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Special Project Title Rescue Robot 2
Name Miss.Somluk Sudsang

Mr.Aekgapab Kittiwiriyaporn

Mr.Precha Seedang
Department Applied Physics Faculty of Science
Program Applied Physics and Science and Industry Instrumentation
Academic Year 2006
Special Project Advisor Assc. Prof. Anupong Songprapa
ABSTRACT

Robot has built and developed for many application Rescue Robot are one of application
working in real situation. Robot found people in building which destroyed by disaster or bomb.Robot
know that people by sensor of temperature, physical movement and video on the Robot .That are
interface with Basic program on computer by serial wireless communication. Robot movement is the
same as tank but wheel are square move by DC gear motor 24 volt 6 A system use battery 12 volt 7.5
A/h and 6 volt 3 A/h it can work for 1 hour. In this project are developed and refer from Rescue

Robot 1 project at last year.
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LO-COG® DC Gearmotors Series GM8000, GM9000, GM14900.

(http://www.pjttmannet.com/quick_index.htm])

The Motion Group, Inc Product Catalog: Multiple Axes Systems.
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(http:/members.thai.net/sc303/1302.doc)
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(http://www.mmutphysics.com/CHARUD/virtualexperiment/virtual2/photoeleciric/index.htinl}
Grooved-type Photoelectric Sensor: OMRON,
(http://www.omron-ap.co.th/product_info/E3Z-G/EIZ-G.pdf)
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A1919M1T3Y93 MMC SYSTEM

Command Option Meaning Example
H W T x 0 uag y=0 H:W
X  Mx=0 H:X
Y 14/ y=0 HY
A W Tifdumia x uaz y A:WP1000P-3000
X Talfidumiie x A:XP-100
Y g s y A:YP300
M w Anun x uag y step M:WP1000P 1000
X ﬁm;m X step M:XP100
Y AMUA y step M:YP100
lﬂé; "?"I!L‘IJ‘U step G:

Q DIWAMU x UBT y HAZANIUE Q:
muéiumﬂa-x Qammuz Q:X
muéimmi:a y UazaaIuy QY

P 21uA lunuIga NS P:14

Aruan1 lununen1u$ P:14P0

C Unhknow C:X1

" C:Yl

Unknow




#include "reg52.h"

#include"stdio.h"

bit ch0=0;
bit ch1=0;
bit ch2=0;
bit ch3=0;
bit chd=0;
bit ch5=0;
bit ch6=0;
bit ch7=0;

unsigned int data_cw =0 ;

unsigned int data_LR=10;

shit Sensor = P37 ;

bit flag_Sensor=0;

bit rxd=0;
bit txd=0;
char rxd_bul;
Moat cam1,cam2;
void delay(unsigned int a)
{
TRO=1;
while(--a)
{
while(TF0)

YAMFInY



TF0=0;

TR0=0;

Chk_Sensor(void)
{
flag Sensor = 0;
if (Sensor == 0)
{
delay(1000);
if(Sensor == 0)
flag Sensor =1;
}

return {flag_Sensor);

void print_data_cw()

{
EA =0
TI =1;
printf(" %d %d %d %d\n",data_cw,data_ LR,caml,cam2);
EA =1;
H

void uart_init()

{



SCON = 0x50;

RI =0;

Tl =40;
TMOD = 0x22;
TH1 = 0xFD;

TL1 = xFD;

TR1 =1;

void uart_int(void) interrupt 4

{
if(RI){

if(TI)

RI=0;
rxd=1;

rxd_buf=SBUF;

TE=0;

if(txd)

txd=0;

SBUF=rxd_buf;



void OutPrtl(unsigned char Prtl1Dat)

{
P1=-PrtlDat;

void timer_0_init()

{
TMOD = 0x22;
THO = 0xE9;
TLO =0xE9;

)

void cam{)

{
if(P2~=10100111)
cam1=45;
if(P2~=10100011)
cam1=40;
ifP2~=10001101)
caml1=35;
if{P2~=10001100)
cam1=30;
if(P2~=10001000)
caml=25;
iP24=10000110)
cam1=20;
if{P2~=10000010)
caml=15;
if(P2*=10001110)
caml=10;

ifP2~=10001010)



caml=5;

il(P2~=10000110)

cami=0;

if(P2*=10000010)
caml=-5;
if(P2~=1101101)
cam1=-10;
if(P2~=1101011)
caml=-15;
if(P2~=1100101)
caml=-20;
if(P2~=1100011)
caml=-25;
iP2~=1101111})
caml=-30;
if(P2#=1101011)
caml=-35;
if(P2~=1100110)
caml=-40;
if(F22=1100010)

caml=-45;

if(P0~=11000011)
cam2=80;
if(P0"~=10101011)
cam2=70;
if(P0~=10101110)

cam2=60;



if(P0~=10100011)
cam2=50;
if(P0~=10001011)
cam2=40;
if(P0~=10001010)
cam2=30;
if(F0~=10001011)
cam2=20;
if(P0~=10001001)

cam2=10;

if(P0~=10000111)

cam2=0;

if(P0~=10000011)
cam2=-10;
i(P2~=1111110)
cam2=-20;
if(P0~=1110111)
cam2=-30;
if(P0~=1101111)
cam2=-40;
if(P0~=1101011)
cam2=-50;
if(ro~=1101111)
cam2=-60;
if(P0~=1001011)
cam2=-70;
if(P0~=101111)

cam2=-80;



else
{caml=caml,cam2=cam2;
H
}
void control(unsigned char ¢md)

{

switch(cmd)
{
case 'z":
ch0=!ch0;
if(ch0)
{
QutPrtl1(0x80);
delay(1000);
print_data_cw();
H
else
{ OutPrt1{0x00);

}break;

case 'c":

chi=!chl;

if(ch1)

{
OutPrt1(0x40);

delay(1000);

print_data_cw();

else



{OutPrt1{0x00);

tbreak;

case 'x':
ch2=!ch2;

if(ch2)

{

OutPrt1(0x20);
delay{1000);
print_data_cw();

}
else

{ OutPre1(0x00);

ibreak;

case 'v':
ch3=!ch3;
if(ch3)
{
OutPrt1{0x10);
delay(1000);
print_data_cw(};
}

else
{ OutPrel(0x00);

ibreak;

case 'w";
chd=Ich4d;

if(ch4)



{ delay(400);
OutPrt1(0x0A);
if{Chk_Sensor()==1)

data_cw =data_cwi+;

delay(1000);
print_data_cw();

H

else

{ OutPrt1(0x00);

tbreak;

case 's":
ch5=!chs;
if{(chS)
{delay{400);
OutPrt1{0x05);
if(Chk_Sensor()==1)

data_cw =data_cw--;

delay(1000);

print_data_cw();

clse

{
OutPrtl(0x00);

tbreak;

case 'a':



1

ch6=!ché;
if(chs)
{
CutPrt1(0x09);
if([Chk_Sensor()==1)

data_LR =data_LR++;

delay(1000);
print_data_cw();

}

else

{ OutPrt1(0x00);

}break;

case 'd":
ch7=1ch7;
if(ch7)
{
OutPrt1(0x06);
if(Chk_Sensor()==1)

data_LR =data_LR-—;

delay(1000);
print_data_cw();

H

else

{ OutPrt1(0x00);

tbreak;



void main(void)

{

uart_init();

timer_0_init();
uart_init();
Sensor =1;

flag_Sensor = 0;

delay(400);
cam(};
while(1)
{
if{rxd)
{
rxd=0;
controi(rxd_buf);
TI=1;txd=1;
H
H
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L0-COG

BULLETIN LCG

Gmsso%fsefwlﬁggg' i DC ear motors

1an brand LO-COG® brush-commutated DC gearmotors offer smocth, quiet operation
fong life. LO-COG gearmotors feature sintered steel 5pur gears and are avallable with
ral reduction ratios and torque ratings to provide an economical solution for a wide

2 of applications. Armatures are skewed to minimize magnetic cogging, even at low
ds, and windings are resin impregnated for greater reliability in incremental motion
cations. An innovative cartridge brush assembly reduces audible and electrical noise
significantly improves brush life by maintaining optimum brush force throughout the

f the motoar. For precision motor control, Hewlett-Packard® optical encoders are

ible in 2 or 3 channel versions with several CPR ranges to meet your position,

ity and direction feedback needs.

struction Options

ole permanent magnet stators are * High-torque gears or high-torque
istructed of ceramic magnets enclosed wide-face gears

eavygauge steel retum rings * Low nolse, primary cluster gears
mond tumed commutators ensure * Custom cables

<imum brush fife * Multiple shaft configurations

ndard copper graphite brushes . t
1er brush materials available) . ::Ialf:’-:::lnng:d pulleys and gears

cislon Zround hardened stainles
e | s-l'lai‘fs'J o ress * Multiple windings

son-steel laminations * Electromechanical brakes

-aligning, sintered bronze bearings * ‘I)r;tgg??:c:l:::twackarf

* Adaptors available for other sncoders
* RF1 suppresslon
* Dynamit armature balancing

iﬂman‘m*'

Get same day shipment of sample motors for models
listed in the Pittman Express Catalog (Bulietin PE).

TTMAN
Engineering® company

2r Your ldeas™

Series GM8000

* 11 ratios from 6.3.1 to 1803.6.1

* Peak Torques to 100 oz-in standard

* 160 and 175 oz:In gearheads optional
¢ Avallable In 3 motor lengths -
¢ Encoder resolutions from 96 to 1024

Series GM9000

¢ 12 ratios from 5.9.1 to 4732.5.1

* Peak Torques to 175 oz-in standard

* 300 and 500 oz-In gearheads optional
* Available in 6 motor lengths

* Encoder resolutions from 96 to 2048 .

Series GM14000

¢ 4 ratios from 5.9.1 to 218.4.1

* Peak Torques to 175 oz:In standard

= 300 and 500 oz-In gearheads optional
* Avallable In 7 motor lengths

* Encoder resolutions from 96 to 2048

y 4
Every Pittman motor is
subjected to automated
performance testing -
Prior to shipment. P



ES GM800O

otor Data . ReductionRaties
T Parametst [ Symbol | unie | 631 | 994 | 1954 ; 3n51 [ 6052 | 959:1 | 167,74 | 297,51 | 58184 | 922.3:1] 180361
ICAL SPECIFICATIONS
ozin | 200 | 100 | 1200 | 100 | 100 | 100 [ 100 | 100 | 100 ] 100 [ 100
Max. Load Standard Gears® | T, | -l | o] wivgy | arg 1 = A T o] a1 | g ey | oy
orin | N/A | 160 | 160 | 160 | 160 | 160 | 160 | 160 | 160 | 160 | 160
Max. Load Cut Steel Gears' | T | iy | v | 3 | s 4 43| @13 | 033 | @1y | s | @iy | s
"~ orin N/A § 175 | 175 | 175 | 175 [ 175 | 175 | 175 | 175 | 175 175
Max. Load Wide Face Gears? | T, NN T A s T Y s |z ] s Tee | el 2 {1.24;
Gearbox Shaft Rotation? - — ow CCW | cow W cw CCW | CCwW Cw cw ccw | cow
Gearbon Efficiency - % 81 73 73 66 66 59 59 53 53 48 48
Gearbox Weight W o | 235 | 249 | 249 | 262 | 262 | 276 | 276 | 311 | 341 [ a5 | 325
{Mass) G @ | EeE s 'vos T 2! ] @82 | e 'esa | @es | @) {92.1)
inmax | 0968 | 0.968 | 0.968 | 0.968 | 0.968 | 0:968 [ 0968 | 1164 | 1164 | 1164 | 1160
Gearbox Length “ w008 T R | (B4 T ;! 2061 128 (48] T 098 | (296 98] (298)
inmax y 2977 { 2977 | 2977 | 2977 | 2977 | 2977 | 2977 | 3473 | 3473 | 3473 | 3473
Length, GM82x2 Ly fim ma| (7556 | 7561 | (755 l T8 T I5e] 7S] 80.6) | 8o T by | 806
Length, GMB2K3 L inmax | 3102 | 3102 | 3.102 | 3102 | 3.02 | 3102 | 3102 | 3298 [ 3208 | 3.298 | 3.298
eneth. P fimmmad| (788 T 788) | 8A 1.3 | (88 (7887 (78.8) | 1838) | @38 | wBagy| (838
Length, GMAZKA L inmax [ 3352 | 3.352 § 3.352 | 3.352 [ 3.352 | 3.352 | 3382 | 3508 3548 | 3548 | 3548
e P |(Fwmad] @53 | iesa) | @s.0 ] esn | s 8457 @50 ] (@043 | 190y | G0.1) | 0.1)
inmax | 251 | 291 | 291 § 291 | 291 [ 201 | 291 [ 3106 3.106 | 3.106 | 3.106
Lenglh. GHETX2 S |mnmed] 738 739 | 03 ' et 7ae| e | ras | 789) | 189} | 789y w89 |
iwmax | 3035} 3.035 | 3,035 | 3,035 | 3.035 | 3035 | 3035 | 3231 | 3231 | 3231 | 3231
Length, GMB7X3 5| o mayf a7 | 7y '(?TL_‘.{L‘T CTH L Iy 0y B2y | te2g) | ey | @2
ength, GMBTX4 inmax { 3285 | 3.285 | 3285 | 3285 | 3.285 | 3285 | 3285 | 3481 | 3481 | 3481 3.481
-engm, Ls mmmaq ] @34 | 834 | @34 | (=34 | 1834 | @34 | 834) | (88.0) | (8gay {88.4)} (88.4)
SPEED
MBX22 5 LPm | 1246 | 786 | 402 | 253 | 130 | 818 | 418 | 264 | 135 851 | 4.35
Mo Tedssy § 30y | 82.3) | o ' oo s 13.6) | 1857) | (4.38) ) (2765 | {1.41) | (801) | (456)
wex3 5 Jom 4 1317 ) 831 f 425 | 268 | 137 | 865 | 442 | 279 | 143 | 9.00 | 460
N[ mdrs) | (138 | @7.0) | (445) 2R1) | (143) | (9006 (4.63) | (292) | (150) | (947 | (482
MBX24 s. | mm | 1612 | 1017 | 520 i 328 § 168 | 106 | 541 | 341 [ 175 | 110 | 563
" edfs | (e | (207) | 5am ey | re) | oy 667 | @357 | (183 (1.15) | (590)
earbox capability only, Continucus ioad torque capabifity will vary with gear ratio, matar selection, and operating conditions,
1is designated while looking &t output shaft with motor operaling in a clockwise direction, Gearmetor is pokaty reversible,
Jata
. Parameter | Symbol | Units 8X22 ] " 8X23 8X24
; 3 o Lowin . 16 20 26
ontinuous Torgque {(Mar.) Te IZN'?“T_ “ :1‘1.2.)(_10“’-? .11413(.104} 185 X109
ozin T4 10,5 168
el | T |y [ - (520 X 109 ey - (1185X109)
st | orin/yw 112 130 143
Motor Constant S | g 79X10% PIX10% (7105 X 109)
pm 7847 B298 10158
otoad Speed % 1 s L N 1869) (1064)
. azin_ 0,35 0.35 0.35
Frcton Toraue ) REX10% 2EX 10y (25 X109
" . orins? [ 14X104 1.7 X 10 23X10+
otor hertia JM e % 089x10 {130 X 10°5) 162X10%)

rque specified at 25°C ambient temperature and without additional heat Sink,

89 Pitunan, a PennEngineering company. LO-COG, ELCOM,
™ 5L, and ELCOM ST are brand names and trademarks for

¥S manufactuced exciushvely by Pittman,




' . . - SERIES GM8000

w

tor Data, continued 7
TN, Parsmeter Symbol | Units 82 8X23 8x24
'5 | Electrical Time Constant T ms 0,52 0.55 0.54
7 Mechanical Time Constant T ms 156 141 147
, 0.0202
) Viscous Damping— ozin/kipm 0.0153 00176 .
8| Infinte Source Impecance |  ° | (em/(ad/s)) | (1431 {1.19x10%) " {1.36x10%)
Viscous Damping— oz-In/Krpm 0.92 v 125 163
9 Zero Source Impedance Ko m/(;adfé‘)‘ 820X 1’"?"“ {843 X 09 {110 X104
Maximum Winding F 311 s 31
0 Temperature S ?C} 5 {155) Tis5)
°F fwatt 759 729 705
1 Thermal Impedance RTH . 'téwa'ct g (27441\ A - “(22.1} (21_.4)
2 | ThermalTime Constant | o, min 1.75 9.00 10.70
Mator Weight oz 469 505 . 581
3 (Mass) W =g Jekchs (1432) (162.1)
del GMBXXZ Windlng Data (other windings avaiable upon request
No.|  Paametar “Symbol | Units _ GMEX22 " .
H Reference Voltage £ v 120 19.1 24.0 30.3
- ozinfA 1.94 3.07 3.88 488
> [Toraue Constant | Kp {N wh | waaxiey T 1oy (27.4 X 109 (345 X 10)
. 143 227 287 361
5 [ BackEMF Constant | Ke ﬂ(v/;ag*_}gg;j“ T EaTX1ey 210 | (274X 103 (34.5X 10
" |Resistance Q 310 761 121 19.1
3| Inductance L mH 157 3.93 6.27 9.92
) | NoLoad Current I 0.25 0.16 0.12 0.10
) | Peak Current {Stall)*| I, A 388 251 1.99 159
del GM8XX3 W'ndlng Data (Other windmgs avalfable upon reqlnrl] «
No.] — Parameter | Symboi | Units,  GMBX23 . _
Reference Voltage E v 12.0 191 24.0 30.3
I oin/A 1,88 2.94 3.713 4n
orgue Constant L Y m/Af 33X 109 1208 X 109 (264 X 109 (333X 109)
Vykpm | 1.3 218 { 2.76 348
BackEMF Constant | K¢ V/rad7s) | (153% 109 208 X 109 " {26.4 X 10% {33.3X 209
Resistance Ry Q 217 5.20 8.24 131
Induetance L mH 117 285 457 7.29
No-Load Current Iy, A 0.27 0.17 0.13 0.11
Peak Current (Stally!| |, 5.54 367 291 2,32
lel GM8XX4 Winding Data (other windings avallable upon request)
\o. | Paameter | Symbol | Unks, - GMBK24
Reference Voltage E v 120 15.1 240 303
Torque Consta ko[- ozn/A L 247 oo 509 388
ermsE 1 Tmay [ dga Yoy 175 X109) (19X 109 273X 169)
Y/krpm 1.14 1283 229 286
BackEMF Constant | KE . =y : - )

REMF Constant Wmdg ]~ atsxioy 175 K10 (219 X109) @13X109)
Resistance Ry Q 117 2.79 433 6.75
Inductance L mH 0.58 1.50 234 3.65
No-Load Current ™ A 0.36 0.23 0.18 0.15
Peak Curcent (Stall)*| 1, 10.3 6.85 5.54 4.49

lical values supplied for referance only.

TMAN’




pdel GM8X22

=%Model GM8X23

Maotor Spead & Current va, Tomque M-
{24V Winding) Jp— o
Lo .

.
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20
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Current 1A}

. 1B

0%

Current R

™ 50
u:TJJ
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L / 00 -8}
20 35
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#4-40 UNC-~2B ,19 (4 53) DP NOM,
(3) HOLES EQ. SP. ON A

SERIES GM8000

STANDARD LEAD WIRES

1.062 {27} DIA, B.C = L MAX 2
1 020 {51)
. +,002 .08}
(19.05) i |80
{152}

Ly MAX.Z

+ 12" (12.70)

EADS 18

(457 20)
TYR

Ly

t
J

#4-40 UNC-28 19 (4 aa) DP NOM,
(3) HOLES EQ.'S
1.062 (27} DiA. B. c

= q(sy 22 AWG, {7X30),
- 430 L STYLE 1007/1569
{10.82) 18% (457) RED & BLACK

{OPTIONAL
#2-56 UNC-2
(3) HOLES

EQ. SP. ON A
875 (22,22) DIA, B.C.

(1.57)

{3.97)
: © .1561
: : (3.96)
: — R —
21,175 L 030 (.78)
(25.85) pres ~050 .
(1.27) (20.85)
Ly MAX,™ + 020 (51 ‘
= Ly MAX,™ s 2
40
b= (9,27} — = (8.10)
{OPTIONAL] 016+ ¥1 TERMINAI
|~ oap #2-56 UNC-2 an |1/
(152} {3} HOLES P,
EQ. SP.ON A
B75 {22.22) DIA. B.C,
i
gaE A ' ane
+— ¢ . ¥
: ]9 1584
. ‘ p (3.97)
| , i W
s, , »
bfsicmsm . ! 1,000 {.76)
@1.175 l—-.050 .
[22.85) 062 o] Lo (1:27)

21.175
(29.85)

Notes:

* Unless otherwise specilied, all wlerances are

to be £.005 {.01)
* All measurements are in inches [mm)

*5ee line numbers 7 through 13 in gearmotor

data chart



ES GM8000

1,300
- (33.02) —
2432t OPTIONAL
Al
Ly MAX.” + 510 MAX, (ieos)
(15.50} - A .
. l—. 52
#4-40 UNG-28 .19 (4.83) DF NOM, = Lp MAX > 388 T Ty {13.21)
(3) HOLES ECL 5P, ON A {9.35) ’
1.062 (27) DIA B.C. | {am
2+.020 (51) zooalon | oo 0T 8,89)
750 —— D50 {45720} AX. .
119,05} R : i
l 1.025
ok
@ .1873 ) ! l Y
(4.76) 1T T &‘
@ 1870 I i
(4.75) .180 ! !
e — '
¥ i =
21175
(29.85)
(34.80)
p— 1300 ___
(33.02}
X Motor with 54321
OPTIONAL
ncoder LEAD WIRES
+000 (.00 AVAILABLE
-002 (55
S500 MAX." + 510 MAX. i
- (12.7) [ . e (1550} u'gsass) 52
020 —+ 240 £4.40 UNC-2B .19 (4.83) DP NOM. |=Lp MAX,tem - ™ MAX {1321
(51} (6.10)  (3) HOLES EQ.'SP, ON A 4 g " ;
2 1.062 (27) DWA. B.C. 1 ™ s 1 as0
* + 020 (51) + 003 (,08) b —— {8.89)
JAL . et | 080 10 MaX,
et EXT 1.52) (?r'vm—l r .-
= P. i
- il
i {1 lrang i i
o 1873 ' Le .
ia.78) i s T
@ 1870 : !
(4.75) 160 i o :
fog R ‘
" i -
B 1.175 .
(29.85)

Encoder Conne_ction Chart

PinNo, T Calor Connection

1 Black Ground .
2 Green Index/NC
3 Yellow Channel A
4 Red Vee
5 Blue Channel B

Notes:

+ Unless otherwise specified, all tolerances are

o be £,005 (01}

= All measurements am in inches {mm)
*See line numbers 7 thraugh 13 in gearmotor
data chart ..

PITTMAN" .
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ES GM9000

otor Data T T Roduction Rathes
T Pammeter I symbol| Units | 533 [1154 11971 [ 3631 35.5:4 [ 12784 [ 21844 [ 42594 [ 728.13 [1419.8:1 2426 9:314732.54
ICAL SPECIFICATIONS (Standard and High-Torque Gears)
orin | 175 | 175 | 175 i 175 | 175 | 175 | 175 | 1715 [ 75 [ 175 [ 175 | w15
Max Load Stendard Gears | T § i 1 1i2a|'i2g | aom Tae ' 1on (1.24) | 1.24) | (L24) | (124) | (1.24 | (1.29) | {1.249)
Max. Load HighTorque ozin | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 300
Jears? b Ny [ EI) e {2.12) 1 212 212 112 | @12 | 12 | 12) | @12 | @42 |1y
Gearbox Shaft Rotation? —_ —_ Cw oW CCw CcCw i CwW cw ccw ccw cw CW CcCw CCwW
Searbox Efficiancy - % 8 [ 81 | 13| 73 | 66 | e6 | 50 | 59 | 83 | s3 | 4 | 48
Jearbox Weight w oz 1 59 | 590 |62 | 626 | 662 | 662 | 698 | 698 | 734 | 734 | 818 | 818
(Mass) S § & CTuerapltersy s lires) sy wsray| (t9r.9) | ey 1208y | 208y 2319y i23Le)
. | nmax [4373 [ 1373 [1373 | 1373 | 1373 | 1373 | 1313 | 1373 | 1373 | 1373 1528 | 1528
searbox Length 2 jom o] {329 | 340 " ) Flra " aan | 349) | (349) | (349) | (349) | 349) (83 | (388)
inmax | 3101 | 3.101 | 3.101 ['3.401 ['3101 | 3401 | 301 [ 3.101 | 3101 | 300 3256 | 3.256
ength, GMI2X2/GM34X2 | Ly {mm miax | 178.8)' 788 © (18.8) 1 ;748 ! 788} ¢ (788) | (/B8 | (788) | (78.8) | (78.8) | 827) | 82.7)
nmax | 3476 | 3476 [ 3476 | 3.476 | 3476 | 3.476 | 3476 | 3.476 | 3476 | 3476 3631 | 363
ren. CMSRR/GSE | = fommad] et me ey | By aa | Bs | 683 | @8 | 69 | 663 | oas) | Gan
nmax | 3676 | 3676 | 3676 | 3676 | 3676 | 3.676 | 3.676 | 3.676 | 3676 | 3676 | 3831 | 3831
ength, GMIZXA/GMIXA | Lyl v T i034) | B24) 11934} T 95.4) I 934) | 934 | (93.4) | 934) | (934) [ (934) | (97.3)} (97.3)
| nmax | 3976 | 3.976 | 3976 | 3976 | 3976 | 3976 | 3976 | 3976 | 3976 3976 | 4131 | 4131
oogth, GMI235/GMIA3S | 1, fmm mad | {201.0) | 101.0)" ’;‘101_0}_:101.63 1000} : (1010} § (100.0) | (1010} | (101.0}{ (201.0) | {104.9) | {104.9)
nmax | 4326 | 4326 {4326 [ 4.326 | 4326 | 4.326 | 4.926 | 4.326 | 4926 | 4326 | 4281 | 2081
£, GS236/GMI436 | s i m] (109.9) {109.9_),(109.9)!-(‘109.9) _'108.9) | {109.9) § (109.9) | (109.9) | (109.9) | (1099} | {1138 | (1138)
'CAL SPECIFICATIONS (High-Torque Wide Face Gears)
N ozin 500 | 500 | 500 { 500 | 500 | s00 | s00 | s00
Aax. Load ] em (353) | a3 I 353 | 353) | 353 | 353 | 353 | 359
iearbox Shaft Rotation? - - il cow {cow [ ow | ow |cow | cow | ow | ow 11
searbox Efficiency - % 73 | 13| 66 | 66 | 59 | 59 | 53 | 53 -+
iearbax Weight w oz, | 652 | 652 | 688 | 688 | 7.24 | 724 | 808 | 808
Mass) LI _[11848) (1828 | 195.3) | (195.0) | (205.3) | (205.3) | (229.1) | (229.1) L~
. in max__ 1 (1373 [ L33 | 1373 | 1373 [ 1373 | 1.373 | 1528 | 1.528 T
iearmox Length 2 lemmei] A |29 1 oes ' g | 349) | 349 | 34.9) | (388) | (385) -+
P— Cnmax | 3101 | 3101 [3.101 3101 [ 3101 | 3101 | 3.256 | 3.256
oneih, GMSZXZ/GMSAR2 | Ly i ) <C  |gas {788 | -78.8) | (788 | 788) | (8.8 | 827 | 827 f:
h, GMI2X3/GM94 L | nmax | 3.476 | 2476 [3.476 3476 | 3476 | 3.476 | 3631 | 3631
i /EMIRS 1 s Jom < |83 | max ! w83 | 83 (88.3) | 8831 | 922 | @22
 GMO2K4/GMedxa | L. | inmax 3676 | 3676 | 3.676 | 3676 | 3.676 | 3.676 | 3.831 | 3831
eI, GMBS2U/GMEINE | L3 v ring L b~ |esa s s34 | 034) [ 193.4) | 934 | 973 | (973 H—
o ' O
i -
ength, GMI235/GMSA435 inmax h 3.976 | 3.976 | 3.976 | 3.976 | 3.976 | 3.976 | 4131 | 4131
et / b Lim may (oL oot 1019 |(10L1) | 1014) | (1010 | (104.9) | (104.9) “
snelh, GM9236/GM436 mmax [ 4:326 | 4326 | 4.326 | 4.326 | 4.326 | 4.326 | 2481 | 4481
nen /AMIRE | L {rom i) (109.9)] 1£03.3; I 108,9) | (109.9) | (1099} | (109.9y] (113.8) | (113.8)°
SPEED (AN Gears)
Maxa2 S | -Pn. ) 1189 610 | 357 | 183 | 107 [ 549 [ 321 [ 165 | 96 | 49 | 29 T 13
MV dd) T (25 ) 839 [ m1a L ner ¥ o | s (3:36) | (L73) | (513) | (513 | (304) [ (157)
MOX33 So | m, 4 2016 1 521 | 305 | 156 | 915 | 468 | 27.4 | 141 | 82 | 42 | 25 | 13
M [ FedRY T o6 | 1546 | 319) | 63 | 388 | ey |an | (4w | (859 ] adoy | (28 (136)
Max34 S | om | 203 ) 535 | 313 | 160 | 939 | a81 | 282 | 144 | 85 | 43 | 25 | 13
" e | e |'sen | 22 ! {68 983 | 5.04) | (295) | (1.51) | (890) | (450 | (262} | (138)

-arbox capability only, Contintrous load torque capahifity wi
is designated while looking &t output shafl with motor o

H vary with gear ratio, motar selection, and operating conditions.

peratlng in a clockwise direction. Geanmetor is polanity reversible,



wmotor Data, continved

SERIES GM9000

‘ . Raﬂucﬂo;\_katlos R L
No.J Paramoter [Symbei | “units | 594 T11841 F19.74 * 3631 ! 3551 12781 [218.44 | 4259 [ 72831 [1418.8:1[2426 9213254
LOAD SPEED (All Gears), continved
pm | 1075 | 552 | 322 | 166 l 969 | 497 | 291 | 148 | 87 | 44 | 26 | 13
3 | GMox3s S q;af,,s, A5 G578 {3 [T aon | 62 | 60 | 16 | (913 | (s | {274 | (140)
pm 834 | 427 | 250 | 128 | 75 | 385 | 225 | 115 [ 68 | 35 [ 20 | 10
3 | GMIX36 Sn lrad/s) | (873 | e | 269 134} ¢ (7.85) 1 (4.03) | (2.36) | {1.20) | (712) | (367) | (:209) ] (.105)
tor Data — N .
No.l " Paremater Symbl}  Units” - GAMOX32 GM9Y33 GM5X34 GMSX35 GMaX36
Continuous oz-in 23 AT 6.1 69 95
) Torque {Max,)? T p (Nmy " 162X 10y (332 10y {43,1°X:10%) (48.7 X 10°%) (67.1X107%Y
Peak Torgue _ozin 138 316 1.3 49.4 618
{Stam* Tek b i 1 [CHCE L TR ) {28L7 X107 {348.9 X 10-%) {436.4 X109
ozin/VW 162 2,66 3.01 C3a 411
P| MotorConstant ) Ky s 14% 109 "R % 10 213X109) (Q27X10% P @eoX 109
om | 7015 5993 6151 6348 4916
b | NoloadSpeed | Sq fermi ef {748.6) ‘827! (644.2) (664.8) (°148)
L oz-in 05 0.6 0.6 0.65 0.8
reenfore | T =iy | asxi09) H2A0Y (“.2x10%) (“sXx10%) (56x10%
; Rotor lnertia a loozins? | 27x10- 46X10% 59 X104 S 79X10% 1.0x103
MO TR T (181109 {3.25 X 199 {417 X109 {5.58 X 10°) {7.06 % 10-5)
. Electrical Time
i Conatant % ms 0.63 0.84 0.85 0.89 1.06
MechancalTime | o | ms 144 929 9.25 10.9 85
Viscous Damping— oz+in/krpm 0.0272 0.0335 0.0387 0.0450 0.0525
Infinite Source D | . . .
Impedance {Nm/rad/s) {1.83 X 104_; (225 X 107 (2.60 X209 @oax10%) (354 X109
Visozous %ampins— ozin/krpm 1.94 5.23 6.68 7.6 125
£10 Source .
Impadance %o {em/rad/s)| (131X 104 (352X104) {4.50 X 104 {5.12 X 104) {8.42 X109
Maximum o e T 31 31 m 31
Winding Temg. MAX F ey {155 155! {155) {155) {155}
Thermat R |Fwat | 729 66.4 62.8 58,5 56,3
Impedance ™SR 2in 191 {i7.1) {14.7) 135
: }
Thermal Time .
Constant ™ min 721 111 12,0 129 135
Motorweigt { . | o | 698 890 10.1 0.0 138
{Mass) M g ™ 1197.9) {252,3! {2863} {TBD) (391.2)
lel GMIXX2 Winding Data (other windings available upon request)
L.} Paameter Isymbol] Uats | T 9X32 _
Reference Voltage E v 120 181 24,0 30.3
Tortue Constant K | ozin/a 220 3.50 4.40 553
oFue Lan T FiNm/A (15,6 X 105 4.7 X109 (311X 10 {391 X 103
vk | 163 259 3.25 4.09
BackEMF Constant | K¢ Loy fradfa)” 156X 10 24.7 X 10 (3L1X 10 139.1X 109
Resistance R Q 193 470 7.38 116
Inductance L mH 1,16 2.34 464 734
Nodoad Current ha A 0.32 0.20 0.16 0143
Peak Current {Stalf) e A 6.22 406 3.25 2,60

ious Wrgue specified &t 25°C ambient temperature and without addiional heat sink,

TMAN’




ES GMS000 ' S : '

GM9IX33 Winding Data (other windings available upon request]

Pammeter | Symbol | Unis 9X33 o _
Reference Voltage E v 12.0 19.1 240 30.3
ozin/A 267 4.20 5.28 668
Tarque Constant Kb 1r asax iy 2.0 5107 (31.3X109 {@r.2x10%
Vipm | 198 " T310 380 4.94
BackEMF Canstant | - Kg (‘f/?érg/s) UF 18X 10 (287 ¢ 10 (373X 109 (472X10%
Resistance Ry Q 1.08 253 3.94 8.21
‘nductance L mH 084 2.08 3.29 5.27
“oLoad Current b A 030 0.19 0.15 0.12
%eak Current (Sl | I, 111 7.55 6.09 4.88
GM9X34 Winding Data lOther windings available upon request)
" Porameter ] Symbol | Unks ¥ 9%34
ieference Vokage | E v 12,0 191 240 303
- ozinfA | 258 407 517 650
oaveConstant | K | A It s X103 28.7 X 10°Y) {365 X109 {459 X 10%)
vk | 191 3.01 3.82 481
SockENF Constant | Ke Y yiaaife (18.2X109) 287x10%) (36.5 X 1079) 5.9 X107
tesistance Ry Q 0.83 1.89 296 462
nductance L mH 063 1.56 251 397
foLoad Current ™ 033 0.21 0.16 013
‘eak Current (Stall) s 145 10.1 811 6.55
GM9X35/9)(36 Winding Data (Other windings available upon request]
“Parameter | Symbal | Units : X35 _ T
teference Voage | v 12,0 19.1 24,0 303 120 19.1 24.0 30.3
orque Constant K | GEIVA [ 247 | 399 4,94 6.27 3.25 524 | 649 8.24
e T | NemsAy (g._“t.a X0y (282X 10 [ (349 X10% | (24.3X10% ] (23.0X107) {37.0 X109 ({458 X 109) | (58.2 X109
V/krpm 183 2.95 365 3.65 24 3.88 48 6.09
lackEMF Constant Vikpm | ], 2 : _
* ¥ | wads |irax 109 rss x 1079 (349X 10 1124.3X 10 | (23.0X 109} [ (37.0 X 10 | (458 X 109 (58.2 X 109
‘esistance Ry Q 68 156 2.37 3.72 0.71 1.64 249 391
\ductance L mH 51 1.34 2.05 3.30 0.66 1.72 263 4.2
te-Load Current ™ A 0.38 024 0.19 216 0.33 020 0.16 0.13
eak Current (Stafl) | I 176 122 10.1 8.14 16.9 117 9.64 1.74

PITTMAN'
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SERIES GMS000

odel GM9X32 e

lotor Speed K Cameat ve, Tarqus el Muter Spesd & Carrent va, 'I'nrqul "
14V Wiading) e 7 4o (29Y Winding) - on
—‘_‘_.‘-r.,, '_”_,,._r*’ N ry

0 642
7‘
o
o0 = 5.0"'3
oF E
” 3 3150
1.2
2.5
0
o8 138
%0
0.0
142
© oL e
[ . X
20 LR
08 g : ,q;p {mN" iml
oo
e
,m-w-‘" ] -\" 5‘15
w&»:’}hrdn.'l'nﬂ]m ..,--""_ Wotor Speed & Current va. Torgue e o 100
Wiad ow {24¥ Winding) .= . '
- e - E A *
w I B __...v-r"’ 55(}.’.‘é ]
0 . 4506 i
$20¢
3 Lo
¥ = 3
E 200 F
-
ot | 5
N g00
1500
oF.
100 s
K, o
El A 30.
0 ro 200 (21”’
00 ’ i ae-? )
oo 00 (o9 Torave® (ttl'I "
o
-
L o -, 392
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llohrSpﬂdlclmntu.Toml oo Lo 2.0
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1500 |
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S GM9000

X Motor | Lo A @ 1580
“ MAX zom(zs) [ (40,13} ]
® 2.000 #1 TERMINAL. DiA.
- ‘53{,2"’ -] @an —— —\
. — Ly MAX.* TYP
7;-0020(-511 | 218 ’ ’ 020(}2_32)
' — =] [—-— 047 5,54 . E
(19.05) ‘5(1?149) (F\EF.) (.51
1002{.05) L~ DA TYE TYF).
— || 062 (1 91 TYE
{(1.57) : | .(2:152?]
(.73:;3) : '"—-1-—— @.1564 P t
: (2.87)  1.065 MAX. 4
o 1561

. (27.05)
{ {3.96}
DIA,

{6.34]
aég) ______ir—__ﬁ S —
B 030 .78,
OiA. asa A
204 (1.2n
.1 +.602 (B65)
10-32 UNF-28, ) S gk | I X OPTIONAL .
!50 (8,35) DP. REF. {(1.57 DiA. MOUNTING
HOi.ES 180° APART PATTERN
IN A 1,500 (35.10) DIA B.C.
Ly MAX. .
STANDARD LEAD WIRES
—] MAX, e 22 AWG, (7X30),
X Motor te \ UL STYLE 1007/1569

18" (457} RED & BLACK

-7
19.40}

Motes:
* Unless otherwlse specified, alf tolerances are
to be +,005 (.01)
* Ml measurements are in inches (mm)
*See kne numbers 6 though 11 and 17 through 21

PITTMAN" .



SERIES GM9000

34XX Motor
1 91XX Encoder

L3 MAX. +,858 MAX ————=|
(i6.71)

190 _|
{4.83) "l

12XX Motor
91XX Encoder

695
(17.65)
MAX,

| 315
(8.00)

= L3 MAX." + 558 MAX, ==
(18,71} r

—e{ (17.65)

MAX,

TMAN'

|

| .190
{4.83)
| w315

{8.00}

1575
(40.01)
54321
OPTIONAL
LEAD WIRES
AVAILABLE .
— |_ 520
(13.21)
350
ﬁ.as)
AX.
15815
(46.10}

Encoder rconnection Chart -

Pin No, Color “Connection

1 Biack Ground
2 Green tndex/NC .
3 ‘fellow Channel A
4 Red Vee
5 Blue Channel B

Notes:

* Unless otherwise specified, all tolerances are

1o be +.005 (,01)

* All measuréments are in inches [mm}
*%ee line numbers 6 through 11 and 17 through 21



S GM14900 R

tor Data o Reduction Ratios
. parmeter [ Symbol i Units 591 | 18.7:1 6551+
SAL SPECIFICATIONS (Standard and High-Torque Gears)
oz-in 175 175 175
Mar. Load Standard Gears? T (N 1.2) 1.28) (1.24) ,
) i NA 300 300
Max. Load HighTorque Gears® 1 (?qz.[::\) N§ A 2.42) 2.12)
Gearbox Shaft Rotation? - - cw ccw cw
Gearbox Efficiency — % 81 73 66
Gearbox Weight W oz 5.80 6.26 6,62
{Mass) S @ {167.3) (177.5) {187.7)
in max 1.373 1,373 1.373
Gearbox Length L (e mag) 134 87) (34.87) (34.87)
in max 4322 4322 4322
Lenglh. GM14501 b frem maw 1109.78) (109.78] (109.78)
in max 4572 4572 4572 .
Length, GM14902 L3 from e 116.13) (116.13) 116.13)
>AL SPECIFICATIONS (High-Tarque, WideFace Gears)
azin N/A 500 500
Mar Load? T () N/A (353 @53
Gearbox Shaft Rotation —_— —_— cw CCW cw
Gearbox Efficiency - % 81 73 66
Gearbox Weight w 02 N/A 6.52 6.88
{Mass) G ® N/A. {184.8) (195.0)
in max H/A 1.373 1373
Gearbox Lenglh Ly (mm max) N/A (34.87) (33.37)
in max HrA 4322 4322
Length, GM14901 ks (mm max) N/A {109.78) (109.78)
in max N/A 4572 4.572
Length, GM14902 Ly (mm max) N/A {116.13) {116.13) «
PEED (AR Gears)
pm 713 214 64,2
GM1L4301 o (ra/5) {75) @2) M
mm 690 207 621
GM14902 S (s ) o o

arbox capablfity only. Continuaus losd torque capabliity will vary with gear mtio, motor selection, and operating conditions,
is designated whike loaking at output shaft with motor operating in @ clockwise direction. Geanmator is polartly reversible.

y for higher ratios,




' ) ' SERIES GM14900

tor Data
No.. [ Parameter ‘Symbal Uls __laxo1 14%02
oz-in 10.0 14,0
3 Contintious Torque? Te (Nerre (70.6 X10° (988 X104
ozsin 628 oz
3 Peak Tarque (Stali) Toy s (N {44y (.76 .
oein/ VW ) 445 5.93
] Motor Constant K AW {314 X 10% 419X 109
pn 4230 4087
1 Noload Speed 5y feedps {443 (428
i o 1.20 1.20
1 Friction Torque T (N-m; {8.5 X110 85X 10_16:‘). .
: ozins? 16 X103 2.3%103
3 Rotor nertia I goms?t TLA3X109) 1162 X105
1 Etectrical Time Constant T ms 091 147
5 Mechanical Time Constant T ms 11.4 9.26
N Viscous Damping— i oz-in/kpm 0.17 617 _
’ Infinite Sowce Impedance 0 iN-m/iniase) 7 {1.15 X 1(_3'5) 3 (1.15 X 10%
Vistous Damping— orin/kapm 14.7 260
' Zero Source Impedance Ko N-m/ feddf) {9.91 X 104 (175 X109}
. - °F m KU
§ Maximum Winding Temperature Opuax (%) (155) (155}
°Fjwatt 49.8 482
} Thermal impedance Ry Gt (9.30) (9.00y
} Thermal Time Constant Ty min 22.0 24.0
Motor Weight W or 208 26.0
{Mass) M {8 {589.7) (737.4)
in max 2953 3.203
! Motor Length, 1410X, 1420X L firm mg) (75.91) (81.36)
wous torque specified at 25°C amblant temperature and without additiona! heat sink, .
lel GM14X01/GM 14X02 Windmg Data (other windings available upon request]
Yo Parametsr | Symbol | Units | GMidxor GM14X02
Reference Volage E v 120 151 240 30.3 120 19,31 240 3043
ozin/A [ 372 | 589 7.44 9.46 3.90 6.16 780 9.85
Torgue Constant Ko b tom/aj (263X 1011416 X102, | 1525 X 10 |1668X 10, (275X 10 | (435X 10 | (55.1 X 109 | (69.6 X 10
Vpm 1 275 | 438 | 580 899 [ 288 4.55 517 7.29
BackEMF Constant 1 K¢ (Wrrag/s) | (263 X 20 1816 X 1041625 5 1051 (66,8 X 10) (27.5X10%) | {43.5 X109) [ (55.4 X 109 | (69.6 X 109
Resistance Rr Q 0.72 176 2.79 4.45 0.45 1.09 1.73 274
tnductance L mH 0.63 1.59 2.54 410 0.63 1.58 254 4.05
NoLoad Current Ine 052 0.33 0.26 0.20 0.49 031 0.24 0.19
Peak Current {Stall)* lp 16.7 10.8 860 6.80 264 175 139 111

tical vakees supplied for reference onty,

TMAN"




ES GM14900 _

,.n-"‘-"'- ‘f’ ‘-\‘- 18.0
poedlCnmnimlomW o t o Motor Spaad & Current vs. Torque _*,g-z-f - " 60
wding] I wiE 124Y Winding] T T o
Lar N e R
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o 4500
50
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W 403 o0 03
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1800
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149XX Motor
a.530
(13.46)
DIA. = 007 (.08)
TYP. 00— |

3 A
£.015 (.38} (2.54)
——l 250

SERIES GM14900

+ B2151)
.7
{19.5)

310
~ren

- -

@ 2,000
{50.8)—
OPTIONAL #6-02 UNG-28 DIA.
200 {5.08) NOM, DEEP, 3 HOLES
EQ.SP ON A 1,531 {38.89) DIA, B.C.
149XX Motor
1 91X0 Encoder
PTIONAL LEADWIRE ) :
54 321 PACKAGES AVANABLE 100 | by MAX.
505 (8830 i Ly MAX." =
775 I
350 [
{6.83}

B

i

VI

—mt.gao
(W-gg)
L49XX Motor
| 90X0 Encoder
1810
s
.155
{3.94)
n

(33)

#10-32 UNF-2B

.250 {6.35) NOM DEEP
2 HOLES 180" APART
ON A 1,500 (38.10) DIA. B.C,

Encoder Connectlon Chart *

~ Pin No. " Colat _ Connection
1 Black Ground
2 Green Index/NC .
3 Yellow Channel A
4 Red vee
5 Blue Channel B
Noles:

* Unless otherwise specified, off tolerances are

fo be 1,005 {,01)

« Al measurements are in inches (mm)
*See line no, & through & and 13 through 15
in gearmotor data chart
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HO INTEREST service __Ontine

3 by E-mai} gervice
WELCOME TO WENSHING WES Financing Y ,

DATE: September 1, 2004 _
CHINESE HOME __ ABOUT US _ ORDER CONTACT US Q&A

ULE Series TI"GNSC | W::;- a“u
RE-Modul fa

SHING <

¥ ELECTRONICS GO LTD

i Digital Audio
ver Module

i Audio Link
adio Modem

+ Magic Timbre Igh fre uancy

i Printer Port

et PO %I’ranscewer module (GFSY)

. Mouse Series me Rangr: 24GH2 J
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CONTAGT* == * Frequency Range: 2.4~2,524 GHz Surface And Size
) . * Modulate Mode: GFSK
Lo al Model: TRW-2.4G Work Voltage: 3V
el Mouse * Qutput Power: +4dBm
suide * Data Rate: 1Mbps; 250Kbps
el Mouse * Size: 20.0%36.7%2.4mm
Suide * Operating Tempeature: -40~+85 Centigrade
-al Mouse * The longest range in the world : 280m
suide {250Kbps); 150m ‘(leps)
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D the world.
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ite encoder and data buff.
_U,LE * Competitive price.
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Design

Wireless Cell phone , Wireless Intercom ,
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Communication ......

Conditions: VDD= +3V,V55=0V,TA=-40 centigrade to +85

centigrade *
Symbol Parameter(condition) Notes Min. Typ. Max. Units
VDD Suppiy voitage 1.9 3.0 36 V
TEMP Operating temperature -40 +27 +85 Centigras
fap Operting frequency 1) 2400 2524 MHz
RGFSK Data rate direct mode 3) 250 1000 kbps
FenanngL Channel spacing 1 MHz
Supply current one channel
[
VDD 350kbps 18 mA
Supply current one channel
I pply Cu
VDD 1000kbps 19 mA -
Supply current two channels
1
vDD 250kbps 23 mA .
Tt L2 TR Supply current two channels
I P
VDD 1000kbps 25 mA
Sensitivity at 0.1%BER
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. SENS (@250kbps) S0 dB .
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SENS  Sensitivity at 0.1%BER -80 de
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TRW-2.4G Part No:

Part No Description
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TRW-2.46 Transceiver  Partnership rru.osc Transceiver
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durance:; 1000 Wrile/Erase Cycles

) 5,5V Operating Range

static Operation; 0 Hz to 33 MHz

level Program Memory Lock

3-bit Internal RAM
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jplex UART Serial Channel

swer ldle and Power-down Modes

pt Recovery from Power-down Mode

dog Timer

ata Pointer

-off Flag

‘ogramming Time

e ISP Programming (Byte and Page Mode)
(Pb/Halide-tree) Packaging Option

ascription

9852 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
in-system programmable Flash memory. The device is manufactured using
ligh-density nonvolatile memory technology and is compatible with the indus-
lard 80C51 instruction set and pinout. The on-chip Flash aflows the program
to be reprogrammed in-system or by a conventional nonvolatile memory pro-
. By combining a versatile 8-bit CPU with in-system programmabtle Flash on
thic chip, the Atmel AT89552 is a powerful microcontroller which provides a
iible and cost-effective solution to many embedded controf applications.

9552 provides the following standard features: 8K bytes of Flash, 256 bytes
32 /0 lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
r two-level interrupt architecture, a full duplex seriaf port, on-chip oscillator,
< circuitry. In addition, the ATB9S52 is designed with static logic for operation
zero frequency and supports two software selectable power saving mecdes.
Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
system to continue functioning. The Power-down mode saves the RAM con-

freezes the oscillator, disabiing all other chip functions unti the next interrupt
are reset.

IMEL
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8-bit
Microcontroller
with 8K Bytes
In-System
Programmable
Flash
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in Description

VCC

GND

Port 0

Port 1

Port 2

AT89S52 —_

Supply voltage.

Ground.

Port 0 is an 8-bit open drain bidirectional ¥O 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 O can also be configured to be the muitiplexed low-order address/data bus during accesses

to external program and data memory. In this mode, P0 has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes dur-~
ing program verification. External pull-ups are required during program verification.

Port 1 is an 8-bit bidirectional 1/O port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulted high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being pulled low

will source current () because of the intemal pull-ups.

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 follow-

ing table.

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

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2), clock-out !
Pt1.1 T2EX (Timer/Counter 2 capt;re/reload trigger and direction control) B
P1.5 MOS! (used for In-System Programming) T T
P1.6 MISO (used fo? ILn‘-Syster.n Progra;n;{ing) - i N
P1.7 SCK (used for Iﬁ-Syslem—Prégramming) )

Port 2 is an 8-bit bidirectional /O port with internal pull-ups. 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 inter-
nal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being puliled low

will source current (I, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory and dur-
ing accesses to external data memory that use 16-bit addresses (MOVX @ DPTR]). In this
application, Port 2 uses strong internal pull-ups 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 Fiash program-

ming and verification.

1919C-MICRO-3/05
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Port 3
Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. 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 inter-
nal pull-ups and can be used as inputs. As inputs, Port 3 pins that are extenally being pulled tow.
will source current (I, ) because of the pull-ups.
Port 3 receives some control signals for Flash programming and verification.
Port 3 also serves the functions of various special features of the AT89552, as shown in the foi-*
lowing table.
Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD {serial output port)
P3.2 INTO (external intarrupt Q) :
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer O externat input) .
P3.5 T1 {timer 1 external input)
P36 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)
ST
Reset input. A high on this pin for two machine cycles while the oscillator is running resets the
device. This pin drives high for 98 osciltator periods after the Watchdog tirmes out. The DISRTO
bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state of bit
DISRTO, the RESET HIGH out feature is enabled. '
ALE/PROG
Address Latch Enable (ALE) is an output pulse for latching the low byte of the address during’
accesses 1o external memory. 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 timing or clocking purposes. Note, however, that one ALE pulse is skipped dur-
ing each access to external data memory.
If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during 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.
1O-3/05 I



EA/VPP

XTAL1

XTAL2

ATMEL

I

Program Store Enable (PSEN)] is the read strobe to external program memory.

When the AT89S52 is executing code from external program memory, PSEN is activated twice

each machine cycle, except that two PSEN activations are skipped during each access to exter-

nal data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 0000H up to FFEFH. Note, however,
that if lock bit 1 is programmed, EA will be internafly latched on reset.

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

This pin also receives the 12-volt programming enable voitage (Vpp) during Flash programming.
Input to the inverting oscillator amplifier and input to the internal clock operating circuit,

Output from the inverting oscillator amplifier.

yecial Function Registers

AT89S52 _—-__

1919C-MICROQ-3/05 .
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A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will in general return random data, and
write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in future

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

Timer 2 Registers; Controf and status bits are contained in registers T2CON {shown in Table 5-
2) and T2MOD (shown in Table 10-2) for Timer 2. The register pair (RCAP2H, RCAP2L) are the
Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities can
be set for each of the six interrupt sources in the IP register.
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1. AT89552 SFR Map and Reset Values

1
5 OFFH
B OF7H *
00000000
0EFH
ACC 0E7H
00000000 o
ODFH
PSW
00000000 0D7H
T2CON T2MOD RCAP2L RCAP2H TL2 TH2 OCEH
00000000 XXXXXX00 00000000 00000000 00000000 00000000
0C7H
P
XX000000 0BFH
P3
11111111 0B7H
(E
0X000000 OAFH
P2 AUXR1 WOTRST OAZH
11111111 XXXXXXX0 XXX XXXX
SCON SBUF 9FH
00000000 | XXXXXXXX : .
1 ] ' B e B ' B
11111111 97H
TCON TMOD TLO L THO TH1 AUXR 8FH
00000000 00000000 00000000 00000000 00000000 00000000 XXX00XX0 -
PO SP DPOL DPOH DPiL DP1H ' PCON 87
11111111 00000111 00000000 00000000 00000000 00000000 0XXX0000

10-3/05
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2.  T2CON - Timer/Counter 2 Control Register
";ON Address = 0C8H Reset Value = 0000 0000B
Addressable
TF2 EXF2 RCLK TCLK | EXEN2 . TRz | cme cPRZ
7 6 5 4 T 3 . T a 2 1 0
Function

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RCLIK = 1
orTCLK = 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 interfupt 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 (DCEN = 1).

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 10 be used for the receive clock.

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

i

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 lo ignore events at T2EX.

Starl/Stop controt for Timer 2. TR2 = 1 slarls the timer.

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

Capture/Reload select. CP/RL2 = 1 causes captures 10 occur on negative transitions at T2EX if EXEN2 = 1. CP/RLZ = 0
causes automatic reloads to occur when Timer 2 overfiows 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 overfiow.

AT89S52 _—

1918C-MICRO-3/05 .
-



S e A T89S 52

3. AUXR: Auxiliary Register

Address = 8EH
Not Bit Addressable

Reset Value = XXX00XX0B

- - - ]LWDIDLE DISRTO

+ PR

Bit 7 6 5 4 3

- - DISALE

2 1 0

Reserved for future expansion
Disahble/Enable ALE
DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
! Disable/Enable Reset out
DISRTO
0 Resel pin is driven High after WDT times out
1 Reset pin is input only
Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

ta Pointer Registers: To facilitate accessing both internal and external data memory, two banks of 16-bit Data *
legisters are provided: DPO at SFR address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1
)P0 and DPS = 1 selects DP1. The user should ALWAYS initialize the DPS bit to the appropriate value before

g the respective Data Pointer Register.

if Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. POF is set to “J” during power

| be set and rest under software control and is not affected by reset.

1 AUXR1: Auxiliary Register 1

Address = A2H Reset Value = XXXXXXX0B
Not Bit Addressable
- - - - T - - - DPS
Bit | 7 6 5 4 ;._ 3 2 1 0

Reserved for future expansion

Data Pointer Register Select

DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

10-3/05



AIMEL

N ©

emory Organization

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
bytes each of external Program and Data Memory can be addressed.

Program Memory
If the EA pin is connected to GND, all program fetches are directed to extemal memory.

On the AT89S52, if EA is connected to V¢, program fetches to addresses 0000H through-
1FFFH are directed to internal memory and fetches to addresses 2000H through FFFFH are to
external memory.

Data Memory

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a parallel
address space to the Special Function Registers. This means that 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 tocation 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 which use direct addressing access the SFR space.

For example, the following direct addressing instruction accesses the SFR at location 0AQOH
{which is P2).

MOV (QAOH, #data

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

MOV @R0O, #data .

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

atchdog Timer (One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations where the CPU may he subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment everv machine cycle while the oscillator is running. The
WDT timeout pericd is dependent on the external clock frequency. There is no way to disable
the WDT except through reset (either hardware reset or WDT overflow reset). When WDT over- «
flows, it will drive an output RESET HIGH pulse at the RST pin.

Jsing the WDT

To enable the WDT, a user must write 01EH and 0E1H in sequence to the WDTRST reqgister
{(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing Q1EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment every
machine cycle while the oscillator is running. This means the user must reset the WDT at least
every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H to
WDTRST. WDTRST is a wrile-only register. The WDT counter cannot be read or written. When

-

AT89S52 ——n_—_ )
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WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET pulse dura-
tion is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of code that will periodically be executed within the time required to
prevent a WDT reset.

WDT During Power-down and Idle

tn Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S52 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To prevent
the WDT from resetting the device while the interrupt pin is held iow, the WDT is not started until
the interrupt is pulled high. 1t is suggested that the WDT be reset during the interrupt service for”
the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it is best to
reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = 0)
as the default state. To prevent the WDT from resetting the AT89S52 while in IDLE mode, the

user should always set up a timer that will periodically exit IDLE, service the WDT, and reenter |
IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from 1DLE.

\RT
The UART in the AT89S52 operates the same way as the UART in the AT89C51 and AT89C52,
For further information on the UART operation, please click on the document link below: i
http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF
mer 0 and 1
Timer 0 and Timer 1 in the AT89552 operate the same way as Timer 0 and Timer 1 in the
AT89C51 and AT89C52. For further information on the timers’ operation, please click on the
document link below:
http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF
r——— ATTIEL ",
0-3/0% L 0
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~apture Mode

ATMEL

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 5-2). 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 10-1. Timer 2 consists of two B-bit
registers, TH2 and TL2. In the Timer function, the TL2 register is incremented every machine
cycle. Since a machine cycle consists of 12 osciliator periods, the count rate is 1/12 of the oscil-
lator frequency.

Table 10-1.  Timer 2 Operating Modes

RCLK +TCLK CPRLZ  TR2 MODE
0 0 1 16-bit Auto-reload
0 1 ' ‘1__. . 16-bit Capture- o
;: T 7 1 Baud Rate Generator o
X ’ x 0 (oti) N

In the Counter function, the register is incremented in response to a 1-t0-0 transition at its corre-
sponding 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 transition, 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 cycie.

In the capture mode, two options are selected by bit EXEN2 in T2CON. If 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 transi-
tion at external input T2EX also causes the current 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 10-1.

Auto-retoad (Up or Down Counter)

AT89S52 ———

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 10-2). Upon reset, the DCEN bit is set to 0 so that timer 2 will defauit to

count up. When DCEN is set, Timer 2 can count up or down, depending on the vaiue of the
T2EX pin.

I
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0-1. Timer in Capture Mode

05C Moo —y
i G2 =0
\'\9———_0?/0_;“‘__.—’{;1142 L T2 I——LTFZ }_ .
: T
. | GONTROL | OVERFLOW
i TR2

L CT2 = ~ —

o2 = 1 "\] /-

. f V] o
TZDP,T CAPTURE | Dl

. [HCAPQH RCAP2L

TRANSITION
TIMER 2
DETECTOR l INTERRUPT

T2EX PIN D_b _\L ()/O ¥ EXF2 b e e

| CONTROL .
EXEN2

2.  T2MOD — Timer 2 Mode Control Register

400 Address = OCaH Reset Value = XXX XX00B
Bit Addressable
- - - - - - T20E DCEN
7 6 5 4 3 2 1 0
Function

Not implemented, reserved for future

Timer 2 Output Enable bit

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

Figure 10-2 shows Timer 2 automatically counting up when DCEN = 0. In this mode, two options
are selected by bit EXEN2 in T2CON. If EXENZ2 = 0, Timer 2 counts up to OFFFFH and then sets
the TF2 bit upon overflow. The overflow also causes the timer registers to be relcaded 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 16-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 10-2. 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 OFFFFH and set the TF2 bit. This overflow also causes the 16-bit
value in RCAP2H and RCAP2L to be reloaded into the timer registers, 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 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.

" e ‘lmEl% 13,
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10-2. Timer 2 Auto Reload Mode (DCEN = 0)

0SC 12 .
CT2 =0
e TH2Z | T2 i_ .
| E— H
CONTROL OVERFLOW
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T Cf?? = r— ¥
i} RELOAD |
T2 PIN : TIMER 2
EtCAP?_H RCAP2L INTERRUPT
r L
Lo—- -+ » TF2
TRANSITION
DETECTOR
EX PN T o/o— - - ¥ EXF2
| conTROL
EXEN2
0-3. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH OFFH 3{: |, ExF2
L..- -
0SC |-+ 12 - A OVERFLOW
Cm2 =0 >
—o//o-u——-| e ot e TF2
lconTROL J/\ — l
TR2 .
CT2 = 1 Ll TIMER 2
INTERRUPT
T2 PIN
P2 AP2L 1
RCAP2H | RCAP2 COUNT
{UP COUNTING RELOAD VALUE) DIRECTION
1=UP
0=DOWN
T2EX PIN
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aud Rate Generator
Timer 2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON (Table
5-2). 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 Figure 11-1.

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 fol-
lowing equation.

Modes 1 and 3 Baud Rates = Timer 2 O\;erlow Rate

The Timer can be configured for either timer or counter operation. In most applications, it is con-
figured 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 increments every state time (at
1/2 the oscillator frequency). The baud rate formula is given below.

Modes 1 and 3 _ Oscillator Frequency
Baud Rate 32 x [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 11-1. This figure is valid only if RCLK or
TCLK = 1in T2CON. Note that a rollover in TH2 does not set TE2 and will not generate an inter-
rupt. Note too, that if EXEN2 is set, a 1-t0-0 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 made, 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 turned off (clear TR2) before accessing the Timer
2 or RCAP2 registers.

L R A‘Iﬁl-Et 15,
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1-1. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

£2
! uou l1ll
——  NOTE: OSC. FREO. 1S DIVIDED BY 2, NOT 12 . - “
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. oo -+ The T2 | B e
i b ! RCLK -

—

H ' ! !
| conTROL : ; b 24g | CHOSK
_ TR2 /\kQ' = e ‘ :
. . ?
nqu ugr
T2 PIN ! -
[j A Py e e TOLK x

CLOCK

TRANSITION e 24 259
DETECTOR
- , o TIMER 2
EX PIN[_ |—» _\\_ — ---_—oi/o + . ---{Expg } - * INTERRUPT
| CONTROL .
EXENZ

ogrammable Clock Out

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 12-1. This
pin, besides being a regular I/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 (for 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 osciilator frequency and the reload value of Timer 2
capture registers (RCAP2H, RCAP2L), as shown in the following equation.

Clock-Out Frequency = Oscitlator Frequency .

4 x [65536-(RCAP2H,RCAP2L)]

In the clock-out mode, Timer 2 roli-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 gen-
erator and a clock generator simultaneously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one another since they both use
RCAP2H and RCAP2L.

AT89S52 R ———
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2-1, Timer 2 in Clock-Out Mode
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TR2

CT2 BIT

Pi1.0
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terrupts
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EXEN2

The AT89S52 has a total of six interrupt vectors: two external interrupts (INTO and INT1), three
timer interrupts (Timers 0, 1, and 2), and the serial port interrupt. These interrupts are all shown
in Figure 13-1,

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a

bit in Special Function Register IE. [E also contains a globa! disable bit, EA, which disables al
interrupts at once. ’

Note that Table 13-1 shows that bit position IE.6 is unimplemented. User software should not
write a 1 to this bit position, since it may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and EXF2 in register T2CON. Nei-
ther 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 52P2 and is poiled in the same cycle in which the timer overflows.



-1.  Interrupt Enable (IE) Register

AIMEL

=0

)

(LSB)

e E B

e
ES ET1 LEX1 ET0 EX0

e Bit = 1 enables the interrupt.

ile Bit = 0 disables the interrupt.

tware should never write 1s to reserved bits, because they may be used in future AT89 products.

Position Function
IE7 Disables all inter_ruPts: I_f EA=0, no interrupt is acknowledged. IfEA = 1,. each .
interrupt source is individually enabled or disabled by setting or clearing its enabie bit.

lE6 Heseﬁed. - o
IE.5 Timer 2 interrupt enable bit. 1
IE.4 Serial Port interrupt enable bit. ]
IE.3 Timer 1 interrupt ené_tJIe bit. - - B ]
IE.2 External Entel-'rﬁ;t:a;;ble —bit.— o N
E.1 Timer 0 interrupt ;nable bi-t._ N
IE.O External interrupt -6_enz;ble —bit. ]

3-1. Interrupt Sources

TFQ

INT1

TF1

T
Rl

TF2
EXF2

AT89S52
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scillator Characteristics

le Mode

XTAL1 and XTALZ2 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 16-1. 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 16-2. There are no
requirements on the duty cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

In idle mode, the CPU puts itself to sleep while ail the on-chip peripherals remain active, The
mode is invoked by software. The content of the on-chip RAM and all the special functions regis-
ters 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 pro-
gram 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 terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to externat memory.

>wer-down Mode

10-3/05
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In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values until the Power-down mode is terminated. Exit from Power-down mode can be initiated
either by a hardware reset or by an enabled external interrupt. Reset redefines the SFRs but
does not change the on-chip RAM. The reset should not be activated before Vcc is restored to

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

Figure 16-1. Oscillator Connections

c2
" e | xm
i { ]
et T
* - e—— xTAu

--— GND

Note: 1. Ci,C2 30 pF £ 10 pF for Crystals

40 pF £ 10 pF for Ceramic Resonators

o
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Figure 16-2. Extemal Clock Drive Configuration

NG - -4 XTAL2
EXTERNAL
OSCILLATOR - — XTAL1
SIGNAL
GND
==

Table 16-1.  Status of External Pins During Idle and Power-down Modes

Program .
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle Internal 1 ; 1 Data Data Data Data
Idle Exlernal. 1 o 1 " Float ) Data l(ddress EJ-al_a- i
POWGF-dO‘A;; S I;t;afa e E) ' 0 Data Data Data Data" |
Power-down External 0 -i” 0 Fldat Daté Daia Data |-

'ogram Memory Lock Bits

The AT89S52 has three lock bits that can be left unprogrammed (U} or can be programmed (P)
to obtain the additional features listed in Table 17-1.

T

Tabte 17-1.  Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 , Protection Type

1 u U u i No program lock features

MOVC instructions executed from external program memory

o p U U are disabted from fetching code bytes from internal memory, EA
t is sampled and latched on resel, and further programming of

| the Flash memory is disabled

3 P P u Same as mode 2, but verify is also disabled

4 P P P Same as mode 3, but external execution is aiso disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during reset.
If the device is powered up without a resel, the latch initializes to a random vaiue 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 properly,

AT89S52 _-—
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rogramming the Flash — Parallel Mode
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The AT89552 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compatible
with conventional third-party Flash or EPROM programmers.

The ATB9552 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S52, the address, data, and control
signals should be set up according to the “Flash Programming Modes” (Table 22-1) and Figure
22-1 and Figure 22-2. To program the AT89S52, take the following steps:

Input the desired memory location on the address lines.

Input the appropriate data byte on the data fines.

Activate the correct combination of control signals.

Raise EA/Vpp to 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ys. 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 AT89S52 features Daia Polling to indicate the end of a byte write cycle. Dur-
ing a write cycle, an attempted read of the last byte written will result in the complement of the
written data on P0.7. 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.

I S

Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY output
signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 is
pulled high again when programming is done to indicate READY.

Program Verify: 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 status of the individ-
ual lock bits can be verified directly by reading them back,

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled to
a logic low. The values returned are as follows.

{(000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89S52
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return O0H at the data output.

[
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rogramming the Flash — Serial Mode

The Code memory array can be programmed using the serial ISP interface while BRST is pulled
to Vee. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RST is
set high, the Programming Enable instruction needs to be executed first before other operations
can be executed. Before a reprogramming sequence can occur, a Chip Erase operation is
required.

The Chip Erase operation turns the content of every memory location in the Code array into
FFH.

Either an extemal system clock can be supplied at pin XTAL1 or a crystal needs to be connected
across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be less than

1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK frequency is
2 MiHz.

rial Programming Algorithm
To program and verify the AT89S52 in the serial programming mode, the following sequence is
recommended:
1. Power-up sequence:
a. Apply power between VCC and GND pins.
b. SetRST pin to “H".

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz clock to
XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The
write cycle is self-timed and typically takes less than 0.5 ms at 5V.

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

5. Atthe end of a programming session, RST can be set low to commence normal device
operation.

Power-off sequence (if needed):

1. Set XTAL1 to “L" (if a crystal is not used).
2. SetRSTto“L.

3. Turn V¢ power off.

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, during

a write cycle an attempted read of the last byte written will result in the complement of the MSB
of the serial output byte on MISO.

rial Programming Instruction Set
The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 24-1.

AT89S52
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rogramming Interface — Parallel Mode

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

Most major worldwide programming vendors offer support for the Atmel AT89 microcontroller
series. Please contact your local programming vendor for the appropriate software revision.

1. Flash Programming Modes
— ! .
ALE/ EA/ i P0.7-0 p24-0 P1.7:0
Vec | RST | PSEN | PROG Vop P2.6 | P27 | P33 | P36 | P37 Data Address
1
@
de Data 5v H L ~ 12v L H H H H Dy, A12-8 A7-0
— + R —_— e e ]
de Data 5V H L H H L L L H H Dour A12-8 AT-0
)
k Bit 1 5V H L ~ 12v H : H H H H X X X
. 2 T 1
k Bit 2 5v H L ~ 12v H i H H L L X X X
i {3 AI - X T
%k Bit 3 5v H L ~ 12v H L H H L X X
- -+ - —_ - B e ——— e -
’ PO.2
'k Bits )
5v H L H H H { H L H L PO.3, X X
i Po.4
m T B . S I
se 5v H L ~ 12v H | L H L L X X X
- } B . [
el ID 5v H L H H L +_ L L L L 1EH X 0000 OOH
fice 1D 5v H L H H L . L L L L 52H X 0001 O0H
fice 1D sv H L H H L L L L 06H X 0010 0CH
- Each PROG pulse is 200 ns - 500 ns for Chip Erase.
.. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
~ Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
. RDY/BSY signat is output on P3.0 during programming.
. X =don't care.
— ATTEL 23
———— ———7)

0-3/05
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Figure 22-1. Programming the Flash Memory (Paraltel Mode)

Voo
AT89552 T
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Figure 22-2. Verifying the Flash Memory (Paralle! Mode)
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ash Programming and Verification Characteristics (Parallel Mode)
C t0 30°C, Ve = 4.5t0 5.5V

Parameter Min Max Units
Programming Supply Voltage 11.5 125 v
Programming Supply Current o 10 mA

Vee Supply Current S B T 77 __36 T ;‘—m‘A— T
Oscillator Frequency ) :_ 3 R u33_ ————————— rﬁ-l z N
Address Setup to PROG Low " . ) | a8 t;,_c,_ 7 N
Address Hold After PROG - T st ] N
Data Setup to PROG Low I 48t o1 ]
Data Hold After PROG o ] s towes -

P2.7 (ENABLE) High to Ve T 48 g0 o -
Vep Setup to PROG Low - BT . us |
Vpp Hold After PROG ) | I _ us )
PROG Width "_.—_"0.2 e —m--—~1~ R _p—s_.__-
Address to Data Vaiid o o I 48 1o oL ’ B
ENABLE Low to Data Valid ' - L_* I T -
Data Float After ENABLE - - -L N 0 ’ _ 48lgo _ __:_ =
PROG Highto BUSYLow B a Jr ______ IR 1.0 us B
Byte Write Cycle Time _ l 50 HS .

3-1.  Flash Programming and Verification Waveforms — Parallet Mode

P10 - P17 PROGRAMMING VERIFICATION
*— tawav
PORT 0 l; DATA N ) . (_DATA QUT p—m—-—
) toval  torox [+
LwaL [* > " lonax
ALE/PROG N /
tshgr [* “—"tGLGH—_’
— A__Vee
el O OSSO v T | S S
P27 " e leLav [ ez
(ENABLE)
tone, —
P3.0
(RDY/BSY) BUSY READY
twe
——— ATTEL 25
»3/05 L ]
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Flash Memory Seriai Downloading

ATggss2

INSTRUCTION
INPUT

DATA OUTPUT * —-
CLOCK IN —»

—» P1.5/MQSI

P1.6/MISC
P1.7/5CK

XTaL2

-1 XTAL1

GND

Vee

RST

— VIH

1sh Programming and Verification Waveforms ~ Serial Mode

Figure 24-1. Serial Programming Waveforms

SERIAL DATA INPUT
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SERIAL DATA OUTPUT
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~1.  Serial Programming Instruction Set

Instruction
Format
ion Byte 1 Byte 2 Byte 3 Byte 4 Operation
1010 1100 0101 o011 X000 XXX XK XXXX
. 0110 1001 Enable Serial Programming
ming Enable
ming (Output on while RST is high
MISQ)
se 1010 1100 100x  xxxx XK XK XHXX XXX Chip Erase Flash memory
array
ogram Memory | 0010 0000 X0 N Tonm oty Gy 8883 8358 | Read data from Program
rde) < << memory in the byte mode
agram Memory | 0100 0000 XXX E Eggg 99y TS 8BRS 8958 | wirite data to Program
wde) memary in the byte mode
ck Bits" 1010 1100 1110 00&d) 00O0C X000 XXXX  XXXX Write Lock bits. See Note (1),
0010 0100 XXX XXX 0000 XXX XXR g xx Read back current status of
ck Bits = = the lock bits {a programmed
lock bit reads back as a “1")
o =Oghag H
Inature Bytes 0010 1000 XXX T Zo<< ox om0 Signature Byte Read Signature Byte
0011 0000 xXxx ™ :égg Byte O Byte 1... Read data from Program
:;gra)m Memory < a< Byte 255 memory in the Page Mode
e (256 bytes)
0101 0000 XXX M TOoowm Byte 0 Byte 1... Write data to Program
)gram Memory = <
de) < <L Byte 255 memory in the Page Mode

(256 bytes)

. B1=0,B2=0-->Mode 1, no lock protection
B1=0,B2=1--> Mode 2, lock bit 1 activated
B1 =1, B2 =0 ---> Mode 3, lock bit 2 activated
B1 =1, B2 = 1 ---> Mode 4, lock bit 3 activated

—3/0s5

J

Each of the lock bit modes needs to be activated sequentially
betore Mode 4 can be executed.

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to
clock in the enable data bytes. No putlsing of Reset signal is necessary. SCK should be no faster
than 1/16 of the system clock at XTAL1.

For Page Read/Write, the data always starts from byte 0 to 255. After the command byte and
upper address byte are latched, each byte thereafter is treated as data until all 256 bytes are
shifted infout. Then the next instruction will be ready to be decoded.
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2rial Programming Characteristics

'5-1.  Serial Programming Timing

most X X 4
tovsH |«rie tsHox tsLsH
s N
SHSL

mso X X

tsiiv

-1.  Serial Programming Characteristics, Ty = -40°C 10 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

Parameter Min Typ Max Units
Oscillator Frequency 3 33 MHz
Oscillator Petiod - 30 o ns
SCK Putse Width High ' e | T I
SCK Pulse Width Low - __8 telcl 1T 7 ) ns R
MOSI Setup to SCK High - tCL;- - ns T
MOSI Hold after SCK High 2tge | ns |«
S = -
SCK Low to MISO Valid 10 ' 16 32 _hs ]
Chip Erase Instruction Cycle Time T - “T o E)_OM o ms |
Serial Byte Write Cycle Time ) I ] Etl_t;_-;LCL + 400 Hs

AT89S52 “
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bsolute Maximum Ratings*

1g Temperature.............o.ooevvvo -55°C to +125°C *NOTICE
Temperature ............co.oeeeeeerovonn -65°C to +150°C

on Any Pin

spect to Ground ..o -1.0V to +7.0V

m Operating Volage ............c..ccoovreroooo . 6.6V

WECUMFENL. ..ot 15.0 mA

> Characteristics
es shown in this table are valid for T,

-40°C to 85°C and V¢ =

. Stresses beyond those listed under “Absalute
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 refiability.

4.0V to 5.5V, unless otherwise noted.

Parameter Condition Min Max Units
Input Low Voltage {Except EA) 0.5 0.2 V0.1 v
Input Low Voltage (EA) B ) -0.5 0.2 vcc-o‘sﬁ \7 ]
Input High Voltage (Ex;;t;mu, ﬁSZT; ) 0.2 vcc+0.977 o Voot0.5 ‘—v_ o
Input High Voltage ! -(XTALL RST) o 0.7 Vg B vcc+o.s;_ oy ]
Output Low Voltage!"* (Parts 1,2,3) oL =16 ;nTt\ T T 045 ‘ v
(1

(?::g‘g'f&?’g%) lou=32mA 0.45 v

IOH; -60 A, vcé - 5V110% Y '_v_:__
(?;;‘5:‘1'1',?; XT:;QPESW) low = -25 WA 0.75 Vge v

lon = -10 pA 0.9 Vee Vo

1;; 800 pA.-Vcc 5V £10% 2.4 v
(Port0in et Bus ooy | o= 2004 . O78Vee v

lon = -80 pA 0.9 Ve v
Logical 0 Input Current (Ports 1,2,3) | V,, = 0.45V7 o . -50 __pﬁ ]
I(_Pt:oogrlic:sal1 '121'(;)0 Transition Current Vi = 2V, Vg = 5V £ 10% .300 LA
Input Leakage Current (Port 0, EA) 0.45 < Vi < Ve _ 10 LA
Reset Pulldown Resistor 50 300 KQ
Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF

Active Mode, 12 MHz . 2 T |
Power Supply Current -

Idte Mode, 12 MHz 6.5 mA
Power-down Moda!" Ve = 5.5V 50 HA

Under steady state (non-transient) conditions, lor Must be externally limited as follows:

Maximum [5,_ per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
f lo_ exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed to sink current greater

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

3-3/05
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C Characteristics

derating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
= 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator | Variable Oscillator
Parameter - Mi|_1- i ] h Max Min 1 Max ] Units
Oscillator Frequency t] 33 MHz
ALE Pulse Width i *127 ] ] _2EC;:4—6 l ns )
Address Valid 10 ALE Low I —43 B teLo-25 i nsﬂm—-
Address Hold After ALE Low - loreL25 ns
ALE Low to Valid Instruction In - h.'— o 233 Mo 65 ns
ALE Low to PSEN Low 83 [ T tercl-25 ns |
PSEN Pulse Width [ 205 --T, B | 8tas s
PSEN Low to Valid Instruction In L i L o Stoici60 ns |
Input Instruction Hold After PSEN |l e 4 o . o ns |
Input Instruction Float After PSEN 59 oo -25 ns
PSEN to Address Valid s | tc,_c._:; Cns
Address to Valid Instruction In T T 3}_2_ 5t o -80 ns _ .
PSEN Low to Address Float T O 10 - 10 _";_
RD Pulse Width T a0 | “"E@;@dﬁ n; .
WR Pulse Width a0 | Btg e -100 | ns
RD Low to Valid Data In T o o St cL-90 ns
Data Hold After RD o | 0 i -nf_
Data Float After RO | e ' 2100128 ns
ALE Low to Valid Data In I | s 7 1 Blog 150 ns |
Address to Valid Data In 585 I _9&:_,_9__-16_35_ | ns
ALE Low to R or WR Low 200 | 300 | oy, 50 Buaut50 | ns
Address to RD or WR Low . o0 | | ‘_4tc|_c,_-75 e ns
Data Valid to WR Transition T 2 |7 T tcwr:’F ” Tns
Data Valid to WR High 433 | Ttg e ~130 ns
Data Hold After WR a3 a toLcL-25 ns
RD Low to Address Float "o 0 ns
BB or WR High to ALE High a8 | iz torce-25 toLcu+25 ns

AT89S52 _—_. .
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<ternal Program Memory Read Cycle

o, —
ALE L SN
R D —— teLpn
tavie J® T g :
—* up [—
PSEN / Nty \
I
— ] tFLAZ ) tI;'Xr'\
tiax ke R PXIZ
texix [—
PORT 0 > Ao-aA7 INSTRIN AC-A7_ ><
e by ————]
PORT 2 X AB-A15 X RB-ATs

ternal Data Memory Read Cycle

b —
ALE N
—* by

FSEN __/ S — N

le— Lz gy —

— by, ——

N %
RD et — N————]
« tRLD’V tF'H"IDZ
fe— Loy —»] t ay ol
Auaz ] tarox
PORT 0 __>KA0 - A7 FROM RI OR DPLK Y KDATA INDDA0 - A7 FROM PCL~CINSTR IN
———— laywe |

N tavov >
PORT 2 a( P2.0 - P27 OR AB - A5 FROM DPH X A8 - A15 FROM PCH

LX4

I AImEl@ 31
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tLHLL—""
ALE L

cternal Data Memory Write Cycle

PSEN /

b ——sfe—ly i —]

N

—1{,  ax j\._..._..__//
|<—1AV|_,_—-- tovwx i —{ lwHax
— oy -
PORT 0 D—Qa - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCLO-CINSTR IN
N Lavwn, >
PORT 2 X P20 - P27 OR A8 - A1s FROM DPH X A8 . A15 FROM PCH
ternal Clock Drive Waveforms
tCHC)(
toron —* *— lonow
0.45V u N
[ logx ——*
toio
ternal Clock Drive

Parameter Min Max Units
Oscillator Frequency 0 33 MHz
Clock Period 30 ns
High Time 12 ns
Low Time 12 ns
Rise Time 5 ns
Fall Time 5 ns

AT89S52 _m_
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’rial Port Timing: Shift Register Mode Test Conditions
es in this table are valid for Voo = 4.0V to 5.5V and Load Capacitance = 80 pF.

| 12 MHz Osc Variable Osciflator
Parameter - Mln o Eax Min Max Units
Serial Port Clock Cycle Time 1.0 121500 us
Output Data Setup to Clock Rising Edge B _700 1 “—mtc_,_c,_-_ﬁs ns B
Cutput Data Hold After Clock Rising Edge i _50 1 25 080 ns
Input Data Hold After Clock Rising Edge R o] l T o] i 7_n_s_ o
Clock Rising Edge to Input Data Valid . -] T?OE“w—“I - 10 QLC,_-133 ns O

lift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 |
CLOCK 111 I 11 —

WRITE TO SBUF .0 11X 2 X3 X 4 X5 X8 X 7 7

— t
OUTPUT DATA tenow | XHDX SET T} T
_CLEARRI |,
¥

INPUT DATA SET HIT

' Testing Input/Output Waveforms(!)

Voo 0.5V

02 Vg + 0.0V

TEST POINTS
0.2 Vi, - 0.1V

045V

AC Inputs during testing are driven at Ve - 0.5V _
for a logic 1 and 0.45V for a logic 0. Timing measurements are made at Viy min. for a logic 1 and V,_ max. for a logic 0.

:at Waveforms(!

- 01V

oL

Timing Reference
Points

0.1
VOL" v

For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage accurs. A port pin begins to
fioat when a 100 mV change from the loaded Vor/Viy level occurs.

O AImEl@ 33
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L~ ]
rdering Information
Standard Package
i Power ’
] Supply Ordering Code Package Operation Range
AT89552-24AC | 44A
AT89S52-24JC 44l Commercial
AT89S52-24PC 40P6 (0°C to 70°C)
AT89552-2
4.0Vto 5.5V 450 o, femse R
AT83S52-24A] 444
AT89552-24.]1 44) Industrial
AT89552-24P) 40P6 (-40°C to 85°C)
AT89552-245| 42PS6
AT89552-33AC 444
4.5V to 5.5V AT89852-33JC 44) Commercial
AT89S52-33PC 40P8 (0°C to 70°C)
AT89552-33SC 42PS6

ireen Package Option (Pb/Halide-free)

Power i
Supply Ordering Code Package Operation Range
AT89552-24AU | 44a )
Y AT89S52-240U 4 Industrial
40Vto 55 9552-24) 4 (-40°C to 85°C)
AT89552-24PU J 40P6

Package Type

44-lead, Thin Plastic Gull Wing Quad Flatpack (TQF P)

44-lead, Plastic J-leaded Chip Carrier (PLCC)

40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

AT89S52 memsse——————sesese e ——
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AT89S52

ickaging Information

14A - TQFP

COMMON DIMENSIONS
(Unit of Measure = mmy}

SYMBOL| MIN NOM MAX | NOTE

A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25

1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions B1 and E1 do not include mold protrusion. Allowable E 9.80 10.060 10.10 | Note 2

protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum

B 0.30 - 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. C 0.09 = 0.20
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
. 2395 Orehard Park TITLE DRAWING NO. [REV.
. San5JOS': oA 5131 | 444, da-tead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, 44A 8
? ! 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

L e AImEI'@ 35
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44J - PLCC

1.14{0.045) X 45" PIN NO. 1 1.14{0,045) X 45"

' 0-318(0.0125)
EIDENTIFIEFI ‘ ) L—( ,-- 0.191(0.0075}
E

'
i

2 | | e

19 |
= E1 D2/E2

BJ_"" ‘
i} E |
i !
0 i
Bj— 3 '
LIS iy e v g f o o 0 e A
—— D1 — g T—‘ A2
——————— D A Al

0.51(0.020)MAX

45" MAX (3X)
COMMON DIMENSIONS .
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX NOTE
A 4191 - 4.572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
es: 1. This package conforms to JEDEG reference M5-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusicon, Et 16.510 - 16.662 | Note 2
Allowable protrusion is -010"{0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
and E1 fnclude mold mismatch and are measured at the extreme 8 0660 0.813
material condition at the upper or lower parting line. . — .
3. Lead coplanarity is 0.004" (0.102 mm) maximum, B1 0.330 - 0.533
e 1.270 TYP
10/04/01
2395 Orchard Parku TITLE DRAWING NO. [REV.
renardtanway | 444, 44-1ead, Plastic J-leaded Chi Carrier (PLCC
, San Jose, CA 95131 »raiead, a P ( ) 444 B

AT89S52 -ﬁm—_-__
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40P6 — PDIP

— D

PIN
\J‘ir‘ll_ll_lmr'h\ﬂﬂ

: ( E1
Ubh“oouooorm "'-"}_
A

P,

Al

e
iy
COMMON DIMENSIONS
\___*j © _ 150 Unit of Measure = mm
c \/ \[ 0°-~15° REF ( }
SYMBOL MIN NOM MAX NOTE
'—.— eB ———| A - - 4,826
A1l 0.381 - -
52.070 - 52.578 | Note 2
E 15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
1. This package conforms to JEDEC reference MS-011, Variation AC. B1 1.041 — 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.0107). c 0.203 _ 0.381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
TITLE DRAWING NO. {REV,
2325 Orehard Parkway | 40pg, 40.1ead (0.600"15.24 mm Wide) Plastic Dual 40PS B
» San Jose, CA 95131 | jniing’Package (PDIP)
r &
L ‘ImEl 37
3105 I ——



42PS6 - PDIP

o PIN
OO0\ Oarm; ! _
1
R i —"—L
1

.
L Jr__] L —JL A Al

"

i S| COMMON DIMENSIONS
c ! \__J’ \_Eo/_, 15° REF {Unit of Measure = mm) -
SYMBOL| MIN NOM MAX | NOTE
; eB ]l A - - 483
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.88
E1 13.46 - 13.97 | Note 2
B 0.38 - 0.56
i 1. This package conforms to JEDEC reference MS-01 1, Variation AC, B1 0.76 _ 1.27
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.05 - 343
Mold Fiash or Protrusion shall nat exceed 0.25 mm (0.010%). c 0.20 _ 0.30
eB - - 18.55
e 1.78 TYP

11/6/03
2395 Orchard Park TITLE DRAWING NO. [REYV.
' 3 Orchard Parkway n ’ .
: 42PS6, 42-lead (0.600"/15.24 mm Wide) Plastic Dual
y San Jose, CA 95131 Inline Package (PDIP) 42PS6 A

AT89S52 “
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giameldau RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0

ET-RF24G V1.0
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Power Supply
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rauuzvtlunsivuaAT Configuration
z o v
msfivuaAl Configuration WiLiees ET-RF24G V10 1 swnsodenfmusldniuain

faansuazqalszasfueansldam Tnaudactnuntesnisantuasiidn Configuration fmunzansinaiy

NrBuuniBan s AR Configuration Fawuaniasialyli

A lumsiudediayadnu RS232 s User RS232 Baudrate MA21M39 19200 Bps 1y
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1NTAR uas filenafianamianfian Ao 250Kbps

F1 RF Power Gain fiAngaAe 0dBm -mﬂummmmqmm -nw:m'lvlmmmdwam‘lmvw
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milinuiAtas ET-RF24G V1.0 wuy Auto Direction 1ju thilnsgdedayaduauanng aasda
uledeyananiiugan Ineliflnnndeyaqeazliiiu 64 Byte Tmu'lums‘dwmﬂﬂumﬂ sl
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gan9l93u RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0

nadansakyyin RS232

Jd-193ndwo) y10g won Dd-taandwo?) y0g won)

LIH piepuel§ 1i0d 76789

o)1 Pin2 = RXD Pin6 = DSR
o 6 Pin3 = TXD Pin7 = RTS
o 2 RXD Pind ~ DTR Fin8 = CTS
7 Pin3 = GND 54
o 3 TXD RXD . 5
8 XD,
o) 4 GND I
ol 9
o 5 GND
\_-/
RS232-DBY
1
e
o 2 TXD
o—yj} 3
o 3 RXD
o—yi-_16
o 7]
17
O
18
o— 4 L
ol 5 RXD ™ 3
Oo——119 TXD o
o 7 GND GND . 2
20 21
o
ol—8
21
O—t—=
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o4 10 Pid = RTS
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[ SR
o1l Fin6 = DSR
o 24 Pin7= GND
ol 12 Mn20 = DTR
o._._.25
o7
RS232-DB25
- +5V +VCC
40 C
r 3 o—RXD RXD g
2 0—IXD __X_ XD
| 0 GND GND . 2

(Oyad-14d) 778y
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ARaMIlEU RS232 to RF-Wireless (RF2.4GHz) CONVERTER ‘i“u ET-RF24G V1.0
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miuaslieuiunies ET-RF24G v1.0 Tulvun Auto Direction T9ifEn s e ussialus
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Aiamsldnu RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0
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Tudumnauil q:'l-na'ms"unwumqmﬂuummwﬂmwnm R$232 TaaWidan Bit per second = 9600
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ARan7l997u RS232 to RF-Wireless (RF2.4GHz) CONVERTER gu ET-RF24G V1.0

5’0ﬂ14ﬁ1 nhsiugdediays 2 HANNa (Half Duplex) wuu q#89A (Point-to-Point)

S -
W\ [ 1
= %“ RS232 ! rRs232 [© =

- o«
ABNNURRS PC  ermrasc) ET-RF2G(2)  AANNUAE] PC

. -~ -~ [] L ar 1 1] rJ g Ld
amdudnthianiiunsiuddfayassudngUnsnisinsfaanseynsumun RS232 duau 2 1
1 b3 = v e e e 1 - ¥ - v b |
rediaalizUuiunisfasnsuuy Half Duplex 1ia wdmiudy nénfugs nd1aia AFuadiavinmesaiute
y y . , . o
SNAIUEIRUATLIIMNA udrReazdedaysnaundulyly 14@:'114mm?ndqi’mﬂﬂmumqnau'lﬂ'lumm:ﬂ

L4 v v
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h 3 ar

} 4 o [ . - J ar L1
sayaneundululy Tnel¥ituuarn Configuration 18esairTas ET-RF24G V1.0 sl

AN Configuration

ET-RF24G V1.0 a1

ET-RF24G V1.0 giafie

ser R§232 Baudrate

9600 Bps

9600 Bps

F Data Rate

250 Kbps

250 Kbps

F Operation Mode

Auto Direction

Auto Direction

F Power Gain

+0dBrm +0dBm
XD ID Code 01 02
KD ID Code G2 01
= Frequency Channel 0 0

1danglumstiavun Configuration

. . “ o
- AT RF Frequency Channel siaeriawualWmsariumia 2 5

>
- A1 RF Data Rate siavfinuunlimseiuia 2 s

- A1 RXD ID Code 18987511 FAENA2AU TXD ID Code 18987352

: . d . .
- A1 TXD ID Code 989471 f84msaiL RXD ID Code 1848092

] - 0 L . L o
RUTLNIINARBLNIINNIUAW Hyper Terminal uulnwmﬁmnmﬁﬂm Tuwtueh Run Tusunsu

A 1 ] L - < J
per Terminal @t Tmm:d’qmvjmumanmmnuﬂuwuwﬂfaq:]']a-nLﬂuﬂwm'ﬁm‘gﬂ argndeeaniduanine

. - J o
WRaldsunsy Hyper Terminal 1avandentie \iud
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ARamelEau RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0

faagnaN2 n1sfusediayn 2 HAmn3 (Half Duplex) wuw Man8q99 (RF Network)

-
RS232 [ ="
Tm—«» =

- o«
ET-RF24G(2) ARUNIIAET PC
Slave-1

- S s
| N e ]
|"' =17 Rs232 ] Rs232 [ =

« - «
AsNNRed PC ET-RF24G(1) ET-RF24G(3)  RAUNIADS PC
Master Slaye-2

i RS232 [ %”‘ ]

ET-RF24G(a)  RRNRNNABS PC
Slave-3

L
o [ 1 - [) .1 o
mummoaﬂwﬁﬁztﬂum?mdﬁﬂzgas‘:;u'mqﬂn?rﬁnﬁnﬂigammun?mmu R$232 auou wane

i Taswdnnnsdearsuuufac i Master dusarununisleansiu Stave wiazsaluszuy Tog
! L 1 ot J Lr
8 Master axmnsdadayaaantuaziinisdsfa (D Code 194 Siave opansdaansion raltugede
: 4 - -~ -l - L 4 L]
Wurdae e Slave ynqdasciudionnaan Master Wimilouiu uslazll Stave Waadauieafineusuassie

:’r 1 o J " . L 4 -~ ﬂ‘t’
jariu Toe e Configuration 189aAles ET-RF24G V1.0 duAai

A" Configuration ET-RF24G V1.0 | ET-RF24G V1.0 ET-RF24G v1.0 | ET-RF24G V1.0
ﬁ?ﬁ1(Master) 5‘1'1;1‘2 (Slave1) ﬁ'f".lﬁ3 (Slave?2) 5]"3'714 (Slave3)

er RS232 Baudrate 9600 Bps 9600 Bps 9600 Bps 9600 Bps

* Data Rate 250 Kbps 250 Kbps 250 Kbps 250 Kbps

* Operation Mode Auto Direction Auto Direction Auto Direction Auto Direction

“ Power Gain +0dBm +0dBm +0dBm +0dBm

D ID Code 01 02 02 02

D ID Caode 02 01 01 01
Frequency Channel 0 0 0 0

' \\‘-
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ANan9ldau RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0

radanqlunastiamus Configuration
>
- F RF Frequency Channel fiadiwualinseiuiavuanniia

- F RF Data Rate Aigainwualiasefuiamurynsin
| 3 -~ ~r 4
- A1 RXDID Code ﬂaoﬁoﬂ 1(Master) ABIATINY TXD ID Code 19962 N2-4(Slave1-3)

s - - c;
- 7 TXD ID Code 1891 (Master) H29nmifl RXD ID Code 2a9#afiz-4(Slaved-3)

dwfunsfearsuunl astasinizdawn Protocol -uuu'l'l'ﬁ'tun'ls‘mdwauﬂnumﬂ Fiapthady
el dsve ATaamang Lﬂummmﬂwﬂwmmﬂﬂ AuALIIEMNNEIAY ID Code 184 Slave Uant
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vllavia ID Code 1l ‘02" wax ‘0,3 Awgadu %qﬁﬂmmqﬂﬂuuﬁawud'\i’wam Byte i 2 uax 3 asafiy
138 ID Code w2amutay Al¥naundusig s%a ID Code pudandarniy 'Ok

Faanieting Protocol dr9suazléidn e Master faannzgedayalids Siave-1 q~mmum?s~u
NERT 1D Code 189 Slave-1 mu'lﬂ'lu-nmjauﬂﬁoﬂ Ineazdedioyemily +,0''1" Enter aanlyl Sedanony
nsafidesentilann Master u fa Siave nndRzannsaiufayaldmdeuiuionun 31 Stave NneAz
i msdiarsideyaiisulE Faluds siave- azsenaunduiandays =0, '1 Q' 'K Enter iThusi

-Nmnm*au*nn'lmna'maﬁmuu'm hufisiaetnuuamatugiu iy Falunnivwade
m.,mmun'u‘mmuﬂmua:mumummuummqqm'h_l'lu'qmﬂuﬂfan iy sasnda MiansAgeuAINgN
w1eediaya (Checksum) sy 4 Tferimusseqdnd fdannz fedu sanu lunuuediays

md’whq']wm'l'm'm‘lmme:ummrm‘

dmiunimagaunsinaudoshisunsy Hyper Terminal 1y susuusnlinasaunauthuiaiaan
el Master pefan *01 uaz Enter A -nqq:mu-mmmmnmo'lﬂtmmﬂf‘jwﬁ’wafﬂmn?umﬂu
¥ Slave N Aamilauiunun andulinasasitten *010K U8z Enter 410 Slave-1 Jefaziiuda
muu‘lﬂﬂi"mgwu'\%wmnswmm Master ## Falunimmaseunisiaautiua suiulddn dlefinng
foyalaman Master dayatuss nnm‘lﬂuﬂmuﬂuwmqa'ﬂm Slave yndamilauiumne uaziladinng

fayalaann Siave idngialn -n'auﬂuu']nqvnnda'lﬂuamuﬂﬂwmqsmm Master (fuinnaiy um'ffauﬂn

A9n Stave azlilgndeluanenaiviitaasas Siave Fauat
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Alian1914974 RS232 to RF-Wireless (RF2.4GHz) CONVERTER U ET-RF24G V1.0

s L] A - » 3 - -]
1IDEN 3 nsfudatiasauuy Full Duplex Aelilsunsudngagl
™ //”
\\ s
—— ' N =
" | Ree3 ’ Rs232 [T =
- Lttt -

- - o
AaNfLARd PC T>-01 RX-01 ABNRNADS PC

il

. 1 -1 4 L] ar - -
wiediisaiunnlszgnflionuetes ET-RF246 V1.0 amiuninisiugdadeyatuwuy Ful

uplex Tatiuatuuanisldarudlu RF Receive Only uax RF Transmit Only theiaz 1 g

A1 Configuration ET-RF24G V1.0 fhgAaunig ET-RF24G V1.0 fhadarenig K
A1 (RF RX1) | a2 (RF TX1) | #ata (RF RX2) | S (RF TX2)
ser R$232 Baudrate 19200 Bps 19200 Bps 19200 Bps 19200 Bps '
F Data Rate 250 Kbps 250 Kbps 250 Kbps 250 Kbps
F Operation Mode RF RX Only RF TX Only RF RX Only RF TX Only
= Power Gain +0dBm +0dBm +0dBm +0dBm
XD ID Code 01 - 02 -
(D ID Code - 02 - 01
= Frequency Channel 0 124 124 0

ydainglunisimiug Configuration
- A" RF Data Rate ﬁﬂaﬁwuﬂlﬁ’ﬂmﬁuﬁhumunﬁa
- AN RF Frequency Channel 983 53U drufunia Aesnmua sty fde drutlanemag
- A1 RF Frequency Channel 184 g4 S1u8umnq AN muA ARy fa5u durlatanig
- A RXD ID Code 183 ¥ fufuna deamseiis XD 1D Code 184 flagd Autanemia

- A1 TXD ID Code 184 faga dusunna daemsaiy RXD ID Code 84 fiafu Aqutlanemng
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Afian1318a7u RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0

o - - [] : L] o J » d
dmfunimageumsliou audedeil amnsadunlillsunsuddagufisanisFecnisiaans
d o _ . 3 e wye t X
1YNTNTDI Windows WiiAe Hyper Terminal 18iuit Taelunislfauiuansanssinlgddunausalys
Funlflusunsu Hyper Terminal 984 Windows laadunsnn Start —> Programs —»Accessories —

J s L 4
Communications —> Hyper Terminal 'qullmuﬂmgﬂ

21X

Connection Desénptiom ]
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0k | Concel |

Widandwuansdassioiy Direct to Com1 -nqn'um‘ﬂmﬂuwmmmw'lmﬂu Comport #itlaild Comn
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ANanT g RS232 to RF-Wireless (RF2.4GHz) CONVERTER ‘a"l.l ET-RF24G V1.0

 COM1 Propeitics S R ] Y
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5 !E
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-
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gRen1T1E9u RS232 to RF-Wireless (RF2.4GHz) CONVERTER $u ET-RF24G V1.0

3 1u-nv"unﬂuﬁmmmﬁﬁnw?ndﬁaqmzwi'nﬁ'q 2 deldiuda '%qmuﬂ?nwﬂﬂau‘lé'imﬂm?nmﬁtﬂm']mn
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| 4
WHBIN? ntulKRaniauun Protocol veneFuddiayailu Zmodem with Crash Recovery uda@an
R d o .
Anundiu Send evnnsFusiugdiayaiag

<t Send File

Folder. C:\My Documents\My Pictues
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Protocol;
IZmodem vith Crash Recovery 3

send ' Close ! Cancef!
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T ax
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ANan191947u RS232 to RF-Wireless (RF2.4GHz) CONVERTER §u ET-RF24G V1.0
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