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I INTRODARCTION
CUma of the most promising mmterials for solar energy
comvarsion & a galinm amenide (Guds). This servicondncior
L charactarized ©v a large cpdcal absarpiicn cosdfoent o
I:-:-dilrn-:tn]:rh.-a]

lomor dnckmess in comparison with the thickneas ut'l:]:ﬂ-
silicom solar call In primciple it suffices o bae a thickmoss of
34 pioroms Gads in selar cells for afficiency of about at least
2%, while the thickness of S sdlicom solar cells cammod be
Loz than 40-80 peicrons without significant rednction in thedr
afficiency [1]. The Shockley-Cresisser limitation of the
uificiency of sven idsal single-jmction photovotiaic cells that
ahsort all the incomsng solar radistinn is resirickd o 33.7%
by infrinsic Josses wach as band cdpe therrmlfeaticn with a
band gap of 1.34 &V nearly equal Gads band gap [2].
Increazing of (Gads solar colls tempematire oo <150 ..
180"C did not sigmificantly decrease of their eficiency. At
the same timw, for silicon solar cells increass In femparamm:
above 80 ... 70 * C is almost critical and their efcisscy is
habred ' In addition, high mdaton madstames of Gafds makes
this madarial very attractive for nse in space vehiclos.
Hewmnver, despite the afomementicned advesdages of Gads
sclar calls problem of inceaadng the efficiency 3s quite cracal.

rE

The wefficiency mcrease sven for some percemt 15 VeIy
insportant aspecially in induseial production.
To wome the deoreass of optcal losses wsing differet
tecmologies and designs inclnding the nsing of & &
or pmiti-laver anticflection coating [3.4], texturing of e
E'n-:l:.li.mﬁr-n[ﬁ] tho formaton co % vEAe DATOWEW,
memogarticles and quantem dobs are nsed sxtensivaly [6-E].
Toe aim of cor work & to smdy e poudbiity of
increxing the of Guds solar cells by coatimg s

:r&mﬂuﬁ]-ﬂnkmﬂhﬁ-ﬂmﬂuﬂm&mm
oxygen famg,

O EXFERMEHTAI

Solar ik with the GuAlds - Gads stuciirs bave bean
formed om the low-peadstance n = -Gads: Te (111} wafer, and
an absorbing by o-Geds (022109 cwr®) had 2 ddckness
ghonet 10 pm, both an emitier bryer of p - Gafls: Mg and an
optical window p-Graflds: Mg with thicknoss of 0.5 yps ame
comistently gomn co ot - Gafs substae by ligeid phase
epitary growth process. Hack chedc comtact to ot - Gads
subsiaie is made by fsng the In + 3% Te alloy at 4507, As
the matal rear confacts thres-layer stroctare SnMNEA b meed,
an antreflecticn coatimg v moade from silbicon mitide
&M udth a layer thickmass of 70 nm. Active amea of solar call
wa 436 on’. Figme la shown oow-wcion of dhe
investizated Gads beterojenction solar cell

As the referunce specimen was used Schotoy barner (55
An-zrGadun-Gals from basic stmctere by siching
of the top buyer of Gads in sehution HaDy: 50, HLO (1:1:2)
te 2 depth of I-3 microms. The semizamsparent lover of gold
on the 5B An-p-Gafls was formed by chemical
from an amueons whrticn of HAnCl, (45 .4 = HF (100 mg /).
The dhickmass of the deposited bryem of gold was 13-20 nm
Cross~secton of Aw-p-Gads solar call i showm in Figoms Th

Smce the surface propestes of Gradls significantly affect to
the chamciernto: of the Awo-Gals bamar [9] bedfore
chapzical depotition of An laywen a gllinm aonide suface
wai reated In booopine methamclic 4% Brx + 83% CHOH
sichamt Active ama of solar cells with 55 rmped from 10
mee b 30 m®

Meonl-oxide namoparticles were symiesized in coumer
ﬂwmmﬂmtnmllhﬂl“ﬂﬂ“t
Bafiore flame cleaning serface of & wires was add-sashed n
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Fg. I Crosemcion of CeAs scber cell a) p-n bolerspacbios,
b1 Schoiky bemer

15 % solwSion of nitric acid witkin 2{) min=ies for formation of
seed meotl-codde rowth fhoorescent amalyiis of
nichrome wire shoms the conknt: of metals ML-60 279 |, Fe-
1515 %, Cr-1445 % and Ti0001T4 % DMutal-cobds
nanopariicls ware on the seriface of the nichmoms
wire which kad the 50-300 mm clamcemnstic sizes depanding
oo the synthesis conditions [10]. Manopartcle: mspension ix
of the soler clls Afar of sach lxyer of
onancparticles the cell was placed for |5 ooimmies: in a
tharmostt at & temparaiom of 151°C

I BEQIL TS AT D Isanoe

The sxpaimende] rewels of miedanm (B) as a
wavelength function for a polishod Gads wafer, the surface of
the wolar call with B4N; antiwilction ing and the
Schotfky bamier are showm in Figem 2. As won from the
graph withont antmflecion coatings the miflecenca of Gafds
surfice is more than 35 in the whole spectral mmge. Single-
mmmmmmm
up te §%. Thin film of An deposited oo the surfce of Gads
imoeases the mflechmos mp o 50%.

Infimmes of medl-vrids panopetficles on short-crcmit
curment dansity (1) and open cincmit woltage (U, of solar
cells sahmted afier coating amd anmealing of cach layer of
nanoparticlos. Figmme 3 showus e dymamics of chonges in
photocument and wolixge of bewmjmmcion Fads sobr cells (2)
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Fig.
I Relladiance spocin for a polbabed (e (1), for the serfsce of the soler odll
weth Snia snerefiectior costorg | 2] end lor e Schoshy berer (1)
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beiempeeion sole coll, b sk ool wilk 5H

and Schotdey barmier (b] as a function of nunshar of metal-
oxids nanoparticle: layars, ie., on thair surface conceniracion.
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Az it seems oo Figme 3, Sere s an incrwse in
photocurmant, which reaches ity masinmes vahwe for tane layers
of ronoparticles, thoen the curent deowases both for 2 bemro-
fm:h.nnmlm:d]mdfma&hﬁtyhmw The peacimal
imaease of photocomes for firet call maches 4.7, and for
Scherdy barmar meaches 1 2% Takmg mtc account tha e
porirsen  part of ncidemt sotared imhe &
homjmnciion solar call is 95%, and in soler cells with SH
coly 50% (Figeme 1), we oo conchide thot the effect of
imTeasing phoiocmrent commectsd ooty with the nanopartcles
and it quanfitative chamacierization i the same Sor the two
stadied types of solar calls.

The measured 1., from the mumhar of namcparticls yars
shomn that these differend for a helerojunction
solar call, 2nd for the solar cell with S5: for all heternjuncticn
suchmes them awee a shght decrease In the voltzge of 1-I4,
whils for 5B volzge charged a: well as e oot and for
th first tare by was mcreased o 1.5%, and then decreased
For & beteroquncton solr cell with N =1 decreass in U, was
L.4%.

The mifial merease @ voltape U, and corent I, with
imreasing mumbar of layes W in te Schotdy bamier
connected with increass in the mumher of photoss sheorhed
the depletion regon adjacent fo a wo-ansparent layer of
gold With farthar ncrease n the concentration of particlss on
tha sorizce of the solar call reflecied photons fom the surface
imaeases, mesultng in deowse of the coment and wolizge m
both fypes of simuchmes.

Spectral characteristics of wolar calls wears measured n the
ramge 400 - %00 mm by the meoduaton techodmme Figee 4
shoms the Fchuuf&nnhmﬂqmﬂmnﬁumfﬂfnf
holmojenciion somcimes  bedfore  namoparticles
(carve 1) and after deposition of tao laven of metel-cxids
nancparticles {curve ). The inital q:nch‘mu::hmm.nzq-d.
by a shap decline in the lomg-wenvciengih  megiom,
characiomistic of Gafds based solar calls, which is a direct-gap
semicondncior with 2 band gap Eg=1.42 &%,

1.0 T T T T
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B 700 B0

Wawslemgth, nm

&0 ]

Fug 4 Friomal gemiumn cfficmcy spoctm of Chads seler oo bs tefoe
mamrparis ke doprwiison [oures 1] end afler dopesiion of hen brpems of moial-
onEle e ke (osve 2

nfﬂ;e:tmmulmnﬁphﬂm ml:'l:ﬂ-]:ﬂrjl'_r-:]-:-pnd.mﬂ:nrp
regiom and the moombination of photogenoraied camiers in it

Moml-oxde particle simes 2me less than the sewvelength of
incident Hght Inm this case diffaction of light scatering takes
place and, consegeanty. a mores full captere of photoms. The
increas in the sortarna] quasmm efficiency was obwarved ovar
the eniime range of spectral sensithity of the solar cell {comw
). The moxwirwem incwes of EQE vas chsanwd at shost
wavelengths, amd monctomdcally vaned from §.6% at L = 340
nm o 2 2% at L =500 om.

Uwming an elecon mucroscops Cronfa 3020E we
investizate the wtape and distrietion of the nanoparticles on
the worizce of the solar cell Figmre J shows a scamming
micrograph of metl-oxids mnoparticles on the werface of the
siolar call

Fig. & 550 cragpe of metl-ads menrpartcios oo L arfsce of the
iy ol

The srfare pwophology of te nawoparticks is goite
complex and has 2 fractal stracture: on the warface the particle
ixé ware zhout 1) nm ope cam observed send-islets
foemmation with a typical wize of aboat 1) nos The ncrease in
photossnsitnity doe o nesoparticles in addition io scatbering
effect mary alio be dme to e effect of m-radiztion oo &%
pxticlss of mekl-orids corponemts.

The cumant-voltage chamactkenstcs of the Gads
heternjmction solar cells undar light intmsity of 100 mi ot
and I pmin paramekrs are presanted m Figme & Afier
fll Gctor (FF) fom 0.7 fo 076 It i due fo the inceass in
comcemration of camiars ox the abtworhing layer of the wolar
calland a decreass in the series Tesistanca.

Miassramenis hane shorwn that the e of nanoparticlss
leak t0 2 moreess in the effidency of the solar calls from 7=
148% o= 1550 ie. by 4.7%. deupim 3 slight decreass in
the open-circuit voltags It should bo noted that the wsted
solar cells befome parficles deposition chamcerzed by
dispearsion of chomt-ciroeit curment in the angs of 10-12% and
the open-cdrcuit volape o the moge of 1-3  percemt
Ephancomest in efficiency of the diffurent element: aftar
deposition of nanoparticles i vared in the angs 3-8%.
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Fig. 4 The commi-mbsge chescierstos of (s soler ol beioe
eamoparias e deporiison [curvs 1] end afler depesiion of he brpem of moial-
onide el oo 2y

Thae test sample & clamschrzed by the ymwages vahe: of
the parameters.

I ComacTAMERRE

Iz this papar the influanco of pwtal-oxide pamoperticles oo
wfficiency of Gads based soler calls was miestzand Whan
applied o byers of parbicles them was obwarved the
maminve imcrease o the shori-coowt oo and cells
uificiency. The immsigator: demomsirated that a coatizg of
wffciency of sehr cells by 4.7 doe to Egit scattering co
thans amd brper fraction of photoes absorbed I the actve
region of a solar call.
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