - - L ® Avallable In EXPRESS. ™ -
- o . - —Standard Temperature Range

» Programmable Counter Aodes - . : —Extended Temperature Range

The inte™ E253 is 8 programmable counter/timer device designed lor use &s an Intel microcomouter perinberal. 1t 1ses nMOS
tacsnoogy with a single <5V supply and is packaged in a 24-pin plastic DIP.

Itis cryacized 23 3independent 16-bit counters, each with 8 count rate of up to 26 MHz. All moces of operation sre software
procramrizble.

——— cixo
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Figurs 1. Block Dl‘-qnm Figure 2. Pin Configuraticn
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FUNCTIONAL DESCRIPTION

General . . A

. The #2%3 is & programmable Interval Ymér/counter
specilically designed for vsé with the Intéi™ Wicro-
computer tystems. Its function la that of 4 {eneral
purpose, multl-timing elemdnt that txn be trésted &S n
array of 1/0 ports in the sysiém software. .

“The 2253 solves one of the most common probléems inany

microcomputer system, the génertiion ol dcdurate time
Gelays undersoftware control. Instead ol sening up timing

Jocps insystems software, the progrimmer configures the -

8283 10 match his requiremanis, initlalizea ons of the
counters of the 8253 with the desired quantity, thén upon
command the 8253 will count out thé délsy and interrupt
the CPU whén it has completed iis tdsks. 1t i easy tb see

that the software overhead is minim4l and that multigle.

celays can easily be maintined by &tsignment of priority
levels, F . .

Cther counternimer functions thst dre ndn-delay in
nsture but also common to mest microcomputers can be
implemented with the 8253,

* Pregrammable Rate Generator

« Event Counter

« Binary Rate Multiplier

s Real Time Clock

« Digital One-Shot
Comcler Moter Coniroller

Cats Bus Buller v
This 2-ataie, bi-¢rrecionsl, B-bil butieris useclointeriace
the £253 t0 the systemn data bus. Dats is trunsmittec or
recsived by the butier upon executienol INputor CUTput
CFU Insiruciions, The Daiz Eus Buller had three basic
funchionn : v
Frezramming the MODES of the 8253

Lcacing the count registers, *

Feacing the count velues, 3

Fancii¥rrits Logle

“he [ and AWt Logie dccepts inputls fror: the system bus
anes In tm generates control signals for overall Cevice
croerrticn, 1t i3 enahled or disibled by CS 30 that no
crerriicn cxn occur to changa the funciion unless the
ceninr has been selectied by the system logic.

RD (Razd) .
£ Tlcw” on this input informs the 8253 ihat the CPU is

ingutang cata in the form of 8 counters valve. -~

Wh rerrite) !
“cw~" on this input informs the £2%3 that the CFU is

[R I

cutpuning ¢ata inthe form of mode information erloaging

cIunierz,

A0 A1 - : i

Thesé Inputs are normally connected tc the address bus,
Their function is to select cne of the three counters 10 be
operited on dnd to address the control word register for

. inodb salection. . .

-T3 {Chip Select) - ’ o -
A “low™ bn this input enables the 8252 No reading or

. writing will occur unless the device is seiected. The CS

input has no eflect upon the actual creration of the
counters, . -

S 31

— GATL D

p——o0Out e

.t Y]
———GATL)

p——ee- OAT )

p—— LK 2

caATY

CVhT <\__ ,‘_._.\ | -
necimer PN N H

l 3
INTT Ay 0uS /L‘

Figure 2. ‘Block Disgram Showing Datr Fus Butlar and
N Resc/Wrile Logic Funcdons
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0 1 I 0 1] Loac Counter No. 0

o {-1 ) o | o | 1 | Lo Coume Ho. 1

o-{ 1 o | 1 1 0 | Loac Counter Ho. 2

0 1 o | 3 | 1 | writr vode Word

0 0 1 0 i 0 Resc Counter No. O

0 0 ! o | 1 Resc Counter No. T

] 0 1 1 | 0 | Resc Counmer No:2

0 0 1 1 No< seration 3-Suts
3 X % | X | X | Diszie 35a0u

a | 1 1 | x | x | ReTowwton SSun
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Czntrol Word Reglster

The Control Word Fegister is selected when A0, Atare 11,
It then gccezts information from the data Bos tutler and
stcres it in 8 register. The information stored In this
register contrcly the cperational MODE of each counter,
seiection cf binary or BCD counting and the lnadmg of
each count register, .

Tha Crnirel Word Register can only be written into; no
reec eoerancn of its contents is available, -

Counter #0, Countar #1, Counter #2 -

These threa functional blocks are Identicalin operation so
crly 3 tingie (Ccunter will be Cescribed. Each Countar
coraistt of 3 aingle, 16-bit, pre-eettable, DOWN counter.
The counter een eperals in either binary or BCD and its

ircut, ¢ate anc ouiput are configured by the selection of .

WMCTES ricreo in the Control Word Register, .

Tre countery are fully independent and each can have
tecrirte Moce conflgurstion and counting operation,
birzrv or ECJ, Also, thare are specis! festures in the
coatrof warr thet hancle the loading of the esunt value so
thet scirmare overhesad can be minimized for these
funciicns. Y ¥

The reecing of the contents cf each counteris aveilabls to

the programmer with simple READ operstions for event

counting acrlicaticny and scecial commands and logic

rre incluced ir the E253 so that the contents of each

ceunier can ba read "on the fiy” without having to inhibil
e clocy input

BZE3 SYSTEM INTERFACE

The £253 13 a ccmponent of the Intel™ Microcomputer
Syriems and interfzces in the same minner as &1l other
pericherzis cof the family. It Is treated by the systemi
$oftware a3 an armay of peripheral 1/0 ports: thred &ré
countery anc the fcunh iz & control regisiér for MODE
programming.

Easicsily, the select inputs AQ. AT connect 1o the AO, A1
sccreas bus sicrelz of the CPU. The €3 csn be derived
Cirectly from the address bus using s lineir select method.
Cr it can be coninected to the outpul of 2 decoder suchbs
2N intei® £205 for larger systems.

. <
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w (T K KOO — e
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Figure 4. Block Disgram Showing Control Word
Reglster and Counter Funcons
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mtef : 8252/8253-5 . :
- . - ' M — MODE:
OPERATIONA - S
RATIONAL DESCRIPTION. M3 M1 Mo- .
General - - ojo}jo | Mode O .
The complete functional daﬂmt}on of the #253 Is 0 0 1 | Mode 1 : T .
programmed by the systems $oftware. A set of control x |1 0 | Mode 2 : .
words must be sent out by the CPU to initializé edch
ccunier of the 8253 wilh the desired MODE and Guintity X |1 1| Mode 3 .
information. Frior to fnitlalizatién, the MODE, cotnt, and 1 1'o 1 o] Mode 4 e :
oulput of all counters Is undefined. Thése control wordd .
program the MODE, Loading sequencs &nd séléctlon of 1 0 | 1| Mode5 : R
binasry or BCD counting. . . o
Once programmed, the 8253 is ready lo perfovmwhnever BCOD:
timing tasks it is assigned to accomplish. / .
The sctual eounting operation oi_ each counter is ' 0 | Binary Counter 16:bits’
completely independent and additiond) logic is provided - ;
on-chip so that the ususl problems associated with 1 Einary Coded Decimal (ECD} Counter
efficiant monitoring and management ol external, {4 Decades)

asvnchronous events or rales to the microcomputer
=ystem have been eliminated. L
Prosramming ths 8253 - .

Allcithe WODES lor each counterare progvimmed by:nhe
syiterne sottware by simple 1/0 operations.

Fecq rzvnter ol it e 8253 i3 individually programmed by,
wt =z eenttnl woid into the Control We+r? Register.
if -3 .

anter { Werd 1 ermal
T Oe D D Ca 2] Dy Cq
{55 | ALr | ALo [mz ] m o | gco |

%3
V3

Definition cf Contrel

5C — Salect Counter

j 5o frtote] Y
0 | : Select Courter 0™
8] | 1 Select Counter 1 .
1 0 Select Coumter 2
1 1 llegal

RL — Pssd/losd: = -

RLY RLO B ..
0 [s4 Counter Lstzhing operation {see
READ/WRITE Procedure Section}
1 o] Read/Load most signifiant byts only.
0 1 Read/Lesd least significant byt only,
1 1 Read/Load laast significant byts first,
: then most significan byte.

Counler Leading

The count register is not Io:ded until the rount value is
written (one or two bytes, depending rn the moce,
selecied by the AL bits), followsd by & rising edge anc 3
talling edge cf the rlock. Any tead cf the counter prior i
that {alting cloch pacs may yield invalid ca'a.

HCDE Delinllicn -

MODE 0: Interrupt on Terminal Count. The oulput wiil
ba Inltlally low sfler the mode set operaiion. Aller the
count ia lcaded Inta the selected count reg ‘rier, the out:
put will remaln low and the counter will ezt When ter-
minal count Is rezched the outaut will ¢ Sigh end re-
main high unt!l the selected count regiztrr [s reloaded
with the moce &r = new count Is loadec The counter
continues to cecrement after terminal count has been
‘Teachec. & O

Rewriting a counter register durfnc counting vesuns In
the following: . .

(1) Write 1st byte stops the cun'ent cwn!lnc
{2) Write 2nd byle =ztans the new ccunt.

MODE 1: Programmable One-Shol The cutpul will o
fow on the count lollowmc the rising edca of tha gale in-
put .

The outpul will go high on the hrminzl count i & new
ecount value is loaded while the culput s low [t will nct
af{ect the duration of the one-shot pulse until the suc.

. ceeding trigger. The current count can be read at any
. Ume without aflecting the one-shol pulse. .- .

The one-shct Is retriggerable, henca the output will re-

- tmaln fow for the tull count after any rsing ecge of the

¢ata Input.
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MODE 2 Rale Generator. Divide by N counter, The out-
Fut will bw low for one pariod of the Input clock. The
perta irzm one output pulse to the next equals the
numtar af Ieputl counts In the count register. If the
count reqister |s raloaced between output pulses the
presen! nerfod will not be affected, but lho subsequent
rensd will reflect the new value.

The galn Input, when low, will force the cufput high.
When tha gote Input goes high, the counter will start
ficer the Inht'al count. Thus, the gate Inpul can be used
1o synchronizs the counter. *

Wher this mode Is sal, the outpuf wilLtemain high untll
sfisr the count recister I3 Icaded. The output then can
aito ba synchronized by soltware, .

MORE 2: Sguars Wavre Rate Gensrator.Similar 1o MODE
2 escert 1hst the output will remasin high untll one haif
the count has been completed (lor aven numbers) and
¢o low for the other half of the count.This Is seso
pllishad by dectementlng the counter by two on the fall-
Ing ecge of each clock pulse. When the counter reaches
lerminal count, the stats of the output Is changed and
the counter Is relcaded with the full count 4nd thé whole
process ls repeated,

I the count Is 0ad and the ou!puf Is high, tho first clock
pulse (after the count is loaded) decrements the count
Ly 1. Subseavent clock puises decrement thas clock ty
Z Altertimecet, the cutput goes low and the full count
Is reicaced. The first clock pulse (lollowing the relcac)
cecienents the counter by 3. Subsecuent clock puises
Cecrenent the count by 2 until timeou Then the whoie
process Iy repeatec. In this way, I the count Is ocd, the
culzut will te-hich for (N+ 1¥2 counts and low for
N~ 17 covnts.

In Moces 2 end 3, if 8 CLX source other than the system
Clock iz used. GATE should be pulsed lnmediltelylo!lomnq
Vel e new count value.

MODE & Scitware Trigpersd Strobe. Allsr. lhe modé is
sel, Ne oulput will be hich. ¥hen the count Is leaded,
the counter witl be"ln counting. On {ermina! coun( lho

. - . - ’
output will go low for one input clock period, then wiit
¢o high again,

It the count regisier is reloaded r!uh’ng couni'ng, the new
count will be loaded on the naxt CLX pulse. The count will
be inhibited.while the GATE input Is low,

"MODE 5: Hardware Triggersd Strobe. The counter will

start counting afler the rislng edpe of the tripger Input

* and will go low (or one clock period when the terminsl

count ls reached. Tha counter ia ralripceratis. The out.
put will not po low unti! the full count aftar the rsing
edge of any trigper.

Tenasl Low
Strtus Or Gedng b
Moses Lo Rising High
o Disstites, —_— Ensoies
counting counting
) o — 1) Inshiates —
wuﬂllhe
&) Resats outoant
A sher nest ciocy
2 1) Dinstres
counung i R.b:a’ Ensomwy
nter
2 Sev oviput - . counting
2 Invtieten
immeaistery 5
hegh c.au.n —
a 1) Dissores 1) Fedosas M
counung cournve Ensoles
] .!.ou output 2) Initistes zoumnq
nneduiery Courtting L2
high N
4 Disatres e Enadiss
) coundng countrg
.8 RO — Inioetes —— 1
y .  eoumbng i

Flpure &. Giis Pin Operations Summsry
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223 READ/WRITE PROCEDURE
writs Operutions '

The sveires schiware must program each counter of the
to23 with the mndae and quantity desired. The program-
mear must write out 1o the 8253 8 MODE control word and
ns programmed number of count register bytes (1 or 2)
prier 1o actuslly ©3ing the sslected counter.

The aciual crcer of the programming is quile flexidle.
wning out of the IMODE control word can be In any
secuence of counter selectlon, e.9., counter #0 does hot
have to e first or counter £2 last. Each counter's MODE
eznuol word register has 2 separate acdcress so that Hs

lcacing is completely sequence independent. (SC2. SC1) |

The Ilcading of the Count Register with the sctual count
velue, however, must be dcne in exscily the secuence
programmmed in the MCDE control word {(RLD, RL1). This
loscing ©f the counters count register {s still sequence
incependent like the MODE control word losding, but
when & selecied count register is to be loaded it must be
loaced wih the number ol bytes programmed in the
WCOE control word (RLD. RL1). The one or two bytes to
be loaded, in the count register co not have {0 tollow the
essocisted MODE control word. They canbe programmed
at any tme following the MODE control word loscing 23
leng es the correct number of bytes is loaded In order.

All ccunters are down counters. Thus, the value lcaded
Inic the count register will actually be décremented.
Lecscing :ll zeroes into & count register will result in the
meximum ccunt (2'* tor Binary or 10* for ECD). In MODE O
the new ccunt will not restart until the load hzs been
cemrlefed, 1t will 2ccept one of two bytes depencing cn
how the MCCE control words (RLO, RL1} ace program-
med. Then proceed with the restart operaticn.

MODE Conuoi Word

- Coumer n
Regirter byt
Lsa Count Regirter tyte
Courtrtes n
Msa3 Count Regitter byte

Counter nn

Rote: Foomat shown it 1inols exsrole of l;»dinq the I'2%3 and
dows not imply thet.it it the only format tat on te ued,

Figure 8. Programming Format

Al ] AD
MODE Cenuol Word
ooy Counter 0 ! !
MODE Control Word
bex? : Counter 1 \ !
Ne. 3 MODE Contrel Word ) 1
Counter 2
No.4 | LsB Count Register Byte 0 1
Coumer 1
) Count Register Eyte o 1
No. 5 | MSB Counter 1
No. 6 | Lsa Count Register Byte 1 0
T Counter 2
Count Register Byte
AS 5 1 0
No.7 | MSB Counter 2
Count Register Byte
: o 0
N?' e Ao Counter 0
Count Register Eyte
[ 0
No. 8 | MSB Cotnte 0

Nots: The exclusve sddr reses of sech countsr’s count rrginer maks
the sk of progremming the 825 3 very sirroie matter, pred
max irraom etiective use of the oevice will tesmult it thia feature
fe tuiry writized.

Figure 8. Alernste Programming Formsixz
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8253/8253-5
Resd Operatlons’ Read Operatlon Chart .
in mest counter acplications it becomes neceasary to read a1 A0 RD ~ .
the value of the count in progress &nd maké 2 .
compoutstional cecision based on this quantity, Event 1] -0 0 Read Counter No. 0
counters are probadly the most common application that
uses this.function. The 8253 contains logi¢ that will ailow ° ! 0 Resd Counter No. §
the pregrammer to easily read the contents of any of the 1 0 0 Read Counter No. 2
three counters without disturbing the $ctusl count in 1 0 el

progress. .
Trere 2re two methods tha! the programmer can vse 10
read the value of the counters_The first method invoives
the use of .uimple /O read operations of the seiected
counter. By controlting the AO, AY inputs to the 8253 ine
programmer can select the counter to be read (remember
1IR3t no rez¢ operation of the mode register is allowed AQ.
/1 11) The onty recuirement with this method is that in
crees 1o assure 2 stable countreading the actuat operation
¢! ihe setecicd counter Mmust be Inhibited eithesr by
contreifing the Gate input of by externaliogic that inhibits
thn ctecr input The contents of the counter selected wiit
te 2vailapie as follows:

first 1/O Rerd contains the least.sicnificant byte (LSB).

trcone 170 Read contains the most significant byte
(IS E),

Dve 1o the internal locic of the B253 it is adsolutely’
recess3ry 10 ccmplele the entire reading procecure. I two
tvies are crogrammed 10 be read then two byies must be
reac belore any Icacing WR command can be sentto the
same ccunter. i X

.

Reading While Counting

In order for the programmer 10 1748 the centents of ary
counter without effeciing or ¢ rturbing the counting
operation the 8253 has special internal logic that can te
accessed using simple WR cc-inands 1o the MODE
recsster, E2sically, when the prociammer wishes 1o read
the contents of a selected counte “cnthe {ly" heloads the
MODE register with a specisl ri:ce which tatches, the
present crunt value into a storace register so that ts
contrnts contain an agcuraie  siabie quantity, The
prograrmmer then issues 2 horm i read command 10 the
selecird counter andihe contents cfinhe laiched registeris
available. . 1

MODE Ragpister for Latching Count

AD, AT = 11

o1 | po
| x

D7
sCy

De
S0

SC1.SCO~— specify counter 10 te laiched, .
D5.D24
X — dont care.

— DO cesignates counter latching operation,

The =ame limitation spplies to this mode cf reading the
counter as the previcus method. That is, It = mancatery
{o ccmplete the éntlre read ogersiicn as programmed..
This command has no effect on the counter's mode.

T3MH .
LK : -2

® 1.5MHz .
CLK .

LS

=11 an 808% clock eutput 18 1o arrve an B34 dock tnout, 11 Musl be recuced 1o 2 M2 O laas, . N

¥253.5 .

Figure 10. MCS-$5™ Clock Intsrizcse*®
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AESOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias

Sirrane Temperature

yvelaze On Any Fin
Vit f eapectte Ground

Fewar [Nisgiprtion

PR PPN - g'Cte70C
~£5° Clo+150°C

L ~0.5Vio+7T V"
1Wart

*NOTICE: Streszses sbove these listed uncer “Absolute
Marximum Ratings™ may cause psrmansn: camsge to the
Cevica. This is » s:rens reting only and lu~ctonaf opers-
tion of the dsvice st these or any other corditions above
those indicated In the operstional seciions of this
specificxtion Is not implisd. Exposure to rhsolute maxi-
mum reting conditions for. extended pennre may sffsct
cevice reliability.

D.C. CHARACTERISTICS (T4 = 0°Cio 70°C, Ve = £V 210%) *

Symbol Parametér Min. Max. Unit Test Conditions
Vi Input Low Voltage -0.8 0.8 v
Vit Input High Voltage . 22 | Vecs5V v
Vor Owiput Low Voluage - 0.45 l \4 Note 1
Vi Outpunt High Voltage 24 \Y% Note 2
li, Input Lead Current 210 pA. Ving = Vee to OV
lorL Outout Float Leskaoe =10 1A YouTt = Ycg to A5V,
tem Vee Sceoly Current | 120 ' mA
CAPACITANCE (74 = 25°C, Ve = GND = OV)

Syrrbal Parameter Min. I Typ. Max, l Unit Tent Conditions

Cy Inpet Capacitancs .10 pF fc = 1 MHz

Cirn 1/Q Cacscance el pF Unmeasured pins returned 1o Veg

AC. CHARACTERISTICS (x = 0C 10 70°C, Ve = 0V = 10%.GND = 0V) *

Bes Prizmaters (Note 3)

RILD CYCLE =
.. 8253 82835 |
- Symbal Parametsr Min. | Max. Min. Haz. | Unit”
—
1 | Address Suble Before READ 50 30 | m
tRA l Addrers Hold Time for READ € I3 | ns
| tam | RERD Pule Widih <00 30 | ns
WO Dita Oelay From READ(Y . 300 0 { m
L =k FEAD to Dam Floating s 128 25 00 ns.
: tey Fecovery Time Betwean READ . - ¥ ._'s
1 and Any Other Contrel Signal ' -
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- A.C. CHARACTERISTICS (Contlnued)"

WRITE CYCLE
. ® 8253 82535
Symbol Parameter . Min. Max. Min. Max. UnRit
taw Address Sable Belore WRITE . g0 . . 30 - -
Wwa Address Hold Timé for WRIT B 30 ’ k3] . . ns
Ty WRITE Pulsk Width © 400 00 ns
tow. Dats Set Up Time for WRITE .. 300 -250 o oms
two Daw Hold Time for WRITE 40 » o) ns
Ry Recovery Time Between WRITE 1 oqe o
and Any Othet Control SlondJ
LOCK AND GATE TIMING . 1
/ - 8253 82835
.Symbol Parzmetar M2 * Min Max. Min. Max. Unlt
teiy | Clock Period - . bk bt o] e iz o) ée ns -
i | High Pulse Wicth 230 prico] ns
thwel ] Low Pulse Widzh 150 15 | ns
ww | Gate Width High 150 | 10 ! [ ™
S Y | Gate Wicth Low . 4 | ioo ] | s
o | Gate Set Up Time to CLKT - 100 | 100 | | s
e | Gate Hold Time Atter CLK? 50 | g i m
[T "5 | Outout Delay From CLKI] - 20 | [ |
- 206 | Cutput Deliy From Gateld 4] e | [ 3 ] m
NOTr Y
Tl e T2 mA
R Y
2 /7 irurga messured al Vo 2.2, Vo = 0.2
4 ocaner .
T For Extenced Temperaturs EXFRESS, use MEZSY o.loc‘.rial parameters.
A.C.TESTING INPUT, OUTPUT WAVEFO;U»‘ ) A_C. TESTING LOAD CIRCUIT ’

o L . ) brvct '

R

< d

AC TLITLw: UamITS ARE DAY OL AT 2.6V KON A LOGIC “T* 400 A &FY FOm A co. . -
LOGAT 0" ThamwG) MLASURDMENTI ARE MADE AT 2.7V FOA 4 LOGIC T AMG
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V/AVEFORMS o T T
WAITE TIMING ' “| | READTIMING
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CLOCK AND GATE TIMING
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