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Vishay Opto History

1994 1998 20011969 - 1977 2007

1969 Litronix starts shipping Optocouplers

1977 Litronix acquired by Siemens

1994 Siemens acquires AT&T’s SSR

Litronix

1998 Vishay acquires Telefunken

2000 Siemens spins of Infineon

2001 Vishay acquires Infineon’s Optocoupler 2
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Why Use Optocouplers?为何使用光耦？

1. Safety 安全

a) Currently the largest application是目前应用最广泛的

b) Vishay meets all major agency requirements
Vishay光耦符合所有主要的安规要求

• UL
• VDE
• BSI
• FIMCO
• IEC – 70747

2. Performance 特性

a) Noise decoupling 隔离干扰

b) Ground Loop elimination 消除对地串扰

c) RFI decoupling 隔离电磁干扰
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SignalCircuit A Circuit B

Ground A Ground B

Low Supply 
Voltage 

High Supply 
Voltage 

Galvanic
Isolation

Optocouplers for Safety
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Possible Solutions
R1
390

R2
1K

VDD  3.3V VCC  5V

input

output

(1)Isolation Design compromises隔离设计方案
1. Isolation Voltage  电压隔离

2. PCB Footprint    PCB印脚隔离

3. Frequency response  频率响应

4. Power Handling  功率控制

5. Optoisolators – best provide optimum trade-off
光耦隔离---提供最佳优化方案
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Electrical Safety Basics电气安全要求

Fundamental rule of electrical Safety 电气安全的基本规则:
A system shall not be designed such that a ‘single’ point failure will not create a safety hazard.
一个系统的设计不会因某一局部点产生失效而危害整个系统的安全性

Types of Insulation 绝缘类型

1.Basic Insulation 基本绝缘:
a) One layer of insulation that provides isolation from a hazardous voltage                

对危险电压提供单层绝缘保护

b) Provides “single point failure” protection                                                            
提供单点失效保护

2.Double Insulation 双重绝缘:
a) Two layers of insulation that provide an additional layer of insulation protection   

提供双层绝缘保护

b) Provides “single point failure” protection                                                                    
提供单点失效保护

3.Reinforced Insulation 强力绝缘:
a) Single layer of insulation functionally equivalent to double insulation                    

单层绝缘保护的特性能达到双层保护的要求

b) Provides “single point failure” protection                                                                   
提供单点失效保护

c) All Vishay couplers are considered reinforced insulation systems                            
所有Vishay光耦都是满足强力绝缘系统的要求

d) Two ways to achieve Reinforced insulation 两种方式可实现强力绝缘要求:
1. Minimum of 0.4 mm internal insulation distance 最低0.4mm内绝缘距离

2. Testing as per IEC60950 按照IEC60950标准测试
5
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Creepage & Clearance 爬电距离及净间隙尺寸

Aspects at different Lead bendings 不同引脚类型

Creepage
Clearance

Creepage: Distance along an insulating surface between conductors
爬电距离：导体间隔离绝缘体之间的距离

Clearance: Distance across air between conductors
净间隙尺寸：导体间空气隔离距离

6



Vishay Optoelectronics

What Creepage Distance is Required?
对爬电距离有何要求？
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Working Voltage Installation Category
Vrms oder DC IV III II I

50 1500 800 500 330
100 2500 1500 800 500
150 4000 2500 1500 800
300 6000 4000 2500 1500
600 8000 6000 4000 2500
1000 12000 8000 6000 4000

Installation Category 接线类别
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Vishay’s Reinforce Insulation Couplers
Vishay 强力绝缘型光耦

Detector Chip

Light Blocking
Epoxy Outer Mold

Input Leadframe

Emitter Chip

IR Transparent
Epoxy Inner Mold

Output Leadframe

Over Under  Construction Galvanic
Separation

Insulation Thickness
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Wide Variety of Packages Available
各种封装类型的光耦

SOP-4 / half-pitch 
(1.27 mm)

SOIC-8

DIP-6

DIP-8

DIP-16

DIP-4

SOP-4
(2.54 mm)

SOP-16 
(4-channel)

SMD-4

Long mini-flat

超高隔离电压
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Presenter
Presentation Notes
Half Pitch Mini-Flat Package: SOP-4, SOP-16
SOP-4: H 1.9 mm x W 2.5 mm x L 7 mm
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3-phase motor control

Noise Coupling Reduction降低干扰耦合
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1. Isolating sensitive microcontrollers from noisy power stages                       
隔离功率元件对微控制器产生的干扰

2. Greatly simplify the task of isolating “analog” from digital in PCB design  
隔离数字信号对模拟信号产生的干扰

3. Isolate sensitive circuits from ground bounce                                                            
隔离对地串扰对敏感电路产生的影响
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Half-bridge

Quantifying Noise Isolation噪声隔离的量化
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1. C input-output  输入/输出之间的电容
1. Typically <<1pF  典型值<< 1pF
2. Difficult to measure 较难测量

2. CMR (common mode rejection) 抗共模串扰
1. Easier to measure 较易测量
2. Given as dv/dt value in KV/us @ test voltage
3. Typical 25KV/us  @ 1.5KV 典型值 25kV/us @1.5kV
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1. Optocouplers provide small footprint, economical solutions to diminishing 
the Areas of Gnd Loops. 光耦提供了可消除对地串扰，而且小尺寸印脚的经济方案

2. Loops make effective Antennae, more loop area – more effective antenna   
串扰环路会产生有效的天线效应，越多的环路会产生越多的天线效应

3. Reduce loop area 减少环路面积
1. Reduce potentially harmful ground currents 降低潜在的对地电流的危害
2. Reduce RF emissions from system and RF susceptibility of system       

降低系统的射频发射及降低对射频敏感系统的影响

Ground B

Power 
Devices

Ground A

Signal

GND noise

Ground A

GND noise

Ground B

Reduce Ground Loops & Reduce EMI        
降低对地串扰和电磁干扰
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1, 2

1

1, 2, 4

1, 2, 4

1, 2, 4

1, 2, 4

1

# of Channels

CTRPhotodarlington

CTRPhototransistor

CMR, tPHL, tPLH

ZC/NZC, dV/dt, VDRM
, IFT

CTR

CTR

CTR

Key Parameters

High Speed

Phototriac

Photodarlington

Phototransistor

Photodiode /
Linear

Function Input Output

IGBT Driver 1 CMR, tPHL, tPLH

Solid State Relay 1, 2
Form A, Form B
VL, RON, IFT, tPHL, tPLH

Optocoupler Portfolio (by function)
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Transistor Optocouplers
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1. Transistor Output Optocouplers晶体管输出光耦
1) DC Input 
2) AC Input
3) Single Transistor Output
4) Darlington Output

2. Terms 术语
1) IF : LED input current (mA)
2) CTR : Current Transfer Ration = ICE/ IF (%)

3. Critical Parameters 关键参数
1) CTR

a) CTR(sat) & CTR (unsat)
b) Varies with If, temperature, component life

2) IF

Presenter
Presentation Notes
Input: DC or AC
Output (detector): Diode, transistor, Darlington, diode + transistor/Darlington, IC
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Transistor OUTPUT CTR(sat) Application  
晶体管光耦饱和CTR输出的应用

Digital I/O: 1/0, High/Low, True/False, ON/OFF, Sat./OFF
Key Parameter:

Current Transfer Ratio (sat):       CTR = IC / IF

R1
390

R2
1K

VDD  3.3V VCC  5V

input

output

(1)

R1
390

VDD  3.3V VCC  5V

input

R2
1K

output

(2)

R1
390

R2
1K

VDD  3.3V VCC  5V

input output

(3)

R1
390

VDD  3.3V VCC  5V

input

R2
1K

output

(4)

Inverter

Non-Inverter
16

Inverter

Non-Inverter

Presenter
Presentation Notes
Logic: Inverter or non-inverter (buffer)
Input driver: in series or parallel with LED
Output: OC or common collector circuit
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Key Parameter:
Current Transfer Ratio

CTR = IC / IF
Example: 

CTR = 4.8mA / 5.6mA 
= 0.86 = 86%

Typical CTR(desat) Application             
典型非饱和CTR输出的应用

Power Supplies

Design Considerations:
1.Creepage requirement 爬电距离的要求

2.CTR drift 光传输比的漂移

1) Temp 工作温度

2) If  正向电流

3) Life time of product 产品寿命

17
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Too Much Variation with Typical Transistor Coupler?
Linear Optocoupler

Products IL300

Benefits

 Linear output
 High stability gain
 Different K3 BIN

Advantages 优点

1.Constant Gain恒定的线性关系
a) Over Temp 超温
b) Over life of component 

过寿命

2.High linearity Output 高线性输出

IL300

Typical IL300 circuit

Rectifier
RLC

Stage

18
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LOAD

AC or DC

AC/DC Configuration

Do not use

 

DC

LOAD

DC Only Configuration
IF IF

(DC)
AC/DC)

（DC / AC）
* IF = 10 mA, others 5 mA

SSR – PhotoMOSFET

19
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SSR (MOSFET)
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Critical Parameters关键参数:
1) If(on) : LED input current required to achieve specified Ron (mA)
2) If(off) : LED input current required to achieve specified max leakage current (mA)
3) Maximum Output Voltage (V) – 60V – 600V
4) Load current (mA) – 100mA – 2Amps
5) Ton/Toff - 0.5usec

Form A
Normally-open

常开

Form B
Normally-close

常闭



MOSFET OUTPUT SSRs

Higher Isolation Voltage 高隔离电压

Higher Shock and Vibe Immunity 无瞬时脉冲

Smaller Size 器件小尺寸

Low Drive Current  低驱动电流

Long Operating Life  长寿命

No Contact Arcing  无接触弧电

No Contact Wear  无接触损耗

High Switching Speed 高开关速度

No EMI Noise Generation 不产生电磁干扰

No Contact Bounce 无接触弹

Advantages of SSRs vs Mechanical Relays
光控继电器与机械继电器的比较

EMR

VS.

SSR

21
Vishay Optoelectronics
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Typical SSR Applications:
SSR典型应用

1. Communications/ Telephony switching
通讯开关

2. Process Control 过程控制

3. Instrumentation  仪器仪表

4. Industrial Controls  工业控制

5. High reliability EMR replacement         
高可靠抑制电磁干扰环境的替代

6. Test Equipment  测试设备

7. Chip Testers   芯片测试
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HV Battery Charge Monitor高压电池充电监测
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0.1 uF

Vcc2
(+5V)

RL

6N137
VOx6xx

SFH675x
RB
330

Vcc1
(+5V)

GND

Vcc

Vo

Circuit example tPHL tPLH

Input

OutputIF

High Speed Couplers

23

Notice: HF noise Reduction

Presenter
Presentation Notes
Data rate depends on the Switching speed: propagation delay tpLH, tpHL
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High Speed Coupler Applications

MASTER SLAVE

SS

SCK 
(Master)

SCK 
(Slave)

MOSI 
(Master)

MOSI 
(Slave)

MISO 
(Master)

MISO 
(Slave)

SDI

SDO

SS
CS

SPI Bus Adapter

Fieldbus:
• SPI
• I2C
• PROFIBUS
• CANBUS

24

Example: VO0631T, VO0661T
10 MBd, dual-channel,

SOIC-8 Package

Presenter
Presentation Notes
Digital communication with isolation.
High data rate from 100 Kbps to 10 Mbps
Front D&A to microcontroller or host computers. E.g. SOC (Battery cell states, voltage, current, temperature)
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 AC variable speed motor 
controllers 交流马达控制

 Solar Inverters 太阳能逆变器

 DC servo-motor controllers     
直流伺服马达控制

 Welding Equipment 电焊机

 Induction Cooking Tops 电磁炉

Optically Isolated IGBT/MOSFET Drivers
光隔离IGBT/MOSFET驱动

25



IGBT Drivers

High output current 高输出电流
High speed switching 高开关速度

2.5 amp IGBT/MOSFET driver 0.5 amp IGBT/MOSFET driver

26
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AC motor drive IGBT driver application
交流马达IGBT驱动的应用

FieldbusFieldbus
27
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Single Inductive Load Application

IGBT module rating up to 1200V 50A

28
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ZC(zero crossing) NZC(non-zero crossing)
过零和非过零光控晶闸管

zc

29

Zero crossing Advantages:
1.Low RFI emissions 低射频发射
2.Low inrush current 低瞬时冲击电流

Non-Zero crossing Advantages:
1.Trigger phase angle flexibility 触发相位灵活
2.Lower Cost 成本低

Critical parameters 关键参数

1.IFT: Trigger Current 触发电流
2.VDRM: Maximum off-state voltage 击穿电压
3.Vtm: on-state Voltage 导通压降
4.Static dv/dt 静态dv/dt
5.Dynamic dv/dt 动态dv/dt

OPTO-TRIACs
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Best in Class

Best in Class

Vishay Phototriac Portfolio Based ON Application

dV/dt (V/µs)

ITM (mA)

10

50

500

1,500

5,000

10,000

100 300 1,000

Il410 & 
IL420

VO4X57

VO305X
6 P/N’s

VO3526
VO2223
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Phototriac Applications
 Light dimming Modules 照明调光控制

 AC motor controls 交流马达控制

R1
180

R2
39

C1
0.01 uF

LOAD

VO3053

220/240 
VAC

U1
NUTRAL

HOT1

2

3 4

5

6

controller

电炉
微波炉 空调

洗衣机

phototriac

电冰箱

Power 
phototriac
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HV SMD Version Optocoupler 新推出贴片封装

Major Features 主要特性
• Surface Mount Package 贴片封装

• Repetitive Peak Voltage (VIORM): 1450 Vpeak    

可恢复瞬时耐压 VIORM
• Pure tin leads, RoHS, WEEE Compliant, Green

Benefits
• Capable of undergoing Solder Reflow   

可满足隧道炉装配要求

• Suitable for high noise environment
适用于高干扰环境

• Ultra High Isolation Voltage 超高隔离电压

• Cat IV installation Category Applications  
Cat IV连接方式隔离应用

Ultra High Isolation Voltage Couplers
超高隔离电压光耦

NEW

32
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• VIORM: 1450 Vpeak (Best in class)

• Capable of undergoing Solder Reflow适用于隧道炉装配(matches competition)

• Pure tin leads permit lead free soldering 纯锡(matches competition)

• Eco Friendly Green Package 无卤封装 (Better than competition)

Vishay’s HV Coupler Competitive Advantage
超高隔离光耦的竞争优势

Application Customers Comment

Safety & Noise 
Isolation                     
安全及干扰隔离

Solar Inverter Manufacturers                   
太阳能逆变器制造商

Grid to Control Panel Isolation                     
并网控制板隔离

Safety & Noise 
Isolation                   
安全及干扰隔离

Welding Equipment                                         
电焊机设备

Safety & Noise
Isolation                      
安全及干扰隔离

Smart Meters                                                    
智能电表

Grid to Control Panel Isolation                     
并网控制板隔离

33
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Automotive Couplers 车规级光耦
Release of Automotive SSR – Q1 2012

34
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Vishay’s Optocoupler Portfolio
http://www.vishay.com/optocouplers/
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谢谢！
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