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INFRARED NAVIGATION SYSTEMS FOR BLINDS

Weeraphong Sertchamrern
Dr. Kittipon Chitsakul (Advisor)
Academic year 2002
ABSTRACT
This project is concerned the development of a simple infrared navigation system for the
blinds using in a defined area. Based on the pulse position modulation (PPM), the infrared senders
continuously send the modulated codes defined the positions in the area. A receiver porting on the
user generates sound corresponding to a sender to which the code is sent. A micro-controller, family

MCS51, is used as decoder and to drive out the sound.
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2.2 Pulse Position Modulation (PPM: #1931
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Port Detail

P3.0 RXD(serial input port)

P3.1 TXD(serial output port)

P3.2 INTO(external interrupt 0)

IP3.3 [NT1(extemnal interrupt 1)

P3.4 TO(timer 0 external input)

3.5 1(timer 1 external input)
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: mS
= 3*25 mS
=75 mS

313.1 117#@3 PPM
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NO ——

i
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B
Yes
¥
LOAD TIMER & ACTIVE
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Yes
h

DISABLE TIMER

TIMER > 2675

N

TIMER >= 2325

y

Yes
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00000 1

00001 2

00010 3

00011 4

00100 5

00101 6

00110 A

00111 8

01000 9

01001 10
01010 11

01011 12
01100 13

01101 14

01110 15 N
01111 16
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CURSOR

] Type
]

Source

Delta
2.600ms
364.6 Hz

3 Cursor 1
1 —7.800ms

: Cursor 2
1 =5.200ms

CH1 200'0‘ CH2 500 i Sms V CH1 f -301mY

chifBdyaN VNV 18 Y03 SL490

4.1.2.fyanuiialanmnieuans Teyann Saw tooth eUAUN AU

M Pos; UOUUS CURSOR

Type

1,:H ......... e
Delta

2.400ms
1 416.7 Hz

Tek

Liadaa b tiinanine s

: o
& — ” cimeeq  —11.10ms

ik :| : | | l ]
SO N PO AU RN NN BN 1 Cursor 2

553125122‘-3-8700ms

CHi 2007 CHZ 500V M 25ms CH1™7 216V

]
=

chifiod Qi 16 Y99 SL490

ch2fedym1aifiun ¥e3 IR-Module

46230
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4.1.3. Aot O/P N2 YB3 SL490

Tek S . Stop M Pos: =200 0)Js CURSOR
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Source

=+ 1 03 & = 1 Delta
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Cursor 1
15.20ms
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9. Source code
Tdsunsudavisy 89C2051

REMOTE DECODE

IN BIT P3.0

SPK BIT P3.1

ORG  0000H

SIMP~ MAIN

MAIN: MOV SP#128-32

MOV TMOD,#01
START: MOV  THO#0

MOV TLO#0

B IN,S

NOP

NOP

NOP

NOP

NOP

JNB IN.$

SETB  TRO

B IN,S

CLR  TRO

MOV  DPTR#7068 : MINIMUM BAND WIDTH OF START BIT



ACALL CP_M_E - IF C =1 MEAN TIMER >= INITIAL VALUE

JNC START

MOV  DPTR#8132 : MAXIMUM BAND WIDTH OF START BIT

ACALL CP_L E;IF C=1MEAN TIMER <= INITIAL VALUE

INC START

MOV B#0

MOV  R6#5 : THERE'RE 5 BITS DATA

NEXT BIT: MOV THO#0 : NEXT BIT DATA

MOV - TLO#HO

INB IN,S

SETB TRO

1B IN,S

CLR  TRO

MOV . DPTR#2750
ACALL CP-M < IF C =1 MEAN TIMER > INITIAL VALUE
INC CHK 1 : GOTO CHECK LOGIC "0"

MOV - DPTR#4070

ACALL CP_L E <IF C =1 MEAN TIMER <= INITIAL VALUE
JNC START
CLR C
KEEP 1 ACALL KEEP_BIT . KEEP BIT DATA
DJNZ R6,NEXT_BIT +GET BIT DATA UNTIL FINISHED 5 BIT DATA

LCALL G_BEEP
LCALL DEL 200MS

LCALL DEL_200MS



INC B
LOOP_B: ACALL BEEP
ACALL DEL_200MS

DINZ B.,LOOP_B

LCALL DEL_SEC

LCALL DEL_SEC

SIMP  START

CHK_I: MOV DPTR#2250 . [F ¢ =1 MEAN TIMER >=INITIAL VALUE
ACALL CP M E
JNC  START
SETBC

SIMP (KEEP_1

KEEP BIT: MOV, AB

RLC A
MOV  BA
RET

.

COMPARE TIMER

CP_M: CLR € = QF=="T
MOV  ADPL § G =" MEAN TIMER > DPTR
SUBB A.TLO .C ="0" MEAN TIMER <= DPTR
MOV  ADPH
SUBB A, THO

RET



CP M _E: CLR  C :OUT = C

MOV ATLO .Cc="1" MEAN TIMER >= DPTR
SUBB A.DPL ;C ="0" MEAN TIMER < DPTR
MOV A THO
SUBB  A.DPH
CPL C
RET
CP L E: CLR C O Lm=n(e
INC DPTR s G =N MEAN TIMER <= DPTR
MOV A, TLO eo="0" MEAN TIMER > DPTR

SUBB A, DPL
MOV A, THO
SUBB A, DPH

RET

SEND GARD BEEP TO SPEAKER ' TIME SEND = 1 SECOND

G _BEEP: MOV DPH#I9H ; FAH
G_BEEP2: MOV  DPL#18H ; 04H
G_BEEPI: CLR  SPK
G_DEL Bl: MOV R7#068H ; F&H
DINZ R7.$
SETB SPK
MOV  R7#068H . F8H

G_DEL_B2: DINZ R7$
DINZ DPL.G_BEEPI

DINZ DPH,G_BEEP2



RET

U SEND ONE BEEP TO SPEAKER

SEND BEEP TO SPEAKER : TIME SEND = | SECOND
BEEP: MOV  DPH#I9H : FAH
BEEP2: MOV  DPL#08H ; 04H
BEEPI: CLR  SPK
DEL Bl: MOV R7#07BH ; F8H

DINZ -~ R7.S

SETB  SPK

MOV R7#0TBH ; F8H
DER) B% DINZ  R7.8
DINZ DPL.BEEPI]

DJNZ  DPH.BEEP2

RET

DELAY 300 MS FOR X-TAL 12.000MHz &

DEL_200MS: PUSH  DPH

PUSH DPL

PUSH B

MOV  B#l
D 200MS2 MOV  DPTR#0BEE6GH
D _200MS1: INC DPTR

MOV  ADPH



ORL  ADPL
INZ D 200MSl
DINZ B.D_200MS2

POP B
POP  DPL
POP  DPH
RET

DELAY | SECOND F

DEL SEC:

SEC2:

SECI:

L)
2
;".
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GECPLESSEY

SSEMICONDUCTORS

APRIL 1995

3056-1.3

SL490B

REMOTE CONTROL TRANSMITTER

(Supersedes version in April 1994 Consumer IC Handbook, HB3120 - 2.0)

GPS has developed and produced a range of monolithic
integrated circuits which give a wide variety of remote control
facilities. As well as ultrasonic or infra-red transmission,
cable, radio or telephone links may also be used. Pulse
2osition Modulation (PPM) is used with or without carrierand
matic error detection is incorporated. Initially designed
with TV remote control in mind, the device is also suitable for
in radios, tuners, tape and record decks, lamps and
ighting, foys and models, industrial control and monitoring.

The SL490B is an easily extendable, 32-command PPM
rrznsmiiter drawing negligible standby current.

FEATURES

8 Ultrasonic or Infra-Red Transmission

# Direct Drive or Ultrasonic Transducer

& Direct Drive of Visible LED when using Infra-Red
Very Low Power Requirements

i Pulse Position Modulation gives Excellent Immunity
from Noise and Multipath Reflections

£ Single Pole Key Matrix

i Switch Resistance up to 1kQ Tolerated

ovanoxxxoo [[1 " 18]] cARRiER TIME CONSTANT
Ik 17 |] REGULATED VOLTAGE, Vreg
ouTPUT
IE 16 ] PPM TIME CONSTANT
veo(-ov [f« 15{] xxx01 ) seiecTion
St4sos MATRIX
oooxi [} 14]] xxx10. ¢ cunment
o SINKS
6 131
secection | 07 [ ] xxx11
MATRIX
cumment- 010xx (17 121 111XX ) serecmion
M MATRIX
SOURCES | 41y {1 1] vioes | TR
RCES
100xx [}9 10] 1o1xx | SOURE
DP18

Fig. 1 Pin connections - top view

QUICK REFERENCE DATA

B Power Supply: 9V Standby 6uA, Operating 8mA

B Modulation: Pulse Position with or without Carrier

B Coding: 5-Bit Word giving a Primary Command Set of

32 Commands
B Key Entry: 8 X 4 Single Pole Key Matrix
B Data Rate: Selectable 1Bit/Sec to 10kBit/Sec.
B Carrier Frequency: Selectable 0Hz (No Carrier)
to 200kHz

ORDERING INFORMATION
SL490B NA DP

Low External Component Count
# On-Chip Anti-Bounce Circuitry

ABSOLUTE MAXIMUM RATINGS

Se 0itage. Veo -85V
600mW

~10:Cto +60°C

~55°C t0—150°C

er gissipation
aung temperature range
iemperature range

| |
. SWITCH
| | CURRENT +— 4 dvee
85 SELECTOR
SUPPLY l
. Ls SWITCH o
: 1 AND ?VREG
j 7 REGULATOR I 2
] i ;
: SWITCH Q___B | W OUTPUT
: MATRIX SO AMPLIFIER } ¢ PPMOUTPUT
for! N 9 i,
: Sotmees | & encoper — 2
10 i |
1 CODE | | MULTIPLEX
it’ REGISTER [ | I |
11
1k% PULSE i
) POSITION %0 PPM TIME CONSTANT
MODULATOR !
COLUMN 3-BIT I |
ENCODER COUNTER I
: i
, CARRIER 18
& > i Tcmmen TIME CONSTANT

Fig. 2 5L486 block diagram



5L490B

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated):
Tamg = +25°C, Ve = +7V to +10-5V. Test circuit: Fig. 4. Timings are defined in Fig. 3.

Characteristic Pin ol Units Conditions
Min. Typ. Max.

Operating supply current 4 9-5 16 mA | Vgc =95V

Standby supply current 4 10 uA

Regulated voltage, Vgeg 17 4-1 49 \
i Regulator output current, Iggg 17 1 mA
! Cutput voitage swing 2,3 | Vee-1 \Y% Unloaded
: ()u?put voftage 2 1 \ I, = 10mA peak value <1ms

Cutput voitage 3 1 \ I3 =5mA
| ieypad switch resistance 5-15 5 kQ
Carrier time constant resistor, R2 18 20 40 80 kQ C2 = 680pF, fc = 50kHz; see Fig. 4
. FPM time constant resistor, R1 16 15 30 60 kQ
' ¢, deviation from calculated value, | 2.3 =10 % R1 = 15k 1, = 0-95C1R1, see
. using fixed timing components =10 % | R1=60kQ/ Fig. 4
i Variation of t; and t; with Ve
COAt 2.3 74 % _

213 L4 % } AVec'= 35V {7V to 10-5V)
i e 2,3 14 16
i Puise width. tp D@t~ ] Bd=tt, 0-22t,
i imterword gap, i 2,3 3t. Derived by counting
;*l1>{<—to—>-£ tp—> - ——tg——>
1 0 1 1 0 H | 1 H 0 w

Fig. 3 PPM word notaiion and timing definitions

BA BA BA BA

00 01 10 11
EDC NeN
b NN ™
N
001 AN N A N
| N NN
: ‘\“‘Q 010 (NS ALY
e 0 PN AN
| ) 771NN
N K
| 1 N N it [10 g
i N N
A M N 1 [11 g
111 NN ™Y |2 -
s e 1OV
A stasos | ,; |
E— C 5
h —-Vee B‘I'BK DQOO
/7777 Uis 4 01u
1 i1 I > |
0%; — U1e 3[L L | TO
u it _ (scopE
t1 - 095 C1 R1 o c2 } U7 2] L -
. | 680p == 01y
L g7c2Re2 —
fo 15k | [ R1]| [aok (B2 LIVaNEN g
100k =1
] |
ST777 ST777/7777

Fig. 4 Test circuit
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' N\
8 x4
KEYPAD
R
Q 10 9
— 8
i — 1+ 7
i |\ J

13

— .
i SL490B % ]
14 5

(PP3)

.
15
- -]
i [ oot 5 —— 416
U, 5% e
i 15k 2 el [17
R 4-7u. 6V -I-
| ! 7777 [18
47k R2
2:2k
/;;5; /7;‘;;

l-# onr
D2 ¥ A 1 CQX47
Y

Fig. 5Infra-red application circuit

CPERATING NOTES

Fig. 5showsthe circuitfora simple infra-redtransmitter where
1ne PPMoutput pulses from pin 2 of the SL490B are differentated
= C3 and R3 and amplified by TR1 to produce current pulses
=bout 1 5us wide. These pulses are further amplified by TR2and
apolied to the infra-red diodes D1 and D2.

The currentin the diodes andthe infra-red outputis controlled
v ine guantity. type, and connection method of the diodes and
aisc by the gain, at high currents, of the transistors.
The most common solution where cost is importantis to use
y nip dicdes. such as the CQYSS connected in series.

3 series paraliel arrangement. but it is usually simpler
miulti-chip diodes such as the CQX47 connected in
ingie CQX19. which gives simiar results.
increase in range can be obtained by using
s the CQY39 in conjunction with & plated plastic

When building the transmitter, care should be taken with the
choice of the capacitor C4 and with the circuit iayout, particuiarly
when multi-chip diodes are being used. asthe current pulses can
be as high as 6 to 8A.

Transistor choice isalsoimportantand any substitutes should
have high current gain characteristics and switching speeds
compatible with the application.

An increase in output can ba obtained by connecting TR2 in
common emitter configuration, but care should be taken not to
exceed the rating of the diodes.

Choice of PPM Frequency

When the transmitter is being used with an infra-red link. with
high current pulses fed to the diodes as in Fig. 5. power
consumption will increase with frequency. it is thus advisable
that, with abattery power supply, the siowest PPMrate consistent
with adequate response time should be chosen.
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PACKAGE DETAILS

Dimensions are shown thus: mm (in)

{ o W s O v 1 i B e e O o o | 11—1 —
PIN 1 REF
7-11 (0-28 7-62 (0°3)
vl (e note NOM CTRS
| SN SN S S N N [y D S o |
18
1-14/1-65 _,l L_
0-23/0-41
(0-045/0-065) (0-009/0-016)
. 25-40 (1-000) 5
MAX
Y 0-51 (0-02) 3-05 (0-120}

; 5-08/(0-20) MIN MIN
; SEATING PLANE M-’y\x
i | * [Notes
; fi [ " 1. Controlling dimensions are inches.
! 0-38/0-61 i '« _18LEADS AT 2-54 (0-10) : . ) : .
! (0-015/024y — > € > U NOM. SPAQN((; 2. This package outline diagram is for guidance
) . only. Please contact your GPS Customer
: Service Centre for further information.

18-LEAD PLASTIC DIL - DP18

=ZADGUARTERS OPERATIONS CUSTOMER SERVICE CENTRES

GEC PLESSEY SEMICONDUCTORS FRANCE & BENELUX Les Ulis Cedex Tel: (1) 64 46 23 45 Fax : (1) 64 46 06 07
Cheney Maner. Swmdor GERMANY Munich Tel: (082) 3609 06-0 Fax : (089) 360S 06-55

: . United Kingdom. ITALY Milan Tel: (02) 66040867 Fax: {02) 66040993
JAPAN Tokyo Tel: (3) 5276-5501 Fax: (3} 5276-551C
NORTH AMERICA Scotts Vailey. USA Tel: (408) 438 2800 140
SOUTH EAST ASIA Singapore Tel: {(65) 3827708 Fax: (85) 38288
SWEDEN Stockholm Tel: 46 8 702 97 70 Fax: 46 8 64047 3

UK, EIRE, DENMARK, FINLAND & NORWAY

Swindon Tel: (0793) 518510 Fax : {(0793) 518582
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EVERLIGHT

EVERLIGHT ELECTRONICS CO,, LTD.
Device Number: DMO-860-014 REV:

1.0
MODEL NO: IRM-8601S ECN: Page: 7/3
Lelis bzimf test item and condition
No ‘ Item t. Test Conditions Devics Sample Size | Ac/Rc
i Hours/Cycle
1| SolderHeat | tpnp o ggoecisec | 5 SEC 22PCSleach | 0/1
! H :+85°C 30MIN.
. 2| Temperature Cycle 1 SMIN. 50.CYCLE 22P(CS/each 0/1
! L :<40°C  30MIN.
LIQUID TO LIQUID
: H-+485°C | SMIN.
3 VJ——E} .;“" :\ j ~ . 5" g Z:LD :“! ac
5 ermal Cold Shock + 10SEC C-CYCLE CS/each 0/1
‘ T :-10°C . SMIN.
4 | High Temperature
; tofde TEMP : 85°C 1000 HRS 22PCS/each 0/1
s Low Tenm ture
| OV PR TEMP & —40°C 1000 HRS $3PCS/aach | O/
: Storage
F6 DC Operating Life ,
: < Vee=5V 1000 HRS 22PCS/each 0/1
SR | & 85°C485 % RH 1000 HRS 22PCS/each | 041
High Humdity

tion standard

ong el e:u‘rluai characteristics, total number shall be inspected on

y current.

!i,g,..‘--f.f evel output voltage.
1 level output voltage.

um sztam,e between emitter & detector.

- exc2ot above mentioned are not inspected particularly |
-hall fully satisfy the standard value.

o s{ Cnuca defect(CR) Major defecttMA) | Minor defect(MI)
_AQL 0.1 0.65 1.5
LB T L R e TR
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Fig.-1 |

Device Number: DMO-860-014 REV: 1.0
NMODEL NO: IRM-8601S ECN: Page: 5/8
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YVERLIGHT “ EVERLIGHT ELECTRONICS CO ,, LTD.

Device Number: DMO-860- 014 REV: 1.0
VIODEL NO: [RM- 86018 ECN: Page: 4/8

Performance ‘
i e specified electro-optical characteristics is satisfied under the following
-onditions at the controllable distance.

“{easurement place
% place that is nothing of extreme light reflect in the room.
~ =xternal light
froject the light of ordinary white fluorescent lamps which are not high
requency lamps and must be less then 10 Lx at the module surface.
“‘lﬁ,?‘:zi';_u;a.-d transmitter
A transmitter whose output is so adjusted as to Vo=400mVp-p-and the output
waveform shown in Fig.-1.According to the measurement method shown in
i¢.-2 1s specified as the standard transmitier.
However , the Infrared photodiode to be used for the transmitter should be
2. p=940nm,AR=50nm"
w o m{ouode 18 used of PD43&B(Vr=5V)
CStandarc hight/ Light source temperature 2856%K)
leasuring system
Accerding to the measuring system shown in Fig.-3

133
&2 h s
~
e 3 o T
""""" s
= aen
~ < ~ R 08 B
—— ! | ™ ]
— : Y %
e / k\
LTS, / i
- o L ~
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EVERLIGHT L EVERLIGHT ELECTRONICS CO,, LTD.

Device Number: DMOQ-860-014 REV: 1.0

MODEL NO: IRM-8601S - ECN: Page: 3/8
“Absolute maximum ratings (Ta=25°C)
| Parameter Symbol | Ratings | Unit Notice
| Supply Voltage Vcce 0~63 \Y%
' Operating Temperature | Topr | -30 ~+85 | C
- Storage Temperature | Tstg | -40 ~+85 | C
: -~ - . . = = 4 o vt ,
- Soldering Temperature’|~"Tsol 260 C i om m_?la bod
i - less than 5 seconds
Fiectro Optical Characteristies (Ta=25 C)
Parameter |/ |Symbol| MIN [ TYP | MAX | Unit | Condition
__Supply Voltage | Vce 45 5 D A% DC voltage
Supply Current Ice - - 3 mA | No signal mput
BET Cenf] 3 NMTIT] Y/ 43 SRt
____rreguency
 Peak Wavelength A DS - 940 v jeaees
L , 3 - - At the ray axis
lt:on Diswance|© d Py m -
o 2 ND b NSRS -1 des
___tronzontal) |
':_ﬁ~* agie (Verrical) g v - 35 . ng
High Level Pulse
T Width | Ty 400 - 800 s
0w Level Pulse |
3 Width T. | 400 - 800 LS
. High 'Ic el 1 ,
g vel Output Vy 45 ) i v
__Voltage
WY L;\d Output Vv, ) 0.2 95 v
~_Soltage
1 ¢ ray receiving surface at a vertex and relation to the ray axis in the
range of ¢=45° and ¢= 0.

X B ¥ T E B B & B A S




'EVERLIGHT EVERLIGHT ELECTRONICS CO,,LTD.
Device Number: DMO-860-014 REV: 1.0

MODEL NO: IRM-8601S ~~ ECN: Page: 2/8

frescription @

ihe devi e 's a miniature type infrared remote control system receiver which
"' c}oped and designed by utilizing the most updafed IC tecnno*om

Low voltage and low power consumiption .

Ph o;’icde with.integrated circuit.

Fiigh sensiuvitys

'YL end CMOS-compatibility.

CLgnonmrmnunity against ambientdight.

~zh protecuon ability' 1o EMI and metal case can be customized.
-.ong reception distance;

Light detecting portion. of remote control
Vs

\‘( AR
R S

{n

1udio bguipment

war Conditioners

CATV set top boxes

[.lectric Fan
Mulu-media Equipment

¢} Opucal switch
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EVERLIGHT | EVERLIGHT ELECTRONICS CO ., LTD.
I Device Number: DMO-860-014 REV: 1.0

VMIODEL NO: IRM-8601S ECN: Page: 1/8

# PACKAGE DIMENSIONS: ,

[ T
o g Ny v
~3} —.
: ) o : i
g =t < g !
~ = ’ il
o iR ¥ 4 ‘
t 1 — 3
— . ~—
4 = 1 —_—
— f

-4
i N R —
ol ™ : )=
N S ~
P Z
et & O S
; &2, 4
R N e
= i A
T, -
= N A ~
]
TS CrCw MECSUT % &
Rl Edcegml Gasiciclign i -mm

UNIT :mm
¢ SPECIFICATION MAY BE CHANGED WITHOUT NOTICE. SUPPLIER'S WILL RESERVE
TLUUEITY ON MATERIAL CHANGE FOR ABOVE SPECIFICATION. ‘

' IONTR|CHECKER | APPROVED | Office: NO 25 Lane 76,Chung Yang Rd.,Sec.3

Tucheng, Taipei 236, Taiwan.R.O.C.
TEL: 886-2-2267-2000,2267-9936(22L ines)
FAX: 886-2-2267-6189
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Features

¢ Compatible with MCS-51"™ Products

@ 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

& 2.7V to 6 V Operating Range

@ Fully Static Operation: 0 Hz to 24 MHz

& Twoc-Level Program Memory Lock

# 128 x 8-Bit Internal RAM

2 15 Programmable l/O Lines

# Twe 16-Bit Timer/Counters

¢ Six Interrupt Sources

& Programmable Serial UART Channel

= Direct LED Drive Outputs

# Cn-Zhip Analog Comparator

@ Low Power ldle and Power Down Modes

Uescription

LENC205T 1y alow-voltages high-performance CMOS 8-bitmicrocomputer with 2-Kby-
immable and erasable read only memory (PEROM). The device is manufac-
*s high density nonvolatile memory technology and is compatible with the
wdard MCS-31 Y instruction set and pinout. By combining a versatile 8-bit CPU
a monolithic chip. the Atmel AT89C2051 is a powerful microcomputer which
hix {lexible and cost effective solution to many embedded control applications.
AT39C2031 provides the following standard features: 2 Kbytes of Flash. 128 bytes of
1310 hines. two 16-bit timer/counters, a five vector two-level interrupt architecture, a
P ial port. a precision-analog comparator, on-chip oscillator and clock circuitry.
w the AT89C2051 is designed with static logic for operation down to zero frequency
ris two software seiectable power saving modes. The 1dle Mode stops the CPU while
- RAM. timer counters. serial port and interrupt system to continue functioning.
s Down Mode sayves the RAM contents but freezes the oscillator disabling ali-other
tons untl the next nardware reset.

#in Configuration

PDiP/SOIC

g

P1
P1
P

P1
P1
P1

I
bO®ON®» OO

w

{AIN1)
{AINO)

IEREEEFRERRSERENRUAN

NoOLSNWBRO O N

P3

‘.- N

AIMEL

AT89C2051

8-Bit
Microcontroiler
with 2 Kbytes
Flash

[IRYERNY



Block Diagram

Vee !
? RAM ADDR. |
— REGISTER S FLASH  [&—
b 7y y
= E T
: T A ’ A
; | |
: v ‘
i PROGRAM
i B STACK
: ADDRESS
; REGISTER ACC ! POINTER REGISTER
‘ |
: ;
) | ?’
; Y A4
: < BUFFER P>
: TMP2 TMP1 !
PC ]
ALU INCREMENTER iy
: y {
| ‘ INTERRUPT, SERIAL PORT,
¢ | AND TIMER BLOCKS
W { L
: : PROGRAM _
: PSW ! COUNTER
|
| |
¥ TIMING
p— INSTRUCTION 4
ST T DL | REGIsTER S i »  DOPTR
A \4
PORT 1 PORT 3
; ANALOG LATCH LATCH
| COMPARATOR 7y
osc ’ 4 A 4
; ‘ l PORT 1 DRIVERS J PORT 3 DRIVERS
L e el i 1 ? 7 ol
------ e ISEREEEEEEEE e 200 SN S NS (O [P ) T 1
H,‘}_* vy + vyvYyvy v i \ 2 A / v
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Pin Description
Vee

Supply voliage.

GND

Ground.

Port 1

fort s an 8-bit bidirectional I/0 port. Port pins P1.2 to P1.7
provide internal pullups. P1.0 and P1.1 require external pullups.
10 and P11 also serve as the positive input (AINO) and the
wegative input (AINT), respectively, of the on-chip precision
anzlog comparator. The Port | output buffers can sink 20 mA
e LED displays directly. When 1s are written to Port
i pins, they can be used as inputs. When pins P1.2 1o P1.7 are
med as inputs and are externally pulled low, they will source
current {HEL ) because of the internal pullups.

vl oy e
Ang cananr

Port babso receives code data during Flash programming and
3 noerification.

> P3.0 10 P3.5. P3.7 are seven bidirectional 1/O pins
f i pullups. P3.6 1s hard-wired as an‘input to the output
wi the on-chip comparator and is not accessible as a general pur-
. The Port 3 output buffers can sink 20 mA. When
10 Port 3 pins they are pulled high by the internal
can be used as inputs. As inputs, Port 3 pins that are
being pulied low will source current (111) because of

wath mte

sose 1O §

re it

ups and

crternally

Port Pin 1 Alternate Functions

P3.0 i RXD (serial input port)

P3.1 . TXD (serial output port) i
P32 | INTO (external interrupt 0) E
£3.3 INT1 {external interrupt 1) ‘
P3.4 | TO (timer O external input)

P35 | T1 (timer 1 external input)

i3 also receives some control signals for Flash programming

rogramming \eritication.

Resetinput. Al 1'O pins are reset to Is as soon-as RST goes
lding the RST pin high for two machine cycles while
- 15 running resets the device.

AT89C2051

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
externai clock source, XTAL2 should be left unconnccted
while XTALLI is driven as shown in Figure 2. There are no re-
quirements 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 _
———e—— XTAL2

c i
e—)|———e— XIAL!
e GND

Notes: ChoC2 = 30 pk = 10 pF for Crvstals
=40pF = 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ———— 21 XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
———— GND

AIMEL 319
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Special Function Registers

A map of the on-chip memory area called the Special Function User software should not write 1s to these unlisted locations,
Register (SFR) space is shown in the table below. since they may be used in future products to invoke new fea-
Note that not all of the addresses are occupied, and unoccupied tures. In that case, the reset or inactive values of the new bits will
addresses may not be implemented on the chip. Read accesses always be 0.

10 these addresses will in general return random data, and write

accesses will have an indeterminate effect.

Jable 1. AT89C2051 SFR Map and Reset Values

5E8H | OFFH
. B "
7971 60000000 QFTH
E£3H | OEFH
“E0H - 50000000 | OE7H
208K | . ODFH
o PSW 0D7H
“2HT 00003000 |
0CBH | . OCFH
1 ; =

SCOH | | 0C7H
— iP f =
“B8R L xxxco000 GEFH
i p3 !

CEOH i 4
VERL 41 ) OBTH
SRS aXX00000 DAFH
A= ; OATH
amu SCON  SBUF 7, |

P97 50000000 XXXXXXXX o
GO | P 3 !

ST PETP eI ; 9T
s TCON TMOD | TLO L1 THO TH1 -
“°T1 00000000 | 00000000 | 00000000 “{-00000000 | 00000000 | 00600000

i ]
50H | . sP | DPL DPH PCON | oo,
sk I 00000111 | 00000000 | 00000000 | OXXX0000

3-20 AT89C2051 e



Kestrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective mem-
zer of Atmel’s growing family of microcontrollers. It contains
2 Kbytes of flash program memory. It is fully compatible with
e MCS-31 architecture, and can be programmed using the
MCS-51 instruction set. However, there are a few considera-
tons one must keep in mind when utilizing certain instructions
o program this device.

All the instructions related to jumping or branching should be
restricted such that the destination address falls within the
whysical program memory space of the device, which is 2K for
ATY9C2031. This should be the responsibility of the soft-
> programmer. For example, LIMP 7EOH would be a valid
wuction for the AT89C2051 (with 2K of memory), whereas
1 900H would not.

inditional branching instructions-will-execute cor-
as the programmer keeps in mind that the destina-
g address must fall within the physical boundaries
ram memory size (locations 00H to 7FFH for the
Violating the physical space limits may cause un-
-sowa program behavior.,
j- DINZ [.]. IB, INB, JC, UNC, JBC, JZ, INZ With
seenditional branching instructions the same rule above ap-
violating the memory boundaries may cause er-

ctie exceuion.

AT89C2051

For applications involving interrupts the normal interrupt serv-
ice routine address locations of the 80C51 family architecture
have been preserved.

2. MOVX-related instructions, Data Mcmory:

The AT89C2051 contains 128 bytes of internal data memory.
Thus, in the AT89C2051 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 execution. Therefore, no MOVX [...] instructions
should be included in the program.

A typical 80C51 assembler will still assemble instructions, even
if they are written in violation of the restrictions mentioned
aboye. [t is the responsibility of the coniroller user to know the
physical features and limitations of the device being-used and
adjust the instructions used correspondingly.

AIMEL -
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#rogram Memory Lock Bits

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

i ock Bit Protection Modes!"

Program Lock Bits

LB1 LB2 | Protection Type

1 U u No program lock features.

U Further programming of the
Flash is disabled.

Same as mode 2, also verify

7 P
. ' P 1 is disabled.

Lock Bits can only be erased with the Chip Erase

ration

Is remain active. The mode is invoked by sofiware.
t of the on-chip RAM and all the special functions
ain unchanged during this mode. The idle mode can
wermirated by any enabled interrupt or by a hardware reset.
PHOand P should be set 1070 ifno external pullups are used,
wsetto 1 external pullups are used.

‘tsheuld be noted that when idle is terminated by a hardware

<>l the device normally resumes - program execution. from
i up o two machine cyceles before the internal
LS ithm takes control. On-chip hardware inhibits access

LAM In this eventobut access to the port pins is not
inninate the possibility of an unexpected write to
Idic 1s terminated by reset. the instruction fol-
tiat mvokes idle should not be one thatwrites o
riopIv or 10 external [ﬂ’\f]ﬂol'}ﬂ

“ower Down Mode

«or down mode the oscillator is stopped, and the in-
invokes power down is the last instruction exc-
‘T he on-chip RAM and Special Funiction Registers retain
> antif the power down mode is terminated. The only
ver down is a hardware reset. Reset redefines the
ot change the on-chip RAM. The reset should
cid before Vg is restored to its normal operating
tBe held active long enough to allow the oscillator
stebilize.

Ve PR should be setto "0 if no external pullups are used.
Tt T1T sl external pullups are used.

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.c., 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 AT89C2051 contains an in-
ternal 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 XTALI.
Programming Algorithm: To program the AT8YC2031. the
following sequence is recommended.
1. Power-up sequence:

Apply power between V¢ and GND pins

Set RST and XTAL 1 to GND

With all other pins floating, wait for greater thai 10

milliseconds

2. SetpinRST o 'H’
Set pin P3.2to "H’
3. Apply the appropriate combination of "H™ or "L’ logic

levels to pins P3.3. P3.4, P3.5, P3.7 1o select one of the pro-
gramming operations shown in the PERONM Programuming
Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to P1.7.
Raise RST to 12V to enable programming.

6. Pulsc P3.2 once to program a byte in the PEROM array or
the lock bits. The byte-write cycle is sel{-timed and typi-
cally takes 1.2 ms.

~!

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

8. To programa byie at the next address location. pulse
XTALT pin once to advance the intemal address counter.
Apply new data to the port Pl pins.

9. Repeat steps 5 through 8. changing data and advancing the
address counter for the entire 2 Kbytes array or untii the
end of the object file 1s reached.

1(

. Power-off sequence:
set XTALLto L’
sct RST to "L
Float all other 1O pins
Turn Vee power off

222 AT89C2051 e



Tata Polling: The AT89C2051 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an attempted
read of the last byte written will result in the complement 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 P(:”IDL may begin any time after a write cycle has been

i

3usy: The Progress of byte programming can also be
by the RDY/BSY output signal. Pin P3.1 is pulled
3.2 goes High during programming to indicate
51 i pulled High again when programming is done to
ate READY.

=it XTALT once to advance the internal address

Reud the next code data byte at the port Pl pins.

o sieps 3 and 4 until theeentirc arrayiis read.

-~

AT89C2051

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

Chip Erase: The emire PEROM array (2 Kbytes) and the two
Lock Bits are erased electrically by using the proper combina-
tion of control signals and by holding P3.2 low for 10 ms. The
code array is written with all "1"s in the Chip Erasc 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 O00H,
001H, and 002H, except that P3.5 and P3.7 must be pulled to a
logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel

(001H) = 21H indicates 89C2051

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 con-
trol signals. The write operation cycle is self-timed and once in-
itiated. will automatically time itself to compietion.

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

iash Programming Modes
ode . ‘RST PROG P3.3 P3.4 P3.5 P3.7
Vite Coge Data”) 12V s L H H H
: H H L H H o

Bit - 1 12V S H H H H
Bit - 2 12V T H H L L

r o2y A H L L L

ature Byte | H H L L L L

‘riai PEROM address counter is reset to OO0H on the

g edge of RST ana is advanced by a positive pulse at
NXTALT pin.

A HRERE

AImEY

2. Chip Erase requires 2 10 ms PROG pulse.
3. P3.1is pulled Low during programming to ndicate RDY' BSY .

3-23



Ifigure 3. Programming the Flash Memory

ATmEL

Figure 4. Verifying the Flash Memory

5V v
AT89C2051 ‘_.l, AT89C2051 'I'
ROY/BSY <«— P3.1 Vee L
PROG ~ —»{ P32 Pl fe—o EET";: Vi —| P3.2 PLI= DP/(\STr\f\
——# P33 —» P33
— ] P34 SEEFLASH —»| P34
SEE FLASH PROGRAMMING
PROGRAMMING —#{ P3.5 MODES TABLE —® P3.5
MODES TABLE o, —» 3.7
——{ XTAL 1 RST te—— Vi/Vpp ~_”‘“___> XTAL 1 RST le— v,
— GND =4 GAD
. izsh Programming and Verification Characteristics
=2""Cw027°C Vee =5.0¢10%
Parameter Min Max Units
Programming Enable Voltage 115 12.5 \
) i Programming Enable Current 250 uA
Data Setup to PROG Low 1.0 o us
| Data Hold After PROG 1.0 us
| P3.4 (ENABLE) High to Ve 1.0 us
| Vee Setup to PROG Low 10 us
Vpp Hold After PROG 10 us
PROG Width 1 110 us
ENABLE Low to Data Valid 1.0 1s
| Data Float After ENABLE 0 1.0 Ls
| PROG High to BUSY Low 50 ns
ic i Byte Write Cycle Time 2.0 ms
+ 7 EEY[B@?\ to Increment Clock Delay 1.0 us
4 . Increment Clock High 200 ns

AT89C2051 m—————re
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#lash Programming and Verification Waveforms

PORT 1 l/ DATA IN hk DATA QUT
L—’ tover  tonox

|
tsrci [ _’f‘tGLGH_’* — " tonst
FST AT Ve I\ LOGIC 1

*NOTICE: Stresses beyond those listed under Absolate Maximum
Ratings™ may cause permanent damage to the device. This is a
stress raung onlv-and functional operation of the device at these

=55d0MbLi1 2680

Sicrege Temperalure.. .o ) e -65°C to +150°C

or any other conditions beyond those indicated in the operational
f sections of this specitication is not implicd. Exposure to absolute
maximum rating conditions for extended periods may aftect de-
1.0 Vito+7.0V D - (e E
vice reliability,
............................ 6.6V
....................................... 25.0 mA
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3.C. Characteristics

15 =-40°C1085°C, Vcc = 2.7 V t0 6.0 V (unless otherwise noted)
Symboi Parameter Condition Min Max Units
Vie mfﬁ!nput Low Voltage -0.5 0.2 Vcc-0.1 \
VM . Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 Vv
ViHs input High Voltage (XTAL1, RST) 0.7 Vcc Vce+0.5 \
o OutputLow Voltage™ o =20mA, Vec=5V 86 y
, /o {Ports 1, 3) loL=10mA, Vcc=27V ’
N i ] lon =-80 A, Vecc =5V +10% 24 \%
. Output High Voltage —
/OH ‘Ports 1, 3) loH =-30 pA 0.75 Vce \
- loH =-12 uA 0.9 Vce \
_ogical 0 Input Current ¢ )
- Pots 1,2, 3) 045\ 5  uA
_ —ogical 1 to 0 Transition o
=~ Current (Ports 1, 2,/8) Vins2 V -750 WA
input Leakage Current +
‘Port P1.0, P1.1) 0 <Vin=Vce +10 uA
ljglr;;pazrator Input Offset - 20 .
Cornparator Input
Common Made Voltage y W ¥
- RRST  Reset Pulldown Resistor 50 360 KQ
: >in Capacitance Test Freq. = 1 MHz, Ta =25°C 10 pF
Active Mode, 12 MHz, Vcc =6 V/3 'V 15/5.5 mA
Power Supply Current i Mode, 12 MHz. Vee = 6 Vi3 V 5/1 mA
Nele P1.0& P1.1 =0V or Vce
Vec =6 VP1.0&P1.1=0V or V, 100 uA
Scvier Down Modet?) =t 4 Wes : .
- Vec =3 VP1.0&P1.1 =0V or Vce 20 uA
LLes steady state (non-transient) conditions, I gL must If IOL exceeds the test condition. VOL may exceed the
mited as follows: refated specification. Pins are not guaranteed to sink
L per port pin20 mA current greater than the listed test conditions.
m totad TOL for all output pins:80 mA 2. Minimum V ¢¢ for Power Down is 2 V.
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tonex
tolocn — ‘:j -t:l < tence

< teLcL >
i Clock Drive
FParameter Vcc=27Vto6.0V Vcc=4.0Vtc 6.0V Units
- Min Max Min Max
0.2 Osciliator Frequency 0 12 0 24 MHz
S Clock Perioc 83.3 41.6 ns
“-7«<  High Time 30 15 ns
w.ox o LowTime 30 15 ns
:  Ris 20 20 s
i-i.  FallTime 20 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
Vee = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symtol Parameter Min Max Min Max Units
txixe | Serial Port Clock Cycle Time 1.0 12tcLeL us
QX Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
IXHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
- IxHDX i Input Data Hold After Clock Rising Edge 0 0 ns
AHDYV | Clock Rising Edge to Input Data Valid 700 10tCLCL-133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 1 | 2 | 3 f 4 | 3] | 6 7 8 o
Y J ASnT) mgi\, 12 ZZIENI 75 Zam = twi \ R
‘_"‘_’: tx \ Y o
CLOCK e, BEWS [ 4% [~ e

tQV)(H < | i
| FacTeions mox

WRITE TO SBUF 1 T iptas NN L2 A oo U RI =D L K

¥ ¢ — A
1 i XHDX i
(Y 1,<—>{5 ! SETTI
SET RI
s (1) h
L testing Input/Output Waveforms Float Waveforms
\ 0.1V
N 02V + 09V f\/m
& TEST POINTS L Timing Reference N
A Points /
_ 02V -01V AN 03V
14 2testng are driven at Vo - 0.3V fora Note: 1. For timing purposes. a port pin is no longer Hoating when a
i\ » V" for a ogic 0. Timing measurements 100 m\’ change from load voitage occurs. A port
N N imin for addogic Tand Vi max. for a gins to float when a 100 mV chunge from the loaded
fogie i) Vou VoL level occurs.
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
Veec=6.0V
| 15 //
c _‘,//ﬁ Vee=5.0V /
C 10 " —_—
— — |
: / .~ Vee=3.0V
m / | s
A ok e
0 P ‘ )
0 6 12 18 24

FREQUENCY (MHz)

AT83C2051
TYPICALICC - IDLE (85°C)
€
Vece=6,0V 7
/
i |
5 2
C :
m 1 ,
A e
= . Vcc=3.0V
g
0 3 6 ] 12

FREQUENCY (MHz)
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AT89C2051
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)

20 +

_—

OO0 —

> =
a
|

0 == f ‘
3.0V 4.0V 5.0V 6.0V

Vec VOLTAGE

Pued o GND tor TCC (power down).
1.1=Vcor GND.

ogrammed.
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{Ordering Information

} Speed Power
(MH2) Supply Ordering Code Package Operation Range
12 27Vto6.0V AT89C2051-12PC 20P3 Commercial
| AT89C2051-128C 208 I - (0°Cto70°C)
AT89C2051-12P! 20P3 industrial
- AT89C2051-12SI 20S - (-40°C to 85°C)
24 40Vto6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24P| 20P3 Industrial
AT89C2051-24SlI 20S (-40°C to 85°C)
Package Type
2U°~ i 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
208 “ 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)






