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Abstract- Explosive growth of electronics in current century has made it possible to use electronic systems in radiation 
environments, such as in nuclear reactors and space systems etc. These environments are prone to radiation wherein a high 
density of high-energy radiation exists. When semiconductor devices operate in such a high dense radiation environment, the 
electronics of the space systems observe changes in the electrical characteristics. These changes can have significant effect 
on the performance of the devices/circuits operating in the radiation environment. Therefore the intent of this paper is to 
describe intensive investigations of radiation hardness of variety of semiconductor devices have been carried out in order to 
analyze the performance changes of the individual devices and to find better design strategies 
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I. INTRODUCTION 
 
Study of radiation induced effects on semiconductor 
devices has emerged as an active field of research and 
development for the past two decades and various 
space agencies around the world are engaged in 
research and development in this field. When 
semiconductor electronic devices are exposed to 
photonic or particle radiation (viz. γ-rays, X-ray, 
electrons, neutrons, protons or heavy ions, etc.) they 
undergo severe degradation. The damage or 
degradation may be permanent or transient. The 
degradation behavior is a complex process and is 
dependent not only on the nature of the device but 
also on the radiation characteristics viz., dose, dose 
rate, species and the energy of radiation. The study of 
the effect of ionizing radiation on semiconductor 
devices is thus very important both from the basic as 
well as application point of view. From the basic 
point of view, it is very important to have a broader 
understanding of the degradation process. From the 
application point of view, it is important to 
quantitatively estimate the degradation in electrical 
parameters and to take appropriate corrective action 
when they need to be operated in the radiation 
environment. Excellent literature is available on 
effects of radiation viz., γ-rays, neutrons, electrons, 
protons, heavy ions on variety of semiconductor 
devices including Bipolar Junction Transistor 
(BJT’s), Metal Oxide Semiconductor (MOS) devices, 
Complimentary MOS (CMOS) devices, etc. 1-12.  
 
However, the basic mechanism of radiation 
semiconductor interaction leading to device 
degradation is yet not completely understood. While 
the mechanism of radiation induced degradation in 
integrated circuits is complex for obvious reasons, the 
study on a basic 3-terminal BJTs can provide useful 
insight into mechanism of degradation. Keeping this 
in mind, we have undertaken the study of radiation  

 
induced effects in a basic semiconductor r device, 
namely, bipolar junction transistor. Bipolar junction 
transistors continue to play an important role in 
integrated-circuit technology, viz., in analog or mixed 
signal ICs and BiCMOS circuits because of their 
current drive capability, linearity and excellent 
matching characteristics. 
Although a large number of reports on radiation 
induced effects on BJT’s are available in the 
literature, it appears that there is rather little 
experimental data on the fluence dependence of 
current gain of the transistor. The main focus of this 
thesis is to characterize the radiation response of 
commercial indigenously made BJT’s which find 
applications in space systems. The emphasis is on the 
degradation of forward current gain of the transistors 
as a function of accumulated dose/fluence of different 
radiations. The transistors have been exposed to 60Co 
γ-rays, 8 MeV electrons and 24 MeV protons to 
understand the extent and nature of radiation induced 
changes in the electrical characteristics of the 
transistors. 
 
II. EXPERIMENTAL TECHNIQUE AND 
MEASUREMENT METHODOLOGY 
 
This research involves study of radiation induced 
effects in few selected BJT’s which are planned for 
specific space applications. Indigenously made 
devices made by Continental Device India Limited 
(CDIL) have been selected to study the effect of 
photonic as well as particle radiation. The devices are 
exposed to following radiation: 

(i) Co60 - γ ray at ISRO Satellite Centre, 
Bangalore. 

(ii) 8 MeV electron beam, at Microtron facility, 
Mangalore University and 

(iii) 24 MeV proton beam and heavy ions, at 
Pelletron facility at Nuclear Science Centre, 
New Delhi. 
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2.1. GAMMA RAY IRRADIATION FACILITY 
For - γ ray induced studies, Co60 γ -ray irradiation 
facility (Blood Irradiator-2000) available at ISRO 
Satellite Centre (ISAC), Bangalore has been utilized 
(Figure 1). The Blood Irradiator-2000 is a compact, 
portable, self-shielded type Cobalt-60 γ –ray 
irradiator. Atomic Energy Regulatory Board (ABRB), 
India, approves the safe design and use of self 
contained dry source storage gamma irradiator 
(category-1). The unit is designed to house Cobalt-60 
source of 675 Ci and provides an irradiation volume 
of about 2000 c.c. approximately. The doubly 
encapsulated sealed radioactive source is used in 
cylindrical form, which is completely contained in a 
dry container called flask unit. 
 

 
Figure 1. Device diagram of γ -ray irradiation 

 
1. Sample chamber, 
2. Control panel, 
3. Biological shield for the source, 
4. Source cage 
5. Supporting table 
6. Central shaft incorporating access tube 
7. Tension arrangement for wire rope 
8. Drive system 
9. Hand crank 
Specifications of the γ -irradiator (Blood Irradiator- 
2000: 

i) Cobalt-60 source capacity: 675 Ci 
ii) Dose rate at maximum capacity at the time of 

installation: 9.23 Gy/min 
iii) Irradiation volume: 2000 cc approximately. 
iv) Energy of 60Co γ - photon: 1.17 MeV & 1.30 

MeV 
 
2.2. MICROTRON FACILITY 
The high-energy electron irradiation facility is 
available for electron irradiation at Microtron Centre, 
Mangalore University, Mangalore, Karnataka. The 
mono-energy electron of the 8 MeV can be obtained 
from this accelerator. In a Microtron, charged 
particles are accelerated by RF electric field of 
constant frequency in a uniform magnetic field. The 
basic principle of operation of the microtron is 
illustrated in Figure 2 

 
Figure 2. Particle Motion in Microtron 

 
Specifications of the electron beam during irradiation 
are as follows: 
Beam energy 8 MeV 
Pulse current 35 mA (max) 
Beam size 3 mm x 5 mm 
Pulse duration 2.3 µs 
Pulse repetition rate 2 Hz (max) 
Dose rate at 30 cm 33.333 Gy/min 
 
2.3 PELLETRON FACILITY 
A 15 UD Pelletron facility is available for proton and 
heavy ion irradiation at Nuclear Science Centre 
(NSC), New Delhi. It is capable of accelerating 
almost any ion from hydrogen to uranium to energies 
ranging from few MeV to hundreds of MeV. In this 
machine, negative ions are produced and 
preaccelerated to energy ~ 400 keV and injected into 
strong electric field inside an accelerator tank filled 
with SF6 insulating gas. The center of the tank is a 
terminal shell which is maintained at high voltage 
(~15 MV).For the present work, we have used 24 
MeV proton beam in Radiation Biology beam line for 
irradiation and measurement. Specifications of the 
proton beam during irradiation are as follows: 
Energy of the beam 24 MeV 
Beam current ~1 pnA 
Beam size 18 mm x 12 mm 
Beam flux 109 p/cm2/s 
 
III. RESULTS AND DISCUSSION 
 
During the proton irradiation, in-situ measurements 
of device characteristics were made in the data room. 
Proton is a hazardous particle. Hence entry to beam 
hall either during irradiation or immediately after 
irradiation is prohibited. Thus measurements are 
made in the data room by drawing cables from the 
target board to data room. For this purpose, a 25 m 
cable was drawn from the beam hall to the data room. 
In order to verify the effect of the use of such a long 
cable length on the measured values, test 
measurements were made with and without such long 
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length cable. The measurement showed that the effect 
of long cable length is negligible. This was as 
expected since for dc measurements, the cable 
impedance is not important. Figure 3 shows the 
measured base current (Ib) as function of collector 
current (Ic ) with and without 25 m length cable.  
 

 
Figure 3. Collector Current as Functions of Base Current of 

Transistor. 
 
 

CONCLUSIONS 
 
This research explains the changes in electrical 
characteristics of semiconductor devices that operate 
in high dense radiation environment, observed in the 
electronics of the space systems. These changes can 
have significant effect on the performance of the 
devices/circuits operating in the radiation 
environment. Therefore this paper describes intensive 
investigations of radiation hardness of semiconductor 
devices that have been carried out in order to analyze 
the performance changes of the individual devices 
and to find better design strategies and schemes. 
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