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ABSTRACT

A review of the lilicon technology itate of the art is given. It had

been found that single crystal silicon efficiency w«i linited to > 201. The

reason was identified to be due to the recombination current loss mechanisms.

However, use of new technologies such as back-surface field, surface

passivation, double anti-reflection coating* snd back-surface illumination

demonstrated to achieve higher efficiencies. Experiments were carried out to

evaluate the effect of back surfaces illumination on the cell efficiency

enhancement. It was found that for single cell, back-surface illumination

contribute a 12Z increase in efficiency whereas for double cell illumination

(back-to-back cells) the improvement was 59Z Increase in efficiency.

A V-shaped flat mirror reflector with optimum angle of 45° to the plane of

the cell from both sides achieved the ultimate efficiency performance.

Finally, a proposed high current - high efficiency solar cell called

"Double Drift - Double Sided Illumination Cell" was presented. The new

structures were in the for« of n+pn+ or p+np+ double Junctions. The

expected efficiency ranges 50-601 with proper material design, double anti-

reflection coatings and V-shaped irregular plane nirror reflector illumination.

1. Introduction

Tha photovoltaic effect In which generation of voltage
due to absorption of aunllght has been observed In 1876 by
Adams and Day. They observed the photovoltaic In selenium
structure and also tha spectral sens i t iv i ty of the selenium
phot©conductors . However,the f i r s t solar c e l l fabricated
from s i l i con materials t i a pn-Junction was demonstrated by
Chapin et al DJ at the Bell Telephone Laboratory In 1954
In which they reported an efficiency of 6% . Independently,
In the sane year another research groupjBeynolds et al [ 2 ]
at the U.S.Air-Force Aerospace Resemroh Laboratory observed
the photovoltaic effect at rectifying contacts to cadmium
eulflde single crystal . The f i r s t major application of the
s i l i con solar c e l l s appeared In the spaca programme of 1958
in U.S.A.,where the f i r s t space craft launched " Vanguard I"
which was powered by solar c e l l s .

Since then,a great and substantial progress has been
made in developing pn-junction solar c e l l s in countries l ike
0 S A,0S3B,Japan,England,Prance,Germany, etc .
Presently,al l s a t e l l i t e s used in communications arround the
world are powered by photovoltaic solar c e l l systems. The
advantage of photovoltaic energy over that of the conventional
energy sources may be brief ly stated as;

1- Solar c e l l s direct ly convert the sunlight Into e lec -
tricity without any Intermediate thermal process which makes
i t a clean and nonpolluted source.

2- Malntance free, durable and rel iable systems.
3- Suitable to be used in Isolated and remote areas.

On the other hand,solar c e l l s suffer from some disadvantages
such ast

1- High cost of solar c e l l s makes the terrestr ia l appli-
cations uneconomical compared to the conventional power ,
specially i f the demand of the power la large.

2- For no-aun conditions,the solar systems requires an
electr ic storage which s t i l l forms a problem for large scale
applications .

3- Conversion e f f ic ienc ies achieved to date are s t i l l
limited to l e s s than 20jt .

Despite of these disadvantages,it i s conceivable that
the years of hard work of many reaearchera covering the fu l l
range of photovoltaic technologies such as analsis,desgi& ,
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processing,testing and development of manufactures processes
would achieve high efficient-low coat solar systems. It is
to be noted that the technological atepa taken since the
historical energy oriaia of 1973 to the present time,resulted
In price reductions more than an order of magnitude .

2. Silicon

All modern energy technologies have developed in parallel
with aubatantlal studies and inventions in material science.
For Instance,the first usable aolar sell waa oaly made pos-
sible by the extensive practical and theoretical advances In
silicon technology . Yet.more than thirty years have already
passed with many attempts to reduoe the cost of the aolar
cells to tha deaired goal of U.S.$ 0.5 • but the coat still
high due to the expensive fabrication techniques uaed . These
techniques are :

The Standard Process of growing single crystal ailicon
from molten ailicon ia called Crochrolakl process In which
silicon wafers are manufactured in Industry . *hereaa,poly-
cryatalllne silicon Is produced by Casting process which
results in the production of multiple grain silicon instead
of a single crystal as in the ctochrolski process . It should
be noted that casting techniques reault in cheaper ailicon
wafers but with very large ailicon crystala . The material
in the casting process although it la produced at lower coat
than single crystal but it has lower conversion efficiency
due to the effect of grain boundrles in the materials .

The difficulty of reducing the prices of the above
mentioned techniques lies in developing an appropriate sheep
slicing technique to minimise the damage produced in the
process . The solution to this problem is to develop a
process to go directly from molten silicon to sheet or ribbon
silicon . Presently,growth rate of ribbon silicon technology
exceeds 30 cm /min. of 0.1 millimeter thicknesses which
results in cell efficiencies of 17-l8£ [3] • The projected
cost for silicon ribbon technology la shown in Tables 1 and
2 . Table 1. illustrates the predictions of different tech-
nical parameters of the photovoltaic aolar cells production
during the period of 1985-1990. These parametera include
growth rate,encapsulated-cell efficiency.module efficiency
and silicon cost . Table 2. shows a oompariaon of State of
the art ribbon technology with the projected coBt/peak watt.
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Amorphous silicon is prepared by using Thin Film Technology
in which sllcon is deposited onto a glass substrate,quarts,
or stainless atenl sheets . Over 15 yeara of investigation
for many promising materials and by using thin film tech-
nology to d«te none of these material* have reaulted in stable
commercially low coat solar cells . Table 3. Shows a recent
summery of developments in amorphous ailicon aolar cells [4I.
A fairly large number of firms in U.S.A. and Japan have ex-
tensive research work on Sl:H(elllcon hydrogenated) solar
cells and achieve efficiencies up to 12.7* aa shown in table
3' . Various cell structures have been Investigated;namely,
double and triple-stacked junctions aa well as modules and
heterojunctions .

At the present atage in the development of photo-
voltaic technology,one can say that single crystal silicon
la the most efficient,the moat promising material for aolar
cell fabrication to date .

3. Single Crystal Silicon State Of The Art

The ultimate performance of the conventional single
crystal silicon aolar cells (e.g. air masa 1,1 aun: Alii )
appear to be limited in efficiency to 20* . Jet Propulsion
Laboratory [5] has reported that 17* (AMI) cella are In
production . Table 4. aummerlzea tha performance of four
high efficiency ailicon solar cella and compared the results
with ideal cell theory[6-9] . The experimental resulta given
in table 5 , illustrate the variation in the material para-
meters auch as resistivity (̂ ) , lifetime (r) , diffusion
length (Lg) and base recombination velocity (Sfl) . The
conclusion drawn from the reaults shown in table 5 is that
baae recombination loeaea are the main limiting factors to
the 20* efficiency valuea In the single crystal ailicon solar
cella . Further improvement in the cell efficiency would
require to reduce the recombination losses .

The £assivated Knitter £olar Cell (FKSC) atructure
haa been responsible for recent improvements in all icon
solar cell performance[10] . The effect of aubstrate reaia-
tivity upon the PESO cell performance haa been resulted In
even further Improvement in the cell efficiencies. These are
shown In table 5 In which efficiencies up to 19.6* have been
achieved .
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An optimum aouble layer of anti-reflecting(Afl) coating
on oxide-passivated cells provides an improvement over single
AR-coated cell resulting in cell efficiencies approach to
~$2Vf> was reported by Arohatgi and Choudhury [ll] . The limit-
Ing efficiency of silicon aolar cella under concentrated sun-
light has been studied by Campbell ft Green [12j . They reported
that the limiting efficiency lies in the 36-37^ range
regardless of concentration ratio compared to the Uniting
value of 29.8jf for non-concentrating cell with lsotropic
responae . The techniques uaea the back side point-contact
configuration hare been extended to result In 27.5% effi-
ciency at 10 w/em (100 suns, 24 °C ) making them one of the
most efficient solar cell to date [13] • The Improvements
reported are largely due to tfce incorporation of optical
light trapping to enhance th* absorption near handgap light.

The recent Improvement in the performance of silicon
single crystal solar cells has produced outstanding energy
conversion efficiency of 27.5)6 by the use of high resistivity
rear contacted cells [14] • Parallel improvements in the more
conventional blfaclally contacted low-resistivity cell are
described,also,which have Increased the efficienciea of euch
devices to 25< in 50-100 suns concentration range .

Several authors [15-I8] have bren Investigating ,
modeling,designing and observing the cell transiets In recent
months . A progress la made In high efficient cella (18.51*)
by using ion Implantation for small area silicon single
crystal solar cells in an attempt towards developing a flat
plate module with efficiency exceeding 17$ . A detailed
comparison of various approaches to cell design was made and
module teat data for these designs were represented 19 +.
The latest results published were for a singl crystal p nn
silicon solar cells with efficiencies of 19.5^ . The cells
have been fabricated using the technique of glow-discharge
implantation and pulsed exclmer laser annaaline together
with techniques for reducing the recombination current 20 .

Some results [5-14,19-24] which are representstive
of the present state of the art are given in Pig. 1. It
should be pointed out that the results of fig. 1 are lab-
oratory results obtained from exceptionally the best res-
earch groups working in the field of aolar cells technology.

Pig. 1 shows that the efficiency of the single crystal silicon
solar cell (AMI) is limited to ^i 20* efficiency. However,
passivated and concentrated cells achieve higher efficiencies
between 27.5 -29.5* .
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Now, the question is :
Why oingle crystal silicon solar cello have

limited efficiency of ^ 2 0 * ?
To answer this question,understanding of the device physics
is essential to show the limitations currently been obferved
In the cell design .

4. Characterizing Equations

The standard governing equation* used to model the
steady state carrier transport In silicon solar cells are
given as :

a) The continuity equations for holes and electrons

^.J p - - q ( rf- G ) (1)

7.Jn = q < R - G ) (2)

where the hole and electron current densities are

P ^ V 1 - q D p v p (3)

b) The Poisaon's equation.

A
c) Thn

p =

n =

carrier

n. e

"i S<1(

p + N

density

i ~ 'n

equations.

)/?-T

)A'T

(5)

(6)

(7)

where G = photogeneration rate per unit volume;
R = net recombination rate per unit volume;

yU ,M - mobilities of holes and electrons;

D ,D = hole and electron diffuslvitiea:
p' n

K ,N, =• Donor and Acceptor concentrations;
L* A

N_ = number of charges trapped at the recombination
centers j

a> ,*p ^ hole and electron quasi-Permi levels;
V. • potential at the intrinsic level;

G c dielectric constant; and
q » electronic charge.
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J and J could be eliminated from equations 1-4 andp n
the resulting equations along with equation 5 represent
three non-linear differential equations in three unknowns
V^ , p and n . It is very important to Incorporate N_ and

to consider i « - i in the steady state aolution .
p n

The three equations with given appropriate boundary condi-
tions could be solved using computer programing. Many cell
design calculations have been reported in the literature
[25-29] . The terminal current (I) is than given aa (after

[30,31])
I - q ((J dv - q jH dv - / J .11 da - /j .A d*

v v { p h p

Or

J .n dan

1 = 1 ph ~ V rec.~ s.rec. - Icont.rec.

(8)

(9)

where

s.rec.

the photogeneration current;

bulk recombination current;

surface recombination current;and

contact recombination current .
cont.rec.
The terminal voltage la given as

? * < S > " *:res.
(10)

Note that /and
v

represent the volume and surface

integrals, a represents a unit vector and V represents
res *

the resistive potential lose due to the metal grid .
A typical ourrent - voltage characteristics of a

solar cell is shown in fig. 2 In which curve(a) ahows the
characteristics of the Junction when it is not illuminated
and curve (b) when it la illuminated .
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The behaviour of the solar cell is characterized hy
four parameters, the short-circuit current I , the open-
circuit voltage V , the efficiency at the maximum load

power point EFP and the fill factor at the maximum load
power point FF , which are given as follow :

(11)

(12)

EFP

max max

sc oc

max
1 V
max max (U)

in in
The maximum efficiency ia given es

rin

scp
(14)

where I ia the dark current
o

A simplified solar cell equivalent circuit ia shown in
fig. 3 in which RT is the load resistance, R ia the series

resistance and fl . is the shunt resistance .

The ideal current for solar call characteristics can be
described by

V - IR

h - (15)

Where I is the current flowing into the external circuit
from the solar call power source and V is the terminal
voltage of the cell . It should be noted that the series
resistance haa 8 serious effect on the cell efficiency and
should be reduced by proper design of metalieatlon .

Reffaring back to equation 9 1 it la seen that the
recombination currents represents the main loss mechanlama
in high efficiency single cryatal ailicon aolar cells . .The
base recombination at residual defect and impurity recom-
bination centers is identified to be the cause of the 20*
efficiency barrier published to-date . To break this barrier,
realdual base recombination losses muat be eliminated and
emitter recombination muat be reduced . Proper dsslgn of the
emitter dopant concentration profile can minimize or approx-
imate eliminate the emitter recombinations [32] . It remains
the base recombination which represents the intrinsic losses
that cannot be reduced due to the interband recombination
mechanisms ,
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It remains,however, a need for substantial im-
provements to achieve high efficiency single crystal aolar
cells and to overcome the recombination problem by material
quality,purity and improved design considerations. It is
clso important to us* n«w technologies auch as the back
surface field(BSP),eurfsee passivation,efficient double
layer-anti reflection cost ing,reduced heavy doping,reduced
contact recombination and back-surface reflectors to
achieve ultimate efficiency performance .

In the next Motion experimental result* of the back surface i l lu -
mination and their effect on the efficiency performance will be given .
Illuminated baefc-to-baok aolar cella will be tested and result* will be
discussed . A new solar cell structure " double drift - double sided
illumination " will be presented .

5- Experimental Results and Dlsousilon

Two n+pp+ - silicon solar cella supplied by Sargent-Welch Corpora-
tion if Canada were employed in this investegatlon . The area of each is
2 oatx 2 cm . In order to make clear how the illumination of the back
surface of the cell contribute to the lncreaae in efficiency , the
following measurements were carried out i

5.1- Solar Cell Keasurewents

The eolar cella were tested using a tungsten light source
calibrated at 100 mll/cn2 to obtain the aolar parameters V^, j , FF ,
and EFP • The following steps were excuted ,

Step 1.1 J
The characteristics of the two cella separately ware

obtained . Direct solar radiation* were used on the front surface with
its back covered ,

Step 1.2 i
The back of the cells were exposed to the reflected

radiation* fl-om the ground and the front surface to the direct radiations.

Step 1.3 t
The back of the cella were illuminated by a flat mirror

reflectors with the front surface illuminated directly by the sun
radiations,

Summary of the results obtained in the above steps are given

in table 6 .
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Now, the measuramenta were carried out with the two silicon aolar cella

fastened back-to-back ( i . e . n+pp+/p+pn+ ) and the contact lead, of the

p*- regions were connected together . Thia connection was a parallel

connection and then the following steps were excuted t

The front cell 1 was illuminated by direct sun
radiations while the back cell 2 was exposed to diffuse radiations
from the ground .

i .

• The front cell 1 was illuminated directly from aolar
radiations and the back cell 2 waa exposed to reflected light from a
flat mirror . Measurements wore repeated several times to change the
reflector positions to have the highest current reading .

—e* '* 'Both cella were illuminated simultaneously by reflected
radiations from flat mirrorB . Adjustments of the mirrors position yields
an optimum setting; naaely a V- shaped in which the plane of the cell
makes 45 with each side of the V-shapod mirror as shown in fig.4 .
It ia clearly demonstrated in table 7 the effect of using two cells
back to back tilth out introducing any reflectors and the diffued
radiations from the ground were collected by cell 2, an increase
of the efficiency by 12jf was achieved . Using one reflector to cell 2
only demonstrated to have an increase in efficiency by ii% . The third
case illustrated the highest contribution to the efficiency with
ultimate performance of 595t inoreaaa in efficiency.

5.2- A Proposed Haw Solar Cell Structure

Several double drift diodes were proposed by Seddik
and Haddad (}i] where various device rtruetures were analyzed and
proved to deliver high power and efficiency . A review of the technology
of multiple solar cells including Sohottky barrier [J4,35] ,hetero -
junction |>6,37j i pin/pin cascade D&M2] and n+npp+ £43] solar cell*
have demonstrated high conversion efficiency . These aolar cells consist
of multiple layers semiconductors arranged electrically and optically in
aeries which represent a high voltage solar oalla .
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In thia paper I propose a new cell structure called
" Double Drift - Double Sided Illumination " eola- ce l l .

The device i s either n+pn+ or p+np+ which represents a double junction
aells ooaneoted in parallel back-to—back to deliver high currents . The
efficiency with double sided illumination would reach up to 50-60)1. The
advantagse of tha new structurea proposed here are i

1- High current derloes .
2- High efficiency ( expected efficiency up to 60£ )
3- Simple structures to fabrioate by conventional diffusion

methods . Diffusion masks are not needed since the double sidad of the
wafer would be diffused to make the n+or p+ ragiona and than the contact
windows are etched through tha 3iO2 anti-refleoting layers .

It should be noted here that the higher efficiencies could be
achieved by using double anti-refleoting layers as well as irregular
flat v-ahaped Mirror reflectora .

6- Conclusion

State of the art of the silicon teonology was reviawed.The
efficiency of the single crystal silicon solar cel ls were found to be
limited to 2̂QJ( . It had been shown In the literatures that the base
recombination at residual defect and impurity recombination centers
was ldwtlfied to be tha oause of the SOU efficiency barrier . To break
this barrier,recombination loasae must be reduced . Mew technologies such
as passivation, back, surface field,double anti-reflection coatings and
back surface illumination enhance the solar oell efficiency .

Experiments to measure the J , V t FT and Eff ;t for aolar
cells illuminated at the back aeparatly or simultaneoua were performed.
Increase In the efficiency by 12j£ , ii% sod 59* had been achieved . A
new V-shaped reflectors were uaed to optimise for the highest effiolenoy
performances . 1 proposed high current high efficiency * Double Drift -
Double Sided Illumination " aolar oell of the forms n*pn+ and P+np+ to
achieve up to 6o£ efficiencies were presented •
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Table 5 Hacait sumuy of developments In *-Sl l tcm soUc u l l s

Tables 1 Comparison of State-of-ttfc-Art Ribbon Technology
(Scaled Up) with Projections of fltbboti Technology

Factory size, fiw/yr
Year of production
Ribbon type
Silicon cost, 1980 S/kq
U«b qrowth rate, cm'/min
Growth machines/operator
Encapsutated-cel1

efficiency, :i
Packing factor
Module efficiency, ,
Cumulative cell orocess

yield

Sealed-up
State-of-tlte-

Art

25
1935

Dendritic Meb
SS
10
6

IZ-3
0.92
11.3

0.77

Intermediate
Projection
(Late 1980s)

35
1968

Dendritic web
14
25
IS

13.5
0.92
12.4

0.93

Long-Term
Projection
(Early 1990s)

25
1990

Dendritic web
14
35
IB

15
0.92
13.8

0.93

Table 2 Comparison of State-of-the-Art Ribbon Technology
(Scaled Un) with Projections of Ribbon Technology
(1980S/WP)

Sc*led-uji In termed i ate Long-Term
State-of-the- Projection Projection
Art (Late 1980s) [Early 1990s)

Sheet growth ( incl . silicon)
Cell processing
Module assembly ( i n c l . encap.
•a t ! . )

"FOB factory dock nodule price
(1980 S/Wo)
(1980 J/m?)

1.61
0.27
0.18

2.06
231

0.21
0.22
0.16

0.59
73.3

0.14
0.19
0.15

0.48
66.2

TVpe

SJ

SJ

HJ

HJ

TJ

HJ

HJ

HJ

HJ

(U

•U

ilJ

T.J

Mod

HJ

SJ

HJ

-tod

Mod

Mod

Gonftgucatlon

ITO/nlpn a-Sl/p poly
Sl/Al
ITO/nlpn a-Sl/p poly
Sl/Al
Ag/nl a-Sl/F a-SlC/
t e a . TOX&Uus
He/ni a-Sl/p a-SIC/
text.SnOj/nO/gUss
ITO/nlpnlpn a-SlGe/
p a-Si/ itainlos steel
Ne/nl a-Sl/p a-Stc/

Ag/nl a-Sl/p a-Slc/
text. SotWglass
* / n i a-Sl/p a-Sic/
text. TOO/glass
Ag/fTD/ni a-St/p a-
Slc/KK
Al/nl a-Sl/p a-Slc/
text. SilWglau
Ag/nl a-Sl/p a-biC/

V P a-StC/ln a-Sl/

no/nipnlpn a-Sl/i a-
SlGc/ p a-Sl/sUinless
steel
Me/nl a-Sl/p a-Sl£/TCQ/
glass
(te/nl a-Sl/p a-SlC/TOQ/

Al/nljni a-Si/p - S i C /
StDj/jUia
Al/nl a-Sl/p arSIC/
SnOj/tlasa
Al/nl »-Sl/p a-SiC/
SnO2/tUu
Me/nl a-Sl/p a-SIC/
SnDj/glaas
tte/ni a-Sl/p a-SIC/
SrtDj/gUil

ible-stachtd juict lai . HJ:

0.082

0.44

1.0

1.05

1.0

1.0

1.0

0.32

C.045

4.15

1.C9

C.084

0.09

100

100

4.15

1.0

400

600

3200

Eff.
(1)

12.7

U.S

11.5

11.6

11.2

11.1

11.0

10.7

10.2

10.2

10.1

9.6

8.5

6.1

e.o

7.7

7.7

7.5

7.0

6.7

Hetero-junction

(ft (

1.380

1.325

0.869

0.850

-

0.664

0.860

0.840

O.802

0.865

0.840

0.843

2.200

11.96

0.350

1.710

0.880

47.8

16.0

48.7

TJ: Triple-

14. IB

14.2

18.9

18.7

-

17.6

21.5

18.8

22.32

16.1

17.8

17 .1

6.74

15.6

14.4

6.23

14.1

114 aA

12.5

890 i *

-stacked ju

ff

0.6S

0.66

0.70

0.732

0.73

0.6

0.66

0.57

0.73

0.670

0.664

0.57

0.61

0.654

0.71

0.62

0.55

0.63

0.50

Year

1984

1962

1984

1985

1985

1984

1985

1984

1984

1984

I9d2

1984

19S2

1964

1984

1984

1982

1985

1984

|965

Inatltutc

SunlbMD

Osaka Univ.
.-

Saiyo

TEK-SEL

ECD

Fuji

Kaiugafuchi

Komtsu

ETL t Tilyo

ABOO

RCA

TTT

Mitsubishi

S«yo

Fuji

AJtCS

Osaka Univ .

Kanagafuchl

SuattOKi

Kanegafuchi
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TABLE 4

Performance oC four hif h « t efficiency ulicon solar edit and comperiion with ideal diode
cell theory

Cell lypt

M/l/N/P
Ideal theory

E*p*

nVp/p*
Ideal theory
Eip."

n'/p/p'
Ideal theory
E*p*

nip

Ideal theory
Exp."

P
(Hem)

0.2
0.2
0.2

0.3
0.3

4.0
4.0
0 2

0.15
0.15

10.0

Thick-
ntu
(*»")

280

380

160

T

(fim) (fu)

170
170

150

263

20

13

23

J,
( A )

3 . 2 x 1 0 "
6.6 X 1 0 - "
3.2 X IO"'J

1.2K 10""

2.0 X 1 0 ' "
2 . 0 x 1 0 "

1 .0x10"

Ac
(mAKmV)

36 0
36.0
36.0

36.2
36.2
35 9

36.2
36 2
36.0

36.0
36.0
36.5

A60
64.1
6 S 3

£27
622
627

605
605
627

628
625
610

FF

0840
0.835
0.811

0.834
0.801
0.800

0.830
0.786
0.800

0.834
0 805
0.775

AMI
EFF
(*)

20.0
19.3
19.1

IB 9
18.0
18.1

1H.2
17.2
18.1

18.9
18.1
17.2

(cm.'1)

850
17S0

1100

660

2200

* Green tt ml. ( 6J, Univenily of New South WI1H> Autlratia.
b Spiuer tt ci. J 7 |. Spire Corporation, Bedford, MA, U.S.A.
e Rohatii tt at. [ g ], W»lin(houK RAD Center, Pilttburgh, PA. U.S.A.
d ASEC( 5 , 9 ! , Applied Solar En.rjy Corporation, City of Induttry, CA, U.S.A.

TABLE 5

Chiracterutiet of outline FESC cdU u • function of the float lone lubatratc reactivity

Cttt no

M5Sf
M5Gff

O46e
O46ee

M41p
M41pp

Rinitiuity
(flem)

0 5
0.6

0.25
0.2S

0.20
0.20

v«
(mV)

6 2 9
6 3 0

649
649

662
660

Ac
(mA cm )

36.9
37.0

36.8
37.0
36 S
36.1

FF

( * )

K0.4
80.2

81.4
82.2
81 9
82.-i

EFF
<*)

1 8 7
18.7

19.4
19.8
19.8
19.6

-17 -

Cell 1

Cell!

Steps

1.1
1.2
1.3

1.1

1.2

1.3

J T O (1/° .

32.7
33.8
36.6

32.2

33.3

36.0

564
564
564

572

572

572

rV

0.729
3.739
0.730

0.737

0.737

0.737

13.4
13,86
15.0

13.6

14.0

15.2

Table 6. 3anmary of the back surface illumination for separate

Bolar cells .

The remits of the above measurements ar« tabulated in table 7.

Cells

142

1

2
1*2

1

2
142

Step

2.1

2.2

2 .3

32.7
4.2

36.9

32.7

10.7
43.4

25.9

26.0

51.9

130.8
16.8

146.6

130.8

42.8
173.6

103.6

104.0

207.6

Voc(-»)

564
492

567

564

552
566

564

572

566

13.4

15.0

17.8

a.3

Table 7. Comparison of the performance* of the solar cells when

connected in parallel .
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g. 1 State Of The Art Of The Slngl Crystal Silicon

Solar Cell Technology .(Reference Number* Are

Indicated)

-Dark

Fig.2 Typical current-volatage characteristics

of a solar cell.

C*nitant
twrrtnt

Fig.3 Equivalent circuit of a solar cell.

light

V-Shaped Mirror

Fig.4 Illumination of the two cells 1 and 2

back to back with a V-shaped mirror.
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