"HNPRCMED SOLDER PLATI NG PRéCESS AND SEM CONDUCTOR PRODUCT" The ptesent

i nvention relates generally to 5 the packaging of integrated circuits
. ot her semi conductor products in synthetic plastic packages from which™ t
ép sed netal |eads protrude. Mor e partlcglarly, the invention relates to

i npreoved nmet hod of coating the | eads to provide protectlon gi&g%ﬂ to
faC|I|tate soldering the leads to a printed circuit board. a
seniconductor devices t he |ntegrated CIrCUIt (usually referred to as a
chip or iNIS connect ed E ¥ _ | eads &B cally
by elther mnre bon ?&PY@Ehﬁ?HBE@ BFAE NGnﬁBQG §§péNBoﬁ§MﬁS°NBPFE such
connection, the diprosyencapsulated in either a synthetic plastic or a
cerami ¢ whi ch protects the are and derines what 20. WTT be referred to
herei nafter as the sem conductor package. The present i'nvention rel ates
particularly to. such sem cThelupr esepticknyes tiher ephaths genepalilantois a
plastic. 25 pagkaf e "BEAinkERHa oML GhCRl B! KRLCBLhYrOf copper, o
a copper oy prOJec e sem coRductor age an ultimately be
connect ed -t o ot hefe®} ra@nrdvrzyobypeeﬂveﬁs. éﬂaFY'é&heélanelﬁééhﬁl gaskages

- Copper, however, ﬁﬁm%hbé‘hdéksskéa Retal 1§9B§e?edtandelt i sopeef erable to
coat the |eads mnth a,th rLa yer tin or a tlg | ead al l-oy .to faC|I|tate

sol dering. Her et oP3F EicY YPnﬁP? FBY ABGLORor L84S ng038M IMPFRY et o
| eads have been emptlhygédofbobaatdfigwbhehleads to provide protection and -

10  to facilitate solder1ng the leads to a printed
© circuit board

. In packaging semiconductor devices, the

integrated circuit (usdally referred to as a chip or

15 die) is connected to a plurality of metal leads,
typically by either wire bonding techniques or
automated tape bonding. After such connection, the
die is encapsulated in either a synthetic plastic or
a ceramic which protects the die and defines what

20 " will be referred to hereinafter as the semiconductor
package. The present invention relates particularly
to such semiconductor packages wherein the
encapsulant is a plastic. '

& 25 The metal leads, which are typically of {

copper or a copper alloy project from the
semiconductor package and may ultimately be connected
to other circuitry by conventional soldering |

, techniques: Copper, however, cannot be directly

30 soldered and it is preferable to coat the leads with
a thin layer of tin or-a tin/lead alloy to facilitate
soldering. '

Heretofore, two primary methods for coating
35 the metal leads have been employed, both of which

methods are applied to the semiconductor package



met hods are applled to the sen1conductor package - 2 - after

enc p§u|at|on Ls conplete. The first method relies on dipping the
s§ﬂ1conductor package in nmolten tin or tin/lead alloy for a brief period, .
typically from1 to 10 seconds. While this,nethod is 5 reasonabl y
effectixg, the high tenperature of the nol teff netal, typically from abo
2300C tw 260 C, places severe thermal. stress on the package and can cause
gaps around the Ieads to develop in the pl asti c package. Mor eover, the

sol der coat applied to the.l eads often_has a nqgn- unlforn1th|ckness

whi ch can inhibit §Lft§§é’q&é‘ﬁFPﬁéHP;§aPat igncempdgdedevi dbe FarsitcBesprg

automatic insertiomeqiles phi dip@piaigr ¢Het skddcdfdutTor package in méheegt her
met hod for coating .Of soldealont the taI | eads srelies 0

a laye
electroplating in §1§UP¥a6P8/&|§FIﬁ Bt °T 3T é@éb Fl?ﬂ’sﬁgﬁlcaQ1y
el ectropl ati ng, thérp@cﬂag@slﬂrsetpnds.cleﬂh&dp thscmbﬂhom uh a strong

mneral acidg SUChaﬁga%%nﬁblgh¥g@g$Qh9r'Ctﬁ%'%lgégkﬁﬁﬁ E%t%?' Ofnlt rjc acid,

phosphoric acid eg Utilize
typically conS|ste@odﬂe@oﬂﬁﬁéﬂvet&@ﬂ&§11XnérPWnﬁb9§G @épt§ t° For exanpl e,

when coating pure t2|6m°cs,ulpmal¢relsc s?Vied eDARRIMAT streBlsChnr Q'h)ét%% chage used.

For coating tin/lead f | ugboric_aci sed el.ectrol.y wer. e ed.
Al ternatively, alkéﬁga aﬁéﬁﬁ“%ﬁﬂ%ﬁﬁénﬁEOEBg R BRI evElop iR Hhe
plastic package. Moreover, the solder coat applied
10 to the leads often has a non-uniform thickness which

can inhibit subsequent manipulation of the device,
b particularly automatic insertion onto printed circuit
boards.

15 The other method for coating a layer of
solder onto the metal leads relies on electroplating
in a suitable plating bath. To accomplish such
electroplating, the packages are first cleaned,
typically with a strong mineral acid such as

20 hydrochloric acid, sulphuric acid, nitric acid,
phosphoric acid, and the like. The plating
electrolytes utilized typically consisted of
corrosive acids, and tin/lead salts. For example,
when coating pure tin, sulphuric acid based

N 25 electrolytes were used. For coating tin/lead
' alloys, fluoboric acid based electrolytes were
used. Alternatively, alkane/alkanol sulphonic acid
based electrolytes were used.

30 When solder is electroplated on plastic
semiconductor packages, severe corrosion of the
metallization (e.g.aluminium) on the semiconductor
die can result if the package has small gaps between
the plastic encapsulation material and the metal

35  leads. Such gaps allow the corrosive cleaning

solution and plating electrolyte to penetrate the



based el ectrol ytes were used. 30 When sol der is electrqgplated
on_pl astic sem conduct or packages, severe corrosion of the netallization®
&0\ al um niun) on the sem conductor die can result if the package has
$ Nt gaps between the plastic encapsul ati g smaterial and the netal 35
\egds. ‘. Such gaps allow the corrosive cleaning solution and plating .
electrolyte to penetrate the pl astic hody of the sem conductor pack#ge.
Once the corrosive materials have entered, subsequent rinsing and cl eaning
of the packages f:t.e f e st T Ve it ven 1 | |
anount s of-c-orroglrj'g‘g(é%t?-%o tog itgfet 1% m%r?r%oﬁet%%az%? on oc)r/e ﬁfgxﬁeg
periods of tinme €eFTOSdVe: materdalssihqyeofenter adot Hubisegquent dridsigrer t he

package |iable tanfdaiclllé_rzaﬁhinlg{1 IOUHS RIS 1% drsidildt E Qe 10
met hods for sol der E%atlng,t e al | eads of plastic senjfonductqr devi ce

packages in sucht® F&MO¥E thfat ¢TIV Yofs AR §S; A8 FPUTRAIVE i s
| argely av@i ded. material left on tHeSmeRaildniizaiont, £643, 1) deaciades an

el ectropl ati ng batdh f. t] ' .l g i.ch includes ti al s, such as
tin citrate, di sgtgllqvtég(ei rz}:’ag; g{etst‘rdllcnt 2164. dy%or},x[ﬁﬁogln.or}c' #ﬁee%"pﬁta% lgzaotaiitcﬁ'l
further incl udesaadhyénsierc s o dkagsecild gteneto theainlwie i c 20 acid or

citrate) and/or a dibasic carboxylic acid. LeaRonal, Inc., Freeport, New

York, sell an electroplating systemfor plating tin and/or tin
_ It would therefore be desirable to provide

{

10 ‘methods for solder plating the metal leads of plastic
semiconductor device packages in such a manner that
corrosion of the metallization layers is largely \,J
avoided.

15 U.S. Patent No. 4,163,700 discloses an

electroplating bath for tin or tin alloys which
includes tin salts, such as tin citrate, dissolved in
a citric acid solution. the plating bath further
includes a hydroxycarboxylic acid (other than citric
20 acid or citrate) and/or a dibasic carboxylic acid.
LeaRonal, Inc., Freeport, New York, sell an
electroplating system for plating tin and/or tin
alloys on various metals. The system is sold under
the trade name '"Solder On SG" and comprises tin and
25 lead salts in a sulphonic acid based system. A -
sequestering agent (Solder On SG Make-up) of
unidentified composition is included in the
electroplating system. LeaRonal, Inc., recommend
that their system be used on ceramic semiconductor

30 packages, where the metal leads are cleaned with a
strong mineral acid, such as sulphuric acid, prior to
electroplating. '

35



al | gys on vari ous metal s.
On SG' and conprises tin and 25
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second step is electroplating

pl ati ng sol uti on. Wh§n: §@alddefEamse & diffodimeiie plids tdicgpgickaes .

the cl eaning sol uiie@h oids cOIMpIaTs e¥ Ithics AGPS, WAl A& &ir@t &tephisnation
of either of thes% aci ds wi.th another organic |(¥ and t.he %Ie%nlng S
he semiconductor

he cleaning of the me leads

package using an organic acid selected from
10 carboxylic acids and hydroxycarboxylic acids.

In a non-corrosi ve

Th& d in

The

second step is electroplating the leads with solder

in a non-corrosive plating solution.

In the preferred embodiment, the organic

15 acid in the cleaning solution is either citric acid,
oxalic acid, or a combination of either of these

acids with another organic acid, and the cleaning is

performed at an elevated temperature. The

electroplating solution includes an alkanol/alkane
20 tin salt, or tin salt and an alkanol/alkane lead
salt, in a non-corrosive plating bath, where the

relative amounts of tin and lead depend on the

desired composition of the solder plate. The wmetal
salts are present in either sulphonic acid or citric

25 acid. The sulphonic acid plating bath includes a
tin alkylsulphonic salt and/or a lead alkylsulphonic
salt, and a sequestering agent to inhibit attack of
the fluoboric acid on the metallization. In the
citric acid based system, tin citrate and/or lead

30 citrate are dissolved in the citric acid. Plating
may be carried out in apparatus of known form to
apply the desired thickness of the solder to the lead

frame.

35
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citric 25
al kyl sul phonic salt and/or a |ead al kyl sul phonic salt, and a sequestering

agent to inhibit attack of AP; obor | cid.on the netallization. In
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| kane | ead salt, in a non-corrosive plating bath, where the
,anounts of tin and | ead depend on tfe. desired conposition of the
~ pliat e.
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copper, a copper alloy, or a nickel-iron alloy and
include a plurality of individual leads which extend
outward from the plastic package. - The leads are
usually soldered to printed circuit boards. In
order to protect the leads and enable them to be
soldered to printed circuit boards or other devices,
it is desirable to coat the leads with a layer of tin
or tin/lead alloy.

The cleaning solution comprises a mild
organic acid preferably selected from carboxylic

" acids and hydroxycarboxylic acids. By employing the
acid cleaning solution at a mildly elevated
temperature, the leads will be cleaned, but any
residual acid which penetrates the package through
small gaps or interstices in the package will not

. corrode ‘the aluminium metallization on the
semiconductor die. The problem with prior art (!
cleaning solutions, which typically had been strong
mineral acids, such as sulphuric acid, nitric acid,
and the like, was that any acid which penetrated the
package could not be washed away. Thus, these acids
remained in the package for extended periods and were
likely to cause great damage.

Carboxylic acids useful in the cleaning
solution of the present invention include oxalic
acid, malonic acid, succinic acid, glutaric acid, and
the like. Suitable hydroxycarboxylic acids include

citric acid, tartaric acid, malic acid, lactic acid,



outward from the pl asti c package. The | eads are usually soldered to
priznfed circui.t boards. In order to protect the |eads and enable them to_-
He soldered to printed circuit boards or other devices, 15 it is '
desirabl e<to coat the leads with a |ayer oftin or tin/lead alloy. The
cleanuﬁg‘solutlon conprises a nmild organic acid preferably selected fro
car boxydd/i ¢ aci ds and hydroxycar boxylic acids. By enpl oying the 20

acid cleaning solution at a nildly el evated tenperature, the leads will be
cl eaned, but any reS|du | acj gh penefrates the package. through smal
gaps or intersti cdECORHD %‘Hea‘fo’a katRd wihe hbktecor rBiRse medsiwhllim

metal | i zation on tﬁplaﬁly béeem?p@;de@t@t QI@encenTt&@mblﬁmmé hrzmg@r art
cl eani ng sol ution | Eyfg ad been. strong m ner a&* such as
cutphur Sc actd CnEtol cabdy Q0B RS LRt S ot ht A THY i
penetrated the patkageangulﬂrmmtabeuﬂak@@dtmmbso grﬂmm$;1these aC|ds 30
Gammge. Carboxyl | ECAGHILe L FE) 68T EF, BetoRber SOGIPHT, hECrdnad £RURC 0o
i nvention |nclude Sxévlboﬁch and| for ca atime EMcthmltam$¢dfrgmulat¢c acid,

and 35 the |ike. mlnéyégable hydroxycarboxyllc acids include citric
acid, tartaric acid, malic_acid, lactic acid, -6- ascorbic acid, _and the"
i ke These acids wi|| Care must be taken with both the carboxylic
acid cleaning solutions and the hydroxycarboxylic
10 acid cleaning solutions to make sure that the
solutions are fresh and to change the solutions when
i\/ they become laden with heavy metals, such as

copper. Copper and other metals will redeposit on
the leads and interfere with the plating of the
15  solder.

The electroplating solution for depositing
the solder layer, either tin or a tin/lead alloy, on
the aluminium leads is also non-corrosive. Two
electroplating systems have been found suitable for

20 the present invention. The first of these systems
is a sulphonic acid based electrolyte while the
second system is a citric acid based electrolyte. A
sequestering agent is utilized with the sulphonic
acid based electrolyte to further 1nh1b1t corrosion
N 25 of the aluminium surface.

The sulphon1c acid plating system typically
utilizes a tin alkane/alkanol sulphonate salt and/or
a lead alkane/alkanol sulphonate salt, where an
alkane or alkanol radical has from 1 to 6 carbon

30 atoms, more usually from 1 to 3 carbon atoms. The
concentrations of these salts will vary depending on
the desired ratio of tin to lead and the solder
plate, typically being in the range from 5 to 100
grams/litre more typically being in the range from §

35 to 100 grams/litre. For achieving a tin/lead solder

having a ratio of tin:lead of 90:10, a suitable



typically be enployed at a concentration in the range fron1about 10 to 200
rane/litre nore typically in the range from about 100 to 150 grams/[itre.,
Exposure will be at a tenperature in the range from25 to [err], and'
a tine in the range from1 to 20 ni nute§. -Care nust be taken wi'th both
o carﬂbxyllc acid cleaning solutions and the hydroxycarboxylic 10 .
acid cleaning solutions to nake sure that the solutions are fresh anq,zo

change the sol utions when they becone | aden with heavy netals, such as

copper.  Copper ngteﬁgegom%ﬁ Wohhar ﬁﬁ?@oﬁbPrGQﬁQth?aQ% and interfere
~with the plating The_e| ec | atin solutlon for

deposi ting the soSH%Ws?A}EFe EFFhéFEFPﬁ §P18 PPHFFeé& aﬁ|8yaméﬁ d&ge

al um nium | eads i ¢eRt89s)ONeadr a0khaye. sulpwonaltest r ogbaviend entatygma jpave
been found suitable first of these

systens is a sulpﬂSﬁﬁﬁnﬁcFHIBBQBﬁgg ég?egFﬁbg%ﬁ%FFBetﬁ81§§8 PakesPaVelsi s a

citric acidSbasedueﬁé¢zedIysethe”Aai&quesLEhpngoagenmrns10h|bﬁzeﬁemtr1the
sul phoni ¢ aci d ba§g$ﬁﬁbﬁgF EXEeiEOt%BE ?&KIQQI P% ggﬁ %5@9%n2§ of the

al um ni um surf ace e su onlc aci |caII utﬁ | zes a
tin alkane/a|kanoﬁ0§ubphan u@esampran&y@ncallya eanman@/&m@am@ngguﬁgwwnate
salt, where an aIKgneoogoglb§ngblﬁ§glcal has from1l to 6 carbon 30

-atons nore usually from1l ato concentrations .of these

e
salts will vary depending Ehetﬁgi §Pﬂ€daFé |&%ﬁJA|Q4QHFHQ%%T%me

sol der 10 include a sequestering agent selected to inhibit ac1d~~
attack by the.electrolyte on the aluminium and other
components internal to the semiconductor package. P
Suitable sequestering agents inelude sodium A
metasilicate and Solder On SG Make-up available from
15 ‘LeaRonal, Inc., as part of their Solder On SG
system. _These sequestering agents are typically .
utilized at the concentration in the range from 1 to ~___
.50 grams/litre more typically in the range from 5 to
30 grams/litre. - |
20 . The citric acid plating solution typlcally—
lncludes a tin sulphonate salt and/or -a_lead -
jsulphonate salt, at concentrations selected-to yield
the desired tin/lead ratio in the solder plate.
_ Typically, the tin sulphate salt will be present at a
25 -concentration in the range from about 5 to 100 o
grams/litre while the lead-sulphate will be present
in the range from about 1 to 50 -grams/litre. T
_Concentrations suitable'for producing a 90% tin alloy
would be 25 grams/litre_tin sulphate and S
30 grams/litre lead sulphate. "~ The concentration of the
citric acid is not critical, typically being in the —
~range from about 10% to 100%. By adjusting the pH
of the citric acid electrolyte to a value in the .
range ﬁfom about 6 to 7; typically with NA4OH, it
35 = has been found that the electrolyte will be

substantially non-corrosive to the aluminium



pl ate, typically being in the range from5 to 100 grans/litre nore
typically being in the range from5 35 to 100 grans/litre. For
gGhieving a tin/lead solder having a ratio of tin:lead of 90:10, a suita

- 7 - plating solution would have approximegely-25 granms/litre tin al kan
sul phornate and 5 grans/litre (excess) |ead al kane sul phonate. --
Conveniently, tin nethane sul phonate and | ead net hane sul phonate may be
utilized as the salts. The concentrati.on of the sul phonic acid is
typically in the 0, t0:30% by volume, nore typically being in the
range from.10 to'&%€¥§§Ié%€% " The sul phonic acid based electrolyte wll

10 i nclude a sequesterThg phrtingarethed ¢H thﬂipﬂ¢semtdinvem¢immk by
the el ectrol yte gy e BbaEataed Al O4i\PLn EPRENCGI Scti¥pIdlng O the
sem conduct or pac age e sequestering agents include so

met asi | i cate and ¥ HRwenth. Sxaxhkep t vgi tamk eshowhd 1be made cafRoaml , | nc.

as part of gheir é@i@efe§1h€§ﬁ§Yﬁé€@?1alT?@éﬁ §§QQ@Sééidnﬁe§9§€&ﬁtare
typically utilized g} t he concentrftlon |

era
grans/litre nmore PYPYREY 4 y&ifh- ¢ HRO ?é%‘ép)'f%’h?s P%{lg’()“b laﬁI;?éiL‘PH‘?%' or
- 20 thdhbike!ri cPbetith gl pdekg spéuprovidydi imté:ynal ntd udes a

Sel ecteb- o yi o e rerAEUTE HATE  FRB T ST P Ne  REVE RARPEY S
utilized to provide the necessary plat1ng current.

10 The anode is typically a tin/lead alloy having a
tin/lead ratio which matches the desired composition
of the solder pléte. The cathode is connected to
the plating rack, and the plating power supply is run
at a low voltage, typically from 1 to 20 volts,

15 usually about 3 volts, for a time sufficient to
supply the desired thickness of solder plate. The
thickness will usually be in the range from about 0.3
to- 2 mils. The amount of current required will
depend on the number of packages being plated and on

20 the amount of time allowed for the plating process.
Generally, a higher current will correspond to a
shorter plating time. ~

_ The following examples are offered by way of
illustration, not by way of limitation.
W, 25 - EXPER IMENTAL
1. Corrosive Effect of Plating Baths on
Metallization Layers on Silicon Dies.

Silicon dies having exposed aluminium
metallization layers were immersed in the plating
30 solutions listed in Table 1 - and microscopically
examined for corrosion after S minutes, 24 hours, 55
hours, 80 hours, and 100 hours. The sequestering
agent employed was either "Solder On SG Make-up"
sequestering agent from LeaRonal, Inc., Freeport, New
35 York, or sodium metasilicate.



pgtcall , the tin sulphate salt will be present at a 25 concentration
ange from about 5 to 100 grams/litre whil e the | ead-sul phate will "
sgnt in the range fromabout 1 t9% 50-grans/litre.
Con rati ons suitable for producing-a 90%tin alloy would be 25
grans/litee--tin sul phate and 5 30 grans/litre | ead sul phate. - The ~
concentration of th-e citric acid is not critical, typically being in %hHe
range from about 10%to 100% By adjusting the pH of the citric acid
electrolyte to a value in the- range fromabout 6 to 7, typi-cally with
[err], it -- 35 has been found that the electrolyte wll be :
substantially non-corrosive to the alum nium -- - 8 - netallization. The

pl ating nethod of {hg pyesent. invention may Qe performed in conventional
el ectropl ati ng equ| grenty. The pl ating tank3shoul d §e nmade of an 5
acid resistant mat§i@al |such assan aC|e|LreS|s*tant patyfer, elg.,
pol ypropyl ene, pol ¥V nylfchl oride, or the Ilike. Plating racks are provided
internal to the pl &ting|tank, and a suitabl e,.povver supply is utilized to
provi de the necessary pllating current. 10. & The anode IS typ| cally a
tin/lead alloy hag} altsan/l ead ratlo%lch"'hatches t 2 desi'red
conposition of th& | dgr pl ate. The cathode is connected to the plating
rack, and the pl atM ng pdqwer supply is run atga | ow voltage, typically from
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15§, . usua]ly about 3 v@lts, for a tinme sufficient to supply the desired _
tshickness of sol der plate. The thickness will usually be in the range -
forom about, 0.3 to 2 MIs. The amount of current required will depend oy

t he nunber. of - packages being plated and gn 20 t he amount of tinme ‘

al l owed far the plating process. Ceneral 19, a higher current wll
correspond to a shorter_platipg ti The foll ow ng | es are of fered by
way of illustratiofe no@g’é OFA noFHﬁmpappoh_f%sst of Bejuestering

EXPERI MENTAL 1.  Corr RF$BEEffect of Plating Baths on Met a:_lization Layer s
on Silicon Dies. Silico L es_haying, expose | umi.ni i zation | ayers
were inmmersed in the plg:!.f#.‘ﬁogOgXes ESYEPPO%%‘%PIQ?FGSEIEPI‘E%& e 1 and

m cr oscopi calhetakhbzatioholagersowere immersddnimutbe, platiogrs, 55 hours,
80 hours, . and Spe s he..s tgrin g rggﬁ v a%islgt her
" Sol der (?1 Sé%’g‘%é%%é Jé‘éﬁ%-s %rlﬁggfgggﬁt ?P%m%gga on%ﬁ, %;ér?c. , :'I‘f—:ll eeport,
New 35 Yoagktenr24obounsmebashphray eand 103] boups| ¥as) VESUALlYerr] [err]
[err] assessed under a microscope, and the results are noted.
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10 2 Corrosion Inhibition Effect of Sequestering Agent Silicon-*

di vi ng exposed al um num netal | i zayhon | ayers were imersed in the
pl g5 solutions given in Table 2.7 The corrosion occurring after 24
hours, 55 hours, and 103 hours was visually assessed under a m croscope,—
and the results are notegl.310}15 20 25 30 35 et
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[err] [err] [err] [err] eo lLerr] [err] -12 - ljhmlvsl Arrethodfor

soi-der pl ating netal | eads on a plastic sem con ,"’ar d net hod
-.€onpri si ng: exposr ng the 5 plastic sem cond

car boxylic *hydr oxycar boxylic acid to renove nmetal oxi de frémt he J;
and etectropl atrng tinor atin/lead-ajdQy onto the netal leads in a{ '
non-¢oyrosive electrolyte wherein tin salts or tin and lead salts are
present in sul phonic acid or nitric 10 acid. 2. A nethod according to
claiml1l in whi QLAINS car boxylic-acid conprises one or nore of oxalic acid,
mal onic acid, succinic acid, and glutaric acid. 15 3. A nethod according
to claim 2 in which t he hydroxycarboxylic acid conprises one or nore
of citric acidZ-as@omgthod dfax, srridec platingametabctleadsci on 28 plastica

met hod accor di RigpliecAlctSF ekages! fail ndthth Ompdsing: exposing the
5 plastic semiconductor package to a carboxylic or
hydroxycarboxylic acid to remove metal oxide from the leads;
and electroplating tin or a tin/lead alloy onto the metal
leads in a non-corrosive electrolyte wherein tin salts or
tin and lead salts are present in sulphonic acid or nitric

10 acid.

2. A method according to claim 1 in which the carboxylic
L,: acid comprises one or more of oxalic acid, malonic acid,
' succinic acid, and glutaric acid.
15 _
3. A method according to <claim 2 in which the
hydroxycarboxylic acid comprises one or more of citric acid,
ascorbic acid, malic acid, and lactic acid.

20 4. A method according to any foregoing claim, in which the
carboxylic or hydroxycarboxylic acid is at an elevated
temperature.

5. A method according to any foregoing claim, in which the
_ 25 electrolyte is based on sulphonic acid and includes a
~ sequestering agent.

6. A method according to any of claims 1 to 4 in which the
electrolyte is based on citric acid and has a pH in the
30 range from 6 to 7.



met'hod accor di mm‘ ‘u ng claim in which the 25 electrolyte is "
based on sulp

cludes a sequestering agent. 6. A nethod '
accotding to any St clains 1 to 4 in which the el ectrolyte is based on
mtr@tﬁtldandhasalentheSO ra-ngiéf-rom6to7 - 13- 7. A
met h&d” according to any of claims 1 to 4 in which the plating bath inclydes
tin al kane sul phonate salt or a tin_al kane sul phonate salt and _a | ead

. -al kane sul phonat e 7sal tA iRetRod, AEROFIENG Q) WP 615488 15 t9 4aiRevhigh the
according to any elatifg Bath Eﬁchﬂ@svtuwmlu&aﬁeekﬁspmweesamel UGES & ttik

citrate salt or cltrate sa ci,tr citric Cld
el ectrolyte. agica%% %‘315’2‘88?{5 %ﬂ'ﬁ:l@fg? &FB ui’ﬂe’ga’hﬁ‘cé&:iﬁﬁﬂ f'
net hod of any for agsuiphariizn mcid electrolyte.

5

carboxylic or ydrmcariﬁ@gmi acid is at an el evat ed terrperature 5. . A

8. A method according to any of claims 1 to 4 in which the
electrolyte includes a tin citrate salt or a tin citrate
salt and lead citrate salt in a citric acid electrolyte.

10 9. Semconductor packages produced accordlng to the method
of any foregoing claim.




