Efficient Gallium Thin Film El ectroplating Methods and Chemi stries
Cross Reference to related applications: Thi s application
clainms prigg S patent application no. 11/535, 927, 4. <
Sept enber 39,25%86%%3gntitled "Efficient Gallium Thin Fi |Iﬁ‘$f’b§q°7’°793°6
El ectropl ati ng Met hods and Chemi stries”, and incorporates sanme herein

by reference. Field of the invention: 100011 This invention
rel ates to galligfficidsd)GRnfA TP Fi DctirBi1RGAS MRtsbds R CHemiSiPies O
deposit uniform defect free and snooth filTms with high plating

efficiency and repeatability. Such layers may be used in fabrication
of electronic devices such as thin filmsolar cells. Background:
[0002] Galliumis an elenent that is used in sem conductor and

el ect r oni cCrosyReferenee to lated @pplicatipapier al | y recovered as a

by- product from Bayer-process |liquors containing sodium al um nate
(see for exanpl é&hidhppBcatitatctanns Briotd$ (d U8 paredt dppScatidatment /23587 (8T ) .

Al t hough el ectrode I.Lion.Jls.. 0 n,nethad t.0 recover. b ee
for exanpl eePigmeet phooht Sisd Bt baue: PRR LR BRSRoHing Meha b e
or to puri fohemibthiesBpand iR@rBori@y GanitiieréIR ©F rétaRYceappl i cations for this
material where thin filps were deposited with controlled uniformty,
nor phol ogy HHeld of themxertion: Theref ore, only a few el ectropl ati ng bath
chem stries and processes were devel oped and reported for the

deposi tion of tH#fA! disrigvestionielyes oweBiumy(Cas eleeropddtingtmedhds and
applicatio . i I i

varyi ng be'[E \?\lg%lgs esgﬁgg@kf\?v‘é?l? %g Sgﬁgeg%gégéb&guﬁna\é@bgr“gfﬂahﬁg a gﬁqgf Bhat
(J. Less Cafifiendyhdkepeataiilityl Suchplay36May b0 66 ifi Gabriehtemtof efekabdnio deifes
Ga filnms. QO her ées archers i nvestigated Ga deposition out of high pH
sol utions cHAPFY" ]“rfg"\/\?é’aéfeghd/ or glycerol. Bockris and Enyo, for
exanpl e, used an al kaline electrolyte contai ning Ga-chl ori de and NaCOH
(J. Electrochenical Society, vol. 109, p. 48, 1962), whereas, P.
Andreol i etBagkgya®di nal of El ectroanal ytical Chemistry, vol. 385,

page. 265, 1995) ;shyd E:%g:&gi? isSh @fdnient Mheis IR is%rhﬁgn(iﬁgdr @fflelectronics

Ga- chl ori de. The above nentioned prior-art nethods and

pl ati ng batindusiregpofriigimyis generalbhiceavsted@a abiytpredispoemn tBager-proerss Hquare,
however, s . i i tch J

ol oot r ochory Hafa Rl AL, GRORELANGH: b PhiBf ARk s Pren
cat hodi ¢ denEai 77 nA ki dugh ieknrydegogtidrois exoessinveethydo ogremergailieGa(see fior

poor repeatability of th 0 S rtly due to the poor cathpdic
BT of ency cxampler s~ b MAEr Susel Bhe thastils 10w oPR LS bt oA o
hi gh surf aggert BN E&enafishyR@plicatiohdie tigkatetiflegfrd ELEISsRe B&Hosiel
inportant for bulk Ga electroplating or. for Ga filns deposited for

the pur poseVigcankpdet yifermity aapkaiesy i thiskress Tharefrrantehtsdi ti on
mechani snms -elé_?&@ﬁlaﬂ‘iﬁé BRI 80 dProdeBad %k@de@el%ﬂé&dﬁﬂ?ép%ﬂ%@ Aipd  may
al so not be inportant for the electrically inactive applications of
Ga | ayers, depestricasofitiiailayerssd Gason substragestfpngleationiciappiécations. Feiossemele, Ga-
properties ] i i i

el ectronic Cgfr% ?g%ﬁ%%s&lﬁ%ﬁgﬁ%ﬁ#ﬂﬁg %%t%)@/én (ggédo?cgl&%e%lv@g&rgﬁ%ﬁsan
active por tSuadarahjsannéTeBhiatghilesd@ornmen Madatdb) vak1 | pssdtal 9652 Ifdr.

electroplating of Ga films. Other researchers investigated Ga deposition out of high pH

solutions comprising water and/or glycerol. Bockris and Enyo, for example, used an
alkaline electrolyte containing Ga-chloride and NaOH (J. Electrochemical Society, vol.
109, p. 48, 1962), whereas, P. Andreoli et al.(Journal of Electroanalytical Chemistry, vol.
385, page.265, 1995) studied an electrolyte comprising KOH and Ga-chloride.



[ 00041 Prior-art Ga electroplating techniques utilizing sinple

el ectrol ytes operating under acidic or basic pH values are not
suitable f ve nmentioned el ectronics applicatio r

variety ofWPezé{@Z%gggl ncl uding that they result in poor %@é@@ﬁ@”"m
efficiencies and filnms with rough norphol ogy (typically surface
roughness | ar gegoshhannaRant nfdiead ﬁrﬁ?a&'rﬁ&ﬂadelaﬁ&g 859 batlFkbdriedly 411 2
difficult nmetal to deposit wthout ‘excessive gen generation on

t he cat hod@clbewilﬁ:eﬁ@dmoammmgﬂpm zemthwkwmﬂwgim@:dwo@ﬁem g@ngatam on
on the cat hade, causes t depos ciencyt o be.less 100%
because. sonBne PHE B S ROREl PR Fon bt ST G Bl o Rt o

hydr ogen gasthodididbgusitidnastidiiry@ae fd dx@eRiveh@rogerbgdneation, ijoﬁ&pdfmﬂﬂaty
Hydrogen generation and evol ution al so causes poor norphol ogéﬂand

mcro def e®f hegiodehe per@lycsigrs £q t4g Ppen qaﬂweiséfféfaertcweartdﬁmpwa% f the
bubbl es st 'd@ﬁdsﬂgd Fifind fih %Wh%ﬁ%?gh%rfﬁ&%ﬁ@ﬁ@é‘s‘ z;nﬂ@)gmf ﬁlbl‘ﬁholﬁ'gﬂ KihBg itdaes
m cro-area under them and therefore inpéding deposit on That

m cr o- ar ea.maptio$ be aueninior buikf@gqlmrgpkmmgmon fes S filrandengsitadifon therpwipose
of Ga in th tack e n I

the repeat St er{dr SenTeam SuBbL & oftssioSh BRELE Nt BEC TN brhils”
gener at i on op hpdejquarahickiaetdntios may akso ﬁlg)efmtpbftﬂm forathe alamiczﬂa[ohzmnse

including inpurities the el ectrqlyte, deposition curr

ons 11 00, “BRAOREE el sBelE BG4 ER e o . B
substrate $iidets of HRMPEMIRIUPQomBBMPortdne ity (cBiiaif héw eRtréiic hphedticane of
these factors nmay change fromrun to run, hydrogen generation rate

may al so chéwgeta éhanbwg rqlpin (9EPHSap AgveaTortia of ge plectronic deviggsich as a
El ect rodepQgj,t i Ga out of |ow pH aqueous el ectrolytes or
solutions may su fer fromlow cathodic efficiencies arising fromthe
presence of a | &ogd E’amcanGaatqctyoplatingl-ﬂechnsp@fcutelszmg;swgbhlectrolytes

el ectrolytes. Therefore atl e EXRSSLE

| essen at KPERLPE Y ‘TSI ﬂ‘8$¥ g g“‘es GP% S““i‘li’q? goq?lﬁeca? g‘%“’ﬁe he

sol uti on, G&cfmm@apmﬁbdms éorch whyldly@Xreiemsy\ﬂﬁtmhmgmbat nfegmspltﬁxapcmr@mung
ure,

reported in_the lite extrenely al kaline

these oxi dé }%Weaﬂpﬂ%@@mwg%mu&ﬁﬂa)gp@&cramw@ y Spbcr sye éf"é&eé n ot
becones posghk2e9 6F e Akt HRA@BRT IGallfen ish dffRaltne®dl (PiEpbéic GRRSRIeREBEve
Ga salts as was done in prior-art techni ques using hi

gh
concent r at iNgAEEST 2Ertian an feectioge P?féuﬁfafimplﬁ‘(bﬁ&ﬁﬂt%mblﬁ highg Ypdrogen
concent r at i 0fng, @ ¢ thé‘l:# SPa% ds8fte d%%&é}ﬁ)ﬂﬁ Eﬁﬁcféﬁgﬁf% tfé%s'lé ?ﬁhqmw&%ﬁg‘;

for the eqL% I prent as we as e catho mat er | itse There 1's
also a li msbmebf thhdemltammuntnttgtratuscthn Ewndlgsb@hmenrga&,m:éhémhm thé Ga

acidic & such s

SCarts to pimenhe aat RE{oa didden dinfich 0 R BASOELOLE 268
by further ngphdlograndimistokddficiconthe dépesiting €ilmasua¥a Qi tiiychyidgen Bubbles
poi nt ed out _ahove, sol tio conprij sing a Iarg mpl ar anoynt  of
caust i cs asicang 10 e Rirtacs OF R APRoiing FHepaskig ﬁawﬁrf‘gwn grdheseiang.

Hi gh vi scosméryfofmhﬁsdlhgaeﬁm A AR nBeHBALASTAIS CARESs MAlkrd- F@I&gwﬂmd&s fHanck
nore to the cat hode ma it very difficult to renove

stirring oopombarapasuahef @ﬁ inthe il ﬁtaﬂ"s Peer plmgaf%nm@rédﬂ&mﬂé redélm:we
Qeposi ted cePepabilfy 6 WE R HighiiER it BRRRER Fleh Kelckaltn shfomenc
di scussi on is¢léiser stivngfumedoh ofonaenfedtop imdudiad sxiuritipd mtthenqecﬂtmam stries
ahi ch rmy BEPOS SRR BBt BB LB A B EO SR ERET (KB g
thin film sebsaiatecatthe, te&mfmrry 10dss s flritve MlsiaPTeast one of thedeGRATh mbfe
present invention relates to gallium (Ga) el ectroplating nmethods and

chem stries to deposit uniform defect free and snmooth Ga filnms with
hi gh plating efficiency and repeatability. Such |ayers may be used in
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application on a conductor. The solution includes a Ga salt, a
conpl exi ng agent, and a solvent, wherein the solution provides by

el ect r odepgsi m cron th| ckness Ga containing fi
conduct or. &%2%8%}9?6009] I n anot her enbodi nent of the |#f'¢s(ﬂ$2$@ﬁ(’%$ﬁe
solution further includes one or both of a Cu salt and an In salt,

and the pH ¢ ‘Hfan%erf?on? Artb @D h&&o@é@%&@ﬂhbﬁh}té’ mdy Ql'éo QIH&Q@ lchanging the

[ 00010] I n anot her embodi nent 6f tThe invention therei's provided a
met hod of olepesitiemefficie®y. cont ai ni ng f| | m havi ng a sub mcron

ventron O @ b5 eroqtbeSHBEEE LR b (9T bHESEES Sle RoREo oLl ligs

el ect r opl atayGaffet from 10@icath6dio @ffiisneRs smﬁ@ﬁe@. tid privdegbte efeplagiet i on
efficiency and rePeat abjlity. Two particular caonductive surfaces used

in this i neRESIHA %ﬁ%ffbﬂsﬁes unrfug*u?iF%w&ges Byreesfre: hGpnesn Brgeeagraion way
ef ficient %wgéctmo%sém hhgm%maﬁ@ss HENS ePLEBRHH ik Meenkdon @y be

used to manufacture Cu/ln/ [/ Gann n/ Ga/'Cu and other netallic
st acks, whisehition, Gufmﬁnﬁawdwl@mﬁwms Whlcpﬁwqggilmglt@swr@edmywe

sol ar Cel | ﬁera ure. %fnzy %t ex rﬁmelggﬁgﬁig pH QalLQg tﬁesreefﬁ?cfe?/haérgf h&s Jl?s% ‘g%gn

significant progre resent assi ¢ |nven in
thin fil m sehdte (Gekﬂecie@.c’nmbmga, R$eccﬁm§|cp65s1ble nﬂaiwnoﬂqioemﬂmﬁsﬂ:hmlode) ,
rials in the famly of Gou

or CGS(S) d simlar ] BVAVI A |
chal copyr | HCUATOBBHE PLILISHAES iy BHOGEY {SHEiEa HERE BieB aRaatTses
thin film pglresnsd thmﬁ tiScObaBt for@lilatiG MikIe &drcOifutiohdof  KaB @ §Hekiés,
devel oped "two-stage" processing nethod for growh of CIGS(S) thin

filns, for hewgHg ealse eerrasiom pseblerrp (n the egpipmgnt sriveling thgpcaghade material

el ectrodep ,

St acks s poneitofherds k6 o'1EAIT e Eiaploly Bl RuE AN thflof dctdR
Cu/ Ga/ Cu/ | riGa Qs I((t‘nal@m/CEMN@hb etcsirawkk; solutiona bbfuseGa statfts @qarepl[smbz:t rate
coated wt ond ct c Ia er. These st then r.eact.ed
o e e BT GRE e S APIR it R fhin PR R AL of Al R Bei A
cgnt ?clt I I ayemadpetnai KeHoAs @umtbda;upﬁlm@,%lumgmammmamg aﬁﬁl}ge bl fravodnt of
the follow n at en | i cat.j of whjch are res

i ncor por at ecagftsf}s F@rdéﬁfléﬁ@@ baapleand they also hfltﬁ)m%rlss?sgy wsg?%%&?akes
Appl i cati onh§§ydraéenmbb1@9fo¥é@d é@fhefchihBdl stRR WY tofthe &Qﬁlﬁie%ﬁtﬂd%lolﬁ%ry

"Precur sor Copper I ndiumand Galliumfor Selenide (Sulfide ound
For mat i on" ;difficult to regpue Alembysstirmng, o alpes Mganypfgnase Fander- éémé@m ibove,

60/ 782, 373 % ) H}{Bﬁﬁpoﬂ-fﬁe cglq)lQ@e E%bé ined se'\ﬁfeia A‘gl Whé@@%&@d@l L Odr.

Convert i ng ur sor Layers I'nto Phot ovoltalc or ber
[0006] As can be seen from the foregoing discussion there i 1s aneed to develop

new electroplating chemistries and methods that can provide high quality
electrodeposited Ga layers which may be used in electronic applications such as in
processing thin film solar cells.

Summary of the Invention

[0007] The present invention relates to gallium (Ga) electroplating methods and
chemistries to deposit uniform, defect free and smooth Ga films with high plating
efficiency and repeatability. Such layers may be used in fabrication of electronic devices
such as thin film solar cells.

[0008] In one embodiment, the present invention provides a solution for

application on a conductor. The solution includes a Ga salt, a complexing agent. and a



1000151 U.S. Provisional Application Serial No. 60/782,373 filed
March 14, 2006 entitled "Method and Apparatus for Converting

Precur sor o Phot ovol tai ¢ Absor bers”; ,
Pr ovi si ona#%yﬁgwq?’% ion Serial No. 60/820,479 filed Jul éggggz%wg%‘éﬁ
entitled "Technique for Doping Conmpound Layers Used In Solar Cell

Fabri cat i onojvent, wherein thd ¥ldiddn MoAdes ]l @etirodeidkitiea aisoh migtoh @lickNess Ga
11/ 081, 308 filed March 15, 2005 entitled "Techni que and Appar at us for

Deposi ting CPRRHINElEY @n e ceedtci®nduct ors For Sol ar Cel | Fabri cati on”

i 000181 U. S. Pag&)ﬁélleéﬁ Rl!’ldtﬁéqt(ih‘l% diﬁz&l @#thé\l&v PJD%%@’SQ&[?O]{ fulrtﬁgr %@}S{&éggﬁg

2, 2005 entitle ni que an arat us r Deposi
Senm conductambsthrdm (SodadtranCeh [In subilardvbitie bH otharsnobmbn (mn:hbstamd:lly 7 or higher.

[ 00019] U.S. Patent ication,Seri No. 11/462,685 filed August 4,
5006 ent 1t led - GBI GRS FrEpUEiEnt Agheractiediere v ideds BHE0 oh

Layers for o'EhiuﬂnEh G coftafinRin hrﬁﬂgg' d @dlrhiofbnaekrARPE Auace of a conductor.
Cor respondi n Thereto It should be appreciated that

inthis pr s'@reen«meﬂréelwntw of thickness for the deposited
layers, such as (?Dgﬁ]epﬁe l'e@exﬁnlﬂ/egﬁorl %‘Eh?séx%ct%?ﬁﬁf (!t% a@@éhﬂﬂéom}fhe

t hi ckness of Ga layers n suc stac s 1s typically sub -mcron, nore
typi cal |y iconduvéive angme.@:hhfgh@:@@smwn effiibienei adtrepica@mbiliagn d weyptartgalar
properties of

ound,s conduct or s-.s S
oo 11 ve ngdel e SRR a3 POV Eh et i o Aoty s Rt B
Sp/e?u fi cal) |a¥1,e|fﬁd1@ﬁﬁ1alﬁf1@“pﬁ[]¢ll el I&tﬁﬁﬂﬁtﬁk yl;dﬂllﬁrﬁﬁﬂd}nféhttdﬁeniﬁﬂe(dséﬂﬂlaa) and
G/ (G+In) no ra s thro out t i Efficiency o ar
cells fabr iwgamaﬁ&fdﬁfﬁ?acﬁ l"é%ﬂﬁ%ﬁ‘i‘fh‘i%f‘d?‘etf‘l i stagks, phic d’l‘ﬂlm may
depends on Heféﬁ]pﬁﬁka@r@bro@&@mg'(ﬁesw)@fﬂe qBIaP@@IMHs&%e@f t he Iayers
Therefore, hi gh yield and repeatability of a solar cell manufacturing

process utilizi h§otahdn Siwigeardr heredss brgnaiedifspeiqregiasiushe PTGWHE)#SS’@?GC
| east one qf. E%%JIHIVQI%S#S tnﬁﬂm cfgan s%Ya‘fEfc:}l"‘f&ﬁn%ll(o%?e s &Y er ihn thh nigedepend

on the repeat osite ect ropl at ed
| ayer (s), f(swfide)uor CfIGSI(SI)mndEunﬂdmmmra&s, in m«famlgwﬁﬁm@dﬂmwmonal
uniformty éelgwr ) thes el eﬁ_}rode

i cknoss. (BTREOETE LRGP B DLFERR K bl geteb b iR ebu TR
typically |pbgristuline’s0fdr o] dppicdtionsn Ih hiredendp daveRiped VﬁwtokktziéeS proatsimgand
BN A M I E ST
\éwotn Pe;] ?u ?2 (ﬁt‘:ﬁ@ AR EirdRpHIRH AOMhe oA ofe XA MPAR GY O Anig Hes ﬂhﬁ 8tali such as
Cw/In/Ga, Cu/Ga/ln, In/Cu/Ga, Ga/In/Cu, Ga/CwlIn, CwGa/Cu/In, Cu/In/Cu/Ga etc.
stacks, on a base such as a substrate coated with a conductive contact layer. These stacks
are then reacted with Se and/or S to form a thin film of the CIGS(S) compound on the
contact layer. Details of such a processing approach may be found in the following patent
applications, each of which are expressly incorporated by reference herein:
[00013] U.S. Provisional Application Serial No. 60/756,750 filed January 6, 2006
entitled “Precursor Copper Indium and Gallium for Selenide (Sulfide) Compound
Formation™;
[60014] U.S. Provisional Application Serial No. 60/782,373 filed March 14, 2006
entitled :Method and Apparatus for Converting Precursor Layers Into Photovoltaic

Absorbers™;



changing locally, in mcro-scale throughout the filmalthough on the
average the Ga content may be in the acceptable range. It should be
not ed that acceptable CGS(S) film conposit

Cu/ (1 n+Ga) 08?(’%?;3& ointhe 0.8-1.0 range whereas th é@?%@mﬁ%ﬁ
nolar ratio may be in the range of 0.1-0.3. [ 00021] Wth these
thin film stacksyGpBRsipasEl:® Apflicditn SBAAND 602 BF; flcf 814aPIALEYS
or sputter deposited on a base conprising a substrate which, on its
surface maymlh@ﬂe Metheshandhnparetusdnt GenveftingrRreanctor hayess o Plegtevoltam‘d/ or
a Ru-cont ai Iayer The substrate may be a netallic foil, glass or
pol yneric s;}tee 8r” web. The Ru cont ai ni ng | ayer on the substrate
surface may be @OEM] Ueg @tovidomdl Appliayioh Syel, N@G%Z@mﬁlwdulyaﬁﬂooer a
stack containing _Ru such as a Mp/Ru stack or _in general a M Ru stack,

where M i s catidsgdhdgetmaucdpr Deping Srameynst Lavegy Wﬁeﬁﬁ’? 2plarct FlbkbacriRy on

the Cu surface (@57 bes. 'PBte%PAf;@fc%ﬁiorP@éha‘PﬁoCPf/dis1931‘)8QHéd Riarchalsi S665.
current densities, such as at my cnd, usi ng

t he el ect r@ntytt@s“T@ﬁhrtltte gncbémattmﬁsbeB@p@mngmvmmwa@fc&eoncqnémtaxb|Fer
(such as p ). vol tage/ current waveforns nay be used for
el ectropl atégoﬁag%te Fa@Z‘Bg@er. [00022) In particular, this

i nvention provi q;l}emsaUcS.d’a&nDAplﬁh:aﬂdnaSérmngathﬁﬁﬁcﬂlﬂtfﬂedmmnﬂmnp]moiSng

agents. agents conplex th the b mn

Conpl exes RN 00 I GEHBRGR Fog BrbBu a5 SR irPHUEIgE Forgola
plating, acetfdMdiulcTastitadn® and + ke" = G + nl. 7" may take
pl ace causing (a deP05| tion on the cathode surface and rel ease of the
conpl exi ng speci®9) Pre Parentdpriicatiqn Seriy Npel 13162685 f1ledcAngyistyel¥P8 may
serve mul ti dP gritdHeS L Afersf i-ON
concent 1 at (g T pBR S, o PR B R il gl b e E P
and, iii) rﬁaiamﬁeﬂgnhrecabﬁn arlcelﬁattﬂfzéuqo@bmﬁpmﬂlmsfﬂwa@sl st ance of
conplexing agen ed in a ic solution at
reasonably | ar gLO%mD ﬁe g‘?ﬁséw Eglh%slilt R/Pf"v‘t.etsttégaé‘ C|08|mtralt ?on
so that hydiicigess fgetherdapastxed lagers aiuic edtha i, hhemdﬂatlnymm Bkkirehenpcy i s

enhanced. Sone o dvant es for the bat ions of the
oot i yeReh T SRRy et in 4O sksr: SRICRD SHPGREron gkt 5.
preferably tfjigingfin the@ihgd of BY-ADO RN TEEABE AL QRd biftichEstbg@tls dlthesi NCe
the pHis preferably |ower than 14, excessive corrosion problens are

avoi ded, i icPPeUndpE@icendusiors prshise S1ES(Shasrhighly gansitive & @ﬁﬁ@tqhwe&'try or
deposits iRyg ﬁ!ﬂﬁ?&f‘i‘m fnatdBANShecifically, theseg thns’él sttlg?lgl)) d@g&fg‘d eWi Il

now be descrl presenting several ex ctrop at i ng
experi nent §W(tfn~tt(}tiéged Erabptlasmabir etioa throwghoatthe (k. dfficiency of solar cells

ot enti ost - DU l.al |
gol utions &/‘I‘eb/rrggtl'se Qggcé%%ﬂ%gﬁs%ﬁo% ‘g%fl "e'églﬁgfg %’ﬁ@{lﬁlll g? ?%Sg{nlle P %ag uded
st ai nl ess eketeicalqmbeetdnia)f Ithertt?y@sl Therefdrathighcyielt and wipbdiataliy QP anadat dulic k

Mo |ayer follo ness in.the_r eof

%ge é ﬁ¥er whi ch had a thifﬁé aln
5-100 nm Earuactugn Bfoﬁtﬁﬁ UHiBE YRS PES RIPCSREIEE AR IEGiopFResitign ohak
surface. GaFhicumysgsntf ﬁi_?elezlrﬁ(ht(ﬁé)ﬁgf@{&ﬁcﬂ[}' del@@nd% tﬁé‘fépéﬁﬁjlﬂﬂ}d)fttﬁbe

results were eval uate he surface areas for the substrates were
vari ed frosgrasied Bickaess of Bcskogippiptcd ipyaDdEom ren ogun Fuahemone) mirs-

sui tabi |1 ty, a?{]cec}nﬂﬁm;ﬂ“ghﬂ%ﬁlfwﬁl d\} It%ﬁtg?es%ﬁe% @leﬁ?c@#)@s%d‘ﬁlrﬁ!sgwnﬂttb%ic}&e Ga

deposi tion, rmt l'at1n clency were eval uated
by di ssol vnh@owesrtbdxa'ee qmmdth tmne;)hol‘ogy hsethfa sturfn@ndugjmﬁngnf,@stpmcmillg less than

Sampl bs.  EATRA S CEEKaPe T bR e o Al ettt BBy
set of exerglially aaqmexguanmlabstﬂgt@etvha siiefieroaseR ataeh. SABksAitilizng €h 2
0.5 M &C13, and 0.5 .8 Msodiumcitrate (Na3CoHSO7). The pH was

adj ust ed t &lms w&hgélgbéttte‘érm%h%%v fog. exeaplﬁ \M?Hlteelsetle&ar@a@ﬁb@heed
on the copper surface at current densities of 30-50 mA/cn2. Highly
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Exanpl e 2 (EDTA as the conpl exi ng agent): [ 00025] An aqueous
pl ati ng bath was fornulated wwth 0.2 M GC1l3 and 0.4 Mol ar EDTA. The
pll was ad{vg, 5&?0 the range of 12-14 using NaCH The Péﬁﬁ%z’ﬂ%f&?ﬁ%s
were carrie on eI ectropl ated copper surfaces at curr¥

densities of 10-50 mAcn2. Al Ga filnms were shiny with snooth

nor phol ogy .ch&mgtxﬁ@mealt}o imghives scaleathroggloun theffdm a]l(ﬁﬂughmntthé averdgelthsGhn

this case the deposjtion effi ienc found t e her, at rent
Honei § o HOBSATRSDbD egerauE ks dh oyl tooled s ufh SRR ererabig
density valges S)Tftle&%nafo&h@h ﬁwcmhuea) M6laPrati irf (hE orsatla ear%te wheredo tife

Exampl e 3 (A ycine as the conpl exi ng agent
aqueous pl &/ qulmguwm B it el ranige b 0.190. M GaCI3 and 0.5 |v|

ol Mt ng tests wiptrd AP L ke M (i BRI SR

copper at Cﬂlﬂ’c[replnted enspmteeeepoilteﬂ@n%asmwmmgm subyBatef \ivlurm, ondtssushdeny

with snooth surfaces., Surface r s, <10 100. nm t hi ck
yerer 1 n o iavE et pel BlrRRERs rARDREy Bl  Birsa el B t he
range of 75pheQQBouate MOy B AYanitRoil Edsk 6t gﬂgﬁﬂeﬂm%etdﬁmbathé RY\eontAfigg
hi gher current density val ues. 7] Al though three speC| frc
conpl exi ng laysan e spbgratesugiag way ryRuddigr, @IRciliy lngte Bybermepyed Lot
bat h or mul g0 Eohkinfg BANeh XEIRIESyradidor géi‘tgtsﬁhEUI/Ruts&cEme?é'M is a
ot her conpl exing agents™w th carboxylic anéll amm ne chel at

groups in amtdtittqtamrs@moondunwplCaadleuruEIE*;thmémngttmtthea@esmfatcerr tig tnrsatfe@e)
used may be organi.c nodi fi ed ch.as trieth

tributyl C|ctara Cam&? er tg%nr%l 8?(?%“385%53}? ’ssufl}t?: a&ﬁelcg'zb g):’gono‘fsql mted
to tartrat eﬁA(caﬁmbmgshessbmmmtdsaif thieqiresent intdiition) Boali DICaind/or pmtzawsksasum as
tartrate, ota mtartrate dieth ate di et hyl
tartrate, &359{ tage/girenb B tRigmms; Watsei o5 AlFCUERRN
tartrate), @%al at es (such as sodium potassiumand |ithium oxaI at es),
amoni a and anmoni um sal ts, ethyl enediam ne, nitrilotriacetic acid

and its salts, h%%kyeqrhwl@tWwlévewpa@mgteﬁaa@ewf&aamlmwgatr@&lsmpatammg
salts, am %P‘iﬁie&ﬁg%&élﬁk %r@%lﬁ%%eﬁts%%ﬁ)ﬁ?ltﬁég}y&ﬁenyéﬂﬁ fb hg%ﬂgxexes

alanlne val Ccl ne al anin
tyrosine, twhigh mpnanin geysna}'n@pream@dhwfé@ " QI |D3|1tr1ne platisgardathodic reactlon of

| ut amat e, Ssetin e ni,ne. .. aspa

Ol Ut e, GRS, + hE LA YPhES e ORI LS B BRI R ige

t hese conplserfadbganage&tss ofreey cpmple@inmspelids. Eiwevaliervf &k hag bs Bl (Eldimﬂaﬁng
the preferred Ga Iatlng1 ath conposi tions of thi mvﬁrgftio have a
OF val e of BRIty FEY SETHe DI pUsp eSS Aot tBies Are: RAFAUSion gl Tesiet ton

preferably doRcéntigtidin@ige With, ) tdudon oIt ARPYRIPRAASH LES 1B TRAIRKRshce of a
si npl e aqueous chem stries with water as the solvent. Although water

is the prefsablerH.c¥ithdhe assitanereoficomplexingiagpnty Gacaltpmay Pedispdredsn of
the preferngd.i &KG@L Atg%éo%a% @Q{gﬁ!éﬂ?&ﬁtra %Pbttt%tkat»bigﬁu?[;& Bl Wﬁucinl 50

sol vents nmay a or mu t|on arti y o or
repl aci ng ttha hyditogen gfﬁamhommgadﬁccdsrmmmlson ¢ff1{:1antar 1be|mhaac®1 Sotne of the

l[imted to eri aIc hos th eth rb ate
propyl ene cgtl%“ gd Y on| posl?lé’ny?tetg?’rﬁ%%’ 1“"8“%& y‘? url'cteglh‘?

sul f ol ane eyically higher ﬂ{aﬁ@Oﬁ@ﬂeraﬂnﬁh@mfmﬂn@& hodogeh dehérhiigeld rdduced, 11) since
vol t age/ current duretlfe ag t he el ectrodepositjon process. It shoul d be

hot ed t hat (P SPTBITBPHENCL TR KbIe&CTHIE SREEIHORMREmS are avoided. i)

complexed Ga species form small grained smooth Ga deposits in a repeatable manner.
[00023] The invention will now be described by presenting several examples. The

electroplating experiments in these examples were carried out using a



sources may also be utilized to obtain the high plating efficiencies
and high quality Ga deposits enploying the Ga plating baths of the
pr esent |n he tenperature of the Ga el ectropl
be in the rnl%lés(?@ 7% 150 C dependi ng upon the nature o?lg(lt']ﬂgm?@w%’
It is preferable to keep this tenperature bel ow the boiling point of
the sol ventpotehhiGsttgaivandsed (Bak b M@dﬁp%ﬁh%}_r Bufif l\ﬂﬁﬁg?'ihetk%ﬁ@l@ns were
formulation is in the range of 10-60 C. The m)s preferred range is
15-30 C. stired. Thyoobgatesfier the eletmg)ﬁ@ﬁtamchgleéanawéesmteclwed pedaglimg glass.
i nvention e
ot 11 m 1 equloar i REHr Yo DB GHLER by KITSE: WARNAGE , ufllnel
or non- et axhtheca:@e@ﬁﬁfm@ net Elr:,tFmﬁoJé&(anqnloe Cudummaee]addopﬂatm he®u as
surfactants, £ ‘g gssors \fel ers accel rat %@ %/ be |n Iud
Th e for SR BHTES B Hesciraplgied OF i Ch Rirtie e geipf e cvaluated
roughness. ThBeiiBac8afealBit YheSdb{iradd dierd Vzﬁ&dqmbbﬂ s5ed skieriinRndre8! &n’
Organic additives include but are not |limted to polyal kyl ene T?nreycol
)|

type pol ymé? yndegiasdabresuiigbifibrhidhemetbed fordugasdale mawéachiningn Affen e dial
acryonitril e ,

shoul d be rcllg Osgﬁﬂ hg%agt Igr}ltygr]nl??gﬁ pifl%g oHid rg:gl\‘ﬁec‘ieéqélel%%%nbyﬁﬁsceéo%'gr[ghvanous
formul at i ompottwnslefibs i flim tahd nsih@Axngc absdmmm $mp¢sosmppyrioxteses thf GGa
with the ot hernt n& &Vecf xarrpl e, addition of Cu species (such
as Cu-sul f e el ﬁldds? S@f“@f in the bath fornmulation all ows

deposi ti on of QE-xﬁhpEdl@Mﬁlteﬁﬁdﬁ@d&oxﬁmtﬁné hdepB: conpri sing a mxture of

Cu and . Sim'larl be added in the fornmulation to obtain
Ga-1n alloys anépp?ﬁ“ SF X YSAGHEPUSPKAL P Bathp Weke DEFRATqdcontaang 9.4

of both I noangh GaCIamd Bisel ¢lg ﬁtﬁwaaln& §1tﬁﬁm4(§,ﬂ'§'@7)0fihe IR wARE; E%iled RBa

controll ed anounts. Dopants may also b in quantltles t hat

al | ow depoﬁftgP('?ﬁt“GF“ lQiélpbbB Gatlivm wwlewwmue@ ﬂhP korpsospface atscugrent
dopant in 3

preferably 1352'[2&2:0 5 Sgb@&/g}nomﬁ}c/gmﬁg@é%%?tl do an Es:gfgﬁlg?r&gg 8%21{0 are

not |im tedvere)owaned_ﬂoramlcl@,ess% 10&hm. Phceplotmg efﬁcxenc{}o.@aﬁsaﬁe}asﬂihdem@found
| ayers produce Qe bath conpositions o t ent.i.on
were orpl oYLl PIE AT TdR Pl sl FRR Rirk WGl e ol s Jepbeitich
stacks on bages. Gallipmi \Saslltgsos[ﬂzatdﬂmﬁerﬁhﬁ@suﬂ’hﬁkshrsaheiﬁg aeaittte ¥dntdining
Mo/ Ru or onllé ]gu?dgba%_grz? These s agﬁzﬂé %g vari Qus depositian

sequences YPBPGEFE s e/ eH7ERD ¢ ? elipay vesldadn Plingstitsienay/obifca
and base/ CabdnOfpncSduifded HIRSGa &@omngﬁ BfcRHES @H&k@qb@%eﬂn@w&m fat h

mar ket ed by IndlumCorporatlon Anerica was utilized f In film
deposi t i ondhat ipgied 3P hews dm@@trﬁ@ﬁéhaéawmﬂwhmmw sable VathOBO@YC f or

2852} Bgﬁ gs ngﬁ?ﬁkéﬁé p%&(f ar rat Oqlagl{@élggnl n tﬂ—gg%) &gblﬁ 94 range

whi |l e the Ga/ ( Ghxamplerd(ERTA st thocomgexiogngeat)t y 30% i n t hese sanpl es.
After the react| t,e 100, nm t hi ck S | ayer. f d

absor ber surf acLOB(Q}ISEI‘AH{)%&e%[SB%I@% M %ﬁ%@%‘?%ﬁ gﬁé““g& %\nglar
known chemEgHtA. dihg pHEVRedjusas tw&eehnfge bf ($4 dﬂ@@ﬂhoﬂomh@pnhmog‘ teﬁb were
sol ution conpri sing -sul fate, Thiogrea, triethylenam ne (

anmoni a. ACSHREf Ptl*@nt e&Hgblaﬁeé RPPREBFHILACES 45 £uIregy éfms\% of HgAO 5@%@@. tféH Ga
over the Cggyf bvbﬂ”er‘sl?ﬁﬁgrt\ﬁﬁl s%méEH[ ﬁéﬂpﬁ&oé;e%nﬁh%ugﬁ%s%ascﬁbl 100 nm

conpl eted by evapora finger contacts over the ayer. Sol ar
cell effi ciféﬂ@fl@!ﬁ hlsthhlcgﬂﬁ th@depm%mmef@cxee@owwefaumd @rhemn@seatdmwms
denonstrati h c Q stacks si ng
the Ga |ay dQ[’g.Slt ﬁl{@ﬁ”@bb t35e ré/cx};nngorﬁqa?edttoqg\%a Crl cUrTEnt dsensﬂpva Ues.

sol ution fﬂ”hesamffﬁmmywmluemem irsthb ranige bOTS-Dhdeck gal | i um (Ga)

n ning fil r r
containing filmon & oGtk oS cent):



a gallium (&) salt, a conplexing agent selected fromthe group
consisting of a citrate, ethylenediam netetraacetic acid (EDTA), and

gl yci ne, a%@uﬁ%ﬁegnt and wherein the pH of the sol Uti’&}u s A Haer

than 7.0. sol ution of claim1 wherein the solution provi “des
el ectrodeposition of the sub-mcron thick gallium (Ga) containing

filmon the concﬂmi@rAnamdedda@lmg Ibn:urw:(s@a&nr.ﬂﬁéu aith OgMfGdan Al S M
substantially pure gallium he solution of claiml

wher ei n t héJlyains LsmpHayys %lrbfed) ‘g t*see%wéd 1f1r3dmr1gﬂ*éﬁcﬁi dilis PAasing tests e
of gal I'i um LGk dhbPihkdGrradabt ae{m %’e A {)er a@&s%«rengaédshwbﬁ {0 poglat e

and gallium (Ga)- nitrate. lon of claim3 wherein the
citrate i s /alﬂ Gaddms woresshify vsﬁdsmﬂntlmsurfaaeseSutfactehoughneaswaat@o ngniend@® um

citrate, i mcit nd, an or g d.citrate,

Sher i ot o BRGIER IR Ge B e AL RERY e TR BF b KB w75,

is in the rogs 313153(}311A!bm Effﬁlen&'ile/eﬁtaioulnlzm[bvﬁﬁr afd Bigﬂ&r?cun/@ﬁr@hﬂt}t\}’ames
itrate, lithiumcitrate ium

citrate is at |east o odi

citrate, potassi@HRit &‘8&‘%‘1 'i‘ fiGrQyamexing agFniphs- Citete gPtTrD‘aQ“é‘ gqycme

6. The sol ylh,0peenfus&d Bk Bhch fﬂmﬁﬁ:ﬁloﬂ ity IR 2B} SRple?, WRIREsible to employ other
complexing agents with carboxylic and/or ammine chelating groups in addition to or in
place of those that are cited. Citrates used may be organically modified such as triethyl
citrate and tributyl citrate. Other complexing agents include but are not limited to tartrates
(such as sodium tartrate, lithium tartrate, potassium tartrate, sodium potassium tartrate,
diethyl tartrate, dimethyl tartrate, dibutyl tartrate, diisopropyl tartrate, and ammonium
tartrate), oxalates (such as sodium, potassium and lithium oxalates), ammonia and
ammeonium salts, ethylenediamine, nitrilotriacetic acid and its salts,
hydroxyethylethylenediaminetriacetic acid and its salts, aminobutyric acids and their
salts, amino acids including alanine, valine, leucine, isoleucine, praline, phenylalanine,
tyrosine, tryptophan, lysine, arginine, histidine, aspartate, glutamate, serine, threomine,
cysteine, methionine, asparagine, and glutamine.

f00028] It should be noted that although some of these complexing agents may
perform well even in acidic solutions, the preferred Ga plating bath compositions of this
invention have a pH value of higher than 7, preferably higher than 9, and most preferably
in the range of 9 to 14. The above examples employed simple aqueous chemistries with
water as the solvent. Although water is the preferred solvent in the formulation of Ga
plating baths of the preferred invention, it should be appreciated that organic solvents
may also be added in the formulation, partially or wholly replacing the water. Such
organic solvents include but are not limited to glycerin, alcohols, ethylene glycol,
ethylene carbonate, propylene carbonate, acetonitrile, formamide, dimetyl sulfoxide,
sulfolane etc.
[00029] The examples above utilized DC voltage/current during the Ga

electrodeposition process. It should be noted that pulsed or other variable voltage/current



7. The solution of claiml wherein the citrate is at |east one of
sodiumcitrate, lithiumcitrate, anmoniumcitrate, potassiumcitrate,

and an org%zca /(|3¥739pdi fied citrate. 8. The sol uti OnPﬁfﬁ%ﬁfk@ﬁ%?

wherein the sol'vent is water. 9. The solution of clalim
conprising an organic additive. 10. The solution of claim1l
further compuoices mngy siko beaslized neolnhinahclipipplatidCefficRatits afichign qianity G
(I'n) salt.

(NSRRI £ ST S S RN G
claim 10 whesQkdrdbns 8hiHt AP bE t @S SARE bAs1%0 trq%gerﬂfin@mﬁn_ OburYlofhe
el enents and conpounds t her eof 13. "The solution of  claim1 further
conpri si ng sebyent. Bfis pretesgifreto keew hisstainperatuge bedow thi homting pojintsdttie solvent 4.
The sol ut? ofheQferéihd Shit i Ror'hFer R roldlfiadhl 'l 12 rhrfie ¥ 1860 &
ge of 9 :
The most preferred range is 15-30 C.

[00030] The electroplating baths of the present invention may comprise additional
ingredients. These include, but are not limited to, grain refiners, surfactants, dopants,
other metallic or non-metallic elements etc. For example, organic additives such as
surfactants, suppressors, levelers, accelerators etc. may be included in the formulation to
refine its grain structure and surface roughness. There are many such additives commonly
used in the field. Organic additives include but are not limited to polyalkylene glycol type
polymers, propane sulfonic acids, coumarin, saccharin, furfural, acryonitrile, magenta
dye, glue, SPS, starch, dextrose, etc. It should be noted that other materials may be
included in the bath formulation to deposit thin layers of Ga-alloys or mixtures of Ga
with the other materials. For example, addition of Cu species (such as Cu-sulfate, Cu-
chloride etc) in the bath formulation allows deposition of Cu-Ga alloys and/or thin films
comprising a mixture of Cu and Ga. Similarly, In may be added in the formulation to
obtain Ga-In alloys and/or films comprising mixture of Ga and In. Addition of both In
and Cu may yield deposits comprising Cu, In and Ga in controlled amounts. Dopants may
also be added in quantities that allow deposition of “doped Ga™ films. A doped Ga film
comprises a dopant in a quantity that is typically less than 1 atomic percent, preferably
less than 0.1 atomic percent. Such dopants include but are not limited to Na, Li, K, S, Se,
Sb, P ete.

f00031] The Ga layers produced using the bath compositions of the present
invention were employed to fabricate exemplary all-electroplated metallic stacks on bases
comprising stainless steel substrates coated with Mo/Ru or only Ru layers. These stacks
had various deposition sequences yielding base/Cuw/Ga/In, base/Cu/Ga/Cw/In,
base/Cu/In/Cuw/Ga and base/Cu/In/Ga structures. An indium sulfamate-based plating bath

marketed by Indium Corporation of America was utilized for In film depositions. The

stacks were reacted in a tube furnace at 500 C for 50 minutes with Ar+H>Se gas mixture,



15. The solution of claim 13 wherein the solution is essen- tially
free of any G oup VIA elenments and conpounds thereof. 16. The

sol ution i further conprising a pH adj ust nent kS
one of Na 0?3@’%.6 17. A method of obtaining a gallium E@\%ﬁﬁmgkk
containing filmon a surface of a conductor conprising the steps of:
obt ai ni ng dorahyCu@NGafset absoterd The Eulbil-HCGay mofd5a)ticc @by kepaina (B &1 929
agent, and a solvent, wherein the sol ution, hgs pH hi gher th 7.0,
and, wher ei FANgR&TES M @ Gadrhmolsraig s peminallE AP t*@ﬁﬁ%&?ﬁﬂlﬂ%??@{ g

of a citratgci&t iyl £168hAMPELas 1ARF &bl forMed On (HERDMrberdNda! WAENE
appl ying the solution onto an anode and the surface of the conductor,

provi di ng &agedtehtGaSedCds snmtre. deellkaawn sheraisdldip method as senddactdy |

Zurt ace. of SERa RpHbd b B sgmo Rl CEGRTT AR el BRei 8 oo

gal I'i um ( Gajnnemit Al DAOETO idamplatenacaidbsiveniyeamay theu dep@atd ovemthe@9S film

film by the sputtering technique. Solar cell was completed by evaporating Ni finger contacts
over the ITO layer. Solar cell efficiencies as high as 119 were recorded from these
devices demonstrating the quality of the clectrodeposited stacks comprising the Ga layers

of the present invention.



19. The nethod of claim 17 wherein the conductor is copper. 20.

The nethod of claim 17 wherein the conductor is indium 21. The
nmet hod according to claim 17 wherein the pH of the solution is within
a range of 9-14. 22. The nmethod of claim 17 wherein the sol ution

obtained in the step of obtaining includes the gallium(G) salt
selected fromthe group consisting of gallium (G)-chloride, gallium
(Ga)-sulfate, gallium (&)-acetate and gallium (&G)-nitrate. 23.
The nethod of claim22 wherein the solution obtained in the step of
obt ai ni ng i Nefidese eRihg: citrate at |east one of sodiumcitrate,

l'ithiumcitrat : 1 j: : d
organi cal | F?ﬁg}g&golf ?’gﬁ ggét\?&?}f?gfpgﬁ?ﬁfc@ f-}_il%/%g%ﬁ]i’uéﬁ\?vat gp and
wherein th qfpipang filgyon g@pgﬁpgtrqricgn}pﬁlsmge range of 9-14. 24.

The net hod of gellainm(@2) é#lér ei n the 'sol ution obtained in the step of
obt ai ni ng i netardpiexdsg hgentselaciediram thegsoupoensstispdf am citrat e,

Lithi um ci tr atggafRIMEY16Med] dnfidlefstraREHS Scidn (ﬁjl:bmy,ean@nd an
organical ly mgqgéi'n%fjaﬁ trate. 25. The nmethod ofclaim 17 wherein
t he conduct or one copper-and i ndium and wherein the solution

obtai ned i n @ IVERLAEs opt ai ning i '
one of sodi uheredn ﬂf%PHI Qf&iﬁ@ﬁh@i‘g‘?ﬂ g]gléﬂgfﬂgaitﬁ\ecﬂ £ ;?2? Sf)t laggishm
citrate, and.dFhesglmtionadT glamudl fWlsdein theagodution provides
electrodeposition of the sub-micron thick gallium (Ga) cen-
taining film on the conductor and the gallium (Ga) containing
film is a substantially pure gallium (Ga) film.

3. The solution of claim 1 wherein the gallium (Ga) salt is
selected from the group consisting of gallium (Ga)-chloride,
gallium (Ga)-sulfate, gallium (Ga)-acetate and gallium (Ga)-
nitrate. :

4. The solution of claim 3 wherein the citrate is at least one
of sodium citrate, lithium citrate, ammonium citrate, potas-
sium citrate, and an organically modified citrate, wherein the
solvent is water and wherein the pH value of the solution is in
the range of 9-14.

5. The solution of claim 3 wherein the citrate 15 al least one
of sodium citrate, lithinm citrate, ammonium citrate, potas-
sium citrate, and an organically modified citrate.

6. The solution of claim 5 wherein the solvent is water.

7. The solution of claim 1 wherein the citrate is at least one
of sodium citrate, lithium citrate, ammonium citrate, potas-
sium citrate, and an organically modificd citrate.

8. The solution of claim 1 wherein the solvent is water.

9, The solution of claim 1 further comprising an organic
additive.

10. The solution of claim 1 further comprising at least one
of a copper (Cu) salt and an indium (In) salt.

11. The solution according to claim 10 wherein the pH of
the solution is within a range ot 9-14.

12. The solution of claim 10 wherein the solution is essen-
tially free of any Group VIA elements and compounds
thereof. '

13. The solution of claim 1 further comprising both of a
copper (Cu) salt and an indium (In) salt.

14. The solution of claim 13 wherein the pH of the solution
is within a range of 9-14.

11



[ [ [ btained in the step
26. The nethod of claim 25 wherein the solution o _
of obtaining includes water as the sol vent. 27. The met hod ?fdclalm
17 wherein the solution obtained in the step of obtaining includes
wat er as the sol vent. 28. The nmethod of claim 17 wherein the

' ' [ I ni her includes an
lution obtained in the step of obtaining furt ( _
gfganic addi ti ve. 29. The nethod of claim 17 wherein the solution

' ' Wl ' | east one of a
obtained int e f .obtaining further incl uc:!es at .
copper (Cu) s -MOQHU%MG}%H@H%Wbaremthe sdQtiofiheesmihod according

- t apH Group VBl elbineits andi EMinpoangange of 9-14.
gi.C#ﬁgnhéﬁhhdggg??Tgﬁﬁ1g§ mheﬁgin t he solutipn obtginedtlnaage step
of obtalning ITe. %é%l‘“gdﬂ %éléﬁﬁt] %g C(glgﬁgil”\élﬁAEﬁg%@i@% tshe sol ution
ngppﬁggsiﬁqﬁff¥g ﬁgﬁﬂﬁﬁiBBPsf i Rh&Clilncl udes both a copper (Cu)
ol t oo o i ﬁ.,m@ﬂ;gd ghpbtaining3agallinem (Gayeshiahtapdiigy to ¢l aim 32
wher ei n t he opH 8ifrfadecoSa bandwtot BoMipr Ry thel ABIELT h14' ¢ 3?' ©
met hod of chbtamidd Wheltich the Qhﬁésg‘ggmxﬁl%?%)' d f,ltag anpcgrrpounds
obtaining is gsepidiAl!behf SHPL Aoy ¥ Wheretn ‘the sgiﬁ%mn
ther eof has a pH higher than 7.0, and.wherein the complexing
agent is selected from the group consisting of a citrate,
ethylenediaminetetraacetic acid (EDTA), and glycine;
applying the solution onto an anode and the surface of the
conductor, providing a potential difference between the
anode and the conductor, and electrodepositing the gal-
- lium (Ga) containing film on the surface of the conduc-
tor.
18. The method of claim 17 wherein the gallium (Ga)
containing film is a substantially pure galliom (Ga) film.
19. The method of claim 17 wherein the conductor is cop-
per.
20. The method of claim 17 wherein the conductor s
indm.
21. The method according to claim 17 wherein the pH of
the solution is within a range of 9-14.
22. The method of claim 17 wherein the solution obtained
in the step of obtaining includes the gallium (Ga) salt selected
from the group consisting of gallium (Ga)-chloride, gallium
(Ga)-sulfate, gallium (Ga)-acetate and gallium (Ga)-nitrate.
23. The method of claim 22 wherein the solution obtained
in the step of obtaining includes as the citrate at least one of
sodium citrate, lithium citrate, ammonium citrate, potassium
cilrate, and an organically modified citrate, wherein the sol-
vent is water and wherein the pH value of the solution is in the
range of 9-14.
24, The method of claim 17 wherein the solution obtained
in the step of obtaining includes as the citrate at least one of
sodium citrate, lithium citrate, ammonium citrate, potassium
citrate, and an organically modified citrate,
25. The method of'claim 17 wherein the conductor is one of
copper-and indium, and wherein the solution obtained in the
step of obtaining includes as the citrate at least one of sodium
citrate, lithium citrate, ammonium citrate, potassium citrate,
and an organically modified citrate.

12



26. The method of claim 25 wherein the solution obtained
in the step of obtaining includes water as the solvent.

27. The method of claim 17 wherein the solution obtained
in the step of obtaining includes water as the solvent.

28. The method of claim 17 wherein the solution obtained
in the step of obtaining further includes an organic additive.

29. The method of claim 17 wherein the solution obtained
in the step of obtaining further includes at least one of a
copper (Cu) salt and an indiwm (In) salt.

30. The method according to claim 29 wherein the pH of
the solution is within a range of 9-14. |

31. The method of claim 30 wherein the solution obtained
in the step of obtaining is essentially free of any Group VIA
elements and compounds thereof.

32. The method of claim 17 wherein the solution obtained
in the step of obtaining further includes both a copper (Cu)
salt and an indium (In) salt.

33. The method according to claim 32 wherein the pH of
the solution is within a range of 9-14.

34, The method of claim 33 wherein the solution obtained
in the step of obtaining is essentially free of any Group VIA
elements and compounds thereof.
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