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ABSTRACT

Robot control by computerized wireless is one of the advanced technology . It has
‘been in modern industrial and machinry factories . For long distance’ cotroller , it is more
convernience and more economical to controlled the operation of any equipment to via
wireless comm;nication . Herein , the robot is built up . The robot is controlled by computer

program via electronic modem . When the robot get the computerized ,it get ready to work

out.
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LD A, 00

OUT (42),A

JP, AAA
ERROR : LD A, 20

ouT (42),A

&&& : NOP '
R, &&&
AAA : LD HL, 8000
STB : IN A, (42)
BIT 0,A
JANZ , STB
LD A, 10

OUT (42).A
IN A, (40)
LD (HL),A

Cp oA
JRZ, RET
INC HL
LD A 00

OuUT (42).A
LD B, 10



LOK :

RET ¢

17 :

KKK :

MMM : LD

LLL :

DEC B

JRNZ, LOK

IR, STB

LD A, 00
OuUT (42),A
LD HL , 8000
LD D,02

LD IX 0300
LD B, 00
LD A, (HL)
Cp 30

JR C, error
Cp 40

JR C, KKK
Cp 41

JRZ, KKK

CP 45

JRZ, KKK

IR, errror
SUB  30H

LD CA

ADD  IX+BC
LD A, (IX)
CP OE

JRZ, LLL
(HL),A

INC HL

IR, 133

DEC D

JRNZ, MMM
LD (HL),A
LD HL , 8000
LD DE , 8000
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QQQ:

CITror

GGG :

PPP :

LD
CALL

Cp
JRZ
INC
INC
INC
JR,
LD
ouT
NOP
R,
LD
SLA
DINZ ,
INC

OR
DEC
LD
RET

A, (HL)
POP
B, EE

RRR

DE

HL

HL

QQQ
A, 20
(42),A

GGG
B, 04

PPP
HL
C,(HL)

HL
(DE), A
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; MAIN PROGRAM ¥83{uoud

AAA

BBB :

THAI :

LD
DEC
LD
OR
JRNZ

ouT
LD
ouT
LD
ouTt
LD
ouT
LD
ouT
IN
BIT
JRZ
LD
DEC
LD
OR
JR NZ
IN
BIT
JRZ
M2
LD
LD
LD
EI
HALT

DE,0000
DE
AD

E
AAA
AFF
(C1.A
A45
C,A
AFF
CHA
A05
(CD,A
A91
43),A
A(42)
3A

DE,000
DE
AD

BBB
A,(42)
3A

A06
LA
SP,9FFF
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CCC:

DDD :
EEE :

GGG :

ouT

ouT

ouT

ouT
LD
DEC
LD
OR
JRNZ
LD
ouT

LD
DEC

OR
JR NZ
DINZ

INC
LD
Ccp

AJ3F
@4n.A
A00
(41),A.
A00
42).A
A40
4n,A
DE,3000
DE

AD

E

CCC
AG0
(4D,A
B,08
DE,0000
DE

AD

E

EEE
DDD
HL,8000
HL
A,(HL)
01

CALL Z,1aumh

Cp

02

1 4
CALL Zaunidoiun

CP

03

i1 4
CALL Z@untuaudnu

CP

04

CALL Z,000183
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ERROR :

: Check d0410
A00 :

A0l :

A02 :

CpP 0s
CALL Z,0801839N
Cp 06
CALL Z,neundadng
CP 20
CALL Z,geiugil
CP 40
JRNZ HHH
JR FFF
CP EE
JRNZ GGG
JR THAI
LD A3E
OUT (41)A
LD A00
OUT @A
JUMP THAI
IN AL(42)
BIT 1A
JRNZ A00

IN A(42)
BIT 1,A
JRZ AO1

IN A42)
BIT 1A
JRNZ A02
DINZ A0l

RET
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; Check 501!’11

A0 : IN A,(42)
BIT 0,A
JRNZ A0

Al : IN A,(42)
BIT 0,A
JRZ Al

A2: IN A,42)
BIT 0.A
JRNZ A2
DINZ Al
RET

: wasgu 10 Hugw 16

LD C,08

START : XOR A

: LD AD

RR A
PUSH AF
BIT 7.A
JRZ CORI
SUB 30H

COR1 : BIT 3A
JRZ COR2
SUB 03H

COR2': LD DA
POP AF
RR E
DEC C
JRNZ START

RET



s UTms Interupt

ASK:

CHECK :

FIN :

LD

LD
ouT

IN
BIT
JRZ
IN
LD
Cp
JRZ
INC
JR

ouT
LD

Cp

JR NZ
INC
LD

JRZ
CP
JRZ

JRZ
LD
LD

CpP

H1,003B
(SP),HL
A,80
“1n.A
DE,8000
ACl)
LA
ASK
A(CO)
(DE),A
EE

ASK

DE

ASK
A00
(4D,A
DE,8000
A,(DE)
AA
ERROR
DE
A,(DE)
EE

END

20

FIN

40

FIN
HL,0100
BC,0007
IR

AB



OR C

JRZ ERROR
INC DE
INC DE
R NEW

ERROR : LD  HL,0200
EX  (SP)HL
RETI

END : EI
RETI

; Aunth
INC HL
LD  AHL)
LD DA
CALL iaaavgu
LD  AA0
OUT  (42),A

GAK : LD B35
CALL = CHECK 8oy
DEC E
JR NZ GAK
LD  AQ00
OUT  (42)A
INC HL
LD A,(HL)
RET

- L) -v

; AumiidoIvn
INC HL
LD  A(HL)
CP 45

JRNZ BOB



BOB :

y
. @umiadne

258686

INC

ouT
LD
CALL

ouT
INC
LD
RET

INC
LD
CP
JRNZ
LD
ouT
LD
CALL

ouT
INC

A,80

(42),A

B,19

CHECK dody
A,00

42),A

HL

A,(HL)

A,80

(42),A

B,30

CHECK 404t
A,00

42),A

HL

A,(HL)

HL
A,(HL)
45
BOOB
A20
(42),A
B,19
CHECK d0vn
A00
42).A
HL
A,(HL)
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BOOB :

ouT

CALL

OouT
INC
LD
RET

. Tdsunsunounda

GOAK :

i d
. Tsunsunosuda@oiun

INC
LD
LD
CALL
LD
OouT
LD
CALL
DEC
JR NZ
LD
ouT
INC
LD
RET

INC
LD
Cp
JR NZ
LD

A20

(42).A

B,30

CHECK #0v
A,00

(42).A

HL

AJ(HL)

HL

A(HL)

D,A
wlasrmvgu
AS0
(42),A

B,35
CHECK #9471
E

GOAK
A00

(42).A

HL

A(HL)

HL
A,(HL)
45
DOB
A40
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DOB :

ouT
LD
CALL
LD
ouT
INC
LD
RET
LD
ouT
LD
CALL
LD
ouT
INC
LD
RET

42).A

B,19

CHECK #9491y
A00
42).A

HL

A,(HL)

A40

(42),A

B.30

CHECK &840
A,00

(42).A

HL

AJ(HL)

L4 Ay Y
s Tdsunsuonssnauduidy

DOOD :

INC
LD
Cp

JR NZ
LD
ouT
LD
CALL
LD
ouT
INC
LD
RET
LD

HL

A,(HL)

45

DOOD

A,10

(42),A

B,19

CHECK dpvm
A00

(42).A

HL

A,(HL)

A,10
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ouT
LD
CALL

ouT
INC
LD
RET

Tilsunsuasegaingi

NOO :

LOOP :

LD
ouT
LD
OouT
IN
BIT
JRZ
IN
SUB
LD
LD
LD
ADD

LD
AND
OR
ouT
AND
OouT
LD
SRL
SRL

42),A

B,30

CHECK 404N
A,00

(42),A

HL

A(HL)

A91
(43).A
A00
(80),A
A,(42)
2,A
LOOP
A,(40)
8B
IX,0E00
CA
B,00
IX,BC
A (IX+0)
B.A
OF

10
41)A
OF
(41),A
AB
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SRL
SRL
AND
OR
ouTt
AND
ouT
INC
LD
RET

OF
20
(41),A
OF
(41),A

A,(HL)
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Tsunrudediayaanaeniamaf
#include<stdio.h>
#include<dos.h>
#include<conio.h>

#include<string.h>

#define ESC 0x11B
#define F1  0x3B00
#define F2 0x3C00
#define F10 0x4400
#define LPT1 0x378

#idefine BLACK 0
#define BLUE 1
#define GREEN 2
#idefine CYAN 3
#define RED 4

#define MAGENTA 5
#define BROWN 6
#define LIGHTGRAY 7
#define DARKGRAY 8
#define LIGHTBLUE 9
#define LIGHTGREEN 10
#define LIGHTCYAN 11
#define LIGHTRED 12
#define LIGHTMAGENTA 13
#define YELLOW 14
#define WHITE 15
#define BLINK 128
#idefine return_key  “xOd'
#define esc_key \x1b’
#define bs_key \x08'
#define home_key x47'
#define up_key \x48'
#define It_key \x4b’
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f#define rt_key \x4d'
#define end_key  “x4f
#define ins_key \x52'
#define del_key \x53'
#define nodisplay 0x00

#define lowdisplay0x07

#define hilghdisplay 0x0f
jtdefine underlinelow 0x01
#define underlinehigh 0x09
#idefine reverselow0x70

#define reversehigh 0x78
#define blinklow 0x87

#define blinkhigh Ox8f

#idefine undblinklow 0x81
#define undblinkhigh 0x89
#define revblinklow 0xf0
#define revblinkhigh 0xf8
#define true 1
#define false 0

typedef unsigned char byte;
typedef char string80[81];
int funckey;

char key;

char *menu_msg[]={
"RUMIN(0-99)AT \n",
"tﬁuwn(45,90)mﬂ1 \n",
"1501%'10(45,90)&1?{1 0",
"QBUNAI0-99)NAT \n",
"nomz‘;uw'n(45,90)mm \n",
"0B01E01910(45,90)89r \n",

"suugungligaaFon) \a",

72



"suTysunsu \a",
h
char *yesno=" qmﬁ'mﬂ1_sﬁ1=§1§nn?a1ﬁ(Y/N) "
char *yn_msg{l={ " YES ", " NO ", };
char *menu=" Tilsunsumuguyuoud
char *num(]={ "1.","2.","3.","4.","5.","6.","7.","8.", }
char *func=" FI F2 ESC
char *h=" Help ";
char da_ta[lOO];
int ctrl_robot=0;

int le,s;

main()

/#

{
int x=10,y=8;
clrscr();
textmode(3);
background();
cursoroff();
display_block(1,1,80,24);
display_text(x,y);
control();

select_menu();

}

*/

readfunckey()

{

key =getch();
if(key == “x0")
{

funckey = true;

key =getch();
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else

if((key = esc_key)li(key == bs_key))
funckey = true;
else

funckey = false;

}

setcursor(byte top,byte bottom)

{
union REGS regs;
regs.h.ah=1;
regs.h.ch=top;
regs.h.cl=bottom;
int86(0x10,&regs,&regs);

}

cursoron()

{
setcursor(12,13);

)

cursoroff()

{

setcursor(0x20,1);

inschar(char *str,char ch,int x)

{
string80 strl;
strepy(strl,str+x);
str[x]}=ch;str{x+1]="\0";
strcat(str,strl);

}

delchar(char *str,int x)

{
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}

string80 strl;
strepy(strl,str);
str{x]=N0";

strcat(str,strl+x+1);

clrline(int len)

{

int X,y,i;
x=wherex();y=wherey();
for(i=0;i<len;i++)
{

gotoxy(x+i,y);cprintf(" ");
}

gotoxy(x,y);

readstr(char *str,int len)

{

int x,new=false,endloop=false,xx,y;
string80 strsave;
xx=wherex();y=wherey();
strcpy(strsave,str);

x=strlen(str);cursoron();

textattr(reverselow);
gotoxy(xx,y);clrline(len);
textattr(lowdisplay);
gotoxy(xx,y);cprintf(" %s",str);
textattr(reverselow);
do{
readfunckey(key);
if(funckey){
gotoxy(xx,y);cprintf("%s" str);new=true;
switch(key){
case It_key :x--;

if(x<0)
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x=0;
gotoxy(xx+x,y);
break;
case rt_key : if(x<strlen(str))

X++;

OtoXy(xXx+X,y);
break;
case del_key : if(x<strlen(str)){
delchar(str,x);
gotoxy(xx,y);clrline(len);
gotoxy(xx,y);cprintf("%s",str);
gotoxy(xx+Xx,y);
}
break;
case bs_key : if(x>0){
delchar(str,x-1);
X--
gotoxy(xx,y);clrline(ien);
gotoxy(xx,y);cprintf("%s",str);
gotoxy(xx+x,y);
}
break;
case home_key : x=0;
gotoxy(Xx+x,y);
break;
case end_key : x=strlen(str);
gotoxy(xx+x,y);

break;
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case esc_key : strcpy(str,strsave);
endloop=true;
break;

else

if(key!=return_key)
{
if(key>='0'8&&key<='9")
if(new==false)
{
news=true;
str{0]=key;str[1]="0";x=1;
gotoxy(xx,y);clrline(len);
gotoxy(xx,y);cprintf("%s" str);
gotoxy(xXx+x,y);
!
else{
if(strlen(str)<len){
inschar(str,key,x);
X++;
gotoxy(xx,y);cprintf("%s" str);
gotoxy(xXx+x,y);
if(strlen(str)>=len)

gotoxy(xx+x-1,y);

endloop=true;
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}while(endloop==false};
gotoxy(xx,y);cprintf("%s",str);
textattr(lowdisplay);
cursoroff();

}
* */

control()
{

int i,j,k;

int h=45,1=7;

draw_border(45,7,75,16);

for(j=1;j<=8;j++)
{
for(k=1;k<=29:k++)
{

textbackground(LIGHTGRAY);

gotoxy(h+k,l+j);
cputs(" ");
}
}
for(i=0;i<8;i++)
{
textcolor(RED);
gotoxy(h+1,I+1+i);
cputs(num(i]);
}
textcolor(WHITE);

}
* */

background()
{
int i,k;
for(i=4;i<=23;i++)
{
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for(k=3;k<=78;k++)
{

textbackground(BLUE);
gotoxy(k,i);
cputs(" ");
}
}
}
* : ¥

display_text(int x,int y)

{

int i;
textbackground(LIGHTGRAY);
textcolor(RED);
gotoxy(3,2);
cputs(menu);
textbackground(LIGHTGRAY);
textcolor(RED);
gotoxy(2,25);
cputs(func);
textbackground(LIGHTGRAY);
textcolor(BLUE);
gotoxy(7,25);
cputs("=M13 19"
gotoxy(34,25);
cputs("=au Tusunsu™);
gotoxy(63,25);
cputs("=09n91n 11sunsu");
normvideo();
highvideo();
textcolor( YELLOW);
textbackground(BLUE);
gotoxy(9,17);



cputs("nimnﬁanméﬂﬁﬁuuuﬁv’nmu(l-8)");
normvideo();
for(i=0;i<8:i++)
{
textcolor(RED);
textbackground(BLUE);
highvideo();
gotoxy(x-2,y+i);
cputs(num(i]);
normvideo();
textcolor(WHITE);,
textbackground(BLUE);
gotoxy(X,y+i);
cputs(menu_msg(i]);
)
}
I *

display_block(startx,starty,endx,endy)
int startx,starty,endx,endy;

{
register int i;
textcolor(LIGHTGRAY);
for(i=startx+1;i<endx;i++)

{

gotoxy(i,starty);

cprintf("%c",205); /0¥
gotoxy(i,en@y):

cprintf("%c",196); * %
gotoxy(i,starty+2);

cprintf("%c",205);
]
for(i=starty;i<endy;i++)

{
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gotoxy(startx+1,i);

" cprintf("%c",179); /*ux
gotoxy(endx-1,i);
cprintf("%c",179);
}
gotoxy(startx+1,starty);cprintf(" %c",213); (£ %
gotoxy(endx-l,starty);cpr‘intf("%c",184); *5%
gotoxy(startx+1,endy);cprintf("%c",192); [* 0¥
gotoxy(endx-1,endy);cprintf("%c",217); /*, %
gotoxy(startx+1,starty+2);cprintf("%c",198); /* § */
gotoxy(endx-1,starty+2);cprintf("%c",181); /* @ '*/

™ */
draw_border(startx,starty,endx,endy)
int startx,starty,endx,endy;
{

register int i;

for(i=startx+1;i<endx;i++)
L
textcolor(BLUE);
textbackground(WHITE);
gotoxy(i,starty);
cprintf("%c",196);
gotoxy(i,endy);
cprintf("%c",196);
}

for(i=starty+1;i<endy;i++)
{
gotoxy(startx,i);
cpfintf("%c" ,179);
gotoxy(endx,i);
Cprintf("%c",179);
)



gotoxy(startx,starty);cprintf("%c",218);
gotoxy(endx,starty);cprintf("%c",191);
gotoxy(startx,endy);cprintf("%c",192);
gotoxy(endx,endy);cprintf("%c",217);

}

™ */

select_menu()
{
int n,k:().x;.
int in;
for(;;)
{
in=bioskey(0);
switch(in)
{
case 0x231:/*nA '1'*/
n=0;k++;input(n,k);break;
case 0x332:/*NA '2'*/
n=1;k++;input(n,k);break;
case 0x433:/*n@ '3'*/
n=2;k++;input(n,k);break;
case 0x534:/*nA '4'*/
n=3;k++;input(n,k);break;
case 0x635:/*nA '5'*/
n=4;k++;input(n.k);break;
case 0x736:/*NA '6'*/
n=5;k++;input(n,k);break;
case 0x837:/*nNA '7'*/
n=6;k++;input(n,k);break;
case 0x938:/*nA '8/
n=7;k++;input(n,k);break;
case Fl:help();break;
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case F2:control();
for(x=3;x<=75;x++)
{
textbackground(BLUE);

gotoxy(x,20);
cputs(" ");
]
k=0;

ctrl_robot=0;
break;

case F10:textmode(-1);
clrscr();
textcolor(YELLOW);
highvideo();
cputs("Good bye! form KMITL\n\n\r");
normvideo();
textcolor(LIGHTCYAN);
cputs("Press any key to continue...");
getch();
textmode(-1);
clrser();
cursoron();
exit(0);

case ESC:textmode(-1);
clrscr();
textcolor(YELLOW);
highvideo();
cputs("Good bye! form KMIT'L\n\n\r");
normvideo();
textcolor(LIGHTCYAN);
cputs("Press any key to continue...");
getch();
textmode(-1);

clrser();



cursoron();

exit(0);

[*default:return;*/

}

}

¥
input(int n

{

int k)

int x=48,y=7;

textcolor(BLUE);

*/

textbackground(WHITE);

switch(k)

{

case I:

case 2:

case 3:

case 4:

case 5:

case 6:

chk_data(k,n);

break;

chk_data(k,n);
break;

chk_data(k,n);
break;

chk_data(k,n);

break;

chk_data(k,n);

break;

chk_data(k,n);
break;
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case 7:
chk_data(k,n);
break;
case 8:
gotoxy(x,y+k);
cprintf(menu_msg[n]);
yes_no(ctrl_robot);
break;
default:return;
}
textcolor(WHITE);
]
fat */

windows(startx,starty,endx,endy,color,disp)
int startx,starty,endx,endy,color;

char *disp;

register int i,j;
for{i=startx+1;i<endx;i++)
{
textcolor(YELLOW);
textbackground(color);
gotoxy(i,starty);
cprintf("%c",196);
gotoxy(i,endy);
cprintf("%c",196);
}
for(i=starty+1;i<endy;i++)
{
gotoxy(startx,i);
cprintf("%c",179);
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gotoxy(endx,i);
cprintf("%c",179);
}
gotoxy(startx,starty);cprintf("%c",,218);
gotoxy(endx,starty);cprintf("%c",191);
gotoxy(startx,endy);cprintf(“%c",192);
gotoxy(endx,endy);cprintf("%c",217);
gotoxy(((endx-startx)/2)+startx-2,starty);
cprintf(disp);
window(startx+1,starty+1,endx-1,endy-1);

for(j=1;j<(endy-starty);j++)

1

for(i=1;i<(endx-startx);i++)

{

textbackground(color);
gotoxy(ij);
cputs(" “);
}
)
}
* */
help()
{
char ch;
char buf[40%20*2];
gettext(25,5,62,21,buf);
do{

windows(25,5,60,20,CYAN,h);

gotoxy(3,1);
cprintfCiAonmnomuandiduliuoudy;
gotoxy(3,2);

cprintf("ina T lavuniavauneglu™;
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gotoxy(3,3);

cprimf("‘.mau");

gotoxy(4,4);

cprintf("tHu 1.dudhu0-99)was 50Y;

gotoxy(4,5);

cprintf(" 2.1%"011111(0-99)1%5 60™);

gotoxy(4,6);

cprintf("  3.9uTusunsu");

ch=getch();

}while(ch!=0x1b);
puttext(25,5,62,21,buf);
window(1,1,80,25);

}
* *

windo(startx,starty,endx,endy)

int startx,starty,endx,endy;

register int i,j;
for(i=startx+1;i<endx;i++)

]

{

textcolor(YELLOW);

textbackground(RED);

gotoxy(i,starty);

cprintf("%c",196);

gotoxy(i,endy);

cprintf("%c",196);

}
for(i=starty+1;i<endy;i++)

{

gotoxy(startx,i);

cprintf("%c",179);

gotoxy(endx,i);

cprintf("%c",179);

}
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gotoxy(startx,starty);cprintf("%c",218);
gotoxy(endx,starty);cprintf("%c",191);
gotoxy(startx,endy);cprintf("%c",192);
gotoxy(endx,endy);cprintf("%c",217);
gotoxy(((endx-startx)/2)+startx-2,starty);
for(j=starty+1;j<endy;j++)
{
for(i=startx+1;i<endx;i++)
¢
textbackground(RED);
gotoxy(ij);
cputs(”" ");

* —

}

/*#*#********t*********#***t#**#**##***********/
yes_no(int m)

{

register int i;

char ch,c;

char start[2];

char end[2];

char loop[2];

char buf[35%10*2];
gettext(28,19,63,23,buf);
windo(28,19,63,23);
textcolor(WHITE);
gotoxy(31,21);
cprintf(yesno);
ch=getch();
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if((ch=="y")ll(ch=="Y"}){

}

puttext(28,19,63,23,buf);
start{s]="A";
fprintf(stdpm,"%c",start{s]);
s++;start[s]='A";
fprintf(stdprn," %c",start(s]);
for(i=1;i<=m;i++)
{
fprintf(stdprn,”%c" datafi]);

}
loop(1]='4";
fprintf(stdprn,”%c",loop{l]);
H+;loop(1]="0"%
fprintf(stdpm,"%c" loop(l]);
end[e}='E’;
fprintf(stdpm,”%c" endfe]);
e++;end[e]="E';

fprintf(stdprn,"%c\n",end[e});

else if((ch=="n")ll(ch=="N"))

{

puttext(28,19,63,23,buf);
start[s]='A";
fprintf(stdprn,"%c" start[s]);
s++;start(s]='A";
fprintf(stdprn,"%c" start[s]);

for(i=1;i<=m;i++)

{
fprintf(stdpm," %c" data[i]);
}
end[e]="E';

fprintf(stdpr,”%c",end[e]);

e++end[e]='E;
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}

fprintf(stdprn,"%c\n",end[e]);
)

/

chk_data(int k;int n)

{

int c,x=48,y=7,1;
int z=47,

char input_str{10]="";

if(n==0){

ctrl_robot++;
data[ctrl_robot}='0";
ctrl_robot++;
data[ctrl_robot]='1";

gotoxy(x,y+k);
cprintf(menu_msg{n]);
cursoron();
gotoxy(z+strlen(menu_msg[n]),y+k);
strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strien(input_str);i++)
{

ctrl_robot++;

data[ctrl_robot}=input_str[i];

}
else if(n==1){
ctrl_robot++;
data[ctr]_robot]="0";
ctrl_robot++;
datafctrl_robot]="2";

gotoxy(x,y+k);
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cprintf(menu_msg(n]);
cursoron();
gotoxy(z+strlen(menu_msgin]),y+k);
strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strlen(input_str);i++)
{

ctrl_robot++;

data[ctrl_robot]=input_str[i];

}
else if(n==2){
ctrl_robot++;
data(ctrl_robot]='0";
ctrl_robot++;
data[ctrl_robot]='3";
gotoxy(x,y+k);
cprintf(menu_msg[n]);
cursoron();
gotoxy(z+strlen(menu_msg([n]),y+k);
strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strlen(input_str);i++)
{
ctrl_robot++;

data[ctrl_robot]=input_str[i};

}
else if(n==3){
ctrl_robot++;
data[ctrl_robot]="0";
ctrl_robot++;

data[ctr]l_robot]="4";
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gotoxy(x,y+k);
cprintf(menu_msg[n]);
cursoron();
gotoxy(z+strlen(menu_msg[n]),y+k);
strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strlen(input_str);i++)
{

ctrl_robot++;

data[ctrl_robot]=input_str[i];

)
else if(n——-—4){
ctrl_robot++;
data[ctrl_robot]='0";
ctrl_robot++;
data[ctr]l_robot]='5";
gotoxy(x,y+k);
cprintf(menu_msg(n]);
cursoron();
gotoxy(z+strien(menu_msg(n]),y+k);
strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strien(input_str);i++)
{
ctri_robot-++;

data[ctrl_robot]=input_str[i];

}
else if(n==5){
ctrl_robot++;
data[ctrl_robot]="0";

ctrl_robot++;
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data[ctrl_robot]='6";
gotoxy(x,y+k);
cprintf(menu_msg[n]);

cursoron();

gotoxy(z+strien(menu_msg[n]),y+k);

strepy(input_str,"00");
readstr(input_str,2);
for(i=0;i<strlen(input_str);i++)
{

ctrl_robot++;

data[ctrl_robot]=input_strfi];

}
else if(n==6){
ctrl_robot++;
datafctrl_robot]="2";
ctrl_robot++;
datafctrl_robot]="0';
gotoxy(x,y+k);
cprintf(menu_msg({n]);

cursoron();

gotoxy(z+strlen(menu_msg[n]),y+k);

strepy(input_str,"");
readstr(input_str,2);
for(i=0;i<strlen(input_str);i++)
{

ctrl_robot++;

data{ctrl_robot]=input_str[i];

}
else if(n==7){
gotoxy(x,y+k);

cprintf(menu_msg[n]);
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yes_no(ctrl_robot);
}

cursoroff();
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s 24 Programmable I/O Pins IR ' .ou Direct Blt Set/ﬂeset Capablhty ' -
~ = Completely-TTL: Compatible Easing Control Apphcahon lntexface
£+ .M Fully Compatibie with MCS™ -gan ¢

» MCST" -80 M]croprocessor Fam!lies-=

-84 génera purpose program :
mrcroprocewora Itehas 24*-1/0 pms'whuch may be mdlwdually programmed m two groups of twelve'and*?‘
- tisedijv.three major’ modes.ofoperation. i’ the first: mode (Mode 0), each group:of.twelve'l/O" pms may- Be‘
~progfammed in'sets of 4 to be.input or output. In Mode- 1;the second mode, .each'group may:| be prcgramrned .
."to have.8. lines-of input or output. Of thé remammg four pins three are used for handshaknng and. intet’rupt.‘
_controi: signals.” The third mode of :operation (Mode 2 isa Bidirectional Bus mode which uses 8 Imes:for a.’
: btdlrectlonal bus, and five lines, borrowmg one from the other group, for handshakmg o

Other features of the 8255 include bit set and reset, capability and the ability to source .1mA of‘current at:
- . 1.5 volts:- This allows darhngton translstors to. be directly dnven for. applmnons such as pnnterra‘nd’.h'gh

voltagednsplayr R . ) 3\ § 3
PIN.CONFIGURATION ' RO 8255 BLOCK DIAGRAM - . .
) 3] S wi]ras Y .
raz(]z »[]ras v L
sas i3 ss[rae x 1
. ot . easf]a i 0w > 1 "7"4:‘[ - &
. = L s o o K—>
~ 7 adw P O, T T o e K/
ono ] 4o, )
- ar1]s =0, I '
. sag L jul ) y :
sz e, N0y . f T !
(- Ju 8 8255 {70, p . o 0 .
rcs 112 »{) u: | s E C::) "‘,ll.:;:. rerees.
reaCj13 nJo, SoMICTION BaTA US oy A ' = :
roo e v - n,b.(‘___‘) p-L < 0 .. [}
~ rci(]s 26{] Ve ‘-""::ll. =] caow : .
ecaT)ie 2sf] rur- - W s C—___—"> o~ - o
ragir 2a[Jree- | . ‘ i ' c. :?'J-‘: E T
- 7 e[ 7 nlres - . : . 'y
. sl n[re . e ; t '
re2{}2o njee, PO . " | o . X R ‘.3
B Cartd . e [ ym—— a7
PIN NAMES® - e
AT e Tt . A . -
DATA BUS (2L.DIRECTIONAL) T a : a e } . T LS
" RESET INPUT - _ e . .o — . L
CHiP SELECT : ) : i . S

READ INPUT
WRITE INPUT _
PORT ADDRESS
PORT A [BIT)

“PORT B (BIT) _*

- PORT C (81T .

YL LE - . " 48 VOLTS:: - -

: 7] svorrs.




The 8255 is a Programmable Penpheral Interface (PP!) de—
vice' deslgnedlfor use in 8080 Microcomputer Systems_ Its:;
unctiof n
face: penpheral- eqmpment tcu the 8080 system: bus. The..
functlonal conhguratlon of the 8255 is programmed by the
.' systen hware s0- that: normally no: extemal iog|c is nec-—

face the 8255 to: ‘the 8080 system data bus. Data'is trans-
mmed or. recelved by- the buffer upon execution of INput
“or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferred through the Data
Bus buffer.

Read/Wnte and Control Loglc

' The function of this block is to manage all of the internal
‘and external transfers of both Data and Control or Status
words. it accepts mputs from the 8080 CPU Address and
_-Control busses and in turn, issues commands to both of the
Control Groups, "

1

(CS)

Chnp Select A "|0w"‘0n this mput pln enables the com-
ik mumcanon between the 8255 and the 8080 CPU.

isthatof a general, purposq 1/0 component to:inter—_.

Tﬁisv &state bi-directional, eight blt buffer is used to inter-

Port Selecto and Port Select 3 £ Theﬁe lnput sugnals in con~ 7

Reod A. "Iow" 6n “this. input. pink- nabla the 8255 to send
the  Data or Status information-to’ ‘the* 8080 CPU on the
DataBus. In essence; it allows the 8080 CPU to “‘read from”
the 8255." . - e v

1

(WR) 3 - 3_1"'-*‘_* Sl

yunctlon with the RD and WR inputs, control the'selection of
one of the three-ports or the Control’ Word Reglster.The\e
are normally connected to. the least scgmfccant bns of the
Address Bus (Ajgand A, ):

8255 BASIC OPERATION : R it .
Ay | Ag | RD | WR | Z5-| INPUT. OPERATION (READ) ~
o| o 0 1 0 | PORT A= DATABUS
ol 1 ] 1 0 | PORT B = DATA BUS
1 0 0 1 0 | PORT C= DATA BUS
OUTPUT OPERATION
(WRITE) .
0 0 1 0 0 | DATA BUS=PORT A
0 1 1 0 0 | DATA BUS=PORT B
1 0 1 0 0 | DATA 8US=PORT C
1 1 1 0 0 | DATA BUS=CONTROL
o DISABLE FUNCTION
X W X X X + | DATA BUS= 3-STATE 3
1 1 0 1 JLLEGAL CONDITION




CON’GATE MO

PR

-,;{ SSi]

ey

proper commands to its associated’ ports.

puts, a control word:to the 8255.. The control word con--

~-taing qformatlon such: as® "rDode" bit, set" "blt reset.,j.

etc.thae mitlahzes‘thafunctlonal conflguratlor\ m.HeSZS
o A ;

: *commands’’ from- the Read/Write Control- Logtc- receives- " -
"contrul words'’ from the:internal- data bus- andussues thev ,'-

Control Group A« Port A and Port c upper (C7- C4)‘ i
Control Group B —Port B'and Port.C lower (C3-CO)- . tion with Ports A and B.

"The Control: Word. Regaster can Only be written into: No v J -
;Read operxtlon of the Control Word Reglster ls’ alfowed '_ N

" . PIN CONFIGURATION: '

data»n'nput buffer (Ao |atch for mput) Thls port can bs dl- ,'
. vuded‘ mfo-two 4-bit ports under the rnode controL Eactt4—= ¥
bnt port contains.a 4-bit latch and it cant be used for:. the
controlisignal. outputs and ‘status <|gnal inputs: m comum;‘~

L r.A:C () ras
2]z () ras
rar(]a ] ras
pao [ e L

“wAes o (e e

Lo &E(s ‘rsf) meser .
ano (7 1u(Jo,

a(]s n(]o,
ao(]s n[]o,
(e .. ; ':njo, {A
res (i 8255 :n:]_o.‘
res(ra oEToy. o
rea(]na 'njp. . -
rco (e 2] 0, 2

' rer (s (7] Yee

e~ uf]rer

.ﬁC:Cn ‘24(7] rus

: reo(]1s
rer e !
rez(T| 20
el PIN NAMES
0y-0y DATA BUS (B1-DIRECTIONAL)
RESET RESET INPUT" - 3

CHIP SELECT -
- "B READ INPUT

TWR___- | WRITE INPUT -
AD, A1 - PORT ADDRESS
PAT-PAO PORT A (BIT)
PB7-PBO PORT B (BIT). . -
PC7-PCO PORT C (BIT)."-




N Mod 0 Basrc Inputhutput o
: /_ Mddd L— Etrobied InputIOutput -
OdQZr— Bi- Dlrectlonal Bus: -+~ .
mputgoes "*high” all ports‘will'bese't"tcr* -
o aw 4 Iifiés ‘willi be it theyhighisime
After the RESET is removed: the;8 25§cam
em ' mthe-lnpurmode with no addrtlonal- lmtlalrzatlom
requlred, Durmg “the execution of the system program any*" 7
oi‘.throtﬁer.modes may, be. selected usrng a smgle OUTput:, .
nstructlon.‘l’hrs allows a*smgle 8255 to-servnce a vanéty of-
“ pel |pheraLdev1ces wrth a slmple software marntenance rouJ

* .

The.modes for Port Aand Port B'can be separately deflned
whr|e Port C is divided. into two pomons as required’ by the =~

PortA and Port B definitions. All of the-output registers, int
'cludmg the status flip-flops, will be reset whenever the ) ) T roRT CLUPPER) -
mode is changed.. Modes may. be- combmed so that.their: \ ’ - 1= INPUT

functlonal. defmluon can. be. “railored” to almost any . |/0 % - O proumr . ‘.
structuréz. For. instance; Group. B can. be’ programmed ) 7 L 1h "".-. S sonta N
-Mode O to monitor - simple switch closmgs or dlsplay compu-, e - p U . ;:g“:’}"m N
tational results, Group A could be programmed in Mode 1

to momtor 3 keyboard or tape reader on an mterrupt-drlven ) ! 5 'é':? 5.35‘;5,“'?“ :

MODE SET rum -]
- AC'(IV(

5 . °, . .

ADORESS 8US P : PR

1 / . .o

CONTROL BUS . ] = &y oL -
] % 4 . B

DATA BUS. l . . :

it ! lL . Mode Definition Format
&

0,0y 4

0255 -
The Mode defmmons and posslble Mode combinatlons may
* spem- confusing- at Sirst’ but. ‘after- a: cursorv revnew of.the.
Co ) e complete device operatlon a. srmple, loglcal Y/O approach
PN -' oo . will surface. The, design of the 8255 has taken into account

@ st e * things such’as efficient PC board Jayout,control signatdefi-
- 1 1 ‘ l t l ‘ @ o pition vs PC layout and, complete: functlonal flexibility: to.
iy CONTROL  PA PR, support almost any peripheral. device with no external: Iognc._

. ORVWOY.
¢ - e Such desrgn represents the maxrmum use of the avarlable

:.Aj:

@LD;R.E;‘NONA
7 eyt
— . P

Y

- Smgle Bit Set/Reset Feature,

' -,‘. the. erght bits of Port C canv.be Set or Reset usmg E

Any of.
-single.- OUTput mstrucnon. “This feature reduces software

: equrrernents m Conkror based apphcatron




1
r&

81T SETIRE!!T- FLAO
0= AC’TIVE i

X

.
-

el Note' All Mask‘ fhp flops aré automancally resei:‘dunng'

:g thaa b:ts b be set Grroset by usxng fha B’t Set/Ra
Eratlon ;ust osif they were data output ports

Interrupt Control. Functtons

Whena. the. 8255. is programmed- to: operate: m. Mode'l or. :;."
o Mode 2,, control'sxgnals are” prov:ded that can. i be! used'as}v",_,"
. lnterrupt« request inputs.to the CPU: The mterrupt requem
: s:gnals generated from. Pon: C scan be- lnhlblted -0t enabledr

: Thns function allows the- Programmectodusallow ot allow a
specific., I/O device to mterrupmhe CPLL, thhout effectmgL
p ~any: other device.in the i mtermpt stmcture:»~
INTE fliprlop defmmon' '

(BIT SET) — lNTE is SET — lnterrupt enable .
(BIT RESET) - INTE is RESET lnterrupt dlsable e

o

‘,.._ R

mode selection and device Reset.

Operating Modes
Mode 0 (Basic lnput/Output)

Mode 0 Basic Functional Definitions:

®:- Two 8- bst ports and two 4-bit poris:.

Thls funcuonal confrguratlon prowdes- s:mple Inpbt and" : i port can bei mpv:n ar outputa. Ly -
" Output. operations for each of the three | ports. No ““hand-. ' Outputs are latched: ] T "
. .
shaking” is required, data is simply written to or read from- Inputs are not latched. l :
‘ a specified port.- ' @ 16 different Input/Output conflguratlons are possxb e
. ! - in this Mode. .
T . " N
T -, L X \ o
BASIC INPUT .
.o —: TIMING (D7-Dg . . \ '
FOLLOWS INPUT N, /k X
NO LATCHING) . T .
a e 0700.7'_—"-_--- — . NP B “-——--——::";‘, Yen b g
. . LT T tDELAY TIME DAY TIME e
h : . . ; “FR .

FROM INPUT DATA-"

It SET-UP VIOLATION. f

BASIC OUTPUT ———y
: - D, .
. TIMING (OUTPUTS o, ,___/<

o S

.LATCHED)

tDATA
SET-UP.

OUTPUT DATA _
INVALID *
L




'S Efcongg:g&ms ¥,.0'..

LI SR AV L owas..

e 7 Ty ZOBATEX AT X
- P2 ry % r

",,:n;_“’:\;‘.{".w.f.‘ :
MODE 0’ PORT DEFINI
&"5@”3\ y ,:4‘{;‘ I o

P

Y

BIY

GROUP:B: T

PORT 8

. :‘PORTI'C:

{LOWER)"

ouTPUT - | ©0° I ouTPUT

OUTPUT

.OUTPUT,

" OUTPUT.| - 15. | .OUTPUT

ANPUT: -

OUTPUT [ 2+ | INPUT

‘| OuUTPUT-

“.OUTPUT.

- OUTPUT -| "3 | INPUT

" INPUT

T OUTPUT.,

TINPUT L

“OUTPUT '[*

of [ OMTRUT:

INPUTGZ,

FEINPUTY

e g

TINPUTa Y

- |- OUTPUT ¥

JNPUTI

T QUTPUT:

Jofp INPUTH -

EIINPUT

CANPUT &

QUTPUT

*4NPUT.s

LQUTPUT. | 1% | INPUT -

LINPUT

- INPUT -

INPUT__| 127} OUTPUT -

OUTPUT”’

. INPUTY

NPUT T 13 | ouTPUT

INPUT

INPUT.

CINPUT - [ 142+ INPUTS —-

INPUT

INPUT 15. | INPUT

PR

“CONFIGURATIONS .

CONTROLWORD 20

Dyt D o"_g"

. e "
3 13
CONTROLWORD #2

D, by Dy 0, 0y

0, by, Oy

1.0y -Dg. O 0

¥ 3
D, DOy Dy D

o . ) s re;r8,
\ 5 . , .
. '
e et R I Y
. ': = ° ’ ) : : " .
" i coNTROL wORD €1 CONTROL WORG #3 ’ -




Sll’.lCOM GAfE‘z_

MO&/ 8255

Op. D5 Dyt D, "Dj, D, .. n. 0.

['[HTHD

' e 1 N . ; ." o "
v 3 o Y LA AP
258 A
. “:—1(‘_'_"07”1
.o oo ———ef * e [T
' . " " b ——{‘—rc,mc,
. L3
8 7’. re, s,
' 3 f ' Y . . -
L e et-)mnot.woér.;n1 _‘ N y : TR00r too;rudLnon:;-to- - A. Ll '
s O, Dy Oy D, Dy O, D, O, " 1 D, 0,. Dg. O, D, D,
UEDuiaa efefef fode ] - -
) 1 A . S )
Al ra e, .
t wss 4 ', =
. Druu'_"——“" ¢ ' ) . D70,
X ’ L et o, : .
’ ot e, i
0. " . . .:-»‘A\ : B -A e
) .'.:- - CONTROL WORD #7 . . CONTROL yORD #11 - .
Oy Dg: 0y -0, Dy Dy Uy Oy - : ° By O .DB D 05, D, 0




CONTROL WORD #14
:Dp: Dt O O Oy - ' : .

CONTROLWORD #13 - A CONTROL WORD 815 P
Oy ) D, Oy Dy D¢ 03 B2 O ’

"ﬁ“l"""'\":.l‘"f"uj NS R NGRS e e

AN v SN ST BN
8258 0 L [ X al gs&: f_ .
,..__’l_‘——.- PCyPC, \ ...__/—'—— PC,#C,
c H : 0,0 +———"" c
R ATs Ao X 1l -
] ¢ ’ D : 3
J .8 8,8, 1 . .. 8 8,28,
. \ - N
) a .
A
‘ " ’ Mode 1 Basic Functional Definitions: n
o . - » .
; Mode 1 (Strobed lnput/Output) . o o’ Two Groups (Greup A and Group B) o .
o : . ® Each group contains one 8-b|t data port and one A-bit
i - Th|s funcuonal conflguratton provides a.means for trans- control/data port. 1 .
femng 1/0 data to or-from a ‘specified port in conlunc!ion + The 8-bit data port can be cather input or output
. with strobes or * handshaking” signals. in Mode 1, Port A ' Both inputs and outputs ‘are latched. .
.. and Port B. use the lines on Port C to generate Or aceept . e The 4-bit port is used for control and status of th
8-bit data port . . .

. these '_'héndshaking signals. - <



lBF(lnput Buffer Full F/F)

A "high"" on this'output indicates that tt'ie data-has been,
- loaded into-the. input iatch;in essence,un acknowledgement. -
IBF is set'.by the: falling edge of the STB |nput and isreset

when am mput device T requestmg servu:e' INTR is set. byl
the: rising edge of: STB If*1BF: is a.'"one"
- "-*one’’ It.is:resetbyr the- falhmj edgaof RD This procedurv'
* allows an input device. to request-service from the CPU b

i simply strobing its. datamto the port.’ : '

.
ot

TINTE A _
Controlled by bit set/reset of. PC,.
INTEB

Controlled by bit set/reset of PC5.

2.and INTE is a-..

By Dy’ Os o, b; O; °t Do ,.
- L XXX

PCoy

Mode 1 ln;;ut

MODE 1 (STROBED INPUT)

BASIC TIMING
e
{INPUT BUFFER FULL)-

(

DATA
INPUT,

INTERNAL ’
INPUT LATCH

)Y

\ /S

NO PROTECTION
FOR THIS OPERATION

Y R

) .
e e = e e o

v,




Tha OBF output wnﬂ go? low-.\ td indicate that the' CPU has. ¢
wnnen data out to the spec!fled port. The OBF F/F will be
see by the:rising €dg edge of the WR mput and reset by the fall- .

gedge.of '.he AClC inpu slgn

2 . T e
CONTROL WORD
Oy D¢ Dy Oy Oy O3 Or Do -

ge= |nput)

on~th|s mput mforrns the 8255 that the 'data from

i K& Porvﬁcon Pbrer\ hasbeen.accepted- Ire; esence- a.raponsa
b3 > 'from the peripheral dévice |nd|catmg that it fidsh recewed

the data outputby the CPU;

NN LT .
bé usad to interrupt the CPU’

; A "hlgh’ 'or\ this output can.
when.an output device has accepted data transmmed by the
, CPU. INTR is set by the nsmg edge. of ACK if.OBF is a 0y Dy Og Oy O3 Bz D3~ 0o

¢ - “orie” and INTE isa "one'’. It is reset: by the falhng edge FW 1 \M"

z . " KR
~ CONTROL WORD~ . < v

Controlled by bnt set/reset of PC& . ¥
. A

INTE B8 >
Controlled by bit set/reset of PCo.

oV (y . Modé1Output T T . s

:

* NO FROTECTION DougLe
“FORTHIS GPERATION Wi ACK)




::):\.e dh‘yi\p

&

) "':' °1 0;";: 0; O3B, Gi~ By
[ l l l I"zf KIS

1=INPUT -
.« < 0=OUTPUT

PORT A — [STROBED INPUT) Y : PORT A — (STROBED OUTPUT)
POAT 8 - (STROBED OUTPUT) 3 PORT B ~ (STROBED INPUT}-

Operatmg Modes-" . e = " Output Operations. y © L S
" 'Mode 2 (Strobed Bi- Dtrectlonal Bus l/O) A pef . OBF {Output Buffer Full). - : .o _\
 This. funcnonal configuration_ provides a means for com-  1he OBF output will go “low" to. md:cate that ‘h{CPU has. "“.

.. municating with-a peripheral device or stmcture on a single- wnttendata °““° P°"A we AL e

8-bit bus.for uo;h transm[.mng ?nd re_cgwmg daza.(bnmrg:- o0 . ACK (Ack now“dg HYSEEN . . '_ . .
* tional bus1/0).**Handshaking’’ signals afe provided to main- |

tairi proper bus flow.discipline in a similar manner to Mode
. Interrupt- generatlon and enable/dlsable functlons -are.

K

A “low” an this input enables the tn-state output buffer of
B Port A to -send out the data. Otherw:se,,'(he output buffer

control Port (Port C).:. : :
o' Both inputs and outputs ‘are latched. A
L0 The. 5- bit control port (Port C) is used for contrpl

NT R (lntertupt Request) )
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. "
. L .-
.- ol .
L} «
N . e
. . ‘ *
T . MODE 2 AND MODE 0 (INPUT) . o, MODE 2 AND MODE 0 (OUTPUT)
. Y o INTR, ) (9] SR——Y
e KT ' g e K
- rc, p——n 587, re, f— 5%,
WOLWW- e . e |————— IR, conTROL WoRE" pC, j——ACK,
7705 8.0, 0, 0,°0; 0,057} . D, 04 O 0, Dy O, O, Oy . ’
YT ]><|><|><l | 4 _
I [' ' °['m ¢, |o——— &9, \ r¢, fr——— T, .
' "zq S o Ry, e, i 0F,
; 1= INPUT. % RN
0= oUTPUT . .
. . PCre{~—7 o ! e o
AD —er———ecf i ——d
KT P [T
WA ——-qd 1 R e ' T
. '
- \ ] ’ k3
. ~
v MODE 2 AND MODE 1 (OUTPUT) > MODE 2 AND MODE 1 (INPUT): .
. , [ IS N " ' i Bt
e KD ]
T
. B
) #c, —— 537, e, b &,
$4
CONTROL WORD , == CONTROL WORD re, | =,
. A [ ———
" 0,050 04 9 05.0. 0 : 0y 0, Oy 0, 0, O, B; Oy .
[REN N 110 W, o<, ﬁl 11 111 r, -‘—Ti‘
POy f————= 18F, » L e —L
o ‘ Lt o K
- ¢y p—— %7, ! ) fer———— &7,
"RD ———ed <, fo— KX, . D ———eqy ) e—
WA g <y TRy e ) ’, —
: i .
' . -3 .
' Mode.2 Combinations ' . L S S
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. bits can be used s follows:

v

“SILICON.GATE MOS g2y L e

‘MODE DEFINITION SUMMARY TABLE

= - » ’
Y MODE 0 [ wmooEt1: . MODE 2 - B,
. PR KT outr_ | N~ [ ouT GROUPAONLY: [- - %7
PAj . N ouT T out -——
PAg N out ' w | out - . ‘
; . PAa N out N out -— '
% PAY N |, ouT . o * OUT., -~ . ‘
PA4 N ouT ' IN- out <
N ouT w7 our -~
TV 1T, S NS S R O - - '
e | ouTE | R N s OUT B - .
IN |- ouT 1N , our L — b
N | ouT” IN . bur e —
IN. | OUT: IN -QUT. f_ — -
N |, ouT o out. _— T+ moogo Lo
N |3 OuUT N ouT —— “ 1~ oR MODE 1
v | our | N out —_ 1 onuy
N " out \ IN ourt, — )
IN (o]0} REN IN . ouT K _— nog !
PCo IN out INTRg INTRg 1o o
PCy IN our 1BFp -DBFp . 1o »
PCy IN ouT sTBg ACKg, i.
PL3 N out INTRA | NTRA INTRA - . ,
PCq | out 5784 .o, 5TBa . '
PCs - N out " 1BFA wo' |0 1BF 4 e
PCq N out 1o r_c_:n_<A IEE:DEA , )
Cy N ouT 170 OBF A" OBFa
B} . It .

Sy.:)ecial Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining

If Programmed as inputs ~ :
All input lines can be accessed during a hormal Port C
resd. . p

1f Programmed as Outputs.— | . .
Bits in C upper {PC3-PC4) must be individually sccessed
-using the bit set/reset function.

i z
1

1 Bits in C lower (PC3-PCo) can be accessed using the bit

“  eptfreset function or accessed as 8 threesome by writing

intoPortC.. '

Source Current Capability on Port B and'Port C

Any set of gight output buffers, selected randomly from
Ports B and C can source ImA at 1.5 volts. This feature
sliows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

" Reading Port C Status . :
" in Mode 0, Port G transfers data to or from the peripheral

T Jevice: When the 8255 Is programmed to function:in Modes

1 or-2, Port C generates or accepts *“hend-shaking” signals.

* with the peripheral device. Reading the contents of Port C
' o : 336

et ]

allows thé programmer to test or verify the “status” of each
) 1
peripheral device and change the program flow sccordingly.

{Theré is no special instruction to read the status informe-
tion from Port C. A normal read operation of Port C is
executed to perform this function.. '

. INPUT CONFIGURATION
Dy © O, "0 O
o ‘ " | i8F, lm“‘lm"‘

[ T

.

0,. o

m'rr.,l e, |"'m, .

GROWP A GROUP 8 -

+  OUTPUT CONFIGURATION |

D, Dy O 'O 0 Dy ‘D, Oy .
[;!Almnll w | wo lmm“ms,l W,‘mtn', .
' GROUP A ouo:un
Mode 1 Status Wo:'d Format -

r

b, Dy B D Dy DOy O Do

e oo R

h "

aRours”
(DEFINED BY MOOE 0 OR MOOE { SELECTION)

GROUP A

Mode 2 sz;tm Word F"orm:t. ;



SILICON'GATE MOS. 8255. R, A *
RS ao ) i INTERAUPT * |
. . AEOUEST
APPLICATIONS OF THE 8255 . .
S . A . . ' pa, R, .
The 82655 is,a very powerful tool for interfacing peripheral ass AL P
_ equipment to the 8080 microcomputer-system. {t represents , ", R, FuLly
-the optimum ‘use of available pins and is flexible enough to ' ra, —] R &Ef::f,?o
interface almost any 1/0 device without the need for ad- A PR -
Y3 I . 'A‘ R§
ditional external. iogic. ., '::8:57,, - nay ST,
Each- peripheral devite in 8 Microcomputer system usually 3 Tora,
. has a “'service routine™ associated with it, The routine man- ) .
ages the software interface between the device and the CPU. -~ < .
The functional-definition of the 8255 is programmed by-the- S . .
kl/O'service routine and. becomes-an- extension of the'sys-- "
tems software. By examining the:1/O devices interface.chai-‘ R -
scteristics for both data transter. and timing, and matching 8y Byt
this information to the examples and tables in the Detailed. i 1 punnougHs® .
. PRy a . 8
Operational Description, a control word can éasily be de- re, a: B "Sgll-s‘.;ﬁﬁ'“ .
veloped to initialize the 8255 to exactly "fit” the applica- ,..: 5:---' : o
13
tion. Here are a few examples of typical applications of the 8, [ : X
8255. . £ LI RE N SACKSPACE.
re, CLEAR: | . R
rC, DATA READY .
. [] ACX
INTERRUPT ) T
REQUEST ¢, BLANKING
) ' | rc, e, CANCEL WORD
LA S \
5 ':ﬂ d INTERRUPT.
=2 REQUEST
. : PAy HIGH.SPEED : '
- PA, PRINTER
1 4 i
.:“ Keyboard and Display Interface
MODE 1. | ,:' . .
fogFrLT \ INTERRUPT ]
PA.
- RECAYS REQUEST, .
1 e, DATA READY 2 . .
; PCe ACK S ray Ay
v rCy PAPER FEED' 4 ra, R,
1 PGy FORWARD/REV
82885 |_ ) 3 Mo FULLY A
%, . MODE1 Ay Ry oecooep .
g UNPUT)  pa, R, XEYSOARD -
1
8, Ay Ay to
L2 OATA READY § PAg SHIFT
. 8,. -~ . - acw . a [T CONTROL ' ’ '
MODE1 > PAPER FEED .
{OUTPUTY ™ g, . FORWARD/REV ' . .
. - Py . RIMBON - P STRose '
. CARRIAGE SEN, rc, ACKNOWLEQGE - |
 rey —{ DaTA READY' PC, susY LT
g Ack , RN TESTLY B
0y : r8, 77T o TEAMINAL
’INTERR;J'T I CONTROL LOGIC AND DAIVERS . ) v, - ADORESS
. -
REQUEST r8, o
i ; mopeo _ "8 /__\
Printer-Interface : fmrum - re, —_—
. ra, .
re, o o -
h . l re, & " To—
. "Keyboard and Terminal Address Interface " '
' L - . A
L 337 :




INTERRUPT

REQUEST | :
.
r rag | 99’ S : s [
. ':' S [re, Dy
, 1 rg, 0, "
'2 ) ' A ) 0 . -
. s, 0 FLOPPY DISX
PA, * , v, b CONTROLLER
g AND ORIVE
mooeo | TAs .
fouTruT 7| PA, 12817 e 05 *
' . DA ANALGG MODE 2 - P8, 0, .
A CONVERTER ALOG OUTPUT v ] e, oy '
’c, (DAC} [ )
. 2 rc, DATA STB
: .
258 rey ] ACK (IN}
» ch., : s re, |- DATAREADY
. [ re, STBDATA: L"Cs ACK (OUT}
- ouTPUT ' s
o < e [ TRACK “0~ SENSOR
)
SETMESIT- . Cy SYNC READY
- L'c, SAMPLE EN ’c, INDEX i
rc, sT8 ’
.
8y Ls8 rA, ENGAGE HEAD
e, b g8 { A, FORWARD/REV. 5
e, CONVERTER te— ANALOG INPUT | ra, READ ENABLE
1ADC) .
moDED | 78 mooeo | ™ WRITE ENABLE
{NPUT) 8, toureuT) | PA, DISC SELECT
[ PAg ENABLE CRC
8, . PAg TEST
s, mss A, BUSYLT .
Digital to Analog, Analog to Digital . Basic Floppy Disc Interface
iy u
yERRUPT INTERRUPT ) .
REQUEST 5 REQUEST
7
.
rS[Teay Ry S feay Ro , 't
PA, Ry CAT CONTROLLER ra, Ry *
' P, a, o CHARACTER GEN. rA, : A, "'f";:‘-
1 vay Ry o REFRESH BUFFER ra, Ry TAPE
ra, R, * CURSOR CONTROL Pa n,  READER
A u 1 . waoe 1 |42} R
MODE 1 PA, SHIFT PA, = R¢ *
- 2 NPT )
UTPUT) | P, CONTROL ' A, R,
r
: - rc, .| 'DATAREADY re, 5T8 ’
[ Ack ey xR
re, BLANKED Lr.c. STOMGO
rc BLACK/WHITE -
8288 L * ; 8258 MACHINE TOOL
. MODE 0 K START/STOP
e, ROW ST ot ™ LIMIT SENSOR {HIV)
L COLUMN ST ch, OUT OF FLUID
[ CURSOR H/V STB ! y
' s, . L3 CHANGE TOOL !
wooz 0 _| ™% s, LEFT/RIGHT
toutrsp | re, rs, UPIOOWN
e, cuu:o!gnomuuwu ' wopeEC | "8, HOR. STEP STROBE
e, HaV outruti | re, VERT, STEP STROBE
. [ P8y SLEW/STEP
v ey s, FLUID ENABLE
N ", EMERGENCY STOP
- [} 1
e . )
Basic CRT Controller Interface .

338

Machine Togl Controlier Interface
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SILICON GATE MOS 8255 )
C O .
. . .
. !
- * —— SYSTEM BUS [0, A, ANO O : : !
L IR N Bhaavasdeetong B et I et B RS B
l EMORY ! ' l {
MEMORY .
= e = | B ER- A
b o ' an !
I ; | } .'| !
I’ t | l
I | ’ [T |
] MASTER cPy | i | I
[ MASTER | | | l
' P mw I b I
- ' | 8 | o | @ |
L= M Somm_ MK N> [ QR \ K J | ! |
‘ | | |
: MEMORY | MEMORY |
, | !
o | |
| vo | o l
. I ] . l
R 1 A -
i | SLAVE CPU 1 T stavecryz ' 1
—— AN T J
Distributed Intelligence Multi-Processor Interface ,
1—' ) -
. " !
. r
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7. SILICON.GATE MOS 8255. ... .~ »
PR ~ - - .
. .. .D.C.CHARACTERISTICS Ta = 0°G to 70°C; Vg = +6V #5%; Ve = OV .
= . v Symbol. | Parameter R Mini . Typ., | Max. | Unit' | Test LConditlons
’ ViL Input Low Voltage 2l 8 v :
- Vin - Input High Voltage .20 \4
' Vou Output Low Voltage 1. . 1 oa v log = 1.6mA" v
Vou. | OutputHigh Vottage 2.4 v o
. Darlington Drive Current .20 mA .
.>:." s [T F.’gwer Supply@urre;'jt o _40, . R . mA’ el R i
+ S nove e V. . . :
t 1. Avui!nbll on B pins only: .o .
i A.C: CHARACTERISTICS T =0°Cto 70°C; Vec = +‘5V +5%; Vgg = OV v
Symbol., | Parameter \ 7 Min. | Typ..|Max. o
twe Pulse Width of WR 250
“ tow- | Time D.B. Stable Before WR e 10 .o
i two Time D.B. Stable After WR 10 )
taw Time Address Stable Before WR .
twa Time Address Stable After WR )
tow Time CS Stable Before WR o
twe Time CS Stable Atter WR f .
twe * Delay From WR To Output J "
tap Pulse Width of RD ST s .
tiR RD Set-Up Time ” 50 ré’ ; ns
tHR input Hold Time 1005'-' ns .
tRo Delay From RD =0 To Sy Q,;ZOO ns ) .
too Delay From RD = 1To &'} 100 ns .
tAR Time Address Stable BRTgGS : _:}“9 25 ns . )
teR | Time CS Stable B é}‘ KRN ns
C tak Width Of ACK Py & 100 ns
tsT Width Of STRIP e i 100 ns :
' tpg Set-Up T, ‘ 200 | ns
tPH Hold Time Fo§ b ' 10 ns !
taa | Hold Time for AyRRo After RD =1 10 ns )
tre Hold Time For CS After RD = 1 10 ‘hs _
tAD Time From ACK = 0 To Output(Mode 2) 200 ns "
txD ‘| Time From m = 1 To Output Floating 250 ns
two - Time From WR = 1 To OBF = 0 50 ns .
tA0 Time From ACK =0 To (-)_B_i’- =1 200 ns
. tg1 Time From 578 = 0 To IBF 200 ns
tay Time FromRD=1To IBF=0 . 200 ns c *
340 e
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.

INPUT FROM oy e —
PERIPHERAL .
|-

Mode 1 (Strobed Input)

L]
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PERIPHERAL ___
S. BUB. -

A6

't
DATA FROM
L 0\ 8255 TO PERIPHERAL
Q ’ DATA FROM
£255 TO 8080
\
B ’
3 T
0 " iy .
. .
.
L . A ;
' Mode 2 {Bi-directional) -
. v
) . — y
.
L
- .
AS
. . " P
. . "
e : ' R N »
- ’ " * .
. X \
. * .
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'Y PROGRAMMABLE COMMUNICATION INTERFACE -
.., .o Synchronous and Asynchronous » Baud Rate —DC to 56K Baud (‘Sync Mode)
Vi e Operation - . . .. . DCto96k Baud (Async Mode)
A sSynchronous: ers - = Full Duplex, Double Butfered, ©
§ R Internal or External Character: . Transmitter and Receiver . ’ -
W s Synchronization.. .. . = % Error Detection-— Parity,/Overrun, "
_Aulpmalic‘SVr;c-!n.serllon Seaat et o and Framing - -~ R TR
. Asysn-gharang:s: > o = Fully Compatible with 8080.CPU '
acters. - . . . .
e Cloek Réte ~= 116 or64 Times:.. - . ° 28-Pin-DIP Package. . Do
o : " BaudRate ' ) _ = Allinputsand Outputs Are- " B
T ?r:fk Character Generalion: TTL Compatible o —
— .= =+~ 1; 14, or 2 Stop Bits N7 . ‘ R -
- Faise Start Bit Detection = Single 5 Volt Supply .
I 7 A " . . [ singleTTL Clock

The 8251 is a Universal Synchronous/Asynchronoﬁs Receiver / Transmitter (USART) Chip designed for data
communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by the CPU-to operate using virtually any serial data transmission technique.presently in use (including I1BM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con-
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
a.new ‘character for. transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and control signals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology.:

PIN CONFIGURATION

BLOCK DIAGRAM o
o,Cfv 7 2e{do, .
\ \ N
+ . 002 272{70, ! .
. Axo [ 3 26 {1 Vee )
oo ] 4 25 (] fxC ‘ DATA TRANSMIT 7.0
—_ . BUFFER |-=
o, s 2 (57 0,0 Areien i "
(A=l n {3 RATS ' .
. S 07 gogy -7 DsA i :
o, 251 5 B neser ' TR
O . R
e Os 20 [ eux 4 '::;——' © . TaROY
. . wh [0 19{] ™0 5 READ/WRITE TRANSMIT
= D E €/5—] CONTROL | TxE
; . aOn 18 [C] raEmPTY ' o LOGIC . CONTROL "
- —— = CY . .
‘ NN s 2 [ &7 WA_ o) -
D B 11 o | = I . 19} synOET .. " . - .
nxroy ] 14 18 [7] TxROY f ..
i . OTR
| Pin Nema | Pin Punction Pin Neme | Pin Function OTR RECEIVE °
-5y Ds | Outa 8us 18 i) B3R Oste Set Rasdy RO durren Je—Pi0
' Control or Data it 10 be Written or Reed BTR Dats Terminst Ready [ ¢ J——— b s .m
RO Resd Dats Command SYNDET | Sync Detect ) ¢ Jo—-
wR Weite Data or Controt Command RT3 | Request to Send Oats’
cs. Chip Eneble i Clest to Send Data I L ,
CLK Clock Pubse (TTL) Txg Tesnamitter Emoty i .
AESET | Mosat N Vee . | *5Volt Susply . ' j—wRaROY
- ; | It Tranamitter Clock GND Ground ' * . Lo npcEIvE —
ros a0 Transmitrer Dot . INFEANAL | controL I
< AT Receiver Clock “ DATA BUS * o eeSYNOETY
. RxO Receiver Dots -
R . - ‘ AxRDY n.-‘-m'nmmmlum
.~ TxRDY | Transmitrer Resdy lready for char. from 9090)
3 ' . . * N
o .
\
. L
344 !
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" uSlélcoﬂ-GA"r'amos-ezsf.

'__convert' parallel format system data into seriaj format. for-.

,also delete or insert bits or characters that are functionally -

-words and Status information are also transferred through

. This functions! block accepts inputs from the 8080 Control

. CLK (Clock)

.. .. : .

8251 BASlC FUNCTIONAL DESCRIPTION T .
] . . [P

Ge"f'ab ' - : e .. . CIT (Control/Data) e e
The 8251 isﬁa Universal Synchronous/Asynchronous Re-. This input,.in con;unctlon w:th the V\LR and RD mputs in-
ceiver/Transmitter-designed specifically for the 8080 Micro- forms the 8251 that the word on the.Data Bus is either &
computer System. Like other [/O devices in the 8080 Micro- ~ 'data character control word or status xnformatlon '
computer System its functional configuration is programmed 1=CONTROL 0=DATA . e

by the systems software for maximum flex,lblhty The 8251 °
can support virtually any serial data technlque currently
in use (lncluding 1BM “bi-syne”).

CS (Chip Select) L
A "low” on this input enablés the 8251. -No readmg or writ-
. ingwill occur unless thedevtcc |sse|ectedu, ; et

PR
In‘ avcommumcatlon environment an interface.device: must

transmission and - convert incoming serial format.data into:
parallel system data for reception. The interface device faust.

unique to the -communication technique. I essence, theér
interface should appear “transparent” td the CPU, a slmple.
input or output of byté-oriented system data.

Data Bus -Buffer

BUS o
BUFFER N
This S:siate, bi-directional, 8-bit buffer is used to. in'terfa'ce " S
the 8251 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of iNput or OUT- CLR—— neapmmiTE

& et 1
put instructions of the 8080 CPU. Control woids, Comrhand * w ] “loaic

the Data Bus Buffer.

Read/Write Control Logic

bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register- that store the various control formats for device
functional definition.

RESET (Reset)

A “high” on this input forces the 8251 into an “Idle’ mode.
The-device will remain at “ldle” until a new set of control
words is written into the 8251 to program its functional
definition.

The CLK input is used to generate internal device timing ’ '
and is normally connected to the Phase 2 {TTL) output of
the 8224 'Clock Generator. No external inputs or outputs

are referenced to CLK but the frequency of CLK fust be c/D RD WR C - "
greater than 30 times the Receiver or Transmitter clock in-- g “’ ; 8 g‘z'_::tgr":zgf
puts. for synchronous mode (4 times for asynchronous. 1 o 1 o STATUS = DATA BUS
mode). 1 1 0 0 ODATABUS= CONTROL
WR (Write) . X X X 1 DATA BUS = 3-STATE
A “low” on this input informs the 8251 that the CPU is ) . ',.
outputting data or control words, m essence, the CPU is LU
writing out to the 8251, \ ,
RD (Read) . . - o T
. , N . —
A.""low” on this input informs the 8251 that the CPU is in- ot . "‘
putting data or status information, in essence, the CPU is . X . . . oy ;
reading‘from the 8251. ) B )
‘- " ’ 345 . ' ' ' ) '
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; DTR (Data,'l'ermmal Ready) .

. The DTR output signal is. general purpose in nature. It can-
. be.set "Iow" by ‘programming the appropnate bit in the
.Command Instructién word: The DTH output signal is norm-

fThe 8251 hasa sat of control- inputs and- outputs that carv
befund . tow slmpllfy ‘the“interface to almost any Modem.-- .=
“The- ‘modenr-control” signals.are general purposs: in- nature-

and can- be’ ised for functions other than Modem control .

if necesafy

DSR (Data Set Ready) Lo,

The DSR.input signal is general purpose irr nature. Its con-
dftion can bc tested by theCPU using 8 Status Read.¢ .opera::

to.

ally used for Modem control such as Data '_l'erminal'Ready

. ‘or.Rate Select. .-’

RTS (Request to Send)

The: RTS. output signal is general purpose in nature. It can
be- set “Iow" by programming the appropriate bit in the
Command Instruction word. The RTS output signal is norm-
ally used for Modem control such as Request to Send.

CTS (Clear to Send) ! :
A “low’ on this input enables- the 8251 to transmit data
{serial) if the Tx EN bit in the Command byte is set to a

o o

one.

“Transmitter Buffer

* The Transmitter Buffer accepts paraliel data from the Data

" Bus Buffer, converts it to a serial

it stream, inserts the ap-
propriate characters or bits (based on the communication

* technique) and outputs a composi ynzl stream of-data on

the TxD output pin.

* Transmitter.Control

The Transmitter Copfrol manages #ll activities associated
with the transmigsion- of serial data. It accepts and issues

- signals both ﬁt’emallyand internally to accomplish this

function. '

TkRDY/(/‘I‘ ransmitter Ready) '

.

. Thls pv.ltput signals the CPU that the transmitter is ready

to accept a: dm character It can be used as an interrupt to .

the em or for the Polled operatlon the CPU can check
Tx DY.using a status read operation. TxRDY is automatic-

' al V eset whena character is loaded from the CPU.,
(€

- lon, The psa mput s norma"y used: to- tst Modem- con- ‘
“ditions such asDataSebReady' - ’

346

TxE (Transmitter EmptY) o B
_ Wher the 8251 has no characters to. transmit, tthxF out~

put wilk go- "hlgh"' 1t mas*automatlcally upon réceiving a-
character from- the CPU.. TxE can-be-used to indicate the
end of a transmission mode, so thatthe CPU “knows” when
to “turn’the line-around” in the half-duplexed operational "
mode. . . . -

In SYNChronous mode, a "hlgh" on thls output mdicates

that a character has not been.loaded and the SYNC charac-

ter or characters are about to be transmmed sutomatlcally
“f:lreri" - o

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the ch;r-
acter is to be transmitted. In the éynchronous transmission
mode, the frequency of TxC is equal to the actual Baud,
Rate {(1X). In Asynchronous transmission mode, the fre-
quency of TxC is a multiple of the actual Baud Rate. A

: pomon of the mode instruction selects the value of the

multiplier; it can be 1x, 16x or 64x the Baud Rate.
For Example: '

If Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHz {16x)
TxC equals 7.04 kHz (64x).

|f Baud: Rate equals 9600 Baud,
TxC equals 614.4 kHz {64x).

The falling edge of TxC shifts the serial data out of the
8251.
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Recewer Buffer

.
]

*
The Receiver- accepts‘serlsl data, converfs this serial input
*to parallel. format, ‘checks for bits or characters that are
unique- to the' communication technique and sends an
“*assembled”’ character to- the CPU. Serial data is input to

the RxD-pin.

.Receiver Control

This functional block manages all receiver-related activities.

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
to the. interrupt.structure of the CPU or for Polied opera-
tion the CPU. can check the condition of. RxRDY using a.
status read operation. RxRDY is automatically reset when '3

the. character is read by the CPU.

RxC (Recelver Clock) .

The Receiver Clock controls the rate at which the character
is to be received. Iq Synchronous Made, thé frequency of
RxC isequal to the actual Baud Rate (1x). In Asynchronous
Mode, the frequency of RxC is a multiple of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multlpher n can be 1x, 16x or 64x the Baud

Rate.

For Example:

If Baud Rate equals 300 Baud,
RxC equals 300 Hz {1x)

RXC equals 4800 Hz (16x)
RxC equals 19.2 kHz (64x).

If Baud Rate equals 2400 Baud,

E equals 2400 Hz {1x)
Eﬁg equals 38.4 kHz (16x}
RxC equals 153.6 kHz {64x).

When used as an input, (external SYNC detect mode); a
positive going signal will cause the 8251 1o start asemblmg
data characters on. the falling edge of the next* &xC. Once
in SYNC, the "Kigh' input signa can be removed. The dura-
tion of the high signal should be at least equal to the penod
of RxC.

RECEIVE
BUFFER
{S~r)

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
. handling both the transmission and reception operations bf’

a single link. Consequently, the Receive and Transmit Baud
Rates.will be the same. Both TxC and RxC will require ici"'en- o
tical frequencies for this operation and can be tied together
and connected to a single frequency source (Baud Rate

. Generator} to simplify the interface.

SYNDET (SYNC Detect)

?

" This pin is used in SYNChronous Mode only. It is used as,
either. input or output, programmable through the Control
~ Word. It is reset to “low’” upon RESET. When used as an

output (internal Sync mode), the SYNDET pin will go

“high” to indicate that the 8251 has located the SYNC*
character in the Receive mode. If the 8251 is programmed

to use double Sync characters (bi-sync), then SYNDET will
go “high” in the middle of the last bit of the second Syne

{ ADDRESS BUS 1
- . L
§ CONTROL BUS
[ Wﬁl ﬁﬁPESETI K
§ DATA BUS

|
I

s B 0y-04 AD WA RESET CLK

8281

. character, SYNDET is sutomatically reset upon a Status

Read operation.

347

8251 Interface to 8080 Standard System Bus.
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DETAILED OPERATION DESCRIPTION
General )

'f'hg complete functional definition of the 8251 is program-
med by the systems software. A set of control words must
be sent out by the CPU to initialize the 8251 to support the
desired. communications format. These control words will
program the: BAUD RATE, CHARACTER LENGTH,
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
RONOUS OPERATION, EVEN/ODD PARITY etc. In the

- Synchronous Mo_iie, options are also provided.to select either,

internal or'externat character synchronization.

Once programmed, the 8251 is ready to perform its com-
munication functions. The TxRDY output is raised “'high”
to signal the CPU that the 8251 is ready to receive.a char-
acter. This output {TxRDY) is reset automatically when the
CPU writes a character into the 8261. On the other hand,
the 8251 receives serial data.from the MODEM or /O de-
vice, upon receiving an entire character the RXRDY output
is 'raised “high” to signal. the CPU that thé 8251 has a com-
plete character ready for the CPU to fetch. RxRDY is reset
sutomatically upon the CPU read operation.

The 8251 cannot begin transmission until the TXEN(Trans-
mitter Enable) bit is set in the Command tnstruction dhd
it has received a Clear To Send {CTS) input. The TxD out-
put will be held in the marking state upon Reset.

Programming the 8251

Prior to starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 8251 and must irt.\me'diately follow

. a Reset operation (internal or external).

The control words are split into two formats: %

1. Mode instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251. It must follow a Reset operation (internal or
external). Once the Mode instruction has been written into
the 8251 by the CPU, SYNC characters or Command in-
structions may be inserted. . "
Command. Instruction

This format defines a status word that is used to control

the actual operation of the 8251,

Both the Mode and Command instructions must conform to

a specified sequence for proper device operation, The Mode

Instruction must be inserted immediately following a Reset

operation, prior to using the 8251 for data communication..
- t
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All control words written into the 8251 atter the Mode In-

struction will load the Command Instruction. Command In:

structions cen be written into the 8251 at any time in the

data block during the operation of the 8251. To return to.

the Mode Instruction format a bit'in the Command' Instruc-
tion word can be set to initiate an internal Reset operation
which automatically places the 8251 back intg the Mode
Mode Instructions or Sync characters.

cH=1 MODE INSTRUCTION ‘o
eI
cHa SYNC CHARACTER 1 . L.
. l,_ SYNC MOOE
.
eBet SYNC CHARACTEA 2 i ONLY
/5 et | COMMAND INSTRUCTION®
' K \' . iy oy
ch-0 2 DATA 2
T
.
CS 1 | COMMAND INSTRUCTION
cbe0 1{ DATA L . E
c/d -1 | COMMAND INSTRUCTION

*The second SYNC character is shioped if MOOE instruction
LY the 8251 1o single characier Internal SYNC
Mods, Beth SYNC charscters are skipped it MODE wstructeen
oy progrommaed the 3251 10 ASYNC maos.

Typical Data Biock

- Instruction fofmat. Command Instructions must follow the .
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Mode Instruct:on Defmitlon o ’ .

_ The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
. instruction defines the functiona! operation of the 8251 the

designer can best view the device as two separate components ,.

sharing the same package..One Asynchronous the other
Synchronous. The format-definition- can be changed- “'o
the fly” but for explanation purposes the two formats wnll
be |solated..

. Asynchro.nous Mode (Transmlsslon)

Whenever a data: character is sent by the CPU the 8251
. automatically adds a Start bit {low level} and the program-
" med number of Stop bits to each character. Also, an eveh:
or ¢dd Parlty bit is inserted prior to the Stop bit(s}, as de-
fined by the Mode Instruction. The character is then trans-
,mitted as a serial data stream on the TxD output. The serisl
datais shlfted out on the falllng edge of TxC at 1 rate equal
*to 1,°1/16, or 1/64 that of the TXC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to
the TxD if commanded to do so.

When no data characters have losded,into the 8251 the
TxD output remains “high* {marking) unless a Break {con-
tinuousiy low) has been programmed.

. v

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this line
triggers the beginning of a START bit. The validity of this

- START bit is checked by again strobirig this bit at its nom-
inal center. If a Jow is detected again, it is a valid START
bit, and the bit counter will start counting. The bit counter
locates ‘the center of the data bits; the parity bit (if it ex-
ists) and the stop bits. If parity error occurs, the parity er-
ror flag is set. Data and parity bits are sampled on the RxD |
pin with the rising sdge.o.t.ﬂTQ.Jf.a low level.is. detected. 2¢
the STOP bit, the Framing Error flag will be set. The STOP
bit signal's the end of a character. This character is then
loaded into the paraliel 1/0 buffer of the 8251. The RxRDY °
pin is raised to signal the CPU that a character is ready to
be fetched. 1f ‘a previous character has not been fetched by
the: CPU, the present character replaces it in the 1/0 buf-
fer,- snd the OVERRUN flag is raised (thus the previous
character is lost). All of the error flags can be reset by a
command instruction. The, occurrence of any of these er-
rors will not stop the operation of the 8251.

O Dy Oy O D, 03 D 0O
)

CLLRLLLLE] '

BAUD RATE FACTOR
° 1 [

[ 0 1 1

Pove | (0 |nex || .

CHARACTER LENGTH
[} 1 6’| »

[ [ LI B I

5 [3 7 ]
N BITS | 817S | 8iTS | BITS

. PARITY ENABLE
1=ENABLE 0 =0ISABLE. .

EVEN PARITY GENERATION/CHECK -
1=EVEN 0=000

NUMBER OF STOP BITS
o 1 e | 1

L] [ 1 1 .

Y [EQ N (AR
INVALID| gi7 | miTs ) '

Mode Instruction Ft‘)rmat, Asynchronous Mode

1

TRANSMITTER QUTPUT

TeD  MARKING ‘

RECEIVER INPUT

_]

START
8T

l > | PARITY l sTOP l
DAYA llTl BIT BITS .
P -
PARITY sToP
BIT BITS

START

BT v DATA BITS [

— ¥

TRANSMISSION FORMAT
.
CPU BYTE [S-8 BITS/CHAR)
. it

¥
I DATA CHARACTER l

e
ik

L}
ASSEMBLED SERIAL DATA OUTPUT (T20)

— 1t et —
STARY PARITY * sTor
41 [ DATA CHARACTER T T [ 8ITs
‘- :

RECEIVE FORMAT
SERIAL DATA INPUT {RxO)
, SRR S .

START PARITY sTop

[ 11 Y4 TS

f CPU BYTE (89 BITS/ICHARY® '

)
. .

SNOTE: IF CHARACTER LENGTH ISDEFINED ASS, 60R 7 .
B1TS THE UNUSED 8ITS ARE SET TO “ZERO™.

-
DATA CHARACTER [

i
=

‘
DATA CHARACTER J -

45
-

AAiQ'nchronous Mode . .

349



The'TxD' 6utput Is. contmuously higl'r unm the CPU sends. :
_"" its first t:hanctet to the 8251 which usually is’ a:SYNC

, ’ character: When- the CT§ line goes low, the first “character [”l:”l "“":‘I I - l I l "' P . '

is serially. tranwnmed out: All characters are shifted out on-..

the falling’ edge -of TxC. Data is shifted out at the same- I CHARACTERLENGTH  ° =

-_:ratewtheTxC.m. DIV L N Ie w e SR SO A q . IR T T I G T [ o 1

_Once trmsmusion has startéd, the data stream st TxD- out- . X LA NI T.CT1 i P
* put must:continue at the TxC rate. If the CPU does notpro- 7 hoars | i wirs | oms
vide t.he- -826%: wmf-a- character. before the 825J~become$ ) . . - : PR

empm “the SYNC characters {or character if. in singIaSYNC-a
", word mode)—wnll be.automatically mserted in the—TxD data o

....-nal that the 8251. ls empty end SYNC characters sre bemg- B - —
'_ sent out. The TXEMPTY pinvis internally reset b\[the next N EURCE P e

e ~. S 0e000:"

he 8251.

L charncter - belng wntten into-

EXTERNAL SYNC orr:c\‘ A
1= SYNDEY 1S AN INPUT.

. . 3 Y= . . : ’ N D - SYNDET IS ANOUTRIT :
R SynchronousMode (Recewe) - . g . o -

" th this mode character svnchromzatlon can be intemally [ 7 = i gu‘h‘cimag'::lnmni
or externally achieved. If the internal SYNC mode has been o= oouBLE s.mc CHARACTY
programmed, the recewer starts in a HUNT mode. Data on : : .. .
the RxD pinis then sampled in on the-rising edge of RxC.

_ The content "of the Rx buffer is continuously compared *  "paode 1nstruction Format, Synchronous Mode
with the first SYNC character until a match occurs. if the 2 . : ,
8251 has been programmed for two.SYNC characters, the .
subsequent received character is also compared; when both - - L
SYNC characters have.been detected, the USART ends the
HUNT mode and is in character synchronization. The SYN- g ' S
, g'E_;\l'T;l)Jig :Et:le)n set high, and is resét automatlcally by 2 ' I erus N .-
I DATA CHARACTERS J -

In the external SYNC mode, synchronization Is achieved by .

. ' applying a high tevel on the the SYNDET pin. The high level can ASSEMBLED SERIAL DATA OUTPUT {TxD}
be removed sfter one RxC cycle: \ o r P ] e l D";a — J

, Parity error and.overrun error are both checked in the same . Ly ARG s
way as in the Asynchronous Rx mode. i *ECEIVE FORMAT # v
The: CPU can command the receiver to enter the HUNT . ¢ SERIAL DATAIRPUT (AxDI ‘ .

. mode if synchronization is lost. . 5 pey - .
o e e . . , > N Fl""‘ \ l cnan2 ' . DATACHARACTERS I

CPU BYTES (58 BITS/CHAR) A
PR . . P— T ‘ DATA CHARACTERS I -
' , .. S . S\}nchtonous Mode, Transmission: Format .
S . . e o . . “aa '. = . °

: . N . ) 1 !
. PRI 4 e ! ’ ‘n b . '.o P o ' e o “‘l. Y ‘:“ “n 4 u“"‘.’f N \’.’u" 4

-




“;;.’:'.‘céimmmmsr UC';ION-DEFINLTIOM;

A e Ly )

: Unce the'functlonah deﬂmtion o the BZEI'has‘\beefz pro- ”._"..4 I dat& commumcnion- systems It‘ is. ofterv» necmrv t g
D3 gram e}by'the Modtrlnsimctxon and" the Sync'Eharacters  + examine: the-"mtus" of the actrve devnce to ascertam lf‘

aru lbaded (if i in Sync Mode): then the device tsﬂmdy to be-

‘tions. suchri gst- Enablo-Tnnsmithécetvé, Efrok; Rmt anda .
‘2 "Modem.Controls are provided by the C‘ommand lnstructlon.

: durmgthe functlonal operatlon.

A normal-read”” command is issued- by the CPU wuth the

Once- the Mode* lnstruction has been wrmerr mttrthe'8251 Cc/D input at one to accomplnsh thls functxon wsh

and Sync: characters. msened if necessary, ther. all further:.
Vv Mcontrol: writes’: (C/D* = 1) will: load the; Commandc lh-
structxom A Reset operation: (iriternal or.. oxte‘mal): wnll
re?um;' the 8251 to- the Mode- Instruction Format.: ° '

A -. ....a...'_- “
o~ o

"Some\ of the bits ln the Stams Read Format have ldentical_ .
" meanings to-external output pins so.that. the 8251 can be.

usad in a completely Polled envirpnment of: '"aﬁ‘interrypt,

K Og' u,, o, Dy Dy, J‘.' B oo,
- ot . ]
FUP Enl m-lllrs[m[nnx[ags,wn ﬁﬁq : .
- . 2 4“. ..". . - . | . . “‘ -
BT W Pl Tov| | THAnsMiT enasee
s o A ‘ 1 = ensble
.- - . 0= dimble ..
~ - - OATATERMINAL. ] = == === e e X PARITY ERROA: .
READY: . -1 The PE fag it set when a parity,
“high” wil foree OTR orror it detectad. It i ruset by .
output o rero the ER bit of the Commend
Iwtructron. PE dowt not inhibit
. . eperntion of- the 8251,
AU S RECEIVE ENABLE : -y - '
. \ -+ 1 = enable e
' . 0 = dhable
OVERAUN ERROR
. . ¥ . . ' | The OE flag is st when the CPU |
SEND BREAK :'::ammnm N
cyahgcres. 1t ie reet by the ER bt of the '
1 = torcas T=D “tow™ Coammand infruction, CE doe
-0 = normst operation - not inhibit operation of the K251; [
' Bowever, the previously overrun !
- = , sharngrer s love, N
.. | EAROR RESET- 5 . .
1 = rosnt !t acvor Nogr ;
PE, O, FE' 3 -
+ ING ERROR {Asyne enly). ~
. \) E Nag iv sot when 3 velid
* mmhur detocwd 5t the
RENUEST TO semp \ wd of every & reset. .
* “high” wit} fores RTS . ' by the ER bit of the Command
outpat to rere ’ lespructien, FE dows not inkibit
. e opersven of e 8251,
INTERNAL RESET -
“Ngh" returne 8251 to '
#ode instroctien Format T R . -
Set Status Read Format P
ENTER HUNT MODE 3 3
~~a{ <1 & gneble merch for Syne & '
. Charscters A DA '
~* 1 ) v
.
. PERTRL
“y . . . . . . . - - B
. ' .
- . . R . 1
Command Instiuction Format- o
. .. L ~~ .
- . , - . . H
.y + . . . M °
v »
. I N -
. .
. s " . .
m
. i -
.l
s
LI AREE
[ A
e b
R R - U
¥, SR ‘-. :
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D C. Charactaristm'

""'.’i’w

e s

L Symbql. -Par;mm.~ s
= Wity « -3 |- Input: LowVoitsge- .
ViH '

‘Input High Voltage

1.6

. |QL"2.0mA..(_DBo.7); < e
A(Otheﬂ)"" ’

Output High Volt'age T -

Power Supply Current

tnput Load Current.- +. ~ - =7 %" "wer |

Ourtput Leakaga Current (DB Low)." .

| oo oo Corore BB

Vou-r" Vech#als

PR

Parammw o7 .t I_.'.'-fj LT " Min_-
LDotey” Clock Period: = y s\ ns

" tow.: [ Clock Pulse Width-- A o, sb’ ns i

_tcp 1. Clock Pulse Delay: \ - i ,‘f‘- 1 ons 7 T
tRAp- | Clock Riseand Fall Time-, =~ v’ =77 "i < ns - T
tWa. “Write Pulse Width 400, ns

oo L s
tns Data Set-Up Time for WRITE ; 3\190 ns .

. oy, - DataHold Time for WRITE, . ., - g0 |, ns R '
tpp. Data Delay from READ | " ¢ ’Q,G' 350 ns C = 150pF :
tep READ to Data Floating ¥ | .0 | ns | cL=180pF =, 't
taw Address Stable before WRIT o0 ns

Ctwa Address Hold Time for W ;'\o" i 40- _ns - i i
taR.’ Address Stable before RE ‘0 ns
tRA Address Hold Time Y ‘&"" | @ ns )
tDTx TxD Delay from (o] /\.zf” ,300 ns
tSRx Rx Data Set- ling Pulse 500 ns \
tHRx Rx Data H i Sartpling Pulse". 6 CLK -
. Period !
frx Transmitter in gR Frequency .
- 1X Baud Rate 56 ¢ KHz |-,

.. 16X and 84X Baud Rate ' 615 KHz -r

. Receiver Input Clock Frequency. - ; . ) ;
1X.Baud Rate . 56 KHz ' -
Co 16X and.84X Baud Rate . . 615 | . KHz L

. trx. TxRDY Delay from Center.of Ddta Bit - ' 6. CLK | C_=50pF o
: Period , , e N
TRy RxRDY Delay from Center of Data Bit 6 ' ‘eLK . ”
’y Period .
Us internal SYNDET Delay from Center of 6 CLK

’ Data Bit. - .o Period

tes. External SYNDET Set-Up Time before Rlsing 8 -CLK~ ’
T & Edge of RxC "~ ¢ - el ’ Period:
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“ 5 The in::igl.Ziib f:rc;duct lineisa complet; set ot.‘. micm:' " multiple level interrupts, unlimited subroutine nesiing and

computer components, development systems and support - simplification of many types of data handling. .
software. The Z80 microcomputer component set includes L ’ L ) .
. all of the circuits nécessary to build high-performance The two 16-bit index registers allow tabular data manipu-
** microcomputér. systems-with virtually no other logic and-a lation and easy unple.mentatxon of relpcatable code. The
. minimum number of ]ow cost standard memory elements. * Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
The Z80 and Z80A CPU’s are third generation single clupi.“ . ina Pﬁw'"f“l interrupt response mode to form the upper 8

. mcroprocegomwﬂh unrivaled computational power. Th:s "= bits'of a pointer to 2 interrupt, service address table; while '
vi: increased computational power restilts in higher system:: .+ the interrupting device supplies the lower 8 bits of the
through -put and.more efficient memory utilization when. pointei. An indirect call is-then made to this service address.
* compared to second generation microprocessors. In ’ o - !
-~ addition; the Z80 and Z80A CPU$ are.very easy-to 1mple- 'y : - RIS

-ment into a system because of their single voltage require- * * FEATURES
> ment- plus all output signals are fully decoded and timed to . . )
" Control standard memory or peripheral circuits. The circuit - o Sirigle chip, N-channel Silicon Ga:e CP U .
is implemented using an N-channel; ion implanted, silicon )~ 4 1,58 ms‘tmctxons—mcludes all 78 ° f t.he 8080'? Instruc-
gate MOS process. .. - . t!ons .wnh tota] software. cowpaubdx?y:&lev’umstmc-
R tions include 4-, 8- and 16-bit-operations withhrmore — -~ ~—
Figure'l. isa biock dlagram of the CPU, Figure 2 details ' useful addressing modes such as indexed, bit and relative.
the internal register configuration which contains 208 bits e 17 internal registers.
of-Read/Write memory thai are accessible to the program- ® Three modes of fast interrupt response plus a non-
mer. The registers include two sets of six’ general purpose maskable interrupt. ,
registers that may be-used individually as 8Bit registersor . - e Directly interfaces standard speed static or dynamic
as 16-bit register pairs. There are also two sets of accumu- memories with virtually no external logic.
" Jator and flag registers. The programmer has access to either ® 1.0 psinstruction execution speed.
set of main or alternate registers through a group of ex- e Single 5 VDC supply and singlg-phase 5. voit Clock.
change instructions. This alternate set allows foreground/ e Qut-performs any other single chip microcomputer in
. background mode. of operation ormay be reserved for very 4-, 8-y or. 16-bit applications. )
fast Interrupt response. Each CPU also contains a 16-bit e All pins TTL Compatible
- stack pointer which permits simple implementation of @ Built-in dynamic RAM refresh circuitry.

]
.

mam nga seT ALTEANATE ACG SET
N LT
a L A r [
. 3 r e ¢ .
GENERAL
° t o « oL S .l
L " ! v o~ v ) ! 3
TiRAT MIMORY ——
V‘!C‘ol ' ALPRESH N .
WOEH RIGISTER = | [ reciat W
PURPOSE
NOEX REGISTER w1 faecisteas
STACK PONTER 3
FROCRAM COUNTEAR ”<
wur '
ADONESS BUT .
- 280, ZBOA CPU BLOCK D!AGF:KAM : . 280, 280A CPU REGISTERS !
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l- .nv--u PrE

ZSO‘;;ZSOA—CEEISPID Descnptxom

.‘. ‘ L ‘,
E- p
y _ZZ -
I .
e
—;—'—. “1 | aconems
e 4 [(wn
o
[ &
SN o ane ::; [
pecmy -
E:’; OATA /
| SR == A
< I IR s X
B Z80; Z80A CPU PIN CONFIGURATION ..
AgiAys - . Tri-state output,active kiigh. Ag-Ajs
(Address Bus)  constitute a 16-bit address bus. The
o . address bus provides-the address.for F
_memory (up to 64K bytes) data
exchanges and for 1/O device data exchanges.
T Dp-Dy T T Tn ate mputlbutput active high. Y
(Data Bus)”’ Dg - D7 constitute an 8-bit bidirectional
: , data bus. The data bus is used for data
exchanges with memory and 1/O devices.
M, Output, active low, M indicates that the
(Machine ° current machine cycle is the OP code
Cycle one) fetch cycle of an instruction execution. *~
MREQ Tri-state output, active low: The memory
(Memory request signal indicates that the address |
Request) bus holds a valid address for a memoyy
read or memory write operation.
IORQ Tri-state output, active low. The IORQ
(Input/ signal indicates that the lower half of the
Output address bus holds a valid 1/O address for
Request) . a 1/0 read or write operation-An IORQ
signal.is.also. generated when an.interrupt <
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.
~ EXTS =
RD . * Tri-state output, active low. RD indicates
(Memory that the CPU wants to read data from
Read) memory or an 1/O device. The addressed -
1/O device or memoty should use this
signal to gate data onto the CPU data bus.
WR Tri-state output, active Jow. WR indicates
(Memory that the CPU data bus holds valid data to
Write) . be stored in the addressed memory or l/O'

device. |
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“WAIT,

(Refresh)

HALT -~
(Halt state)

et

(Wait)

INT

(Interrupt

‘Request), Y

NMI
(Non
Maskable

- Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK

(Bus

Acknowledge)

_maskable or a maskable intesrupt (thh
" the mask enabled) before operation can.::

- actmty

’ lnput active low. WAIT mdncatesto the .

2 1/O devices are not- ready for a data"- .
**'transfer, The CPU continues to enter wait
» states-for as-long as this sign

tain a refresh address for dzna ic ¢ >
memories and the current MREQ signal -
should be used to do a refresh read to all
dynam:c memories.. T

Output, active low. HALT indicates thats.
the CPU has executed 2 HALT. software.
instruction and is awaiting either a non-

v. e

resume. While halted, the CPU executes.. . ”
NOP'$ to mamta.m.memory ret'xesh. -

Z-80 CPU that the.addressed memory or’

af is active.

Input; active low. The Interrupt Request .. .
signal is generated by /O devices. A | - ..
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop ..~
(IFF) is enabled. T .

lﬁput active low..The non- -magkable
mterru_!_nrequesl line has a higher priority _
than TNT and is always recognized at the
end of the current instruction, indepen- ,
dent of the status of the interrupt enable "~
flip-flop. NMI automatically forces the..
Z-80 CPU to restarf to location 0066y. -

Input, active low. RESET initializes the

CPU as follows: reset interruptienable
flip-Nop, clear PC and registers [ and R
and set interrupt to 8080A mode. During
reset tirtie, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input, active low. The - bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine ™
cycle and is used to request the CPU address
bus, data bus and tri-state, output control
signals to go to a high impedance state so -
that other devices can control these busses. -

Output, active‘-low. Bus acknowledge is
used to indicate to the tequesting device
that the CPU address bus, data bus and

_tri-state control bussignals have been set

to their high impedance state and the
external device can now control these signals.



TimingWaveforms::.;,:-"ﬂ.-5:;;‘ ST BT o R

e S 5 . L e “ T . - s
L i e T pe e nTINET 0 LT

Py e 4 e BT B e P
T e . . . INSTRUCTION-OP CODE Fercm
The program counter content (I;C) is placed om tha ST Repr g
address bus immediately at the start of the cycle One hzlf .
clock time later MREQ goes active. The falling édgéof - '
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memory J__asrtemseen Ul .
data should be enabled onto the CPU data bus, The CPU: - . ¥ SN S U WL
samples data with.the rising edge of the clock state T3. - :
Clock states T3 and T4 of a fetch cycle are used to refresh °
dynamic memories while the CPU is internally decdding A .j. L 1=
and executing the instruction. The refresh control signal & I\ LS.
RFSH indicates that a refresh read of all dynarmc memories ) ——(1)}-
should be accomplished. ) Bl e - '.; - . .
.
AR {: QAEMOR\’ READ OR WRITE' CYCLES R ‘ JERNPIN
. . ..‘a o ‘ “ PP RT R R S 1 Rt ST TV ST UL (R DR UL
" Illustrated here is the tlmmg of memory read or write: . - Vomers
cycles other than an OP code fetch (M; cycle). The MREQ : o n ow | n o on.
and RD signals are used exactly asin the fetch cycle. In . ] —_ [\ U e
the case of a memory write cycle, the MREQ also becomes ro-an —H——GtioRvion iRV AR
active when the address bus is stable.so that it can be used A — — P
directly as a ¢hip enable for dynamic memories. The WR v > ] —.
line is active when data on the data bus is stable so that it " \ J
can be used directly. as a R/W pulse to virtually any type of - \
semiconductor memory. - @ q AT}
- i ¢ i i v
INPUT OR OUTPUT CYCLES -
Wustrated here is the timing for an 1/0 read or 1/O write X Ty . " \
operation. Notice that during 1/O operations a single wait + — o e S VD e W
state is automatically inserted (Tw*). The reason for this is s-ar TH AT ADORTR I
that during /O operations this extra state allows sufficient = \ T
time for an 1/O port to decode its address and activate the ” X ——
WAIT line if a wait is required. paod
00-07 L
N | = i [ WS S
]
. i . ! 1 e
o0~ 07 ‘—.-——(i ouT o=
: INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
The interrupt signal is sampled by the CPU with the ——t—
rising edge of the last clock at the end of any instruction. Lt T 3000 1 :, i e ™y
When an interrupt is accepted, a special M| cycle is : I U g U g U r—\-—_r—'\_{——"__
generated. During this M| cycle, the TORQ signal becomes = 1 & L
active (instead of MREQ) to indicate that the interrupting - 1T~ -
device can place an 8-bit vector on the data bus. Two wait s an I x J oetees
states (Tw*) are automatically added to this cycle so that a = \ /o
Tipple priority interrupt scheme, such as the one used in the. P 1
Z80 peripheral controllers, can be easily implemented. =5 \ —
oe 07 E)_
Co A T\
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.RW‘M&Mmon St BT
""“5" ~The fé!lowmgls msummary of the 28(7 Z80K instmcuon

? -,set showingthe'asembly- linguzge mnemonic'and thesym- =~

_: bolic Speration performed by the instruction. A more de- v
_tailed listing appears in the Z80-CPU technical manual, and =, ,
= assembly.language programming manual: The instructions ~ =~

: ~.~E any l6-bxt destmatxotrrepsten or memory, locano
=' 8bit signed 2's complement dfspl‘aéemcng; i
'; relative jumps and indexed: addressmg. et

are divided into the followmgcategoncs

8-bit loads”

’ .‘." '8 spezish call locations in pagezerb I decum}“r

R . Miscellaneous Group . L Eany 8-bit binary. number . -

Tyt 16-bitloads P 7o+ % 7:vo . Rotatesand Shifts . Tl ‘= ‘any 16:bit binary ““mbef e

“.". Exchanges T Bit-Set, Reset and’ Test. =" any §-bit Beﬂﬂﬂ PUl’P°3° WS!SM (A B C' D‘.-
Memory Block Moves input and Output H or L) .
Memory Block Searches Jumps £ "any 8-bit source reg:ster or memory locatron L
8-bit arithmetic and logic Calls - = abit in a specific 8-bit register or memory locauon.
16-bit arithmetic ~ Restarts__ oL = any 16-bit source register or memory. locatiorr...: ey

" General purpose Accumulator  Retyrns = subsc fipt “L” =

.& Flag Operations

. Y )
In the table'the following terminology is used.

the low order 8 bits of 2 16-bit reglster - .
the high order 8 bits of a 16-bit regxster '

subscript *H™

¢ ... (). =_the contents within the () are to be usedasa.

“ §: . = 2 bit number in any 8-bit regster or memor)c oo i ',"',:"-'_--.on:nter to 2 memory location or HO port numb
S location®- = - .- " 8-bit registers are A; B, C; D, E, H, L, Land R. <&~ % X
cc = flag condition code l6-b|t register pairs are AF, BC; DE and HL

NZ = non zero N l6-b|t regxsters are SP,PC, X and 1Y .
Z = zero A =
NC = non-carry Addressmg Modes implemented mciude combmauonyof L
C * = carry . the followmg‘ Immediate... . ~Indexed:: v 70,
PO = Parity odd orno over flow Immediate extended  Register ’
PE = Parity even or over flow o Modified Page Zero Implied - ...
P = Positive (p - . Relative - .Register | lndmct
M = Negative (minus) ; = Extended Bit-
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments -
LDr,s res s =r,n, (HL), LDI (DE) « (HL), DE « DE+1
(1X+e).(IY+e) | 2 - HL « HL+1, BC « BC-1
wn|LDd,r det d=(HL),c 2| LDIR ~ (DE) + (HL), DE « DE+|
2 (1X+e), (1Y+e) | = HL « HL+1, BC « BC-1
3 LDd,n d<\d d= (HL), g Repeat until BC =0
£ (IX+e), (IY+e) | &| LDD (DE) +~(HL), DE «~ DE-1 | )
SILDA,s A+s s=(BC), (DE), | = “HL ~ HL-1. BC + BC- o
(nn), 1,R g LDDR (DE) + (HL), DE <~ DE-1{ ’
LDd, A deA d=(BC),(DE), | = HL «HL-1, BC « BC-1 -
(nn). I, R Repeat until BC =0
i
LDdd,nn | dd +nn dd = BC, DE, « | CPI A~(HL), HL < HL+]
HL,SP,IX. 1Y :‘_—3 : BC « BC-1
LD dd, (nn) | dd + (an) dd = BC, DE, Z | CcPIR A-(HL), HL < HL+1 A-(HL) sets
2 HL.SP, IX, 1Y o BC + BC-1, Repeat the fags only.
S{LD(nn).ss | (nn)«ss ss=BC,DE, + 1 ¥ until BC=0or A=(HL) | A isnotaffected
f<} 8 3
z HL,SP,IX, 1Y | 3 Tcpp A-(HL), HL = HL-1
S|{LDSP,ss SP +ss ss=HL, IX, 1Y . BC « BC-1
2 — syt - = =,
PUSH ss (SP-1) +ss14; (SP-2) ssp | s BC, DE, g CPDR .. , | A~(HL), HL ~HL-1 et
HL AFIX,IY | & BC + BC-1, Repeat
POP dd ddy_+ (SP); ddy + (SP+1) «:‘d = BC, DE, until BC= 0 or A = (HL) L
LAFIXIY ADDs A+~Ats .
EX DE.HL | DE ~HL ADC s A-A+s+CY CY is the-
g EX AF.AF’ | AF ~ AF* ; SUBs A+A-s carry flag
g EXX BC BC' =] SBCs A+A-s-CY s=r,n, (HL)
S 35 DE' 2| ANDs A<AAs (1X+e), (1Y+¢)
| ex csp spL g = ORs AcAVs L
(SP),ss | ( )~"ssL (SP+I)-ssH ss=HL, IX,1Y XOR's A+Aes . s
_
38 7 . "'.‘:
- - - "f- ‘
IR "\,__'. : ' ,




AR s et e ot h v--v 4&\' ﬂr ’ ‘r\*;ﬁ—»
=t . LT bt ot {“S‘f
Mnemonic Symbohc Openhon ! Mnemonic | Symbolic Operation. .

* — B e T
| CBs A -5, . -$=r,n(HL) < BITbis | Z=y5 Z is zero ﬂa; "“E:-:-,‘;
- oo [ d=r(HL) | RESb,s s <0 (lX+e) (!Y+e) -
3 . . . v - . 2
2 . ~ . . (IXte), (IY+e o .
"|peca . faedsir, " (1) NA® | A~®) STy

— Nr,© |r=© | Set flags -1
ADDHL,ss | HL+-HL +ss * INt »(HE) ~(C)HL ~HL +1
: ' =BC, DE B«B-1
ADCHL,ss | HL - HL #ss+CY sES LR
2 |*SBC HL. ss. |- HL += HE - s- €Y. -f HL,SP . INIR (HL) « (C),HL «~ HL + 1 )
vl el FhadEhbadi el ¥ I B+B~l ' R PP
z ADDIX,ss | IX+IX+ss 'sl;.(:sBPC' I?E. Repeat untit B=0. !
Z1 ADDIY,ss |11¥ = 1Yibss. ) - ess=s BC..DE. - IND gil_‘)a _(f) AL~ HL -1 ) :
- NN 1Y 5B > ' S
= . .l X & HL) -~ - . ,
3 INC dd dd~dd+1’ + + I'dd-=BC. DE, g QDR g L)B _(IC) Hl‘ HL -1 -
DEC ;d dd < ) ; HL,SP, IX. 1Y ; Repcit'umil B=0 . ' h
+dd -~ - = Z - .- et
e e, 5 1OUT(C).r | (€)=t P e
DAA Converts A contents into Operands must z QUTI (C)« (HL), HL ~HL + l el
3 packed BCD following add | be in packed B~B-1
3 orsubtract. BCD tormat
= > N O_TIR C)+~ (HL), HL < HL + 1. - R
o "y — B+B-1|
;  CPL A«A Repeat until B=0
| NEG A-00-A OUTD (C)+ (HL), HL = HL - |
2| CcCF CY ~CY O B+~B-1I
. )
SCF CY «1 4 OTDR (C)~(HL), HL « HL - |
; ' B<B-1
NOP N t
2| pacT H::‘;::J °L Repeat until B = 0
3
z | DI Disable Interrupts JP nn PC «~nn NZ PO’
é El Enable Interrupts .JP.cc,nn 1f condition cc is true c Z PE-
H11IMO Set interrupt mode 0 8080A mode - PC + nn, else continue NC l; .
é M1 Set interrupt mode | Call to €038y 3 JRe PC—PCte .
M 2 Set interrupt mode 2 Indirect Cail Z|IRkk,e 1f condition kk is true Kk NC
=2 PC « PC + e, else continue Z c
RLCs =] 4 JP (ss) PC « 53 ss=HL, IX, 1Y
: 3 DINZ ¢ B+B-1,ifB=0 : :
RLs .-. continue, else PC < PC +e¢
s .
h CALL nn (SP--l)*-PCH NZ PO
RRC's = ) (SP-2) + PCy,PC ~nn 7 PE
5 -j CALL cc, nn | If condition cc is false cc{NC P
1 RrRRs 3] « | continue, else same as cC M
4 3 CALL nn T
3| sLas @l |s=r(HL) 2[rsTL (SP-1) + PCyq B
2 s (IX+e). (IY+e) | & (SP-2) + PC, PCyy <0
% ro 1 & PCp ~L
o | SRAS = o L
g s RET PC ~ (SP),
5] SRLs saT==o PCy « (SP+1) '
= 3 . - RET cc If condition cc is false NZ PO
. Z continue, else same as RET Z PE |
RLD ' um "y g . . oc NC PE 9
A - ] B RETI Return from interrupt,
) — o same as RET c M
RRD mm' (L RETN Return from non-
A o f maskable interrupt
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. Althewgh ai by deugn. testing guarantees Iy, g4 of 200 geec maxicoum

Pareeneter
R ChxkPernd -1 . 77
o | twtem Chak Pubse Width, Clack lwr
1, 1L Chak Pubse Width, ik Low * -
[ Chak Rive and Fall Time
. Wiam Address Outpnt Delay ! 145 | mec
. 1E A t Detay 100 Faast X 110. | nsec
. tem - . |7 Address Stabie Prior 1o MRED (Memmury Cycle) = * | LI £ naec
+ Aos N Addrens Stable Prow 10 TTRO. K15 ce TR (1/0 Cyule) T 3
Address Stabletenen XD, WR, or MREQY T WiET
Address S1abke From RD or WR Duning Fhaat 14] . mec
- DotaCutpwt Delay- 3 R Cal e ] o
* Detay W Flvab mm;\\ teCyde> ¢ i 2T T %0 .
Data Serup Time to Riwng Ldgeot Chak Drering | MJ fyde- 30, -
" Data Scwp Tuwe to Falting Euge o Cliwk During M2 Iv MS XD
[Xata Stable Privw 10 WR tMermwy Cyciel : 137
- Data Stable Prive 1o WR 0370 Cycter - 187
9313 Stable From WRY * - - ki
"w. - Any thid Time torSetup Time . 0 neeyc )
IOUF MR) | MREQ Delay Friwn Falting Fdge ot Cluck, MREQ Lirw: 100 | nsec- °
- oMo MRy | MRFQ Delay From Rismg Edge of Clork, MREO High 00| ewec
WMRED i@ MRy | MRTO Detay Frum Falting hdge of Cluck. MRE"J High TO0 | msec_ | € = SOpF-
* Y (MRL) Pulse Widih, MREQ Lovw 181 nsec
ty (WRITY | Puite Width, MREQ High 15T 3
'DL‘ 1IR) TORQ Detay From Riung Edge of Cluck, TORQ Low °0 ngec
5RO DLS URY TOROQ Delay From Falling Edge of Cluck, {ORO Low {10 nsec ¢, = S0pF
1DM® (1R) TORQ Delsy Feim Rinng Edge of Clock, TORO High T00 nsec L
1DH® (IR} IORQ Delay From Falling Edge of Cluck, [ORQ High T nsec
1DLe (RDY RD Oelay From Risng Edge of Clock, RD Low 100 nsec
\OLS(RDY | KD Drlay From Falling Edge of Clock. RD Luw T | nuec
D 'Dll© (RDY RD Delsy From Rising Fdge of Clock. RD High 00 nsec CL * $09F
tonF (rOy |  RD Delay Frum Faling Edge of Clock. RD High TIO T msee
E DLO (WR) WR Oelay From Rrsing Fdge of Clock, \VR Low 80 nwee
DL IWR) WR Delay From Falling Edge of Clock. WR Low 30 neec -
R 1DHS (WR) WR Delay From Falling Edge of Cluck. PR High 100 naec €y = sopF
tw (WRL) Pulte Width, WR Low- Tiot noec
1oL M1 M Delay From Rizing £dge of Clock, T Low 130 | ;e
Wi DI M) M1 Detay From Rising Edpe of Clock, M1 High 1 mes CL = 509F
DL (RF) RFSH Delay From Rising Edge of Cluck. RESH Low 180 nsee
RESH | OniRey | PSR Oxty Frum Ronng Edge of Clock, RFSH High maec ] CL = S0°F
wart 14y (WT) WALT Serup Time 10 Falling Edge of Clock 70 nsec
Iryng 1D HTY HALT Delay Time From Falling Edge of Click 300 | asec Cy = SOpF
154 W) TNT Setup Time 10 Rising Fdge of Cluck 0 nec
i F e (RML) Pulse Widih, M1 Laow 80 asee
BBRO | (a0 . BUSRO Setup, Time 10 Riung Edge of Clock 20 neec
5oz | bresas BUSAR Delay From Rising Edge of Clock, BUSAR Lirw 1207 | nnee
A 1DH 1BAY BUSAR Detay Frum Falling Edge of Clock, BUSAR High 110 nsec cl. = 300F
RISFY | 154pss RESET Setwp Time.10 Rising Fdge of Chck . %0 naec
F () Orlay tu Fluat (WREQ. TORG. RD and WR) 100 | mec
e Mi Stable Preur 1o TORO tinterrups Ack.) 1y mec
NOTES:
A. Data dwwld he eaabled omiv the CPU data hus when RD 1 active, During interrupt scknowiedye datr
tneuld e enahied when M1 and IGRO are bath schve. Lacm vy
B AN comtrd ugnals are nicrnatly syschromzed, wi they may be ttally nyn:hmou with respect,
.t the ehwk,
Q. Thm-'dm|hulmrwsnu~md)dwlwm . ’
D Output Delsy w. Linded Capacttance - ‘
TA=TW'C  Vec= oSV s .
Add 10nsec delay for each SOpl increase in Joad up to s maximum ole'M t.hn databus & lOOpf for
sddress & control Hnes
t.

{2 e ® e -no_

:Ih_l' 'dd'%(ﬂ;)"h zxo
1 tegp= l‘(.L)’l -‘0’

1Bt urL) Tt =40

191 tuqMRH)* ity 7= 30

{19 tw(WRL) = tc - 40
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Tnnpcmm Un‘tr Ihs Specified vperating range.
Storage Temperature: . <65°C 1o +150°C
Voltage On Any Pin-- 0.3V 10 47V

with Respect to Ground
Power Dissipation 15w

Z80-CPU D.C. Characteristics _ :

T, *0°C 10 70°C. V,, = 5V £ 5% unless otherwise specified

‘Comme'nl

Stresses above thos listed under "Abohlu;. 2

Rating'” may cause

damage 10 the device, This is a stress mating
only and functionsl operation of the device
at thess ov any other mamn above those

indicated in the ions of trie=..
:pedﬁalion i not implied. Exposute.to.
J r3ting conditioas for .

extended periods may affect device relisbility.

«n.; ‘fﬂ;hip\.,

-~ .. _‘_;" L%

e

Al Iéq 00mA -«*

Capacitance - .

© Tp=2s°CPabMH S L%
. unmeasured pins returned to ground

Symbol | Parameter Min. | Typ. | Mex. | Unit | TestCondition .- Symbol.| Pesameter . .. Max. § Unit
'v"_c Clock ln:':tl.l_nw Voliage. X -?}. 0,45_- v o e e C;ﬁ ] O«;C:M v s JS‘,-.":. -pF .
Vine ACIAncI: Input High Voitage- \ Vee -6 v+ V. ) clN‘ \nput Cap x;m;“_- P s
Vi ?npul Low Vultsge 0.3 0.8 v Cour Output Capacitance | -10 oF
VK. Input High Vultage 20- Vee v
VOL Output Low Voltage 1 04 v ) lOL'IBmA'
VDH Output High Voltage 24 v Ion * ~250uA: ZSO'CPU
ce Puwer Supply Current 150 mA L Ordenng 0 atl(.).ll: “
u 1 Idput Leakage Current - 10 uA VIN®Oto V. E - El:‘«::“ )
S ~ Standard SV 5% 0" to 70°C
tLoH Ter-State Quiput Leakage Current in Float 10 | wA Vout*i4te Ve E - E:tendad SV 25% ~40° to 85°C
B - - N 2 M - Military SV £10% -$5° 10 125°C
ILOL Tri-State OQuiput Leskage Current in Fluat -10 BA VOUT.O“V
o Datz Bus Leakage Curcent in tnput Mude | 10 nA o<V < vcc
" .
. Capacitance
Z80A-CPU D.C. Characteristics
' TA=’5CI'IMH7
T, "02C W 70°C V= SV 2 £ unless wthera ne spevitied unmeasured pins returned to ground
Symbael Parameter Min, Typ. Maz. Unit TYess Condition Symbal Parameter Mavx." | Unic
Ve Cluck fnput Low Vuliage -0.} 045 v (o Clink Capactiance bH ¥
e Chwk lapm Fligh Vaoliage V-6 Veet3 Vv N Fgaur Capacatanee N pF
Vi nput Liow Vidltage 0.3 REAL v oy ()u(pm Capacstanee | 10 pt¥
Vi Input {high Vultage 0 VR v
Vo Output Lime Veltage vl v 'OL" BmA
¥on COutpat High Voliage 4T v lopg = =250uA ZsoA-CPU
e | et Supply Curren i el % Ordering Information
u Input Leakage Curcent (V] BA . VIN® eV € - Ceramic .
. . N v P - Plastic
on Tu-Stare Quiput Leahsge Currens i Fliot 10 HA Vaur i 4wV, S - Standard SV £5% 0" 10 70°C
ot Ta-Stdre Output Leakage ('ungm  Fluat -10 uA VOUT'O"W:
Wiy Dats Bus Leakage Current in fnput Mde 210 HA OSVINS VY
’,
1]
' ) . LY
362 ~
. " A]
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AL, Lnaracteristics " " Z80A-CPU L

TA =0°C to 70°C. Ve = 45V + S, Unless Otherwise Noted.

Sigral Symbol Parameter Mim | Max Unie Test Conditinn
te Clock Period .28 12 e (12] =, +t e
. t (oH) Clock Puise Width, Clock Migh 10 | 181 | e ¢ DT en Tty
Iy {OL) . Clock Pulse Width, Clock Low . 110 2000 T nsec )
Y1 Clock Rise and Full Time 0 3 i
'D(AD) Address Output Detay 1o noec
'F (AD) Deiay to Flost 90 nsec
taem Addren Stable Prior ta MREQ (Memory Cycie) TIT LTI P .
0.1 [ MdnuSublc'ﬁovlom.mot“(l/O('ydt) T 3 L= 30pF {1 'm"‘(m"(’”
tea Addrexs Stable from KD, WK, {ORG or T3 (33
teaf Address Stable From KD or WR During Float I 3 2] tyy=1.-70
1Dy Deta Output Delay 150 | mec (£ +t -50
73 ,g)) Detay to Float During Write Cycle 90 3 . R o t‘(.l')“ '
158 (D) Duta Sﬂipﬂm-bliing Edpe o‘ﬂo-:l_mringnlcyde. 3% - 3 * T4y ld-l‘(“.)oq-ds .
Dy S¥ (D) Dtz Setwp Time to Falling Edge of Cluck During M2 10 MS 50 nsec CL = S0pF }
dem - Datx Stable Prior to WK (Memory Cycley . 3T nsec Bl tyem=te-170
[ Data Stable Prior to WR (1/0 Cycie) [ niec
teat Daia Stable From WK bl i 5] ¢ 9 * ‘w(u.) +,-170
(™) " Any Hotd Time for Setup Time ; - 0 nsec 7 (cdf- '\(OL) + l’ -70 ’
'DLS MR) [ MREQ Detay From Faling Edge of Clock, MREQ Law 85 | nsec R
'DHe (MR) |  MREQ Delay From Riting Edge of Clock, MREQ High 83 | nsec o
RRED 'DHE (MR) |  MREQ Detay From Fatling Edge of Clock, NREQ Migh 85 | mec | € =sopF
‘v (WRL) Pulse Width, MREQ Low T3 ec . B8]t Gy "t -0
ty (MRH) Pulse Width, MREQ High nsec \
191 i ¢ o) * i~ 20
LS (IR) IGRQ Dehry From Rising Edge of Qlock, [BRQ Low 75 | asec MR * ot
BRO '0L3 (1R) TORQ Delay From Falling Edge of Clock, JORG Low S n3ec €y » $00F
{DHe (IR) TORQ Delay From Rising Edge of Clock, IORQ High S | nsec L
'DHE (IR) TORG Delay From Falling Edge of Clock, JORG High 5 nsec
'DLe (RD) Tl:q Delay From Rusing Edge of Clock, @_Low S nsec
'DLE (RD RD Delay From Falling Edge of Clock, RO Low S Nec =
kD ‘DHO;ID)) RD Delay From Rising Edge of Clock, RD High 3 nsec cL SOoF
'OHS(RD) {  RD Delay From Fatling Edge of Clock. RD High 85 | nsec
DLe (WR) ;—% Delay From Rising Edpe of Clock. WR Low 65 | mec
'OLS (WR) Delay From Falling Edge of Clock, WR Low 80 nsec s
R ‘OHE(WR) | WK Detay From Falling Edge of Clock, WK High 80 naec Cy > S0pF
' (WRL) Pulse Width, WR Low v nsec
[1o) ¢ WEL) = -30
o oL (M1) Mi Delay From Rising Edge of Clock, M1 Low 100 M IC - SOpF D™
'OH (1) W1 Delay From Rising Edge of Clock. Hi High 100 | nsec | "L "20P
DL (RF RFSH Delay From Rising Edge of Clock, RFSH Low 130 nsec
RFSH ‘DH(‘.;), RESH Delay From Rising Edge of Clock, RFSH High 120 | mec ] CL ™ S00F
L7V} 5 (wn) L7277 4 Setup Time to Falling Edge of Clock 70 nsec
HALTY D HT) HALT Delay Time From Falling Edge of Clock 300 | nsee €y = 500F
iNT L am IRT Setup Time 10 Rising Edge of Cluck L1] Asec
Wt tw (NML) Pulse Width, N1 Low L niec
BUSRQ 13 (BQ) EUSRO Setup Time 10 Rising Edge of Clock 50 osec
DL (2A) BUSAR Detay From Rising Edge of Clock, BUSAK Low 100 | nsec .
§usax 'O(8A) |  BUSAR Delay From Fatting Edge of Clock, BUSAR run 100 | mec | Cu”300F
RESEY | 4 (r) RESET Sewp Time 10 Rising Edge of Clock 60 nsec
() Delay 10 Float (MREG, TORD, RD and WR) 0 | nsec
tmr M1 Siadle Prior to IORQ (1aterrupt Ack.) n nseq [(}] e ® 2 ¢ (‘("0 * 10~ 65
..
NOTES: TARY POt 2100
A. Data should be ensbled onto the CPU data bus when R is active, During interrups scknowledge data '
thould be enabled when HT and TORY are both aciive, oodoiieds
B. Al control signals are internslly synchronrzed, so they may be totally asynchromous with respect
(0 the clock, s -~ ’
C. The RESET signal must be sctive for » minimurn of 3 dock eycles. '
D. Output Delay Y1 Loaded Capacitance
TA=20°C  Vees o3V 5%
Add 10nsec delay for each S0pf increase in load up to maximum of 200pf for dats bus and 100pf (or
sddress & control lines, : t. . - , Loed crcvit for Outpwr ¢
£ Although sutic By design, testing gusrantees tw(oH) of 200 usec maximum N . -

, 363
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UMS5101

Electrical Characteristics

Operation Voltage . .................... ... 9v
Stand-by Current ... .. ...
Output Butfer Current

LEDO ........ funA
1IGrO .o LINA
MICG . ... ... 1.5mA
DRAMPD . .. ................ ...... 2.5mA
Others .. ...... ... ... 0.5mA

Functiona! Description

The operation of UMS101 is very simple. It can be
generally described in the following state diagram below:

_~ stanoav POWER ON
Ve - -
COUNT =16 ™e
tos Rec
.
RECOAD RECORD
€05 foR atc
Fon COUNT ¢ 16 hd
RCFRESH
REPROOUCE [,
™e €0
AOMBE» 1 AOMS!» O >
TALKING BACK MODL MANUAL MODE | EPRODUCS

REC = RECIN pin is triggered
TRIG = TRIG pin is triggered
EOR = End Of Record
EOQS = End Of Speech

Talking Back Mode

It will enter the record state after power is on or the TRIG
pin is stimulated in stand-by state. When the recording has

. been completed, it will sutomatically ¢hange to reproduce
state. If the counting numbser is less than sixteen, it will no
to record state again after reproducing is finished,  1his
procedure will continue until the counting number equals
sixteen. After that, it goes to standby state.

Manual Mode

In this mode it will stay in stand-by only after power
on, The trigger of the REC pin makes it enter the record
state. After the end of the record, it goes to refrest state
meoemeder e Beeps b THEAM by 10 can et the
reproduce stale when it is in relrésh state and TRIG pin
15 stimulated  However it must return 10 refresh state |

after the end of recording or reproducing.

Pin Description
AMPI, AMPO

Microphone amplificr input and output. Amplifier gain .
*an be controlled via external resistor connected between
these two pins.

LSCTR

Low speed control pin is used 10 guarantee the RAS
width meets the requirement of DRAM, When low sample
rate is desired, this pin should be in “H" level and the
sanple rote is equal to fosc/32 (foge = Oscillating
frtequency).  When normal this pin s in “L*" jevel and the
sample rate is {og-/16.  However this pin should be in
"I when sample rate is below 12.5KHz.

SPEED

Sneed controls the outputl voice rate. As this pin is in
“H" level, the output rate will increase by two during
voice reproduction.

TWN

11 this pin is . “H" tevel, the voice output will be repro-
tuced twice alter each trigger

AOMBI

Automatic or manual macde control pin indicate the current
maode of this IC. When this pin is in "H™, it is in talking
back maode,  Atter a trigger it will start to record the voico
md then reproduce it
1G times. When this pin is in “L”, it is in manual mode.

The process will be carried out

It will stay in stand-by alter power is on. I REC pin is
\ngyered, it will start to record and go to refresh state
atier recording end  Then it will enter record or reproduce
state by stimulating REC! pin or TRIG pin,

316




-

UMC

UM5101

oTe

This pin is used 1o indicate one o twu DRAMS being con
nected externatly.  When O 1R o “H™, one DIRAM 1y con
nected. It should be L™ 1f two DHAMs sre conneced

0sCi, 0sco

Oscillator input and output pin. A restior is placed be-
tween these two pins in ordge 1o oscitlate, 1 1 pin OSCO
is triggered fow, the wikg back fungon witl pause for

a period as long as trigaer tme
sTOP

1% talking back operates over 1wo times and the STOP pin
is* triggered by high, then talking back functeon will imne-
diately stop.

RECIN

In manual mcde, it will enter record state when this pin
is triggered.

TRIG

In talking back mode, it will carry out record and repro-

duce 16 times, wher this pin is wriggered.  In manual

mode, it will enter repraduce state when this pin s
trigyered, a CdS can be used to trigacr this pin.

Voo. Vss

Power pins.

A0~ A7

DRAM address pins.

WEB, RASB, CAS1B, CAS28

DRAM control timing pins.

D!, DO
DRAM data input and output pins.

LEDO

N-channel open drain outpul,
the record state.

It will stay in "L during

MICG

N-chonnel open diamn output 1t will stay in 1 o

the record state,

DRAMPD

N-channel open drain output. 11 will stay m LY wihen

it is not in standby state.  °

TGFO

P.channe! open drain output, it will stay in *'H* during
1he reproduce state.

PALP, PABA, PAIN, PAOP, PAOC, PAON

Power amplifier input and output pins. PAIP is pasitive

terminal.  PAOP is used 1o drive PNP transistor. PAON
is used 1o drive NPN 1ransistor PAOC is connected to
output push-pull  PAIN is negative terminal. PABA is
hias input pin.

AUDO

D/A reproducing output. 1~

Vee )

Poweer supply for logic-tevel conversion, The high level
AO-A7, DI, RASB, CASWB, CAS2B,
Vee stiould less than or equal to VDD~

of output pins:
WEB is Ve

Bonding Diagram

A¢ A5 A8 A2 O DO AUDO Vg, 1070

wEEERBELDB B @ |
a | = @ | raea
~ |68 UM5101 R | rame
a0 | @3 v raw '
wie
0] 4 | race
HASS
@ X B3 | racc
s | [3] {0, 0} ao
casae | [4)
on| @ B3| vss
we | (3 B
wem | [7] i | amm
cen| DD BEBODEE EEE 0 @ ow
SHED DSCI OSCO Tww Vee L100 M4CG BRA STOP
Py umt. pm
Pod Ne. x Y PadNe, x -~ v
) -13%2 04 48590 22 138989 -26340
F4 -1360 Y3 27457 23 1364.04 -27.43 °
3 -135204 2438 24 1388.04 22608
4 -135204 ~20447 25 1368 04 454 91
1 —-135204 -44085¢ 26 1368 04 894 a4
[} ~-136093 -68047 27 1368.04 2715
? -136093 -927.0 V7 1368.04 118357
B ~131293 -1180%0 28 100305 118389
1Y -1082% -117348 29 781,50 118U LS
0w ~839 47 -11005Y 30 av4 54 1180 9
" . -L99 88 -116902 N 272,67 IR ARY]
W wnat nnrsas a7 AGUY  1THDSY
(K3 1taz 17534y ) -0 12 11683 680
14 WEU -175T4Y WM ~WI02 usey
" %093 ~120348 30 -89 00 MBI BY
16 e Uy -120049 36 ~B828 52 Heu sy
7 1038 10 -1197 81 3 - 1002 %4 1183 89
1w 126390 ~1187 4% 8 =132 04 "M
" 16804 -98Y 3y 136093 930 40
n 13804 21145  av 13L,2.04 708 41
ral 196804 --48Y 46
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UMS5101

Application Circuit

(For Talking Back Mode}

v
15M 4gv '
33X -
20 TRIGGER SW
0.1t AMPO 6 1
1 TRIG 100K
11— 2] amer = o
1
1
2 MICG RECIN ? A =
mIC . Y. J.
SPEED |2 l =
LED 14 o 1
sov—P vy LEDO LSCTR
2.7x 0 wov
- osct s
L 150K " TWN STOP SWITGH
["“ osc2 stor |2
PAUSE SWITCH | aomer 18 v
b — - — s c—————— L4
AO0.A7 =TE|s
0 0.47ut
AUDO < {
o ol UM5101 g 1 ]
o B paip |2 J &
64K 1| wes
DRAM 2] mass PABA 27 o‘gnf
. Ll
3| casis 820K -
4| cas2s W 820K =
Vee 16F0 22
23
13y Vss
‘.I. ’ cC 49V _]_
A7p1/15V =
],: 8550 151 bramPD pace |2
3.3k
paoC 12
8050
z0 R g a7t
3ev Voo PAIN  PAON 1+ SPKR
29 26 22|
8550 21K =
o
o v 3.3k
4oV ]_-: 2
\: 239n
. +
= 10ut16V

1

3-18
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Application Circuit
{For gl'alking Back Mode)

UMS5101

oV
- 680K v
22¢ W
20 TRIGGER Sw
0.1t AMPO TR1G L&
1 IG F—¢5 100K
—1 } 9 AMP| W 1
1
51 mice nEcin | — 5
MIC 100K j_
9 -
SPEED 1 = -
_ 126 14 B 1
1 ~9v—ﬁ{ —h LEDO LSCTR
Y 4 2 oser oV
150K TWN 12 STOP SWITCH
L W 0sc2 17
l sToP
PAUSE SWITCH 18
= 40~33 AOMB! +9v
AO.A7 ore )
20 0.47ut
2} o ums1py  AUDO I —3t 4l
311 oo Patp {22 -
64x 1| wes
DRAM 2| rase papa |2 0.47,t
3| casis | 820K o
a| cas2s W tism =
Vee T6r0 |28 | 820
-
21
13] Vss
of cc 9V ]_
Izzomnsv =
<4 8550 18} bramep paop |24
pacc |22 2550
220ut/15v .
z03v Voo PAIN  PAON —} SPKR
29 76 22
8050 //yx e
»
J P
T S
9V T 2
*
I 106V

- "




vt
Application Circuit Applictlt'ion
1]
{For Talking Back Model (For Message
1
k
il
1]
. 'l
BV .ll
i
1.5M v R
2.2x I !
. 20 TRIGGER SW l‘.
0,16t 1 AMPO TRIG G—T-o"Lo-—] 100K e
—it " AMP| ) Wy j ;i
MICG RECIN W = l:
MIC . . 100K l iy
SPEED .l = i
LEO 1.2¢ 14 8 3 .
1Y N ] -\ LEDO LSCTR :
H 10 ;‘
osc1 12
$§ox " TWN gift
osc2 stor |7 ;
‘118 : 1
4033 AOMB! +9V !'4'
v AD.AT ey | -
L
i Wz
| o umsior  “UP° = A
3t| Do parp |22 =
64K 1| weB @
DRAM 2| RasB : papa |21
3| casis { 820K =
a| caszs < 820K
Vee 16r0 |28 J
21
v
13 ss
‘_L VCC l
220415V (s
I 8550 15} pRamPD 10ut
9
8 1
ZD3v
Voo
29
i) LM386
- 4 5
-~
d § l
T = 0.047
9V = ‘2 L 3 e
L]
10uf
100 I

3-20




P : l 220! LmIse
. IS R [
i BK ']_ X |
! H = 0047 " (14
1R 2 : 74 2
i . 9V T = 2
o 10 ,_l.‘
. 10 n:J,i . l
3-21
@ '
N T
0 Application Circuit
{For Message Box with AC Power)
- 9V
; PR T
v T—
AC POWER {20 +QV
» -
gV -
1.5M +8v
22K ~
£ = 20 Reproduce SW
- 0.1ut 19 AMPO e LI 100K
1 AMP Y
1 ; 1
MICG ARECIN A <+
MIC 100K l
speep (2 T =
V8D W AP A 1 [ Fecora 5w
9V 4 LEDO LSCTR g
ik |
47pt 7 10 Qv
! 0osc1 12 v
150K " ™WN
osc2 stor |17
—_— aomer 8> v
40-33| AD-A? . oT8 s I
32| ot
0.47u1
-~ U 3| oo auoo |2 !
UMs101 : RAASS
. pap |25 'l'
j_ 64X ex 2| rase
< DRAM DRAM papa 127 0.4{?.!
.. . | eaox o
’ EAS CASIB , T 5
Vee €83 Vee 4} cas2s 16Fo |28 : | ex v
T E—
a b d 13§ vgs |2
ol cc -].
220715V = e
I 8550 38| pramep 10ut = -
9
5 o
’ 1 (JZDJV Voo
2 3
}/ 220ut LMmaes
3 - ={ | 5 . p
g 1 ¢ Dﬁﬁ 4
! T 3 0.047 5K
E . v = 2 i 7 4 2 1
Lo
10uf 4
nne I {
= ¢

2.-21
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