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PREFACE

The present global cnergy crisis has given impetus to
study of alternative sources of energy, Of the various
energy alternatives, solar energy has the very desirable
property of being essentially limitless and without having
the problems of pollution or physical danger. The solar
cell is a device which converts sunlight directly to
electricity. BSolar cells are also capable of making a

significant impact on terrestrial energy needs,

The advantages of solar cells lie in their ability
to provide nearly permenent, uninterrupted power at no
operating cost with only heat as a waste product, They
also have a high power/weight ratio compared to other
power sources, Their chief disadvantages lie in thedir
high cost, the 1OW'powe:/unit arca of sunlight, their

relatively low efficiency, etc,

Solar cell behaviour can be conveniently examined

throuzh three main parameters:

1. The open circuit voltags (V,,), which is the voltage
output when the load impedance is much greater than

the device impedance,

2. The short circuit current (Isc)’ which is the current
output when the load impedance ig much smaller than

the device impedance,



Fig. %

Yoliage and Current output from an iluminated
Soiar csll. |
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The £ill factor (MF the ratio of maximum power outputb
b

(X}
®

to the product of V . and I, (the voltage and current

for maximum output are known as v, end Im’ respectively) .,

These thrse parameters determine the efficlency and

the circuit conditions of the solar cell as showm in M.l .,

A silseable number ol papers have been published on
the theory of open circult photovoltage generated in a
heavily doped p-n junction semiconductor., However, all
thage papersl—6 are based on the Lollowing assumptiongs:

1, That the diffusion coefiicient and mobility of carriers

are related through Bilstein relation i.e, (DH/p = E%),

o
-

That the density of states i& narabolic or in other
words; the 2ffect ol impurity energy hand tails is

unimportant .

lowever, in degen.rate p-n junction both of these
assumptions are violated. Thus, at very aish doping levels
D/U becomes a function oi chemical potemtialz Ef/kT and the
carrier energy levels exist within the energy gap which

have non-parabolic density ol atat@s‘&’g

In the prewent thesis, the author has developed a
theory for open circuit voltage (V .) in arbivrarily de-
generate p-n junction, Lxplicit expressions for Voc have
been obtained for low and intermediate levels ol illunie-
nation in degeneraie p-n junctions., The author hag salso

8,9

invaetigated the viffect of dimpurdty band tails on the

open circuit voltage in degenerate p-n junction., An



4

expression for V in non-degenerate p-n junction in the

oc
high injection limit has also been obtained.

The author has also investigated the effect of
taking into account the non-ideality rfactor on the
efficiency oi GaAs Schottky barvier solar cell (SBSC),
using the concept ol excess temperature as first proposed by
Padovani and Summer.lo’ll

The pregewmk: thusis has been divided into four

chapters, bri:f summaries of which are as follows:

Chapter - It Iheory of Open Circuitl Fhotovoltage in

-

Regenerate p-n Junction ab Low Injection

In this chapter, the author gives o theory for the
generation of photovoltage across a degenerate p-n junction,
Using Landsberg‘$7 gencralized diffugivity nobility relation
valid Lor arbitrary degeneracy, the general expression for
the photovoltage has been derived, The explicit expressions
are, however, obtained only for intermediate and low
injection levels, Numerical calculations of Voe as a
function of (PN)%/Z (P, being the concentration ol hole
and electron respectively at the junction) hag buen

presented,

Chapter - IT: Effect Impurity Band Tails on the Open

L Nt San TR o a' L

Lhotovoltage

ot e &

In this chapter, the author has developed the
theory of open~circuit plhiotovoltage by taking into account

SN

the effect of impurity band tails, The effect of ilmpurity
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band tails has been incorporated following the work of

Halperin and Lax.® The calculations show thet the
inclusion of the effect of impurity band tails results

in the increase of the value of VOC.

Chapter - I1L: Theory of Opeom Clrcuit Phofovolt..qe dn Non-
Degenerate p-n Junction at :ligh Irjection
Levels

The author has also given a comprehensive theory
of open circult voltage (Voc) in non-degenerate p-n
junction for the case of very high injzction levels,
e o s s e e B R B P a 14
Recently Farrot™ , Dhariwal et al™” and lossuw and Lindholm
have given theories for the saturated Voc in S1 and Gads
Solar cells,., IHowevery, all ol these theories agsume that
even at very high injection levels, the electron/hole gas
in two neutral regions remaing non-degensratc, This
assucption is open to question since at very intense luvels
of illumination the excess carrier concentraticns far exceed
the equilibrium concentrations i.,e. 4Ne >> IMc wmd ﬁﬂf >>
Ep. Since Ne and Np in a typical nondecens.irate m+p or p+n
& o iy i . 18 3 - LT e e i
junction are of the order 10-°/cm”, the £ie or AMP

: -3 _

should be 03 x lOlgCH for the high injection liwit o bho
gsatisfied, Thus, in high injection limit cven in a non-
degenerate p-n junction it is wrong to use Einsteint's D-p
relation, Thg author hag derived an cxpression for Voc for
the high injection case using DLandsberg relation, Comporison
between ¢he results and the correeponding results using

3

12 . .
Parrot theory which is based on Eingtein relation, shows
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that the inclusion of appropriate D-p relation decreases

the V. considerably,

ocC

Cheptor - IV: Conversion Efficienwy ol Au-Gahs Uchettky

Bareler Solar Cedd by kaking into Account
of hxcess Temperature

In thie chapter, the author has invegticated the
effect oi rnon-ideality Tfactor on the efiiciency of Gals

Schottky barrier solar cell using the concept of excess

10,11 work, Thi

1 g

temparature following Fadovani and Summer

G w

is in contrast to the calculations of Pulirey and lcQuat
(who have not taken into account the non-ideality factor) .,
The calcwlations show that inclusion of non-ideality
factor through excess temperature lowers the eflficivncys
this is in contradiction to the prediction ol Pulirey and
MeQuat that the conversion efficiency should increase

with the inclusgion of non-ideality factor,
The above work has resulted in the following
publications/communications:

1. "Theory of Open Circuit Photovoliage in Degencrate

H -

Abrupt p-n Junction

solid owtate swlectronics, Vol, 25,12,1161-1164,Dec 1962,
2. "HEffect of Impurity Band Tails on the Qpen-Circult
Photovoltage 't (Conmunicated) .
3. "Theory ol Open Circuit Photo-voltagse in Abrupt p-u

Junctions at Very High Injectlon lLevels(Cormmunicated),



n

4, "'Bffect of Lxcess Temperature on the BEfficiency of
Au-GaAs Schottlky Barrier Solar Cell', Solid-Stats
Blectronics, Vol, 24, 91, 1981).

P

5. "wifect of Vurious Parameters on th: Gfficiency of
Au-Gals Schottlky Barrier Solar Cell ™, Indian Journal
of Pure and Applicd Physics, Vol. 20, pp. 224-225,
1062,
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