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WD 2004/ 107436 PCT/ US2004/ 015639 SEM CONDUCTOR

PACKAGE HAVI NG FI LLER METAL OF GOLD/ SI LVER/ COPPER
WE\RWDY074BaCckgr ound of the Invention 1. Field oPCT/H82004/015639

Invention 5 The present invention relates to

sem conduct or packages, and nore particularly to

Piackages ﬁEM&Iﬂ!@NDIﬂifQ'I‘(H{ IBA(%KMFESHﬁ}iINGaFILBER ;

ange, t S_a ne

t oget her um%@m&%wgc s'{"—%ﬁyég-&b%e Prior
.the art to provide sem conductor
Sk - ghe or 10 nore sem conductor dies

are ﬁDuntFQIQBfﬁlehﬁ%ﬁtlmf flange within an openl ng in
a wi ndow Trame whi ch nmounts and insul ates plurality

of | é‘é}d@rew igyerdionmgjatse t@semwendWQ)Spéﬂmgexs aalnd more
rE& g yngo I%a%e%xlln(%}gehlcﬁ B%gggrqggg 8{ e e ﬂange the
vhlhdﬂﬁ’lfsirﬁé and the lwda@@wjoihécameﬂeéx\/@ging a ﬂIMﬁﬁettah e
| eads on fhe senjconductor package and insulate the 15
| ead€- f r okhLst L tange and ot her portions of

the packafm Higherd @@Movﬁ&@é@ini&éﬁd&%@ﬁ%ﬂa@gs I&h&hbne or

whi ch surrounds the sem conductor dies. dies are
mbx@cﬂemmﬁmdwctmdma; ack mounied dneahsa@udhﬂasgd)\yltlwm en opening

bonds sem uct or ages, of t.he .
iR Qg Ridgune R E B o5 Blts BAE PR g LBFaleb iR tende,, e dies
rﬁé}abg ef tHd TeDM OB (l%é‘réh&ﬁfuaﬂﬂl mbmllo@menammmr@ a}l'ﬂe)/and
i ned together using.a fil metal . Typical]l
tba @ﬁclfagq Atherbyng for pagkaging &PM@%@W%@I@W@% 'W%ﬁt yndow

fF&rgé s&RreQ't thouhe tﬁé mqs oh%& B&nw,omawo& ?Jﬁgl?ag%%cf #€ulate the

stotevmn ow frame. An exanpl e
leatda/&omtthsé@atsmk dlangeand otlmnmtlyns obde agkbgandThe window

erthe s aof t.he sem co ctor package LS
995 bitn Penkiy S wiry SRPRRERG t FuPORERaF t8e . me
A& sxeSilbetaicgllebdigiled vetHeleRdNShdhdhd ewidedidgds. to t he
wi ndow frame and the | eads to the wi ndow franme. Suc

net al® sergicondnetes Papkpder of Mreyiy e sleparibadi the camponsng @larts
tﬁgfb%!f,tlhaﬂﬁll?gsﬁq%%eﬁ{g%gtﬂg &thcfouzeframe and the leads, are typically

joined together using a filler metal. Typically, such filler metals are silver

based. The filler metal acts to bind the flange to the window frame and the

leads to the window frame. An example of a silver-based filler metal commonly
used to bind together the parts of the semiconductor package is 72Ag28Cu
(CuSil).

Silver-based filler metals such as CuSil are effective in binding the flange
to the window frame and the leads to the window frame. Such metals can
withstand the high temperatures and other conditions associated with the
manufacture of the semiconductor package, and continue to bind the parts
together during subsequent use of the package. However, problems may occur
during subsequent use of the semiconductor package, particularly where the

package is not contained within a hermetically sealed enclosure or with a
1
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manuf acture of the sem conductor package, and conti nue
to bind the parts together during subsequent use of

w0 be4pemBage. However, problens may occur 30 dRCT/H§R004/015639
subsequent use of the sem conductor package,

Hegdnktie Waarthe Mies Retd %rowﬂé@é(&g @xli')o%e& %ﬂv@zo&ﬁﬁ‘b@ eMoisture can
within a hernetically sealed enclosure or with a 1 WO

soeUYte @h%eckmlan@mdm%@seg thredietactiic binfacergpfethe window
f{\%rllle ﬁéw%%hac'he erlﬁe\flnqag Q‘Ht% ﬁéeoﬁ ac'ﬁci ¥ 16 8§ g\ﬁgh a 2§>|013e11{‘,1al

ure can ‘see age and
dtififeere dceahle;dierd bzetszteeﬁ ahe negatweeﬂamgem tHer pusitivacicnds raulver
the filler t he fI nge .and. t he I%ads Wth a

njgraiitn %ﬁcur%. f’%ffté‘ﬁﬁg Bisiiyer Baesation mAE brilge apgereate an

eldcBRea sapft BARPRShE b&ﬁm{r@%&s 2l ltUE meRatT IfIah{ émIf a
occurs. Eventually, such | ver nlqratlon may dge
t

can@nm@altaeermf mejs lterfpr,raﬁ beﬂvmeta tlbe v@eraxtch@q@ges vomized
f4l i NUOUS. e
sh?&d&ag ur ec;}&oﬁ?l%g:%gﬁ%! sed v@r{l%? c?ver the %lfs%ctr%c1 i 8?4\' i!rame
aindrdepesits sﬂhﬁhegiiaﬁgreamqi@e aiazggfotifme E@iﬁﬂﬂ%ﬁgh\é@ﬂ%r deposits
cover t he | tri W ndow eposli ts at
e the A Bet An Ehe Ade 49 CreBEnpn EIEREIIRITt (ho 51 | vor
depogiitér r%%nglbﬁg%stlg&gg bdang ﬁrﬁﬂgntf&etlteeag r&ﬁc%{rﬁfﬁtsﬁ'y,

an el ectrical short [ver m ar ation ong een a
Often b qwiringrchiangee teeotrenti sl futdesproduct dédizms. r@ueimajyrig

St LQ.Surrent. d future roduct desi gns e way
BORRATRE vl bipf Ped i defis 6 ik e IRR i o
cbllst%n% ho kilwesr. Gahat albigdiives @AV chdgseSdfl éd@l@sw& hehformal
al ternatives.invol ve the use of adhesjves, conf or mal

cqafingsaanf gdditives syghias iPred andcthedikepdlowevgrgadhasivasiend
mgr con®iHEE Sir¥ 88 fﬂ;duns@eft%{{ww&&?et h@ﬂﬁeper Bl all'y

unabl e to survive the processi ng es of
ta0pe1@turesmd360° Gl drl reorerre‘ilﬂblsmtala ddatdditeess \mfhm}in dd@otiedntain

onta nd ta _have | ess than, desirabl
=fPBppt e v o R ahr LK poiR et 1R 68 ShORRgfR bristenoss
hiFOERBE4MEL t&ﬁ@@ﬁ&hﬂé@e'&nd Akl uAEBrH W dtoing wet ting. 20
For this reason, CuSil is still preferred as the

fi | 18pr thie sraspr Choilds sl prefertedmsdhe Gilen metebfqranost
|
gf)ﬂé/e{t ideh mﬂe@&ﬁ 'bk&ﬁ&escl‘aggluae&tcﬁg o%%uéﬁlv{t%f ?§ well as

esi rabl e nechani ca propertl es Su
dbsighbld madchhinicpl pruperties such as high strength, high ductility and
smooth joints. However, silver migration continues to be a problem with such

material.

SUMMARY OF THE INVENTION

The present invention provides improved electronic packages in which

silver migration is not a problem. The parts of the packages are joined together
by a filler metal which is silver-based and yet which does not experience silver
migration. The filler metal provides essentially the same advantages as the

commonly used CuSil, but without the attendant problem of silver migration.
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snooth joints. However, silver mgration continues to
be a problemw th such nmaterial. 25 SUMVARY OF THE

WO DENTHEN The present invention provides i nprPuvBEUS2004/015639
el ectroni c packages in which silver mgration is not

a proabheyddhe vﬂ@ﬁ ttﬁe ﬁ'fvehﬁ@npﬁfélﬁﬂﬁsmé‘tra? id @§sed of an alloy
together by a filler nmetal which is silver-based and

whieh igtvledesciokd Sﬂ@@r anpeennetic dheiallprrs awphd selusion strusture in
VJhll’:l% ﬁ% g%& ?%h}%{)n}/md%gﬁ%%s%% %tt{)rﬁkqgﬂ?rtch %eﬁ rEf %d\é%nélﬂg She

stéredudaniot mlghitemb @k t8 tfcbme deposipsathioh everudlly short the
2004/ 107436, PCT/ US20 639 n accordance
paﬁm i“bRret; %lﬁgﬁ?nnv gtt r gt aﬁ&ﬁﬁq‘%%p%fwgwté? ilwntlon
M\Blbf?igeé BOA HERS: D@, S&iH MYy BRLHRRPG o s-ﬁ:b%r %1 PMidrS efen in
solution structure in which the gold ver
the ﬁr@epwf @eeatinpednsatioys whinhetyniedlly Asowide esluelt migration
rate.sg as to form deposits which
W}\?él %%Beﬁd?lfver F?& gleﬁaégl?gaélsedA preferred form of
t he Ohb|f@d’m ﬂﬁéeﬂhlcbﬂdmsﬂp&ﬂdﬁ@é llili\fabd'brl;ﬂihﬁ:el xmtﬁl'tlhf,' @fvention
.C rissGOAu OAg OCu. Such_ alloy. has yirtually no
inglydesya ﬁ? g & surfsee, ﬁ@é@%ﬁ" meohastiBg pRgpening

tRQRs Bé@@%n%Psaté ﬁfgt%ldl Bt PYIESces ithMRbf, @nar@blu%hty of

when ot her silver-based filler nmetals are used
l¢agismTive fmebrsmtfﬂ@m&the Vpadméeamen 1ml&zﬂaﬂmdélewu1rface héthe

inve i nk fl a v

gt B o Ehich oot B 1 Rl s Ba0 % HisRoma surtace
obelienetilodpfrasicttsy therfilerailldy S &¢ 0sxht Sk kasesondiete die is

and a_plurality of leads. The first surface of the

mgurdeshor therflange wiilie de pRepR i Eher ‘éﬂ:féi‘?@f ame anq igyee
bBMd {d e 1u€~r{11tg>6f 1cHa8. %Mgé llnBMn it aﬁbeaf?:g(ggc% gﬁ&ia%da

e se face
pérlbhelral ablgovheraof ik easpled he tlsee]a?ads add| ¢ ore shcend suttfhce of the

nmount ed on the.flange wi thin the i ng i.n,the w ndow
SR TEARE PRSIt ABC BEnGR P SPorKe TR R Rb PR A
ebAdzoﬁﬁmmt Biridfg dpdeathaC6ae ssmiddiductor pl%@ka%dﬂ %&Q)Ltennal
edge thereof is coupled to the | eads and to the second

dsfﬁﬁrﬁa%eelsappﬂlﬁ@ betiyeraoihernogiivedppdisrnd thapegativeftangsyso that
sﬁ&?ﬁgtenila?d{ffe%&re e%sttglacﬁ)QMé &fefectric window frame. With

moisture present, such moisture may migrate through the epoxy seal between

the lid and the leads and window frame and condense within the semiconductor
package in response to changing temperatures. The condensed moisture may
eventually form a layer extending from the leads along the surface of the
dielectric window frame to the flange. Nevertheless, the solid solution
structure of the filler metal with its atomically dispersed gold, silver and copper

prevents silver migration from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of preferred embodiments of the invention will be

made with reference to the accompanying drawings, in which:
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60Au20Ag20Cu. During operation of the sem conductor
package, a potential 20 difference is applied between

W b@4pomss i ve | eads and the negative flange, SPCT/081004/015639

such potential difference exists across the dielectric

wi ndpyef1 ﬁr@{)el\%éalver@é@tdf %%eﬁﬁ@o?ﬁ!ﬁ‘étor%ﬁaé@inséd%ﬁiance
may mgrate rou he epoxy seal between "the |lid

VAT hetig bosaots vt Uit Hd Shwtep ramared toohdbrisieransieilve
sen FRY déjfst of erfﬁ&%%g 'Y lodt—%?%%% Sf“:%hte %@glga Vgind?\lﬁr é‘ﬁlme

t enper at’ur 5P nsed nolsture even
ahdthe feddayé thexdreinondgetér paokiage of BB@s1;al ong the

surf of th dleletrlc ndow fr to the fl .
Nev e [Gred st ide Rectiqnal esopt e cRMcm e meckaey -1
f |11 erG.isad sk betidngil @IM&@HWEOQhﬁP@f BRY EQ]QL!ltdshowmg the

silver and copper prevents silver mgration from
MPEng i HvcBRKEURESORIATR O Ot hHPHEIDRAWE BSs@0icanductor

tien of preferred enbodi nents of the
plggr?%/a ntd%%hd%?\n th%reo(%malde wth reference to the

acc ORIy isngh élilavgedgdewiof awoirEibn oBthMRid0 Bt alSfew of FIG. 4
PgTﬁ’ilUSZOOM 015639 FL% 1is a perspective view of a
2B FPeB IR gPalsa ARtk hemareeT Wavkhihe gopdpnsed moisture can

ckfRKBCERR ’thWﬁd(;vl;‘ %faﬂnaédbétkk%@ﬁqﬁe SRV the fﬁaffl W

I nterior detail is a perspective, pl oded
vi eWwlt. Gisea mlapqélvet\h@&v\mf adm\tnbm affdle @ndcmhhlctmkage of

t k
riton SEFRIRE Hin 6 M0Rh SLuir Santive fet oped agtorBithe
withdow famdWwhen dndistude & lessacdriObiak v\ﬂtﬁg‘é &l 4fplRa dnd silver-
that of FIG 3 but show ng the nanner

whi ch
bagsdshillgremetads elghe dwiax grhafhasqdriodrng ﬁh@ﬂang@and the leads to
t@mmﬂgmg package during use thereof; FIG 5 is

an enlarged view of a portion of the side sectional
vi ewlk. Hs@ créss-dd@tiandl wkwwifribe leadgwaalosr framednterfdve of the

nmanner i,n whi.ch t densed i sture .ca

RS B 0 FrG L R R R R 46 T hieff Shf@ base
fiflbaR@eals bf €he PribiSad sl@gf cBRABCINIY gllwxeéma)éop@ep@d brddmcef

t he semi conduct or package of FIG show ng the

uRYAREYd silyeRmigratia ver deposits are f orned across the
FIGS. 8A-8D are cross-sectional views of the lead/window frame

interface, similar to that of FIG. 7, but showing a filler metal in accordance
with the invention and the constituent parts thereof; and
FIG. 9 is a diagrammatic illustration of a test setup for evaluating the

ionization potential of various filler metals.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 shows a semiconductor package 10 which is of the type that

advantageously utilizes filler metal alloys in accordance with the invention.
The semiconductor package 10 of FIG. 1 includes a heatsink flange 12 of
elongated, flat, generally planar configuration, having a window frame 14

mounted thereon. A plurality of leads 16 are mounted on the window frame 14

4



10

15

20

25

30

wi ndow frame when noisture is present and bias voltage

is applied and silver 15 based filler netals of the
wp@erioenomss are used to bind the flange and t hePd¢BES®04/015639

the wi ndow frames; FIG 7 is a cross-sectional view of

11!e%g/ ﬂ’éﬁn%g Qv f’lf}%%rfd%veﬁ“&ﬁ% 8 4% ad eﬁ?opeﬁﬂé @8’ ARG

pac age of how ng the manner
expdsieg a pastach oﬁh}ﬂelihngﬁdﬂal& S@mophéuqztpr dre %ﬂ 1s m@gmt@gamethe

into.sil.ver ,and co I duce 20 un te

fafle? 12 HiRh RREpSRRETS, hRa H PELET el PRAER G Ruglendle. such

eIelaﬁ'lda@ asuplintmeay foe adeomp Rsled Wit wisé Bbhdy 22, viblwbv}ﬁéh are
FIG .7, but showing a filler netal .in accordance with

shoyen im FAGT 1 &7 MHEURHEN c dreingle lin L0 e Fhevn farmuaposesf
ﬂ%ﬂs@kat?o Snf. adﬁlﬂgilmgﬁé‘s IhsLalg Bt &ldted v&glt,hlﬁ thé ?)berf‘lﬁ l‘i@ if

eva uati ng t onl zation potenti al var
déslkéchrAﬂElt%ﬂ SvhlﬂEﬂ'sbzthﬁieldEseRtlﬁéTle@ils ()3 a'ﬁHE;hE’REEERREEhme 14

ST Sheraog hempora i A RSB 05 BOFE A BesPapart

fifoind 18y rddBbAtheath @it ird i RIGE.OF hHo Mdetlhtérlﬂﬁ' deBi@tHeRBof.
The sem conduct or  package 10 of FIG 1 includes. a

heat B s amgwladedorie s i epvnrgheleidre copponenismé the | y
tl ; a
sEnRRAN AB0 bh AR AR FIOTH, MheloHuliiite RBRRL Hie flange 12
wanich iseof \eeladioalyf trhanmehérall‘y Menao eeififizd86n and which has a

PCT/ US2004/ 01563 os{te the flan i ndow.
HARED TR EL A pE Frg T 26 SPAPE LS SRRpbaPAGED (s ereively
tigih wikoll aEe 1hbetWeSLHpERMBUSEF afld apﬁ& él&famébl 28 eGhdsD

the flange 12 within the openin

thareek rFheavindogolypmed 4 is mounted ae-gclne asge rl2 bérue@amg the lower
n
S o TR TR e T 2 e W J2 Theggadd B are
noumgédon ki APparsusfeaardOfod ithe wipdse sranie 14,|dppssiteatheofiange
nd a plurality of dies my be nmounted within the
1 pening 18 if desired. Alid 24, which is nounted

overptdnes ise@ﬁae %&s@@@ct‘i&?&l\%&@' GFV@Her @Eﬁc&ﬂiuc%& Oﬁ%}%khge 10 of
encl ose the op enlng 18 and the included die

FEGolnAs ﬁhg@@ iggdet 5, the window frame 14 is coupled to the flange 12 by
a quantity of filler metal 32. The filler metal 32 extends between the lower

surface 28 of the window frame 14 and the upper surface 26 of the flange 12 to
bind the two together. As also shown in FIG. 3, the leads 16 are coupled to the
window frame 14 by a quantity of filler metal 34. The filler metal 34 extends
between and binds the leads 16 to the upper surface 26 of the window frame 14.
The filler metals 32 and 34 can be of like composition or of other compositions.
The lid 24 is an enclosing structure having a lower peripheral edge 36 thereof.
The lower peripheral edge 36 of the lid 24 is coupled to the leads 16 and the
upper surface 26 of the window frame 14 by a quantity of epoxy 38. The lid 24
and the epoxy 38 provide a standard non-hermetic seal over the semiconductor

package 10.
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fromthe rest of the structure in FIG 1 to show the
interior details thereof. 10 FIG 2 is an expl oded

woe@wiagis3ceveral of the conmponents of the PCT/US2004/015639

sem conduct or package 10 of FIG 1. The conponents

i ncl peeinsheeldf 3RE Bethondddt6P phdka@E lfi)e{:}ﬂi ﬂ)dé@ﬂl‘ye tthiinal of a

general Iy planar_ configuration_and has a

PPEPBEIULEE §5 Foupled iotde lqursf Krandihe Wtbfséﬁrmglai gf the power

R R S R WL R e

ldch&rdeiof an ahnosphm:b)whid}mmtéms |ssmmhmnm1d:yo M Hehofsbardgeom

t}EFp?J%g A&E’le?elag%’ 8? %P‘h%pcf’ﬂy @c@glzgstﬁ?ghr i og&lgx}eg cavity

A0RHAHE GhOBerhd6nSRRESF p§dkrafg@qg ﬁﬁb &{ulhbﬁum w%vvhé babHde
14, opposite the flange is a side

abnesphesec Beentie the enpighiure Ffetr§@ﬁm§é¢fh§ﬂéwéﬁ‘ thraukh dle ¢poxy 38,

f 4
a?‘ép%dg%epc@ g‘e tlili t?@é ?%g%@gﬁq Ec!:r%gtheamaasgﬁ eV\ftnnt%%Vc\,’a?r{t?% t
ccbmieallse AbngTihe 1Hhéide eurﬂa[eé af th’éZ:aeity eod é[‘}ﬁ@twﬂmwﬂ heFIG. 4,

urfache 28 of ow fragf?t 14 and the upper

Vﬁ?’é]d@ 2Ret et‘l‘?é‘d??- Yflrzo IBOISBfrﬁ he two toget her.
As afrSeheShuas bﬂoF hiz se%nc&rnﬁlcltﬁ%':ckégesai(?wﬁ@i‘b?rﬂe}%;hﬂé} metals

the w ndow frane 14 by a quantity o
32Ia@df34{ ar@rconmrmled @ﬂ asvericores abey aednanfuSHi(Rade28(w), the

ens%(% ure ?2 o 1%efrs a‘f’r%rrzéxg)g)geiiﬂ\éegnangi eprgyﬁ%s 2 ve&ncqg along
whidHtisd ibhimd@ﬂv@lf travéler Ionnpdsiltdrdndrawil hethd degidivies

an encl osi ng structure ha a |.ower peripheral edge
pagtikakbte Catirpde °6W@P1bé( 8ll2edge 36 of the lid

24 1 3,60UBE&M 18 OndWEid F?@'S5 ]v@hﬁﬂ‘%hwg thé*B@R{onSdfftBé@%er of
26 of the w ndow frane by a quantity of epoxy

nms:ulm a2 zate@@mﬁonh@edp@(ya a8eiheVilte metsd 3ﬂdﬁleoﬂlefectr1c

R BURr TOPISE O Ao DT Bl g A g e The
ﬁﬂeﬂhre@mmﬂ:écﬁﬁam@mgﬁ ADan tlafacpasfitdtwegibardd dgfahe Myea of
power source is coupled to the |eads 16 and _the

moaHre ¢e thersiivenin %nta%émﬁb\ﬂé? MAHyre i 1oR1Ze6 dploghe s gt 2

S%J&glﬁiﬂg?ﬁgﬁ%] addhE tBE Wi @RH Wiy 142%5 B zdPsilivir Agtis
attracted to the negatively biased heatsink flange 12. At a third region 48 of

the layer of moisture 42 adjacent the filler metal 34, the ionized silver Ag* is
transformed into Ag as it comes into contact with the heatsink flange 12. The
silver is deposited as a pure metal, and the effect is cumulative. As more silver
deposits on itself, the effective distance between the cathode formed by the
heatsink flange 12 and the anode formed by the leads 16 is reduced.
Eventually, a complete bridge of silver is formed between the flange 12 and the
leads 16, electrically shorting the semiconductor package 10. These so-called

silver dendrites are typically formed at various different locations along the
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| ocated in an atnosphere which contains sone humdity.
The noisture fromb5 the atnosphere penetrates the

Wepmigod3B to bring the humdity within a cavi t RCT/U82004/015639
i nside the sem conductor package 10 into equilibrium

iMerRy 4106f tHét Wirdew 4R SRNRERBin @@Q@@ﬁﬁlsg e Rissh @h@‘wn $n
transmtted slovw¥throu%2thee 0X 8, arapd

Fiace.cubere severalpéiha sitver ensritasy Reﬁguﬁ@ﬁ‘éﬁdur e in the
Ca, ey TR AL S bl

intetfasd irntvhich the fdbmrdaetabd4 hsagl‘aSﬂc(mmsiﬂu)r A dAshowmint RE>. 7,

conduc ck e the

e et b L e R S5 86 5 @5k Sopper (Cuw.

P8Eltets bf ARPAB/er HHiGlY afdlbsA® t@é%ukfaeg 8?&%@& mbt¥® 34 are
condensed noi sture 42 ionizes any exposed silver and

e@frlb«moay@d@mdeqﬁ'ﬁ@tlealbn fong theminavanted silv oheexdlmes; Q@r

trav r at lve

pot et 1P EPCBRATR e iyeh e @YRg RS ARG B Qe
eraoakackasgdromehias the Gackagewl afe efd@@ﬂﬁletdrmm@ atfllle métal

the | a istyre 42 tending fromthe. |l ead 16
caerig soit SoRBndcomE . e TauBeie) fob S e of
striiecuth RE QMK anEcokdtit@ifl hagld ddel RbmiBHER d1?éers&(9 Wigh filler

flange 12. The filler metal 32 contains silver an
rr@fdgﬂacoé thisftypetthe @gtemlalﬂortiﬂletsmer byepizefintbe mew ef
mm%tug'eggg Ial \G%entlagecg fge?l]g %?:ée a lbeittoetge gé%ﬁ#ﬁ%}ht;g%\;tso t%le

phdlaipe id 4lindihgted @R iaz dehss sivaanAghty réducatll rapteteréd fdrhﬁof the
ﬁegat ively bi ased heaé5| nk flange 12. At a third
fitlegymsialagmyirises KOANZDEH2MenDi sture 42 adjacent the

fillered & addnlab Bl BN-¢8Fionhl Vgl Ahe Ishd/window fr%me

transformed into Ag as it comes into contact Wth
irlterthed nkwhichride filler mi¢tel 24 canpriees GQAWQA@I Aswil be

e . .and the ef.fect
A G B B R oA R By P bbby ATl e thee
chifpvesits bhehcallhogetd] Qraeehdrully R@ifohan éisﬁkbﬁﬂeawehlh&he
and the anode formed by the leads 16 is reduce

fifgremetal styuctyre sHptestiwer vgof srbsgitugiopal alleye rw@e case of a
Pﬁgi’ﬂﬁﬁgnw ch;J %@gonjrgor%?lgs e Alﬁ)g%(é%@nﬁgleﬁg&fslfﬁz}u%ég dat

t1ng t sem conduct or packag se So-
aB@tenicdeveld élﬁwrset:’esndr\ae\vg/pﬂ EHKS 3BB &Chead 8D shewi thessilver
(gé)f { % geo d (AO)C %tnldgcﬂg chlnperQCup respectlvely Again, the three

components of the filler metal are uniformly distributed within the filler metal

structure, as so illustrated.

The reasons for the favorable result illustrated in FIGS. 8A-8D are not
entirely clear. It may be that the silver within the substitutional alloy is more
difficult to ionize because of atomic attraction to the copper and gold
components. It may also be that the mono-layer of silver ions at the surface of
the filler metal is able to ionize, so that after the very small amount of silver on

the surface is removed, a gold/copper layer acts as a barrier to prevent further
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(Au), and the copper (Cu) respectively. Again, the

t hree conponents of the filler nmetal are uniformy
distributed within the filler nmetal 25 structure, as
so illustrated. The reasons for the favorable result
illustrated in FIGS. 8A-8D are not entirely clear. It
may be that the silver within the substitutional alloy
IS nore
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difficult to ionize because of atomc attraction to
the copper and gold conponents. It nay al so be that

W b@4iromse | ayer of silver ions at the surface PET/USIDO4/015639

the filler metal is able to ionize, so that after the
very small anmount of silver on the surface is

renoved, a gol d/ copper Iaﬁer acts as a barrier to
prevent further 7 WO 20 6 PCT/ US2004/ 015639
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W@ 28016 (>60m n) (>60m n) (>60m n) | n addi t PORUSH04/015639
the different filler nmetals, Table 1 illustrates four

withfereot Apviv t@oes (5 volts, 10 volts, 20 volts and

30 volts) that were applied. The total tinme required
for the silver in the filler nmetal to ionize, mgrate,

deposi t | dae nt. «sh in_Fl '
al s O§I [ us? et%gré) %%np éfg{% ggEﬁﬂﬁgﬁsﬂ&%&%o.p%&%ﬁp%?$§o
hfatféTEnfeichtﬁhﬂrﬁoitﬂgnilm;@h@ﬂ thembgededn o hlziufiﬁg @i filidredloy
and 45 seco at 5 volts to 55 se t.. 20 _volts,
digwerrd 'P@Wrenema@?l hatine t@aﬁ% maétslf@ggﬁa e st algy being
c&B ricé® 6f dtaﬁmggaa%eb%@nal and wi dely used alloy

il (72Ag28Cu), the tinme until shorting ranged from

18 mnutes in the case of 5 volts to 2 mnutes in the
case of 3Bn glctreniq packpge tmawostase Ao Algpndy Whereiarthe

Eﬁ‘@erpe[rﬁf &%)‘i)@ﬁ afld é\%lbﬁ u i g%&@& %t%ttﬁ? tﬁﬁfﬁr alloy.

|nvent|on orting
vol t ages shown. In each case t he voltage was applied
for er e Anglect®nBrparkage ssaccardansprokh dkiml ly wd@rein the

had evaporated, |eaving no
fille a¥ﬁ1 3’%0 fc'geséve?ﬁ}A&k:O?%vel 9 WD 2004/ 107436
PCT/ uszoo4/ 015639 WHAT IS CLAIMED IS: 1. An

el ectr oni A spaddoadectoo ppckag’emgnquidiegaﬂahwe qowﬂ:hc];ow frame, at

PREPED A BCRAUPh gos EF PUPY BTEBE th ERpcatrame to the

fllaﬁFéi\ﬁﬁﬂJ t@0e B RAENEhd Rad bwa Heakd SorhPEeidETgold, Revéd aﬂl&r
oy being conprised of gold, silver and copper. 2.

CaPeE| ectroni ¢ package in accor dance with claim1l,
wherein the gold, silver and copper are atom caI Iy

di spgrsedy %ﬁlliuoﬁdh&%rﬁobblka%@ 1ﬁ|a|cé’éi-da§ce x%'&h‘%lﬁ?ﬁ a%h&rem the

package in accordance wth claim1, wherein
gblid, bdverainidoyoppenprd stemicihudiope@edwithin the ﬁller alloy
6. A semiconductor package in accordance with claim 4, wherein the

filler alloy comprises 60Au20Ag20Cu.

7. A semiconductor package in accordance with claim 4, further
comprising a plurality of leads bound to the window frame opposite the flange,
a die mounted on the flange within an opening in the window frame and a lid
mounted over the die and attached to the plurality of leads and to the window

5 frame along a peripheral edge thereof.

8. A semiconductor package comprising a heatsink flange having a
surface thereon, a window frame having an opening therein between opposite
first and second surfaces thereof, and a plurality of leads, the first surface of
the window frame being coupled to the surface of the flange by a filler alloy and

10 the plurality of leads being coupled to the second surface of the window frame
10



4. A sem conductor package conprising a flange, a
w ndow frame, at |east one lead and a filler all oy,

wo bw4fiol4ber al | oy bi nding the wi ndow frane to PEEUS2004/015639
flange and to the at |east one | ead and being

b§ AP HIRE gll% 9Lkt odlel i€ Mot EOP PR ﬂan% within the opening in
sen conduct or paCka e in accordance wt claim4

thhwirndaw fiagme @@d wir qml@d to bk plpplity effleads, enil@did having a
pem?ﬁgraé%lgﬁe acegg? aﬁ 1ed.I tﬁg l(r?zldso%ii t% VJ\%‘S rsé?o@df%ﬂ%g of the
vsilndicbve Ifra’ihda oypastierthe éh,ﬁgé bR 0¥y 2Marein/theAiller alloy consists of
sem. conduct or package in accordance with claim 4,
69§P?ﬂ§€20 Snprising a plurality of |eads bound to the
wi ndow frane opposite the flange, a die nounted on
the flange within an opening in the wi ndow frame and a
lid rnounted over the die and attached to the
plurality of |leads and to the window 5 frame along a
peri pheral edge thereof. 8. A sem conductor package
conprising a heatsink flange having a surface

t hereon, a wi ndow franme havi ng an openi ng therein

bet ween opposite first and second surfaces thereof,
and a plurality of leads, the first surface of the

wi ndow frame being coupled to the surface of the
flange by a filler alloy and 10 the plurality of |eads
bei ng coupled to the second surface of the w ndow
frame 10 WO 2004/ 107436 PCT/ US2004/ 015639 by the
filler alloy, at |east one die nounted on the flange
within the opening in the window frane and wire
bonded to the plurality of leads, and a |lid having a
peri pheral edge thereof coupled to the |eads and to
the second surface of the w ndow franme opposite the

fl ange by epoxy, wherein the filler alloy consists of

5 60Au20Ag20Cu. 11
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