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presegst technique, two nore films (filne No. 2 and No. 3) were deposited
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solution. The [err] concentration in the solution with respect to the
measured stoichiometry (1-x) of the 45 resulting [err] filns is indicated
in Figure 2. Tables 2 and 3 show the plating paraneters for filnms No. 2 and
No. 3 rspectively. Again, it should be noted that the QRP is low at the
begi nning of the plating and then it goes up, stabilizing at a | evel nore
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( 5 30 sec. 860 9.9 @/ﬁ
145 mn . 885 10. P 01 5 nin 900

9ig 400.,3 min 910° 52%91&11 655 6 nin

907 0 10.5 785 7 min TABLE 2390 9.6 740 8
mn 875 Plating tithe3 Ve OBV) 101 A)  QRP (mV) 875

9.2 ¥ 625 20 12 ni n- 886- 93 660 15 min

885 5 9.2 654 s9% 860 9922 nij 1§50 885
9.6 650 45 mMin g 885 1908 645 1 hr

885 9.5 635 T™1/4 he 20 8@% %0 7793 655 1
3/4 hr 885 26 mind. 5 - 90625 2 hes 400 885

9.5 10615 TABLE 3 Plating tine [err] (nMV)_ | (mA) QRP (nV) 30 sec
860 9.1 350™ i n 910 4%b 885 g 7 400 45
1.5 mn 905 & min 9.8  gg7 755 35 M N 7g5 885

9.4 685 4.5 min 885 8.9 600 7 nin

890 s 8.7 660 ®® nin 890 8996 740 9.1 700 55
20 min . 885 . 9.2 670 mn 885

9.3 680 1 hr 8 min ggs 875 9.§§ %8080 1 1/6 hr -

885 9.4 680 rdinhr 58 ni n gzs 885 = 65 9.7 650 65
2 hrs 20 885 9.8 680 in the solution. The

effect of this change in'8teibchi onetry 88h the ePctric& and opti cal
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maki ng sol ar cells using These fil ns. e foll oWwng seCtlion describes the
preductigp of such devicaes.midhe energysgap [errdgsVs thesogHg content in the
filme was 5 derived fromthe transm ssion/reflection data of optical
measur ements and pl otted 4Pk gure 3. BB is obs®¥ved t A% the bandgap

val ues follow the theoretjigally expect %Q?I i nearg_gependg#e on (1-x). This
denonstrgjes the stoichionetry control of bandgap for photovoltaic devices
made possible with the sitms Br, | ow costessleposi t9.®n techss que of the present
invention. 10 Production of devices fromfilns of Exanples 1 and 2 The
films of Exanples 1 and 2 Hebre further-aﬁ?ocesse?jsto neR® thin film
photovoltaic cells for thgpurpose of ¢ggronstraggng thggoossibility of

pr oduci njﬁ bandgap tail ered—lowcost—thin-filmdevices—The devices
illustrated schematically in Figure 4 an@aggogpri sed of a sheet 40 of
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transparent material (| TOF W Dhi ch~ Y ‘FYU2 1 dPAL SBRR EMduct or 15  (cdS)
was el ect® odeposited bef g§ geel €CtrOdepggyi ting fgd m43 g [err] Athin film
44 of conductive material (Au or Ni) was then evaporated on the film43 for

use as t he ba_ck cont act.1miﬁrpnt cont ag80 was nfde to t40@ conducti ve fi I m41
by first “etchl ng away thg?'ss"g"m conduct 0505I ayers 9{182 and 745% t hus exposing the
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2.5 min 885 9.4 685
45 min 885 8.9 600
50
7 min 890 8.7 660
10 min 890 9.1 700
- : 20 min 885 9.2 670
35 min 885 9.3 680
1 hr 885 9.4 680
60
. 11/6 hr 885 0.4 680
1 hr 58 min 885 9.7 650
s 2 hrs 885 - 98 680
5
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conductive film41l in an area.to one side of the device. If the [err] filns
of Exanples 1 and 2 were not heat treated before the deposition of the
fillm20 44 Schottky barrier solar cells responding to different wavel e@
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Al t hough'cell's ‘made with d - concenF?aPl#%"gf# to 0.03 Min the s l.Y

were still 'satisfactory, one 25- coul d obseaBLe 4 hat the CdTe fil m was

getti figs det ached from t he—glass—stubstrate—at——certan poT tTonms—after the
[err] heat treatnment. So thﬁa'b‘?’%f“@rreds%f]ar rafl'bs of =f&W] ion to [err]
ion in thegssolution are 0.01 p% 0. 06. fatpyos smejler thaps 0.01 are not very
effective and ratios greater than 0.06 give rise to poor adhesion between
the substrate and the CdTe fiFaa2 It is0ogM not very cl e®e5 how t he presence
of - inthe electrolyte affects the erti of the posited filnms. It
may be thaj C- has a corrpen35%|3ng effgggpon ofqéz a| n gggboundari es whi ch
reduce the reconbination vel ogjlyy at thewe sSitoges m C - ssmy actual ly affect
the grow h norphol ogy giving rise to a structure (such as good col umar
growt h) that yields higher sh8#25 circuPf Murr&5 Val ues 3#h devices. Al the
above argurrents are appli cabl to [err posi as as to CdTe
deposi tion” Naturally others g'f‘ % he rm%' qgonn[?tr?bﬁwr oge\n\%rls%ns namely Br-,

F- and |-, can be used insteagof [errpsip 0.08s &0r di nges 0 t he i nvention a
new and i nproved nmethod of el ectrodepositing a film of [err] Te has been

di scl osed, wherein the filmi§2%adni unPPih afddhows ar®? nproved short
circuit cufrent in a phot ovol ¢ éc cel l 1E;f\,lthe olo?s Misi on zg4 hal i de ions.
Consequently, it is al so_evi de t hat e present 1 nvention nr ovi des a new
and i nproved thin filmsolar cell. In the exanpl es given, ref erence has
been nmade to poamwgtarteﬂs madetwith %‘Itemtenm!'e up foP3 bt OMS'"WWWF“F%@ @faCtPUv °"e

standard A§- A Teﬂé'r i 99&3805? f’?'&g%’ s systoat ‘égm
(o) IOI‘I n 10N a
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reference el atfdome propeniecofithiddpssitad Siasnit sayl bathaOCly (l)bst as;omdeesaprm effett| o.al the gmin
t he cl ai ns3t Hhaundarés Wherﬁ@cwlehe@% 'Gc'M?ethﬁiﬁrﬁ'fﬁﬁ or dﬂ”ﬁfﬁ? %r Rejrowth
O'IG can t hen r?"ﬁen va yes |aneV|ces the ve r&:w@% 3[.;22;%? Cﬁ SI a's& VrgfﬁLg?O
cel | conpri 5|d%ge aépo ftpef % hQﬁarﬁa{jm‘Wﬂahﬂﬁ can be used
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sem conducii \efectrédee.IThasectolild hawe tkeln @iveT Witiuregertdn awiotringl hvdrog}n ehcmﬂeas theaeferepes

cl ai med i n Clwiighig0. %\éb@mtheﬁe Agglrrrfa@eceerecg%ﬁeen $0.24 b éa' 'ﬁ%ﬁ °°t e'°°"°del
Ca 1 ch e APER) S e e G e o O e
and the oppos 6 ¥ G-l Bast one l"ayer urnrr ch [err]
cemt acts a4 Qdins Of a sem conduct | ve mat eri al . 55 4 A solar cell as
claimed in aim1l conprising Iass substrate coated vmthaconductlve

oxi‘de | ayer 9Iar0qell@ préﬁlrg Igyg mlntsfafl\n%c -ric ury cadmium
et gl e P B e
metal |ayeg, Oéd mQ)ﬂmﬁ:réoi\tEbt QAR &nﬂ@ﬂ@ﬁ'ﬁ&al“y&harﬁﬂh ppBdin sul’fﬂ#ﬁf saidat ledst one
sol ar cell aSIayhl' af casohivinAridbl l-m,ncdndwunta aasemsbrllductrva rinvpn and fenmsfaghaterejinctier) with it.

cadmiumrich [ et sqlwelrasuc aimersia Flaim tnqnesr! ;ﬁ& 87 08 laver of cadmiym- ;!;
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met hod of pr $| for qun a%Fslmn ] aﬁurfaﬁ%d Sald ?t ie
a filmof [er?f ?ﬁgaarfimd’ e bt 3 E%}rﬁm ssCsQBJtrra@ o Sk o QHIEh eor,
usi ng a deposd lbyePs da8didpased bn s’ild’eefuﬂi:m(bﬁde ﬂcéa’dﬁﬁim-naraaydr ofﬂndmdﬂ'iG‘dEBposed on said
substrate as @dsdateh@de;a canviictive nhetal dayergiepositerhorean ingghpiggontagtygth sgigd Ee layer.
bei ng forned of 5t‘e lay rc?bﬁr?gat'?%’ 'FrEEWbﬂ"%’ﬁﬁﬁr‘?'%‘f' "'f%%‘”gﬁeé’ﬁ%a'?)‘fa"mb‘\"b%h SimCh e
el ectrol yt %o CBW{S £HC§ cmé?i in (Elﬁfnﬁ]by b@&ﬁade;{ogiflﬁdafmlo Ocd,Teon
[err] molar [&dohdiuc shﬁHi‘rStew’kH ritRNdd|Hgls@tBiomBtrpusihg A @eptsitian bathwithed reféieﬁd electrode,
bet ween aboutsaid doaduztiverspbstratecals radethden@dan Basy nmaamde isajd it least ¢Ffe apqde beng f@med of

il th omprising t of
EQELE 4 Sanpl te R dm; ;Rgﬂmc T:ontaml aJCd *ions, Rn%\mmrto 107 molagHTeO,"
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3 0 Although cells made with G concentrations of up to 0.03 Min the
solution were still satisfactory, &R ©352019% Bhserve that the CdTe 4
was getting detached fromthe glass substygigesat certain portions afts e
' [err]i’heat treatnent. Sao the preferred polar ratios—ef—ferr}—on to [err]
ion in the solution are O. (thmtotaNhOG [Fat®l os sA€rl er t BaW®AD. 01 are not very
effective and rati os greatet LIIdII u 08 grve r|s$ TO POOL, AGNESi on bet ween
the substfate and the CdTe fif? soi‘jgt not very cledr how the presence
of G in the electrolyte affq§§§ the ierti es gof the dmposited filns. It
may be that [err] has a conpensating effect on the grain 30 boundaries
whi ch reduce the reconbinati did29el oCi t05 Mt the8@5Mtes &% [err] may
actually #fect the growth hol ogy I ng to a ucture (such as
- good col unmar grow h) that 33!3? ds hi ghog‘irwlshorébozﬁrncwt g%oﬁrent val ues in
devices. Al the above arguneaps are appm cabbeostma [ err Bsodeposition as wel |
"as to CdTe depositi-on. Naturally others of the nore commn hal ogen i ons,
namely [ef¥] and [err] can H@28sed i rfst Mad of95Mr] 3530 According to
the invention a new and i npr met h el radepos ng a filmof -
[err] has been discl osed, V\h?régl n theoq‘jsl P‘m [ segsé’d% um rlbécdh and shows an
i nproved short circuit currerf2een a phos ol teptMel |l bgsa he inclusion of
hal i de 1 oms. Consequently, it_is also evident th%1 t he §5esent I nvention
 prgvi des a new and i nproved tTER fil m%Mr 2P M0 1 h&8%xanpl es given,
ref erence has been nade to potentials in the el ectrodeposition process W|th
respect to stangfssniasngidé wandi- catcaitiationsef @ 101008 MAthe kel gidheebesstill Jatistaaory, one

coul d haves beea ogsemnmnettdreﬁipm getmgaﬂendrqmor'ﬁ etrbs@ateattcewoasmf Fft?”he
ref erence whiagie Heat tGaQ'ZB"VSBae d ra ater i f"FGEi‘l;; oﬂ&f)g;;af e

bel ow t he ca,?ﬁweent &E{L@é‘déﬂ %‘rf TR Rovdtt o ofHaSHaG Gf (i intnaVdRiciraiyte
the potenti a &8 ofthe (dd Q\M rﬂé\ﬁ‘bé/\ﬂhﬁtrtl‘l’ E&Qe&tnpb.&aﬁdgeeﬁeardﬁahe grain
hydr ogen ed esaulhaedﬁs R rediate thé) &nam&lmsevmmat thesbeitsm@l‘ehamtctuel&@ffm thesgrowth
45 d ai ms 1. mérpbalbay givied Fisecto wsﬁu sueh ap @oad cabimen at yields higher short circuit
pol yeryst ol | ety e/l T T B DG e e
and cont ai n| pIHe™ R 28 an act i ve s ar e sor i hg ayer )

sol ar cel Iz as edra‘agftdtne inleation ﬂnmﬂmmmammufowmmaepemu@ adfim bmt,cqmraas
| ayer of cadbeenmisciosdd, Bereiprthg film & qanmmrmtl@ angrehaws aw'mm\e@dcﬁbn@thquﬁt\/@"ﬁfét'ala

| ayer; and meo %¢eﬂ vsmmcbee n gfhalicg g;;"f@gs'tﬂv(jh@a'ﬁ%ljgn °n g'éﬁ;g’ﬁsggh ool
céMrR

[err] contacPQY ! :}.’;e %E&g@v\z 'l%gv S5 1 st rbfbrence

3. Asolar,c E‘Lfm, TR GEPLE 1©B Gofal ﬁm@emaeaaidd afithel refavsiice
one | ayer of whiokl mowmvru.am theeAd-Agdi eaferanca elBaivde arid,0.2334 belaay thecdlémel refesenta glestiode.
metal [ayer Sinck NHfise gqpcéarm gt Gs\ofts, alwoeﬁm@jaindhw*a' t follgyearp with respgct to the normal
cadni um ri chhydsegep elestigdgcPae sam then phogpe ‘Hh'g'bfﬁf%‘fﬂ‘?ﬂl? P8 W&P%rial . 55 4.
A sol ar cell cifgsCl @i ned in A aim1l conprising a glass substrate coated with
a conductive ox|de | ayer, a | ayer of CdS di sposed on said conductive oxide,

said cadm umritchh sotayeell cxfmr{nemg Jat @ o éasterodf asm'\Grvaﬂ@W Um'&ﬁblma"cuw cadm'“m
conduct i | ve ntsilufdel Haiofddebar °|§)i“f‘ “‘P'ﬂ'"&H?HdE Roisiiiy T"“V}jh"g %’ g layer.

Bféé a

| ayer. 5A ﬁ0|2%ﬁ18 ﬁell‘# :t @r erelrrhoe ° urface rk';rshH um-rich
. e

t least one
surface of Sf’j’g Q tﬁéf@ﬁ s |863ﬂ6& e bradhﬂrl&mfs(h Helbegoj@ittidrewith it.
contact. 60 3. e:\ sofar wtdamdmmfd upcmwutwhge:a ose)klaiacazﬁlsmdasleeﬂt anemétkr pheag@migimntich

by el ect rodep‘osquﬂr# rah“aﬁ $1=fmtbfba rigf W h‘tﬁ?" é}yvgngc 3.2eRos atenafeh“ said at least

cont rol | ed H gmcr?é Qﬁgﬁgﬁﬁ}} Pt B BB oxide

el ectr ode, Sgllﬂja &@%@sﬁﬁ'a&'& S"%ﬁ '.%t.-mt.awa i, S d3QALfm- AR Uy of HE A, TO BRp @BOBIEsaid
said at | easica9ngerrais ec udlige MatalMager @Bpdsitdd o drLimohitniecomaétivot seidrtws 1,84, Teglaver.
the steps of: ps@wodrtmgaaplaleﬂeém¢|0Mf@v'emmt%wmﬂ"hgcftﬁulfam gAid agmipmyrighdioggCdTe

[err] ions, Eaa!F'r‘]"SH%?da?dﬁc pnt[te th n
concent r atq on S%cg;g%irg% S% %%réﬁ:%gﬁgilﬁa;o meﬂgqrrfalmq bﬁ @;&%ge;logl&é'glrl} 524%,_ C@Teon
to 7 EP 0 iritehs & dak] aﬁﬁ aﬁlaésdoﬂJ @686’ Gilybtﬂea‘sﬂorbehmaﬁmb foﬁﬁ'dd of
3, the nol ar whafiur, @é retdod demarisignte deps ved from the aci d _fangin _1;rom 0.01
to 0.06; and adpastingen ¢iéntrolaissbiteining B aetar t9l 1-50a9laiCar @ﬁ fi'pr mg'af“Tffg
el ectrode HndPrEcANHEE” IQRRIN BHfANGeal3tien selprted MISRD AR 6ﬁ PR ‘{)I'Eﬂsl TR
that a cadmumrich nmercury cadmumtell ur| de, [err] conpound 5 wth

control | ed stoichionetry, x>0.5, is formed’on said cathode surface. 7. A
nmethod as clainmed in Caim6 wherein said applied potential is between -300
nv and -785 nV. 8. The nethod as clainmed in Claim®6 wherein sald hal i de

ions are chloride ions.
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9. The nmethod as clainmed in Claim6 wherein said rredl | j
preli.m nary process by coating a glass plate vmt B !ﬁuﬂy de an
el ectrodépaositing a filmof Cd nS|st

B R 18204 R 2 1

kept between -360 mV and 460I
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