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e Themeasured J-V characteristics are accurately reproduced by numerical simulation under

different illumination intensities .
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Abstract

The interest in the study of Cadmium oxide (Cd@)dieotonic applications has
increased significantly because of its promisireg&lcal and optical properties. Real
solar cells based on an n-CdO/p-Si heterostrucsires poor photovoltaic
performance, however. In this work numerical sirtialais used to elucidate this poor
performance by considering two cases. CdO isyigthsidered as a perfect crystalline
semiconductor. The second case models CdO as am®uctor with continuous
distribution of defects states in its band gapjlainto an amorphous semiconductor,
made of two tail bands (a donor-like and an acadfke) and two Gaussian
distribution deep level bands (an acceptor-like amidnor-like). Evidently the first
case produced results far from reality. In the sdamase, however, and by adjusting
the constituents of the band gap states the opeumtcvoltage (\b¢c) and the short
circuit current (dc) were almost perfectly reproduced but not thefdititor (FF) and the
conversion efficiencyr). The p-type doping of Silicon adjustment has lead better

reproduction of the two latter parameters.
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1-INRODUCTION

Transparent conducting metal oxides (TCOs) havelkext transparency in the visible
region as well as a high electrical conductivitiiey are widely used as windows in
solar cells. Indium tin oxide (ITO) is currentlyetmost important TCO, but it suffers
from some drawbacks such as the high cost of ingweak optical absorption in the
blue-green region, as well as chemical instabifiyernatives to ITO include
Cadmium Oxide (CdO) which has high transparencysdible and near infrared (NIR)
spectral regions as well as high electrical conditgtof pure and doped films [1-4].
Pure CdO has n-type degenerate semiconducting ioeinavith relatively low
electrical resistivity (18-10* Qcm:; a direct bandgap of 2.2—2.7 eV and two indirect
bandgaps of 1.18-1.2 eV and 0.8-1.12 eV. The Hagrecal conductivity of CdO
results mainly from stoichiometric deviation aneéewithout doping due to the
existence of shallow donors caused by intrinsierstitial cadmium atoms and oxygen
vacancies. These also may give rise to some defe€dO films which are usually
point defects, which can be either interstitial @adn atom [5], Oxygen vacancy [6]
or a residual hydrogen atom [7]. Its electrical dactivity can be improved by doping
using a variety of elements such as Aluminum (8bpper (Cu), Iron (Fe); Silver
(AQ), Tin (Sn), to name but a few [8-10]. It is@lelatively cheaper to prepare using a
wide variety of simple methods such as metalorgan@nical vapor deposition [11],
pulsed laser deposition [12], sol-gel (spin coatolig coating) [13], dc magnetron
reactive sputtering [14] and spray based technifLEe4.6]. In addition to TCOs, CdO
is used in many device applications such as sefikgfsphotodetectors [18], Schottky

diodes [19], bipolar transistors [20] and solaicg1-24].



n-CdO/p-Si heterojunction solar cell which was fedted by sol-gel method shows
poor photovoltaic performance [21]. In this workmerical simulation using Silvaco
ATLAS software is used to model the aforementioseldr cell and to elucidate this

poor performance.

3. Structure:

The semiconductor used to fabricate the diodeighdiudy was p-type single crystal
silicon with a thickness of 600 pum, and a resistiof 5-10Qcm. CdO film was
deposited on p-type-silicon by sol-gel dip coatimgthod. The thickness of the CdO
film was determined to be 187 nm using atomic fareeroscopy. Al metal front
contacts were formed on CdO film in the form otuaiar dots of 2 mm in diameter and
100 nm in thickness. The back ohmic contact waséar by evaporating Al metal on
the back of Si wafer. The cross-section of Al/ ndZg@-Si/Al diode is shown in Figure
1. It has to be mentioned that the CdO film plag®able role: as a TCO window as
well as the emitter of the n-p junction. Furthetails of the fabrication process and
electrical and optical characterization of the sokll material and device can be found

in [21].

il AL

187 nm CdO film

Figure 1.



4. Results and discussions

4.1. Solar cell J-V characteristics:

The photocurrent density-voltage characteristichefsolar cell were measured under
different illumination intensities. Although theseeasurements were presented in [21]
they will be later compared to simulation. In sumyn#he best values of Voc and Jsc
of Al/ n-CdO/ p-Si/Al solar cell were found to g, = 0.41 V and/s. =

2.19 mA/cm? under AM1.5, respectively. Although there are samilevices that show
better performances in the literature [22-25],rth@n purpose of this work is to find

the origin of the bad performance.

This poor performance was related to the presehdefects which create continuous
distribution of trapping centers in the gap of C@0]. In the simulation section we
will demonstrate this fact by considering the diwmoe with and without the presence of

the defects.

4.2. Simulation

The reliability and validity of simulation resultsust be performed by comparing them
with those obtained in experimental studies. Otlewobtained simulation results are
undermined and called into question, and it ishegipossible nor feasible to re-use
them in constructing real devices such as sol#s.dalthis respect parameters to be
used in the simulation have to be published data fiterature. Furthermore these
data, if necessary have to be adjusted in a rebkonay, to yield simulation results
comparable to measurements. The SILVACO TCAD ATls®8ware was used [27]

in this work to elucidate the poor performanceha Al/ n-CdO/ p-Si/Al solar cell. It is

a physically-based two and three dimensional desiiteilator. It predicts the electrical



behavior of a specified structure and the intephgisical mechanisms involved. It
solves a set of fundamental equations, which loglether the electrostatic potential
and the carrier densities, through Poisson’s eguathe carrier continuity equations
and the transport equations. The simplest modethafge transport that is useful is the
Drift-Diffusion Model [28]. The Poisson's equatiaich relates the electrostatic

potential to the space charge density is given by:

div(eVp) = —p 1)

wherey is the electrostatic potentialjs the local permittivity, ang is the local space

charge density.

The space charge density in amorphous semicondugitaee CdO in the present work)

is given by
p=q@—n+ Ny — Prai + Ngq — Pga + Ng) (2)

wheren andp are the free carrier's densitigg, is the n channel doping concentration

andnggi;, Deqit, Ngar Pga are given by:
nean = J,° 94 E)R(E) dE
Prait = [ 9BV (E) dE
nga = f;° GAEf1:(E) dE

Pga = J5° 98 (E)f35(E) dE

wheref/t(E) , fii (E) are the ionization probabilities of the accepéirand Deep

levels with Gaussian distribution, respectivelyd # (E), f1.(E) are the ionization of



the donor states. At the steady state, these imizprobabilities are given by the

Shockley-Read-Hall modek [29, 30]:
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wherev}, is the electron thermal velocity anf, is the hole thermal velocity, is the
intrinsic carrier concentratiom,,. andoy;, are the electron capture cross-section for the
acceptor states and deep levels with Gaussianbdistm respectivelys,. andoy, are

the hole capture cross-sections for the acceptestnd deep levels with Gaussian
distribution respectively angl,,,, 6, 6,,,, andoy, are the equivalents for donors
states. It has to be mentioned here that when Bga@plied to a crystalline

semiconductor (like Si) the terms,;; — Prair + nga — Pga are neglected.

The continuity equations for both electrons anaehpin steady state, are expressed as:

[5] 1,.
a—’z =~ div], + G, — Ry (3.a)
ap 1

ot = —;div]p + Gp - Rp (3b)



whereJ,,andJ, are the electron and hole current densitigsandG, are the generation
rates for electrons and holé, andR,, are the total recombination rates for electrons

and holes in deep and shallow states,@arglthe electron charge. The generation rate

of these pairs at a positiorfrom the illuminated front is given by [31]:

G(x) = [ T ¢o(Daexp(—a(d)x) dA 4)

pectrum

T (1) is the transmittance of the cell’s top surface@dilim), calculated for normal

incidence by [31]:

_ (()-1)2+kW)?

T =1-RW =1- e ®)

whereR(A) is the reflectivityn(4) andk (1) are, respectively, the refractive index and
the extinction coefficient of the CdO filnp,(4) is the AM1.5 spectrum fluxy (1) is

the absorption coefficient. The refractive indeand extinction coefficierk of CdO

with Eg=2,27 eV were extracted from transmittanoe @flectance curves [32] using
Eq.5.

R, andR, are assumed to be the same and given by [33]
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wherevf}, is the electron thermal velocity amf}, is the hole thermal velocity,; is the
intrinsic carrier concentratiow,,. anday, are the electron capture cross-section for the
acceptor states and deep levels with Gaussianbdistm respectivelys,. andoy, are

the hole capture cross-sections for the acceptestnd deep levels with Gaussian



distribution respectively angl,,,, 6, 6,,,, andoy, are the equivalents for donors

states.

In the drift-diffusion model, the current densite® expressed in terms of the quasi-

Fermi levelsp,, and¢, as:
jn = —quanVoy (4.9)

J» = —quppVé, (4.b)

wherep,, andu, are the electron and hole mobilities, respectivehe quasi-Fermi
levels are then linked to the carrier concentratiand the potential through the two
¢_¢n ¢_¢p

Boltzmann approximations = n;exp (W) andp = n;exp (— W) wheren; is
B B

the effective intrinsic concentration afids the lattice temperature.

The electrical characteristics are calculated Yaithg the specified physical structure
and bias conditions. This is achieved by approximgahe operation of the device onto
a two dimensional grid, consisting of a numberrad goints called nodes. By applying
the set of differential equations (Poisson's andtinaity equations) onto this grid (or
equation's discretisation), the transport of cesribrough the structure can be

simulated. The finite element grid is used to reprt the simulation domain.

Of interest to the present work, the current-vatabaracteristics are calculated under
illumination and different conditions. In the firsase, the CdO film will be considered
as a crystalline semiconductor (absence of defdat$le second case, the CdO film
will be considered as an amorphous semiconducéoit, contains a continuously

distributed energy states in its band gap duedgtksence of defects.



4.2.1. Crystalline CdO film:

The parameters used in this work, other than tepseified in Figure 1, to simulate the

Al/n-CdO/p-Si/Al solar cell have are presentedahlés 1 and 2 for CdO and Si

respectively.

Table 1.

Parameter Value Reference
Band gap 2.27 eV [21, 32]
Electron affinity 451 eV [34]

Donor density, 4.4x106°cm?® [35, 36]

CB effective density of statescN 2.2x16%cm? [27]

VB effective density of states N 1.8x10° cm® [27]
Electron mobility 7.03 chtVs [35]

SRH lifetime for electrons and holes 1219 [27]

Table 2.

Parameter Value Reference
Band gap 1.12 eV [28]
Electron affinity 4.05 eV [28]
Acceptor density, N 2.0x10' cm’® Supposed
CB effective density of statescN 2.8x10%°cm’ [28]

VB effective density of states, N 1.04x16° cm® [28]
Electron mobility 1450 cfiVs [28]

SRH lifetime for electrons and holes 119 [27]




The simulated (compared to measurg&d)characteristic under AM1.5 spectrum for
the ideal Al/n-CdO/p-Si/Al solar cell using the pareters of tables 1 and 2 is shown in
figure 2. The short circuit current densifl¢q) and the open circuit voltag¥dc) are
much higher than those of measured J-V charagtsigthe big difference between
simulation and measurement is due to the facttbeasimulated device is assumed to

be perfect free of defects, which is obviously thet case in reality.

16

12

—— Simulated
Measured
Under AM1,5 spectrum

Current density (mA/cm?)

T . T T 1 ¥ 1
0,0 0.1 0,2 0,3 0.4 0,5

Bias (V)

Figure 2.

4.2.2. Amorphous CdO film:

It is well known that, in most cases, thin films/Baon crystalline structure. It is
therefore expected that the polycrystalline or gshous nature of these films give rise
to defects in the film lattice. These will giveeito different types of energy levels in
the band gap of the material.

In amorphous semiconductors, the density of s{&1€xS) is composed of four bands:
two tail bands (a donor-like valence band and aejtor-like conduction band) and
two deep level bands (one acceptor-like and theratbnor-like). The firsts are
modeled as decaying exponentials from the band etige the latters are modeled

using a Gaussian distribution. The density is thigen by:



9(E) = gga(E) + gep(E) + gra(E) + grp(E)
The subscript& andT are for Gaussian and tail respectively whilandD are for

acceptor and donor respectively.

Eg, — E7? E — Egp1? E—E, E, —E
g(E) = Ggaexp —[ ] + Ggpexp —[ ] + Gy exp[ ]+GTDexp [—]
Op Op E, Ep

WhereEy ¢is the valence (conduction) band ed@g,4)(cm™3eV ™) the effective
density atEy ), Epa) the characteristic slope energy of the valencedgotion) band-
tail states(i;4(p) the total densitycgn=3eV 1), o, (g,) the standard deviation and

E¢p(a) the peak energy of the Gaussian distribution.

The parameters of the different constituents oS used to simulate their effect on

the Al/n-CdO/p-Si/Al solar cell performance aregaeted in table 3.

Table 3.

Parameter Value
Standard deviation of the deep acceptqréeV) 0.025
Standard deviation of the deep donegseV) 0.05
Peak energy of deep acceptbrs (eV) 1.225
Peak energy of deep dondig, (eV) 1.225
Characteristic slope energy of the valence bandtatiest, (eV) 0.1
Characteristic slope energy of the conduction kaildtatesE, (eV) 0.1

Furthermore the capture cross-sections for majanty minority carriers are x 10~1*
and1 x 10716 cm? respectively for all states. Unfortunately it wast possible to find

values for these parameters in the literature hadkfore default values in the



SILVACO TCAD software were used [27]. A schematpresentation of such states is
shown in figure 3 for densities ofi, = Ggp = 1 X 10™* cm=3eV ™" and6y, = Gyp =

1x 10 em=3ev!

Ev Ec

Donor like deep levels with Gaussian distribution

Acceptor like deep levels with Gaussian distribution
—Valence band tail

Conduction band tail

DOS {cmev™T)
-
e e
.Jm .Jm
Valence band
Conduction band

: = . = : = =
0,0 0,5 1,0 15 2,0 25

Energy above E,; (eV)

Figure 3.

We will now consider the effect of the differeninstituents of the DOS on tldeV

characteristics of the non-ideal Al/n-CdO/p-Si/Alar cell under AM1.5 spectrum.

a. Effect of the deep levelswith Gaussian distribution

First the acceptor-like and donor-like deep leaids in the CdO film are varied
symmetrically g;4(E) = g¢p(E)) and thel-V characteristics of the non-ideal Al/n-
CdO/p-Si/Al solar cell under AM1.5 spectrum werenguited. The density of tail was
kept at a low value at,, = G;p = 1 X 10*° ¢cm=3eV'so that it can be neglected

compared to deep states. The acceptor doping ctvatien of silicon wagv, = 1 X



10'® ¢m=3. The fixed oxide charge density was also keptdog; = 3 x 10"° cm~2.

The simulated-V characteristics are shown in Figure 4.
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Figure 4.

The figures of merit of the solar cell: the shartit current densityJs), the open
circuit voltage Voc), the efficiency ) and the fill factor FF) are extracted from the

V characteristics. These are shown in figure 5.



—— T ——rr — T —rrrr;
0.015 | ©—O O———0. -4
L \o g
0.010 — =
N —0—1J { <
sc

0.005 - ¢
L \ 4 —

OOOO EEETI | EEETI | ol IR | sl " ||||||Q "

0.51 5 5 5 —
L O\O 4 =

0.48 e —
I °o—V . \ | b
©. 3
0.45 | \ 4 >

042 Ll Ll Ll Ll rnnl 1 ||||||Q 1
a 18
C 1 uw
o

| ol ol 1 | | |
5 L .
. o—o0 o o\

3 B <
1 X
) AN 18
[e

- @) _

1 \ ]

0 ol " Ll Ll Ll Lo

L P ...J.-.é)ls. ..J.-.é)la. -3.1.617. .1.618. T
GGA,D (cm eV'l)

Figure 5.

The cell performance parameters do not changengsals the DOS stays below 1*10
cm eVt From 16° cm® eV?, the presence of deep level bands in the CdO film
degrades all solar cell parameters except thafitbr which increases with increasing
density. It has to be mentioned that although #wrehsed parameters tend to approach
the real (measured parameters), the fill factowis This means that the simulateyf
characteristics are not comparable to measuremBmsdegradation als: can be
understood from the fact that the photogeneratetieca are captured by dense defects.
The degradation ofoc can be explained by a decreasdgnas well as a possible
increase of the dark saturation currgnif the CdO/Si diode in the presence of defects
in accordance to the relatidfy; = VyIn(Jsc/Js). The strange behaviuor of the fill

factorFF (increasing then decreasing) with increasing dgmdistates may be



explained by considering the equivalent circuitha solar cell. The electric model is
often composed of: a diode, representing the beha¥ithe solar cell in dark, a current
source representing the photogenerated curreptjessesistanck, representing the
resistive losses of the material and a shunt segisR; modeling parasitic currents

which cross the cell. When the defect density iases, two cases arise:

(i) If defects are found in the space-charge ztheejncrease of the defects DOS can
create conduction channels and leakage currerasiated. This will decreade,,.

(i) If defects are found out of the space chargeez the increase of the defect DOS
will increase the non-radiative recombination rétes increasing;.

In the present case, ie when the defects dengitgases, the space charge decreases
inducing a decrease Ry, but an increase iR,. Both resistances are known to
influence the fill factor of the solar cell. An m@se ik, (or decrease iRg;) will
degradd-F. So there is a competition between the effectsoti resistances. An
increase irFF is dominated by the decreaseRinwhile a decrease iRF is dominated

by the decrease Ry,.

b. Effect of thetail states

The second case was studying the effect of thet&iés on the solar cell performance
by varying, symmetrically, the acceptor and doremsities at the conduction and
valence band edges of the CdO film respectiveé}y, (= Grp). The density deep states
was kept at a low value of,, = G5, = 1 x 10'® cm=3eV ! so that it can be neglected
compared to tail states. The acceptor doping cdratén of silicon wasv, = 1 X

10*® ¢m~3. The fixed oxide charge density was also keptadbg; = 3 X 10" ¢m-2.

The simulated-V characteristics are shown in Figure 6.
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The figures of merit of the solar cell: the shartwit current densityJs), the open
circuit voltage Voc), the efficiency+) and the fill factor FF) are extracted from the

V characteristics. These are shown in figure 7.
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Figure 7.

The cell performance parameters do not changengsas the tail states density stays
below 1x18° cm 3 eV'™. From 18° cm 3 eV'%, the presence of deep level bands in the
CdO film degrades all solar cell parameters extiepfill factor which increases with
increasing density until 1xbcmi™ eV when it starts to decrease. As in the case of
the DOS effect and although the decreased parasrtetat to approach the real
(measured parameters), the fill factor is not. Theans that the simulatde/

characteristics are still not comparable to measands.

It has to be mentioned that the effect of tailesas very similar to that of Deep levels
with Gaussian distribution. In both cases the ¢fiedicates that the defects act as
dopants, modifying the doping profile and reduding space charge zone of the
junction. So the same analysis of the dependentteedfolar cell parameters on the

density of the tail states used in the previoug cagy are applicable here.

c. Effect of p-typedoping of silicon:
The third and last case studied is the effect efpttype doping of the silicon absorber
layer (Si) which was varied fromi, = 2.5 x 107 to 1 x 10'® cm~3. The other
parameters were: the density of the Gaussian detgsslistributiortr, , = 1 X
105cm™3eV 71, the density of the taiG;,p = 1 X 10°cm™3eV ! and the fixed
oxide charge densit§, = 1 x 10'°cm™2. The simulated-V characteristics are shown

in Figure 8.
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The extracted figures of merit of the solar cedl shown in figure 9 under the effect of

variable p-type doping of silicon.
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Vo increases with increasing p-type doping of SisTdan be understood bearing in
mind that it is proportional to the barrier (diffas, built-in) voltage ¥;) of the p-n
junction and the latter is proportional to the ampdensity of the two sides of the
junction as/y = kT /qIn(N,Np/n?). Js, on the other hand, decreases which may be
due to the decrease in of the junction dark saturaturrent densitys which in turn is
inversely proportional to the doping density. Tigktionship is given bjg. =
Jsin(Vpc/Vr) < (1/Ny)In(Vy/Vr). AlthoughV,cincreases, but the increaseNyf (the
decrease of /N,) will be far more influent. The increase in thiéfiictor (FF) with
increasingV, may be interpreted by the effect on the spacegehi@ygion (SCR) of
which the width increase with decreasing dopingsdgnThis may create a path
through the defects in SCR which is usually repressas a shunt resistarg, in the
electrical model of a diode. The effectRy, onFF is well known: they are simply

proportional. Thus a decreasefly), induces a decreasehifr.

d. Simulation of the effect of illumination power intensity on the Al/ n-CdO/

p-Si/Al solar cell

Simulation of the effect of the tail and Gaussiafedt on the Al/ n-CdO/ p-Si/Al solar
cell has lead to comparable values between siroulaimd measurement for both
Vocand/gq. However the effect was not able to obtain comgaraalues foFF. The
acceptor doping of silicon induced comparable v&feeFF. Combing the effects of
defects in CdO and doping in Si, all parametersvedmost perfectly reproduced when
the solar cell is subjected to AM1.5 spectrum @ligbwer intensity of 1200 mW/cth

The values which gave comparable simulation andsoreanent were: an acceptor p-

type doping of silicon, \N= 2.07x18’ cmi®, a total density of the Deep levels with



Gaussian distribution, & #1x10” cm®/eV, a density of tail states, ;&= 1.5x16°

_3 . . s _ 2
cm®/eV, and a fixed oxide charge density; Qf=5X16m. These values were then
used to simulate the effect of light intensity beJd-V characteristics of the solar cell

and compared to measurements. This comparisomvensim figure 10.
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Figure 10.

As it is very clear there is a very good agreenbetiveen simulation and
measurements. From figure 10, the solar cell patennare extracted and presented in
figure 11. The extracted parameters give almogreept match between simulation

and measurement.
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Figure 11.

5. Conclusion

An n-CdO/p-Si heterojunction solar cell which wabricated by sol-gel method.
Optical characterisation showed a very poor peréoree [21]. In this work numerical
simulation using Silvaco ATLAS software is usedrtodel the aforementioned solar
cell and to elucidate this poor performance. Séymssible causes were considered:
the presence of defects in the semiconductordtdileep levels with Gaussian
distribution), fixed charge, and doping of silicdrhe defects were found to mainly
affectVoc andJsc. On the other hanlF is mainly affected by the p-type doping of
silicon. Good comparison between experimental andlation results was obtained
with these values: an acceptor p-type doping @fasil Na= 2.07x16’ cm®, a total
density of the Deep levels with Gaussian distrimtiGsa 71x10° cmi®/eV, a density
of tail states, G+ 1.5x16° cmi*/eV, and a fixed oxide charge density; Qf=5X1@m
2. These values produced a good agreement betweetagéd and measurdeV

characteristics of the solar cell under the efééd¢he light power intensity.
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Figure captions

Figure 1. A two dimensional schematic representaticthe cross-section of the Al/ n-

CdO/ p-Si/Al diode.

Figure 2. Comparison simulated and measur¥ctharacteristics of the ideal Al/n-

CdO/p-Si/Al solar cell under AM1.5 spectrum.

Figure 3. The density of states (deep Gaussianaidh the energy gap of CdO.

Figure 4. The simulate#tV characteristics of the non ideal Al/n-CdO/p-Sisalar cell
under AM1.5 spectrum for variable acceptor-like dodor-like deep Deep levels with

Gaussian distribution in the CdO film.

Figure 5. The effect of deep level Gaussian sta¢ise CdO film on the solar cell

performance parameters under AM1.5 spectrum.

Figure 6. The simulate#tV characteristics of the non ideal Al/n-CdO/p-Sisalar cell
under AM1.5 spectrum for variable acceptor-like dodor-like deep tail states in the

CdO film.

Figure 7. The effect of the density of the taitessaat the conduction and valence band

edges in the CdO film on the solar cell performaoa@eameters under AM1.5 spectrum.



Figure 8. The simulated#tV characteristics of the non ideal Al/n-CdO/p-Sisalar cell
under AM1.5 spectrum for variable p-type dopingititon N, = 2.5 x 107 to

1 x 108 cm™3. The other parameters were: the density of thes§lan deep states
distributionG, p, = 1 x 10*3cm™3eV 1, the density of the taiGr,p, = 1 X

10"cm™3eV ! and the fixed oxide charge densjty = 1 x 10'%cm™2.

Figure 9. The extracted figures of merit extradtedh the simulated-V characteristics
of the non ideal Al/n-CdO/p-Si/Al solar cell und&1.5 spectrum for variable p-type

doping of siliconV, = 2.5 x 1017 to 1 x 108 cm~3.

Figure 10.Comparison of simulated and measured [R¥]characteristics of the Al/ n-

CdO/ p-Si/Al solar cell diode for different illumation power intensities.

Figure 11 Comparison of the Al/ n-CdO/ p-Si/Al solar cell pareters extracted from
the simulated and measured [21Y characteristics of figure 11 for different

illumination power intensities.



Table captions
Table 1.Parameters used to simulate the CdO film of thalid&n-CdO/p-Si/Al solar

cell.

Table 2. Parameters used to simulate silicon oidbal Al/n-CdO/p-Si/Al solar cell.

Table 3.Parameters of the DOS used to simulate the CdOdfilthe Al/n-CdO/p-Si/Al

solar cell.





