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LAMPIRAN B



#mclude<stdio h>
#include<regR252 >
#defineen PO 7 /len PO 7
#detiners PO 6 /s PO 6
#define dataku PO

#idefine led_mem P2

#define clock Pt 3
#define datanya P12 /P12 nu data

at Ox0 xdata unsigned char eeprom[561:

void tunda{unsigned char):

void init lcd{);

void clrser(};

void tutis{unsigned char,unsigned char,unsigned char,char):

unstgned char keypad(void);

void inisialisasi_serial(};

voiud kirim serial{unsigned char;

vord tulis_eeprom(uusigned char unsigned char);

vond menu2{unstgned char);

void clock_serial{unsigaed char);

void semua_penerimalunsigned char,unsigned char):

char code memu{67}[20]={{" 1. Masukkan inputan"},{"2 Status Alat"},{"3 Help"},{" <<By
Deathscythe>>"}, {"<<-Masukkan angka->>"} {"Pnc(0-7),alat(0-8),"},{ "Status()/ 11"}, {"Pnr

terlalu besar”}, {"Alat terlalu besar”}, {"Stat terlalu besar"}, {" "3, {"Par "},
{"Tekan tombol Can utk"}.{ "keluar,panah atas"},{ "utk balik panah ba-"},{"wah utk

wypofm

tamjut.”}, {"Digit pertama pada"},{"menu pertama adalah”}.{"nomor penerima."}, { "luputaya
antara 0-7"}, {"Digit kedua pada "},{ "menu pertama adalah™}, {"nomor alat."}, { "Inputnya
antara G-8"}, {"Digit ketiga pada "},{"menu pertama adalah”}.{"status alat.”},{ " loputaya
hanya 0&1"}, {"Untuk mengontrol se-"1.{"mua penerima maka"}.{"digit pertama
dist”},{"dengan 0"}, . {"Untuk mengontrol s¢”},{"mua alat maka digit"},{ "kedua drisi
0"}.{"Berikut contohnya :"}, {"340=alat ke-4 pada"},{"penerima ke-3 off"'},{"621=alat ke-2
pada”} {"penerima ke-6 on"}, {"010=alat ke-1 pada”},{"semua pencrima oft"} {"05 [=alat
ke-5 pada”},{"semua pencrima on”}, {"200=semua alat pada”},{"penerima ke-2
off"},{"701=semua alat pada”},{ "penerima ke-7 on"}, {"000=semua alat pada”},{ "setiap
penerima off"}, {"001=semmia alat pada”},{"setiap penerima on"}, {"Status alat dapat
di”},{"lhat pada menu no-"},{"2. Tombol yang di "},{"pakai pada menu no"}, {"2 : panah
atas utk "},{ "balik,panah bawah “},{"utk ianjut.tombol"},{"CAN utk keluar."}, {"<
Create&Design By »"}, {"Chomelius Ariesta”™},{"NRP : 5103000066 "},{" <= Terima kasth
=="1, {"Penerima kosong !1"},{"Alat kosong 1"}, {"status kosong 11"} §;

f Program Utama |
! F
S e */

void main{void)
{
unsigned char posisi_y;
it _fed(); /Inisialisasi LCD



-

tutis(0.1.2,00; {M{Tampilkan Menu Pertama

tubis(1.2.2.0); /Tampilkan Menu Kedua
tdis{2,3,2,0); #Tampilkan Menu Ketiga
tulis(3,4,0,0);

posist y=1;

tulis(G,posist_v.0.="}: fTampilkan Posisi Panah

tulis(1 posisi v.1.»"}.  //Tampilkan Posisi Panah =>
while(D)

!
switch{keypad() //Cek Keypad apakah ada tom bol yg ditekan
.
T
case 'u’; i Tombol Panah Atas ditekan

tulis{Q.posisi_v.0."");
tulis{ I posisi v, 1. ');
POSISL V-
if (posisi_y==0)posisi_y=1;
tuhs{O,posisi_ v, 0,
tulis( Lposisi_y.1,">");
rundaf4y;
break;

case'd” /fTombol Panah bawah ditekan
ulis(Q posist_v,0,"");
tulis{1,posisi y,1,'";
posIST ¥+,
if (posisi_y==4)posisi_y=3;
milis(G posist_v,0,=");
tulis(1.posist v, 1,">');
mnda{4);
break;

(asc '¢tunda{4); HTombol ENT ditekan
tunda(4);
menu2(posisi_v};
clrser(});
tulis(0,1,2,0);
tulis(1,2,2,0);
tudis(2,3,2,0)
tulis(3,4.0.0);
tuhis{0,pasist_v.0,'=");
tulis(1.posisi_y. 1,">");
break;

-



void tulis{unsigned char no_kal. unsigned char pos_Y, unsigned char pos X, char karakier)
| unsigned char letak mem;

TR f"-{'lr‘xj‘ IS
[SRIT31 $Lech SLUE S H I TN

switch{pos_Y'}

jcase Tiletak mem=0x80; /MUntuk meletakkan kursor pada baris 1
braak;

case 2:letak mem=0xC0; /fUntuk meletakkan kursor pada baris 7
break:

case 3:fetak mem=0x94; fUntuk meletakkan kursor pada baris 3
break;

case 4:letak mem=0xD4; HUntuk meletakkan kurser pada baris 4

break:

fetak_mem=lciak_memtpos X

rs=t;

fed_mem=letak_mem;

en=i;

en={);

tunda(1});

r3=1i;

if (karakter!=0) {lcd mem=karakter; en=1: en=0; tunda(2):}

else

{

for (y=0:menulno_katllvliy++){ led mem=menufno kaljly}: /untuk menulis
kalimat/karakter pada LCD

en=1;

en=0;

nda(2); !

}

o

i Prosedur untuk Inistalisasi LCD |

void init_lcd()

{
150,
led_mem=0x38§;
en=1;
en={);



tunda(1);

rs=0;

led mem={0x38:
en=l;

en={;

tundal 1y

rs=(:

led mem=0x38%:
en=l;

en=t4};

tandal):

rs5={;

led mem=0x38;
el

en=(};

mnda(1):

fcd _mem=0x006;
en=1;

en=0;

tunda(l);

led mem=0x0C;

en=1h:

en=0;

tunda(ly;

led mem=0x01;
en=]:

en=0;
tunda(1);
!
/%
| Prosedur untuk menghapus tampitan LCD
i
void clrser()
{ 1570;
fed mem=0x01;
err=1;
en=0;
tunda(1);
}

J
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' Prosedur Delay untuk ECI, Clock Serial & Keypad [

e —rr :“‘“—“——’—‘“*/

void tunda(uasigned char nilat)
{ unsigned char X;
switch(nilai)
{
case 11 TMOD=0x21;
THO=0xCS: ADELAY 20 ms untuk it LCD
TLO=0x67:
TRO=1;
TFO=0;
while (TFO==0};
break:
case 2: TMOD=1;
THO-OxAT: {idelay 30 us untuk jeda tulisan
TLO=0xCD,
TRO=1;
1F0=0,
while (TF0==0);
break;
case 3. TH2=0xF8, //delay Z ms untuk clock sertalku
TL2=0x30:
TE2=0;
TR2=1:
while (TF2==0);
break;
case 41 X={;
da
1
THO=GxEC, ildelay 150 msuntuk debounce
TLO=OxXAF;
TMOD=0x21;
TRO=1;
TFO=(;
while (1F0==0);
K+t

}
while(X!=3),
break;

e



| Fungsi untuk menerima masukan dari keypad

P —

- i

unsigned char kevpad{void)

junsigned char perulangan iombol.cek baris[4]={0x7F 0xBF.0xDF,0xEF};

perulangan=(;

do {
P3=cek baris[perufangan];
switch(P3)
{ case 0x77: tomboi="1" {fAngka 1
break;
case Ox713: tombol=2"; HAngka 2
break;
case Ox7D: tombol=3"; /Angka 3
break;
case OxXTE: tombol='¢’; fftombol Cor
break;
case OxB7: tombol='4" /Angka 4
break;
case OxBR: tombol='5"; Angka 5
break;
case 0kBD: fombol="6", fAngka ©
break;
case DxBE: tombol='m’; /tombol MenD
break:
case 0xD7: tombol="7"; /{Angka 7
. break;
case OxDB: tombot='8"; /{Angka §
break;
casc 0xDD: tombol="9"; //Angka 9
bregk;
case OxDE: tombol="y'; /ftombol panah atas
break;
case OxE7: tombol='C", /ftombol Can
break;
case (IxEB: tombol="0'; /fAngka 0
break;
case OxED: tombol='e’; /tombol Ent
break;
case OxEE: tombol=d"; //tombol panah bawah
break;
default: rombol=0;
}
perulangant;

if (perulangan==4)perulangan=0;



)
§

while (tombol==0};
return{toinbol);

R

void misialisasi_serial()

§
1

SCON=0x40:
TMOD=0x21;
TH1=0xF4; //Baudrate 2400

TFI=0:
TRIi=1;
!
§
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< menulis data pada EEPROM internal

i e =/
void fulis_eepromunsigned char no_data, unsigned char data_eeprom)
{ unsigned char bandingkan;

WMCON=0x1A;
ceprom[no_datal=data ecprom;
do

{

bandingkan=WMCON & 0x02:}
whilé  {bandmgkan==0}

WMCON=0x0A
1
i
l,f'* o
| Prosedur Menu i
5 |
— S */
void menu? (unsiened char no_menu)
{ struct kirim_data
{
unsigned alat() 1;
unsigned alat] N
unsigned alai2 L
unsigned alat3 1
unstgned status bit 1
unsigned bit penerimal: |;
unsigned bit penerimal: 1
unsigned bit_penerima2: {;
b
union



unsigned char byte data;
struct kirtim_data byte;
1bit data;

unsigned char tomb_posalamat_eeprom,nel.check baris_tulisan, counter;
unsigned char quit.awal help:
unsigned char datake]3);
switch{no_menu)
{
case 11 datakuli}=0;
dataku[2]=0;
datalu{31=0;
clrser();
rahis(4,1.0.0Y;
tulis{3,.3.0.0):
wlis(6.4.0.0);
tomb_pos=3;
do
{ qut=04
switch{kevpad())
,
1

LI I Y

case 'u"-break;
case 'd"break;
case 'm':break;
case 'c’
tults(0.2 tomb_pos,' "
tomb pos--;
if (tomb_pos=—=4) tomb_pos=35;
break;
ccase 'Chqut="1
break;
case ‘e".datakuf | I=datakuf 1]-48; /untuk merubah ASCH nomor

penerima menjadi bilangan desimal

dataku|2]=dataku{2]-48;//untuk merubah ASCII nomor alat

memjadi bilangan desimal

datakufI}=datakuf3]-48://untuk merubah ASCII status alat

menyadi bilangan desimal

if (dataku{11==0xD0) //apabila penerima tidak diisi sama

sekali maka datakufl] akan bemilai 256-48= 208

tulis(64,2,0,0); //tampilkan pesan bahwa penerima belum

dust tunda selama beberapa detik

ael=0;

do

4

tundal4);
net++;

}
while(nel!=10);



tulis(10.2.0.0);
tomb pos=S;
tudis(0.2, tomb_pos,"’);
dataku(1]=0;
datakuf2}=¢;
dataku[31=0;

break;

)
f

if (dataku{2]==0xD0)
sama sekali maka datakuf 1] akan bermilal 256-48=208

H talis{65.2.0,0%

penerima belum diist, tunda sefama beberapa detik
nel=0;
do

s
i
tuntdal4);
nelt+:

3
)

while{nel!=10);

tulis(10,2.0,0;

tomb_pos=5;

fulis(0.2 tomb pos,''):

dataku[1]=0:

datakui2}=0;

dataku[3]=0;

break;

]

3

if (dataku31==0xD0)
sama sckali maka dataku] 1} akan bermiai 256-48= 2{8

fulis(66,2.0.0);
belumn diisi, tunda selama beberapa detik

nel={,

do

{

mnda(4y,

nel++;

K

while(nel!=10);

tubis(10,2 0.0);

tomb_pos=5;

tuhis((,2 tomb pos,”");

datakufl}=0;
dataku]2}=0;
dataku{31=0;
break:

3

§

if (datakuf{1{>7)
{ tulis(7,2,0.0%;
nei=0;

//untuk menghapus bads 2

/fapaiia alat idak dusi

/Aampitkan pesan bahwa

/untuk menghapus baris 2

/fapabiia status fidak dust

//tampilkan pesan bahwa penenima

/untuk menghapus baris 2

{fcek apakah penertma lebih dari 7

Htampilkan pesan kesalahan



apakah alat lelnh dart 8

kesalahan

apakah status iebih dant i

kesalahan

do

f

]

tundal4);
nel++:

;
while{nel!=10);
tuhis{ 10,2 0,0y
tombh pos=3;
tulis{0.2 tomh _pos,”);
dataku{1]=0;

dataku{2}=0:

datakn[3]=0;
break:

4
s

if {dataku2]>8) ficek

fiuntuk menghapus baris 2

} tulis{8.2,0,03: Hiampilkan pesan
nel=0;

do

1

1

tunda(4):

nel++;

1

while{nel!=10);
wis(10,2,6,0%;
tomb_pos=3;
tualis(0.2 tomb pos,' ),
dataku] 1}=0;
datakual2]=0;
dataku[3]=0;

breai;

)
if (dataka[3]>1) fleek

{ wlis(9,2,0,0); /tampilkan pesan
nei=0;
do

$
)

tmnda(4);

nel++;

h

while{nel!=10);
tulis(10,2.0.0);

forub pos=3;
tulis((.2 tomb pos,'’);
datakul1]=0;
dataku{2}=0;



dataku[3])=0;
break:

|

datakul4 [ =(datakul {}<5 W (dataku[ 314y (datakn|2]):

bit_data.byte_data=dataku[4];

if (dataku]1]==0) semua_penerima(dataku|2],dataku[3]+48);
ficek apakah penerima=() '

else if (dataku[2]==0}  Ycek apakah alat=0

i nel=0:
do
i nel++;

alamar eepmmi('{dataku[ 1]¥8)+nel);
fahis_ecepromdalamat eeprom.(datakuf31+48)):

7.
CisC
;

ke
atamat eeprom>((datakn|1]1*8¥-dataku{2]):
tulis ceprom{alamat_ceprom.(dataku{3]+48));

‘

qut=17

break;

default: tomb_post+;

if {tomb_pos==9)tomb_pos=8;
datakuf{tomb pos-5}=keypad(};
tulis(0.2.tomb_pos.dataku[tomb_pos-5]):
quir="0";

break;

i

runda(4);

t
{

while {quit!="1");
break;
case 2: clrser(y;
baris tulisan=1;
- nel=38;
check=1;
counter=0;
do
{ whs(11,bars tulisan,0,0); /ampilkan kata "Par -
pada baris pertama pada LCD
tulis{11,baris_tulisan 4,'0+baris_tulisan); /Mtampilkan angka
“1" pada baris pertama kolom ke empat. schingga pada LCD tamm} tulisan "Por i @ ©
do
{ net++:
counter+-+;
WMCON=0x0A;
tulis{0,baris _tulisan, nel-check eeprom{nel]);

1"



3
while (counter!=8);
bans_tulisan+—;
check=check+8:
eounter=;

1
i

while (baniz tulisan!=5):

£y
e

'é
switch{keypad())

bans tulisan=1:

1ef=8;
check=1}:
counter=(0;
do

{ tulis(ll.bans tubisan, 0,0

"Pnr " pada baris pertama pada LCD

/itampitkan kata

wihis(1l baris ruiisan,4,'0'+baris_tulisan): Htampilkan
angka "1" pada bans pertarna kolom ke empat, sehingga pada LCD tampil tulisan "Par 1 ©

do
i nelv~;
counter—-+

WMCON=0x0A;

tulis(0.baris_tulisan,nel-check.eepromineij};

!
f

while {counter!=8};
bans tulisan++;
check=check+8:

counter={;
3

*
while (haris_tulisan!=5);

break:
case 'd"

clrser();

baris_tulisan=1;

ael=40;
check=33;
coustter=0,
do

{ mlis(11 baris tulisan 0,0);

“Pnr : " pada baris pertama pada LCD

fampilkan kata

tulis(1 1. bans_tulisan4,'d¢"+baris_tulisan); /ftampilkan
angka "1" pada baris pertama kolom ke empat, sehingga pada LCD tampil tulisan "Ppr 1 : "

do
{ nel++;
Counter++;

WMCON=0x04A;



e — e e

| Prosedur serial

void clock_serial(unsigned char xx)
{ datanva=xx;

tunda(3 )
clock=1;

void seimua_penerima{unsigned char alamat_alat, unsigned char isi_dataj

H unsivned char perulangan ! alamat_penenima.perulangan 2;
perulangan 1=0;
do
! perulangan 1++;

if {atamat_ alat==-0)

{ peruiangan 2=0;

do

H perglangan 2++;
alamat_penerima=(perulangan i*8)+peruiangan_2;
tuhis_eepromialamat_penerima.isi_data);

;(.

whnie{peralangan 2'=8},

h

else

;
alamat penerima=(perulangan [*8)t+alamat alat:
tulis_eeprom(alamat_penerima,isi_dataj;

X

3
b

while(perafangan_1%=7),

void kirim_serial{unsigned char ser)
{ SBUF=ser;

while(TI==0);

TI=0;

'



I Prosedur seriai 3

void clock senal{unsigned char xx)

{ datanva=xx;
s
C1OCR™Y

tunda(3):

clock=1:

3);

[Atigleicty

S O VRV JUPU DS, P S SN — ML, SR b S
0iG sCIMUA_ penariinagi uiisig wed char ﬁtﬁnmt__ﬂhur IS E..:,uéd char 1:,\;\14(4\

unsigned char pervlgngan 1 alamar_penernma,perulangan 2;

v
i
1 s
perulangan 1=10;

do
{ pernlangan 14+
if {alammat alar=—=0)
{ peruiangan_2=0;
de
1 peruiangan 24+
alamal_penerima=(perulangan_1*8)+perulangan_2;
tulis_eepromialamat_penerima,ist_data);
h ‘
whiie(peruiangan_ Z!=8);
)
else
:
alamat_penerima={perulangan 1*8)+alamat alat;
tulis eeprom{alamat_penerima,ii_dataj;
. ,
¥

while(perulangan 1=7);

void kirim_senal{unsigned char ser)
{ SBUF=ser;

while(TI==0};

Ti=0;
'
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Sinclude(reg8252 .inc)

s

en

status
buffer serial
valid
buffer
dataku
temp
jumlah_led
Jumlah
hasil

org Oh
sjmp start

org 03h

bitpl.0
bit pl.1

bit 04h

equ 20h
equ 4Gh
equ 57h
equ 40h
equ 5%h
equ 50h
equ 51h
equ 62h

Yymp terima_data

org 2Bh

bmp cek_valid

org 30h
start:

terima_data:

data_nol:

selesal terima:

jnb p3..

gy 12,80

mov ie#0alh ;set enable interupt (int external { dan timer 2 int)
setb pt2 ;set supaya int timer | menjadi high.

seth 10 ;set supaya interupt xternal 0 aktifnya negatif edge trizering

acall init_led

mov dptr.#penerima

acall rulis kalimat

acall cek 131 eepromr  Pangeil prosedur utk cek isi eeprom
:acall detrk

simp start} ;Loncat ke program utama

push acc stimpan accumuiator ke stack memon
mov a.bufler senal

cjne 12,#0.data_ke n [cek cek jumlah bit data yang diterima

acall waktu kinm
3.data nol
seth ace.7

simp selesat_terima
clrace.?

tha

mov buffer_serial.a

|

mc 12



sel:

cek_valid:

tidak vahid:

decoder;

Pop acc ;ambil 1si accumulator dari stack memon
reti

push acc

cine 2 #8 tidak valid  ;cek apakah jumlah data yang diteruma=8bit
acall decoder

mov 2 #0

mov buffer senial #0  kosongkan 1si buf¥r serial

clr tr2

chr t2

pop acc ;ambil isi accumulator dan stack memort
retl

mov a,buffer_sertal
ant a #11100000b
cjne a #20h decoder_selesat ;cek apakah data vang diterima untuk

pcnerima pertama?

status_off:
ek alamat:

jub status status off ;cek apakah status alat on/off

mov dataku, #10h :alat diset on

sjmp cek_alamat

mov dataka #0 :alat daset off

mov a dataku

anl a#10h :ambil bit Siatus alat

mov r5.a :bit status distrapan di 5

mov a,buffer_sersal :st accumulator dengan buffer serial

anl a.#0fh :ambi bit nomor alat

mov hasil.a :simpan bit nomor alat pada variable hasil
movrd.z

acall switch on off

mov dptr.#0

mov dpl hasi

acail tulis_eeprom ;panggil prosedur untuk menubis eeprom

mov i} #06h

decoder selesaliret

switch _on off:

dua_ofl:
tiga:

cme r4,#1 dua :prosedur untuk menyalakan
e 15,2100, satu_off

seth pO.o

spnp dua

clr pi i

cine rd 72 tiga

cine 15, #10h,dua off
seth pi.1

SIMpP figs

elr p0.1

cine 4 #3 empat
cine r3 #10h tiga oft
seib pb.2



sjmp empat

tiga off’ clr p0.2

empat; cine r4.#4,lima
cine r5,#10h empat_off
seth p0.3
symp lima

empat_off: clr p0.3

ima: cine r4,#5. enam
cme r5,#10h.lima_off
setb p0.4
sjmp enam

lima off: clr p0.4

enam: cine r4.#6 fumh
cine 5,7 10h,enam_off
seth p0.5
$Imp fujuh

enam_oft ch pd.s

tojuh: cjne r4.#7 delapan
cine 15, #10h, tujuh_off
setb pl.6
simp delapan

twiuh off: clrpb.6

delapan: cine r4 #8 switch _selesai
gne 13,#10h.delapan_off
setb p0.7
simp switch_selesai
delapan_off:  ¢lr p0.7
switch selesar nop
ret

wakiu_kinm:  clr C 12 ;prosedur timer untuk menerima data
seth CP_RL2
amov 2eon F01h
mov th2.#83h
mav t12. #00h
setb a2
cir 12
ret

cek 181 EEPROM: mov jumiah led#1°  :prosedur untuk memerniksa isi EEPROM
dan menvalakan alat.
mov jumlah.#1
mov butter #0cOh
acall fungesi jnir
mov dptr.Falat nomer
acatl tulis_kahmat

Cek_isi_gepromil: mov butfer,7Uc5h



switch _on:

belum_selesat:

cek_isi sclesal

mlis EEPROM:

cek_busy:

baca EEPROM:

telis kalunat:

acall fungsi_init
mov buffer,jumiah_led
acall fingsi_tulis
moy dpir #0h

mov dpljuinlah
acail baca_eeprom
b acc 4 switch on
mov buffer #0c%h
acall fungsi_mit
moy dptr #man
acall tulis_kalimat
acall detik

symp belum selesai
mov buffer,#0cSh
acalt fungsi_init
mov dptr Fhidup
acall tulis_kalimat
mov dptr,#0h

mov dpljumlah
acall baca_eeprom
mov a,dataku

anl 3,#10h
movrda

mov r4_jumiah
acall switch on off
acail detik

mc jumlah_led

in¢ jumiah

mov 14 jumlah

cine r4.#9, cek_isi_eeprom?2

et

mov wmcon#1 Ah
mov a dataku
movx {edpir.a
mov a,wimcon

an! a.702h

1z ¢cek busy

moy wimcon. #0zh

ret

maov wmeon, #0al
mMovx a,@dptr
mov dataku,a

ret

cira
move g geatdptr
cjne a,=0fh.ngga sama

prosedur untuk mengist EEPROM

prosedur untuk membaca ist EEPROM

:prosedur untuk menulis kata pada LCD



ngga sama:

selesar:

detik:

symp selesai
acall write fext

inc dptr

simp tulis_kalimat

ret

tundall 50000,20,11h

; Clear LCD Screen

clrser:

Write Text

write_text.

. Imitialisasi LCD

it ted:

fungsi init:

mov p2 butter

clr e
scth en
clr en

acall wait led

ret

ret

mov butfer #01h
acall fimgsi _init

ret

moy  buffera
acall fungsi tulis
retf

acall  wolt led
mov buffer #038H
acall  fungsi int
mov  buffer, #06H
acall  fungsi_imit
mov  buiter,#0CH
acall  fungsy it
mov  bufter#0iH
acall  fungsi init
ret



; Fungsi Telis

fungsi_tulis:

mov p2 buffer

seth 18
setb  en
clr en
acall wait_tulis
ret
; Wait LCD
wait led: mov  tmod#01H
mov  thQ,#0C8H
mov  110,#08H
clr )
setb ut
jnb .5
et
wait tulis: mov 10,#100
dmz 16,5
ret
status_alat: db "Status - ', 0Fh
hidup: db ‘Hidup’.0Ft
matr: db "Mat1 " 0Fh
Penerima: db 'Penerima 1
atat_nomer: db "Adat " {Fh

end

0rh
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atures

cmpatible with MCS-51™ Products

< Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPi Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

% Byies EEPROM

— Endurance: 100,000 Write/Erase Cycles
7/ 1o 6V Operating Range

ully Static Operation: 0 Hz 10 24 MHz
hree-level Program Memory Lock

36 x 8-hbit Internal RAM

2 Programmable O Lines

hree 16-bit Timer/Counters

ine Imerrupt Sources

rogrammabile UARTY Serial Channel

Pl Serial interface

ow-power ldle and Power-down Modes
terrupt Recovery From Power-down
rogrammable Watchdog Timer

ual Data Pointer

ower-off Flag

scription

» ATBISE252 is a low-power, high-performance CMOS 8-bit microcomputer with
bytes of downloadable Flash programmable and erasable read only memory and
byies of EEPROM. The device is manufactured using Atmetl's high-density nonvol-
e memory technology and is compatible with the industry-standard 80C51
ruction set and pinout. The on-chip downloadable Flash allows the program mem-

to be reprogrammed in-system through an SPi serial interface or by a
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
y downloadable Flash on a monolithic chip, the Atmel ATB9S8252 is a powerful
rocomputer which provides a highly-flexible and cost-effective solution to many
bedded control applications.

» AT89S8252 provides the following standard features: 8K bytes of downloadable
sh, 2K bytes of EEPROM, 256 bytes of RAM, 32 IO lines, programmable watch-
} timer, two data pointers, three 16-bit timer/counters, a six-vector two-level
rrupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. in
lition, the AT8958252 is designed with static fogic for operation down to zefo fre-
ncy and supports two software selectable power saving modes. The die Mode
o5 the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
' to continue functioning. The Power-down mode saves the RAM contents but
zes the oscillator, disabling all other chip functions until the next inferrupt or hard-
© reset.

> downtoadable Flash can be changed a single byte at a time and is accessible
yugh the SPI serial interface. Holding RESET active forces the SPi bus into a serial
gramming interface and allows the program memory to be written to or read from
oss Lock Bit 2 has been activated.

AMEL

G

8-bit
Microcontroller
with 8K Bytes
Flash

AT8958252

Rev. 0401 E-02/00



AImEY

n Configurations
PDIP

THPILGT 40 3 VLG
JzexPriez 39 7 POLO (ADG)
Ptza a8 {3 PO.1 (ALK
PLI4 37 3 P02 (A02)
ESe14aids {1 PY 3 (A0
(e =N Sl safirca apa
MSOIPI e 7 34 PQ.5 {AD%:
SO PLT s PG (AL
AsT 2z [IPQT{RON
(RXD PRB 31 [JEAVEP
(XD Pt 23{] ALEFROG
(NTH Pz »m IPSEN
ﬂ*‘uPsag 28 BPZT(A1s:
e F3414 27 PR TAAA
CHPss 26 {1P2 M1
\VH;PJ-_\’:‘] zaf“pumf
ROyeas 2P 3
XTaL2 2OPer A
XTALE a LEREIeN
GNO T Ewome;
POFP/TQFP
& o
- wi oo ey
|17 & E 228%
MmN e @ [ e I
e i e I TR - -1
Abp b AZ>0e oo
_oanoapooooon
IRYTCEBERYI
WO P s Z313 P04 (AD4Y
MISCY P 6042 3213P0.5 (ALS)
{ScKiPiTO3 37 7T #0L6 {AD)
asT 14 3011 PO.T (ADT)
mxeteaan]s = [ EANPP
NCL]6 WLINC
Mmyea1 07 7 AEFROG
(NToy wa2Ce 26{1PSEN
@Fryeaade whea7 s
royPa410 2413926 (A1)
mpP3s] it 23T P25 {A13)
RoxnhRr2RLN
oo s o0 go I .
Lo oo9nunT
ZgzEgzefers
;‘Ex x TEo ST
BE TEITE

in Description
C
pply voltage.

XD
ound.

rt O

1t 0 is an 8-bit open drain bbi-didirectional /0O port. As an
tput port, each pin can sink eight TTL inputs. When 1s
z written to port O pins, the pins can be used as high-

pedance inputs.

rt 0 can also be configured to be the muftiplexed low-
der address/data bus during accesses to external

PO {ADY

41 [IPO.2 (AR
A0 [ P03 (ALK}

~1 P00 (ADY)

M LIVCEC

MOSH PI.S 1P8.4 {AD)
2M50) P16 TPUS (ADS)
(SO PIL70a PQE (AD8)
RET10 £0.7 {AD7)
RXD) P30 T4t ERNPP
NC G2 WG
T PR 13 Y ALEPRGG
(INTD) P32 14 3 PSEN
ANTY P32 15 3r{3PTIANS)
To) P34 48 SC{IPEE AT
O"I)PEL%'J - . SREPISiAYY
Y T 04
s @
&L &z
z g
- =

program and data memery. in this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. Extemal puliups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional 1/0 port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
Whei 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externaily being pulied low will source
current (1) because of the intermal pulfups.

AT89S8252 musssessssss———————
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me Port 1 pins provide additional functions. P1.0 and  Port 3 pins that are externally being pulied low will source
1 can be configured to be the timer/counter 2 external  current (I, ) because of the pullups.

int input {P1.0/T2) and the timer/counter 2 trigger input  pgn 3 also serves the funclions of various special features

A/T2EX), respectively. of the ATBIS8252, as shown in the foliowing table.
Port 3 also receives some contral signals for Flash pro-
n DESCI‘EptIOI‘I gramming and verification.
thermore, P1.4, P1.5, P1.6, and P1.7 can be configured - ; -
the SPI slave port select, data input/output and shift | PertPin | Alteate Functions
ck input/output pins as shown in the following table. P3.0 ‘ RXD (serial input port}
— P34 TXD (serial output port)
ort Pin Alternate Functions
P3.2 INTO (external interrupt 0)
1.0 | T2 (external count input to Timer/Counter 2), -
| clock-out P3.3 INT1 (external interrupt 1) ]
1.1 1 T2EX (Timer/Counter 2 capture/reload trigger P3.4 70 (timer 0 external input)
. and direction control) N P35 IRE {timer 1 external input)
1.4 i S8 (Slave port select input) P36 WR (external data memory write sirobe)
1.5 1 MOSH (Master data output, slave data input pin P37 RD (external data memory read strobe)
i for SP1 channel)
1.6 MISO (Master data input, slave data output pin RST
for SPI channe) Reset input. A high on this pin for two machine cycles while
1.7 SCK (Master clock output, slave clock input pin the oscillator is running resets e device.
tor 5Pl channel}
- ALE/PROG
rt 1 also receives the low-order address bytes during  Address Latch Enable is an output pulse for {atching the
sh programming and verification. low byte of the address during accesses to extemal mem-
ory. This pin is also the program pulse input (PROG) during
2 Flash programming.

it 2 is an 8-bit bi-directional I/O port with intemal pullups.  In normal operation, ALE is emitted at a constant rate of 1/6
e Port 2 output buffers can sink/source four TTL inputs.  the oscitiator frequency and may be used for external tim-
1en 1s are written to Port 2 pins, they ate pulled high by  ing or clocking purposes. Note, however, that one ALE
 internal pullups and can be used as inputs. As inpLts,  pulse is skipped during each access to external data
it 2 pins that are extemally being pulied low will source  memory.

rent () because of the internal puliups. If desired, ALE operation can be disabled by setting bit 0 of
rt 2 emits the high-order address byte during fetches  SFR location 8EH. With the bit set, ALE is active only dur-
m extemnal program memory and during accesses 10 ing a MOVX or MOVC instruction. Otherwise, the pin is
ernal data memory that use 16-bit addresses (MOVX @ weakly pulled high. Setting the ALE-disable bit has no
'TR). In this application, Port 2 uses strong intemal pul-  effect if the microcontrolier is in extemal execution mode.
15 when emitting 1s. During accesses to external data

ymoty that use 8-bit addresses (MOVX @ Ri), Port2  PSEN

lits the contents of the P2 Special Function Register. Program Store Enable is the read strobe to external pro-
rt 2 also receives the high-order address bits and some  gram memory.

ntrol signals during Filash programming and verification. When the ATB9S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
3 cycle, except that two PSEN activations are skipped during

1t 3 is an 8 bit bi-directional VO port with intemal pU"UpS each access to extemal data memory.
e Port 3 output buffers can sink/source four TTL inputs.

hen 15 are written to Port 3 pins, they are pulled high by  EA/VPP

> internal pullups and can be used as inputs. As INPUIS,  £y4oma) Access Enable. EA must be strapped to GND in
order to enable the device fo fetch code from extemal pro-

ATEOS 8252 s
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am memory locations starting at 0000H up to FFFEH.
sie, however, that if lock bit 1 is programmed, EA will be
ematly fatched on reset.

\ should be strapped to V¢ for internal program execu-
ms. This pin also receives the 12-voit programming
able voltage (V) during Flash programming when 12-
It programming is selected.

ble 1. AT88S8252 SFR Map and Reset Value

OF8H

oFeH

OE8H

OEQH

DDEH

0DOH

0CaH

0CCH

0AOH

98H

90H

88+

80H

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2

Qutput from the inverting oscillator amplifier.

1 ! ; i
| | | i
H — | !
:; B i
| 00000000 ‘ |
| ! { i |
a | a ? ‘;
! | ] ! 4
ACC | i i {
{ 00000008 | | % i i
| | .i :‘ '
N
PSW ; SPCR |
00000000 | 0000G1XX }
T2CON T2MoD RCAP2L ACAP2H TL2 TH2
00000000 XXXXXKGO 00000000 | 000CDQOC | 000OD000 00000000
}__
P
XX000000
P3 i
11111111 I
£ SPSR
0X000000 DOXOXXAX
p2
11111114
SCON SBUF
00000000 XIOCKXAKXK
P1 WMCON
11141111 00000010
TCON TMOD TLO TLY THO TH1
£0000000 00006000 00000000 | 000C0000 |  0ODODOOO 00000000
PO SP DPOL. DPOH DPIL OP1K SPDR PCON
11111111 00000111 00000000 | 0000000 | 0G000000 00000000 XIOO0OKX | OXXX0000

AMEL

oDFH

0D7H

OCFH

0C7H

O0BFH

0B7H

OAFH

0ATH

9FH

97TH

8FH

87H



AImEL

yecial Function Registers

nap of the on-chip memory area called the Special Func-  locations, since they may be used in future products to in-
1 Register (SFR) space is shown in Tabie 1. voke new features. In that case, the reset or inactive vaiues
te that not ail of the addresses are occupied, and unoc-  ©f the new bits will always be 0.

Jied addresses may not be implemented on the chip.  Timer 2 Registers Control and status bits are contained in
ad accesses 10 these addresses will in general retum  registers T2CON (shown in Table 2) and T2MOD (shown in
dom data, and write accesses will have anindeterminate  Table 9) for Timer 2. The register pair (RCAP2H, RCAP2L)

3ct.

are the Capture/Reload registers for Timer 2 in 18 bit cap-

er software should not write 1s to these unlisted ture mode or 16-bit auto-reload mode.

sle 2. T2CON—Timer/Counter 2 Control Register

2CON Address = 0C8H Reset Value = 0000 00008
£ Addressable
S R : o
| TRe | EXF2 | ROLK | TOK | EXeN2 | TRz | CAZ | cPMZ
: ! ! ! i K
¢ 7 [ 6 ; 5 ; 4 3| 2 ! 1 | 0
ymbol | Function

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10r TCLK = 1.

X2 Timer 2 external flag set when either a capture of reload is caused by a negative transition on T2EX and EXENZ = 1.
Wher Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an inferrupt in up/down counter mode (DCEN = 1),

CLK Receive clock enabie. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive ciock.

CLK Transmit clock engble. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock int seriat port
Modes 1 and 3. TCLK = 0 causes Timer 1 averflows to be used far the transmit clock.

XEN2 Timer 2 external enable. When set, allows a capture or refoad to occur as a result of a negative transition on T2EX if
Timer 2 is not being used {o clock the serial port. EXENZ = 0 causes Timer 2 10 ignore events at T2EX.

R2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

2 Timer or counter select for Timer 2. G/T2 = 0 for timer function. C/T2 = 1 for external event counter {falling edge triggered).

P/RL2 | Capure/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX it EXEN2 = 1. CP/RI2Z =0

causes automalic reloads to occur when Timer 2 overfiows or negative fransitions occur at T2EX when EXEN2 = 1. When
either RCLK or TGLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overfiow.

AT EDS 8252 1m0 ———
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itchdog and Memory Control Register The WMCON
jister contains control bits for the Watchdog Timer
own in Table 3). The EEMEN and EEMWE bits are used

ble 3. WMCON-—Watchdog and Memary Control Register

to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

{MCON Address = 96H Reset Value = 6000 60108
[ psz | Ppst Ps0 | EEMWE EEMEN DPS | WDTRST WDTEN |
— | +— ; — —

it 7 1 s 5 | 4 3 2 | 1 0 ]

ymbol | Function

52 Prescater Bits for the Watchdog Timer. When all three bits are set to *0”, the watchdog timer has a nominal period of

51 16 ms. When all three bits are set to *17, the nominal period is 2048 ms.

50

EMWE | EEPROM Data Memory Write Enable Bit. Set this bit to “1" before initiating byte write to on-chip EEPROM with the
MOVX instruction. User software should set this bit to *0” after EEPROM write is compieted.

EMEN Internal EEPROM Access Enabie. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of exdernal data memary. When EEMEN = 0, MOVX with DPTR accesses external data memory.

S Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DPQ, and DPS = 1 selects the
second bank, DP1

VDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1” by user sofiware, a pulse is

IDY/BSY | generated to reset the walchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write,
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0” and is automatically reset to “1” when programming is completed.

VODTEN Watchdog Timer Enable Bit. WDTEN = 1 enabies the watchdog timer and WDTEN = 0 disables the watchdog timer.

)] Registers Control and status bits for the Seriat Periph-
al Interface are contained in registers SPCR (shown in
ble 4) and SPSR (shown in Table 5). The SPI data bits
e contained in the SPDR register. Writing the SPI data
gister during serial data transfer sets the Write Collision
, WCOL, in the SPSR register. The SPDR is double buff-
ed for writing and the values in SPDR are not changed by
2861,

terrupt Registers The global interrupt enable bit and the
dividual interrupt enable bits are in the IE register. In
dition, the individual interrupt enable bit for the SPiis in
e SPCRH register. Two priorities can be set for each of the
¢ interrupt sources in the 1P register.

AlMEL

Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and extemal data memaory, two banks of
16 bit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
= 0 in SFR WMCON selfects DP0 and DPS = 1 selects
DP1. The user should aiways initialize the DPS bit to the
appropriate value before accessing the respective Data
Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at
bit_4 (PCON.4) in the PCON SFR. POF is set to *1” during
power up. It can be set and reset under soliware control
and is not affected by RESET.
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le 4. SPCR—SPI Control Register

'CR Address = D5H Reset Value = 00G0 01XXB

| SPE | sPe | DORD | MsTA CPOL | CPHA | SPR | SPRO |
w7 | 6 5 | a4 S 0 f
mbel | Function
HE 5 SPt Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SP! interrupts: SPIE = 1 and ES

| =1 enable SPl irterrupts. SPIE = 0 disables SP! interrupts.

1
{2 i SPi Enable. SPi = 1 enables the SP\ channel and connects 55, MOS!, MISO and SCK to pins P1.4, P1.5, P1.6, and

i P1.7. SPi = 0 disables the SP{ channel.

YRD Data Order, DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.
TR Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Stave SPf mode.
Ol Clock Polarity. When CPOL = 1, 5CK is high when idle. When CPOL = 0, SCK of the master device is low when not

transmitting. Please refer to figure on SPI Clock Phase and Polarity Controt.

HA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and
slave. Please refer to figure on SPI Clock Phase and Polarity Control.

S O S RUU AP PO

RO SPi Clock Rate Select. These two bits controf the SCK rate of the device configured as master. SPR1 and SPRO have
R no etfect on the slave. The relationship between SCK and the oscillator frequency, Foec. is as follows:
SPRTSPRO SCK = Fe. divided by
0 ¢ 4
0o 1 16
b1 0 64
g 11 128

fe 5. SPSRH - SPI Status Register

SR Address = AAH Reset Value = 00XX XXXXB
f ]
| SPIF WCOL ~ | - - - - -

it %_ 7 6 5 T 4 3 2 1 0

mbot Function

IF SPI Interrupt Flag. When a serial transfer s comiplete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
ES = 1. The SPIF bit is cieared by reading the SP! status register with SPIF and WCOL bits set, and then accessing
the SPi data register.

SOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transter. During data transfer,
the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
bit) are cleared by reading the SP! status register with SPIF and WCOL. set, and then accessing the SP! data register.

je 6. SPDR — SPI Data Register

DR Address = 86H Reset Vaiue = ynchanged
SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
3it 7 6 5 4 3 2 1 0

AT89S58252 messss e ————
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ata Memory — EEPROM and RAM

e AT8958252 implements 2K bytes of on-chip EEPROM
- data storage and 256 bytes of RAM. The upper 128
les of RAM occupy a parallel space to the Special Func-
n Registers. That means the upper 128 byles have the
me addresses as the SFR space but are physically sepa-
e from SFR space.

1en an instruction accesses an intermnal focation above
dress 7FH, the address mode used in the instruction
ecifies whether the CPU accesses the upper 128 bytes
BAM or the SFR space. Instructions that use direct
dressing access SR space.

r example, the following direct addressing instruction
cesses the SFR at focation 0AOH (which is P2).

MOV 0R9H, bdata
structions that use indirect addressing access the upper
8 bytes of RAM. For exampie, the following indirect
dressing instruction, where R0 contains DAGH, accesses
> data byte at address 0AQOH, rather than P2 (whose
dress is QAQH).

MOV &r), #data
te that stack operations are exampies of indirect
dressing, so the upper 128 bytes of data RAM are avail-
le as stack space.

e on-chip EEPROM data memory is selected by setling
> EEMEN bit in the WMCON register at SFR address
ation 96H. The EEPROM address range is from D00H to
FH. The MOVX instructions are used to access the
-PROM. To access off-chip data memory with the MOVX
structions, the EEMEN bit needs to be set to “0°.

e EEMWE bit in the WMCON register needs to be set to
' before any byte location in the EEPROM can be written.
er software should reset EEMWE bit to “0” if no further
-PROM write is required. EEPROM write cycles in the
rial programming mode are self-timed and typically take
> ms. The progress of EEPROM write can be monitored
reading the RDY/BSY bit (read-only) in SFR WMCON.
)Y/BSY = 0 means programming is still in progress and
Y/BSY = 1 means EEPROM write cycle is completed
d another write cycle can be initiated.

addition, during EEPROM programming, an attempted
ad from the EEPROM will fetch the byte being written
th the MSB complemented. Once the wrile cycle is com-
ted, true data are valid at all bit focations.

rogrammable Watchdog Timer

e programmable Watchdog Timer (WDT) operates from
 independent oscillator. The prescaler bits, P30, PS1
d PS2 in SR WMCON are used to set the period of the
atchdog Timer from 16 ms 10 2048 ms. The available
ner periods are shown in the following table and the

actual timer periods (at V¢ = 5V) are within +30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down. ¥t is enabied by setting the WDTEN bit in SFR
WMCON {address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an intemal RST pulse is generated
1o reset the CPUL

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits D
pPS2 PSi r PSO z Period (nominal)

I T L t6ms |
0 0 ) 1 Il 32ms

0 1 0 '[ B84 ms T
0 1 ; 1 128 ms

1 0 ! 0 256 ms

1 0 1 512 ms

1 1 E 0 1024 ms

1 1 E 1 2048 ms

Timer 0 and 1

Timer 0 and Timer 1 in the ATB958252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
AT89C55. For further information, see the October 1995
Microcontroller Data Book, page 2-45, section titted,
“Timer/Counters.”

Timer 2

Timer 2 is a 16 bit Timer/Counter that can operate as ether
a timer or an event counter. The type of operatichn is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
{up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 ascil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the externat input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
reqister during $3P1 of the cycls following the aone in which

AIMEL 9



AIMEL

e lransition was detected. Since two machine cycles (24  Capture Mode
cillator periods) are required to recognize a 1-to-0 transi- in the capture mode, two options are selected by bit

n, the maximum count rate is 1/24 of the oscillator EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit fimer

xguency. To ensure that a given level is sampled at feast o counter which upon overfiow sets bit TE2 in T2CON
ce before it changes, the level shoutd be held for at feast This bit can then be used to generate an interrupt |é

@ full machine cycle. EXENZ2 = 1, Timer 2 perfarms the same operation, but a I-

. to-0 transition at external input T2EX also causes the cur-
ahbfe 8. Timer? Operatﬂg ﬁﬁ odes: rent value in TH2 and TL2 to be captured into RCAP2H and
RCLK + TCLK | CP/RLZ | TR2 | MODE RCAP2L, respectively. In addition, the transition at T2EX

0 0 |1 | 16-bit Auto-reload causes bit EXF2 in T2CON ta be set. The EXF2 bit, like
' ﬁi T - TF2, can generate an interrupt. The capture mode is illus-

0 5 ! ;Llﬁb% trated in Figure 1.

1 X | 1 | Baud Rate Generator

X X 0 | {Of

gure 1. Timer 2 in Capture Mode

osc R

2 }{ TF2 J—
b OVERFLGW

RCAP2H | RCAP2L Y

TRANSITION |
DETECTOR : % INTERAUPT
T2EX PN [ J—— T o e ] EXF2 r—k—m-—fmn-’
| CONTROL
EXEN2

) AT OS2 52 10—
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to-refoad (Up or Down Counter)

wer 2 can be programmed to count up of down when
figured in its 16 bit auto-reload mode. This feature is
cked by the DCEN (Down Counter Enable) bit focated in
SFR T2MOD {see Table 9). Upon reset, the DCEN bit
et to 0 s0 that timer 2 will default to count up. When
EN is set, Timer 2 can count up or down, depending on
value of the T2EX pin.

ure 2 shows Timer 2 automatically counting up when
EN = 0. In this mode, two options are selected by bit
ENZ in T2CON. If EXEN2 =0, Timer 2 counts up to
~FFH and then sets the TF2 bit upon overfiow. The
rilow also causes the timer registers to be reioaded with
16 bit value in RCAP2H and RCAP2L. The values in
AP2H and RCAP2L are preset by software. If EXEN2 =
1 18 bit reload can be triggered either by an overflow or

ure 2. Timer 2 in Auto Reload Mode (DCEN = Q)

by a 1-to-0 transition at extemat input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at QFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in
RCAP2H and RCAPZL ta be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and BCAPZL. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resclution. in
this operating mode, EXF2 does not flag an interrupt,

f I
0sC 12—
- L‘ w CT2 =0
T e THE TL2
| CONTROL ~N A  OVERFLOW
T TR2 ) Naf i
I crz =1 RELOAD | o L v
f Lo ' TIMER 2
T2 PIN ' : ] INTERRUPT
l RCAPZH! RCAP2L | .
{ e e e TF2 — g
TRANSITION i | i
DETECTOR | ' 3
= | o AD
T2EX PIN [ |- - “ . EXFz |-
| coNTROL
EXENZ
e 9. T2MOD — Timer 2 Mode Control Register
MOD Address = OC9H Reset Value = X00X XX00B
ot Bit Addressable
- - - - - - T20E DCEN
3it 7 6 5 4 3 2 1 0
ymbol Function
Not implemented, reserved for future use.
0OE Timer 2 Qutput Enable bit,
CEN When set, this bit affows Timer 2 to be configured as an up/down counter.

ANEL
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qure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE)

l OFFH OFFH !

TOGGLE

| NS — "
osC ‘)4 12 fee— Vi iV OVERFLOW
oemz=0 L s /\?_‘
’,,,,,{%' :-__LL,_,,J! THZ : TL2 J_““H"‘;”""*‘*‘“” TE2 j
S : H 3 / \
CONTROL \/L"
N TR2 / \<; IN, '
.
S ez =1 P % TIMER 2
— : INTERRUPT
T2 PiN i ’
RCAPZH | RCAPZL 4
! COUNT
(UP COUNTING RELOAD VALUE) :)E%C'HON
0=DOWN
T2EX PIN

jure 4. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

~—— NOTE: OSC. FAEQ. IS DIVIDED BY 2, NOT 12
v
08C = =2
TL2
b Ax
LAl A ! CLOCK
T2 PIN 3
RCAP2L Tx
TRANSITION i =16 CLOC&
DETECTOR

ToEX PN | s

TIMER 2

EXF2 % \NTERRUPT
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aud Rate Generator

mer 2 is selected as the baud rate generator by setting
LK and/or RCLK in T2CON (Table 2). Note that the
wd rates for transmit and receive can be different if Timer
s used for the receiver or transmitter and Timer 1 is used
r the other function. Setting RCLK and/or TCLK puts
mer 2 into its baud rate generator mode, as shown in Fig-
e 4.

e baud rate generator mode is simitar to the auto-reload
dde, in that a rollover in TH2 causes the Timer 2 reqgisters
be reloaded with the 16 bit value in registers RCAP2H
d RCAP2L, which are preset by software.

e baud rates in Modes 1 and 3 are detemnined by Timer
;s averilow rate according to the following equation.

Timer 2 Overtiow Rate
16

Modes 1 and 3 Baud Rates =

ie Timer can be configured for either timer or counter
seration. in most applications, it is configured for timer
eration (CP/T2 = 0). The timer operation is different for
mer 2 when it is used as a baud rate generator. Normally,
g timer, it increments every machine cycle (at 142 the
cillator frequency). As a baud rate generator, however, it
crements every state time (at 1/2 the osciilator fre-
ency). The baud rate formula is given below.

Modes 1and 3 _
Baud Rate

- Oscillatar Frequency
32 x 165536 - (RCAPZ2H,RCAP2L)]

1ere (RCAPZH, RCAP2L) is the content of RCAP2H and
CAP2L taken as a 16 bit unsijned integer.

mer 2 as a baud rate generator is shawn in Figure 4. This
ure is valid only if RCLK or TCLK = 1 in T2CON. Note
at a rollover in THZ does not set TF2 and will not gener-
e an interrupt. Note tog, that if EXENZ is set, a 1-fo-0
insition in T2EX will set EXF2 but will not cause a reload
m {(HCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer

2 is in use as a baud rate generator, T2EX can be used as
an extra extemnal interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator maode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
averlap a reload and cause wiite and/or refoad errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

Programmabile Clock Out

A 50% duty cycle clock can be programmed to come ouf on
P1.0, as shown in Figure 5. This pin, besides being a requ-
lar /0 pin, has twg alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or {o output a 50% duty cycle cicck ranging from 61 Hz o 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E {T2MOD.1)
must be set. Bit TRZ (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscilfator fre-

guency and the reload value of Timer 2 capture registers
(RCAP2ZH, RCAP2ZL}, as shown in the following equation.

Oscillator Frequency
4 % 65536 —- (RCAP2H,RCAP2L)]

Clock Qut Frequency =

In the clock-out mode, Timer 2 rollovers will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Titmer 2
as a baud-rate generator and a clock generator simuita-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

AHNEL 3



jure 5. Timer 2 in Clock-out Mode

| - i
y T P L | T2 TH2 |
| o8¢ F - f‘*ﬁ/(;;*“ﬁi—— “T"""‘"ﬁ (8 BITS} (8 BITS) ,' e
. : - — e
Fay £
TR2 A PN .
. /:‘j"'”“ EEE
S R ‘
L i -
| RCAP2L | RCAP2H {
L N I

T2OE (T2MOD.1)

. TRANSITION
Y DETECTOR

i —————
et S E L (ICRS IR NG L .. TIMER 2

INTERRUPT
EXEN2

jure 6. SPI Block Diagram
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ART

‘e UART in the AT8958252 operates the same way as
3 UART in the AT89C51, AT89C52 and AT89CS5. For
ther information, see the October 1395 Microcontroller
ita Book, page 2-49, section titled, “Sernial interface.”

erial Peripheral Interface

e senal peripheral interface (SPI) allows high-speed syn-
ronous data transfer between the AT89888252 and
ripheral devices or between several ATRAS8252
vices. The AT8958252 SPi features include the
lowing:

Fuli-Duplex, 3-Wire Synchronous Data Transfer

Master or Slave QOperation

1.5 MHz Bit Frequency {max.)

LSB First or MSB First Data Transfer

Four Programmable Bit Rates

End of Transmission Interrupt Flag

jure 7. SPI Master-slave Interconnection
MSB MASTER

LsSB

MISO MISO

+ Write Collision Flag Protection
« Wakeup from ldie Mode (Slave Mode Only)

The interconnection between master and slave CPUs with
SPi is shown in the following figure. The SCK pin is the
ciock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MQOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). {f both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested,

The Slave Select input, $5/P1.4, is set Jow 10 select an
individua! SPI device as a siave. When SS/P1.4 is set high,
the SPI pont is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by controf
bits CPHA and CPOL. The SPI data transfer formats are
shown in Figure 8 and Figure 9.

SLAVE LSB

MSB

—— B-BIT SH#FT' REGISTER *——*ﬁ ___‘__,.1 G-BET SHIFT REGISTER ‘“*5

Y

‘Mosi Mosg N

SCK:

; SP : | .
‘CLOCK GENERATOR, * "5 55
e b
gure 8. SPI transter Format with CPHA =0
SCKCYCLE # 1 2 3 4 3 6 7 g
{FOR REFERENCE) - E ,
s DKOKOKDROKOROD
SCK (CPOL=1) \‘_/ | A | B | —\J_/_\é_/ i
! - ,
MOSI N MsB X 6 X 5 4 3 z 1 LSB
(FROM MASTER) NN RgEy . L
MISO C_MsB 6 5 4 X8 2 X1 XK o—
{FROM SLAVE) [ | % ‘ E t !
55 (T SLAVE) | ! % l ‘ k t t l ; i b
i [ ] K i ! [ 1 f [ [ i i I 1 i [ 1

ot defined but normally MSB of character just received

ATMEL
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jure 9, SPI Transfer Format with CPHA =

SCKCYCLE #

, ,
(FOR REFERENCE]) [ _, ; i 4 > 6 ,’ 7 ;l—8~j3
! [ T R N i ! TN D
SCK (CPOL=0) /’, \_,’L“ AN TN LA ANL_A ' |
([ S T S R N ! oo i :
SCK (CPOL=1) \\LJHWM\LJ%“}LJ INIZRN, s a
oy ! | |
s L T ]>( ; L] J>< | 5}
NMsE X 8 W s W a4 X 3 X 2 A LSB
FROMMASTER) T T (T (T
MISO " wsa X6 W 5 2 X 3 X2 X 1 X isB e
(FROM SLAVE) T i T T LT ( j !
g G ! ' H l H I ! ' 1 i H i
ssposiavey ¥ | L b g ; BEEEEREEE l,/—
B T e FE T T S A R i
ot defined but normally LS8 of previously transmitted character
terrupts
e ATBESB252 has a total of six interrupt vectors: two  Table 10. Interrupt Enable (IE) Register
ternal interrupts (INTO and INT1), three timer interrupts ! MeRILeE
imers 0, 1, and 2), and the serial port interrupt. These = ™ PILS ’ B . S
errupts are all shown in Figure 10, . BA - ET ES Eﬁ ik x4 . ETO | EX0

ich of these interrupt sources can be individually enabled
disabled by setting or clearing a bit in Special Function
gister IE. IE also contains a global disable bit, EA, which
sables all interrupts at once.

te that Table 10 shows that bit position IE.6 is unimple-
ented. In the AT89C51, bit position IE.5 is also
implemented. User software should not write 1s to these
L positions, since they may be used in future AT89
oducts.

mer 2 interrupt is generated by the logical OR of bits TF2
d EXF2 in register T2CON. Neither of these flags is’
zared by hardware when the service routine is vectored
. in fact, the service routine may have to determine
yether it was TF2 or EXF2 that generated the interrupt,
d that bit will have 1o be cleared in software.

e Timer 0 and Timer 1 flags, TFO and TF1, are set at
P2 of the cycle in which the timers overflow. The values
e then polled by the circuitry in the next cycle. However,
e Timer 2 flag, TF2, is set at S2P2 and is polled in the
me cycle in which the timer overfiows.

Enable Blt =1 enables Ihe nterrupt
Enable 8it = 0 disables the interrupt.

; Tlmer 2 mtenupt enahle but.
SPI and UART mterrupt eaabie brt o

* Symbol ° Poshion : Function :
j . Disables al interrupts. If EA = 0, no intertupt
e gy | isacknowledged. If EA = 1, each interrupt
"} source is individually enabled or disabled by

: i setting or clearing its enable bit.

' 77!E4
- VIE 3
‘ IE.ZV . External mterrupt 1
‘ ETO IE1 TlmerO mterrupt enabie bd_

User software should never write 1310 unimpiemented bits, because
: they may be used in future AT89 products.

Tamer 1 interrupt enable bit.

IEQ

5 ATEOS 8252 10000000 R



ure 10, Interrupt Sources

I
Og. t/

L i
—# IEQ j—#
e

TP mormemo

e ——————

L — -
R; e e
SPIF —— e e

TF2
EXFR -

scillator Characteristics

Al $ and XTALZ2 are the input and output, respectively,
in inverting amplifier that can be configured for use as
on-chip oscillator, as shown in Figure 11. Either a quartz
stal ar ceramic resonator may be used. To drive the
ice from an external clock source, XTALZ should be left
onnected while XTAL1 is driven, as shown in Figure 12,
are are no requirements on the duty cycie of the extemal
ok signal, since the input to the interal clocking circuitry
hrough a divide-by-two flip-flop, but minimum and maxi-
m voltage high and low time specifications must be
served.

Figure 11. Oscillator Connections

c2

e e B
c1 -

- o

Note:
=40 pF = 10 pF fo

AT8958252

XTALZ2

XTALY

GND

Note: C1, C2 = 30 pF = 10 pF for Crystals

r Ceramic Hesonators

Figure 12. External Clock Drive Configuration

NG ——

EXTERNAL
OSCILLATOR —— 1
SIGNAL

XTAL2

XTAL1

GND
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le Mode

dle mode, the CPU puts itself to sleep while alf the on-
p peripherals remain active. The made is invoked by
tware. The content of the on-chip RAM and ali the spe-
} functions registers remain unchanged during this
de. The idie mode can be terminated by any enabled
srrupt of by & hardware reset.

te that when idie mode is terminated by a hardware
et, the device normally resumes program execution

from whaere it left off, up 1o two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to intemal BAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a pornt pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idie mode shouid not write 1o a port pin or to exter-
nal memory.

atus of External Pins During Idle and Power-down Modes

ode | Program Memory | ALE | PSEN PORTO PORTI |  PORT2 PORT3
le Internal 5 1 1 Data ; Data = Data Data
le External 5 1 1 Float Data L Address Data
ower-cown Internal ; 0 Data § Data i Data Data
ywer-down External § Float T Data JE Data Data

ywer-down Mode

he power-down mode, the oscillator is stopped and the
truction that invokes power-down is the last instruction
scuted. The on-chip RAM and Special Function Regis-
s retain their values until the power-down mode is
minated. Exit from powet-down can be initiated either by
\ardware reset or by an enabled extemal interrupt. Reset
lefines the SFRs but does not change the on-chip RAM.
e reset should not be activated before V. Is restored to
normal operating level and must be held active long
ough to altow the oscillator 1o restant and stabilize.

exit power-down via an interrupt, the external interrupt
1st be enabled as level sensitive before entering power-
wn. The interrupt service routine starts at 16 ms (pomi-
) after the enabled interrupt pin is activated.

sck Bit Protection Modes("?

Program Memory Lock Bits

The AT8988252 has thtee tock bits that can be left unpro-
grammed (U} or can be programmed (P) to obtain the
additional features listed in the following table.

When lock bit 1 is programimed, the logic level at the EA pin
is sampled and fatched during reset. if the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function praperly.
Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the
parallel or serial modes.

Program Lock Bits
iBi | LBz | LB3

Protection Type

1 U u U No internal memory lock feature.

2 P u U

MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory. EA is sampled and laiched on reset and further programming of the Flash
memory (paralief or serial mode} is disabled.

3 P td u

Same as Mode 2, but parallel or serial verify are also disabled.

4 P P | P

Bame as Mode 3, but external execution is also disabled.

tes: 1. U= Unprogrammead
2. P =Programmed

: AT S 8252 s —
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ogramming the Flash and EEPROM

nel's AT89S8252 Flash Microcontroller offers 8K bytes
n-systern reprogrammable Flash Code memory and 2K
os of EEPROM Data memory.

> ATB3S8252 is normally shipped with the on-chip Flash
de and EEPROM Data memory arrays in the erased
te {i.e. contents = FFH) and ready to be programmed.
s device supports a High-voltage (12V) Paraliel pro-
ymming mode and a Low-valtage (5V} Serial
gramming mode. The serial programming mode pro-
25 & convenient way to downioad the AT8958252 inside
user's system. The parallel programming mode is com-
ible with conventional third party Flash or EPROM
grammers.

> Code and Data memory arrays are mapped via sepa-
> address spaces in the serial programming mode. In
parallel programming mode, the two arrays occupy one
tiguous address space: 0000H to 1FFFH for the Code
ay and 2000H to 27FFH for the Data array.

> Code and Data memory amrays on the AT8958252 are
grammed byte-by-byte in either programming mode. An
o-erase cycle is provided with the self-timed program-
\g operation in the seral programming maode. There is
need to perform the Chip Erase operation to reprogram
y memory location in the serial pragramming mode
ess any of the lock bits have been programmed.
he parallel programming mode, there is no auto-erase
fe. To reprogram any non-blank byte, the user needs to
2 the Chip Erase operation first to erase both arrays.
ratiel Programming Algotithm: To program and verify
AT8988252 in the parallel programming mode, the fol-
ing seque nce is recommended: )

Power-y; - sequence:

Apply power between Vi and GND pins.

Set RST pinto “H”.

Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait

for at least 10 milliseconds.

Set PSEN pinto "L”

ALE pin to *H”

EA pin 1o “H" and all other pins to “H°.

Apply the appropriate combination of “H” or “L* logic

levels to pins P2.6, P2.7, P3.6, P3.7 1o select one of

the programming operations shown in the Flash

Programming Modes table.

Apply the desired byte address to pins P10 to P1.7

and P2.0 to P2,5.

Apply data to pins P0.0 to P0.7 for Write Code

operation.

5. Raise EA/V,, to 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the
Code memory array, the Data memory array or the
tock bits. The byte-write cycle is self-timed and typi-
cally takes 1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 to
“L" and read the programmed data at pins P0.0 1o
PQ.7.

8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K byles array or until the
end of the object file is reached.

9.  Power-off sequence:
Set XTALT 1o “L".
Set RST and EA pins to “L".
Turn V¢ power off.

In the paraliel programming mode, there is no auts-erase
cycle and to reprogram any non-blank byle, the user needs
to use the Chip Erase operation first to erase both arrays.

Data Polling: The AT8958252 features DATA Polling to
indicate the end of a write cycle. During a write ¢cycle in the
parallet or setial programming mode, an attempted read of
the last byte written will resuit in the complement of the writ-
ten datum on PQ.7 (paraltel mode), and on the MSB of the
serial output byte on MISC (serial mode). Once the write
cycle has been completed, true data are valid on all out-
puts, and the next cycle may begin. DATA Polling may
begin any time after a write cycle has been initiated.

Ready/Busy: The progress of byte programming in the
parallel programming mede can alse be monitored by the
RDY/BSY output signal. Pin P3.4 is pulled Low after ALE
goes High during programniing o indicate BUSY. P34 is
pulied High again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed Code or Data byte can be
read back via the address and data lines for verification.
The state of the lock bits can also be verified directly in the
paraliel programming mode. In the serial programming
mode, the state of the lock bits can only be verified indi-
rectly by observing that the lock bit features are enabled.
Chip Erase: Both Flash and EEPROM arrays are erased
electrically at the same time. In the parallel programming
mode, chip erase is initiated by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10
ms. The Code and Data arrays are written with all “1”s in
the Chip Erase operation.

AMMEL 1
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he serial programming mode, a chip erase operation is
jated by issuing the Chip Erase instruction. In this made,
p erase is self-timed and takes about 16 ms.

ring chip erase, a serial read from any address location
return O0H at the data outputs.

rial Programming Fuse: A programmabie fuse is avail-
e to disable Serial Programming if the user needs
ximum system security. The Serial Programming Fuse
1 onty be programmed or erased in the Paraltel Program-
g Mode.

e ATB958252 is shipped with the Serial Programming
de enabled.

ading the Signature Bytes: The signature bytes are
1d by the same procedure as a normal verification of
ations 030H and 031H, except that P3.6 and P3.7 must
pulled to a logic low. The values retumed are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates 8858252

ogramming Interface

=ry code byte in the Flash and EEPROM arrays can be
tten, and the entire array can be erased, by using the
yropriate combination of controf signats. The write oper-
on cycle is seif-timed and once initiated, will
omatically time itself to completion.

major programming vendors offer worldwide suppont for
: Atmei microcontroller series. Piease contact your local
,gramming vendor for the appropriate software revision.

arial Downloading

th the Code and Data memory arrays can be pro-
immed using the serial SPI bus whiie RST is pulled to
.. The serial interface consists of pins SCK, MOS! (input}
3 MISO (output). After RST is set high, the Programming
able instruction needs to be executed first before pro-
im/erase operations can be executed.

auto-erase cycie is built into the self-imed programming

aration (in the serial mode ONLY) and there is nc need
first execute the Chip Erase instruction uniess any of the
'k bits have been programmed. The Chip Erase opera-
1 tums the content of every memory location in both the
de and Data arrays into FFH.

e Code and Data memory amays have separate address
aces:

0000H to 1FFFH for Code memory and 000H to 7FFH for
Data memory.

Either an external system clock is supplied at pin XTAL1 or
a crystal needs to be connected across ping XTAL1 and
XTALZ. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal frequency. With a 24 MHz
oscillator clock, the maximum SCK irequency is 600 kHz.

Serial Programming Algorithm

To program and verify the AT8958252 in the serial pro-
gramming made, the following sequence is recommended:
1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If a crystal is not cannected across pins XTAL1T and
XTAL2, apply a 3 MHz 10 24 MHz ciock to XTAL1Y pin
and wait for at teast 16 milliseconds.

2. Enable serial programming by sending the Pro-
gramming Enabie serial instruction to pin
MOSI/P1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to be less than the
CPU clock at XTAL1 divided by 40.

3. The Code or Data array is programmed one byte at
a time by supplying the address and data together
with the appropriate Write instruction. The selected
memory location is first automatically erased before
new data is written. The write cycle is self-timed and
typically takes fess than 2.5 ms at 5V.

4. Any memory location can be verified by using the
Read instruction which returns the content at the
select.d address at serial output MISO/P1.6.

5. Atthe and of a programming session, RST can be
set fow to commence normal operation.

Power-off : .equence (if needed):

Set XTAL1 to “L” (if a crystal is not used).
Set RST to"L".
Tum V. power off.

Serial Programming Instruction

The Instruction Set for Serial Programming follows a 3-byte
protocol and is shown in the following table:

ATEOS 252 000 s
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struction Set

input Format ]
L . ‘
1struction Byte1 | Byle2 5 Operation
rogramming Enable 1010 1100 E 0101 0011 ; Enable serial programming interface after RST goes high.
hip Erase 1010 1100 f xxxx X100 | Chip erase both 8K & 2K memory arrays.
ead Code Memaory aaaa al01 | fow addr | Read data from Gode memory array at the selected address.
| The 5 MSBs of the first byte are the high order address bits.
! | The low order address bits are in the second byte. Data are
~§ ! available at pin MISO during the third byte.
rite Code Memory aaaa ad1g : low addr i Write data to Code memory location at selected address. The
‘ | address bits are the 5 MSBs of the first byte together with the
i | second byte.
iead Data Memory O0aza atol i low addr { Read data from Data memory amay at selected address. Data
f are avaifable at pin MISO during the third byte.
Vrite Data Memory C0aa at1Q f low addr Write data to Data memary location at selected address.
Vrite Lock Bits 1010 1100 ! xx111 ,‘ Write lock bits.
i

Set LB1, LB2 or LB3 = “" to program lock bits.

te: 1. DATA polling is used o indicate the end of a wnte cycle which typicaily takes less than 2.5 ms at 5V.

2. “apagad” = high order address.
3. ™" = don't care.

AIMEL
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ATmEL

ash and EEPROM Parallel Programming Modes

[ ; ' g ' [ DatalO | Address
ode | RST | PSER | ALE/PAOG | EAN,, | P26 | P27 1 P36 | P37 | POT:0 | P25:0P17:0
zriaf Prog. Modes H nt i h X Ia :

| ; f l if
nip E Ho " @) ; : E b
ip Erase !\ L [3 ™~ 12v H v | L i L X ; X
’ ! ? !
rite (10K byles) Memory EOH DL ; —~__ 12V L H g H § H DN { ADDR

J ; i i I

sad (10K bytes) Memory Low oo H 12V Lt PoHloH pouT |  ADDR
| ' i i |
rite Lock Bits: I B BN v M | L oH L DN X

i ] } | i !

Bit-1 ¢ ; j i | Po7=0 § X

§ H ¢ H ; ;

Bit-2 | ; ! ; [ PO6=0 | X

! : : i ¢

Bit-3 | ‘! | 1 | P05=0 X
ad Lock Bits: H Lo H v | or | R L] oL | pout X

Bit-1 | : ? @po.2 X

j i

Bit -2 {1 ] @P0.1 X

| ! !

Bit-3 | ! @P0.g X
cad Atme! Code H Lo H 12v L t LoioL DoUT 30H
2ad Device Code Ho I 12v L L L DOUT 31H

. ; ;
-rial Prog. Enable H L |~ @ 12v L H L l H | PoO=0 X
i E
erial Prog. Disable H L @ 12y L Hi L | B POO=1 X
g _\__/— § ;
3
cad Serial Prog. Fuse H L H 12v H H L g H @P0.0 X
es: 1. “R" = weakly pulled "High” internally. 3. P3.4 s pulled Low during programming to indicate
2. Chip Erase and Serial Programming Fuse require a RDY/BSY.
10 ms PROG pulse. Chip Erase needs ta be per- 4, “X =don't care
formed first before reprogramming any byte with a
content other than FFH.

: AT89S8252 mmemess s ——
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jure 13. Programming the Flash/EEPROM Memaory

+9V
ATB9S8252 o
poon. A9 AT by (7
QUOOH/27FFH PGM
| P20 - P25 PO le—
A8 - A13 DATA
R R ALE |« PAOG
SEE FLASH —
ROGRAMMING /  — 77" P27
VODES TABLE -m——w P38
\7--—— » P37
— ] XTALD EA le— v,
324 MHz =
. &
| XTALY RST le—— v,
®—| GND PSEN |—
jure 14, Verifying the Flash/EEPROM Memory
+5V
AT8958252 a
aoor. PO AL by Vo fo
O000H2FFFH PGM DATA
| P20 - P25 PO |-» (USE 10K
AB - A13 PULLUPS)
——pf P26
ALE b v,
SEE FLASh | .. P27 LE i
PROGRAMMING 636
MODES TABLZ | — % P
P37
rgp————— XTAL2 EA le— Ve
304 Mhz —
LT
L. &
- X
— e xTaL1 RST |¢— Viu
o—{ ano PSEN |-
|

..||| -

Figure 15. Flasbh/EEPROM Serial Downloading

+4.0V t0 6.0V
AT8958252 o
Voo Lo
INSTRUCTION
INPUT —» P1.5M0S!
DATA QUTPUT +——-| PLEMISO
CLOCK IN — % P17/SCK
) XTAL2
324 MHz_ -
B S
e XTAL1 AST e V,,
e | GND

AIMEL



AIMEL

ash Programming and Verification Characteristics — Parallel Mode
= 0°C t0 70°C, Vo = 5.0V £ 10%

mbo!l | Parameter L Min Max Units
P Programming Enable Voltage ‘ 115 125 v

, ; Programming Enable Current E 10 B mA
cLeL 1 Oscifiator Frequency { 3 [_(24 MHz
- ( Agdress Setup to PROG Low [ 48t o !

e A?;ddress Hold after PROG ) [ 48t i

o | Data Setup to PROG Low \ 8Bl | |

.y Data Hold after PROG : 48loicy |

s | P27 (ENABLE) High to V,y | 4Bt

L Ves Setup to PROG Low { 10 us
e | PROG Width Lo 110 s |
o Address to Data Valid ] 48t o,

o | ENABLE Low to Data Valid | 48loic

1z | Data Float after ENABLE I o 4Bloim

BL PROG High to BUSY Low 1.0 us
- Byte Write Cycle Time ! 290 ms

AT 89S 8252 1 S
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ash/EEPROM Programming and Verification Waveforms - Parallel Mode

Plo.p17  PAOGRAWMNG Rl -
P20 - P2.5 T ADORESS | Gt ADDRESS —

VERIFICATION

‘ e <+ Lagy
et DATA OUT

t <= tova  loHox %
AveL VT = onax

PORT 0 e DA

ALE/PROG B o o T - o -
topaL PR S

EANpg T

P27

(ENABLE)

P34 _ R S I
(RDY/BSY) . BUSY - READY

arial Downloading Waveforms
SERIAL CLOCK INPUT

SCK/P1.7 e g

SERIAL DATA INPUT
MOSYP1.5 MSE

SERIAL DATA OUTPUT
MISO/P1.6 _iMsgl 1T T U T T iussj

AIMEL
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AIMEL

bsolute Maximum Ratings*

Yperating Temperature ... veeeveerreeenn... -55°C to +125°C “NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-

torage Temperaitfe ..o, -657C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

‘oltage on Any Pin other conditions beyond those indicated in the

rith Respect to Ground ......ooeevevveeevecvir -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Aaximum Operating Volage ..o 6.6V conditions for extended periods may atfect device
rediability.

YC Cutput CUITent. e et cee e 15.0 mA

C Characteristics

ie values shown in ihis table are valid for T, = 40°C 10 85°C and V¢ = 5.0V = 20%, unless otherwise noted.

iymbol | Parameter i Condition ! Min f Max Units
A Input Low-voltage | (Except EA) | 05 102Ve-01) v
i | aput Low-voliage (EA) { ! 05 | 02Vee-03 | v
| input Hith-voltage (Except XTAL1, RST) 02Vee+09 | Voo +05 v
e input Hith-voltage {XTAL1, RST) 0.7 Ve Voo + 0.5 v
Qutput Low-voltage I
f -
oL (Ports 1,2,3) o = 1.6 MA |08 v
Output Low-valtage 4 B ] |
,OU l (Port 0, N_E, -p—gm) |OL =3.2mA ! 05 A"
low = 60 pA, Voo =5V £ 10% 2.4 v
Qutput Hith-voltage ]
/ s =
on (Ports 1,2,3, ALE, PSEN} low = -25 HA 0.75 Vg v
IOH = '1 0 s..lA 0.9 VGC V
lon = -800 wA, Voo = 5V + 10% 24 v
Qutput Hifh-voitage . _
ot | (Port 0 in External Bus Mode) loy = 300 pA 0-75 Voo v
fon = -80 pA 0.9 Ve v
. Logical 0 Input Current (Ports 1,2,3) Vi = 045V -50 HA
. Logical 1 to 0 Transition Current (Ports 1,2,3) | Viy =2V, Ve =5V + 10% -850 MA
tnput Current
y ot oagoe Lur 0.45 < Vi < Vge 10 pA
IRST Reset Pull-down Resistor 50 360 Kz
>0 Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
idle Mode, 12 MHz 6.5 mA
% ] Voo = 6V 100 uA
Power-down Mode @ 1
tes: 1. Under steady state (non-fransient) conditions, lo, Maximum total L, for all output pins: 71 mA
must be externally imited as follows: if Iy, exceeds the test condition, Vg may exceed the
Maximum s, per port pin: 10 mA related specifcation. Pins are not guaranteed to sink
Maximum |5, per 8-bit port: current greater than the listed test conditions.
Port 0: 26 mA 2. Minimum V. for Power-down is 2V

Ports 1,2, 3: 15 mA

5 ATS89S8252 msams s ——
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= Characteristics

der operating conditions, joad capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for alt other

fputs = 80 pF.

ternal Program and Data Memory Characteristics

i
i

i Parameter

Variable Oscillator

ymbol Min | Max Units
torel , Osciflator Frequency 0 } 24 MHz

L T;\IE Pulse Width | Plgg -40 | ns

L | Address Valid to ALE Low D tae-13 | fs

LAX | Address Hold after ALE Low I - 20 ns

Ly ALE Low to Valid Instruction in ! 4 - 65 ns

LPL | ALE Low to PSEN Low tero - 13 E ns

LPH | PSEN Pulse Width Bt o - 20 ns

v , PSEN Low to Valid Instruction In Moo - 45 ns

X 1 input Instruction Hold after PSEN 0 ns

xz 1 Input Instruction Float after PSEN terc, - 10 ns 7
XAV PSEN to Address Valid tore - 8 ns

wi | Address to Vakd lnstruction In St - 56 s |
LAZ [ PSEN Low to Address Float 10 ns

i | FD Pulse Width Bteycy - 100 ns

L g WR Pulse Width Bt - 100 ns .
£ DV \ RD Low to Valid Data in Stoycy - 90 ns

HDX E Data Hold atter D ] ns

w0z | Data ‘loat after AD ' 2y - 28 as

LoV ALE Low to Valid Data In 8o o - 150 ns

WOV Addre ss to Valid Data In Glorce - 165 ns

AL ALE Low to RD or WR Low Stae - 50 Bl oL + 50 ns

WL Address to RD or WR Low dig o - 75 ns

WK Data Valid to WR Transition toreL- 20 ns
WWH Data Valid to WR High Tigic - 120 ns

HOX | Data Hold after WR tocL- 20 ns

wAz RD Low to Address Float 0 ns
AHLH { RD or WR High to ALE High torc - 20 toc +25 ns

AMEL
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cternal Program Memory Read Cycle

A — R T
P T T TT
R T e
PSEN | . e L
: e 2o lay <l
[TYS g — - ez e
toxix—w -
PORTO == ADSA7 e INSTRIN S o o AO-AT
e gy e
PORT2 _ r . Aa-As < AB-AlS _
ternal Data Memory Read Cycle
e tyy— !
AE T i o e o
‘ Rl S AYTRY

PSEN

P Tl e T B—
" Hfm_w 4—* tonpz

*ﬁ# .-~ i
sz L — tmmx

PORT 0 Eé_?\/ FROM Rl OR DPL Zﬁ«:‘——g[@lﬁfm,ﬂ ‘r“’AJ A7 FROM PCL —INSTR IN

e Ty

!

; oy ————
PORT 2 i P20 - P27 OR A8 - Al5 FROM DPH__ _ A8 - A15 FROM PCH

AT89S8252 mmessssssesssssnss——————
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xternal Data Memory Write Cycle

ALE

PSEN

P P T VW T o e oy

PORT 0 -~/ A0 - A7 FROM Rt OR DPL - DATA OUT ' +'AD - A7 FROM PCL — INSTR IN_
e Ly,
PORT 2+ P20-P27 OR A8 - A15 FROM DPH "~ AS - Al5 FROM PCH

cternal Clock Drive Waveforms

o e —— toopy —» L vy
Vi - 0BV — P ———

— 07V, e _ -

0.2 V- 0.1V i —e

§¢
R
Y

xternal Clock Drive

ymbol Parameter Vec =40V 10 6.0V Units
Min Max

oL Oscillator Frequency 0 24 MHz

1 CL Clock Period 418 ns

HOX High Time 15 ns

L Cx Low Time 15 as

L cH Rise Time

8

ns

HCL Fall Time

8

ns

AIMEL
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arial Port Timing: Shift Register Mode Test Conditions
e values in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF.

ymbol | Parameter ‘ Variable Oscillator Units
: ; 1
| ! Min | Max
XL . Serial Port Clock Cycle Time 12t i {us
VXH Output Data Setup to Clock Rising Edge | 10ty - 133 ns
HaX Output Data Hold after Clock Rising Edge 2o - 117 | } ns
; ]
HEX Input Data Hold after Clock Rising Edge 0 | ns
Ly I Clock Rising Edge to Input Data Valid | | 10 -133 | ns
1ift Register Mode Timing Waveforms
INSTRUGTION - o . _t_ 2 3 4 _ . _5_ 6 7. 8
ALE ISR N T AR R S O T N NG U S S SO U S Ll il
o e g tXL‘)l
CLOCK T T T T T - - T /= T -
B ﬁ; )
S I (VTP o L o
WRITETOSBUE o 0 172 w3 S 4 5 s 6 T
v ; — > e t i
OUTPUT DATA by e B _ SETTH
_CLEARAI | = 1S 2T T T S Y T S T
L 4 A
INPUT DATA SET Rt
C Testing Input/Output Waveforms(?)  Float Waveforms!"
Voor B5Y— ——_527\5517 _O_?V_;*--,_-_V —_— Vigag & J‘v—"_"ﬁ'*f%}__{\\fm_- v
: i 7 Timing Reference e
, TEST POINTS LOAD “'l Points
045V 0.2 Vec - 01 V_m_ o Vieas - 7
tes: 1. AC Inputs during testing are driven at V. - 0.5V Notes: 1. For timing purposes, a port pin is no longer floating

for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vi, min. for a logic 1 and V) max.
for a logic 0.

when a 100 mV change from load voltage ocours, A
port pin begins to float when a 100 mV change from
the loaded Vg, /Yy level occurs,

AT SOS 8252 100
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National Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacemeants
for the 709C, LM201, MC1438 and 748 in most applications.

The amnplifiers offer many features which make their applica-
tion nearty foolproof: ovedoad protection on the input and
ocutput, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/L.M741A except that
the LM741C has their parformance guaranteed overa 0'C fo
+70°C temperature range, instead of ~55°C to +125°C.

Connection Diagrams

Metal Can Package

HC
DFFSET HULL v‘
IKVERTING INPUT(Z) } (e

NON-INVERTING INPUT

LEO0EMNT
Note 1: LM741H is availeble per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH

Dual-in-Line or 5.0. Package

N/
OFFSET NOLL —jt ] vy
INVERTING mm—l 2 7hv
NON—INVERTING —| 3 & [~ outpuT
HPUT
-4 sbeorpser wuLL

DS
Order Number LM741J, LM741J/883, LM7T41CN
See NS Package Number JO8A, MOZA or NOBE

ic FI K
See NS Package Number H08C 1 Ceramic Flatpa .
ML——]e f—x
+¢ PFSET NULL r_—,:& _‘:}B N
~INPUT ::‘I LM741W 7:'3 '
sNeuT L —4 s— {1
Y- 1 - _ofFsET NULL
OSE03H 16
Order Number LM741TW/883
See NS Package Number Wi0A
Typical Application
Offset Nulling Circuit
oUTRUT
v_
OSDOgAT
© 2000 National Semiconductor Corporation  DS009341 www_hational.com
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LM7441

Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Offices
Distributors for availability and specifications.

{Note 7)

Supply Voltage

Power Dissipation {Note
Differential Input Voltage
Input Voltage (Note 43

Output Short Circuit Duration
Operating Temperature Range

Storage Temperatire Ra
Junction Temperature
Soldering Informaton

N-Package (10 ssconds)

J- or H-Package (10 s
M-Package

Vapor Phase (60 seconds}
Infrared (15 seconds)

LM741A
22V
3} 500 mwW
+30V
18
Continuous
-55C to +125'C
-65°C 1o +150°C
i50°C

nge

260°C
aconds) 300°C
215°C
215°C

LM741
T2V
500 mw
30V
15y
Continuous
-55°C to +125°C
-85C to +155°C
150°C

280°C
300°C

215°C
215°C

LM741C
+18V
500 mwW
*30V
15V
Continuous
0°Cto +70°C
~85°C 1o +150'C
100°C

280°C
300°C

215°C
215°C

Sea AN-450 "Suiface Mounting Methods and Their Effect on Praduct Reliability” for other meathods of soldering

surface mount devices.

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics @ote 5
Parameter Conditions {M741A LM741 L M741C Units
Min | Typ | Max { Min | Typ { Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rg < 10 kG 1.0 £ 50 20| 80 mV
Rs < 500 08 30 mv
Toamin © T £ Tapuax
R < 5041 4.0 my
Ry < 10 k& 6.0 7.5 my

Average Input Offset 15 pvre

Voltage Drift .

input Offset Voltage Ta=25C, Vg = 220V *10 *15 *15 my

Adjustment Range

input Offsat Current T, =25C 3.0 30 20 1 200 20 { 200 nA
Tastiv = Ta < Taneax 70 85 | 500 300 | nA

Average Input Offsat 0.5 nA/C

Current Drift

[nput Bias Curment Tu=25C 30 80 80 | 500 80 1 500 nA
Tasm S Ta < Tanuiax 0210 15 08 | pA

Input Resistance Ta = 25°C, Vg = 220V 10 { 60 03} 20 034§ 28 MQ
Tamii = Ta = Tapax: 05 MQ
V= 20V

input Voltage Range Ta =25C +12 | %13 \%
Taoan < Vo £ Tanax 12| 213 v

www_national.com




Electrical Characteristics Note 5) (Continued)

Parameter Conditions i LMT741A LM741 LM741C Units
| Min | Typ } Max | Min h'i’yp i‘ Maxl Min l Typ | Max
rge Signal Voltage Gain TAo=25C, R =2k} i } ] )
Vo = £20V. Vg = £15Y 50 Vimv
Ve = 215V, V, = 2{0V 50 | 200 {l 20 200 i VimVv
Tarin = Ta 2 Tanax: 1 '{ i ] ?
R, > 2 k2, | :
Vs = £20V, Vg = £15V 32 } ! ‘ ; vImVv
Vg = £15V, Vi, = 210V 25 ] 15 ] Vimy
Ve = $5V,V, = 12V 10 L | Vimy
itput Voltage Swing | Ve = 220V ] ; }T f
R 210 ke £16 | ] | '; %
R z2k0 | #15 ] i ‘ .
Vg = 15V 1 i j ! g
R, 2 10 kQ +12 j } £12 | 14 | v
R, > 2 ki2 10 | $13 { £10 | £13 v
stput Short Circuit A= 25C 10 | 25 | 35 25 | ! 25 mA
srrent Toantie € Ta € Tapanx 10 40 3 mA
xmmon-Mode Tarane S Ta € Tapaax
jection Ratio Ra < 10 K2, Vi, = £12V 70 | 90 70 | 90 d8
Rg < 5082, Vg = £12V 83 1 95 ] j dB
ipply Voltage Rejection T 5 Ta = Taguaxe
tio Vs = £20V to V, = £5V
R < 5002 86 | 96 | dB
R < 10 kG 77| 95 | 77 | 96 dB
ansient Response T = 25°C, Unity Gain
Rise Time 0.25 0.8 .3 0.3 Hs
Overshoot 8.0 20 5 5 Yo
ndwidth {Note 6} Ta =25C 04371 15 MHz
ew Rate Ta = 25'C. Unity Gain 0.3 0.7 0.5 0.5 Vips
ipply Current A= 25°C ) 1.7 ] 28 17 {28 mA
wer Consumption Ta=25C
Vg = 220V 80 150 mw
Vo = 215V 56 { 85 50 | 85 mw
LM741A Ve = 220V
Ta = Tanm 165 mwW
Ta = Tamax 135 mw
LM741 Vg = 15V
Ta = Tasan 60 ) 100 mw
T = Trnax a5 | 75 mw

Hote 2 “Absolule Maximum Ratings™ indicate Bmits beyond wisch daswage ¥ the device may ocour. Operating Ratings indicate conditions for which the device is
unctional, but do not guarantee specffic perfformanca kmits.

3 wwaw national.com
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LM741

Electrical Characteristics (ote 5) (Continued)

Note 3: For operation & elevated temparatures, these devices must be derated based on thermal resishance, and T; man, (hsted under “Absolute Maximum Rai-
ings™). Ty = Ta + (i4a Po)

!, Thermal Resistance Cerdip (3} DIP (N} HOB (H) S0-8 (M)
| &, (Junction to Ambient) T CAY 1O0Crw 170°Crw 195°CAY
‘: 8¢ (Junction to Case) N/A NA 25'CW } NZA

Note 4: For supply vottages less than 115V, the absokre maximum input veltage is equal io the supply voltage

Nate 5. Unless otherwise specified. these speciflications agply o0 Vo = £18V, -55°C < Ty, £ #1125 C LMT41AMTA 1AL For the LMT41CA M7A1E. these speciica-
tons are limited to 'C < 1, € +70°C

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Tinve{ys}.

Note 7: For miliiary specificalions see RETS741X Sor LM741 and RETS7414X for LM741A

Note & Human body model, 1.5 kil in series with 100 pF.

Schematic Diagram

- - ! s
ag Q9
s {
NON<INVERTIHG 3 - 2 WYERTHG <
eyt o WPUT
5 3
a3 > Rg
A Y 25
&
UTPUT
c{m
210
50
{ 917
08 Q10
& s >—L/c:u 022 G20
1
OFFSET NULL 5 OFFSEY
HULL
3 R3 g2 R4 4 Riz w1t
1K SOK & 1K 5K 50K 50
A -
‘ 4 + &
asnoastt
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Physical Dimensions inches (millimeters) unless otherwise noted

. 03500370
{890 -9.358) ﬁ
: 100
9.315-0.335
U b L T A
i | {8.001 - 8.509}
B
o i mMax
i 0.025
1850185 | 0535 Loy
{4191 —4.658 Y ! : 0

-
, |
Yy
REFERENCE PLAKE —- T R —
.58 .,m i 7 o015-0040
0TI Max {0.381-1 016}
T R
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Meatal Can Package (H)
Order Number LMT741H, LM7411/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number HO8C
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Ceramic Dual-in-Line Package (J)
Order Number LM741J/883
NS Package Number JOBA
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LM741

PhySi cal Dimensions inches {millitneters) unless otherwise noted {Continued)
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Order Number LM741WI/B83, LM741WG-MPR or LM741WG/833

NS Package Number W10A
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General Description

The LM78XX series of three terminal regufators is available
with several fixed outpul voltages making them usefu) in a
wide range of applications. One of these is focal on card
regulation, efiminating the distribution problems associated
with single point regulation. The voitages avaiiable aliow
these regulatars to be used (n logic systems, instrumenta-
fion, HiFi, and other solid slate electronic equipment. Al-
though designsed primarily as fixed voltage requiators these
devices can be used with external comgonents to obtain
adjustabie voltages and currents,

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A toad current i adequate heat
sinking is provided. Current limiling is included fo limit the
peak output current to a safe value. Safe area protection for
the cutput transistor is provided to limit internal power dissi-
pation, If internal power dissipation becomes teo high for

&Natianal Semiconductor

February 1995

LM78XX Series Voltage Regulators

of extermal compoonents. it is nof necessary to bypass the
outpuy, although this doss improve Yransient response. input
bypassing is needed only if the reguiator is located far from
the fitter capacitor of the pawer supply.

For output voltage other than 5V, 12V and 15V the LM117
sefies provides an output voltage range from 1.2V o 57V.

Features

B Output current in excess of 1A

8 Internat thermal overload protection

u No exiernal components reguired

m Cutput transistor safe area protaction

B Internal short circuit current lirnit

B Avaitable in the aluminum TO-3 package

the heat sinking provided, the thermal shutdown circuit  VOltage Range
takes over preventing the iC from overhealting. LM7805C sV
Considerable effort was expanded lo make the LM78XX se- | 78120 12V
ries of regulators easy to use and mininize the nurber LM7815C 15V
Schematic and Connection Diagrams
: SE gt Hetaf Can Package
TO-3(K)
Aluminum
OUTPUT —, TN

HEUT—
R TL/H/ 77482
” Botiom View
quruY
Order Number LM7805CK,
et LM7812CK or LM7815CK
= v, See NS Package Number KC02ZA
Plastic Package
TO-2204T)
uTPUT
® q1g GhND — O GND
5 25k
L WeyY
TFLAH/T745-3
Top View
Order Number LM7805CT,
LM7812CT or LM7B15CT
See NS Package Number TD3B

TLALTT46-1
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solute Maximum Ratings

litary/Aerospace specified devices are required, Maximum Junction Temperature

e contact the Nationai Semiconductor Sales (K Package} 150°C

e/Distributors for availability and specifications. (T Package) 150°GC

Volage (Vo = 5V, 12V and 15V} 35V Storage Temperature Bange -85°Cto +150°C

al Power Dissipation (Note 1} Internally Limited Lead Temperature (Soldering. 10 sec.)

ating Temparature Range (Ta) o°Cto +70°C TO-3 Package K 300°C
70-220 Package T 230°C

ctrical Characteristics LM78XXC mote 2) 0°C = T} = 125°C unless otherwise noted.

Output Voltage i sv 12V 15V
Input Voitage (uniess otherwise noted) % 10V 18V 23V Units
T H
Parameter Conditions Min i Typ E Max | Min 1‘ Typ l Max | Min i Typ l #ax
Output VYollags Tj= 25°C,5mA = [ = 1A 4.8 5 52 115 12 125} 144 15 15.8 W
Pp 2 15W, 5mA = |n = 1A 4.75 525 11.4 12611425 15.78 \4
VN & VIN < Vigax 75 = Vins 203 [ {145 = Vi = 273} (175 = Wiy = 30) v
Line Regulation lo = 500 mA|T] = 25°C 3 50 4 129 4 150 | mv
AV {7 = Viy<25) | 145 < Vg <30} | {175 < Vpy < 30} A"
0°C = Tf = +125C 50 120 150 mV
AV (B < Viy = 20} (15 < Viy = 27) (185 = Viy = 30} Vv
o< 1A Tj = 25°C 50 120 150 | mv
AViy 75<Vinu200 (146 < VN2 27| (772 Vpe=30) | v
0°C « Tj % +125°C 25 60 75 v
AV B Vin=z=12) (16 = Yy = 22) {20 = Vi = 26) Y
Load Reguiation Ti = 25°C 5mA = g = 1.5A 10 50 12 120 12 150 myv
250 mA = ig = 750 mA 25 60 75 mYy
EmA = ip = 1A, 0°C = Tj s +125°C 50 120 150 mv
Quiescent Current  [lp & 1A Tj = 25°C 8 8 8 mA
o< Tis +125°C 85 8.5 8.5 mA
Quiescent Current |5 mA = 1g = 1A 0.5 0.5 0.5 mA
Change Tj=25C.lo< 1A 1.0 1.0 1.0 | maA
VMIN = VIN = Vimax (5 <Vin=20)] (14.8 < Viy= 27} {178 = Vi = 30} \
Io < 500 mA, 0°G < Tj = +125°C 1.0 10 1.0 | mA
VIIN 5 Vi € Viax F<VN<25) | (145 < VN<30) 1 (175 < Viy < 30) \Y
Output Noise Voltage|Ta =25°G, 10 Hz < T = 100 kHz 40 75 80 pV
Rippie Reiection Io< 1A, Tj= 25°Cor 62 80 55 72 54 70 dB
f=120Hzq lg = 500 mA 62 55 54 4B
00 =T« +125°C
Vi = Vin < Vimax {8 = Viy = 18) {15 < Viy < 25} 1§ {38.5 = Vi = 28.5}
Dropout Voltage T = 25°C, gyt = 1A 20 20 20 '
Qutput Resistance {f = 1kHz 8 18 19 me
Shoet-Circuit Current {T] = 25°C 2.1 1.5 1.2 A
Peak Output Current {71 = 25°C 2.4 24 24 A
Average TG of Vout |0°C = Tj = +125°C,Ip = SmA 0.6 1.5 18 mvV/°C
Input Veoltage
Beguired to Maintain {Tj = 25°C.lg = 1A 7.5 14.6 17.7 A
Line Regulation
- Tharmat resistance of the TO-3 package (K, KO is typically 4°G/W junction 1o case and 35°G/W casa to dord. Theemnal rosk ot tha TO-220

1e (T) is typrcally 4°C/W unction to case and 50°C/W case to ambient.
Al characteristics are measired with capacitor across the input of .22 F, and a capacitor across the output of 0.1 pF. Al charactericics excent noise

» and ripple refection ratio are measwred using pulse techrigues (, = 10 ms, duly cycle < 5%). Output voltags changes due to changes n internaf
‘ature must be taken into account separately.




Typical Performance Characteristics
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Physical Dimensions inches (miimeaters)

0,940 —0.580 !
(23.68—24.88] le—
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WOLZA (REV T

Aluminum Metal Can Packaée {KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KCO2A




LM78XX Series Voltage Regulators

Physical Dimensions inches (milimeters) (Gontinued)
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Order Number LM7805CT, LM7812CT or LM7815CT

NS Package Number TO3B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As usaed herein

1. Ufe support devices of systerns ere devices of
systerns which, (g} are inlended for surgical implant
into the body, or {b) support or sustain ife, and whose
failure to perform, when properly used in accordance
with instructions ior use provided in ths labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A oritical componsnt is any component of a ule
support device or systern whose failure to pertorm can
be reasonably expected o cause the failure of the life
support device of system, or to affect ds safety or
sftectiveness.

Hationsl Semiconductor
Corporation

1111 Wesl Bardn Road
Aringion, TX 78017

Ted 1{800) 272-9958
Fax 1{8D0) 707-70%8
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Hong Kong Lid.
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Hang Kong
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Faxe (852} 2736-9950

Natipmal Semiconductor
Japan Lid
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Fax, 51-043-299-2408
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