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Abstract

This paper presents the principles of automatic navigation robot by detecting light source
from the target. The robot consists of two parts. First part, is a robot and can move to target. Second
part, is the target of robot as the mother of robot . The controlling uses MCS-51 microcontroller to

control the robot. The target or mother of robot always sends  infrared light for detecting robot and

then 1t moves to the target.
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sy imdsdgaeziunanfion 1 s wudds INC A Faudds 1 g
L unadulmdn ooz 1dadenluniin 12 gn Taoadongaii 1 unz2 wweflure S1 Pl uag
31 P2 uazadengndi 12 Aazaglugas sep2 tfues ndndadfiger RUN reanusasidy
12 MHz fatiu adon 12 gnozAunaify 1 Us fi 1 uedulanda Aetaanisvinads

e S1 92U S6

882833485:88818233:,4555881

| |
‘P1 P2IP1 P2|P1 P?jﬂ P2|P1 PP P2iP1 P2‘P1 P2|F1 P2|P1 P2IP1 P2|P1 P1 P2

0sC
(XTAL2)
T/ =N N TR\
i READ OPCOCE ‘
I READ N:xq [—HEA.D NEXT GPCODE AGAIN
___! Jmsc.mo)li
_ __ _Isi]saTsa]ssTssTs6]

(A) 1-byte, {-cycls instruction, &.g., INC A. :

! — ReAD OPCOOE :
[
|

: — READ NEXT OPCODE
‘ [ ZOBYTE |
|

|

|

}’ —HEAD
|

L Y

D | ¢

J
|st]safss]ss[s5]ss

!
(B) 2-byta, 1€{de instructon, e.g.‘ADDQ'k%ata
I

(——-READ OPCCLE
OPCODE (DISCARD).
! | i{ i
¥ / Y
j_a[sz 33[54[5435[31 [s2fssfsafes[ss|
[ |
) 1-byte, 2-cyc$«a instruction, e.g., INC DPTR. |
| ) I

I
| READ NEXT READ NEXT OPCQDE AGAI

| {

|

!

(03] P S—

READ OPCOCE
| (MOVX,. | READ NEXT OPCODE AGAIN
READ NEXT
: OPCOOE (DISCARD). F”TCH. HQ FETGH: ;

| | [rons | |
::iS‘T[SZES:B[S—%JSSLSOL_S_!SZIS:!(&ISHSS T
{D) MOVX (1-byte,2cycle) ' ADORT CATA |

ACCESS EXTERNAL MEMORY

3U 1,10 AanaimshauveuaayaIna
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a

o 0 & 2 0 & 7 o o ~
gﬂ'ﬂ 1.10 (b) MININUVBIATI ADD A#Data wi‘lumm 2 "hmmemms%“lu 1 UUSYU

-

a

lan
o o o & 6580 o 1o o a
310 1.10 (¢) mairemvesdda INC DPTR Fududids 1 Tud udvinnuadelu 2 nuabu
1] a
lyidin
' . o i A g . & " =
51 1.10 (d) Msauresids MOvX sufludidsl lud uaviranad olu 2 nusdulada
~ o [ £ A 9} o o A 1 1
71 1.11 () Wufsnawesdyanudunadesiumiindiioauves Program Memory 8gny
[ 3 [ § o 1 m—
wen §etiy Fyanudieriilildeiuesi18aan Program Memory AABPSEN Feazieaiiv 2
14 9 13
asaly 1 nuwduleda doty dyauildeudeyanin  Program Memory 9lddaynn
PSEN 3141 1.11 (b) Wudmmwesdyanaildnmsewdeyasn  Data Memory dayaim
PSEN aziiifiss 1 gn mrzsnnmdmnziusimarlunissiudeyann Daa Memory
Taslddyau RD (mse1udoynaain Program Memory 93 16dynyia PSEN nagmseudes
40910 Data Memory 3¢]¥daana RD diudyanm ALE fe daymnanlflums Latch

Address A7-A0 11494



sv[sz|sa|54|§5!ss s1|s2 || s4]| 55| se
we || ] [ [ ]
L]

< CYCLE 1 >t CYCLE 2

S1{Sz|53|$d|55[88§,51[52{33154155186)1

W/ AT’ Qo T
NN

719 1.1 yoeeralaInIsaaden U ilgaAuiImeuen

I

)
MOVX.



1.6 N15MHUIBANEY Program Memory Uag Data Memory

msaeniaga s wanslugli 1.12

WR
P 1+5V
R1 33K R233K R3 33
35 37 —T—
A3 610 2 20E & 0E
'II'_ 20 E—h' ZZOEszw 20€ED
28 B :;f + 1 Ve
18 27 R - S 27 (PGM) 5 TAL4NC.
26 i T 26 (N.C) Az T MRe
. Gt ;f AL 53 Al :3
> A10 A10
2 29 A 5] &l
19 22 = 2% e 24
21 25 25
EPROM Ald RAM
2764 BK) L] 14 £264 (8K)
27128 (16K A By 62256 (32K
8031 27256 (3210
A7 y A7
=N o s o TsRER W 5
:5 17 16 4 yo §
) = 155 ¥ 5
. , t 3112 s 12078 i3 9
5 = 15(T1) 513 Mien o2 M7 5 7
24 — 1470 :1 543 ~ 8
3.3 — 130RTY) A =7 59 2
e | for 1
32— 120870 ADlg Lo a0 AQ o
31 —11(TX0) |
B! i 191817 1918171615
gl S ¢ ay AE] L 9181716151312 11 1716151312 1)
= Dq 00 071 DO
1.7 -3 ko] AD7
6 —7 33 ADS
15 —6 u A0S
a—= &l AD4
s 2 -
13—l Portl PontO ol AD3
12— i AD2
AD1
1.1 —2 a8 Vo
10 — ¢ q % S
C31CuF. Jumpar Table
Y %Il_ Memory Size EPROM RAM
T 8X None None
Reset =3 1 NA
b 22X pe A5
R5.1K R48.2K Loata] 128 NA

v

7=}

714

1.12 mydeniheanui ldsunsuazmizsanuiiteyanieuendm

12
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1.7 Msusatszianveardian 1

s a A ]

nieanuiile Mcs-51 feddasiu 2 wila AenllgAMSIE MUY

a

1 oo v oa ! °
Tdsunsu (Program Memory)‘ﬁ‘uJﬂﬂ’amﬂﬁﬁﬂi‘umueﬁj@yﬂ (Data Memory)¥HUYAITIN

dwduiuTisunsy WumireamimldiduTusunsudsnuussgegiudn sos1 dauduily
QA as v Jo Ty s a
Program Memory 118 ROM ¥U1a 4 Alaludtuieg nadutuues 8052 914 ROM 4U¢ &

Alalud daeaslugid 1.13 nazgud 1.14

FFFF | FFFF ——
i
: 64 K g
| BYTES :
o | ~EXTERNAL' / [ 84 K
B\ IR BYTES
1000 EXTERNAL
AND |
OFFF |
|4 KBYTES 4l
INTER
0000 U= = Qoo LLLTITI 5 1)

'

<4 Y ¥ a o o 5 @ g
519 1.13 dawnganuivmiunyldsunsudmsuimes 8osl

FEFF 4 FFRF |
56 K
BYTES | 1 |
EXTERN Ak 84K |
[T OR™> ' BYTES |
2000 | "~ EXTERNAL |
AND | | |
1FFF | | |
5KBYTES | | |
| | |
0000 —NTERNAL v1ojo ¢ | S

A @ ] o o [~ 9 o J
51 114 Avnheanuddmsunuldsunsudmivwes 8052
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Data Memory (RAM)
v t Al [ o A A A g » [ o
L!‘U\i!‘ﬂu 2 UMD ﬂu?ﬂﬂ’n%%]%}@iﬁ!aﬂ1ﬂiu‘lﬁ‘lumﬂﬁ 128 U]‘]J?‘I ANIUUBT

o ol ﬁg‘ 1 o A
8051 naz 256 lud dmsuwes 8052 ¥ulduazmibemmieyamauenimiinnug 64

ATalud damadlugld 1.15 nazgala 116

FFFF
INTERNAL
FF }
SFRs
DIRECT % B%igs
ADDRESSING | | ~CERNAL |
80 | ONLY L AND—>
7F | DIRECT & ii
INDIRECT /|
00 | ADDRESSING | GoO LIS P -
J

U7 1.15 fantinena 181951 Data Memory 1085 8051

INTERNAL

INDIRECT
[— ADDRESSING ONLY FFFF
80H TO FFH

FF
FFFSFRe. G0/
SFRs 64 K

DIRECT ]

| ADDRESSING E;?EgﬁlL
80 | ONLY ' L—AND—>
N A "

L DIRECT &
INDIRECT
00 ADDRESSING 0000

51l 1.16 Aamiaeaud1d 1wl Program Memory Y94 8052
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HufvigaNuddadeyan 1959311y (Indirect Address Area)

¥
=

fufinieaud s (on-FFh) awgif 116 duiundeuiuegedisas
9

128 lud Tasaaunsnazifu SFR neamsaaz Indirect Address Area AaHuAReu T sunsud

A 1w v Yo o Y K 9 "2 . , A4
zaaaenl SFR 'i]3551fi]\ﬂ‘lfﬂ']ﬁ\i!!ﬂﬂ!ﬂl']ﬂﬂallﬂgﬂiﬂﬂﬁiQ!‘Vﬂ‘uu (Direct Address Area) QIUWUN

Y =X

adunilsazidhfadeyanuun1edeunniu (Indirect Address Area) @IUAWNUL (00h-7Fh)

<X 9 119/3

109UBYA 1ANS 2 LUy

Qg

2]}

=)
S

2l
A A g o A Y & Y v 2 i
Hunmieanusiidifedeyalnensauaznsdon Directand Indirect Address Area)
¥
135190 3u09n (Register Banks 0-3) A3uaduya (00-1Fh) wiiludivveds
a 4 J ] I'4 4 ) Y o 1 Jd AdAa 4
Senaesuued (0-3) Jasutauduniesas 8 Tudsiuudald 32 Tudueaznideziisvmaes Ro,

Y A o ' A o A ~ d d o % ~ o
R1, R2, R3, R4, R5, R6, R7) ﬂ?‘ﬁwg‘ﬂ%ﬂu@g‘mmdﬂ 3 mﬂgﬂ‘i'mmﬂi]Zﬂﬁ‘Uiﬂ‘ﬂNﬂmu‘U\iﬂ 0

Y A

[AUDLAY SP 3XUUSHAUNAMNUG 07h TuR

2. 03 nasnbganus e nudsunazinle Bit  Addressable Area)

4 (-
A o 1 S

HuNdananeaase (20h-7Fh) $1uau 16 Tuduseutiuiudase 1duiny 128 Sadedwmveda

¥
=1

fidetl 00, 01, 02, 03, 04, 05, 06, 07 9UdI 7Fh WFuila 00 Hfe DO e IPAINS IR VLR
A 1 o o oA c; ] [~ a
20h 1a 01 fifle D1 veanthgaImd U 200 9319 1.17 Usznoy wudesnisngnia
00 #9gUR1H431 SETB 20h.0
3.U5nunIgANNSINIFNUN1Y (Scratch Pad Area) AUNAIA (30h-7Fh)
= Y] R T T ' Yo o A o A WYY Y A 4 a g
wisudeya lafiag luamwiuliansaldddanonuialdgdretienauaninuinull

Tisaszalums@oudeyaunivaian



Byte
7FH
" 30H
2FH
2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H
23H
22H
21H
20H
IFH

18H
17H

10H
0FH

08H
07H

00H

N

(MSB) (LSB)
i Scratch Pad Area
7F 7E 7D 7C 7B 7A 79 78
77 76 75 74 73 i) 71 70
6F 6E 6D 6C 6B 6A 69 68
67 66 65 64 63 62 61 60
SF SE 5D 5@ 5B SA 59 58
57 56 55 54 53 52 51 50
4F 4E 4D | 4C 4B 4A 49 48
47 46 45 44 43 42 41 40
3F 3E 3D 3C 3B 3A 39 38
37 36 35 34 33 32 31 30
2F 2E 2D oC 2B 24 29 28
27 26 25 24 23 22 21 20y,
IF 1E 1D 1C 1B 1A 19 18
17 16 15 14 13 12 11 10
OF 0E 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00
RO-R7
RO-R7
RO-R7
RO-R7

31

~

S9ain0s HUaA 3

At 4 i
I9AINDT LN 2

as 7 il
INTNDT NN 1

aa d 7
ITANDT HUIN 0

v s A v 229 Y
N1.17 128 l‘U@?U@\i RAM ‘quﬂﬂ\ﬁl@Ea!lﬂﬂﬂ']\i@i\i!!ﬁgqﬂ']\iﬂaﬂ

16



[ B o
dnibnodyanan WITIBUAMMIANIZIN

Special Function Register (SFR) 19190208999015190 1.1

+
Il

A13199 1.1 naasdydnualvounzd wiiiaaiee) Nlleglu SFR

17

Symbol Name Address
*ACC Accumulator OEOH
*B B Register OFOH
*PSW Program Status Word 0DOH
SB Stack Pointer 81H
DPTR Data Pointer 2 Bytes

DPL Low Byte 82H

DPH High Byte 83H
*BQ Port 0 S0H
*Pl Port 1 90H
4 ) Port 2 0AOH
2% Port 3 0BOH
F IR Interrupt Priority Control 0B8H
FLE Interrupt Enable Control 0A8H
T™MOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*+T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte SAH
THI1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg. High Byte 0CBH
+RCAP2L T/C 2 Capture Reg. Low Byte 0CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H

Bit addressable

8052 only

34130
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d d 4 d
Insitaes /anvimes
4 J J J A LS o Jd J A Jd J
Infes / wnliees  aunsadenliimsieuiulndwesvniennines
v ' 4 Aa a o
atalasdumnils Jasdendida /T luSSameilFamuaniy ™™MOD Tnualniduesuas
4 J 9 . @ A [ é a d?‘ 4 4
lmesez 1 Up Counter Register (TH, ,TL, ) mmtnnucmrﬂuuuuumuiwm%muai
Up Counter Register (TH, [TL, ) wgnifiuamn q 1 uusFulada (12 amunawesaden)
dyl 19 o 9 1q 9 o d 4
Tnnail ludesflouduanuaninmeuemdwualddyyin CPU osc  Tnuamnimes  Up
4 A T A é 4 o/

Counter Register (TH, [TL, ) szgariuamaznilaileflondygnntennnmousmdunme
V1 TO (pin) 8gfin1 14 uaz 15 awddulayhigulsmunawesiiad udazgnmsasisasy
] £ Y
Fuaufidnmani Tasszasiaeunn 9 S5P2 veuwmaznusdu lmfia duiunisass

asunden 1 gnavdedldne 2 wuadulada (1/24 A1una1 CPU osc)
a des | d
N30 UNB 331N
A v @ < 9 o a a RN A
donistadenazldsunsuFrvazndrmh Tdsunsuuinmisaumassila
. . a a @ 1 {
(Interrupt  Service Routine; ISR) mimnﬁauﬁmﬁpmma%’awaauma{sﬂmzmma@wﬁ
funle $5p2 weann A uwdulafadonuuds Tusiamsiulmfiod 2 wdumsasn
geuiuiluvesgUnsaflaunzuuadulmaan 3 szaszlaallidsunsuuindunesiila
(Intrerrupt Service Routine; ISR) auiaessUaves MCS-51 18119 8 unad aguaiiiies 6

Vector (TI Ay RT IS8 mmimans) @i ames aaaaen1sni 1.2

a119h 1.2 SwmedSUanmaes ves MCs-51 nazdwunnudiAyvesnsdumesila

R 7o Ty umessla Vector Address Priority
1 INTO 0003H highest
) TFO 000BH
3 INTI 0013H
4 TF1 001BH
5 TI+RI 0023H
6 TF2+EXF2 002BH lowest
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Features

® Compatible with MCS-51™ Products

® 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Data Retention: 10 Years

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

® 6 ® 6 ¢ 0 0 0O

Description

The AT89CS51 is a low-power, high-performance CMOS 8-bit microcomputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
tured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
ATB89CS1 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.

The AT89CS5! provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 /O lines, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89C51 is

continued
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Description (Continued)

designed with static logic for operation down to zero frequency
and supports two software selectable power saving modes. The
Idle Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling all other chip functions until the next hardware
reset.

Pin Description

Vee
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an output
port each pin can sink eight TTL inputs. When Is are written (o
port 0 pins, the pins can be used as high-impedance inputs.

Port 0 may also be configured to be the multiplexed low-order
address/data bus during accesses to external program and data
memory. In this mode PO has internal puilups.

Port 0 also receives the code bytes dunng Flash programming,
and outputs the code bytes during program verification. Exter-
nal pullups are required during program verification,

Port 1

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

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

Port 2

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

Port 2 emits the high-order address byte during fetches from ex-
ternal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses stong internal pullups when emitting Is.
During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some control
signals during Flash programming and verification.
Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When s

AT83C51

are written to Port 3 pins they are pulled high by the internal

~ pullups and can be used as inputs. As inputs, Port 3 pins that are

externally being pulled low will source current (I1L) because of
the pullups.

Port 3 also serves the functions of various special features of the
ATB89CS1 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

P3.3 INTT (extenal interrupt 1)

P3.4 TO (timer O extenal input)

P3.5 TT (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (external data memory read strobe)

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

RST e
Resetinput. A high on this pin for two machine cycles while the
oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of

the address during accesses to 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 during 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
microcrontroiler is in external execution mode.

PSEN

Program Store Enable is the read strobe to external program
memory.

When the AT89CS1 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 ex-
ternal data memory.

EANPp

External Access Enable. EA must be strapped to GND in order
10 enable the device to fetch code from external program mem-
ory locations starting at 0000H up to FFFFH. Note, however,
tharif lock bit | is programmed, EA will be internally latched on
reset.

EA should be strapped to Vcc for interal program executions.
Thus pin also receives the 12-volt programming enable voitage
(Vpp) during Flash programming, for parts that require 12-volt
Yep.

continued
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Pin Description (Continued)
XTAL1

Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTALI and XTAL2 are the input and output, respectively, of an
inverting amplifier which can be configured for use as an on-
chip oscillator, 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
XTAL]1 is driven as shown in Figure 2. There are no require-
ments 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.

Idle Mode

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

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

Power Down Mode

_ In the power down mode the oscillator is stopped, and the in-

struction that invokes power down is the last instruction exe-
cuted. 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
SERs but does not change the on-chip RAM. The reset should
not be activated before Vg is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Figure 1. Oscillator Connections

c2
rﬁl——T—— XTAL2
N
ct T
—)——o—1 XTAU
GND

Notes: C1, C2 = 30 pF % 10 pF for Crystals
=40 pF % 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

reset algorithm takes control. On-chip hardware inhibits access
t0 internal RAM in this event, but access to the port pins is not NC XTALZ
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes (0
a port pin or to external memory. EXTERNAL

OSCILLATOR XTALY

SIGNAL
— GND

Status of External Pins During Idle and Power Down
i Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 ‘
_ ldle | Intemal 1 1 Data Data Data Data
| 1dle Extemal 1 1 Float Data Address  Data
| Power Down | Intemal 0 0 Data Data Data Data
i Power Down | Extemal 0 0 Float Data Data Data

4 AT89C51
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Program Memory Lock Bits

On the chip are three lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

When lock bit 1 is programmed, the logic level at the EApinis
sampled and latched during reset-If the device is powered up

Lock Bit Protection Modes

, AT89C51

. without a reset, the latch initializes to a random value, and holds

that value until reset is activated. It is necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features.
MOVC instructions executed from extemnal program memory are disabled from

2 P U U fetching code bytes from internal memory, EA is sampled and latched on reset, and
further programming of the Flash is disabled.

3 P U Same as mode 2, also verify is disabled.

P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89CS 1 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
t0 be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conve-
nient way to program the AT89C51 inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89CS1 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective tep-side
marking and device signature codes are listed in the following
table.

{ Vpp=12V Vep=5V__|
i | AT89CS51 AT89C51 l
| Top-SideMark | xxxx X005 !
| | (030H)=1EH (030H)=1EH |
| Signature ! (031H)=51H (031H)=51H |
i | (0324)=FFH (032H)=05H |

The AT89C51 code memory array is programmed byte-by-byte
in either programming mode. To program any non-blank byte in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89CS1, the address. data and control signals shouid be setup
according to the Flash programming mode table and Figures 3
and 4. To program the AT89C51, take the following steps.

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

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

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

5. 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 m&re_tﬁa_m. 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 AT89CS1 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 complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY.
P2.4 is pulled high again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed, the programmed code data can be read back via the -
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically by
using the proper combination of coatrol signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
*1*5. The chip erase operation must be executed before the code
memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,

ATMEL | 5



031H, and 032H, except that P3.6 and P3.7 must be pulled to a
logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel
(031H)=51H indicates 89C51
(032H) = FFH indicates 12 V programming
(032H) = O5H indicates 5 V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of
control signals. The write operation cycle is self-timed and once

initiated, will automatically time itself to completion.
All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate software revision.

r N LfypbEL EY
Mode RST PSEN PROG Vep P2.6 P27 P3.6 P3.7
Write Code Data H L ~ v L H H “H
Read Code Data / H L H H L s H H
Write Lock Bit - 1 H L N/ H12V H H H H
Bit- 2 H e R Hi12v H H L L
Bit- 3 H & S HARY H L H E
Chip Erase \b/\d L H L
H L L Lo

Read Signature Byte ¥ H A H

Notes: 1. The signature byte at location 032H designates whether
Vpp=12Vor Vep= 5V should be used to enable pro-
gramming.

Figure 3. Programming the Flash

+5V

AT89CS1
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SEE FLASH —> P27 ALE PROG
PROGRAMMING
MODES TABLE —%| P36

VedVep

2. Chip Erase requires a 10 ms PROG pulse.

Figure 4. Verifying the Flash
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AT89C51

Flash Programming and Verification Characteristics
Ta=21"Cto27°C,Vcc=5.0+£10%

Symbol Parameter Min Max Units
vppl!) Programming Enable Voitage 11.5 125 v
Ippt! Programming Enable Current 1.0 mA
1/tcLeL Oscillator Frequency : 4 24 MHz
tAVGL Address Setup to PROG Low 48tcLcL
tGHAX Address Hold After PROG 48tcLcL
tovaL Data Setup to PROG Low 48tcLoL ;
tGHDX Data Hold Atter PROG 48tcLcL
tEHSH P2.7 (ENABLE) High to Vep 48tCLCL
tSHGL Vep Setup to PROG Low 10 us
tarst” | Vpp Hold After PROG 10 s
| teLeH PROG Width 1 110 us
tavQv Address to Data Valid 48tCLCL
teLav ENABLE Low to Data Valid 48tcLcL
tEHQV Data Float After ENABLE 0 48tcLcL
taHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

ATEL -
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Flash Programming and Verification Waveforms - High Voltage Mode

PROGRAMMING VERIFICATION
P1.0-P1.7
P2 0- P23 ———————_ADDRESS ———h ADDRESS

& - —" 'r- tavav

| P
PORT 0 ! DATAIN DATAQUT P
| e toveL torox |

taHAx
ALE/PROG
teHsL
. 1 __ LOGIC 1
EANpp - ol _Sresieo e
<+t . ¥ L___ 5
oot <+ teHsH - lf"_ " <— tenax
(ENABLE) ‘
' torHBL — 'l“ . ’
P34 !
(RDY/BSY) l \ BUSY READY
( | e twc —

Flash Programming and Verification Waveforms - Low Voltage Mode

PROGRAMMING VERIFICATION
1.0 - P1. |
;;2 g i g; :73 (" ADDRESS ADDRESS
. . 1 l‘— tavav
PORT 0
| —ltovel  laHox |
tavae; i |
ALE/PROG A 1 1!
topg +—> i i
el +—lolgh—™ | 5
- LOGIC 11
EANpe 77T e e o _____ oG L L -
o] +— lensu ! = +— leraz
P2.7 1 ferav o8
(ENABLE) /l :
4 ioraL e \
P3.4
(RDY/BSY) S BUSY READY
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Absolute Maximum Ratings*

Operating Temperature.................... -55'Cto +125°C

Storage Temperature....................... -65°C to +150°C

Voltage on Any Pin .

with Respect to Ground ................... -1.0Vto+7.0V
. Maximum Operating Voltage .........c.cccevevevereeene 6.6V

DC Output CUITeNt.....coveeeeeriri i 15.0mA

D.C. Characteristics

AT89C51

*NOTICE: Stresses beyond those listed under “Absolute Maxi-

mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice al these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

)

TA=-40"C t085°C, Vcc = 5.0 V +£20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) -0.5 0.2 Vce-0.1 v
ViL Input Low Voltage (EA) -0.5 0.2 Vcc-0.3 \%
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vce+0.9 Vce+0.5 \
Vi1 Input High Voltage (XTAL1, RST) 0.7 Vec Vece+0.5 \Y
Output Low Voltagem !
Vou (Ports 1.2.3) loL= 1.6 mA 0.45 \)
Qutput Low Voltage!") _
Vou1 (Port 0, ALE, PSEN) loL = 3.2 mA 0.45 \Y%
Output High Voltage loH=-60pA, Vec =5V = 10% 2.4 \
VoH I (Ports 1,2,3, ALE, PSEN) IOH = -25 pA 0.75 Vee V]
lon =-10 pA 0.9 Vcc \
Output High Voltage loH = -800 A, Vcc =5 V = 10% 2.4 \
VOH1 (Port 0 in External Bus loH = -300 pA 0.75Vee \V
Mod
Rae) loH = -80 pA 0.9 Vce vV
Logical 0 Input Current | § -
i (Ports 1,2.3) Vin=0.45V 50 LA
Logical 1 to 0 Transition - 5
I Current (Ports 1,2,3) S\ ¥ 680 oA
—~+- Input Leakage Current - &
] (Port 0, EA) 0.45 < VIN < Vce +10 HA
RRST | Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, TA=25C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current -
- Idle Mode, 12 MHz - 5 mA
Vec =6V 100
Power Down Mode® = L
Voo=3V 40 LA
Notes: 1. Under steady state (non-transient) conditions, Ior must If IOL exceeds the test condition, VOL may exceed the

be externally limited as follows:

Maximum oL per port pin: 10 mA
Maximum Iot per 8-bit port:

Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total IOL for all output pins: 71 mA

=]

- ATmEE

~=lated specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
Minimum VCC for Power Down is 2 V.




AMEL

A.C. Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter i Min Max

0

Un_J

1hcLcL | Oscillator Frequency
| ALE Puise Width
| Address Valid to ALE Low

tLHLL

tAVLL tCLCL-13

Wax 1 Address Hold After ALE Low 1 {CLCL-20 | ns
tLLv | ALE Low to Valid Instruction In \ 233 ] 4tCLCL-55 ns
| wweL | ALELowto PSEN Low 43 tcioL-13 ns
"pm« | PSEN Pulse Width N e ) A B
tpLiv | PSEN Low to Valid instruction In 145 | 3toLeL-45 ns
tPXIX Input Instruction Hold After PSEN 0 0 ns

tPXIZ Input Instruction Float After PSEN tcLe-10 | ms

‘, StcLel-55

taLRH | RD Pulse Width
twiwe | WR Pulse Width 400 6terct-100
taLov. | FD Low to Valid Data in | 252 | 5toLcL-90 =
D T 7 IV |
tauoz | DataFloat After RD \ 97 otoLoL-28 s
585

oy . | ALE Low to Valid Datan 8tCLCL-150 | ns

tavpv | Address to Valid Data In gtCLCL-165 ns |

L | ALE Low to RD or W Low 200 300 o dd  docrso | = |
tavwlL | Address to RD or WR Low 203 AtcLoL-75 ns |

\ | Data Valid to WR Transition | ns
\ I Data Valid to WR High
| twrax \ Data Hold After WR

' | AD Low to Address Float 0

|tz o |
twrin | RO or WR High to ALE High 43 123 m

23 tcrcL-20
7tcLeL-120

tereL-20

10 AT89C51 M
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AT89C51

External Program Memory Read Cycle

e g ——*

|
ALE ‘/ﬂ
terpn

tavie <+ iy
- tLLPL —
PSEN teuv
T — «tpx;\v"i
o tpxiz
i tpxix
PORT 0 __A0-A7 Pr———CINSTRIN 5> <" A0-A7 Dad
taviv

PORT 2 < A8 - A15 X AB-A15

External Data Memory Read Cycle

i i
ALE N

i T
1 !
{

PSEN }
tuov” H [
I +— tALAH —>
— luw — [ !
-8 - | l
RD J& 8 — i Y/
|

ooy +— tAroz
‘»gw—%—y i

r—— tavi—

— - tAHOX

|
| ! P
PORTO __»~<A0-A7 FROMRI OR DPL & X +—<DATA N S5KA0 - A7 FROM PCL—<(NSTR IN
j | i .

- |
|
| S

i
|
|

I tavw > !
; tavov f
PORT 2 K P2.0 - P2.7 CR A8 - A15 FROM DPH >< A8 - A15 FROM PCH

ATmEL ¥



ATMEL

External Data Memory Cycle

et Hu—

PORT 0

e tavwe |

PORT 2 ﬁL P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

—— terex LCH t———d ‘ot 7—’* ‘ HOL
| "’1 e “\ J\[_—‘______\ | r tc

0.2Vge- 0.1V &
L——- tolex \

I"—’_—,’_— tCLCL ——”—F———ﬁ

0.45 V-———f

External Clock Drive

i Symbol  Parameter Min Max Units |
1ftcLeL | Oscillator Frequency 0 24 MHz |
tcicL | Clock Period 41.6 ns |

|_tcHex | High Time 15 ns i

! tolcx | Low Time 15 ) ns

[ tcLcH 1 Rise Time 20 ns

| teHoL | FallTime 20 ns

2 AT89C51 S

i AR Bl i R
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AT89C51

Serial Port Timing: Shift Register Mode Test Conditions
(Vec = 5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tXLXL Serial Port Clock Cycle Time 1.0 12tcLcL us
tavxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
tXHAX Output Data Hold Atter Clock Rising Edge .| 50 2tcLcL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 , g | 2 { 3’_‘1_4_‘ 5 | 6 SR8 __
e L ARV DR VY A N O (T LN L
b
—2H A : radl —3 —
CLOCK % /o AP RN aD . W——1h 1N\ unll
VX !
! — L— tamax
WRITE TO SBUF 0 i\ d AV g —— 5 6 7
¥ : | et - +
OUTPUT DATA , bosoy = 1 Fo% SETTI :
_CLEARAL T G O O O i O O G
v - iy k z A
INPUT DATA N ’ SETRI

AC Testing Input/Output Waveforms'’ ~ Float Waveforms'’

Vecr 05V
. 02V, +09V

TEST POINTS P
02Ve-04V. S

045V
Note: 1. AC Inputs during testing are driven at Ve - 0.5 V fora Note: 1. For timing purposes, a port pin is no longer floating when
logic 1 and 0.45 V for a logic 0. Timing measure- a 100 mV change from load voltage occurs. A port
ments are made at Vi min. for a logic | and Vi max. . pin begins to float when a 100 mV change from the
for a logic 0. loaded Vou/Vou level occurs.

ATMEL 1




Ordering Information

rSpeed | Power

|

(MHz) ‘ Supply \ Ordering Code

Operation Range

12 5V +20%

AT89C51-12AC
AT89C51-12JC
AT89C51-12PC
AT89C51-12QC

Commercial
(0°Cto 70°C)

AT89C51-12Ql

Industrial
(-40°C to 85°C)

e
AT89C51-12JA

AT89C51-12PA
ATB89C51-12QA

|
l
|
5V =10% \
i =1
|
1
|
|

Automotive
(-40°C to 125°C)

I
|
I
i AT89C51-12DM Military
1 AT89C51-12LM (-55°C to 125°C)
\ AT89C51-12DM/883 | Military/883C
| ATB89C51-12LM/883 ! Class B, Fully Compliant
* (-55°C to 125°C)
[ 16 | 5V220% || ~ AT89C51-16AC j Commercial
| | ATB9C51-16JC ; (0°C to 70°C) i
! 1 AT89C51-16PC |
i | AT89C51-16QC !
i i Industrial
ll ; (-40°C to 85°C)
1{ | ATs9Cs1-16Ql !
1 | AT89CS1-16AA | Automotive
| ) ATB9C51-16JA g (-40°C to 125°C)
‘ i ATB3C51-16PA ‘
* | AT89C51-16QA
20 | 5V:20% - AT89C51-20AC Commercial
: ‘ AT89C51-20JC (0°C to 70°C)
‘ ’X’mp‘(‘;”/ |
i |
| “$789C51-20QC I lom ‘
1 ' ' Industrial |
1 (-40°C to 85°C) |
‘ AT89C51-20Q! \
24 | 5V20% |  ATB9C51-24AC Commercial
‘ AT89C51-24JC (0°C to 70°C) i
AT89C51-24PC 5
AT89C51-24QC |
Industrial ’

(-40°C to 85°C)

14 AT89C51




Ordering Information

AT89C51

Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

Packaging Information

44A, 44 Lead, Thin Plastic Gull Wing Quad Flatpack
(TQFP)
Dimensions in Millimeters and (Inches)

12.25(0.478)
11.75(0.458) i

| ;

PIN1ID —

| !
N
=,? LAY 0.4040.016)
— = _
080(0.031)8SC — = =, 300012
i j { ==
| = =
! Ny =| |
i =
' EHENR
! SEREARLAE
i
i
“ 10.10(0.394)
‘ - sap=
$90{0.386) |
. i - 1.20{0.047) MAX
0.17(0.007) E3 ,ﬁw' y

oy - :
0.13(0.005) | ¢ ] 1

0.50(0.020) 0.05(0.007)

40D6, 40 Lead, 0.600" Wide, Non-Windowed,
Carmic Dual Inline Package (Cerdip)

Dimensions in Inches and (Millimeters)

MIL-M-38510 D-5 CONFIG |
| 2.09(53.1) |

F 2.04 (51.8) PIN
1
noopaood.wono

1 \‘ ‘ 1 |

i

! / Q! 610 (15.5)
! / / i 370(14 5)
1 I
LAl W
g uqu;p';g) 098f2<9)
! -1 i MAX.
= 1:500 (38.26) REF —or{
225 (5.72) 005 (.127)
MAX i MIN.
WW grH i
SEATING =
PLANE l }
U u 060 (1.52)
2_(ﬂ3) | | ms (:381)
125 (3.18) !
= 023(584)
”J m) 014 (.256)
110(2.79) 045 (1.19) '
90 (2.29)
| 5200157)
| 3950
— e— 1~
ﬂﬁ—-—f\ 15
015(.381) _ <}
308 (.203) =
|

! .700 (17.8) MAX

15



AIMEL

Packaging Information

44], 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC OUTLINE MO-047 AC

X us(nqxa& as’
045 (1.14) X 45 PINNO. 1 0
| |osrmw
S s

ooa(zoa)
T
N asusn
550 (15 5§
032(813) ] = . “ 1 C""

026 (.660) f 2980700 °‘3(33°)"60
sas (17 PN £30 el

590 (15.0)
S

g 043 (1.09)
l E

cn;rih

(i - N
050 (127) TYP T —
r————“ 500 (12.71 REF 5Q 020 (.508)
120 (2.05)
050(2.29)
180 14.57)
165 (4.19)

11

UL 1
' o
EAIATY g’

=

=

5 m@f _ 022(559) X 45 MAX (3X)
\_'_]"J"_f’\ S

T

44L, 44 Pad, Non-Windowed,
Ceramic Leadless Chip Carrier (LCC)
Dimensions in Inches and (Millimeters)

.662 (16.8)

640 (16.3)
600 (15.2)
380 (14.7) |

.108 (2.74)

’1 [~ e85 (218)

( 500 (15.2 L
.53(3212 %/AT 570 (‘\4.5)[’5
\ e
4 o e =3
220 (2.09)
PIN 1 .059 (1.50)

.085 (1.40)

005 (2.41) _ | 045 (114) /= INOEX CORNEA
075 (1.91) ) /
(1 LIRS 025 (635) y 45
1 : K 015 (.381)
{ 012 (305}
o RADIUS
500 (12.7) 8SC o2 %ﬂ 07 (.178)
‘ = ﬁ'[ 029 (737)
- ,m y 021(.533)
050120 TYP —f = P Lo 02) X 45 (3X)
— rl_ 085 (2.16)
500 (12.7) REF TE5(185)

I —

7

$.2
" 40P6, 40 Lead. 0.600" Wide,
Plastic Dual Inline Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07 (526
2.04 (51.8) p.N
"-"- g A0 8 oY Tl D[j
| \ \ )
566 (14.4)
/ l 330\135)

!

|
|

.220 (5.59)

HOU o o = \_JLﬁ

—— = 0%0(229)
: {,900.(48.26) REF ——=— MAX.
i — 005 (.127)
| | MIN.

o_L
H t.oe5(1.55)

161(409) ! i it 015 (.381)
i 125 (3.18) i e 0 59y
| o S e i 022(.559)
5 (1 £8) 014 (.358)
110 12.79) 041(1.04)
090 (2.29)
L B30(160)__;
‘ T s00s0
—_——
i =\—_———_.———_.=\ 9 per
; \ 15
I 22(308) _ [ 7 —\
o8 (203) ¢ ¢
| 890(173)
’ 610 (15.5)

44Q, 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
Dimensions in Millimeters and (Inches)

13.45(0.525)

o
L

S

[

12.9%(0.506)

aﬂ;naqnm

PIN1ID —

0.40{0.016)
=
| 0.3%0.012)
[}

0.80{0.031) BSC

N8
Mﬂﬂ%
(T

{

DR

10.10(0.394)
SQi=

T s |
! - 2.45{0.096) MAX
0 |
2.17(0.007) 2 — —!
. ! ;
21%0.005) 1| EREREINEY '
! 1l oses0.03n o
PN e ——— L 250010 MiN
0.650.025)
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/EMEC TSOP1S..

/em]conduc(nrs

Photo Modules for PCM Remote Control Svstems

Available types for different carrier frequencies : ; .

TSOP1830  30kHz | TSOPI833  33kHz

TSOP1836 36 LHz TSOP1837 36.7 ‘.&Ez_
1 TSOP1838 . m TSOP1340 40 kHz
CTSOPLS56 36 kHz

Description
| The TSOPIS.. - s are minianuized receivess for io-
© frared remote comro! systems: | -PBN diede’ ~and /;)p
W 1 K ¢
preamplifier are assembled ca lead frame. the epoxy / Y
package is desicned a5 IR filter. WA 48T
The demndnlared aumpu signal #ag diecdy be 2] é
by a microprocessor. The main Bensit i :
funmction even o disturbed ambieat aad the prosection
against uncoat 4 sumput pulses.
Features
* . Photo dewqior agd przampiifier in ous packags » Improved shielding against slecaic Jald
& Ouput active fow distuz barce
= Internal filter for POME ey ’/3"‘6_\“"—0 tsupply voltage, low pover consunpdon

e Advanced immm[}' against amoient Haho

2zd CMOS compatibilicy

% Inteliizent AGC

Block Diagram

) D o X
S (R 510 Coutol [ | ¢
| Circuit * :
. s t 100ka |
73 | A | I
:'& PIN k | ? o OLT |
i
l o :‘\GC -y Bdnd 3om Cewmodu- - -
’ Pass lator i‘;\ L

o——yGND
T

TELEFUNKEN Semiconductors




(soP18. 1EMIC

Absolute Maximum Ratings
Timp = 257 C

o Condiions
Supply Voltage
Supply Current (Pin 3)
QOutput Voltage : (Pin 1)
rature Range
perating Temperature Range L Bomp | 25485 |
Power Consumption @ = 3570 P { 50 k oW
Soldering Temperamure { £ 10s. | mm fromcase Ted ‘ 260 l e )
Basic Characteristics
Pasi Test Conditicas, -
Supply Curent (Pin 3) Vb UBH
B5 =35V E. =40 kix; sunlicht R 1.6 A
Transmission Distaoce E, = 0, test siznal see fig.d. d 30 m
IR diode TSIP5201, g = 300 mA
[ Ourput Voltage Low (Pin 1) | lost, = 0.5 mA Fo = 0.7/ mW/m?, VosL - 150 | mV
f=1f,
Irradiance (30 - 40 kHz) Pulse width tolerance:! B8 40 0.4 05 |lmwWm?
toi = 3/To < tgo < i * S¢ Loy,
rest signal (see £12.8)
Trradiance (56 kHz) Pulse width tolerance: 4\ B 05 07 | mWims
i = Sifo < tpo <lpi T 84S
i test signal (see fig.8)
E‘:? (L‘radiajmce ol 30 Wim?
- ‘ Direcuvity Angle of half ragsmission distance T ( +43 deo

Application Circuit

+35V **)
TSUSS.. «C
TSIPS... T '
§ .
o— 5
GND
setz *) calv necessary (o SEppress power supply disturbances

*x) rolerated supply voltage range : 3V<Vs<6V

TELEFUNKEN SemiCOdeictfo'rs




v ¢

/ Typical Characteristics (Lamb = 25°C unless otherwise spe

1.0 — ] - l -
> 08—
= -
g 06—
3 \
3
= 0.4
3 0.2 famtys 5% ___>~<
e AP(3dB)=1ty/] ——F—
0.0 :
0.7 03 0.9 1.0 1 1.2
ot 9102 f/ty - Relative Ercquency

Figure 1. Frequency Dependeace of Responsivity

1000 [

1

oo | —

',

P

O

! ]

=" &

 aladiiadi T T T

I

7 ‘ Input burst Juration  —————
M IE] | B~

600 —— B

4 @
|

i

I - Output Pulse Leagth (s )

o

'. —
500
y l 7= 930 nm.
403 optical test signal. fig.7
300 + :
L !
!

0.1 1.0 10.0

B Sirfdishas ( aW/m)

S6 12213

100.0 1000.0 10000.0

Figure 2. Sensiavity in Dark Ambienc

— 'SO i 1 t

= Correlation with ambicnt light sources

S 33| (Diswbance 2ffcct): | OW/m2 = 1.4klx

S ] (Sm.nd,iﬁum.A.T:ZSSSK)33.2klx

: 0 (Daylight. T=5000K) 7
T ’ ‘

~a

: | |

£ 40 ‘

= l |

2 i

4 U5 . - -

2 Ambient, 2. =930 nm ,/
= :

é 0.5 _____L——- _[

= 0

0.01 0.10 1.00 1000 DO

S6 12214 E - DC lrndiance (Wrm?)

Figure 3. Sensitivity in Bright Ambica

- Threshald lerudianoe miV/m
o

—(—i; H
Smnl

)

)

10

0.0 0.4 0.8 b2 1.6 2.0
o1y E _ Field Strength of Disturbancs (KY/m)
Figure 4. Seasidvity vs. Electic Ficld Disturtances

106.0

10.0

~ Threshold Uradiance GnW i )

1.0
e o0 l | J
0.1 1.0 t0.0 100.0 10000
1315 AVipangs AC Voltage on DC Supply Voltagz (mV)

Figure 3. Sensitvity vs. Supply Voltag2 Dismrbances

. Lo . ;
P T T
= 09 i ! i
% o Seasilivity in dfxrk ambient E
™ |
507 b— x ' i
3
5. 0.6 , l
S 03 \ | i ’
=3
’ t
£ 03 N -
0.2 L i
! |
i ooa f | g
RS | i v
AR
2.5 RIEAN. 6.1 40 43 /30 3. 60

S 16 A

*,_asidvity vs. Supply Voltaz2
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‘SOP18..

TEMIC

Semiconduct2is

O stical Test Signul N N
(I‘}’?dxo«‘a TSIPS201, Je = 0.3 A 30 puses. 1=l T =15 ms 2 : )A“I'—“
18 |
1 ; 4 ‘ V. oSV
—~ £ |
il i L T
v _ ; E s .
z 1 I
Ly ™ 3 12 ~————
b n . 5 10 | M‘
A 4 |
S gy = 6ify 18 ecommendad for optimal functior é: 0.3
s 0.6
Qutput Signal 5612217 - 0.4 l
02
lho = ini =340 0
{ -3 =15 0 15 30 253 60 5 9
voL | . %1120 Temy - Ambient Temperature ( °C )

Output Pulsa: Fength (ms)

Output Function

Figure 7

Figere 10, Supply Current vs, Ambient Temperature

AR [ ~="\\]
:f_-i 0.0 i L i \
= 08 Seasitivity in dadk » ot i \ !
o N P P e\ |
3 07 L W &
g - } | i
A0, 5 \
g
AN 0.5 : :
2 0 ﬁ“‘*——i—-_.L i_-,_‘.--—'—""-
= 5] -
3 ; ==l
oYY : i @ i |
Em 4 !:
: | i ;
s gl ;
i i ! { I
| ‘L i | |
-i5 0 IS 30 45 &0 i35 9

Sucplv cu@@nt in dark um

'
I
|
i

picr
&
z
2
z
3
~
bt
=
2!

t |
. b » 950 nom. - & : ,
= . . . 0.7 -
& optical st simal. fiz.§ : \ | i
s 100 | | N6 : v ;
) : ! 0.3 : :
ot Lo 0 1000 G0 100000 25 X0 O3S 10 L3 A0 s: 60
%6 12219 E. - lrradiance (mWoim oSz Vs - Supply Voliage (V)
Figure 9. Quiput Pulse Diazram Figur Supply Current vs. Supply Volteg
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(£ MIC 1SOP18..

12 1.0
? ) 0.9
z 3
;2) .O 5 0.8
Z 2 07
£ : a
: g 0 5 06 .
. ;.’_ z 0.5
g o S e ‘ N
: s T
. : Z_j /i i TP N
) e I SRR B A B
~ 0.2 == 0.1 i i 1 _ : i :
z / NN
U - - o,
750 850 930 1030 1150 S90=T5-60—25-30-13 0 13 3045 &0 TS 20
93 8208 » - Wavelength ( am ) 512223 Angie tded;
Figure }3. Relatdve Spectral Sensitiviiy vs. Waveleagth Figurent 44 Direccrvity
o .
b
4
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TO REFLECTORS

Part  No:SY-CR103 9,'
. 2
- . /
Absolute Maximum Ratings - L
r—EATURES
A ‘Compact snze 4dmm dia Lc—stem
Fllt %hﬂ
\< msist of GaAS infrared LED Si Photoransistor
e | SYmBOL RATINGS UNIT
INPUT :
Forward DC current |’ff E’B n}\A
Pulse forward current(*-1) v? 6 v
Reverse voltage |
OUTPUT | AVpa
Collector emitter voltage - i gg:gg 330 \é
Emitter collector=voltage ’ Pe 75 mw
Power dissipation =
COUPLED ’ _ .
Storage temperature Tstr _2,50 1118000 8
Oper ing temperature Topr I G
“ead Soldering temp.(5 sec)
' _ELECTRO-OPTICAL CHARACTERISTICS (Ta=25%C )
| SYMBOL | _MIN: - L TYP. P MAK. CONDITIONS
N ‘ &
llofiwgrd Voltag | Al § g i 1.2 v i [f=tmA
i i ¥ 3 4 =R\
Reverse leaka gc current el 2 P 7 =70 | % '2 ‘JA__!_ Fel Vr—o_/ )
OUTPUT - o= ? | & 0T RN
Dark current ' 3 r g '\ nA i Vee=10v 1f=9
Junction capacitance A )
PLED
88&)2%_51”@:1&“ -2) ic B jg 4 1 if = amA \/cefZV !
Rice e T 30 = Eec i Vece=2Y  lc="100uA
Fall time X 23NNV uSec "IRLEIKQ
NOTE: *-2 Refleted surface is white ta ect ?CJ Ly‘vo“.,
Distance to reflected surfac
Eﬁ PaCkage Dimension i
{-—420.2——‘ p
i ! '
| 5
N q 1 ’i :
2NN N
AT P
3 s :) 5
90300 l’}i— L
a0 | -
I =
U {J‘ .
ik
—1.8 /
| £
— = O~/ -5 | 5 +
o i ‘ !
B Dyl 0 00 @
W o : I CATH0DE
3 >& 2. ANDDE
——— I D 3. CSRiECIoR
. = 4. ERUTTER
f - U%iT- mm

g S LT st ey

—_—— T
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STEPBUF EQU 40H ;STEPPING BUFFER

STACK EQU 10H :SYSTEM STACK
RUN EQU 20H.0 :RUN STATUS
COUNT EQU 30H :COUNTER OF SC
ORG 0000H
MAIN: MOV SPH#STACK ;SYSTEM STACK
MOV STEPBUF#0EEH ;INIT STEPING MOTER
MOV COUNT,#00H
SETB PO.7
JB P0.7.8
M1 MOV A,COUNT
CINE A#04,SCAN
ACALL MST
SIMP $ :STOP WORKING ROBOT
SCAN: SETB P0.0 :CHECK LEFT EYE
JNB P0.0,M2 JJF OK JUMP TO M2
ACALL STL
SETB P0.2
JB P0.2,M1
AAB: SETB P0.1
JNB P0.1,M3
1i: ACALL STR
SETB P0.3
JB P0.3,AAB
TA: ACALL STL
SETB P0.4
JB P0.4,TA
INC COUNT
ACALL MTR

ACALL DELAY



M2:

M4
M3:

MS5:

LOCK:

LI:

152"

CM:

MR:

ACALL
SIMP
SETB
JNB
ACALL
SIMP
SIMP
SETB
JB
ACALL
SIMP
SIMP
SETB
INB
SETB
INB
ACA

SETB

ACA L
SIMP

SETB

ACALL
SJMP

SETB

SETB
JNB
ACALL
SIMP

ACALL

MST
Ml
PO.1
P0.1,M4
STL
M2
LOCK
P0.0
P0.0,M5

STR

LOCK
P0.0
P0O.0.LI
B0

PQ.1,L2

P0.1.CM
SL
L1
P0.0
P0.0.CM
SR
Ll
P0.4
P0.4,GO
P0.6
P0.6,MR
MTL
LOCK

MTR



SIMP
GO: ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
MOV

LIMP

LOCK

MST

DBO

DBO

FOR
DELAY
MST

COUNT #00H

Ml

SLR: ACALL
SETB
JB
ACALL

SLR1: ACALL

SETB

ACALL

SIMP

STR
P0.3
RO.3,SLCR
FOR
STL

P0.2
P0.2,SLR1
REW

SLR

stk FIND CENTER OF EY Bt

FCT: ACALL
SETB
JB

FCTI: ACALL
SETB

STR
P0.3
P0.3, FCT
STL
P0.4
P0.4,FCT1

FOR: ACALL

DEL



SETB P1.0

SETB P11
CLR P1.2
CLR P1.3
RET

goicikrckkkk RPBOT REWARD *# skt

REW: ACALL DEL
CLR P1.0
CLR P11
CLR P12
’CLR P13
RET

goesrs kol ROBOT TURN LERT *###iok

MTL: ACALL DEL
CLR P1.0
SETB P11
CLR P1Y2
CLR P13
RET

gekesionkit ROBOT TURN RIGHT ki

MTR: ACALL DEL
SETB P1.0
CLR P1.1
CLR P1.2
CLR P1.3
RET

SRckdOobE ok oK ¥k kRt
; * Aok MOTER STOP etk ok Fokokok Aqeckok

MST: SETB P1.2



SETB

RET

P1.5

STL:

PUSH
MOV
MOV
RR
MOV
ACALL
POP

RET

ACC
A,STEPBUF
P3,A

A
STEPBUF,A
DESTEP
ACC

gk STEPING TURN RIGHT sesfek ok ok ok ok ok

STR:

PUSH
MOV
MOV
RL
MOV
ACALL
POP
RET

ACC
A,STEPBUF
P3,A

A
STEPBUF,A
DESTEP

ACC

seERsEREEEE: OTEP TURN RIGHT FOR LOCK. ¥#¥¥

SR:

PUSH
MOV
MOV
RL
MOV
ACALL
MOV
MOV

ACC
A,STEPBUF
P3,A

A
STEPBUF,A
DT
ASTEPBUF

P3,A



RL A

MOV STEPBUF,A
ACALL DT

POP ACC

RET

ik B TEPING TURN LEFT FOR LOCK¥FEEr

SL: PUSH ACC
MOV A,STEPBUF
MOV P3YA
RR A
MOV STEPBUF,A
ACALL DT
MOV A STEPBUF
MOV B34
RR A
MOV STEPBUF,A
ACALL DT
POP ACC
RET,

skt DEL AY FOR STOPR*#k ks

DELAY: SETB RSO
MOV R2#0AH
DI: MOV R1#4EH
D2: MOV RO,#00H
D3: SETB P0.7
JNB P0.7,STOP
SIMP D4
STOP: ACALL MST

SIMP $



D4: DINZ
DINZ
DINZ
CLR
RET

R0,D3
R1,D2
R2,D1
RSO

Sk kR kR DELAY FOR MOTER #ekerstiox

DEL: SETB
MOV
DINZ
CLR
RET

RSO
R1,#0H
RLS

RSO

prersee e HET LN FORSIEDITOSQANT i

DESTEP: SETB
MOV

DST: MOV
DINZ
DINZ
CLR

RET

RSO :USES REGISTER BLANK 1
RO,#80H

R1.#30H

RLS

RO,DST

RSO ;BACK TO USES REGISTER BLANK 0

Jekrdkkrrr i DELAY FOR STERINGRLQC K+ ki **

DT: SETB
MOV

DT1: MOV
DINZ
DINZ
CLR

RET

RSO

RS, #50H
R4.#20H
R4.$
R5,DT1

RSO

jressressts DELAY FOR DEBOUD SWITCH**¥



DBO : SETB RSO

MOV R7,#00

DB1: MOV R6,#00
DINZ R6,$
DINZ R7,.DBI
CLR RSO
RET
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