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ABSTRACT
L2222 lxACT

The properties of some semiconductor materials (Si,‘Ge, Se, GaAs,
InAs, Cds, GaPPolyethelene and Quartz) and devices {(Cds photoresistors,
Si-Solar Cells and IMPATT's), where are used in radiation environment
such as nuclear Power plants, space satelljtes and radioisotopic-fueled

thermoelectric generators, could be changed due to radiation exposure.

The study scanned how these materials and devices could  be
affected when exposed to various types of radiation namely: electrons -,
neutrons -, ¥ -and solar radiation,

The - author focused the investigation upon  studying conductivity
of semiconductor materials that is; €nergy gap calculations within an
accuracy better than 93%, con ductivity dependence on illumination level,.
where it is found that the relative change in conductivity (0~ / oo is
function of both; the illumination level and the width of band gap. Valyes
of 1.2, 11, 22.5 and 27 are obtained at 12 K.Lux for the InAs, GaAs, Gap
and CdS respectively.  Also, photovoltaic and photocurrent phenomena
in GaAs and Cdgs specimens fabricated with gold electrodes are proved,
and their maximum values tor the open circuit voltage ”VOC” are Q.l4y
and G.32 vV, while the short circuit current "ISC” density was found to

be linear with Humination fevel.

On the otker hand, it is found that the ISC shows a linear depen-
dence upon the Ulumination up to 10 sun level while Voc varies exponen-
tially.  In addition to that ISC shows a slight increase with temperature
(within the range from -]60°C Up to 280°C) results in g temperature
coefficient of ( g Isc /4 T)Q: + 6.9 x 10_6 A/°C, while that of ”voc”
SCAv /8T = - 208 x 1072 v/ec,

Electron irradiation causes a pronounced decrease In both, the

Output characteristics and collection efficiency of the solar cell, also
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the ISC temperature coefficient Is greatly increases with both; radiation

fluence and energy, while VOC temperature coetficient remains tairly

Shelf annealing of the electron damaged solar cell at room tempe-

rature recovers (after 90 days)its | & voc reduced by an amount of

sC
around 50%.  Qven annealing was shown tq have a significant effect,
where heat treatment at 100 °C for one hour cause the sample to gain

more than 95% of its initial characteristics.

No transiént effects could be recorded with neutron flux up to
value of 5 x 1o/ nfemi/sec., while tiuences up to 8.45 x glo nfcm? cause
the solar cell (o loose more than 60% of its output power, Moreover,
IMPATT diode characteristics are intérrupted:  that is both the reverse
saturation current and breakdown voltage increases with neutron fluence,
while the depletion Capacitance decreases for the same applied reverse
voltage, Finally, the breakdown voltage temperature coefficient becomes

negative due to irradiation,
. : . 18
Additional increase In neutron fluence, up to 1.872 x g nfem?,
causes all semiconductor devices to loose their main feature and to behave
as linear resistors, besides atlecting them to act as radicactive sources

Sb and Sn

Optical properties are greatly influenced, in the direction of

ransparency increase, due to exposiire with either neutrons - or ¥ -radiation,
. 8

On Conirary, ¥ -radiation Up to 4 x 10° rads does not show any

signiticant permanent darmuage either in electrieal, chysical or chernica)

properties of semiconductor materials,

Transient ¥ -radiation affects conductivity modulation of semij-

conductor materiais with a relative change in Conductivity (C‘// o) at
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& -dose rate of 440 rads/sec. is 1.05, 7.15, 12.5, 25, 30 and 60 for InAs,
GéAs, GaP, Cds, Polyethelene and Quartz. With respect to semiconductor
devices it increases both the reverse saturation current of IMPATT diode
and the current of Cds photoresistor where its sensitivity to & -radiation
is calculated to be 1.3567 x 10_7 AlV/rad/sec. Also it generates photo-
current in solar cells which is found to be function of celj size and
& -radiation dose rate where a sensitivity value of 0.3 x 10"6 Alem?/f

rad/sec. results.

The author constructed and improved certain computer programs
which actually will help other researchers in; calculation of the useful
energy and efficiency of solar cell under various operating conditions
(i]lumination, temperature and irradiation with protons, electrons, neutrons
and & -rays ), semiconductor devices simulation and material parameters
etfect. Beside, well tested program were constructed which are designed

for ¥ -dose rate distribution determination due to & -emitters.

‘Several applications based on the results obtained through this
study are achieved. One of which is the use of CdS photoresistor in low
dose rate dosimetry down to millirads and silicon solar ceil in high & -
dosimetry up to 440 rads/sec.  Also, it become possible to make use of
the linear response of the ISC to measure high light intensities up to 10

sun levels,
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SUMMARY

Some elements are characterized by possessing'  either surplus or
defi(fleﬂc_y of neutron in their atomic nucleus and hence, they are unstable,
Such unstable elements are commonly known as radicactive isotopes. To

attain stability, it emits ionizing radiations (particles or photons).,
I~ Radiation of Interest:
—<cialion of Interest:

The radiation of primary concern in this thesis originates in nature
and atomic or nyclear processes.  They are conveniently categorized into

four generaj types as follows:

Types of radiation
I ) L

Charged Particles Uncharged Particles

f — i g
Fast electrons Heavy charged partices Neutrons Electromagnetic radiation

Fast electrons include o -particles emitted in nuclear decay, as
well as energetic electrons produced by any other process. Heavy charged
particles denote a category that encompasses ajl energetic ions with one
aromic mass unit or greater, such as B-particles, protons and fission products.
The electromagnetic radiation of interest includes: X-ray emitted in the
rearrangement of electron shells of atoms, & -ray which originates from
transition within the nucleus itself and solar radiation. Neutrons generated
N various nuclear processes comprise the fina) major category, which Is

turther aivided into sfow - and fast - neutrons.

The problem of predicting many different effects is greatly simpli-
tied through characterizing the radiation by its effect rather than by the
radiation type, intensity or energy distribution.  The reason of this simpli-
tication is due to the tact that the changes in the electrical behaviours
of the semiconductors are due to two fundamental effects of radiation

namely: displacements and tonizations. These two resultsfrom the interaction
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of radiation and matter cause two commop types of radiation damage in
semiconductors namelyr perranent and  fransjent damages. The four types
of radiation canpot be simply Classified by the type of damage they cause,

since each type of radiation can cause all the types of damage effects,

2- Importance of Radiation Damage;

Radiation effects study have grown in response to several needs,
Some types of electronic Systems must pe capable for Correctly Operating
during or after radiation exposure. The Increasing number of earth satellites
and interplantery probes has Created a need for electronic circuits which
Can  withstand the Space radiation environment, where high €Nergy protons
and electrons produce g fairly high radiation fluences, A second source
of radiation js caused by the use of radioisotopic - fyejeq thermoelectric

generators to produce electrical power energy.

3- Aim of the Work:
L 1 the Work

tions, one of the important parameters that need to be controtied is the
absorbed dose. This implies the use of  semiconductor materials as radiation

detectors, In the Present work interest has been given in studying the effect

4- Previous Work:
~—=YI0US Work:

In 1965, it had been reported that for silicon solar cell the primary
mechanism for power degradation is dye to reduction_in minority carrjers
lifetime in the bulk region resulting from particles fluence and energy [1].

[t also observed that, crysta) growth techniques ang doping infiluence the
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energy dependence of damage introduction rates in solar cel| [2]. E. Stofet
€t al. [2] show that the resistance of the back contact of a spjar cell is
relatively uneffected when the cell is trradiated trom the front face only,
In 1971, some other researchers feported that due to long term natyre of
Space mission simultaneoys damage and annealing may oceuyr [4-6]. in 1972,
high efficiency sjlicon solar cells developed by 7. Lindmayer [7] ang R.A.
Arndt! et ga. [8] were used for satteljtes, Also, in 1973, T. Faith [9] had
reported that the damage due to radiation js probably a composite of severa]

recombination centers which may dominate over different energy ranges.

J. Manning et 4. [10] reported a computer codes (Known as E-
DEP-1) to calcilate the daftiage profije caused by I Mey heavy-jon irradiation.
G.K. Hubler [11] had modified the E-DEP-1 code to include silicon displace-
mer‘nt damage profiJe of high ENergy protons. |In 1974, physica] moede! for
cell performance jn long term Space missions was Preferable [12-14), Also
in 1975, the performance and radiation resistance of cell had been Introduced
[15-20].

C.J. Fischer et al. [21] reported that the irradiation produce 3
marked dependence of response on injection Jevel, R.J. Stern [22] concluded
that cither surface recombination at face or majority carrier removal result-
ing from radiation damage are significant only when short Circuit current
degradation becomes 509 (at fluences well beyond 1012 proton / cm?),
AH. Kalmia [23] hag presented fhe basic degradation mechanisms in the
solar cells whjch are; lifetime degradation and increase of the series re-
sistance.  Also photovoltajc Parameters were measured by G.K,Hubler [24),
with ajr - mass - zerg (AMO) solar simulator, as a function of fluence and
temperatyre before and atter 1.0 Mey electron - ang 5.0 Mevy proton
Irradiations, Their maximum power degradation js 36% at 2 x IOUe/ cm?,
W. Luft [25] Feported the performance of set of |0 ce types from 3 different
Mmanufacturers (with etficiencies ranging from 19,39 to 13,6%) before and
after exposure to irradiation . 1t was shown that efficiencies after irradiation
by 1 Mev electrons to 4 fluence of | x (g5 e/cm? ranged from 8.09% 1q

9.0%, and the degradation in power output ranged from 319 14 32% for
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cell with a 2 £2 o base resistivity and from 28% to 30% for cel) with
10 -Q-—cm resistivity,

In addition, several authors [26-34] have studied the effects of
radiation gn IMPATT oscillators.  The critical parameters for IMPATT
operation are th‘e electric  field distribution, the ionization coetficients,
the reverge saturation Current, the saturated drift velocity and the carriers
lifetime. No data js available for radiation effects on the ionization coef-

ficients or the saturated drift velocities, and these two pParameters are

multiplication phenomenon are collision dominated, and the main path between
collisions at room temperature s sti] short Compared to the mean distance
between defects even after Jgl6 nfcm? The carrier lifetime degradation
"AT " yas tound to follow the form:

AT = (K,—r @)—1
with K'_c means Jifetime degradation constant = 7 x 197/ em?/ n/sec, and

@ is the fluence in n/cm?.

After a fluence @ - 1016 nfem?, the lifetime would be approximately
10710 sec, and Consequently fractjon of the transiting electrons may recombine
at lOJén/ cm?. Ear - Nisse [31] have reported the results of a theoretical
and experimenta| study on silicon PINNT devices. The study showed that
the neutron irradiation Causes carrier removal at the edges of the space

- charge region leading 1o a widening of the depletion - region tor tne same
applied voltage,

In 1968, Wilson angd Lee [35] reported the effects resulting from
fast neutrons with fluences 1016 ncm? on both dc - and Microwave - charac-
teristics of IMPATT Devices,  Goog torward dc characteristies dre created
up to 2 x 1015 nfem? At higher doses, the forward characteristics are
degraded by ihe formation of 4 thin intrinsic layer at the metallurgica)
PN-junction,
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An IMPATT diode irradiated by neutron and X% -radiation pulses
was studied and reported by Anderson [30].  The diode ceased to osciflate
Ypon irradiation of each pulse and then recovered siowly. In 1972 transient
lonizing radiation effects were reported by Borrego et aj. [36]. The RF
power is reduced at increasing dose rates. In 197¢ R.J. Gutmann et g
[37] reported an evaluation of after effects in IMPATT oscillators with
transient lonizing radiation, During pulse ( = > X 109 rads/sec) a leakage
current is created, and its effect is a premature build up of the avalanche
current, resulting in RF Power reduction and an increase in frequency of
oscillation. After the radiation pulse, the diode and oscillator return to

preirradiation cenditions,

In 1981, R.v. Konakova et a). [38] reported the results of experi-
mental research of GaAs IMPATTs, Premanent damage appear in the

(I-v) characteristics after absorbed doses around 2 x 109 rads.

Fina”y, in 1982, R.v. Konakova et al. [39] reported the effects
of very high ¥ _radiation dose on diffusion length and consequently jts
effect on diode performance,

3- Scope of the Thesis

The goal of this study is to investigate the radiation effects on
the Characteristics of seme  semiconductor materials which covers a wide
spread of differentl 8ap energies (InAS, G,S,GA , Se, GaPb, Cds, Polye-
thelene angd Quartz), as well as some semiconductor devices which are of
great interest ip nany practica| applications (Cds protoresistors, Ssilicon
IMPATT diodes and solar cells).

To achieve this, the study covers the following topics:-
Chapter |, deals with the principles of semiconductor devices

as well as the basic behaviours of the above mentioned materials, Also,

the basic concepts and properties of radiatjon as well as its effects (either
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In Chapter 11, we study the effects of solar radiation on the basic
characteristics of semiconductor materials (e.g. conductivity, gap energy
Calduiaitons and dependence of conductivity on Hlumination level).  Also,
the photovoltaic and photocurrent {produced by illiumination) in laboratory
fabricated specimens of GaAs and CdS are investigated. On the other
hand, great interest is peid to the Humination cliects on the electrical
properties of both solar cells and IMPATT diodes, This is achieved through

studying and measuring of:

Output characteristics, collection efficiency, (1-v) relationship,

(C-V) dependence and temperature effects,

In Chapter IH, the effects of electron Irradiation (with different

dose intensity and energy) on the solar cell output Characteristics, collection

etficiency wnd temperature coeftficients are investigated.

Chapter 1v, concerns with the neutron irradiation, where either
transient or permanent damages are existing.  The effect of permanent
damage, which occur at high neutron fluence, on the electrical properties
of semiconductors is analyzed, where some Important aspects are concluded.
Besides, neutron activation phenomenon js examtned.  Moreover, the optical

properties of irradiated semiconductor materials are included,

Chapter V, covers the existance of & -radiation permanent damage
on  semiconductor materials. This is achieved using different electronic
techniques like:  differential thermal-,  theremal gravitational - and X-ray
diffraction-analysis. This damage may affect either optical, electrical,
physical or chemical properties of the tested semiconductor materials.
on the other hand, we study transient ¥ -radiation effects on the conductivity
of semiconductor Mmaterials.  Also, photocurrent generation in semiconductor
devices as well as (I-v) relationships under €xXposure and dependence on
& -radiation dose rate are presented and discussed, Finally, speed of carriers

generation and electrica] properties of (Cds photoresistors are included.
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Chapter VI, we develope g tomputer program for the analysis
of the effects of different radiation types (electrons, & -rays, neutrons
and protons) as wel] &s the operating conditions (temperature, Mumination,
etc.) on the Characteristics of stlicon solar celjs. This program is a powerful
tool in the calculations of the output power and efficiency of solar cells

under various operating conditions,

Also, another computer programs are developed which provides
facilities for devices simulation as well as materja] Parameters effects.
In addition, a special program is developed for calculating the distribution
of radioactive doeses for any & -ray emitting source.

Several applications based on the results of thjs work are developed
and reported in chapter VIi. Oope of these applications is the yse of CdS
photoresistors in very low & -radiation dose-rate dosimetry and the second
Is the use of silicon solar cey) in high ¥ -radiation dose-rate dosimetry,
Finally, by making use of the linear response of the short circuit current

In solar cell, very high light intensity beams are found to pe measurable,
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