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ABSTRACT

This special project aim is to design and implement a semi-automation system for
controlling optical tweezers’ sample stage moving in X-Y axis using a 5-phase stepping motors
which have been controlled by microcontroller. These stepping motors have been operated with a
resolution of 0.072 degree per step in the range of 0.2 micrometer. After that this semi-
automation X-Y sample stage controlling system has been installed with conventional optical
tweezers based on microscope to complete the overall system. Furthermore the vision system for
optical tweezers system has been operated with specific software to capture still, and dynamical
images and store them into computer data storage. In operation testing, the sample particles that is
polystyrene have been used to test the overall system operation. After system testing we found
that this optical tweezers with semi-automation sample stage controlling system can be applied to
study a small particles in micron scale, and biological cells and analyze some biophysics

properties and so on.

Keywords : Stepping motor, X-Y stage, Optical tweezers
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Run_ST.c 11/3/2013 20:46:06

/*

* Project Name : The X-Y stage controlled for optical tweezers system

* Copyright : Navaporn Laowattantham, Niparat Cheamanunkul

* Description : This is control Driver X-Y axis used stepping motor 5 phase

for VEXTA only. The position limit by Limit switch. The Joeybox controlled

move stage in micron and display warning state. Using Serialport to interface

GUI (LabVIEW) to control and view digital microscope.

* Connection : Joybox connect Vec=1,Vx=2(Al),Vy=3(A0),Sw_Green=4,Sw Red=5
LED_LEFT=6 (RBO),LED Right=7(RB1),LED Up=8(RB2),LED Down=3 (RB4)
Driver X-axis connect PORTD0-4 and Driver Y-axis connect PORTCO-4

*

//config LED Status

sbit LED L at PORTB.BO;

sbit LED R at PORTB.B1;

sbit LED U at PORTB.B2;

sbit LED D at PORTB.B3;
//confug Limit switch connect

gbit Limit X L at PORTB.B7; //Active low
gbit Limit X R at PORTB.BS5; //Active low
gbit Limit Y U at PORTB.B6; //Active low
sbit Limit Y D at PORTB.B4; //Active low

//config Switch Push BB
sbit SW_Green at PORTA.B2;
sbit SW_Red at PORTA.B4;

// Set intital register

char uart_rd,bufferX[20],bufferyY[20];
unsigned int ReadX=0,Read¥=0;

unsigned int i,j.,k,1,m;

unsigned int x1,yl,x2,v2;

unsigned int rsl,rs2;

unsigned int cntl,cnt2,cnt3,cnt4;
unsigned int checkl, check2, check3, check4;

unsigned char STM CW[] = {0x03,0x06,0x0C,0x18,0x11}; //Active low
unsigned char STM CCW[] = {0x11,0x18,0x0C,0x06,0%03};
unsigned char STM1_CW[] = {0x1C,0x19,0x13,0x07,0x0E}; //Active high
unsigned char STM1 CCW([] = {0x0E,0x07,0x13,0x19,0x1C};
void Initmain () {
UART1 Init (9600); // Initialize UART module at 9600 bps
Delay ms (100) ; // Wait for UART module to stabilize
TRISA = 0x03;
ADCON1 = 0b11000100; //Analog pin config ANO,AN1

PORTB = 0x00;

TRISB = 0xFO;

TRISC = 0x80; //Config port C and serial port

TRISD = 0x00;

UART1_Write_ Text ("The X-Y stage controlled for optical tweezers system\n");

}

//Clear and newline data
void newline () {
UART1 Write (0x13) ;
UART1 Write (0x10);

)

//Delay time

1/4 mikroC PRO for PIC by mikroElektronika



Run_ST.c 11/3/2013 20:46:06

59: void Debounce () {

60: Delay _ms(260) ;

61: }

62:

63: // Send to Power circuit and Drive stepping motor
64: void Motor X1 () {

65: for (X1=0;x1<5;x1++) {

66: PORTD=STM_CW [x1] ; Delay ms(10);}

67: }

68: void Motor Y1(){

69: for (y1=0;y1<5;yl++) {

70: PORTD=STM_CCW[yl]; Delay ms(10);}
Tls )

72: wvoid Motor X2 () {

73: for (x2=0;%2<5;%2++) {

74: PORTC=STM_CW[x2] ; Delay ms(10);}

75: }

76: void Motor Y2 () {

i for (y2=0;y2<5;y2++) {

78: PORTC=STM_CCW[y2]; Delay ms(10);}
79: }

80:

81l: // Use interface LabVIEW.
82: void labview() {

83: if (UART1_Data_Ready()) { // If data is received,

84: uart_rd = UART1_Read(); //  read the received data,
85: switch(uart rd) {

86: case('A'): Motor X1();UART1_Write Text ("MX1 CW"); break;
87: case('B'): Motor Y1();UART1l Write Text("MY1l CCw"); break;
88: cage('C'): Motor X2();UART1 Wri te Text ("MX2 CW"); break;
89z case('D'): Motor Y2();UART1 Write Text("MY2 CCW"); break; //
90: }

91z }

92: }

83

94: //Test joysitck to control Stepping motor rotate,
95: void Runstep () {

96: ReadX = ADC Read(1); //x
97: ReadY = ADC Read(0); VaA'%
98: if(ReadX<400) { //left
99: for (i=0;1i<5;i++) {
100: PORTD=STM CW[i]; Delay ms(10);}
101: |}
102: if (ReadX>600) { //right
103 for (j=0;3<5;3++) {
104: PORTD=STM_CCW([j]; Delay ms(10);}
105: }
106: if (Read¥<400) { //up
107: for (k=0;k<5;:k++) {
108: PORTC=STM_CW [k] ; Delay ms(10);}
109: }
110: if (Read¥>600) { //down
1170 for(1=0;1<5;1++){
12 PORTC=STM_CCW[1]; Delay ms(10);}
113: }
114: }
115

116: // To cheak limit switch ,after limit switch detect display LED and inverse sfte
ping motor rotation.

2/4 mikroC PRO for PIC by mikroElektronika



117:
118:
119:
120:
121:
1225
123;
124:
125:
126:
127:
128:
128+
130:
131:
132:
133 :
134:
135:
136:
1377 ¢
138:
139:
140:
141:
142:
143:
144:
145:
146:
147:
148:
149:
150:
151:
1652
153:
154:
155:
156:
157:
1585
1594
160:
161:
162:
163:
164:
165:
166:
L67E
168:
1689
170
172
172
173:
174:
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void limit_ Switch check () {
i€ (Limit X L==0) {
LED L=~LED_L;Delay ms(500);
UART1 Write Text ("E");
for (cntl=0;cntl<150;cntl++) {
for (check1=0;checkl<5;checkl++) {
PORTD=STM1_CCW [checkl]; Delay ms(10) ;}
}
}

if (Limit_X R==0) {
LED R=~LED R;Delay ms(500);
UART1 Write Text ("F");
for (cnt2=0;cnt2<150;cnt2++) {
for (check2=0;check2<5;check2++) {
PORTD=STM1_CW [check2] ; Delay ms(10);}
}
}

if (Limit_Y U==0) {
LED_U=~LED _U;Delay ms(500) ;
UART1 Write Text ("G");
for (cnt3=0;cnt3<150;cnt3++) {
for (check3=0;check3<5;check3++) {
PORTC=STM1_CW [check3]; Delay ms(10);}
}
}

if (Limit_Y D==0) {
LED D=~LED D;Delay ms(500) ;
UART1 Write Text ("H");
for(cnt4=0;cnt4<10;cnt4++){
for(check4=0;check4<5;check4++){
PORTC=STM1_CCW [check4] ; Delay ms(10);}
}

}

// Real control all system.
void Runstep_ SW() {

PORTB=0x00;

ReadX ADC Read(1); //x

ReadY = ADC_Read(0) ; VIA'%

if ( (ReadX<400) && (Limit X L==1)) { //left
for (i=0;i<5;i++) {
PORTD=STM1_CW([i]; Delay ms(10);}

St

if ((ReadX>600) && (Limit X R==1)) { //right
for(j=0;3<5;j++){
PORTD=STM1_CCW([j]; Delay ms(10);}

}
if ((ReadY<400) && (Limit_Y U==1)) { //up
for (k=0;k<5;k++) {
PORTC=STM1_CW [k] ; Delay ms(10);}
}
if ((Read¥Y>600) && (Limit_Y D==1)){ //down

for(1=0;1<5;1++){
PORTC=STM1_CCW[1]; Delay ms(10);}
}

limit_Switch check();

}
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209:
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//Run to caribation with absolute Encoder omron

void Test encoder CW() {
for (m=0;m<250;m++) {

}

for (i=0;i<5;i++)

PORTD=STM_CW[i]; Delay ms(10)};}

}

Delay ms(8999) ;

void Test_encoder CCW() {
for(k:O;k<250;k++){

}

for(1=0;1<5;1++){

PORTD=STM CCW[1]; Delay ms(10);}

}

Delay ms(8999) ;

void Run_enceder () {

}

for (rsl=0;rsl<8;rsl++) {
Test_encoder CW() ;
}
Delay ms(6889) ;
for(rs2=0;rs2<8;rs2++) {
Test_encoder CCW() ;

}

Delay ms(6889) ;

//main code
void main () {
Initmain() ;
while (1) {

}

}

Runstep_SW() ;
labview() ;
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MICROCHIP

PIC18FXX8

High Performance 28-Pin/40-Pin Microcontrollers with CAN

High Performance RISC CPU:

« C compiler optimized architecture instruction set

* Linear program memory addressing up to 32 Kbytes
» Linear data memory addressing to 4 Kbytes

Program Memory z .
. On-Chip On-Chip| On-Chip
Device . RAM |EEPROM
FLASH |# Single Y\lord (bytes) | (bytes)
(bytes) | Instructions
PIC18F258 | 32K 16384 1536 256
PIC18F458 | 32K 16384 1536 256
PIC18F248 | 16K 8192 768 256
PIC18F448 16K 8192 768 256

* Up to 10 MIPS operation

* DC - 40 MHz clock input

* 4 MHz - 10 MHz osc/clock input with PLL active
+ 16-bit wide instructions, 8-bit wide data path

* Priority levels for interrupts

« 8 x 8 Single Cycle Hardware Multiplier.

Peripheral Features:

« High current sink/source 25 mA/25 mA
* Four external interrupt pins

+ Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler

» Timer1 module: 16-bit timer/counter

+ Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)

+ Timer3 module: 16-bit timer/counter
+ Secondary oscillator clock option - Timer1/Timer3

+ Capture/Compare/PWM (CCP) modules
CCP pins can be configured as:

- Capture input: 16-bit, max resolution 6.25 ns
- Compare is 16-bit, max resolution 100 ns (Tcy)

- PWM output: PWM resolution is 1- to 10-bit.
Max. PWM freq. @: 8-bit resolution = 156 kHz
10-bit resolution = 39 kHz

* Enhanced CCP module which has all the features
of the standard CCP module, but also has the
following features for advanced motor control:

- 1,2, or 4 PWM outputs

- Selectable PWM polarity

- Programmable PWM deadtime
- Auto shut-down

Peripheral Features (continued):

* Master Synchronous Serial Port (MSSP) with two
modes of operation:
- 3-wire SPI™ (supports all 4 SPI modes)
- I°C™ Master and Slave mode

+ Addressable USART module: supports Interrupt-
on-Address bit

Advanced Analog Features:

+ 10-bit Analog-to-Digital Converter module (A/D) with:
- Fast sampling rate
Conversion available during SLEEP
- DNL =+1LSb, INL=%1LSb
- Up to 8 channels available
* Analog Comparator module:
- 2 Comparators
- Programmable input and output multiplexing
+ Comparator Voltage Reference module
* Programmable Low Voltage Detection (LVD)
module
- Supports Interrupt-on-Low Voltage Detection
* Programmable Brown-out Reset (BOR)

Special Microcontroller Features:

« 100,000 erase/write cycle Enhanced FLASH
program memory typical

+ 1,000,000 erase/write cycle Data EEPROM
memory typical

CAN bus Module Features:

« Message bit rates up to 1 Mbps
= Conforms to CAN 2.0B ACTIVE Spec with:
- 29-bit Identifier Fields
- 8-byte message length
+ 3 Transmit Message Buffers with prioritization
+ 2 Receive Message Buffers
« 6 full 29-bit Acceptance Filters
= Prioritization of Acceptance Filters

» Multiple Receive Buffers for High Priority
Messages to prevent loss due to overflow

« Advanced Error Management Features

© 2001 Microchip Technology Inc.
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PIC18FXX8

Special Microcontroller Features:

Power-on Reset (POR), Power-up Timer (PWRT),
and Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options, including:

- 4X Phase Locked Loop (of primary oscillator)

- Secondary Oscillator (32 kHz) clock input
In-Circuit Serial Programming™ (ICSP™) via two pins

Pin Diagrams

FLASH Technology:

+ Low power, high speed Enhanced FLASH
technology

« Fully static design

+ Wide operating voltage range (2.0V to 5.5V)

* Industrial and Extended temperature ranges

* Low power consumption
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ISK 1N5817 THRU 1N5819
g 1.0 AMP. Schottky Barrier Rectifiers

Voltage Range

20 to 40 Volts
-k : Current

1.0 Ampere

DO-41

Features

< Low forward voltage drop

< High current capability |
< High reliability
< High surge current capability e 1.0 (254)
DIA. g

Mechanical Data L[ f
< Cases: Molded plastic DO-41 205 (5.2)
< Epoxy: UL 94V-O rate flame retardant u \ "o &
< Lead: Axial leads, solderable per

MIL-STD-202, Method 208 guaranteed
< Polarity: Color band denotes cathode end e
< High temperature soldering guaranteed: g_g%%_g%l 2=}

260°C/10 seconds/.375",(9.5mm) lead DIA,

lengths at 5 Ibs., (2.3kg) tension
< Weight: 0.33 gram

Dimensions in inches and (millimeters)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.
For capacitive load, derate current by 20%

Type Number Symbol | 1N5817 | 1N5818 | 1N5819 | Units
Maximum Recurrent Peak Reverse Voltage VRrM 20 30 40 V
Maximum RMS Voltage Vrms 14 21 28 )
Maximum DC Blocking Voltage Voo 20 30 40 V
Maximum Average Forward Rectified Current | 1.0 A
.375 (9.5mm) Lead Length @T, = 90°C By ;

Peak Forward Surge Current, 8.3 ms Single

Half Sine-wave Superimposed on Rated Load lesm 25 A

(JEDEC method )

Maximum Instantaneous Forward Voltage @ 1.0A Ve 0.45 0.550 0.600 V

Maximum Instantaneous Forward Voltage @ 3.0A VE 0.750 0.875 0.900 V

Maximum DC Reverse Current @ Ta=25C 1.0 mA

at Rated DC Blocking Voltage @ Tx=100C Ir 10 mA

Typical Thermal Resistance (Note 1) Ré&a 100 TW
R&IC 45

Typical Junction Capacitance (Note 2) Cj 55 pF

Operating Temperature Range Ty -65 to +125 T

Storage Temperature Range Tsta -65 to +125 T

Notes: 1. Mount on Cu-Pad Size 5mm x 5mm on P.C.B.
2, Measured at 1 MHz and Applied Reverse Voltage of 4.0 V D.C.
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fa-Le FR301 THRU FR307
g 3.0 AMPS. Fast Recovery Rectifiers

Voltage Range
— 50 to 1000 Volts

il Current
3.0 Amperes
DO-201AD
Features
< Low forward voltage drop
< High current capability T
< High reliability e
< High surge current capability :19;1(::0 N
Mechanical Data l——| [N i
< Cases: Molded plastic Q %%%%
< Epoxy: UL 94V-0 rate flame retardant - e
< Lead: Axial leads, solderable per MIL- |
STD- 202, Method 208 guaranteed G
< Polarity: Color band denotes cathode end M. “MIN.
< High temperature soldering guaranteed: oA (i)
250°C/10 seconds/.375",(9.5mm) lead T l

lengths at 5 Ibs.,(2.3kg) tension
< Weight: 1.2 grams

Dimensions in inches and (millimeters)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%

Type Number FR301|(FR302(FR303|FR304|FR305|FR306|FR307 [Units
Maximum Recurrent Peak Reverse Voltage 50 100 | 200 | 400 | 600 | 800 | 1000 | V
Maximum RMS Voltage 35 70 140 | 280 | 420 | 560 | 700 | V
Maximum DC Blocking Voltage 50 100 | 200 | 400 | 600 | 800 [ 1000 | V
Maximum Average Forward Rectified Current
.375"(9.5mm) Lead Length @Ta = 55°C 3.0 A
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated Load 150 A
(JEDEC method )

Maximum Instantaneous Forward Valtage 1.2 V
@ 3.0A

Maximum DC Reverse Current @ Ta=25°C 10 uA
at Rated DC Blocking Voltage @ Ta=100°C 150 uA
Maximum Reverse Recovery Time ( Note 1) 150 | 250 I 500 nS
Typical Junction Capacitance ( Note 2 ) 60 pF
Operating Temperature Range T, -65 to +125 °C
Storage Temperature Range Tsta -65 to +150 °C

Notes:1. Reverse Recovery Test Conditions: 1r=0.5A, Ir=1.0A, Irr=0.25A
2. Measured at 1 MHz and Applied Reverse Voltage of 4..0 Volts D.C.
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KBU10A
THRU
KBU10M

DC COMPONENTS CO., LTD.
® RECTIFIER SPECIALISTS

TECHNICAL SPECIFICATIONS OF SINGLE-PHASE SILICON BRIDGE RECTIFIER

VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 10 Amperes
FEATURES
* Low leakage
* Low forward voltage
* Surge overload rating: 250 Amperes peak
KBU
15fpx.23L
(3.8fpx5.7L)
.935(23.7) HOLE THRU
.895(22.7) *
MECHANICAL DATA PANE
* Case: Molded plastic T \ (7.5) f
* Epoxy: UL 94V-0 rate flame retardant % ‘[}—‘—‘ :;Eg‘é—l:::}
* Lead: MIL-STD-202E, Method 208 guaranteed ¥ - ac + {
* Polarity: Symbols molded or marked on body L, ——
* Mounting position: Any
* Weight: 4.8 grams
100 052 (1.3) DIA,
R 9 4 048 (1.2) TYP,
> 1
140 220 (5.5) SPACIN
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS m 180 (4.6)§
Ratings at 25 °C ambient temperature unless otherwise specified. &—o—ao—e-] 280 (7.1)
Single phase, half wave, 60 Hz, resistive or inductive load. T 268 (6.8)
For capacitive load, derate current by 20%. *
Dimensions in inches and (millimeters)
SYMBOL | KBU10A | KBU10B | KBU10D | KBU10G | KBU10J | KBU10K | KBU1OM | UNITS
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Maximum RMS Bridge Input Voltage VRMS 35 70 140 280 420 560 700 Volts
Maximum DC Blocking Voltage Voc 50 100 200 400 600 800 1000 | Volts
Maximum Average Forward Rectified Output Current at Tc = 75°C lo 10 Amps
Peak Forward Surge Current 8.3 ms single half sine-wave
) IFsM 250 Amps
superimposed on rated load
Maximum Forward Voltage Drop per element at 5.0A DC VF 1.1 Volts
Maximum DC Reverse Current at Rated @Ta = 25°C 10
. - IR uAmps
DC Blocking Voltage per element @Tc=100°C 500
It Raling for Fusing (t<8,3ms) 12t 127 ASec
Typical Junction Capacitance { Note1) Ci 186 pF
Typical Thermal Resistance (Note 2) ROJA 10 ‘cw
Operating and Storage Temperature Range T4TsTo -55 lo + 150 c

NOTES : 1.Measured at 1 MHzand applied reverse voltage of 4.0 volts
2. Thermal Resistance from Junclion to Ambient and from junction to leadmounted on P.C.B. with 0.47 x 0.47" (12x12mm) copper pads.

224

NEXT BACK EXIT




EIC

Certificate Number: Q10561 Certificate Number: E17276

RBV2500 - RBV2510 SILICON BRIDGE RECTIFIERS

PRV : 50 - 1000 Volts RBV25
lo : 25 Amperes o

FEATURES :

* High current capability

* High surge current capability

* High reliability

* Low reverse current

* Low forward voltage drop !
* High case dielectric strength of 2000 Voc
* |deal for printed circuit board

* Very good heat dissipation
* Pb/ RoHS Free

39z 0.2—ﬂ e—

\ 30+ 0.3 49£02——> [
S/ . @ 3.2:£041

20403

13.5+03
175+ 0.5

MECHANICAL DATA :

* Case : Reliable low cost construction 2002
utilizing molded plastic technique 07401 _4 e

* Epoxy : UL94V-O rate flame retardant

* Terminals : Plated lead solderable per
MIL-STD-202, Method 208 guaranteed

* Polarity : Polarity symbols marked on case

* Mounting position : Any

* Weight : 8.17 grams ( Approximaly )

Dimensions in millimeters

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25 °C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

RBV | RBV | RBV | RBV | RBV | RBV | RBV

RALING SYMBOL | 5500 | 2501 | 2502 | 2504 | 2506 | 2508 | 2510 o
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 | 200 | 400 | 600 | 800 | 1000 Vv
Maximum RMS Voltage VRMS 35 70 140 280 | 420 | 560 700 Vv
Maximum DC Blocking Voltage Voe 50 100 | 200 | 400 | 600 | 800 | 1000 \Y
Maximum Average Forward Current Tc = 55°C IF(av) 25 A
Peak Forward Surge Current Single half sine wave _ a5 A
Superimposed on rated load (JEDEC Method)
Current Squared Time at t < 8.3 ms. 1% 375 AZs
Maximum Forward Voltage per Diode at IF = 12.5 A VF 1.1 \'
Maximum DC Reverse Current Ta=25°C IR 10 pA
at Rated DC Blocking Voltage Ta=100°C IR(H) 200 pA
Typical Thermal Resistance (Note 1) ROJC 1.45 °C/W
Operating Junction Temperature Range T - 40 to+ 150 °C
Storage Temperature Range Tste -40to+ 150 °C

Notes :
1. Thermal resistance from junction to case with units mounted on a 5" x 6" x 4.9" (12.8cm.x 15.2cm.x 12.4cm.) Al.-Finned Plate
Page 1 of 2 Rev. 03 : September 9, 2005




LITE[®])|/LITE-ON TECHNOLOGY CORPORATION
Property of LITE-ON Only

OUTLINE DIMENSIONS

Year Code *1

4N25:
Year Code *1 Week Code *2
T\
L
Factory Code 3\ 4N 25 55005
\ (:256)
s
Anade,
7.3+0.5
(.287)
. F 3('.5;13%')5
,+ J 05T,
; (.02)
3.3£0.5
e ‘ (13)
Vi
‘2.5410‘25{ 0.5£0.1
(1) (.02)
4N26 :

Week Code *2

*1. Year date code.
*2. 2-digit work week.

L)

Factory Cote "3 4N26 65405
\ (:256)
s

Anode
di T N\ =h
7.310.5
(.287)
3,5£0.5
k 1> ! (1389
| | B STYP,
B
3,340.5
aior I | | (13
[as«ruzﬂ 0.5£0.1
(@) (.02)

Fin No, and Internal
connection diegram

6 5 4

S

1 2 3

1. Anode 4. Emitter
2. Cathode 5, Collector
3. NC 6. Bose

7.62£0.3

(:3)

7,62 ~ 9.98

Pin No. and Internal
connection diagram

6 5 4

L

A<

1 2 3

1. Anode 4. Emitter
2. Cathode 5. Collector
3. NC 6. Baose

7.6210.3

(3)

7.62 ~ 9.98

*3. Factory identification mark shall be marked (Z : Taiwan, Y : Thailand, X : China).

Part No.: 4N25/4N26 (M, S, -TAl)

Page: 2 of 10
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LITE[®])|LITE-ON TECHNOLOGY CORPORATION
Property of LITE-ON Only

ABSOLUTE MAXIMUM RATING

(Ta=25°C)
PARAMETER SYMBOL RATING UNIT
Forward Current Ir 80 mA
INPUT Reverse Voltage Vr 6 v
Power Dissipation P 150 mW
Collector - Emitter Voltage Veeo 30 A%
Emitter - Collector Voltage VEco i \Y%
OUTPUT Collector - Base Voltage Vero 70 \%
Collector Current Ie 100 mA
Collector Power Dissipation Pc 150 mW
Total Power Dissipation Prot 250 mW
4N25 series 2,500
*1 Isolation Voltage Viso Vrms
4N26 series 1,500
Operating Temperature Topr -55~+100 (&
Storage Temperature Tsig -55 ~+150 €©
*2  Soldering Temperature Tsol 260 9C

*1. AC For 1 Minute, R.H. =40 ~ 60%

Isolation voltage shall be measured using the following method.

(1) Short between anode and cathode on the primary side and between collector,
emitter and base on the secondary side.

(2) The isolation voltage tester with zero-cross circuit shall be used.

(3) The waveform of applied voltage shall be a sine wave.

*2. For 10 Seconds

Part No.: 4N25/4N26 (M, S, -TA1) Page: 6 of 10
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International
TSR Rectifier

PD-91279E

IRF3205

HEXFET® Power MOSFET

e Advanced Process Technology D
e Ultra Low On-Resistance Vpss = 95V
e Dynamic dv/dt Rating I—
e 175°C Operating Temperature D 7Y Rps(on) = 8.0mQ
e Fast Switching G
e Fully Avalanche Rated Ip = 110A®

S
Description

Advanced HEXFET® Power MOSFETSs from International
Rectifier utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET power MOSFETs
are well known for, provides the designer with an extremely
efficient and reliable device for use in a wide variety of
applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation

levels to approximately 50 watts. The low thermal TO-220AB
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ib@ Tg =25°C Continuous Drain Current, Vgs @ 10V 110 @
Ip@ Tc =100°C| Continuous Drain Current, Vgs @ 10V 80 A
Iom Pulsed Drain Current @ 390
Pp @Tc = 25°C Power Dissipation 200 w
Linear Derating Factor 1.3 wrec
Ves Gate-to-Source Voltage +20 \
Iar Avalanche Current® 62 A
Ear Repetitive Avalanche Energy® 20 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
T Operating Junction and -55 to + 175
Tste Storage Temperature Range o3
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfsin (1.1N=m)
Thermal Resistance
Parameter Typ. Max. Units
Resc Junction-to-Case —_— 0.75
Rocs Case-to-Sink, Flat, Greased Surface 0.50 e *C/IW
Rosa Junction-to-Ambient — 62
www.irf.com 1
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IRF3205 International

TSR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min.| Typ. |Max. | Units Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 55 [ — | — V | Vgs =0V, Ip = 250pA
AVerpss/ATy | Breakdown Voltage Temp. Coefficient | — [0.057 | — | V/°C | Reference to 25°C, Ip = TmA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 8.0 | mQ | Vgs =10V, Ip=62A @
Vas(th) Gate Threshold Voltage 20 | — [ 4.0 vV Vps = Vas, Ip = 250pA
ds Forward Transconductance 44 | — | — S | Vps =25V, Ip = 62A®@
55 Drain-to-Source Leakage Current = —} = pA Mg = 55V, Vgg = OV
T — | 250 VDS = 44V, VGS = OV, TJ =150°C
e Gate-to-Source Forward Leakage — | — | 100 £ Vgs = 20V
Gate-to-Source Reverse Leakage — [ — |-100 Vgs = -20V
Qg Total Gate Charge — | — [ 146 Ip = 62A
Qgs Gate-to-Source Charge — | — | 3 | nC | Vps =44V
Qga Gate-to-Drain ("Miller") Charge — | — | 54 Vgs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time —_ 14 | — Vpp = 28V
tr Rise Time — [ 101 | — P Ip = 62A
td(ofn) Turn-Off Delay Time — | 50 |— Rg = 4.5Q
ty Fall Time — | 65 | — Vgs = 10V, See Fig. 10 ®
; Between lead, p
Lp Intemal Drain Inductance — | 45 |— A 6mm (0.25in.) G
Ls Intemal Source Inductance — 7.5 |— :s;nciit:fg? bic diftact T
Ciss Input Capacitance — [ 3247 | — Vgs = 0V
Coss Output Capacitance ) — | 781 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 211 |— | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy® —— [1050®[264®@| mJd | lag = 62A, L = 138uH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current N \Eds MOSFET symbol N
(Body Diode) A showing the
Ism Pulsed Source Current integral reverse "
(Body Diode)® —a —dkis p-n junction diode. s
Vsp Diode Forward Voltage — | — 1.3 V | Ty=25°C, 1s=62A, Vgs =0V @
tw Reverse Recovery Time — | 69 | 104 ns | Ty=25°C, Ig =62A
Gy Reverse Recovery Charge — | 143] 215 | nC | di/dt = 100A/us @
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 400ps; duty cycle < 2%.
max. junction temperature. ( See fig. 11 ) ® Calculated continuous current based on maximum allowable
@ Starting T;=25°C, L = 138pH junction temperature. Package limitation current is 75A.
Re = 25, |as = 62A. (See Figure 12) ® This is a typical value at device destruction and represents
® Isp < 62A, difdt < 207A/ps, Vpp < Vgrpss: operation outside rated limits.
Ty=175°C @This is a calculated value limited to T, = 175°C.

2 www.irf.com
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LM2940/LM2940C
1A Low Dropout Regulator

General Description

The LM2940/LM2940C positive voltage regulator features
the ability to source 1A of output current with a dropout
voltage of typically 0.5V and a maximum of 1V over the
entire temperature range. Furthermore, a quiescent current
reduction circuit has been included which reduces the
ground current when the differential between the input volt-
age and the output voltage exceeds approximately 3V. The
quiescent current with 1A of output current and an input-
output differential of 5V is therefore only 30 mA. Higher
quiescent currents only exist when the regulator is in the
dropout mode (V\y — Vour < 3V).

Designed also for vehicular applications, the LM2940/
LM2940C and all regulated circuitry are protected from re-
verse battery installations or 2-battery jumps. During line
transients, such as load dump when the input voltage can

October 2006

momentarily exceed the specified maximum operating volt-
age, the regulator will automatically shut down to protect
both the internal circuits and the load. The LM2940/
LM2940C cannot be harmed by temporary mirror-image in-
sertion. Familiar regulator features such as short circuit and
thermal overload protection are also provided.

Features

® Dropout voltage typically 0.5V @I = 1A
m Qutput current in excess of 1A

® Qutput voltage trimmed before assembly
B Reverse battery protection

m [nternal short circuit current limit

®m Mirror image insertion protection

® P* Product Enhancement tested

Typical Application

Vin

LM2940

47 ,uF

UNREGULATED
INPUT

*Required if regulator is located far from power supply filter.

**Coyt must be at least 22 pF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible
to the regulator. This capacitor must be rated over the same operating temperature range as the regulator and the ESR s critical; see curve.

Ordering Information

|
‘-»—

22 uf

REGULATEU
OUTPUT
Cour™*

00882203

Temperature Output Voltage
Range 5.0 8.0 9.0 10 12 15 e
LM2940CT-5.0 . LM2940CT-9.0 - LM2940CT-12 | LM2940CT-15 | TO-220
0'C <T,;<125'C| LM2940CS-5.0 - LM2940CS-9.0 - LM2940CS-12 | LM2940CS-15 | _
LM2940CSX-5.0 = LM2940CSX-9.0 % LM2940CSX-12 | LM2940CSX-15
LLP
LM2940LD-5.0 | LM2940LD-8.0 | LM2940LD-9.0 | LM2940LD-10 | LM2940LD-12 | LM2940LD-15 {a“p'é”;fd
-40°C Ty < Reel
125'C LLP
LM2940LDX-5.0 | LM2940LDX-8.0 | LM2940LDX-0.0 | LM2940LDX-10 | LM2940LDX-12 | LM2940LDX-15 ‘}-35:]‘9”;;‘[?
Reel
LM2940T-50 | LM2940T-8.0 | LM2940T-9.0 | LM2940T-10 | LM2940T-12 = TO-220
“065J9S [ LM2040S-50 | LM2940S-8.0 | LM2940S-9.0 | LM2940S-10 | LM2940S-12 = P
LM2940SX-5.0 | LM2940SX-8.0 | LM2940SX-9.0 | LM2940SX-10 | LM2940SX-12 = =
LM2940IMP-5.0 | LM2940IMP-8.0 | LM2940IMP-9.0 | LM2940IMP-10 | LM2940IMP-12 | LM2940IMP-15 | SOT-223
-40'CE Tp < SOT-223
85'C LM2940IMPX-5.0 | LM2940IMPX-8.0 | LM2940IMPX-9.0 | LM2940IMPX-10 | LM2940IMPX-12 | LM2940IMPX-15 in Tape.
Marking L53B L54B LOEB L55B L56B L70B

The physical size of the SOT-223 is too small to contain the full device part number. The package markings indicated are what will appear on the actual device.

© 2006 National Semiconductor Corporation

DS008822
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LM2940/LM2940C

Ordering Information (continued)

Temperature

Output Voltage

Range 5.0

8.0

12 15

LM2940J-5.0/883

5962-8958701EA
-55'C < T, < 125°C

LM2940J-12/883 LM2940J-15/883
5962-9088401QEA | 5962-9088501QEA

LM2940WG5.0/883
5962-8958701XA

LM2940WG5-12/883 |LM2940WG5-15/883

Connection Diagrams

(TO-220) Plastic Package

GND [ ——=0UTRUT

O —i
[ ———— > INPU

00882202
Front View
See NS Package Number TO3B

16-Lead Dual-in-Line Package (J)

N
NC— 1 16 I_VIN
NC— 2 15 =NC
Vour—1 3 14 |—=GND
NC— 4 13 |—GND
GND— 5 12 |—-GND
NC— 6 11 =GND
NG =AY/ 10 F=NC
NC— 8 9 —NC
00882243
Top View

See NS Package Number J16A

(TO-263) Surface-Mount Package

[ I0UTPUT
TAB IS
GND [ JIGND
[ INPUT
00882211
Top View

7

00ss2212
Side View
See NS Package Number TS3B

For information on military temperature range products, please go to the Mil/Aero Web Site at http://www.national.com/appinfo/milaero/index.html,

3-Lead SOT-223

]4— GND

oogs2242

INPUT
GND e
OQUTPUT s

Front View
See NS Package Number MP04A

16-Lead Ceramic Surface-Mount Package (WG)

\_/
NG| 1 16 [~V
NC— 2 15 |—=NC
out— 3 14 f=NC
NC— 4 13 f~NC
GND— 5 12 |~ GND
NC— 6 11 = GND
NC— 7 10 —=NC
NC— 8 9 |-ne
00882244
Top View

See NS Package Number WG16A

8-Lead LLP
b

wo | £y g [
i
H

GND | {777% i {71 |oND
i GND

INPUT L_'-".-.:E 80 | Vour
[]

NICH AL foeed L300 | Vour

00882246
Top View
Order Number LM2940LD-5.0, LM2940LD-8.0,
LM2940LD-9.0, LM2940LD-10,
LM2940LD-12, LM2940LD-15
See NS Package Number LDCOSA
Pin 2 and pin 7 are fused to center DAP
Pin 5 and 6 need to be tied together on PCB board

www.national.com
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
LM2940S, J, WG, T, MP < 100
ms 60V
LM2940CS, T< 1 ms 45V
Internal Power Dissipation
(Note 2) Internally Limited
Maximum Junction Temperature 150°C
Storage Temperature Range -65°C<T,<+150°C
Lead Temperature, Time for Wave Soldering

TO-220 (T) Package 260°C, 10s

Electrical Characteristics

TO-263 (S) Package 260°C, 4s
SOT-223 (MP) Package 260°C, 4s
ESD Susceptibility (Note 3) 2 kv
Operating Conditions (Note 1)
Input Voltage 26V

Temperature Range
LM2940T, LM2940S
LM2940CT, LM2940CS

-40°C<T,<125'C
0°'C<T,<125°C

LM2940IMP -40°C < T, <85C
LM2940J, LM2940WG -55°C<T,<125°C
LM2940LD -40°C<T;<125°C

Vin = Vo + 5V, Ig = 1A, Co = 22 YF, unless otherwise specified. Boldface limits apply over the entire operating tempera-
ture range of the indicated device. All other specifications apply for T, = T, = 25°C.

Output Voltage (Vg) 5V 8V
LM2940 | LM2940/883 LM2940 | LM2940/883 Unite
Parameter Conditions Typ Limit Limit Typ Limit Limit
(Note 4) (Note 5) (Note 4) (Note 5)
6.25V < V| < 26V 9.4V <V, < 26V
Output Voltage 5mA<ig<i1A 5.00 | 4.85/4.75 4.85/4.75 | 8.00 | 7.76/7.60 7.76/7.60 Vi
5.15/5.25 5.15/5.25 8.24/8.40 8.24/8.40 Viax
Line Regulation Vo + 2V <V £ 26V, 20 50 40/50 20 80 50/80 MV pax
lo=5mA
Load Regulation 50mA < lg s 1A
LM2940, LM2940/883 35 50/80 50/100 55 80/130 80/130 MVax
LM2940C 35 50 55 80
Output 100 mADC and
Impedance 20 mArms, 35 1000/1000 &5 1000/1000 me
fo =120 Hz
Quiescent Vo +2V <V < 26V,
Current lo=5mA
LM2940, LM2940/883 10 15/20 15/20 10 15/20 15/20 MAMAx
LM2940C 10 15
Vin = Vo + 5V, 30 45/60 50/60 30 45/60 50/60 MAyax
lo = 1A
Output Noise 10 Hz - 100 kHz, 150 700/700 240 1000/1000 3.V
Voltage lo=5mA
Ripple Rejection fo =120 Hz, 1 Vs
lo = 100 mA
LM2940 72 60/54 66 54/48 dBuin
LM2940C 72 60 66 54
fo=1kHz, 1V, 60/50 54/48 dBpin
lo =5 mA
Long Term 20 32 mV/
Stability 1000 Hr
Dropout Voltage lo=1A 0.5 0.8/1.0 0.7/1.0 0.5 0.8/1.0 0.711.0 Viax
lo = 100 mA 110 150/200 150/200 110 150/200 150/200 mMVpax
i:?:;:'mu” e 1.9 16 1513 | 1.9 16 1.61.3 Biini

www.national.com
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LM138/LM238
LM338

THREE-TERMINAL 5 A

ADJUSTABLE VOLTAGE REGULATORS

s GUARANTEED 7A PEAK OUTPUT
CURRENT
GUARANTEED 5A OUTPUT CURRENT
ADJUSTABLE OUTPUT DOWN TO 1.2V
LINE REGULATION TYPICALLY 0.005%/V
LOAD REGULATION TYPICALLY 0.1%
GUARANTEED THERMAL REGULATION
CURRENT LIMIT CONSTANT WITH
TEMPERATURE
s STANDARD 3-LEAD TRANSISTOR
PACKAGE

DESCRIPTION

The LM138/LM238/LM338 are adjustable
3-terminal positive voltage regulators capable of
supplying in excess of 5A over a 1.2V to 32V
output range. They are exceptionally easy to use
and require only 2 resistors to set the output
voltage. Careful circuit design has resulted in
outstanding load and line regulation comparable
to many commercial power supplies. The LM138
family is supplied in a standard 3-lead transistor
package.

A unique feature of the LM138 family is
time-de-pendent current limiting. The current limit
circuitry allows peak currents of up to 12A to be
drawn from the regulator for short periods of time.

SCHEMATIC DIAGRAM

TO-3

This allows the LM138 to be used with heavy
transient loads and speeds start-up under full-load
conditions. Under sustained loading conditions,
the current limit decreases to a safe value
protecting the regulator. Also included on the chip
are thermal overload protection and safe area
protection for the power ftransistor. Overload
protection remains functional even if the
adjustment pin is accidentally disconnected.

Normally, no capacitors are needed unless the
device is situated far from the input filter
capacitors in which case an input bypass is
needed. An optional output capacitor can be
added to improve transient response. The
adjustment terminal can be bypassed to
achieve.very high ripple rejection ratios which are

@Inpul
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LM138-LM238-LM338

difficult to achieve with standard 3-terminal
regulators.

Besides replacing fixed regulators or discrete
designs, the LM238 is useful in a wide variety of
other applications. Since the regulator is "floating"
and sees only the input-to-output differential
voltage, supplies of several hundred volts can be

ABSOLUTE MAXIMUM RATINGS

regulated as long as the maximum input to input
differential is not exceeded.

The LM138/LM238/LM338 are packaged in
standard steel TO-3 transistor packages. The
LM138 is rated for operation from -55°C to 150°C,
the LM238 from —-25°C to 150°C and the LM338
from 0°C to 125°C.

Symbol Parameter Value Unit
V|- Vo |Input Output Voltage Differential 35 Vv
Piot Power Dissipation Internally Limited
Tstg Storage Temperature Range -65 to 150 °C
Tiead Lead Temperature (Soldering, 10 seconds) 300 *C
Operating Junction Temperature Range |LM138 -55 to 150
Toper LM238 -25to 125 °C
LM338 O0to 125
'r?gtsicnl':#lsi}eﬂammum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is
THERMAL DATA
Symbol Parameter Value Unit
Rihj-case Thermal Resistance Junction-case 1.4 *C/w
Rihj-amb Thermal Resistance Junction-ambient 35 °C/Iw

CONNECTION DIAGRAM (top view)

OUTPUT

TO-3
ORDERING CODES
TYPE TO-3 TEMPERATURE RANGE
LM138 LM138K -65°C to 150°C
LM238 LM238K -25°C to 150°C
LM338 LM338K 0°C to 125°C

214
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LM138-LM238-LM338

ELECTRICAL CHARACTERISTICS OF LM338 (T, =0to 150°C, V|-Vg = 5V, Ig = 2.5 A.
Although power dissipation is internally limited, these specifications apply to power dissipation up to 50W,
unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Kyi |Line Regulation (Note 1) Ta=25°C, V|-Vp=3t035V 0.005 | 0.03 %IV
Kyo |Load Regulation (Note 1) |T,=25°C Vos5V 5 25 mV

lo=10mAto SA Vo25V 0.1 0.5 %
Thermal Regulation Pulse = 20 ms 0.002 | 0.02 %/W
lagj |Adjustment Pin Current 45 100 HA
Alggj  |Adjustment Pin Current [L=10mAto5A V,-Vo=3t035V 0.2 5 pA
Change
Viet |Reference Voltage VI-Vg=3t035V,Ip=10mAto5 A 1.19 1.24 1.29 \
P<50W
Kyi  |Line Regulation (Note 1) Vi-Vp=3to 35V 0.02 | 0.06 %IV
Kyo |Load Regulation (Note 1) |lo=10mAto5A Vo £ 20 50 mV
Vgz25V 0.3 1 %
Kyt | Temperature Stability Ty = Tmin 10 Trax 1 %
lo(miny |Minimum Load Current Vi-Vp<35V 3.5 10 mA
logmax) |Current Limit Vi-Vg<10V DC 5 8 A
0.5 ms Peak 7 12
Vi -Vp=30V 1
Vno |RMS Output Noise T,=25°C f=10Hzto 10 KHz 0.003 %
(% of V)
Ryt |Ripple Rejection Ratio Vo=10V,f=120 Hz 60 dB
Cagj = 10 pF 60 75
Kyy |Long Term Stability Ta=125°C 0.3 1 %

Note 1: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account
separately by thermal rejection.

Figure 1 : Current Limit

OUTPUT CURRENT (A)

4/14

B A "PRELOAD CURRENT =0
12 < Tease= +25°C m
o NI L L
NI S vi-vo=+10V
8
N VI-Vo=+15V
s L m \!/|-v0=+20v
u \l{llll{/ $ ;;&;\?ji
2 gl
. [T
0.1 1.0 10 100

TIME (ms)

Figure 2 : Current Limit

7 PRELOAD CURRENT =0
12 Ht Tease = +25°C T’T
=g s
= o NI I
= ~,d. M Vi-vo=+10V
z 8 i :
3 N VI-Vo=+15V
o E _q. !
= ""!w !
g L V|-Vo=+20V
o Tttty
: T L Vi Vo- +0
. LTI
0.1 1.0 10
TIME (ms)

100

g
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SPECIFICATIONS:
1. CONTACT RESISTANCE : 20m OHM MAX. 4. | coNTACTTERMINAL| 5 | BSR-05H0.7t | Pb10%, S090%
2 INSULATION RESISTANCE ; DC 500V 100M OHM MIN. 52 A
3. VOLTAGR WITHSTANDING : AC 500V 1 MINUTE. 1 BAKELITE PL-PEM 1.4t
;Jﬂmgunniﬂfggiégﬁfgut 2. | EARTH TERMINAL { PERD25¢ NICKEL FLA
& LIFE TEST : 5,000 CYCLES MIN. AFTER TEST , CONTACT RESISTANCE SHALL NOT l. ] BODY 1 PB.T. ULS4V-0
EXCEED 50m OHM. : .
7. RATING : AC 100V 1A i T NAME QTY| MATERIAL PLATING REMARKS
DC 24V 2A.
PART-NO: DS APPRO
-0k VALS DATE -
l % BT RS HIAS D
DESCRIPTION: DRAWN GOLD-TEK eLectric co. LTD.
DWG O, SCALE CHECK CATALOG NO.

PAGE




nLV LI INL UL DSUIRIC 11N URIC |
A |  GTKSD0108 | RELEASE _ MAR.28.02
B ADD. SAFETY JAN.27.04§
—|  |=s52:01 § F‘28-4i0-1i’4/—B 1 |
|
~—i I‘_J —
f i o ] n
E\"-II D
{ ] o | i i
] , =
\ U f < \ -
D C ~— 1= = A ©
+H e
(@]
o) - 50.1+£0.1 —
23 ® b
[] -
( )
U B
no R
FRONT VIEW
o o 460
2, v/; ¢ L\@OX F\\/
oL SR S Zo S o3 2
§to) | LONEN | (BN | (P AR
3 \'\.\_‘ ’_/I { [/\.\_ /-g) 3 \\._\ //.{ ®-\ - ®\ 6,® 3\(9. ,@1
% R . 5 4 5 oA ’/ & 8
aP 186y 4F Z210° 5P 18W" P 24.04% D, 356 GRI2408 Yy 270° 8P 262°
DP35A DP4A DPBSA DP5SA/240/DP5SA /360 DP@GA BP7S L DP8SA /262
MATERIALS:
A BOOT:PVC
B.METAL PART:STEEL NICKEL PLATED TOLERANCE UNLESS |PROJECTION
C.INSULATOR:PBT OTHERWISE-SPECIFED | (y E GOLD-TEK Ewectric  co., vp.
D.PIN CONTACT:BRASS NICKEL PLATED LINEAR ANGLE _[UNTTS TITLE PART NO.
X, + X, <+
. DIN PLUG DP*SA 240
SPECIFICATIONS: - = MM |ASSEMBLY TYPHCAD No. 1287 (/SHEE)T
1.RATING:100V AC AT 1A XXX+ XXX SCALE AT NG F:\Drw\PH\PH-0143 1 OF 1
2. INSULATION RESISTANCE:OVER 100MQ AT 500V DC APPD
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Stock ters | Code | Voliage | “OEM Products ] Viewsack —§ < _Pan p§ Print | = SCVETRSNSWMPLY

No load (AC) Full load(AC) OUTPUT JUMPER INPUT(220v)
Features: Volt Volt Amp. | Terminals to connect Terminals
e Chassis mount 6.0 8.5 8.00 5|8 57 | 6-8 114
12 outputformats in one unit 6.5 6.0 800 | 5|8 57|68 1|3
_ , 7.0 65 800 | 5|8 57|68 1|2
( Note :one format at a time )
6.0 5.5 400 | 5|6 z 114
6.0 55 400 | 7|8 :
6.5 6.0 400 | 5|6 : 113
6.5 6.0 400 | 7|8 =
7.0 6.5 4.00 5|6 - 1]2
7.0 6.5 400 | 7|8 5
(7) 60060 55055 400 | 5|6(8 67 114
<:> 6.5-0-6.5 6.0-0-6.0 4.00 5|6]|8 6-7 1]3
7.0-070 65065 400 | 5|6|8 67 1)2
12.0 11.0 4.00 5|8 6-7 114
@ 13.0 12.0 4.00 5|8 6-7 113
14.0 13.0 4.00 5|8 6-7 1]2
R-0% PIN1-2 | 22.86
) = PIN2-3 7.62
©00@0OeD0Oe® PiNaa | 762
PIN5-6 | 15.24
° A ¢ . PING7 | 10.16
PIN7-8 | 15.24
A1 78.00
s en
COPPER SIDE B1 62.00
B2 48.60 .
B3 61.20 _
1 2 3 4 C1 59.00 e 3
D2 40.00
ﬁ G O @ J Dimensions in millimetres 4 ¢
7.62 : Weight : 1270 gms.

opper
I «—SEn

FATAR

Bangkok Transtek Ltd.,Part.

Fax 02-2594136 / 02-6615098 Phone 02-6615099 / 02-2594122 / 02-2586419 e-mail: sale @ copper-coil.com
Page 59



Tough and Easy

» Sealed bearings with IP64 oilproof construction.

* Improved shaft loading performance.
Radial: 50 N, Thrust: 30 N

* Pre-wired Models with cable connected at an angle.
Side or back cable connections also possible.

* Improved reliability with reverse connection and load short-circuit
protection (except for line-driver outputs).

Be sure to read Safety Precautions on
& page 4.

Ordering Information

Encoders [Refer to Dimensions on page 4.]

Power supply

voltage Output configuration Resolution (pulses/rotation) Model
S BBE Open-collector output 10, 20, 30, 40, 50, 60, 100, 200, 300, 360, 400, 500, 600 E6C2-CWZ6C (resolution) 2M
NPN . L
( ) 720, 800, 1,000, 1,024, 1,200, 1,500, 1,800, 2,000 Example: EBC2-CWZ6C 10P/R 2M
100, 200, 360, 500, 600
12 to 24 VDC Open-collector output E6C2-CWZ5B (resolution) 2M

(PNP) Example: EBC2-CWZ5B 100P/R 2M

1,000, 2,000

10, 20, 30, 40, 50, 60, 100, 200, 300, 360, 400, 500, 600 E6C2-CWZ3E (resolution) 2M
Example: EBC2-CWZ3E 10P/R 2M

5t0 12 VDC Voltage output
720, 800, 1,000, 1,024, 1,200, 1,500, 1,800, 2,000

10, 20, 30, 40, 50, 60, 100, 200, 300, 360, 400, 500, 600 | E6c2.CWZ1X (resolution) 2M

5VDC Line-driver output X
720, 800, 1,000, 1,024, 1,200, 1,500, 1,800, 2,000 Example: E6C2-CWZ1X 10P/R 2M

Accessories (Order Separately) [Refer to Dimensions on Rotary Encoder Accessories.]

Name Model Remarks

E69-C06B
E69-C68B Different end diameter

Couplings
E69-C610B Different end diameter
E69-C06M Metal construction
E69-FCA

Flanges .
E69-FCA02 E69-2 Servo Mounting Bracket provided.

Servo Mounting Bracket E69-2 Provided with E69-FCAOQ2 Flange.

Refer to Accessories for details.
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Ratings and Specifications

E6C2-C

Item Model E6C2-CWZ6C E6C2-CWZ5B E6C2-CWZ3E E6C2-CWZ1X

Power supply 5 VDC -5% to 24 VDC +15%, 12VDC -10% to 24 VDC +15%, |5 VDC -5% to 12 VDC +10%, o 1 Y+ B9
voltage ripple (p-p): 5% max. ripple (p-p): 5% max. ’ ripple (p-p)? 5% max. ) 5 VDC £5%, ripple (p-p): 5% max.
Current

consumption®1

80 mA max.

100 mA max.

160 mA max.

Resolution
(pulses/rotation)

10, 20, 30, 40, 50, 60, 100, 200,
300, 360, 400, 500, 600, 720,
800, 1,000, 1,024, 1,200, 1,500,
1,800, 2,000

100, 200, 360, 500, 600, 1,000,
2,000

10, 20, 30, 40, 50, 60, 100, 200, 300, 360, 400, 500, 600, 720, 800,
1,000, 1,024, 1,200, 1,500, 1,800, 2,000

Output phases

Phases A, B, and Z

Phases A, A, B, B, Z, and Z

Output configuration

NPN open-collector output

PNP open-collector output

Voltage output (NPN output)

Line driver output'2

Output capacity

Applied voltage: 30 VDC max.
Sink current: 35 mA max.
Residual voltage: 0.4 V max.
(at sink current of 35 mA)

Applied voltage: 30 VDC max.
Source current: 35 mA max.
Residual voltage: 0.4 V max.
(at source current of 35 mA)

QOutput resistance: 2 kQ
Output current: 20 mA max.
Residual voltage: 0.4 V max.
(at sink current of 20 mA)

AM26LS31 equivalent

Qutput voltage:

High level: lo = -20 mA

Low level: Is = 20 mA

Output voltage: Vo= 2.5V min.
Vs =0.5V max.

Maximum response
frequency*3

100 kHz

50 kHz

100 kHz

Phase difference
between outputs

90°+45° between Aand B (1/4 T+ 1/8 T)

Rise and fall times of
output

1 us max.

(Control output voltage: 5V, Load
resistance: 1 kQ2, Cable length:
2m)

1 us max.

(Cable length: 2 m, Sink current: 10 mA)

0.1 us max.
(Cable length: 2 m, lo = -20 mA,
Is =20 mA

Starting torque 10 mN-m max.

Moment of inertia 1x1078 kg-m2 max.; 3 x 1077 kg-m? max. at 600 P/R max.
Shaft Radial 50N

loading Thrust 30N

Maxlmum 6,000 r/min

permissible speed

Protection circuits

Power supply reverse polarity protection, Load short-circuit protection

Amblenttemperature
range

Operating: —10 to 70°C (with no icing), Storage: —25 to 85°C (with no icing)

Amblent humidity
range

Operating/Storage: 35% to 85% (with no condensation)

Insulation resistance

20 MQ min. (at 500 VDC) between current-carrying parts and case

Dielectric strength

500 VAC, 50/60 Hz for 1 min between current-carrying parts and case

Vibration resistance

Destruction: 10 to 500 Hz, 150 m/s? or 2-mm double amplitude for 11 min 3 times each in X, Y, and Z directions

Shock resistance

Destruction: 1,000 m/s? 3 times each in X, Y, and Z directions

Degree of protection

IEC 60529 IP64, in-house standards: oilproof

Connection method

Pre-wired Models (Standard cable length: 2 m)

Material Case: Zinc alloy, Main unit: Aluminum, Shaft: SUS420J2
Weight ]

(packed state) Approx. 400.g

Accessorles Instruction manual

Note: Origin Indication

The following illustration shows the relationship between phase Z and the origin. Set cut face D to the phase Z origin as shown in the illustration,

Phase Z origin

Origin —=

Cut face D

*1. An inrush current of approximately 9 A will flow for approximately 0.3 ms when the power is turned ON.
*2. The line driver output is a data transmission circuit compatible with RS-422A and long-distance transmission is possible with a twisted-pair cable.(AM26LS31

equivalent)

*3. The maximum electrical response speed is determined by the resolution and maximum response frequency as follows:

Maximum response frequency
x 60

Maximum electrical response speed (rpm) = -
Resolution

This means that the E6C2-C Rotary Encoder will not operate electrically if its speed exceeds the maximum electrical response speed.
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I/0 Circuit Diagrams

E6C2-C

Model/Output Circuits Output mode Connection
E6C2-CWZ6C
TR
[_ b T Voo | E6C2-CWZ6C NPN Open-collector Output Model —~
- | (yBlack, white, orange E6C2-CWZ5B PNP Open-collector Output Model
utput signal
E6C2-C NPN (Black: phase A,
nan "“;;'m’ qu Or‘;”"r:;:;’::;:;' Direction of rotation: CW Direction of rotation: CCW
max. : (as viewed from end of shaft) (as viewed from end of shaft)
3307 130VDC | e
max. Blue
- ! ov Tgaeo ) T(360°)
! Shield
|_ GND Phase A DFF Phase A OFF
Phase B SEF | PhaseB gFF !
EBC2-CWZ5B o i 1/4"1/8T(90" 457 ) ————1/4+1/8T (90°145") Col Terminal
Phase Z | Phase Z | oiok
———— - OFF— OFF
I_ lewn 2 ; Power supply
: 14 Q 12 VDC -10% 1o Note: Phase Ais 1/4 T+ 1/8T Note: Phase Ais 1/4 T+1/8 T Brown (+Vce)
! _— i 24 VDC +15% faster than phase B. slower than phase B.
L e Black Outpu}\phase
1 E’f- Black, white, 7 -
main Padal The ONs in the above timing chart mean that the Output phase
Siredt o oupusignal | | OUtput transistor is ON and the OFFs mean that the White P Bp
o ! (Blackc phase A White: || o tpyt transistor is OFF.
transistor ! gip Pheee®: Oéa:'gsfphﬂsﬂ P Orange Output phase
1
1 Shield GND -
L Blue | 0V (common)
E6C2-CWZ3E
. . E6C2-CWZ3E Voltage Output Model
- Brown E ;
!_ —']\} 5 VDgesx'a Direction of rotation: CW Direction of rotation: CCW
. 2k g H whé (as viewed from end of shaft) (as viewed from end of shaft)
= ABIack white, orange
Qutput signal
E6C2-C NPN (Black: phase A, White: phase T(360" -giv‘—-- T(360° %"‘
2’;:;3“ transistor |, B, Orange: phase Z) H H
o 3 ! Phase A L 1 Phase A h
3303 ymax. | H H
i ABlue -~ Phase B e N l"""L_— Phase B L—m—i_|—
1 Shi ————— 1/41/8T (90°+45") —i—ie— 1/441/8T (90'+45")
ield H
GND Phase Z X

H
Phase Z L |

Note: Phase Ais1/4T+1/8T
slower than phase B.

Note: Phase Ais 1/4 T+ 1/8 T
faster than phase B.

EBC2-CWZ1X

5 VDC £5%

I Black white, orange
N sed output

AM28 (Black: phase A, White: phase B,
_[ :g:v:-nm m.’;:'.v:m,‘o,,m Orange: phase Z)
o o ) Reversed output

i (Black/red: Phase A, White/red:
1 Phase B, Orange/red: Phase Z)
ABlue

1 ov
1 ? el
|_ Shield GND

E6C2-C
main
circuit

E6C2-CWZ1X Line Driver Output Model

Direction of rotation: CCW
(as viewed from end of shaft)

Direction of rotation: CW
(as viewed from end of shaft)

cw CCw

(3607, ——
| N AP T

T(360"

MJ'—L__“_’_L__T Phase A

Phase A

———=— 1/4+1/8T (90°145")

Phase B

1/4£1/8T (90°145°)
Phase Z

H

L

Phase B H
L

H

V — L
H

L

H

L

H

L

:]__::

Phase Z

Phase A

-L___j'_‘1_ Phase A
Phase B
Phase Z

Phase B

I

i T g
J S N
Jj R

T T oy L

Phase Z

Color Terminal

Power supply
Brown (+Vec)

Black | Output phase A
White | Output phase B
Orange | Output phase Z
Black/red Y
stripes Output phase A
White/red =
stripes Qutput phase B
Orange/ =
red stripes Qutput phase Z
Blue 0V (common)

Note: Receiver: AM26LS32
equivalent

Note: 1. The shielded cable outer core (shield) is not connected to the inner area or to the case.
2. The phase A, phase B, and phase Z circuits are all identical.
3. Normally, connect GND to 0 V or to an external ground.
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