PALLABIUM SURFACE COATI NGS SUI TABLE FOR W REBONDI NG AND

: RROCESS@%@%{}I@fﬁBLADI UM SURFACE; COATI NGS 1. Field of the
“ I'nvention The present: invention relates to palladium
surface coatings, and nore particul arly, to pall adi um surface coatings

Gsef ul i IPABLKBIUM SURFACE!COATINGS SUIFABSEFOR WIREFONDING AND on of
the Related ApROEESSFOR FORMINGPABLASIUMISORFACH EDRPRYGeS ar e

protective enclosures wt Ich are typically sealed an integrated
circuit (1C) unit and a leadframe. The I1C unit is attached to t he

| eadf r anfeFieldvof theddveéstion el ectrically interconnects the 1C unit to
circuitry |l ocated out side of the |IC package. 15 A | eadf rane
10 uBeful for integrated circuit packages is shown in FIG 1. The

20 The T ead THe rdefinflerBH hde s Shitiaian Apfack cPadtef nifinge mafRUlR " e
nount i Ngo palRdiukk surfite lcbatitipls Tus?flcl:l ilt} rﬂataﬁhgllﬁgc?wdm dévRegpunt-Rg—area15—

of | eadfranme 10. Exanpl es of integrated circuit

chips and hybrid integrated circuit nodules. Hybrid integr at@TTﬂﬁﬁﬁﬁEﬁeplm‘i '
nmodul es Ht wpi cal ly el 0 r more IC chips as well as oth H ﬂl‘
comoneﬁt?gﬂ%pu%o?ﬂﬁﬁﬁmgﬁfast Ic or ceramc carrier. u ‘ '

thejpC unit 30 is attached on the nmounting area 15 of the |eadfranme 10,
Wre bonds 35 are fornmed between the I1C unit 30 and the | ead nmenbers
20. The . wi r e Infegrated®ircuit (IC) paekages araproteatiyegaclosurpewitlinwihicha® wi th t he

s, Oty SSaied ol GG o6 OURlAT anq's gt thy 5 R afietie ™ "

t echni qdesleadffanid) Theleadframe electricall Gltércanifets the I tRit Edcitduithloeadgd t hrough
a capillary so an _end of the wre protrudes therefrom as shown

in FlIG og;q;de?q?’éhq;}{hp@kagqqe wire that protrudes fromthe capillary 55
7 8 i 45 B A PR R 1 e 1
formed, 1éddflafe107AC8dds@ Mburlting'dfdal 1574hd a pluralitPoflefDmembersi20 ThORa@f a
I"'eadf rane 75, as shown in FIG 2C. The ball 60 is bonded to
members 20 extend away from locations 25 adjacent to the mounting area 15. An IC unit
30 is attached on the mounting area 15 of leadframe 10. Examples of IC units include
integrated circuit chips and hybrid integrated circuit modules. Hybrid integrated circuit
20  modules typically include one or more IC chips as well as other electronic components
mounted on a plastic or ceramic carrier. |
After the IC unit 30 is attached on the mounting area 185 of the leadframe 10, wire
bonds 35 are formed betwee the IC unit 30 and the lead members 20. The wire bonds 35
electrically connect the IC unit 30 with the lead members 20. Wire bonds are typiéally
25 made of gold and aluminum wires. _
~ Some wire bonds are formed using thermosonic techniques. In thermosonic
techniques, a wire 50 is threaded through a capillary 55, so an end of the wire protrudes
“therefrom, as shown in FIG. 2A. The end of the wire that protrudes from the capillary 55
is then melted by an electrical spark, forming a ball 60 just below the tip of the capillary
30 585, as depicted in FIG. 2B. After the ball 60 is formed, it is bonded to an IC unit 70

mounted on a portion of a leadframe 75, as shown in FIG. 2C. The ball 60 is bonded to
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2 the ICunit 70 by applying a vertical |oad on the ball 60,
pressi ng I DSt surface of the ICunit 70 while
Inhiy BARER! 3415 !

sul traso ex0| Ing the wire. As the ball 60 is pressed agai nst the
ICunit 70 the ICunit is heated. After the ball 60 is attached to the IC

uni t 70, ht BE it 70 b3Qpplying a VeéttitAA MM bnARE ball 68 (Sesskip it agiinst eHeshiefacd ofoond) i s
formedtoth(la1 b?rg?reyl%s as depicted 5 in Flt%ﬂi 2D. The wedge bond 80

is also meaommtﬁg vdpbl t;ltraﬁgnv;a%cxdm@g theoeite. s the\balh6 isi psessed againshthet he wire

che | R it nedc upd i el ﬁfmg&%ﬁﬂc‘iﬂe R it SR B 3E Veqqe
bond is %Jﬁéﬂ aﬁ{i‘ﬁ edg%go%r 8¢ {cr t7o'én&ﬁ1s he@ieddo ¥ letdfrithé 752 depibead 80 is

formed, the“capi wire 50 so the vvedebond 80
covers amdFIGs QBnThsWambcmdélﬂ isg llsb rﬁummdrliyaapplymig 3 Wexticdl loadst&dm pertions, as

depicted in FIG_2E. on the Ieadfrarre urface interfere
with t heofheadredi0 iBronstavith thedead fram ‘Eﬁ; pressing{Lagainst @&P@?&?@f‘ wire

bonds do Hohd {formed the
Consequeltiyet 1 Uphe pRsOaR LIbaE WA AR e GRHORE Bomed the ol e

f or packpgdfigme 75 is heardeaftat the wedpe borid8kizdomial, ke dapiltaxy 8% breaksethe 15
Leadfranes are nade of a variety of materijals. Swt%gle Iea ane materials

are wnrgéo@mﬂmwmge hondi80 cemaﬁr@atfmﬂme#gﬂm on-¥fd %qe\ﬂ

machj hab r4;9Ssi on resi stance, ther rral expansi on
as vl &édﬁ’@??gsag%g §6’¥1‘P§[§ 34 wi rebondabi | ty. Al though sui t abl e
I eadf rane nmat @kidek n itkleadirangodudface thterfdre adihuie adiesionaxftwind bankds Sermedt er i al s

makes their use prohibitive for nost applications To reduce
manuf act therete; Fos sxamplaawire bandsrdonat stigk @ ?rﬂ-F&chfél‘?ﬁ‘gﬁmﬁs

copper a I e al | oy
Tone" “CopgRgly, sefiee ERTH 61 ff'ﬁ“*ehﬁ%?g Bt
vei ght  %rép@ed circuits and 3h@fid beiogide fféei ron, 0. 03 wei ght % phosphorous 0. 12
wei ght % zipc);, and alloy 7025 . @((96 2 wej ght % copper, 3..0 weight %
ni ck&¥, 0.65 ramesasg Madeef a vagiety g‘ffgaéli' °“Fl§\ﬁ@°1/er t he

formation v u &deb | ek heduces
t he sol déefl%?‘{ E)rﬁi? rﬁ&&%ﬁ% &R%g&'fg F EYK ég?arcglrrrlgglhrgg ir?? 105 uch

mat eri al gesistance, thermal expaﬁsibn(aﬁlvdeu asltlmﬁdlmrﬂﬁhtymid mfebonqiq;b&htyaAlthmlghper

all oys are coated with ni ckel . The n| kel , | ayer serves as

a barri epuitable ln@dffaénmﬂeoalsmle@pﬂﬁi apg palladiygn, the,cosi of thess matert t he
| eadf ranme akle_g)t‘ﬂgl\f%gepf%%ﬂe ﬁkﬁ%spﬁpﬁbms' n-air, and such oxides are

20 To reduce manufacturing costs, many leadframes are made of matenals such as
copper and copper alloys. Examples of suitable copper alloys include alloy 151
(99.9 weight % copper, 0.1 weight % zirconium); alloy 194 (97.5 weight % copper,
2.35 weight % iron, 0.03 weight % phosphorous, 0.12 weight % zinc); and alloy 7025
(96.2 weight % copper, 3.0 weight % nickel, 0.65 weight % silicon,

25  0.15 weight % magnesium). However, the formation of reactive copper products (e. g.,
copper oxides) reduces the solderablity and wirebondability of leadframes made from
such materials. .

Typically, leadframes made of copper and copper alloys are coated with a layer of

nickel. The nickel layer serves as a barrier to the formation of copper oxides on the

30 surface of the leadframe. However, nickel also oxidizes in ai.r, and such oxides are
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: 3 undesirable. Thus, a thin layer of a netal that does not oxidize

I.s formed over the nickel | ayer to prevent OXI de formation. Exanpl es
:of theseAbystRBleirdas 344 cal Iy referred to*as "nobl e netal s" include
gold and pal | adi um Ni ckel coatings formed on the |eadfranes

T ack WHEMSORD Sy pRPIRET T 3 ess that Apes it SRR IEToARGVE BERIRAEY 1O
about 83, g&% Fe%eﬁ:%x?&%hn&%mss \Aﬁﬁswms@maﬁdmswpiﬁ:am@wﬂm&&ﬁ a[serr] m f or

connecti o arger assenbl i es. en the nickel coatings crack, the |ayer
of nobl &‘nobleahetals mclude@Okbandap?ébdeECks exposi ng the underlying copper

| eadfrane to x en formn

Sumary of t g‘fé’ﬁ? @% h {he lea\ﬁframe%ﬁgn%F%%vgﬁp&ﬁllggeﬁ %’E”g%‘a. rect ed
to assurdang %s'ﬂh@a whbsdey I% %blé%eh EY 1exElembers of the Iedfrahe @e peiitfaor mance
for int egrat circuit pac ages. The surface finish which is 15 forned on

a’ subst r aigtesiofaboutd2 degreas tocatioun90 degreesawith oradiusrof abows 258tem farl | ayers. The

one or nore material |ayers are interposed between t strate and -
the pal | camngetiandg dargermssemblies.” Whem thedrickel Foajings frack éh%mrr&@ﬁfa? a\a s |ess

t han abo t 500, ( KHN
har dness&!‘F’ﬁg{l a.}sg cf%gge’{d%ﬂl% ?&%%@ngardjfsamefﬁgﬁ ?gé # nrggaéll}:: :
used in fopinfngtixidds@etedh.descri bes the indentability of a material under a
specified load. The 20 termKHN err] as used in this disclosure identifies
tShethoop harﬂness nunber of a nmateri al under a 50 gram | oad. :
urface §Linishes pal | adi um | ayers with hardnesses | ess than about
500 é“'(‘wgrhﬁchﬁghﬁg% ‘over a material layer or layers with hardnesses
| ess than about 250 (KHN[err]) are ductile. Such ductile |ayers

typically do not crack during | C package 25 asse reventi oxi des
from for ni ng Thepressnt inyenten islirested ima P'é‘f%cﬁé’éﬁl\"&‘liggp%"‘g es “SBE%’(Ggg it

D e oSS b BRSO s g s, The
Exanps esfopfned oh ladibsratd iasludes £ palhidiunh kiyer andodneche neoye preaterial layerspEhe ariel oy's,
and ni ckel or ni ckel all oys
or more material layers are interposed between the substrate and the palladium layer The
palladium layer has a hardness that is less than about 500 (KHNso) while at least one
material layer has a hardness that is less than about 250 (KHNso). The term hardness as
used in this disclosure describes the indentability of a material under a specified 16a_d. The
20  term KHNso as used in this disclosure identifies the Knoop hardness number of a material
under a 50 gram load.
Surface finishes mcludmg palladium layers with hardnesses less than about 500
(KHNso) formed over a material layer or layers with hardnesses less than about 250
(KHNi;so) are ductile. Such ductile layers typically do not crack during IC package
25  assembly, preventing oxides from forming thereon. Oxide formation is undesirable
because it prevents wirebonds from adhering to the surface finish.
' The substrate is made of a material useful for an integrated circuit package.
Examples of suitable substrate materials include copper or copper alloys, and nickel or
nickel alloys.
[ —
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4 The material |layer or layers interposed between the

substrat 1 he pa) l,adi um | ayey are fornmed using any suitable
‘met hod sﬁgisnglsas’le?aé'c?é (%gfati ng. An exanpl e-of a suitable materi al
| ayer includes nickel. The pall adium |l ayer is forned over the

naterial | ayefhdmated) i i

pal | adi um bath t hgt c@&%ﬁﬁéﬁgﬁgh{e@%&n}) %egé%ggpﬁygﬁ*gg@ldﬁ%ﬁadi um
The pal |lapérane fomnkd usingranysuiiablednethodisych asfelegtroplatiig. Q\si exaniple!df 8. 0.

Pal | adium.i s, pl ate . .over the material |layer using a current density
of abouts@amﬁagéaryﬁ‘“PB‘dS%B'ﬁ:kg-lSO Anps/ft[err], at a bath
tenperat ure ofhARMdli i &B{e ' this
agitated at a 'd&lél %@é‘ﬁa’? lta ogt&%gﬂ% s%liza?g%kg%ro%?&iggugg?&séég&jqo

The Jal | thelsubstratetin apalladimal Hath thatdéonddns abouas ghi/l toaabodt 20ngrha of palfadiunh.or
controll] t he. hardness OLP;I)_IaI | adi um | ayers plated therefrom

Addi t i vethe Rallagiuny bath isgRgiptined g a pH of abguy 7.9 40 abaut 810k Palladiemdsplatedc| ude

many sul el qani . 2 f di t i yes
Lot ui " e kel I: 0G0 chnERIOURF G sl CTRURY tq sbodl 15 MY Y5
aci d at a bathotemipenature babdut 25 PC emabout 85 °C. The palladiliaebathlid i’@iawﬂll drayer
preferag%?g a t{]' ckness greater than about 0.075 [err]m

Pal | adi opt, gestoabgpb OsmSetan about 0. 075 [err] m prevent oxides
f ronpgf or m ng : l%i‘ﬁ{ I [yl S. . O her
obj g?t s .and fggétptﬂlg%lmc#%g préaisl hé@?dr%tgﬁta?@hwéﬁﬁﬁ lg(l:l%erir:%l %’56%’%‘&%“‘% romthe
f ol | owi rthe Hatiaéss of palbxitur yersplated sHetefrorn. Addit 0dyj usefil Frtonirbilinghe
acconpag}/aigg% 20 ram ngs. It is to be understood, however, that the

dr awi ng uplayey % 1a¢lpde grany sulfur-containiag ergspicicompsunds. Esamples do not

sorve L rbified G834 ling Ay SRR e MeepesrnbeP e 1°

FI G 1 sndwllybpheapldulfene t ypically used for packaging integrated circuit
devi ces; « 2A deFi cts a El(p)rtion of a thernosonic w rebonder

. . FIG )
wherl@i n an enthegrlladifgmylayer preferaplyhas adbickness greater than|abauy0.075 pm.
FIG 2B4llustrates, .now t he protyudi,n of the wire is transforned into
a ball; ﬁg{l}a&um layer%hlp%reéses agﬁ’fc}&%“ ?tf?g‘t 8@9%&[’? PRSVERt ox1dss fromyfosming oy | C
Unit:  the underlying material layers.

Other objects and features of the present invention will become apparent from the
following detailed description considered in conjunction with the accompanying
20  drawings. It is to be understood, however, that the drawings are designed solely for
purposes of illustration and do not serve to limit the invention, for which reference should
be made to the appended claims.

Brief Description of the Drawings

25
FIG. 1 shows a leadframe typically used for packaging integrated circuit devices;
FIG. 2A depicts a portion of a thermosonic wirebonder wherein an end of a wire
protrudes from a capillary;
FIG. 2B illustrates how the protruding end of the wire is transformed into a ball;

30 FIG. 2C shows the formation of a ball bond on an IC unit;
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5 FIG 2D shows the formation of a wedge bond on a | eadfrane;
FIG 2E illustrates a top view of the ball bond and the wedge bond;

‘FI G 3 #hyssBlairFans¥-t3cii onal view of a 'substrate having a pal | adi um | ayer
of the present invention formed thereon; 5 FIG 4 shows a

pt ot of the hardpess of electropl ated ai?l a‘giu | gyers as a function

of the conce ga?ﬁé#ﬂ““&r@%ﬂﬂ"?‘ﬂ?@"{#? PRGAR Ay éﬂﬁnﬁjne) in the palladium
plating bathigg, 2Eill|ﬁﬁgtesat?p view of the bdl(bond 2l MEwedge'wng; Sectional view of
a w rebond undergoing a pull-test. 10

Det ai | ed scription

The present iFIGeBshows a cross-seetional view of & subistrate having atpalladiuvm Ipyesof thes

| mpr oved . W rebondi ng performance for integrated circuit packages. The
sur f ace Dresgninveptionformed thereon o pg on a substrate includes a pal | adi um

| ayeg and on ' ' ; Rkt | ayers
ar o Pt or pooddChATHaEs FPREOt B naREL cliefipRR d Falladidh IEREFad T A4

pal | adi whthegoncerdteation ofian ddditee (aligt phenyl suifone)ianheaprailadivnOplatingdithy r]1) whil e
at | east aqne material |ayer has a hardness that is |ess than about
250 (KH¥drr]). Surface finishes including palladiumlayers
wi t h hardnes : ; er a materi al
| ayer or | ayzir%?' %@Fﬁw%g?ﬁﬁgé’%généggzw '? E%‘gll&%ﬁg&%} iﬁ 4 K&tl\lé[ggrr]) are
ductile. Such ductile layers typically do not crack during |IC package

assenbl reventi ng oxides fromform ng thereon. Oxi des on the surface
Y piledD g g

fi nildh _ rabl e because they prevent w rebonds from adhering
to the palladiumlayer. ' FIG 3 shows a cross-sectional view of
a substrate 100 useful in integrated circuit packages. Substrate 100

has an | C noUltie preseat inveritich isvidirected fl aisurface finish vehighepravides goprogéd  nenbers
120 extendi ng away froml gcati ons adjacent to e mgunting area.110. An IC
uni t 125”?'@09&9{“&&%@8@610%%1‘%’3&‘ %%WE?W?'%SH%E‘?%@% Wh‘?gds bet ween

the 1C g’a{'vr\%ﬂ]mr asu a'ﬁtﬁﬂcclig%é%ea ﬂaﬁﬁ&ﬁuﬂ?ﬁ?&rﬁ%&ég offofd MiteRihl My&9MMRGnet he 1 C

unit. 12 eadr r ane strate 100 is nmade of a

mat ei5i al orusert whatérinl layersi ané erposed betweenithe pubsteatg and the palladivsripyessThgf

suitabl e substrate materials | ngl ude copper r | oys, and ni ckel or
30 ni dabiadigm l@yg_has a%ardness aths ess than% ut 58[) (ﬁ%‘?\Pss) wl%&e atBieast one

material layer has a hardness that is less than about 250 (KHNso).
Surface finishes including palladium layers with hardnesses less than about 500
(KHN5) formed over a material layer or layers with hardnesses less than about 250
20 (KHNso) are ductile. Such ductile layers typically do not crack during IC package
assembly, preventing oxides from forming thereon. Oxides on the surface finish are
undesirable because they prevent wirebonds from adhering to the palladium layer.
FIG. 3 shows a cross-sectional view of a substrate 100 useful in integrated circuit
packages. Substrate 100 has an IC mounting area 110 with a plurality of separate lead
25 members 120 extending away from locations adjacent to the mounting area 110. AnIC
unit 125 is attached to mounting area 110. Wire bonds 135 formed between the IC unit
125 and the lead members 120 electrically connect the IC unit 125 with leadframe 100.
Substrate 100 is made of a material useful for an integrated circuit package.
Examples of suitable substrate materials include copper or copper alloys, and nickel or

30 nickel alloys.
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6 As shown in FIG 3, the material |ayer 155 or |ayers

i.nt erposed between with the substrate 100 and the palladiumlayer 150
-are for deystBlaisdaandA-4d t abl e method $uch as el ectropl ati ng.

For exarrpl e, a nickel layer with a hardness | ess than about 250 (KHNerr])

[ | ect ted t Ni k I Tech, MLS bath
cont oi ni g attmownin G 8 Ve ieelsl G 185 Riely i ierpased pooat withabe bt
IS mai ntabtese 860 srdke 9511@&1%11?& 950 fre formed @aftiinyZuRabldlfedfld sush B at ed on

the substrate using a current density of about 0 Arrps/ft[err] to
about Smhecmwpbnﬂg[err] at a bath tenperature of about 50 [err]C to about 65

C It f the bath I tat d of
bbout 10 o S5 SRamBBoh kY st PafgnesRgags IHhB EROYLSOAKERSD Bt hs ar e
com*rgr Ci dctibpBYRd Anatﬁé guﬁsﬁﬁfé‘ﬁdiﬁ‘ﬁrﬂlké_ ?Emﬂﬁ.c.@ﬁlel?el IbBth- containing abdttr ay Hill

A palladium |l ayer 150 wth a hardness Ieéss than about
500 ( KHN[O8rgny/] ta aboiml?fﬁagtnﬂ mickel. The nivkebbath ésamaintaimedrap b @H efl aboaty20 td 55. The

al ectr o g Niokelsh BT ine e e o a st v et B e 5 gt
to 15 apgit 3(ﬁpA,ng§/h2 %gﬁhlté.g%éggﬂéaﬁ}?ggagjﬂwbg@&q ﬁgl ntained at a pH

of about 7.0 t ut 8 rumis plated on t at | east one
mat er i aIadIva;tegeousnfrtbe bath s agitatedc a speed affabout 10 cmfscnm aboutni®d/cnt/eex r] to

abo at, a bath tenper at out C to about
65° . - elTech Miliiicket siins e Somipere Plh'fﬁ%ﬁ?ﬁaf? Sty et IREE ig-s pocd of
about 1 A8, 0. about 100 cnisec. Pal | adiumin the
aqueous bath 1s a sol ubl e species suitable for use in an

el ectropl at i n4 ppllatiendayePd5@ withladrakrdness lessithan aboys 300 KHIN3)de figrined onon

conpound I ncl udj a {ra-amne saltfs such as

Pd( NH3) 5 pideast oa?.amtqﬁ'ép e L# ﬁhﬁpﬂf_fdmm layeblfscfms%ﬁa mahal yeRer wel | as
other st r@bﬁ‘&b &Sutitthledh § Dal1éditm Akt @dScon guns atidal 5 gt conpl exes
in which. corrp XI ng agent 1s an-organi c compound such as~an 25 am ne

( sed5f orabent2tpgma/] of pallddaim. T palladiiin AR isvnainkaines dt apdbef dboov?.pao at ed by
r-ef erenc ef u) ur o] al l adiym are pal |l adi.um co ex

vl ox oo Dy Pattadiin i pied P%ﬁwelﬁ&fqﬁmr@w S BSoB S PRRNETSBUE or gani o
COWPOU Nd$os ngfslf?rtg ?961& 150 Am%s‘mq fo b%ﬁ SEDol29°C to about

-[err]- h brs-[cis-diamhe pa ?Aldf)afg) O her

corrpouncﬁ§ ot&Im‘lslhd\busltageeumfthc;ﬂilungabaklax,*.lagltmiadlat 4 speed ofidlong 10 &@nifsecne| ude 30
PdC [err g}nﬁhe correspondi ng brom de and iodide, as well as PdS(err],
and Pd( /54| | de

20 Palladium in the aqueous bath is a soluble species suitable for use in an

electroplating process. Particularly useful are palladium complex ion compounds
including palladium tetra-arrﬁne salts such as Pd(NH3)4Cl; and the corresponding -
bromides and iodides as well as other stable anions such as sulfates, and various
palladium complexes in which the complexing agent is an organic compound such as an
25  amine (see for example U.S. Pat. No. 4,911,799 which is hereby incorporated by
reference). Also useful as a source of palladium are palladium complex hydroxides such
as palladium hydroxide complexed with various organic compounds such as organic
amines and polyamines (e.g. di-u-hydroxo-bis-[cis-diamine palladium (ID]).
Other compounds useful as a source of palladium for the aqueous bath include
30  PdCI; and the corresponding bromide and iodide, as well as PdSO,, and Pd(NOs),. Halide
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.7 pal | adium salts, including palladiumhalide conplex salts
(particularly chlorides) are preferred as are sulfate palladiumsalts
‘because AbySBaR-Fid 84a08l hi gh solubiliqy. Also, ammonia is preferred
as the corrpl exing agent (palladiumamne salts) because of cost,
availability, solubility and ease of renoving the ammonia fromthe bath. 5
The pal | palladiundsdlts, imoludingspaligdiunchalide somplexcdits (paﬁiomurlyhhkmbs)drs t he

har dness of pal | adi um | ayers pI at ed theref rg i tives, which

control PW@W%H&%“@F R?HP#‘&H%%‘#F ccause pisfahility and high ‘S’M‘ af\1s9di um bat hs
i ncl ude fa i§ ?ﬂsz&{&i J&Qhé)&&?ﬂhglgngg eFad: amne%Hlté)}QE@s@é@Eﬁ%&,es are

0- benzal de esu onic acld on| Cc aci

napht hal muﬂlilplsomﬂny and émsa o removingthe ammahia fram-the Bathi s(benzene) sul finic
aci d, p 10 toluene sulfinic acid, and 3-trifl uororret hyl tgenzene sulfinic

aci d.5 Addi t i ofB¢ Paitadium ath optionally ipglpdesangdditive yhich fontipls e dardgess ol 2 oi ¢
sul f am dﬁsuﬁh nya|y§}é 120 IheRis 101§ which u%i‘ﬂiéglédi}e&o&yﬂau%ﬁ{nam de,

3- (pheny ropl onam de, benzene LT onam

bi s( phenjdyers Iplaiey fromrpatlbdiom b@mﬂclddmmlﬁﬂrcbm&ﬁ@ organit 2gmpountsne and
nicotinic acid. fph of FIG 4 plots the hardness of
9

el ect r opPuitable eramples ﬁiﬁpf'&?@@efﬂgﬂ%ﬂ Bic acida d tnaphthalene spdfanigacidi2-ati on of an

additive I ath. The
gr aph of ﬁi‘@a’f%e?*lf 4 geg?%)eflhﬁp Qg}dg§+}a%g€iﬁi9@9+ﬁhéﬁgl nelac aecrl%’ formed from
pal | pali Utﬁllidnafsulf@ld)ﬁidl&ndG%ﬂumdmtﬂ)&bsniehasulﬁBMKD Akidgtdnhl additivesphenyl
sul f one have har dnesses rangi n& fromabout 180 (KHN[err]) to about

460 ( KHNnshydppllyl phenyl sulfone, o-hepgois shitamidenbenzylsplfonyd prapignamidess a t hi ckness

greater y , ris
opt i onal H{/@%} g@@ov@%ﬂ%& 3&?‘1“;{@? ﬁﬁ*‘g@k.&?@%%“% Sifon a%h | ayer
pr ef er abbig (pieemyBulfbhylkmethane)fguakidinie carbofiste] sulfafwanidinebnd micOtifid acifler r ] m
The wirebondapility of the palladiumsurface finish is evaluated by

per f or m ng . The gigphpof F@t%?‘@ﬁ%h@'ﬁ%@”’&?%a@ﬂéﬂwmw%ﬂn in FIG
5 E I 210
whi ¢ ar e @ﬁ?@ngf;th F gSJé&é gﬁﬁl@g{’ﬂ% Tigl ney re %ilga phﬁ@q @?lf(?&s "g{shg et vveg’hp Te

pal | adi uBathHMiﬂgrﬁﬂOoﬁm axﬂmdsahzﬁ ebkztroplated palladiem lhmforﬂn’é& from Duri ng

t he puII-test a force is applled to the wirebond, by pulling on the wre
240 wi t hpgladium plaing bpths sontaiming lessihan ghaus 0ilem/h allyl pheryl gpiione have wire 240

breaks o, hés@@srraﬁé élﬁg)ggmdut ;g(? Kl'mfo%t&% %@@gd%ﬂ?‘i 210 lifts away from

t he pall a um sur e W rebon shoul d break al ong
the | ength of Thépaltidien 2ayer | maﬂylh@s‘atmémssggrméﬁoms pen.pal | adi um 30

surface 200 under either the ball bond 220 or the wedge bond 210.
8 20 Additionally, a gold flash layer is optionally plated over the palladium layer. The gold

flash layer preferably has a thickness of about 0.005 pm to about 0.075 um.
The wirebondability of the palladium surface finish is evaluated by performing
pull-tests on wirebonds formed thereto, as shown in FIG. 5. Each wirebond includes both
a ball bond 220 and a wedge bond 210 which are formed to a palladium layer 200.
25 Interposed between the palladium layer 200 and a substrate 250 is a nickel layer 255.
During the pull-test a force is applied to the wirebond, by pulling on the wire 240 with a
steel hook 230. The force is increased until the wire 240 breaks or either of the ball 220
and wedge bond 210 lifts away from the palladium surface 200. Ideally, the wirebond
should break along the length of the wire 240 instead of lifting away from the Ipalladium
30  surface 200 under either the ball bond 220 or the wedge bond 210. '
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A wirebondabl e surface is typically determ ned based on the nunber of bond
failures resulting from nonadhesion of either the ball bonds or the wedge
:bonds onAbe-Blair-Fan 34t1-3di um surface. &or some applications, one bond
failure identifies a palladium surface finish as a poor w rebonding
surface. 5 . ddi t.i onal | sane indystry standards require that
the wirebond f Vifeiendablg surface is Wﬁ%ﬁf‘ﬁﬂr"“c#i’r‘iﬁ@"# IR %qu’gngone

i ndustry fa‘iftﬁﬁq@éﬂﬁ’né 26! HofadH28ion \¥f ERRQ RS bAIRBGhds or the Wedg8BoAds brethe] M
dianeter gold wre,” wth between about 3 %to about 6 % el ongation and

br eaki ng phitesdium SufipeuForSomeapplicaionhome bood faikue jdentifiessa palladinm surfage ces  of
at | east _about .5.00.grans. The term breaking |oad as used in this

di scl osuf‘@‘sg(i‘éﬁtpf’f’fEge‘?(?{’éim?%ﬁ"g%c%bove 10 which a wire is expected to break-

when &t is puNd‘aﬁidnﬁflﬁrsalﬂe?{rll&is&?gtahaﬁdé F‘é@]?fr@ that the wirebond withstdnd af Ol | owi ng

exanples are provided to illustiate specific enbodi nents of the
present iminimin pull force. For Examplessomne industry standards require4hatoyipebonds inage

| eadf rane was plated with a nickel |ayer. The%lg;f co 8 Ilot}/ 15
I ﬁadf r aEﬂls%§5¢!5‘|! diameter gpkdwire, Withbetysemabays 3 9@“E %ﬁﬁ?ﬂga on and
gt | SreakBedforafold € Bt S0 Ikl iR sl B Ot NPT 20

about 108, hé.tHetédm Bieaking load as usédinahitdisctosufe idbmifiestRe foeterdbovand pH of
about 2. 2. ni ckel |ayer about 2.5 [err]mthick was pl ated on the

coppd® amhish 2 wira s expected rebispk wben itdgpelladdpaermilyaleng itylength200 KHN[ err].
The 20, N keelete o Ohsltes B8 o0y B RUARE R diRhente gl 001 oo,

Murray Hill, 'um co over the
ni ckel | %Yé%éntiﬁ%tibﬁ.' | adi um was pl at ed froma PallaTech PdLF
pal | adi um bath containing 5 gni|l palladiumand about 0.5 gm| of

al lyl ph&xamplellf one. The pall adi um coating was plated with a current

density of r.at. [@hr H of
7.0. A pall adiftift %&gﬁ@ﬁ%ﬁ%@@%@%@#ﬁﬁ@fﬁ%ﬂg%rﬁﬁgﬁ%ﬁg&%@O i ckel
| ayens Theadframeahs bt froifl OlaoCeorpbakionaNorwalk, Quant 516 KHN\[ err] .
The Pal |l aTech PdLF pall adi um bath_was obtai ned from Lucent Technol ogi es,

Murray Hill, Ffhenpickel was plated from a NikgJTech ML) nigkeh bathcopiaining shavs d2Q#1+ he
ni ckel / pal I, adikm | . . ' L amet er of
25 [err] mk\%f'j :l'ﬁe Bg':?(\g\f/e@ﬂerﬁ &q{l%t@%@%h e rl:o n“&%‘i (liect)l ﬁ{tﬂgﬁ%o‘g’t E)%&E‘&rﬁgg% | oad of
about 8 g tufe GHaBbit 60°ARIFH of Asoud 2120 Avkitkel Wgyer Bdu 2159t fthiokwias | | cke &
1 9 Soffa Industries, Inc. (Anerican Fine Wre, Packaging Materials
1 "Group), pidterbon the copper alloy leadframe. The nickel had a hardness of about 200 s0- The
20  NikelTech MLS nickel bath was obtained from Lucent Technologies, Murray Hill, N. J.
A palladium coating was formed over the nickel layer. The palladium was plated
from a PallaTech PALF palladium bath cont'aining 5 gm/1 palladium and about 0.5 gm/] of
allyl phenyl sulfone. The palladium coating was plated with a current density of

10 Amps/ft® at a temperature of 22 °C and pH of 7.0. A palladium layer about 0.175 um

25  was plated over the nickel layer. The palladium coating had a hardness of about 516
KHNj5o. The PallaTech PdLF palladium bath was obtained from Lucent Technologies,
Murray Hill, N. J.

100 gold wire bonds were formed on the nickel/palladium coated leadframe. The
gold wire had a diameter of 25 pm, with between 3 % to 6 % elongation, and a breaking

30  load of about 8 grams to about 10 grams. The gold wire was obtained from Kulicke &
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|'Alabama. Pull tests were perforned to test the strength of each wi re bond.

One wire bond di d_not adhere to the palladiumsurface. Pull-forces as
tow as 2ApysBlairEandtel Bound to Penove wire bonds forned on the
pal | adi um coat ed | eadf r ame. Exampl e 2 A | eadf rame was

5
Becor di ndols e P tGrebcAR e MR, Packefng Ml Bhodd) Beffa.

pal | adi umIstRaia. PGl VRt Wete TedomiRl toltéhe the stéfigthlof ¥&dh wild BoiRIOndavit oS
pl at ed froma PallaTech PdLF gﬁl | adi um bath containing 10 gn |

pal | adi udidaned adhese to e psliagipm sutface. Bpllfprces agplowras 2. grrms avererfoang 40 | adi um
coating was plate | t-h_a current.. densit Amps/ft[err] at a
t enper at mo%wg%g?vﬁs'f?@e @t&ﬁp&?ﬁq@_cc&egiﬁaﬁgﬁnﬁm | ayer about 0.175

[err]sgn Examﬂ@;’gck was plated on the nickel -l1ayer. The pall adi um coati ng
had a hardness of about 425 . KHNferr]. - - 100 gold wire
bonds were fodneadfoame was platedevitipa tonfarmable nigkel dayes dternagks] wes plteddescri bed

in Exanple 1... Pull tests were perf.orired to, test the strength of each wire
bond. accou;{pg?q,\*hpgog%ﬁags éﬁé?‘gb"‘fdﬂg’r‘gmpieth the pal | adi um surf ace.

Pul | -forces 0 AepdI R éhtiAR Yts fOmEA over the nidlRIay¥CThe pAHdidrE Wak pldigeak the
wi re bonds forned on the nickel/palladi um coated | eadf rane. The

aver age fuom a Palla¥echh BALF palladiombath coantainisg WA gmdbpaliadinnyandpbant0.05gm/leach

wi re, bond e, gol.d wire bro |l ong .the.length of the wire rather than
oot or ol ny Sutbiiss TRE BeifaeisR Snintuas Hitbd with o Cubrett dchsh o6 1"

A | eadf I aggnqy st ' i ; : IRl was

pl ated 25 accortditﬁ%ﬁ‘{fq%m{ék1gf ?O%ﬁ%%gngég@gg%mﬁﬁgaa%@?Iﬂ

A pal | adthick wasipiated oncthe hickeldayerV/Eie pdliladinncdoating hyd 4 har@hesspilbadidaf was

pl at ed . froma Pall aTech PdLF pal | adi um bath containing 25 gn |

pal | adi ufNwe pal | adi um coating was plated with a current density of

10" Anps/ft[ern -}%@% ' . . A
pal | adi um | ayellrm g%]gﬁgl ) %féélé r l-fr}nlfe%i %ﬁéﬁ@ﬁ%&&ﬂ%@'ﬁg N atteﬁéea%%%g%s | ayer.
The 89 desthibedlinBxangplé i nBulhestsaverapetfaarded tesbibe istréxifih KEd&h wire bond.
10 . 100 gold wire bonds were fornmed on the nickel /pal] adi um
coat ed | &d4virg hendswere adherent to the palladium surface. Pull-forces greater than about 5.90
grams were required to break the wire bonds formed on the nickel/palladium coated
leadframe. The average pull force for the 100 pull-tests was about 7.72 grams. For each
wire bond, the gold wire broke along the length of the wire rather than under either the

20  ball bond or the wedge bond.

Example 3
A leadframe was plated with a conformable nickel layer. The nickel was plated
25  according to the conditions described in Example 1. |
A palladium coating was formed over the nickel layer. The palladium was plated
from a PallaTech PdLF palladium bath containing 25 gm/] palladium. The 'palladium
coating was plated with a current density of 10 Amps/ft’ at a temperature of 65 %C and pH
of 8.0. A palladium layer about 0.175 um thick was plated on the nickel layer. The
30 palladium coating had a hardness of about 145 KHNsy.
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"described in Exanple 1. Pull tests were perforned to test the strength of

each wire bond. All wire bonds were adherent to the palladium
-sur f ace. Aby-BlalicFane34-gr2at er t han abow0 6. 16 grams were required to
break the wire bonds formed on the nickel/palladiumcoated 5 | eadf r ane.

The average pull force for the 1OOJU| | -tests was about 7..80 grans. For
each wi 1QD gaid aviretbionds were farmed on theaicket/pgladium F@atg«i leadframeias wj r e

Eanp e aeribed i Examplt T, Fuiffests wore siftormpd REtsing RfendRl eattVie pondh | ayers.

The ni ckgll viRdbdiak kmb AtRefet td ¥ gmameuﬂh@ pdllZ62es ghemer than abeutGargdi ti ons
descri bed in Exanple 2. gold flash was aﬁl ated over the

ni ckel / p@ﬂmdedqayed to brgadethg wire bands fpmd on the nicj¢lpadadinmupaedAuRoTech P

urreht - Waiienes The SesagRfin (5% or s DGt S B8 PRV Foreae of s s

A gol d f e IBond the g@@Wite ﬁo@@glol{ggfﬁe]l@ﬁ%ﬂ bPherﬁ?e Rt BfhnUn8ér ehilhér the

ni ckel / pal I'adi um | @yers. The AuRdTech 15 bath was obtained from
Lucent Tealhbardowiteswedgerbomd. Hi |1, N J. 100 gol d wire bonds
were forped o he ni ckel / pal | adi um gol d coated | eadfrane as

descri be Xmp nple 1. Pull tests were perforned to test the strength of
each wire A jeQfffithe whd pliited %@m&i&vpﬂuﬁuﬁﬁhgrewrhé RickBPand\paflagiem

Pul | -forces greater than about . grans were required to break the
Wi r el®onkigers sveneplated actm'dmgakehe/qmditla’ds dmcubad incExaanpleé 8adf rane. The average

Il force for t 100 [l - t t 8. h ]
bond,  he ol & 839 Bashwitalaret faene kAl R e el Red¥ihan under
ei ther tB@red from a?ﬁiﬂo’ﬂé@l’i‘f‘ gold paie c&ﬁﬁ%éﬁpgiﬂll gold. The gold flash was platedlhe

| nventio Clalrre I'S: An article of manufacture, '
conpr i si with a current dens1ty of 1 Amps/f? aaagqmatgt@f}ﬁv"p@daﬁ pE5,5t Agold flasher | al

e ORISR Sl e ik TS B ALY Wi
o 3%3{%@%3@%@%&%&?&%@2@%% gL e were
100 gold wire bonds were formed on the nickel/palladium/gold coated leadframe
as described in Example 1. Pull tests were performed to test the strength of each wire
bond. All wire bonds were adherent to the surface. Pull-forces greater than about 5.92
grams were required to break the wire bonds formed on the nickel/palladium coated
20 leadframe. The average pull force for the 100 pull-tests was about 8.08 graxﬁs. For each
wire bond, the gold wire broke along the length of the wire rather than under either the
ball bond or the wedge bond.
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- copper, copper alloys, nickel, and nickel alloys. : w The
to abou

2. The article of claim1 wherein the at |east one material layer is. a

“ni ckel | %?%Bﬂair—F n tggyliqg a thickness ithin the range of about 0.5 [err]m
; m 0

-t 0 about err 3. The article of claim1l wherein the
substrate is nade of a material selected from tThis S Bean/Repladed Ng Of

article of claim1 wherein the palladiumlayer is for | ati ng
t he subsThednvention Qaimediissm bat h conprising about 5 g 0 gml
of pall adi um and maintaining the pH of the palladiumbath in the
range of about 7.0 to about 8.0 while 15 applying a current density of

about 5 Anps/ it Agkfticld 6f mifufictd@lc ng:[err] for a period of tine
sufficient to plate the |layer of palladiumof the desired thickness onto

t he substrate. a substrate havingst lepsteongrmaterial layer formegh thergpm wierein pe

Rar crbse ot Goa el eE AP b iakoR pof fifbiabyf 300 acrni G cont el 0e

article of claim 5a\flan£<ﬁﬁ:§1£i%?f@tﬂﬁhwn\tﬁehﬁe&taﬁéﬁiaferﬁpmyéﬁ,whagixﬂhani c 20

conpound. he article of claim®6 wherein the sul fur
cont ai ni pajlasium dayathassa hardness fesethan about S00LKHNsnk . =

12 8. The article of claim7 wherein the pall adi um bath
i ncl udes | ess than about 0.1 gm| allyl phenyl sulfone.

9. The articl g Phe stidlef $1a0hQr WheteitiltRe AAtAseBhd/Matetiallayér iPRInitkal lagsd at a
tenperature of about 25 [err]C to about 65 [err]C while the substrate is
el ect r ophatingla thickness within the range of about 0.5 um to about 5.0 ym.

10 3. The article of claim 1 wherein the substrate is made of a material selected from
the group consisting of copper, copper alloys, nickel, and nickel alloys.

*

4. The article of claim 1 wherein the palladium layer is formed by electroplating
the substrate in a palladium bath comprising about 5 gm/1 to about 20 gm/1 of palladium
and maintaining the pH of the palladium bath in the range of about 7.0 to about 8.0 while

15  applying a current density of about 5 Amps/ft® to about 150 Amps/ft® for a period of time
sufficient to plate the layer of palladium of the desired thickness onto the substrate.

5. The article of claim 4 wherein the palladium bath further comprises an additive
which controls the hardness of palladium layers plated therefrom.

6. The article of claim 5 wherein the additive is a sulfur containing organic

20 compound.

7. The article of claim 6 wherein the sulfur containing compound is allyl phenyl

sulfone.
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5 10. The article of claim4 wherein the pal | adi & $heetHas Been Replaced
agitated at a speed_ of about 10 ¢nisec to about 100 c |
‘| ayer of Ab&%‘Bb?éﬁ'ﬁ?ﬂ 34-1cd ect ropl at ed oﬂ(it he substrate. ”"ﬁ'rmf :

11. The article of claim1 wherein the palladiumlayer has a thickness

greater than Qu . QZ5 lerr . : .l e of
claim1 wher anTlf%aég‘gﬁBgﬁ]gﬂ?é vyl&er%{n}tlgéa%ql lraélr%g.l bath includes les!la%naarb%gt.c A net hod
for el er.rl%lll{ihlil)’]%hé‘m}l@M]%nle pal I adi um on a substrate conprising the
steps of: | providing a substrate with at |east one

material |ayer forned thereon, wherein at | east one material |ayer

has "a har dnes ess .t ha bouyt 250 HNLerr] ). an .

el ectropl ati ng' thq %W%lF 021‘:633:2{] \yilmrﬂn](tlg%p%lﬁgu%% b?@é%?‘%ﬁ%n% té‘ri al | ayer,
wher ei n Eéﬁf‘pe?z{tﬁ%tdfﬁ%lﬁtzsd’c%labaﬁlasr?d wNi®s thB 3Bbstraktdik @eqsplads t han about
500 (KHN err]) and wherein the el ectropl ated pall adium |l ayer is

formed froma pall adi um bath conpri sing about 5 gm| to about 20 gm |

f | adi i nt.ai pi . L um. i
P angeS of - aboulOyTHs tieiEebeiats 40vrin Bhe pelafti b it AR Ma sesed 90, Dbout s
Anps/ ft[ %%Jé 1|8Qm/§ee t§\Q9<s{I: 160 @mfNERe WHifeltRé [a]yexfcﬁ'fc?aﬁadiﬁﬁi ig@lepfroplate® ofithid i ci ent

to plate t ayer of palladiumof the esired thickness onto the
subst r at substrate. 14. The met hod of claim 13 wherein the pall adi um
bath further conprises an addi tive which controls the hardness of
pal | adi um [ ayers pl ated therefrom _
13 " 11. THe artid1B f BBl Qdvidreintheé palfhdiui River WastaltRicRAehs igtedter tifana
sul fur containing organic conpound.
about 0.075 pm. : '
10 12. The article of claim 1 wherein the substrate is a leadframe.

LY

13. A method for electroplating a layer of palladium on a substrate comprising the
steps of:
providing a substrate with at least one material layer formed thereon, -
wherein at least one material layer has a hardness less than about 250 (KHN3o); and
15 ~ electroplating a layer of palladium on the at least one material layer,
wherein the electroplated palladium layer has a hardness less than about 500 (KHNso) and '
wherein the electroplated palladium layer is formed from a palladium bath comprising
about 5 gmy1 to about 20 gm/1 of palladium and maintaining the pH of the palladium bath
in the range of about 7.0 to about 8.0 while applying a current density'of about 5 Amps/ft’
20 to about 150 Amps/ft? for a period of time sufficient to plate the layer of palladium of the

desired thickness onto the substrate.

14. The method of claim 13 wherein the palladium bath further comprises an
additive which controls the hardness of palladium layers plated therefrom.
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'16 The rret hod of claim 15 wherein the sul fur containing organic corrpound'

sul f one. 5 17. The method of claim 16
'vvherel n ‘9‘ élﬂ"ﬁ%ﬂ‘l é‘?ﬁlb’at h includes |43s than about 0.1 gnil allyl
phenyl sul f one. 18. The method of claim 13 wherein the

sUbstrate is 1 a lected ... .fromthe group consisting of
copper, coppeir’gaglﬁl g{’/esﬁ,?b dr?éﬁiéh 14a§'§er§1nctﬁgﬁdcgf1y%§§§ stffur contalning Organic g The
met hod ofongpound) 13 wherein the palladiumbath is maintained at a 10
tenperature of about 25 [err]C to about 65 [err]C while the substrate is

el ectropl at ed. 20. The nethod of claim 13 wherein the

pal | adi um bat }r L$ _.aqi eed ' about 10 cnisec to about 100
cni sec while &hﬁg ll}%élﬁ ffdc' gﬁ ‘5@ rF‘(S‘ptﬁﬁf'gH‘r containing organic comfgu ‘ﬁ)‘ﬁe net hod -
of cl ai rallyBphidisd Qilfonkhe pal | ad| um | ayer has a thickness greater t hen
about 0.075 [err]m 15 22. The nethod of claim 13 wherein the
at |l east one material |ayer is nickel havi ng a thickness within the

ot b or "o af Tthe mefidd ¢ A BmERCHhersindng Bl baghinciuges tess tharabout

0.1 gm/1 allyl pheny! sulfone.

18. The method of claim 13 wherein the substrate is made of a material selected

from the group consisting of copper, copper alloys, nickel, and nickel alloys.

19. The method of claim 13 wherein the palladium bath is maintained at a

10 temperature of about 25 °C to about 65 °C while the substrate is electroplated.

13

20. The method of claim 13 wherein the palladium bath is agitated at a speed of
about 10 cm/sec to about 100 cm/sec while the substrate is electroplated.

21. The method of claim 13 wherein the palladium layer has a thickness greater
then about_0.075 pm.

15 22. The method of claim 13 wherein the at least one material layer is nickel

having a thickness within the range of about 0.5 um to about 5.0 um.

23. The method of claim 13 wherein the substrate is a leadframe.
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