; e3e*R2x* Orr st 4t woewT2x; Cvl 4 MAR 2003 *cooooz* ELECTROLESS GOLD PLATED
" ELECT NTS AND METHOD PRODUCI NG THE SAME FI ELD OF gHE

I WENW%MMesent invention relates to el ectrol ess gold pl t N&R 2003
parti cul alr:f)’m(g e present invention relates electroless gold plating at
neutral pH CKGROUND OF THE I NVENTION 1 o The techni ques for producing
suitable netallic coating such as netalligq pads for the electrical
connection between el ectronic conponents are becom ng increasingly

dermandi ng as the sophi E%E@fﬁgm_ %Spggt?gg_%fgﬁpmbqﬂggiéases. For

exanpl e, special printed circuit S) W th non-conducted circuitry
are 1s often reaBBINENTRS ARD! ETHUD ODF-IBROBUEMNEITHIE Saffi d aTray
packages, nulti-chip nodules and chip scale packages. |'n nmany applications,
gold pads are required for use in wire bonding or soldering techniques to

i nterconnect the various el ectronic conponents. 20 Different nethods exi st
in the art for producing gold pads for wire bonding or soldering. They are
comonl y di vi deghgnho e echniques and the electrolytic (ElYy)
techni ques. In g!)%ﬁﬁt gﬁhﬁ{ﬁﬁegﬁvgh@gpﬁ er layer of netal is first deposited
on the copper |ayer. The barrier 1 4 MAR 2003 2 layer is typically N 2P
for el ectrd ess techm guesentridvention |relates clael electrolesecgoldl yplating. In
techniques. This is followed by deposition of the gold |ayer. Electrol ess
gol d t echni quespartisularn, tthe npresbui \inverdionntrelatdse elenteiessngald| platieghads and
the reducing electroless gold (ES) nethods. s |Imersion gold nethods

i nvol ve a direcheudlraigpldcenent reaction between gold ions and netallic

ni ckel whereby ionic gold beconmes reduced while netallic nickel becones

oxi di sed. The technique typically involves a prelimnary step of

el ectrol ess plating of a nickel/phosphorus alloy (N 2P) onto a substrate
such as a PCB board or ~ o other electronic conponents using the foll ow ng

reacti on: 4N 2+BACKGRQOUNDHOF -THE INVENTION2N 2P + H2(g) + 6H+ The Ni 2P
pl ated substrate is then submerged in an inmersion gold solution for the

followi ng redox reagtiqn: Ni 2P + 4 [ A 2 1. ::->4 + P.+ 2[ NN (CN) a] 2
15 Thi's b step pi 9 dgemtdes Jof prodiiand culabie, dngiefl, Fonting, Such a5
ni ckel /i mrer si on .d (ESN1.G process,. This reaction typically does not
Tequtre areducMetalic e Rad fokRie CSigpiiceh ganmediag BRI ARAIRIIC 1/ O
pad on a PCB) is useful for soldering and al umi njum w re hondi ng. However,
the i mmersion reYBPPBANS, @ oshecqm Hent'%ﬁreéﬁngbﬂ d‘gﬁ‘t’@ g n@ekelth®) ating
causes oxidation and corrosion of the N 2P deposit) resulting in the
presence of a "BPRIRtGAtioN <ft ele@tranic cFempeOnpals dBAraasesni Exiel exayele, and
the gold layer. This gives poor results in gold wire bonding. .1 4 MAR
2003 3 To i npr oSRed| RrinfedeCirsifdbeandst (PCBe with nrcendugted Gircithe8FRd i n
which a third electroless gold plating step (ESG is perfornmed after the
above- descl5i bedolemdequired efor bRy fabyriegtion Tak chiph@nalbopehcbrbngidranay ESG
step is typically performed at acidic pHin the presence of a s reducing
agent : packages, multi-chip modules and chip scale packages. In many
applications, gold pads are required for use in wire bonding or
soldering techniques 1o interconnect the various electronic

components.

20 Different methods exist in the art for producing gold pads for wire
bonding or soldering. They are commonly divided into the electroless
techniques and the electrolytic (Ely) techniques. In both techniques, a

barrier layer of metal is first deposited on the copper layer. The barrier

LT
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2[ Au(CN) 2] - + H2PO2 + H20 ----> 2Au + H2P03 + 4CN + H2 The additional gold
'l ayer gives good bondability if the thickness of the ESG gold I ayar i 003
80pi n or above, provided the thickness of the internmediate |G gol f'aw Z g
carefully controlled to around 0.1 pm 10 otherwise solderability is
conprom sed. Furthernore, the undesirable "black band" corrosion problem
remai ns unsol ved. To solve the "black band" corrosion problem JP 98438
proposes the use of electrol ess paIIadiun?step before the i mrersion gold
step (ESN ESPd/ i KR ; I 2 d .0 .d wire
Ih%r is tpélgﬁ Ni _98,‘1@@@}58»@3 %Ehﬁ@?@?hg Kﬁ%t%ﬁlc 980e 190l

bondabi lity, but”poor erabilrt urt her nor ness required

for the pall adi i i [: gk : i tal s
result in high %(%{ryﬁéﬁ%&o%éﬁeﬁhg% Eﬁ@ﬂ/eetr?? W%%Eg%'om&ttﬁ%egdr@qé%é%r oduce
nmet al pads t hat t r.api:li r bility
is 20 electrol y'tz'@?y@oe?? %%ﬁﬁggﬁ"iﬁpgg.a@%%bsthﬁ‘e? Hggﬂ O\A/e%é?[,h wr'écﬁ]ﬂfgrp%&?hat
the plating sur I icall yv. co f clLr i's, thus
posing a severeétﬁl(d\(r?nﬁ?tg'tsfjgna%o(&n{h o%rdgx'ggséllgﬁ%lggsr lgﬁ[edr %@eﬁ]e%ae@sf hi ckness of
the gold deposit lacks uniformty, being directly dependent on the

di stributisn of curlmemersitengbldy methadsl ivadtve 08 Hivect tdisplacemeat aeaction obj ect
of the present invention to provide a nethod of producing a netallic |ayer
that is sol ves hétweshogeldeitrisoand metallic anickghr whémby. idniSWWNARECIMESTE

| NVENTI ON Accordingly, the present invention provides, in one aspect, an

el ectrol ess golédoted i whileeniatdllithaickel hevoress "dtidiskd banTihe c tggtoidg e
problemin the art. The el ectrol ess gold plating reaction according to
present invent it‘yﬁicéﬂf‘f viobvbst G heretiniddryersigs 6G dlectromys blatiig ooiesl on a
typical Ni 2P plated layer on a substrate. The EG 1 el ectroless gold plating

solution is pr %bl@@lﬁbf@spﬁ@kﬂsr@"owgﬂ_li;m 4t s\ sstite sOEh as'£POB BeaRPBRt to
prevent corrosion of the Ni 2P pl'atihg on the substrate, and a conpl exi ng

agent {0 Bi Nt e} BRI EaBohnisUsia b follBRipleddtian; | s furt her
provided wth an accelerator to increase the rate of reduction, 1 s and to
allow a gold |layer of_the desired thickness to be plated under

manuf act uri ng condi4NiZns BHIRO, pr @HYOL--pr BHRB + 2N Rt dyfgr erBHl ns a
substrate having a first N 2P | ayer plated by conventional el ectroless

Ni ckel plating, and_a second gold |ayer plated above the Ni 2P | ayer in the
absence of a bl ack J&edNaF Bhg%bﬁébﬁéa@h%th%ﬁébw@?@s@ 20 IgUBeIsiPN of t he
product is observed under a scanning el ectron mcroscope of up to 10, 000x
magni fi cati on agrldsoiutipn fies the tollowing redoxeraaconDi spersive x-ray (EDX). In
a further aspect of the present invention, a second el ectroless gold

pl ating step (hereinaite roed to As I ravi ded after EG 1 14
MAR 2003 5 to furttwg';i"'n{[él‘g@g)% & g%ﬁi’?&%ﬁ&@ﬂﬂfry of the gold |ayer.
The plating solution for EG 2 nay be the sane the EG 1, or the gold ion

concentragion is prﬂé&[gﬁﬁégte'g ggggn%gtsgoﬁsggwg r&EF}QHC‘?ﬂ Tagere?é’étrélé?@l SO a

substrate with a gol _ ayer in the absence of a s

Phe brosent _morosetmersfrl RENESHYE), nicEess SiseieElonBh bl aoes "o 1
ESLEEL?PL'E;VS?#;? 08 0ilreons g °RIGR. L AR ESYIS, Fakld Hffﬁ%hi dedre, ¢ o
i . T . i .

both excel lent DBRACHPRY TUSERAE S A EC) sl LR B AR MBRRRRBERT, o
15 T_he foll owi ng. det ai J.ed ﬁescri tﬁ'hon. descr.i bes tthe gre er rsﬁd %[rrr]t_?o irlrent
for ol Srment | eire oot FSRRYep, batifaEion TBatich S Sepdsiy ekreRtaTone
killed i h houl d und d, h .th he foll oy .
descripti 8 i's GRS 16 oiakel ptG: $apast OXHAIG Bod oIl e NisRy

shoul d not be construed gs |imting the principgle i scissed herei,n. 20 In
Che ol I'owi ng iRt resiitiagdn, fiey HessangBnef aniads Rand it Ky 20%ay ng"
and "conprising" are used in anﬁ%pen-endedclashi OF,, and t hus shoull d. be

i nterpreted to RRIWEEN; thel nigkelJaver andthe gela Byer.oThis gives poopdesults)ither ei n,
el ectroni c conponents include el ectronic devices, integrated circuit

devi ces, and prdd€ dre PPRAING. boards. Substrate include 1 4 MAR 2003 6
dielectric material, epoxy and other material commonly used for



“packaging electronic circuitry and devices. The electroless gold plating
nmet hod according to the present invention is preferably used on a 4 2003
conventional electroless Ni 2P s deposition onto a substrate surfaCL. MAB

Ni 2P acts as a barrier layer to protect the copper traces in the substrate.
The substrate is typically made fromorganic material, e.g. epoxy or
dielectric material for PCB fabrication. The N 2P deposition is perforned
by first cleaning the substrate by acid, followed by mcroetching to expose
the surfaces to be TodmplateegoldAfite bohdebitityedP 5222654 1adisdidsaisha nhdeoslur f ace
to be plated is then activated before el ectrol ess nickel plating occurs.
The general reat which a thisd fedbdtmlssst Yokt platiBig2&iep (ESER G perforied Riffer+

2Ni 2P + H2(g) + 6H+ This is followed by electroless gold plating (EG1 ) in
a solution ~s cthd aboverdesdilied)dcess 1. AEBNHIB/ESE: THeegenemnll esactipragant |
sodi um hypophosphite as the reducing agent, and thalliumsalt as the

accel erator. ThthesBSE stp isstypieally perforined aﬂ-h@iﬂidapm&emeﬁfﬁeéehcé. 6f and the
reaction allowed to occur for 1-12 mnutes. For a thicker layer of gold, a
second el et rol @ﬂmﬁmj dgehiting step (EG2) may be perforned 20 by
subnerging in a solution containing the same conponents as the EG 1
solution, or a solution with a higher 2 concentration. The citrate

KA
salt may be any sal 2[A(CR)4l raHePPact hHQn;'('b UrbH2POqi + 46N o Badi um

pot assi um or ammoniumsalt. Ctrate also functions as a buffer to maintain

(e 5oL Ton 2t neUihSllicharSoReHy P aE ooTAR TR ) corkeh L A
brom de-or - acet gl peal tooi T 4 Okl AT KAER SSrolRREY YRS ShicRFedte'ah! thed

process of the pre

STEPSCOLUTI ONTEMPI C i nute I I ni,NgAF ner.

40- 80nL/ L40- 45%%*ﬁﬁ?@%@ﬁsbé@weH?é.f%f@@%dﬁ%iegoﬁﬁﬁ%ﬁ@. 6l1pum,

M cr oet chi ngNa25208 80- 120 /;;L@ﬁrbi ent 1- 598% H 89_4&%0- 60Nt/ bs. Aci d di p98%

HRS04 20~ 60N/ LA WiE, Sqeraliliy, i CamRIATBEE FHEDFUP G T8ouadRsiIRBE, om
Aut ot ech S. E. A Pt ht d., 20- 251- 398°/P H2SO4 40- 60nJL5, El ectrol essAur ot ech
NN od 140~ 160 BRFE PRI FORPSIPh Riablent [rpainginseivedy

50- 70nL/ L80- 9020- 30( ESN) 24% Ammoni a wat er 10-30nL/LH 4.8-5.3. El ectrol ess

gol dKAU(CN) 2 2- 6g/ L( EG 1T&agbiventieeé t“brick BAnd0Qwiiodford ProbRHIPOR8438
10-80g/ LThal I i um chl ori de 10-100ppnmH 6.5-7.0 5 TABLE 1 Table 1 shows an

exanpl e of the Pfdb&é%% MeCasslion ®léAUrdibss PaRagin istefs befsta. the Rameesibhat i on
range i s given for each conponent of each solution wthin which the present

invention may bgolélr afdd $ESN/ESPRAGY q’ﬁe%é’d@Xi@W@H ibg”ins shémddl Aave
el ectrol ess nickel plating according to 1 o Autotech S.E.A. Pte Ltd. and

may be subgti tugs&jfsgéldsmbeasn@abimt&/bedutsgs@ﬂ isBlcforabilify. PYrthdipibre? theCo
Ltd, Shi pl ey- Ronal ngapore Pte. Ltd. 4 MAR 2003 s EXAMPLE 2

STEPSCLUTI ONTEM: qélaﬁ i
4g/ L(EG 1) 5015 iSKridsRTek aﬁégf%gi\‘f&g"é%ﬁ@s%@ FEhOfe ?ﬁ@?’gﬁ?%%g%ﬁpm
6.7 TABLE 2 Tab maﬁrg the el ectrol ess gold plating
process, 5 wth*ﬁ%é’@%"ﬁ@é%‘é’ﬁs iI ’e‘erﬁolggzsél to those shown in Table 2.
Follow ng this
The only method currently known in the art to produce metal pads
that have both good solderability and good gold wire bondability is
20 electrolytic soft gold plating. This method, however, require that the
plating surfaces be electrically connected for electrolysis, thus posing a
severe limitation on board design. Furthermore, the thickness of the

gold deposit lacks uniformity, being directly dependent on the

distribution of current density.



exanple, a gold |layer of approximately 2-5ftin thickness may be obt ai ned
over the N 2P | ayer without visible corrosion. Visible corrosion is

determ ned by the mcroscopic view ng a cross-sectional sanple of a plated
substrate traversing the various |layers. The viewing is performed 1 o by a
scanni ng el ectron microscope using EDX technique at up to 10,000x 1 4 MAR 2003
magni fication. ***End of this page*** ~ 44 MAR 2003 9 EXAMPLE 3

STEPSOLUTI ONTEMP ( C) | NCUBATI ON TI ME m nut es6. El ectrol ess gol dKAu( CN) 2

2- 69/ L(EG 1 ) 85- 951} Jig Sndreforecidn abfect Oof2 @8t/ prbledidPi/ehfioBO® LpFbdidbi @m

chl oride 10-100ppnH 6.5-7.07. Electrol ess gol dKAu(CN) 2

3- 129/ L( EG 2) 85nRiR6d wman%ca hrictalfic S@ydr Rat ROSEI&NIE BRFementioned
10-80g/ LThal I'i um chl ori de 10-100ppnmH 6.5-7.0 TABLE 3 Table 3 shows a
further exanpl epgibr an gbBl®! ess gol d plating nethod according to the
present exanple in which EG2 (step 7) is used after EG5 1(step 6). The
first 5 steps are identical to Exanple 1, and nmay be substituted for other
Ni 2P pl ating systens as di scussed. The concentration and worki ng ranges are
i ndicated. **" End of this page *"" 1 4 MAC 2003 10 EXAMPLE 4

STEPSOLUTI GNTEVBUMIMARVYBOKF CHE! WRVENTION. El ectrol ess gol dKAu( CN) 2
49/ L(EG 1 )901Sodi um citrate 120g/ LNaH2P02 25g/LThal li um chl ori de 40ppnH

6.77. Electrol ess gol dKAu | Og/ L( EG- 2) 9240Sodi um ci.trate 180g/ LNaH2P02
409/ LThal | i um chl orﬁa@%@&%@. %%E&E“M R PravidrBnd 2008 rdsReCLeRANp| e
of a method according to the present invention Steps 1-5 are identical to
those of Exanpl électroigssngoldrlating waethpd thabmiaimises “Blackt band peexresien i n
this exanple, a gold layer of 30~tin nmay be obtained. Table 5 bel ow
sunmari ses t he RfAe@cipihe aguiThe elpctralespraald mlating Heaction eraeislirg 40
conpared to prior art nethods. METHODBLACK BANDCORROSI ONESN/ I G (I 2min.,
pHA. 5) Prior ar prasevkdnentios (refevrad to pereioafter asrEG-1) may be performed
art SeriousSeri ouseSNEG 1 I2mn., H7.0NoNoESNEG 1 (I2mn., pH 7.0)/ EG
212mi n., H®. 7Nofo a typical Ni,P plated layer on a substrate. The EG-1 electroless gold
plating solution is provided at neutral pH in the presence of a reducing
agent to prevent corrosion of the Ni,P plating on the substrate, and a
complexing agent to maintain the gold ions in solution. The solution is
further provided with an accelerator to increase the rate of reduction,

15 and to allow a gold layer of the desired thickness to be plated under
manufacturing conditions. The product produced therefrom contains a
substrate having a first Ni,P layer plated by conventional electroless
Nickel plating, and a second gold layer plated above the Ni,P layer in
the absence of a black band of phosphorus when traverse cross-

20 section of the product is observed under a scanning electron
microscope of up to 10,000x magnification and using the technique of

Energy Dispersive x-ray (EDX).

In a further aspect of the present invention, a second electroless

gold plating step (hereinafter referred to as EG-2) is provided after EG-1



TABLE 5 1 4 MAR 2003 11 Table 6 sumuarises results of bondability tests
of products produced by various nethods. The bondi ng test nethod invol ves
the use of gold wires with one end (end "a") bonded to a gold bal | ,oMAR 2003
conponent, and the other end bonded to a gold pad under test. During the
testing process, 5 the prescribed gold wire is pulled at increasing force
until a break occurs. If the break occurssat the wire, then the failure
node is at points b,c or d. If the break point is at the gold ball end or

the bonded gol dipaststdncreBSe i tHicknhaBaUMd Surit iof HieGoldOlagsr. Mt platingOr " €”
respectively. Results in Table 6 bel ow show that bondability of a gol'd pad

produced accor digbaitiop }or0 EE}@W%%/ %d SthaURARILthbO HALG, P& QheaigbldENONG
met hod. Finish TypeESN I G Prior Art ESN ESPd/ I G Prior ArtEIYyN EfyAu Prior

ArtEN EG 1/ EG 2c5ﬁ§éﬁ’ﬁ\'ﬁicﬁ1-ri'§:3§rléf§?§§|¥q"fi%\ﬁéc. ThedrBHuédtuced thereof is also
inl179/ 4. 2207/ 301 3. 7366/ 30278/ 0. 5/ 28. 6Aver age pull strengthll.011.612.21

1. 7Fai l ure Mode ;'@ i i | N $ca gﬁ%‘; ilure
Mbde "d" 000OFai |au§’eb% %%W!t‘g%g%lt%{ggge& ﬁa‘?ﬁ%ﬁiﬁ M F?o@ragggg‘egg%éggd A%E% 6
Tabl e 7 below s t | shear testing to conpare the

sol der abi | isfy o] ﬂw%ﬁsﬁéﬂg’lﬁd@agﬁ ggﬁg'ed by different methods. Ball shear 15
testing involves the use_of a shearing arm positioned adjacent the 14
MAR 2003 12 prescri be sollberthiskness Tfethsr gokst ilayer platedrageardings tgothger ed
by conventional reflow nmethods onto the gold pad under testing. The
shearing arm i sptesantt ovgthodiubeedn onhcr basilfeR0n eital ashiese fhmtle good: he
prescribed solder ball until breakage occurs. Failure node "1" refers to 5
br eakage occurr solglesabitityeand| gbexd golchwirenbohdalbiifyl Uites nedkinhat thehethe to a
breakage of the ball itself. Table 7 shows that solder joints using

el ectrol ytic sotongentibral asoftrgpld gradshevhichy hgrcallyheauiret 280t thickesesesh ng
1,300g. The ESN EG 1/ EG 2 nethod according to Exanple 4 al so possesses good
shear strength hwigHeran average exceeding 1,000g. 1 o Industry standard
requi rement for shear strength is a mninmm of 800g for sol der joints.
Finish TypeESN | GESN ESPd/ | GEl yN El yAu EG 1/ EG 2Prior ArtPrior ArtPrior
Art Exanpl e 4Thi cknes8€of? a%lggptﬁmegg'gmog@ggo/ 8. 3125 PRSP e BRI ayer

i nAver age Shear 85853013731 93st hen t hFai | ure Mod éér%%"TABLE 7

possesses both excellent”bondability and so ity.

DESCRIPTION OF THE INVENTION

15 The following detailed description describes the preferred
embodiment for implementing the underlying principles of the present
invention. One skilled in the art should understand, however, that the
following description is meant to be illustrative of the present invention,
and should not be construed as limiting the principles discussed herein.

20 In the following discussion, and in the claims the terms “including”,
“having” and “comprising” are used in an open-ended fashion, and thus
should be interpreted to mean “including but not limited to ....... ", As
used herein, electronic components include electronic devices,

integrated circuit devices, and printed circuit boards. Substrate include



~The .test results described above were obtained fromgold pads 15 produced
according to the present invention with a total gold thickness of 1at4 MARS2003
25uin. In order to determne if the thickness of the gold |ayer of the
present invention nmay be reduced, further tests were conducted. Table 8

bel ow shows the effect of increasing thickness of the gold |ayer produced
according to the present nethod (ESN EG 1{3EGZ as described 20 in Exanple

4) on bonding property. Gold wire bonding test was conducted 1 4 MAR Z003

13 as descri bedgioRiotfid1ameRiriiad opeRy aRdT&hér Gnalbiap cosftdnhp ahayy fdhat

good bondability is achieved even at a total thickness of only |IQOuin. Table

9 bel ow shows tﬁ&l@cg?rﬂj?blé&rohfbcéi?&ﬁvﬁnﬁmms of the gold |ayer produced
according to the present nethod (ESN EG 1/ EG 2 as s described in Exanple 4)

on solder joint strength. The N 2P |l ayer produced by ESN is kept at 300uin
in all cases. Sol detheglectielass gpldaprlalag Blathed Acceedipgi kxdheopresghite 7.
Results indicate that even at a thickness of only 2 uin gold pads produced
accordi ng to th@vppbernis jpfeterablyn usgde i teheCOM@MIENS s@'&ﬁH@‘%éSreNM?renent
of 800g. io Total thickness of old |ayer inAverage pull strengthFailure
nodeBondab#l i t y#aRositien ghte arsdistals sudacenl® agts A a diardeoleye1 30 89b
onl Good1813. 89b onl Good2013. 34b onl Good2213. 55b onl Good2714. 29b onl Good
TABLE 8 EG 1 / BBotectolhgl coppesk trases (ini thpAsuhsitpte s hbar suhstiatetin Ry picatly
Mbde251093159721210041 TABLE 9 1 4 MAR 2003 14 The above results indicate
t hat good sol demabiel from arganimoinhaterialke dognepdxy ot wielectricematdriad fed RGBt he an
el ectrol ess gold plating nethod according to the present invention. The
t hi ckness of t hiabgichtioth.afbe NiPt lepbdsitiond i adriormedcby fitséraobnimgy the as
thin as |Ouin, and still be able to nmeet the mninmumindustry standard for
shear strength sulsstraie bystoid;rfgidwed b michdseting 3o exposéthdssurfaces to be

10 plated. After treatment in an acid bath, the surface to be plated is then

activated before electroless nickel plating occurs. The general reaction

is as follows :
ANP* + 8H,PO, + 2H,0 ---> 6H,PO, + 2Ni,P + H,(g) + 6H*

This is followed by electroless gold plating (EG-1) in a solution

15 containing KAu(CN),, citrate salt as the complexing agent, sodium
hypophosphite as the reducing agent, and thallium salt as the
accelerator. The solution is maintain at a pH of between 6.5 to 7.0 and

the reaction allowed to occur for 1-12 minutes. For a thicker layer of

gold, a second electroless gold plating step (EG-2) may be performed

20 by submerging in a solution containing the same components as the
EG-1 solution, or a solution with a higher KAu(CN), concentration. The

citrate salt may be any salt of citrate including but not limited to sodium,
potassium or ammonium salt. Citrate also functions as a buffer to

maintain the solution at neutral or near-neutral pH. The Thallium salt



1 1.. An electroless gold plating solution conprising KAU(CN)2; a gold ion 2
‘reduci ng agent for reducing gold ions to gold elenment; a gold ion 3lj
reducti on accelerator for accelerating the rate of reduction of gol 4iMAB 2003
to a gold elenent; and a conpl exi ng agent for maintaining the solubility of

s the gold ions; said solution maintained at pH 6.5-7.0. 2. An el ectroless
gol d plating solution according to clain117mherein said 2 gold ion reducing
agent is NaH2P02. 3. An electroless gold plating solution according to

claim 1 whereinps@yj $be? 289! akt 05F TRAMGHI, OMCARTISY EH @At Abt GAIRYd 36SchiBAbE] um
salt. 4. An electroless gold plating solution according to claim1l wherein

sai d 2 conpl exi homiNbr 666XBTd S&E. The feliowin éanﬁﬂe@'d%@bﬁ@é@ffﬁe getailgd] ating
solution according to claim1 wherein said gold ion reducing agent 1Is

NaH2P02; sai d g@lrécd<dofltAe Prbsdht iaeaitioprator 3 conprises a chloride,
brom de or acetate salt of Thallium and said 4 conpl exing agent conprises
a sodium potassiumor amoniumsalt s of citrate. 6. An electroless gold
pl ating sol uti oEXAMRLE; hg 2-129/L KAU(CN)2; 2 10-80g/L NaH2P02; 10- 100ppm
of a Thalliumsalt; 20-200g/l of 3 citrate; said solution maintained at pH
6.5-7.0. 7. Ap electrolesg gold plating solutionjaccording to claim
wherein the 2| conG&kbrati pn of saPHLKH (‘CN)Z is P-4 E Pt HelNG | N at i on
of said 3 NaHRPO2 is 20-3Dg/L; the concentration]of §41 d 'I'haHﬂi1 )sal is
30 50ppm thefTomcemtTatTpmof—Sardctrtrate sart{Ts 120=t40grt——=ardH
sol ution buff pf eghid GedtlAg6| AF Cidlner 4d-scinaR 200 , $ 840-48 ellectr glzess Jol d
pl ati ng sol ut|on accordinf t@auteleeh SER. ®RARE) N the 2 concentration of [said
KAU(CN)2 is 4{10g/L; the {08k eBP.a80-t00mdfL sai d 3| NaH2PQ2 ijs 20-30g/L;| t he
concentrationfof said Thalliumsalt is 50 70ppmland the qoncentratign of
said citrate palt is 120-[80g/L; said solution bpffered tq pH 6.5-7.0. 9.
An el ect rol esp2dWir@eisniag | 1@35%?% d‘%@%&r@%i sing i nfuBAPieAy 4 subdtrate |2 at
85-95C for 1-B0 minutes i h & 56t 7% It ai ni ngl|2-12g/ L 3 KAu(CN) 2;
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salt; said so| gtAuipuf f ef egb, HasBHdednii- 0. 10. AnapbRet I 9l esspogol d pl ating
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m nutes in a pédwtivhtionl ut | Swroteom Agtivaion §8(R2 w <AuéqC|\2 2; [10-80g/ L H2P02;
10- 100ppm of A 5 Thal | i um $&m Autgigeh &R HMRYKE) of | a €9-Bratq sal I3 sai
second solutipn s buffere:igq/beﬁQ%‘?Qs@o?T 11. (Apended) Alnethod of

Al = 201 o £
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agent, said gpld solution{7 further preventing the corrosilon of said
barrier |ayer [6- Blegtmolespgpid KOWCHEcHPHE ng to clai M 11 wher eiln saiij barrfi er
| ayer consistp $%Msentia ﬁ ! C'1 tg_o- 085 A nef ho®P3ecofdi ngd 1o cl 4 m 11
wherein said pold solutiopy i, 3%'?0% %L KAU( CN) 2. 1 4 MAR 2003 17 1
14. A nmethod pccording to| gliaismdl wher el h Said hccel eratdr is Thall ijlum 2
chloride, bromde or acetate. I I5. A ;ﬁﬁf-’% ccording to crarm IT wWherein
said accel étator is 102 100ppm Thalliu ri‘de, brom de or acetate. 16. A
met hod according to claim 11l wherein said reducing agent is sodium 2
potassi um or anmgpldiM shéwsidh ekdmpfe Bt ihRdpAeas ddtdrdingCiaitie brevbsy ei n
sai d reduci ng agent is 20200g/L sodium potassiumor ammoniumcitrate.
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solution within which the present invention may be practised. Steps 1to 5
are conventional steps for electroless nickel plating according to
10 Autotech S.E.A. Pte Ltd. and may be substituted for systems by other

suppliers, e.g. by Uyemura & Co Ltd, Shipley-Ronal Singapore Pte. Ltd.
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Table 2 shows another example of the electroless gold plating process,

5  with the first five steps identical to those shown in Table 2. Following this
example, a gold layer of approximately 2-5pin thickness may be obtained

over the Ni,P layer without visible corrosion. Visible corrosion is
determined by the microscopic viewing a cross-sectional sample of a
plated substrate traversing the various layers. The viewing is performed

10 by a scanning electron microscope using EDX technique at up to 10,000x

maghnification.

***End of this page***
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EXAMRCE

6MLOY& ()-!3" ! gQz[ <1C
STEP SOLUTION TEMP INCUBATION
(°C) TIME
(minutes)

6. Electroless gold| KAu(CN), 2-6g/L
(EG-1) 85-95 1-12
Sodium citrate 20-200g/L

Thallium chtoride 10-100ppm

pH 6.5-7.0

7. Electroless gold| KAu(CN), 3-12g/L
(EG-2) 85-95 10-100
Sodium citrate salt 20-200g/L
NaH,PO, 10-80g/L

Thallium chloride 10-100ppm

pH 6.5-7.0

TABLE 3

Table 3 shows a further example of an electroless gold plating method
according to the present example in which EG-2 (step 7) is used after EG-

5 1(step 6). The first 5 steps are identical to Example 1, and may be
substituted for other Ni,P plating systems as discussed. The

concentration and working ranges are indicated.

“** End of this page ***



10Y 3MLOY: ()- F&s! 109 ()--!F&s! 100& ()--1 " $gl0%& ()-!|

FMLOY ()-!Ys! 10%& ()-' OMMN F MLO% & ()- LGLO% & ()-3 F 10% & ()-3

@10% & ()-s10% & ()-&10% & ()- 10 101 1111 dEMN F MLO% Ls! 10% & ( §-BMAR 2003

10% & ()-3 "10% & ()- 1 10% & ()-3 " 10% & ()- ! 10% & ()-! 2" W' ##$$$$dYNCF

MLO% 10( 10( 10(3 2  10%& ()- 0 !10%& ()- 3

| (" 109% & () - 43y&M 10% & () - Ls$410% & () - SHHAMOOEEYNCE MLO% 109 ()- 9

100& ()- 3 “10%' ()- , 10%& ()-Fs10%&' ()% 109& ()-

YBBRBRERS F, CHcl%lwa HclO%& () - #3aHc 109 () - HC10%&' () - Ho10%&: () - He10%& () -

YOREREABG P1CH: 1 %@ ()-Hc10%: () - Hc10%' () - #3aHc 109%&: () - HoLO%&' () -
(_)__I:k:_'LO_A&

Q8R&S&C&UE} &&f I+ o8 () - Ho 109! 00&' () - He1098MD) - # NO)I- He10%

& () - &&&&&&&E&PK, CHC10%&' () - #3aHc109&' () - HC10%&' ( %& () - ' ()-#Sa&&

&&&&&&eF, CHc 1l - DK #darlclu‘yk"(')—Fk:'IOT () -&&

&&' "I J, Q‘bl@?@édtﬂ)feh‘bwﬁl ANERC LAPE' () - HC109%&' () - HC109%&' () - #3ch10(V O-"
()-Ha109%&' (

%W&RE&E&e Al1CHe () -Hc10%R' () /Erm%& O _éza&&sga&ﬁ
&<&P&NT5CHc 10Pp&! E]é‘z 10%& ()- #3a1g§%() Hc 109 %_M%lot %&Q 109&' () - P&

#$ 78 9 "Il oBGAHC10%& | ) - #3aHc10%&' () - HC10%&' | ) - Hodl O%&: ) - #3al

‘g htitjly' K CHe109& ( Smmmthqmom () -#BaHHc109&] () - Hc10%&' (]) - Hc10
0 ()-'"ttt j P, C#3aHc10 /kﬁé HC;:@% 0% ()-Hcl0%&' [)-Hc10%&] () - #3aHc109&' () -

"""" NQOCHHC109&' () - Hcl %’ &% He 109 ()-HcLo%&' ()-HE10%&' () - Hc30%&' ()

SN (#(O((TIFCHe 109 () - m%gﬁqﬁhl()}ude(idﬁﬂfﬂty&' ()-H10%&' () - #3aHc10%&' ()|- Hc10%
& ()-(0)(*(;

(<(=(>(?(0oK1OQHc10%&' () - #3 80%& ()-Hc10%&R' ()-HcflOY& ()-HE10%&R' () -#34?([ (\(

1(~(_(i(j(oPg 09%& () 109& () - Hc1l0%&' () -#3aHHc10%&' () {Hc10%&' () - Hc109%&'

O)-j k(I (rr(o(ﬁ_‘clé@@mgﬂ KAUW(CNR 0GR’ ()- | Of , F1Ip% %&' () -

| s-s10% %&'

)b HEG®&: () - 3ch100/&§ ;é H)))****|[NA4QL3) %010 %460 %%
“po 1 7t 10% P umETrae A8k ()-) 1 3[10% %R ()

*hx -k 7 < B AR L ZNAAT Q0 4K Z109RIRE ()| +4K Z109QIRE () - +4K
411 S109%8% "%3' LE 61 YRIRE' () -

)} 33* O Z* _* g* irahiliANAéAd 6blprd 1 0YRIRE ()-+#3Y4+f Z109%R9%&& (|) - +4K
+

| 9&10% %& (
| 110% 9%& ()
71098988 () -
| ' F1OYRIRE (
Z1098Y&8& () -

UK Z109RIR&E |() - +4K Z10YRIR&' () - +{**[****cGNA10 4K
pH 6.7

TABLE 4

Table 4 shows a further example of a method according to the
present invention. Steps 1-5 are identical to those of Example 1. Using the
5 specific method and solution provided in this example, a gold layer of

30pin may be obtained.

Table 5 below summarises the microscopy results of the present

method in Example 4 compared to prior art methods.

METHOD BLACK BAND CORROSION
ESN/IG (12min., pH4.5) Yes Yes
{Prior art)
ESN/AG (12min., pH4.0) Serious Serious
(Prior art)
ESN/EG-1 (12min., pH 7.0) No No
ESN/EG-1 (12min., pH 7.0} EG- No No
2(12min., pH6.7)

TABLE 5
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the other end bonded to a go|d pad under test. During the testing process,

5 the prescribed gold wire is pulled at increasing force until a break occurs.

If the break occurs at the wire, then the failure mode is at points b,c or d. If

the break point is at the gold ball end or the bonded gold pad end, the

failure mode is referred to as mode "a” or "e” respectively. Results in Table

6 below show that bondability of a gold pad produced according to

10  Example 4 is superior to the prior art EN/IG method.

Finish Type ESN/IG ESN/ESPJ/IG ElyN/ElyAu EN/EG-1/EG-2
(Prior Art) (Prior Art) (Prior Art) (Example 4)
Thickness of each 179/4.2 207/30/3.7 366/30 278/0.5/28.6
metal layer (nin)
Average pull 11.0 11.6 12.2 11.7
strength (g)
Failure Mode “a" 8 0 0 0
Failure Mode “b” 0 2 2 2
Failure Mode “¢” 32 58 58 58
Failure Mode “d” 0 0 0 0
Failure Mode “e” 2 0 0 0
Bonding property Poor Good Good Good
TABLE 6

Table 7 below show results of ball shear testing to compare the
solderability of gold pads produced by different methods. Ball shear

15 testing involves the use of a shearing arm positioned adjacent the
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shearing arm is used to produce an increasing lateral shear force on the

prescribed solder ball until breakage occurs. Failure mode “1” refers to

5 breakage occurring at the solder joint. while failure mode “2” refers to a

breakage of the ball itself. Table 7 shows that solder joints using

electrolytic soft gold plating has the highest shear strength, exceeding

1,300g. The ESN/EG-1/EG-2 method according to Example 4 also

possesses good shear strength with an average exceeding 1,000g.

10 Industry standard requirement for shear strength is a minimum of 800g for

solder joints.

Finish Type ESNIG ESN/ESPJ/NG ElyN/ElyAu ENEG-1/EG-2
(Prior Art) (Prior Art) (Prior Art) (Example 4)

Thickness of 180/4.0 180/30/10 500/30 300/0.5/25

each metallic

layer (pin)

Average Shear 858 530 1373 1093

strength (g)

Failure Mode 1 1 2 1

TABLE 7

The test results described above were obtained from gold pads
15 produced according to the present invention with a total gold thickness of
at least 25pin. In order to determine if the thickness of the gold layer of the

present invention may be reduced, further tests were conducted.

Table 8 below shows the effect of increasing thickness of the gold layer
produced according to the present method (ESN/EG-1/EG-2 as described

20 in Example 4) on bonding property. Gold wire bonding test was conducted
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Table 9 below shows the effect of increasing thickness of the gold

10

() ~00000000gGroe Y109w&: (

layer produced according to the present method (ESN/EG-1/EG-2 as

described in Example 4) on solder joint strength. The Ni,P layer produced

by ESN is kept at 300uin in all cases. Solder ball testing was performed

as described for Table 7. Results indicate that even at a thickness of only

2uin, gold pads produced according to the present invention exceed the

industry standard requirement of 800g.

Total thickness (pin)

Total thickness of Average pull Failure mode Bondability
gold layer (uin) strength
8 14.21 bande Poor
10 15.06 b only Good
13 14.77 b only Good
16 13.89 b only Good
18 13.89 b only Good
20 13.34 b only Good
22 13.55 b only Good
27 14.29 b only Good
TABLE 8
EG-1/EG-2 Average shear strength Failure Mode

25 1093 1
5 972 1
2 1004 1

TABLE 9
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bondability can be achieved by the an electroless gold plating method
according to the present invention. The thickness of the gold layer in the
5 gold pad produced thereof may be as thin as 10uin, and still be able to
meet the minimum industry standard for shear strength and pull

strength.
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1 4 An electroless gold plating solution according to claim 1 wherein said
2 complexing agent comprises citrate.

1 5. An electroless gold plating solution according to claim 1 wherein said
2 gold ion reducing agent is NaH,PO,; said gold ion reduction accelerator
3 comprises a chloride, bromide or acetate salt of Thallium; and said
4 complexing agent comprises a sodium, potassium or ammonium salt
5 of citrate.

1 6. An electroless gold plating solution comprising 2-12g/L KAu(CN),;

2 10-80g/L NaH,PO,; 10-100ppm of a Thallium salt; 20-200g/L of
3 citrate; said solution maintained at pH 6.5-7.0.

1 7. An electroless gold plating solution according to claim 6 wherein the
2 concentration of said KAu(CN), is 2-4g/L; the concentration of said
3 NaH,PO, is 20-30g/L; the concentration of said Thallium salt is 30-
4 50ppm; the concentration of said citrate salt is 120-140g/L; said

5 solution buffered to pH 6.5-7.0.
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0 5 solution buffered to pH 6.5-7.0.

1 9. An electroless gold plating method comprising incubating a substrate
2 at 85-95°C for 1-60 minutes in a solution containing 2-12g/L
3 KAu(CN),; 10-80g/L NaH,PO,; 10-100ppm of a Thallium salt; and
4 20-200¢g/L a citrate salt; said solution buffered to pH 6.5-7.0.

1 10. An electroless gold plating method according to clam 9 further

2 comprising the additional steps of rinsing said substrate and incubating
3 said substrate at 85-95°C for 1-60 minutes in a second solution
4 containing 2-12g/L. KAu(CN),; 10-80g/L NaH,PO,; 10-100ppm of a
5 Thallium salt; and 20-200g/L of a citrate salt; said second solution
6 buffered to pH 6.5-7.0.

1 11. (Amended) A method of producing at least one gold layer on a barrier

2 layer of an electronic substrate, said method comprising :

3 electroless plating a gold layer onto prescribed surfaces of said barrier
4 layer of said substrate by using a gold solution at pH 6.5-7.0, wherein
5 said gold solution comprises KAu(CN)2, and wherein said gold
6 solution contains an accelerator and a reducing agent, said gold solution
7 further preventing the corrosion of said barrier layer.

1 12. A method according fo claim 11 wherein said barrier layer consists

2 essentially of Ni,P.

1 13. A method according to claim 11 wherein said gold solution contains 2-

2 12 g/L KAu(CN),.
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