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Abstract

This project is a study of Simulate machine invention and to perform Normal ECG 12
Leads. We stored the Normal ECG 12 Leads in memory by using Micro-controller, PIC family.
The Micro-controller controls memory communication, and display result by scope. Moreover,
Micro-controller ean deliver value from memory to perform result at computer from VB. 6
program. Hardware have reccived analog input. Analog signal is shown the result at computer

from VB. 6 program. ECG wave from then analyze the heart signals are normal or not.

The purpose of ECG Project is not only to study the Simulate machine and Normal ECG 12
Leads, but also be a media to help medical studying and teaching, and for people who arc

interested in heart signal.
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41 Uoynyen3 M Normal ECG 12 Leads
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¥ kd ]
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230 1100101 4,5 4.0 4.5
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nTudavAIINluAuSsEuI9 Input
fiu Output aany DACO808

6 _ ——

5 ,-)——
e 4 )/%0—» —

—— q 1

g,, - . ﬁmvlm;;a
3 o T —s— yniiayal
> _,W}

1 5/ T

O T T T T T

Fflwmyug1u 10

i 5.0 asliaasa NuduTUT P 1az0/P Y9IDACOS08




31

52 NONINABBIMIAAABHL EEprom A28 Bus I2C
) » »

ANz mATHINTE UV 17 C fidoiusanizasl
15udunan st lasme mevad Logic ¥9991 SCL uaz SDA 1iaouzily

¥
r

Logic 1 ﬁdﬂ
A ¥ [ c? A . a a .
2. AN UANIRAATUED Logic ¥4 SDA ilaswan 1131y 0 Tuuae i Logic 14
SCL Gan il 1 oy
. o & 4 . 4 4.
3. 113949 Logic | %89 SDA INAAULIE Logic 499 SDA 1 asAluvaei Logic vas
SCL iilu 1
] =N .-3 3 o - -
4. M394 Logic 0 U8 SDA NAUuio Logic 489 SDA 11l 0 nef Iuuazi Logic 109
SCL iy 1
[T = xg c!'! . c{ o3
5. a1z svgAdadoya 1Naduwiie Logic 484 SDA ulasuuilasin oWl 1 luuwe

v

11 Logic 494 SCL 111y | ashoy

a




32

g1 pslduudiu ps il Clock (SCL) daunsidraadlunsmtaya (SDA)



33
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SOURCE CODE MODE1
Hinclude <16f877.h>
#device *=16
Hdevice ade=8
#Huses HLNOWDT NOPROTECT,nolvp
#use delay{clock=20000000)
#use rs232(baud=9600, xmit=PIN_C6, rev=PIN_C7) // Jumpers: 8 to 11, 7 to 12
#use fast_jo(B}
#include <24512.c>
#define BUFFER_SIZE 32
byte buffer(BUFFER_SIZE];
byte next_in =0;
byte next_out =0;
#int_rda
void serial_isr() {
intt;
buffer [next_in]=getc();
t=next_In;
next_in=(next_in+1) % BUFFER_SIZE;
iffnext_in—mext_out)
next_in=t; // Buffer full !!
}
#idefine bkbhit (next_in!=next_out)
byte bgete() {
byte ¢;
while('bkbhit) ;
c=huffer[next_out|;
next_put=(next_out+1) % BUFFER_SIZE;
return{c);
}
long int adresa;
byte buf_in,buf out;
int I;
byte a,x.y,2;
void Write_Garp1(
i
adress=b;i=1;
do{
buf_in=bgete();



=(buf_in-"0')*100;
buf_in=bgete(};
y=(bul_in-"0")*10;
buf_in=bgete();

z=(bul_in-'0*1;

buf In=x+y+z;
write_ext_eeprom{adress,bul In);
adress++;

f++;

Jwhile (adress<200);

void Write_Garp2()

{

adress=200;F1;

do {

buf_in=bgete();
x=(buf_In-'0"y*100;
buf_In=hgete();
y=(buf_in-'0")*10;
bul_in=bgete();

z=(buf_in-'0")*1;

buf_In=x+y+tz;
write_ext_eeprom(adress,buf_in);
adress++;

i+

}while (adress<400);

vold Write_Garp3()

{

adress=400;i=1;

do §

bul_in=bgete{);
x=(buf_in-"0")*100;
bufl_In=bgete();
y=(buf_in-"0"*10;
buf_in=bgetc();
z=(buf_In-'0")*1;

1



buf_in=x-+y+z;
wrlie_ext_eeprom(adress,buf in);
adress++;

1++;

}while (adress<608);

void Write_Garp4()
{
adress=3600;i=1;
do{
buf_in=bgetc();
x=(buf_in-'0")*100;
buf_in=bgete(};
y=(buf_in-"0)*10;
buf_in=bgete();
z=(buf_In-'0")*1;
buf In=x+y+z;
write_ext_eeprom{adress,bul_in);
adress++;
i+

}while (edress<3800);

void Write_Garp50
{
adress=3800;i=1;
do {
buf_in=bgete(});
x=(buf_in-"0")*100;
buf_in=bgete();
y=(bul_in-"0")*10;
bul_In=bgetc();
z=(bufl_in-"0")*1;
buf _in=x+y+z;
write_ext_eeprom(adress,buf in);
adress++;
i+

Jwhlile (adress<4000);



void Write_Garp60
{
adress=4000;i=1;
do {
buf_In=hgetc(};
x=(buf_in-'0")*100;
buf_n=bgetc();
y=(buf_in-'0")*10;
bul_in=bgetc();
z=(buf_[n-'0")*1;
bul_in=x+y+z;
write_ext_ecprom{adress,buf_in);
adress++;
i+

jwhile (adress<4200);

void Write Garp?0
{
adress=1200;i=1;
do {
buf_In=bgets();
x=(buf_in-'0"y*100;
buf_in=bgetc);
y=(bul_in-'0')*10;
bul_in=bgete();
z=(buf_in-"0)*1;
buf _In=x+y+z;
write_ext_eeprom(adress,buf_in);
adresst+;
i+

Ywhile (adress<1400);

void Write_Garp8()

{
adress=1400;i=1;



do {

bufl_in=bgetec();
=(buf_in-'0")*100;
buf_in=bgetc();
y=(buf_in-"0")*10;

buf_in=bgete(});

z=(buf _[n-'0"*1;

bufl in=x+y+z;
write_ext_eeprom(adress,buf_in);
adress++;

I+

}while (adress<1600);

void Write_Garp%)

{

adress=4600:1=1;

do {

buf_in=bgetc(};
x={buf_n-"0'y*106;
bul_in=bgete{);

y=(bul_in-0")*10;

bul_in=bgete();

~(buf _in-'0")*1;

bul_In=x+y+z;
write_ext_eeprom(adress,buf in);
adress++;

f++;

}while (adress<4800);

void Write_Garp18(

{

adress=1800;i=1;

do {

buf_in=bgetc();
=(bul_in-"0")*100;
buf_in=hgetc(;
y=(buf_in-"0")*10;
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buf In=bgete();

z=(buf _[n-'0"*1;

buf_in—=x+y+z;
write_ext_ceprom(adress,buf_in);
adress++;

i++;

}while (adress<200d);

void Write Garpl11(

{

adress=2000;1=1;

do {

buf_in=bgete();

x=(buf in-"0")*100;
buf_in=bgete();
y=(buf_In-'0")*10;
buf_in=bgete();

#=(buf_in-"0")*1;

buf_In=x+y+z;
write_ext_eepromiadress,buf_in);

adress++;
i++;
}while (adress<2200);
H
void Write_Garpl2(}
{
adress=2200;=1;

do §

buf_in=bgete);
x=(buf_in-'0")*100;
buf_in=bgetc();
y=(buf_in-'0")*10;
buf_in=bgetc();

#=(buf_in-"0")*1;

buf ln=x+y+z;
write_ext_eeprom{adress,buf_fn);

adressat++;
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i+

}while (adress<2480);

vold Read_Garpl()

{
adress={);
do {
bul_out=read_ext_ceprom(adress);
printf("\rin%3U" bul out);
adress++;
}whlle (adress<200);
}
void Read_Garp2()
{
adress=200;
do {
buf_out=read_ext_eepromi(adress);
print("r\n%e3U", bul_out);
adress++;
}while (acress<400);
}
void Read_Garp3()
{
adress=400;
do {
buf_out=read_ext_eeprom(adress);
printf("\rn%3U" bul_out);
adress++;
Ywhile (adress<600);
}
vold Read Garp4()
{
adress=3600;

do {



buf out=read_ext_ecprom(adress);
printf{"\rin%3U",bul_out);

adress++;
jwhile (adress<3800);
}
vold Read_Garp5()
{
adress=3800;
do {
buf out=read_ext_eepromiadress);
printf{"\v\n%3U",buf_out);
adress++;
Jwhile (adress<4000);
}
vold Read_Garpé()
{
adrens=4000;
do |
buf_out=read ext_eeprom(adress);
print{ "\\n%3U",buf out);
adress++;
}while (adress<4200);
}
void Read_Garp7()
t
adress—=1200;
do {
buf_out=read_ext_eeprom(adress);
priotf™"\rn%3U" bul_out);
adress++;
}while (adress<1400);

void Read Garp8(

{
adress=1400;

VIII



do {
buf out=read_ext_seprom(adress);
printf(""rn 43U buf_out);
adresst+;

}while (adress<1600);

vold Read Gerp?(
t
adress=4600;
do {
buf_out=read_ext_eeprom{adress);
printfi("\r\n%3U",buf_out);
adress++;

}while (adress<4800);

vold Read_Garp100
{
adress=1800;
do {
buf_put=read_ext_eeprom{adress);
printf("rin%3U",buf_osut);
adress++;

}while (adress<2000);

vold Read Garpll()
{
adress=2000;
de {
buf out=read_ext_eeprom(adress);
printf(""rn %30, buf_out);
adresst++;

ywhile (adress<2200);

void Read Garpl2()
{

X



adress=2200;

do {
buf_out=rend ext_eeprom(adress);
print"\rin%3U" bul_out);
adress++;

}while (adress<2400);

vold check_command() // check character transmitted by rs232
{char buf;
buf=toupper{bgetc();
switch (buf)
!
case '1' : Read_Garpl();
break;
case '2' : Read_Garp2();
break;
case 'Y : Read_Garp3();
break;
case "4’ : Read_Garpd();
break;
case 'S' : Read_Garp5();
break;
case '6' : Read_Garpé();
break;
case '7" : Read_Garp7();
break;
case '8' : Read_Garp8();
break;
case 'Y : Read_Garp9();
break;
cuse 'A' : Read_Garpl10();
break;
case 'B' : Read_Garpl1();
break;
case 'C’ : Read_Garpl2();
break;
case 'a' : Write_Garp1();
break;
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case 'b’' : Write_Garp2();
break;

case 'c’ : Write_Garp3();
break;

case 'd' : Write Garpd();
break;

case e’ : Write_ Garp5();
break;

case 'I" : Write_Garp6();
break;

case 'g' : Write_Garp?();
break;

case 'h' : Write_Garp8();
break;

case 'i' : Write_Garp%);
break;

case 'j' : Write_Garp10();
break;

case 'k’ : Write_Garpl1();
break;

case 'l' : Write_Garpl2();

break;

void maln{veid)
{
long int adress |;
byte buf_Inbuf out;
enable_Interrupts{global);
enable_Interrupts(int_rda);
set_tris_B(0x00);
setup_port_a{ALL_ANALOG); /1 AD A1 A2 A3 AS ED E1 E2 Ref=Vdd
setup_ade{ADC_CLOCK_INTERNAL);  / Clock RC
if set_sdc_channel{0); // Rerd Analog input RAOM{channel=0)
while(TRUE)
{if{bkbhit)

check_command();
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else

do {
set_adc_channel(0);
delay_us(10);
valuel = Read ADC();
PUTC(valuel);
delay_ms(1);

} while (TRUE);



X1

SOURCE CODE MODE2

Hinclude <16f877.h>

#fuses B, NOWDTNOPROTEC T nolvp
Huse delay{clock=200000H0)

Huse 1ust_io(B)

Hinclude <24512.¢>

Hdefine use_portd_khd

#include <kbd.c>

byte ax,v,2,5UM;
long int adress;
byle bul_in,but_out;
inti;
void main{void)
{
long inl adress,j. BEB[20];
int Ouiput;
char choice,check,shoot,
char AA[S];
kba_init{};
sel_tris_ B(OxDO);
while{TRUE){
Start:
choice=kbd gete();
switch{choice)
{
case'tt': {check=1;1=0;
do{

loep:

shoot=kbd_getc();

if {shoot—"0} [ BB[i]=0;}

else if (shoot=="1"HBB[i]=1;}
clse it (shoot=="21{BA[i]=2;}
else il (shoot="3"{ BB|i}=3;}

else if (shoot=="4){BB[i]=4;}

clse i (shoot=="5"){BB[i]=5;}
else if (shoot=="6"Y{BB[i]=6;}
else if (shoot=="7THRBB[i]=7;}
else if (shoot=="8') {BR|i{]=8;}
clse it (shoot=="9"){BB[i]=9;}



if{i==-1}

it(i==2)

XIV

else goto loop2;
itt;

twhiteli<1);

!

case™" | check=1,=0;

dof
loop:
shoot=kbd geicd);
if {shoot-="*)}{check=0;break; }
clse if {shoat=="0"y{ AA|i|=shoot;}
¢lse 1f (shoot=="1"}{ AA[i|=shoot;}
else if (shool=="2"{ A Afi}=shoot;}
¢lse if (shoot=="3) | AA[i]=shoot: |
clse it (shoom=="4"1{ A Ali]=shoot;|
clse 1 {shoot=="3"Y AA[i}=shoot; |
clse i {shoot=="6"Y AA|i]=shoot:}
else i (shoot=="TY{ A Ali]=shoot;}
else if (shoot=="8}{ AAli]=shoot;}
else if (shool=="0"}{ AAlil=shoot;}
clse golo loop;
ikt

iwhile(check);

I (AAL0]=="1"}{Output=1;}

else if (AALO =2 Oulput=2;}
else if (AA[0==1Y{Oulput=3;}
else if (AA[U]=—"4H{Oulput=4;}
else iF(AA[O=="3HOuput=5;}
else if (AAI0]=="6"1{Output=6;}
clse if (AA[O[=="7HOutput=7;}
clse i (AAJO[=="8Y{Output=8;}
elsc if {AA O]9 Output=9;}

I (AA[O]=="1"

IfAALT =00 {Output=10;}

HTAALL[=="T"HOutpul=11;}
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IAAL =21 0upn=1§2;}

clse break;

switch (Output)

{
case (1)
#Check |
xaxi:
adress—0,

do |

buf out=read ext ceprom(adress);
adress 1)
output_b(buf vut);
delay ms{4);
if Cinput(FIN_ DO goto Start, }
twhile (adress=<4200);
break;

poto xxx1;

case (2):
HCheck2:
xxx2:
adress=200;
do {

bul_oul=read ex1_cepromiadress);
adress HE;
output_b{buf_outh
delay _ms(4),
i Cinput{ PIN_DOY  gato S1art; }
Jwhile (adress<4200Y;
break;

OO XXX2;

case {3k
#Check3:
xxx3;

adress=400;



case {4);

case (3):

XVI

do {

buf_oul=read _ext_eeprom{adress);
adress++;
oulput_h(buf_out);
delay ms{4);
if (linput(PIN_ 120 { geto Siart;}
fwhile (adress<4200),
break;

goto xxx3;

//Check4
xxXx4:
adress= 31600,

do {

hul” vut—read ext ceprom{adress);
adressti;
output_b{buf out);
delay_ms(4);
if (input{PIN DO){golo Start;}
T while (adress=3800);
break:

ot xxxd;

HCheck5:
XRKS:
adress=38(X);

do {

buf out=read ext_ceprom(adress);
adress | F;
cutput_b(hut”_out);
delay ms(4);
i {'imput{ PIN_DO0)}{goto Start; |
Vwhile (adress=4000);
break;

gOtD Xxx5;



case (6);

case (7}

case {8):

XVII

/ICheckd:
xuxh:
adress=400(k;

do {

bui_out=read ext_ccpromladress);
adresst+;
output_b(buf_out);
delay ms(4);
if CinputtPIN_ DON{ goto Start;}
Vwhile (adress<4200);
break,

EOLO XXX

#Check?-
XXX7:
adress= 1200,

do {

buf out=read_exi_ceprom{adress);
adress,
autput_b(buf_out);
delay ms{4);
if (input(PIN_DO)Y} gole Start;}
fwhile {(adress=1400);
hreak;

2olo Kxx 7

A heck 8
XXXY:
adress=140);
do{

buf out=read_ext_ceprom{adress);
adresst+;

output_b{buf out);



case (9):

case (10}

case (1 1):

XVIII

delay_ms(4);

it (lnput(PIN_DOM{ goto Start:}
twhile (adress<1600);
break;

goln xxxl;

//Check9:
XXX 9:
adress—=4600,

do {

buf out=read cxt ceprom(adress),
adress++;
outpul_b{buf out);
delay_ms(4);
i Cinput{PIN _D0)} { geto Start;)
twhile {adress=4800};
break;

gota xxx9;

HCheck 10:
xxx10:
adress=1800;

do {

buf_out=read_ext_eeprom{adress);
adress++;
output_h(buf_out);
delay ms(4),
it (nput(PIN_DO)){ gote Start; |
twhile (adress<2000);
break;

oo xxx10;

f/Check | 1:
Xxx1l:

adress=2001,



casc (12):

case (13)

XIX

do 4

huf out=read ext cepromiadress);
adress++;
output_btbul oun),
delay _ms(4),
if (tinpu{PIN_ DO} goto Siart;}
fwhile (adress=2200);
hreak;

BOLO xxx11,

HCheck 12:
5xx 12
adress-=2200;

do {

buf out=read_ext ceprom{adress);
adress++;
output_b(bul”_out);
detay ms(4);
i Cinput(PIN_ DO {goto Stan;}
{ while (adress<2400);
break;

g0 XxX12:

fCiraphl
adress=0;

do

bul_vut=read_ext_ceprom(adress);
adress T+,
output_b(bul’_out);
delay msid);
if (tinput(PIN_ DO} goto Start;}
twhile (adress<200Y,
adress— (),

do |
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bul” out=read_ext_ecprom(adress);
adress H;
oulput bbuf oul);
delay_ms(4);
if (tinput{ PIN_[30)) {golo Start;
twhile (adress<200);
/Graph2
adress=200;

do {

buf_out=read ext ceprom(udress);
adress +t;
output_b{buf_out);
delay ms(4);
i Cinput{PIN_ DN goto Siart:}
twhile (adress<400);
adress=200;,

do {

but out=read_ext_ceprom(adress);
adress++;
output_b{buf out);
delay _ms(4);
it Cinput(PIN_ 0)H goto Start;}
twhile {adress=400);
#CGraph3
adress=400;

do {

buf_out=read_cxt_ceprom(adress);
adress++;
output_b{bul_out);
delay_ms{4);
if {Yinput(PIN_120)} {gota Start;}
fwhile (adress<-600);
adress=400;

do {

buf out=read_exat_eeprom{adress);

adress+ 1)
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output_blbuf_out};

delay msid);

if (Minput(PIN_DOYgoto Start:)
fwhile (adress<600);
/fGraph4
adress=3600;

do {

but_out=read_ext_ccprom{udress);
adress++;
autput_h(buf out);
delay ms(4);
if (linput(PIN_I3)}  goto Start;}
pwhile (adress<3800);
adress=3600;

do {

buf out=read_cxt_ceprom(adress);
adress++;
output_b(buf out);
delay ms(4);
if {linput(PIN_DOYH goto Start; }
twhile (adress<3800);
#Graph3
wdress=3800;

do {

buf out=read_ext_ceprom(adress);
adress++;
output_b(buf_out},
delay_ms(4};
if (linput{ PIN_D0)} gote Start:}
Ywhile (adress<4000);
adresy=3800);

do {

buf out=rcad_cxt_ceprom(adress);
adress++;
output_b(huf”_out);

delay ms(4);
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i Cinput(PIN_ DN goto Start; }
twhile (adress<4000);
HGraph6
adress=400);

do {

but_out=read_ext_eeprom(adress);
adress+—+;
output_blbuf” out);
delay_ms{4);
if (input(PIN_DOY{ goto Star; )
twhile (adress<4200);
adress=4000;

do §

huf_out-read_exi_ceprom(adress);
adresst++;
output_b{buf out};
delay ms(4);
it (linput{PIN_10}) {goto Start;}
while {adress-<4200);
/fGraph?
adress=1200;

do |

buf_oul=read ex1_eeprom(adress);
adress++;
output_b(buf_out);
delay ms(4),
if (inpu{PIN_ DOV {goto Start;}
Twhile (adress<1400);
adress=1200;

do {

buf_out=read_ex1_ceprom(adress);
adress i+

output_b{buf outh;

delay ms(4);

if (Hnput{PIN_DO)) {goto Sart;}

twhile (adress< [ 400},
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#Graphg
adress=1404;

do {

buf out=read ext_eeprom{adress);
adress++;
autput_b{buf_out);
delay_ms(4);
if (tinput(PIN_[20)} { goto Start;)
twhile {adress=1600);
adress=1400,

do |

buf owt=read_ext ceprom{adress),
adress+—;
output_bibuf_out);
delay ms(4);
il (input(PIN_ 10 goto Start;}
twhile (adress<1600);
[AGraph%
adress=4000;
do {
bul oul=read_ext_ceprom{adress),
adress++;
output_b{buf_out);
delay ms(4);
i (linput{ PIN_DD0}) {gate Start;}
bwhile (adress<4800};
adress—4600;

do {

buf out=read_ext_ceprom{adress);
adress+;
output_b{buf_out);
delay_ms(4);
if (tinput{PIN_DOY){ goto Start;}
{while (adress<4800};
/fGraph 10

adress= | 800,
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do {

buf vut=read ext cepromladress);
adress++;
oulput blbuf out);
delay_ms(4);
if (Hoput(PEN_DO) poto Start; |
twhile (adress<2000);
adress=1800);

do |

buf ocut=read ext ceprom{adress);
adress++;
output_b(buf out);
delay_ms(4),
i Cinput(PIN_DO}  goto Start;}
twhile (adress<2000);
HGraphl]
adress=2000;

do |

buf_owr=read ext_ceprom{adress);
adregs+—r;
autput_bibuf_out);
delay ms{4);
it (linpat(PIN_ DO goto Stan, |
Fwhile (adress<2200);
adress=2000;
do {
buf out=read_ext cepromiadress);
adress—+;
output b(bul out);
delay ms(4);
iC(Linput(PIN_DOY | poto Start;}
twhile (adress=<2200);
#{Graph| 2
adress=2204);

do {
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bul vut=read_ext_eepromiadress);
adresst g
output_h(buf_out);
delay ms(4),
IF (HiepuPIN._DOD {gote Start; |
twhile (adress<2400),
adress=2200;

do |

buf _put=tead_ext_eeprom(adress);
adress++;
oulput_h(bul_out);
detay _ms(4);
i (linput(PEN- DO { goto Start; )
twhile {adress=2400),
break;
}



MC78LO0OA Series

Three-Terminal Low Current
Positive Voltage Regulators

The MC78L00A Scrics of positive voltage regulators are
incxpensive, casy-to—use devices suitable for a multitude of
applications that require a rcgulated supply of up to 100 mA. [Like
their higher powered MC7800 and MC78MO0O Series cousins, thesce
regulators Teature internal current limiting and thermal shutdown
making them remarkably rugeged.  No external components are
required with the MC78L0K devices in many applications.

These devices offer a substantial performance advantage over the
traditional zener diode-resistor combination, as output impedance
and guicscent eurrent are substantially reduced.

e Widc Range of Available, Fixed Qutput Valtages
o [ow Cost

e Internal Short Circuit Current Limiting

® Internal Thermal Overload Protection

No External Components Required
¢ Complementary Negative Regulators Oftered (MC79L00A Series)

Representative Schematic Diagram

§ 2.85k

Ground
0

Standard Appiication

Input-Io— MC78LXXA ﬂ—Io Outpurt

Cin® "
n.aer'F T T Co

A common ground is required between the input and the output voltages. The
inpui voltage must rernain typically 2.0 V above the output voltage even during
the low point on the input ripple voltage.

*Cin is required if regulator is located an  appreciable distance from power
supply filter.
**Cpisnotneeded for stability; however,itdoes improve transient response.

& Semconductor Compenents indusliries, LLC, 1999 1
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Pin: 1. Oulput
2. Ground
1. Input

TO-82
P SUFFIX
CASE 29

% sSopP-8*

a D SUFFIX

\ ; CASE 751

*SOP-8is an internaily modified S0-8 package. Pins
2,3,6,and7 are electrically commantothe die attach
flag. This internal lead frame modification decreases
package thermal resistance and increases power
dissipationcapabilitywhen appropriatelymauntedan
a printed circuit board. SOP-8 conforms {o all exter-
nal dimensions of the standard SO-B package.

PIN CONNECTIONS

Vour E—O E VIN
G [ 2 B
GND [ 3 | | 6 | GND

ne[4] Be

{Top View)

DEVICE TYPE/NOMINAL VOLTAGE

5% Output Voltage Accuracy Voitage
MCTBLASAC 5.0
MCTBLOBAC B.O
MCT78LJ9AC 9.0
MC78L12AC 12
MC78L16AC 15
MC78L18AL 18
MC78L24AC 24

ORDERING INFORMATION

Seedetailed ordering and shipping informatianin the package
dimensions section on page 7 of this data sheet

Publication Order Number:
MC7BLDOA/D




MAXIMUM RATINGS (T = +125-C, unless otherwise noted.)

MC78L00A Series

Rating Symbaol Value Unit
Input Yoltage (2.6 V—8.0 V) V| 30 Vde
(12V-18 V) 35
(24 V) 40
Storage Temperalure Range Tslg ~-B5to +150 C
Operating Junction Temperature Range T 01to +150 C

ELECTRICAL CHARACTERISTICS (Vi =10V, in =40 mA, C) = 0.33 uF, Co = 0.1 pF, —40°C < T < +125°C (for MC7BLXXAB),

0C < Ty < +125°C {for MC78LXXAC), unless otherwise noted.}

MC78LOSAC, AB
Characteristics Symbol Min Typ Max Unit
Output Valtage (T = +25°C) Vo 48 50 52 Vdc
Line Regulation Regline my
(Ty = +25°C, In = 40 mA)
7.0Vdc 5 V) =20 Vdc - 55 150
8.0 Vdc <V <20 Vdc - 45 100
Load Regulation Regiaad my
(Ty=+425"C, 1.0 mA < Ig < 100 mA) 1 60
(Ty=+25°C, 10 mA < g < 40 mA) - 5.0 30
Output Voltage Vo Vdc
(7.0 Vdc £V £ 20 Vde, 1.0 mA < | 5 40 mA) 4.75 - 525
(V)=10V, 1.0 mA < Ig < 70 mA) 475 - 5.25
Input Bias Current liB mA
(Ty=+25"C) - 38 6.0
(Ty=+125°C) - - 5.5
Input Bias Current Change Al mA
{8.0 Vac < V| < 20 Vdc) - - 15
{1.0mMA <l <40 mA) - - 01
Output Noise Voltage Vi - 49 - pv
{Ta =+25"C, 10 Hz < f< 100 kHz)
Ripple Rejection {ig = 40 mA, RR 41 49 - dB8
f=120Hz, 8.0 Vde s V| <18V, T = +25°C)
Dropout Voltage (T = +25°C) V- Vo - 1.7 - Vde

http:/fonsemi.com
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MC78BLO0A Series

ELEGTRICAL GHARACTERISTICS (V| = 14V, g = 40 mA, Gj=0.33 uF. G = 0.1 uF, —40°C < T < +125°C {far MG7BLXXAB),

0"C < T < +125°C (for MC7BLXXAC}, uniess atherwise noted. )

MCTBLOBAC, AB

Characteristics Symbol Min Typ Max Unit

QOutput Voltage {Ty = +25°C) Vo 7.7 80 8.3 Vde

Line Regulation Regjine mv
{Ty=+25°C, ip =40 mA)
10.5 Vdo < V) < 23 Vdc - 20 175
11 Vde €V < 23 vde - 12 125

Load Reguiation Reg|gad myv
{T)=+25°C, 1.0 mA <Ig < 100 mA) - 15 80
{T)=+25"C, 1.0 mA 5 Ig <40 mA) - 8.0 40

Qutput Voltage Vo Vde
{105 vde £ V< 23 Vde, 1.0 mA < i < 40 mA) 76 - 8.4
{M|=14V, 1.0 mA <lg < 70 mA) 76 - 8.4

Input Bias Current B mA
{T) = +25°C} - 3.0 6.0
{T)=+125°C} - - 55

Input Bias Current Change Alig mA
{11 Vde <V < 23 Vdg) - - 1.5
(1.0mA < 1p <40 mA) - - 0.1

Output Noise Voitage Vi - 60 - uv
(Ta=+25"C, 10 Hz = f< 100 kHz)

Rippte Rejection I = 40 mA, RR a7 67 - dB
f=120Hz, 12V <V <23V, T =+25"C)

Dropout Voltage (T = +25"C) V-V - 1.7 - Vde

ELECTRICAL CHARACTERISTICS (Vj=15V, Ig=40mA, C|=
0°C < Tj < +125"C {for MCTBLXXAC), unless otherwise noted )

033 uF, Co=0.1pF, —40°C < T j = +125°C (for MCTBLXXAB),

MCY7BLO9AC, AB

Characteristics Symboi Min Typ Max Unit

Qutput Voltage (T = +25°C}) Vo 8.6 9.0 9.4 Vde

Line Regulatian Regline my
(Fy = +25°C, In = 40 mA)
11.5Vde <V <24 Vde - 20 175
12 Vde € V) = 24 Vdc - 12 125

Load Regulation Req|gad myv
(Ty=+25°C, 1.0 mA <ig < 100 mA} - 15 a0
(Ty = +25°C, 1.0 mA <l <40 mA) - 8.0 40

Oulput Voltage Vo vde
(11.5 Vde < V| < 24 Vdg, 1.0 mA <1 <40 mA) 85 - 9.5
(Vi=15V, 1.0 mA<ig<TO mA) 8.5 - 9.5

Input Bias Current B mA
(Ty=+25"C) - 3.0 8.0
(Ty=+125"C) - - 55

Input Bias Gurrent Change AR mA
(11 Vdc < V| £ 23 vdc) - - 15
(1.0 mA <)o = 40 mA) - - 0.1

Output Noise Voltage Vn - 60 - pv
{Ta = +25°C, 10 Hz < f< 100 kHz)

Ripple Rejection {lg =40 mA, RR a7 57 - dB
f=120Hz, 13V <V <24V T =+25'C)

Dropout Voltage Vi-Vo - 1.7 - Vdc
{T) = +25°C)

http://onsemi.com
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MC78L0O0A Series

ELECTRICAL CHARACTERISTICS (V| = 19V, Ig =40 mA, C) = 0.33 pF, Co = 0.1 pF, ~40°C < T < +125°C (for MC7BLXXAZ),

0°C < Tj < +125°C (for MCTALXXAC), unless otherwise noled. }

MC78L12AC, AB
Characteristics Symbol Min Typ Max Unit

Output Valtage (T = +25°C) Vo 11.5 12 12.5 Vdc

Line Regulation Regjine my
(T) = +25°C, Iy = 40 mA}
14.5 vde < V| £ 27 Vdc - 120 250
16 Vdc < V| £ 27 Vdc - 100 200

Load Regulation Reg|gad mYy
{Ty=+256°C, 1.0mA < Ig < 100 mA) - 20 100
{T;=+25°C, 1.0mA < I < 40 mA) - 10 50

Oulput Voltage \7e) Vde
{14.5 Vdc £ V| £ 27 Vde, 1.0 mA < 1o < 40 mA} 114 - 12.6
(V1= 19V, 1.0 mA <l € 70 mA) 114 - 12.6

Input Bias Current B mA
(Ty=+25°C) - 4.2 6.5
(Ty=+125"C) — - 6.0

Input Bias Current Change Ahg mA
(16 Vde < V| < 27 Vdc) - — 1.5
(1.0mA < Iy < 40 mA) - - 0.1

Output Noise Voltage Vi - 80 - nv
(Ta =+25°C, 10 Hz < F < 100 kHz}

Ripple Rejection (I = 40 mA, RR 37 42 - dB
1=120Hz, 16V e V<26V, T = +25"C}

Dropout Voltage Vi~ Vo - 1.7 - Vdc
{T) =+25C)

ELECTRICAL CHARACTERISTICS (V| =23V, I =40mA, Ct =

0"C < Ty =< +125"C (for MCTBLXXAC}. unless atherwise noted.)

0.33 uF, Co = 0.1 puF, —40°C < T < +125°C (for MC78LXXAB),

MC78L15AC, AB

Characteristics Symbol Min Typ Max Unit

Qutput Voltage (T ; = +25°C) Vo 14.4 15 15.6 Vde

Line Regulalicn Regjine my
(Ty=+25°C, 1n = 40 mA}
17.5 Vde < V) < 30 Vdc - 130 300
20 Vde £ V) £ 30 vdc - 110 250

Lead Regulation Regigad my
(Ty=+25"C, 1.0 mA 5 Ig < 100 mA) - 25 150
(Ty=+25°C, 1.0 mA =i =40 mA) - 12 75

Qutput Voltage \e) Vdc
(17.5 vde < V| £ 30 Vdg, 1.0 mA < Iy < 40 mA) 14.25 - 15.75
V=23V, 1.0mA <l <70 mA) 14.25 - 15.75

fnput Bias Current B mA
(T, = +25°C) - 4.4 6.5
{Ty=+125C) - - 6.0

Input Bias Current Change alg mA
{20 Vdc < V| £ 30 Vdc) - - 15
{1.0mA <lIg <40 mA) - - 0.1

Outpul Noise Voltage Vn - 90 - nv
(Ta = +25°C, 10 Hz <1< 100 kHz)

Ripple Rejection {Iy = 40 mA, RR 34 39 - daB
f=120Hz, 185V <V <285V T)=+25"C)

Drapout Voltage V-V - 1.7 - Vdc
(Fy=+25°C)

http://lonsemi.com
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MC78L00A Series

ELECTRICAL CHARACTERISTICS (V) =27 V, Ig =40 mA, C) = 0.33 iF, Co = 0.1 uF, 0°C < T < +125°C, uniess otherwise noted.)

MCT7BL18AC
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 173 18 18.7 Vdc
Line Regulation
{T; = +25°C, Iy = 40 mA}
21.4 vdc <V < 33 Vde Rear
20.7 Vdz = V| = 33 Vde Eline - 45 325 g
22 Vidc < V| £ 33 Vdg
21 Vdc < Vp < 33 Vde - 35 275
Load Regulation Reg|oad my
(Ty=+25'C, 1.0mA < Ip < 100 mA} - 30 170
(Ty=+25"C, 1.0 mA < Ig <40 mA) - 15 86
Qutput Vollage Vo Vdc
(21.4 Vde £ V) £33 Vde, 1.0 mA < Ig < 40 mA)
(20,7 Vde £ V) £33 Vde, 1.0 mA < | < 40 mA) 17.1 - 189
VI=27TV. 1.0 mA <Ig 2 70 mA)
V=27V, 1.0mA =<1 < 70 mA) 17.1 - 18.9
Input Bias Current g mA
(T) = +25°C) - 3.1 6.5
(Ty=+125°C) - - 6.0
Input Bias Current Change Allg mA
(22 Vdc V) £33 Vde)
(21 Vdc = Vj < 33 Vdc) - - 15
(1.0 MA < 1y < 40 mA) - - 01
Quiput Noise Voltage Vi - 150 - uv
(Ta =+25°C, 10 Hz = f< 100 kHz)
Ripple Rejection {lg = 40 mA, RR 33 48 - dB
F=120Hz, 23V <5V <33V, T)=+25"C)
Drapout Voltage V-V - 1.7 - Vdc
(T) = +257C)
ELECTRICAL CHARACTERISTICS (V| =33V, Ig=40mA, C| = 033 pF, Co = 0.1 pF, 0°C < T < +125°C, unless otherwise noled. )
MCTBL24AC
Characteristics Symbol Min Typ Max Unit
Qutput Voltage (T = +25°C}) Vo 23 24 25 Vdc
Line Regulation Regjine mV
(T = +25°C, Ip = 40 mA)
27.5Vdc £ V) <38 Vdc - - -
28 Vdc <V} < 80 Vdc - 50 300
27 Vde £V £ 38 Vdc - 60 350
Load Regulatian Reg|oad my
(Ty=+25"C, 1.0 mA £ 1 < 100 mA) - 40 200
(TJ=+25°C, 1.0 mA < I < 40 mA) - 20 100
QOuiput Vollage Vo Vde
(28 Vdc < V| < 38 Vde, 1.0 mA < Ig < 40 mA)
(27 Vdc <V £ 38 Vde, 1.0 mA < I <40 mA) 228 - 252
(28 Vdc <V =33 Vdc, 1.0mA <l < 70 mA)
(27 Vdc = V) £33 Vdg, 1.0 mA < |y < 70 mA) 228 ~ 252
Input Bias Current 3 mA
(Ty=+25C) - a1 6.5
(Ty=+125°C) - - 6.0
inpui Bias Current Change Alg mA
(28 vdc = V| <38 Vdc) - - 1.5
(1.0 mA < lg < 40 mA) - - 0.1
Output Noise Voliage Vn - 200 - uv
{Ta =+25°C, 10 Hz < f=< 100 kHz)
Ripple Rejection (o = 40 mA, RR kA 45 - dB
f=120Hz, 29V = V| <35V, Tj=+25"C)
Dropout Voltage Vi—Vo - 17 - Vdc
(T, = +25°C)

http:/fonsemi.com
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MC78L00A Series

Figure 1. Dropout Characteristics
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MC78L0O0A Series

APPLICATIONS INFORMATION

Design Considerations

The MCTRLOOA Senes of fixed volge regulators are
designed with Thenmal Overload Protection that shuts
down the circuit when subjected to an excessive power
overlead condition. Internal Short Circuit Protection limits
the maximum current the circunl will pass,

In many low current applications, compensation
capacitors are not required. However, it 1s recommended
that the regulator input be bypassed with a capacitor if the
regulater 15 connected to the power supply filler with long
wire lengihs, or if the output load capacitance is large. The

Figure 7. Current Regulator

Input MC7BLO5A
R
0.33uF I Constant
= Curent to
—»  (Grounded Loag

lg

The MCT78LOO requlalors can akso be used as a current souree
when cennected as above. In order to minimize dissipation the
MCALE5C s chosen inthis apphcation. Resisior R determines
the current as follows:

o 30V
0="g +B

B = 3.8 mA over line and load changes

For example, & 100 mA current source would require R to be a
50 €}, 1/2 Wresistor and the output voltage compliance would be
the input voltage less 7 V.

input bypass capacitor should be selected te provide good
high-frequency charactenistics to msure stable operation
under all load conditions. A 0.33 pF or larger tantalum,
mylar, or other capacitor having low internal impedance at
high frequenctes should be chosen.The bypass capacitor
should be mounted with the shottest possible leads directly
across the regulators input terminals, Good construction
techniques should be used to minimize ground loops and
lead resistance drops since the repulator has no external
sense lead. Bypassing the output is also recommended.

Figure 8. + 15 V Tracking Voltage Regulator

10k

MPS A70

;?ov OL>—7J 2

MPES 1155 Vo

Figure 9. Positive and Negative Requlator

ORDERING INFORMATION

MCTBLXXACPRA / MCTBLXXACPRE
MCT7BLXXACPRM / MC78LXXACPRP

Operating
Device Temperature Range Package Shipping
MC7BLXXACD* SOP-8 98 Units / Rail
MCTBLXXACDRZ2" SOP-B/ Tape & Reel 2500 Units / Tape & Reel
MCTBLXXACP T)=0"t0 +125°C TO-92 2000 Units / Bag

TO-92/ Tape & Reel 2000 Units / Tape & Reel

TO-92 / Ammo Pack 2000 Units / Ammo Pack

MCTELXXABD*

MC7BLXXABDRZ"

MCTELXXABP”

MCY8LXXABPRA / MCTBLXXABFPRE
MCT8LXXABPRM/ MC7BLXXABPRP

Ty =-40" ta +125°C

SOP-8 98 Units / Rail
S0OP-8/ Tape & Reel 2500 Units / Tape & Reel
TO-92 2000 Units / Bag

TO-92/ Tape & Reel 2000 Units / Tape & Ree!

TO-92/ Amrmo Pack 2000 Units / Ammo Pack

XX indicates nominai valtage
*Available in 5, 8, 2, 12 and 15 V devices.
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&National Semiconductor

DAC0808
8-Bit D/A Converter

General Description

The DACOBO08 is an 8-bit monolithic digital-io-analog con-
verer (DAC) featuring a full scate output current settling time
of 150 ns whila dissipating only 33 mW with £5V supplies.
No reference current (lge¢) timming is required for most
applications since the full scale output current is typically =1
LSB af 255 |gee/256. Relative accuracies of befler than
+0.19% assure 8-bit monotonicity and linearity while zero
level output current of less than 4 pA provides 8-bit zero
accuracy for f,:-.22 mA The power supply currents of the
DACC808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
valtage range.

The DAC08QE will interface directly with popular TTL. DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

May 1999

Features

m Ralative accuracy: £0.19% error maximum

m Full scale current match: 1 LSB typ

m Fast sellling time. 150 ns typ

m Noninverting digital inputs are TTL and CMOS
compatible

High speed multiplying input siew rate: 8§ mA/ps
Power supply voltage range: £4 5V to £18V

B Low power consumption: 33 mW @ 15V

Block and Connection Diagrams

A Al Al M AN A A7 A

A O R A

L5E

AANGE
CONTROL

-——
CURREAT SWITCHES In

TTTTITI

] ]

A-2R LAQOER

l [ BIAS cmcuﬂ—o GND

REFERENLE
CURRENT AMP

NPN CUARENT
SDIRCE FAIR

Vet

ey COMPEN

VEp

Dual-In-Ling

NSDURRAT-1

Package

J U
NE INDTE 2) =i 1Y CompEnsaTION
2 15
GND - p— VAEF(-]
1 LL]
Vg =1 = VHEF(]
[ 1
v — — V|
‘o DACOEDS £e
§ 12
M58 A1 = — a8 158
] 1
AZ p— A7
7 )
A3 — L™
L]
Al !—AS
OS005687-2
Top View

Qrder Number DAC0808
Ses NS Package M16A or N16A

® 2001 National Semiconductor Corporation

DS005687

www.national.com
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DACO08B08

Block and Connection Diagrams (continued)

Small-Outline Package

Vee— 17 AB LSH
Varr (=42 AT
Vegr (1 =43 AB
COMPENSATION —14 AS
NC {NOTE 2)—15 Ad
GND—6 Ad
Ve =47 Az
10=-—3 Al MEE
SU05KR7-13
Ordering Information
ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE {N16A) 50 PACKAGE
{Nate 1) {M16A)
8-bit 0'CsTs+75C DACDB0BLCN | MC140BP8 DACO80BLCM

Note 1: Devices may be orderec by using either arder number
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Absolute Maximum Ratings (note 2)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for avaitability and specifications.

Power Supply Voltage
Vee +18 Ve
Vee -18 Ve
Digital Input Voltage, V5-V12 =10 Vpe to +18 V.
Applied Qutput Vallage, V, =11 Ve to +18 Vi

Storage Temperature Range
Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

-65'C to +150°C

260°C
300°C

215°C
220°C

Reference Current, I;, 5 mA Temperature Range Tonm 5 Ta € Tax
Reference Amplifier Inputs, V14, V15 Vee, Vee DACOB0R CsT, < +75°C
Power Disstpation (Note 4) 1000 mw
ESD Susceptibility (Note 5} TBD
Electrical Characteristics
(Voo = 5V, Vg = =15 Ve, Ve /R14 = 2 mA, and ali digital inputs at high fegic level untess otherwise noted.}
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4} %
ta Full Scale |5}
DACCBOBLC {LM1408-8} 10.19 %
Settling Time to Within 4 LSB T,=25C (Nale 7), 150 ns
(Inciudes 1p ) (Figure 5)
oL e Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClg Output Full Scale Current Drift 120 ppm/°C
MSB Digitai Input Logic Levels (Figure 3)
Vi High Level, Logic "1" 2 Voie
' Low Level, Logic "0” [1R:] Ve
MSB Digital Input Current {Figure 3)
High Level Vi, = bV 0 0.040 mA
Low Level V., =08V -0.003 -0.8 mA
lys Refarence Input Bias Current (Figure 3) -1 -3 pA
Output Current Range (Figure 3)
Ve = =5V 2.0 21 mA
Ve = -18Y, T, = 25°C 20 4.2 mA
I Cutput Current Viger = 2000V,
R14 = 1000€,
{Figure 3) 19 1.99 2.1 mA
Qutput Current, Al Bits Low (Figure 3) 0 4 WA
Output Voltage Compliance (Note 3) E, «0.19%, T, = 25C
Ve =5V, lger=1 MA -0.55, +0.4 Voo
Ve Below -0V =50, +0.4 Voo
SRl er Reference Current Slew Rate (Figure 6} 4 8 mA/uS
Output Current Power Supply -5V 2V 5 ~16.6V 0.05 27 HAN
Sensitivity
Power Supply Current (All Bits {Figure 3)
Low)
lce 23 22 mA
lee ~4.3 -13 mA
Power Supply Voltage Range T, = 25C, (Figure 3)
Vee 45 5.0 5.5 Vi
Vee -4.5 -15 -16.5 Voo
Power Dissipation

www.national.com
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DAC0808

Electrical Characteristics (continued)

(Voo = BV, Vg = 15 Vi, Ve /R4 = 2 mA, and all digital inputs at high logic level unless otherwise nated.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Voo = BV, Vgg = =8V 33 170 mW

Ver = BV, Vg = —15V 106 305 mw

All Bits High Vee = 15V, Vo = =BV 90 mw

Ve = 18V, Vi = 15V 160 mw

Nota 3: Range cantrot is nal required

Veps 5V

13

WSE A1 Ol
a2 o
20—

DIGITAL “0—!' DA
INFUTS "

15

VEF

Logic Input Current vs
Input Voltage

= 1hy

5 00DK

L1}

A

i_T I

Note 5: Human hody model, 100 pF discharged through a 1.5 kL) resistor.

Note 6; All current switiches are tested 1o guarantee al least 50% ol rated current.
Note T: All bits switched
Note 8: Pin-oul numbers for the DALOBOX represent the dual-in-line package. Tha small oulline package pinout differs fram the gual-in-line package.

Typical Application

WOV = Vygg

5 DDOK

b0 V0
il CITh

DSOD5B87-3

Al
Vp=10¥ (—+—+

FIGURE 1. +10V Qutput Digital to Analog Gonverter (Nate 8)
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Bit Transfer Characteristics

kg - DUTPUT CURRENT {mA)

14 .
[T ]] ;
11
12 b1 lg=2mA N G R N
L | .
| Al
1 kB !
T [
1 5
i L]
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1

-12-10-8-6-4-20 24 & B 101213 1618
V| - LAGIC INPUT VOLTAGE (V)

DS0056B7-15

AZ AB )
2 4 258
DHMNI5687-23

Typlcal Performance Characteristics v.. = sv. v, = -15v, T, = 25°C, unless otherwise noted

Logic Threshold Voltage vs
Temperature

VY - LOGIC THHESHOLD VGLTAGE {Vpgl

Note 2: Absolule Maximum Ratings indicate limils beyond which damage lo the device may occur. DC and AC elactrical specificalions do not apply when operating
the device beyond its specified operaling conditinns

Note 4: The maximum power dissipatian must be deraled at elavated temperatures and is dictated by T ygax, 0)4. and the ambient temperature, T, The maximum
allowable power dissipation al any temperalure is Pp = (T yax = Tak2, of the number given in the Absolute Maixmum Ratings, whichever is lower. For this device.
Tumax = 125°C, and the typical junclion lo ambient Ihermal resistance of the dual-in-line J package when the board mounted is 100°C/A. For the dual-in-line N
package, lhis number increases (o 175'C/W and for the small outling M package this humber is 100" C/W,
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1 b
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-55~37-19 -1 17 35 53 N

Ta - TEMPERATURE {°C)
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MAX232, MAX2321
DUAL EIA-232 DRIVER/RECEIVER

SLLS0474G - FEBRUARY 1980 — REVISED AUGUST 1998

Operates With Single 5-V Power Supply
LinBiCMOS™ Process Technology
Two Drivers and Two Receivers
+30-V Input Levels
Low Supply Current . . . 8 mA Typical
Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28
® Designed to be Interchangeable With
Maxim MAX232
® Applications
TIAJEIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers
® ESD Protection Exceeds 2000 V Per
MIL-STD-883, Method 3015
® Package Options Inciude Plastic
Smali-Qutline {D, DW) Packages and
Standard Plastic {N) DiPs

description

The MAX232 device is a dual driver/receiver that
includes a capacitive voltage generator to supply
ElA-232 voltage leveis from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V
TTL/CMOS levels. These receivers have a typical
threshold of 1.3V and a typical hysleresis of 0.5V,
Each driver
converts TTL/CMOS input levels into EiA-232
levels. The driver, receiver, and vollage-generator
functions are available as cells in the Texas

and can accept +30-V inputs.

Instruments LINASIC™ library.

The MAX232 is characterized for operation from
0°C to 70°C. The MAX232| is characterized for

operation from —40"C to 85°C.

D, DW, OR N PACKAGE

{TOP VIEW)
Ci+ [ : ~ 16 ] Vee
Vg [] 2 15[] GND
Ci-f}s 1af] T1I0UT
c2+ [ 4 13[] R1IN
c2-[]s 12[] R1OUT
vg_ [l e 1] TN

T20UT [} 7 0] T2IN
R2iN ] 8 o]l R2OUT

logic symbolt

Vee
>]: 16
1 Vce
c1+ —*— c1+ ,
c1- s e Veo-15y f— V5«
4
L VI 6
€2+ C2+ _avee+isvE— Vs
C2-—¥—} Cc2-
14
TN > Ti0UT
7
21N 2 > = T20UT
12 13
R1OUT ——] Ol 42 RN
9 8
R20UT —— oV T }<4— RaiN
¥ 15
GND

T This symbal is in accordance with ANSHIEEE Std 91-1984 and IEC

Publication 617-12.

AVAILABLE OPTIONS

PACKAGED DEVICES
SMALL SMALL
T
A OUTLINE OUTLINE PLAS(L')C DIP
{D) (DW)
0Clo70°C max232n% MAX232DwWE MAX232N
—46°C 10 85°C MAX2321D1 MAX232IDWE MAX232IN

1 This device is available taped and reeled by adding an R to the pant number {i.e., MAX232DR).

Please be aware that an imporlant notice concerning availability, standard warranty, and use in critical applicaticns of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA indoemalion is current as of publication dale.
Products condorm 1o specificalions per the terms of Texas insirumems
standard warranty. Production processing does not necessarily include

lesting of all pararmeters.,

*5‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655203 ® DALLAS, TEXAS 75265

Copyright © 1994, Texas [nsiruments incorporated



Order this document by MC7900/D

@ MOTOROLA MC7900
Series
- ]
Three-Terminal Negative
The MC790C series of fixed outpul negative voltage regulators are THREE-TERMINAL
intended as complements to the popular MC7800 series devices. These
negative regulators are available in the same seven—voltage options as the NEGATIVE FIXED
MC7800 devices. In addition, one extra voltage option commonly employed VOLTAGE REGULATORS
in MECL systems is also available in the negative MC7900 series.
Available in fixed oulput voltage options from -5.0 V to -24 V, these
regulators empioy current limiting, thermal shutdown, and safe-area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can deliver outpui currents in
excess of 1.0 A, T SUFFIX
) PLASTIC PACKAGE
® No External Components Required CASE 221A
® internal Thermal Qverload Protection
® Internal Short Circuit Current Limiting c::::l’;ﬁg’;"ﬁ
® Qutput Transistor Safe-Area Compensation
® Available in 2% Voltage Tolerance {See Crdering Information)
Pin 1. Ground
2. Input
3. Qutput
Representative Schematic Diagram o
.?)n d D2T SUFFIX
=] 20k a0k PLASTIC PACKAGE
o CA%E 936
10k 40kE  Ryd (DPAK) 172
a
1.6k Heatsink surface (shown as tarminal 4 in
case outline drawing) is connected to Pin 2.
Rz
+——s 0
10 ““ Yo STANDARD APPLICATION
—
20 pF
' 4 ﬁ: Input MCTOXX Output
10pF| 10k
~ Cin*
20k Wk 20k 0 o 0334F T 1_'50JHF
11k
: 750 o L
. . . . X ¥
This device contains 26 active transistors. A comimon ground is required between the input
and the output voitages. The input vollage must
remain typically 2.0 V above more negative even
ORDERING INFORMATION during the high paint of the input ripple voltage.
Cutput Voltage Operating .

Device Tolerance Temperature Range Package xX, ;r;?::t:zz::ﬁ:;? Stf)lttt;zéype number
MC7IXXACO2T 2% * Cjp is required if regulator is located an
PyPSvp— by Surface Mount appreciable distance from pawer supply fiter.

o - . e .
T =0 o +125°C Cg improve stability and transient response
MCTIXXACT 2%
Inserlion Maunt
MC73XXCT 4%
MCTOXXBD2T Surface Mount DEVICE TYPE/NOMINAL OUTPUT VOLTAGE
4% T)=-40°to +125°C MC7905 50V Mc7a12 | 12v
MC79XXBT tnserticn Mount MC7305.2 52V MC7915 | 15V
XX indicales nominal vollage. MC75908 60V MC7918 28V
MC7908 B.OV MC7924 24V
© Motoroia, Inc. 1996 Rev &




MC7900
APPLICATIONS INFORMATION

Design Considerations

The MC7300 Series of fixed voltage regulators are
designed with Thermal overload Protection that shuts down
the circuit when subjected to an excessive power overload
condition. Internal Short Circuit Protection that limits the
maximum current the circuit will pass, and Output Transistor
Safe-Area Compensation that reduces the output short
circuit current as the voltage across the pass transistor is
increased,

In many low current applications, compensation
capacitors are not required. However, it is recommended that
the regulator input be bypassed with a capacitor if the
regulator is connected to the power supply filter with long wire
lengths, or if the output load capacitance is large. An input
bypass capacitor should be seleclted to provide good
high—frequency characteristics to insure stable operation
under all load conditions. A 0.33 uF or larger tantalum, mylar,
or other capacitor having low internal impedance at high
frequencies should be chosen. The capacitor chosen should
have an equivalent series resistance of less than 0.7 £2. The
bypass capacitor should be mounted with the shortest
possible leads directly across the regulaiors input terminals,
Normally good construction techniques should be used to
minimize ground loops and lead resistance drops since the
regulator has no external sense lead. Bypassing the output is
also recommended.

Figure 8. Current Boost Regulator
{(-5.0V @ 4.0 A, with 5.0 A Current Limiting}

-10 0.56 -50V
Inpt &—4 Cutpul
2N3055°
[ or Equiv
[
MJE200”
or Equiv
[ MC7905*
10 pF
Gnd

*Mounted on heaisink.

When a boost fransistor is used, shert circuit currents are equal to Lhe sum of the
series pass and regulator limits, which are measured at 3.2 Aand 1.8 Arespectively
in ihis case. Series pass limiting is approximalely equal to 0.6 V/Rg¢. Cperation
beyond this point ta the peak current capability of the MC7905C is possible if the
regulalor is mounted on a healsink; otherwise thermal shutdown will occur when
the additional load current is picked up by the regulaler.

Figure 7. Current Reguiator

-2V 10 lp =200 mA
Input MC7905 —0—0—4/\RN—4H -
¢ Vo 10V

2 1.0pF - 1.0pF
Gnd'—l_——LO Gnd

The MC7905, -5.0 V regulator can be used as a canstant current source when
connected as above. The oulput current is the sum of resistor R current and
quiescen! bias current as follows.

lg= — +I
0= *lB

The quiescent current for this regulatoris typically 4.3 mA. The 5.0 v regulalor was
chosen lo minimize dissipation and lo allow the outpul voltage to operate o within
6.0V bolow the input woltage.

Figure 8. Operational Amplifier Supply
(H15@ 1.0 A)

+20¥ +15V

Input Quiput
P MC7815 P

1N4001

0.33uF
# of Equiv

Gnd Gnd
+ +
I 1.0uF 1.0 pFI
MC7915
-2V 15V
Input Output

The MC7815 and MC7915 pasitive and negative regulators may be connecled as
shown to obtain a dual power supply for operational amplifiers. A clamp diode
should be used at Lhe output of the MC7815 1c prevent patential latch-up problems
whenever ihe oulput of the positive requlator (MC7815) is drawn below ground with
an oulput current greater than 200 mA.

MOTOROLA ANALOG IC DEVICE DATA



MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS EEPROM/Flash Microcontrollers

Microcontroller Core Features;

-

High-performance RISC CPU
Only 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle

Up to BK x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory {(RAM)
Up to 256 x 8 bytes of EEPROM data memory

Pinout compatible to the PIC16CT73/74/76/77

Interrupt capability {up to 14 internal/external
interrupt sources)

Eight level deep hardware stack
Direct, indirect, and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer {QST)

Watchdeg Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code-protection

Power saving SLEEP mode

Selectable oscillator options

Low-power, high-speed CMOS EPROM/
EEPROM technology

Fully static design

In-Circuit Serial Programming™ via two pins
Only single 5V source needed for programming
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.5V to 5.5V
High Sink/Source Cument: 25 mA

Commercial and Industrial temperature ranges
Low-power consumption:

- < 2mAtypical @ 5V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Pin Diagram
PDIP
MCIRA s THY —= [ 1 u 40 [ =—= RB7/PGD
RADAND w— [] 2 39 [] =+—= RB6/PGC
RAVANT +—= 3 38 [] «—» RES
RAANZIVAEF- w—m 1] 4 37 [] =—= RB4
RAJ/ANI/VREF+ -— [] 5 36 [] w—= RBIPGM
RAATOCK] w— [] 6 35 [1 =— RB2
RAB/AN4/SS w— 17 34 [] =—= RB1
REQIRDIANS =— []8 3 33 [ =—= RBO/NT
REVWRIANG -<+—= ]9 Q 32 [] =— vob
RE2/CSIANT =— [] 10 o 31 [ -— vss
vob — [ 11 ; 30 [] =—= RD?/PSP7
vss o [T12 '_‘j 29 [] =+—= RDGIPSPE
OSCUCLKIN —» [] 13 E 28 {] =—= RD5PSPS
DSCACLKOUT «——[] 14 ~ 27 |3 =-—» RD4PSP4
REGTAOSOMCK «— [] 15 e 26 [1 +—= RCZ/RX/OT
RCU/T10SHCCP2 w—w [] 15 25 [] =—= RCBTXCK
RC2ICCP4 w—w [] 17 24 [] -—» RCS/SDO
RCHSCK/SCL -=—= [] 18 23 [] —= RC4/SDISDA
RDOIPSPD w— [] 10 22 [] -«—= RDIPSP3
RD1/PSP1 ~w— [] 20 21 [] =—= RD2PSP2

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prascaler
Timert: 16-bit timer/counter with prescaler,

can be incremented during sleep via externat
crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

Capture is 16-bit, max. resolution is 12.5 ns,
Compare is 16-bit, max. resolution is 200 ns,
PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ (Master
Mode) and I°C™ {(Master/Siave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI} with 9-hit address
detection

Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

+ Brown-out detection circuitry for

Brown-out Reset (BOR)

This is an advanced copy of the data sheet and therefore the contents and specifications are subject to change based
on device characterization.

© 1998 Microchip Technology inc.
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PIC16F87X

3.0 [/OPORTS

Some pins for these /O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a generat purpose I/O pin.

Additional information on /O parts may be found in the
PiCmicro™ Mid-Range Reference Manual,
{D533023).

31 PORTA and the TRISA Register

PORTA is a 6-bit wide bi-directional port. The comre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input, i.e., put the corresponding output driver in a
hi-impedance mode. Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output, i.e., put
the contents of the output latch on the selected pin.

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore a write 10 a port implies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0) module clock
input {0 become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multipiexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCON1 register (A/D Control Register1).

Note: Cn a Power-on Reset, thase pins are con-
figured as analeg inputs and read as ‘0",

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPD ;

CLRF  PORTA ; Initialize PORTA by
clearing output

; data lactches

; Select Dank 1

BSF STATUS, RPO

MOVLW OxCF ; Value used ta
; initialize data
; directien
MOVWE TRISA ; Set RA<3:0» as inpuks

; RA<S5:4> as cutputs
; TRISA<7:6> are always
; read as '0'.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RAS PINS

Data
bus
D Q
WR VDD
Port —
___——t CcK LT D e
Data Latch ’ P—&
D Q N O pintV
WR
TR
W.I.§, CK—\_ 6 VsS
Analog
i t
TRIS Laich ',ﬂg‘ée
TTL
input
buffer
Q D

EN
RD PORT >

To A/D Converter

Note 1: IfQ pins have protection diodes to VDD and
Vss.

FIGURE 3-2: BLOCK DIAGRAM OF RA4/

TOCKI PIN
Dala
bus D o)
WR
PORT
ck-Q N 11O pin(1)
Data Latch
— D Q Vss
WR
IRIS. ] CK—‘—Q Schmitt
Trigger %7
input
TRIS Latch buffer
[
RD TRiS
1 Q D

EN
RD PORT D“ ~—’

__ TMRQ clack input

~

Naote 1: /O pin has protection diodes ta Vss only.

© 1998 Microchip Technology Inc. fidv ane
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PIC16F87X

TABLE 3-1 PORTA FUNCTIONS

Name Bit# Buffer |Function
RAO/ANO bit0 TTL tnputfoutput or analog input
RA1/AN1 hit1 TTL Input/output or analog input
RAZ2/ANZ bit2 TTL Inputfoutput or analog input
RA3/AN3/VREF | bit3 TTL Inputfoutput or analog input or VREF
RAA4/TOCKI bit4 ST inputfoutput or external clock input for Timer0
Qutput is open drain type
RAS/SS/AN4 bit5 TTL Input/output or slave select input for synchronous serial port or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input
TABLE 3-2 SUMMARY OF REG!STERS ASSOCIATED WITH PORTA

Value on: Value on all

Address | Name Bit 7 |Bit6é |BitS Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other resets

BOR
05h PORTA — — RAS RA4 RA3 RAZ2 RA1 RAD --0x 0000 | --0u 0000
85h TRISA — —_ PORTA Data Direction Register --11 1111 § --11 1111
ofn | apcont | — | — | aprm | — |Pcraa| Pors2 | PeFG1 | PCFGO | --0- oooe | o vooo

Legend: x=unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are nat used by PORTA.

DS30292A-page 32 Acdvanoce ntormation @ 1998 Micrachip Technology Inc.



PIC16F87X

3.2 PORTB and the TRISB Register

PORTB is an B-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the corresponding PORTB pin
an input, i.e., put the correspending output driver in a
hi-impedance mode. Clearing a TRISB bit {=0) will
make the corresponding PORTB pin an output, i.e., put
the contents of the output latch on the selected pin.

Thres pins of PORTB are multiplexed with the Low Volt-
age Programming function; RB3/PGM, RB&/PGC and
RB7/PGD. The alternate functions of these pins are
described in the Special Features Section.

EXAMPLE 3-1: INITIALIZING PORTB
BCF STATUS, RPO ;

CLRF PCRTB ; Initialize PORTB by
clearing output

; data latches

; Select Bank 1

BEE STATUS, RPO

MOVLW O0OxCF : Value used to
; initialize data
; direccion
MOVWE TRISB , Set RB«3:0» as inputs

; KBeb:4> ms cutpats

; RB<7:6x as inputs
Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pufl-up is automatically furned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF

RB3:RB0 PINS
Vidd
RBPU{Z) gweak
—{ rEm
Data Latch
Dala bus ]
o a 7
W0
WR Fort
ST pang
Q
D
ot 7
Input
WRTRIS CK ™% Buffer
[
RD TRIS
! a o
RD Port EN
RBO/INT <}
Schmitt Trigger | RD Pori
Buffer
Note 1: /O pins have diede protection to VDD and Vss.
2: To enable weak pull-ups, sel the appropriate TRIS bit(s)
and clear the bit (OPTION_REG<7>).

Four of PORTB's pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inpuis can
cause this interrupt to occur {i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins {(of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The "mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF {INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b} Clear flag bit RBIF,

A mismatch condition will continue to set flag bit RBIF.
Reading PORTE will end the mismatch condition, and
allow ftag bit RBIF to be cleared.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is anly used for the interrupt on change
feature. Polling of PORTE is not recommended whila
using the interrupt on change feature.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS

Vdd
RBPU(2) E_waa"
—{ PEEm,
Data Lalch
Data bus
o g 1]
[I{e]
WR_Port CK\_ pin(1)
TRIS Latc|
D Q
WRTRIS
oKL ot {7 Y
Buffer ST
. b Buffer
RD TRIS Lateh
/E Q D
RO Port EN [s]]
Set RBIF
From other L Q D
RB7:RB4 pins RD Port
EN )
Q3
RB7:RBE in serial programming mode
Note 1: /O pins have diode protection to VDD and Vss.
2 To enable weak_pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7=).

© 1998 Microchip Technology Inc.
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PIC16F87X

TABLE 3-3 PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit0 TTUSTN Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Inputfoutput pin. Internal software programmable weak pull-up.

RB2 bit2 TTL input/output pin. Internal software programmable weak pull-up.

RB3/PGM bit3 TTL Inputfoutput pin or programming pin in LVP mode. Internal software pro-
grammable weak pull-up.

RB4 bit4 TTL Inputfoutput pin (with interrupt on change). internal software programmable
weak puli-up.

RBS bits TTL Input/output pin (with interrupt on change). Internat software programmable
weak pull-up.

RB&/PGC bite TTL/ST@ Input/output pin (with interrupt an change}) ar In-Circuit Debugger pin. Inter-
nal software programmable weak pull-up. Serial programming clock.

RBT/PGD bit? TTL/ST® input/output pin (with interrupt on change) or In-Circuit Debugger pin. inter-
nal software programmable weak pull-up. Serial programming data.

tegend: TTL = TTL input, 8T = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 3-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: Value on all
Address |Name |Bit7 |Bit6 Bit5 |Bit4 |Bit3 |Bit2 [Bit1 |Bito |POR, ue on
other resets
BOR
06h, 108h PORTB RB7 RB6 RB5 RB4 RB3 | RB2 RB1 RBO XHHK KXXK uuuu unuu
86h, 186h TRISB PORTE Data Direction Register 1111 1111 1111 1111
81h, 181h | OPTION_ | RBPU INTEDG | TOCS | TOSE §| PSA | PS2 P51 PS0 1111 1111 1111 1111
REG

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTE.

DS30292A-page 34
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PIC16F87X

3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (=1) will make the corresponding PORTC pin
an input, i.e., put the corresponding cutput driver in a
hi-impedance mode. Clearing a TRISC bit (=0} will
make the corresponding PORTC pin an output, i.e., put
the contents of the output latch on the selected pin.

PORTC is multiplexed with several peripheral functions
{Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the 12C module is enabled, the PORTC {3:4) pins
can be configured with normal 12C levels or with
SMBUS levels by using the CKE bit (SSPSTAT <6>).

When enabiing peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWE) with TRISC as
destination should be avoided. The user should refer to
the correspanding peripheral section for the correct
TRIS bit settings.

EXAMPLE 3-1: INITIALIZING PORTC
BCE STATUS, RPO ; Select Bank 0
CLEF PORTC ; Initialize PORTC by
; clearing output
; data lakbches

BSF STATUS, RP0 ; Select Bank 1
MOVILW OxCF ; Value used to
; initialize data
; direction

MOVWEF TRISC ; Set RC<3:0> ag inputs
; RC<5:4> as oulpubs

; RC<7:6»> as inputs

FIGURE 3-5: PORTC BLOCK DIAGRAM
{PERIPHERAL OUTPUT
OVERRIDE)} RC<0:2> RC<5:7>

PORT/PERIPHERAL Select(2)

- 0 Vdd
Peripheral Datd Bul
Q P
DatiMiis 1
PORT CKA_Q
Data Latch H&
= [le]
WR B a ine1
TRIS < L pin{1}
TRIS Latch
Vss
[
Schmitt
RO TRIS Trigger %7
Peripheral
OE(3) d a b
RD EN
P
Peripheral input

MNote 1: I/Q pins have diode protection to VDo and Vss.
2. PorlUPeripheral select signal selects between port
data and peripheral output.
3. Peripheral OE (output enabie) is only activated if
peripheral sefect is active,

FIGURE 3-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<3:4>

PORT/PERIPHERAL Select(2)

Peripherat Data Out

Data bus D
WR @ B
PORT cQ
Data Latch
WR D Q l{e}
pin(1)
TRIS cKWLQ m
TRIS Latch
Vss
—0 |——‘
Schmitt
RD TRIS Triggar %7
Peripharal
OE(3) < Qa D Schmi;
Triggel
RD EN with
levels
a
S5Pinput
1
CKE
SSPSTAT«<6>

Note 1: VO pins have diode protection to VDD and Vss.
2: PorVPeripheral select signal selects between port
data and peripheral output.
3: Peripheral OE (output enable} is only activated if
peripheral select is active.

& 1998 Microchip Technology Inc.

Advance inforvziion

DS30282A-page 35



PIC16F87X

TABLE 3-5 PORTC FUNCTIONS

Name Bit# | Buffer Type |Function

RCO/T10SOIT1CKI bito | ST Input/output port pin or Timer1 oscillator output/Timer1 clock input

RC1/T10SIHCCP2 nit1 | ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output

RC2/CCP1 pit2 | ST Input/output port pin or Capturel input/Compare1 output/PWM1
output

RC3/5CK/SCL biiz | ST RC3 can also be the synchronous serial clock for both SPI and 12C
modes,

RC4/SDI/SDA bita | ST RC4 can also be the SPI Data In (SPI mode) or data HO (I°C mode).

RC5/SD0O bits |ST Input/output port pin or Synchronous Serial Port data cutput

RC&/TXICK bite {ST Input/output port pin or USART Asynchronous Transmit or Synchro-
nous Clock

RC7/RX/DT btz |ST Input/output port pin or USART Asynchronous Receive or Synchro-
nous Data

Legend: 3T = Schmitt Trigger input
TABLE 3-6 SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on
Value on: all
Address | Name Bit 7 Bit 6 Bit5 | Bit4 | Bitd | Bit2 | Bit1 Bit0 |POR,
other
BOR
resets
Q07h PORTC RC7 RCE RCS RC4 RC3 RC2 RCH RCO X0OL XXX | uuuu uuuy
87h TRISC PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged.
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34 PORTD and TRISD Registers FIGURE 3-7: PORTD BLOCK DIAGRAM (IN
) L i . ) /0 PORT MODE)}
This section is not appiicable to the 28-pin devices.
PORTD is an 8-bit port with Schmitt Trigger input buff- Data
ers. Each pin is individually configurable as an input or WR o a } '_@
output. PORT “« 11O pintM
— cK
PORTD can be configured as an B-bit wide micropro-
cessor port {parallel slave port) by setting control bit Data Latch
PSPMODE {TRISE<4>). In this mode, the input buffers —1D Q
are TTL. WR
TRIS_] Schmitt
E oK Trigger %7
input
TRIS Latch buffer
RD TRIS
/1 Q D
EN
RD PORT ]|>c —I
Note 1: 1/O pins have protection diodes ta VDD and V&s.
TABLE 3-7 PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPD bit0 sTTTLM Inputfoutput port pin or parallel slave port bitD
RD1/PSP1 bit1 sT/TTL Input/output port pin or paraltel slave port bit1
RD2/PSP2 bit2 sT/TTLHY Inputfoutput port pin or parallel slave port hit2
RD3/PSP3 bit3 STTLM Input/output port pin or parallel slave port bit3
RD4/PSP4 bit4 sT/TTLY Input/output port pin or parallel slave port bit4
RD5/PSP5 bit5 sTaTL Input/output port pin or parallel slave port bits
RDE/PSP6 bit6 sTTLn Inputioutput port pin or parallel slave port bit6
RD7/PSP7 bit? sSTaTL Input/output port pin or parallel slave port bit?

Legend: ST = Schmitt Trigger input TTL = TTL input

MNote 1: Input buffers are Schmitt Triggers when in /0O mode and TTL buffer when in Parallel Slave Port Mode.
TABLE 3-8 SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: (Value on all
Address ([Name |Bit7 | Bit6 |Bit5 Bit 4 Bitd | Bitz2 Bit 1 Bit0 |[POR, other
BOR resets
08h PORTD | RD7 | RD6 | RDS RD4 RD3 RD2 RD1 RDO XOEk XXX | uuuu uuuu
88h TRISD PORTD Data Direction Register 1111 1111 § 1111 1111
goh | TRISE | 1BF | OBF |BOv |PsPMoDE | — | PORTE Data Direction Bits | 0000 -111 | oooo 111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PORTD.

@ 1998 Microchip Technology Inc.
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15 PORTE and TRISE Register

This section is not applicable to the 28-pin devices.

PORTE has three pins REO/RD/ANS, RE1/WR/IANG
and RE2/CS/ANT, which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

YO PORTE becomes control inputs for the micrapro-
cessor port when bit PSPMODE (TRISE<4>) is sel. In
this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs). Ensure ADCON1 is configured for digital /0. In
this mode the input buffers are TTL.

Figure 3-9 shows the TRISE register, which alsg con-
trols the parallel slave port operation,

PORTE pins are multiplexed with analog inputs. When
selected as an analog input, these pins will read as '0's.

TRISE conirols the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

FIGURE 3-8: PORTE BLOCK DIAGRAM {IN
I/O PORT MODE)
Data
bus D G
WR
PORT [ie] pinm
gk
Data Latch
+— D Q
WR
ekl
TRIS Latch

%

RD TRiS

EN

A

Note 1: IfQ pins have proteciion diodes to VDD and Vss.

Note: On a Power-on Reset these pins are con-
figured as analog inputs.
FIGURE 3-9: TRISE REGISTER (ADDRESS 89h)
R-0 R-0 RMW-0 R/MW-0 U-0 RMW-1 R/AV-1 R/AW-1
ieF JoBF [BOV [PSPMODE [— [ bit2 [ bit1 bitD R= Readable bit
bit7 bitQ W= Writable bit
U= Unimplemented bit,
read as ‘0’
- n=Value at POR reset
bit 7 : IBF: tnput Buffer Full Status bit
1 = A word has been received and is wailing 1o be read by the CPU
0 = No word has been received
bit B: OBF- Output Buffer Fult Status bit
1 = The oulput buffer still holds a previously written word
0 = The output buffer has been read
bit 5: IBQV: Input Buffer Overflow Detect bil {in microprocessor mode})
1 = A write occurred when a previously input word has not been read (must be cleared in software)
0 = No overflow occurred
hit 4: PSPMODE: Parallel Siave Port Mode Select bit
1 = Parallel sfave porl mode
0 = General purpose /0 mode
bit 3: Unimplemented: Read as '0’
PORTE Data Direction Bits
bit 2: Bit2: Direction Control bit for pin RE2/CSIANT
1= Input
0 = Qutput
bit 1: Bit1: Direction Cantrol bit for pin RE1/WR/ANG
1 = Input
0 = Qutpui
bit 0: BitD: Direction Control bit for pin REQ/RD/ANS
1= tnput
0 = Output

Ay,
3 e
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TABLE 3-9

PORTE FUNCTIONS

Name

Bit#

Buffer Type

Function

RED/RDIANS

bitd

sTrTL

Input/output port pin or read contral input in parailel slave port mode or
analog input:

RD

1 = Not a read operation

0 = Read operation. Reads PORTD register (if chip selectad}

RE 1/WR/ANB

bit1

sTrTL

Inputfoutput port pin or write control input in parallel stave part mode or
analog input:

WR

1 =Not a write operation

0 =Write operation. Writes PORTD register {if chip selected)

RE2/CSIANT

bit2

sTTTLY

Input/output pert pin or chip select cantrol input in parallel slave port
mode ar analog input:

[#3

1 = Device is not selected

0 = Device is selected

Legend: ST = Schmill Trigger input TTL = TTL input

Note 1: input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port Mode.
TABLE 3-10 SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
Value on: Vaiue on all
Addr | Name Bit 7 |Bit 6 |Bit5 |Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
08h PORTE — — — — — RE2 RE1 REO EEEEES e ---- -uuu
89h TRISE IBF | OBF | IBOV | PSPMODE — PORTE Data Direction Bits 0000 -111 0000 -111
9Fh | ADCON1 | — — | ADFM — PCFG3 | PCFG2 I PCFGA I PCFGO | --0- 0000 --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PORTE.

© 1988 Microchip Technology Inc.
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