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ABSTRACT

The electrical and photovoltaic properties of CdSe/p-Si heterojunction so-
lar cells prepared by evaporation cooting on asingle-crystal p-type silicon
substrates are examined, under (100) mw/cm?2, 25 °C. The best fabricated
cell shows an open-circuit voltage before irradiation is (0.62 V) and after
irradiationis (0.44 V). The short-circuit current density beforeirradiationis
(34 mA/cm?) and after irradiation is (13 mA/cny?). Thefill factor beforeirra-
diationis(53 %) and after irradiationis (44.7 %). The conversion efficiency
(ectivearea) beforeirradiationis (11.1 %) and after irradiationis(2.5%).was
observed during two-hour illumination test and after storing the cell in air
for three months. The illumination is from the CdSe side (frontwall).The
cellsareanalyzed using I-V and P-V measurements, spectral response and
1/C*-V measurements, with focus on the influence of the solar cell thick-
ness, light intensity illumination and effective dose of y-radiation, which
play acrucia role to improve the solar cell efficiency. y-irradiation cam-
paign with different doses has been carried out on a series of solar cells.
© 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

The enormous gap between the potential of solar
energy and our currently slight use of itisduetothe
modest energy density of theradiation, low conversion
efficienciesof photovoltaic, and cost of materia s cur-
rently required. The cost effectiveraising of conversion
effidencyisprimarily asdentificchalenge breskthroughs
infundamental understanding enablethe development
of materialsand methods | eading to the photovoltaic
market progress. Several technol ogieshavebeen de-
veloped for utilization of solar energy. Photovoltaic de-

vicesa so known assolar cellsconvert solar energy to
the electricity, which isthe most convenient form of
energy.

Conventiona single-junction semiconductor solar
cellsonly effectively convert photons of energy close
to the semiconductor band gap E,asa result of the
mismatch between theincident solar spectrum and the
spectral absorption properties of the material™. Pho-
tonswith energy E o smaller than theband gap are not
absorbed.Photonswith energy E o larger than theband
gap are absorbed, but the excessenergy E o E isnot
used effectively dueto thermalization of the el ectrons.
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Severd routeshave been proposed to overcomethese
fundamental spectral lossesthat can account from as
much as50%. All of thesemethodsor concepts, which
arereferredto as Third Generation (3G) photovoltaic?,
concentrate on abetter exploitation of the solar spec-
trum, e.g., intermedi ate band gaps¥, quantum dot con-
centrators¥ and down- and up-converters®. Third
generation solar cellsarethe cutting edge of solar tech-
nology and fill intheresearch phase. They areexpected
to achievereasonable efficienciesat |lower coststhan
first and second generation technol ogies® and contain
a wide range of promising technologies including
multijunction tandem cellg”, dye-sensitized solar cells
(DSSCs)®, organic solar cells based on small-mol-
ecul €19 and conjugated polymer!*13, and organic/in-
organic hybrid solar cellg*34,

Theveryfirg diffused slicon solar cdlsweremade
on n-type substratesin 1950s. The solar cell industry
changed to p-type substrates soon after wards dueto
thehigher resistance of thispolarity to spaceradiation,
at atimewhentheonly application for those cellswas
for spacevehicles, and itisnot bethe best cell, choice
for terrestrid gpplication. N-typesubstratesusualy have
higher minority carrier life times than p-type sub-
strates®®.

Therearefour basic structuresfor the photovoltaic
solar cells, homojunction, heterojunction p-i-nand n-i-
p, multijunction.Heterojunction isajunction formed
between two materia swith different band gap!*619. A
CdSe/p-Si solar cdl involvesaheterojunction formed
between thesetwo materids. Further, the semiconduc-
tor CdSeisused in heterojunction fabrication, asit has
good photosensitiveand nano-crysta line property!1°29,
Sunlightisalowedto passthrough the CdSelayer (band
gap=1.74eV).Insuchadevicethe CdSeisreferred
to asthewindow layer. Cadmium solenoid hasanearly
optimum band gap for theirradiation spectrum of sun
light!?], thusthe CdSe/p-Si thinfilm solar cell isprom-
ising candidateasahighly efficient and low-cost solar
cell. However, to reduce the production cost and user
hestation duetotoxicity of Cd, itisrequiredto achieve
asufficient high energy conversation efficiency, using
the PV activelayer with adecreased thickness. Onthe
other hand the PV performance of thicknesssolar cells
areimproved by the annealing temperature profile as
will astheeffect of y-radiation.
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Inthisarticle, wereport the results on structural
and electrical and optica characterization of the(3, 7,
20 pum) thick CdSe/p-Si solar cells annealed under
525°% for 2 hours, dark (1-V) measurementsand photo
|umi nescence source used. In particular, wereport the
PV performancesof (20 um) thickness solar cell are
improved by themodification of thethickness, effect of
radiation and annealing temperature profiletreatment.

EXPERIMENTAL PROCEDURE

The substrate materials are two-inch diameter
(100) — oriented, p-type silicon wafers with a resistiv-
ity of (0.8-1.2 &!.cm), corresponding to adoping den-
sity of (4-6)x10" cm. Thesewaferswereetched us-
ing CP, etching solution for (2)min, (CP, etching solu-
tionisprepared by adding 20mL of HF acidto 30 mL.
Acetic acid and 60 mL concentrated HNO,). After etch-
ing, the Si-waferswerewashed for 5min. by distilled
water, and then by ethyl alcohol.

The CdSe: In film were evaporated onto the Si-
wafers by using Cooting unit Edward type (E306A),
Evaporation was carried out at pressure (10° Torr) in
vacuum, to coated onesde of the Si-wafersby n-CdSe
thinfilmwith different thickness. The CdSethin film
Side, wasover coated by anindiummesh to beused as
grid electrode. After the CdSe : In film Coated, the
ohmic rear contact wasfabricated by vacuum evapo-
ration of Gold, Indium slver, Bismuthand Aluminum
electrodes. Then the front electrode was made by
evaporating aAl meta grid, through ametal shadow
mask. Findly, CdSe/p-Si Heterojunctionwereanneded
for two hours (2H) at 523°k (250°C) to completethe
Junctionformetion.

RESULTSAND DISCUSSION

Electrical and photovoltaic characteristics of
CdSe/P-Si solar cell

Thedectricd characterigticsof thephaotovoltaccdls
wereinvestigated in thedark and under different bias
light conditions. The solar cell parameters, short circuit
current density | , opencircuit voltageV _, and maxi-
mum out putted power (P, ) weredetermined. During
dark 1-V measurements, alight-proof cover shieldsthe
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TABLE 1: Electrical parameter sof fabricated solar cellsas

= 0,3+ ! afunction of thicknessbefore and after y Irradiation at a
£ chosen fluency (1900 M Rad)
2 !
g " / Vo Jec F.F n
= / Cell (mv) (mA/cm?) (%) (%)
= | / Thickness
# o A before after before after before after before after
g - 3um 490 340 28 23 349 486 48 38

1 s
e e 7um 530 430 28 20 451 627 67 54
S o 20pm 620 440 34 13 526 447 111 25

: -UI,S ' 4:':4 ' :2 ' 0:4 ' 0,6
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Figurel: Current -voltagecherateristicin dark
cell under test. Thedark |-V curveismeasuredinfor-
ward and reversedirectionsas shownin Figure 1.
For themeasurementsof theilluminated (I-V) curve
adetailsinvestigation of solar cdlls, theilluminated (I-
V) curvesover awideintensity range (10-120k Lux).

Effect of cell thicknesson electrical performance

Weinvestigated the influence of the CdSefilm
thicknesson solar cell characteristics. Thethickness
of CdSfilmisacritical factor affecting cell perfor-
mance. Both V__and | are dependant on the cell
thicknessfor al solar cell used.Figure 2 shows, asthe
samplesthickness (3, 7, 20 um) decrease, the short
circuit current | and open-circuit voltageV  over a
widerangeof illuminated light intensity are observed
to bedecrease, whichisdueto thelow bulk diffusion
length, electrons generated near the rear side of the
solar cell havealow probability for collection. Dueto
thehighinterna areareflection, thetotal generationis
hardly reduced by thinning the thickness. But the gen-
eration takes place closer to thejunction and that will
increasethe collection probability. It showsthat CdS
thickness best rangeis ~20 um.. The electrical pa-
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Figure2: Current density-voltage curve as a function of
light intensity for diffrent thickness cell

rametersof thedifferent fabricated solar cellsarepre-
sented in TABLE 1. These parameter were obtained
from (1-V) illuminated characteristics curve asafunc-
tion of cell thickness.

Effect of light intensity on electrical performance

Asamatter of fact thesolar cell with thickness (20
um) has a much greater spectral response under flu-
ency of light intensity, dueto it can absorbed more of
thed ectromagneti c spectrumthan the other thinner ones,
and thus has the capacity to generate larger currents.
Figure2, adirect result, anincreasein short circuit cur-
rent density asthelight intensity increase, whileasopen-
circuit voltageislargely unaffected all over lightinten-
sty rangeand wave engthsincident, which meansthat,
V. increaseupto (20k Lux) asincident light intensity
increase, morethan 20k Lux, V _staysfairly constant,
relatively to the short circuit current density. Theelec-
trical parametersof thedifferent fabricated solar cells
arepresented in TABLE 1. These parameter were ob-
tained from (I-V) illuminated characteristicscurveasa
function of cell thickness.Findly for most studied solar
cells, theshort-circuit current density showsalinear
relationshipwiththeincident light intensity!?. Theopen-
circuit voltageand fill factor aremuch weaker depen-
dent onthelight intensity!?14,

The (I-V) and (P-V) characteristics for the best
performance cell with thickness (20 um) areshownin
Figure 3. The CdSe/p-Si Heterojunction cell hasan
open-circuit voltage after irradiationis (0.44 V) and
beforeirradiationis(0.62 V). Theshort-circuit current
density beforeirradiationis (34 mA/cm?) and after ir-
radiationis(13mA/cm?). Thefill factor beforeirradia
tionis(52.6 %) and after irradiation is(44.7%). The
converson efficiency (activearea) beforeirradiationis
(11.1 %) and after irradiation is (2.5%).

Watarioly Science  mmm—
A VWMW



MSAIJ, 8(12) 2012

M.Ashry and S.Fares

473

41 S - 40
—— Current before
—&— Power before
R —— —— —a&— Current after
= 30 TR —»—Powerafter ] 3p
g
3 \ =
= , E
g 20 N d20 %
- E:
- S S -"\
104 P e 10
] <
. ) y
- bY
" il . b1 o
0a 0.2 04 06
Voltage (V)

Figure3: Current-voltageand power -voltage cur vefor the
(20 wm) thikness cell

Spectral response measurements

Figure4 showsresults of the spectral responsefor
tested solar cellswhich were processed with different
thickness (3, 7, 20 um). Asit can be seen, for whole
cells, theopticd propertiesof solar cdlsareamost the
sametrend but with different wavelengthsrange(i.e),
asthesolar cell thickness decrease, the maximum | _
va ueshifted towardsthe bluewavel ength region.

It can be noted that the spectral response at the
long wave length decrease with the reduction in the
(CdSe) layer thickness. Light transmissionlossdueto
aninsufficient absorptionlayer, and carrier recombina
tion loss at the back contact, dueto the probable pres-
ence of defect at thejunction can be considered to be
responsiblefor thetota current lossinsuchthinfilms.
Inaddition, thethin solar cdll layer leadstothetypicaly
reduced responsein the InfraRed regionwhich leading
to asignificant reduction of recombination currentsat
thefront surface.
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Figured4: Spectral responsefor different cell thickness
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The spectra response behavior can be discussed
asfollows, spectral down conversionswassuggest in
the 1970sto be used in so-ca led luminescent concen-
tratorsthat were attached onto asolar cdl®. Inthese
concentrators, organic dyemolecul esabsorb incident
light and re-emit thisat ared-shifted wave ength. Inter-
nd reflectionensurescollection of dl there-emitted light
intheunderlying solar cells. Asthe spectra sensitivity
of siliconishigher inthered thanintheblue, anin-
creasein solar call efficiency was expected.

Capacitance-voltage measur ements

Oneof theimportant properties of semiconductor
material isitschargecarrier dengty. Onthe other hand,
atoo high carrier concentration causes unwanted re-
combination of thephotogenerated chargecarriersand
thusdeterioratesthe conversion efficiency of thesolar
cell. Capacitance-voltage (C-V) measurementsisthe
most commonly used method for the determination of
carrier dengitiesin semiconductor of material whenthe
capacitance of areverse biased semiconductor junc-
tion ismeasured asafunction of the applied reverse
bias(0.9V), theapparent carrier density can be calcu-
lated from the dope of the (A/C)?Vs.(V) plot accord-
ingtotheequation.

2
eg,e.(A/C)’/dv
N, isthedonor concentrationin ap-type materia, (€)
iselemental charge, C isthe space-charge capacitance,
V,, istheflat band potentid, & isthe permittivity of free
space, _isthestatic permittivity of the semiconductor.
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Figure5: The (1C?-V) of the CdSe/p-Si solar cell at fre-
guency of (IMH2)
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Figure 5 showsthe 1/C2—V plot of the CdSe/P-Si
cell of Figure3at (1MH2z). Sinceband bendingispri-
marily on the CdSe-Side, the (1/C2-V) intercept of
(0.9V) onthex-axisisessentialy equd to thediffusion
potential withintheCdSe. Thed opeof thestraight line
givesdonor concentration N, of (H” 4.6x 10*°) cm®.

The C-V characteristics of CdSe / P-Si
heterojunction was measured by applying reversebi-
ased potentid . When hetergjunction wasjust irradiated
with gammairradiationthe dope of theplot wasfound
to be decreased. Thisis attributed to theincreasein
capacitance duetoincreasein chargecarriers across
thejunctionwhereelectronsaredriftedinn-region and
holesaredriftedin p-region. Theextrapolated plotsin-
tersect onbiasvoltageaxisat 0.9V giving thevalue of
built-injunction potential to be0.9 eV. The crossover
of the extrapolated plot on voltage axis showsthefor-
mation of arupt p—n, (p)Si-/(N)CdSe, junction. But the
increaseisequd in magnitudefor bothtypesof charges,
hence, essentially built-in junction potential has not
changed. Thisaso indicatesthat thereareno structural
changesor diffusion acrossthe junction dueto laser
irradiaion
Effect of y-radiation on solar cell performance

We have performed y-exposures to study perfor-
mancereliability and materiad sdegradation of our fab-
ricated solar cell. All the cellswith different thickness
wereirradiated by y-radiation with different doses (500,
1400, 1900 M Rad).

In general, effects can be produced at the surface
or inthebulk. Surface effectswill clearly be most im-
portant for thinfilmg 26], have suggested that the break
point for considering only surface damage comesfor
thicknesslessthan (~ 20 um), and that inthiscaseitis
the energy fluency which isimportant (propagation of
defectsout of theirradiation layerstakes place over
distanceof 1-10 um). For thicker material sboth sur-
face and bulk effects haveto be considered, (i.€) the
main effectsare dueto total ionizing dose?"?%. They
occur at higher levelsthan generdly encountered inthe
natura spaceenvironment. For thethreetypesolar cells
with different thickness (0.3, 7, 20 wum), Figure 6 shows
that thinfilm solar cellshaveexcellent radiation hard-
ness. Theresults show that thethinner cellsareonly
very dightly damaged than themorethickness ones (20
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Figure6: Theeffect oggammaradiation (1900 M Rad) on
current density for different cell thikness

um) which has great degradation by y-irradiation at a
chosen fluency (1900 M Rad).

The photoel ectrica characteristics (J-V curve) for
thedifferent cellsthickness(3,7,20) were measured
before and after y-irradiation. The measured short cir-
cuit current dengity, open circuit voltage, fill factor and
efficiency are34 mA/cm?, 0.62V, 52.6% and 11.1%
for cell (20 um) Figure 3 For cell (3 um) are28 mA/
cm?, 0.49V, 34% and 4.8%. While the photoel ectric
performancebeforeirradiationisbetter incell (20 um)
compared with the corresponding onein cell (3 um),
due to the better spectral response for cell (20 um)
than in cell (3 um), as shownin TABLEL. Also the
strong effect of y-radiation on theshort circuit current
(Jsc) and the open circuit voltage (Voc) isclearly ob-
served. Thisisattributed to the permanent crystal dam-
age created in the base region reducing the electronic
lifetimeof the generated carriers.

During crystal damage, three phenomena, namely
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generation of electron-hole pairs, Compton effect and
electron-positron pairs, occurred®™!. Itisalso observed
that the gammarays have agreater effect in reducing
the JscthaninVoc for cell (20 um). The degradation
percentageratiosin Jsc and Voc are 38% and 70 % for
(20 um) and 82% and 70% for cell (3 pm), respec-
tively. Therefore, theradiation resistancein cell (3 um)
(withlower In: CdSeratio) isbetter thanincell (20 um).

The spectral response measurement under the ef -
fect of y-radiation has shown in Figure 7. Animpor-
tant results of thisstudy isthat asthey-dose increase
the degradation dueto y-irradiation increase especially
for the (20 pm) thick.

CONCLUSION

Thefabrication of CdSe/p-Si Heterojunction by
physical thermal evaporation method has been
reported.We haveinvestigated theinfluencesof vari-
ousconditionsinthe CdSe/p-Si solar cell performance.
Theeffect of cell thicknesswereobserved. Thethin
CdSe/p-Si cdll.thicknessleadsto thetypically reduced
spectral responseintheinfrared, and thewavelength
which hasthe maximum spectral responsewas shifted
towardsthe shorter wavelength, asthe cell thickness
decrease.In addion theradiation hardness of solar cell
performance. Theeffect of cdll thicknesswereobserved.
Thethin CdSe/p-S solar cell wasstudied for y- doses
(500, 1400 Mrad). The effects of radiation noted an
decreaseindectricd performanceastheradiation dose
increase. Parameters such asdonor concentrationin
CdSe, aswell ascurrent — voltage, and capacity volt-
age aredescribed. Efficiency of the best performance
solar cell CdSe/ Si approached around 11 %.
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