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ELECTRODEPCSI TS Background The present invention relates to a net h389/G#2006
plating s ' or depositing tin in 5 a manner to redygSyudisnbdze or

pr event tﬁﬁa\t??{?%ﬁfe’r grow h from such deposits. The use of a tﬂlj“JCﬁH gr tin

al | oy deposit has beconme increasingly inportant in fabricating electronic
circuits, electronic devices. a electr] nRect.OfSReS t he
benefits that su & N E(’J Uﬁ' 0 fr
deposits protect the conponents fromcorrosion, provide a chemcally
stabl e surface for soldering and 10 maintain good surface electrical
contact. ThBackgaswndmany patents that disclose howto apply tin or tin

al l oy deposits usjng a variety o l.ati ng, spl uti.ons . --Syeh -
deposits are typﬁ‘h%gqeﬁr%ﬁlw&ﬁ% e@%&p@&&g?(ggn;ﬁp&%g}g%gﬂlgﬁ{@ t%rmopgglpil%g.
Regar di &5 phahiie (f3RRSE rhinlinidt 6F Bitvek il AbiSr gidwih Srofieaichalepesitso for m
snoot h and evel deposits of tin on the substrate in order to nnimze
porosity. It is Zheuseddsitinayt alley deposithambacasrinriegsinglyisgorantdt ot i vel y

constant thickness in order t ) Ni_1Mi-Z '

ot her probl °?FH&GI%?§°8{?&“&5§S= :ar?c%&b‘gﬁeﬁ% olgtagllé%&gér%i g@g%t g%qegg&gggg?i t.
Wien pure tpéhekiss tHsadciRashosits fropidec Bot examplqpipeind tin aflopdeposits poyted tilkst r at e,
the resulting deposit suffers frominterdiffusion and_forpation of
copper-tin mmn’tﬁromWﬂq@nanlé@éi%ﬁ}%ﬁc%lmﬁ@lﬁﬁégﬁ%@réa CHREMG ttl e and

may inmpgjr the usefuln he 1l bl ence
A TR TR
dont ancous T o o o o v s gﬁmﬂ itk
proj ect i onsd@,@ﬁéﬁ%ﬁﬁ!@lcﬁﬂbfm‘iq‘f@?mﬁﬁk%@eﬁréawrﬁ CHPPIAEPE-st r aj ght or

curled or ‘bent ¥, BLESEUEOLHHE BrocU Glfb R R i AGRRHE DRIt ai e

very fine line defTnition req or modem<Tircuitry, 25 since these
whi skers calvéialepodintof tialoaahe subatrats wotder mrdinghize poiasy. Ibis alipedesuehlo i

I nsul ati on spaces hetween conductors.. The, nechanic f the.tin,whisker

pr obl erd%ar efou@a ¢aEng PW%E@%@W&?@?@W@&%M?@EM@%@ ett%mbg ow within

days of the I%BMSC %&tﬂ@mﬁ{%‘e,tc{i’ﬁ'ergﬁﬁ}lérﬂgm%t 1RVEBIdSE HEbRler toyA4iE ah Redepaibleer .
pRcula Bthe 111

There is s ion |1 rature that the whiskers grow from stress
30 concent r géposin. Wieapuresticis vasd arhids epplisddo edopper onagprer abey adsiasi the on

t echni , i trysi whi dendritic i is al
spocul at | onreewipe et itter doumir ere A APTiLS oF Prter PR ' °°
article "Si W]E?ﬂ%% - Bt BnRbulyi cak 86 Brifle ahidinayGadiairnas nsclind@ it shetin

bservati on, . Britton, Transactions of the Institute of
20  coated component, their presence also adversely affect subsequent soldering operations

LILJ artu L9

due to the generation of metal filaments known as tin whiskers which sometimes grow
spontaneously from these tin deposits. These whiskers are hair-like projections extending
from the surface and may be either straight or curled or bent. The presence of such
whiskers is undesirable due to the very fine line definition required for modern circuitry,

25  since these whiskers can form both electrical shorts and electrical bridges across
insulation spaces between conductors.

The mechanics of the tin whisker problem are not clearly understood. The
filaments can begin to grow within days of the application of the coating or even several
years thereafter. There is speculation in the literature that the whiskers grow from stress

30  concenfration sites, such as those created in many electrodeposition techniques, as tin
extrusions which are dendritic in nature, There is also speculation that temperature and
humidity affect whisker growth, The asticle "Simultancous Growth of Whiskers on Tin
Coatings: 20 Years of Observation," by S. C. Britton, Transactions of the Institute of
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-1 29/09/ 2006 WD 03/092911 PCT/US03/10541 Metal Finishing, Volunme 52
1974, pp. 95-102 discusses the tin whisker growth problem and of f 28/09/2006

several reggeg¥mngati ons for reducing the risk of whisker fifpddzapss One
approach for handling the tin whisker problem has been to specify short

storage tines for tin coated materials. However, this approach does not

ful 'y addr eddetal FinBhingC ¥ekiatd 32y 1874Qipg. QSI@OBDdi%HSMtheAﬁ@WﬁEkpﬁﬁ%ﬁ@ﬁ&bm
been to m | dlg strengthen the tin matrix to prevent extrusion of the
P

whi skers. TRECpHedeYad rspommendationsior seducing thawiduofowhigkes foniationi on of

sol ute copper in t ' I . .Seny hi r Rase, but at
prohi bitive per M&e@@ﬁ@é&@%&éﬁ%@zﬁé@ﬁﬁﬁ@ Sig?%&h%ﬁ%&%&fﬁﬁ@@gﬁ% 8}5’(’% iIs to
treat the sustorapdimds fohn sodisd mateeiahemli&%v&ptlﬁslimﬂoéch@oéé ot filly sepesiok -
ul trasongc agitatjon qof the plating solution and/or alternating the
o]

pol ari t y° of DFFRSSarly avqid theauobigm riiqdees pPPrgachdins bsetly mildyebrrgihenihedguce
the amount afaty g BGRdh: BREMALS MOWHAREL! Qfdr&aﬁﬁ&§3§éeﬂr BB odulfoung

plating netal. Alternatively, one or nore barrier

pal | adi um guod diffusionwdisoluts aippér, intartté tin piateplpee semad ks pupdsd It pt giokibditive
metal ion m'%rrfation frgm@?? S#Ebfsérate into the tin deposit, thus reducing
the stress BHIQHENGECHFLELOLImabpaducl. o gcesses are undesirabl e due to the

addi tional proc e%%oﬁk?ﬁ?pr&ﬁﬁl% fFeAthe sifble (ﬁsthéjé{ﬁ)ts%ogtetbg r@%ﬁg@g%e ol

precious netals when they are used. Furthernore, at l'ut1ons for
t he bar}Q er depopis Ulttasosiormgitatiesoftbaphtingsletior andidreiteinating thetpeldrity efihe Wi t h

the tin plat rqcess., Recent .publications have, i ndi cat hat tjin
deposi ted f %18#??‘?%? ﬁ'élf‘llég %&F%ﬁ?"@ b?fg? alggfﬂe‘?%gﬂa“‘?&?% WBW% %&é’&“’@ﬁ‘bﬂéﬁ"f@épper
al | oy subst spéciuded id b8 serictiifer Rk FIRAAY k@ ARGAEN LY, ons behlor@bimil fafer§O OF
slightly | ow conpressive stress but during deposit agi ng conpressive

stress i ncreHseglssughaspadladimy gold; siter;tickst,iand/or copger can e ised te prewentn

conmpounds. ekt FR Syt o She'Btld 7% o in SRR B i Biihe pEs S
deposi t15 an%)gbiat ThdreSproOERELES uMEesirbble Fhe GRS ﬁ@dﬁ%mﬂ ipfoc8s WepsSK@lired as

formation. I tional approaches for dealing with this problem have

general |y i Welbps/dup tg thedich kest of pracinus metplawlien they areasede Fuithermone, ithey

sol uti on. QM&ED Wi Ln-allovinp al s _incl udi ng _anti nony,
cobal t, coé’pler, %@%ﬁ?%ﬁh g[d%?%‘,' fab'gra%ngﬁ%'eﬁﬁg%gi%@%gel%é’ﬁlengﬁﬁgest ed to
reduce t he igtenfatdacofvithithe thlhplikieg prdcesst he resulting deposit. In order to
avoid 30 the hi cost of precious petals, the npst comon approach has

been to deposit HEFeR) Rublicatipns iave Edisated fant tipidierosifed Sipm wethirge sWimiadidl
Wi th the S Psolltfhs 8v& do%&ycoﬂﬁgldallto? sHB¥Sites in the as-plated condition generally

start ouf with no or slightly low compressive stress but during deposit aging corapressive

stress increases significantly. It is theorized that this increase in compressive stress is due
to the formation of copper-tin intermetallic compounds, due to diffusion of copper from
the base material into the tin deposit, and that this compressive stress generates tin

25  whisker formation.
Additional approaches for dealing with this problem have generally involved a
~whisker inhibiting addition to the tin coating solution. A number of different tin-alloying
metals including antimony, cobalt, copper, germanium, gold, lead and nickel have been
suggested to reduce the growth of tin whiskers in the resulting deposit. In order to avoid
-30  the high cost of precious metals, the most common approach has been to deposit an alloy

of tin and lead. This alloy is also compatible with the solders that are later used to make
electrical connections to wires or other electrical components. Unfortunately, lead and a
number of other alloying elements are undesirable due to their toxicity and related
environmental issues. | |
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el ectrical connections to wres or other electrical conponents.

Unfortunately, |lead and a nunber of other alloying elenents are 29/09/2006
undesi rablwodggedes9s t heir toxicity and related environment g&rus@Buess - 2

29/ 09/ 2006 WO 03/092911 PCT/ US03/ 10541 Thus, an effective solution to the
tin whisker problemstill remains, and one is provided herewth. Summary

of the Invention Thukhé EFREE EoluiERthOfin HiskbefobRuPstilBlelathsf #id dnedsici ng
tin whisker formation in a tin deposit by providing upon an underlying

netal a pl atevidedherewsbit that is essentially free of conpressive stress.
Preferably, the tin deposit either exhibits no conpressive stress or
exhibits a tensile stress. In addition, the tin deposit is preferably

provi ded i n Summ#rysifihe pvégivnat i on that is conpatible with that of the
underlying nmetal in order,to inhibit 10 tin whi ske_r&/growt,h in the deposit.
The undePl yi ng nekB#iPressRt Byvention relates ta g Bsthodifar wangingdp yyhiskepfgmaten Bip o

substrate. o d . : e B L S: ©ase,
U s pref er HRO Py PRyRing SpGORRRltcAling kARG B} LENORAY el {ssifiah)
essenti al | y fimmtoflcemptdssive sifest h Breferpler the tin depeitreithket exhibitsAlosomprépsivdeposi t
referably contains at |east 95%tin and optionally at |east one all oying
05 el ement  GHHERs arFapibi Efitln stsbp feaddgiony Tsdid drpaslt RECIFEOBPTVAE 1 Lo,
Advant ageousghyktal oﬁgﬁaﬁbﬂ‘ﬂﬂﬁﬁ%@ﬁﬁlﬂé %vimlrtﬁé‘c'di*% ﬂid(eﬂ?gg%&ﬂtiﬁ BRleftd MBiKht oM a

plating solution. The invention“also relates to a p ing solution that
i ncl udedOan tmovhisken gtowihdnkhte deposit. a crystal orienting surfactant. The acid

i f er abl | fonic.acid,  sul f.uri id_a hali i i d,
(1 ubborat o_or m AEwBGeTyEF iral S eteh Be & Fftrath ot Braclst deoPied Shun bt 20
sul foni ¢ aciAlo@fimsR iddl Mcappett £coppbi allof@n8ah thif cAR, RIPpBer fdrghent to

i nprove deposit appearance. The crystal "orienting surfactant preferably
conpri ses acEstal plientaigen efthe tin deppsiti csseptatiomaigherthainf the cappsr projoppet alloygs,

a total of 0,24, 111 rs, .and at | t,. O X n_.qr_pitrqgen atom
resent 1 n OSAEISREPHRRERSTy Son i oBlony S37in RAOEREA asLodd ARFERL e
sol ut i ons sokleleat 6F Givet, bieAARVePFertRFind ih Bn smbusiad 504 68Rss. Adwahfiipedisly) t O

14 25 ring nmenbers, and at | east one_nitrogen atom present in each of at

| east two rF}Htfyl.dePAFitE‘eqi‘ﬁﬁqumMWEfI%BPM@ﬁ%ﬁ%IWﬂ@MWC conpound can
b o ; . _
e a condensat| O'Th§ %ﬂ&@a@é rel%lgsq@.aﬁ%i%ltﬁ%gsoﬁﬁo ?hzf &rﬁﬁ&ge}%]‘én%@ﬁi} gﬁi%t ahfl®

nost pr eferred surtfactants are | S, Ia enan nes,
bl ock copol el ofientiighmditahe Theapkdtib preferafip @tshonie mbiddsutimic aefd, b helide

| nvention r ?olnaafc?ds, atﬂ%o%org?g ct}(igix];iﬁés tIilgI%gf(% ! 'lr"]l?e stoilur%iowa:rsl EI%B include an alkylol
20  sulfonic acid or solution soluble salt thereof in an amount sufficient to improve deposit
appearance. The crystal orienting surfactant preferably comprises a solution soluble
organic compound having 2 to 4 joined rings, a total of 6 to 24 ring members, and at least
one oXygen or nitrogen atom present in or atiached to at least one of the rings. More
preferably, the solution soluble organic compound has 2 to 3 fused rings, a total of 6 to 14
25  ring members, and at least one nitrogen atom present in each of at least two rings.
Alternatively, the solution soluble organic compound can be a condensation compound of
an alkylene oxide or block copolymer. The most preferred surfactants are biquinolines,
dialkyl phenanthrolines, block copolymers, or ethoxylated naphthols.
Another embodiment of the invention relates to a method for reducing tin whisker
30 {ormation in plated tin deposits, which comprises plating tin or tin alloy deposits onto an
-underlying metal from one of the solutions disclosed herein so that the deposits are
essentially free of compressive stress and have crystal orientations that are compatible

with the underlying metal in order to inhibit tin whisker growth.
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30 formation in plated tin deposits, which conprises plating tin or bi n
all oy deposits onto an wunderlying netal fromone of the solutions 29/09/2006
di scl osed J@ngpdrep0 that the deposits are essentially fregepiis@aggnessi ve
stress and have crystal orientations that are conpatible wth the
underlying netal in order to inhibit tin whisker gromh. -3 29/09/2006 WO
03/ 092911 PCT/ USOG&} hsddr ofbodnnaithdihinbafion®elbted to 4 ARtHod\W¥Manfictueingla@sS t O
a method of manufacturing an_ el ectronic _conponent which conprises plating
tin or tin #lgcpnigspowpnentPiueh eaeprises platng e prtin aley dpssituey on@pﬁ&e ont o
metal lic porti ' 0S| e
essentially S%)iruggﬁ%@g%éérzﬁgr}%gegl& béﬂogﬁ%tzélgg @ﬁ@ﬁ%é@%@gﬁe@ﬁ&g{ %?n%ogﬁ%gtnﬁ%al# iﬁgﬁét hat
i s 5 conpat idepesitéiateesbdiniallp fret b conpr@sdive gsy@idtave @ cp@tdl ofiestaiion thadier t o
inhibit tin whisker .growth. And yef another enbodi nent of fhe invention
rel ates Po &ompatiklg vwith thatnidhegpdediing megietin partions i rderigdnlibit fa sthiskepg from
pl ated conp s which conprises plating conponents with a tin or tin
al | oy deposi rom one of the solutions disclosed herein so 10 that the
deposits are essedutd vt hyotherembtotlimentpf tednwatioh relstss tncimbihod ofireducing
predeterm ned . crystal orientation th s, compatible with that. of the
CRViTERAA SORFBAHEn PSRN o Blles Comonerip Hich RSPINSE ARG ced

conponents i i i : .
to plate tNeoGAGRARORIE 2 Widh til dibh dBbdsBhidlBhe o488 SllrionsAfiscHibel heRRiIPAY &l | Y
harnful alloying element. 15 Detalled Description of the Preferred

Enbodi mdft s that diedtepositsiane gssoitidlydies of obmpiessive steass bwd baved proddtammngdhe

pl ati ng sol uti ons.of the resent.i.nventign. These incl ude trae.fo l aw ng:
L UOBORATE SO PERatoR thatte GOBBTRIE VR A U eTEoREs 1 adrs)s Lot Ay
plating 20 vidkef %B%,Qﬁui%ﬂméﬂ@%%é@ﬁgﬁatbﬂféd% el WHhGORPRloyaRst 1 ron.
See for exanple, U S. Pat. Nos. 5,431,805, 4,029,556 and 3,770,599. These
bat hs are peeitaing aeicpritonaaeptadlyihagmEp eleying elemeplor t ant and the fl uoborate
salts are very soluble. HALIDE SOLUTIONS: Tin plating baths with the nmain
el ectrolyte being a halide ion 25 (Br, C, F, 1) have been used for many

decadesi5 SePetaled Beadtiption oot PrEfRired Mathodnddd, 893 and 5, 538, 617. The
primary halide 1ons 1n these baths have been chloride and, fluorj de.
SULFATE SOLUTI ON&: Witlervasigly of basiaselutjenssee be ssadde dom thy phatigsglutiopnef the

sol utions o] | | on. See for exanple U S. Pat.
Nos. 4, 347%%9?11@#”?&??%lgﬁeﬁ%ég%%{egggﬁl,o > For exanple the steel industry
has been tin plating steel for many years from sulfuric acid/tin sulfate
bat hs where_phenol sulfonic acid is used as a speci al el,ectrol&/te )
FLUOBORATE SOLUTIONS: Tin fluoborate plating baths are widely used for plating
20  all types of metal substrates including both copper and iron. See for example, U.S. Pat.
Nos. 5,431,805, 4,029,556 and 3,770,599, These baths are preferred where plating speed

is important and the fluoborate salts are very soluble.

HALIDE SOLUTIONS: Tin plating baths with the main electrolyte being a halide ion
25  (Br, CL F, I) have been used for many decades. See for example, U.S. Pat. Nos. 5,628,893
and 5,538,617. The primary halide ions in these baths have been chloride and fluoride.

SULFATE SOLUTIONS: Tin and tin alloys are commercially plated from solutions with
sulfate as the primary anion. See for example U.S. Pat. Nos. 4,347,107, 4,331,518 and

30  3,616,306. For example the steel industry has been fin plating steel for many years from
sulfuric acid/tin sulfate baths where phenol sulfonic acid is used as a special electrolyte
additive which improves both the oxidative stability of the tin as well as increasing its
current density range. This process, known as the ferrostan process, is usable in the
present invention but is not preferred because of environmental problems with phenol
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additive which inproves both the oxidative stability of the tin as well as

I ncreasing its current density range. This process, known as the f PA&2406
process, iwoWsedle iN the present invention but is not prgfgasRdofgcause
of environnmental problenms with phenol -4 29/09/2006 WD 03/092911

PCT/ USO03/ 10541 derivatives. OQther sulfate baths based on sulfuric acid but
W t hout envidepinams a0iNer sUlTsle Shthd BhRd dd dikCacidbe: Witk Eh@tbnnedlfeN C ACI D
SCLUTIONS: In the | ast_ decade the commercial use of sulfonic acid "5 netal
pl ati ng bat HEdpgablepddiiyse aremspisitedr abl y because of a nunber of perfornmance
advantages. Tin has been electroplated fromsulfonic acid (See for exanple
U S. Pat. Nos. 6,132,348, 5, 4,701,244 and 4,459, 185. The cost of the

al kyl sul f orSULFONIC ACIDSGLUYEINS: Thithlastsdecidiate bhemprofl @iss 6fsisfohicaric
acid used has be n nethane sulfonjc acid (MSA) althou h the rior art

i ncl udesex dngitlddatie hathedias gioksaedennsiderahhiohecaugerod i angy

erfornance %%e

Eorr05| Vi ty,a hi g ggﬁflh%%%ny%c gia}egrﬂ&%g%ld&‘ %@ﬁ%e\% %JJ So;)laaa I've
stability off, 132,385 3| 4, %0 152l e 56X 85 ﬂ]hedegrod‘d&iﬁlkyltsylfoﬁbe&d 1§fdlaiivte1§hs can
be used al one  or ari o [es. of  ordin in the art
can best seft ?h’@ t\ﬂi’ﬁ fg’frﬁ‘?@ﬁ#‘@&a&&'&ﬁe Fla%lh?eam?tﬁ rsl-:’ﬁjf’ Xicul ar
plating apglih&ahiRédp ruﬁI éﬁ"inbluﬁ@stéﬂ [p"i’ésiiﬁlotﬂé? %I%ﬂéi sul 1&§n'ﬁﬁd

substi tuted ammoni um salts of one five ca on noI
sul f oni ¢0 acipedormanee béemtdgesiotihlkyl sulfprioveidtbaths mémdedowmomesxvity,tﬂlglse pl ating

sol utions. Esp a ref grre re sal h 0X eth 20, sul fonic
acid, and pit iﬁﬁ@f%ﬁ%ﬁ B#Wﬁtvﬁ%lgpoiﬁgﬁﬁﬁt&m qték‘{“ﬁﬁ and|cggl €€ These
salts genebmdbggaamﬁ@ase the pl ati ng range so that the soI utions can be

used at nmuch higher current densities. The solutions can also be run at
greater speeds. Further |rrprovements are seen in the quality of the

d its, | dt tability of th t. of
i h (s tin mot alpoRfoifenspdteifHt in pER bt Rt DR of ROGET il ing
may be varigd a@n/@hbeswyetéet tha RERL Sreéfdired acid' @ AtRBAkturd fdrQng ulbd Blting s Of

nmetal per liter of solution (gll), or up to the solubilify limt of the
particul ar gnpdication: in the particular solution. In one errbodi ment, the tin

Is present in th fr N anoth
enbodi ment, the I‘?ﬁlqﬂé&%ll’ esen'?ebé)a%’ttﬁet% Ry "TﬁI %#ﬁ%ﬁ'@’ﬁ?ﬁﬁe& e Bmaﬁ%ﬁﬁ?f 50
g/ 1. I n anobdesto m&aﬂjomm.tyt ahdh glkhndl stlﬁ'orﬂé aci@haviebeai foulia 4o improspRbout 20

g/l to about 40 30 g/I I n_anot her, enmbodi nent, the tin is present in an
anmount of a]l?ﬁ;fﬂm‘lggﬁeg.}ﬁ ese platingsplitions. Especially preferred are salts of 2-hydroxy ethyl

20  sulfonic acid, and particularly the sodium salt (sodium isethionate or "ISE"). These salts

_.

generally increase the plating range so that the solutions can be used at much higher
current densities. The solutions can also be run af greater speeds. Further improvements
are seen in the quality of the deposits, as well as in the oxidative stability of the tin.
The amount of tin (as tin metal) in the plating solutions of the present invention
25 may be varied over a wide range such as fI'OIﬁ about 1 to about 120 grams of metal per
liter of solution (g/I), or up to the solubility limit of the particular tin salt in the particular
solution. In one embodiment, the tin is present in the range from about 5 g/1 fo about 80
g/l. In another embodiment, the tin is present in the range from about 10 g/l to about 50
g/l. In another embodiment, the tin is present in an amount from about 20 g/l to about 40
30 g/l Inanother embodiment, the tin is present in an amount of about 30 g/l. In another
embodiment, the tin is present in an amount of about 20 g/l. Higher levels of tin may be
included in the plating solutions, but economics suggest, and solubility may dictate, that
the metal levels be maintained at lower levels. It shoulct be understood that the foregoing
quantities of tin in the plating solution are disclosed as metallic tin, but that the tin may be
_ 5.



enbodi nent, the tin is present in an anmount of about 20 g/l. H gher vel.s
of tin maybe included in the plating solutions, but econom cs sugg%éfog)ms

sol ubi | i t wwowyoskogt ate, that the netal |evels be maintai nad/atozhesyer
| evel s. It should be understood that the foregoing quantities of tin in

the plating solution are disclosed as netallic tin, but that the tin may be

-5 29/ 09/ 20@6dedB th3éNA M In HETH#ISOB1iA 0&fpoumds eSudhocdniiouaad why defudelfokhe
formof tin conpounds., Such compounds nmay include, for exanple, tin oxide,
tin salts, G&XaBpketn e dinsalts,or oBivperinels tinicampordsginchiding lognales aseiates,

hydr ochl ori &roeﬂqﬁﬁ%%ﬁd?@rih%&gé&gﬁdﬁ%%@taﬁ& "}ﬂ<et he I'i ke. Any one of a

nunber of altoying elenents can to %lﬂee solution. These are 5
primarily added iAmyameaifiaunmbstcialiohmy clessits daarbeaMdad totthe sallfiqy i Tigsehenent

is presept in the deposit. Preferred alloyin | ements include silver (up
to 3. 50 of Pﬁ@%@p@ﬁﬁ}l}aﬂ_w@%ﬁﬁd{@ﬁt ley m/é%?w%ﬂh%ﬁ@w@ﬁntws@m%p to
0. 7% of thegﬂﬁi@?&i& )Pr@feered allSyi lg'?le}&n%%clﬁ‘&fi :{1@@1‘ @?99%!5% of 'dltego her

al l oying el enents can be used, _Is generally n preferre se those
t hat may ha®Bésnath fip/lersh% offtheddposit), téppeetupi to 6il1%e nf theideposit) and Zimo fyp to 2%

dni 1Q i gul.arly | ead. i d i ety of. i fi t al
or 1 ant at i onoL AP Aabei St ofifins PleieR o4 be Sedh His it ot Rttt o

surfactant s t88seBhMhBNRveth ABvENEHRE 81 HREAGRIRAMIL o Ont@ibnd! QiR
or gani ¢ conpound or solution soluble derivatives thereof, whefein the

compount{ hagndpartculagoleadd rings, a total of 6 to 24 ring nenbers, and at
| east one oxygen ni,tragen.atommpresent. in ar attached tq.at. | east one
of the rings. Th‘lé‘;‘%gggﬂ?ty(?? T6t Attt Wnﬁﬁg?ﬁwﬁﬁv%%ﬁﬁ?ﬂs t hree
fused ri ngsprepumeieatidny OfNéuiablengriaigitieanalkPleaddride coRichSRionlonboaid 2 to

4 oxygen or nhitrogen atonms. Also, the aromatic _organic conpound nay
i ncl ude an o FAromalicergagie campowns erealution seluble degvatives Heprenfewhereinthe e

hydr oxyl gr t |l ' i Ngs
of 20" benzenbounh 21 Flotned s 810K 97 ARk Fr AR UBE el RER R Rt
styrenatsed qiddoden absm presedt il yt adtRUedIRy 4t Vadsi sSofitheriegl . THEY fivmater f act ant s,
such as those based on bl ock coga(ijllb mers_ having. a nol ecul ar wei ght between

about 1000 SQE¥poEBemay PEfesahbt ol Qeiigreehsedsings queterably jontainisg added to
apout 9 . . . ; . i
the i oper Seprreh 10 XaRRAS Aot bt 3 REs bRVARR of fftogkh poplkO iR dle LBRERY ©

ensur e exceairgant tompolindshayeinchide ae akgtmsieopd sitl eqpben aﬁmsﬁ? pes,iaaldloyie of t has
hat tLonj fact [ kedl ti [

Dt event | ng "HHE BagHaY] et SREPR: Megeormitin rens eATPOLGIEHIEIEESE o

noni onigg S WehaleAphtHIRMEVRnb) §uinbfi ¥Vt d18eROEHheAb] A, styrenated phenol, or an

alkylated derivatives thereof. Other surfactants, such as those based on block copolymers

having a molecular weight between about 1000 and 4000, can instead be used.
The surfactant(s) to be added to the plating bath in accordance with the invention
will not only improve the dispersibility of the components in the solution but will also
25  ensure excellently adhesive, dense and smooth deposits. Especially, it has also been
found that a cationic surfactant is markedly effective in preventing the dendrite growth in
the high cutrent region, whereas a nonionic surfactant improves the throwing power of
the plating solution in the low current region. Preferred nonionic surfactants are selected
from condensation products of ethylene oxide and/or propylene oxide with aryl ethers,
30  alkyl ethers, quinolines, phenanthrolines, alkyl quinolines, alkyl phenanthrolines, phenols,
_styrenated phenols, alkyl phenols, naphthols, and alkyl naphthols. A combination of
surfactants can be used depending on the current conditions to be adopted. For exampls,

the combined use of the two different surfactants makes possible plating under a wide

.



the plating solution in the low current region. Preferred nonionic
surfactants are selected from condensation products of ethylene 04 09/2006
and/ or pr eyhHee@@xi de with aryl ethers, 30 al kyl ethers, puitabhesas,
phenant hrol i nes, al kyl quinolines, alkyl phenanthrolines, phenols,

styrenat ed phenols, al kyl phenols, naphthols, and al kyl naphthols. A

conbi nat i onrafge of tiifkés condifoms Fenteringsiad ile@panidippdicatile td8ll platine fichidgied] t | ons
to be adopted. For exanple, the conbined use of the two different

surf act ant s IekiRg %‘6?@61 eack) thrqush-holry and highisaesd eontinpe plaing mefgydsa/ 092911
PCT/ US03/ 10541 r gqg ?“‘?.%‘8“ %Bmgglgfsﬁ ﬁahf ]ethgl%ﬂg& ALeER SN p&wgéai% %(b%'ﬁt four

applicable to all ni I'ng t barre
t hr ough- hol end &hdholksgifi-etyyéee oxitles mrdlma&rabl}ahetwgeﬁmk hﬂdjﬁafelﬂ_j’l-elght Ia;eltsedatcoxi de

ct Iyl ene o 1B SRS BTIOP S6IpOB s & e HRIPS U DYErEiogifes e @ BBt 0 5
formthe copgenaatiiiedarPay §9JH'§?
up to 50% ma;?be rﬁepl g?@d Wi Pﬂenropy g?%é%;lglil %&?sﬁd%hgﬁ g%(frt can

easily det epmf@rmdtanmunpoﬁlbmpylenb @xrdmhyrcrmhnptaspyg ene oxi de by rout| ne
testing. The npDs referrg urf.actants for us in co | 'an wi.t h

ST turce ac o colhE TGN Dbl SRtk pih capb iR Sa1 4 SbRE e g o lulon
preferred Cth‘;iﬁél@é cEHtAiRHISH inWrdb pRoviddtHE poferddd &yﬁaIVH”ﬂeﬁ{ﬁﬁbn haMin®he as

follows: 2,2'-biquinoline - a heterocycllc conmpouhd , 9-di net hyl -1, 10
phenant Ht o|‘im@/hlskargremhwweﬂlﬂbvcsowpound Jef f ox V\L1400 - a EQ PO copol ymer

havi ng a nol ecul EN, - a pol yoxyet hyl ene aryl ether
15 Ethoxyl ated g?a*ﬁ%%ﬁbﬂoﬁéﬁ C)_{L"‘gbr% More generic et hoxyl ated
aromatic ether czp-dinshybe, qu)ﬁehanﬁi:@mer%aér@@ydhb@oﬂ@a@mts are
poly-crystals. Fromthe crystal &gQ)owth perspective I nternal stress can be

generated if the-TB@TO%%MQ 2 FQ ponqmn@ém@gt@aohemW@ghv@MOas its 20
growh directio Iy rred orientations. During the
deposi tion pr ocgbsrgl%e'?ﬁie\l #&1?8%}%\%{)% Siic ﬁiagers are characterized as
epitaxii@ ; w th Ethexylated bela-daphthblwith @5 nidlé B@ating attenpting to match

t hat of the substrate. However, as |ayers build, the epitaxial behavior
may change Mgregesexi sthoxyaied aromaite e@%ﬁrpﬁbalé‘l’h%‘tl%} yte and additive
conposition. 25 In addition, during the deposition process, if the growh
direction of the tin coating I's conpletely random the growth rate should
be the sane in dklecttdpdated tin deposits are poly-crystals. From the crystal growth perspective,

internal stress can be generated if the crystal lattice of the deposited metal as well as its

20 growth direction do not follow certain preferred orientations. During the deposition
process, the first few atomic layers are characterized as epitaxial; with the crystal lattice
of the coating aftempting to match that of the substrate. However, as layers build, the
epitaxial behavior may change to a structure dictated by the electrolyte and additive
composition.

25 In addition, during the deposition process, if the growth direction of the tin
coating is completely random, the growth rate should be the same in all the .
crystallographic facets and directions. However, in practice, the growth directions of the
tin crystals are not completely random, and they usually exhibit one or more preferred
orientations. This means that the growth of the tin grains with the preferred orientations

30  are kinetically more favored (i.e., more stable) compared with other orientations. In other
words, other orientations eventually are replaced by the preferred crystal orientations
during the nucleation and crystal growth process. The present bath chemistries are

intended to produce tin coatings with strong preferred orientations.

-7-.



crystal |l ographic facets and directions. However, in practice, the gégm
directions of the tin crystals are not conpletely random and they ZQDG
exhi bit ongo@ssmie preferred orientations. This neans tha¢ttisgngsaw h of
the tin grains with the preferred orientations 30 are kinetically nore
favored (i.e., nore stable) conpared with other orientations. In other

words, other ori @is&inb@nshawidkeatowtinise piabmessh Witich fi@dtﬁxfeﬁflﬁl’dbﬁﬁ)r&@mt al
orientations dyring.the nucleation and crystal 1@gr owt h process, The Igr esent

bat h cheni stSHP¥dn hedin coptingg B@wiewery H dlep deposit prysighiatiingds osdely and desgrab

preferred org ' P&T/ S
known t hat (?gtli(hgltrl bg?%\s/vts?igsfggog %%%g%%r%o%. gﬁ?ﬁ?%f&g f %5&3&8@/ %gén%%kggstsi ve
stress in t equiten theaatisierge oFioamarfect grafns tahé lafiiqeokif¢ctcthyisesilt inalidlo@éonsof
orderly and desirable, there will_be |ess stress.to initiate,whjsker,

or ot h” Shed i G- fhpragfichaliraAr ARTR 8Pae CPEHLARGS ERpEriey iae depgpiton

i nper f ect  gnivRerafthe@idclscR &%Bf‘&%s%rﬂ)hﬁatvertﬁé ta]l6r 15t B &lthtRIASe0f S the

grains. In practice, there are always 'sone crysta ects generated during
deposi t i on; influsnes/deposi guawvitie Irethe prefontredéctnophting aolutignshtheerganic additives

el bt ropl ot PRYVEBPHPRE cfnir Grytire e hole sndedeicly, HeipR ="
certain crysiylal @fowth in BiheeditdcdBss, and concurrently, facilitate the
crystal growth in other directions. 10 It has been found experinentally

that whé® tin co&thaﬁggerpfﬂslgég:speci@mnéﬁﬂatbgtwdwgtiqmoeﬁ@fmsass 9@5@ strong .
the oot 11 367000 SR EenbB ACRIRES ool st Rh L Y BT

tin deposi usdérlied most ripekous@BEcératet MeskePtesf @Indiibne WheR tepaes withtanpl es of

such "beneficial " Freferred,crystal orientations include <220>, <200>,
<420> and ofierosis that de nefrqoptain theseqrefered eupntptiens: Bxamples o4 suhy banaficiel
deposits po i N ; ) ' " ref ef: s al
or et at  onep e ficefialhs huREs <Fie, CBDGL 0T und ot FEAGILAVELT,
"det ri neht abéenddeftifiedebhatcvhen il depodie posdesOftstaimetherdgpesbiFdetpintntaPl 1>, and
others. It is believeﬁ that .atin d%£03it whi ch contajns the "beneficjal"”

preferred cPyrired crytalogicatatignsthe gihiskex grpwhi Bropensityiisingsgensd. (EXgP&S afacks
h " d H " K . H H ; . |
o epen 1y TARCHATRIALE BRAEROH cthutbhallpht 25mp il IR BT |

propensity towar nversely, a tin deposit
t he "benefi ci al "Itjis bélievedthata tis tepositrvitdch edritainsthedbereficial Upefared mrystal

alternately a tin deposit ich containg the "detrinental’ preferred
cryst al oriy né*ﬂ"&ﬁég aftﬁﬁ”la%&h%% .dgpcﬁ}tﬁﬂg?l? EP]éb'gﬁgfl?WB r e—te?'fﬁg\ﬁms%a%er
growt h.ocA 1 §SERIoRY NENRkE Qwagir@,séna@y tﬂﬁ%%ﬁ!ﬂeﬁ%ﬁ%ﬂ EbiYsely, altl

whi skers confirnmed that the preferredtin I sker gr
deposit which lacks the “beneficial” preferred crystal orientations identified herein, or

alternately a tin deposit which contains the “detrimental” preferred crystal orientations,
will have a higher propensity toward tin whisker growth. A recent synchrotron radiation
micro-diffraction study of tin whiskers confirmed that the preferred tin whisker growth
25  direction is <100> and the tin deposit which produced these whiskers had a preferred
orientation of <321 >, (see W. J. Choi, T. Y. Lee, K. N. Tu, N. Tamura, R. S. Celestre, A.
A. MacDowell, Y. Y. Bong, L. Nguyen, and G. T. T. Sheng, "Structure and Kinetics of
Sn Whisker Growth on Pb-free Solder Finish", 52nd Electronic Component &
Technology Conference Proceedings (IEEE Catalog number 02CH3734-5), San Diego,
30 CA, 628-633 (2002).)
The organié additives of the present electroplating solutions preferably suppress
certain crystal growth directions, and conversely, facilitate crystal growth in other
directions, Although preferred crystal orientation may be a significant secondary factor

for explaining the tin whisker growth phenomenon, deposit siress is also a factor and
-8-



25 direction is <100> and the tin deposit which produced these whi sﬁ& E%o(l)
a preferred orientation of <321 > (see W J. Choi, T. Y. Lee, 6
N. Tanur aywdozmefael estre, A. A MacDowel |, Y. Y. Bong, chm,qmsﬂand G
T. T. Sheng, "Structure and Kinetics of Sri Wisker Gowmh on Pb-free

Sol der Finish", 52nd El ectroni c Conponent & Technol ogy Conference

Pr oceedi ngs 8881 to beGhéPrimeRs- 633
(2002).) Thlél% ﬁ@a%{iglg?@t%g%% t%kejgglrélehgg‘%lstlt%?gggro | ati ng sol ut&l%ﬁns
preferably drpipgdase fardintwhiskergysrthl The dindepetits praducesby hepressaveribe| v,

facilitate cr stal rowthi e rections.. A th h rystal
ori ent ati onP %tf@tﬁlef;ﬁe(?ﬁﬂry Jé%%:gfnc&g}pges,sg&sg?ss glrég%%%%% yﬁéc%g&ts e tin
whi sker gr 0%551@&1&@@1‘5%&?&1 $ssB/e 088 S Thésedepékits hiacheen fomell tobe much
29/ 09/ 2006 WO 03/092911 PCT/US03/ 10541 nore specifically, conpressive
stress if tles propetn genazate whiskers thea th@eﬁbatmmsepﬂrqrr%hsblt @mDyessiyeslESe for
tin whisker growth. .The ti nde 0si.t s e

fél‘s BTy gEg%‘i’.f? Te§31¥? %tpesg m?%é tééﬂ%tB ﬁﬁﬁat‘?c;n Bf‘

pr esent i nventio SSslve ess and

consi st ent | tRRFEARScANPdUROS hpRas!ts QSfierﬁahh@Vhlﬂd&ﬁfbrﬁlaﬁmphﬁmemé, ponetin These
deposits have been found to be much 5 | ess prone to generate, . ﬁrs t han

those that poisalleysdhateeripiy smallamausisefalloying elementsgengpily ¢
conpressi ve r;,&{afgé rtBich PhedeR B?Heﬁ \%ﬂlﬁ‘f ast s:txjﬂfe i ERMSZQ s@lition fHa@ééEﬁ:ﬁé lic

conpounds a‘f‘) BAT S 70 generate ormation. In general, pure tin
or tin g oysnvichitdnat additives. SuEk knewtondse dfor@hhgwkﬂbnéh@ar&ﬂh@%bﬁer ally
exhibit a <211> crystal orientation %n de 03| d. upor&hﬁgsﬁ%@str from
an MBA sol ufesignationis thead iorestal plang i Sto one

of ordinary %ﬁbﬁﬂﬂ- rfhnrtsﬂi%n Ebeénf}ﬁurfcﬁb e oﬂé@lﬁé‘[ Qﬁﬁ)ﬁé&?td 15igh Biddss @hd &ofd yst al

pl ane vmth]t’enu ersre errln |ces This particular
ori ent at i onwhith visker growth id facihmtem@arhhat reson,tﬂmjsmstatlonhmtghomsrn@ss and

f whi ch _whi wt h faci For, t t al
orientati Sndqsgr'as ¢ o et B QepoSis BEIEP L Rom ARG B PR IS RN o
m xed agq d/ gops gé%x%ﬁh%adlﬁ%scmhé BN db hdiehew et iifdréasadi ti ves of

the invention dlo not an increase in conpressive stress over tine, The
resul t s shogempressTedtresd ovee kiow. ithegesulis ahcmdmffﬁbltal hdow riveEe Bwatnlﬁfﬂ(f‘kr

tin deposit over a _brass substrate.. Furt [ c
behavi or of@%?%@%?@ﬁ%&é‘ﬁp?ﬁétqvﬁmmﬁﬁm& rH%s%lﬁu%xe” crys tc
orientati on,@fhvidher St SanBesh @ianﬂhing)th%ﬁieﬁtc@sw orientation of the

X-ray- di ffract I on (XRD)i bel ow. 20 XRD Conparison
deposits over copper alloy substrate by X-ray-diffraction (XRD) below:

20
XRD Comparison
Deposit Type Preferred crystal orientation
MSA Tin <211>
Mixed Acid/Non-MSA Tin <220>
Tin-lead 60-40 <220>, <200>
Tin-silver 97-3 <220>
Reflowed Tin <220>, <321>

As these results indicate, tin deposits produced from the MSA electrolyte and the
non-MSA electrolyte possess radically different preferred crystal orientations that
essentially matches that of the underlying substrate, i.e., <211> vs. <220> respectively,

25  which may help to explain their fandamentally different tin whisker growth behavior.
The tin deposits from the mixed acid/non-MSA prdcess with specific additives have a
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Deposit Type Preferred crystal orientation MSA Tin <211> M xed

Aci d/ Non- MSA Tin <220> Tin-|lead 60-40 <220>, <200> Tin-silver 97-29/08/g006
Ref | oned @ os560398, <321> As these results indicate, tin dep9siosgesai oduced
fromthe MSA electrolyte and the non-MSA el ectrol yte possess radically
different preferred crystal orientations that essentially matches that of
the underlypngs brref- i ; a%paréonvaby witknetrnch may
help to expF%lg}lg#}gg?irdgfﬁrﬁﬁgﬁgﬁpasﬁ%ﬁs?%i%%‘gﬁ%ﬁtﬁigﬁ whi sker growt h behavi or.
The tin depbasctnsetdls suchtdseoppered 2 soprit abey (vpa bpaselas yecllgstather kaewn; gon-

addi tives haye a. 5,9 29/.09/2006, 3/ 092911 . PCT/ 10541 consi stent
<220> prefel e‘&?gy#B?SltﬁrsPéh?quq'géﬁd\%ﬂ'%ﬁ’ef’tangﬁ%)ggﬁﬁig{‘ common with known
base netal s suchaggieRRRRvesAkatdns SRRE thatllePyefbeedorytibbaiontaipnwiltie msstot her
known "non- whi skering"” deposSits such as tin-lead, tin-sjl ver,ag%(ii rﬁf | owed

tin. Addti commoniywsed copper diny shevatesiathe electipnics dpdusty alsp daxe tion

of the nost 5 co J S copper i = : :
i ndustry al ﬁ%’s'ﬁqg?}%en%ga%ﬁ%é# eé?(gd ?Syggél{)g%l} aﬁiébﬁ? %ﬁ%geﬁ&gf@e?? 0>. 1 %ﬁﬁé‘f;tﬁlﬁs
ori ent at i ONyinfskiyigS 18 degekdibenn Bbpustts #at irepladd dr coppehorsioppémajloy subhstesed

for tin deposits_that are plated on copper or .c tEler al | oy, subat ates. In
the present speclﬁﬁhéatﬁsmf,sp@%ﬁc%t’@mﬁh‘ﬁé@%ﬁﬁﬁe&mlﬁp ﬁém’g%n‘é‘%/ egEtidlcential |y
mat ches" is wh:0 i . : ' Wl orhilv tlaad tol S
suf fici ent| 91%%%%55 égPéoeaC‘%%?‘h&aeBﬁ%g‘s’@e&{ﬁeﬁgﬁﬁ% %{?‘3 ué@?ar‘tgf gﬁgu_ch hat 1t he
degree pf Whaskfhé ngderlyingsupbstrits shodsthattthadegréesf whislehingpifledy.dsiless then yhat

ffect th f f th | t | at ed ., Al " tiall
freer of compibSEIEadREbsReL S RHAMEKE OEHEEIRIRP 2RISR <ABoNi b 1
so little G&%ﬁ.ﬁ? ¥E” St do a%?’%gs eés_rln&%% thaP #elelecRboplatd cl’&pbéltssel;tl?ﬂ[!)itféﬁp0Si ts

do not forma crent a tin whiskers to interfere with the
nor mal oper Hitle@dmptestile spas tlst, it s paftephtsdyyith sush deprsiis spmot Pefess no

conpressi ve stress and agtually exhihit a t ile stre

preferred cPyfSeint aé‘i“?“é‘ﬁ?é‘i“? 8’}1&&3‘?30 FEB"E © RS gﬁe 3?1'81_3? 8%‘?{? %%%mp%g?%ét of the
under| yj g ?f‘egéhm ,ﬂﬁ%vcf‘ego itshioSseb$ nd mpreViESstiRSSidalctually eahibitemensiad

| mprove perfornance ca e obtained by providing crystal orientatigns

that are asstedsesEhemogqueictibéd crystal otientastons aredhossrviieh areddentigal toyh# 9T st a

e ot T ndelyEne hilEL oW er, 8 iOhor vl bbb | BRSS! 7059 11
performance can be obtained by providing crystal orientations that are as close as possible

to the orientation of the underlying metal while at the same time minimizing or

20  eliminating compressive stress in the deposit.
In support of this finding, it is noted that the following prior art reference sources

teach that tin whiskers grow from grains whose crystal orientation is different from the
major orientation of the underlying grains:
WC Ellis, et al, “Growth and Perfection of Crystals”, Wiley & Sons, NY, NY
25 1958,p.102
BD Dunn, Buropean Space Research & Technology Centre, ESA STR-223, Sept.
1987
By correlation, the converse has been found to hold true, i.e., tin whiskers do not
grow from grains whose crystal orientation is essentially the same as or preferably is
30  identical to the major orientation of the underlying grains. Thus, by proper orientation of
~ the crystal structure, tin whisker growth and formation can be minimized, reduced or even
eliminated.
Another important factor in the production of tin deposits that exhibit reduced
whiskering or preferably no Whiskering at all, is the type of stress within the deposit. As
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In support of this finding, it is noted that the follow ng prior art
reference sources teach that tin whiskers grow from grai ns whose 029@%[2006
orientati qgpsoddbfif erent fromthe major orientation of thgppsirbishNg
grains: WC Ellis, et al, "Gowh and Perfection of Crystals", WIley & Sons,
NY, NY 25 1958, p. 102 BD Dunn, European Space Research & Technol ogy

Centre, ES AR, | 1836 198 hE10R 4 RPel RBPRRANIGE SRed3AS pbRIe,
found to hﬁﬁzﬁue,’}t@%ﬂ?id&gﬁﬁ %??ers go not grow ?:_fffjom grai ns V\EOSG

crystal ori sinésthe greates tlesanotrit af bympressieasimessia the dgnosit.ghe gropter theggnount

I dentical to_the nmmjor.orientation of e underlyin rajns.. Thus,. by

proper oriePt¥ 'S]B‘H’ﬂtgfwmt‘??@“% rﬁ?tﬂ?se?i s 81,15‘%5‘? %ef\ﬁ%it% 8 FSEHP%%%E%

formation Cﬁ;gbspﬁ‘o ISE'JS}bHac’ead FultGEHRE tdse BYSRits BXHimi BdmRile sf@h@hio bvigaideant

factor int production of tin deposits that exhibit reduced whiskering
or pref ef abbfwhiskestrigs Kfrdomgpeafor agrtain applichidonsy whiskering aadwe roguced #° 2 he

oy des: PolfPgaplonslgel et oo fobipistigs Wirl gtdd Dy B LR,

since the ggRALRI allBR 188D BNEorpreSsvENRESIN\ (B Sdposis Bari Be foleatdd.phembst t he _
greater the anmount of whiskering will occur. The present sol ytions enable

deposi ts wi tpplicatiansniweyst.iibis psefersedthainaromnresivestresshaRIpsIHEY SPURHES o
deposits exhi b('?t a {,e sHﬂ_?nstress and no evidence 5 of whiskering. O
course, for*CEASF 3’5‘5 i ons, whi skering can be reduced to a
sufficigntly | owrhemebntidiehinitnizde esredadesitintveliifl@r grosith lor fdrmation pe matghéngt i on
of the plated part, such that a | ow | evel of co(q%ressive stress&i:n t he

deposit canthsrysial erigutation pfthagiadepesiip theh pf e anderliips wietal; AsOLe Bt of er r ed

that no CompiGas) yensh ies DSl ERERe RS uRRHyRITheBGhTRNROhoH Sker i no

10 The inven mnimzes or r r growth or formation by
mat chi ng  t fibsiesty ot almetalideposit thatris phteddive ottierwite prwidedtupon Hiag substrattyeThe
underlying nmetal. As one of rdi nary skill reco ni ze, the

i,n the art I
under | yi ng Wepoztanigopsidaragion 9§ %Y%nonwggqqtg}%sﬁqsegspg\é\sgﬁegﬁ%qggﬁ that is
| at ed of I | | Hf?:%tr 3 n
(F:)onsi deﬁit i %Hné%%%o? ﬁ‘%‘%ﬁ%ﬁ?@gﬁ@?g‘aﬁ %ﬁﬁgt C @gﬁ?%%gﬁgtsﬂt g@gg‘%tﬁl thteﬂee crystal
15 ori ent at inohipdé metabdégositdapaside upon & kelisirefe, theerystel orietation athappdat it

contacts. Wer mul tiple al .deposits are nade .upon,a subsirate.. e
crystal ori ’é‘ﬁ?"iﬂ% i é‘f‘t ‘Fﬁ‘éﬂg{ﬁ%ﬁi b8 ﬁﬂ%sfé_ef “éf/l «,Ir%r F§an_flli’118’t “\Wpc‘f’?pgﬁgoﬁgé I%%lgei]
consi der ed. 44kt R5BRNRy ptdvidddl RRiof BPRE 1ah@ it tirPdepbsik SHould have a crystal
orientation that matches that of the nickel deposit.
20 The mixed acid/non-MSA chemistry combined with specific additives

consistently produces a preferred crystal orientation which is often identical to that of the

underlying substrate. It is believed that this phenomenon reduces compressive stress and
imparts tensile stress in the deposit, therefore eliminating a major driving force for tin
whisker growth, Of course, one of ordinary skill in the art, having this disclosure before
25  them, can conduct routine testing to determine the preferred solution chemistries and
specific additives that will provide the preferred crystal orientations of the deposit during

electroplating to avoid or minimize tin whiskering problems.
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deposit is routinely provided prior to tin, and the tin deposit shqg
a crystal orientation that nmatches that of the nickel deposit. 20 #é&)éﬁ\b%S

m xed aci df@asedydd chem stry conbi ned with specific additinesusasayistently
produces a preferred crystal orientation which is often identical to that
of the wunderlying substrate. It is believed that this phenonenon reduces
conpressive stress and inpartsTHMeAAMSress in the deposit, therefore
elimnating a major driving force for tin whisker growh. O course, one

of ordinary skill in the art, having this disclosure before 25 them can

conduct routye il §5iiddg.t 0 determne the preferred sol ution chem stries and
hp ?%1 éﬁ# g, . . ,

specific additives t atsvmll provide the preferred crystal orientations of

the deposit during electroplating to avoid or mnimze tin whiskering

probl ens, -11 29/ 09/ 2Q06 03/ 092911 PCTI USQ3/ 10541 THE CLAIMS Wat is
claimed 7s: 5 1. 'A rre?‘rﬁﬂth\f/’\gforrr WW%{(W@@FW‘BW‘?E@HWWBYOMWB
deposi t by BpaYhftufiitrlyHipOfetdls YRGS A i | ik sthigt s
essentially ?ree of f:onpregsi e st rtesgﬁgslg.ﬁa@hg ﬁ@{lﬁ%’?ﬁdf@f@?ﬁ}é&?&\éﬁ%«%& n
the tin deposit either exhibits no conpressive stress or exhibits a tensile

stress. 10 3. The method af claim erein the tin deposjt .is provided in
a crystal orienfatio ?H%F&quo@kﬁﬂﬁt‘%’,\%r 1L ‘?Wﬁ?@sﬁﬁl‘}ﬁﬁ%?”#&sﬂﬁt al in
order to i nbiplesdivestihis SKSIhibiaA¥dile skessd. The nethod of claim 3 wherein
the underlying netal conprises copper or a copper alloy and the crystal

orientalfon of the tin deposit essentially nmatches that of the copper or

copper alloy. 5.,The f ¢l ai wherein the underl yi netal.is
present as a 20?'subs?$é\¥h§g]&aoggiagng]e‘%%%ﬂlﬂ?f‘ptgh&%{)o\é':ﬁbsswg‘%ﬁg&ﬂ’é?° ’r?ﬁtél net hod
of claim 1 whitsion thitds b@rﬂfﬁﬂz_ﬂw&'{th tieQiHdeiise Metdl9A SideP R inhibit tiPWHisker
optionally at |east one alloying el enent of silver, bisnmuth, copper or zinc

in an anoudfe%#- 5% or less. 25 7. The method of claim| wherein the tin
deposit is provided during electroplating froma solution conprising an
acid, atin salt, and a crystal orienting

15 4. The method of claim 3 wherein the underlying metal comprises copper or

a copper alloy and the crystal orientation of the tin deposit essentially matches that of the
copper or copper alloy.

5. The method of claim 3 wherein the underlying metal is present as a

20  substrate or as a deposit upon a substrate.

6. The method of claim 1 wherein the tin deposit contains at least 95% tin
and optionally at least one alloying element of silver, bismuth, copper or zinc in an

amount of 5% or less.

25
7. The method of claim 1 wherein the tin deposit is provided during
electroplating from a solution comprising an acid, a tin salt, and a crystal orienting
surfactant.
30 8. The method of claim 7 wherein the acid is a sulfonic acid, sulfuric acid, a

| halide ion acid, a fluoborate or mixtures thereof.
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surfactant. 30 8. The nethod of claim7 wherein the acid is a sulfogi?

acid, sulfuric acid, a halide ion acid, a fluoborate or m xtures t &/@3f2006
-12 29/ 09hKRO0Q@%0929Q 03/ 092911 PCTI US03/ 10541 9. The net hod pér/okesiiossd
wherein the solution includes an al kylol sulfonic acid or solution soluble
salt thereof in an anount sufficient to inprove deposit appearance. 5 10.
The nmethod of cla&.m 7 Thenmehod bhelaied ¥ whtei® tHe@Blutiog indhided h alkiyldl @dlisis es a
sol ution sol uble or%anic conmpound having 2 to 4 joined rings, a total of 6
to 24 ring asshersoltionsgluble sali dqreqfria 2p apgunt wilidient toieproxg denositesent in or
attached tO@g e!r t one of the rings. 10 11. The nethod of claim 10,
wherein the Pt on sol ubl e organi ¢ conpound has 2 to 3 fused rings, a
total of 6 to 14 ring nmenbers, and at | east one nitrogen atom present in

each of at least two rings._ 12. The pethod of claim10, wherein the ,
sol uti on®sol ubl e ¥ ganthe® Of claims 7 wheresn the sREskl SiFwiR glanirogrrises 2

al kyl ene oxi G YHES : | 2l vﬂeé in the
crystal ori es‘rilitﬁllﬁfrel’g1 S?&?%F%ﬁ‘?bl S émdgnﬁgagr?gPFﬁéﬁggr@P%ﬁéﬁa% Getr?ant I(r?éol ine, a
bl ock copol ymenbergrandiat kehdtanyg loayged orafihdgenlatom gfesdnt in ér gitaahediy as ddasit onen
conprising an_acid, a tin salt, and a crystal orienting surfactant in an
amount suf f %R0 assist in providing a tin deposit on an underlying
nmetal, which deposit is essentially free of conpressive stress and has a

crystal orientation that is conpatible with that of the underlying netal
in ordedOto inhidilt tiThewhétbkdof daimnt® wherein the sdbybionisolublzmrgiic Jempawidut i on

of claim14,wherein the.tin depos;) j ther exhibit 0, CO essi ye stress
of exii bl t s I 2ans PriedTine o876 o, Bl b hembRtso et S hERD Apne
under | yi ng pRdseht ifi @AFH 6158 JeasORRAngs30 or a copper alloy, and the surfactant
is present in an anount that provides the tin deposit wth a crystal

orientation that essentially matches that of the copper or copper alloy.

17. The solution.gf clai 2] he under | yj [ t.e or

L7 ohe sol ution 19 chill-Tdfod Q3 WhcHiR Bl Yludn Thhle drSanlts SHRSSLALE
15 acondensation compound of an alkylene oxide or block copolymer.

13.  The method of claim 7, wherein the crystal orienting surfactant is a
biquinoline, a dialkyl phenanthroline, a block copolymer, or an ethoxylated naphthol.

20 14. A plating solution comprising an acid, a tin salt, and a crystal orienting
surfactant in an amount sufficient to assist in providing a tin deposit on an underlying
metal, which deposit is essentially free of compressive stress and has a crystal orientation
that is compatible with that of the underlying metal in order to inhibit tin whisker growth
in the deposit.

25

15.  The solution of claim 14 wherein the tin deposit either exhibits no

compressive stress or exhibits a tensile stress.

16.  The solution of claim 14 wherein the underlying metal comprises copper
30 ora copper alloy, and the surfactant is present in an amount that provides the tin deposit -

with a crystal orientation that essentially matches that of the copper or copper alloy.

17.  The solution of claim 14 wherein the underlying metal is a substrate or a

- deposit upon a substrate.
-13-



29/ 09/ 2006 WO 03/092911 PCT/ US03/10541 18. The solution of claim 1§
wherein the tin deposit contains at |east 95%tin and optionally & 9{@%1@1006
one al | oyiwg ogbeprnt of silver, bisnmuth, copper or zinc inp@ussnosmt of 5%
or less. 5 19. The solution of claim14 wherein the acid is a sulfonic

acid, sulfuric acid, a halide ion acid, a fluoborate or m xtures thereof.
20. The sol ution 18 clThesvlidiowof clainh U4 wWhefein theltindipodncanlidiyd gillexstiP3% ninc

acid or solution s?l uble salt _thereof in an ang*unt sufficient to inprove
deposit appdaf gRtienally@t epst opgaliayng elegienbef Livas, RismpthucepRar 9 £196 R Y st al
orienting s 0 ises a solution soluble organic conmpound havi ng

2 to 4 joi nﬁ@ﬁ%ﬁ)?%&é'al of 6 to 24 ring nenbers, and at |east one
oxygen or nitrogen atom present in or attached to at |east one of the

rings. 15 22. The_solution af claim?21l, wherein the sal.ution.soluhle.

or gani c gorrpoundelghas e uﬁ‘”f‘ﬂt@ﬂ“’?i‘%&’é‘,@m&l {gkd 1 p sgfonic 4od, sufungacides o
and at | eastyyRieioRiabido8 Alodr®or RiieERARhéraoeach of at |east two rings. 20
23. The solution of cfaim21, wherein solution soluble organic conpound is

a condensation conpound of an al kyl ene oxide or a bl ock copolynmer. 24. The
solution of claim,14 whereipn the.cr al.ord enti.n urfactant js .a_.

bi qui nol i ne, a dicd kyl hﬁﬁ@lﬁﬁﬂ’%ﬂf‘i}?ﬁ“ﬁéwi?l%%ﬁ&eré’é‘g}%ﬁ%%ﬂ%ﬁﬁ‘yi& UOUE AU ot e
napht hol . 28luBibn sdlubesiethefedf il SHMEMIT shffRishhtoSkiproveQldpBiit Hpehranée. pl at ed

tin deposit, which conprises plating a tin deposit onto an underlying
nmetal fE@mthe solution of claim14 so that the tin deposit is essentially

that s compatibPb w dhCenuRobet har Lh BRI e chERLp b RpRbe kgl
30 tin whi skeblugonwblabledridn: capeehld havdfy 2104 joRédadeh tathld 16 td24whgy ei n
the underlying netal is a substrate or a deposit upon a substrate and the

tin deposit MeEEDeEs, and aitlagst one SHEaR pHRitiogen alergaptenhin oF atiaghedie at lepsiongf t he
under | ying gRfilings 14 WO 03/ 092911 29/ 09/ 2006 PCT/ US03/ 10541

15

22.  The solution of claim 21, wherein the solution soluble organic compound
has 2 to 3 fused rings, a total of 6 to 14 ring members, and at least one nitrogen atom

present in each of at least two rings.

20 23.  The solution of claim 21, wherein solution soluble organic compound is a

condensation compound of an alkylene oxide or a block copolymer.

24.  The solution of claim 14 wherein the crystal orienting surfactant is a
biquinoline, a dialkyl phenanthroline, a block copeolymer, or an ethoxylated naphthol.
25
25. A method for reducing tin whisker formation in a plated tin deposit, which
comprises plating a tin deposit onto an underlying metal from the solution of claim 14 so
that the tin deposit is essentially free of compressive stress and has a predetermined
crystal orientation that is compatible with that of the underlying metal in order to inhibit
30  tin whisker growth in the deposit.

26.  The method of claim 25 wherein the underlying metal is a substrate or a
- deposit upon a substrate and the tin deposit has a crystal orientation that essentially

matches that of the underlying metal.
' -14-



27. A nmethod of manufacturing an el ectronic conmponent which conprises
plating a tin deposit fromthe solution of claim14 onto netalli /pg?tizcdﬁbs
of the el ecwpiodap2oironponent so. that the tin deposit is espetniusediodst /ee o?
conpressive stress and has a crystal orientation that is conpatible with
that of the underlying netallic portions in order 5 to inhibit tin:whisker.
growt h thereon. 287 A nknietdbdef meadfaciurigy anvlestronieringionemiiich behptides

resulting fro | at ed, conponents which conprises plating,the components
with a deposiRTafg?g 4 §ihdeposip fromfhe sqluijon ofstaimi 1diontp %ﬁmw&%wmﬁwmt he

sol ution of | : 3 || 0S4

essentially 19 @ﬂ%g%%&é@?ﬂﬁéﬁgﬂ%g?e%% r%se °g¥%¢§r$%§fe %irelk%ﬁfdgfalsgn t hat
is conpati blogystaltonientatidn thbi & bempaitipowiih timt ofthe naduilying hetallizigortions imbideker
growt h, thus itﬁl%.di.n%@e ne&&l o plate the conponents with a tin alloy
that cont i nd® LA PP ‘iielﬁ@mf ul alloying elenment. 29. A nethod
for reducing tin whisker formation in a tin deposit, which conprises

el ectroplating directly on an underlying netal conprising copper or a

copper alloy, a ti28. dépmsthbdbfwetiuding esvirntdenial ontantiaatin reultiieacinvdated r ess

or that is predonminant]y in a. predetermned crystal orientation,,
neasur abl € byopr%fg}l?wipﬂl 8@?1"6???1’% Componeaty yitiya deppstt of tigor adin allgy

under | yi ng ﬁ%ﬁhjnﬁﬂ% TN TN oY i | G i g1, deposit.
30. The nmethod of C a‘i?%@f?&f"/?%@%ﬂg&tsﬂg un e@%lﬁgoﬁem%;ﬂﬂé%?ﬁ@ngﬂ%’orti on of
a subst 1@t edefiositm arelessentiallyafrecoafivompesstivestebss el leis ystrystal otieatatian thanisof t he
deposit is <220>... 3 The thod of claim?29, wherein the deposit is pure
tin or cont a%pﬁbl?%’égltha@?)gﬁg F?@H?RF%PPS{%W t qnéﬁgfk%ﬁ@vﬁt&@‘w ng

el ement of  shyoigig th foH idpla P&, 5 Bfthiatin?A %or less. 32.
The met hod of cl afgm 29, V\c,{w]%?ei n gﬁﬁlﬁggmiang rrlg?[gm;dgﬁa ggosit upon a
subst rat e anenviiteameniallybposfut allyingdleneine crystal orientation as that of

the underlying netal deposit. 33. The nethod of claim29, wherein the tin

deposit is prquided durin electroplating froma solution conprising an
acid, atin s%t, érmctéo‘é:?%rﬁdacmsrtpbwwlﬁrg% gggs»@ms 34.

Gatige ighiin deposit, why

The net Y ' i S8 ' ' |furic acid,
N el T e cRoplady dikcitly ol R LAY B! conitisfhe e O G Bl i il O
cl ai'm 33]emasi thet is ¢skentislly Ge¢ ofcanmurbastiestress oathay Isgiredomlifimnlydnaci d - or

alt

sol ution | ubl e hereof in an’ u sufficient to i nprove deposit
appear arﬁ:%.ae@g’flm_ (éryﬁﬁt W& ncrpgﬁsmagg?by%—é@é 1ﬁé§cﬁgn,ép§,t§§%% Y Barhey
sur f act aAkt 6P &Sy metal in order to inhibit tin whisker growth in the tin deposit.

30.  The method of claim 29, wherein the underlying metal forms a portion of a

substrate of an electrical component and the crystal orientation of the deposit is <220>.

31.  The method of claim 29, wherein the deposit is pure tin or contains at least
95% tin and optionally at least one alloying element of silver, bismuth, copper or zinc in an

amount of 5% or less.

32.  The method of claim 29, wherein the underlying metal is a deposit upon a

substrate and the tin deposit has the samie crystal orientation as that of the underlying metal

deposit.

33.  The method of claim 29, wherein the tin deposit is provided during

electroplating from a solution comprising an acid, a tin salt, and a crystal orientihg_ surfactant.
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sol ution sol ubl e organi c conpound having 2 to 4 joined rings, a total of 6
to 24 ring nenbers, and at | east one oxygen or nitrogen aton1p5§§;6§ tﬂ)@é
attached to at |east one of the rings. 37. The nethod of claim erein

the crystal orienting surfactant conprises a qutlon sol ubl e organic

conpound havifag 2 a totgal 14 I menber s and
at | east one n?trolglgﬁé eé{lwgpﬁlélég%qu?mé% 8’3’%? SY %gliﬁl“ﬁg‘?‘{% The
met hod d:rbhdémmmciﬂiSaﬂubbcﬁreierbrhmttﬁésytﬁérédﬁ orienting surfact ant conprises a

bl ock’ copol yner or a solution soluble organic conpound that is a
condensation conpound of an al kyl ene oxi de. 39 The net hod of cl ai m 33,

phanant hr ol ne, - a o Qb aioPyRkes, SRR e ol Pien e ultafe S

met hod of selhtemsobihle wdtetheicof tnh mmt mfﬂaema@ﬁn@om JEPHSR apffearimby dr oxy
ethyl sulfonic acid or a salt thereof with sulfuric acid or an
al kyl sul fonic acid. 41. The method of claim29, wherein the tin deposit

o Cher X Dbk e SRIRNTSIAR 5L LAR e SIS e ARl Feob Ry o

stress is deternined by X-ray fraction

conpr es#i V%Of’sﬁoﬂléié@t)rgmm compormad hndngol tood jpined 2gs, Wefabbf6 td 18} figedet er mi ned
crystal g{nlbent atd|$ of the tin deposit is determned by X-ray diffraction
to confiTm R 'SEEUIGIXABER OTRITESRIAQI REeSet it preatiag |aj least om0l . - 16

the rings.

_ 37. The method of claim 33, wherein the crystal orienting surfactant comprises a
solution soluble organic compound having 2 to 3 fused rings, a total of 6 to 14 ring members,

and at least one nitrogen atom present in each of at least two rings.

38.  The method of claim 33, wherein the crystal orienting surfactant comprises a
block copolymer or a solution soluble organic compound that is a condensation compound of

an alkylene oxide.

39.  The method of claim 33, wherein the crystal orienting surfactant is a
biquinoline, a dialkyl phenanthroline, a block copolymer, or an ethoxylated naphthol.

40.  The method of claim 33, wherein the acid comprises a mixture of 2-hydroxy

ethyl sulfonic acid or a salt thereof with sulfuric acid or an alkylsulfonic acid.

41.  The method of claim 29, wherein the tin deposit either exhibits no
ccompressive stress or exhibits a tensile stress, and stress is determined by X-ray diffraction to

confirm that it is not a compressive siress.

42.  The method of claim 29, wherein the predetermmed crystal orientation of the

tin deposit is determined by X-ray diffraction to confirm that it essentially matches that of the
underlying metal.
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