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INTRCDUCTION AND BRIEF SUMMARY CF THE WCRK CARRIED CUT

I.1 Introduction :

This project deals with to study the effect of radiaticn
of 1 MeV electron on different electronic components., We are
interested to study effect of radiation on semiconducting
material such as germanium and silicon which is widely used
today. They are used for fabricating a large galaxy of electronic
devices which manipulate, amplify, switch and control currents
and voltages, pr ocess and store information and generage

electric power by the photovoltaic effect.

Radiation effect in semiconductors has remained a field of
interest for the last few years. However, increasing use of
germanium or éilicon devices in space applications has created
a new interest in the subject as these devices have to functicn
in a radiation'environment. The structural defects produced by
space radiation play an important role in the efficiepcy of
these devices, The defects created in iilicon by different
garticles like electrons, protons, and neutrons at not very high
energies sre similar in nature and c¢can be stimulated by 1 ieV

electrons in the laboratorye.

Also annealing play vital role in radliation defect in
semiconductorse. In this project we deal with the annealing

effect on beta of transistor. Annealing is used im crystal in
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which radlation effect present are unstsble. In general with
respect to time they return to its stable state at.any

temperature,

It may be mentioned here that the Microtron which has been
operating from the last many years in this department was used
for different purposes such as for the lifetime measurement,
phase measurement, e - e scattering, and radiation damage study
in silicon, germanium, solar cells and different electronic

components,

The transport properties in semiconductors play a vital
role because of the many applications in devices., The fundamental
transport properties like the mobility, carrier conceﬁttation
and life time are the basic uhich govern the electrical conducti-

vity in semiconductor material,

I.2 summary of the work presented :

In this section a brief account of the work presented in

the thesis 1is reviewed,

In Chapter 11, basic theory of semiconductor devices and
irradiation effect on semiconductor cevices have been discussed

in brief,

In Chapter 111, the effect of 1 MeV electron irradiatiocn
on LED, FET and UJT are explained with their circuit diagram

and theory related to radiation damage to the corresponding
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components under the different blas condition. Also details of
experimental set up, observation, result and discussion are

given in brief for each component separately.

The Chapter 1V is divided into three parts. The Part I
containg effect of meutron irradiation on SCR with experimentzl

setup, theory and results in brief.

In the Part II, the effect of irradiati . n of 1 MeV electron

and ahnealing on the gain of transistor are discussed in brief.

In the Part 11I, effect of 1 MeV electron irradiation on

the parameter of CPAMP and the TTL IC are discussed in brief.

In the Chapter V, the designing and use of pulser circuit
for the Microtron is explained in brief,
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JRRADIATICN EFFECT CN SEMICCNDUCTCR DEVICES

2.1 Introduction :

Radiation effects in electronic systems using semiconductcr
devices have become of increasing interest. Electronic systems
that need to operate in space, near nuclear reactors, isotopic
nuclear sources, or accelerators must be designed to tolerate

the effects of nuclear irradiation (Ref.l),

"Radiation causes changes in the physical properties of
semiconductors e.ge life time, c§rt1er concéntration and
resistivity. If relations between the physical and electrical
characteristics ¢of semiconductors are understood, then changes
in the physic:l properties caused by radiation can be transformed

into changes in the electrical properties (Ref.2),.

At beginning around 1950, studies of the processes of
radiatién defect formation and the influence of these defects on
the properties of semiconductors have attracted the attenticn
of meny investigators in connection with the further developuent
of semiconductor physics. At present, hany important projects
in this flelad ére being undertaken in various lasboratories in
the USSR, USA, Ftance. Canada and elsewhere, and the number of

pepers published on this subject runs in hundreds.

2.2 Physical characteristic of semiconductors

The physical characteristic of semiconiuctor devices are



©5=

area, width, impurity concentration, resistivity and lifetime

of each region of semiconductor componentse.

2021 Impurities and carriers :

Si 4s 1IVth group element having four electron in outer most
shell forming covalent bonds with four silicon atoms, In perfect
lattice st:uctu:e.‘electxons are sither in valance band or
conduétton bande The electron cannot have energy in forbidden
gap i.e. energy lies in between V,B, and C.B. for silicon energy
gap is 1,11 eV. The most of majority electrons forming covalent
bonds have energy in V.B. It is pcssible for electrons to receive
energy from thermal qqltation. light photon or other radiation
to bresk the bond and become free electron. The free electron
has eﬁetgy corresponding to state in C.B. and 1s available for

conduction of current in Si crystal,

The ejection of electron from covalent bond, creates posi-
tive charge at bond called hole. Thia'holo is filled by electron
from neighbouring atom which leaves another hole in adjacent
bond. So successively £1lling vacancies of electron positions
result in a net oppositely directed motion of positive charge.
Thus net motion of positive charge is caused by motion of
electrons, The ofiginal ejection of electron creates two charge
carriers hole and electron. This process is called hole electron

generation,

Recombination 3 It is process in which electron from conduction

band return back and form bond with missing electron, At thermal
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equilibrium, in perfect crystal lattice, number of electrcn in
CeBe equal to number of holes in V,B. This concentration of

holes oé electrons 4is called intrinsic carrier concentration.

The concentration of holes and electrons can be changed by
adding small quantities of impurities to Si crystal, The impuri-
ties from Vth group have five valance electron. The Vth valance
electron is very lightly bound which can easily ionized by adding
small amount of energy, such impurity which easily give electron
called donor impurity. At room temperature essentially all the

donor atoms are ionized.

If we assume that large number of electron in C.B. would
cause reduction in number ¢f holes in V.B, becguso the large
numbex of available electron would increase the ptobability cof
recombination of holes, If rate of recombination is proportional
to number of available electron, number of holes should be
decreases from intrinsic carrier concentration by factor to
increase in electrons f.ee 0/ n,

By nf
hole ccncentration = p = WA -
i

pen, = n ceel2.1)

If a group III element is added to crystal electron will
missing from covalent bonds and corresponds hole will occur in
VeB. when element takes electron from neighbouring atom to

complete bond is called acceptor impurity. Again by same logic
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equation (2,1) follows :

If both donar and acceptor atoms are added to crystal the
carrier concenttation depend on net difference in impurities

concentration between acceptor and donar.

2,202 Carrier recombination and generation 3

The perfect érystal was assumed in such ways that electron
could not havé energy corresponding to energy between valance
band and conduction band, If we assumed that energy required to
the electron to C,B. was a step increase equal to or greater
than energy gape For imperfect crystal neither assumption is
correct. But some crystal have imperfection for which energy
states are allowable in energy gap.-These imperfection are defect.
Minority carrier life time is defined as mean time during which
electrons spend in CeBe or holes spend in V.B. before recombi-
nation. Also the recombination rate per carrier 1s defined as

the reciprocal of minority carrier life time,
23 Defects s

In radilation damage, lattice defect take place in crystal.
This lattice defect is divided mainly in two parts (a) point
defect (b) dislocation,
243.1 Point defect 13

The simplest departures from perfection which may anti-
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cipated in perfect lattice them missing atom from normal
positioni (vacancies) and atoms residing in non-normal lattice
position (interstitials) both are present in FCC lattice., 1f
atoms of forcing substance are present in host lattice these may
be able tosdisplacé lattice atoms from their normal sites and
become suﬁstitutional. Point defect occurs in following

circumstances.

(a) An atom is removed from its regular lattice site, the

defect 1s vacancye

(b) »An atom i3 in site different £rom regular lattice site,
defect is an interstitial, An interstitial defect can be
of same spacies as the atoms of lattice or of different

nature,

(¢) An impurity occupies substitutional site.

24302 Dislocation @

The simple péint defect according to the C;awfold are formed &
due to (i) One and two dimensional arrangement of misplaced atom
such as line dislocation, screw and plane dislocation, grain
boundary and external surface (ii) Arrangement of dislocation
which may be described in terms of volume defects and which are
important in plastically deformed solids (i14) Specified defects
such as stacking fault, boundaries between regions of different

magnetization, There are two type of dislocations,
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ie Fdge dislocation 3

If we introduces part of extra plane of atoms into simple
cubic structure, then lattice is strongly disturbed near the
edge of this plane, The edge is known as dislocation line and
defect is called edge dislocation. Clearly this type of dis-
location may be theoretically formed by making imaginary partial
cut into lattice and sharing one side of cut lattice relative
to other end perpendicular to surface,

2. Screw dislocation 3

- In screw diélocation. the dislocaticn line is at inner
edge of cut. If one side of cut lattice is sheared parallel to
surface then different type of dislocation is formed called
screw dislocatione In this case misplaced atom will on axis
helices with dislocation line as axis. The important features of
simple dislocation which will take place during measurement of
radiation damage effects are (1) A dislocation line can never
end with a crystal either it follows closed path or it extends
to surface. (i11) Any motion of part or #11 dislocation line
results in deformation of lattice. (£1i) The case of motion of
dislocation depends on direction ot.attempted motion, (iv)
Because of stress concentration surrounding dislocation, two or

more can interact with another,

20343 Defect modification 3

The displacement damage in semiconductor devices which were
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passive during irradiation i.e, zero voltage and current during
irradiation and where damage.effect are measured typically a few
hours after creation of damage, Under these condition damage

effect are fairly consistent,

variation of injection level or after irradiation can
substantially alter the damage effects, Damage effect is function
of time exposure and it is dependent on injection level and

temperature,

The changes in displacement damage effect with time,
injection le2vel and temperature are due to changes in both number
of defects and types of defects that tends to dominate the
displacement damage effects, The changes in tfpes and number of
defects are due to time, injection level and temperature is
nothing but defect modification,

The steady~state effect caused by carrier injection during
or afterllrradiation are called electrical defect modification.

The steady state effect caused by increase in temperature
are called thermal defect modification. The variation in
electrical and thermal conditicns with respect to time is known

as transient defect modification,

2.4 Annealing s

The term annealing is used for thermal defect modification
and changes in the displacement damage effect with time. This
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term implies a reduction in the damage effect Gue to the
recombination of crystal vacancies and interstitials, returning
crystal to its original condition., In practice it is difficult
to know whether a reduction in specific effect is due to
ennihillation of vacancies interstitial pair or formation of a
different defect complex which is independent on life time or
impurity concentration. Both Hill and Werthein found that the
large number of defect in electron irradiated silicon with allowa-
ble energies near valance and conduction band. These defects
are in effective in causing radiation damage effect because of
location of their allowable energy state in energy gape Thus
increasing in damage effect cbserved with time, injection level
and temperature, From the above support we conclude that defect
modification is reordering of defect complexes that includes
vacancy interstitial anrnihlllations.

25 Type of radiation effect 3

Radiation effect to semiconductor devices are produced by
four types of radiasticon which affect the performance of electronic
circuits are protons, neutrons, gamma rays and electronse
Radiation is defined as amount of radlation that deposits
100 erg/gm of siiicon differ only by scale factor. The electrical
behaviour of semiconductor devices are changes due to two

fundamental types of radiaticne.

(1) Ionisation effect 1

Ionisation is knocking of orbital electron from an atom
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to form ionized atom and free electron.

(11) Displacement effect :

Physical damage to crystal lattice produced by knocking
an atom from its normal lattice position to another location in
lattice,

Displacement effect take place mainly due to bombardment
by gamma rays, electrons and pretons, Displacement effect are
due to creation of defect in crystals lattice that introduced
additional state in energy gape These defects can acts as
additional recombination centre which cause reduction in minority
carriar life time or they acts as additional impurities that
‘changa nat impurity concenﬁration. For silicon change in impurity
concentration due to radiation 4s reduction in concentration

which tends to make Si more intrinsic.

Two type of defects are created generally by radiation. The
first group called simple defects, includes at mocst a few atoms
associated together to form a relatively stable defect. The
second group, called a defect cluster involves a large disordered

region of as many as a few hundred atomse.

Formaticn of vacency = interstitial pairs

The large defect cluster results from neutron irrgdiation
in which a large amount of K.E. is transferred to single Si atom.

Simple defects are characteristic of low energy electron, gamma
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rays, and protoh damage in which energy imparted to any single
Si atom is small, Displacement damage in semiconductor electronic
components is usually large defect clusters because damage is
cszused mainly by neutron bombardment (Ref.2),.

Displacement cf st atom from its normal positicn require
about 15 eV K.E. Therefore there is a threshold of radiation
energy required to cause displacement damage, An electron with
an energy ©f about zso'xév is required to impart 15 eV to a
silicon atom, Let us imagine that a low energy electron has
transferred slightly more than the threshold energy to a silicon
atom and thag atom has loaded in crystal at some distance from
its original position as shown by 1 in fig. (2.1), The original
atom in lattice is called an interstitial atom. The displacement
of Si atom in lattice 18 called vacancy. The‘vacancy lixe hole
is very mobile at room temperature and can move easily through
sd érystal. Displacement damage appear due to simple defect is
caused either by recombination of vacancy and another atom or
by two vacancy called divacancy. That form stable complex at
room temperature, The wvacancy can bevmove to a position adjacent
tb impurity atom as shown by arrows 2 and 3 forming vacancy
impurity complex, If the vacancy migrates to the interstitial
the damage i3 eliminated since this combination returns the
crystal to its original condition., Thus displacement affect does
rot sffect the electrical chavacteristic of Si but combination

of vacancy can cause significant changes in the life time, Cther
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possible combination are divacancy, the impurity vacancy and a

dislocation vacancy.

o o O+ o 0 P}
-] ] o <] o

o o
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Defect form in crystal lattice due to radiation damage
effect depends on charge state during defect formation, numbers
and types of impuxity present and number of dislocation in

crystal etce

Two major effect of electron or neutron displacement Gamage

can be given by two equations;

R =R +AOR = R +Kf | vee (22)

¢ AN :
N Bko-(A¢)ﬂ [ X X ) (23)
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where K -« Adamage constant

( an )~ carrier removal rate

ag

which gives change in combination rate per carrier and impurity

concentration as function of radiation exposure.
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EFFECT OF 1 MeV ELECTRON IRRADIATION ON LED, FET AND UJT

3.1 Light Emitting Diode (LED)

3.1.1 Introduction :

The communication technology satellite uses LED's in various
systems. The pufpose of experiment done was to measure the
effect of electron irradiation on commercially available LEDs.
GaAsP and GaP LEDs were chosen, as these LEDs have many appli-
cation on displays,‘aﬁ opto-coupler or opto-isolators and as
transmitters for fiber optic systems. Three differént colour
(green, yellow and red) in three different modes (round, flat
and knotch) were irfadiatéd with 1 MeV electrons. The specific
LED paraméters‘studied were I-V characterisfic'and output
resistance. This data was used to calculate damage coefficient
for LEDs;

3.1.2 Experimental procedure :

The electrical circuit for the measurement of resistance of
LED after electron 1rrad1at16n is as shown in Fig. (3.1). The
experimental arfangement during irradiation of the devices is
‘shown in Photograph (B.ﬁ). Also the mouﬁting of samples on
Faraday cup before irradiation is shown in Photograph (3.2).
After each dose, samples are removed for the measurement, Measure-
ment condition after each ddse was kept constant. But during

irradiation of LEDs a practical difficulty arised that the
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electron beam doés not pass through epoxy layer or glass cover
before striking the semiconductor chip. For this purpose we have
grinded the LEDs in such way that the electron beam can strike
over the semiconductor chip. The total flux used were 1012 to
1014 e'/cmz.

3.1.3 Results and Discussion :

In the diode the current vary with A as follows @

kT
,(qu / nkT)

L % »P " eee (3.1)

/ mkT
e(qvj / mkT)

I &« 2% ves (3.2)

where "3_ - Vqp - IRs

L = Infra-red light intensity
M = Minority carrier life time
vJ = Voltage appearing at junctlion of diode

Vp o Voltage applied to diode current
IRs = Voltage drop across series resistance Rs'
n = Constant equal to one

P = Should be 1 or & depending on L is proportional to
or independent of p region acceptor or n region

donor density respectively.

In equation (3.2) alpha should be & for diffusion current and



m 1s the effective averege value of diffusion current, A value
m equal to two is found to be accurate for the diode at current
density below about 10 mA/cm2 where diffusion cbnponent is
negligibl&..rhe L-V relationship of equation (3.1) follows
ns=1and it is touhd that light intensity depends completely

on diffusion current,

The carrier life time after irradiation (A ) can be
written in terms of the initlal carrier life time ()\o), the

electron fluence @ and damage coefficient K as

Ne Ao ves (3.3)
1+A°K¢

One can see that as the electron fluence increases cofresponding
initial percentage of iight output goes on decreasing and
resistahce of LED goes on increasing. This study has been.made
by photo sensitive device LDR with experimental'arfangement as
shown in Fig. (3.1). The graph of electron fluence(in terms of
counting rate) versus output resistance of LED (in terms of light
intensity) is shown in Fig. (3.2, 3.3 and 3.4) for round, knotch
and flat LEDs respectiveiy. From the graph we conclude that as
electron tluencg goes on increasing, light intensity of LED

decreases and cofrespondlng 0/P resistance of LED increases.

A photoconductor is a device in which excesé carriers
generated by incident light changes resistance. In some photo-
conductor light is absorbed in only part of thickness of
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conductive material, Thus sensitivity of photoconductor is
proportional to lifetime of excess carriers. Displacement effect
tends to introduce extra recombination centre that shorten the
carrier lifetime and decreases sensitivity. LEDs have been
irradiated with i MeV electron and resulting device degradation
has been measured. At constant volfage operation at 1013 e'/cm2
LED reduces the 1light O/P about 70% = 90% of its initial value
and resistance was found to increase to about 10 to 30% of its
initial value, Thus for diodes studied, light intensity varied
linearly with minority carrier lifetime. Also recipbocal lifetime

increases linearly with radiation dose.

3.2 Field Effect Transistor (FET) :

3.2,9 Introduction

The effect of neutron radiation was studied in GaAs FET
already (Ref. 13 and 14). The present work is done on the study
of electron radiation in JFET. The changes in current voltage
characteristic at some gate current in JFET has been studied for
41 MeV electron irradiation. The peak voltage of JFET and source
to drain current, when gate is shorted decrease after electron
irradiation. The radiation effects on JFcT's is very interesting
because they are more radiation sensitive as compared to the
'other types of transistor. The radiation damage introduces traps
or additional glectron state in the forbidden gap and this

cause great increase of g-r noise in a JFET.



-20=-

3.2.2 _Experimental procedure :

The JFET's used in this work are commercially available
n-channel devices, Two piecés of JFET's such as BFW10 and BFW11
are irradiated at bilas voltage VGs = OV and we observed O/P
characteristic of ID versus VDs. The pinch-off voltage (VP),
and drain source current (IDSS) when gate shorted to source are
measured before and after irradiation. Net change in these
quantities were discussed for irradiated electron fluences.

These measurements and electron irradiation were carried out at
room temperature, The circuit diagram for measurement of above
parameter is shown in Fig. (3.5). The discrete FETs described
above were irradiated with 1 MeV electrons under different normal
bias conditions for different fluences lies in between range
3x1013 to 2x1014 e / cmz. Typical result for saturated drain
current (ID) at VGS = 0, saturated drain current when gate shorted
(Ipgg) and pinch off voltage (Vp) for JFET BF¥10 are shown in
Fig. (3.6) and for JFET BFW11 are shown in Fig. (3.7).

3.2.3 Results and Discussion 13

We observe here that fhere is degradation in ID' IDSS and
gain. The decrease in the pinch-off voltage with increasing
total dose, indicates that the degradation mechanism is carrier
removal resulting from displacément damage, According to dis-

placement effect,

Ve (9)
vp (0)

N (¢) = N (0) eee (30“)
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where N(@) - carrier concentration after irradiation.
N{o) = carrier concentration before irradiation
Vp(#) - pinch off voltage after irradiation
VP(O) = pinch off voltage before irradiation.

Using initial and final value of pinch off voltage from Figs,
(3.6) and (3.7) and equation (3.4) we have

N(@) = 0.84 N(O) for BFW10

N(@) = 0.82 K(0) for EFW11 eee (3.5)

Thus‘;roﬁ equation (3.5) we conclude that a decrease in carrier
concentration 1s about 16% and 18% for BFW10 and BFW11
respectively. Also from the graphs we observe that there 1is
degradation of IDSS near about 8 to 10% 1is due'to trapping of
injected electrons and holes in gate‘oiide. The pinch off voltage
of JFET can be given by

2
\'4 - Q-M- ese (3-6)
P 8€

where W « channel width of JFET
N - 4initial impurity concentration

From the above discuséion, it is observed that initial
carrier concentration reduces due to the total dose exposure,

that will reduces the pinch off voltage.

The pinch off current (IDSS) is given by



' Gm_V,
o P
Ipsg = Ip = 3

cee (3.7)

But tranéconductance (Gmo) is proportional to carrier concen-
tration, Thus the reduction in carrier concentration by the
surface effect reduces the transconductance ultimately pinch
off current have been reduced. The change in channel resistance
takes place due to increase in the resistivity in silicon by
displacement iffect. N

3.3 Unijunction Transistor (UJT) :

3¢3.1 Introduction :

The present work is done under electron irradiation for the
different electron fluences. The WT has two doped regions with
three external leads, This deviée has one emitter and two bases,
The emitter 1s heavily doped and small in size compared to gate
of FET.vrhe n region is heavily doped. There are many application
of UJT such as autoswitchable diode, relaxation oscillator and
in so many current controlled circuits, sweep generaior and
trigger circu;t. The purpose of this task is to study the effect
of 1 MeV electron irradiation on the I=V characteristic of UJT
at different base voltages. Also we observe the frequency
response of relaxation oscilllator by using UJT before and after

the irradiation.

3+3.2 Experimental procedure 3

The UJT used in this experiment is the n channel device,
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They are generally used in so many electronic circuit for
different purposes. The single piece of UJT such as 2NZ646 were
irradiated at varies base voltages (1) Vp,p, = 2V (2) VBB, = 4V
and observed the IE'VE characteristic by the irradiation of 1 MeV
electron, Also the another parameter such as peak voltage and
current, valley ioltage and current and frequency of relaxation
osclllator were measured after and before irradiation., The range
of electron fluence is 1013 e /cn; to 1014 e /cmz. These above
measurements and electron irradiation were carried out at room
temperature. The circuit arrangement for measurement of electrical
parameter and I-V characteristic of UJT is shown in Fig. (3.8).
The circuit arrangement for measurement of frequency of relaxation

oscillator using 2N2646 1s shown in Fig. (3.9).
3.3.3 Results and Discussion :

The typical result for’peak voltage and current, valley
voltage and current for UJT 2N2646 are shown in Fig. (3.10) and
(3.11) at different base voltages Vg,p, = 2V and Vg, = 4V
respectively, We observefrom the Figs. (3.10) and (3.11) that
after irradiation the peak voltage and current remain constant,
but valley voltage and valley current changes. The valley voltages
increase and valley current decrease after irradiation. The
rogward IE'VE chﬁracteristic for UJT at typlcal base voltage is
related to diffusion length as,

| = lD)"% :\lﬂn-%l'A ces (3.8)
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Also the total peek voltage at particular base voltages is given

by
v IV
VP = 2& 1n _2'— eoe (309)
q 2qA Dn

i

As diffusion length is short as compare to base width, the
majority current flowing through emitter region remains constant.
-Hence the peak voltage remains constant, But valley voltage 1is
that voltage at which current as well as forward voltage
increases due to increase in resistivity by displacement effect.
As resistivity increases that causes decrease in resistance in
negative region of the UJT that results the increase in valley
voltage and decrease in valley current. Thus as valley increases,
the area of negative resistance region decreases, that reduces

the diffusion length of base region,

The change in frequency of relaxation oscillator causes

only due to the change in minority carrier in base region 8182.
The frequency of relaxation oscillator is given by

f = 1 es o (3.10)

r
2T (r-ec131132 . tb)

where re - emitter forward resistance

CB.‘B2 - diffusion capacitance between base B1 and B2

tb = transist time between base B1 and 82
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The diffusion capacitance in semiconductor devices is affected

by the minority carrier in base region. From the Fig. (3.14)

the frequency of relaxation oscillator before irradiation 1is

500 Hz. But upto the electron irradiation dose of 1.5x101h e'/cmz,
frequency of relaxation oscillator incrcases and after that it
remains constant. By the calculation the frequency of relexation

oscillator 1s found to be increased by 43% of its initial value,
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PART (I) : EFFECT OF NEUTRON IRRADIATION ON SCR :

4.1 Introduction @

The SCR used in this work is commonly used for industrial
purpose known as :our layer diode rectifier or thyristor. It
consist of combination of two transistor n-p-n'and p-n-p having

three terminal anode, cathode and gate.

SCR 1s a bistable device that can be triggered from its high
resistance to low resistance state by a current signal on the
third 1ead. The SCR is fabricated by diffusing a p-layer into both
sides of a lightly doped in type Si wafer and then diffusing an
n region into one of the two p region. The diffused n region 1is
the cathode of the SCR, the upper p region is the gate and lower
p region is the anode. In normal operation the rectifier 1s biased
with anode positive and cathode negative. The physical and
schematic configuration of SCR is shown in Fig. 4.2(a) and 4.2(b).

The ﬁpper three layer form n-pen transistor in which cathode
is emitter, gate is base and lightly doped n region is collector.
The lower three layer form a p=n=-p transistor in which gate
region is collector, the resistive n region is base and anode is

emitter.

4,2 Experimental Procedure :

In the present work, the effect of neutron irradiation on

SCR is studied. The neutron flux¢\n109N/cm2/sec was used, using
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facilities of the Department of Chemistry, University of Poona.
The SCR 506 M.C. was irradiated with neutron at various gate
current and observe the I-V characteristic. From the I-V chara-
cteristic of SCR the firing voltage and current are measured
before and after irradiation. The net change in these parameter
is discussed for the SCR irradiated with neutron flux in the
range 1013 to 5i1014 N/cmz. The above measurement are carried out
at room. temperature. The circuit diagram for measurement of above

parameter is shown in Fig. (4.1).
4.3 Results and Discussion :

The relations between gain and current for pair o( transistor

are given below.

Ten = OV * bpgy) Tepg ¢ bggy (Igp * Ig)  .o. (4.2)

where hFEN and hFEP be current gain of two transistor

ICN = 13 n=-p~-n transistor collector current
Icp - 18 pvn-p transistor collector current

ICBO - leakage current same for both transistor since

both have same collector base junction J2.

The individual collector current cen be given by
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In = Igp*+ Ioy
2Lepg (1 + hgpy) (1 + hepp) + hppy I (4.3)
V= Bopn - bppp

At low current, the product of gain 1s less than one and anode
current is small..The gain can be increased by current level or

by raising the voltage at junction,

The value of the firing voltage and current after irradiation
at different gate current are shown in Table (4.1). Both, the
firing voltage and the anode current of the SCR have been found
to increase after irradiation at gate current values IG = 0 and
I; = 50 mA, The I, - V,y characteristic of SCR at I; = O and
I, = 50 mA are shown in Fig. (4.3) and Fig. (4.4). The change in
current and firing voltage is mainly due to change in carriers
life time caused by neutron displacement damage effect. This
effect 1is siﬁilar to one observed in transistors after 1 MeV
electron irradiation. It has been found that the gain of
transistor decrease with the electron fluence. The product hFEN
and hFEP in SCR decreases and the anode current increases. As
the anode current increases, the corresponding firing voltage also

increases,

We have also irradiated SCR with 1 MeV electron but due to
its thick metallic case, the electron could not penetrate into

the silicon material. From above discussion we conclude that the



typical SCR characteristic is very sensitive to neutron displace-
ment damage, this is mainly due to the fact that the gain and
the saturation voltage depend on the minority carrier life time.

Table (4.1) : Effect of neutron irradiation on firing voltage

and current of SCR.

Source IG -0 ' I, = 50 mA
Thermal Firing Firing Vo (v_.2) I, (mA)
Neutron voltage current fr? out fr

vfr (vout) Ifr (zA)

Before 3.9 8.C0 3.4 7.20
radiation '
After 6 hours 4.5 9.49 - 4.0 8.40

(2x10"3 N/cm?)

After 30 hours 6.8 16.80 6.6 14.30
(1x101 N/cmg)

After 54 hours | 9.2 '47.80 8.2 15.20
(2x10"* N/cm?)

After 119 hours { - 13.0 19.50 12.5 17.00
Jax101? N/en?)
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PART (II) 3 EFFECT OF IRRADIATION OF 1 MeV ELECTRON AND ANNEALING
ON GAIN OF TRANSISTOR :

4.,4,1 Introduction

The transistors are mostly used for amplifiéations purpose
i.e. to amplify the weak signal and gives the output signal
having large amplitude large power etc. In this chapter the
results of study of the effect of 1 MeV electron irradiation and
annealing on the gain of the transistor are reported. In silicon
crystal, when the defects due to radiation are created, one can
bring the crystal to ériginal condition by process of annealing.
The result of annealing in removing the defects of the electron

irradiated transistor are also discussed,

4.4,2 Experimental Procedure :

We know that transistors are available in n-p-n and p-n-p
mode. The two pleces of h—p-n transistors (13Cq 14SC, 3C,™ 149C)
and single plece of p-n-p transistor (BC158B) are irradiated at
different dose level by 1 MeV electron; The current of transistor
(}lfe)i.e. amplification factor is measure before and after
irradiation by using the standard instrument of Aplab known as
Beta tester. Also the gain of the electron irradiated transistor
after annealing at different time interval is measured. The
measurement of gain after electron irradiation is done at room

temperature.
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4,%.3 Results and Discussion 3

(A) Effect of 1 MeV electron irradiation on the gain of transistor

Transistor gain is the transistor parameter which is most
sensitive to displacement radiation, The reciprocal gain is a
convenient parameter for analysis because the base current
components that vary with radiation appear in the numerator so

the reciprocal gain is given by,

bre I Ic
where Ié. « reverse diffusion current is due to injection of
holes from base into the emitter.
IRG = recombination regeneration current

3 - surface current are produced by the majority
carriers flowing into emitter base space charge
region.

IRB - base recombination current is that portion of
normal diffusion current (I5) which recombines in
base before réaching collector base junction.

cﬁo - collector leakage current is produced primarily
by carriers flowing out of the collector base space

charge region.

The effect of neutron irraddation on the gain can be written as,

-L.-IﬁB--E—BiQ)+ AE&- 1 ’Afg (X X} (1‘05)
hege Ic  Ig I  Bpgo Ig



whgre
AIB Alp+ AL, Alg *A Ipp = A Ipg
- . [N X} (h06)

L Ic

The effect of radlation on the emitter efficiency term I' /Ic

tor nep=n transistor is

o
D ¥W.n
r’l - w LXK ] (“.7)
c ZDanND

rh;é term is small compared- to other component in reciprocal
gain due to (i) the decrease of minority carrier lifetime in the
)enittcr vhich causes reduction in diffusion length L in emitter.
(11) the reduotion in lifetime which is proportional ¢

and the reduction 1n the dittuslon length is proportional to ¢~ 5

The surrace term A IS / I i3 caused by radiation induced
ionization. So this term can dominate the damage affect for small

total exposures Lixt it overcome by displacement damage effect.

The peréeutage increase in Junction leakage can be large cCue
to displacement damage. Hence'the leakage current is generally
small compared to other base current component and which can be
‘neglected. So eliminating three base current components from the

equation (4,5). We get,

I Al
1 - i QA R‘qf R'§

hep  Bpgo Ic Ic

eee (4:8)°
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where the recombination generation term can be written as,

_;_&g_ . Lo (W)
+ 7C qQA=D, .A ,

see (“09)

The gain degradation before irradiation can be put in the form

AT .
A;-;— - ..IE.E = t, (BR) = kg eos (4.10)
E

where K' <« composite damage constant.

4R' =~ change in recombination rate per carrier.

Thus the degradation in the gain after irradiation is given by

.h:-‘s - “;n + t, K'P | ees (4a11)
According to data reported by Van Lint (Ref.1) the displacement
effect produced by electfons is function of majority carrier,
-resistivity and carrier injection level., He also observed that
the life time damage constant is related to the radiation dose
by the equation, '

L - L. cer (4.12)

where A= minority carrier lifetime
MAo- pre-irradiated life time
¢ - electron fluence
KA - lifetime damage constant
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It is expected that wide base transistor will undergo greater
degradation of hgg than other device. The degradation in the
gain of the transistors BC 148C, BC 14§C and BC 158B by electron
irradiation is shown in Fig. (4.5) at different dose. In this
case the electron fluence is taken in terms of counts. Thus

from the above discussipn we observe that ( %;E) is approximately
proportional to the total dose i.e, hFE is very sensitive to the

electron irradiation.

(B) Effect of annealing on the gain of transistor 3

When a crystal thaf contains defects is reaches a temperature
| at which the defect are mobile and structural rgarrangements of
the défects,occurs.”These rearrangement can result in self
destroygng process such_as the,recombfnation of vacancies and
.interstitials. diffusion of vacancies and other defect entities
such as crysfal imperfection and impurities. The net result is
that either-fhe crystal restrore its pre-irradiation condition
or new detebta are formed, All of th&se processes are called
anhe#ling. Thése changes in the defect are reflected as changes
in the electrical properties of the crystal. The annealing of
defects can eithef restore the electrical properties toward thelr
pre-irradiation value or increase the changes that are originally
produced by the particle irradiation. Thus "annealing® means
changes, towards the pre 1fradiation value, while “reverse
annealing® means changes in same direction as peoduced by irra-

diation. The radiation annealing is an injection annealing
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process in which the ionization produce the stable defects.

Variation of the injection level or temperature during or
after the irradiation can be substantially alter the damage
effects, The change in the disglacement damage effect with time,
injection level, and temperature are due to changes in both the
number of defects and the types of defects that tend to dominate
the displacement damage effect. These changes in both kind and
number of defects as function of time, injection level and
temperature are all included in the general term 'defect modifi-
cation', The steady state effects caused by carrier injection
during or after irradiation are called 'electrical defect!
modification. The steady state effects caused by increased in-
temperature are called thermzl defect modifications. The effect
of thermal defect modification after the irradiation of 1 MeV
electron radiation on the gain of transistor such as BC 148C,

BC 149C and BC 158C are observed in the present work. The Fig.
(4.6) shows the graph of annealing temperature versus gain of
transistors BC 148C, BC 149C and BC 158B. So after annealing
above room temperature the gain of transistor goes on increasing
steadily and try to reach towards its original value before the
irradiation. From the Fig. (4.6) it is observed that the gain of
transistor does not reach to its original value but tried to
reach towards its original value. At higher temperature the gain
of transistor remain constant below 20 to 25% of its original
value. Above discussion is only for n-p-n transistor. But in case

of p-n-p transistor there is some variation i.e. as annealing
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temperature-increases corresponding éurrent gain increcases
initially and then the current gain goes on decreases below that
of pre-irradiated value, that means the annealing effect observed
in this case of p-n-p transistor is of both types i.e., forward

annealing and reverse annealing.

The. transient defect modification with time as function of
electrical and thermal cénditions. The effect of transient defect
modification on the current gain of transistor BC 148C, BC 149C
and BC 158B is shownlin,Fig. (4.7). From Fig. (4.7) we observed
that current gain increases as annealing time of device increases.
This result 1s true only in case of n-p-n transistor. But in ‘
case of p-n=-p transistor both types of transient damage effect
i.e, forward and reverse transient damage effect are observed.
Thus the tern annéaling is used for change indisplacement damage
effect w.r.t, time, Also dué to annealing one can reduce
irradiation defects which are caused due recombination of vacane-

cies interstitials,
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PART (IIXI) s EFFECT OF 1 MeV_ELECTRON ON OPEZRATIONAL AMPLIFIER
AND TTL IC 3

0 ?Q’a’dﬁ Onal -wag\\"f tex__ (OPAMPY:

4,5, Intrgductiog H

45

OPAMP is device which perform mathematical operation such

as addition, substraction, integration and cultiplication. The
OPAMP is pasiéally differential amplifier that means it amplify
fbo difference of input signal at the output. OPAMP is widely used
in the oscillator, amplifier, transistor, transmitter, T.V. and
other industrial applications. In the present work OPANP 741 is
irradiated by 1 MeV electron at room temperature. In this present
work we stﬁdied thé:frequency response and the OPAMP parameter

after 1 MeV electron irradiation,

4.5.2 Experimental procedure :

The OFAMP parameters such as input impedence, output impedence
and input offset voltage are measured before and after irradiation.
Also the galn frequency response of OPAMP is studied after .
electron irradiation. The circuit arrangement for measurement of
above OPAMP parameters are shown in Figs. (sta.b.c) and frequency
response in Fig. ¢$.9). The OPAMP 741 1is irradiated at electron
fluence in the range of 4x1012 to hx1015 e /cmz. An OPAMP (uA
741) 1s test using simple circuit having_the theoretical close
loop gain ten as shown in Fig. (gn9). However observed gain was
less than ten., During the measurement of frequency response the

voltage of input signal is kept constant equal to 4.5V
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4,5,3 Results and Discussion :

The change in the frequency resnonse of OPAMP after and
before irradiation is shown in Fig. (4.10). From the Fig, (4-10)
the output of the amplifier for the fixed input of 1.5 V with
varying frequency right from 100 Hz to 50 KHz has been studied.
The gain of the amplifier shows continuous decrease with
electron fluences. The change in OPAMP parameter before ?p?
after the irradiation is tabulated in Table (4.2). From/impedence
of OPAMP have decreased while input offset voltage of OPAMP
increased. These change in OPAMP can be take place due t» dis-
_placement damage effect. The above observed effect can be
attributed to CPAMP which shows complex recovery and degradation

effect due to specific change in the gain of transistors.

According to CZRN Laboratory 1l radiation group report
(Ref.5) due_to irradiation by high energy protron, the input
offset voltagé of OPANP increased by factor of 125 and input bilas
current increased by factor of 27. Also the damage suffered by
the C06° -source input offset voltage increased by factor of
3 and input bias current increased by factor of 23. Similarly
damage'suffered by 1 MeV electron irradiation, the input impedence
decreésed by about 25% and output impedence decreased by about
42% of its pre-irradi#ted value, But input offset voltege
increased four time of its pre-irrﬁdiated value. Whereas the
gain of the amplifier increased four times of its pre-irradiated
value where as galn of amplifier decreased by about 15% of its

(*) this tulle we observed that ocutput and input
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Table 4.2 § OPAMP PARAMETERS AFTER émmnou CF 1 MeV ELECTRON

Before

After Radiation

Parameter -

radiation| Dose I(1500) | Dose II(3000)| Dose III(4500)| Dose IV(6000) | Dose V(7500)
.3.8x1013e/6n7 7.6x10"%e/cn? 11.4x10e/cn?] 15.2x10"%e/cnq 19.0x107%e/cn?

Input (R,) | 210.00 198,20 | 175.% 171.25 167.85 ' 162.50

Impedence (K-%) '

Output (RO) 111.00 85.10 75.00 70.25 ) 68.87 64.40

impedence (-] '

Input offset 2.8 6.0 8.4 10.0 10.8 . 11.2

voltage (aV)
(€eS)
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original value. Thus from above discussion we can say that after
the irradiation the OPANP shows permanent degradation effect in

the parameteré and frequency response,

4.6 TTL integrated circuit (TTL IC) :

4,6,1 Introduction @

Integrated circuits are usually classified as either mono=-
iithlc or hybrid, The monolithic IC is a circuit in which all
active and passive cbmpbnents are made in or on the same piece of
silicon and interconnections between components are formed by
deposition of metal £11lms. The hybrid IC consists of discrete
parts assembled in single can or package which are manually inter-
connected. Also new technology have been developed to manufacture
the ICs known as Integrated Injection Logic (IZL). The I°L is a
new high density, lower power bipolar LSI technology that gives
major performance advantages over other bipolar and MOS/LSI

technology. The purpose of this experiment is to see the radiation.

4.6.2 Experimental Procedure :

The TTL devices selected for this study include the
SN 7400N NAND gate, SN 7473N Bistable multivibrator, SN 7493N
four bit counter and 5N 74121N monostable multivibrator. In
present work the parameters studied are (1) Output'sink current
(I,,t) ©f NAND gate (IC 7400) (11) Output oulse width (& t) of

monostable (IC 74121) and (1i1) Output frequency (fb) of bistable
multivibrator (IC 7473) and four bit counter (IC 7493). The
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diagrams of the circuits used for the measurement of above para-

meters are shown in Figs. (4.11 - 4.14).
4,6,3 Results and.Discussion :

The change in output sink current of NAND gate verses electron
fluence is shown in Fig. (4.15). From this Fig. Ioﬁt of NAND gate
reduced by 40% of its pre-irradiated value at 5x101“ e'/cmz. The
change in output‘pulée,wldth of monostable multivibrator.verses
electron fluence is shown in Fig. (4.16). From this figure one
can see that pulse width of monostable multividbrator increases

upto 5x1014

e'/cm? after that change in pulse width could not be
recorded. Thus pulse width increased by'12% of its pre-irradiated
at 5x10'% e”/cn?, But the frequency of bistable multivibrator
and four bit counter remains unchanged upto 1015 e'/cmz. This 1is
because the frequency of both is independent on the propogation

delay, interface state charge and interface traps.

Thus the degradation in TTL IC performance can be understood
when fundamental transistor chéracteristic, mobility and threshold
voltage are known, which are related to the bias condition, oxide
traps and interface state charge. Thus the subsequent change in
IC performance is correlated directly to observe transistor
performance., When we consider that timing is changes in IC during
irradiation, at that time it is necessary to consider the bias
state of transistor, because the charge build up is function of
bias condition. The change in timing of IC depends on mobility

degradation, interface state charge, oxide traps and threshold

voltage,
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CHAPTER - ¥V

TO DESIGN AND BUILT A PULSER CIRCUIT FOR THE MICROTRON

5.1 Introduction

In Microtron electrons from a electron gun are injected in
a microwave cavity., The microwave is excited by $ band
(2700 MHz to 3000 MHz) megnetron. The microwave power 1s fed in
the cavity in pulse mode for duration of approximate two micro-
seconds, When the voltage in cavity 1s develop to appropriate
value, the electron cathode of the gun is also given negative
voltage of 30 KV for duration two microseconds. In this way the
electrons are 1ﬁ3eeted in the cavity only when the cavity is
excited. The gun modulator excite the magnetron with in term
feeds power to microwave cavity where as the gun modulator provides
negative pulse to cathode of electron gun. However using the
common pulse circuit dboth gun modulator and magnetron modulator
are trigger éimultaneously. But the actual pulse going to gun .
modulatorris delayed using delay line circuit. In the present
system the pulse repetition rate used is 50 pps. As one tries to
increase the pulse repitition rate the average output current
increases, The author has-thege-forgdesign and built one pulse
circuit in which the pulse repetition rate can be varied from
40 pps to 120 pps. The'circuit has been successfully tested on

the present microtron circuit.

5.2 Details of pulser circuit :

The block diagram of the pulser circuit is shown in Fig.(5.1).



5V 30V | - CR.O.

——» Microtron

—AW\MM»‘—I—COMPARUTOF.—{(—’ | | I l
| Integreto _

DISPLAY UNIT

COUNTER UNIT

1L
5V =l
f=50Hz to 250 Hz
AST .
Clock i/p (5V)
MULT] . .
1 Hz | Reset
CLOCK ——»[DLATCH
Latch
———>
FIG- 51 CIRCUIT TO CONTROL THE REPETATION RATE OF MICROTRON




.

The pulse repitition rate control circuit consist astable multi-
vivbrator, 1 Hz clock, comparator and counter. On the front panel
there is knob to adjust the frequency of clock to 1 Hz, The
oscillator circuit is build by using IC 741 as in astable mode,
whose freduency can be varies from 15 to 280 Hz. On the front

there is frequency variable knob, With the help of comparator

LM 324 we have increased the amplitude of oscillator upto 30 volts .
which is required to trigger gun and magnetron modulator. There
are knobs separetly fixed to adjust the gain and input offset

voltage of comparator.,

Thus the use of pulser circuilt is to trigger simultaneously
the electron gun and the magnetron modulator; In present system
the pulse repetition rate is 50 pps. As cne tries to increase
pulse repetition rate, the average output current'lﬁcreases. The.j
average 6utputAcurrent increases when we increases the‘frequency
of the pulser circuit. In the Table (5.1) the change in frequency
and counts pgrrminute is tabulated. Thus from this table as
frequency of pulser circuit increases corresponding count rate
per minute increases, that will increascs average output current.
The pulser circult with and without gain and offset acfgugbment
is shown in Photograph (5.2). Also the pulser circuit which is
fitted on the control panel of microtron is shown in Photograph

(5,3) and the main parts of microtron are shown in Photograph
(5.4).
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Table 5.1
Frequancy (Hz) *Counts perminute
40 44
50 S4
€0 64
70 73
80 g8
90 93
100 _ 100
- 110 105
120 110
* T 11
1 count = 6.,3210 ' electrona.
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