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Abstract

Nowadays the substitutions of machines to human werk are increasing rapidly. The
Robot Arm is the most popular device. Thus this thesis presents a construction of robot arm
driven by Servo motor. This will control the movement of robot arm to the required position. Au
MCS-51 controller will control the rotating of the robot arm . C language is used to control Servo

motor
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#include<reg51.h>
sbit output1=P1;
sbit output2=P37;
int a=0;

void main(void){
TMOD=0x22;
SCON=0x50;
EA=1I;

ETO0=1;

TF1=0;
THO0=26;
TLO=26,
TH1=0xFD;
TL1=0xFD;
TRI1=1,
while(1){
output2=1;
ifla==400){
output2=0;
TRO=0;
a=0;
}



void rs232(void) interrupt 41
RI=0;

P1=SBUF,

TRO=1;

}

void time0(void) interrupt 1{



1
P=3

Tsunswlulnsnouinsaaossian 2

#include<reg51 h>
shit input=P1;
sbit output1=P3"4;
sbit output2=P3.5;
sbit output3=P3"1;
sbit output4=P30;
sbit output3=P3~7,
unsigned int num=0;t1=29;12=32:t3=47:t4=32;t5=39;count=0;z;
char a;
bit b=0,c=0,d=0,e=0,f=0,g=0,h=0,1=0,j=0,k=0,1=0,m=0,n=0;
void init_port(void){
outputl=1;
output2=1;
output3=1;
outputd=1;
output5=1;
}
void delay(unsigned int num){
while(num<250){
num-++;
}
iflnum==250)num=0;
}



void main{void}}

TMOD=0x22;

EA=1;

ET0=1;

EX0~=1;

TF0=0;

THO0=196;

TLO=196;

IT0=1;

init_port();

TRO=1,;

while(1){

if(b==0){
if(t1>47) t1=47,;
if(t2>49) t2=49;
if(t3>47) t3=47,
if(t4>47) t4=47;
if(t5>47) t5=47;
if{tl<12) ti=12;
1f{12<27) 12=27,
ifl13<27) t3=27,
if(14<12) t4=12;
if{t5<12) t5=12;
}
if(b==1){
if{lc==1){
it <4l ++;
delay(100);

if(t1==47){c=0;d=1;}
}



ifid==1){
if(t3>40)t3--;
delay(100);
if(t3==40){d=0;e=1;}
1

ifle==1){
if(t2<49)t2++;
delay(100);
if(t2==49){e=0;=1;}

}

if(f==1){
if{t5>z)t5--;
delay(100);
iftts==2){{=0;g=1;}
}

iflg=1)4

if(t2>32)t2--;
delay(100);
if{t12==32){g=0;h=1;}
}

if(h==1){
Ift3<47)t3++;
delay(100);
if(t3==47){h=0;i=1,}
}

ifli==1){
if(t1>12)t1-—;
delay(100);
if(t1==12){i=0;j=1;}
}



if(j==1)4
if{t3>40)3—;
delay(100);
ifi13==40){j=0;k=1;}
;

if(k==1){
if(t2<49)2++,
delay(100);
if(12==49){k=0;1=1;}
b

ifll==1){
H(tS<3NS5++;
delay(100);
H15==39){1=0;m=1;}
}

iftm=—=1){
if{t2>32)t2--;
delay(100);
if(t2==32)}{m=0;n=1;}
}

ifln==1)4
if(t3<4N3++;
delay(100);
if(t3==47){n=0;c=1;}
}



void service(void) interrupt 11
TF0=0;

count++;
iflcount>=t1)output1=0;
if(count>=t2)output2=0,
if{count>=t3)output3=0;
if{count>=t4)outputd=0;
if{count>=t5)output5=0;

iflcount>=433){

count=0,
init_port(};
1
}
void service_ EX0(void) interrupt 04
TEC=0;
a=Pi;

switch (a){ case 0x36 : {tl++;b=0;} break;
case 0x34 : {t1--;b=0;} break;
case 0x38 : {t2++:b=0;} break;
case 0x35 : {t2--;b=0;} break;
case 0x77 : {t3++:b=0;} break;
case 0x73 : {t3—;b=0;} break;
case 0x64 : {t4++:b=0:} break;
case 0x61 : {td4--:b=0;} break;
case 0x65 : {t5++;b=0;} break;
case 0x71 : {t5--;b=0;} break;
case 0x43 : {num=0;b=1;c=1;2=20;} break;

case 0x4B : {num=0;b=1;c=1;z=25;} break;



MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047) - FEBRUARY 1989 — REVISED OCTOBER 2002

® Meet or Exceed TIA/EIA-232-F and ITU MCIX232 ...D, gvl\:l;v':’ gR :ﬁ:éCKAGE
. AX232I ... D, DW, OR KAGE

Recommendation V.28 (TOP VIEW)

® Operate With Single 5-V Power Supply »,

® Operate Up to 120 kbit/s Ci+[f1 = 18] Vec

® Two Drivers and Two Receivers Vs: ] 2 15{] GND

° + t Level ci-[13 14]] TI0UT
+30-V Input Levels c2+ [] 4 13“ R1IN

® [ow Supply Current... 8 mA Typical Co— [ 5 12 :I R10OUT

® Designed to be Interchangeable With vg_[]6 1] TN
Maxim MAX232 T20UT ] 7 10[] T2IN

@ ESD Protection Exceeds JESD 22 R2IN [} 8 ol] R20UT

— 2000-V Human-Body Model (A114-A)

® Applications
TIA/EIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LInASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
SOIC (D) MAX232
Tape and reel MAX232DR
0°C to 70°C
Tube MAX232DW
SOIC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX2321D
SOIC (D) MAX2321
—40°C to 85°C Tape and reel MAX232IDR
Tube MAX2321DW
SOIC (DW) MAX232|
Tape and reel MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

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

LinASIC is a trademark of Texas Instruments.
O

PRODUCTION DATA information is curremt as of publication date. Copyright © 2002, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas hslnllm'andt:
Barethiroal + rily Inch
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Q?‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

1esting of all pm?n;tnrs.



MAX232, MAX232|
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 - REVISED OCTOBER 2002
e

Function Tables

EACH DRIVER
INPUT | ouTPUT
TIN TOUT
L H
H L

H = high level, L = low
level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low
level

logic diagram (positive logic)

" 14
T1IN TIOUT
10 7
T2IN T20UT
12 13
R1OUT Ay R1IN

9 8
R20UT R2IN

‘Q’ TeEXAS
INSTRUMENTS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047t - FEBRUARY 1989 — REVISED OCTOBER 2002
"]

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Vo (see Note 1) ... ... -03Vto6V
Positive output supply voltage range, Vas ... .. o Vee-03Vio 15V
Negative output supply voltage range, Vg ... ... i —-03Vto-15V
Input voltage range, Vi Driver ... ... e e —-03VtoVpe+03V
RECBIVEr . . e e 30V

Output voltage range, Vo: T1OUT, T20UT ... ... .. ... oot Vg_—-03VtoVg,+03V
R1IOUT, R20UT ... i e -03VtoVec +03V

Short-circuit duration: T10OUT, T20UT ... .. e i, Unlimited
Package thermal impedance, 95 (see Note 2): Dpackage ...... ... ... ... ... ... 73°C/wW
DWepackage ................ .o, 57°C/wW

Npackage .......... ... ... ... ... ..., 67°C/W

NSpackage ..............cccoiiiii i, 64°C/W

Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds ............................... 260°C
Storage temperaturerange, Tstg .. ... ..o —-65°C to 1560°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX| UNIT
Vee Supply voltage 4.5 5 55 \Y
ViH High-level input voltage (T1IN,T2IN) 2 v
VIL l.ow-level input voltage (T1IN, T2IN) 0.8 \
R1IN, R2IN Receiver input voltage +30 \'
Ta Operating free-air temperature Mg P 70 °C
MAX232} —40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPt MAX{ UNIT
Vce =565V, Al outputs open,
lcc  Supply current Ta = 25°C 8 10 mA

¥ Al typical values are at Vee =5 Vand T = 25°C.
NOTE 3: Test conditions are C1-C4 =1 pFatVgoo =5V +0.5V.

{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



MAX232, MAX232
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002
—

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Von  High-level output voitage T1OUT, T20UT [ RL=3kQto GND 5 7 \Y
VoL  Low-evel output voltaget T10OUT, T20UT R = 3k2to GND -7 -5 Y
o Output resistance T1OUT, T20UT | Vg+=Vg_=0, Vo=12V 300 Q
Ios§  Short-circuit output current T1OUT, T20UT | Vee =558V, Vp=0 +10 mA
s Short-circuit input current TN, T2IN Vi=0 200 RA

T All typical values are at Vo = 5V, Ta = 25°C.
¥ The algebraic convention, in which the least positive (most negative) vaiue is designated minimum, is used in this data sheet for logic voltage

levels only.
§ Not more than one output should be shorted at a time.
NOTE 3: Test conditions are C1-C4 = 1pF atVoo =5V 05V

switching characteristics, Vgc =5V, Ta = 25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. RL =3 kQto 7 kQ,
SR Driver stew rate See Figure 2 30) Vips
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
NOTE 3: Test conditions are C1-C4=1uF atVoc=5V+0.5V.
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT mMAX| uNIT
VoH High-level output voltage R10UT, R20UT {lpH=-1mA 3.5 v
VoL  Low-level output voltaget R1OUT, R20UT |lpL=3.2mA 0.4 A
Receiver positive-going input = 4.9
VIT+ threshold voltage R1IN, R2IN Voo =5V, Ta =25°C 1.7 24 A
Receiver negative-going input 3 .
VT~ threshold voltage R1IN, R2IN Veo=5V, Tp =25°C 0.8 1.2 \Y
Vhys Input hysteresis voltage R1IN, R2IN Veeg=95V 0.2 0.5 1 v
i Receiver input resistance R1IN, R2IN Voo =5, Ta =25°C 3 5 7 kQ

T Al typical values are at Vo =5V, Tp = 25°C.
1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.
NOTE 3: Test conditions are C1-C4 =1 uF atVec=5V+05V.

switching characteristics, Voo =5V, Tp = 25°C (see Note 3 and Figure 1)

PARAMETER TYP | UNIT
tpLH(R) Receiver prapagation delay time, low- to high-fevel output 500 ns
tpHL(Ry Receiver propagation delay time, high- to low-level output 500 ns

NOTE 3: Test conditions are C1-C4 =1 puFatVog=5V+05V.

“«'P TEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EiA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002
PARAMETER MEASUREMENT INFORMATION

Vee

:

RIIN RL = 1.3 kQ
or
See N Cc
GePn:Ir?aior R2IN e
{see Note A)
CL=50pF
T (see Note B)
TEST CIRCUIT

l

ry ry LA+ o —— G 3V
Input |y 90%  90% N |
10% | 50% 50% i 10% oV

<+— 500 ns —»

<10 ns —bf je— —»| Ik—smns
l
l

t
— | I-—T— PLH
I | VOH
Output 15V L5V Aed /SICL VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.
B. C| includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy and tp 4y Measurements

‘k? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047) - FEBRUARY 1988 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T1 OUT or T20UT
Generator ElA-232 Qutput
(see Note A) I
CL=10pF
(see Note B)
TEST CIRCUIT
<10 ns —»1 le— -—»I l<—<1o ns
| ———————— v
Input | 80% 90%
50% 50% o
10% 10% oV
I<—- 5us ——»{
K——H—— tpLH
tPHL —h—b‘l
. |
ﬂ\gi'/' | A~ s0% VoH
Output | |
10% 10%
| — L~ — VoL
trH ¥ —’| ¢ tTLH
~ 0.8 (Vou- Vor) 0.8 (Vo - VOH)
SR = 1 or t
TLH THL

WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Z¢y = 50 £, duty cycle < 50%.
B. Ci includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp 4y Measurements (5-us Input)

Pulse

( Generator ) l>c I EIA-232 Output
T

CiL=25nF

TEST CIRCUIT
<10ns —» H— —» le— <10ns
l |

90%  90%
10% / 15V 1.5v| 10%

I
[—— 20ps —»
L™ ""} = trn

| VoH
Output 3v i | ' 3v
-3v -3V

—————— VoL

Input

6V

SR = —ortuy
THL ° Y1LH

WAVEFORMS
NOTE A:  The pulse generator has the following characteristics: Zpy = 50 (, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tty and tr 4y Measurements (20-us Input)

"J TEXAS
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS
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APPLICATION INFORMATION

+
CBypass =1uF %

From CMOS or TTL

12
To CMOS or TTL
{ 9 _-

1 C3 can be connected to Vo or GND.

Figure 4. Typical Operating Circuit

5V
16
= cat 1uF
Vce T *
1 Ci+ 2 =
T
ClZm1uF s Yo =Y
a C1- 6
I C2+ Vs- \T/_—’ ey
c2 1uF 5 c4 14F
T ez + T
11 > 14 ga232 Output
10 > ~_ 7 E1A-232 Output
13
J |—<—— EIA-232 Input
oV T —4—8 EIA-232 Input
15
GND

{’P TEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tt
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express orimplied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right refating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by T for that
product or service voids all express and any implied warranties for the associated T! product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2002, Texas Instruments Incorporated
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-eatures
Compatible with MCS®51 Products
4K Bytes of Reprogrammabie Flash Memory
Endurance: 1,000 Write/Erase Cycles
2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz — 1

Two-level Program Memory Lock
128 x 8-bit Internal RAM

15 Programmabile /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources 8-bit

Programmable Serial UART Channel

Direct LED Drive Outputs i

On-chip Analog Comparator M IcrocontrOI |er
Low-power Idle and Power-down Modes =

Brown-out Detection WIth 4K Bytes

Flash

Jescription

'he AT89C4051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
K bytes of Flash programmable and erasable read-only memory (PEROM). The AT89C4051
evice is manufactured using Atmel’s high-density nonvolatile memory technology and
; compatible with the industry-standard MCS-51 instruction set. By combining a ver-
atile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C4051 is a powerful
ricrocomputer which provides a highly-flexible and cost-effective solution to many
mbedded control applications.

‘he AT89C4051 provides the following standard features: 4K bytes of Flash,
28 bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five-vector, two-level inter-
Apt architecture, a fult duplex serial port, a precision analog comparator, on-chip
scillator and clock circuitry. In addition, the AT89C4051 is designed with static logic
or operation down to zero frequency and supports two software-selectable power sav-
1g modes. The ldle Mode stops the CPU while allowing the RAM, timer/counters,
erial port and interrupt system to continue functioning. The power-down mode saves
1e RAM contents but freezes the oscillator disabling all other chip functions until the
ext hardware reset.

Yin Configuration

'DIP/SOIC
7
RSTAVPP 1 20[1vece
(RXD) P3.0 7 2 190P1.7
(TXD) P3.1 7|3 18[1P1.6
XTAL2 4 17[AP15
XTAL1 5 160 P14
(NTO) P32 |6 151 P1.3
(NTT P33 7 140P12
(TO)P3.4 18 133 P1.1 (AINT)
(THyP350C]9 1273 P1.0 (AINO)
GND O 10 11[P37

Rev. 1001D-06/01

ATmE}



3lock Diagram

Voo E
RAM ADDA. AAM :
GND ! REGISTER FLASH :
i ! :
i ' :
| ' !
= v !
: 4 A .
: PROGRAM :
; B STACK :
: REGISTER ACC POINTER ADORESS :
! v :
e BUFFER > i
: TMP2 T™P1 :
' . |
i I :
' = YRl J PC -
: ALY INGREMENTER !
E INTERRUPT. SERIAL PORT, i
; AND TIMER BLOCKS :
7 PROGRAM :
: PSW COUNTER ;
1 TIMING ?
INSTRUCTION y .
RST —-+--B]  AND DPTR o R I
| cordpoL | REGISTER y y !
PORT 1 PORT 3 :
: ANALOG LATCH LATCH i
: COMPARATOR - :
! e ':
5 0SC | : !
: | PORT 1 DRIVERS “»  PORT 3DRIVERS :
: = . : - !
el ettt e It Sl it ety Sl siutionl afitiey ittty [t el il e el Stinililie At di At il Rl B B e N
!
e vVYVYY A4 v
c o= P1.0-P1.7 P3.0- P35 P37

AT89C4051 e ———
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2in Description

/CC

‘ort 3

1ST

TAL1

TAL2
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Supply voltage.

Ground.

Port 1 is an 8-bit bi-directional I/0 port. Port pins P1.2 to P1.7 provide internal pullups.
P1.0 and P1.1 require external pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the on-chip precision analog com-
parator. The Port 1 output buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as inputs. When pins P1.2 to P1.7
are used as inputs and are externally pulled low, they will source current (1, ) because of
the internal pullups.

Port 1 also receives code data during Flash programming and verification.

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-directional I/O pins with internal pullups.
P3.6 is hard-wired as an input to the output of the on-chip comparator and is not acces-
sible as a general purpose I/O pin. The Port 3 output buffers can sink 20 mA. When 1s
are written to Port 3 pins they are pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being pulled low wiil source current (1)
because of the pullups.

Port 3 also serves the functions of various special features of the ATB9C4051 as listed
below:;

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P32 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P35 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash programming and verification.

Reset input. All I/O pins are reset to 1s as soon as RST goes high. Holding the RST pin
high for two machine cycles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
Input to the inverting oscillator amplifier and input to the internai clock operating circuit.

Output from the inverting oscillator amplifier.

ATMEL 3
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Jscillator XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier which
“haracteristics can be configured for use as an on-chip osciilator, as shown in Figure 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 2.
There are no requirements on the duty cycle of the external clock signal, since the input
to the internal clocking circuitry is through a divide-by-two flip-flop, but minimum and
maximum voltage high and low time specifications must be observed.

Figure 1. Oscillator Connections
c2
’_"_T XTALZ
[}
c1
® ) XTAL1

-I_ GND

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

Figure 2. External Clock Drive Configuration

NC ———— XTAL2
EXTERNAL

OSCILLATOR —— XTAL1
SIGNAL

=ity

| ATS9CA405 1 mumm—————————
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A map of the on-chip memory area called the Special Function Register (SFR) space is
shown in the table below.

special Function

legisters
Note that not all of the addresses are occupied, and unoccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom 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.

able 1. AT89C4051 SFR Map and Reset Values

OF8H OFFH

OFOH B OF7H
00000000

'OE8H OEFH

‘0EQH ACC OE7H
00000000

:0D8H ODFH

0DOH PSW 0D7H
00000000

0C8H OCFH

OCOH 0C7H

0B8H IP OBFH
XXX00000

0BOH P3 0B7H
11111111

0A8H IE OAFH
0XX00000

OAOH 0A7H

88H SCON SBUF 9FH
00000000 | XXCOOX

90H P1 97H
11111111

'88H TCON TMOD TLO TL1 THO TH1 8FH
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000

80H SP DPL DPH PCON 87H

00000111 00000000 | 00000000 0XXX0000

J01D-06/01

AImEL



Iestrictions on
>ertain Instructions

3ranching Instructions

A0V X-related
nstructions, Data
flemory

>rogram Memory
.ock Bits

ATmEL

The AT89C4051 is an economical and cost-effective member of Atmel’s growing family
of microcontrollers. It contains 4K bytes of Flash program memory. it is fully compatible
with the MCS-51 architecture, and can be programmed using the MCS-51 instruction
set. However, there are a few considerations one must keep in mind when utilizing cer-
tain instructions to program this device.

All the instructions related to jumping or branching should be restricted such that the
destination address falls within the physical program memory space of the device, which
is 4K for the AT89C4051. This should be the responsibility of the software programmer.
For example, LUIMP OFEOH would be a valid instruction for the AT89C4051 (with 4K of
memory), whereas LJMP 1000H would not.

LCALL, LUMP, ACALL, AIMP, SIMP, JMP @ A+DPTR. These unconditional branching
instructions will execute correctly as long as the programmer keeps in mind that the des-
tination branching address must fall within the physical boundaries of the program
memory size {locations 00H to FFFH for the 89C4051). Violating the physical space lim-
its may cause unknown program behavior.

CJNE [...], DUNZ[...], dB, JNB, JC, JNC, JBC, JZ, JNZ With these conditional branching
instructions the same rule above applies. Again, violating the memory boundaries may
cause erratic execution.

For applications involving interrupts, the normal interrupt service routine address loca-
tions of the 80C51 family architecture have been preserved.

The AT89C4051 contains 128 bytes of internal data memory. Thus, in the AT89C4051
the stack depth is limited to 128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is external PROGRAM memory exe-
cution. Therefore, no MOVX [...] instructions should be included in the program.

A typicai 80C51 assembler will stili assemble instructions, even if they are written in vio-
lation of the restrictions mentioned above. It is the rasponsibility of the controller user to
know the physical features and limitations of the device being used and adjust the
instructions used correspondingly.

On the chip are two lock bits which can be left unprogrammed (U) or can be pro-
grammed (P) to obtain the additional features listed in the following table:

Lock Bit Protection Modes!"

Program Lock Bits
LB1 LB2 Protection Type
1 U U No program fock features
2 P U Further programming of the Flash is disabled
P P Same as mode 2, also verify is disabled

Note: 1. The Lock Bits can only be erased with the Chip Erase operation.

AT 8'9C 20’5 1 1000000000000
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In idle mode, the CPU puts itself to sleep whiie all the on-chip peripherals remain active.
The mode is invoked by software. The content of the on-chip RAM and all the special
functions registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are used, or set to “1" if external
pullups are used.

it should be noted that when idle is terminated by a hardware reset, the device normally
resumes program execution, from where it left off, up to two machine cycles before the
internal reset aigorithm 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 is terminated by reset, the instruction following
the one that invokes Idle should not be one that writes to a port pin or to external
memory.

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. The only exit
from power-down is a hardware reset. Reset redefines the SFRs but does not change
the on-chip RAM. The reset should not be activated before V. is restored to its normal
operating level and must be held active long enough tc allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are used, or set to “1” if external
pullups are used.

When V. drops below the detection threshald, all port pins (except P1.0 and P1.1) are
weakly pulled high. When V.. goes back up again, an internal Reset is automatically
generated after a delay of typically 15 msec. The nominal brown-out detection threshold
is 2.1V £+ 10%.

oS e AT
]
: .
PORT PIN et i -
|
i
I
[}

INTERNAL RESET -7

— 15 msec.
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The AT89C4051 is shipped with the 4K bytes of on-chip PEROM code memory array in
the erased state (i.e., contents = FFH) and ready to be programmed. The code memory
array is programmed one byte at a time. Once the array is programmed, to re-program
any non-blank byte, the entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C4051 contains an internal PEROM address
counter which is always reset to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTALI1.

Programming Algorithm: To program the AT89C4051, the following sequence is
recommended.

1. Power-up sequence:
Apply power between VCC and GND pins
Set RST and XTAL1 to GND

2. Set pin RST to “H”
Set pin P3.2 to “H"

3. Apply the appropriate combination of “H” or “L” logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the programming operations
shown in the PEROM Programming Modes table.

To Program and Verify the Array:
4. Apply data for Code byte at location 000H to P1.0 to P1.7.
5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array or the lock bits. The
byte-write cycle is self-timed and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to logic “H” level and set
pins P3.3 to P3.7 to the appropriate levels. Output data can be read at the port
P1 pins.

8. Toprogram a byte at the next address location, pulse XTAL1 pin once to advance
the internal address counter. Apply new data to the port P1 pins.

9. Repeat steps 6 through 8, changing data and advancing the address counter for
the entire 4K bytes array or until the end of the object file is reached.

10. Power-off sequence:
set XTAL1 to “L"
set RST to “L”
Turn Ve power off

Data Polling: The AT89C4051 features Data Polling to indicate the end of a write cycle.
During a write cycle, an attempted read of the last byte written will result in the comple-
ment of the written data on P1.7. Once the write cycle has been completed, true data is
valid on all outputs, and the next cycle may begin. Data Polling may begin any time after
a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also be monitored by the
RDY/BSY output signal. Pin P3.1 is pulled low after P3.2 goes High during programming
to indicate BUSY. P3.1 is pulled High again when pregramming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed code data can be
read back via the data lines for verification:
1. Reset the internal address counter to 000H by bringing RST from “L” to “H™.

2. Apply the appropriate control signals for Read Code data and read the output
data at the port Pt pins.

: AT89C4051 mu s ——————————————
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3. Pulse pin XTAL1 once to advance the internal address counter.
4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.

Chip Erase: The entire PEROM array (4K bytes) and the two Lock Bits are erased elec-
trically by using the proper combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip Erase operation and must be
executed before any non-blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 000H, 001H, and 002H, except that P3.5 and P3.7
must be puiled to a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 41H indicates 89C4051

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

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

‘lash Programming Modes

Mode RST/Vp P3.2/PROG P3.3 P34 P3.5 P3.7

Write Code Data("® 12v L H H H
s

Read Code Data® H H L L H H

Write Lock Bit - 1 12v H H H H
T

Bit-2 12v H H L L

& (a e

Chip Erase 12V H L L L
TQ X° 2

Read Signature Byte H H L L L L

lotes: 1. The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

XTAL1 pin.

2. Chip Erase requires a 10-ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY.

J01D-06/01
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Figure 3. Programming the Flash Memory

VCC
AT89C4051 T
RDY/BSY «— P3.1 Vee j
TTeTe PGM
PROG —» P3.2 P e DATA
T——» P33

SEEFLASH  — | pag
PROGRAMMING
MODES TABLE = ———»f P3.5

——»| P37
P3l L » RDYBSY
[ ——»{ xTALt RST |&——— V/V,,
TO INCREMENT | GND

ADDRESS COUNTER

Figure 4. Verifying the Flash Memory

Vee
AT89C4051
VCC

——p P33

SEE FLASH . »| P34
PROGRAMMING

MQDES TABLE | —pf P35

—pl P37

XTAL1 RST |¢—— V),

J_ GND

0 JAT 8'9C 405 T 000000000000
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-lash Programming and Verification Characteristics
“a=20°C t0 30°C, Vo = 5.0 10%

AT89C4051

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 v
lop Programming Enable Current 250 pA
toveL Data Setup to PROG Low 1.0 Hs
taHox Data Hold after PROG 1.0 s
tensn P3.4 (ENABLE) High to Vpp 1.0 ps
tsnaL Vpp Setup to PROG Low 10 s
taHsL Vep Hold after PROG 10 Hs
toian PROG Width 1 110 s
teLav ENABLE Low to Data Valid 1.0 ps
tenaz Data Float after ENABLE 0 1.0 s
tonaL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tamm RDY/BSY\ to Increment Clock Delay 1.0 Hs
Ty Increment Clock High 200 ns
lote: 1. Only used in 12-volt programming mode.

“lash Programming and Verification Waveforms

PORT 1 T BRTA N r S Y )
H tover  taHox
P3.2 ;‘
(PROG) & WIS
R ok D
SHGLi e N\ G GHSL
RST AT Ve
(Vppy T T Tl T T T T T T LoGIg
— ;[‘—tEHsH >
P3.4 4 |
E NABLE et e e _—
(ENABLE) S
P31
(RDY/BSY) B
XTAL1
(INGREMENT
ADDRESS)

ATmEL
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Absolute Maximum Ratings*

Operating Temperature ...........c.coouveennen..n. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

Storage Temperature ..................cco.....ocomuun... -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

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

Maximum Operating Voltage ...........cccoccveeeee i, 6.6V conditions for extended periods may affect device
reliability.

DC Output Current... ... e e 25.0 mA

JC Characteristics
‘a=-40°C to 85°C, V¢ = 2.7V to 6.0V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage -0.5 0.2Vcc-0.1 v
VH Input High-voltage {Except XTAL1, RST) 0.2Vcc+09 Ve + 0.5 v
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Ve +0.5 Vv
VoL Output Low-voltage!" low =20 MA, Vg = 5V 0.5 Vv
(Ports 1, 3) IOL =10 mA, VCC =27V
'OH = '80 IJA, VCC = 5V + 10% 24 V
Output High-voitage &
Vou (Ports 1., 3) lon = =30 pA 0.75 Vg v
IOH = ‘12 uA 09 Vcc V
I Logical O Input Current Vin=0.45V -50 UA
{Ports 1, 3)
b Logical 1 to 0 Transition Current | V,y =2V, V=5V 1 10% -750 HA
(Ports 1, 3)
I, Input Leakage Current O<Vpy<Vee 110 HA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Vg =5V 20 mV
Vem Comparator Input Common 0 Vee \
Mode Voltage
RRST Reset Pulldown Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz, V. = 6V/3V 15/5.5 mA
Power Supply Current Idle Mode, 12 MHz, V¢ = 6V/3V 5/1 mA
lec P1.0 & P1.1 =0V or V¢
Veg=6VP1.0&P1.1=0VorV, 20 HA
Power-down Mode® s s

otes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:
Maximum g, per port pin: 20 mA
Maximum total I, for all output pins: 80 mA
It 1o, exceeds the test condition, Vi, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

2 AT89C4051 m s —
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=xternal Clock Drive Waveforms

o tCHCX ! tCLCH . 5 tCHCX f: le—- tCHCL
Ve = 0.5V
' 0.7 Voo N gl N
/ 02 Veg- 0.1V NG
0.45V - .
— toex ™
teioL >
:xternal Clock Drive
Vee = 2.7V to 6.0V Vec =4.0V to 6.0V

Symbol Parameter Min Max Min Max Units
MNeraL Oscillator Frequency 0 12 o 24 MHz
oo Clock Period 83.3 41.6 ns
torex High Time 30 15 ns
terex Low Time 30 15 ns
tercn Rise Time 20 20 ns
tonoL Fall Time 20 20 ns

AIMEL 13
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serial Port Timing: Shift Register Mode Test Conditions
'cc = 5.0V + 20%; Load Capacitance = 80 pF

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
taxt Serial Port Clock Cycle Time 1.0 12t oL us
tewxn Output Data Setup to Clock Rising Edge 700 10tg  -133 ns
txhox Output Data Hold after Clock Rising Edge 50 2te o -117 ns
tyHDx input Data Hold after Clock Rising Edge 0 0 ns
| N Clock Rising Edge to Input Data Valid 700 101 ¢ -133 ns
shift Register Mode Timing Waveforms
INSTRUCTION [ o 1 i 2 [ 3 i Ay o 5 I 6 [ 7 I 8 [
ALE ‘
E**""“‘*i baxt
CLOCK T -Y).= SUCI W A\
tovxH e i |
| — — bxnax
WRITE TO SBUF o[ X 1 2 X 3 4 X 5 X 5 X 7
I t 4
OQUTPUT DATA 121 ¢ 4____'..]_’ e taox SETTI !
. CLEARRI , 4
v
INPUT DATA

\C Testing Input/Output Waveforms'")

7702 Voo + 0.8V
TEST POINTS

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

‘loat Waveforms'?

VLO At 0.1\1/..:‘ ':"‘{of 01V
L S —— ’ Timing Beference ,,,,,,,,,,,
) . Points
Voo™ *WV o Ay ro

ote: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when 100 mV change frothe loaded Vg /V, level occurs.

4 AT89C4051 msss e —
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ATBI9C4051

TYPICAL ICC - ACTIVE (85°C)

Vee=6.0V

Vee=5.0V

/

/

Vece=3.0V

[

[——

E——

0 6

12 1

FREQUENCY (MHz)

AT89C4051

TYPICAL ICC - IDLE (85°C)

8 24

o

L

Vee=6.0V

—

Ve=5.0V I

-

Vee=3.0V

FREQUENCY (MHz)

AT89C4051

—

g 12

TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)

7

5.0v

Vee VOLTAGE

6.0V

Power-Down Mode Notes: 1. XTAL1 tied to GND for I (power-down)
2.P.1.0 and P1.1 = V¢ or GND
3. Lock bits programmed

301D-06/01
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Jdrdering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 2.7V to 6.0V AT89C4051-12PC 20P3 Commercia!
AT89C4051-128C 208 (0°C to 70°C)
ATB9C4051-12PI 20P3 Industrial
AT89C4051-12S! 208 (-40°C to 85°C)
24 4.0V t0 6.0V AT89C4051-24PC 20P3 Commercial
AT89C4051-245C 208 (0°C 1o 70°C)
AT88C4051-24PI 20P3 Industrial
AT89C4051-245I 208 (-40°C to 85°C)
Package Type
20P3 20-lead, 0.300” Wide, Plastic Dual In-line Package {PDIP)
208 20-iead, 0.300” Wide, Plastic Gull Wing Small Outline (SOIC)

6 AT89C4051 e ———
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2ackaging Information

AT89C4051

20P3, 20-lead, 0.300" Wide, Plastic Dual Inline

Package (PDIP)
Dimensions in Inches and (Millimeters}

JEDEC STANDARD MS-001 AD

i 1.060(26.9)
.980(24.9) PN
1
[ it 1 \ 1 _
) I 280(7.11)
(’ L / q .240(6.10)
NS s

I-.J :900(22.86) REF -~

.210(5.33) — e .005(.127)
MAX *' [ MIN
_ -
SEATING 1dng
PLANE 7 j U
L | i
150(3.87 L .015(.381) MIN
.115(2.92 ’JL .022(.559)
! 074(.356)

| .070(1.78)

110(2.79)
0(329) 045(1.73)
; .325(8.26)
E" l 300(7.62)
014(366) \._[\‘\ i5,
008(203) {ims

e | 430(10.92) MAX

PN

[ =h T

0,020 (0.508)
—an| | —-—

0.013 (0.330)

208, 20-lead, 0.300" Wide, Plastic Gull Wing Small

Outline (SOIC)
Dimensions in Inches and (Millimeters)

qaopguagng -

0299 (7.60) 0.420 (16.7)
0,291 (7.39) 0.383 (9.98}

TUTTo 0TI 0T

-] — 050 (1.27) BSC
0.513 (13.0)
= 0‘3;7(12.6) co ] 0.105 (2.67)
{ 0,082 (2.33)
iimininininininiini R
0.012(0305)J f
0.003 {0.078)

o.;m (©.889) ._IL' %

0.015 {0.381}

0.013 (0.330)
0.009 (0.229)

301D-06/01
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