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ELECTRIC. . WHEEL CHAIR

Panit Leerungnavarat
Pornchai  Suratossaporn
Puntiwa Jundaon
Mr.Polsart Lertprasert Avisor

Education Year 2003

ABSTRACT
This project ~ is the model of the electric - wheel chair provide. The direction of this
wheel chair is controlled by joystick. Motor is controlled a wvelocity by pulse width

modulation(PWM) and supplied by a 12 volt battery. A cushion can be adjusted to parallel the

ground.
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CY PSW.7 uvldnye(Carry Flag)
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Flag)

FO PSW.5 unlAn(rlag) #AFaans0

111 F 1885

RS1 PSW.4 fadmsums@onuuss

Saod On 1

RS2 PSW.3 Dadmsums@onuuen

Fiaue05 30 0

ov PSW.2 unlén Towaed a3 (Over
Flow Flag)
PSW.1
< el . ;7
P PSW.0 urlanmi3@ (Parity Flag) 19
fugendayames

Q15199 2.3 arndliaeaiiaaiemelismao PSW

e P Y e ¢ , A < - s Y e -
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o s LA e & ' o 4 s N o
Mavene i una A LAt Fusazdisuihiiimasviue 8 Bits e lau
Wy e = A s Ly Y . ”
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o % o 1w ) ° - ] o 9 WY o @ o
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uuneyasIiImsSumsddoya
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T 3 s FlRunmsmhauvedyTnsreulusivaaed madmuadasnmsnigawes

o 3 q =] o @ R
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ada AWHUN ANUNINY

1BAUDA(SMOD) PCON.7 lafmuamsnInuueddns
msadayaanlng

Blank PCON.6 Blank

Blank PCON.5 Blank

Blank PCONA4 Blank

o1 GF1) PCON.3 uldadmums a1y
vinglFauumian o

oo GFO) PCON.2 uandmTums 1Ty
gl nuin |

#A (PD) PCON.1 fiadmsunisdmuames
g {Power Down)

Tofuea (IDL) PCON.O fadmSunsivua loida
Tvue (Idle Mode)

M13197 2.4 MINTWARTAA 19U Feea T PCON

Add s Detimal Address Hex

IEH

Bymbols Address Hex

F e e
Address 80 -FF H

51l 2.4 umadumisve i Temang
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2.4 Pulse Width Modulation (PWM)
& ,, . . ) o A
msueagiumanunhwesiad PWM) Pulse Width Modulation dlumsiiunlasu
Ao o os o I w o oy g i X
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= 3 - ‘é 4 =) Aw Bl 3 o A - g
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R ‘ﬂ s ¢ 2 ua;’,' or 1 19 xady = IK) 1 s ¢
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= o a i =i = = P I
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o P = t ' o o ] 1
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: 4 1 k¢ -3 y 1 @ @ e g

aodnduasimaa lv@acansam ldnnmanuduiuiaed

=) t:i‘ o 1 s kg 3 4
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MW :,. e g i A i . W 1 £ |
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¥ 9 7 5 A
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ulszneut@zn SN NYe41925

3.1 1ITMADUNNUVUBINGDN (Analog to Digital Converter Cireuit)
P < 5 s .
nesmaduynuuveaenlulassuld led A% (Analog to Digital Converter)
o ¥ & g @ =] 9 o A - A U e et 7
wihmihiinlfouduanauuuendenWiiluduanadiaea Fuzdenldled wfdses

4 @ @ - =]
ADC0804 Femnse sudaanaduynuuuounaen ldgega 5 Taan

Iw 'w jw N

g 2
i
P %D LATLER S
9 P Wit o
bl A E
‘”’“:;‘ Nk & SR D e
et 1182 N (37
i VR L e
= DE S \ .
1 13
T

A
+a

31 3.1 1o ADC 0804

¥
IS

AaisruiiAves lo® ADCOB04 Tisadl
1. amnsadelFemisuiululns T sisaiae S (Microprocessors) 16

Briyniiauing Taupy TTL

1

3. daanaduyniivmea 0-5 laan

4. useu Tl 6.5 Toasd

5. usedu'lhdesa 2.5 Toadt
msaawatalumsulasdagannnay 1 dia

Tddayananniin min = 100 kHz max = 1460 kHz

= o

8. maldmsilasdamne 100 ps
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o =3 Paiag
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T 150¢H 4 %’%._ B5TR _;_;1
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e l@dervesdigidnaniidaled weirdyanemindeamduynmlavihdyy o
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Volt(v) HEX code
0 00
0.5 1A
1 35
1.5 4F
2 69

dy I dl Y o U ¥ tﬂl = 1 6’; 1 Y o ¥ & v ¥
wnanstiluenansnanulidgwiunmsldnuienisfinwmintu leygalmhluldusslevisunisen

Lidnsdilas edu Snvieinudlvidaudasiomuazdotdnddiadivaaenaisynasaninisiluly
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3.3 3929 Drive Motor
a A W, o 3 A a2 o o A A
nsnuGamoinadalinssiimihiduaing Tagnisherveseste dasiflou
P11 high 1% Q3,04 onuaz QL off 1ilnanniiaQson mlinszua b lvahunvaves
g = o o
Q1 uazfio Q1 off Q2 A off 20 wazdlou 1P2 1T tow X Q7,08 off MilWnszualna
o 3 d -3 1 2]
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2f, mF
851
4
bXALY PO.08D0 |8
D PO.12D ﬁ
LIS P e | o
o5 ="
S &
POXID6 r2 R3
Aday PO.74D7 % *® %
5 O
Psg 4L
PG L
5 Frai4n -2 oy
5 Fagutt (ot BL19 a8
S HE P2AAD fA
i )7y PGl (-2
PRGUM |25 Q2
PG A “IPH 22cg
1 =
——{ P10 FRORXD
R S B 47D 11 R1
s P30 2 H % ; =
Ap13 PAATT R ({:T g
2ip4d PaAro -4 o
s PR £
ol P Q2 a4
P17 F3.7RD Q
e Bs 181 1£32

7111 3.5 dauhilasaou Insame fuazdunemes

° = s ¢
3.5 msf Mg iaNenal
wavesdan 1Hdudeusniguaniidurugudnas 12 inch ( 1inch = 2.54 cm)
o o B e < A o o o S ]
Fuiusaiivesdeniiy 0.14 manusiseududnFunamoiiia iluuy4 Vausiman
) A ~ & P Yy A & P s
Uszanadlilifu 1500 tpm S lumseensundeinssolsn s igaiiovamod

NUAREARIAI TG 15 t/s (5.4 km/fic ) 919
V=0_¢
r=1.5/0.1524
@ = 9.84radis
AN ITeUveIde TANIAY (9.84 %60 /27
= 03,96 rpm
M 1zaiiy SAsIAsUvTeTlewFY 1500/93.96 = 15.96 (11 Suhudenilosiitisnive
Jaul:16
shminuosiasouasqilnselsaufutanun i 40 ke Taohmvinveamiaszanasll
191U 50 kg Sohnimiinvenssmanaranuafivemeie 2 61 fazdeaduio 90 ke Tums
annuuusetudens s wumemas 8 Ay 30 san dnfuannsoniismemes
Y&t

F = mg * sin 30°



F=90%*9.81 *sin 30°
=441.45N
T=F*r
= 441.45% 0.1524
=67.27N-m
I =1%n
T, = 67.27/16
=42 N-m
DE=T_ *Q2
Mdsewanes 281 = T,* @,
=(4.2*1500* 2 1) /.60
=659.4W
SIS DNIDINDT 1 ¢ = 659.4 /2= 320.7 W Seiudenvinavainns 329.7 W2 6
ANNA TR 15 FIEAVBE 0N
F=ma

u59TiaTide 2 3o = usalinvaauawes 2 41 * dasmasouveuiod

]

{329.7 *2 #16) /[ (1500*27T) /60 ]
= 67.2N-m

s uT T den e iAoy F - T /1= 67.2/01524 = 440.95N
VNAUNS F = ma
ATUIIGIYAVDITD  a=Fim

=440.95/90

=49 m/s
WuAD F09TE NSNS 910 0-1.5 m/s muluaat t = 1.5/4.9=0306 s

Taowermo i ¥ nuse iy 78 rpm uazimiins iy 90 ke

s 1Ensi Sas AT Uvesio il 150078 = 19.23 wh faiudendlosfifisasmasou
1:20
I, =T%4

T, = 67.27/20
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=336 N-m
P =T *®O,
Mdwewanes 261 =T,* @
=(3.36*1500%27C) /60
=52752W
Sdwvosueind 1§ =527.52/ 2= 263.76 W Sufudenvinauenos 263.76 W 2
WNNWIMAN I IGIPAVDIAITNNN
F=ma

us9tiaNde 2 4o = uselinuoowed 2 a1 * das1naseuveuiod

I

(263.76 * 2 *16)/ [ (1500%27T) /60 ]
= 53,76 N-m
usuFudTOnsTIAO F = Ty /= 53.76/0.1524 =352.75N
NAUAT F = ma
SATUTQIYAVRIT - a=F/m
=352.75/90
=3.9m/ss
JUAD 50925059 LIS 910 0-1.5 s moliaan = 1.5/3.9=038 s
uazd s Tao s Twan asiishimiinsnde 40ke
F = mg* sin 30°
F =40* 9.81 * sin 30°
=196.2N
T=F*r
=196.2¥0.1524
=299 N-m
L
- =29.9/20
= 1.495 N-m

o

Mdweaomes 281 = T,* M,



= (1.495 * 1500 * 2 TT) / 60
=234715W
Aameamos 1§ =234.715/ 2= 117.35 W A5 9g4qAUE4AIT00IN
F=ma
usefinfide 2 8o = useliaveuomod 2 i * sasmaseuvauio
=(117.35 * 2 *16)/ [ (1500%27T) /60 ]
=23.91 N-m
usaFadhiidonseidofu F = T,/ £=23.9170.1524=156.89 N
VINFUNTT F = ma
SATNTIGIGAVDIID a=F/m
= 156.89 /40
=39 m/ls

o ' =1
J11AD I02AIUISTTININNTIVIN 0-1.5 m/s M a1 1=1.5/39=038 s

3.6 VeI 13USUTzAUINg
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o o4 ¥ 3 ¥ P el vy o w A P A s Y
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W savaensihauvetsdnlsmnsivand 185 wwdon lnasun s

s asufi 1800
msialaoud A/D »| Microcontroller
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NMARUIN D

Tsunsumugunisiiau

ORG 0000H
MOTOR_LEFTI BIT P0.0
MOTOR LEFT2 BIT P0.1
MOTOR_RIGHT]1 BIT P0.2
MOTOR RIGHT2 BIT P0.3
MAIN: MOV PO, #0OKL
CHK_SW: JB P3.2,CHK_SW
CHK_CENTER: MOV APl
MOV 22H, A
ANL AHOFOH
MOV RO,A
MOV A,P2
MOV 23H,A
ANL AHOFOH
MOV R3.A
CINE RO, #10010000B,CHK1
CINE R3,#01100000B,SS
SIMP CHK, SW
CHKI: CINE RO#11000000B,CHK_YDOWN
MOV A23H
SUBB A#10111010B
ic YY
ACALL FOR_LEFT
SIMP CHK_SW
YY: MOV A,23H
SUBB A#00001111B

JNC AA



ACALL FOR_RIGHT

SIMP CHK_SW
CHK_YDOWN: CINE R3,#01010000B,AA
MOV A23H
SUBB A#10111010B
ic 77
ACALL BACK_LEFT
SIMP CHK_SW
7z MOV A3H
SUBB A#00001111B
JNC AA
ACALL BACK. RIGHT
SIMP CHK,_SW
AA: ACALL CHK Y
MOV PO,#00
SIMP CHK SW
SS: ACALL CHK X
MOV PO,#00
SIMP CHK. SW
CHK_Y: CINE R3,#01100000B,JMP
MOV A22H
SUBB A,#10011001B
INC CHK_UP
SIMP CHK_DOWN
IMP: LIMP BACKI
CHK_UP: MOV A22H
SUBB A#OAOH
INC PP

SIMP BACKI1



PP:

PPI:

PP3:

PP4:

CHK_DOWN:

MOV
SUBB
INC
MOV
ACALL
SIMP
MOV
SUBB
JNC
MOV
ACALL
SIMP
MOV
SUBB
INC
MOV
ACALL
SIMP
MOV
SUBB
INC
MOV
ACALL
SIMP
MOV
ACALL
SIMP

MOV
SUBB
INC

MOV

A22H

A#OBTH

PP1

R1,#030H ;speedl
FORWARD
BACK1

A22H

AHOCTH

PP2

R1,#020H . ;speed?
FORWARD
BACK1

A,22H

A#0D7H

PP}

R1,#010H - ;speed3
FORWARD
BACKI

A 22H

AHOETH

PP4

R1,#008H . :speed4
FORWARD
BACK1
RL#O0IH  speed5
FORWARD
BACK1

A22H
A#O60H
BACK1

A22H



PP8&:

PPT:

PPS:

PP6:

BACKI:

CHK_X:

SUBB
INC
MOV
SUBB
INC
MOV
SUBB
INC
MOV
SUBB
INC
MOV
ACALL
SIMP

MOV
ACALL
SIMP

MOV
ACALL
SIMP
MOV
ACALL
SIMP
MOV
ACALL
RET

MOV
SUBB
INC

A#052H

PP5

A,22H
A#048H

PP6

A22H
AHO3EH

PP7

A22H
A#034H

PP8
RLA#OFAH ;speedS
BACKWARD
BACK1

R1L#OEAH ;speed4
BACKWARD
BACKI1

R1,#0DAH ;speed3
BACKWARD
BACKI1
R1#0AAH~ ;speedl
BACKWARD
BACK1

R1,#0BAH ;speed2
BACKWARD

A23H
A#01100010B
CHK_LEFT



SIMP CHK_RIGHT

CHK LEFT: MOV A23H
SUBB A#10100111B
INC WwW
SIMP BACK2
WW: MOV A23H
SUBB A #OBDH
JNC WW1
MOV RL#050H  ;speedl
ACALL TURN LEFT
SIMP BACK?2
WW1: MOV A23H
SUBB AFOC3H
JNC WW2
MOV R1,#040H sspeed2
ACALL TURN LEFT
SIMP BACK2
WwW2: MOV A23H
SUBB A#OCOH
INC WW3
MOV R1,#030H ;speed3
ACALL TURN LEET
SIMP BACK?2
WW3: MOV A23H
SUBB AH#OCFH
JNC Ww4
MOV R1,#020H sspeedd
ACALL TURN LEFT
SIMP BACK?2
WWwW4: MOV R1,#010H ;speed5
ACALL TURN _LEFT

SIMP BACK2



CHK_RIGHT: MOV A23H

SUBB A,#00111000B
INC BACK?2
MOV A23H
SUBB A#O2DH
INC WW5
MOV AR3
SUBB AH022H
INC WWo6
MOV A23H
SUBB AHOITH
INC WwW7
MOV A23H
SUBB AH#OCH
JNC WWS8
MOV R1,#050H ;speed5
ACALL TURN RIGHT
SIMP BACK2
WW8: MOV R1,#040H speedd
ACALL TURN RIGHT
SIMP BACK?2
WWT: MOV R1,#005H sspeed3
ACALL TURN_RIGHT
SIMP BACK?2
WW5: MOV R1,#030H sspeedl

ACALL TURN_RIGHT



WW6:

BACK2:

SIMP BACK2 ;speed?

MOV R1,#020H
ACALL TURN_RIGHT
RET

;*#************** F()RWARD sk vk ko sk sk sk ok sk okokokokok ok

FORWARD:

PULSE:

PULSE_ON:

PULSE_OFF:

MOV PO,#0FFH
MOV A#OFFH

CIR 5

SUBB AR1

MOV R2,A

SETB MOTOR LEFT2
SETB MOTOR RIGHTI
DINZ R1,PULSE ON
CLR MOTOR LEFT?2
CLR MOTOR _RIGHT1
DINZ R2,PULSE_OFF
RET

;*#*******##****** BACKWARD kR A ok ok kR Rk gk ok

BACKWARD:

PULSEI:

PULSE_ONI:

MQV PO,#00H

MOV AHOFFH

CLR ¢

SUBB ARI

MOV R2,A

SETB MOTOR_LEFT2
SETB MOTOR_RIGHTI

DINZ R1,PULSE _ON1



PULSE_OFFI: CLR
CLR
DINZ

BACK4: RET

MOTOR_LEFT2
MOTOR_RIGHTI
R2,PULSE_OFF1

;************** TURN LEFT #ss%kkddhkkdorkkokokd kiokkkok

TURN_LEFT: MOV
MOV
PULSE2: CLR
SUBB
MOV
PULSE_ON2: SETB
DINZ
PULSE_OFF2 CLR
DINZ
BACKS: RET

PO,#0FFH
A#OFFH

C
ARI
RZ,A

MOTOR RIGHT!
RI,PULSE_ON2

MOTOR RIGHT1
R2,PULSE OFF2

;********#****#*** TURN RIGHT e s i Aok s ok ok ok okl ko gk

TURN_RIGHT: MOV
MQV
PULSE3: CLR
SUBB
MOV
PULSE_ON3: SETB
DINZ
PULSE_OFF3: CLR

DINZ

PO,#0FFH
A#OFFH

C

AR1

R2,A
MOTOR_LEFT2
R1,PULSE_ON3

MOTOR_LEFT2
R2,PULSE_OFF3



BACK®6: RET

;*************** FORWARD LEFT s sk e s s sfesde sfe sfe sl sl sfe sk ik skeol ek

FOR LEFT: MOV
MOV
MOV
;SETB
;:CLR

PULSE4: CLR
SUBB
MOV
SETB
CLR

PULSE ON4: SETB
DINZ

PULSE_QFF4: CLR
DINZ
BACKT: RET

PO,#OFFH
R1,#070H
A#OFFH
MOTOR_LEFTI
MOTOR_LEFT2

>,

AR1

R2,A

MOTOR RIGHT!
MOTOR RIGHT2

MOTOR_LEFTI
R1,PULSE ON4

MOTOR- LEFT1
R2,PULSE_OFF4

;*#*#*##ﬁ**#******* FORWARD RIGHT e sge s Ao s e sk e ke ek ek kR kR

FOR_RIGHT: MOV
MOV
MOV
SETB
;CLR

PULSES: CLR
SUBB
MOV

PO,#OFFH
R1,#070H
AHOFFH
MOTOR_LEFTI
MOTOR LEFT2

AR1
R2,A



SETB
CLR

PULSE_ONS: SETB
DINZ

PULSE_OFF5: CLR
DINZ
BACKS: RET

dskaR Rk BACKWARD LEFT #6srsstrhhrt s
BACK_LEFT: MOV
MOV
MOV
PULSES: CLR
SUBB
MOV
CLR
SETB
PULSE_ONG6: SETB
DINZ
PULSE OFF6: CLR
DINZ
BACKY: RET

MOTOR_LEFTI
MOTOR_LEFT2

MOTOR_RIGHT!
R1,PULSE_ONS5

MOTOR RIGHT1
R2,PULSE_OFF5

PO,#00H
R1,4070H
A#OFFH

C

ARI

R2,A
MOTOR_LEFTI
MOTOR-LEFT2
MOTOR_RIGHTI
R1,PULSE. ON6
MOTOR_RIGHT!
R2,PULSE_OFF6

:****************** BACKWARD RIGHT shesfe sfe s sl sl s sk shesleokokol sk feskesieok

BACK RIGHT: MOV
MOV
MOV

PULSET: CLR

SUBB

PO,#00H
R1,#070H
A#OFFH

&
A,RI



MOV R2,A

CLR MOTOR_LEFTI

SETB MOTOR LEFT2
PULSE_ONT: SETB MOTOR_RIGHT1

DINZ R1,PULSE_ON7
PULSE_OFFT: CLR MOTOR_RIGHT1

DINZ R2,PULSE_OFF7
BACKI10: RET

dy I 4dl Y o U ¥ dl = | 6’5 1 Y o ¥ & v ¥
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MOTOR_LEFTI
MOTOR_LEFT2

MAIN:

CHK1:

Tilsunsunivgunistiuszauans

ORG
BIT
BIT

MOV
MOV

MOV
MOV
CINE
MOV
SIMP

SUBB
INC
SIMP
CINE
MOV
SIMP
MOV
SUBB
INC
MOV
SIMP

0000H
P1.6
PL7

P1,#00H
A#OOH

AP3

RO,A
A#10010000B,CHK1
P1,#00H

MAIN

A#10010000B
CHK?2
FORWARD
RO,#10100100B,CHK3
P1,#00H
MAIN

ARO
A,#10100100B
BACKWARD
P1,#00

MAIN

e seske s sl ke sk e skeskeok
,***#:********** FORWARD oo ek seloR ok &

FORWARD: MOV
MOV
MOV

PO,#0FFH
R1,#050H
A#OFFH



PULSE: CLR
SUBB
MOV
PULSE_ON: SETB
DINZ
PULSE_OFF: CLR
DINZ
SIMP

ARI

R2,A
MOTOR LEFT2
R1,PULSE_ON
MOTOR_LEFT2
R2,PULSE_OFF
MAIN

;***************** BACKWARD sk skl stk sk sk ook skl kokosk ok

BACKWARD: MOV
MOV
MOV
PULSEL: CLR
SUER
MOV
PULSE_ONI: SETB
DINZ
PULSE_OFFI: CLR
DINZ
SIMP
END

PO,#00H
R1,#010H
AHOFFH

q

ARI

R2,A

MOTOR LEFT2
R1,PULSE ON1
MOTOR LEFT2
R2,PULSE_OFF1
MAIN



General Description

Tha ADC0801, ADCO0802, ADCO803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiomstric ladder—
similar to the 256R products. These converters are da-
signed to allow operation with the NSC800 and INSB080A
derivative control bus with TRI-STATE?® output latches di-
ractly driving the data bus. Thess A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltags inputs allow increasing the com-
mon-mods rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow sncoding any smaller analog voitage
span to the full 8 bits of resolution.

Features
® Compatible with 8080 uP derivatives—no  interfacing

&Nation.al Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

® Differential analog voltage inputs
B Logic inputs and outputs meet both MOS and TTL volt-

age level specifications

& Works with 2.5V (LM336) voltage reference

® On-chip clock generator

= OV to 5V analog input voltage range with single 5V

supply
& No zero adjust required

B 0.3" standard width 20-pin DIP package

| 20-pin molded chip carrier or small outline package

= Operates ratiometrically or with 5 Vpe, 2.5 Vg, or ana-
log span adjusted voltage reference

Key Specifications
& Resolution
® Total error

14 L8B, £15LSBand +1 LSB

Deacember 1824

8 bits

Z-80% is a registersd trademark of Zilog Corp.

logic nesded - access time - 135 ns & Conversion time 100 ps
® Easy interface to all microprocessors, or operates
“stand alons”
Typical Applications
5V
() i
| = 4 25 Ve b2 4
>0} 40 R ﬁw D’
>0l T R TRAKSOULER
< Sof v JL Rt 4617 RESOLUTIOH
1o & | ovERAKY OeSiRED
12 ANALOG I
any Bl 088 o | L | < | vatrace sanse
A i3 40 i SEE RECTION 241
s 5 ::: ) 3 UIEE NRUTS
= L4 P foxpld l——1
¢ L s {o_seAN AR A
‘ LA PO Vpgpi2 —-oss:furrmn - -
3 ] 028 DERD
W TLH/E671-1
B4 Interincy Error Specification (includes Full-Scale,
Zero Error, and Non-Linearity)
L A
9 Part sil::e Vaee/2=2.500 Vpe | VRer/2= No Conhection
Al e O Number (No Adjustments} {No Adjustments}
v Adjusted
3’:&: L " ADC0801 | +141LSB
£re DR Y ADC0802 +1, LSB
C________‘ ADCO0803 | +14LSB
JATA
ADC0804 +1L8B
ADCO0805 +11SB
TL/H/SE71-31
TRISTATEY is a of National Com.

£H005 National Sanveanductor Corponation TLIH/EST

RRO-B30M115/Printad inU. §. A,

SI9MBAUOD (/V 3lanedwo) 47 ug-g
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Absolute Maximum Ratings (otes 182
It Military/Aerospace specified devices are required,

Storage Temperature Range —65°C to +150°C

please contact the National Semiconductor Sales Package Dissipation at Ta=25°C 875 mW
Qtiice/Distributors for availability and speciiications. ESD Susceptibility (Note 10) 800V
Supply Voltage (Vo) (Note 3) 8.5V
Voitage i
Logic Control inputs —-03Vto +18V ggpi{aa”tir;gngatlngs (R _‘]?_')“w ST A Tl
~0. +0. e A=
s ind "}"S‘;t,:g:no":%“;zc - EViolipe 0.0 ADC0801/02L, ADCOBOZLU/883 —S§5°C<Tp< +125°C
Hnﬁne Packagé (Plasﬁ(‘:)} 280°C ADC0801/02/03/04LCJ =D Fys B
Dua o o
Dual-in-Line Package (ceramic) 300°C ‘2%%81{ [C);ZN/ D3/08LCN ““g’ 85:'1_"22 :gg:g
Buisca Moo Peckage ADC0802/03/04LCV ("C<Tps +70°C
Vapse Fiimesi[00 socangs) ik ADCO802/03/04LCWM O°CxTas +70°C
Infrared (15 seconds) 220°C Range of Ve 45Vpoto8.3Vpg

Electrical Characteristics

The following specifications apply for Voo =5 Vpe, TMinSTa<Tyax and foL g =640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scals Adj. ny LSB
(Ses Section 2.5.2) ¢
ADC0802: Total Unadjusted Error (Note 8) VRer/2=2500Vpg +5 LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. 1 LSB
{See Section 2.5.2) :
ADC0804: Total Unadjusted Error (Note 8) | VRer/2=2500Vpe +1 LSB
ADCD805: Total Unadjusted Error (Note 8) Vrer/2-No Connection =] LSB
Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kS
ADCO0804 (Note 9) 0.75 [ ¢ k)
Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Vg +0.05 Ve
DC Common-Mode Error Over Analog Input Voltage 14, i LS8
Range
Power Supply Sensitivity Vee=5 Ve +10% Over £%s % Ls8
Allowed Vin(-+) and Vin{—)
Voltage Rangs (Note 4)
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpg and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Coaversion Time fc, k=640 kHz (Note B) 103 114 pS
Tc Coavarsion Time (Note 5, 8) 86 73 1oLk
fork Clock Frequency Voo =5V, (Note §) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 80 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mods C8=0Vpg, foLx =640 kHz
L Width of WR Input (Start Pulse Width) C8=0Vpg (Note 7) 100 ns
tace Access Time (Delay from Falling C =100pF 135 200 ns
Edgs of RD to Output Data Valid)
tym, ton TRI-STATE Control (Delay C_=10pF, Ry =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi Delay from Falling Edge 300 450 ns
of WH or D to Reset of TNTH
Cin input Capacitance of Logic 5 75 pF
Control Inputs
Cour TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt irigger circuit and is tharefore specified separately]
Vin (1) Logical “1" Input Voltags Ve =5.25 Vpe 20 15 Voe
{Except Pin 4 CLK IN)




AC Electrical Characteristics continueq)
The following specifications apply for Voo = 5Vpe and Tuiny = Ta < Twax. unless otherwise specified.

Symbol | Parameter | Conditions [ win | Typ [ Max | units

CONTROL INPUTS [Note: CLK IN (Pin 4} is the input of a Schmitt trigger circuit and is therefore specifisd separately]

Vin (Q) Logical “0” Input Vohtage Vee=4.75Vpe 0.8 Voc
(Except Pin4 CLK IN)

iy (1) Logical *“1"" Input Currant Vin=5Vpe 0.005 1 RADG
{All Inputs)

Iipy (O} Logical 0" Input Current Vin=0Vpo -1 —0.005 nAnc
(Alllnputs)

CLOCK IN AND CLOCK R

Vi + CLK IN (Pin 4) Positive Going 27 341 35 Voo
Threshold Voltage

Vi— CLK IN (Pin 4) Negative 1.5 18 2.1 Vpe
Going Threshold Voltage

Vi CLK IN {Pin 4) Hysteresis 0.6 1.3 20 Voo
MVr+)-(Vr—)

Vour © Logical “0” CLK R Output o =360 A 04 Voo
Voliage V=475V

Vour (1) Logical “1" CLK R Output lo="=860 pA 24 Voo
Voltage Veo=4.75Vng

DATA QUTPUTS AND INTR

Vout 0} Logical “0"" Output Voltage
Data Ouiputs lour=1.6 mA, Ve =4.75 Vg 0.4 Voc
INTR Quiput loyr=1.0 mA,Voo=4.75 Ve 0.4 Voo

Vour (1) Logical "1" Qutput Voltage lo=-360 A, Voo =4.75Vpe 2.4 Voo

Vout (1) Logical 1" Quiput Voltage lg==10 pA Veo=4.75 Vpe 45 Voo

lout TRI-STATE Disabled Output Vour=0Vpo = pAnc
Leakage {All Data Buffers) Vour=5 Voc 3 MADC

IsoURCE Vour Short to Gnd, Ta=25°C 4.5 6 mApc

iginK Voug Shortto Ver, Ta=25°C 9.0 186 mApG

POWER SUPPLY

lec Supply Current (Includas foL k=840 kHz,
Ladder Current) VRer/2=NG, Tp=25°C

and CS=5V

ADCO801/02/08/041.CJ/05 11 1.8 mA
ADCOB04LCN/LCV/LCWM 19 25 mA

HNote 1: Absolute Maximum Ratings indicate limits beyond which damage 10 the device may oceur. DC and AC dlectrical specifications do not apply when opefating
tha device beyond its specifiad operating condiions.
Hote 2: All voltages are measured with respect to Gnd, unless oth ified The A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, intemally, from Vg to Gnd and has a typical breakdown voltage of 7 Vpe.

Note 4: For Vpg{— )i Vi +) the digital output cede will be 0000 0000. Two on-chip dicdes are tied to each analog input (see block diagram] which will forward
conduct for analog Input voltages one diede drep below ground or one diode drop greater than tha Vg supply. Be careful, during testing atlow Veg levels (4.5V),

as high level analog inputs (5V) can cause this input diode to canduct-espacially at and cause errors for analog nputs near full-scale. The
spec allows 30 mV forward bias of either diode. This means that as long as the analog Viy does not exceed tha supply voltage by more than 50 mV, the output
code will be cotrect. To achieve an absolute 0 Vpg to 5 Vipg Input voltage range will therefore require a minimum supply voltage of 4.950 Vg over temperature
varlations, initlal toferance and loading.

Note 5: Accuracy fs guaranteed at foyk = 640 kHz, At higher clock frequencies accuracy can degrada. For lower ¢lock frequencies, the duty cycle fimits can be
extended so bng as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Nots 8: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clotk phases are proper 1o start the conversion process. The
start request is intemally Iaiched, see Agure 2 and section 2.0,

Note 7: The TS fnput is assumer to bracket the Wi strobe input and therefore timing Is dependent on the W pulse wkith. An arbitrarfy wide pulse width wilf hoid
the convertsr in a reset mode and the start of conversion Is Inftiated by the low to high transftion of the W puise (see timing diagrams).

Note 8: Nona of these A/Ds requires a zero adiust (see section 2.5.1). To obiain zero coxle at other analog input voltages see section 2.5 anl Figurs 5.

Note 9: The Yppr/2 pin is the center point of a two-esistor divider connectsd from Ygg to ground. In all versions of the ADC0801, ADC0802, ADC0803, andd
ADC0805, and in the ADCO804LC, each resistor Is typically 16 kY. In alf versions of the ADC0804 except the ADC0804LCJ, each resistor is typically 2.2 kib.

Mote 10: Human body model, 100 pF discharged through a 1.5 k32 resistor.




TIP31A, TiP31B, TIP31C, (NPN),
TIP32A, TIP32B, TIP32C, (PNP)

Complementary Silicon
Plastic Power Transistors

Designed for use in general purpose amplifier and switching

applications.

@ Collector-Emitter Saturation Voltage —
VCE(sat) = 1.2 Vde (Max) @ I¢
=3.0 Ade

® Collector—Emitter Sustaining Voltage —
VCEO(sus) = 60 Vdc (Min) - TIP31A, TIP32A
= 80 Vdc (Min) - TIP31B, TIP32B
=100 Vde (Min) - TIP31C, TIP32C

e High Cwrrent Gain — Bandwidth Product
fr=3.0 MHz (Min) @ IC
= 500 mAde

® Compact TO-220 AB Package

MAXIMUM RATINGS

TIP31A | TIP318 | TIP31C
Rating Symbol | TIP32A | TIP32B | TIP32C | Unit
Collector-Emitter Voltage | VgEQ 60 80 100 Vdo
Collector-Base Voltage Veg 60 80 100 Vdc
Emitter—Base Voltage VER 5.0 Vde
Collector Current g Adc
Continuous 3.0
Peak 5.0

Base Current I 1.0 Adc
Total Power Dissipation Pp

@Tc=25°C 40 Watts

Derate above 25°C 0.32 Wiee
Total Power Dissipation Pp

@Ta=235°C 2.0 Watts

Derate above 25°C 0.016 W/ieC
Unclamped Inductive E 32 md

Load Energy {Note 1)
Operating and Storage TJ Tstg —85to +150 °C

Junction Temperature

Range

1. Ic=1.8A,L=20mH, PRF =10 Hz, Vgc =10 VV\Rpg = 100 2.

@ Semiconductor Components Industries, LLC, 2002 1
April, 2002 - Rev. 7
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3 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60-80-100 VOLTS
40 WATTS

MARKING
DIAGRAM

O

AYWW
TiPxxx

TO-220A8
CASE 221A-09
STYLE 1

xxx = Specific Device Code:
31A, 31B, 31C, 324, 328, 32C
A = Assembly Location
b = Year
WW = Work Week

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 6 of this data shest.

Publication Order Number:
TIP21AD



TIP31A, TIP31B, TIP31C, (NPN), TIP32A, TIP32B, TIP32C, (PNP)

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReJda 62.5 “CAWV
Thermal Resistance, Junction to Case Rgic 3.125 *CW
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
[ Characteristic | symbol | Min Max Unit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Note 2) VCEO(sus) Vde
(Ic = 30 mAdc, Ig = 0) TIP31A, TIP32A 50 _
TIP31B, TIP328B 80 =
TIP3C, TIP32C 100 ~
Collector Cutoff Current (Vg = 30 Vdc, Ig = 0) TIP31A, TIP32A IcEO - 0.3 mAdc
(VeE = 60 Vdc, Ig = 0) TIP31B, TIP31C = 0.3
TiP32B, TIP32C - 0.3
Collector Cutoff Current lces uAdc
(Vg =60 Vde, Veg = 0) TIP31A, TIP32A - 200
{VCE = 80 Vdce, Veg = 0) TIP31B, TIP328 _ 200
(VeE = 100 Vde, VEg = 0) TIP31C, TIP32C = 200
Emitter Cutoff Current (Vpg = 5.0 Vdg, I = 0) IEgo X 1.0 mAdc
ON CHARACTERISTICS (Note 2}
DC Current Gain (I = 1.0 Ade, Vo = 4.0 Vdc) hrg 25 -~ -
(lc = 3.0 Adc, Ve = 4.0 Vdc) 10 50
Collector-Emitter Saturation Voltage (g = 3.0 Adc, Ig = 375 mAdc) VCE(sat) = 1.2 Vdc
Base—Emitter On Voltage (Ig = 3.0 Adc, Vgg = 4.0 Vdc) VBE(on) - 1.8 Vdc
DYNAMIC CHARACTERIETICS
Current-Gain — Bandwidth Product (I = 500 mAde, Vce = 10 Vde, figst = 1.0 MHz) T 3.0 - MHz
Small-Signal Current Gain (Ic = 0.5 Ade, Vog = 10 Vdg, f= 1.0 kHz) hfe 20 - =

2. Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%.

http:/lonsemi.com
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this documsent
by BC182/D

Amplifier Transistors

NPN Silicon
COLLECTOR
1
BASE
3
EMITTER
MAXIMUM RATINGS
BC | BC | BC
Rating Symbol | 182 | 183 | 184 Unit
Collector—Emitter Voltage VCEO 50~} 30 1 30 Vdec
Collector—-Base Voltage VeBo 60 | 45 | 45 Vdc
Emitter—Base Voltage VEBO 6.0 Vde
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Ty = 25°C Pp 350 mW
Derate above 25°C 2.8 mw/°C
Total Device Dissipation @ Tg = 25°C PD 1.0 Watts
Derate above 25°C 8.0 mW/°C
Operating and Storage Junction Ty, Tstg -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient | Rgja 357 °CIwW
Thermal Resistance, Junction to Case RaJc 125 “CIW

ELECTRICAL CHARACTERISTICS (Ta =25°C unfess otherwise noted)

BC182,A,B
BC183
BC184

CASE 29-04, STYLE 17
TO-92 {TO-226AA)

Characteristic Symbol Min Tvp Max Unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage V(BR)CEO v
(lg=20mA,Ig=0) BC182 50 = =
BC183 30 — —
BC184 30 — —
Collector—Base Breakdown Voltage V(BR)CBO v
(Ic=10pA, IE=0) BC182 60 — —
BC183 45 — —
BC184 45 - —
Emitter—Base Breakdown Voltage V(BR)EBO 6.0 — — \'
(lg =100 A, Ig=0)
Collector Cutoff Current Iceo nA
Vgcp=50V,.Vge=0) BC182 — 0.2 16
(Ve =30V, Vge=0) BC183 — 0.2 15
BC184 —_ 0.2 15
Emitter—Base Leakage Current IERO — — 15 nA
(VEp=4.0V.ic=0)

© Motorola, Inc. 1996



BC182,A,B BC183 BC184

ELECTRICAL CHARACTERISTICS (T = 26°C unless otherwise noted) (Continued)

Characteristic Symbol | Min l Typ l Max l Unit
ON CHARACTERISTICS
DC Current Gain hFE —
(lc=10uA,YCE=5.0V) BC182 40 — —
BC183 40 —_ —
BC184 100 — -
{lc=2.0mA, Veg =5.0V) BC182 120 — 500
BC183 120 — 800
BC184 250 — 800
{ic = 100 mA, Veg =5.0V) BC182 80 — -
BC183 80 — —
BC184 130 — —

Collector—Emitter On Voltage VCE(sat) v
{lc=10mA, Ig = 0.5 mA) — 0.07 0.25
(ic =100 mA, Ig = 5.0 mA)T) _ 0.2 0.6

Base-—Emitter Saturation Voltage VBE(sat) — — 1.2 Vv
{Ic =100 mA, Iy = 5.0 mA)1)

Base-Emitter On Voltage VBE(on) v
{lc=100uA, Vo = 5.0V) — 0.5 =
(lc=2.0mA, Vg =5.0V) 0.55 0.82 0.7
{ic =100 mA, Vg = 5.0 v)(1) — 0.83 —

DYNAMIC CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
{ic=0.5mA, VoE = 3.0V, f= 100 MHz) BC182 4 100 =
BC183 — 120 —
BC184 —— 140 %
(Ic=10mA, Vg = 5.0V, f= 100 MHz} BC182 150 200 -3
BC183 150 240 —
BC184 150 280 -

Common Base Output Capacitance Cob £ = 5.0 pF
Vep=10V, Ig=0,7= 1.0 MHz}

Common Base Input Capacitance Cip B 8.0 + pF
(VER =05V, I =0,f= 1.0 MHz)

Small-Signal Current Gain he o
{ic=2.0 mA, Vog = 5.0V, f= 1.0 kHz) BC182 125 P 500

BC183 125 - 900
BC184 240 - 900
BC182A 125 — 260
BC182B 240 — 500

Noise Figure NF dB
(ic =0.2mA, VoE = 5.0V, Rg = 2.0 k2,
f=1.0 kHz)

(lc=02mA, Vo =5.0 V, Rg = 2.0 kQ, BC184 — 2.0 4.0
f= 1.0 kHz, f= 200 Hz) BC182 — 20 10
BC183 — 2.0 10
BC184 — 2.0 4.0

1. Puise Test: Tp 300 s, Duty Cycle 2.0%.

2 Motoroia Small-Signal Transistors, FETs and Diodes Device Data






