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ABSTRACT

Nowadays, the most management in air bus has been assigned to driver and ticket

collector, other has only driver that have same ticket-fare independent distance. This thesis is the

project of Extra Bus for Collecting System which none ticket collector, and the ticket-fare depend

on distance separate in zone, there are digital segments to show the ticket-fare. In addition to,

remain seats in bus will be show for the passenger to decision before get on.
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] b4 d PN [ .3 o ¥ a dw o’/l P A b=
Wmidlnwes o wwmdu  msdmuadeya ludniiduduseuiideiiosninmsiden
f o a o a ' o {a @ o P )
unasfudadygyranninm dun nwes o #ida Tocs mndensudyananndnininaiouen
' I b4
wwdoundenmsuldouulawesdygafietl  uddudensudyanamindaa suiim
° s/ aa qw ey (A
mulu mafmuedeyandaties lulinauasdisle
“0” — henmstfasunilasseaudygiuindrliga

oy
& 4:’ o s
“1” — aenmsilasunasszauday

IInga 1d

=Y o o
PSA (Prescaler assignment bit) : Jardenmniueslsanawos
o o 1] a I'd
«0” — i@den S mnames s iy lnwes o
- PY) o o ' @ oS o A - o
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NBULAT HAWINATAYNszMA1ds RETURN, RETFIE W3e RETLW 92¥a1s
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aaUlAmn 11 dn
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12 1110 8 7 0
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2.9 TUAN (stack)
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lu  pICI6F87x  Timvvanuiidrsesdmsuwavawesldsunsuanimes  (PC)
o a A et ' o Y @ A g ¥ Ao Y ' aa &
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(peripheral interrupt)

Cal '
NgUNIBiAanIg

Qo < o v o = ' o & a @ 1 [ o o
3. PIE2 ithi3Smmes dmsuBweriaunasiuiindunes sudaingUnsaldenasdaf 2

(peripheral interrupt 2)

o s & t o a a do (o <
4. PIR1 W5 Smmesuaasaniuziou lvwoumasiuiasuaoisls nngnsaiae
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e o A 1 o a a do | o Cal
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a das a .
2.10.2 A $51Aandn (Interrupt logic)
=t o dat A as a oo q’:
1INSWazBuAre I Tmaes Ny deInuMsduRes SUdianyaves PIC16F87x
o Py Va4 a o : =1 . ]
aunsainndouduleesunsudumessidaeindmaadlugii 213 euinldh  wis
[ - t o =N ar a o o g + 1 1 :i -~
ooy 3 daufe uvasduiiadaa udumessUanneinseidents 12 uvds daufiaesie
1 o da o o 1 t 1 o a a a Lo c‘d” =
MUNUMIBUIRISUANINGUNITsiABYIN uaTunad lndyanuduees SdRugILEN
d 1 P . 1 a o o o & =
3 uvad uarmunmhe diunguMsAfeumesslas dwniuguia da GIE lu

53995 INTCON

= 4' =1 =Y Py das d
2.10.3 m‘smmumsmanaummamsauma‘s‘sﬂﬂ

¥
ausonaauiiuldsunsuiiedie 18l

PIE1_INT DATA equ B’01110010°
clef STATUS ; Select bank 0 and clear all flags
clef INTCON ; Disable interrupt
clrf PIR] ; Clear all flag bits
bsf STATUS,RPO ; Select bank 1
movilw PIE_ INT_DATA ; Defind interrupt enable data
movl{ PIE] ; Move to PIEI register
bef STATUS,RPO ; Select bank 0
bsf INTCON,GIE ; Enable grobal interrupt

a o o s [~ =Y oy g 3 s 3

laosudunisimuadeyadmsumsBueidaonsdwaessid  dvamsIdiunas

° o & od ar d o 8/ as [ o Y 3 T oo P=1
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o a o d ar d ot 9 A da sa o c;l LR d' o

AdaMs oA SR dealommndsiaaaniziudianss Juneuaslin)dounnesves

' o ¥ Y (e % A A o v aa s & g

oA woyausy Iiuwen | wawmisumssmuadoyaaslusimaes PIEI Fefae

A o Y 3 Y o o Y S A g a a fo | a

0x72 o vussoual mnay lldewued o Bnafuieidwedianstinessildsy Tauaia

GIE 1153 e%05 INTCON



L) = a [ d
2,104 ﬂTiUiﬂ]iBulﬂ@gi‘l’ﬂ

A a o o o c’dy
uJE)Lﬂﬂﬂ'lii’JuWIE)iiﬂﬁ‘Uu

36

FhgaznuawemasaiazAvInduinrdannuing

a o (A dA ' P o o < a da A
uUmeITUe Fenfe mveslysunsuaniees (PC) Hwwasluauan uazndesia GIE (o

a = a a o o c{:; - o a o do (Y & o Py
amdiiaMIuIMIdumessUanaviua ma‘ﬂaanumimﬂaumaiiﬂmau‘lummzmmimi

BRI sUa litade

o o a o (& S A Y
1Miunsy laa lldvuwees sUdanaes v aupAAT TS UAUYDINS

= a d o o é o 9}:{ Qs 3 = d'd a
UIMIDUABTIUA ‘U\‘lﬂ1ﬁuﬂ1’31’lllﬁ)ﬂlﬂiﬁ 0x0004 muu‘lumiwuuiﬂmnsuﬂnmiusmi

a o 4 Y o dy 9/ A = a LY &Y o @ [
dumeIsUdvzAnIdIsoUEARTY 0x0004 uul'JlW?JUSﬂ'li'é)ulﬁ?Jiiﬂﬁﬂ'JU aslilsunsuainig

ap

; General main program

MAIN

INT_SERV

ORG  0x0000
GOTO MAIN
*
*
*
ORG  0x0004

GOTO INT_SERV
MOVLW 0x01

*

MOVWF W _TEMP

*

RETFIE

; Jump to main program’s real address
; address 0x0001
; address 0x0002

; address 0x0003

; Interrupt vector address,

; jump to interrupt service routine(ISR)

; Real main program

; Start interrupt service program

: return from interrupt routine and

: enable interrupt
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MIcCRrRoCHIP

PIC16F87X

- 28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

- PIC16F873
- PIC16F874

- PIC16F876
» PIC16F877

Microcontrolier Core Features:

» High performance RISC CPU
- Only 35 single word instructions to learn

= All single cycle instructions except for program
branches which are two cycle
= Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

» Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

« Pinout compatible to the PIC16C73B/74B/76/77
* interrupt capability (up to 14 sources)

+ Eight level deep hardware stack

= Direct, indirect and relative addressing modes

- Power-on Reset (POR)

» Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

+ Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

< Programmable code protection
« Power saving SLEEP mode
- Selectable oscillator options

» Low power, high speed CMOS FLASH/EEPROM
technology

« Fully static design
« In-Circuit Serial Programming™ (ICSP) via two
pins
» Single 5V In-Circuit Serial Programming capability
« in-Circuit Debugging via two pins
» Processor read/write access to program memory
» Wide operating voltage range: 2.0V to 5.5V
* High Sink/Source Current: 25 mA
» Commercial, Industrial and Extended temperature
ranges
» Low-power consumption:
- <0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

DS30292C-page 1
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Pin Diagram

PDIP

U 40 {1 =—= RB7/PGD
38 {J -— RB6/PGC
38 [] -—» RBS

37 (3 =— RB4

36 D -«+—» RB3/PGM
35 D -+— RB2

34 [] -—» RB1

33 [} -—» RBO/INT
32 {] ~— Voo
31[] -— vss

30 [J -—> RD7/PSP7
29 [] ~— RD&/PSPE

MCLRvPp ——=[]
RAO/ANO ~—a- [
RA1/AN1 ~=—a[]

RA2/AN2/VREF- <_>E
RAJANINVREF+ o—»[]
RAATOCK! <—s ]
RAS/ANA/SS <—[]
REO/RD/ANS ~+—» [
RE1/WRI/ANG ~«—a [
RE2/CS/ANT ~—e-]
VDD ——a E

Vss — o ]

W NN A WN -

Y
o

PIC16F877/874

OSC1/CLKIN ——- ] 13 28 [ ~— RDSPSP5
OSC2/CLKOUT «—[1 14 27 [} =—» RD4/PSP4
RCOT10SOMCKI w—[] 15 26 {] +— RCZ/RXDT
RC1T10SICCP2 «—e-[] 16 25 [ -—» RCOTX/ICK
RC2ICCP1 e[ 17 24 [} +—» RCEISDO
RC¥SCK/SCL ~—[1] 18 23 {J -—» RC4/SDVSDA
RDU/PSPO «—[] 19 22 [J «+—» RDIPSP3
RDAPSP1 «+—[] 20 21 [J =+—» RD2IPSP2

Peripheral Features:

» TimerQ: 8-bit timer/counter with 8-bit prescaler

« Timer1: 16-bit timer/counter with prescaler,
can he incremented during SLEEP via externat
crystal/clock

= Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

- Two Capture, Compare, PWM moduies
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel _Anélog—to—Digitél converter

= Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)

= Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)
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PIC16F87X

Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC-20MHz DC-20 MHz DC - 20 MHz DC-20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {(PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memol
(14-bi£t]words) i K K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
I/O Ports Ports A,B,C Ports A,B,C,D,E Ports AB,C Ports A,B,C,.D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Paraliel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channeis | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 instructions 35 instructions 35 instructions 35 instructions

© 2001 Microchip Technology inc.
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additionat information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripherat modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The foliowing device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
‘-_ T RAO/ANO
FLASH > RA1/AN1
Program = RA2/AN2/VREF-
mory RAM —
Me 8 Level Stack File ' +— RA3/AN3/VREF+
(13-bit) Regi 3 RAITOCKY.
egisters a RAS/AN4/SS
Program 14
Bus
H RBOANT
I Instruction reg I 1 RB1
4 RB2
“ DirectAddr 7 4 RB3/PGM
3 RB4
3 RB5
I RB6/PGC
H RB7/PGD
8
7
| RCO/T10SO/T1CKI
Power-up 4 RC1/T108I/CCP2
Vi Timer 4 RC2/CCP1
Instruction Oscillator » RC3/SCK/SCL
Decode & k=1 | startup Timer . RCA/SDI/SDA
Control Power-on ] RC5/SDO
Reset RCB/TX/CK
. 2 RC7/RX/DT
Timi Watchdog
XK= Genenra‘gon > Timer W reg
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
. In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
Timer0 Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

@ 2001 Microchip Technology inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F 874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
. 13 P Data Bus 8 PORTA
FLASH < Program Counter }<; r!? * RAQ/ANG
I 3 1
Progam i T2 Rmranzvees-
emory : RAM N
ot RA3/AN3/VREF+
8 Level $1ack Fite ] RAATOCKI
(13-bity Registers ] RASIANA/SS
Program ‘
Bus ¢ RAM AddrD 43 o FORTE RBO/NT
3
Instruction reg 7 Eg;
l4—e
“ Direct Addr 7 H RB3/PGM
8 1< RB4
B RB5
» RB6/PGC
RB7/PGD
8
PORTC
RCO/T1OSOT1CKI
Powerup L4 RC1/T10SKCCP2
<7 Timer 3 RC2/CCP1
Instruction Osciliator ) RCI/SCKISCL
ecode <ﬁ>( Start-up Timi r RC4/SDIISDA
DConh'nl8l B up e - RC5/SDO
ower-on 4 RC6/TX/ICK
— WR;:LQ RC7/RXDT
iming al
D=1 Generation [ Timer
OSC1/CLKIN Brown-out = RDO/PSPO
OSC2CLKOUT Reset B RDAPSP
in-Circuit 3 RD2/PSP2
Debugger » RD3/PSP3
Low Vi 4 RD4/PSP4
Programming Parallel Slave Porti 2 RD5/PSP5
|4 RD6/PSPS
RD7/PSP7
PORTE
MCLR VDD, Vss 4[] REO/ANSRD
= 4=} RE1ANGWR
u_.{g RE2/ANT7/CS
Timer0 Timer1 Timer2 10-bit A/D

) 4 L v

Data EEPROM cop12 Synehronous USART

Note 1: Higher order bits are from the STATUS register.

DS830292C-page 6 € 2001 Microchip Technology Inc.



PIC16F87X

TABLE 1-1:  PIC16F873 AND PIC16F876 PINOUT DESCRIPTION

Pin Name DIP S0ic vo/p Buffer Descriotion
Pin# Pin# Type Type P
OSC1/CLKIN g9 9 1 STICMOS® | Oscillator crystal input/extemal clock source input.
OSC2/CLKOUT 10 10 (@] —_ Oscillator crystal output. Connects to crystal or resonator in
crystai oscillator mode. in RC mode, the 0SC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/VPP 1 1 [ ST Master Clear (Reset) input or programming voitage input. This
pin is an active low RESET to the device.
PORTA is a bidirectional /O port
RAQ/ANO 2 2 0 TTL RAQ can also be analog input(.
RA1/AN1 3 3 Vo TTL RA1 can also be analog inputl.
RA2/AN2/VREF- 4 4 10 TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RA3/AN3/VREF+ 5 5 o TTL RA3 can also be analog input3 or positive analog
reference voitage.
RA4/TOCKI [ 6 1o ST RA4 can also be the clock input to the Timer0
module. Output is open drain type.
RAS/SS/AN4 7 7 110 TTL RAS5 can also be analog input4 or the slave select
for the synchronous serial port.
PORTB is a bi-directional /O port. PORTB can be software
programmed for internal weak puli-up on all inputs.
RBO/INT 21 21 /o TTUsTY RBO can also be the external interrupt pin.
RB1 22 22 1o TTL
RB2 23 23 Vo TTL
RB3/PGM 24 24 Vo TTL RB3 can also be the low voltage programmmg input.
RB4 25 25 o TTL Interrupt-on-change pin.
RB5 26 26 fie] T interrupt-on-change pin.
RBS/PGC 27 27 1o TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin. Seriat
programming clock.
RB7/PGD 28 28 1o TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a bi-directionat 1/O port
RCO/T10SO/T1CKI " 1" /o] ST RCO can also be the Timer1 oscillator output or Timer1
clock input.
RC1/T10SICCP2 12 12 110 ST RC1 can also be the Timer1 oscilfator input or Capture2
input/Compare2 output/PWM2 output,
RC2/CCP1 13 13 10 ST RC2 can also be the Capture1 input/Compare output/
PWM1 output.
RCJ/SCK/SCL 14 14 e} ST RC3 can also be the synchronous serial clock input/output
for both SP1 and 1°C modes.
RC4/SDVSDA 15 15 WO ST RC4 can also be the SPI Data in (SPI mode) of
data 1O (1I2C mode).
RC5/SDO 16 16 110 ST RC5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 17 17 110 ST RCS6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RCT/RX/DT 18 18 I[e] ST RC7 can also be the USART Asynchmnous Receive of
Synchronous Data.
vss 8,19 8,19 P —_ Ground reference for logic and IO pins.
VoD 20 20 P — | Positive supply for logic and 1/O pins.
Legend: I=input O = output 1O = input/output P = power
= Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buifer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

R
© 2001 Microchip Technology Inc. DS30292C-page 7
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

DIP PLCC QFP | VO/P Buffer

Pin Name Pin# Pin# Pin# | Type Type Description
OSC1/CLKIN 13 14 30 I ST/ICMOS™ | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 (¢] — Oscillator crystat output. Connects to crystal or resonator

in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLR/VPP 1 2 18 e ST Master Clear (Reset) input or programming voitage input.
This pin is an active low RESET to the device.

PORTA is a bi-directional /O port.

RAO/ANO 2 3 19 1o TTL RAO can also be anaiog input0.

RA1/AN1 3 4 20 110 TTL RA1 can also be analog input1.

RA2/AN2/VREF- 4 5 21 1[e] TTL . RAZ can also be analog input2 or negative
analog reference voltage.

RA3/AN3/VREF+ 5 6 22 10 TTL RAS3 can also be analog input3 or positive
analog reference voltage.

RA4/TOCKI [ 7 23 10 ST RA4 can also be the clock input to the Timer0 timer/
counter. Output is open drain type.

RAS5/SS/AN4 7 8 24 e} TTL RAS5 can also be analog input4 or the stave select for

the synchronous serial port.

PORTB is a bi-directional /O port. PORTB can be soft-
ware programmed for internal weak pull-up on alt inputs.

RBO/INT 33 36 8 1o TTUST RBO can also be the external interrupt pin.

RB1 34 37 9 10 TTL

RB2 35 38 10 o TTL

RB3/PGM 36 39 1 110 TTL RB3 can aiso be the low voltage programming input.

RB4 37 41 14 {[e] TTL Interrupt-on-change pin.

RB5 38 42 15 110 TTL Interrupt-on-change pin.

RB6/PGC 39 43 16 1/0 TTUsT) Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.

RB7/PGD 40 44 17 j/[0] TTUsT? interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.

Legend: | =input O = output /0 = input/output P = power

— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an extermnal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Paraliel
Siave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292C-page 8 & 2001 Microchip Technology inc.



PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
. DiP PLCC QFP Vo/iP Buffer
Pin Nama Pin# | Pin# | Pin# | Type Type Raserintnn
RCO/T1OSO/TICKI | 15 16 32 1o ST PO s hsirBRignatlf PP Escitlator output or a
RCAT10OSHCCP2 16 18 35 VO ST RSt can'aldo be the Timert oscitlator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 18 36 o ST RC2 can also be the Capturet input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 [1[8] ST RC3 can also be the synchronous serial clock input/
output for both SP} and 12C modes.
RC4/SDI/SDA 23 25 42 110 ST RC4 can aiso be the SPt Data In (SP! mode) or
data 1/O (2C mode).
RC5/SDO 24 26 43 /o] ST RC5 can also be the SPi Data Out (SP! mode).
RC6/TX/CK 25 27 44 1o ST RCB6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 1 110 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional VO port or paralle! slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 1o sTATLR
RD1/PSP1 20 22 39 10 STATLE
RD2/PSP2 21 23 40 10 sTATLE
RD3/PSP3 22 24 41 10 sTATL®
RD4/PSP4 27 30 2 1o sTTL®)
RD5/PSP5 28 31 3 10 sTTL
RD6/PSP6 29 32 4 Vo sTTL®
RD7/PSP7 30 33 5 Vo STTTL®
PORTE is a bi-directionat }/O port.
REO/RD/ANS 8 9 25 e} STATLY RED can also be read control for the paraliel slave
port, or analog input5.
RE1/WR/ANS 9 10 26 Vo sTATL® RE1 can also be write controt for the paralie! slave
port, or analog inputb.
RE2/CS/ANT 10 1 27 Vo sTATLR) RE2 can also be sefect control for the paraliel slave
port, or analog input?.
Vvss 12,31 13,34 6,29 P — Ground reference for togic and /O pins.
VoD 11,32 | 12,35 7,28 P —_— Positive supply for logic and VO pins.
NC — |} 1,17,28, | 12,13, - These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: 1=input O = output 1O = inputoutput P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is 2 Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode {for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. -

® 2001 Microchip Technology Inc.
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HD74LS04/HD74LS0

®Hex Inverters
@Hex Invertars iwith Open Collector Qutputs}

BCIRCUIT SCHEMATIC(!%)

HOZ4LS04

HO74L503

EPIN ARRANGEMENT"

::%g;
JohY

@:
Y
YAuY

{Tep View)

W} Vo

MHD74LS06 RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
oo High level output voltage Von - - 5.5 v
Low level output current Ior - - 8 mA
MELECTRICAL CHARACTERISTICS (Ta=—20~ +75C)
HD74LS04 HDNMLS05
Item Symbol Test Conditions - Unit
‘min | typ® | max | min { typ® | max :
Vin 2.0} - - 2.0 — - v
Input voltage
ot voltas Vie - - 0.8 — - o8l V
Von | Vec=A.75V, ViL=0.8V. bu=—400sA | 27 — | - | = | = | - | V
Output voitage L =8mA - - 9.5 — - 105
P Vo Vec=4.75V, V=2V v
bi=4mA - - 0.4 — - | 0.4
Output current Jon Vcc=4.75V, ViL=0.8V, Von=5.5V - - - - - 100| #A
Iin Vec=5.25V, Vi=2.7V - - 20| — - 200 mA
Input current In Vee=5.25V, Vi=0.4V - — ]—0.4] — — §—0.4] mA
I Vee=5.25V, Vi=1V - - ¢6.1] - - 0.1 mA
Short-cireuit output current Jos Vee=5.25V -20f — (—~M00] — { - - | mA
Ieen . v - 1.2] 2.4 — 1.2 2.4 A
Swupply current Vec=5.25 m
ke o - 3.6f 6.6 — | 3.6} 6.6
Input clamp voltage Vix Vec=4.75V, In=—18mA - —|-¥5 — | — |15 ¥V
* ¥oo=SY, Taw2s°C
BSWITCHING CHARACTERISTICS (Vcec=5V, Ta=25C)
HD74LSM HD74LS05
Item Symbol Test Conditions Unit
min | typ | max | min | typ | max
. tPLn - 9115 - 117 ) 3R
Propagation delay time C.=15pF, Ru=2kQ ns
PuL - 11015} - | 15| 28

Note) Refer to Test Circuit and Waveform of the Commeon item

41
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
e ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON
and is no longer supplied. SLRS027F — DECEMBEFI@QE{?\!!?J)?QR&A%B zﬁo!

® 500-mA-Rated Collector Current ULN2001A ... D OR N PACKAGE

; ULN2002A . . . N PACKAGE
‘ (S_mgle Output) ULN2003A, ULN2004A . .. D, N, OR NS PACKAGE
® High-Voltage Outputs .. .50V ] ULQ2003A, ULQ2004A . . . D OR N PACKAGE
® Output Clamp Diodes (TOP VIEW)
® Inputs Compatible With Various Types of 1B E 1 |, 16]] 1C
Logic 812 1502
® Relay-Driver Applications 38 {}3 14{] 3¢
® Designed to Be Interchangeable With 48[} 4 13]] 4C
Sprague ULN2001A Series s8{Is  12[] 5¢
6B [}6 1{} sc
description/ordering information 7B}7 10{} 7C
Efls s{] com
The ULN2001A, ULNZ2002A, ULN2003A, ! ]

ULN2004A, ULQ2003A, and ULQ2004A are

high-voltage, high-current Darlington transistor arrays. Each consists of seven npn Darlington pairs that feature
high-voltage outputs with common-cathode clamp diodes for switching inductive loads. The coliector-current
rating of a single Darlington pair is 500 mA. The Darlington pairs can be paralieled for higher current capability.
Applications include relay drivers, hammer drivers, lamp drivers, disptay drivers (LED and gas discharge}), line
drivers, and logic buffers. For 100-V (otherwise interchangeable) versions of the ULN2003A and ULN2004A,
see the SN75468 and SN75469, respectively.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
ULNZ002AN ULNZ2002AN
PDIP (N) Tube of 25 ULNZ003AN ULNZ003AN
ULN2004AN ULNZ004AN
Tube of 40 ULN2003AD
ULN2003A
-20°C t0 70°C Reel of 2500 | ULNZ003ADR
SOIC (D)
Tube of 40 ULN2004AD
ULN2004A
Reel of 2500 | ULN2004ADR
ULN2003ANSR ULN2003A
SOP (NS) Reel of 2000
‘ ULNZODAANSR ULN2004A
ULQZ003AN ULQ2003A
PDIP(N) - |Tubeof25
: ULQ2004AN ULQ2004AN
Tube of 40 ULQ2003AD ULQ2003A
—40°C to 85°C
50C.0) Reel of 2500 | ULQ2003ADR ULQ2003A
g Tube of 40 ULQ2004AD ULQ2004A
Reel of 2500 | ULQZ004ADR ULQ2004A

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

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

PRODUCTION DAYA information is curent as of publication date. Copyright © 2003, Texas Insiruments Incorporated
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MECHANICAL DATA

MSOP002 — OCTOBER 1994

NS (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON The ULN2001A is obsolete
TRANSISTOR ARRAY

and is no longer supplied.
SLRS027F — DECEMBER 1976 — REVISED FEBRUARY 2003

description/ordering information {continued)

The ULN2001Ais a general-purpose array and can be used with TTL and CMOS technologies. The ULN2002A
is designed specifically for use with 14-V to 25-V PMOS devices. Each input of this device has a Zener diode
and resistor in series to control the input current to a safe limit. The ULN2003A and ULQ2003A have a 2.7-kQ
series base resistor for each Darlington pair for operation directly with TTL or 5-V CMOS devices. The
ULN2004A and ULQ2004A have a 10.5-kQ series base resistor to allow operation directly from CMOS devices
that use supply voltages of 6 V to 15 V. The required input current of the ULN/ULQ2004A is below that of the
ULN/ULQ2003A, and the required voltage is less than that required by the ULN2002A.

logic diagram

9
com

1 16

1B — —— 1C
2 15

SIS Bl
3 14

3B — 3C
4 13

48 — — 4C
5 12

5B — —— §C

6 1
6B _M_ 6C
7

10
B 7C

‘t? TEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsolet HIGH-VOLTAGE HIGH-CURRENT DARLINGTON
d reuppliod. TRANSISTOR ARRAY

is no longer s ied.
and is ge _uppl e SLRS027F — DECEMBER 1976 — REVISED FEBRUARY 2003

schematics (each Darlington pair)

COM
Output
Input C
B
E
7.2 k02 3kQ
ULN2001A ULN2002A
COM
Output
RpB c
Input
B
ULN/ULQ2003A: Rg = 2.7 kQ
ULN/ULQ2D04A: Rg = 10.5 kQ 72k  3kKkQ E

¢

ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

Al resistor values shown are nominal.

“? TEXAS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON e ULN2001A s obsolets

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Collector-emitter VORRAGE .. ... ..ottt et 50V
Clamp diode reverse voltage (see Note 1) ... ... ... i 50V
input voltage, Vi (see Note 1) ...t 30V
Peak collector current (see Figures 14 and 15) ... .. i 500 mA
Output clamp current, Iok -« -« o oo 500 mA
Total emitter-terminal CUITENt ... ... .. e —-25A
Operating free-air temperature range, Ta, ULN200xA .. ... . ... .ot ~20°C to 70°C
ULQ200XA ... —40°C to 85°C

ULQ200XAT ..ot i —40°C to 105°C

Package thermal impedance, 0 (see Notes2 and 3): Dpackage ......................ooohn 73°C/W
Npackage ...........ccoiviiiiinnin... 67°C/W

NSpackage .........cceeiviiiennnannn. 64°C/W

Package thermal impedance, 0 ¢ (see Notes 4 and 5). Dpackage ............................ 36°C/wW
Npackage ...........ccooviiiiiinn.. 54°C/wW

Operating virtual junction temperature, Ty ... ..o 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ......... PP 260°C
Storage temperature range, Tgpg -« vv vt —65°C to 150°C

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

NOTES: 1. All voltage values are with respect to the emitter/substrate terminal E, unless otherwise noted.

2. Maximum power dissipation is a function of T j(max), 8)a, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T (max) — Ta)/8 . Operating at the absolute maximum T j of 150°C can affect reliability.

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

4. Maximum power dissipation is a function of T j(max), 8¢, and T¢. The maximum allowable power dissipation atany allowable case
temperature is Pp = (T j(max) - Tg¥8 . Operating at the absolute maximum T j of 150°C can affect reliability.

5. The package thermal impedance is calculated in accordance with MIL-STD-883.

electrical characteristics, Ty = 25°C (unless otherwise noted)

TEST ULN2001A ULN2002A
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX| MIN TYP MAX
Vi(on) On-state input voltage 6 VCE=2V, Ic =300 mA 13 \'4
[1=250 pA, Ic=100mA 0.9 1.1 0.9 1.1
Collector-emitter - =
VCE(sat) saturation voltage 5 =350 pA, Ic =200 mA 1 1.3 1 1.3 \
=500 pA, Ic=350mA - 1.2 1.6 1.2 1.6
Vg Clamp forward voltage 8 IF =350 mA 1.7 2 1.7 2 v
VCE=50V, =0 50 50
ICEX Collector cutoff current 2 Veg=50vV, {h=0 100 100 HA
TA=70°C  |v;=6V 500
. Veg=50V, lc=500pA,
\off) Off-state input current 3 TEE ot c v 50 65 50 65 HA
) Input current 4 V=17V 082 1.25 mA
VR=50V, Ta=70°C 100 100
IR Clamp reverse current 7 pA
VR=50V 50 50
Static forward-current _ _
hfe transfer ratio 5 VCg=2V, Igc=350mA | 1000
& input capacitance V=0, f=1MHz 15 25 15 25 pF
+3 15
EXAS
INSTRUMENTS
4
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULNZ001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON
and is no longer supplied. TRANSISTOR ARRAY

SLRS027F - DECEMBER 1976 — REVISED FEBRUARY 2003

electrical characteristics, Tp = 25°C (unless otherwise noted) (continued)

TEST ULN2003A ULN2004A
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX| MIN TYP MAX
Ic=125mA 5
Ic =200 mA 24 6
) Ic =250 mA 2.7
Vi{on) On-state input voltage 6 Veg=2V C=275mA > \
ic =300 mA 3
ic = 350 mA 8
I}=250 nA, Ic=100mA 0.9 1.1 0.9 1.1
Collector-emitter — —
VCE(sal)  caturation voltage 5 11=350pA, I =200 mA 1 13 1 131 V
=500 A, Ic=350mA 1.2 1.6 1.2 16
1 VCE=50V, =0 50 50
ICEX Collector cutoff current 2 VCE=50V, =0 100 100 A
TA=70°C  fv;=1vV 500
VF Ciamp forward voitage 8 IF =350 mA 1.7 2 1.7 2 \%
N VCE=50V, I =500 pA,
Ii{offy Off-state input current 3 TXE 70°C c KA 50 65 50 65 HA
Vi=3.85V 0.93 1.35
h input current 4 Vi=56V 0.35 0.5 mA
Vi=12V 1 145
VR=50V 50 50
IR Clamp reverse current 7 - uA
VR=50V, Tp=70°C 100 100
Ci Input capacitance Vi=0, f=1MHz 15 25 15 25 pF

‘W TEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH- CURRENT DARLINGTON
TRANSISTOR ARRAY

SLRS027F — DECEMBER 1976 — REVISED FEBRUARY 2003

The ULN2001A is obsolete

and is no longer supplied.

electrical characteristics over recommended operating conditions (unless otherwise noted)

TEST ULQ2003A ULQ2004A
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX MIN TYP MAX
ic=125mA 5
Ic =200 mA 2.7 6
) Ic = 250 mA 29
Vi(on) On-state input voitage 6 Veg=2V =275 mA 7 \Y
ic = 300 mA 3
Ic =350 mA 8
‘ j=250pA, g =100 mA 09 12 09 1.1
VCE(sat) S:&?g;‘g:ﬁ?:ge 5 l} =350 pA,  Ic =200 mA 1 14 1 13] v
i =500pA, g =350 mA 12 17 12 16
1 VCE=50V, /=0 100 50
ICEX Coliector cutoff current 9 Veg =50V =0 100 HA
V=1V 500
VE Clamp forward voltage IF=350mA 1.7 23 1.7 2 \
Ii(off) Off-state input current Veg=50V, Ic=>500uA 65 50 65 HA
=385V 093 1.35
iy Input current 4 V=5V 035 05| mA
V=12V 1 1.45
VR=50V, TA=25°C 100 50
IR Clamp reverse current 7 RA
VR=50V 100 100
Ci Input capacitance Vi= f=1MHz 15 25 15 25 pF
switching characteristics, Tp = 25°C
ULN2001A, ULN2002A,
PARAMETER TEST CONDITIONS ULN2003A, ULN2004A | yniT
MIN TYP MAX
tpry  Propagation delay time, low- to high-level output See Figure S 0.25 1 us
tpHL  Propagation delay time, high- to low-level output See Figure 9 0.25 1 us
Vo  High-level output voltage after switching \S/§e=F?3u\r/¢'e 10 o =300 mA, Vg-20 mV
switching characteristics over recommended operating conditions (unless otherwise noted)
ULQ2003A, ULQ2004A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
tpLH  Propagation delay time, low- to high-level output See Figure 8 1 10 us
tpHi.  Propagation delay time, high- to low-level output See Figure 9 1 10 us
VoH  High-level output voltage after switching \ége:F?gu\:t‘e 10 lo =300 mA, Vg-500 mvV
‘U TEXAS
] INSTRUMENTS

POST OFFICE, BOX 655303 ® DALLAS, TEXAS 75263
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BC337/D

Amplifier Transistors

NPN Silicon

BC337,-16,-25,-40
BC338,-16,-25,-40

COLLECTOR
1
2
BASE
3
EMITTER
MAXIMUM RATINGS ! 2
Rating Symbol { BC337 | BC338 Unit
Collector—Emitter Voltage VCEO 45 25 Vde CASE 29-04, STYLE 17
TO-92 (TO-226AA)

Collector—Base Voltage VcBo 50 30 Vde

Emitter~Base Voltage VEBO 5.0 Vdc

Collector Current — Continuous Ic 800 mAdc

Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mw/°C

Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12 mwW/peC

Operating and Storage Junction TJ. Tstg -55to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReJa 200 °Cw
Thermal Resistance, Junction to Case RgJc 83.3 °Ciw
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
I Characteristic Symbol Min Typ l Max Unit
OFF CHARACTERISTICS

Collector— Emitter Breakdown Voltage V(BR)CEO Vde
(Ic=10mA, g =0) BC337 45 — —

] ' BC338 25 — —

Collector—Emitter Breakdown Voltage V(BR)CES Vde
(Ilc=100pA, Ig=0) BC337 50 — —_

BC338 30 — —

Emitter—Base Breakdown Voltage . V(BR)EBO 5.0 — —_ Vdc
(lE=10pA Ic=0)

Collector Cutoff Current IcBO nAdc
(Vcg=30V,Ig=0) BC337 — — 100
(Vce=20V,IE=0) BC338 — — 100

Collector Cutoff Current ICES nAdc
(Vce=45V,VBe =0) BC337 — — 100
(VCE=25V,VBe=0) BC338 — - 100

Emitter Cutoff Current IEBO — - 100 nAdc
(VEp=4.0V,Ic=0)

© Motorola, Inc. 1996

@ MOTOROLA
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BC337,-16,-25,-40 BC338,-16,-25,-40

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

r Characteristic Symbol [ Min [ Typ | Max | Unit I
ON CHARACTERISTICS
DC Current Gain hEg —
(lc=100mA, Vg =1.0V) BC337/BC338 100 — 630
BC337-16/BC338-16 100 . — 250
BC337-25/BC338-25 160 — 400
BC337-40/BC338—40 250 — 630
(ic =300 mA, VCE = 1.0 V) 80 - —
Base-Emitter On Voltage VBE(on) — — 1.2 Vdc
(Ilc =300 mA, VGg = 1.0V)
Collector—Emitter Saturation Voltage VCE(sat) — — 0.7 Vde
(Ic =500 mA, Ig = 50 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob —_ 15 — pF
(Vcg =10V, g =0,f= 1.0 MHz)
Current—-Gain — Bandwidth Product T — 210 — MHz
{lc =10 mA, Vcg = 5.0V, f = 100 MHz)
1.0 —
= 1 T ———
ﬁ 0.7 D=05 — o = =l
€£ 0.5 ! [ — P
2w 03 0.2 e TEETT
22 oI = -
1] =11 - —"
o @ o LT PER — oycl={8c
Lul.-l 5 0.1 062 =] H —] P(pk) GJC = 100°C/W MAX E
o T 007|022 P — :{‘J l_l L —— Al =r{t) By ]
NZ oosf== S'NG%E&L{;%E" t b 07 = 375°CIW MAX ]
SF o0 0.01 FAGALL D CURVES APPLY FOR POWER |
g 0 — T SINGLEPULSE R PULSE TRAIN SHOWN
Z 002 = DUTY CYCLE, D =t4/tp READ TIME AT t4 -
= . Ti(pk) = Tc = Pipky Buct)
0.01 - . — . .
0.001 0.002 0.005 001 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100
1, TIME (SECONDS)
Figure 1. Thermal Response
1000 < X 1000 =1
N 1.0s NI 1.0ms I\ T =135°C} I o
N N -
z P> T~ Y NN - Joe> 1Y
;Ei ~ < d \\ o\ 100 s = - T)=25°C
2 AN N To = 2500 N\ 3
z ~ N C N \ =
N N =z -
=} ™~ \ \ ig —— ~
= 100 o N z ] N,
g TA =25°C S \“ 8 100 H
S ] ~ N a !
w 1 . (=]
= 1 S ~ o
3 —— - —— CURRENTLIMIT ] N i
O = = —— THERMAL LIMIT N
SECOND BREAKDOWN LIMIT N
" {APPLIES BELOW RATED V(EQ) N "
1.0 3.0 10 30 100 0.1 1.0 10 100 1000
VcE. COLLECTOR-EMITTER VOLTAGE Ic, COLLECTOR CURRENT (AMP)
Figure 2. Active Region — Safe Operating Area Figure 3. DC Current Gain
2 Motorola Small-Signal Transistors, FETs and Diodes Device Data
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Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS

6y, TEMPERATURE COEFFICIENTS {mV/°C)

o TTT
| Ty=25°C
0.8 \ :
05 \
04 Ic =10 mA 100mA} 300 mA 500 mA
\
0.2 \ y ‘
\\\ \ ]
0 [T
0.01 0.1 1 10 100
13, BASE CURRENT {mA)
Figure 4. Saturation Region
+1
By for VeEsal) — | LH

0

1t )
-
pral
-2 By for VBE’ _-—-/
1 10 100 1000

Ic, COLLECTOR CURRENT (mA)

Figure 6. Temperature Coefficients

V, VOLTAGE (VOLTS)

C, CAPACITANCE (pF)

BC337,-16,-25,-40 BC338,-16,-25,-40

1.0 T T
—TA=25I°C l ‘ l ll”” /’:ﬂ
VBE(sat) @ Ic/IB = 10_L—1"
0.8 { T el
L
L VBE(on) @ VCE=1V
0.8
0.4
Y
0.2
A
VCE(sat) @ lo/i8 = 10—t~ =t
0 T T
1 10 100 1000
I, COLLECTOR CURRENT (mA)
Figure 5. “On” Voltages
100
-.-.\\
N cb
10
- ] Cob il
1
0.1 1 ’ 10 100

VR. REVERSE VOLTAGE (VOLTS)

Figure 7. Capacitances
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BC337,-16,-25,-40 BC338,-16,-25,-40
PACKAGE DIMENSIONS

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
_,.l A '4_ B Y14.5M, 1982

2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
L IS UNCONTROLLED.
4. DIMENSION F APPLIES BETWEEN P AND L
Y DIMENSION D AND J APPLY BETWEEN L AND K

3 MINIMUM. LEAD DIMENSION IS UNCONTROLLED

IN P AND BEYOND DIMENSION K MINIMUM,

[ —

g
5
z
m
}

|
X

INCHES MILLIMETERS
MIN MAX | MIN | MAX

| DIM |
i D A | 0175 | 0205 | 445 | 520
A‘I j B [ 0170 | 0210 | 432 | 533
c [ 0125 | 0165 | 318 | 419
X @ I D | 0016 | 002 | o041 [ oss
XL_ G F 0016|0019 om | 048
f G [ 0045 [0055 | 115 | 139
H re— H | 0095 | 0105 | 242 | 266
SECTION X=X J o015 [ooo0 | 039 | 050
Vi, ic Kl os00 | — {1270 | —
:'L—- L 0250 — | 635 ] —
N | 0080 | 0105 | 204 | 268
N Pl —Jotol — [ a4
l R ot —| 203 | —
N fe— T viotws| —71 a3l —
SLE 1T:
CASE 029-04 PIN Iy ggs”fcmﬂ
(TO-226AA) 3. EMTIER
ISSUE AD

Motorola reserves the right to make changes without further notice to any products herein. Motorolamakes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Afiirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD—-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 6F Seibu-Butsuryu—Center, 3—-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com ~ TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors H.K. Lid.; 88 Tai Ping Industrial Park,
INTERNET: http://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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Philips Semiconductors

Product specification

NPN power transistors

FEATURES

e High current (max. 1.5 A)
e Low voltage (max. 80 V).

APPLICATIONS

« Driver stages in hi-fi amplifiers and television circuits.

DESCRIPTION
NPN power transistor in a TO-126; SOT32 plastic

package. PNP complements: BD136, BD138 and BD140.

BD135; BD137; BD139

PINNING
PIN DESCRIPTION
1 emitter
2 collector, connected to metal part of
mounting surface
3 base

O
Mt

1UzU3U Top view

Fig.1 Simplified outline (TO-126; SOT32) and

MAM254

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT.
Veso collector-base voitage open emitter
BD135 - 45 \
BD137 - 60 \
BD139 - 100 \
Vceo collector-emitter voltage open base
BD135 - 45 \
BD137 - 60 \
BD139 - 80 \
VEBoO emitter-base voltage open collector - 5 \Y
Ic collector current (DC) - 1.5 A
lem peak collector current - 2 A
lam peak base current - 1 A
Ptot total power dissipation Tmp <70 °C - 8 w
Tsig storage temperature -65 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C

1999 Apr 12
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Philips Semiconductors

Product specification

NPN power transistors

BD135; BD137; BD139

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin j-a thermal resistance from junction to ambient note 1 100 KiW
Rin j-mb thermal resistance from junction to mounting base 10 KIW
Note
1. Refer to TO-126; SOT32 standard mounting conditions.
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. { UNIT
lcso collector cut-off current le=0;Veg =30V - - 100 nA
le=0;Vcg=30V; Tj=125°C - - 10 A
leBO emitter cut-off current Ic=0;Veg=5V - - 100 nA
hge DC current gain Vce =2V, (see Fig.2)
lc=5mA 40 - -
Ic = 150 mA 63 |- 250
lc =500 mA 25 - -
DC current gain Ic =150 mA; Vge =2V,
BD135-10; BD137-10; BD139-10 | (see Fig.2) 63 |- 160
BD135-16; BD137-16; BD139-16 ‘ 100 |- 250
VcEsat collector-emitter saturation voltage |Ic =500 mA; Ig = 50 mA - - 0.5 \Y
Vge base-emitter voltage lc =500 mA; Veg=2V - - 1 Y
fr transition frequency Ic=50mA; Vee =5V, - 190 - MHz
f=100 MHz
hegq DC current gain ratio of the licl =150 mA; [Veel =2V - 13 |16
= complementary pairs
FE2

1999 Apr 12
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Philips Semiconductors

Product specification

NPN power transistors

BD135; BD137; BD139

103

MBH729
160
Veg=2V
heg CE
M
120 —— \
N\
N
80 \
40
0
10-1 1 102 Ic (mA)
Fig.2 DC current gain; typical values.

1999 Apr 12
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Philips Semiconductors

Product specification

NPN power transistors

BD135; BD137; BD139

PACKAGE OUTLINE

Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32
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DIMENSIONS (mm are the original dimensions)
. 1
T A [ b | e | Dl EL e e | L Y aler [p|w
27 0.88 | 0.60 1141 7.8 165 1.5 3.2 3.9
mm | 23 | o065 | 045 | 105 | 72 | 458 | 22 | 153 | 254 | 09 | 30 | as |02
Note .
1. Terminal dimensions within this zone are uncontrolied to allow for flow of plastic and terminal irregularities.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
soT32 T0-126 =30 97-03-04
1999 Apr 12 5
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