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Drug Arranging Machine Controlled
by Microcomputer

Mr. Siam Deeudomvongsa
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Mr, Jitti Nukaew

Applied Physics
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Abstract

In this special project we have constructed a drug arranging

machine controlled by microcomputer IBM PC. C.programming language

is used in data base management.

The system can select up to 64

drug bottles and the average speed of releasing is 100 tabets per

13.4 minutes
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Interfacing to the I1BM PC for he prototype board
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W 1/0 port-address map UNANIIM 2 A1 AD LD IASANISH 512 wDRLASH
a8 €
ADENUA 0000H-01FFH 92 LUMIDAIASAWIINYEY system board WAEUDAIASANDSH 512
dﬁ. 0 4
UDALASHNBANIE 0200H-03FFH 918 feature card ports DY IMARDAYOY 1BM PC
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I
0s 174 t o 7] E 1 )
M 5 dRdA UARMIU  Prototype board Uuazdyéivud 0300H-031FH Sefiifiuy 32

¢ . b
UDBLATRHDIN L NIUY

Rear of PC ,
GND | 81 Al b——— OCHCK
RESET DRV D7
+5 VDC D6
IRQ2 05
-5 VDC D4
DRQ2 D3
-12vDC D2
Reserved e D1
+12VDC — b———n0
GND: 810  A10 ——— /O CHRDY
MEMW ———i | AEN
MEMR |———— A19
oW a8 8.
i . ‘#
TOR | AV £
DACK3 f———a1s §
DRO3 Al15 3
DACK At4 i
DRQ1 A13 |
DACKD f—na12 |
€LOCK B20  A20 b———AN !
1RQ7 A10 f
RS " A9 :
1RQS A8 f
IRQ4 ~all -l o !
1ROy ——— SV |
DACK2 AS |
. T/C p——— A4 ‘
ALE A3 |
+5 VDC A2 |
0sC —A1 l[
GND———{ B31  A31 |—AD
|

)
o

SUR 3.1 uaANB I N ULANDR 1BM PC
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3.2 dnavavdumn /18 wim wasn (1/0 port timing)
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cfl o
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wswukua1ﬁtﬂau1Uuua1ﬁcﬁaﬂunwxﬂwuﬁagaawnwa%w (1/0 port Read bus cycle)
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] g g ¢: 4 %;’ °r F-3
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2 ar ' d &t * v
nyn uazazﬁuqmnwsn“nnuﬂuua1ﬁlﬂatuaﬁuqmﬂvqtaaWﬂaqmﬁan Ty 22 1A iTiny
g ’ [] & I3 %.: 1] 0.
un@datg 1 faiias 18 a1 i awoeatan 4 an ufnIw IBM PC #fuazifuiRag )y

. a S¥ . : o s 4 & e
A Ty WudTEARYNeN 1 §n wig e Ol A Rl e 1,05 sec
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™ T2 Y T3 ™ T4,
t]—
Processor L, 19 3 :
clock Symbol {Max.] M.
1
ae S o e w | - {2005
' 12 - |12as
- ] 10— I—-— 13 - ns
i 14 15
‘ 16 128 16
oR I‘._m g ais v - | o1
o 1 J 8 351 10
18 19 - | a2
r_ t12 t9 l4_ 111 t10 ki 10
) l - : m -1 10
0o-07 ; u2 | - |s518
113 - |668
113 . - - ’
All times are in nsnosecontls
H
Data must be '
valid here :

guﬁ 3.2 thngiAsranissnuiaysenvesn 1/0 |
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]
a ’ &

( 4 3 [-7) » i
YARIND TN lﬁaﬂﬁwa%mﬁgnn”muﬂn“nwssuﬁagawauuuuaﬁaga

o
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Uix g Batiae (Suduludvvoeeian Ty $01fug A ALE uoefi (adSn

"1")  dyyon ALE 5asgnﬂﬁ1ﬁaﬁﬁuaﬂquns&ﬁn“n1uéauﬁu 8088 nIUiayADY
yutiAuanIasd U UDUB IR YDA ALE &Nlﬁuuﬂﬂlﬂﬁﬂwﬂ{ﬂﬁ 8088 fvN19aE
findody (il Ao waniasavaywosh 8088 fidounnsasdudioyani)
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1ﬁqUnséﬁn“N1uévnﬁu 8088 s wiWA1% 1BANS | BuutayRasuuKasY  (1/0 port
Write bus cvcle) Wi 8088 asn“nwsdvﬁayﬂﬁﬁawnwsdwﬂﬁwa%nﬁn“muﬂﬁpaan
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1, tswfeafunsfwoudiatgdatunysdwliogaannnadni falinain - 1/0 awninhae

NN AT B 1 AR 16T

T T2 13 ™ T4
1 }———
P'clockor 12 13 Symbol {Max.{ Min.
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ALE L"F "'-E" t5 12 - [12a5
13 -1 718
"'s'l ) t4 15( -
AD-A15 Valid port sddress’ ’ :Z 1;: 1;
L. J . 17 91.5
iina 4 1 b 8 35| 10
Tow - ‘ﬂ*— 19 1221 14
) t10 - 10
_>I ;«-HZ t10 - r t 35| 10
u2 {n2| -
Do-D7 Valid data from 8088 _ 13 506.5| .
*All times are in nanoseconds
19 113 ;

d s o -] Lo - L
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3.3 QunimauieRa 8255 PIA

wnst8audasense 1M PC fu prototype board S¢fiT-¥Fniluantviioannis
Decode Address Port #“M3U prototype board Ha7 ?3ﬁﬂﬁﬁgUﬂi&%QﬂﬁﬂuﬂWSﬁiﬁﬁﬂ
' ] a o ¢ a ' €a . %
daszuine By dugunsdnisuan wiaifenit guniddumn/iawfn (1/0 Devices) %

¢ P I T 1 &
qUnsmﬂwumﬂmann1uﬁ1n1ﬂcﬁuuﬁa 8255 PIA (Programmable Interface Adapter)iny
4 P 'Y a [
8255 PIA 3t | unasnainiluiasiuT 19a1 905 8088 AN 3 wadn Gauae tSunwaINANY
[ §4
v wosn 4, vash B, wadn ¢ uazfifuavRonaSnanwasuas | Tuidifemadnbimmiaz wadn
le

L9 Wiy

NN HMANDA | ASFHDINYINHOTHANIUL 8255 PIA 3INNIS Decode UDALASH
v yo fuoniasAnoinosf 300H-303H $9as WIS N THARDTIA TN 8255

ERGRERE AQYIRAILANNISN N MDY 8255

Al A0 RD WR CS

inpm operation (.md)

0 0 0 ] 0 Port A to data bus

0 1 0 I 0 Port B to data bus

1 (] i 0 Port C to data bus
|
Outpst operation (vwrite) .
|
i] 0 1 0 0 Data bus to port A '
0 1 1 0 0  Data bus to port B }
1 0 1 0 0 Data bus to port C |
1 1 1 0 0 Data bus to control |
{ !

Disable function

X x x x 1 Data bus to three-state '
1 1 - 0 1 0 Illegal condition |
X x 1 1 0 Data bus to three-state |
|

SN 3.1 1AAY Basic Operation of the Intel 8255 PIA

5
FOTRIN NI PORT A iUDAIASH  300H
PORT B flusmiasd 301H
PORT C HNuamiasd  302H

REGISTER CONTROL WORD iludmims& 303H
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3.3.1 NMINNMUEBN 8255 WA 0 : Basic 1/0

7 ¢t voic (3
N1518n 8255 WA 0 Aaviy control word WMAFET1ADINILAI

' & P 3
1 Aunou control word UQ‘J”"’MHWH']?W'N'W'linﬂlﬂlma%Wﬂ‘iVmﬂi B255

swuaz1§uauﬁazﬂnnav%ﬁatﬂﬂ%ﬁiuqunav 8255

Port 303H ;

Mode select flag
1 = active

Group A mode selection

0 0= mode O Basic 1/O {one 8-bit and one 4-bit port)

0 1 = mode 1 Strobed I/ {port C does handshaking for port A)

1 x = mode 2 Bidirectional bus {port A is 8-bit bus, port C does handshaking)

Group B

02 | o1 | oo

Port B Port C (lower)
1 = input 1= input
0 = output 0 = output
D2
Port B mode selection X t

0 = mode 0 Basic 1/0 . l
1= mode 1 Strobed 1/0

o o ' I3 ¢
EUVI 3.4 llﬂﬂ‘i‘i"maﬁlﬂUﬂllWﬂ%ﬁUﬂUﬂ\T%salmﬂ’iﬂ?u@ﬂ 8255 PIA
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4.1 DTN SUDNSEVY

: [] 114

" y w A p) . ’

Usenauiy  gant #1181 UUMANTINS N MU SE LU A Y 10unn15 L ﬁuﬁayaﬂm 4
1 =Y o [} ! ’ A o
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MAIN
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DELETE

LIST

SEARCH

SAVE

> LOAD

LELGE
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awnguﬁ 4.2 uaﬂwguﬁaunwﬁn”nﬁuvawqﬂﬂ“ﬂ\uavszUUtﬁ%aeéﬁﬂunﬁhiuﬁﬁﬂauguﬁuu
1WIATADNIN LAY mmwﬁsnauﬁwqm"ﬁ‘\imv (TUSHNGHE0H) AN BNNE I nAf
m‘hv"mmucéasz‘ian"ﬁwauﬁoﬁ
t‘mn"ﬁ’wau ENTER
-3¢0V memory heaplﬁalﬁu data
-1y data WMWY buffer
-tfiv data 3WNFWMYS  buffer AVIY memory fiany 14uAnene: 1inked 1ist
order sort
¥nA Aoy DELETE
~1JuN15AU data W linked list 087% name U key
qﬂﬂ“ﬁqﬂau list
-3 data ﬂﬂna“ﬁu%«%uﬂﬁagﬂu linked list
qﬂn“ﬁhﬂau Search .
-U4A0y  data zawwzﬁaﬁﬁb#nwsazﬁunﬁﬁu linked list A8 namevosfo
y 11N key
qmﬂ”ﬁhﬁau save
-ifiv data ﬁﬁhuﬂﬂu memory YN linked 1ist AvMINATYL disk
gan Wetoy load
-15un data Qﬁﬂ1ﬂ£ﬂu disk 8V memory ¥ heap
qmm& output

[
& 8

& code uDNHN wasIWIMIHAuHABINIG08N port ALY name savionn
101 key
qmﬂ”ﬁh exit
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1, @ o 4 o [77=Y 9
4.2 shumsuﬂa;manu‘m‘imﬂaumma{ 1BM PC_32¥5% UUIATDN MY 10R TUA muquéw

1iriasAoafin 1S IBM PC

g dondofivtaiasroniininad 1B PC tmm:umsnﬁu‘mguvao Prototype Board
feioidfiu afonvavtuinsmawfiningd IBM PC IApasuszndudiy Bus driver;decoder
and Control logic;programmable 1/0 ports a2 programmable counter %wﬂz
UANYS LAY L JuadN ﬁ

Bus driver WEUS£NdUAIY  1C #74LS245 (Transciver with 3 =*ate Output)

a3 Grwiiuns Butiaduas oy cfanesoy L AMAINEA WA TAVIE 1ANYINSY 4.3
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Do | Y Q Do
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Py ul N b S
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05 % < 4 b
D; 1 N y D
21 11 4 1 2 m
ZIow 1} o P KD
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A ] > A

A © %’ ” As
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A : ~ 5 s

As . N fa _As

A P Jd#% I3 Y
A sl 0§ 2 A

: o N

9

1]}7
[
3
s

ol

+6vde
As “ q Ay
Lo al Ta___m.
Y| 7
el W ———
N o . oNn b BRey
xox & N g 4 Ton
dow 47 | 3 Ion
ey %l 2 Akw
o P ool
_ % J

gUﬁ 4,3 U8 Bus driver circuit



18

decoder and Control logic

)
o

|WUSLNIUIIY  IC £74LS138 (3-Line-to-8-Line Decoder) ¥ BIH 2 67 wmiiil
1N3  decoder address ports g Prototype board Wag IC #£74LS02
(Positive NOR Gate) ¥ ®I¥ 1 @) UAL IC #74LS125 (Bus Buffer Gate with

three state Output) 3"wu 1 # v wiiWitun15iie control logic inBuAANANIY 4.4

7ar52a9 81
19-6 o—- ;
T o
J—
[%-3
741502
IOW
S gazs &1
A )
_~ €5 825
7415125
Cs 82553
1> g
—> ¢ LS5 B2
rzvde
Ay [] A 15
B ] 'd
e 0N T I A\l .
- A 5 e Y =,
SN W= 2 S
AEN 41- ‘3
| Gra
N
s N —
=
AL _ -
Az ATs 5 200-30% (5 8295 ¥
l';f e N o “ 304-:4: & 283
pud As 3le 9w je 20830V 5 sass M1
Ay 3 R 11 »ot = 30F iz
o> 4 g' 0 o B16- 213 ce Gam 2y
AN B
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Programmable 1/0 ports

2 1USENDUR 3 1C #8255 PPI{Programmable Peripheral Interface) 31U 3

& d‘ & 1 o ‘ s
18] %’I“ﬂ‘iﬁ'mﬁ’!ﬂﬂﬂﬂﬂﬂUQUﬂ'ﬂl&ﬂ'lUuﬂﬂ 1/0 devices ‘iﬂﬂ!lﬂﬂ\iﬂ\i‘zu 4.5

v,
tovde +5¥J¢

\ss,
}wn,

.Y,

B
|/ S } 'Ao’ 'Fv
@ |

|1 S

} e To,

e S S

’st
22535 &1

LI & &
o AR —
< 7 A }r,,-&,

4r r———em—
74 ‘
6‘:’_33'11_"_[5 ZAcS\By 8 lu

IHVJL

LT (TR

_

) ‘
} T . Pav

‘l PD'- 'b"

——
—_—
SR

2255 &3

SAspy £ &

gUﬁ 4.5 udMY Programmable I1/0 ports circuit



20

Programmable Counter
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#include <conio.h>
#include <stdio.h>
#¢include <stdlib.h>

#include <(string.h>

strucl address {
char name|307};
char number[4];

char code{d];

strucl address *nexti; /* pointer to next entry ¥/
struct. address *prior; /% pointer to next eniry %/

} list_entry;

struct. address *start: /% pointer to first entry in list %/
struct address *last; /* pointer to last entry %/

struct. address *find{char *);

void tomenu(void), enter{void), search(void), save(void);

void ]oad(void), list{void);

void delete(struct address **, struct address **);

void dls_store{struct address *i, struct address **start,
strucl address ¥*last);

void inputs(char *, char ¥, intL), display(struct address ¥);

int. menu_select(void};



void pain(void)

{

start = last = NULL; /* initialize top and bottom pointers */
forl(;;) |
clrscr();
switch(menu_select()) {
case 1: enter();
break;
case 2: delete(&start, &lasl);
break;
case 3: list();
break;
case 4: search();
break;
case 5: save(); /¥ save lisl to disk */
break;
case 6: load(); /* read from disk ¥/
breal:;
case 7: exit(0};

}

/* Select an operation. */
menu_select(void)

{

char s[80];

int ¢



printf("1. Enter a name\n");
printf("2. Delete a name\n");
printf("3. List the file\n");
printf("4., Search\n");
printf("5. Save the file\n");
printf("6. Load the file\n");
printf("7. Quit\n");
do {

printf("\nEntcr vour choice: "):

gets(s);

c = atoi(s);
} while(c<0 |} 7);

reiurn c;

void tomenu(void)

{
printf("pass anykey to continue");
for(;;) {
if(kbhit()) return;
}
)

/% Enter names and address. ¥/

void enter(void)

{

struct address *info;



for{;;) |

info = (struct addrgss *)malloc(sizeof(list_entry));
if(tinfo) {
printf("\nout of memory");

return;

)

inputs{"enter name: ", info->name,30);
if('info->namef0]) break; /% stop entering */
inputs("enter intilial number : ", info->number,4);
inpnis("enter code: ", info->code,4);

dls store(info, &start, &last);

} /% eniry loop %/

/*¥ This funciion will input a string up to the lencth in count
and will prevent the string from being overrun.

*/

void inpuls(char *promt, char ¥s, int couni)

{

char pl{2557;

do {
printf(promt);

gets(p);

if(strlen(p)>count) printf("\ntoo long\n");
} while(strlen(p)>count);

strepy(s, p);



/* Create a doubly Jinked list in sorted order.
*/
void dls_store(

struct address *i, /* new element. */

struct address #*¥start, /* first elemeni in list #*/

struct address %%last /% last element in list */

)
{
"struct address *o0ld, ¥p;
if(*¥last==NULL)  { /* first element in list */
. i=Ynext = NULL;
i->prior = NULL;
#last = ij
¥start = i;
return;
}
p = *start; /% start at top of list */
old = NULL;
while(p) {
if(strcmp(p->name, i—)name)(O) {
old = p;

p = p->next;
}
else |

if(p->prior) {



Ry

o

p->prior->next = i;

i->next = p;

i->prior = p—)prior;

p->prior i
return;

}

i->next = p; /* new firsl element %/

i->prior = NULL;

i;

p->prior
¥start. = j;
return;
)

}

old->nexi = j; /* put on end */

i=->next = NULL;

i~>prior = old;

¥last = i;

/* Remove an element from the list. ¥/
void delete(struct addréss *¥¥start, struct address ¥*Jlast)
{

struct address ¥info, *find();

char s[80];

printf("enter name: ");
gets(s);

info = find(s);



if(info) {
if(*start==info) {
¥start=info->next;
if(*start) (¥start)->prior = NULL;
else *]ast = NULL;
}
else {
info->prior->next = info->next;

if(info!=%last)

info->next->prior = info->prior;
clse
¥last = info->prior;
}

frec(info); /*¥ return memory to system */

tomenu();

/* Find an address. ¥/
structl address *find{ char *name)

{

struct address *info;

info = start;
while(info) {

if{!stremp(name, info->name)) return info;

info = info->next; /% get next address %/



printf("name not found\n");

return NULL; /% not found */

/¥ Display the entire list. */
void list(void)

{

struct address %info;

", n,

const char ce="¢";

info = stlart;

while{info) {
display{info);
info = info->next; /¥ gel next address %/
if{ce==getch()) continue;

}

printf("\n"); .

/* This function actually prints the fields in eac!, address. */
void display(struct address *info) |
i

printf("%s\n", info->name);

printf("%s\n", info->number);

printf("%s\n", info->code);

printf("\n");



/¥ Lood for a name in the list. ¥/

void search{void)

{

char name[40];

struct address *info, *find();

printf("enter name to find: ");
gets(name);

info = find(namc);

if(!'info) printf("not found\n");
else displav(info);

tomenu();

/¥ Save the file to disk. ¥/

void save(void)

{

strucl address *¥info;

FILE ¥fp;

fp = fopen("data.xxx", "w+");
ir(ife) |
printf("cannot open file\n");
exit(1);
)
printf("\nsaving file\n");
info = start;

while(info) {



fwrite(info, sizeof(struct address), 1, I'p);
info = info->next; /¥ get next address %/
]

fclose(fp);

/* Load the address file, %/
void load()

{

siruct addrecs ¥info;

FILE *fp;

fp = fopen(Mdata.xxx", "r+");
i) o
printf("cannot open file\n");

exit{1);

/% free any previously allocaled memory */
while(start) {

info = start->next;

free(info);

start = info;

/% rescet top and boitom pointers ¥/
slart = last = NULL;

printf{"\nleading file\n");



while(!Teof (fp)) {
info = (struct address ¥) malloc{sjizeof(siruct address)};
if(tinfo) | |
printf("out of memory");
return;
]
'if(]!=fread(jnfo,‘sizeof(étruct address), 1. Tp)). break;
dls_store(info, &start, &last);
}

fclose(fp);
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8255A/8255A- 5
PROGRAMMABLE PERIPHERAL lNTERFACE

m MCS-85™ Compatible 8255A:5 = Direct Bit Set/Reset Capablility Easing
u 24 Programmable 1/O Pins Contro! AppIIc.aAtlon Interface

c letely TTL | = Reduces System Package Count
= Completely TTL Compatible » Improved DC Driving Capability

» Fully Compatible with intel® Micro- m Avallable In EXPRESS A
processor Families . ~—Standard Temperature Range &
® Improved Timing Characteristics . © —Extended Temperature Range &

The intel® B255A is a general purpose programmable VO device designed for use with Intel® microprocessors. it has
24 YO pine which may be indlvidually programmed in 2 groups of 12 and used in 3 major modes of operation. in the firs!
mode (MODE 0), each group of 12 /O pins may be programmed In sets of 4 to be input or output. in MODE 1, the second
mode, each group may be programmaed 1o have 8 lines of input or output, Of the remaining 4 pins, 3 are uud for hand
shaking and Interrupt control signals, The {hird mode of operation (MODE 2) Is a bidirectional bus mode which uses §
lines for a bidirectiona! bus, and 8 lines, borrowing one from the other group, for handnhnkl_no.
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8255A/8255A5 o o

. 8255A FUNCTIONAL DESCRIPTION -

The 8255A Is a programmable peripheral interface (PPi)
device designed for use in Intel* microcomputer
systems. its funciion is that of a general purpose 1/O
component o interface peripheral equipment to the
microcomputer system bus.’ The functional configura-

tion of the 8255A s programmed by the system software *

80 that normally no external logic Is necessary to Inter-
face periphera! devices or struclures. »

Data Bus Butler

This 3-state bidirectional 8-bit bulfer Is used to interface
the 8255A to the system dala bus. Data is transmitted or
recelved by the butier upon execution of input or output
instructiona by the CPU. Control words and status Infor.

(RD) . e
Read. A “low" on this input pin enables the B255A to
send the data or status Information to the CPU on the
data bus. In essence, [t allows the CPU to “read from"
the B255A.

(WR)
Write, A “low" on this input pin enables tho CPU to write
data or control words into the B255A.

/

(Ao and kﬂ

Port Select 0 and Port Sslect 1. These Input signals, in
conjunction with the RD and WR iaputs, conirol the
selgction of one of the thres poris or the control word
reglisters. They are normally connected 1o the least
significant bits of the address bus (Ap and Ay).

'

8255A BASIC OPERATION .

Amlllon are also transierred through the dala bus buller.
D Ay | A9 | RD | WR | &5 | INPUT OPERATION {READ)
Read/Wrlle and Control Logic 9] 0 0 1 PORY A = DATA BUS
0 [ 1 0 1 PORY B = DATA BUS
The function of this block is to manage sl of ths Internal 1ol o 1 PORY C= DATA BUS
and external transfers of both Data and Contro! or Status . . .OUTPUT OPERATION
words. It accepts inputs from the CPU Address snd Con- (WriTe) . - -
tro! bussss and In turn, issues commands to’ both of the 0] 0| 0 ) | DATA BUS = PORT A
Control Groups, \ 0| 1 1 0 ) | DATA BUS = PORY B
. 11 0 1 0 ) | _DATA BUS = PORT C
. 1 1 [ 0 0 | DATA BUS=—CONTROL
— ; DISABLE FUNCTION
(cs) X | x| x| x| 1 | DATABUS= 3-STATE
"Chip Select. A “low” on this Input pin enables the com- ! ) o O [ ILLEGAL CONDITION
muniction betwesn the B255A and the CPU, X} x| 1 0_| DATA BUS=— 3-8TATE
i} .
&x hat wos
— : R
R v ) o
| ) v
i ; i
. ..l-' A A
— =it v~
-
T PRiEhonas Data g . -
e Y .
"t .
] 1A re
—) ok [ Ve
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Flgim 3. 8255A Block Dlagram Showing Data Bus Butfer and Read/Write Control Logic Fupctions .
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o

(RESET)

Resel. A “high” on this input clears the contro! register.

and all ports (A, B, C) are set to the Input mode.

Group A and Group B Conirols

The tunctional conlfiguration of each port is program.
med by the syslems soltware. in essence, the CPU “out-
puts" a control word to'the 8255A. The conlrol word con-
tains Information such as “mode", “bit set", "bit reset”,
oic., that Initlalizes the functional configuration of the
B8255A.

Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Wrlte Control Logic, recelves
“control words" from the interns! dats bus and Issues the
proper commands to Its sssocleted ports,
Control Group A — Port A and Port C upper {C7-C4)
Control Group B — Port B snd Port C lower (C3-CO}
The Control Word Reglster can Only be written into, No
Read operation of the Control Word Reglster is sllowed,

)

Ports A,B, and C

.The 8255A contains thres B-bit ports (A, B, and C). Al

can be configured in & wide varlety of functional charac- .
teristics by the system sofiware but each has its-own
special features or “personality” to further gnhance ths
power and flexibility of the 8255A. .

_ Port A. One B-blt data ouwui latch/bulfer and one 8-bit

dnla lnpul latch
Port l. One 8-bit data Input/output latchbuller and one

. 8-bit data input bulfer,

Porl C. One 8-t data oulput Iltch.'buﬂer lnd one B-bit
data Input buffer (no lnch dor input).'This port can be
divided- Into two 4-bit ‘ports ‘uhider the mode control.
Each 4-blt port containa a 4-bit latch and it can be used
for the control signal oulpuls and status signal inputs In
conjunction with ports A and B.
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operatibn that can be select-
ed by the system software;

Mode 0 — Basic Input/Output

Mode 1 — Strobed Input/Output

Mode 2 — Bl-Directionat Bus
Whan the reset input goas “high" all ports will be set to

the Input mode (i.e., all 24 lines will be In the high im-
pedance state). After the resel is removed the 8B255A can

remaln in the Input mode with no addlllonal Initialization °
* required. During Ihe execution of the system program °

any ol thé other modes may be selected using a single
output instruction. This allows a single 8255A 10 service
8 varlely of peripheral devices with a slmple software
maintenance routine.

The modes for Port A and Port B can be separptely defined,
. whils Port C is divided into two portions as required by the
Port A and Por1 B definitions. All of the output rogiutors, in:
cluding the status flip-flops, will be reset whenever the
" mode Is chenged, Modes may be combined 5o that their
functiona! definition can be “tailored’’ to almost any 1/0
:, structure. For Instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
_ tational results, Group A could be programmed in Mode 1
;. 10 monitor a keyboard or tape reader on an lmerrupt-driven
. basls,
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1
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1= INFUT
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- POATS
- 1o INPUT
©=couTrut

MODE BZLECTION
- ©=MODED
“1=MODE Y

GROUP A

PORT € {UPPER)
1= INRUT
0° OUTPUT

< g

Figure 5. Basic Mode.Definltions
snd.Bus Interface

-

Figure 8. Mode Definition Format

The mode definitions and possible mode comblinations
may seem confusing at first but after a cursory review of
the complete dovice operation a simple, logical /O ap-
proach wilt “urlace. The design of the B255A hae taken
into account things such as efllcient PC board layout,
control signai definllion vs PC layout and complete
functional tiexibility to support aimost any peripheral
davice with no exiernal logic. Such design represents
the maximum use of the avallable pins.

.-

SInglo Bit Sollnaul Fuluu

i Anv ol the tigh! bits of Port C can be Set or Reset using a
- single OUTput instruction. This feature reduces oo!twnm
. uqulmnmu in Control. bnod -ppllcnlom

el

g
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intel
* CONTROL WORD
o fo o [0 [0, ]0 |0 |0,
1 l I l BIT SET/MISEY
. T o< hbey
cang
mu_cl.r cv
DUE000
g;"-n v
folefsisieio]a]v]s;
Eloppli}?" \
. BIT SLY/ARSIY FLAG
0s ACTAR

When Port C is being used as status/control for Port Aor 8, .

these bits can be set or reset by:using the Bit Set/Reset op-
eration just as if they were dats output ports.
Interrupt Control Functions -

When the 8255A Is programmed to operate in mode 1 or
mode 2, control signals are provided that can be-used as

* Interrupt request inpuls 10 the CPU. The interrupl re. .

quest signals, generated trom port C, can bs inhiblted or
enabled by setling or resetting the associated INTE flip-
llop, using the DIt set/reset function ol port C.

“This function allows the Programmer to disaliow or ellow a

specific 1/0 device to interrupt the CPU without affecting
any other device In the interrupt structure.

ANTE fiip-fiop definition:

{BIT.SET) — INTE Is SET — interrupt enable
{BIT-RESET) — INTE is RESET — interrupt disable

Note: All Mask flip-flops are aulomal.ically resst during
mode selection and device Reget.

Figure 7. Bit Set/Reset Format

Operating Modes

MODE 0 (Basic Input/Oulput). This functional conligura-

tion provides simple input and output operations for

each of the three poris. No “handshaking” s required,
data Is simply written to or read from a spec!llad port.

Mode O Basic Functional Definitions:

® Two B-bit ports and two 4-bit ports.

® Any port can be input or output.

® Outputs are letched. ’

® Inputs sre ot Iatched.

® 16 different Input/Output configurations are possible
. In this Mode, e 3

L 1
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wruT x
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MODE 0 (Baslc Inpuf) )
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'A'_'-a__'d . o . - VA—_"l
[ YINT ey ' x
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MODE 0 (Basic Output) ’ .
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MODE 0 Port Definition
A B . GROUP A GROUP B
: PORT C - PORT C
Dq [ D3 | Dy { Do | PORTA (UPPER) | # | PORYSB (LOWER]
0 |o]o { o | ourrur | ourPur | 6 | outeut | ouTPUT
0 06 | o |1 |ourrur | oureur | 1 | outrur | INPUT .
0 | o [ v | o [oureur | ourrur | 2 | inrur OUTPUT -
o'fo |1 |1 |oureur | outeur | 3 | invur INPUT
. 0 |1 ]0 ] 0o |outPutr | INPUT 4 | ouTPUT | OUTPUT
2 .. 011 jo | s | ourrur | INFUT s jourur | INPUT . .
o [ 1 | o | ourpur | iNPUT- 6 -| ineuT . | OUTPUT
' 0 |1 1 1 | outeut. | iNnrUT 7 | InPUT INPUT
" o fol o [ weur ouTPUT | 8 | outPuT | ouTPUT
1t oo v [ ineur outeut | o | outrut | InPUT
t | o[ v [ o] mnveur ouUTPUT | 10 | INPUT OUTPUT
v [Fo T v 1 v . iwvur ouTPUT | 11 | INPUT INPUT . .
. 1.1 [ o] o |iNeuT . | INPUT 12 | oureut .| OUTPUT
. t 1o [ [ineur INPUT 13 | oureur | INPUT
1 t.] 3 | 0 | INPUT INPUT 14 | INPUT outPUT
1 ] 1 1 | INPUT INPUT .| 18 | INPUT INPUT
“* MODE 0 Configurations ‘x
. B - 13
' CONTROL WORD 00 CONTROL WORD #2 - ]
5 b o © b, 0 O o b o D 8 6 O b ¢
Clefefelefe0e I 3 Lolefedefefe] o]
[
i “—_/.!_. PA,PA, 'y _——/—'——. 0n,oh, .
i 2854 Ay | e sl
; e rcac, \ LI
B 0,9, c{ DyDy wm———a—et’ :-[ X s .
£ :
o [y TSR, R
i
¢ » .

CONTROL WORD #1 ]
o, o B O, b, O, B, b

oopooonn

Attt pa, o,

e —

i

BN .
{ f—rt—ry e,
[

4
2
&

—rt v,
e 0y, -

F S e o g
-

CONTROL WORD 83
Oy by & B, B O 'O

fonoooonn

a e oay 08,
A '
NS S Y
| Py Oy S ‘{
. T ——f— 9,56,
‘1 Mttty
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CONTADL WORD 54 -
% © © b b, D, B b

[LLT-LLT]

CONTROL WORD #8
®, o ® Db, D, D, D, D,

noooonon

Py SN L Ny Y S By
A . 117
2 0, et ey,
e 1,06, e rey 06,
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CONTROL WORD #12
o 0o 9 o 0, D, O O,
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ot oy ra

02854
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e ry 96
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S pe, 9, .
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CONTROL WOAD #34
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c .

- e e,
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8253/8253-5 .
PROGRAMMABLE INTERVAL TIMER

& MCS-85™ Compatible 6253-5

s 3 Independent 16-Bi1 Counters

= DC t0 2.6 MHz

= Programmable Counter Modes

The Intet® 8253 is a programmable counlat/timer device desipnad for use as an Intel mlcrocompuler porlphuul ftuses nMOS
fochnology with a sinple +3V supply and s packaged in & 24-pin plastic DIP.

ttis organized a3 3 Independent 16-bit counters, ench with a count rate ol up 10 2.6 MH1. All modes of operation are software

programmable.

» Count Blnary or BCD
‘w Single + 5V Supply

= Avallable In EXPRESS
~—Standard Toemperature Range
—Extended Tomperature Range
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Figure 1. Block Diagram
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Figure 2, Pin Configuration



ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias  ........ 0"Clo70°C
Storage Temperature  .........,.... ~65°Clo+150°C
Volitage On Any Pin

With Respecito Ground .............. ~0.5Vio47V
Power Dissipation ... ... iiiiiveeninennns 1 Watt

*NOTICE: Stresses above those lsied under "Absolute
Maximum Ralings” may cause permanent dsmsge io the
device. This Is a atress rating only snd funcilonal opera-
tion of the device sl these or any other conditions above
those Indicated in the operational aections o! this
specilication is not Implied. Exposure to sbsolute mexl.
mum rating condltions for sxiended petlods may alfect
device reliabliity.

D.C. CHARACTERISTICS (74 = 0°Cto 70°C, Vg = 5V £10%) *

Symbol Parametler Min. Max, Unlt Tent Condillons
Vie Input Low Voltage -0.5 0.8 v
Vin Input High Voltage 2.2 | Vect.BV v
Voi Output Low Voltage 0.45 \ Note 1
Vou Output High Voltage 2.4 v Nots 2
v Input Load Current 110 HA V)N = Ve to OV
lorL Output Float Leskage 210 HA Vout = Ve to 45V
Aec Vee Supply Current 140 mA
CAPACITANCE (14 = 25°C, Ve = GND = OV)
Symbol Paramater Min, | Typ. | Max, | Unit | Toest Conditiom
Cin Input Capacitance 10 pF fc= | MH2
Cuvo 1710 Capacitance 20 pF Unmeasured pins returned to Vs-

A.C. CHARACTERISTICS (Ta = 0°Cto 70°C, Vgc = 5.0V + 10%, GND = 0ov) *

Bus Parameters (Note 3)

READ CYCLE
8263 82535

8ymbol Parameter Min, | Max. Min. | Mex. Unit

tan Address Stable Belore ﬁ 50 a0 ns

tRA Address Hold Time for READ 5 5 ns

thR READ Pulse Width 400 300 ns

tRp Data Delay From READ{! 300 200 ns

tpF READ to Data Floating 25 125 25 100. ns
tay Recovery Time Beiween READ ' 1 ' . us

and Any Other Controt Signal




. A.C. CHARACTERISTICS (Contlnued)

WRITE CYCLE

8253 82535
8ymbol Parameter Min, Max. - Min, Max Unh
taw Address Stabls Bolore WRITE 50 N 30 nm
twa Address Hold Time uﬁ:‘ﬁﬂ 30 30 n
Tww WRITE Pulse Width 400 ~ 300 ns
ow Data Set Up Time for WRITE 300 250 n
wo Dsta Hold Time for WRITE 40 30 m
tAv Recovery Time Between WRITE 1 1 s
and Any Other Control Signal
CLOCK AND OATE TIMINQ
8253 82535
Symbol Parameler Min. Max. Min, Meax, Unht
oLk Clock Period 380 de 380 dc n
trwn | High Pulse Width 230 230 m
tpwi Low Pulse Width 160 160 n
Tow Gate Width High 1580 Thwo | ] ™
G, Gate Width Low 100 100 n
tgs Gate Set Up Time to CLK1 100 100 ns
toH Gate Hold Tims After CLK! 0 50 n
top Output Delay From CLKIe) 400 400 n
tooc Output Delay From Gated ls) 300 300 ns
MOYES:
1. loL = 22mA.

. lon = ~400 pA.

2 : :
3. AC timings messured st Vpi 2.2, Vo =~ 0.8,
4

. Cy = 150pF.

* For Extended Temperaturs EXPRESS, use M825J elocirical parameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

OVIORA DO S

e

AT TESTIND WPUTS AR DRIVENAT J avIOA A LOOKC "V ANDD Y IOR A
LOGIC ‘D" TIMNG MEASURLMINTS ARS MADE AT 2 3V FOR 4 LOGIC *1* AND

prvice
UNDIA

st '_-_lr.-mu
1

€y WCLIDE § A0 CAMCITANCE
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Photo Detectors

Transistor Output

MRD300
MRD310

e
- dasigned lor apy 1 in industiial insg 1, processing and control, counters, .. - - -
'\v.nlmh swilchimg and fogic circits or any dnsmn renguitingg rnddintion sengitivity, nnd stie PHOTO DETLCIONS
0 chnractorinthes TRANSISTOR QUIPUT
® Popular TO-18 Typa Package for Easy Handling and Mouniing NPN SILICON
* Sunsilive Throughout Visible and Near Infrared Spoctral Range for Widor Apphcation
¢ Mmimum Light Current 4 mA st H .. 5 mWremg (MRD300) e e e
¢ Externa! Base for Added Controt - l
® Annular Passivated Structure for Stability and Reliability [%
: ’
i
]
CASE 8203 i
METAL !
i
MA\XIMUM RATINGS Ta ?b"C unless otorease notod) )T T T !
' FooT T T A Y B - 1T el = —TH% N
i Rating Symbol Value Unlt J
! Cnlh-clm ! mrml_\:nl—u&a 1 . A\ VWA A Veeo N ol in__ \'olfs ’
[ (mlllm Cotlecter Voltage VECO 7 Volts ;
N X, noand Wal WY W LEANL, - o N A I
CotiectorBasn Votiage . veBO g vahs ¢
. Tnln' Duvlu- Dnss-nnhnn e Tpo  25°C Pp 250 mw ‘
| ()malo abave 25C | 2.27 mvrC ;
Omnulmn 'lnrnpmnlmn Rnnnn ’ Ta Bhtn + 126 i i
l SIowm%?emnuw!um Rnn,n- Tsig Sb to 150 C l
SYATIC EI.ECTRICAL CHARACTERISTICS ll,\ 25C unlmss otharwise noted)
. R cn.-m.-mu & B Symbol Min Typ Meax Urit !
. & NS AUBEVILY Sl N U7 AW el N
! Collector Dotk Curtent (Vep - 20V, H - D) T - 25°C i Iceo - 5 7% nhA ]
) T4 W00C - a ‘ R
{ Collector-Hase nrrnldown Vullagp (u( 'IOO ,.m VIBRICBO HO X?U Valts ]
Collector-E mitter Hrenlvdown Voliage {Ic 100 uAl ViBR)CEQ 50 = 85 -- Vofla
L t mitter-Collector Breskdown Voltage il !00 ,.AI V(BRIECO 7 J 8% - P v“_"!" ]
OPTICAL CHARACTERISTICS (Tp - 25‘C unless ulhpmisc noted) 4
Light Current MRD300 [} 4 7 - mA
‘VCC 70 v. Rl o Ohms) Noto 1 MRD310 1 s 4
nghl Cuvmnl MRD300 nh - 28 - mA
Mg V. B 100 Ohens) Nato 2 il AP W B o o Bl R i
Photo Cuntent Rise Yime (Note 3) 1 H 2% B
{ _{RL - 100 Ohms. i 1 mA puak) ° i
- e S —— e ———-
{ "Photo Currant Fal Time fivoto 31 1 - 25 4 us H
l. (R| !OO 0?{:’:{}1 1 mA puah; 3 1 ] ] J i . H
NS Ramnllnn fluw nanmy tm ot 10 & mWiem? -mmm tiom o wnumn source a1 8 color tamw'-luw ot 7870 K
2 Hahaton Hus donsity {H) eguat 10 04 mwiem? {puiset) feom g GaAs (gallivem-atsanuin source &t A 840 nm
T For aimaturates mn " § iced by puteed Gals (0 snmitn) hph 0 St {4 B4AD sunl with
Dirtan wilih aous' (0 or gresiar than 10 mecroancons's teme Figure 21 1 t ™A paak

o ——— e ———
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MRD300, MRD310
TYPICAL CHARACTERISTICS
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MRD300, MRD310
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Figure 8, Pulse Response Test Circult and Waveform

OUTLINE DIMENSIONS
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