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ABSTRACT

The proposes of this research were to development and evaluation of efficiency
for the C programming with SDCC on MCS-51 laboratory set. The research tools
consisted of 1) the C programming with SDCC on MCS-51 laboratory set 2) the quality
asséssment form of the laboratory set and 3) the achievement test. The samples were
20 students of the Bachelor of Science in Industrial Education from the Department of
Education Engineering in Electronics Engineering, Faculty of Industrial Education, King
Mongkut's Institute of Technology Ladkrabang.

The achievement test was the multipie choice for 30 items with the difficulty of
0.55 - 0.80 and mean 0.705, the discrimination of 0.30-0.60 and mean 0.403, and the
reliability of 0.766.

The results of study shown that the quality of the C programming with SDCC on
MCS-51 laboratory set reviewed by the experts was at the average mean 4.83 and
standard deviation at 0.27, which was in the very good level. The quality of the
laboratory sheet was the average mean 4.88 and standard deviation at 0.12, which was
in the very good level. Study of the laboratory set at the post-test was statistical
significant higher than that of the pre-test at the 0.01 ievel Thus, the C programming with
SDCC on MCS-51 laboratory set which could be used effectively for teaching and

learning.
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#include <8051.h>
void delay (int tm);

void main (void)

{
while (1)
{
Pl = ~P1;
delay (1000);
}
}
void delay (int tm)
{
int 1i,3;
for (i=0;i<tm;i++)
for (j=0;j<100;j++);
}
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#include <«<8051.h> /* Preprocessor */
void delay({int tm); . /* Prototype */
void main (void) . /* Main Function */
{
int a; /* Declaration */
a=1;
while (1)
{
Pl = a;

a=a<<1;
if {(a > 255) a = 1;

delay(500) ; . /* Function Call */
}
}
void delay(int tm) /* Function */
{ I3 . .
int 1i,73;

for (i=0;i<tm;i++)
for (j=0;3<100;j++);




64

=

[ 1 1 t dwd oo
nnlaseadravesldsunsuegnun @au Prototype dzuondt  Tusunsuiiidenduie

« Y s
oz 15111¢ Tuhil Ao Hendu delay

o .4
aanlsuazainin

1 9 Y v a1 9 4‘! Y] g = 1 d' Y
nouldnudunlsuazaninay  q wdesdsematovesdudsiuuudensu  ield

-4 { ' o o [ 1~ Y 1 4 Y]
Tsupsuwssuiunluniseanuswsuer Bdmsududulsuazaingl Taomsdsenaains

b4
v

mnsai 1@l

Uszianuesdoya ¥oaws [, ..., L

So d

4 v & 4 4 9 s J W oy
Iﬂﬂ‘dﬂﬂﬂlaﬁﬁ'«luﬂﬁ%Sﬂﬁzﬂ'lﬁﬂiﬂmﬁﬂﬁ'«lﬂ"lg{ “HQ‘AHE]‘U?NGI'JLL‘IJEUu%ﬁh"lﬂullu"lﬁ’ ua:%zﬁ'm

k4 [] ¥ ]
ligfuderuvesnoylmasidniu - q  Teedszanvesdeyaildlunisiszmadulsves

14
v

SDCC Haail

char (8 U N30 1 "l‘UG‘i’)
short #59 int (16 1in 59 2 lud)
long (32 1in w130 4 Tud)

float (4 Tud MIATIIUVEA IEEE)

¥
N

4 o
ngMafvednls

o o 3 I~ ¥ ]

1 FutMa9U (reserved word) 1A UTluFad1ls

A o 3/ 13 3 3 o W [ ] o
2. oAz dnsiuAuAIY AIONYINIYIBINGY ONVYTENIAY @ AT _ (underscore)

My

ar. LY lg 3 3 Y [} . P=} 1 a
3. dutlsezdoe liUuAUA 8@ IR 19U Inumber, 105Ages Ho AR
4. Foaulsezdns hitlszneuldednusierunnyila (3 /,+, -, % %,

LYY ] -] A [ =] @ T A 1 o Y |
5. aaonus Ivajuazianazion lumilouru 19U mvar, MVAR aziioduiluauazduls

' A a 3 o o t as [~ o 3

6. limsld¥ennuiulyl wazaisadddmmezaudumsh 14 wu dulsifvegnaisas

1 Age 1udu

W o o r=\

mmmum‘ﬂumyw
v o a 1t o 1 @ o = = o o o o
mmmum’:‘%uu\uﬂu 2 YN ﬁ?] Gl'Jﬂ'ILuuﬂTi‘Vlﬂﬁ&;’ﬂ'lﬂﬂﬂ')gﬂﬂﬁ%ﬂ'mmaﬂ? (Single

operand operators) HazAAULUNS s EATH| ﬁ"lNT’)Q NNIZNIADIA (Two-operands operators)




65

=

ddutumsinsziiudignnszihiuae
v v o a 1 o dy
Usgnoudiedidutiumseieg fail
- au
~ nduneInvesdoya
! AduAMIsasInvesiindoya

] Y
++ UM 1 a1

- aAAIae 1 M
v o a I's I'd
* AR UHUM TN NBUNDS
& AuruarieaNuvesdls

fmduiumsnnszihiudiganszimesdn
E
UsznoudiedIdiun1sniee fadl

[ o d
AINTTINNIANAMTARS

= mvuan lutse Ton
+ 2N

- ay

* ﬂm

/ N3

% 1151018 (Modulo)
AInsziiniasdn

¢
&& A1ILUDUA

I'd
i 150095

‘.( a T
& AsLEUALUULARDLA

o a " a
| N15P0SHUVLARDLIA

o = a 1 a
A maenngavuuuiinaeie
d‘ a 9

<< taoute ldmedhe

>>  @euialdnun
s J Y I~ a A [~
dmageum (Inavesmsnaaeuiluaswiiama)
—  wageuiuvse'ly
= naaou hiwhdunse i

] 1 A 1
> wﬂﬁammmmmsa'lu



66

v‘ Eh 1 = 1
< V]ﬂﬁ’f]‘]J’JTLIBEJﬂ’NﬁS’E]‘lSJ

1 § & 1w ] 1
>= ‘V]ﬂﬁ’f]‘]J’NSﬂﬂﬂ’Nﬁ‘i’f]WHﬂ‘]Jﬁ‘i’f]th

vy v & T W & ]
<= ‘V]ﬂﬂ’f]‘]J’JTuE]Uﬁ’ﬂﬁ‘i’ﬂwnﬂ‘lﬂ'ﬁ’ﬂhh\l

E4
A w o a [ Y o ]
uaﬂmﬂummmumimaﬂszm‘nmmmmnuﬂu"lsfﬁﬂu compound operators 'lﬁl ¥ a=

E4
o o~

= I~{ v o a 3y o @ o =Y a ) Yt
a % 3; uazo1aeriluaadwiums 1ty a %= 3; Tasgduvvvesdduiiumsisunu latiasdl

[ 9/ Y 1w
4= yanawmdl lnwinu
[ 9 9 1t w
= auawdr iy
J 3 Y 1 @
= quawadlmniy
1 9/ Y 1w
/= mgawdaldmaiu
%= mauauudr lmidy
<1 t @
&= wauamwdr limdu
gt 9 Y 1 o
= pasAuaI ALY
o 1 (Y
A= pnagddawda gy

A a ¥ Yy q¥ 1 o
<<= Laauum"lﬂmwwum“lmmﬂu

d' a 3 Y t o
>s>=  houda lunivnuda ldminu

Uszlunmunulumund

ﬂiziﬂﬂ if / else

3 t4

wldnauguitememsiauvessunsy Taefigluuuvesss Teamdedese 1Ud

False

True

Statement

#____

— 1 2.1 Asmshnnvesdselen it

jUuvuselon

if (Expression)
Statement ;




67

A0819%Y
if  (a > 255) if (a > 255) {
a = 0; a = 0;
Pl = a;
}
suuuuveszlon if/ else
False
True
Y
Statement 1 Statement 2

A\ 4

31 2.2 dsmsihauveailss Ton if/ else

if (Expression)
Statement 1;

else
Statement 2;
tv ] ]
AU INUYU
if  (a > 2595) if (a > 255) {
a = 0; a = 0;
else . - Pl = a;
a = 255; } else {
a += 1;
Pl = a;
}

szTan switch
Y, o v A . A A Y o e @
mmmsa“hf if-else M FOUNWWBMIMIUADNYIAY VlNLa’Oﬂhlﬂ Lm%%ﬂl‘lﬂ%Mﬂ 1Ty

] A o ¥
TununBises 1915z Ton switch sitefonmuiion lamadennita Tasliguuuvelss Tondaidl

swtich (a)
{
case 1: Statement 1;
break;
case 2: Statement 2;
break;

default: Statement n;
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For (init; condition; increment)
Statement;

152 1en while

3 o & 4 v 4 { ..
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3l a o 2 9 [ ;
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while (Condition)
Statement 1;

15218n do-while
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Statement;
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M_01 MAIN BOARD

5

DC INPUT

b
2. Weuldsunsudase li

a A 1 d
3‘1]71 2.3 NNIYDUADUDIA

#include <8051.h>
void delay (int tm);

void main (void)

{

while (1)
{
Pl = !P1;
delay(1000) ;
}
}
void delay (int tm)
{
int 1,3;

for (i=0;i<tm;i++)

for (j=0;3<100;

J++) ;
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3. tuitniiulWdde LABO2 01.C

4. aonlwd Tusunsn Tneldd1ds SDCC 1oz packihx 9218 1Wd%0 LABO2 0Lhex pONIN
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#¢include <8051.h>
void delay(int tm);

void main (void)

{
int a;
a = 255;
do {
Pl = a; ]
a = ~aj;
delay (500);
} while (1);
}
void delay (int tm)
{
int i,3;
for (i=0;i<tm;i++)
for (j=0;3j<100;j++); _
}

2. Tufinitlu IWd¥e LABO2 02.C
3. nevIng T sunsuTauldd1ds SDCC 1ag packihx 93 16 1840 LAB02_02.hex 89N
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2. @Weuldsunsuaane lai

#include <8051.h>

void contovram(unsigned long b);
void delay(int tm);

void display(void) ;

#define SEG_COL Pl
#define SEG_ROW PO

unsigned char vram(8];

void main (void)

{
unsigned long b;
b = 0x12345678;
while (1)
{
contovram (b);
display ();:
}
}
void contovram(unsigned long b)
{
vram[7] = (b&0x0000000f);
vram[6] = (b>>4)&0x0000000f;
vram[5] = (b>>8)&0x0000000f;
vram[4] = (b>>12)&0x0000000f;
vram([3] = (b>>16)&0x0000000f;
vram[2] = (b>>20)&0x0000000f;
vram([1l] = (b>>24)&0x0000000f;
vram[0] = (b>>28)&0x0000000f;
i
void display (void)
{ .
unsigned char i;
for (i=0;1<8;i++)
{
SEG_COL = 0x00;
SEG_ROW = 1i;
SEG_COL = data_show([vram[i]];
delay(2);
}
}
void delay(int tm)
{ |
int 1i,3;

for (i=0;i<tm;i++)
for (j=0;j<100;j++);

unsigned char data show([] = {0x3f, 0x06, 0x5b,
0x07, Ox7f, 0x6f, 0x77, 0x7c, 0x39, 0x5e, 0x79, 0x71, OxOO};

O0x4f, O0x66,

oxé6d,

0x7d,
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asm

mov b,#10
00001¢:

djnz b,00001$
_endasn;
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¥
2. weuTlsunsuaans 1l

#include <8051.h>
void delay (int tm);
unsigned char cnt; //Global Variable

void main (void)
{
cnt = 1;
while (1)

{

asm
mov A, _cnt //Put Underline before variable
rl A
mov _cnt A
mov Pl,_cnt
mov R7,#0xff
00000$:
mov R6,#0xff
00001$:
djnz R6,00001%
djnz R7,00000%
_endasm;

3. fuinitlu Idye LAB04 01.C
4. nov'lwa Tusunsu Taeldf1de SDCC uag packihx 12 18 1Wd%e LAB04_01.hex pOAN
5. Ti/5unsu LABO4 01.hex aqUu MCS-51

6. funq#l LED Yaeuesa M_01 MAIN BOARD u@aiiufinnanisnaneq

UnKanINaans
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1. @WeuTdsunyudses 11l

#include <8051.h>

void display (unsigned char tmp) ;

void delay(int tm);

unsigned char cnt; //Global Variable

void main (void)

{
cnt = 1;
while (1)
{
ent = (cnt << 1) | (ent >> 7);
display (cnt);
delay (200);
}
}
void display (unsigned char tmp)
{
tmp; //Use for Prevent Compile Warning
_asm
mov A,dpl //Use tmp Parameter trough dpl Register
mov P1,A
_endasm;
}
void delay (int tm)
{
int 1i,3;
for (i = 0;1 < tm;i++)
for (j = 0;J < 100;j++);
}
@ I~ A
2. 1uiniiu 1Wd%e LABO4 02.C
% o & o
3. aou lna lusunsuTaeldd1ds SDCC uag packinx 3¢ 18 11d%e LABO4 02.hex 0OAN
4. Tdsunsu LABO4 02.hex a3UU MCS-51
o e 4 @
5. dung# LED ¥091/059 M_01 MAIN BOARD ud21iufinwanisnaaes
w =K
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1. WeuTisunsuaane 11l

#include <8051.h>

unsigned char display (unsigned char tmp) ;

void delay(int tm);

unsigned char cnt; //Global Variable

void main (void)

{
cnt = 1;
while (1)
{
cnt = display (ent);
delay (200);
}
}
unsigned char display - (unsigned char tmp)
{
tmp;
_asm
mov A,dpl //Use tmp Parameter through DPL Register
mov P1l,A
rl A
mov dpl,a //Return Value through DPL Register
_endasm;
}
void .delay (int tm)
{
int i,3;
for (i = 0;i < tm;i++)
for (j = 0;3 < 100;j++);
}

2. tunnidhuvdve LAB04 03.C
3. aou lwd TulsunsuTaeldfrde SDCC uag packinx 9214 1Wd%0 LAB04 03.hex 90AMN
4. Tsunsy LABO4_03.hex AU MCS-51

5. dunai LED v8aueia M_01 MAIN BOARD udiiuiinnansnanes

TunnNanmInaans
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2. @WeuTdsunsudesn'lail

#include <8051.h>

void contovram{unsigned long b);
void delay(int tm);

void display(void);

xdata at 0x8000 unsigned char SEG_COL;
xdata at 0x8001 unsigned char SEG_ROW;

unsigned char data show[] = {0x3f, 0x06, O0x5b,

0x4f, 0x66,

0x07, 0x7f, Ox6f, 0x77, 0x7c, 0x39, 0x5e, 0x79, 0x71, 0x00};

unsigned char vram([8];

void main (void)
{
unsigned long b;
b = 0x12345678;
while (1)
{
contovram (b);
display ();

}

}

void contovram(unsigned long b)

{
vram([7] = (b&0x0000000f) ;
vram[6] = (b>>4)&0x0000000f;
vram[5] = (b>>8)&0x0000000f;
vram[4] = (b>>12)&0x0000000f;
vram[3] = (b>>16)&0x0000000f;
vram(2] = (b>>20) &0x0000000f;
vram(1l] = (b>>24)&0x0000000f;

vram[0] = (b>>28)&0x0000000f;

} [

void display(void)
{
unsigned char i;
for (i=0;i<8;i++)

{
SEG_COL = 0x00;
SEG_ROW = i;
SEG_COL = data_ show[vram[i]];
delay(2); -
!

}

void delay(int tm)
{
int 1i,3;
for (i=0;i<tm;i++)
for (j=0;3<100;7j++);

oxe6d,

0x7d,
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}

void main (void)
{
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while (1)

{
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anvdveemsiialanes IMalved lnwes 1 =38.4 KHz
a { a [~ ] a [N =Y
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221 8mAld 1S Semos TH1 = 256-26 = 230 130 OE6H Sutuddue Wozduged fo
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TH1
BAUD CRYSTAL ACTUAL ERROR
SMOD RELOAD
RATE | FREQUENCY (MHz) BAUD RATE (%)
VALUE

9600 12.000 1 -7 (OF9H) 8923 7
2400 12.000 0 -13 (OF3H) 1202 0.16
1200 12.000 0 -26 (OE6H) 1202 0.16
19200 11.059 1 -3 (OFDH) 19200 0
9600 11.059 0 -3 (OFDH) 9600 0
2400 11.059 0 -12 (OF4H) 2400 0
1200 11.059 0 -24 (0ESH) 1200 0
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FY
2. @Weu Tdsunsuaana 'l

#include <8051.h>
void init serial(void);
void ssend (unsigned char ch);

void delay (int tm);

void ssend (unsigned char ch)

{
while (TI==0);
TL = 0;
SBUF = ch;

}

void init serial (void)
{
PCON &= Ox7f;
SCON = 0x52;
TMOD = 0x20;
TH1 = 0xfd; //9600
TR1 = 1;
TL = 0;
RI = 0;

}

void delay (int tm)
{
int i,3;
for (i=0;i<tm;i++)
for (j=0;j<100;j++);

}

void main (void)
{
init_serial();
while (1) {
ssend('H'") ;
ssend ('E'") ;
ssend ('L') ;
ssend('L");
ssend('0');
ssend (' ');
delay (1000) ;

—~ o~~~

3. T Ind%e LABO7 01.C

4. nouInaTsunsy Taelddnds SDCC Lag packinx 218 1Wd%e LABO7 01.hex 8ANT

5. @aTusunsy Hyper Terminal vanudailanesn Com #ilfifeuderuuesia M_o1
MAINBOARD 13 Tastvualddanuoadlu 9600,8,0,1

6. 1154n51 LABO7_01.hex 2411 MCS-51
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7. Tufinkansnaasailsinguuntiveves Hyper Terminal

UNNHANIINARDY

P = 9y 4 @ ot 9
N1INAABIN 2 mﬁwUuTﬂ5!.Lniu“lmmwamauﬂﬁmuﬁwaga

9
1. WeuTdsunsusasio 1l

#include <8051.h>

unsigned char reciv(void);

void print enter();

void print serial (unsigned char *s);
void init_serial (void);

void ssend(unsigned char ch);

void delay (int tm);

unsigned char reciv (void)
{
if (RI==1) {
RI = 0;
return (SBUF);
} else {
return (0xff);
}

}

void print enter().
{
ssend (0x0d) ;
ssend (0x0a) ;

}

void print_serial (unsigned char *s)
{
unsigned char i;
i=0;
while (((*s) !=0)&&(i<80)) {
ssend( (*s)) ;
S++;
1++;




115

void ssend (unsigned char ch)

{
while (TI==0);
TI = 0;
SBUF = ch;
}
void init serial (void)
{
PCON &= 0x7f;
SCON = 0x52;
TMOD = 0x20;
TH1 = 0xfd; //9600
TR1 = 1;
TI = 0;
RI = 0;
}

void delay (int tm)
{
int i,3;
for (i=0;i<tm;i++)
for (j=0;3<100;j++);

}

void main (void)
{
unsigned char ch;
init serial();
print_enter ();
print_serial ("Welcome to PaPong Monitor™);
while (1) {
ch = reciv ();
if (chi=0xff)
switch (ch) {
case 13:
print enter();
print serial ("Enter Key");
break;
case 27
print enter();
print serial ("ESC Key");
break;
case 'A'
print_entex();
print_serial ("A Key");
break;
— default
ssend (ch) ;
break;

3. Tufiniilu 1Wa%e LABO7 02.C
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4. aou'lwd Talsunsu Tasldida SDCC uas packinx 1214 1WdHo LABO7 02.hex poNN

5. Wallsunsu Hyper Terminal funudallanodn Com 7ldideuresunesa M o1
MAINBOARD ‘1 Tasfmual#sasuoaiilu 9600,8,n,1

6. 11/5unsu LABO7 02.hex a9UU MCS-51

7. AANT Hyper Terminal U§INARE ESC, Enter ,A uazduq dunauaiitsnguuniieyes
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2. sa@iou Tdsunsu e 3 gluuy sawdumsfteaseynsulag
4 1 s & 2 4
dienatju 1 uuAduesalnlegluuni 1
4 . s o 2 4
dienatly 2 vufduesaldaegiuuui 2
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3
2. @euTlsunsuaene 11

#include <8051.h>

#define PROW P3
#define PDATA P2

unsigned char scankey (void);
void delay(int tm);

void main(void)

{

unsigned char key;

P3 = Oxee;
P2 = Oxff;
while (1) {

key = scankey();

if (key != Oxff) Pl = key;
}
}

unsigned char scankey(void)
{
int i;
unsigned char keytemp;
unsigned char result;
unsigned char outdata;
PDATA = Oxff; //1
outdata = Oxee;
result = 0;
for (i=0;i<4;i++)
PROW = outdata;

keytemp = ~PDATA;

if (keytemp != 0x00) {
if (keytemp == 0x01) result = 1;
if (keytemp == 0x02) result = 2;
if (keytemp == 0x04) result = 3;
if (keytemp == 0x08) result = 4;
if (keytemp == 0x10) result = 5;
if (keytemp == 0x20) result = 6;
if (keytemp == 0x40) result = 7;
if (keytemp == 0x80) result = 8;
outdata &= 0xfO0;
result |[= outdata;
return result;

}

outdata = (outdata << 1) | (outdata >»>

}

return O0xff;

}

void delay (int tm)
{
int i,3;
for (i=0;i<tm;i++)
for (j=0;j<100;j++);
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3. fufinitiu IWa¥e LABOS.C
3 Vo o . 9/ oA
4. oy Ind Tdsunsu TaeldRrde SDCC wag packihx 9214 1Wa¥0 LAB08.hex 01N
5. 1151053 LAB08.hex 04UU MCS-51
6. NATIATINASNTIUOTA Al2 SWITCH MATRIX #iazéd dunafi LED uuuesa M_01

MAINBOARD ifufinwanisnaasq
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2. inFasiauazailngnl

2.1 ganaaeansidgullsunsunimn@sag SDCC L MCS-51
1) uafa M_01 MAIN BOARD
2) uafn DOWNLOAD BOARD LazantidansefunanRameiiianniliuan
3) uasm A12 SWITCH MATRIX
4) uasm A_02 7-SEGMENT
5) uafm M_03 OUTPUT
6) Uasn M_04 INPUT & OUTPUT
7) ueim M_02
8) ANBILNG
9) azunilmaiansln

2.2 ganFua i Fasldlsznaudas
1) Tdsunsu sDcc
2) ISP — Flash Programmer 3.0a
3) Hyper Terminal
4) Tilsunsu Editor Ui DOS

2.3 lueutsznaunisnaaad

a &
3. nigAnAatlsngn SDCC

3.1 Mduelulisunsuludnsanlasw suliananilid SETUP.EXE

sdcc-2.7.0-setup.exe
o e a2 dr e
2NN A2 AUDaRRNN WG sdcc-2.7.0.EXE

) v ¢
3.2 aztlsnguiinfng inaaeuandasiasllsunsuvial paniitu Yes



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnewniu lueygsinillydsslesuaunisan

lunnsdllagvisau Snvinudlvdaulailon waznesedaiiuaivetenarsynasaminisinluly



wnanstiuenansianubidmsunslynuiensfinviniu lueugralmilulayssleguaunis

lunnsdllagusdu Snvanudlvdaulailon waznasendaduavetenarsynasiminisiitule



dy a N o [ N A = . gj ' N o N o N
wnansiidwenarsianubidnsunislynuiiensfnwimiu lueuygalnilulsdsslosuaunisan

lunsdllagrsau Snvimuiiludawdasilon waznesedatauarvetenarsynasainisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuionisfnewniu lueygsinillydsslesuaunisan

lunnsdllagau Snvinudlvdaulasilon waznesedaiuaivetenarsynasminisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuienisfnewniu lueygsinillydsslesuaunisan

lunnsdllagau Snvinudilvdaulailon waznesedainaivetenarsynasminisinltuly



dy a N o [ N A = . gj ' N o N o N
wnansiidwenarsianubidnsunislynuiionsfnwmitu lueuygsnilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesendaduarvesenarsynasminisinluly



wnansiiiuenansianubidmsunslynuiensfinwiniu lueugralmilulayssleguaunis

lunnsallagnsdu Snvianudlvdaulasilon waznasendaduavetenaisynasiminisiitule



wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendatuavetenarsynasaminisinluly



dy a N o [ N A = . gj ' N o N o N
wnansiidwenarsianubidnsunislynuiiensfnwimiu lueuygalnilulsdsslosuaunisan

lunsdllagrsau Snvimuiiludawdasilon waznesedatauarvetenarsynasainisinluly



wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimuiilundawdasilon wasnesendatuavetenarsynasaminisinluly



MMARNUIN

wuulsziiuaniweasianaaas



137

a &
Lmuﬂsmuu@mmwﬁ@ ms@smmm'auﬁ’ﬁum@m

wuutlszidivannngatiiunuusaunna N AnTuIaegnsIAngiIREa fInIg
Uszilinagmunintesganaaeanindoullsunsunisdson socc U Mcs-51Tuuagy

WHIZAN UAZAINYNSBITDdLHENA

ABLAY
=9 :941 1 [~
wuytsziiununngail wiveaniiy 2 new
a a P v
AU 1 wutszilivpunintesganaaeenaleullsunsunim@sag SDCC Uu MCS-
51 TUAUAMHINNIZAN Lmzmmgnﬁawﬂmﬁ@m

Aauyl 2 uUudaLDINREIfuAYINARLAY WardaELaLUE R

n15ilgziiiu

al Aﬂl / 1 [ = ] = lﬂl ar
AAUN 1 ﬂﬁ:m’ﬂdl,ﬂ?@\'i'ﬁl]’lﬂ adlutas FTLAUAUNTIW IWERNTANLAEI NATNNUAATH

a < ] o (s P 2/ as ar g
AALAUTBAINTU Tmﬂn’mummm‘nn’mmnh 5 AU ANU

AU 5 WHNETN S2AUAMININANIN
LA 4 WD STALIADINING
AU 3 et sTAugnInL AN
ar < as 17
FTHU 2 WD srAuAninInnald
o < o o
FTAY 1 uNNEe  sEAuAmnInAdTLFuLsa

o

Aaud 2 IsadlauudnannuAniiu wasdalduanus tnaaisuiadaniusedunaNdAn

o



138

naud 1 wulszifiugninanaastanaseIn sdeaulilsunsunim@son SDCC uW MCS-51

Tufumanminzay wazaNgnsiadTadiiion

IR ES AR AT

SUSUATIUN ATBIANARBINITHAMAUNZAN

fmaaasannsninadng il sy Tamndls

TTALADINN
o | 413 {211
____________ | Y S N
____________ | Y S

d i s = < {
faun 2 LL‘IJ‘UZQ@‘Uﬂ’]ﬂJLﬁEJQﬂUﬂQ’}Nﬂﬂmu LL@Z‘}T@L@H@LLMSEH‘]



139

suvilszifiuaumwlusnunisnaaas

wuutlszifiuanunangail  WuiuusanauadnAavivtagnsaraqAineaiuly

Aunaanstlsznauganassenisdaulilsunsunisdsas SDCC U1 MCS-51

AT LAY
a d’l 1 [
uuuszifiugninngail wiseanitu 2 e
paudl 1 uuulsziluauninassganaaasnisidaullsunsunim@sdon SDCC LU MCS-
51 TUATUAMNIMNIZAN UWATAHYNGEY 184 1LNUNTNAREY

paudl 2 uuudaumEisaiuANAAY uezdaauauuzaw)

n15uszLiy

aaud 1 ngunldiTasmung v addudes ssAugmnw esdenden inseiuay

a (=1 ] ) a o v o % d’l
AR UTBINTU Tmﬂnwumnmmmmanh 5 7oAl ANU

FTAU 5 MUNET SEAUADATWANAN
o b=} a”s =
AU 4 UNNEDN  SZALADININA
sTAY 3 WHNEDN  sEALAMATIWLIUNATN
ar <2 o 72
FTAU 2 wNEne  reAuAnINHe L]
o = ar o
sTAY_ 1 UHNEDe frAUAMAINAITLFULgS

o

aauh 2 Isadauuanimnuaniiu ussdaiauaiuy Inasiduiadaninszaumnandisey

o



140

naud 1 wwilszidugnin waasganaaainis@aullsunsunimdsen SDCC Lu MCS-51

TufuAumENZaN LazANENFadTediNIuNITMAREY

<t <
Tuun X
; FEAUADUNIN
¢ a 9
dah Pen7isTiiiv
514131211
1. | vandmgilscasAaasnismaaaslulieu
P ______--____”. ________ X ______________________________________________________________________
2. | mnugnFadTadiian
3. | manaaasiinisFaanduanndnaliwenn
A RS VN 2 R I I A R
4, | ANUNIZANTBIRIFLTUNIINARDY
_____________________________________________ RURSUURY SN N AU N SO
5. | mudaulunisafuneaiaudunisnaaes
6. | ANIMNNZANTRIAIDINANENITNARE
7. | ANgNABTaglUaTRNea
8. | ANNTARUIUNIZANTIBITUIASIIENHST JUNHILAZAITI
9. | pnumsnzantesgtiiunlueny
10. | AouazaanlunisiuiinAsing
1. | manaaasluluanmganranaulalunismaand
12. | ansasnansdluldenundutewnuls
Aaud 2 ulugauaNneatuAMNAnTL uasTalauBLLE BN
)
QTR
(e )




141

wnnlsziiuaunmdanisiFaunisaausunisaanda

wuulszidugnuningatiiduiuuaeuainANAniuedn AR A Uga

q

naaaen1daullsunsNnn M @fAon SDCC Ut MCS-511usunisuangda

AL
- x
uuudsziiiunniniwgail wikeanii 2 fau
naud 1 uuulssifiuguininees ganaaesnisidoullsunsuniw@isan SDCC Uy
MCS-511usNun1suanza

naudl 2 uuuseuaMneiuANNARTIY uazdaauauurhy

n1gilszLdiu

naud 1 nguldiaseaiune v adludes szAuamaw Westeaden finsaiumann

Andivgasing  Tagnuuanrinisaantd 5 seeu Al

[ =S [ =
FTHU 5 WNIEDN FTAUADMNINANIN
sTRU 4 WNETN SEAUAUNING
sTAU 3 WD SeAUANINLNUNATN
as =S [ 4
AU 2 WNNERY  svAuANIWweld
[ =S as [
FToU 1 wNnene sEAuRMNIWALTLTULg

ar

AauN 2 lsadaulaamNAaiL wasTaduanLs IntaNALRTaA N s ALANNANAL

7



142

nauy 1 uwudszifiugninnresgavaaednisdaultlsunsunimdson SDCC uu MCS-51

Tud1un1suanda

TLAL AN

o o -
an $18N19U T2l

1. | nsdmsuniaresginsnifiansimunzay

q

8. | lsunsunimeaeslianwnizqala uazihaulalunisFau

sl i 3/ a < §
AAUN 2 LLUU@@UQ"INLﬁﬂfJﬂUﬂfJ"INﬂﬂmu LL@Z?‘EII’P]LZQH@LLUZ%U’]



AMARUIN ]

v as =3
LUUN ﬂﬂﬂﬂ%ﬂﬁd@ﬂﬂdﬁ]‘i’lﬁ‘i’ﬂﬂﬂ’]%‘gﬂu



144

d

HUUNATRLIANATNGNENINIIGEY

gANAaeIn3VeulsunsumnTare SDCC Uy MCS-51
3 3 3 Sk Sk 3k 3K 3k 3k 3k sk sk ok 3k 3k ok Sk Sk ok KK K K ok S K 3k 3k 3k Sk sk sk Sk ok Sk 3k Sk ik Sk Sk Sk 3k ok ok Sk ok ik ok Sk K 3k Sk Sk ok ok ok Sk Sk Sk ksl sk sk ok ok Kok skokok Rk kK

&
A UDY

& 9 Y ar o 3/ =
1. onageuaNuivediSon ndwnnhmsnanssdieganaassmsdeulsunsy
AMY1FA8 SDCC VU MCS-51

9 o 4 o =
2. FoepuiiIUIU 30 90 MrUANEAI 45 WA

& o = P = 9 = FI22) o
3. [ @ONAINDUNYNNYAINUIVDIALT Tﬂ&ﬂ‘b’ﬂuﬁ@ 2B Nuaﬂuﬂizmymmu
3 3k 3k ok sk sk ok ok sk sk sk sk sk ok sk sk sk sk ok ok ok ok ok ok sk ok 3 3k sk sk 3k sk ok sk ok sk ok ok 3K sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok Sk ok ok ok Sk ok ok ok Kk ok skosk sk ok Rk kK

1. s laldlumsasieaeuiuves SDCC

. sdcc --version 9. sdcc --showversion

f1. sdcc —ver 3. sdec —v

2. midalalddmsumsnny Ind 1W§%o Test.c ¥09 SDCC @217 198 Test.ihx AN

fl. sdec --compile Test.c 4. sdcc —c Test.c

fl. sdcc --compile-only Test.c 4. sdcc Test.c
3. mdalaldlunisuaias Ind Testinx 15y Testhex
fl. packihx Test.ihx to Test.hex 4. packihx Test.ihx > Test.hex

. packihx Test.ihx 2 Test.hex . packihx Test.ihx Test.hex

‘) 9 ° 9 1 4 d 9 s
4. M3 Tdsunsua e Tdsunsss ISP — Flash Programmer 3.0a 92@03A0g15audsidnaulaves

ADNNANDS
1. USB Port 9. Serial Port
f1. Parallel Port 3. Infrared Port

5. lldlade T ansainnldsunsudae 1dsunsy ISP — Flash Programmer 3.0a 18

1. Run.c 9. Mcs51.asm

fl. Test.ihx 3. Bec.hex



145

d o Ao = = =
6. Handulansududoai lums@eou TUsunsudren 181 ues SDCC
f. void delay (int tm); 9. void main (void)

A, void run (void) 1. hifidelagn

7. 89U Prototype Y84A1H1%V89 SDCC Hmtifios s
T t!' p=% o v 4
a. Tduena Tdsunsuid@eniifsiduions Tsthe
v. l9semeadauls
9 Jd v ]
a. Tnveudanguaieg

1. 1Fuean TWsunsuazldlisunsunmeueniess 13tha

8. yilnuadulslafivuiaminy 8 s vesn 1w 1%ves SDCC
f. long ~ 4. float

. char 4. short

v [
9. 90 ladeFaduslsiandes vean w1dvee SDCC
fl. ant9 Y. mVar

fl. _man 3. for

(=] o
10. Srdeansuilasdeya 0xo1 Tiiauilu oxfe veanwrdves spcc azdosldlonlasinesla

f. ! V. &

f. ~ |

11. mdelan g mTunaaeui lumduvesnu1dves SDCC

fl. I= Y. <>

L~= N, <>=

12. &1 a Haumdu 23 Weldmide a +=1; ud a 9zdinumla

f. 23 9. 24
fl. 46 3. 45



146

13. &1 a =2 §1 1494 for (i=0; i<3; i++) a =a*2; 187 a aziaumnumila
n. 8 ¥, 16
f. 32 3. 64

14. §1dla D7, D6, DS, D6, D3, D2, D1, DO @80y dp, g, £, e, d, c, b, a YOS IUUAAINA 7 AU

=Y [ o ] ] [~ o ]
¥iian1 Inaswmud1ey tazdidesnmsIdauuaatra 7 dauuaauiluay 9 azdaisivuan

Wumirle
. 0x6f Y. 0x7c
f. 0x39 3. 0x5e

15. YolanalugndeatamsaaINaLUUAAUA IS T ILUEAIHE 7 A3
. Useridandeau
Y. ANUAINAADY
a. WeulUsunsudne

1. lifidelagn

16. In-line Assembler 1‘%’1’11’0%1‘5
=y =t Y =
. UMH DAL UATINAUNHG
o
1. ulaanmun @ i un e amuud
A. NN AN UA IUgAMTINHE

- 4 a g =
. ﬂau'lwammuaﬁwuumﬂumy1615

[ o g o W o
17. vpladluvaendideusan1uis

. () U.[]
. <> L {}
18. Yo lasmuaanvalu Inline Assembler ldgndoa
f. L0001$ 2. 00099%
7. L0999% 3. 099993



147

a o' 1 1 =Y 3 a =
19. 53anmes la ldlumsriusmnniinesvuta 8 in A1uBUNAVDI In-line Assembler
n. A . B

fl. DPL 1. DPH

1 o 1 ~ s A a
20. wiheanuirdiulaflFlumsveronwosaiu@uuos MCS-51
n. vieanu llsunsunieuen ¥, ¥ANNIINIVAUAIEUDN

1 o o s o t )
. TUIIANUIITIHTUVYIINDTA d. ﬁu’JEJﬂ’J’IﬂJM‘i’J’E)?J"ﬁﬂ’IUH?Jﬂ

21. fyqnae EA fiwmthinla
n. [t muaineeudoyasinmouen
Yo 1 ' ;Y 1 0 =
v, lghiruainzarudeyannmieanuii lisunsumeusnvionsly
Y = 9 < 1 o
a. Idoudoyalinuluniieanusneuesn

Yt Y
3. lgowdoyannaeuen

22. {05190 MCS-51 woia P1 vzdiatmla
1. 0x00 9. 0x0f
fl. 0xfO 4. Oxff

23. fialald¥Uona1 Timer 1 duasy viioina Tores IWaidu
. TF1 9. TR1
A.IE1 3. 1T1

24. $18040715 19 Timer 1 Sutiy dossmuanlidalaihs 1
f1. TF1 4. TR1
f. IE1 3.1T1

25. 1@09n1519 Timer 190 uTnun 1 dostmualdsdamos T™OD fiaudluminla
. 0x00 9. 0x01

f. 0x10 3. 0x61



148

26. lnues Tnualasiusldgege

.0 V.1

fl. 2 4.3

27. §1deams 14 lnmes 0 17y 5 luTnua 2 dosdmualisiames TLO Haudlummla
.5 ¥. 10
f. 251 3,255

U . 3 =4 1o 1 s &
28. deansdadeyasenmaneineynsudufumidesmsda 13 luiTanesla
n.A Y. B
A. DPHL 4. SBUF

29. rdpamsdadeyaruneineynsudledasuen 9600 Taeli SMOD iy 0 uazld
anufivesnaneaniiy 11.0592 MHz AossmuasmIffiisames THI Hunila

. 0xf4 9. 0xf9

fl. Oxfd 1. Oxff

[
I

t o a o a
30. folanandemsvinuvesaiaduuumaing lagndesiiga

' £ a ¥
fl. @1“%@33ﬁ§]1ﬂﬁ3ﬂ%u11%31u

]

1 v d t
U. VDYRDDNNINADANY uazm%yaaﬂﬂ"lﬂmmm
19 Y 1 Y v
a. dedoyasnn lUniwed tdrewdoyanianedul

1 1 o o
1. 8udoYANUAT LAz TUTDYANABANY



pasteaall

149

ot ey {oi fMnew

1. f 21. ¥
2. N 22. N
3. 9 23. fl
4, f 24. ¥
5. 3 25. f
6. ¥ 26. ¥
7. f 27. f
8. fl 28. N
9. N 29. fl
10. f 30. f
11. f

12. 9

13. 9

14. fl

15. f

16. fl

17. N

18. 9 -
19. il

20. N




AMARNUIN R

N19ATISHTAYA



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnewniu lueygsinillydsslesuaunisan

lunnsdllagvisau Snvinudlvdaulailon waznesedaiiuaivetenarsynasaminisinluly



wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendatuaivetenarsynasamidnisinluly



wnanstduenansianubidmsumslynuiienisfinyimiu lueugialmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendatuaivetenarsynasaminisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnewniu lueygsinillydsslesuaunisan

lunnsdllagvisau Snvinudlvdaulailon waznesedaiiuaivetenarsynasaminisinluly



A19199 2.6 ALINAALTINIBIENTIAN

155

IRNLAINEAAARRITENINULLNARAUA

q

qatlszasATang Anssy

AZWUUAINAALTINIBE AN

a

q

WULNARAL . — . 94 | A1 10C | wanstsziiiu
AUN 1 AUN 2 ALN 3

fiad 1 1 1 1 3 1.0 aanuly
fodi 2 1 1 1 3 1.0 aansuld
Yafi 3 0 1 1 2 0.7 aansuld
a7 4 1 1 1 3 1.0 aansuld
fad 5 1 1 1 3 1.0 aanfuly
ot 6 1 1 0 2 0.7 aransulé
Yaf 7 1 1 1 3 1.0 L]
fadi 8 1 1 1 3 1.0 aansuld
faf 9 1 1 1 3 1.0 aanFuls
fad 10 1 1 0 2 0.7 ansuls
Hafi 11 1 1 1 3 1.0 aansuls
Haf 12 1 1 1 3 1.0 GG
fafi 13 1 1 1 3 1.0 aanila
Haf 14 1 1 1 3 1.0 aaniule
$adi 15 1 0 1 2 0.7 aausule
a7 16 1 1 1 3 1.0 aaniulé
fad 17 1 1 1 3 10 aawiuld
TVRE 1 1 1 3 1.0 aanFuls
fadi 19 1 1 1 3 1.0 arani s
a7 20 1 1 1 3 10 aaaduld
fadi 21 1 1 1 3 1.0 aanule
faf 22 1 1 1 3 1.0 anFula
fadi 23 1 1 1 3 1.0 ganfuld
a7 24 1 1 1 3 1.0 aansuls
dadt 25 1 0 1 2 0.7 aauFU e




156

A19199 2.6 (5a)

AZUUUAIN ARLAUTBIENIIADI . -
LWHUNARAB U 0 0 = PROR| A1 10C Namﬁ?ﬂszmu
AN 1 AUN 2 AUN 3

a7 26 1 1 1 3 1.0 gausule
4o 27 1 1 1 3 1.0 gansuls
ia 28 1 1 1 3 1.0 gausuls
iad 29 1 1 0 2 0.7 eauulé
iad 30 1 1 1 3 1.0 gaufule




157

[ t 5 1
AN9197 2.7 ANAHNENNSILLATAIDIUIRR ULUNTBLULNARDUNAF19T 71 N=20

Wiy | nguiie | ndudeu | mwean | A1dawna | An A HANNS
nagay | (f,) (f ) e (p) | [|wwn(r) | (q) | (pq) | sudiu
a7 1 9 3 0.60 060 | 040 | 024 |wewsild
fad 2 7 4 0.55 030 | 045 | 025 |eensuld
fad 3 9 4 0.65 050 | 035 | 023 |ewewsuld
fefa | 10 5 0.75 0.50 025 | 0.19 | wenfuld
fadi 5 7 4 0.55 030 | 045 | 025 |wenfuld
fadl 6 7 4 0.55 0.30 045 | 0.25 |wenfuld
iof 7 9 6 0.75 030 | 025 | 019 |weniuld
a7l 8 8 5 0.65 030 | 035 | 023 |wewsuld
fadi 9 9 5 0.70 0.40 030 | 021 |wensuld
fofi10 | 9 5 0.70 040 | 030 | 021 |wenfuld
fofi 11 | o 5 0.70 0.40 030 | 021 |wewsuld
fofi 12 | 11 5 0.80 0.60 020 | 0416 |ewewiuld
fefi 13 | 8 5 0.65 0.30 035 | 0.3 |wewiuld
fefi14 | 9 4 0.65 0.50 035 | 023 |ewensuld’
foh 15 | 11 5 0.80 060 | 020 | 016 |eewiuld
fah 16 | 10 6 0.80 040 | 020 | 016 |wewsuld
fefl 17 | 10 5 0.75 050 | 025 | 019 |wewfuld
fafi 18 | 9 5 0.70 040 | 030 | 021 |waniuld-
fafl 19 8 5 0.65 0.30 0.35 | 0.23 |sanfuld
fiafi 20 9 6 0.75 0.30 025 | 0.19 | aanfuls
fefio1 | 10 6 0.80 040 | 020 | 016 | uenfuld
fafioo | 9 5 0.70 040 | 030 | 021 |eeusuld
a7 20 9 6 0.75 0.30 0.25 | 0.19 |suaufuld
fefioa | 9 5 0.70 0.40 030 | 021 |weniuld
fad 25 | 10 6 0.80 040 | 020 | 0.6 |wewduld
fefios | 9 6 0.75 0.30 025 | 019 |wewsuld
fefio7 | 10 4 0.70 0.60 030 | 021 |wensuld




158

A19199 2.7 (5ia)

Wiy | nguiie | ngudeu | Awean | A181wna | A A NANIS
NARBY (f,) (f) e (p) | wun(r) | (q) | (pg) | dszidiu
Yo7 28 9 6 0.75 0.30 025 | 0.19 | aaufuls
fafi2o | 10 5 0.75 0.50 | 025 | 0.9 |weniuly
fafiz0 | 9 6 0.75 030 | 025 | 019 | weusuld

293 272 151 21.15 12.1 - >pq = 6.08

Lﬂgﬂ 9.07 5.03 0.705 0.403 - -




stgqu

TATUAUATAITNLL

d‘ e‘LiIO

159
ANAZLLUNIAIABILNE

o
as

LUUUTRIGNARDLILA

.8 AA

A151991 2

U

1.
3
~ ol olv]| o|lo|lolsl—- ||~ |lo|lo|lo|lo|lwvw|w]| &
Ol |||~ ||l |dlo|lo|lada|@D|v|lB|v|& | I
“leog|lo | NI~ |lwlB|V|IF S| F || iv|la|ld|la|lNlN|N N
X
™
g
~ 1812185l |gls|lg|gle|o|e|rlelolo|lv|w
™ N AN (V) AN N N N AN AN AN ~— ~ ~ ~— ~— ~— ~ ~ ~ 1
X
N
—lan|o|vs|lvw|loj~|o|o|@ ||| | w|io|~]|o|o |2
= [ (1= [1= [ [1s 1€ 1€ [18 [1€ qs [18 € & (18 1§ & 1= (18 [1& ks
@lzlzle|z|e|lz|cle|a|2|le|lce|le|alelale|la|a]|s
S| o | ¢ | | | || F| G| BB B B B [°E [°E [ [*E l.g | &
R = = = 2 =2 = =2 =2 = A = B = = = =0 =0 = = =4 =2
@@ || @|e | T || e ||| e ||| e | e g
[y [y [y = [t [t [t [t [t c [t [t [y [t [t [t [y [y [y -




160

g :nZXZ—(ZX)Z

' n(n—1)

g7 20% 9391 - (423)’
’ 20%19

g1 187820 —178929
! 380

S =23397

nanaNNIeiuleskuLnaaey 1igns KR-20

K Zpq
= |1-=%£
7'1! K_lli S,z :|
e 30 - 6.08
“30-1 23.397

r, =1.034483[1 - 0.259862]

r, =0.766



161

< a - & P o o
ANTIEN 2.9 NNFIUATIZHUUN NﬂﬁNQWﬁWqQﬂq?L?ﬂumﬂﬂﬁﬂW ﬂﬂ@ﬂﬂ’]?ﬂlﬂutﬂ?uﬂ?ﬂﬂ’]ﬁ’]‘ﬁ

#ael SDCC Ui MCS-51

4 | AzuuuasunieuFay AZLUUABLVATRIY HABINY HAGINY
ey (AZUWUULEIN 30 AZLUY) | (AZLUAN 30 AZLLY) (D) (D?)
1 12 25 13 169
2 8 20 12 144
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1A 9.3 24.2 ] i




162

\/ w0’ —(ZD)

n—1

298

! =

20-1

\/ 20 * 4,500 — (298)?

208
7.934

t =37.56

M df = n-1 = 20-1= 19
AMuuAAT @  =0.01

amnee ¢ i 1y, =+2.861

af

n—1



ANANUIN A

P o
Tgaziasnuasgilna



164

Features

Compatible with MCS-51™ Products

8K Bytes of [n-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable VO Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Prog ble Serial Ch |
Low-power Idle and Power-down Modes

Description

The ATB9C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel ATBIC52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.

Pin Configurations PDIP
—
PQFP/TQFP aapiedn whvee

(1313 T REw F 39 [1P0.0(ADO)
Pazds 3s[1Pat (aD1)
Pags Irprozaon
#14gs 1 [1P03 (0%
[4E s L] 28511P0.4 (AD9)
(Y 14 34 [P0 {ADS)
PLIfa 33 [1POS (ADS)
D Po.4 (AD4) RsT(Qe 2 [JPoT(ADT)

[ Fo.5 (AD%) @xp)Paegro 31 [ EAvPP
{1 Po.6 (AD8) [y i 0P ALEPROG

PO.T(AD?) (NTO P32 12 w[pPsEN

Gre (iNTi)P33(]13 22 0P27¢A15)
prc T P3AT 14 27 PP28 (A14)
b ALEFROG myPasgis 20 [3P25 (A13)
P PSEN ) Pae 18 s Pa4 (a2}
B 2.7 (a15) F)par17 2¢pPza(ai
P reAly) xraczl]i1s apr22¢a10)

peasaly) xTaLt1e 20P21 A9

GNDO 20 apropn

sorzoxgesgy

[1P0.4 (AD4)
P0.5(ADS)

E PO.8 (ADG)
PO.T(ADD
ver

01,27 (A15)
[Pze(aig
[1P25 (A13)

8-bit
Microcontroller
with 8K Bytes
Flash

AT89C52

Rev. 0313H-02/00
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Block Diagram

P00 - PO.7 P20 - P27
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The AT89CS52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the ATB9C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vce
Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional IO port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Fiash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 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 externally being pulled low will source
current (I, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2},
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional YO port with interna! pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBIC51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD {serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external

AIMEL : 3
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location BEH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EAIVPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢c for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-voit
programming is selected.

XTAL1 .
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
oFoH & OF7H
00000000
oE8H OEFH
ACC
0EOH 00000000 0E7H
oDsH 0DFH
PSW
0DOH | b 0D7H
ocen | _T2CON T2MOD RCAPZL | RCAPZH T2 THz oCFH
00000000 XXXXXX00 00000000 00000000 00000000 00000000
acoH ac7H
oBsH P 0BFH
XX000000
Pa
osoH | 0 0B7H
1€
onsH | 0AFH
P2
0AO0H 1111111 0A7H
SCON SBUF
B8H | 00000000 |  XXXXXXXX 9FH
P1
SOH | 1111 97H
g | _TOON T™MOD Lo T THo 1 oFH
00000000 00000000 00000000 00000000 00000000 00000000
so PO P DPL DPH PCON | gu
1111111 00000111 | 00000000 | 0000000 OXXX0000

4 AT89C52 meesesss————————e—
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the {E register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H

Reset Value = 0000 00008

RCLK=1or TCLK=1.

Bit Addressable
Bit TF2 EXF2 ACLK TCLK EXEN2 TR2 c2 CPRZ
7 6 5 4 3 2 1 o]
Symbol Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

EXF2

(DCEN = 1).

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When 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 interrupt in up/down counter mode

RCLK

Receive clock enable. 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 overflow to be used for the receive clock.

TCLK

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignote events at T2EX.

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

ci2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RLZ Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow,

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a paraliel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AOH (which is P2).
MOV OAOH, #data

AMEL s
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAQH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

TimerOand 1

Timer 0 and Timer 1 in the ATBIC52 operate the same way
as Timer 0 and Timer-1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation 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 3.
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 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

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 external 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
register-during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. [f EXEN2 =0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. if
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-retoad (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

6 AT89C52 mu———————
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Figure 1. Timer in Capture Mode

i

AT89C52

[ conTROL
D—I CT2 = 1 TRz
T2 PIN CAPTURE
A
TRANSITION
TIMER 2
_DETECTOR INTERRUFT
T2EX PIN [}—— ~ % 076 o Exe2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 18-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
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

[~ conTroOL
XEN2

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and T2, 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 RCAP2L. 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 resolution. In
this operating mode, EXF2 does not flag an interrupt.

ATMEL 7
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

cM2=0

~~__ -
~O—1—0" 0— TH2 | T2
i SONTROL OVERFLOW
_ TR2
D“T o2 =1 RELOAD
T2 PIN TIMER 2
INTERRUPT
RCAP2H | RCAP2L l
TF2
TRANSITION
DETECTOR
T2EX PIN o1 o EXF2
O— T
[ conrroL
EXEN2
Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0CSH Reset Value = XXXX XX00B
Not Bit Addressable
- - - - - ~ T20E DCEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit,
DCEN

When set, this bit allows Timer 2 to be configured as an up/down counter.

AT89C52 mmeses————




Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Baud Rate Generator

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

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

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = %grﬂowm
The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes1and3 _ Oscillator Frequency
Baud Rate ~ 32x[65536 — (RCAP2H RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK =1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the resuits 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
overlap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

] . T2 TH2
Losc H 2 0/@ (8-BITS) | (8-BITS)
|
TRz
RCAP2L | RCAP2H
CfT2 BIT
pio | -
(T2) AN L2
T20E (T2MOD.1)
TRANSITION
Y__ DETECTOR
P1.1 TIMER 2
(T2EX) ExF2 INTERRUPT

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar [/O pin, has two alternate functions. it can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 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 TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
4% (65536 - (RCAP2H,RCAP2L)]

Clock-Out Frequency=

In the clock-out mode, Timer 2 rofi-overs 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 Timer 2
as a baud-rate generator and a clock generator simulta-
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.

UART

The UART in the AT83C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2}, and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register [E. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position |E.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register
(MSB)

ENE

Enable Bit = 1 enables tha interrupt.

(LSB)
[er2 [es [em [exi [emo [exo |

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE7 Disables all interrupts. If EA =0,
no interrupt is acknowledged. If
EA =1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE6 Reserved.

ET2 {E.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO 1E.1 Timer 0 interrupt enable bit.

EX0 IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped, and the

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
3t _T XTAL2
c1

*— ——  XxTAL1

GND

ul]}

Note:  C1, C2 =30 pF + 10 pF for Crystals
=40 pF 1t 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC —— XTAL2
EXTERNAL

OSCILLATOR —] XTAL1
SIGNAL

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis-

ters retain their values until the power-down mode is =

terminated. The only exit from power-down is a hardware =

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before Vg

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data © Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

12 AT89C52 musseee——r———————————
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 u u u No program lock features.

2 P u u MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution s also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched 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
fatched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
ATB9C52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp=5V
Top-side Mark AT89CS52 AT89CS2

20K XXxx - 5

yyww yyww

Vpp =12V Vpp=5V
Signature (030H) = 1EH (030H) = 1EH

(031H) = 52H (031H) = 52H

(032H) = FFH (032H) = 05H

The AT89CS2 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the

ATB9C52, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 9 and Figure 10. To program the AT89C52, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash amray or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, 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 can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verity If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

AIMEL 3
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a iogic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates B9C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANV,, P26 P27 P36 P3.7
Write Code Data . H L H/12v L H H H
NS
Read Code Data ’ H L H H L L H H
Write Lock Bit- 1 H L H12v H H H H
~N_
Bit-2 H L H/12v H H L L
—V_
Bit-3 H L H12v H L H L
V
Chip Erase H L %) HM2V H L L L
N
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 AT89C52 s e————



Figure 9. Programming the Flash Memory
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Figure 10. Verifying the Flash Memory

+5V +5V
ATB7F52 j’ AT87F52
ADDR, A0 A7 b Vee aopR, A8 -AT) o Veo
OOOOH/FFFH PGM OOOOH/1FFFH PGM DATA
P20 - P24 PO DATA . P20 - P24 PO [=» (USE 10K
A8 - A12 A8 - A12 PULLUPS)
——» P26 —»| P26
SEE FLASH | — P27 ALE |«—— PROG SEE FLASH | —#] P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —®| P36 MODES TABLE | — | P36 -
—» P37 —¥ P37 "
XTAL2 EA le— v v, XTAL2 EA [¢
324 MHz | L 324 MHz | oL
] "_L
XTAL1 RST |¢—— v, . XTAL1 RST |« Vi
£ GND PSEN —_L f— GND PSEN —:L

Flash Programming and Verification Characteristics

T, =0°C t0 70°C, Vo = 5.0+ 10%
Symbol Parameter -Min Max Units
Vepl® Programming Enable Voltage 11.5 12.5 v
lppt" Programming Enable Current 1.0 mA
erer Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48tg o
tarax Address Hold after PROG 4Bto e
tovaL Data Setup to PROG Low 48t ¢,
taHox Data Hold Alter PROG 48t
tersH P2.7 (ENABLE) High to Vpp 48t o,
tsnaL Vpp Setup to PROG Low 10 ys
tous ! Vpp Hold after PROG 10 us
taLan PROG Width 1 110 s
tavav Address to Data Valid 480 ¢,
teLav ENABLE Low to Data Valid 48l L
teroz Data Float after ENABLE 0 4Btgi oL
taraL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 20 ms
Note: 1. Only used in 12-volt programming mode.

AlMEL
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P1.0 - P1.7
P20 - P24

PORT 0
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tDVGL tGHD)(

ALE/PROG

p2.7
(ENABLE)

P3.4
(RDY/BSY)

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P1.0 - P17
P2.0 - P24

PORT 0

PROGRAMMING VERIFICATION
ADDRESS ADDRESS
i tavav
DATA N {_DATA OUT

ALE/PROG

EANgp

pP2.7
(ENABLE)

P34
(RDY/BSY)

16

tDVGL tGHD)(

PROGRAMMING VERIFICATION
ADDRESS ADDRESS
[ tavav
DATA IN DATA OUT

tGHBL ’

READY
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Absolute Maximum Ratings*

Operating Temperature..............cc..c.ouverenen. -55°C to +125°C “NOTICE:
Storage Temperature ........ccecvveeeecvveerverronies -65°C to +150°C
| Voltage on Any Pin
with Respect to Ground........ceveeereveerencnserannnrenns -1.0Vto +7.0V
Maximum Operating Voltage ...........ccc.ccceemrnnnenrannsnensirenane, 6.6V
DC Output Current 150 mA

DC Characteristics
The values shown in this table are valid for T,

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

-40°C to 85°C and V.. = 5.0V £ 20%, unless otherwise noted.

Maximum lg_per port pin: 10 mA
Maximum i, per 8-bit port:

Port 0: 26 mA Ports 1,2, 3: 15 mA
Maximum total I, for all output pins: 71

mA

Symbol Parameter Condltlon Min Max "Units
Vi Input Low-voltage (Except EA) 05 0.2 V0.1 \Y
Vi Input Low-voltage (EA) 0.5 0.2 V0.3 v
Vi Input High-voltage {Except XTAL1, RST) 0.2 Vect0.9 Veet0.5 v
Vim Input High-valtage (XTAL1, RST) 0.7 Ve Vee+0.5 A
Vou Output Low-voltags!" (Ports 1,2,3) lop = 1.6 mA 0.45 v
Vou Output Low-voltage!" lop =3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vo Output High-voltage lon = -60 PA, Vo =5V £10% 2.4 v
R (Ports 1,2,3, ALE, PSEN) o = 25 b 075Ves v
lon =-10 JA 0.9 Ve v
Voni Quiput High-voltage loy = -800 pA, Vi = 5V £ 10% 2.4 v
(Port 0 in External Bus Mode) o = -300 A 0.75 Vg v
low = -80 A 0.9 Ve v
T Logical 0 Input Current (Ports 1,2,3) | Viy=0.45V -50 pA
I Logical 1 10 0 Transition Current Vin=2V, Vg =5V + 10% -650 pA
(Ports 1,2,3)
Iy Input Leakage Current (Porl 0, EA) | 0.45 < Viy < Ve +10 uA
RRST Haset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty =25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode"! Veo =6V 100 pA
Vee =3V 40 WA
otes: 1. Under steady state (non-transient) conditions, Io_must be externally limited as follows:

If I exceeds the test condition, V| may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum Vg for Power-down is 2V.

ATmEY
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for ail other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
WMerel Oscillator Frequency [¢] 24 MHz
tua ALE Pulse Width 127 2te o -40 ns
tavie Address Valid to ALE Low 43 tore 13 ns
tyax Address Hold After ALE Low 48 toc-20 ns
tuw ALE Low to Valid Instruction in 233 4t ¢ 65 ns
et ALE Low to PSEN Low 43 toe-13 ns
torpH PSEN Pulse Width 205 3t 020 ns
oLy PSEN Low to Valid Instruction In 145 Mg 45 ns
toxix Input Instruction Hold after PSEN 0 0 ns
toxiz Input Instruction Float after PSEN 59 tore-10 ns
toxav PSEN to Address Valid 75 torol8 ns
taviv Address to Valid Instruction In 312 5te ¢ -55 ns
toLaz PSEN Low to Address Float 10 10 ns
taLan RD Pulse Width 400 6tc e -100 ns
bnwi WH Puise Width 400 6tc 100 ns
triov AD Low to Valid Data In 252 St -90 ns
tanox Data Hold After RD 0 0 ns
trrnz Data Fioat After RD 97 : 2t 28 ns
tuov ALE Low to Valid Data In 517 8terc-150 ns
tavov Address to Valid Data In 585 Ot o165 ns
tuwe ALE Low to RD or WR Low 200 300 3tcc-50 3tore +50 ns
tavwv Address to RD or WR Low 203 Atey o 75 ns
tovwx Data Valid to WR Transition 23 torc-20 ns
tovwi Data Valid to WR High 433 Ttoro-120 ns
taniax Data Hold After WR 33 toLc-20 ns
sz RD Low to Address Float 0 0 ns
tos D or WR High to ALE High 43 123 toLc 20 oo +25 ns

18 AT89C52 mme—————————
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External Program Memory Read Cycle
t, —
ALE
‘ : torpy
AVLL e tLLPL le— LLIV
PSEN * toyy \
— etz *—texa
bax toxiz
toxx— e
PORT 0 > AQ - A7 —« INSTRIN b > ac-A7 >~
tAVlV
PORT 2 A8 - A15 X A8-At5
External Data Memory Read Cycle
b —
ALE »l: b—\_—/
—* b
PSEN
N oy —¥
— tF LRH —¥
— b, —»
AD le—t, - |
LLAX — ¥
t _4 oy [« taroz
[ favie taaz 4+
LAZ — tarpx
PORT 0 __>-KAC - A7 FROM Rl OR DPL DATA IN a0 - A7 FROM PCL>—<INSTR IN
tavw
tl\VDV

PORT 2 i

P20 - P2.7 OR A8 - A15 FROM DPH X

A8 - A15 FROM PCH

ATmEL
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External Data Memory Write Cycle

i —
ALE
" by
PSEN
—— tuw ——h— b —>]
WA o
tavi—»] tovwx —M = —* €= tynax
— tavwr —»
PORT 0 A0 - A7 FROM Rl OR DPL DATA OUT >< XAO - A7 FROM PCL INSTR IN
1
tavwe
PORT 2 J P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

e
Ve - 05V foro

02 Ve - 0.1V

0.45v
torel »
External Clock Drive
Symbol Parameter Min Max Units
1htcicL Osclllator Frequency 0 24 MHz
tore Clock Period 41.6 ns
tomex High Time 15 ns
terex Low Time 15 ns
toien Rise Time 20 ns
toneL Fall Time 20 ns

20 AT89C52 mee——
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vg = 5.0V * 20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
by Serial Port Clock Cycle Time 1.0 12t 0L ps
tovxm Output Data Setup to Clock Rising Edge 700 10t o -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2o 117 ns
tyrnx Input Data Hold After Clock Rising Edge 0 [¢] ns
trov Clock Rising Edge to Input Data Valid 700 10tg ¢ 133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | =9 1 —~1 [ 2] —3 )% | 5 1 6 | 7 | —8 |

ALE
H b

otock | U [ L LI L LT
tavxH [e—]
—+ h— taox
WRITE TO SBUF, 0 [ X 1| X 2 XT3 X a4 X 5 X & X 7
v — t
OUTPUT DATA teriov 4__.[ F— taox SETTI
,iLEi\H RI,
INPUT DATA

AC Testing Input/Output Waveforms"  Float Waveforms("

Veg® 0.5V 02 Vg + 0.9V

VOL- 0.1V

Timing Reference
TEST POINTS Viono QPdms
045V 0.2 Voc - 01V VLOAD- 0.1V vo’: o0.av
Note: 1. AC Inputs during testing are driven at Vg - 0.5V Note: 1. For timing purposes, a port pin Is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V,, min. for a logic 1 and V, max. port pin begins to float when a 100 mV change from
for a logic 0. the loaded V5, /V(, level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% ATB89CS52-12AC 44A Commercial
ATB89CS52-12JC 44) (0°C to 70°C)
ATB9C52-12PC 40P6
ATB9CS2-12QC 44Q
ATB9C52-12Al 44A Industrial
ATB9CS2-12J1 44) (-40°C to 85°C)
AT89C52-12P{ 40P6
AT89C52-12Q1 44Q
16 SV £ 20% ATB9C52-16AC 44A Commercial
AT89C52-16JC 44J {0°C to 70°C)
ATB89C52-16PC 40P6
AT89C52-16QC 44Q
ATB9CS52-16Al 44A Industrial
ATB89C52-16J| 44) (-40°C to 85°C)
AT89C52-16PI 40P6
AT89CS2-16Ql 44Q
20 5V +20% ATB9C52-20AC 44A Commercial
AT89C52-20JC 44) (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industriat
AT89C52-20J1 44J {~40°C to 85°C)
ATB89C52-20P! 40P6
ATB9C52-20Ql 44Q
24 5V £ 20% ATB89C52-24AC 44A Commercial
AT89C52-24)C 44J (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
ATB89C52-24Al 44A Industrial
AT89C52-24J1 44) (-40°C to 85°C)
ATB89C52-24P| 40P6
AT89C52-24Q 44Q
Package Type
43A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

22
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44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFF)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21{0.478) so

PIN1D 11.75(0.458)

0.45{0.018]

0.30(0.012)

0.80(0.031) BSC L
_f

10.10{0.354)
5.90(0.386)

0.20(.008)
ey jT% _ i
—JL 0.75{0.030) 0.15(0.003) | T

0.45{0.018) 0.05(0.002)

sQ

r 1.20(0.047) MAX

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AG

045(1.14) X45°  PINNO.1 045(1.14) X 30° - 457 o450 305
IDENTIFY 1008(263)
T 1
656(16.7) .630(16.0)
ESH(16.5] _{ 550(15.0)
oa21813) ]— T £21(533)
026660} I EcIA LA PN 2013(:330}
b [6ssuze
j i
.050(1.27) TYP T u oo 04301.09)
=] 500320 REF SQ 1020(508)
120{3.05)

1 :090(2.29)
.180{4.57)
165(4.19)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIF)
Dimensions in Inches and (Millimeters)

2.07(52.6)
204(51.8) P"N
555(14 4
530(13 5)
}—— 090(229)
1.9€0(48.26) REF
220(5 59) 005(, 127)
MIN
SEATING };W 4
PLANE 5(1.65)
065(1.65)
161(409) o1s(381)
,25(;, 16) - .022(559)
.065(1.85) 014(356)
110279 041(1.04)
090(229) I"‘ 630{16. o)__[
550(15.0)
=h | & ReF
-012(.305)
ooa(ze3) TV
690(17.5)
£10(155)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345(0.525) o)
12.95 (0.506)
PIN1 (D

0.80 (0.031) BSC _J_ _[' %&%ﬁ
T 4

10.10 (0.394) sa

9.90 (0.386)
245 (0.096) MAX
] e
01700m) 7
s VA
T L 1oseo K
L— 0.25 (0.010) MAX

0 78 (0.030)
Controlling dimension: millimeters

ATMEL e
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