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Introduction
This application note describes the
immunity of Agilent Technologies
optocoupters to the effects of high
radiation environments, such as
those encountered in military and
space applications. According to
MIL-HDBK-279,

“Optical isolators (i.e. opto-
couplers) are a combination of
a GaAs LED and either a
photodiode or phototransistor.
The isolators containing
phototransistors are more
sensitive to irradiation than
those containing
photodiodes.” [1]

Agilent optocouplers use
photodiodes, whereas many
optocouplers use phototransistors
in their designs. Several Agilent
optocouplers have been exposed
to high levels of neutron fluence
and gamma radiation. The results
of these tests, presented here,
show that Agilent optocouplers
are relatively immune to high
radiation levels and are thus well-
suited for applications where
radiation hardness is desirable.

Radiation Fundamentals
An optocoupler, as any solid state
electronic device, degrades in
performance as a result of
exposure to radiation. The extent

of degradation depends upon the
type of radiation encountered, as
well as exposure level and
duration.

Radiation Types: Particles and

Photons

There are two basic types of
radiation: particles and photons.
Particles (neutrons, protons, and
electrons) have mass, energy, and
sometimes charge. Photons
(gamma rays, x-rays) are bundles
of electromagnetic energy with no
mass or charge. Particle radiation
is measured in terms of fluence
(particles/area), whereas photon
radiation is measured in terms of
total dose (rads [Si]) and dose rate
(rads[Si]/sec). One rad is the
radiation absorbed dose which
releases 100 ergs of energy per
gram of absorbing material, in this
case silicon (Si).

Radiation Environments: Space

and Military

Radiation environments typically
consist of both particles and
photons. Natural space radiation
contains high-energy gamma rays,
Van Allen protons and electrons
which combine to give a
significant total dose over time.
Maximum fluences are 104

protons/cm2  (3 rad/hour
equivalent) and 1010 electrons/cm2

(100 rad/hour equivalent).[2] in
contrast, military radiation
environments caused by a nuclear
blast last less than one micro-
second. Huge neutron fluences
(1012 neutrons/cm2) and gamma
ray dose rates of 109 rads [Si]/sec
characterize this environment.[3]

Radiation Damage:

Displacement and Ionization

The ability of radiation to
penetrate matter and cause dam-
age varies as a function of mass,
energy, and charge. Neutrons and
protons have more mass than
electrons and are therefore more
harmful. Radiation occurs over a
broad spectrum (Figure 1), but
energies of 0.1 MeV or greater
cause significant damage. Charged
particles (protons, electrons) have
much shorter penetration depths
than do neutrons and gamma rays
of the same energy. Neutrons are
largely responsible for permanent
displacement damage in
optocouplers, whereas transient
ionization damage is mostly due to
gamma radiation.

High-energy neutrons strike and
displace atoms from their normal
positions in the crystal lattice,
resulting in a vacancy and an
interstitial atom. These defects are
equivalent to semiconductor
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impurities; they have energy levels
in the forbidden gap and can act as
recombination centers.[4]

Consequently, carrier lifetimes
decrease and the material’s
effective resistivity increases.
These effects combine to impair
device performance in a
permanent way. In optocouplers,
fluences above 1012 neutrons/cm2

lead to dimmer LEDs, reduced
optical channel transmittance,
decreased photodiode efficiency,
and less transistor gain.[5]

High-energy gamma rays impart
energy to electrons (and holes) in
the crystal lattice, exciting them to
nonequilibrium (ionized) states.
During exposure, photocurrent
surges are produced in the
depletion regions of reverse-biased
pn junctions. These surges are
dose rate dependent and can
induce an erroneous high (“off”) to
low (“on”) output transition. At
dose rates above 109 rads(Si)/sec,

photocurrents in the 1 - 1000 mA
range occur which can cause
device latch-up and burn out. At all
dose rates, the accumulated total
dose leads to noticeable (but not
irreversible) degradation. Total
doses as low as 104 rads(Si) can
impair optocoupler performance
through increased leakage
currents.[6]

Optocoupler Radiation

Response

Radiation tests have been
performed on a variety of Agilent
optocouplers under a wide range
of conditions over the last ten
years. In every case, the primary
conclusion is that the Agilent
photo IC design yields superior
immunity to high radiation levels.

Figure 2 illustrates the difference
between photodiode and photo-
transistor style optocouplers. The
former distinguishes the optical
detection and amplification

Figure 1. Radiation Spectrum Nomograph

functions with separate photo-
diode and transistor stages. This
design permits shallower diffusion
depths and a smaller transistor
base area. Phototransistor
optocouplers, on the other hand,
maximize the base area for
increased optical coupling. This
scheme makes the device very
susceptible to radiation. At the
same radiation level, the device
with the smaller exposed sensitive
area will experience less radiation
damage and hence perform
better.[7]

CTR (Current Transfer Ratio) is a
convenient figure of merit for
measuring optocoupler
performance. It is defined as the
ratio of output collector current
(IO) to input forward LED current
(IF) expressed as a percent. A
handy overall transfer
characteristic, it gives us the
device gain in the “on” state. We
will examine CTR degradation,
calculated as change in CTR (final
CTR – initial CTR) divided by the
initial value. Agilent hermetic
optocouplers exhibit no significant
operation-impairing CTR

PHOTODIODE-
TRANSISTOR

(8 PIN)

PHOTOTRANSISTOR
(6 PIN)

Figure 2. Photodiode and

Phototransistor Optocoupler

Schematics
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degradation due to radiation at the
following levels: [8]

1. 6N134 (dual channel logic gate,
400% typ. CTR, 10 mA IF)
Gamma Total Dose:
3.0 x 103 rads(Si) (+)
Neutron Fluence:
4.0 x 1012  neutrons/cm2 (+)

2. 6N140 (quad channel split
Darlington, 300% min. CTR,
0.5 mA IF)
Gamma Total Dose:
3.5 x 103 rads (Si)
Neutron Fluence: 4.0 x 1012

neutrons/cm2 (*)

3. 4N55 (dual channel single
transistor, 9% min. CTR, 16 mA IF)
Gamma Total Dose:
3.0 x 103 rads(Si) (+)
Neutron Fluence:
4.0 x 1012  neutrons/cm2 (*)

All results were obtained with the
minimum recommended input
forward LED current (IF). The
devices were exposed to three
successively increasing gamma
dose rate and neutron fluence
levels. The highest gamma dose
rate levels were 4.0 x 109 rads(Si)/
sec for the 6N134 and 4N55, and
2.0 x 1010 rads(Si)/sec for the
6N140. An asterisk (*) indicates the
observed upper limit to
optocoupler radiation immunity,
defined as the level beyond which
the device cannot be expected to
perform reliably. A plus (+)
indicates that the level cited was
obtained through extrapolation of
the linear degradation trend to the
immunity limit. Total dose
degradation is dose-rate
dependent, so at lower dose rates,
such as those encountered in
space applications, the gamma
total dose limit will be significantly
higher.
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Figure 3. Agilent Optocoupler Gamma

Radiation Response

Figure 4. Agilent Optocoupler Neutron

Fluence Response
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Figures 3 and 4 illustrate the
radiation performance of the
6N140 and 4N55. As expected,
neutrons cause more severe and
permanent damage than gamma
rays. Performance degrades with

increasing radiation level. At the
same radiation level, CTR
degradation is more pronounced at
lower drive current (IF).

This data reinforces our
confidence in the Agilent
optocoupler design as intrinsically
superior in terms of radiation
hardness. With shallower
photodiode and transistor base
diffusion depths than those of
phototransistor optocouplers, the
Agilent device minimizes the
capture volume exposed to
harmful radiation.

Table 1 shows the US Government
RHA (radiation hardness
assurance) levels for JAN qualified
Class B (military) and Class S
(space) microelectronic devices.[9]

Levels M and D generally apply to
military components, whereas
levels R and H are important for
devices used in space applications.
The radiation data presented
would lead us to conclude that
Agilent hermetic optocouplers
perform adequately up to and even
beyond the above RHA neutron
fluence levels. Immunity to harsh
neutron radiation causes us to
expect the devices to pass RHA
total dose levels as well. In fact,
MIL-HDBK-279 states that “in
general, optical isolators are within
manufacturer’s specification to 106

rads.” [10]

Table 1. Radiation Hardness Assurance Levels

Radiation and Level of

RHA Level Total Dose Neutron Fluence

Designator (rads) (n/cm2)

/ No RHA No RHA

M 3000 2 x 1012

D 104 2 x 1012

R 105 1 X 1012

H 106 1 X 1012
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Conclusion

In summary, Agilent optocouplers
offer superior immunity to the
effects of a variety of high
radiation environments, making
them a logical choice for military
and space applications where
radiation hardness is desirable. We
wish to thank the staff of the
Nuclear Weapons Effects
Laboratory of White Sands Missile
Range, White Sands, New Mexico,
for their support.

Appendix
Military Documents Relating to
Radiation Testing and Device
Qualification

1. MIL-STD-883C, “Test Methods
and Procedures for Micro-
electronics”, 25 Aug. 1983.
Group E: Radiation Hardness
Assurance Tests
Method 1017.2, Neutron Irradiation
Method 1019.2, Steady State Total
Dose Procedure

2. MIL-HDBK-280, “Neutron
Hardness Assurance Guidelines for
Semiconductor Devices and
Microcircuits”, 1984.

3. MIL-HDBK-279, “Total-Dose
Hardness Assurance Guidelines for
Semiconductor Devices and
Microcircuits”, 1984.

4. MIL-M-38510F, “Military
Specification Microcircuits,
General Specification for”, 31 Oct.
1983.
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SUNSTAR 商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为

一体的高科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供

应商，是中国最早和最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专

业代理和分銷世界各大品牌 IC 芯片和電子元器件的连锁经营綜合性国际公司，专业经营进口、

国产名厂名牌电子元件，型号、种类齐全。在香港、北京、深圳、上海、西安、成都等全国主要

电子市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成

强大统一的供货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感

器、微波光电元器件、工控机/DOC/DOM 电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA 软

件硬件、二极管、三极管、模块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能

模块开发配套商。商斯达实业公司拥有庞大的资料库，有数位毕业于著名高校——有中国电子工

业摇篮之称的西安电子科技大学（西军电）并长期从事国防尖端科技研究的高级工程师为您精挑

细选、量身订做各种高科技电子元器件，并解决各种技术问题。 

微波光电部专业代理经销高频、微波、光纤、光电元器件、组件、部件、模块、整机；电

磁兼容元器件、材料、设备；微波 CAD、EDA 软件、开发测试仿真工具；微波、光纤仪器仪表。

欢迎国外高科技微波、光纤厂商将优秀产品介绍到中国、共同开拓市场。长期大量现货专业批发

高频、微波、卫星、光纤、电视、CATV 器件: 晶振、VCO、连接器、PIN 开关、变容二极管、开

关二极管、低噪晶体管、功率电阻及电容、放大器、功率管、MMIC、混频器、耦合器、功分器、

振荡器、合成器、衰减器、滤波器、隔离器、环行器、移相器、调制解调器；光电子元器件和组

件：红外发射管、红外接收管、光电开关、光敏管、发光二极管和发光二极管组件、半导体激光

二极管和激光器组件、光电探测器和光接收组件、光发射接收模块、光纤激光器和光放大器、光

调制器、光开关、DWDM 用光发射和接收器件、用户接入系统光光收发器件与模块、光纤连接器、

光纤跳线/尾纤、光衰减器、光纤适 配器、光隔离器、光耦合器、光环行器、光复用器/转换器；

无线收发芯片和模组、蓝牙芯片和模组。  

更多产品请看本公司产品专用销售网站: 

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子元器件网：http://www.sunstare.com/

商斯达消费电子产品网://www.icasic.com/

商斯达实业科技产品网://www.sunstars.cn/   射频微波光电元器件销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-83396822 83397033  83398585  82884100 

    传真：0755-83376182  （0）13823648918  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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