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An approach to reducing tin whisker formation has been to use relatively
thick tin layc;rs, for exanple, |ayers of about 10 m crons thickness.

| i awever) such thick |layers are not always piactieal or they nmay be too
thick for certain applications, such as current mcroelectronic 20
applications. Cl1.S. Patent No. 5,750,017 (Zhang) discloses a nethod of

el cctrodepositing tin or tin alloy onto a netal substrate using pul se

pl ating conditions. Such plating nmethod provides a tin |layer typically
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angle of 1 d Sto 22 with an %géac_gn% cr staLi gl a etoxug!n e(g&ivtﬂrlnent pl ane
t her eof 82ing resRiging i cracks i the s prIE BN his PS&%%W B K hmSpe
tin-al | gysHedé@hloRgiebBuldRleiCstehne/diink EWhiskirsTien grdw frdir ti2i giaih Rbodel snrlfmt
ar equi val en

tin-alloy layer is substantially free of Cr¥3t;ﬁ| .gkﬁneﬁ q

pl anes PHigs isghearads i grderdnTelsasn the epmpsessive stoass ify tptil Pim.  HPWRYeR (I8 - v ot a1 pl ane
or an egihrMaicsMe dHseRidnl Bt R depdsiteioh 3iskers e whdnthedraré ktoredluhdy | ayer is
el ectrpdeposited. 15 In a further aspect, the present A%eﬁtfﬁlﬂ ﬁ)ﬂré’ow des an
el ed? r ohiga-va@preenditieps wagrn e dormatione apjopidg 14ygy s peiyeRted-iRYF 8f e EMECt i n or
tin-al | gyeliigidias HURHa@Nld Ankthod foR Bvdonihy Sledhobir@BErn Whisles forati@nt

pl anes thereof formng an angle of Sto 22 with an adjacent crystal plane

or an equi Vakﬁﬁﬁprﬁcﬂ@@reﬁbﬁﬁ%@ﬁ whigier Birir@fior8S B6énitb usd rehtivély ehidk tayegs Fig. |
Is a table showing the snmallest possible_angle

; bet ween two i ndiVvi dual
cryst al fqsiexararle, layegs ofabout 19 migrppsdhigkacsty [RIFFVeh S'éq?‘lth'ﬁlbggf‘rﬁla@ noFPEBY bl anes

in a tipPeabRoh®be th@Pflay be too thick for certain applications, such as current microelectronic

20  applications.

U.S. Patent No. 5,750,017 (Zhang) discloscs a method of elcctrodepositing tin or tin alloy
onto a metal substrate using pulse plating conditions. Such plating method provides a tin layer
typically having a thickness of 3 to 6 microns wherein the grain size of the tin is from 2 to 8
microns. Although such grain size is postulated by Zhaog to reduce tin whisker formation, such

25  tin deposits still suffer from tin whisker growth.

There is thus a nced for methods of providing tin and tin alloy layers, particularly thin

layers, having reduced tin whisker formation and with reduccd deposit cracks.



Fig. 3 is a correlation map showi ng the observable crystal plane
orientations within ~ 2C7 2S angle of 24 to 100 from X-ray diffraction. -3
Det ai | ed Description of the Invention As used throughout this
specification, the foll ow ng abbreviations shall have the follow ng

meani ngs, unless the context clearly indicates otherw se: C = degrees
Centigrade; g gram1J = liter; nk:. = mlliliter; A ~ anperes; dm=
decinmeter; and Itm= mcron = mcroneter. 5 Throughout this specification,
t he synbols used for MIler ingj W8 1higlign cONventi onal neanings, i.e.
"(hkl')" refers to the indices (i ‘“‘"ﬁlinane; "{hkl'}" refers to sets
of planes th Qb 1 that B ABiskad BrohdbiSn bANES SatSfredlick® i ON i1
crystals andéi{hé’?hgeg:ss; éﬁg‘?&é‘mﬁt@%%e‘?&s to §le{ls of&%i. rteglcti on {\?\}hi ch, by
symet r yprovdiag e tjuiov tih-ekey, fillther layer imswhichetho tin or siyallayrdayer j substangially free ofsed

i nt er chap r | [fib 21 Ak of SLAEE R aciads didstal
"undcrl Zc)fgs?zﬁ%gl}é%st%seglgg%‘% }aa%c %%%@gg@b%hrqn%ghoout t hi slspeci"f.i ca%rlgon. The
t er m5' uzplaterdr ay equivalent plasetictebf: Guglina cendition dnoggasesiths @addaneyito whislers to a

| ayer, gqroef rably a nmetal |ayer, disposed between a ' substt~ate and a tin
or tin- f'ﬂ%e;‘of‘ayer. All armpunts arc percent by weight and all ratios are by
wei ght, unl ess otherw.se t | ,?g@n WhSkd $dntBend
conbi nabl e i 3“8?‘&/&58?0’ etﬁ? P@%&ﬁ%ﬁ'@ﬁé@%ﬁ@%@?@%@% at _suc*n' nurr_er?gal
ranges athet inwhes phkctaidpdsitingadaxep of tin dr0doalloy osa substiats cwlarein thelimas tinwhi sker

growt h oggurs as tr.essg I.el I ] . i al ysi s
o "ol oot T8 eE8 FheBl byt ERak dlEGs S HuPAlon FIBlE: B ey e 869, 32
subst{ at $2,to L2frwitinan waljabedi erystabplaner g an equivdlent plabethercbfive a di aneter in the

range of the deposit thickness, a well polygonized structure is observed.
On the ot her hand In adottichespectathe present Mveitipniprdvides a tinpr imalleyxleyarhaying he

deposit thickness a colutnrta ruct.ure | : n 2.0
post ul at @Huc[e ﬁ‘%ffcfﬁm&ag'%’ £t fhr%tlﬁlgtoﬁ ruéao?)‘ %Yeggfsﬁgéﬁg{agg h?’g%f%'gsg"ﬁt s an
i deal si plumdsioptqiiilengplandd tiedréod farmingmeagldiofiffl ty 22%witihargadgacantivoystd plafie® ar e
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bet ween the orien NS’ or *two grains- i ( resulting grain
boundar ytin-allajelapiraghdrcin Hein o tinaitey layas suhgthrtiallpAFey of aryita) plagru®, the grain

on- e GF Do A et gt g plE oS b Al B BLET pREDRN | F0 Y

appr oacheguivalet plahabereof. vol une di ffusi on, whereas diffusion in large-angle
grain boundaries is orders of magnitudes fastex. Naturally occurring netals
are usually polycrystalline arid consist, therefore, in major part of

| ar ge- angl e grain boundaries. The situation is very different with 30

nmat epdal s that show fibre teBtigfBesctiptionof thedhiwingsi vi ew such a materi al

consists only of O angle -4 grain boundaries. It can_be assunmed that this
st age cor r espBigdbismoatle sliokdngthe smallegtaypesitle anghesheawenn tyo individyal ewvatp! growt | |
orientati Fn J,s observed. Two things are characteristic for such a deposit;
(1) the 8'fusion rate is very slow, and (2) the diffusion rate throughout

the d it is, ~Ci ' | [
deposi | are | Mg vopsiRbdyy (R pRaiie bl fhe H fifijer 8 B00 Cocurs” 11
is clear that ﬁlgn%kwcgﬁcfa\ﬁﬁle Iigﬁaési‘%wl&}ﬁ% 61{%%%9 91?%&1[ ﬂl&cmn@&?&r@ vl mb@ase

stress fromt n atter case the stress will be
cont i23uowafly of B)°ea s@ from X-ray diffraction.



imedi ately after such stress is farnmed. Tn addi Nan, the |arge-angle grain
boundary case corresponds to the first stage in the Lindborg nodel

di scussed above, where all diffusion processes are based on
re-arrartgerncats within the tin lattice, so-called non-conservative 10

di sl ocation notions. Due to the |ack of vacancies in a O angle grain
boundary deposit, this is not possible and such deposit will therefore be
nore likely to try to rel ease stress by conservative dislocation notion,

where no re-arrangenents \Abg%m ﬁé}&%ét@hbi’ﬁxﬁlﬁﬁkﬁm{)' ace. This eorncsponds to
the second stage of the Li org nodel, T, e ) grain boundary sliding.
bJavever, fOA%W@BﬁK&IghQﬁtQKYE bpekBicQdniithe f&ﬁWéhg%ﬁB&%ﬁléffs%hﬂ?%@%e Thi s

an

condition is fulftITcd I n-between the O the 15 |arge-angl e situation,
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o b L L2 b Pt e bt S-dRlmethrA}aund QfltrBn SHbloRfE! ©

bet ween~eat drnmul @ can be used to calculate the

corrgspondi i ‘ : i = .+ . i Cos~ "
W - ga- - n%*%%&t&h@@ﬁ%cgﬁg%f?@s% k‘gp@d%&&%r %‘gégeﬂazﬁthi)&sr t he angle

bet ween corwentizinaltesanings,d.ent(hid) aefers th éhedadites femreeomptal planes (e’ refersctosgfonal 20
[1-tin cgustal, lattic = , ~ = AC =~ =Y~ ; h~kt h and
hzkzl z 3{;%1“%‘:%&‘ ak/f“lclcglf‘?ﬂél ’c?@éh'za??ltrlllf %néﬁ: cte'f%% p a@é‘slﬂféws?ﬁé"g e}%ﬁ? g(rly cell. In
thi s calchkiztrefors talséts phdisictivrewhjeln by tsymaetry, treasquivalenta fihe tazms f'depositingsn

crystal nt. shoul d bhe consi [ Srai d R =To it exi stence of
equi val 5'&4 '%é%t%t ar ufﬁdgitggcgg e%% g’%‘.@é‘i‘?ﬁ% épﬁ\%g'?]zg{éﬁhagg&{ ‘ﬂge{c sgnge d-1ine
spading“aistiayei’nge isedtidtercmgeably-throtphmt thissspecificition nTektempuaderlayhe” as

t et ragonal st.e |l ows.the foll ow 2~ kiati marnd - ,
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oundari es_ are consi dere o,he of .intc;rest, f.or. i,skerg. The table
o o e bile e B Bote o Superipllerih B ng v AR RESRS Y by od4F
crystal cpdeptBere it obvidug thaPsuch némedal @hges arvonapined teddd upos $00%.e cryst al
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t he 1gat a f r omskigusséd abovewehisker gréwitegtcats hf & staks wivasmadchanisn. Eromotrosabl e to

show all the .crystal_  plane orientations sh inFig 2. ° refore) the
corrci atfPiRra An y%%ﬁep%goﬁﬁt&%g@&?‘%f Hes ngt%‘:%@g\e gfaé[g%%‘g,norf’%i]féﬁge obser vabl e
cryst i'il sibsatiR, forrmiap hdibbaestu THthe fiberbha0 adivgleter df th ﬁarr]\gooﬂiﬁé)dc:posuc h (rj educed
correlatjon map i§ showy in Fig. .3.. Tin Sifs W . re adj acent
e i Eee R el poly B Reyotii S st TFPER ol Hah b ilendT © 201 2
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to dlowPrptriaisd hat such cpiupinpimgiur ofiefectroplatesranreseg at grai n boundari es

havi ng isngiagPhsdrdingdpGuesg@in touhdaridard dedistenss th wh@ha athiskers gavdenoy. to form
whi skers. AS used herein and in the chuns, the 5 to 22 angl e between

adj acent pl agRsin BbsRlalicseedivried mtgdnesdl- afd 12fpG-ahgle graftbbaiudarien Tihree smglesagonal

symmetry' of the tin crystal. Tl~us, in.order t.o t eff ively.reduce or
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whi sier £ ok B IhQfshow fibre texture. In an idealized view such a material consists only of 0° angle




by depositing a layer of tin or kin-alloy on a substrate, wherein the tin
or tin-alloy layer is substantially free of crystal planes or equival ent

pl anes thereof formng an angle of Sto 22 with an adjacent crystal plane
or an eduival ent plane thereof, as determ ~ted by X-ray diffraction

anal ysis. By "substantially free" it is nmeant that the intensity of at

| east one of the crystal planes 25 i~~ each pair formng an angle of 5 to
22 is less than or equal tv 15%of the total peak intensities of al
observed gﬁgks frv he X-ray diffraction analysis, Ereferably | ess than or

equal t &BSgundpsics. @bbﬁséwé?%whlﬁé@gc qORFERPOBHs Befl Kikely ¢ sdepoTihwhdrel | owi ng
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cryst al igmsdiateltafiensuch stess isfhmudg Im&ﬂdlt@nc@ewm&fgr&mbomghmsa zed peak

t
The sams™t oPaidsdd tne T AR i3kl PRMcE, Bl S Bsf UpBYE fp RIS, OTC815)
( | 01 )prqeessgsyre based opye-yrampdmenggmittin mzi}u:(ttuﬂeo@)}callbibwmemnvtchese | atter

crysgpal 0 t Y
nonSIBegIdl%lkﬁ:g@&l &lﬁ% gaizr?é:kcélﬁJ fﬁaglétevgé&?%; H%(?‘Qﬁgle %bé‘fl{{é@t‘rygf?v tﬁ‘éés of

adj acen tﬂobﬁ%“%lbla lang Slb;héqum\wﬂnh glemrﬁ)ra hgjinered é:t:lma:ny tmtmsn‘ stBssthy ARscrayvde

achi eve o at to favor a w de
10 rangglsg%e dtz@ytgtg% gr‘%gggws%%%'ﬁa@\%h& %h%tlﬂg#l é‘“’ST t}E‘rs)‘ig?’%fPo Sthes

havi ng élwsamd@talsepﬁ@ehudbmmodomxé grain bauralagy slnémg Hbavavék fobawbikkdrhe t ot al
peak i ntggmh fohacti condi tions
i ncl ude,” far Ed &%ml PO&Qﬁéé a;%eg‘se({:tfh%ucro P&elﬁ?n g?@# l?fg] ‘i’f‘ﬂl éeg"té &%I ng,

i nclladi rﬂ?ggtmn%feﬂ"mﬁmmﬂar@xmervﬂeweth«etbdpbnpdoa*smtslgmmﬁrafs&faneﬂgnlgadm ng bat hs

i ncl udeyg 4nds that favor the corners of the crystal plane correlation
triangle, 1.e., (200), (002), and (220). If at Ieast two 1 S different
corners are Sl I AGT er of sel ved crystal
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The tin or tirt-alloy layer may be deposited by a variety of neans.
Preferably, the tin or Stin-alloy is deposited elcctrolytically. Such

el ectrolytic deposition may be, for exanple, by dircot current ("UC'~ or
pul se plating, including pul se periodic reverse plating. The chaise of the
deposition technique will depend, for exanple, upon the particular
substrate and the |layer to be deposited. Typically, the tui or tin-alloy
plating bath is at a tenperature of from about 20 to about 60 C preferably
from about 3§, t t- j tin 10
al I oy el ect rglﬁlg %‘mly& &ﬁé é%t"c# Eﬁblﬁ#%&tﬁ r]r?zrgggfd ﬁé‘?{fb it if‘b%gf%h@a% 30

Al dm . Sepef Fen2 sfas arepamcl adingethe dath fronh Rigirl &WCM@anmwdmtlmmyﬁmml |y

i nfluencg S I or

1 2 al oy ot bl AR o TR ot T B el 20,
tin el eciapomisabe reduded) for gractical masons & tbe obsorvebls ofystal pjmcswicuuatmswthma

conp un el.ect r.ol tes nd aptionally one or nare

addi ggjar@ﬁi f%BI g’%hﬁ%fﬁﬂff@ﬂ?f&f‘"ﬁ“? éah%“t’g% g'nvt limted to salts,
such astln des, tin sulfate anc sufo tin msthane
Sl fonat e "t I depgRes e @owiﬁczfgcv?*ﬁﬁmﬂgm offonk Yot | 10

sul f onatcarétatibndfag mumeto@paumttp refoem smhmawglkgmnlboandahonmrcangmwcelme like.

It is preferred that th n co tin sul tin.chlor tire
al kanc <HisEvhsresogseryatiyc ﬁ'?‘{/‘f r@m&i’%"@ﬂtﬁ" ?1‘8?“@5? @P@r 3%‘1'"1“'{1?? érgsul fate or
tin met Retigerss S éﬂliﬁgly, 1tiﬂmaacamndi traf grhhﬁomﬁhﬁenjnddmgmtt:xiphsa saplecof kot eh
conpasitions is at ,provi des tept,,in the
rang® of225havg thﬂfeﬁ?s{g‘)’“%‘r" rf gesed F_mmé‘ﬂg “h%f’ gfam) egﬁ? Pagﬁ? 40 to
609/ 1. Mn¥loWeRRehdjident lﬂmﬂu@ﬁ@mwgnpbf maaiol 175bducus @ temgml amount as
descri bed above, Any acidic electrolyte t |s sol utlg@éns ble IS

sui t abl SYmgiety Pf)ﬂ‘ﬂé‘f“ﬁ@’sﬁl St ig °fq°ﬁt°é1‘%$6? ‘i?F‘W lg redycepr 'fﬁcher wi se

adver sel en@iibs Ghe i:nbﬂc&je%ﬂlﬁ&llsw @ra@meﬁe b tAEplaRGS of thepaR df pmﬁeswm
acidic el ectrnlytcs i ncl ude are

gd to, alk |.f onj.c aci ds,
such as aneleRiAciodd! ‘f’@ﬁ‘d@e%‘o&’ 156/1’ Iﬁéﬁg%a@ﬂp?lﬁﬁ|1é4aﬂdd“%rﬁ§’°g?§ﬂﬁﬁﬂo‘§3bf"f oric
aci tys argflmShfal ﬂwnﬁﬁ@s%ﬂal obRkSHEd ﬁe%kmﬁmu lan XUy QIFfvRetd6 kpbotrRRE@EOSEHN] ONi C
acid and toluene sulfonic acid, sulfuric acid, sulfamc aci d hydr ochl oac
acid, hyZﬁ-'é!l@FkQﬁ‘i’)c Facéxdmpte7 oo (44 rid( 193] cey stah plapgsxthe friensity ef eaeh of tSspiscal |y,

th d /L,
or ot or ang P il s B Vh e s blaRnE, B (AN DRSS ),
It is pnefcemyexf cadhatf these-plewes idesiribly kessthaulide pSthasumharived intgsity ofpl aci di ¢
| ectrol t dj I when t bl d
el ectro ‘f%“@g‘h‘{”ﬁ ‘hﬁ?gg’%d‘&‘g‘i’% Sgeflql exanpl e, en tin cbloride is

used in preférred that the acidic electrolyte

rochl or éﬁﬁd B tAwHERELfoRhdtRYI NT
rret g%ldjconpou ch “{ SC }%r%cgg%&b rtgﬁﬁ%slaﬁﬂct@@:%t e gt he“F matg | s include,
but are hs;odcpbsnmgzelzlyttr@fnheanh aldnytxk)ei SubﬂmpﬁpwhqrelbltMRm timalley laysy Bver, 5

ant i rmny m.and.. t o
tin- cop B £l't°ﬁ 8f rﬁ@f‘é’:l ancq,s' it °8§§%‘u‘t e?{J gﬁcﬁfﬁoﬁﬁi%f?{%éﬂ 6?ﬁlfﬂn \%%?tu ?lcl)t% are
any whi cn dlij&wtdq(staﬂl plafiedrann cq(nvulha plane dtereof, s deteroriproldiytX-oay diffragtiasiol ubl e

form Thus, th un
Soch as fratvt By Pusten e s ek e Fine o Y G Rt hifbf Eocat Bl 2.
met aps Weﬁm&epzﬁtuﬂofmiﬁghe angTr(BMéﬂ“ t@2dlis lessl thauvaicqe] tlidhoktbe total atakphrewms

The 11 kot HRpeeol et A et ey o P ondtrdy e Ml SEHR0GITR O

such ot hﬁdm%@kef&mpwﬁthdﬁsbeqnnlasém in the electrolyte conposition
depends) for exanple, upon the tin-alloy to be deposited, and is well known
to those ski I'hmlfolmwh@exmmlarypmbmmdnb yorresprerd do thm:t@awswfézlchﬁwwe

orientati enhan i.n npou a pul I'"
the crys E‘“‘ﬂf W 3&”8%’???5?118?@ cp g@%ﬁaﬁ?%%fcgﬁg%ﬂ pkei%te@%t tRI?I es of 5
t 0 15022 wiaskyrreanatioy S at)- (pl()an(eSO)a(n&l)n(Zril)aﬁ3123d§2191(3t2bb(@ 1 eA3pb (d 41k ude,
for exanple, imdes, imncs, such as carboxynet hyl ated pol yet hyl enei m nc,

am des, pol yam des, am nes, such as 3ethyl am ne, pol yamn nes)

pol ycar boxyl ates, polyols) thiols, such as dibutyl thiourea, allyl

thiourca, tctranmethyl thiourea) thiourea, amno thiazole, rhodanine, and
sul fosalicylic acid) nulti ring cotnpounds containing carbonyl and/or imdc
functionality, such as rosolic acid, isatin, and 20 carm ne, and

sul fam des, such as saccharin, The use &t ' such conmpounds can bette~'tcially
mai ntain the desired crystal structure aver a w de range of operating
conditions. 'the one or nore crystal plane orient<~tion enhancing conpound
is typically present in the plating solution in




an amount of from0.05 to 5 g/L. 1t will be appreciated by those skilled in
the art that one or nare other additives nay be 25 used in the tits or tin
all oy electroplating baths, such as reducing agents, grain refiners such as
hydr oxy aromati c conmpounds and other wetting agents, brightening agents,
antioxidants, and the like. Mxtures of additives may also be used in the
present invention. Such additives are useful, for exanple, in enhancing the
efficiency andlor quality of the plating Reducing agents may be added to
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5mM~ /G preferably fromO0.5 to 8 nZ.IL, and nore preferably from1l to 5
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sufficient to provide nickel in the electroplating solutions in
concentrations ranging fromabout 10 to 250 g/l,. 1t is preferred that the
ni ckel clectroglating bath contains nickel chloride and nickel sulfamatc.
It is furtherpreferred that the anount of nickel chloride in the bath is
from8 to 15 gll, and the amount of nickel as nickel sulfamate is from 80
to 150 g/ h. Suitable nickel plating baths typically contain one or nore
acids, such as boric acid, -0-




25 phosphoric acid, phosphorus acid snd m xtures thereof. | xertplary boric
aci d-contai ning nickel electroplating baths contain from30 to 60 glL of
boric acid, and preferably about 45 glL. Typically, the pH of such baths is
fromabout 3.0 to about 5.0, and preferably is about 4.0. The operating
tenperature of such nickel electroplating baths may range ram about 40 to
about 70 C, and is preferably from50 to 65 C. The average cat hode current
density typically ranges -12 fromabout 4.5 to 12 anperes per square
decineter, with 3 to 6 anperes per square deci meter being preferred. 1n

ni ckchal 4‘8?‘6?&%"?%2}5’%% §F°‘Eﬁ‘i@°“éP‘8r?6‘ﬁeF6‘t%mel Vs tingehinatdalis wsedrimabend i s
used W t freschpintintioe]it is Bietinedlohae e AR Blro S RPRIAIRI B BNy Whi Ch provi de
the netal to the electrolyte conposition ?g@a ol u F@°§€?h1 Thus, the netal

conpounds i nadhwdal i lok FA . t al...hal i des,
oPplhti !ﬁtﬂ%?&nelo]g- %F@ﬂlo&ﬂﬁ e Eomn;gotd.g?lsﬁgfﬁ% hagdtgﬁﬁ? t

met al SL%}{.& es, netal alkanc sul fonates”slch as _ ofat e,
metal  arHitatlgofneetals indlydenbus ererst lmitysHedgad, sickdlcopper, bismuthymaakilveg| uene
sul f anat gntinidRYy,dhdidkh ad e 1i&e! Al el . chpice of .the other
et al co%n{’i s)l.an,d the anount o]f%%ghcﬁ a%lﬂglrlwrrlé?%lcz errr’pj(i)lgén%fg‘}r“b%sent in
the el ccPOPRPYRds ugefitlda hetnresantipventionese prey, Wiich proyiderthic anctal pothe tRctrdlptet i n- ahoy
to be d otiféh indlvbE Ok T uﬂ% I 0.t .ar It . wll be
appreci ated by those skilled %’%‘gk@ré’t thg?égéléédugsbd&g?ee&gyﬁg%d té)d%ﬁtf’i ves
may be UREHes Aeklivlidascroetp] sifates, sl alkinegulfonates, suchuasmats! Bething salédnater s,

cttin i ; o ke, M res of di i ves
Pt G sl AU A b AT R B
enhalfci riylienateseandithg likee Tha altiesrof theadther el canpmupd(a) dndghe dibouliber sastes ent

i nventi ' d YN ti r tin-aho ayer on
" subst SR S Gellhl iy ARk EABRbISH Ering Bt pirgie, tronat | oy

| ayer, \Hfetlloy o bhdeppsitedomdds welbknopy to tepeerskillkd suthstant i al |y free of crystal
pl anes or equi val ent planes thereof formng an angle of 5 to 22 with an
adj acent crySPipnaliveene as mosrcrpwal ipleat erientation nehanting emhpounds chatbe ussdnied f r om
X-ray digkfik Welall m’ , i j et substrate be ,used in
t he pre'sentﬁiql{qd\ygﬂtIigiugl‘:}ﬂt Pr e%aéﬁgﬂﬁ/%?ﬁg%?éﬂggtﬁrﬁéo%ﬂ? ﬁgfﬁeulaég“%rf'én;%f’" " et al
t hat13f orlds bfwesnprystakplanes dre mindmized rtbitable tompdunds iSiclide hrexxaniple] ifidees

i ncl ude jmdt ; I .and al | oys thereof, and brass, It
is pref ers ed s.taé\ﬁ%brétg %8*%“3%%’?%%‘% 'gowe?\t@lﬁ)%giéns}g%g@bdﬁfié%%?“%&p?&é?cﬁaﬁu%'S‘is “ayer .
Such cogel amineaypdyamines qwtwcaibnxdated, polyote uintls, mbh andibay] thiaaRaQilper al | oyi ng
el ement Su; : S Ny LRon further praviges a substrate
oo hiofs, Kitithety ﬁ‘%‘ﬁ@“ﬁ"‘?ﬁ&“ﬁ%%‘#a@ﬁﬁ’ oR ““Hen““g%?“&?ﬁfﬂ'ﬁihlc&&j‘ i\ PR
subst antringicpyapeyndecasftaining sarbdnypirave $mide fiegtionatityesich ps fastic dehi ised, ahdr M ng

an 2001 @afdling b otnllch B AR e AL AR, O A EdHiLRy oL Pl ane

t hereof, as ‘determ ned from X-t di Fr'rac e present
i nvent i awaintsintizerdesiced caystat suditrebyee a fndde rageaopérivthgaohdifio® The Bnddd Oy | ayer
on an el I Vi C ubstrate. Suitahl.e el ac#roni e device substrates

i ncl ude,n?lﬁ% grgl FSr®11(§“'t° ?tgﬁ'?need‘{l ‘%9}“2591“1%?‘5‘5 ‘WP’P%E’ BEsPdn haplitngselytion iay g
franes, asemouwndfond.0p@ckglges, conponents, connectors, contacts, chip
capacitors, ghi.p.resist.qr dt i ke. Thus, the present .invention still
further pr owﬁ elg bﬁﬁp%gcé%#‘@'ﬁﬁ%gse&g@f"i@ktﬁ%ﬂ {l}a'i‘??ﬁ%"‘PFerPt Gt agdifivegimagype| ayer
whei2éi n usdidn thertivoor tiniatlopéibaisopladygbathss siwh s candingddeitsf gr&in réfinesuad &l pl anes
close t V| an _angl.e.between themof 5 to 22) as determ ned ~dm
% ray it EeREbroB AN Aehin iy Gty BT Reighiening Racrish ptaxisbetet 44 et ui
for t he lianMixetsofaddftived Mapalsh bo Redinltyprivead ivebntieR dSdchaBBEvesArd@ehd,cul arly

sui t abl %rti n- a|l Iioy for, use .such gl ect [on? devi ces is tin-copper,
however "StHaPPEs i capangipg legney apglor gyality g {f‘e BlaEEE | O The present
i nvention al far i sker fo ion in . tin arid tin-allQys to be reduced
or oven eli mh%%l?cén&ager% may ge aJdcé H)Bl;le t(t)n and tin-alloy electralyte compos?t)x/ons to assist
30  inkeeping the tin in a soluble, divalent state. Suitable reducing agents include, but are not



The follow ng exanples illustrate nethods of reducing tin whisker formation
I n accordance with the invention, but are not intended to limt the scope
of the invention in any gspect. 15 Examle ' A plating bath is prepared by
conmbining 50 g/L tin as tin(ll) nethane sulfonate, 160 g/1, free nethane
sulfonic acid, 25 g/1~ ethoxyl ated bet a-naphthol containing 8 noles EOQ and
5 g/l. cthoxyl ated bi sphenol A. A copper substrate is elcch~oplated in the
bath at a tenperature of 40"C 20 and a current density of 20 A/ dn2 using

direct ditikdnd, hptiatiinghe ad hidroiitkd A6hbR CoRpRlNGE shch Fs €OREAHST &echif), t Ne

pl at ed sq%gﬁ_llq,fo& a E?-gn%of 20 to 100 using a Phil |I§S X-ray

di f f r act3"$Hei ket Prifpblrreducing pgants are thosergisclosed farrpmpigeind)-Soatent NoExanpl e 1

i s repedd.grdl42ex ' o kning 40 g/L tin
peat, & 429 X TROAm it HCsudh ﬂh@&ﬁ%‘%fm}; Qpi@m;p%zﬁg. 12%{,%5;%. g g

as tin(ln nmethane sul fonate, 200 fréee nmet han acirl) 25 gfL

et hoxyl at ed Beight-depedis Rl be @&Eﬂb@ﬁﬁﬁd&g’ﬁ'gﬁt%n&§ Qs)th@gﬂl fuﬁs %ﬁ%&%@&lﬁgat ed

bi sphenol A. ,; 14 Exagl a 3 The procedure describe - .

r epeat eFOMBRSEQNE- SushRyiehteners arewplldapwn fythossskiliedip thowbi Suitabledoighteners i n as
tin(ll) indth feltot mabEto, AR dnl AN, ' 5 glL

et hoxyl a:tl e& e} a- na?pht hol . cont g%ﬂgyﬁs%%?% O ag‘?}! Ec%ﬂflgh td§’oxyl atcd

bi sphendilYRenzldebydanethoxybenzaldeiyde and larebearaldnbyde, detivatuessiferomatis r epeat ed,
except  Uiidelgiled, sabtpds Bag/yd addione hEPRESH | D | tin(in

met hane sulfgdongstc, 260/}1p/L frggpetnﬁg;@esagﬁ??ﬁ?gﬂgg?%?%# F‘B:hga?hoxyl at ed
bet a- nagHEtAEFhY; BHE%EPWW%M@’M%@S Ewh 28 1Y I agid, medaenyly heid endl picalipfcnol A,

10 : . L , o A
EpoanpkeR, f@ﬁlﬁl’aﬁ@ﬁdﬁ{)s?ré’@s%&éﬂ éﬂ%ﬂlghgﬁgﬂwpﬁh gjgép{eﬁe??ﬁ g_g t %;lﬁap usi ng

a plating ba prepared conbi ni ~t ( _ _ )
ot onat 2 Blldoon s s sibkeig ot Ry RPNy o
' Exanpl oW grolaqrlanyvejght pthyieng exide (IREX) flavivstives opiliphatid alcabolssateiingswe ept  usi ng
£ P} o TSR RIS, O R B0
bet a- naphFHRATOBRif T Whjclsmpznbedisqi@nd shish snay|be sebstitited witheah dikydgiepol A 20
n T Bl R R o P Rlo kol Ry SRR od of M BRRE, Ty 4iSHRHF) 10 "
sul f onat¥ephal&ypigally Rave sp i trarkonatanisprior toalerivatizaiongwith cthyltvmaxidet Edch
bet a- napRbHAE afditbRhét AAEbhAR ntHy'bE Furkcr su%stﬂ(nlcd,%rh&)ﬁ%b%f Gn BB & frorate
groups. Suitablc wetting agents include, but arc not limited to, ethoxylated polystyrenated
phenol containing 12 moles of EO, ethoxylated butanol containing 5 moles of EQ, ethoxylated
20 butanol containing 16 moles of EQ, ethoxylated butanol containing 8 moles of EO, ethoxylated
octanol containing 12 moles of EO, ethoxylated octylphenol containing 12 moles of EO,
cthoxylated/propoxylated butanol, ethylenc oxide/propylene oxide block copolymers,
ethoxylated beta-naphthol containing 8 or 13 moles of EQ, ethoxylated beta-naphthol containing
L0 moles of EQ, cthoxylated bisphenol A containing 10 moles of EO, ethoxylatcd bisphenol A
25  containing 13 moles of B0, sulfated cthoxylated bisphenol A containing 30 moles of EO, and
ethoxylated bisphenol A containing 8 moles of EO. Typically, such non-ionic surfactants or
wetting agents are added in an amount 0£ 0,1 to 50 g/L, and preferably 0.5 to 10 g/L.,

It will be appreciated by those skilled in the art that hydroxy aromatic compounds or
other wetting agents may be added to thesc electrolylc compositions to provide further grain

30 refinement. Such grain refincrs may be added to further improve deposit appearance and
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25 and S glL of a carboxynethylatcd pol yet hyl eneimi nc. -15 Exanpl e A The
procedure described in Exanple 1 is repeated, except using a tin plating
bat h prepared by conmbining 45 g/L tin as tui(11) nethane sulfonate, 280 glL
free methane splfonic acid, 25 gJI. ethoxyl ated beta-naphthol containing 8
noles LsO 5 g/L cthoxylated bi sphenol A; S g~L of a carboxynet hyl atcd

pol yethyleneimiie; and 5 glL thiourea, xa | e The procedure described in
Exanple 1 is repeated, except using a tin plating bath prepared by
conbining 50 g!/'L tin as tin(ll) nethane sulfonate, 160 g/L free nethane

sul foni @ TB“‘%“&”“‘Z@“@WL“"&GI Suitaploqther wetting agenshinplode, bormranotilingted toyol es EO)

5 gl L efpluoRyixteash ﬁ't&%&% ox@ateg’ aMrles %Fﬁﬁ@@&%ﬁﬁlﬁéﬁg\ﬁ%xm&mﬁi alkyly

pol yct hyl enei m ne, dr oxybanxenc anti oxli "I he
pr oceduethoyyates, ﬁ?f‘é’cﬂs |T#nI0N>&$TN an gﬂs“n@;xébtled@nvam{oﬁ'hmsmmgxtsaoﬁsuch pl ating

bat h 15 ‘ng nate, 2p0

glL freegpd’rlrlg!t%ﬁgﬁg ?FTl%gér?égpam %9@/&7‘{5}, g‘ftﬂft%&é’pg );aﬁﬁ h‘fﬂgk8cont ai nPng

8 naPes MH., I?Scfgllahl)’eﬁmﬂ)ilteﬂGdlb,lagphmm)preﬁrabﬁr fgdrtlume[ﬂar boxym:t hyl at ed

pol yet i 1l 20 The

D o ecur ey Mo bolloonnH PG AARHLENE Seeralie Minfostion? 071 i ng

bat h pr &Haimize %ngftsmmg tmxght_oxt from ascumng fdr)sxamqﬂds;a‘mm the divaleatte, 5 g/ 1
hane sul fonic

bi th f
al:lsgu 2%&&}' le_lérgt oxy "?mpm %@gﬁggﬁp h&rﬁp dl n| &F}édm’ﬁ’ Y
et hoxyl mlwabnswmhdsmasdﬁ cgplthc démamwfrgompyﬁ\éBhYIBatmﬂVDBuydicmhﬁdfel m ne,
d I le 12.Th d .bed
Eceidy & Tpold SPAL LRI, iBh B sk (T AR b bs el Hp Gty
corrbl ni mggden. g’!‘)tputailyl, saeh aritiokidh)t compumdears prdsem &i the olbctedlte CompsitamPat (1 1)

met hane 10 b/L free nethane sulfonic acid, 30 g/r,
pol yal ko%%/sﬁ" g%‘d @8%&% and 3 glL, of tctramethyl thiourea. Exarrpl e 13 The

d d ' ted, t
o b pr epar ot ptotshllataaly bat frla SR A eieE SR ontiRe et il o) | §
g/ L f ee upen therasults dnf gyries ofiddpdsiB@esigel. pol yal koxyt at ed but anol, and 0. OS g/ L

of rhodanine. f;xan~le 14
L5 Whisker formation can be reduced or eliminated when a tin layer is deposited on any

substrate, provided that the tin layer is substantially free of crystal planes or equivalent planes

thereof forming aun angle of 5° to 22° with an adjacent crystal plane or an equivalent plane

thereof, as determined from X-ray diffraction analysis. It is preferred that the tin or tin-alloy

layer is deposited on a conductive substrate. Particularly suitable substrates include, but arc not
20  limited to, copper, nickel, nickcl-alloys, cobalt, cobalt-alloys and the like.

The tin laycr of the present invention can optionally be deposited on one or more
underlayer. Suitable undetlayer matetials include, but are not limitcd to, nickel, cobalt and
alloys thereof. By “nickel-alloy” is meant any metal containing nickel and one ot more different
allaying clements, and thus includcs binary alloys, terary alloys and the like. By “cobalt-alloy”

25  is meant any metal containing cobalt and one or more different alloying elcments, and thus
includes binary alloys, ternary alloys and the like. Suitable alloying elements include, but are not
limited to, tungsten, nickel, cobalt, phosphorus, and the like. The amount of nickel in a nickel-
alloy and cobalt in a cobalt-alloy varies over a wide range and is well within the ability of one

skilled in the art. Particularly suitable underlayers include nickel, cobalt, nickel-cobalt, nickel-
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10 The procedure described in Exanple | is repeated, except using a tin

pl ati ng bath prepared by conbining 45 g/Lr tin as tin(ll) nethane

sul fonate; 160 glL free nmethane sulfonic acid, 30 glL pol yal koxyl at ed
butanol, and 3 glL of sulfosalicylic acid. ~canples t 5-28 15 The sane
procedures descri bed above in Exanples 1-14 are repeated, except a d.25

m cron ni ckel underlayer is deposited on the copper substrate prior to tin
plating The pl ati ng bath contains 120 g/L of nickel sulfomate, 11 g/L of

ni ckel id d.has a pli al 4.0. The bath

t enper a B'qg%lﬁ’a r&ghﬁgl g’{‘é“ 3\%@?"3 y é‘é}{aﬁ@d’éc%&*}oéﬁwﬂﬁaﬁlgﬁ ipclude thosgy gz, 20
Exanpl eshaﬁﬁgﬁ@n‘me 13 6 pladplicees. descrl bed in Exanples 1-28 arc repeated,
except two substrates for each are el ectroplated at a tenperature of 40C

and a currenﬂ‘hdmirﬁlinmyxtlﬁ%@@so@/thhﬂduﬁyngsﬂmt&wﬂn&uhmﬁﬁaquo dvidk,a Wi th an on

time of (i dut e substrate

25 and anl1"Qct)anr;SP %]W]rrcg) i ?l"gx é?]ge%f Sr]ﬁgc gﬁ%ﬂé’%% ‘X:(‘E%‘? dheg finper é‘?@ﬂ@} aygr t he

ot hess Sldbeﬁrroatrmmatdly ¢omtaRkthe eibehlaté Rifacs. & tyfridaBiirGhiich Gk e ofdRd gresppul d show
es |-56.is substantially free of crystal planes

t hat khe n e I
cl ose té'ﬁé‘?r 13 ‘%gnb? Hﬁcrﬁéa}gp ’I‘eéalb%‘f%%ﬁ‘"ﬁ‘f?éﬁflb‘fknsssﬁg%/hﬂ‘}‘dﬁa}’f’@f? PBher
e~cpcct @5t Amitros, prefstablyFrod €03 mfwﬁEM&nﬂb&?r&eM&Wf&ﬁ@ P .29 midhie

sanpl es e sub tlaII ker ~fxee Lxanpl es S7-71 Sanpl es of
et ched |a§(g H‘grr?é’? %iﬁ‘ﬂ%‘?“ rich allay are electroplated with tin

t t hi ck d d d | 1-

Na barri er ”eééeﬁ’%d%‘?wg ﬁiﬂ%ﬂi dTyRSSGRLT Ranety Shiphe mebedsingud ity od

f or 10he aprms Bmited mt cledtioldseplatifpy elﬁﬂﬁﬂbﬁic%t@? G&Hﬂbﬂ?l&f:ﬁg&ﬁ?@br ngml iogf ter
m eac se (0] sanples are

latin n|n | at.ed | ead, franes
gt or edgﬁﬁcgé‘rsp ﬁh‘iﬂ giﬁ FHeR v gﬁglc?lri’a@'tdé%‘is“lf’ﬁa#ﬁﬁ’mg’méﬂ‘at*hﬁnd 98%

rel ati vandhsm;rdui Jeposied by althlréleds b&ﬁh@&@kc&&@ﬂ@bﬁuﬁé vﬁtﬁ%\éﬁgltyﬁé pande test
tervals and 10 analy presence of

chanber ;at _on fg
wbi sksr Set0g P“" e xé&%"t SFIPRAE dencsitippEay be QI%mplﬁéysmoanwwwgmam d show
t hat t hehditawofl thydspssiaidretcetinifie 3l Hedchd upnitidRit EBe substate and the layer to be

15  deposited. Such choice is well within the ability of one skilled in the art.

~ A wide variety of electrolytic nickel baths may be used. Such nickel baths are well

known to those skilled in the art and typically contain one ot more soluble sources of nickel
compounds, such as nickel halides, for cxample, nickel chloride, nickel sulfatc, nickel sulfamate,
nickel fluoborate and mixtures thereof. Such nickel compounds are typically employed in

20 concentrations sufficient to provide nickel in the electroplating solutions in concentrations
ranging from about 10 to 250 g/L.. Itis preferred that the nickel clectroplating bath contains
nickel chloride and nickel sulfamate. 1t is further preferved that the amount of nickel chloride in
the bath is from 8 to 15 g/L and the amount of nickel as nicke! sulfamate is from 80 to 150 g/LL.

Suitable nickel plating baths typically contain one or more acids, such as boric acid,

25  phosphoric acid, phosphorus acid and mixtures thercof. Exemplary boric acid-cdntaining nickel
electroplating baths contain from 30 to 60 g/L of boric acid, and preferably about 45 g/1..
Typically, the pH of such baths is from about 3.0 to about 5.0, and preferably is about 4.0,

The operating temperature of such nickel electroplating baths may range from about 40° to about
70° C, and is prcferably from 50° to 65° C. The average cathode current density typically ranges

-12 -



What is clainmed is: i 1. A nethod of reducing tin whisker formation
conprising electrodepositing a layer of tin or tics-alloy on a substrate,
wherein the tin or tin-alloy layer is substantially free of crystal planes
or equival ent planes tliereof fonnit~g an angle of 5 to 22 with an adj acent
crystal piano or 5 an equival ent plane thereof. 2. The method of claiml,
wherein kho intensity of each crystal plane and equival ent pl anes thereof
formng an angle of Sto 22 with an adjacent crystal plane or an equival ent
pl ane t pgu@aiout 6.5 he BBarh Pk RF stk WecitnBred A0S PFW ed pea
I ntensities of_ al observedﬁpsquks i?\‘ ltg "an %—t?tgrym] ?”% acétq;ﬁac{%dgcﬂ)'gléfrni m 3.
The net SHEFFeter m 2, wherein the intensity is |ess than or equal to 5% of
the summari zed peak intensities of all observed peaks in an X-ray
diffraction Ipueksaliey nlating baths onejon mere qthas aHeyirg/metalcompoand is gsedavthabd
whi sker ridkelTeucR Bllopph&hIt ofaBSurtds BreQhy Wi bihSHlihpptially free
of crystal plants or "equival gnt Ia%g)éwﬁgﬁdo fdé"f‘ﬁ?‘%‘g%?h”g%g'f’ cgf 5to 22
wi t h San cBPatiden in asglyblg|forpy. shtws,dhe mefalaguipounids irtclyde,An atelnet krafted %6, sali)e tin
or tin- adytPas rhdM Bl GREAI 08 | : L Dy lntensit f cacli 20
crystal plane and equival ent %ﬁ?g%tgg&lﬁngrsg\géﬁ#g?d#ﬁggg Tgﬁ 'é°%‘|“g%at‘?’o 22
wi th an %8l aed selfonatgs sugh asmetad ponybsvlforpié el reetal tplnenmasutfventd:Gletal slkdiness t han
or equalsyfrhadd %4nQihe 8, THOTRS i AN frgall observed peaks in
an X-ray diffraction s cctrugr?.zo(?g‘.e%ﬁﬁgmtcmngé(gl?ﬂoﬁlﬁ?)ﬁ?’fiévq"éof/lgf&%ﬁ'or ding to
cl ai m 5,othgh et spmpeand() pserentiy thesldctrelytetchmpositionAtillelgpead, fob cxanipil® iipdnhe
sunm@r i zgdi:p th kb i€ ved ks,in an X-ray diffraction
DS B GeRou et il ncHROG ST I g

spectrum - ctroni ¢ devi ce col atin or tin-alloy

| ayer, wher ey LB | I ' ubstantially.free of crystal
pl anes or eq lt,lt :]"\]/lgl%g ﬁ’%‘*‘gﬁ‘ﬁ%“e‘y ﬂ%rs'iégl di“g‘)r(gng’ﬁg‘g%ﬁ“%ﬁaﬁ"é" %ﬁcrg}iihgv§én%bph an
adj acentsedip dheqiicks] elepgroplatingibasiguiveh hegrinpbres, Woting afents bightctieg agbast r oni ¢

devi ce i _ | 4R ' J f, ea rystal plane_ and
cau val and e MO0 Sl bk PHENW et Rl SRR GRS G, Rehiafiiem.
cryst al vptfakis egfranging thyefficidnenendidramality bBthepfating | ess than or equal to 10%

of the summarized peak intensities of all observed peaks in an X-ray
di f flPacti on Thepresenhinvantion alsqhesvideecmetind of dbpwiitire atin @ tii-atio§ layeharei n t he

i nt ensi tsb(bshﬁte.' RS mEMBN i:%lv&qs'ﬂ?ds oi'&ep%%ﬁng a tin or tin-alloy layer, wherein the tin or tin-

alloy layer is substantially free of crystal planes or equivalent plancs thereof forming an angle of

5° to 22° with an adjacent crystal plane or an equivalent plane thereof, as determined from X-ray
diffraction analysis.

20 A wide variety of substrates may be used in the present invention. Preferably, the
substrate includes onc or more metal that forms an intermetallic compound with tin. Suitable
substrates include, but arc not limited to, copper and alloys thercof, and brass, It is preferred that
the substrate includes a copper or capper-alloy layer. Such copper alloys may contain small
amounts of one or more other alloying clements,

25 Thus, the present invention further provides a substrate including a tin or tin-alloy layer
wherein the tin or tin-alloy layer is substantially free of crystal planes or equivalent planes
thereof forming an angle of 5° to 22° with an adjacent crystal plane ot an equivalent plane
thereof, as determined from X-ray diffraction analysis.
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of the summarized peak intensities of all observed peaks in an ~-racy
diffraction spectrum -20 .A A Yy.A3f. A(f.A .Af. Af. A A AN@ A(. A, . A f.AS A

. Aa. ANS. Au. ALu. A$3010%$s50 r (OE"gkpw8

}wgl gb] X] ca] ca] ca] ca] ca] c™aV] ca] caV] ca] ca] ca] ca] c™a] ca] c™a] caV] ca] ca] ca] ca]
cal ca]ca]ca]calca]ca]cTalcaljc”alc a]cTa

st XM 4Yx( 0} xrmhc”Y] ] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c”a
U] c"a] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]c”aV]calca]ca 8] G!"Z"$% ') <FK+. ---;

.J.QY. ¢ ’I!lhclpre@er@ mv).‘ﬁtﬂﬂﬁz brfi@ulddyGuRMICRr depositing a tin o tin-alloy layer on
U] c"a] c"a c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg 1 ca] caTca] cal ca
] ca] ca] cfa cgg]ue /dg yige substmtes include, but are not limited to,

<< 7P\ Gl B i ahsaldaksahemea bk ALaRKER, o) oal
o carcaltalca @3&%&@3&;@@%@&%&&@ﬁim e
| cal oa] cabaabaabehonl aalealaaine] eRbORLARLRbeALsak oAl kLI hoksel ool ca

] ca! MhnCoqr r, sEt BuuwxxSzz| : caJca a] ca ajcajcalc

a] caV] caﬁ]lbséaréa] Iy Bpeof syt a an@ﬁ] w]: tegptha headog an eegle bitwadnabérs af 5°4p 2% &) ca] ca!

ca] caﬁ](sc cal c’\ﬁ]bc;’f(%%caq“g’}’@m? ?EJ Cﬂrfgeﬁ? 118 QWI%M?‘&Q@ ca] c’a]

wz} 9A> APtstie px plated adéx]amq uap&a]:lda']scma]lbia]ma]loy\ﬁ)]' ujoma] ca) ca

]U]K? gLﬁ%]Z&ggllG%ﬂﬁ:]a&\%;ﬁ @L ‘]"%g ca e% @%@%?}IW? tabl e]dc a] ca] ca] ca]
calen cal cal %L?&k&?;ﬁglﬁ%lﬂls l&r?]hgggﬂ%ﬁﬁtﬁ@%@é@f%& @;g‘é@g% )9

#$10%38&VE')° igingtedor===¢ () -

#109%08 ()-g! & 10%=& ()-g! (' $10%0/o&&1 z! # $10%00&' ()-z r , “ptuvw "SH=! ;
100 100 1005%1@»)@&/"(@%@&10@&@ withodsiafpgdaciny tin WhPkodB@BEe (1 - 4+

0
10%0&" () gckfbdance with the invention, but are not intended to limit the scope of the invention in any
aspect.

15
Example ]
. A plating bath is prepared by combining 50 g/L tin as tin(II) mcthane sulfonate, 160 g/L.
free methane sulfonic acid, 25 g/L ethoxylated beta-naphthol containing 8 moles EQ, and 5 g/L
cthoxylated bisphenol A. A copper substrate is electroplated in the bath at a temperature of 40°C
20 and a current density of 20 A/dm? using direct current plating. X-ray diffraction ar;alysis is
conducted on the plated sample for a 2@-angle of 20° to 100° using a Phillips X-ray diffraction

instrument.
_ Examplc 2
25 The procedure described in Example 1 is repeated, except using a plating bath preparcd

by combining 40 g/L tin as tin(II) methanc sulfonate, 200 g/L. frec methanc sulfonic acid, 25 g/L
ethoxylated beta-naphthol containing 8 moles EO, and 5 g/L. ethoxylated bisphenol A.
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tA<SHE!; |, t $109%& ()-! (t$10%& ()-!=$10988& ()-109%g& ()-y "10%& ()-y
"109%gR& ()-gt XM A?SHE! ; 1 £/ 10%& () - - 410%g8& () - s*
"109%gB& ()-y! ' n 10%gg& ()-y ! $10%] & ()-f! @ $10%& ()-fi4bCl ;!9
"109& ()-gl T10%& ()-f 10%& ()- 10g 10g 10g, s<10%g& ()-010%g& () - 4YxaBbC ;
I L"10%& ()-fLS
109%&' ()-10%& ()- 3" MBLO% ()-y!3" MBLOYE ()-y910%& ()- Tx(0aBbCl ;!-10%& ()-"
+109%&' ()-)f10%& ()-3' mLO%& ()- #10%& ()-!(33$10%& ()- 8bC :!yF
mL0% u& ()-f3 10% u& ()- 10 10 10Ss<10% ()- FOL0%& ()- & 10%& ()- J
G !"}[<bC ; Z10% u& () - ! #MBLO%PUPU&! Ie51090U9u& () - 2! MBLOYAUAUE () - Z
L10% u& () - " TREOpradedue dediribdd/in Bifiple! D i€fehOited) Sxdept dsthp) aSobdt b sferaded! 1) &$10%
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10@ar7888Y9: ghEgRicedutc described in Example 1 is repeated, cxcept using a plating bath preparcd

by combining 50 g/L tin as tin({l) methane sulfonatc, 260 g/L frce ethane sulfonic acid, 25 g/L

ethoxylated beta-naphthol containing 13 moles EO, and § g/L ethoxylatcd bisphenol A.
10

Example §
The procedure described in Example 1 is repeated, except using a plating bath prepared
by combining 50 g/L tin as tin(ll) phenyl sulfonate, 250 g/L. free methane sulfonic acid, 25 g/L
ethoxylated beta-naphthol containing 8 moles EO, and 5 g/L ethoxylated bisphenol A.

15
Example 6
The procedure desctibed in Example 1 is repeated, except using a plating bath prepared

by combining 50 g/L tin as tin(IT) pheny] sulfonate, 250 g/L free methane sulfonic acid, 25 g/I.
ethoxylated beta-naphthol containing 8 moles EO, and 5 g/L ethoxylated bisphenol A.

20

Example 7

The procedure described in Example 1 is repcated, except using a tin plating bath
preparcd by combining 50 g/L tin as tin(II) mcthane sulfonate, 160 g/L free methane sulfonic
acid, 25 g/I. ethoxylated beta-naphthol containing 13 molces EO, 5 g/L ethoxylated bisphenol A,
25  and 5 g/L of a carboxymethylatcd polyethyleneiminc.
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prepared by combining 45 g/L tin as tin(i) methanc sulfonate, 280 g/L. free methane sulfonic
acid, 25 g/l ethoxylated beta-naphthol containing 8 molcs 30, 5 g/L cthoxylated bisphenol A; §

5  g/Lof a carboxymethylated polyethylencimine; and § g/L thiourea.

Example 9
The procedure described in Example 1 is repeated, except using a tin plating bath

prepared by combining 50 g/L tin as tin(II) mcthane sulfonate, 160 g/L free methane sulfonic
10 acid, 25 g/L ethoxylated beta-naphthol containing 8 moles EO, 5 g/L. ethoxylated bisphenol A, 5
g/L of a carboxymethylated polycthyleneiminc, and | g/L, dihydroxybenzenc antioxidant.

Example 10
The procedure described in Example 1 is repeated, except using a tin plating bath
15  preparcd by combining 55 g/L tin as tin(Il) methanc sulfonate, 200 g/L. free methane sulfonic
acid, 25 g/L. ethoxylated beta-naphthol containing 8 moles EO, 5 g/L ethoxylated bisphenol A, 5
g/L of a carboxymcthylated polyethylengimine, and 1 g/L vanadium pentoxide.

LExample 11
20 The procedure described in Example 1 is repeated, cxcept using a tin plating bath

prepared by combining 45 g/L tin as tin(IT) methane sulfonate, 5 g/l bismuth (I1I) as bismuth
methane sulfonate, 160 g/L free methane sulfonic acid, 25 g/L cthoxylated beta-naphthol
containing 8 moles EQ, 5 g/L ethoxylated bisphenol A, 5 g/L of a carboxymethylated

polyethyleneimine, and 1 g/l vanadium sulfate.
25

Example 12

The procedurc described in Example 1 is repcated, except using a tin plating bath
prepared by combining 45 g/L tin as tin(II) methane sulfonate, 1 g/L Cu as copper (1I) methane
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Example 13
5 The procedure described in Example 1 is repeated, except using a tin plating bath

prepared by combining 45 g/L tin as tin(II) methanc sulfonate; 160 g/L free methane sulfonic
acid, 30 g/L polyalkoxylated butanol, and 0.05 g/I, of thodanine.

Example 14

10 The procedure described in Example 1 is repeated, except using a tin plating bath
prepared by combining 45 g/L tin as tin([f) methane sulfonate; 160 g/L free methane sulfonic
acid, 30 g/L polyalkoxylated butanol, and 3 g/L of sulfosalicylic acid.

Examples 15-28

15 The same procedures described above in Examples 1-14 are repeated, except a 0,25
micron nickel undetlayer is depositcd on the copper substrate prior to tin plating. The plating
bath contains 120 g/L of nickel sulfomate, 11 g/L of nickel chloride, and 45 g/L boric acid and
has a pH of 4.0. The bath temperature is 60° C and the average cathode current density is 3
AJdm?.

20

Examples 29-56

The procedures described in Examples 1-28 arc repeated, except two substrates for cach
are clectroplated at a temperature of 40°C and a current density of 20 A/dm? using pulsed currcnt
plating, with an on time of 10 ms and an off time of 40 ms (20% duty cycle) for one substrate

25  and an on time of 5 ms and an off time of 5 ms (50% duty cycle) for the other substrate.

It is expected that the X-ray diffraction data would show that the tin layer in cxamples
1-56 is substantially frce of crystal planes close together having an angle between them of 5° to
22°, 1t is further expected that the results from the SEM analysis would show that the samples
30 are substantially whisker free.
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LOT L1090 okl 09 STl o SRR o @R

$10%munmu&’ ()s@ Sy Vi (o100 Uz ( oriss e i oA (d)@léh$t'1“ot3}e ug () -
zodY7 1sofﬁidkzdsg_gm i uging theprocedures dcscnbed in Examples 1-14, No barrier layers or

5  undercoats are used.

The lead frames are analyzed for the presence of whiskers by scanning electror
microscopy (SEM) after plating. The remaining plated Icad frames from each set of samples are
stored under controlled conditions in a test chamber at 52° C and 98% relative humidity, One
sample from cach Example is removed from the test chamber at one month intervals and

10  analyzed by SEM for the prescnce of whiskers. It is expected that the results from the SEM
analyses would show that the tin layers are substantially whisker free.
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2. The method of claim 1, wherein the intensity of each crystal plane and equivalent
planes thercof forming an angle of 5° to 22° with an adjacent crystal planc or an equivalent plane
thercof is less than or equal to 10% of the summarized peak intensities of all observed peaks in

10 an X-ray diffraction spectrum.

3. The method of claim 2, wherein the intcnsity is less than or equal to 5% of the

summarized peak intensities of all observed peaks in an X-ray diffraction spectrum.

15 . 4. A tin or tin-alloy layer having reduced whisker formation, whetein the tin or tin-
alloy layer is substantially free of crystal plancs or equivalent planes thereof forming an angle of
57 to 22° with an adjacent crystal plane or an cquivalent plane thercof.

5, The tin or tin-alloy layer according to clain 4, wherein the intensity of cach
20  crystal plane and equivalent planes thereof forming an angle of 5° to 22° with an adjacent crystal
plane or an cquivalent plane thereof is less than or equal to 10% of the summarized peak

intensities of all observed peaks in an X-ray diffraction spcctrum.

6. The tin or tin-alloy layer according to claim 3, whercin the intensity is less than or
25  equal to 5% of the summarized peak intensities of all observed peaks in an X-ray diffraction

spectrum.

-19-



1029<10%& ()-!, "109%& ()-!("10%& ()-3"10%& ()-y, 3Z109%& ()- ]KzX9SH=
10T, L 109 ()- !, $10%& ()-g!4" 10%& ()-!9$10%& ()- @ 10%&' () -

| @09%xX& ()-Y-6HIESH= 10T!, L, , 10%& ()-L) $109%& ()-z@ y10%& ()- "4"10%& ()-s
#109& ()-109%& ()- HRWKYZxnbC 10T!, 10%& ()- 10 10

10L<109%& () - 3s109%& ()- 1" 10%& ()- @10% ()- _sdEnbC

10T! &$10% & ()-gl0%& ()-!10%& ()-- 10%& ()-f#10%& ()-3

G'10%&' ()-yZ dEmbC 107! 8$10% & () glO(%z&' ()-1 10(@& ()--He i ng 23]

10% & 3L<10% | 10%2&' "o c' "Head| ng c"

" Headi ﬁl)g 33]<7(1§ ﬁé(ﬁ%i’%mﬁ fY:“('g ""%’d’r“ﬁﬁ tig-of Eﬂ*ahﬂg‘amrnﬁh%péhe “’l—@'é‘&r ng 73]c"
" Igez'\a/ﬂ [) ngl@?pi}&r is"striwadhitially el of cfystaDpthaddlok edtivafai plRkes TR of Fo R REN 3EY_

. $PMh%

Wt 4x" K ﬁmﬁﬂummwmww plags,of angayiyalent lepethasepl{ | 1 ~6Ti nes New

RomanAri al Courier New'h Root Ent r yWor dDocunent T
I"#$9R' ()*+,-./0123456789:

<=>7(BBCDEF G JKLYNCRCRSTUNNNZE VLA - aedet gh idecnslly OF bR byl e ahd
equivalent planes thereof forming an angle of 5° to 22° with an adjacent crystal plane or an
equivalent plane thereof is less than or equal to 10% of the summarized peak intensities of all
observed peaks in an X-ray diffraction spectrum. ‘

10 9. The electronic device of claim 8, wherein the intensity is less than or equal to 5%
of the summarized peak intensitics of all obscrved peaks in an X-ray diffraction spectrum.
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