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ULTRA- THI N- NOBLE METAL COATI NGS FOR ELECTRONI C PACKAG NG Techni cal Field
Thi's i nvention concerns a sol derabl e ultra-t hi nReba protective 5
coating, especially useful -in packaging of integrated circuit devices.
Background of the Invention Integratedlcircuit (1C) devices, having an
integrated circuit (1C) unit and a Iead frarre which are sealed within a
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the ends of the leads are posmoned in an abutting or spaced position with the IC

unit.

There are several attachment techniques by which the leadframes
25 connect the IC devices in a package. These include wirebonding, soldering, die-
attach and encapsulation. The most control is in wirebonding and soldering. In all
instances attachment requires a particular quality of the leadframe surface. Most
_often this means that the surface must be oxide free and ready for interaction with
other components such as gold or aluminum wire, silver filled epoxy or solder. For
30 this.to be attainable in a reproducible manner, the surface finish of the leadframe
plays an important role.

Blanked lead frames are, typically, plated with a layer of nickel over the
surface of the lead frame. Nickel plating was intended to serve as a barrier to
diffusion of copper to and formation of reactive copper products, such as copper

35 oxides and sulfides, on the surface of the leadframe. Unfortunately, nickel layer in
thickness of less than 400 microinches (10.2 micrometers) contains pores through
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surface of the leads are of greater concern from the solderability standpoint than the
presence of copper and éopper products. Presence of as little as 5 atomic percent or
even less of nickel on the surface detrimentally affects the solderability of the
25 surface. Nickel and nickel products, due to the effects of various processing steps,
including high temperature and oxidation conditions, diffuse to and inter-react with
metal components of the overlaying layers. Nickel products, such as nickel oxides,
interfere with soldering and bonding processes. Besides, they are difficult to remove
with conventional acidic cleaning.
30 X In U.S. Patent 5,360,991 issued on November 1, 1994 to J.A. Abys, et
al, is described a lead frame comprising a base metal, a layer of nickel on the base
metal, and a protective composite of metal layers on the nickel. The composite
. includes, in succession from the nickel layer, a layer of palladium strike or soft gold
strike, a layer of palladium-nickel alloy, a layer of palladium and a layer of gold.
35 The various layers are in thickness sufficient to effectively prevent migration of
copper and nickel and their respective corrosion products to the surface of the lead
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pl ati ng 25 %i ordin to the | nventi on. tailed Description FIGURE 1
i || ustrat e®® ﬁﬂﬂ? T8¢€SS: t ypi cal lead frane, 10, for use with an
i nt egr at edBeief Deidrijiticn) ofthietDrawingshown i n phantom. The |ead frane

i ncludes a FIG. 1 is a schematic representation of a top view of a typical prior art
20 lead frame with an IC unit mounted thereon;
FIG. 2 is a schematic cross-sectional side view of a portion of an
encapsulated device taken along the 2-2 line of FIG. 1; and
FIG.3is an'enlarged schematic representation of a cross-section of a
small longitudinal portion of the lead showing the layers of the composite plating
25 according to the invention.
Detailed Description
- FIGURE 1 illustrates a top view of a typical lead frame, 10, for use with
an integrated circuit (IC) unit, 11 (shown in phantom). The lead frame includes a
paddle, 12, on which the IC unit is bonded, and leads, 13. Dam bars, 14, which
30 interconnect leads 13 at this stage, are trimmed away after a packaging medium has

been applied over an area shown in phantom lines, 15. . _
For illustration purposes, this invention will be described with reference
to an IC packaging in which the packaging medium is a molded plastic material,
such as epoxy. However, this invention is applicable to such other embodiments in
35 which the IC unit and the leads are enclosed in a ceramic or a hybrid ceramic and
metallic package. This invention is also applicable to printed circuit boards provided



paddle, 12, on-which the ICunit is bonded, and |eads, 13. Dam bars, 14,
Which 30 interconnect |leads 13 at. this stage, are trimed away after a -
packagi ng nedi um has been applied over an area shown in phantomlines, 15.
For illustration purposes, this inventign will be described with reference
to an I C packagi ng in which the packagi ng mediumis a nolded plastic ,
mat eri al h as.e However bSs I nvention is applicable to such
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20, a layer o? nj ck 21 he base metal, and a protective conposite,

22, on t he Sompesite, Izg'y%? &’m@ke}, €-nmetal, 20, is typically a copper or a
copper al | oy. CoppeThd Baseahétaly 20, i§ ﬁls'ﬁéﬁpébor alébppéOalloys> WapPper r enmai nder
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depositing ontop of nic tect! ve conposite 22 !aV|ng a
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sur
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13. Cormos'z'lepr%?ecw@&stﬂﬁésuelzz mmfgmﬁmﬂ r Stisbture fwidch puewm of aleast21, a
pal | adi um or sof {,

and a pal | &P t'I“’As'e"re Q%Lhﬁnlgﬁﬁfpg,ppef ﬂléd gal l gg m'%]rlﬁﬁ& %i?i{%}g%gl ?Klell:l o
| ayer ofR20gadickel %ﬁoduitsmmﬂnamtdrsurfacdﬁphsleaés;l Showan md’tIﬁL 3,is anenlarged -
schematic representation of a cross-section of a portion of lead 13. Composite 22
includes, in an ascending order from nickel layer 21, a palladium or soft gold strike
layer 23, a palladium-niékel alloy layer 24, and a palladium layer 25. Optionally, the
composite may include a thin layer of gold, 26. The composite is deposited in a total
25 thickness varying from about 2.5 microinches to about 11 microinches, preferably
from 2.5 to 10 microinches. The composite is on a nickel layer ranging typically
from 20 to 200 microinches in thickness (510 to 5100 nanometers).
Palladium or soft gold strike layer 23, which acts as a bonding
(adhesive) layer between nickel and palladium-nickel alloy layer is deposited ina
30 thickness ranging from 0.5 to 3.5, preferably from 0.5 to 3 microinches and more
preferably from 1 to 3 microinches (25 to 76 nanometers). Layers thinner than 0.5
microinch may be insufficient for bonding purposes, while layers 3.5 microinches
and thickeér do not add any additional advantage. The Pd or Au strike layer is a low
porosity layer which, in addition to its bonding characteristics, contributes to an
35 enhancement in growth of subsequent layers with reduced porosity, which in turn
contributes to the reduction in potential diffusion of copper and nickel toward upper



25 thickness varying fromabout 2.5 mcroinches to about 11 microi nches,
preferably from2.5 to 10 m croi nches. The conposite is on a ni ckel Iayer
ranging typically from20 to 200 microinches in thickness (510 to 5100
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reduce effects of porosity in the under-laying layers and to prevent or at least to slow
down diffusion of nickel from palladium nickel alloy layer 24 to the surface which is
25 to be used for soldering. Layers thinner than 0.5 microinch may be insufficient to act
as a barrier to the diffusion of nickel from the palladium nickel alloy layer, while
layers thicker than 5 microinches do not add any additional advantages. The
thickness of this layer depends on the thickness and the Ni content in the Pd-Ni alloy
layer. The higher the Ni content in the Pd-Ni alloy layer, the thicker the Pd layer
30 should be to prevent or at least to slow down the diffusion of Ni into and through the
Pd layer. Palladium layer is preferably deposited from palladium electroplating
solution described in U.S. Patent 4,911,799 issued on March 27, 1990 to J.A. Abys
et al., which is incorporated herein by reference.
An optional gold layer 26 is deposited in a thickness ranging from O to 1
35 microinch (0 to 25 nanometers). The gold layer is being used when it is desirable to
achieve high speed wetting of the surface with solder. In applications represented by
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m creoi nches, preferably 0.5 to 4 mcroinches and nore preferably from1l to
4 microinches (25 to 100 nanometers). The main purpose of ‘this layer is to
further reduce effects of porosity in the under-laying |layers and to :
prevent or at least to slow down diffudfion of nickel from palladi um nickel
alloy layer 24 to the surface which is 25 to be used for soldering. Layers
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Publ i cat i orfee {iFe AR a %ﬁ%@%ﬁ?%ﬁ‘?&@@éﬁﬂ*‘ﬁ&a‘ﬁ#ﬁﬂ% ?‘?gstv?%ig 1987,
pages 26 arby allayerwfegold dbwut dmuiceinoh in shickness used in processing at [err]
and bel ow, and it 'ﬁx%ﬂéxltro ka‘én ﬁﬂé%ﬁ%iﬂﬂé&ﬁﬁ&s,%%ﬁglﬂaﬂeﬁ“ ke.

edlnathc of at

| ayer may be deposi ness east - one mcraqinch, the Pd-Ni
al | oy | 30 erdepositediblyi atesletosreelmetal depgsition provessyi s may [alse include t he pPd | ayer

in-a thick Qfe?a% bn o the ‘i’-ﬂzﬁ' of‘nl"ﬁi(élrdﬁi tHE Base lnhethl 10 SGetltBlradiGperatida) Failie use of
gold is desitable to acliieve high speed wetting qf sfg(l:id&r otection
to follow this metal deposition requirement may lead to insufficient p
requiring much thicker metal deposits. The reel-to-reel metal deposition plating is
well known in the art; therefore, no specific explanation of this process is needed.
- 25 After completing the metal deposition, the lead frames undergo the IC
unit mounting process. IC units 11 are mounted on paddle portions 12 of lead frames
10 in a known manner, e.g., by solder or by an adhesive. The electrical connection is
made between the IC units 11 and leads 13 by means of wires or tabs 18. It is
important that the surface of the leads be bondable to the wires. A solderable
30 sﬁrface, which is free of undesirable products of copper and/or nickel, will be also
suitable for bonding of wires thereto. A surface with undesirable products of copper
or nickel may not be wire bondable or may be poorly bondable so that a viable
connection may not be established or if established it could become disconnected in
operation. Especially poor contact would be made if the outer surface of the lead at
35 the place of bond has a thin layer of nickel oxide. Copper products, such as oxides

and sulfides, are removable by cleaning the surface prior to the IC unit mounting,




the three layers are used in thicknesses of at |east 0.5 mcroinch each and
foltowed by a |ayer of gold about- 1 microinch in thickness. In order to
obtain the viable ultra-thin coatings, the various |ayers are 20 deposited
by a reel-to-reel netal deposition preaess. -This may al so incl ude
deposition of the layer of nickel on the base netal in a reel-to-reel
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f Ir ames :50I hmit m&ﬁugwm f, the le@ds arhyfomgk de externabJC anit padiage. vAEfterTge A

el ectrical connection 1 n the | y means
of wires of*TMOYRE as§efnsql£¥qub€1F %ﬁ@@ﬁé@ﬁﬁ%&%ﬂ g&cﬁgﬁqzﬁ%s be
bondabl e tge d/wfromahe Pead Gitatiess dlglsepaiatingsthe eadsof theleads fronf the deadf

bonai g of aﬁlﬁ 4 Bk by RRE pofldh erfichlif calh. Epofeadt 88 il teiPlly O
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connect igon, ?gmﬁ GRe

di sconng(c)t e@n&g‘%@:}g mﬁﬁgcéﬁ a:bfc%)eg?&fé‘g%? Sbgleﬁgal&nar?g%e if the
out er surf&UbSQMe%@Paﬂé@n@tm@m @Flmeﬁ%"ﬁaﬂe ?f‘dF&EFer of

ni ckel oxi gﬁc?]ocﬁ Pﬁvﬂﬂ%sidér bl a@oxas%ld& g6 on itk xﬁuhﬁﬁﬁgafoar@mi srenovabl e
sur

by cl eanin rior to CU|t n wi re bondi ng
and sol der $% feﬁ-l@ﬂ@%ﬂér‘m E‘H’“ﬁpﬁ&é @Hﬁ'&&% Hﬂ'&@mﬁ%%s are quite
t ]frnac i ous ae&leageadw@hmgfseme a\mdltencuam/@rrmm ahd tHeaauré plgceabinut i ons.
After the 1C an qndi.n r,0cesgsi ens ach assenbly is placed in
a nol di lr% %‘ffﬁ%ﬁtﬂ‘&ﬁ“’ffa&e'mlﬁ Mﬁ?‘i‘ gﬁ’é’aﬁgt erial is injected around
each IC 5 unit and Iaﬂumperﬂnvpmatso hdvetrblmableemtmeam besween the I€unitandl | C
unit packa r us, the
ol ded | C R Hog e dads MofBaIY polopaly utfed vl BtanPRR e S, |
ends of t hsurfazed tifese pottioas bEthe leadanﬂudmemb«p seepvadtg padsopthethosrd bet ween
the | eads. mg;l fing 6NSdIGE K hitface®: - -
gul | w ng, ‘B}fdi’g@%’a@‘? IE&WEP%%%HQ ea expo,sed fromthe
ol di @0 owitbuarselder sommanw%%gumq,re 961:1\?@#%95&4#@0 Klered i ageeptadlg dered to
pads on a_ goigiht SdahaBled Alkd) R uraRs M@ hi R ﬁl&ﬁ%@deﬂa@@dr&h&rlewpl aced in
contact with sofder bunps or sql der E)laﬁt e.on t he r}g gi)afr d aﬂld are
count of pores per square centimeter, such as fewer than rably fewer

25 pores per square centimeter.

In the process of fabricating the encapsulated device, the lead frame

25 undergoes numerous processing operation steps including those which contribute to

oxidation, interdiffusion contamination, contamination by vapors, cracking, and

contamination surface damaging. The processing steps include injection molding of

thermoplastic material to form a plastic frame (150 °C, 30 minutes), circuit

attachment, heat spreader attachment (150 °C, 30 minutes), trim and form leads,
30 oxygen plasma clean or laser H, O, clean to remove any organic impurities, device

attachment including die bond epoxy cure (165 °C, 1 hour), cover attach (165 °C, 1

hour), and burn-in (125 °C/24 hours) to effect structure stress release and integrity

test. These processing steps are well known in the art and do not need any further

detailing. Formation of plastic molded packaging and soldering steps may involve

35 temperatures as high as 250°C.
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sol dered to pads on the nmounting board by refluxing. In another instance,
the cleaned | eads are immersed into a nolten bath of solder and then are
placed in 15 contact with fluxed ternminal pads on the nounting board. It
is inperative that to have reliable cedtection between the I1C unit and the
mounti ng board, the |eads should have sol derable surface. This neans that
the surface of. the I d to pads
on the board shoul Zf%ggééhggahg{ho;gﬁ%éet?@eg&gms%&@lgaéﬁ?@gg%ﬁ neﬁous

coati ng of sitdbirefor aseliabld econmection, ¢het Inadhframesi withos axitheyt @9@9?495@1&95% or nore

of the ar egnﬁ&chﬁﬁreséﬁb fieted okéha%ﬂgflaés&tlh&uﬁﬁnghﬁk%naﬂg%ﬂ%kﬁmbﬁi t§0, the

surface sh ave er covefage Wt | ow cou or s per square
centi neterteS%CWlfaboﬁ%ﬁeStSH@erd%Y RBA WSS pores per
squar e CeNidIEBiIRY of this opbsﬁ&SAT&frétaizrat&Atsmmq Rﬁ%ﬁﬁﬁ kat ed device,

the lead fr und oes Mer QuUs pr.oces operation e ncl udi ng
t hose whi CFF?@BH‘??‘F‘B F‘?BﬁmcFﬁFEqr{‘?rf %@Fb‘ﬂ“&?fﬁ%i@t@%ﬁh
cont am nat ingfebbidiHg muaxngcm&kamms@ﬁfih ﬁs)mteﬁgmrh%ﬁﬂgxsr Ilﬂwxiaeamnimgmgpsag The
processmg stes | I njectl D DT .1 t ]
forma pl aSine ﬁ%pic&e(qum& Wﬁﬁ%ﬂ%gég’m@@ z‘é gpreader
at t achment ugeldbds d qualifying Oriterion lfﬁsﬁcceptablhtyd Thi$ standdrd i) ves Gteamagieg) pl asma
cl ean o Ia I 0 gevice
attac h t Fﬁ% ‘{6 ‘iés% fgﬁﬁ% bdg&ﬁﬁg’%ofg%%r Wﬂqﬁb{%ﬁrﬁg‘ cover attach
[err] hour pimulate ashelf liferof @t 2€ast 6 mdnthso (Fheyeafter, dlie samples are subjecsed ta &t s
rel ease an Efﬁf\r ‘QE]H erdiGPW 1N the
art and doqﬂ%@aﬁg{é?ﬁﬁ/ a{q%i%ﬁg @&qﬁgﬁg‘j’ﬁg n?értrgﬁlé%ﬁ o astic nol ded
packagi ng aeldes®|230/"Cifgr §swadm§mﬁ9%méh%evamﬁs’eﬁo dercoyerage gh as
[err]. 18x mnfRhEoH) OGatid3s td18e sdlderﬁlﬁh %tﬁblf:&ﬁﬁst Rhve dtgedseashel r ane
woul d be sui tabl’e faor a reli abl ? nec Iead%qtrarrﬁ_1 &
wi t hout 13 héo\é"riéﬁp%fthl&‘%‘ﬂ lt)‘rﬁF’SP&aﬁo ‘@8?‘9’0"‘1"@ Pere™ab ap% sts
i ncl udi ng \tptd @ﬂﬁBl?d’eWﬁr thafl 25 QbR pabsduateycentifiieter. \Aﬂmebmdemﬁcdfbrs are
per f or ned vrlfélé ef}i rodu0|b| qﬁﬂﬁﬁ S.. I ei §I|It of this type
of bond. A ys “fg) te‘?% H@R?H of failure
and accept solder ﬁmhddrsubstrdtekaSWH etI'hetmsmrg is ypmdmtddwsufeﬂm sutfacebeimhondi n g
I ncl udi ng NLS SUC st eps.
of the sol g"@%&‘t‘[ﬁ&h v§tas°°ggg§ ﬁ/%]‘?%{p#"g%%c. | ca%‘?§ g@k@@& k}ggﬁod 2003
whi ch 20 uS&p mpoaaﬂualméMmQS'EMi BES-8%; NoMembsc 198% prgesi4p3-465i s st andar d
i nvol ves steam agi Ngyidering is determined to be one of most sensitive steps in electronic
packaging when exposed to thermal excursions, oxygen and organics which can
cause deterioration of the finish. The result is an absence of solderability and
product failure. With this in mind, a series of multilayer finishes with ultra-thin
25 protective coatings were tested to determine whether or not they can withstand
higher temperatures and other environmental attack such as plasma treatments and
still remain solderable. Compositions in the range of total thickness of from 2.5-11
microinches are shown to provide excellent wirebonding properties. Some fusion
was applied to SMT boards and also demonstrated good performance even after O,
30 plasmal treatments.
Since many applications include thermal exposure of the coated lead
frame, diffusion of metal between the layers under thermal aging conditions may
cause a loss of surface quality if the underlying metal diffuses into the more noble
surface layer, e.g., nickel into gold. Therefore, in addition to steam aging, it is
35 desirable to subject the plated surfaces to a thermal aging. Standardized thermal
aging requirements do not exist at the present time. In order to judge the suitability




10 at 95 [err] and 95%relative humdity for 4, 8 or 16 hours. This is
presuned to sinulate a shelf [ife of at |east 6 nonths. Thereafter, the
sanpl es are subjected to an application of non-activated rosin-flux to
exposed netal |eads and inmersion in sobder at 250 [err] for 5 seconds.
Sanmpl es are then evaluated for sol der coverage at 10x nagnification.
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agi ng. Standardi zed_t gi ng requi renents t . exi st at the pr esent
time. In order to J[R:Igéblgﬁés &RW‘&%VF‘PQWOF“’“‘EW‘“?HS % R prRfeCtiYecor di ng
to this inveatingd IhTabkd dersnbwhbmnplaﬁlef éifdrhnedy obtdifedwith €lgesdi ti ons, the

and 5 our dmstes, BT Fasie 2 P stalfl R piss” o i S50 o BB Verdor) tor
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Table 1
Test Matrix of Multilayer Finishes

1 36-43 2-3 34 34 0
2 33-44 2-3 34 2-3 0
3 29-41 1-2 2-3 1-2 0
4 20-28 0.5-1 0.5-1 0.5-1 1
30 5 28-34 1-2 1-2 1-2 1



|, ayer: coated with a conposite having a total thickness ranging from2.5 to
11 mcroinches: The thicknesses of the nickel layer and of the |ayers of
conposite 22 are shown in Table |I. The conposite i-ncluded, 'in succession
fromthe nickel layer, a Pd strike |ayelQ-a Pd-N (80/20) alloy |ayer, and
a Pd |ayer and, optionally, gold 10 |ayer. These sanples were produced in a
reel -to-reel pI ating line. The sanpl eTabla@ greater than 98% sol der
coverage, as plated. The sarﬁﬂléqragrgt}’a@fmlﬁhﬁfm%%ol der coverage when
thermal |y treated at [err] for aThermaldiging Effect and 5 hours, at [err] for a
period of 5, 10 and 15 mnutes and at [err] for a period of one m nute. The
sol der céverage al so remai ned_as high (>OeTPEFMBRE t he sanple was st eam aged
15  ([err] 95%humidity) fdr 8 h200°€ Howpver 25@RChosul e3308Ct her mal  agi ng
at [err] for two niTume@nin) gs60t ed20n S00derS cov@radéd pfl | e€s than 90
percent. In Table 1 is showj a variety of gonpositions|of ultra-thin
protective coatingsSampleT#blle 2 are shown pxanpl es of perfornmances obtai ned
with these finishes. I Tablle®, PPstan®s [® "Pass" ah® defotes >95%

Sol derahplity Coverageg 20 |Mptangs fop " Vngi lpal and}denqﬁ es percent age
of P which is not reprgduci il @ andpF stgndg g or p'Fai | ur d denotes <95%
Sol derability Coverage, Tablle 1 Test Matrik Itllia |shes [err]
-10- Tasse 2 Sol der abi |§|ty gf Multilayer F g s 7% Aﬁng Effect 5
Tenper atdre Multil ayer “fini Shes can be desi gne ondi ng and

soljder?bl lity test smﬂunyaoﬁmf slﬁsewgeuesi’gﬁeﬂtmpass \lﬂtlwhdilldllf gadhge Zf thgr r5ra| )
and "cl eanin tnents of the substrate es an show
excel | ent ﬁ%eg%‘@grt%% d‘b%s PYPasusyJ fuee P“[l ”Eﬁ“ gé PB%I a_{’d 2, 3, 4 and
5 show al sdcleaniag! tbatmentsl afahainitistrates.aSamples he2, 155 4, ameks shu;v excellentr | for 1
m nut e. ,dh t S ' er-thin
gol d cozgl %8“%5%’?‘5 o oﬂﬂﬁ?@aéteirsﬂp(; Fﬁ%ﬁﬁ#‘if |2f13|' ?h%d%] HOBJEAA%{?%C@B@X hi s
modi fi cat i @ﬁldeaﬂrw nthmnglﬁestm 24330%C foy <t minuge; cThenlgttetwger wetti ng speed
of one sec DEariEs | owi ng
2gi ng 1 est %ﬂw%‘“bﬁ ARl Lt L AEE i Bor i eokP bl s e e ayet

adium finish. The benefit of this modification largely outwelgh the added cost

since the solder wetting speed of one second or less can be maintained in some

25 instances even following aging test. These finishes are quite economical and yet
meet the substrate temperature requirement for high speed wirebonding.
Additional advantages and modifications will readily occur to those
- skilled in the art. Therefore, the invention in its broader aspects is not limited to the
specific details, representative devices, and illustrated examples shown and
30 described. Accordingly, various modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the appended claims
and their equivalents.



neet 4 he substrate terrperature requi rement for_high speed wirebonding.
Addi ti onal advant ages and- nodi fications will readily occur to those skilled
in the art. Therefore, the invention in its broe}fﬂtli]ﬂﬂ"'[ﬂﬂlllﬂmr limted
to the specific details, representatiwveidevices exanpl es
shown and 30 described. Accordingly, various nodi’fi cat I on' may ‘be made

W t hout departing fromthe spirit or scope of the general inventive concept
as defined e appended cl ai s and their equival ents. -11- Cains: 1.
An | C package conpili Amif packagesomprising & least bne 0 anitcaddezisabaled wiithini n a

rotective | ' er of
EI ckel on tagés%ase %%#a& HWV(?}Ji§ ('gi %6‘%%&51%&%" a%?"?g?/:}}]‘sg?%@ftné&ei ni ckel ,
sai d conposhe basesnealdanda composite of metalclayess on temof migkdl s said @rqusﬁe is
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and a 0 to 1 gicrqginch thi cgﬂgg}(n JC ackage of
e m1, 1 o Sfleighe eerentrickel B ettt 45 1 5 misroingpes tick pptBan BYEH D o,

i n thi cknesad athiod midroinch diick golddhyez) | oy | ayer is 0.54 m croi nches in

t hi ckness, said palladiumlayer is 0.5-4 microinches in thickness, and said

outer gold layer ranges fromzero to one mcroinch is in thickness. 3. The
| C packd@e of clai® Theilﬁpahkaged‘&laimﬂalin whiahmbipaéhdmngmylésmiﬂche 15

| is 14 Sa)] | 24
i o of nohe L IES TGk BB nEacts Nald pftliiufhk e B 1fer (CUBTA ¥ 23
The | C pacHeigeoinghes imihigkness, ﬁalmpaliadlm layesads 0 5ct migreinchesfin tlygmsstanrike
layer is O.ggidouidrgol I&g&eﬁngis ﬁ@m%f@&%neﬁﬁbfblﬁ&! is &l tHicRnBésC kel g' loy Iayer

Is 0.5-2 mcroi nches | ness, said palladiumlayer is O.
m croi nches in thickness, and 20 said outer gold | ayer is about one

m tcrlm nch in thi ckeThe I6: aIK@e'ogg%ﬁha%wﬁl fchcshiﬂliﬂll&dlggibr\/% 2 l@ﬁhﬂebflse
metal c¢ rlses er .and sai | 0 n S en

i ckel . 8! tapeE s Esticd afzhe i Belladrpmickel gy Javst isd S gUtP Pl
conpri ses shitk, apdlsdidpallaitum Ryer is 1-4 microincheslthickl C package of claim 1, in
which said netal |ayers are deposited in

4. The IC package of claim 1, in which said palladium or soft gold strike
. layer is 0.5-2 microinches in thickness, said palladium-nickel alloy layer is 0.5-2
microinches in thickness, said palladium layer is 0.5-2 microinches in thickness, and
20 said outer gold layer is about one microinch in thickness.

5. The IC package of claim 1, in which said base metal comprises copper
and said Pd-Ni alloy contains 20 weight percent nickel. '

6. The IC package of claim 1, in which said outer gold layer comprises
soft gold strike.

25 7. The IC package of claim 1, in which said metal layers are deposited in
a reel-to-reel plating deposition process.

8. A lead frame for providing an electrical contact to an integrated circuit
unit, comprising a plurality of leads electrically connected to the integrated circuit,
each lead comprising a base metal, a nickel layer on the base metal, and a composite



a reel-to-reel plating deposition process. 8. ﬁrﬂ—ead’f"r'"ér'fe for providing an’
€l ectrical contact to an integrated circuit unit,, urallty of .
| eads el ectrically connected to the integrated Em m““m
conprising a base nmetal, a nickel |ayen2en the b arettal » ahd & corrp03| te
of netal |ayers deposited on the nickel layer, wherein said conposite is

f 2.5 to.11 th
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pal | adi um l'ayer 1s es 1 n thickness, and said outer gold
| ayer is ranges for zero to one mcroinch is in thickness. 10 10.
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e n thic al I adi um ni ckel alloy |ayer
Y0 55 TisSef BoBhaRsREsstn to pie OO Iom ARkfesBS, | O BT £0%0 8L
m croinches in th| ckness, and said outer goI d layer is about one m croinch
I n thickhess. e d?@gg I
conpri st:(z copper and E%?%%W ﬂlflmfﬂ cfont al ns%dgé;ﬂvl\el ?bpsercenggﬁfl%kel
13. The | edayef isah8 rmfcrmn@eartlfic;k,usmd\mi/lgdmgamk@dley layerai Hyeﬁr%'eﬁhsh ses 20
soft gold %Ekkﬁds%x tpﬂi%ur@ﬁ?efﬁ@@nﬁ’&oﬁkﬁé%k in which said layers are

p

deposited in a ree o-r ating deposition process. 15. An article of
manuf acture conprising a base netal, a layer of nickel upon the base netal,

and a corrpOSl te of 11, aYRé fealFramitloflikes, ih @hich saichpalladiumponsidfegdld strikei ng

R e N 3 < A
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having from,20 to 9? aéf?%‘?ﬁbﬂm%/%éﬂ‘g 1“@%3?2@3%55 m croi nches pal | adi um

| ayer, andS& “f%'gf
12. The lead frame of claim 8, in which said base metal comprises
copper and said Pd-Ni alloy contains 20 weight percent nickel.

13. The lead frame of claim 8, in which said outer gold layer comprises
20 soft gold strike.

14. The lead frame of claim 8, in which said layers are deposited in a
reel-to-reel plating deposition process.

15. An article of manufacture comprising a base metal, a layer of nickel
upon the base metal, and a composite of layers on the nickel layer, said composite
- 25 being from 2.5 to 11 microinches in thickness and including, in succession from the
nickel layer, a 0.5 to 3.5 microinches thick palladium or soft gold strike layer, a 0.5
to 5 microinches thick palladium-nickel alloy layer having from 10 to 90% nickel by
weight, a 0.5 to 5 microinches palladium layer, and a 0 to 1 microinch thick gold
layer.



-t13 k16I The arti)cISe'?,of claim ﬁS; I n which said pal | adi um or soft go gol d _
strike layer is m cr oi nches in thickness, al | oy
| ayer is-0.5-4 nicroinches in t hi ckness, said pal aielﬂl.ﬁ"lujm”m'mm

m croi nches in thickness, and sai d out.er3go| d layer*i & rang#s from zero to
one mcroinch in thlckness 17. The article of claim15, in

whi ch said paIIadl f.t ke . hi ck.
Sai d pal | adi um ni c SO nggﬁlg'Wég"z‘“i”Wa‘X ?R%llk%ﬁﬁlp ‘iﬂ)h g sa;[ dI :
aﬁl I ﬁdl umdllayelsrlrls 0s5- 1ﬂﬁcmnnhes incthizknesss) sakdpalﬁa.dmmlckpl altdyelayﬂr i£04rm 15, in
i ch sai a
thi ckneas. it HficRis, oS iy *nyiW“ iflopiche i RIRERRd 1
t hi ckness. sid dutprgolddayenis rapges fr@;nczﬁ@tg one enieroinchen thigkness.ckness, and sai d

out er gol d | ayer is about one mcroinch in thickness. 19. The artlcl e of

claim15, in which said base nmetal conprises cqpper..and sajd Pd allo
cont ai ns 520 wei ght 1eTherarticle o elaim 35, inwhich said priladiym or soitgqld ch s;i d

Out er gold ﬁ?&ﬁ& 19PrbineResSick. Bai Edﬁxhi—hii:ﬁel Alby ldyee 18912-T4Itﬁ1bﬁn@5he§| ai m
in which)said netal | ayers are osi.ted i.n .a reel-to-reel plating
dep05| tion thickeaadsal palladium layer is 1 croinches thick.

18. The article of claim 15, in which said palladium or soft gold strike
layer is 0.5-2 microinches in thickness, said palladium-nickel alloy layer is 0.5-2
10 microinches in thickness, said palladium layer is 0.5-2 microinches in thickness, and
said outer gold layer is about one microinch in thickness.

19. The article of claim 15, in which said base metal comprises copper
~ and said Pd-Ni alloy contains 20 weight percent nickel.

20. The article of claim 15, which said outer gold layer comprises soft
15 gold strike. '

21. The article of claim 15, in which said metal layers are deposited in a
reel-to-reel plating deposition process.



