1 PLATING OF COPPER ON SEMICONDUCTORS  The present invention is directed to a method
of plating copper on semiconductors. More specifically, the present invention is directed to a method of
plating copper on semiconductors using monovalent copper baths.  Metal plating of doped
semiconductors, such as photovoltaics and solar cells, involves the formation of electrically conductive
contacts on front and back sides of the semiconductors. The metal coating must be able to establish
ohmic contact with the semiconductor in order to ensure that charge carriers emerge from the
semiconductor into the electricalli/ conductive contacts without interference, In order to avoid current
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comproneginsgjitite pdifodamarotabtthisevaféns Sutticemeaintbd copper plating occurs when the copper
ion in the bath is the cupric or Cu2+ ion. The copper plating bath is typically acidic. The copper
deposition occuV¥ By EHMRIEPERSE$YOS Q5 RjOALFNEHMR! fidedrasiiafis Mral S8 daner 9dck side of
the cell without the application of an external current. Also, copper deposited on the back side may
migrate into the semiconductor damaging it. In addition such cupric ion



3 containing copper plating baths are not clear but dark in color thus they impede light reaching the
semiconductor during light induced plating processes. This may cause non-uniform copper plating
resulting in variation of plated copper thickness on current tracks and may compromise the plating rate
thus reducing the efficiency of the plating process. Accordingly, there is a need for an improved
method of plating copper on semiconductor wafers 2n the formation of front side current tracks. A
method includes providing a semiconductor including a front side, a back side, and a PN junction, the
front side jncludes a pattern of conductive fracks including an underlayer and the back side includes
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baths for photovoltaic manufacture. This problerdascribed in more detail in the article

Journal of The Electrochemical Society, 157 (10) H942-H946 (2010), “Quick Determination of

Copper-Metallization Long-Term Impact on Siliconl&dCells” of J. Bartsch et al.

Another problem with copper plating ofpgd semiconductor wafers is the undesired
deposition of copper on the back side aluminumaiaintg electrodes and silver busbars
compromising the performance of the wafers. Sunhkamted copper plating occurs when the
copper ion in the bath is the cupric or’Cion. The copper plating bath is typically acidithe
copper deposition occurs by an immersion processrgéed by the dissimilar metals along the
back side of the cell without the application ofeatternal current. Also, copper deposited on the
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Monovalent copper plating compositions may be used to deposit copper on the underlayer of current
tracks at various thickness ranges. Such monovalent copper plating compositions may be cyanide
free. The monovalent copper compositions may be used to form layers in the current tracks where the
copper layer is sandwiched between one or more conductive underlayers and one or more conductive
top layers, or may be used to form build up layers t@ complete the current tracks. Preferably the
monovalent copper compositions are used to deposit a thin film layer over the underlayer which is a
conductive metal or metal silicide seed layer, barrier layer or combination thereof. ~ One or more
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oxide, copiearéurRaks copper methane sulfonate and other conventional non-halogen water-soluble
copper salts. Typically the 5 copper compounds are copﬁer sulfate and copper methane sulfonate.
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The terms “composition” and “bath” are used intaroeably. The indefinite articles “a” and
“an” are intended to include both the singular #replural. The term “selectively depositing”
means that metal deposition occurs in specificrddsareas on a substrate. The term “cuprous”
= Cu' and the term “cupric” = Cii. The term “lux = Ix” is a unit of illumination el to one
lumen/nf; and one lux = 1.46 milliwatt of radiant electragnatic (EM) power at a frequency of



Additives to improve the brightness and uniformity of the plated copper may be included in the plating
compositions. Such additives may include, but are not limited to, organic amine compounds, such as
triethylene tetramine and tetraethylene pentamine, and oxyalkyl polyamines, such as
polyoxypropyl-triamine. The amount of amine used depends on its activity in the composition, i.e., its
ability to brighten the deposit. For example, triethyl@ne tetramine is typically used at a concentration of
0 05 mL/L of plating composition, where polyoxypropyltriamine may be 0.1 g/L. Thus the amount of
this additive may range from 0.01 mL/L to 0.5 mL/L A typical monovalent copper plating
composiﬁéﬁ Fﬁﬂélﬁ)eélgrepared by first dissolving a complexing agent in water and then adding the
source of copper i in crystalline form ar,as a slurry, The aqueous solutign is then sti ﬂltodissolve
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amorphqgesgwﬁp%eg\_/hile the description below is with regard to silicon semiconductor wafers, other
suitable semiconductor wafers, such as gallium-arsenide, silicon-germanium, and germanium, may
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as pyramfddARSHIAIRFRIL SRICESHR S IOGHAGER I S FBRRES SRBIBRUIAS MEHEBr M iBfplantation
takes plagelodeihnfthstraaio valte wEpeipRinttee aporit AU bor aremdegiotednd, popides the
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serve asa pRssivatiteniageifdBaitzblélduoiigefginee sagtemicd cupric chloride may be included as a
source of cuprous ions, preferred copper compoarglsopper oxide, copper sulfate, copper
methane sulfonate and other conventional non-halegger-soluble copper salts. Typically the



include, without limitation, silicon oxide layers such as Si0", silicon nitride layers such as Si3N4, 8 a
combination of silicon oxide and silicon nitride layers, and combinations of a silicon oxide layer, a
silicon nitride layer with a titanium oxide layer such as TiOx. In the foregoing formulae, x is the number
of oxygen atoms. Such anti-reflective layers may be deposited by a number of techniques, such as by
various vapor deposition methods, for example, ch&mical vapor deposition and physical vapor
deposition. A chemical edge isolation step may also performed prior to metallization to ensure no
current path exists from emitter to back side. Edge isolation may, be done using conventional etching
solution< ARARK FATIPRHERE A€ COPRRE RIS He PRI BBA e RF BT ERRRSSd pattern
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screen printing, template printing, dabber printing, paste inscription and rolling on. The pastes possess
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process may also beé done with preliminary firing tn oxygen at up't subsequent
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front side or emitter layer of the wafer is coated with ‘an” 9 antireflective layer, Such as silicon nitride.
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used to form the pattern, such as, but not limited to, laser ablation, mechanical means, and
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contacted with acid, such as hydrofluoric acid, or alkali to texture or roughen the surfaces of the
exposed emitteT teypHadftties seariovaldunt tooppézqitaibhg cocah escimges $smn hay Hlsohsuakersto
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to form coamsiivievxitayee pratig surzpesifahe Sudktdsaegide, but are not limited to, sodium
hydroxide, potassium hydroxide, ammonium hydroxdd sodium carbonate.

Optionally the plating compositions may include @neénore conventional bath additives
for copper plating baths such as one or more cdivlycsalts, and one or more additives to
promote uniformity or brightness of the copper dg{so Conductivity salts may be added to
improve the conductivity of the plating compositioAny salt that is soluble in and compatible
with the plating composition may be used. Suchdaaetivity salts include, but are not limited
to, one or more or sulfates, phosphates, citrgtaspnates and tartrates. Examples of such salts
are sodium sulfate, potassium pyrophosphate, soghosphate, sodium citrate, sodium

gluconate and Rochelle salts, such as potassiumrmaddrtrate. Such salts may be included in



In one method an anodic etch process is used to roughen the emitter layer. Conventional oxidizing
agents may be used to restore native oxide. Oxidation is typically done with a 1-3wt% aqueous
solution of hydrogen peroxide. Other oxidizing agents include, but are not limited to, aqueous solutions
of hypochlorite, persulfates, peroxyorganic acids and permanganate. When the semiconductor wafer is
monocrystalline, typically the oxidizing solutions are&alkaline with a pH greater than 7, or such as from
8-12. When the semiconductor wafer is of silicon, a layer of SiO" is formed on the exposed sections.
Typically the semiconductor wafer is dipped oy processed through a flooded process chamber

contan AR SRR R B A PR SRt et R 5P B BB 8 G Bincluctor
wafer to Hadides kientatiodspifesen the ddgpemplteingysmtbddse current tracks of the semiconductor

wafer is then etched to form a nanoporous layer on the oxidized surface with a composition including
one or more sobrtBtvesHiflippides tresigihioest writienstaitsuditineixiates tanper. rBifjuseitdekoiade

L et et A e
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compounds. fluoride salts include, but are not limited to, alkali metal fluorides, such as sodium and

potassiuRPIRAFHOFY 5 cdlf 2BiJRdY 18R BN AfIURAE RIS HIS ENIRNS ELIFRININEIS 10 in the
compositigiediyansedsPtnadnimlion 6flo O5swen asditdd kit Qgferer such as from 20 g/L to

50 g/L. Acids which may be included in the compositions include, hut are not limited to, sulfamic
acid, alk8RY' %mmyétaa@éfcmag Rfcthhdd-suliBrivcReiamaplhis QA SeqY Laigs 89 E-Sifonic
acid; alkytol/suang racids; aryl sulfonic acids such as toluene sulfonic acid, phenyl sulfonic acid and
phenol sulfonic acid; amino-containing sulfonic acids such as amido sulfonic acid; mineral acids, such
as sulfuric acid Aniigrdcat i ey Aigatoabppec pleiihn gueontasitien cheyprshiaradityy irsiudisspivioga, di-
and trica | ' | i - A [ itions
may cont e o e e O oo ot
least onelehtaifBancsaicsolaintifimentwikHl sRdy s frekepBudrarasriethemttagadiusted
commercigliyaualiahie 1oRyARY Rt A ERISY CifuNe S Sh-GhEMifR PR AR gpneral,

acids and acid anhydrides are inCluded in the electrochemical compositions in amounts of 1 g/L to 300
g/L or SURMMROREIN TR READ0D ePMBPSTE S2YPG/RLRATNEHA Wide teRenSEitscIRal

COMPOSIYYRFTANG ﬁﬁgﬁﬁ%@dC&tmﬂﬂ@@%@Bigfﬁ?t%ﬂ%ﬁﬁy%ﬂh@ﬁﬂ@féﬁ@&ﬁ@% @]‘@r@”e or
more bifluoride source compounds or one or more fluoride salts or mixtures thereof. Mixing is done
until the BIANBMAIE RoFAPBRERBBIHCRMAOLLRE TrRYHREBRIEPINGHE 4LidC\RaRICHES BEAAtEdwWhn
further ngring to dissolve any un-solubilized components. Alternatively, one or more acid
anhydrides are added to an aqueous solution of at least one bifluoride source to form upon contact

with water at le@tes@teobdxglicracithydreeconmporse d arfhowylor tisiinpaly bey/ ptabeatn the aqueous

bifluorid q . o : i o ;
employed T MBS Gt o S PheRtual A RN St R s e
hydyolyzeﬁanduhmlsmeducw mmm@@maweosuﬂmmwaaaed with further
mixing uglallof e 5l _a@aeam@%d'éimw%%micoﬁapw@%éﬁg%g%%@aqnﬁﬁm FRARARLRS

include one or more alkali metal bifluoride, ammonium tluor ammonium bitluoride as the
bifluoridePBeif¢eli@imtRdicrRs Ansteaaicslly; tMésimSoingiers At urat phaydypigaltkaymaRitype
bifluoride, sichRwrRPdium and potassium bifluoride. When the bifluoride source compound is an alkali
metal bifluoride, one or more inorganic acids are included in the electrochemical composition, such as

fslulfarc?ic acid. n&ﬂ@@mdgﬁ&fﬂmrﬁ&@wﬁ@(@é@g@mﬁi%@mﬁm@uﬁﬂwéﬁap@r @mmgrwer*ﬁny
uoride, one or more carboxylic acids are included in the. electrochemical composition. Typically a
monocaBOR)IRMERIS RGeS VA SURRE Vg avadety of dimensions and surtace

resistivities. For example, circular wafers mayéa diameter of 150 mm, 200 mm, 300 mm,
400 mm, or greater.

The back side of a wafer is metalized to providevwaresistance wafer. Any

conventional method may be used. Typically, théase resistance, also known as sheet



Optionally a wide variety of surfactants can be used in the electrochemical compositions. Any of
anionic, cationic, amphoteric and nonionic surfactants may be used as long as it does not interfere
with the performance of the etching. Surfactants may be included in conventional amounts.
Optionally, the electrochemical compositions contain one or more additional components. Such
additional components include, without limitation, brighteners, grain refiners and ductility enhancers.
Such additional components are well known in the art and are used in conventional amounts. The
electrochemical compositions optionally contain a huffering agent. Buffering agents include, but are
ot i B A AL AN B AP 2o B AEB A
hydroxide @tffehnidiscaianey ot sLittedsufifemuse disrisiatiade whinssyBmgiaine to maintain the pH of the
electrochemical composition at a desired level of 1 to 6, typically from 1 to 2. The semiconductor
wafer is immerddwiarttike dlack sictee miyabeongiabitimiacbataiqutinie drasi isiditymeaarbetorite and
DS Sebalbe WA (AR A 1O BISRIR RCBIERI AP EIRYRe O Wl 00 C O

such as from 20 to 50 C. A rear side potential (recti IS applied to the semiconductor wafer. An inert

counter Suehbashssidednetalizatianmay eelproyisied fsmriy-of Frehridien i SREREMPRIIMGIG or
screen ejgetpdeafing sl SRR SINNGIRT i ElralfaEBR BIeal FMPesinand pastdies aie 43 a

electrical communication with each other. An anodic potential is génerated in the electrochemical
composiﬁBYPéﬁH’%I?iHE‘Qd%ﬁ‘i%n%lﬂl%W&'Sﬂﬂtmﬂm&ﬂ@b%@e@&mi%@tﬁ%t%ﬂ'@&ed by
turning offacesrerviererpateistexBsiaedinn rRILEE REEasisSeRaaiepinRaisHicisparuphebpfiimes

to provide substantially uniform nanoporous layers on the oxidized emitter layer and at the same time
penetrat8 i%"88Y8€ BPﬂm%J&BiEQ&%HHY@rFP Lesheieriycn Sdueig B@%&#ﬁ%ﬁ@?%‘i"ﬂﬁ@ ina
semicongligio matngt i aryaet Gihaenetbondscilarisme /desvwepliamitaid aysicpeyeiratiostyo

form a substantially uniform nanoporous. emitter layer. s re heet resistivity which 12 enables
otal R RO SR DU TH: A C BARE s AP i LR IR e OToahe
semicondurcter. walezn|a adadticrtivin pasktivod i@ izak o rereivese the @unmorapdialdy défiosee to an

antireflecfjve ' itter Jlayer e i ' r jiter layer.
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well to treilegnittdseagbsagitlaltithie wancenidisi titenasistiniy oy eb e refsistiveyerrntacbaddqiayidacugh to

plate mefgl. i, dRSggIce BAARPERNS SIS REYBLSBIAIR SUIEH YR BiadIAER IS Sheet

resistivity of the emitter layer. In géneral, the substantially uniform nanoporous layer penetrates deep
enough iResARVERMRESRE R RIUBERIRETURE R IRRRY %@%Hﬂi@x@ﬂthéﬁ@ﬁm@ma%m%mlwmm%% to

40%, or geRikfEIPAtE I BR% ik eheetsasictidletiBereraltics HySidation er tHiakk side

application of the anodic potential. Typically, the sheet resistivity of the uniform nanoporous emitter

layer is 208BhR& R 88Sile FIRIRedlieA 8V EHRRIEN ARG LSS EHANROBRIEPRINERire also
parametessisyearside tdnietasplicdnio e oTites [Ruad Slanapesatiaglepihargtamitie clayeuresintivay.
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In generah chgsrsatdéngityjusingtapedsatiaicatibigtnggdic potential may range from 0.01 A/dm2 to 2
A/dm2 or such as from 0.05 A/dm2 to 1 A/dm2. However, minor experimentation may be done to
determine preférhediauntrsittedeintsieyveateingms ytiomi pedllyobie safgs\in gy stadionidiot pd tendialeaatt hinging it
off for a i ' 0, fer. r i -
ﬁﬁﬁ!ﬁ%ﬁa{oﬁ?ﬁ%‘?%’% SVRIEE H@g&@@@ﬁgﬁ&%ﬁgo‘?ﬁe@f d&g{e%ﬁfg‘%iiﬁﬁ%g‘%ﬂec ops,

semiconductor wafer as well as starting thickness of emitterlayer a thickness of the

nanopor8USTeasiteyr dayel farmatiaandsopsedusertiim sl e ligye PROSRNAEEH dfiesiamBE dditiuctor
may be damadedisHABebIkaNGSIHEFOIY NS RGIRRRRY pIOQRIAR R @@giﬁligi{t)ﬁggpmgg?gﬂses

the electrical conductivity of the current tracks which are formed on the nanoporous sections of the
emitter |&7E+ POYHBRIBIERRIMIBRAR PR BASHRIS IJ&W@UJ@%@%W&@JJ@E RiiBEsg EUlRrin
poor adhggian of subsequently plated metal layers. Typically anodic potential is applied for 0.5
seconds and greater or such as for 0.5 seconds to 2 seconds or such as from 3 seconds to 8 seconds.
Time where thenanadlicrpfiéetitiallis/diseaibece tbdhe g the@ystaineyapangsf trewhieecond and greater
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be edge indskedwitbget hiragkingn 1 Silrecin ceddih Eypeohab disySHEshilintin g tinel s déayersreictt@syidifer during
metallization due to bridging of metal deposits from the n-type emitter layer to the p-type layer of the
semiconductor wafer. Edge masking may be done by applying a conventional plating resist along the
edge of the semiconductor wafer prior to metallization. Such plating resists may be a wax based
composition which includes one or more waxes, such as montan wax, paraffin wax, soy, vegetable
waxes and animal waxes. In addition, such resists may include one or more cross-linking agents, such
as conventional acrylates, diacrylates and triacrylates, and one or more curing agents to cure the
resist upon exposure to radiation, such as UV and visible light. Curing agents include, but are not

limited to, conventional photoinitiators used in photoresists and other photosensitive compositions.
<iich nhotoinitiatore are weall known in the art and nithliched in the literatiire <tich nlatinAa recicte Mmav



Irrespective of whether the current tracks are formed by the metal paste method or by one or more of
the alternative texturing and roughening methods described above, an underlayer of metal or metal
silicide which functions as a seed layer, barrier layer or combination thereof is then deposited onto the
fired metal paste or on the textured and roughened emitter layer. Various metals may be used to form
the underlayer. Typically the metals are nickel, pall@dium, silver, cobalt and molybdenum. The various
alloys of such metals also may be used. Typically the metals are nickel, palladium or cobalt. More
typically the metal is nickel or pallagium. ost typically the metal is nickel. Such underlayers may be
depositefl B%E'i%“é’éh eHHIEARCEE A s@,"%?i{bﬂjgl B IR RN AU BB sition
and physiaryamiicaepoisiite ayethoids svéthkinoworitdheratcWad ai@riotisenfietaip g fenvisiaegd to
form the underayer metiods desariped belawp ars degerbed usind nickel asthe metal oweyey
metals sUCR 2 pé’ﬁ%lum, Siver 350 opal may be readily Substitute in the meﬂ1 S %r mc‘ﬁe?using
conventitecinitpesolegshaas Blectriolys o apstat pfad#itpianiss. for eXgpipidlyciermiclelapateposited by

liaht ind "y SO | el - lafing
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composifioar Horewtaiiraporcintienstaetiie Gus appliadsirrsemitentubrsiwder Jethae igelatippical
current deRSIieS R TR oAVEMio R PettAifdEBR BN RAS RGN {EPEH0-5 A/dm2 to 1.5 A/dm2. The

light may be continuous or pulsed. Light which may be used to plate includes, but is not limited to,

visible light, infreedrdhy 5108 of-Eavafdi I heetaipasd e i Qtairednsdtisnied tariepatdersemdamps,

LED lights (light emijtting diodes), jnfrared lamps, fluorescent lamps, halogen lamps and lasers. Ljght
intensiti e TR Tariie FORCIG BEK5 36508 BRTo) ATER B B USSR 259 S605R KRR BIABIAG 16 Hone
until an yindesiayetued 20nrditachgiont)ickiaeises, tortasdiads from 50nm to 150nm is deposited; however,
the exact thickness depends on various factors such as semiconductor size, current track pattern and
geometry of theCseraitdraltkstonaly! ive farrpedimidniatta peespcoentitausi i deldrensiigehpastads nickel
layer thi ' icQn r I itj ime i i din
the elec%%ﬂﬂg%%\rﬁoﬁoﬁ%r‘? %ggfcérgltt‘?e% gﬂ)eoge. ter ttfwgepgjm%@;@?gﬁggﬁgﬁ ghjtgofi{g?r%dt%%%ous
surface, thiskneseritepening < fioenthiskaas soot dnedinalie d epusintiteckileflagamounienedemsities for

such underiayeedUMBHAR 38 NEISABRATPIREQSEH ARRKSEIIT IRHRA wetiegﬁqﬁ@epé@etrﬂégbed

wafer for light induced plating. Conventional electroless and electrolﬁtlc_nlckel baths may be use

to form tHEIGERAPESARIIHIIES I E SRS ECTRAY iV EHAIBIS Eiealy| 698 PORRALCIREIBER
DuraposgihiBeatity 835aed pHEREH® T RRQWAthithé BffefibAimenaimpla, HirapIROTReKEEIRGS

Electronic Materials, LLC, Marlborough, MA, U.S.A. Examples of commercially available electrolytic

nickel baf{&satARSNILIES ¢IRSMAHII QB/1RS BIAIHARTRRIRRIRERI IREMABHO IO A REHIR2FE Haas

Electroni@rbﬂﬁre;]wéaés, Eh@eﬂ@t@ﬁ@%@%ﬁlﬁ@b&ﬁaﬁﬁ\ﬂﬁﬁﬁw | @igls@bnéatmfbgﬂni]iamf Jrrentf )
Watts-type haths disclosed in U.S. 3,041,255. In an alternative empbodiment for the formation of the
kel ORI, B0 TR MBSt SHETL RO BEF PR ON NG o e B G minec
amount o tivplett hoivwealgh v st ecimdntivegitatd gind cofsas dy dbiagooed eEfempast: supassastor the
remainder of thtee%Iati[}gtg%crle to dﬁposi}.ni%kel onﬁ%ggje .current tracks of the doped semiconductor.

The Iightvilﬁf:eor?s'ﬁy asplf)I 20 t0 tha SeraiBhdtictor foi 0W|ﬁg the initial light intensity and applied for the

remainder of the plating &Yle 2 AEYDISaRTAC HasHDilaaensibteling BUSR M NAIRRRALIGEIa!

light intensity and the reduced light intensity following the Initial period vary and they may be varie

during thengraefectrscaye sl themasimioplatiinrsaariacs Retyeeniesimeirlighthatensts agd
higher tha s GRIdSPRRINLEPTADREIRINGE RIGhERBIRG SRR ShRdRifip B dS iRtonty varies

during the initial time period, the light intensity applied for the remainder of the plating cycle may be
based o858 alRRgRABI IR HIEP B FHIMRANR AMABHIERBEHRTEIANBN Peyns JoAdaitpitye
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intensity, and a light intensity applied for the remainder of the plating cycle. If the initial light intensity is
menntain BTGP P M PG AL SO ARG o AP RS WIS EREH
nickel depogihetressipé tharlgbhteeiting gabed reddesigaplecnickhpliating pagiediriy eddreelsck side
of the semicopdyctor wafer., h In ge erﬁl the[I ini(iial timﬁﬁf i.oqfor aPpIying the initial light intensity is
greater tRAELE S8R AP REHSaS U TeaRO R &R e:Aity is applied to the

semiconductor Fr‘?%ﬂ-éﬁe?ﬁggogﬁ&ﬂéﬁﬁ%%t@%@6Y%ir9ﬁﬂ¥e?r SPEROdRIe- 18 coaRadRimaRt typically

for 5 seconds to 10 secon



In general, the reduced light intensity is 5% to 50% of the initial light intensity. Typically, the reduced
light intensity is from 20% to 50%, or such as from 30% to 40% of the initial light intensity. In
general the amount of light initially applied to the semiconductor may be 8000 Ix to 20,000 Ix, or such
as from 10000 Ix to 15,000 Ix. In general the amount of light applied to the semiconductor wafer for the
remainder of the plating cycle may be from 400 Ix t9 10,000 Ix, or such as from 500 Ix to 7500 Ix. In
a further embodiment after the nickel is deposited, the wafer is sintered to form a silicide. Typically not
all of the nickel deposit reacts with the semiconductor material during sintering,. Accordingly, a nickel
ayer rertAS UREYE JPYRE SRALPSIRIGRN PHEGRoKAPRBASTP LRSS 15 ARBFR9B aR ABfacent
the semisioledUTher pattariale sthteyithgdaghotie iarditefaddasad dxpeseti&swhack atkieves a wafer
peak temperalyrc o1 300 540,00 Ciafhe Nigherthe siaing lemperature anglisdne shorierthe,
sintering cyc|e or time perloyd I WhICA the Sericonducior Temaims 1 the oven. IFhe sBmiconductor
remains &so bomgan liheted ¢o, sasegaeatiempeeshasioaiche| anaylithfigsaptuo premslyseso aHeivalfech
penetratlge B PRSI /RN SRR egel SiebsipedGRiorerSERNE  aRgR 1 he ar
and some minor experimentation may be required to achieve an optimum sinteringcycle. Optionally,
after the widiks BiRdidangedratad teuta @8t nickel may be stripped from the nickel silicide using an
inorganic acid such as nitric acid. 16 After the underlayer is formed a copper layer is plated on it

from the monovAISRRYHPEP F2ak. aBEppal YRR FOMasee WERSSIHED B8R EraHHera R tafgiikAom m

to 50 m @ seialrsolr eHn SR AQIS JDHEQRDEN RIadng dBallejeneyelestdiyhe masing or by LIP.
When platié‘r‘:%is done b electro'glatir%%%rt is typicaIIF\)/ front contact plating and LIP is typically done by

rear confal ﬁ?ﬂﬁ%’?‘@%@wo@ SRy HFHIG LSRR HILEEY S FARGYHrRDB IR/ GRS BYStm2 or
such as franb(HefddnttheRiddlatzn Woeeddesianesadiitiitatecthet cappesUighivistappliaddiodbeafront
side of the wafer and a rear side pot n%‘%h%re?\%,ﬂer IS Iiedéo the semiconductor wafer substrate.

By Mlumi ARG S BIGE e Lt IR MR Rr € e G, A S BREBPLS tRYSH O, The
impingintheghiréawy gy tenensdtes Egarrent in the semiconductor. The light may be continuous or

pulsed. Pulsed illumination can be achieved, for example, by interrupting the light with a mechanical
chopper or an dieefiemethndcnraagpdie sddioeysicpoard whemdthigeitiesiayeenGopysatiaaia

desired Gl YALWE AN OB ISP RBIBIE IFHEEREH RRRYFiS! E(Et%ﬁ%éé"r‘u% MR 4 Haht

applied to the semiconductor wafer during plating may be from 10,00 000 Ix, or such as from
30,000 IRES'ERLECRPINLION Of (YEARLA fifPaiiriajiNRY MEEi AEBD%HEE AR M a6pper tepRs Eht
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baths may be used to deposit the flash layer on the copper. Tin plating may be done by conventional
electrole&ea?%@m%}ﬁ’é W@ﬁdéé’?ﬁ@%ﬁﬂ%ﬂ?iﬁﬂ&@f&é gNOARIHIGN S REAKAE GV B Ris

used, cuperyreansitiesnrayrangd HomoPa1lsAldm e évdooadhstanadrinatiiestnctin aaflagbrliayer of
tin/lead l%i mjé(b%me% In addition to tin or tiP/Iead layers of ailver or e{ectroéess njckel immersion
gold may’he SR e 5 ARG FERARESoTaEHR Sire SANGRY IGPRAUGRTLERS dte Phr tin or
tin/lead flaskdaged Brmigbrgdiuodaiyiitite psatendiarccmgatreareidvah disowtion. txiakdtion nide

methods snable (he deporiien of sonpeon 0 pallarm.eanductive facks ap s iont side of the
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Copper is essentially a poison to the semiconductor wafer and its use in the manufacture o
photovoltatPaePRIeS IpYEferBfiEresivierd syEpae thaarms e RCIiRtORRAL MO8l $QwRees of

manufachiig RldRotVEkRimERY iRgsHide adrilioHhammasevrientitarae SIaHY canpeRsitigns are clear
in contrast to the darker blue to green copf{)er pIatllggleaths which include cupric ions thus light readily
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The following examples are included to illustrate the invention but are not intended to limit the scope of
the invention. Examples 1-6 ~ Six monocrystalline semiconductor wafers containing a plurality of
silver paste generated current tracks and bus bars on the front side were provided. The rear side of
each wafer included an aluminum electrode. The wafers were doped to provide a PN junction. Each
wafer was then weighed on an Ohaus E02140 analytical balance. The weight of each wafer was
recorded as shown in Table Il below.  Three of the wafers were then immersed into separate

chemically inert plating cells. containing ENLIGHTTm 420 Electrolytic Caopper plating baths (available
from ROt RS I B AL B0 G WASHGR AR HO Bl e GOBeTons as
cupric iofreifC2@ ¢)lard3tagl/la. pH of less than 1. The baths were free of copper ion reducing agents.

The baths were dark blue in color. The counter electrodes were soluble phosphorized copper anodes.
The back side dfadswnafemandthindodetémeleetcodtzositcndidnie,cotd dre motdenteokiateulfamic
conventigpa regtifie DRV ical C'Q]Méjl’l‘g iqn:he WERTL I W, and counter
electrodese.r?%l‘h(_%1 tgm%%ﬁgtﬁrg%?ﬁg %g_tﬁ]%sswere mmﬁ%}ne 'a% 30C tgr@ %Eﬁ‘ﬁ?nﬂa 2‘&3:(%SJII \Rj%tt %alogen
lamps weéksfapislreidoaliyl alol s gritks Rivhiel @@ dprechas 4pIIRnE Uit 15ail, PRembplied

current dgffipdraeieaRRIRNERD IS MBRIE d68; AHRRL RRENL ITORR 3R5e0d Rafhyam g A and

the current density in the third bath was 2.5 A/dm2. LIP was done for 7.5 minutes to deposit a copper

layer on BRciRiRPfi 6IES of et RvEHEHERCINa ATl aRs feyHERUATS Atk iRTRIBERSIJE plating cells

and rinsed MR RS #36ACNIIMIR hah 60081 teRaneRikEx Eaal, walercyasshamiveigherd gmythe Ohaus
E02140 analytical balance. The Weights are in 18 Table Il below. = The second groug of three

wafers WY SRS RRBNEN Fio SRPARL NS ERTBARIIARFCPRIAHY AN s liAHg the/ YREA V&t
copper baibyelisatbsesdlit daddealdaedéditeth&Evipoliil e AdVIGHENbhtains an acidic proton to

form the bifluoride species. Such acids are gelyssammercially available from a variety of
sources, such as Aldrich Chemical Company. Inggnacids and acid anhydrides are included
in the electrochemical compositions in amounts gfL1to 300 g/L or such as from 10 g/L to
200 g/L or such as 30 g/L to 100 g/L.

The electrochemical compositions are prepared ybauing stoichiometric quantities of
one or more acid and one or more bifluoride soaocepounds or one or more fluoride salts or
mixtures thereof. Mixing is done until the biflide components or fluoride salts are dissolved

in the acid. Water may be added with further ngxia dissolve any un-solubilized components.

Alternatively, one or more acid anhydrides are @dean agueous solution of at least
one bifluoride source to form upon contact with evait least one carboxylic acid. One or more
carboxylic acids may be present in the aqueousdsifie source compound solution provided
that enough acid anhydride is stoichiometricallyplayed to attain a water content of 1-5wt%.
This combination is then mixed until the acid antgel hydrolyzes and the bifluoride source
compound dissolves. Additional water may be addidd further mixing until all of the

components are dissolved.

Typically the electrochemical compositions incluee or more alkali metal bifluoride,
ammonium fluoride and ammonium bifluoride as théubride source compound. More
typically, the bifluoride source compound is anadilknetal bifluoride, such as sodium and
potassium bifluoride. When the bifluoride souroenpound is an alkali metal bifluoride, one or

more inorganic acids are included in the electrogbhal composition, such as sulfamic acid.



Copper oxide 10 g/L Sodium metabisulfite 35 g/L Dimethylhydantoin 100 g/L Potassium hydroxide
Buffered to pH 7.5-8.5 The counter electrodes were soluble phosphorized copper anodes. The
back side of each wafer and the counter electrodes were connected to three separate conventional
rectifiers to provide electrical communication between the baths and wafers and counter electrodes.
The baths were clear in color. The temperatures ofithe baths were maintained at 30 C and light from
250 Watt halogen lamps were applied to the front side of each wafer. 0.34 volts was applied to each

bath. The applied current density in the fourth bath was 2 A/ , the current depsity jn the fifth bath
s 2.3 R AR DR SO G AR AT AL OIS R AT LP WA Lo P it
to deposihareapboiglieragivthareuneotibdokshef eactemidfer cohmpusifiers Wgrsaalinaved from their

respectivn% cplagn 8§"ﬁ and S!insi%%lwcilth OIwat% th% airigré%cli at room temperature. Each wafer was then
weighed O 1R&BIRYS E02140 ané’lyﬁcaFHa ance.c?ﬁe'weights are in Table Il below. Table Il Example

Optionally a wide variety of surfactants can bedis the electrochemical compositions.
Any of anionic, cationic, amphoteric and nonionicfactants may be used as long as it does not
interfere with the performance of the etching. f&tants may be included in conventional

amounts.

Optionally, the electrochemical compositions camtaie or more additional
components. Such additional components includiout limitation, brighteners, grain refiners
and ductility enhancers. Such additional companarg well known in the art and are used in

conventional amounts.

The electrochemical compositions optionally contipuffering agent. Buffering agents
include, but are not limited to, borate buffer (s@s borax), phosphate buffer, citrate buffer,
carbonate buffer, and hydroxide buffer. The amainihe buffer used is that amount sufficient
to maintain the pH of the electrochemical compositit a desired level of 1 to 6, typically from
1to 2.

The semiconductor wafer is immersed in the eleb&otdcal composition contained in a
chemically inert etching and plating cell. The Wing temperature of the electrochemical
composition may be from 10 to 100 °C, or such asfR0 to 50C. A rear side potential
(rectifier) is applied to the semiconductor wafémn inert counter electrode is also immersed in
the cell. Typically the counter electrode is aiplam wire or screen electrode. The cell,
semiconductor wafer, electrochemical compositioth r@atifier are in electrical communication

with each other.

An anodic potential is generated in the electrodbahtomposition and at the
semiconductor wafer and maintained for a predetexchtime followed by turning off current
for a predetermined time and the cycle is repefated sufficient number of times to provide
substantially uniform nanoporous layers on the iaed emitter layer and at the same time
penetrate the surface of the oxidized emitter layeh that the electrical performance of the
semiconductor is not compromised. The methodialance between emitter layer penetration

to form a substantially uniform nanoporous emildger surface and a sheet resistivity which



Bath Weight Before (grains) Weight After (grains) Weight Difference (grains) Current Density ASD
Plating Rate

12

enables metal deposition resulting in metal layetls good adhesion and ohmic contact with the
semiconductor wafer. In addition, the method lsmkance between minimizing attack or damage
to an antireflective coating on the emitter layed at the same time forming a nanoporous
emitter layer. The oxidized sections of the emitger are made nanoporous to a depth such
that metal adheres well to the emitter layer antti@same time the resistivity of the emitter
layer is conductive enough to plate metal. Thepdethe nanoporous layer penetrates into the
emitter layer, the greater the sheet resistivitthefemitter layer. In general, the substantially
uniform nanoporous layer penetrates deep enougtthietemitter layer such that the sheet
resistivity of the emitter layer increases from &%#0%, or such as from 20% to 30% of the
sheet resistivity of the emitter layer prior tatiaiing application of the anodic potential.
Typically, the sheet resistivity of the uniform mguorous emitter layer is 200 ohms/square and
less. Factors such as emitter thickness and dqpofie are also parameters to consider in
determining emitter layer nanoporous depth andteridyer resistivity. Minor experimentation
may be done to determine the emitter layer nanasodepth and emitter layer resistivity to

achieve metal plating and good metal adhesion faracular semiconductor wafer.

In general, current density during applicationted anodic potential may range from 0.01
A/dm? to 2 Aldnf or such as from 0.05 A/dno 1 A/dnf. However, minor experimentation
may be done to determine preferred current dessityngs, time period for applying the anodic
potential and turning it off for a particular semmcluctor wafer. Such parameters depend on the
thickness of the semiconductor wafer as well asistathickness of the emitter layer and
desired thickness of the nanoporous emitter laifahe nanoporous portion of the emitter layer
is too deep, the semiconductor may be damagedtbatlis sheet resistivity is increased. Too
high a sheet resistivity compromises the electgoalductivity of the current tracks which are
formed on the nanoporous sections of the emitj@rlaln addition non-uniform nanoporous
layers over the surface of the emitter may resuftdor adhesion of subsequently plated metal
layers. Typically anodic potential is applied @5 seconds and greater or such as for 0.5
seconds to 2 seconds or such as from 3 secondsetmo8@ds. Time where the anodic potential is
discontinued during the cycle may range from 1 sd@nd greater or such as from 3 seconds to
10 seconds or such as 10 seconds to 50 secondsaufiber of cycles may range from 5 to 80
or such as from 10 to 100.

Also prior to metal plating the semiconductor mayeolge masked. Edge masking



(mg/minute) 1 Cupric (acid) 10.6797 10.723 0.0433 2 5.77 2 Cupric (acid) 10.9062 10.9546
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reduces the probability of shunting the semiconatueiafer during metallization due to bridging
of metal deposits from the n-type emitter layeth® p-type layer of the semiconductor wafer.
Edge masking may be done by applying a conventioiagéihg resist along the edge of the
semiconductor wafer prior to metallization. Suddtipg resists may be a wax based
composition which includes one or more waxes, siscimontan wax, paraffin wax, soy,
vegetable waxes and animal waxes. In additior) sesists may include one or more cross-
linking agents, such as conventional acrylategrgiates and triacrylates, and one or more
curing agents to cure the resist upon exposuradiation, such as UV and visible light. Curing
agents include, but are not limited to, conventigrtoinitiators used in photoresists and other
photosensitive compositions. Such photoinitiatyeswell known in the art and published in the
literature. Such plating resists may be applie@dryentional screen printing procedures or by
selective ink jet processes. Alternatively, theieenductor wafer may be edge masked with the
antireflective layer. This may be done by depogithe material used to make the antireflective

layer on the edges of the semiconductor layer duormation of the antireflective layer.

Irrespective of whether the current tracks are &y the metal paste method or by one
or more of the alternative texturing and roughemmaghods described above, an underlayer of
metal or metal silicide which functions as a seset, barrier layer or combination thereof is
then deposited onto the fired metal paste or onekieired and roughened emitter layer. Various
metals may be used to form the underlayer. Tylyiché metals are nickel, palladium, silver,
cobalt and molybdenum. The various alloys of suelals also may be used. Typically the
metals are nickel, palladium or cobalt. More tgtlicthe metal is nickel or palladium. Most
typically the metal is nickel. Such underlayersyrha deposited by using conventional
electroless, electrolytic, LIP, sputtering, cherhiapor deposition and physical vapor deposition
methods well known in the art. While various metle envisioned to form the underlayer,
methods described below are described using naskéie metal; however, metals such as
palladium, silver and cobalt may be readily substi in the methods for nickel using

conventional electroless and electrolytic metatiptabaths.

Typically the nickel is deposited by light inddicglating. If the source of the nickel is
an electroless nickel composition, plating is desthout application of external current. If the
source of the nickel is from an electrolytic nickeimposition, a rear side potential (rectifier) is

applied to the semiconductor wafer substrate. BJmiarrent densities are from 0.1 A/tto 2



0.0484 2.3 6.45 3 Cupric (acid) 10.5399 10.5928 0.0529 2.5 7.05 19

14

Aldm?, more typically from 0.5 A/dfto 1.5 A/dnf. The light may be continuous or pulsed.
Light which may be used to plate includes, butaslimited to, visible light, infrared, UV and
X-rays. Light sources include, but are not limitedincandescent lamps, LED lights (light
emitting diodes), infrared lamps, fluorescent lapfEdogen lamps and lasers. Light intensities
may range from 400 Ix to 20,000 Ix, or such as f&#0 Ix to 7500 Ix. Nickel plating is done
until an underlayer of 20nm to 1um thickness, @hsas from 50nm to 150nm is deposited;
however, the exact thickness depends on variotgri&asuch as semiconductor size, current
track pattern and geometry of the semiconductoinoMexperimentation may be done to

determine the exact nickel layer thickness foneigisemiconductor.

In an additional embodiment nickel may be includethe electrochemical composition
described above. After the emitter layer is etdioefdrm the porous surface, the current is
changed from anodic to cathodic to deposit the tager. Current densities for such underlayer
formation are the same as disclosed above. Ligltlme applied to the front of the wafer for

light induced plating.

Conventional electroless and electrolytic nickehlsanay be used to form the
underlayer. Examples of commercially available tetdess nickel baths include Duraposit™
SMT 88 and NiPosit™ PM 980 and PM 988. All areilade from Rohm and Haas Electronic
Materials, LLC, Marlborough, MA, U.S.A. Exampleammmercially available electrolytic
nickel baths are the Nickel Gleam™ series of etdytic products obtainable from Rohm and
Haas Electronic Materials, LLC. Other exampleswftable electrolytic nickel plating baths are
the Watts-type baths disclosed in U.S. 3,041,255.

In an alternative embodiment for the formationkad hickel underlayer, light is applied
to the semiconductor at an initial intensity fggradetermined amount of time followed by
reducing the initial light intensity to a predeténed amount for the remainder of the plating
cycle to deposit nickel onto the current track$hef doped semiconductor. The light intensity
applied to the semiconductor following the initight intensity and applied for the remainder of
the plating cycle is always less than the initieénsity. The absolute values of the initial light
intensity and the reduced light intensity followiting initial period vary and they may be varied
during the plating process to achieve optimum ptatesults as long as the initial light intensity
is higher than the light intensity for the remaindéthe plating cycle. If the initial light



4 Cuprous 10.8854 10.9701 0.08747 2 11.29 (alkaline)
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intensity varies during the initial time periodethight intensity applied for the remainder of the
plating cycle may be based on the average of ihialilight intensity. Minor experimentation
may be performed to determine a suitable initgttlintensity, a suitable initial time period for
applying the initial light intensity, and a lighitensity applied for the remainder of the plating
cycle. If the initial light intensity is maintaiddor too long, poor nickel deposit adhesion and
flaking may occur due to a relatively high nickepasit stress. If the light is extinguished,

undesirable nickel plating may occur on the badk sif the semiconductor wafer.

In general the initial time period for applying tim#ial light intensity is greater than O
seconds to 15 seconds. Typically, the initialfigitensity is applied to the semiconductor for
0.25 seconds to 15 seconds, more typically 2 sectin@l5 seconds, most typically for 5 seconds

to 10 seconds.

In general, the reduced light intensity is 5% t&®b0f the initial light intensity.
Typically, the reduced light intensity is from 2a%50%, or such as from 30% to 40% of the

initial light intensity.

In general the amount of light initially appliedttee semiconductor may be 8000 Ix to
20,000 Ix, or such as from 10000 Ix to 15,000Ikxgeneral the amount of light applied to the
semiconductor wafer for the remainder of the ptatigcle may be from 400 Ix to 10,000 Ix, or
such as from 500 Ix to 7500 Ix.

In a further embodiment after the nickel is depsithe wafer is sintered to form a
silicide. Typically not all of the nickel deposéacts with the semiconductor material during
sintering. Accordingly, a nickel layer remainstop of the nickel silicide. The nickel silicide is
between the nickel layer and adjacent the semiadindmaterial. Sintering is done in a lamp
based furnace (IR) which achieves a wafer peak ¢eatpre of 300° C to 600° C. The higher
the sintering temperature applied the shorterititersng cycle or time period in which the
semiconductor remains in the oven. If the semioctat remains too long in the oven at a given
temperature, nickel may diffuse too deeply intowader penetrating the emitter layer thus
shunting the cell. Such sintering processes atikwewn in the art and some minor
experimentation may be required to achieve an aptirsintering cycle. Optionally, after the
nickel silicide is formed the unreacted nickel niiystripped from the nickel silicide using an

inorganic acid such as nitric acid.



5 Cuprous 10.7591 10.8573 0.0982 2.3 13.09 (alkaline)
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After the underlayer is formed a copper layer &g on it from the monovalent copper
bath. Copper layers may be deposited on the umaegrtanging from 1pm to 50pm or such as
from 5um to 25um. Copper plating may be done bgtablytic plating or by LIP. When
plating is done by electroplating it is typicallpht contact plating and LIP is typically done by
rear contact plating. Current density during cogpating may range from 0.01 A/drto 5
A/dm? or such as from 0.5 A/dnto 2 A/dnf. When LIP is used to plate the copper, light is
applied to the front side of the wafer and a réde potential (rectifier) is applied to the
semiconductor wafer substrate. By illuminating fileat of the semiconductor wafer with light
energy plating occurs on the front. The impindight energy generates a current in the
semiconductor. The light may be continuous orgulilsPulsed illumination can be achieved, for
example, by interrupting the light with a mechah@pper or an electronic device may be used
to cycle power to the lights intermittently basedeodesired cycle. Light which may be used to
plate is described above. In general the amouligtaf applied to the semiconductor wafer
during plating may be from 10,000 Ix to 70,000dk such as from 30,000 Ix to 50,000 Ix.

Typically a tin flash layer is then deposited otite copper to prevent oxidation of the
copper layer. Tin flash layers may range from Qr250 2um. Conventional tin plating baths
may be used to deposit the flash layer on the aoppie plating may be done by conventional
electroless and electrolytic methods includingtliglduced plating. When an electrolytic tin
bath is used, current densities may range fronA@in® to 3 A/dnf. As an alternative to tin a
flash layer of tin/lead alloy may be plated. Ird#idn to tin or tin/lead layers of silver or
electroless nickel immersion gold may be platetsofan organic solubility preservative may be
applied to the copper or tin or tin/lead flash lay8uch organic solubility preservative layers are

well known in the art.

The methods enable the deposition of copper opaltern of conductive tracks on the
front side of the semiconductor without substardagper deposition on the metal contacts of the
back side. Copper on the back side metal contgoisally results in undesirable copper
diffusion into the bulk silicon. Copper is essaltyi a poison to the semiconductor wafer and its
use in the manufacture of photovoltaic devicegéfguably restricted, yet at the same time is an
important metal in the manufacture of photovol@déwices. In addition the monovalent copper
plating compositions are clear in contrast to thker blue to green copper plating baths which

include cupric ions thus light readily passes tigfothe plating composition to the



6 Cuprous 10.6569 10.7632 0.1063 2.5 14.17
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semiconductor during light induced copper platifidpis increases the light intensity on the
semiconductor and improves copper deposit unifgronitthe current tracks. In general the
monovalent copper plating compositions deposit eop a faster plating rate at comparable
current densities than copper plating baths whclude cupric ions and at the same time
provide comparable copper deposit thickness aneeutrack width. The overall plating
efficiency and copper plating performance is imgabwver copper plating baths which include
cupric ions. Further, the method enables the gubenh of copper for more costly silver where

silver is typically used in the formation of curtéracks.

The following examples are included to illustréte invention but are not intended to

limit the scope of the invention.
Examples 1-6

Six monocrystalline semiconductor wafgrataining a plurality of silver paste generated
current tracks and bus bars on the front side wereided. The rear side of each wafer included
an aluminum electrode. The wafers were dopedduige a PN junction. Each wafer was then
weighed on an Ohaus EO02140 analytical balance. wHight of each wafer was recorded as

shown in Table Il below.

Three of the wafers were then immerséa separate chemically inert plating cells
containing ENLIGHT™ 420 Electrolytic Copper platibgths (available from Rohm and Haas
Electronic Materials, LLC, Marlborough, MA). Thaths included copper ions as cupric ions
(Cu?") and had a pH of less than 1. The baths wereofreepper ion reducing agents. The
baths were dark blue in color. The counter ele&gsovere soluble phosphorized copper anodes.
The back side of each wafer and the counter elgesravere connected to three separate
conventional rectifiers to provide electrical commoation between the baths and wafers and
counter electrodes. The temperatures of the vaths maintained at 30° C and light from 250
Watt halogen lamps were applied to the front sideach wafer. 0.34 volts was applied to each
bath. The applied current density in one bath 2vA&dn?, the current density in the second bath
was 2.3 A/dmand the current density in the third bath wasAdin®. LIP was done for 7.5
minutes to deposit a copper layer on the curracks of each wafer. The wafers were removed
from their respective plating cells and rinsed wititer then air dried at room temperature.

Each wafer was then weighed on the Ohaus EO214¢ti@ahbalance. The weights are in



(alkaline) The average plating rate of copper from the acid cupric bath was determined to be
6.42 mg/min. In contrast, the average plating rate of copper from the alkaline monovalent copper
plating bath was 12.85 mg/min. The plating results showed that copper deposition by LIP was faster
from the alkaline monovalent plating bath as compared to copper LIP from the acid cupric bath.
Example 7 A monocrystalline semiconductor waf@r containing an aluminum back side with a silver
busbar was placed in a plating cell containing ENLIGHTTm 420 Electrolytic Copper plating bath. The
bath was a ac\ijacv ric ion bath. The temperature of the bath was 30 C. No current was applied and
the platir;rd"B@I” %‘i@n‘ésked to prevent exposure of the cell to any light, including ambient room
lighting. After 8 minu epasi opper ob ed on the silver r indicating that copper
plated onto the g&% §§§' B@arﬂpﬁgés%n&p%% va&fg%)@’ égi}é]rrﬁlerﬁ’gﬁo'g%s gﬁ%\ig %ge%ﬁﬁgg'ﬁ%%b@?%fer with
an alumiplatingaasdisidendaidiag ive nxobalentequipee thsicthead dmdwedlent kelpper plating bath shown
in Table | in Examples 1-6 above. The bath temperature was 30 C. No current was applied and the

plating cell was masked to prevent exposure of thallell to any light, including ambient room lighting.
After re aining in_the bath for 8 minutes there was ho obhservahle copper denosit on the silver hus bar

or the aluminum coatir%QMFeQﬁ'cﬁ%Valent copper plating bath did no@%%%ﬁ? observable

undesir

hle immersion conner nlatina as did the acid cunric hath Example 8
ple+HnA Fplauhn H G-cUpHCBath—E=xamp

77 Copper'oxide” 10 g/L
Sodium metabisulfite 35¢g/L
Dimethylhydantoin 100 g/L

Potassium hydroxide Buffered to pH 7.5-8.5

The counter electrodes were soluble phaszed copper anodes. The back side of each
wafer and the counter electrodes were connecttdde separate conventional rectifiers to
provide electrical communication between the batitwafers and counter electrodes. The
baths were clear in color. The temperatures ob#tihs were maintained at 30° C and light from
250 Watt halogen lamps were applied to the frae sif each wafer. 0.34 volts was applied to
each bath. The applied current density in thetfobath was 2 A/df the current density in the
fifth bath was 2.3 A/dhand the current density in the sixth bath wasAZdin?. LIP was done
for 7.5 minutes to deposit a copper layer on threect tracks of each wafer. The wafers were
removed from their respective plating cells andeshwith water then air dried at room
temperature. Each wafer was then weighed on tla©BEO02140 analytical balance. The

weights are in Table Il below.

Table Il
Example Bath Weight Weight After Weight Current Plating Rate
Before (grams) Difference Density ASD | (mg/minute)
(grams) (grams)
1 Cupric (acid) |  10.6797 10.723 0.0433 2 5.77
2 Cupric (acid) | 10.9062 10.9546 0.0484 2.3 6.45
3 Cupric (acid) | 10.5399 10.5928 0.0529 2.5 7.05




A doped monocrystalline silicon wafer having pyramidal elevations on its front side is provided. The
wafer has an n+ doped zone on the front side forming an emitter layer. The wafer has a PN junction
below the emitter layer. The front side of the wafer is coated with a passivation or antireflective layer
composed of Si3N4. The front side also has a pattern for 20 current tracks through the antireflective
layer which exposes the surface of the wafer. Eachigurrent track traverses the entire length of the
wafer. The current tracks join a bus bar at an end of the wafer and at the center of the wafer. The back
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the wafepighonnected to a rectifier and a solid nickel anode functions as the counter electrode in the
bath. The wafer functions as the cathode. The bath, wafer and counter electrode are all in electrical
communication and a cathodic current of 1 A/dE2aimplpplied for 1 minute. Atrtificial light is applied to
the wafer throughout the plating cycle. The light source is a 250 watt halogen lamp. Plating
temperatures rahgOfeMRYSERNe SucEdUacHRfieRiemingipa AldRENYaLhaskSids Bibrasbilyer
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C. No current was

applied and the plating cell was masked to preggposure of the cell to any light, including

yalent

ambient room lighting. After 8 minutes a depositopper was observed on the silver bus bar

indicating that copper plated onto the bus bamlypersion plating.

A second monocrystalline semiconductafewwith an aluminum back side and a silver

bus bar was placed in the monovalent copper pldtatly shown in Table | in Examples 1-6

above. The bath temperature was 30° C. No cuwastapplied and the plating cell was

masked to prevent exposure of the cell to any ligictuding ambient room lighting. After

remaining in the bath for 8 minutes there was reeokable copper deposit on the silver bus bar

or the aluminum coating. The monovalent coppetirgebath did not show any observable

undesirable immersion copper plating as did thd egpric bath.

Example 8

A doped monocrystalline silicon waferimg pyramidal elevations on its front side is

provided. The wafer has an n+ doped zone on tre &ide forming an emitter layer. The wafer

has a PN junction below the emitter layer. Thatfiside of the wafer is coated with a

passivation or antireflective layer composed @Ngi The front side also has a pattern for



5,5' dimethyl hydantoin 75 g/L Copper sulfate pentahydrate 27 g/L Sodium sulfite 30 g/L Triethylene
tetamine 0 05 mL/L The pH of the bath is adjusted to 8 with sodium hydroxide. The temperature of the
bath is maintained at 45 C. The bath is agitated using a magnetic stirrer. ~ The rack with wafer is
connected to a rectifier and a phosphorized copper soluble anode functions as the counter electrode in
the bath. The bath, wafer and counter electrode are@ll in electrical communication and a cathodic
current of 2 A/dm2 is applied for 10 minutes to deposit a 10 pm layer of copper on the nickel seed

source (S TR SUGAAR A6 BBer SRR G SRR U2 e L B &ler SES bar,
current track traverses the entire length of theewaThe current tracks join a bus bar at an end
of the wafer and at the center of the wafer. Taekiside is p+ doped and contains an aluminum
electrode and a silver bus bar. The wafer is plarea metal plating rack with the back side
aluminum electrode and bus bar in direct contat e metal plating rack. The interface
between the cell and rack is sealed along the péemof the wafer to minimize solution
penetration between the back side of the cell daithg rack. The current tracks and busbar are
then oxidized with a 5wt% aqueous hydrogen perogalation to ensure that the silicon surface

is oxidized.

The wafer is then immersed into an agseswlution in a plating cell which includes 15
g/L of sodium bifluoride and 30 g/L of sulfamic dciThe rack with wafer is connected to a
rectifier and a platinum wire is used as a couekectrode. The aqueous solution, wafers and
platinum wire are in electrical communication wasich other. The composition is mildly
agitated and kept at room temperature. Anodicectiof 0.1 A/driat 1.2V is initially applied
at the wafer for two seconds and then the cureesturned off for 1 second. The anodic to O
current pulsing is repeated for 30 cycles. After ¢turrent tracks and bus bars on the front side
of the wafer are etched to form a substantiallyarm nanoporous emitter layer, the cell is

removed from the aqueous solution and rinsed wetbrdzed water.

The doped mononcrystalline silicon wafer is themiansed into a plating cell containing
NIKAL™ Electrolytic Nickel plating chemistry. Theack with the wafer is connected to a
rectifier and a solid nickel anode functions asdbenter electrode in the bath. The wafer
functions as the cathode. The bath, wafer andteoahectrode are all in electrical
communication and a cathodic current of 1 Aldsnapplied for 1 minute. Artificial light is
applied to the wafer throughout the plating cyclée light source is a 250 watt halogen lamp.
Plating temperatures range from 30° C to 50° Gitiftd continues until a nickel seed layer of

300nm is deposited in the current tracks and busbar

The nickel plated wafer is then plaage@ imonovalent copper plating bath having the
formulation in the table below.



22 What is claimed is: 1. A method comprising: a) providing a semiconductor comprising a front side, a
back side, and a PN junction, the front side comprises a pattern of conductive tracks comprising an
underlayer and the back side includes metal contacts; b) contacting the semiconductor with a
monovalent copper plating composition; and c) plating a copper layer on the underlayer of the
conductive tracks. 2. The method of claim 1, whergin the copper is plated by electrolytic plating or
light induced plating. 3. The method of claim 1, wherein the underlayer comprises a metal chosen
from nickel, cobalt, palladium, silver or molybdenum. 4. The method of claim 1, wherein the
underlayer is a metal silicide. 5. The method ofE‘T’ﬂﬂ i wherein the monovalent copper platlng
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monovalent copper pla ?&ﬁgntu\l'%Won comprlses ®ne or more sour@é\]gI gpc%pper ions chosen from of

copper b Inulcumllc sutfonate—7.The IIICE? EI ctaim 1, wherein the
copper Iayer IS 1m tO ggﬂlﬁlﬂ) lyd)éms 5’5/
Copper sulfate pentahydrate 27 g/L
Sodium sulfite 30 g/L
Triethylene tetamine 0.05 mL/L

The pH of the bath is adjusted to 8 with sodiumrbyaie. The temperature of the bath is

maintained at 45° C. The bath is agitated usingagnetic stirrer.

The rack with wafer is connected todifier and a phosphorized copper soluble anode
functions as the counter electrode in the bathe Fath, wafer and counter electrode are all in
electrical communication and a cathodic currer 8fdnt is applied for 10 minutes to deposit a
10 um layer of copper on the nickel seed layer of eachent track and busbar. Atrtificial light
is applied to the wafer during plating. The ligburce is a 250 watt halogen lamp. No copper
plating is expected on the back side silver bus bar



8. The method of claim 1, further comprising depositing a metal flash layer or organic solderability
preservative on the copper layer. 9. The method of claim 1, wherein a pH of the monovalent copper
plating composition is 7-12.
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What is claimed is:

1. A method comprising:

a) providing a semiconductor comprising a front seléack side, and a PN junction,
the front side comprises a pattern of conductigeks comprising an underlayer and

the back side includes metal contacts;
b) contacting the semiconductor with a monovalenpeoplating composition; and
c) plating a copper layer on the underlayer of thedcwtive tracks.

2. The method of claim 1, wherein the copper &qu by electrolytic plating or light induced
plating.

3. The method of claim 1, wherein the underlayengrises a metal chosen from nickel, cobalt,

palladium, silver or molybdenum.
4. The method of claim 1, wherein the underlagex metal silicide.

5. The method of claim 1, wherein the monovalepper plating composition comprises one or

more reducing agents.

6. The method of claim 1, wherein the monovalepper plating composition comprises one or
more sources of copper ions chosen from of copyieiepcopper sulfate and copper methane

sulfonate.
7. The method of claim 1, wherein the copper layduum to 50um thick.

8. The method of claim 1, further comprising defog a metal flash layer or organic

solderability preservative on the copper layer.

9. The method of claim 1, wherein a pH of the ma@bent copper plating composition is 7-12.





