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Thesis Title Electric Bicycle Automatic Gear Control
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ABSTRACT

This thesis presents an Electric Bicycle Automatic Gear Control. It has two propelling
systems. First: the propulsion by human power system, this system can change gear automatic and
semi-automatic, Second: the DC electric motor propelling system, the speed of this system is
adjustable. Actually, this bicycle can also operate in both systems at the same time. The rider can
pressing either the up or down button in the left handle bar to shift to prefer gear. It also has the
switch, which allows the rider to select either the manual gear or automatic gear changing.

The concept of DC motor propelling system is used pulse width control technique to
control the speed of motor. For the gear changing system, the photo- interrupter and DC electric
motor with internal repay gear is used. The processing unit in this bicycle used microcontroller to
control the speed of the bicycle and control the monitor system. The result show, the maximum
speed of this Electric Bicycle Automatic Gear Control is about 20 kilometers per hour on ground
level with no more than 90 kilograms rider. The fully charge battery power allow the rider to

travel approximately 32 kilometers.
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TosunsumuaumslFandasendlilihifessnluid

; PROGRAM FOR 8958252

SW_AUTO BIT P0.0
SW_UP BIT PO.1
SW_DOWN BIT  PO.Z
CHK BIT PO.3
DATA EQU  26H
WMCON EQU  96H

-**********************************************************
T

> Input - Output Ports
;**********************************************************
ORG 0000H
MAIN 1: SETB SW_AUTO
SETB SW_UP
SETB SW_DOWN
SETB CHK
MOV P1, #00H
MOV P2, #00H
MOV A, #00H
MOV DATA, #00H
MOV DPTR, #0000H
LCALL READ EE
MOV DATA, A

;**********************************************************

i SCAN SWITCH
;**********************************************************
SCAN: JNB SW_AUTO, AUTO

JNB SW DOWN, DOWN

JNB Sw UP, UP

SJMP- SCAN
;**********************************************************
H UP
;**********************************************************
UP: ACALL  DELAY D
Up 1: JB SW_UP, SCAN

JNB SW DOWN, SCAN

MOV DPTR, #0000H

LCALL "READ_EE

CJNE A, #05H,INC DATA

SJMP SCAN
INC DATA: JB CHK, SCAN

JNB SW _UP, S

ACALL STEP_UP

MOV DATA, A

INC DATA

MOV DPTR, #0000H

LCALL WRITE EE

ACALL DELAY

SJMP SCAN

-**********************************************************
’

; DOWN
;**********************************************************
DOWN : ACALL DELAY_D
DOWN_1: JB SW_DOWN, SCAN

JNB  SW_UP, SCAN
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MOV  DPTR, #0000H
LCALL READ EE
CJNE A, #00H, DEC_DATA
SJMP  SCAN

DEC_DATA:  JB CHK, SCAN
JNB  SW_DOWN, $
ACALL STEP_DOWN
MOV ~ DATA,A
DEC  DATA
MOV ~ DPTR, #0000H
LCALL WRITE_EE
ACALL DELAY
SJMP  SCAN

-**********************************************************
’

? CHECK

.**********************************************************
r

CHECK: JB CHK, SCAN
RET

-**********************************************************
’

7 AUTO

;**********-k***********************************************

AUTO: ACALL DELAY.B

MOV ~ A, B2

ACALL- DELAY. B

MOV ' B, #10

RIV/ 4AB
;********~k*************************************************
; GEAR LEVEL

;**********************************************************

GEARG: CONE _ A, #00,AUTO 1
MOV DPTR, #0000H
LCALL-READ EE
MOV DATA,A
CJNE A, #05H,GEAR6 CK1l
LJMP SCAN
GEAR6_CK1l: CJINE A, #00H, GEAR6 CK2
LCALL CHECK
ACALL 'STEP_UP
INC DATA
LCALL WRITE_ EE
LCALL DELAY
LJMP SCAN
GEAR6 _CK2: CJNE A, #01H, GEARG6_CK3
LCALL CHECK
ACALL STEP_UP
INC DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GEAR6_CK3: CJNE A, #02H, GEAR6_CK4
LCALL CHECK
ACALL STEP_UP
INC DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GERAR6 CK4: CJNE D, #03H, GEARR6_CK5
LCALL CHECK
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ACALL
INC
LCALL
LCALL
LJMP
CJINE
LCALL
ACALL
INC
LCALL
LCALL
LJMP

GEAR6_CK5:

GEAR6_CK6:

Wk ok ok ok Kok ok ok ok Kk ok ok ok ok ko ok ok
’

- AUTO_l

;****************

AUTO 1: ACALL
MOV
ACALL
MOV
DIV

-**********************************************************
’

H GEAR LEVEL

;**********************************************************

GEARS: CJINE
MOV
LCALL
MOV
CJINE
LJMP
CJINE
LCALL
ACALL
INC
LCALL
LCALL
LJIMP
CJINE
LCALL
ACALL
INC
LCALL
LCALL
LJMP
CJNE
LCALL
ACALL
INC
LCALL
LCALL
LJMP
CJINE
LCALL
ACALL
INC
LCALL
LCALL
LJIMP
CJNE

GEARS5 CKl:

GEAR5_CK2:

GEARS5 CK3:

GEAR5 CK4:

GEARS CK5:

STEP_UP
DATA
WRITE_EE
DELAY
SCAN

A, $04H, GEAR6_CK6
CHECK
STEP_UP
DATA
WRITE_EE
DELAY
SCAN

******************************************

DELAY B
A, P2
DELAY B
B, #5

AB

K, $02, GEAR4
DPTR, #0000H

READ EE

DATA, A

A, $04H,GEARS CK1
SCAN

A, #00H, GEARS. CK2
CHECK

STEP_UP

DATA

WRITE EBE

DELAY

SCAN

A, $01H,GEARS CK3
CHECK

STEP, UP

DATA

WRITE_EE

DELAY

SCAN

A, $02H, GEARS CK4
CHECK

STEP_UP

DATA

WRITE_EE

DELAY

SCAN

A, $03H, GEARS_CK5
CHECK

STEP_UP

DATA

WRITE_EE

DELAY

SCAN

A, $05H, GEAR5_CK6

**************************************
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LCALL
ACALL
DEC

LCALL
LCALL

GEAR5 CK6: LJMP

;**********************************************************

GEAR4: CJINE
MOV

LCALL
MOV

CJINE
LJMP
CJINE
LCALL
ACALL
INC

LCALL
LCALL
LJMP
CJINE
LCALL
ACALL
INC

LCALL
LCALL
LJIMP
CJINE
LCALL
ACALL
INC

LCALL
LCALL
LJIMP
CJINE
LCALL
ACALL
DEC

LCALL
LCALL
LJMP
CJINE

LCALL
ACALL
DEC

LCALL
LCALL
LJMP

GEAR4 CKl:

GEAR4 CK2:

GEAR4 CK3:

GEAR4 CK4:

GEAR4 CK5:

GEAR4 CK6:

-**********~J<*********‘k*************************************
’

GEAR3: CJINE
MOV
LCALL
MOV
CJINE
LJMP
CJINE
LCALL
ACALL

GEAR3 CKLl:

CHECK
STEP_DOWN
DATA
WRITE EE
DELAY
SCAN

A, #03, GEAR3
DPTR, #0000H
READ_EE

DATA, A

A, #03H, GEAR4 CK1
SCAN

A, #00H, GEAR4_CK2
CHECK

STEP_UP

DATA

WRITE EE

DELAY

SCAN

A, #01H, GEAR4 CK3
CHECK

STEP, UP

DATA

WRITE EE

DELAY

SCAN

A, #02H, GEAR4 | CK4
CHECK

STEP _UP

DATA

WRITE_EE

DELAY

SCAN

A,#04H, GEAR4 CK5
CHECK

STEP; DOWN

DATA

WRITE EE

DELAY

SCAN

A, #05H, GEAR4 CK6
CHECK

STEP_DOWN

DATA

WRITE EE

DELAY

SCAN

A, #04, GEAR2
DPTR, #0000H
READ_EE

DATA, A

A, $02H, GEAR3 CK1
SCAN

A, #00H, GEAR3 CK2
CHECK

STEP_UP
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INC  DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GEAR3 CK2: CJNE A, #01H, GEAR3_CK3
LCALL CHECK
ACALL STEP UP
INC  DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GEAR3 CK3: CJNE A, #03H, GEAR3_CK4
LCALL CHECK
ACALL STEP_DOWN
DEC  DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GEAR3 CK4: CJNE - A;#04H, GEAR3 CK5
LCALL’ CHECK
ACAIL STEP_DOWN
PEC  DATA
LCALL WRITE_EE
LCALL.DELAY
LIMP | SCAN
GEAR3_CK5: CJNE /A, #05H,GEAR3_CK6
LCALL CHECK
ACALL STEP.DOWN
DEC . DATA
LCALL WRITE EE
LCALL -DELAY
GEAR3 CK6: LJMP _SCAN
;******************~k***************************************
GEAR2: CINE A, #05, GEARL
MOV~ DBTR;#0000H
LCALL READ EE
MOV« DATA; A
CJNE “A,#01H, GEAR2_CK1
LJMP . SCAN
GERR2 CK1l: CJNE™, A, #00H,GEAR2_CK2
LCALL CHECK
ACALL STEPwUP
INC  DATA
LCALL WRITE EE
LCALL DELAY
LJMP SCAN
GEAR2 CK2: CJNE A, #02H,GEAR2_CK3
LCALL CHECK
ACALL STEP_DOWN
DEC  DATA
LCALL WRITE_EE
LCALL DELAY
LJMP SCAN
GERAR2 CK3: CJNE A,#03H,GERR2_CK4
LCALL CHECK
ACALL STEP_DOWN
DEC  DATA
LCALL WRITE_EE
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LCALL
LJIMP
CJNE
LCALL
ACALL
DEC
LCALL
LCALL
LJIMP
CJINE
LCALL
ACALL
DEC
LCALL
LCALL
LJIMP

GEAR2 CK4:

GEAR2 CK5:

GEAR2 CK6:

‘*****~)<****************************************************
’

GEARI: CJINE
MOV

LCALL
MOV

CJINE
LJMP
CJINE
LCALL
ACALL
DEC

LCALL
LCALL
LJMP
CJINE
LCALL
ACALL
DEC

LCALL
LCALL
LJMP
CJINE
LCALL
ACALL
DEC

LCALL
LCALL
LJIMP
CJINE

LCALL
ACALL
DEC

LCALL
LCALL
LJIMP
CJINE

LCALL
ACALL
DEC

LCALL
LCALL
LJIMP

GEAR1 CKl:

GEAR1 CK2:

GEARL CK3:

GEAR1 CKA4:

GEAR1 CK5:

GEAR1 CK6:

DELAY

SCAN

A, #04H, GEAR2_CK5
CHECK

STEP_DOWN

DATA

WRITE_EE

DELAY

SCAN

A, #05H, GEAR2_CK6
CHECK

STEP_DOWN

DATA

WRITE EE

DELAY

SCAN

A,#06, GEARL CK6
DPTR, #0000H

READ EE

DATA, A

A, #00H, GEARL CK1
SCAN

A;#01H, GEARL CK2
CHECK

STEP_DOWN

DATA

WRITE EE

DELAY

SCAN

A, $02H, GEARL CK3
CHECK

STEP DOWN

DATA

WRITE EE

DELAY

SCAN

A, #03H, GEARL CK4
CHECK

STEP DOWN

DATA

WRITE_EE

DELAY

SCAN

A, $04H, GEARL_CK5
CHECK

STEP_DOWN

DATA

WRITE_EE

DELAY

SCAN

A, #05H, GEARL_CK6
CHECK

STEP_DOWN

DATA

WRITE_EE

DELAY

SCAN
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-**********************************************************
’

; RIGHT
;**********************************************************
STEP .UP: CJNE A, #04H, STEP_UP1

SETB P1.0

ACALL DELAY STEPS

CLR P1.0

ACALL DELAY D

SETB Pl.1

ACALL DELAY B

CLR P1.1

RET
STEP UPL: CJNE A, #00H, STEP UPZ

SETB P1.0

ACALL DELAY STEP3

CLR P10

ACALL DELAY D

SETB FFlg7

ACALL DELAY-B

CLR P1 %

RET
STEP UPZ: S TB _Pl.®

ACALL DELAY STEP1

CLR P1§0

ACALL DELAY /D

SFETE A P It

ACALL DELAY B

CLR -

RET
,-**********************************************************
; LEFT

;*****k*****************~k***********************************

STEP_DOWN: CJNE A, #05H, STEP DOWN1

SETB PI.1
ACALL DELAY. STEPG6
GLRG~ sP1.1
RET

STEP DOWN1: CINE A;#01H, STEP-DOWN2

SETB, “pP1.1
ACALL“DELAY-STEP4
CLR  PINJ
RET

STEP DOWN2: SETB P1l.1
ACALL DELAY STEPZ
CLR Bl
RET

.**********************************************************
%

: DELAY MOTOR
;~k********************~k******~)<***~k*************************
DELAY STEP1:MOV RO, #50
DELAY_1: MOV ~ TMOD, #01H

MOV ~ THO, #OB7H

MOV ~ TLO, #OFFH

SETB TRO

WAIT 1: JNB  TFO,WAIT_1
CLR  TRO
GLR  TEQ

DJNZ RO,DELAY 1
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RET
DELAY STEP3:MOV RO, #54
DELAY 3: MOV ~ TMOD, #01H

MOV THO, #0B7H
MOV TLO, #0FFH

SETB TRO
WAIT 3: JNB TFO,WAIT3
CLR TRO
CLR TFO
DJNZ RO,DELAY 3
RET
DELAY STEP5:MOV RO, #58
DELAY 5: MOV TMOD, #01H

MOV THO, #0B7H
MOV TLO, #OFFH

SETB TR0
WAIT 5: JNB  TFQ,WAIT 5
cilR 40
CLR %0
DJINZ/ RO, DELAY 5
RET
DELAY B: MOV RO, #8
DELAY Bl: / MOV ~ TMOD,#01H

MOV THO, #0B7H
MOV TLO, #0OFFH

SETB - TRO

WATT: JNB | TEO, WALT

CLR)~ piRe

CLY ¢ ITED

DONZ . RO, DELAY Bl

RET
I-**************************~k~k***-k**************************
; DELAY MOTOR

;*************‘k~k*******************************************

DELAY STEP2:MOV ' RO, #33

DELAY 2: MOV._-» +TMOD, $01H
MOV ¢ .THO, $0B7H
MOVy, ‘TLO; #0FFH

SETB . TRO
WAIT 2: JNB “TEQ, WALT.2
CLR TRQ
QLR TF0
DJNZ RO, DELAY 2
RET

DELAY STEP4:MOV RO, #38

DELAY 4: MOV TMOD, #01H
MOV THO, #0B7H
MOV TLO, #OFFH

SETB TRO
WAIT 4: JNB  TFO,WAIT_4
CLR  TRO
CLR  TFO
DJNZ RO, DELAY_4
RET
DELAY STEP6:MOV RO, #40
DELAY 6: MOV ~ TMOD, #01H

MOV THO, #0B7H
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MOV TLO, #0FFH

SETB TRO

WAIT 6: JNB  TFO,WAIT_6

CLR  TRO

CLR  TFO

DJNZ RO,DELAY 6

RET
;**********************************************************
; DELAY DEBOUNCE
;**********************************************************
DELAY D: MOV  R7,#0FH

DJINZ R7,$

RET

;**********************************************************

; DELAY
,-***~k************************-k*k****************************
DELAY: MOV R1,#50
DELAY 7: MOV ~ TMOD, #01H

MOV . THO, #0B7H

MOV # TLO,#0FFH

SETB TRO

WAIT 8: JNB  TEO,WAIT 8

1R = TRQ

CLR_.= I'F0

DINZ ' R1,DELAY 7

RET
,-****************************k~k*****************************
; SUB PROGRAM READ-WRITE EEPROM
,-*************************~k********************************
READ EE: MOV WMCON, #00001000B

MOVX A,@DPTR
MOV WMCON, #00000000B
RET
WRITE EE: MOV DPTR, #0000H
MOV A,DATA
MOV WMCON, #00011000B
MOVX® .GDPTR, A
ACALL DELAY WR
MOV WMCON, #00000000B

RET

DELAY WR: MOV  R2, %6

DELAY WR1: MOV  R3,#0
DJNZ R3,$
DJNZ R4,DELAY_WR1
RET

END
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; PROGRAM FOR 89552

COUNT_
COUNT_
COUNT _

COUNT
DIGIT1
DIGITO
DATA:
ORG
SJIMP
ORG
SJMP
ORG
SJIMP
ORG

;*****************

; MAIN
;*****************
START: MOV
MOV
MOV
ACALL
ACALL
ACALL
SJMP

;***********\k*****

; INITIAL

;*****************

INIT: MOV
MOV
MOV
MOV
SETB
SETB
MOV,
MOV
MOV
MOV
MOV
SETB
SETB
SETB
SETB
SETB
RET

o kokok ok ok ok ok ok Kk ok ok ok ok ok ok ok ok
’

; TIMERL

;*****************

INT T1: DJNZ
MOV
DJNZ
MOV
DJINZ
MOV
CLR
MOV
MOV

MAIN:
LOOP:

20H
21H
22H
23H
P3.1
P3.0
2

200
10
2z

EQU
EQU
EQU
EQU
BIT
BIT

DS
0000H
START
000BH
INT TO
001BH
INT T1
0030H

Kk kK kK Kk Kk Kk ok ok ok ok ok ok ok ok ok kK K sk ok ok kok ok ok Kk Kk ok ok ok ok ok kK

Fk ok k k ks K ok k kok ok ke kK sk k ko k ok Kk ok ok ok ok ke k sk ok ok ok ok ok ok

P3,#0FFH

PO, #00000000B
P2, #00H

INIT

DATA DIS
DISPLAY

LOOP

Jode Kk ke k Kk K Kok Kk ko ok ok k k ok ok kK ok ok ok ok ok ok ok ok Kk ok kR ok ok ok ok ok ok

Jo sk Kk ke kK ok Kk ks kR sk ok ok k ko Kk ke ok ko ko ok sk ok ok ko ok ok ok ok ok kR ok

COUNT, 200, %200
COUNT 10, #15
COUNT_2, #1
COUNT, #00H
P3.2

P3.4

TMOD, #00101110B
TLO; 4008

THO, #00H
TL154-230

TH1, #=230

FA

ET1

ETO

TRO

TR1

Jokok ok ok ok Kk ko kK Kok Kk ok ke ko k ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

ok ok ok kkkkkkkkkkkkkkkkkkkkkdkkkkhkkkkkkkhkrrx

COUNT_200,END_RETI
COUNT_200, #200
COUNT_10,END_RETI
COUNT 10, #15
COUNT_2,END RETI
COUNT_2, #01

TRO

COUNT, TLO

TLO, $00H
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SETB TRO
END RETI: RETI

.~k*********************************************************
’

; TIMERO
,-***************************************‘k******************
INT 70 MOV ~ COUNT, #00H

RETI

.**********************************************************
’

; DATA AND DATA + 1
’-**********************************************************
DATA DIS: MOV  P2,COUNT
MOV ~ DPTR, #TABLE
MOV B, #10
MOV A, COUNT
DIV  AB
MOVC A, @A+DPIR
MOV ~ DATA+1,A
MOV AsB
MOVC . Aj @A+DPTR
MOV  / DATA,A

RET
,.**********************************************************
; DISPLAY
,-**************‘k*********************‘k*********************
DISPLAY: MOV ' A, DATA+1

MOV /. PO, A

SR Y i
ACALL DELAY 1
Ar T8, [DLGLTL
MOV | A DATA
MOV © “PO,A
CLR wPAGIT0
ACALL DELAY 1
SETB DIGLTO

RET
;********************~k*******k******************************
; DELAY
;*****************************~k~k***************************
DELAY 1: MOWL, % RY, 200

DINZ NN, S

RET
TABLE: DB OFCHYJ. 60H, ODAH, OF2H, 66H

DB 0OB6H, OBEH,. OEOH, OFEH,0FGH

END
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Quad Single Supply
Comparators

These comparators are designed for use in level detection, low-leval
senaing and marnory applications in consurmer aulomotive and ndustrial
elactronic applications.

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current £5.0 nA (Typ)

Low Input Offset Voltage: 1.0 mv (Typy LM139A Series
nput Common Mode Yoltage Range to Gnd

TTL and CROS Compatible
ESD Clamps on the Inputs Increase Reliability without Affecting Device
Operalien

« % & & % 6 5 o

MAXIMUM RATINGS

Rating Symbol Value Unit
Ve vdc
+36 or 18
+30 or £15
YioR Vde
38
30
Input Commen Mode Voltage Range ViCR -0.3 e Vee Ve
Output Short Circuit to Ground (Note 1) 50 Continuous
Power Dissipation @ Ta =25°C Pn
Plastic Package 1.0 W
Darate above 28°C 2.0 mw/eC
Junction Tempgrature Ty 150 S
Operating Ambient Temperature Range Ta C
LI239, A 25 10 +88
> ~40 1o +85
~40 10 +105
~4D 10 +125
3 Qo +70
Storage Temperature Range Tstg 6510 +150 6

HOTE: 1 The magmunt
Cratpur enert cleoaity 1o

4, ‘rdepsrdant of the magnitude of Yoo
hraing and sventunl destiuction,

et nray beay figh as
- CRIT COUTE BXCBEUNE

Figure 1, Circuit Schematic
Yoo o g +input = Input o o Cutput

g

T

7\
T\
ALY

i

" Lo
NOTE: Diagram shown is for 1 comparatar,

Order this document by LM339/D

LM339, LM339A,

LM239, LM239A,

LM2901, M2901V,
MC3302

'Y¢
14
1

N, P SUFFIX
PLASTIC PACKAGE
CASE 648

N*{A

D SUFFIX
PLASTIC PACKAGE
CASE 7T81A
{SO-14)

PIN CONNECTIONS

87
ouputz {1 ] outputs

ouput 1 (2] 2] utputd
voc [ 2 na

= input 1 E i__] +inpit 4

< tnpurt 3] b ] - Inputa

~input 2 E:’ t:u:i +input3
+linput @ [___ Z] ~Inputd

{Tap View)

ORDERING INFORMATION

Operating
Davice Temperature Range | Package
tf‘}iij?.ﬂﬁﬁ Ta=2510485°C | piolTn
‘Limgﬂ | TazowsT0C Hesonbi
Hiaoin | Tam—orowiose | G200,

(M2901VD ] s | s0-4
= _aprto +1280¢ | S
Cupgotyn | TAT TR HIZRCH Lpdic oip

MCA302P Ta =~407 10 +85°C | Plaslic DIP
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator
with Hystersis

Figure 3. Noninverting Comparator
with Hysteresis

5 Yoo
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L
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b iy
v

Yoo R
Rygr+ R1

3« R17 4 Ryt i R2

Vraf =

R2 = R i Regt

Arpount of Fysleresis Vi

RE
RV TIPSt FLF PRI ¥ S POV |
VHE R {(¥Cirmang — Youmin

Voimag = Voming

Typical Characteristics
(Mo =15 vde, TA = +25°C {each comparator) untess otherwise noted.)

Figure 4. Normalized Input Offset Voitage Figure 6, Input Bias Current

43
42
= I
e €S f 3 Th2e857T ’/,_,..---"M____
G ; 570
] & g P s G /M,..-A
& ] //
/ e 24 [T A st
P g @ ]
/’/ Z n
P
L8
2
-50 ~Z8 2 % 0 ki< 1061 128 ¢ 44 a0 12 1% G 24 28 32

T, ARIBIENT TEMPERATURE {"C} Yoo, POWER SUPPLY VOLTAGE (vdc)

Figure 6. Output Sink Current versus
Qutput Saturation Voltage
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3 // Th = 125G
40
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LM339, LM33%A, LM239, LM239A, LM2901, M2901V, MC3302

OUTLINE DIMENSIONS

N. P SUFFIX
FLASTIC PACKAGE
CASE 846-06
I8SUE L

UF TRUE

AN AR (P
I )
g SADS WHEK
o) 3 DMENSICNE 07 INCLUDE MOLD
i 7 ‘ Ly
ku) xu) luJ \u.! Y 'il) lu) 4 ROUNDED CORNERS CRTIONAL
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| e
FAIRCHIL.D

SENMICONOUICTORY

Medium Power Linear and Switching

BD233/235/237

Applications
» Complement to BD 234/236/238 respectively

p TO-126
1. Emitter 2 Collector 2 Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.=25°C unless othervise noted
Symbol Parameter Value Units
Voso Collector-Base Vollage 1 BD233 45 v
- BD235 &6¢ Y
1 BD237 100 Y
Yeso Coliector-Emitter Voltage 1 BD233 45 W
- BD235 60 v
:BD237 &0 W
YosR Coliector-Emitter Voltage 1 BD233 46 %
. BD23% &0 W
(8D237 160 W
Vepo Emitter-Base Voltage 5 \;‘
i Caollector Carrent (DG R A
iop *Callecior Current (Pulse) & A
P Coliector Dissipation {To=25"C) 25 W
Ta Junction Temperatue 150 %G
Tara Storage Temperature ~63 ~ 150 °C
Electrical Characteristics 1.=25°C unless othensise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Units
Yeznisus) | Colecter-Emitter Sustaining voltage
. BO2383 le = 100mA, I3=0 45 v
(BD23s &0 34
- BD237 80 v
lega Collector Cut-oif Current
| BO283 Veg = 45 g =0 100 | pA
“BD235 Veg = 60V, Jg=0 100 | pA
“BD237 Veg= 100V, jg=0 100 | pA
lzza Emitter Cut-off Current Ves =5V =0 1 mA
g * DC Current Gain Vep =2V 1 = 150mA 40
Vpe =2V, In=1A 25
Yegisal * Colector-Emitter Saturation Valtage la= 1A, 1= 0.1A 0.6 W
Vaglon) « Base-Emitter ON Voltage Vee =2V le = 1A 1.3 \
Ty Curtent Gain Bandwidth Product Ve = 10V, Io = 280mA 3 MHZ

¥ Pyise Test PW=200us. duty Cycle=1.5% Pulszd

lggiegzieeeasg
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Typical Characteristics
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Package Demensions

TO-126
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R e R R T
FAIRCHILD
SEMICONDUCTOR

BD234/236/238

Medium Power Linear and Switching

Applications
. Complement to BD 233/235/237 respectively

PNP Epitaxial Silicon Transistor

Absolute Maximum Ratings 7.=25°C unless ciherwise noted

’ TO-126
1. Emiter 2 .Collector 3 .Base

Symbol Parameter Value Units
Vesa Colieclor-Base Vollage
50234 - 45 v
(BD238 - 60 v
. BD238 - 100 v
Veza Caliector-Emitter Voltage
150234 - 45 v
(50236 - 60 v
BD23s - 80 v
Vesr Caliector-Emitter Voltage
(BD234 ~-45 v
- BD236 - 60 v
“BD238 - 100 v
Vego Emitter-Base Vollage -5 v
i Caltector Current {DC) | §) A
inp *Collector Current {Pulse) -6
Fe Coliector Dissipation {To=25°C) 28 W
Ty Junciion Temperature 160 °C
Ts1a Sterage Termperature - 65 ~ 150 *C

Electrical Characteristics 7,.225°¢ unless otherwise noted

Symbol Paramealer Test Condition Min. | Typ. | Max. | Units
(sUs) * Cofector-Emittar Sustaining Voltage
1BD234 ia=-100mA, Iz=0 - 45
<BD236 - €0
(BD238 - 80
lege Collector Cut-off Gurrent
. BD234 Veg = - 45Y, lg=0 -100 | pA
1 BD286 Ves=- 60V lg=0 -100 | upA
(BD238 Veg =- 100V Iz=0 -100 | pA
lzag Emifter Cut-off Current Veg = -5V, e 1 mA
Pee * DC Current Gain Vg = -2V, 1g = - 150mA 40
Ves=-2V lg=- 1A 25
Vogisal) * Collector-Emitter Saturation Voltage fn=-17, lg=-01A -0.5
Vgglong * Base-Emitter ON Voltage Ve s-2V o=~ 1A -1.3
fr Current Gain Bandwidth Product Veg = - 10V, = -250mA 3 tHz

« Puige Test Pae0us, duty Oycles 1.5% Pulsed
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Typical Characteristics
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Package Demensions

TO-126
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