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ABSTRACT

This project presents the design of robot for inspection in stator core. The
inspect area 1s gap between rotor and stator in generator. The gap’s height is about 5
centimeters. The robot structure consists of micro controller, drive circuit, sensor
circuit and sensing position by encoder. Two DC motors with gear box are used as
actuators for robot movement in straight direction. Furthermore, the robot can rotate

itself by using two servo motors incorporating with electromagnetic coils.
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¥ 3k 3k e 3 3k b e ok o % 3 3k ok ke sk ek ok ok e 3k ke ke e ke o ol ok e kR ke ok ik ke ok kol kol ok ik R ok ok ok R e ke ek
"* Program : control DC servo motor *
'* Name : diveservo.BAS *
"* CPU Control : PIC 16F877 *
* 0OSC : 10 MHz [HS mode] *

TRk R R R RNk R RNk kR Rk Rk ke ko k ke k ok kkk ok kkk ke k ok kk kR k X

INCLUDE "modedefs.bas"  'include seriat modes
TRISC = %00000000  'PORTC is output
low PORTC.2
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end
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® 715y BUFFER lums3uasdeya

- INBUFFERSIZE e msfwua BUFFER Tumissudeyadn

- OUTBUFFERSIZE 10 nsfmua BURFER Tumsdadeyaeeny

o gt @

- RTHRESHOLD f9 MM HIMUANSIHA EVENT - DRIVEN 1umssudoyaian

oy

1
~

-STHRESHOLD  flo M35 1dmuanisina EVENT - DRIVEN Tumissudeyasen1d

I

- INPUTLEN fo Smvesdoyaf llawuly BUFFER Sudeya
- EOFENABLE Ao m3fiuendugaueslWa (FOF) END OF FILE

¥ ¢ ¢
® A1UIITALIT

-PARITY REPLACE fio fvasnnanaosnazunuluiieda PARITY ERROR

-NULLDISCARD  fia m3fmualdsunSe sy NULL CHARACTER
- RTSENABLE fAn i1l deyana RTS (REQUEST TO SENT)
- DTSENABLE s MWy DTR (DATA TERMINAL READY)

® M3fHUARMIIITAYE MSComm _Control THamnsafasnefuwasiald
- N A ¢ A o 1 gu
1. PROPERTY %8 COMMPORT fie taenfnounesinnaziasde 1531
70819 MSComm1.CommPort=1
o Vel ar 4 = o
Tuntifonaz 19 Comlegidumnduniosnoniunes
A - o @ oo & ¥V 1w
2. PROPERTY %0 SETTINGS i MIAan1v0In1sivadoya Beazdnaidioindas

oed = T =l = 11 VowoA
voa vaanilnsainezAadedioiiumirls Tasiiswaz@oanslddegmasi
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MSComm1 Settings 111831013 Sudsdoya (BAUD), PARITY (f1ll4le N, suuiia
Joya,datiga”
#70819 MSComm1.Settings="1200, N, 8, 1"

3. PROPERTY ¥8 INPUTLEN fin fmvuavinavsediidoymdun Wl wdoya
Fanuafioglurmmes
A0 MSCommt.InputbLen=1

4. PROPERTY #0 PORTOPEN #n vziilaliwafnldanmiot duilahdu TRUE
S1lamn iy FALSE
A0e19 MSComml.PortOpen=Truec

kd

5. PROPERTY ¥ RTHRESHOLD g wlffiian1snszdudiy EVENT - DRIVEN
ienidoyalumessudeyaitifiAn COMMEVENT 11 ONCOMM EVENT
#10819 MSComm1.Rthreshold =1
nnTwasPuainansdusramsenufeuly Tnsiines VISUAL BASIC #eiz
135 Sub Form Load() W3® szaduTilnnsudosiuinlu MetinGon ¥ lunends &l
Sowaue Tilsunandsdl
Private Sub Form_Load()
MSComml.Settings="1200, N, 8, 1"
MSComm 1.CommPort=1
MSComml.InputLen=1
MSComml.PortOpen=True
MSComml.Rthreshold =1

End Sub
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Tsunsumsindsuiivearyueua (C/ PCW COMPLIER)

/***tt*tttttt*ttttttttt**t****‘*********

* file : controlbot.c
* purpose : counter demo
t*tt**************t*********************/
#define PIC16F876
#include <16F876.h>
#define CLOCK_SP 20000000
#tuses HS
fifuses NOLVP, NOWDT
#fuses NOPROTECT
#use delay (clock=CLOCK_SP)
#define S1 PIN_BO
#define S2 PIN B!
#define S3 PIN B2
#define S4 PIN_ B3
inti;
[AEREERRERRERREEEE DROGRAM *** 3 sk xsaat e bk drs
/f CHANGE SLOT
#INT TIMERI1
VOID IntTMR1 _isr{(void)
{
set_timer1(53036);//53036
H(i=0}
{
output_a{0x01);
output_high(pin_CO0);
output_high(pin_C1);
delay us(550); //right=2200 left=550

output_low{pin_C0);



}

output_low(pin_C1);
}
if(i==2)
{
output a{0x00);
output_high(pin_CO0);
output_high(pin_C1);
delay us(550); //right=2200 left=550
output_low(pin CO0);
output low(pin C1});
H
ifli=1)
{
output_a(0x08);
output_low(pin_C2);
output_high(pin_C3);
output_low(pin_C4);
output_high(pin_C5);
output_high(pin_CO0);
delay us(550); /mght=2200 left=550

output_low(pin_CO0);

/MOVE SLOT 1-2

VOID MSI()

{

output_a(0x09);
output_high(pin C2);
output_high(pin_C3);
output low(pin_C4);

output_low(pin C5);
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/MOVE SLOT 2-3

VOID MS2()

{
output_a(0x05);
output_high(pin_C2);
output_high(pin C3);
output_fow(pin_C4);
output_low(pin_C5);

h

/MOVE SLOT 3-4

VOID MS3( )

{
output_a(0x05);
output_high(pin C2);
output high{pin C3);
output low(pin C4);
output_low(pin_C5);

}

VOID stop( )

{
output_a(0x00);
output_high(pin C2);
output_high(pin_C3),
output low(pin_C4);
autput_low(pin_C5);

}

H#MAIN PROGRAM

void MAIN(void)

{

set_tris_b(0xfT);

enable_interrupts(GLOBALY);

output_a(0x00);
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output fow(pin_CO0);
output_low{pin_C1);
output_low(pin_C2);
output_low(pin_C3);
output low(pin C4);
output_low(pin_C5);
delay ms(1000);
stop();
delay ms(1000);
[RR R EERRRE D Ouaclof] FEEREEE SR RREEEREE
MS1();
delay_ms(3000);
while(input(PIN_B0))
{
while(input(PIN_B0));
delay_ms(100);
while(input(PIN_B0));
delay_ms(100);
H
delay _ms(500);
stop();
output_low(pin C2);
output_high(pin_C3);
output_low(pin_C4);
output_high{pin C5);
delay ms(5000);
i=0;

[P eRERRRRRChanoeglof] D FERERR XX RS
enable interrupts(INT_TIMERL1);
seup timer 1(t1_ INTERNAL! T1 DIV _BY_8);
set_timerl(53036);
delay ms(1800);
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i=2;

delay ms(1000);

disable_interrupts(INT TIMER1);

stop( );

delay ms{2000);
//*****“‘*****moveslotZ***********‘**“‘*

MS2();

delay_ms(4000);

while(input(PIN_B0))

{
while(input(PIN B0));
delay ms(100);
while(input(PIN_B0)),
delay ms(100);

¥

delay ms(400);
stop( );

delay ms(4000);
=1;

[{ErEES R Chanoeg|or2-FF KRR EER R R LR R
enable interrupts(INT _TIMER1);
setup_timer J(t1_INTERNAL| T1 DIV BY 8);
set_timerl(53036);
delay ms(5000);
disable_interrupts(INT_TIMER1});
stop( );
delay ms(1000);

JEEERE RS R e TR R AR B AR
MS3();
while(input(PIN_B3));

stop( );
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jt***************ttt*****t*t****i*******

* file : encoder.c

* purpose : demo

PP E SR S P PR LT PP TS S P PR
#define PIC16F876

#ifdef PIC16F876

#include <16F876.h>

#idefine TxD PIN Cé6

#define RxD PIN C7

#define CLOCK SP 20000000
#Helse

#include <16F628.h>

#define Tx[D PIN A2

#define RxDD PIN_A3

#detfine CLOCK_SP 40000600
#endif

#fuses HS

#fuses NOLVP,.NOWDT

#fuses NOPROTECT

#use delay (clock=CLOCK SP)
#use 1s232(baud=9600, xmit=TxD,rcv=RxD)
unsigned long 1 =0;

float =0

BOOLEAN HOOKEXT=FALSE;

#INT EXT
void IntExt_isr(void)
{

i=i+1;

£=i%0.022 ;
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HOOKEXT = TRUE;
}
void main(void)
{
i=0;
£=0;
enable_interrupts(GLOBAL);
enable interrupts(INT_EXT);
set_tris_b(0x01);
output_high(pin B1);
printf{"\n\rCounter value : %lu",i);
while(TRUE)
{
flHOOKEXT)
{
printf{"\n\rCounter value : %lu",i);
printf{"movement: %fin\r",f);

HOOKEXT = FALSE;

69



SHIANHIN 7

DATASHEET



MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873 « PIC16F876
+ PIC16F874 + PIC16F877

Microcontroller 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
« {nterrupt 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
Osdillator 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
pns
» 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 and industrial temperature ranges
* Low-power consumption:
- <2 mA typical @ 5V, 4 MHz
- 20 pAtypical @ 3V, 32 kHz
- < 1 pA typical standby current

Pin Diagram

PDIP
MCLRAVPRTHY —= [ 1 U 40 [] =—= RB7PGD
RAANG +—w [ 2 39 [] - RBG/PGC
RAVANT =—= ] 3 38 [] =— RBS
RAIANZVAEF- w— [ 4 37 [J +— RB4
RAMANINVREF+ -+ ] & 3 [ =—= RBIPGM
RAYTOCKI =—= {6 35 [] ~=—» RE2
RAS/AMA/SS =[] 7 - 4[] == RBY
REG/RINANG -—s[] B ~ 33 [] ~—» RBOANT
RE1/WTUANG =—= [ @ B p[e— v
REZTSANT =] 10 po 210 - vss
Voo — ] 1 E ap [] =—= ROTPSPT
ves o T2 -] 29 [1 «—» RD&/PSPB
QSCYUCLKIN —= {] 13 6 2B [ =#-w RDS/PSPS
OSCHCLKOUT w—— [ 14 g 7 ] == RD4/PSP4
RCOTIOSOMICK! w—-w ] 15 26 [] =—s RCI/RNDT
RCAT10SHCCP2 -—{] 16 25 [ ] =—= RCETXCK
RCHCCPt w— [ 17 24 [7] =— RC5/SDO
RCYSCHSCL =— [ 18 23 [7) =—= RC4SDI'SDA
RDPSP) =—» [ 19 29 [ ] +—a RDVPSP3
RD1PSPt -— | 20 21 ] =—= RD2/PSP2

Peripheral Features:

Timer(: B-bit timer/counter with B-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

can be incremented during sleep via externat
crystaliclock

Timer2: B-bit timer/counter with B-bit period
register, prascaler and postscaler

Two Capture, Compare, PWM modules

- 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 mutti-channel Analog-to-Digital converter
Synchroncus 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}

© 1999 Micrachip Technology Inc.
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PIC16F87X

Pin Diagrams
I

DIP, SOIC
MCLRVPRTHY — )1 ~7 28[] = RB7/PGD
raoano +—[] 2 271 =— RB6IPGC
RAUANT =[] 3 - 26[ | = RBS
RAZ/AN2IVREF-=—=L] 4 M 25{] =— RB4
RANANAVRer+ =] 5 3 24 ] = RB3/PGM
RA4TOCKI=—[] 6 ~ 23] = RB2
RASIAN4SS =[] 7 o 22[7] =+ RB1
vss—=[] 8 o 21{] =—= RBO/INT
osci/CLKIN—[] 9 o 20l +— voo
OSC2CLKOUT «—— 10 0 19]] =— vss
RCOM10SOMICKI=—= ] 11 18] ] =— RC7T/RX/IDT
RC1T10SHCoCP2=—=[]12 17[] == RCETX/CK
rc2ccP1 =-—=[]13 16| ] == RCS/SDO
RCHSCK/SCL =+—=[|14 15[] =+—= RC4/SDUSDA
PLCC
RAWTOCKI e []
RASIANASS . . [
REO/RD/ANS s []
RE1MWR/ANE = []
RE2CSIANT o [
VDD
'3 —
OSCI/CLKIN
OSCHUCLKOUT o [
RCOT10SOTICK]
NC
a
g 3 8
b4 o >
ol E8vRl
SR2a5555558¢
wmn%&awot
BEIINESARE
QFP FEFCPOITEXEZ
DOOH OO0 OO
BHHHHRHHHH
é AN O D@ k@D
b B e I
RC7/RX/DT ~—>CI1 NC
RO4/PSP4 ~=—=[IT] 2 32[ 3 =+—= RCHWT10OSOMTICKI
RD5PSP5 =—=LCI1 3 33— OSCCLKOUT
RDEPSPE =14 4 P =—  OSCA/CLKIN
RD7/PSP7 ~—=CIL 5 PIC16F877 20T - Vss
vss —~LTOE  PIC16F874 . O NTCS
vpop —[I0 27[IJ-=—= RE2/AN7/CS
RBOANT =—=C71T] 8 26 +—= REVANGAWR
RB1 =—CII 9 251 =— REO/ANSRD
RB2 -—=[CIT} 10 24T J-=—= RAS/AN4/SS
RB3PGM =11 11 vmwhwmowuzaH RA4/TOCKI
—— o o~ NSNS
AAAEEEBHE
Oodogougd
oovmungo—it
L AT E Y
G~ Lo s s
@m 5 § é g
o L'l:|_. E s
=] ™
e 33

6 [J=~—+ RAJANINVREF+
5 [Je—a RAZ/AN2/VREF-
4 [T RA1/AN1

2 [J=+— MCLRNPRITHY

3 [ RAG/AND

RB3/PGM
RB2

RB1
RBUINT
VDD

Vss
RD7/PSPTY
RDE/PSPE
RD5/PSPS
RD4/PSPA
RCT/RXMDOT

PIC16F877
PIC16F874

RIRRARRRRY

RC1/T10SI/CCP2 ==
RC2/CCPY ~—e
RCYUSCK/SCL <—[]Jag

RDO/FSPQ ~—=[]21
RD1/PSP1 w—[]22
RD2/PSP2 - 23
RD3/PSP3 -+—»[]24
RC4/SDI/SDA =—=]a5
RC5/SD0 w—[28
RCGITXJEK - ]27

C

DS30292B-page 2
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16FB76 PIC16FB77
Manual {(DS33023)
Operating Frequency DC - 20 MHz 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 Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
/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
Parallel Communications — PSP e PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channeis

5 input channels

8 input channels

Instruction Set

35 Instructions

35 Instructions

35 Instructions

35 Instructions

© 1989 Microchip Technology Inc.
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+5V-Powered, Multichannel RS-232

- -
Drivers/Recelvers
+5V|!NPUT 3
TOP VIEW o =1k
T
= 15
¢t [1] - [16] Vec Y Ve vl 20w
[;1_E~3 SN TO 1OV T
v 2] [15] &HD "E{Ch voLTAGE DOLER
- T 0 awTo-iv oy {8 IV
] mmansm (4l T C2 Slco- voUnasEVERTER | = ca
c [ Mz i3] A = T
MAXZ232 N -
- [5] masz |12 Ror 40003
v-[g] [11] Tim w1 v So—-HL 14,
+,

2007 [7 10] T2 TTLACMOS RS-232
an 7] 10] T INFLTS 000 OUTPUTS
Raw 8] E Rqur L L I __?_._

DIP/SO 2w : P J13
CAPACITANCE (uF) TIL/CMOS % RG22
|OEvitE T G2 G3 o4 % DUTPUTS . g | Mo
[MAE2E 27 47 1010 47 4_&L—o< L
MAX232 10 10 10 10 10
MA232A 01 04 04 01 01
GND =
RES
Fiqure 5. MAXZ20/MAX232/MAX2324A Pin Confiquration and Typical Operating Circuit
SV INFUT 3

TOP VIEW

T
(NC) BN 1] 18]
Ci+ E El
v+ E [15]
¢-[4] mmam [
c2 M2 [
o [G] [: MAX242 %
v- E 2]
T2our [ 8] 11}
Rew [ 9] [10]
DIP/SO

( ) ARE FOR MAXZZ2 ONLY.

PN NUMBERS iN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

MNEeyE ] [70] SHON
SHOM C1+ E E Ve
Yoo v+ E E GND
oo C-3] anaaas [
Tor G5 mxz% [16] NC.
Rl c2- [ 5] Aiw
Rigyr v-[7] [74] Riour
Ty Teour 5] [13] M.
o A2 E j__g_] Ty
Row  Reour {10] [11] 12w

SSOP

ALL CAPAGITORS = 0.1pF
'_':_} +

— 17

2 veo 3
c1E Cle  ysyT0ov 'A oV
T4 ¢1- VOLTAGE DOUBLER
5
C2+ 7 -
o[ ANTOV v
C27 8} 2 vouTag NveRTER _:«LI c4

TI/CMOS
INPUTS

RS-232
OUTPUTS

TTLACMOS AS-232
ouTPuTS INPLITS
10 RZgUT L 1 B
~ 1NE)EN 5k
o 18
GNp = SHON[—=
ol 1§

Figure 6. MAXZ222/MAX242 Pin Configurations and Typical Operating Circuit
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‘ SGS-THOMSON
Y/ NICROELECTRONICS

L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

s 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

s 1.2A PEAK OUTPUT CURRENT (non repeti
tive) PER CHANNEL

s ENABLE FACILITY

s OVERTEMPERATURE PROTECTION

s LOGICAL "0” INPUT VOLTAGE UP TO 15V
(HIGH NOISE IMMUNITY)

m INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solencides, DC
and stepping motors} and swilching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is eguipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and intemnal clamp di-
odes are inciuded.

This device is suitable for use in switching appli-
cations at frequenciesup to 5 kHz

S0(12+4+4)

Powerdip (12+2+2)
ORDERING NUMBERS:

L293DD L293D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

BLOCK DIAGRAM
Us OUT1 OUT3 Uas
—o o

28

INT ¢ ) 1HN3
ENABLE1 ¢ ) ENABLE2
IN2 ¢ ) INA
4,5.6,7
14,15.16.1>
nsaL29301-8¢ DUTZ OUT4 hd

June 1996

177




L293D - L293DD

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply Voltage 36 v
Vss Logic Supply Voltage 36 \'4
Vi Input Voltage 7 \
Ven Enable Vohage 7 v
Iy Peak Qutput Current (100 ps non repetitive) 1.2 A
Pt Total Power Dissipation at Tpjps = 90 °C 4 w
Tog. T Storage and Junction Temperature — 4010 150 °C
PIN CONNECTIONS (Top view)
N/
ENABLE) 1 Ve
S
ENRBLE 1 (T]1 20 [T Vss INPUT Y 2 INPUT &
INPUT 1 (1] 2 19 1D INPUT 4
DUTPUT 1 CI] 3 18 {I°) OUTPUT 4 QuTPUTY (13 OUTPUT &
6ND 4 7 N
— 17 HJ GND GMD & GND
END L} S 16 1) END
GND I} 6 15 {ID 6ND GND 5 GND
6ND (T 7 14 [T 6ND
OUTPUT 2(CT] ® 13 ITD CUTPUT 3 output2 fls OUTPLT 3
INPUT 2 (CT] 9 12 [0 INPUT 3
iNPUT2 7
ve CT] 10 11 [ EMNABLE 2 INPUT 3
NB2L T80T -82 s 8 ENABLE 2
S_E57¢
SO(12+4+4) Powerdip{12+2+2}
THERMAL DATA
Symbol Decription DiP S0 Unit
Rit j-pins Thermal Resistance Junction-pins max. — “C/wW
Rinjamp Thermal Resistance junction-ambient max. 80 50 () °CIW
Rih j-case Thermal Resistance Junction-case max. 14

(*) with 8sq. cm on board heatsink.
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L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vss =5V, Tamb = 25 °C, unless

otherwise specified)
Symbol Parameter Test Conditions Min. { Typ. | Max. | Unit
Vs Supply Voltage {pin 10} Vss 36 V
Vss Logic Supply Voltage {pin 20) 4.5 36 v
Is Total Quiescent Supply Current | Vi=L; lo=0; Ven=H 2 6 mA
{pin 10) Vi=H; lg=0; Ven=H 16 24 mA
Ven= L 4 mA
lss Total Quiescent Logic Supply Vi=L; l9=0; Ven=H 44 60 mA
Curent (pin 20) Vi=H; lo=0; Ven=H 16 | 22 | mA
Ven=L 16 24 mA
Vi I1n9;;ut Low Voltage (pin2, 9,12, -0.3 1.5 v
Vi Input High Voltage (pin 2, 9, Veg< TV 2.3 Vs )
12,19) Ves>7V 2.3 7 v
I Low Voltage Input Current (pin ViL=15V -10 pA
2, 9,12, 19)
hH High Voltage Input Cument{pin | 23V <Vin<Vs5-06V 30 100 pA
2,8 12, 19)
Ven L Enable Low Voitage -03 1.5 v
(pin 1, 11)
VenH Enable High Voltage | Ves<7V 2.3 Vss \
(pin 1, 11) Vss>7 V 2.3 7 v
lon L Low Voltage Enable Current VenL=15V ~30 | —100 pA
{pin1, 11)
lenH High Voltage Enable Current 23VEVenH<Vss-06V +10 pA
{pin 1, 11)
VCE(gm)H Source Output Saturation io =—06A 1.4 1.8 v
Voltage (pins 3, 8, 13, 18)
VCE(satL Sink Output Saturation Voltage lo=+06A 1.2 1.8 Vv
{pins 3, 8, 13, 18)
VE Clamp Diode Forward Voitage lo = 600nA 1.3 v
t; Rise Time (*} 0.1t00.9 Vo 250 ns
1 Fall Time (*) 0.9t0 0.1 Vo 250 ns
ton Tum-on Delay (*) 0.5V to 0.5 Vy 750 ns
tort Tum-off Delay (*) 0.5Vito 0.5V, 200 ns
{")Sea fig. 1.
37
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Fhilios Semiconductors

Quad voltage comparator

Product specification

LM139/239/239A/339/339A

DESCRIPTION

The LM139 series consists of four independent precision voltage
comparators, with an offset voltage specification as low as 2.0mV
max for each comparator, which were designed specifically to
operate from a single power supply over a wide range of voltages.
Operation from split power supplies is also possible and the low
power supply current drain is independent of the magnitude of the
power supply voltage. These comparators also have a unique
characteristic in that the input common—mode voltage range
includes ground, even though they are operaied from a single power
supply voltage.

The LM138 series was designed to directly interface with TTL and
CMOS. When operated from both plus and minus power supplies,
the LM139 series will directly interface with MOS logic where their
low power drain is a distinct advantage over standard comparators.

ILM2901/MC3302
PIN CONFIGURATION
D, F, N Packages
OUTPUTZE—V ——1a] ourPuT 3
ou-m:nE ~J13] outPUTA
WiEl 12| GMD
lupun_E 1| WPUT 2+
umnE 10| INPUT 4
IHPI.I'H-E gk INPUT 3 +
INPUT'H—E' E—EI MPUT 3—

TOP VIEW

FEATURES SLoooro

® Wide single supply voltage range 2.0¥p; to 36V of dual Figure 1. Pin Configuration
supplies +1.0Vpc to £18Vpe

® Very low supply current drain {0.8mA} independent of supply
voltage (1.0mW/comparator at 5.0Vnc) EQUIVALENT CIRCUIT

® |ow input biasing current 25nA vt

® | ow input offset current +5nA and offset voltage L 10008

@ Input common—mode voltage range includes ground &

© Differential input voltage range eguail to the power supply vollage

@ _ow output 250mV at 4mA saturation voltage

® Qutput voltage compatiblie with TTL, DTL, ECL, MOS and CMOS P—

logic systems
OUTPUT
—INPUTO—— -]

APPLICATIONS ar

® A/D} converters as | i_

® Wide range VCO 1L L = =

® MOS clock generator - N

® High voltage logic gate {1 Comparator Only} SLO0OTT

® Muliivibrators Figure 2. Equivalent Circuit

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #

14—Pin Ceramic Dual In-Line Package (Cerdip}) =550 +125°C LM139F 05818
14—Pin Plastic Dual in-Line Package (DIP) —25°C to +85°C LM239AN SOT27-1
14--Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LMZ239N SOT271
14—Pin Plastic Small Outline {SO} Package —25°C to +85°C LM238D 50T7T108-1
14—Pin Plastic Dual In-Line Package (DIP) —40°C o +125°C LM2901N SOT271
14--Pin Plastic Small Outline (SO} Package —40°C o +125°C LM2801D S0T108-1
14—-Pin Plastic Dual In-Line Package {DIP) 0to +70°C LM339AN S50T27-1
14—Pin Plastic Small Outline (SO) Package 0to +70°C LM333D 80T108-1
14—Pin Plastic Dual In-Line Package (DIP} 01 +70°C LM339N S50T27-1
14—Pin Plastic Small Outline (SO) Package —40°C to +85°C MC3302D S0T108-1
14—Pin Ceramic Dual In-Line Package {Cerdip) —40°C to +85°C MC3302F 05818
14—Pin Plastic Dual In-Line Package (DIP} -40°C to +85°C MC3302N S50T27-1
14—Pin Plastic Dual In-Line Package (DIP} -55to +125°C LM139N 507271

1995 Nov 27
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Philips Semiconductors

Product specification

Quad voltage comparator

LM139/239/239A/339/339A/

LM2901/MC3302
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee V¢ supply voltage 36 or+18 Voo
VDIFF Differentiai input voltage 36 Voo
Vin Input voltage —0.310+36 Voo
Pp Maximum power dissipation,
Ta=25°C (still-air)*
F package 1190 mwW
N package 1420 mw
D package 1040 mw
Qutput short—circuit to ground? Continuous
N tnput current {Viy<—0.3Vpc P 50 mA
Ta QOperating temperature range
LM139 -55t0 +125 °C
LM239/239A —251t0 +85 °C
LM339%/339A Oto+70 °C
LmM2901 —-40to +125 °C
MC3302 —40 to +85 °C
Ts1e Storage temperature range —65to +150 °C
TsoLb Lead soldering temperature {10sec max) 300 °C
NOTES:

1. Derate above 25°C, at the following rates:
F Package at 8.5mw/°C
N Package at 11.4mwW/C
D Package at 8.3mwW/°C
2. Short circuits from the output to V+ can cause excessive heating and eventuat destruction. The maximum output current is approximately
20mA independent of the magnitude of v+,
3. This input current will oniy exist when the voltage at any of the input leads is driven negative. It is due to the collector—base junction of the
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral
NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go to the v+ voltage
level (or to ground for a large overdrive) for the ime duration that an input is driven negative. This is not destructive and normal output states
will reestablish when the input voltage, which was negative, again returns to a value greater than ~0.3Vpc.

1995 Nov 27



Phitips Semiconductors Product specification

Quad volt t LM139/239/239A/339/339A/
uad voltage comparator | M2901/MO3302

DC AND AC ELECTRICAL CHARACTERISTICS
V+=5Vpe, LM139; -55°C € Ta < 125°C; EM239/230A: ~25°C < Tp < 85°C; LM339/339A: 0°C < Ta < 70°C;; LM2901: 40°C < Ty £ 125°C,
MC3302: -40°C < T, < 85°C, unless otherwise specified.

LM239A/339A
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Ta=25°C +1.0 +2.0 my
Vog Input offset voltage? O\.':ar temp. 4.0 mv
v Input common—mode voltage Tp=25°C 0 V+-1.5 v
CM range® Qver temp. 0 V+-2.0
Keep all
Vior Diffarential input voltage? ViNe20Vpe v+ v
(or V- if need)
IIN(*) or IIN(—) with output in
X linear range
IBIaS Input bias current? TA=25°g 25 250 nA
Over temp. 400 nA
Iing+—hing-)
los Input offset current Ta=25°C +5.0 150 nA
Over temp. +150 nA
Vin-21Voe, Vin(+)=0,
loL Qutput sink current Vo<s1.5Vpe, 6.0 16 mA
Ta=25°C
ViNe2 Ve, Vin(-)=0
Qutput leakage curent Vo=5Vpe, Ta=25°C 0.1 nA
Vo=30Vpc, over temp. 1.0 A
RL=no
on comparators,
lee Supply current TA=25"C 08 | 20 mA
V+=30V
1
Ay Voltage gain Cﬁéb‘; 50 | 200 VImV
ViNe-2 Ve Vingy=0.
. 1 <4mA
VoL Saturation voltage S%:Sis"c 250 | 400 mv
Over temp. T00 my
i sR Large—signal response time VINETTL IoglcRs'::;g{ &Ef:jzgygc  VRL=SVb, 300 ns
tr Response time5 VRL:SYFE;Z'ZEL‘ZS' Tl 1.3 us

See notes at the end of the Electrical Characteristics.
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Philips Semiconductors

Product specification

Quad voltage comparator

LM139/239/239A/339/339A/

£ M2901/MC3302

DC AND AC ELECTRICAL CHARACTERISTICS
V4=5Vpe, LM138; -55°C 5 Ta 5 125°C; LM239/239A:; -25°C £ Tp, < 85°C; LM338/330A; 0°C < Ta € 70°C; LM2801: 40°C £ T4 £125°C.
MC3302: ~40°C < T, < 85°C, unless otherwise specified.

LM139 LM239/339
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ Max Min | Tvp Max
Ta=25°C .0 +5.0 20 +3.0 mV
Vos Input offset voltage? Over temp. +9.0 90 | mv
Y Input common—mode voltage Ta=25°C 0 V+-1.5 0 V+-1.5 v
CM range3 Over temp. ] ve20]| o V+-2.0
Keep all
VDR Differentiat input voltage! VINS20Vpe Ve \'az \
{or V- if need)
I|N(+) or ]m(_) with output in
. linear range
eias Input bias curent! TA=25°Cg 25 | 100 25 | 250 | na
Over temp. 300 400 nA
hNgerliNgG)
ios Input offset current Ta=25°C 3.0 +25 +5.0 +50 nA
QOver temp. +100 +150 nA,
Vin-21Voe, Vin+=0,
foL Output sink cumrent Vpg1.5Vpe, 6.0 16 6.0 16 mA
TA=25°C
Ving1Voe. VinG-)=0
VOZSVD(:,
Output leakage cumrent Ta=25°C 0.1 0.1 nA
Vo=30Vpc,
over temp. 1.0 1.0 pA
R =e
on comparators,
lec Supply current Ta=25°C 08 | 20 08 | 20 | ma
V+=30V
Py Voitage gain &il :‘:"%c 50 200 50 200 Vimv
V;N(_)Z'I Vo, V|N(+)=D,
, IgiNks4mA
VoL Saturation voltage TA=25°C 250 | 400 250 | 400 mv
Over temp. 700 700 mV
b sk Large—signal response time V"{‘,:[I;’VDCQ ) :ng 291 k\gﬁ;::z;:‘gc 300 300 ns
tr Response time> VRL:SY&E’;;{.LZS"I ke 13 1.3 ps
See notes on following page.
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Philips Semiconductors Product specification

Quad voltage comparator LM139/239/239A/339/339A/
? i LM2901/MC3302

DC AND AC ELECTRICAL CHARACTERISTICS
V+=5Vpe, LM138: —55°C < Tx € 125°C; LM239/239A: -25°C < Ty < 85°C; LM339/339A: 0°C < Tp £ 70°C; LM2901: 40°C £ Ta < 125°C,
MC3302: 40°C < Ty < 85°C, uniess otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS L2901 MC3302 UNIT
Min ] Typ Max Min | Typ Max
TA=25°C 20 | 7.0 +30 | +20 mv
Vos Input t voltage? O:er temp. 19 +15 +10 my
v input commor—mode voltage Ta=256°C 0 V+-1.5 v] V+-1.5 v
CM range3 Over temp. 0 v+20]) 0O V+-20
Keep all
VipR Differential input voltage’ ViNe20Vpe V+ v+ v
(or V—if need)
{ing+) OF gy with output in
. linear range
leias | Input bias current! Tas25°C 25 | 250 25 | s00 | na
Over temp. 200 500 1600 nA
gy INgG
los Input offset current Ta=25°C 15 50 +5 +100 nA
Over temp. 150 +200 +300 nA
VIN(~)21VDC- Vin(+)=0, 6.0 16 6 16
lou QOutput sink current Vo<1.5Vpe, mA
Ta=25°C
VingWVoe, ViNG-)=0
Vo=5Voc,
Output leakage curment Ta=25°C 0.1 0.1 nA
Vo=30Vpc,
over temp. 1.0 1.0 WA
R ==~ on all comparators, 8 1.8 mA
lcc Supply current Ta=25°C 0.8 20
Ry =« on all comparators, V+=30V 1.0 25 mhA
Ay Voltage gain vl g'\‘g"c 25 | 100 2 | 100 vimV
VN 1Voe, Ving=0.
| i <AmA
VoL Saturation vollage Tas25°C 400 150 | 400 | mv
Over temp. 400 700 700 my
. . = i i =1.4Vpe.
t sR Large—signal response time V'U;;V?.zcgﬁg% ,:EE-F Ajzgug C 300 300 ns
tp Response timed VRL:S%?&;&ZS' 1k 1.3 13 s

NOTES:

1. Positive excursions of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the
common-mode range, the comparator will provide a proper output state. The low input voltage state must not be less than —0.3Vpe {or
0.3Vpc below the magnitude of the negative power supply, if used).

. At output switch point, Vo = 1.4Vpe, Rg=00 with V+ from 5Vpce lo 30Vpe: and over the full input common—mode range {0Vpc to

V+— 1.5Vpc). Inputs of unused comparators should be grounded.

. The input common—mode voltage or either input signal vaitage shoukd not be allowed to go negative by more than 0.3V. The upper end of

the common—mode voltage range is V+ — 1.5V, but either or both inputs can go to 30Vpc without damage.

The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of

the output so no leading change exists on the reference or input lines.

. The response time specified is for a 100mV input step with a 5mV overdrive. For larger overdrive signals, 300ns can be obtained {see typical
performance characteristics section}.

n s W N
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[Ordering number : EN6029 |

Infrared LED

SP1-335-34

/SANYD Ultraminiature photoreflector

(single-transistor type)

Features
e Infrared LED plus Phototransisior (single)
* DIP type
o Compact type : 3.4 (L) X 2.7 (W) X 1.5 (H) mm
= Visible light cut type
e [cad length : (L=3.5mm)

Absolute Maximum Ratings at Ta=25°C, 65%RH

Parameter Symbol Rating Unit

Forward Current Ir 50 mA

Input LED Reverse Voltage Vr 5 \%
Power Dissipation Pp 70 mW

Collector-Emitter Voltage VcEo 20 v

Output Emitter-Collector Yoltage VECO 5 \Y%
Phototransistor Collector Curren Ic 20 mA
Power Dissipation Pc 70 mW

Operating Temperature Topr -20 to +80 °C

Storage Temperature Tstg ~-44 to +100 °C

Soldering Temperature *! Tsol 260 °C

*1 Soldering conditions : time : max. 3sec; clearance : min. 1mm from lower case edge.

Electro-Optical Characteristics at Ta=25°C, 65%RH

Parameter Symbot Condition Min. Typ. Max. Unit

Input Forward Voltage VF I=10mA 1.0 1.2 1.6 A"
Reverse Current Ir VYR=5V - - 10 HA

Output | Dark Current Iceo | IF=0mA, Vcg=10V - 10 200 nA
Collector Output Current Ic Ir=4mA,Vcp=5v*! 33 - 180 pA

Leakage Current ILeak | IF=10mA, V=5V ™2 - - 1 HA

Coupled g;’t'lllr";::’;nE“};‘l‘tfg'e Ve(sat) | Ir=10mA, [=50uA - - 0.5 v

Rise Time tr Veo=5V, Ry =100Q - 3 - s

Fall Time tf Ic=ImA - 5 _ us

*1 Location of reflector is show in Fig. 1.

*2 No reflector
AL ALve fim

*3 Table of Classification of Collector Qutput
Class E F G H I‘l-__h Giass plate {1 : imm)

Ic (LA) 180to 110 | 140080 | 10010 50 65 to 33
Marking color{ Orange Green White Silver Fig. 1 Location of Reflector

SANYO Electric Co.,Ltd. Semiconductor Compan

72199 GI, (MI) No.6029 1/6



SPI1-335-34

Package dimensions and Pin connection
As stated in the sttached paper. (No.6029 5/6)

Rank marking of collector output
The bottom of the package is colored following the table of classification of collector output.

A
Lot marking
Color division shall be done as shown in the drawing,. (Fig. 2} Front side G
Year of even number : Front side 8
Year of odd number  : Back side Fig. 2
Color Black Blue Red Green Orange Brown
Part ‘A’ January February March April May June
Part ‘B’ July August September |  October November | December
Soldering conditions g
(1) Temperature  : Max. 260°C Ty
(2) Time : Max. 3sec
(3) Clearance : Min. imm from the case edge. (Fig. 3) \Z 4
Fig. 3

| A PRECAUTIONS

(1) Bending a lead should avoid. However, when bending is necessary, take care the next items.
(1) Bending a lead must be done before soldering.
(@ Bending a lead must be done in the states of fixing leads and no stress for the regin part. Because it is possible that
stress for the regin part cause troubles such as gold wire breaking and so on.
@ A lead must be bend at intervals of 2mm from the casc edge.
(@) Po not bend the same position of leads more than twice.
(2) The hole pitch of a circuit board must fit to the lead pitch.
(3) Take core the following when soldering.
(D Do not heat a product under any stress (a twist and so on) {o leads.
(@ Do not heat a product in the states of operating force to the regin part.
(4) Use the flux which contain no chlorine, have no corrosion and do not need washing.
(5) Be careful that flux or other chemicals do not attach to the luminous surface and passive surface.

No.6029 2/6



SPI-335-34

16

34

08

Pin Connection
1. Ph. Tr Emitter
2. Ph. Tr Collector
3. LED Cathode
4. LED Anode

(I IVINI NI

15

0.6 A

3.3

0.5

35105

& M : Color marking of Ic class

27

2.6

0 to 20°

Tolerance :+0.2
Unit mm

No 6029 3/6



SPI-335-34

Typical Characteristics

A CAUTION

These numerical value show the electrical and optical characteristics of this product, and not assure this contents.

Forward Current vs. Ambient Temperature Power Dissipation vs. Ambient Temperature
&0 {Rating) 120 {Rating)
50 1w
g :
= a0 =
2 N 5
E g
s \ § X
i . % S
5 N g AN

AN

10 20
N
0 . |
-25 0 25 50 T 100 ~25 0 25 50 75 100
Ambient Ternperature Ta {°C) Ambient Temperature Ta (°C)
Forward Current vs. Forward Voltage Coflector vs. Forward Current
500 | 500 T
EEEE Ve /
Ta=75°C Ta=25°C /F’
z '50°C N Z 0
E o s r' E1 /
e = U
: 50 N - 0. :
5 A+ 1] g 3w
£ 5 25°C E
| &]
o J( i /
] 10 % 200 s
E J = Vi
= 5 i S /
I 100 /
I 7
1 a
0 a.5 1 1.5 2 1] 4 8 12 16 20
Forward Voltage Vg (V) Forward Current Ip (mA}

Collector Current vs. Collector-emitter Voltage  Relative Collector Current vs. Ambient Temperature

00T 1 140 T
| Fa=25°C | Ir=10mA
_ VCE=SV
o ES
z ¥ < 1
2 :
= oo IF=20mA g
= + 100 =
E Iy % / e
15mA 8
2wl T 3
k5 e 1 8
3 10mA. 2
S — &
O
00 — o 60
SmA
| T .
0 5 0 -25 0 25 50 75 100
Collector-emitter Voltage Vg (V) Ambient Temperatre Ta (°C)
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SPI1-335-34

Typical Characteristics

These numerical value show the electrical and optical characteristics of this product, and not assure this contents.

Collector-emitter Saturation Vollage VR (sat} (\'4)

Response (g}

Relative Collector Current {23)

Collector-emitter Saturation Voltage vs.

Ambient Temperature
024 T
|_Ip=10mA
ic=50pA i
022

- /.

D.18

f/
0.16 /

D.14
~25 0 25 50 ] 100

Ambient Temperature Ta (°C)

Response Time vs. Load Resistance

1000 E =5 =
so0 |- JFP=20mA =
EVoCeSY tf
- Ta=25°C ¥
AR
100
50
4""
10
5
1
a1 a5 1 & 1M 50 100

Load Resistance R {k£¥)

Relative Collector Current vs. Distance

12
IF=10mA
VCE=5V
10 T4 TF%_‘PC
BO
I\ d
] \ PR &
80 i lJ:[I"_'
| EEER N
20 \-.\
0
0 1 2 3 4 5

Distance between sensor and A £ evaporation d (mm)

Collecgor Dark Current vs. Ambient Temperature

10, v
sEYCE=I0V
2 s
- w ,/
= 7
& 5 7
- va
= 7
E ot /
o 5 7
_u i
| #
A 4
=
2 4pf L
£ F
C] 5 a
&) ] ”a
10710 VA
-25 0 25 50 75 100
Ambient Temperature Ta (°C)

Test Circuit for Response Time

o
L - 90%
L - 10%
Relative Collector Current vs.
PPC paper Moving Distance
120
IF=HmAY cE=5V
2o | B2Cistom
g 100 3 \\ —
— 1]
=
E 80 \\“ — | -+
=4
O
g ' 21
] 60 T
ah
= AL IR
8] 1 1 [~
© 44 Ll v 0
£ oy
W
i \ \
'\
0 s l | i
-4 -2 4] 2 4 6

PPC paper Moving Distance £ {mm)

No.60729 5/6



MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by TIP120/D

Plastic Medium-Power

Complementary Silicon Transistors

.. . designed for general-purpose ampiifier and low—speed switching applications.

¢ High DC Current Gain —

hpg = 2500 (Typ) @ I = 4.0 Adc
» Collector-Emitter Sustaining Voltage — @ 100 mAdc
VCEO(sus) = 60 Vdc (Min) — TIP120, TIP125
= 80 Vdc (Min) — TIP121, TIP1286
= 100 Vdc (Min) — TIP122, TIP127

TO-220AB Compact Package

Low Collector—Emitter Saturation Voltage —
VCE(sat) = 2.0 Vdc (Max) @ Ic = 3.0 Adc
=4.0Vde (Max) @ ic =5.0 Adc

Monolithic Construction with Built=In Base—Emitter Shunt Resistors

NPN
TIP120*
TIP121*
TIP122*

PNP
TIP125*
TIP126*
TIP127"

"MAXIMUM RATINGS “Motorola Preferred Davice
TP120, | TIP121, | TIP122,

Rating Symbot | TIP125 | TIP126 | TIP127 | unh D:i:’;g;g"
Collector—Emitter Yoltage VCEO 60 80 100 Vdc COMPLEMENTARY SILICON
Collector—Base Voltage VcB 60 80 100 Vde POWER TRANSISTORS
Emitter—Base \Voltage VEB 50 Vdo 60-80-100 VOLTS
Collector Current — Continucus Ic 5.0 Adc 65 WATTS

Peak 8.0

Base Current =1 120 mAdc

Total Power Dissipation @ T¢ = 25°C Pp 85 Watts \
Derate above 25°C 0.52 W/°C

Total Power Dissipation @ Ta = 25°C Pp 20 Watts I
Derate above 25°C 0.016 Wi°C

Unclamped Inductive Load Energy (1) E 50 mJ

Operating and Storage Junction, TJ. Tsig -63to +150 *C fn;
Temperature Range ¢/ /

THERMAL CHARACTERISTICS

Characteristic Symbel Max Unit
Thermal Resistance, Junction ic Case RayC 1.92 ‘CIW CASE 21A-06
Thermal Resistanca, Junclion to Ambient RgJA 825 “CIW TO-220AB

(1) ic=1AL=100mH PRF. =10Hz, Vo =20V, Rge =100 Q0

Ta Tc

40 80
g
E3 30 60
5
= T¢
g 20 40
2 ™~ “\
= \\
o ~
g TA ™ \
O 10 20 i
£ N

00
0 20 40 &0 80 100 120 140 160

T, TEMPERATURE (°C}

Figure 1. Power Derating
Preferned devices are Motorola recommended choices for future use and best overatl valua

REV2

© Motorola, Inc. 1995
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TIP120 TIP121 TIP122 TIP125 TIP126 TIP127

ELECTRICAL CHARACTERISTICS (T = 25°C unless ctherwise noted}

[ Characteristic Symbol | Min ] Max ] Umit ]
OFF CHARACTERISTICS
Collecior—Emitter Sustaining Voltage (1) YCEO(sus) vdc
{lc = 100 mAdc, !g = 0) TIP120, TIP125 860 _
TIP121, TIP125 80 —
TIP122, TIP127 100 _
Cotlector Cutoff Current lceo mAdc
(VGE = 30 Vdc, I = 0) TIP120, TIP125 _ 05
(VcE = 40 Vdc, Ig = 0) TIP121, TIP128 _ 05
{(VCE = 50 Vde, Ip = 0) TIP122, TIP127 —_ 0.5
Coftlector Gutoff Current IcBO mAdc
(Vep =60 Vdce, I =0) TIP120, TIP125 _ 0.2
(Vcp = 80 Vdc, Ig = 0) TIP121, TIP126 — 0.2
(Vcp = 100 Vdc, Ig = 0) TIP122, TIP127 — 0.2
Emitter Cutoff Current IEBO —— 20 mAdc
{VBg = 5.0 Vde, I =0}
ON CHARACTERISTICS {1)
DG Current Gain hFe —
(Ic = 0.5 Ade, Vg = 3.0 Vdc) 1000 —_
{lg = 3.0 Ade, VcE = 3.0 Vdc) 1000 —_
Cofllactor—-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 3.0 Adc, ig = 12 mAdc) — 2.0
{Ic = 5.0 Adc, Ig = 20 mAdc) — 40
Base—Emitter On Voltage VBE(on) — 25 Vdc
{ic = 3.0 Adc, Vg = 3.0 Vdc)
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain hfg 4.0 — —
(lc = 3.0 Ade, VGE = 4.0 Vde, f= 1.0 MHz)
Quiput Capacitance Cob pF
Vep=10Vde, Ig=0,f=0.1 MHz TiP125, TIP128, TIP12T7 —_— 300
TiP120, TIP121, TIP122 — 200
{1) Puise Test: Pulsa Width < 300 ps, Duty Cycle = 2%.
50 T ——
vee g PNP
Rg & R VARIED TO OBTAIN DESIRED CURRENT LEVELS  _ 3% a0 " ——— NPN
Dt MUST BE FAST RECOVERY TYPE, eq: o N N T -
N5825 USED ABOVE Ig = 100 mA Re 3 o < "
= r  SCOPE » -~
MSDG100 USED BELOW ig = 100 mA ur : 10 P . ;Ilf s
v Ry T — ] > et
ot R K_—* ! 2 o7 f H-D
+B0V g 05 =] 7
0y ——t——-4— 51 01 | =“E‘Uk ‘1.2‘0. I :‘ 0.3 o = cL
| o 0.2 — [~ t
Vi YY1, I Yeg=30Y - T
spprms ' * " icig =250 T
-12y 25us for tq and t, D is disconnected 01} B1=1g2 e e
tny<10ms For NEw et circu all potarit oorf TUZBTC @V =0
BUTY CYCLE = 1.0% or NPH test craufl reverse all polarifies .05 1 4@ VBE(of) 1
0.1 02 03 05 07 10 20 30 5070 10
ic, COLLECTOR CURRENT (AMP)
Figure 2. Switching Times Test Circuit Figure 3. Switching Times
2 Motorola Bipolar Power Transistor Device Data



TIP120 TIP121 TIP122 TIP125 TIP126 TIP127

1.0 — i i-{ﬂ e e e ! e mmmmma]
wr 0-7 [ T -—T
Q=L
=
2 o3 -
8 I o2 -
gg 0.2 frmmt ; 1
l’ 12Kl
EJ 01kt LA 2ayc =il Rayc Py
22 Rayc = 1.82°C/W MAX
g g DOTE 0 D CURVES APPLY FOR POWER
@ = 0051 - PULSE TRAIN SHOWN U —
2 oo llirH " READ TIME AT t4 2 1111
l§-_ 0.02 .ﬁg——-’, o Taipk) = Tc = Prpk) Zeuct) DUTY CYCLE, D=ty L]
@ A > T T T-TTIT » o | A IO D  —  — ——
001 SINGLE PULSE LI T P [ T
001 002 0.05 01 0.2 05 1.0 20 50 1 20 50 00 200 M0 1.0k
1, TIME {ms)
Figure 4. Thermal Response
2
| | P T I T PTTE L T ETTIT
10l [ T 1 100 ps There are two limitations on the power handling ability of a
& == 5005 transistor: average junction temperature and second break-
é 50 S down. Safe operating area curves indicate I — VCE limits of
z 11 15070 de the transistor that must be observed for reliable operation,
€ f 4= ' < i.e., the transistor must not be subjected to greater dissipa-
® o[ — - — BONDING WIRE LIMITED . g d
D T F == —==— THERMALLY LIMITED = me Sn3s tion than the curves indicate. .
5 05F  @Tg = 25°C (SINGLE PULSE) ;‘ns Thzlda'la Ofnzlgure 5 Isnzased Og TJ(pk{f 1'3);0; TC| is
2 [ SECOND BREAKDOWN LIMITED variable depending on conditions. Second breakdown pulse
L - - . . N
4 02 CURVES APPLY BELOW limits are valid for duty cycles to 10% provided TJ{pk)
8_ 0L RATED Vcep == < 150°C. T (pk)may be calculated from the data in Figure 4.
2 005 TIP120, TIP25 At high case temperatures, thenmal limitations will reduce the
E:‘g' .1{]";126 e power that can be handled to valuss less than the limitations
0.02 122, TIP127 === !
imposed by second breakdown
10 20 30 58 70 10 20 W 50 70 100
Ve, COULECTOR-EMITTER VOLTAGE (VOLTS)
Figure 5. Active—Region Safe Operating Area
10,000 300 R
5000 T)=25°C
Z 3000 = 200 BRue
3 2000 L&:&§ _ Rt
é 1000 :-E:’ E':-------...___"' R .
£ 500 P % ---...,".. --n.___\ Caob { N
[a] 00 TC =25°C & 100 = . " \\‘
2 350 Vg = 4.0 Vdo 2 Sus X
&5 Ig =30 Ade al WA
@ 100 A%k WE3Y 3 L < Cib =y
3 o N
= : 0 PHP N
2 Wf— m ) | e NPN
< ol 1 v 1 30 R
1.0 20 50 10 2 50 100 200 500 1000 01 02 05 10 20 50 W 20 50 100
f, FREQUENCY (kHz) VR. REVERSE VOLTAGE (VOLTS}
Figure 6. Small-Signal Current Gain Figure 7. Capacitance
3
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TIP120 TIP121 TIP122 TIP125 TIP126 TIP127

NPN PNP
TIP120, TIP121, TIP122 TiP125, TIP126, TIP127
20,000 T TT 20,000 T T°¥
Vog=40V Voe=40V
10,000 10,000
= g z 7000
3 S00F 1,2 1500 B S000F 5 - 150ec
2 ra N = LT TR,
g 3000 v i 3000 > = N
& 20004 2%°C € 000 b1 25°C B
3 [~ | [ 3 /, ]
| »
& 1000 -55°C L] AN 3 1000 ot a L]
w (1] o} -
£ 2 & 700 e -55°C u
500 L 500 =
/
300 |4 300
200 200
0.1 02 03 05 07 10 20 30 5070 10 01 02 03 05 07 10 20 30 50 7.0 10
I, COLLECTOR CURRENT (AMP) ic, COLLECTOR CURRENT [AMP)
Figure 8. DC Current Gain
A & 30
2 30 1 e | T T
g Ty=25°C g T)=25C
W 26 Ic=20ALY40A 6.0A B 26 Ig=20A—J40A 60A
=X o
fau 5
o [=]
- =
E 22 ‘\ E 22 ‘
= \ =
g 18 g 18 \\
2 I~ £
g g
= 14 o 14
8 8 \
4 g
= 10 > 19 1
03 05 07 10 20 30 50 70 10 O 03 05 07 10 2D 30 50 7D 10 2030
|3, BASE CURRENT (mA) g, BASE CURRENT {mA}
Figure 9. Collector Saturation Region
T ] 0T
- T =25°C 7 - Ty=25C /
25 7 ,‘ 25 L
& .. & /|
= 4 -
] a /
S 20 g 20 v
& e ) P
X X
'§ 15| VBE(sat) @ Ic/lg = 250 =4 =2 A '§ 15| Vge @ Veg =40V V4
> ==FE=E= I > g
VRE @ VeE =40V 1
1.0 ] aEI ICEI ] 10} VBE(S&I)@lC"B=25° ~
VCE(sat) @ o = 250_L L= L
sl L. 11 [] 05 Voe(sa @ Iofig = 250
0.4 02 03 05 07 10 2030 50 70 10 0.1 0.2 03 05 07 10 20 30 50 70 10
I, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP)
Figure 10. “On” Voltages
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TIP120 TiP121 TIP122 TIP125 TIP126 TIP127

PACKAGE DIMENSIONS
MOTES:
T SEATMG 1. DIMENSIONING AND TOLERANCING PER ANSI
FLANE Y14.5M, 1082,
— B |e— F N c S NSO 2 DEPRES A SONE WHERE ALL
| 51+ BODY AND LEAD IRAEGULARITIES ARE
= ALLOWED,
j—— Wiy T DICHES _ | WALLMETERS
T =/ Dl TMEN | WAX | N | MAX
Q g A A 0570 | 0620 | 1448 | 1575
l & 12 ¢ U B | 0380 | 0405 | 966 { 1028
Ll € { 0160 § 189 | 407 | 432
H T T D | 0025 ) 09035 | 064 | 088
F ] 0442 | 047 | 381 | 373
K G {0095 0105 242 | 266
Z- Hioftodots5] 20 [ 3
_J_ ¥ 10018 } 0025 | 046 | 064
K | 0500 | 0562 | 1270 | 1477
L0045 [ 008) | 1451 152 |
L Rj‘ et W om0 | 07t0 | 4B | 58
v | J Q0100 [ 0120 | 25 ] 304
R{nesofoio| 204 ] 279
G — la— S 1 Q045 ) DOSS 115 139 )
T | 0235 | 0285 | 597 | 647
«— D u | oooefposal oooy 127
N — V | oos | — [ 14 p
Z 1 —Jopso | — | 204
STYLE 1
PN 1. BASE
2 COLLECTOR
3. EMITTER
4 COLLEGTOR

CASE 221A-06
TO-220AB
ISSUEY

Motorola Bipolar Power Transistor Device Data 5
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