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ABSTRACT

To make the photovoltaic solar energy conversion eco-
norically attractive,the cost of polysilicon sclar cells
must be reduced to more than one order of magnitude below
the present cost of producing single crystal cells.

Silicon with higher concentration of impurities, sc
called solar —grade silicon(SoG=-51i), is the major candidate
to achieve this goala.

The gifferent technologies to produce this soclar-grade
gilicon are discussed In detail besides the cther methods
for polysilicon production like sheet casting or ribobon
tecanigque .

Crein boundaries and crystal defecis are the wmain craw-
vacks of polysilicon materials . The different mcdels ces-
criting the conduction in polysilicom &re alsc presented.

Tkhe cptical and elecirical progperties of sclar cells
fabricated from poilysilicon materials ares describked.

A -

A numerical mocel cherscterizing the polysiiicon solar

oF

cells is devolped .In this model, the grains are sssuaed
to have a cylindrical snape, Assuming symmetry zbout the
rotaticnal axis, thne Tiree <disensicnal zontinuity eguation
is reduced to a two cdimensicnal one,

The solar cell cutrut parameters are corpuied wzing
trhe prcoposed model, The results are analyzed and the

optimum design structures are then proposed . Furthermore,

based on the atove nenticned model, a new approach to the
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real polysilicon solar cell modeling is presented. In this
model, the real distributicn of the grains in the polycry-
stalline materials is taken into consideration . For the
first time,a guatitative zagreement has been found between
measured and calculated results. Mere important, we have
deduced that the origin of the low open circuit voltage in
semicrystalline solar cells is the presence of fine grains
taking the shape of sharp needles. In spite of the small
overall area of these small grains, they lower the open
circult voltage of the cell and conseguently its conver-

gion efficiency.
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Jr radial conmporent of the current density(m&fcm;}
Irec recombination current density(mﬂ/cm?}

I short circuit current density(mﬂfcmaj

Jo longitudinal .component of the current density{mﬂfcma)
k Boltzman's constant{!.EBExm_a5 J/°K)

L, diffusicn length for electrons(pm)

LP’ diffusion length for holes{pm)

MG' metalurgical grade

oy intrinsic carrier concentration{cme}

o index of refraction in air

n, index of refraction in the antireflection coating
n, index of refractiop in the semiconductor

N, acceptor concentraticn(cm—E}

Ny donor ccncentration(cm_E}

i, electron ccncentration in the F-type material(cmfj)
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Sel -semiconducter grade
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S50G solar grade
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z:: mathematical suz from i=1 to i=n
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Energy in various forme, has played an ilancreasingly
impeortant role in worldwide progress and industrialization.
Abundant and inexpensive energy supplies have transformed
many naticns from subsistence level into highly developed
econorics. Despite the fact that per capita energy use
varies for every pation around the world, increasing energy
availability is now a key goal of every society.

Energy resources used today are mostly fossil-based
fuelg, with limited availability. With tnis limitation in
mind, nswer rescurces have been developed to replace the
older resourzes and add to the total energy availiazvle.

Alfternacive energy rescurces are only a small pari of
the werld's energy mix, cut they are the zey to the future.

ewer energy resources, such as wind generalors and

CVCLTAICS {PV), can geonerate electricity dire

%)
ot
=

‘

7

J

i
r

generated from such systeans will play a smajor rclis in ¢
ributing to the ¢verall energy suppiy, thus becoming z sig-
nificant exnergy source for the worldwide industrialirzstion.
PHOTCOVCLITAIC systems use selar cells Lo coavert daylight
into electric chergy. ihese cells are usuzlly nades from
gilicon, one ¢of the most comwcn elements on thne earih cruste
Sclar cells wora siliently, clesniy and witiout noraful

waste rreducts., Inm addlficn, they can operate Ior many rears
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