Low CTE Substrates For Use with Low K Flip-Chip
Package Devices DESCRIPTI ON TECHNI CAL FI ELD [ Para 1]
This disclosure relates generally to manufacturing
techni ques for sem conductor devices, and nore
particularly to | ow CTE substrates for use with | owk.
flip-chip sem conductor package devi ces. BACKGROUND
[Para 2] The packaging of integrated circuit (1C)
chips is one of the nost inportant steps in the

manuf acturing process, contributing significantly to
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critical. Packaging of the IC chip accounts for a
consi derabl e portion of the cost of producing the
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connect the integrated circuit to other circuits or to
system conponents, have therefore becone nore

i mportant and can, with further mniaturizati on of
BACKQREE’ Ne i conductor devi ce, have an increasingly
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[Para 5] The bunps of the flip-chip assenbly serve
several functions. The bunps provide an electrical
conductive path fromthe IC chip (or die) to the
substrate on which the chip is nounted. A thermally
conductive path is also provided by the bunps to carry
heat fromthe chip to the substrate. The bunps al so
provide part of the nechanical nmounting of the chi
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i mpl ementations) mnimzes the CTE m smat ch bet ween

t he package substrate and the CTE of a typical
silicon IC chip. By easing the CTE m snatch between

t hese conponents of the package device, stress around
the bonds between the BGA and the bonding pads of the
chip or package substrate is relieved by increasing

and the fwssﬁ@ﬁbﬁﬁ?érl ch¥se@ by lidtGera s Rateidd idshadome %rﬂﬁorﬁ[ﬁéht §dird® of device
arge nperature varil ati ons. Nbreover

falluredlsclosed approach is especially benefi ci al |n package
devi ces enploying eutectic or |ead-free bunps sol der
bunps/balls, which tend to be nore brittle due to |ess
SUMMI d content. Still further, the CTE of the selected
ﬁ erfill is less critical due to the decrease in CTE
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[Para 14] Turning initially to FIGURE 1, illustrated
i s one enbodi nent of a sem conductor package device
100 constructed according to the disclosed principles.
Specifically, the package device 100 includes an
integrated circuit (1C chip 110 that contains
numer ous active and inactive conmponents to form one
or nore functional integrated circuits. In addition,
the IC chip 110 is configured for nounting onto

BRIEF DESQRIPFION OBSHETRAWIRGs Usi ng a flip-chip technique. As

h, solder bunps (or other appropriate coupling
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illustrated enbodi ment, the substrate 120 on which the
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mounting. Finally, an underfill material 150 may be
enpl oyed to reinforce the bond between the IC chip 110

DETAILED BESOEPP@RpKkage substrate 120, as well as insulate the
el ectrical connections provided by the solder bunps
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transition tenperature ( 53 of about 165C. Product E
is even better for use as described herein



with a nmeasured CIE along the parallel plane of about
13 ppm C, and a CTE in the perpendicular direction of
about 16 ppnmf C, along with a higher glass transition
tenperature (Tg) of about 220C. Simlarly, Product F
has a neasured CTE al ong the parallel plane of about
14-16 ppm C, and a CTE in the perpendicular direction

wY) 8 s thadS5pAY €. m| - Sodi - @RS
(al;’:t E)i tur g:}gq/e tﬁ’é‘%ﬂé %’%0 a@* 1@Hﬂ§ the OFF for the package
substrpfe FR g triee Apre, IO MDA ) st xS RAPTIPE ol
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D ssi pation cto
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@?7 en [%t hVol t s/ pm 6 S as the performance characteristics of other
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Similarly, Rraduct hps@emeasyred CTE along the parallel plane of about 14-16 ppm/°C, and a CTE

in the perpendicular direction of about 28 ppm/°C, along with a glass transition temperature (Tg) of
about 250°C,

Table 1
Product/ - Product A |Product B |Product C Product D |Product E | Product
Laminate F
Sales point/ | High TG High TG Halogen Free Halogen Free Hzlogen Free Halogen Frea
Low CTE Low CTE Low CTE Low CTE
Dielectric Constant Er - 43 47 49 4.6 43
at 1GHz
Diglectric Constant Er - 47 49
at2 GHz
Dissipation Factor at 1 - 0.018 0.014 0.014 0.0092 0.007g-
GHz
- | Dissipation Facior at 2 | = 0015 0.015
| GHz
Elemctrical strength Volts/pm - 60 60 -
Peel Strength KN/m 0.97 10-1.2 1.0-1.2 1.0-1.2 10-1.2 i0-12
Moishure Absorption % 0.82 0.49 033
{85C/85%0/1000hrs) -
Water absorption E- % 0.1 0.05 0.05 02 0.05
2450 4 Dp4/23
. | Tenslle strength XY Mpa 5207459 290/- - 290/- 230/- -f- -
+ | Tensile modufus X/Y Gpa 25/23 31 25/- 1A - =
Hexural strength XY Mpa 500/530 450/~ 450/- 470/- e F
Rexural modutus %77 Gpa 24/22 30/~ 30/ 27]- 27)- 1%;4
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using d@épathip-inpuntadEgehipsomayhresud in cltewce:fallure,cfmnemm omeledyics] amba structural

Ieve h@g&ﬂég?%&@%tém %Jhﬁ)t%nnﬁ H%ér%n'ma[dq? ghn% &ﬁ‘ﬁmﬂgons to
Chaugm aindikbps resylt i damagem signalscgeneraiesiyttohenid. mwermmwreamsmn

brofRY oft 6y High ob&rattSHaPRplahRes RGN EUBYtHRTchib & ESRA, bend or crack, and these

distortions in the chip may result in damage to the electrical connections between the chip and the
Substrate. Furthermore, the package substrate onto which the IC chip is mounted may have
Considerably different (i-e., mismatched) CTEs, which may resuit in uncontrolled bending or thermal-
induced substrate surface distortions. More specifically, the mismatch in CTE between the IC chip

{typically around 3 ppm/°C both along the parallel plane and in the perpendicular direction) and the
Conventionally employed organic package substrates (typicaily about 15 ppm/°Cin the parallel plane,

but about 50 ppm/°C in the perpendicular direction) often resuits in catastrophic package device
failure,
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i nduced substrate surface distortions. Mre
specifically, the msmatch in CIE between the IC chip
(typically around 3 ppni C both along the paralle
pl ane and in the perpendicul ar direction) and the
conventional |y enpl oyed organi c package substrates
(typically about 15 ppmiC in the parallel plane, but
[Pard *%itjt §&ﬂ.f£BFHs(8ué to E:Feﬁmﬁ%&ﬁ i&wa Psulfih HRAE cAfandChé PBckage
resul ophi ¢ packdge

S in catastr | evice failure. Pa%e
substrate[dizertinguneagellyhwhigh Fam resultdn the failuT BF the bardsketween soider bumps

and b&sn\élgigcp%h% én g'fesiﬁ'chi{):aﬂd b%%ﬁ@%&%em%%ﬁﬁn Rt B@8nufacturers have

tra I stor r;g-une cdn result in fthe IC
contint¢rbtoflean tawards thet use ob iowck davices twhera the exterior (aunins) SUFGes ©

. i 5 i astanit (k) of
o e B8R e M el G2y B E RS Bkt (O
about Bear lesshaSuth an ptionskiowfk layen 160 diuisicated onthelchipfid0 in FIGURE 1. In

1 i i etdblayers
s A, SRl LR WUEE FippErores
and/otiheilovgrk sayeisebiesed by dargoGB mismatckys hss becpine @tprominenipgource of dev
failurel ess). Such an optional lowk layer 160 is illustrated
on the I1Cchip 110 in FIGURE 1. In such | owk

[Para@2Asa rdshie ofkhb primiadnice of delantiation aheothertgpendf devies structural

oG e AR o T B s R i i e

or cer@rhiepaci@ne sumstrateavithia 10wA0TE package bubstate] Beercfia DW]CTﬂ@aéEﬁa| asd

N

e .
minimZé&the GEahisthatsh betiveerdihe phdegel substrain aodithe Cﬁﬂfa@mipa?qi{g:on IC chip.

By ea%ﬁ{ﬁﬁﬁn%?fgpgﬁi%ﬁ%}hﬁ %etﬁ%%f%% Oggg’ége&? @%@@%@éa&&{ stress at the bonds

betwekn theHEA anat the bendirgspads ofjidie kbig er sadbpgasab@a@ésgelx@mrigqeasing the

t tvpical - oL g _th
coptarefity & HocS8 Wiicfiote'ohfl il R E SapefobiK arB horeover, the
disclosekapprrakinig @spasioty beneficalinprckagedpricesremployigpeutesic ar ATy Solder

hi.p- i i t @RETE of the
oumpy/alfi Wfich e 25 B it Bite Gl RS EBH Sihucte YAk RORdS g e
selectbd tndssfil is less Gitical Sue to the deeraesieriy CHamismaith patweep ffie] Gﬁp an

packag%‘% SteS WRA P‘@&orje%llév@ ﬂxgmﬁufﬁétuﬂew théSicBEe 8dvRe a broader

anarfty of package substrate and the chip at |arge
selectioprpf evhich wnderihmpigrialdnempig¢deover, the di scl osed a
) . i . . evices (die
LPargiEs] Totls 23 IFr srpénlaR fcAs fabarntian o s
sizes wihi4chmt @rig mro®) bakenwsing KiOS t | e due to | ess | ead content
Table%“ Il further, the CTE of the selected underfill is
I"ess critical due to the decrease in CTE m shatch—
bEtSelder t|he IFackige ardUnderfillppcMaye |sMist r pAveragsh Sd

D TmP% or oSRBRTtae) o MRy | GRPER || ARIACT (A | DV

t

d

nhimkacat | S eguuoyed. | Park 23] 3aBl d 2.2%tlks £8fth| 031
e

d

|

Larvi mnacurapant ol £ Ay Whaol | H I
P+ AeagtHeReht S+ of e —atf Yy Ol ac%ﬁ——
o \f %@C(di e OHPSES of| 14 Ame k "fzi”rrnzig'%saken“ﬂgi ng

ﬁ. TabLe(c%n{:dﬁﬁbrml)M] Mul tip|e testis werel conducted
a dovicac h rconvaht i |

1K e—devieces—wth—eenvehrtienal—{e—og——orgar i
OV N emacmmE apasaiap o e e ED
paCk%%rsﬁBﬁraﬁ:éé DA ETES bAFatay R (MR sSPhAaH toteathbiish an average solder balt

ol der PackageUnderfil |l MaxM nAver ageStd
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BunpsSubstrat eMat eri al CoPl anCoPl anCoPl anDev
Eut ecti cProduct EA3. 732. 252. 840. 31

Eut ecti cOrgani cA5. 343. 964. 750. 35 (Conventi onal ) Page 7
coplanarity, a standard deviation, as shown in Table
2. In addition, testing was conducted with different
underfill materials. [Para 25] FIGURE 2 illustrates

coplana iy, G SRy O Pt TROIE S i pOrE FesfiiPues conducied wit

differerlt @nd&eRiEmpralege substrate di scl osed herein. This

packa devi ce 200 still incl ude the | C
[Parar 25h FUGURE 2 lirales pmitemisg Mt Sh1be Bentass i isa ad0 Husgotea i
FIGUREEE, Iﬁlt stRiBRdASHRatiigaRé fodl CTE gﬁa@kagé%umfaf& @iscldsEEhdIEIRK FBE package

substrate 120 i S sel ected to have

device JA0 e e TEGHPHAD AU i Olfer BP0 MAdNS g 908 140 of o

packag E%’o%frht%tﬁot A3tbefobe, RS ck@%um@nmbﬁédedwrﬂﬂe a BTEGR & direction
al ong a pl ane paraIIeI to that nountin

Par .
perpendigylan ty thehnquiting Ftage,pf mmﬁﬂsﬁvbwﬁmg@ﬁ B%‘{!%@agfe‘v twice
aCTE a&@% bigtepatall to%mﬂélfn%ﬁg wirfde. having nul ti pl e layers,.

Mor'e specifically, the package substrate 120 conpri ses
[Paras26} i thisgrempnoembegimenitshawewer; thetnackage subsiiatedal ismangfactured

having %ﬁ\%ybeglgy%]egh%\’gg%ﬁ'ﬁﬂ\? t dcﬁqu% AR 150onBKEIRI Bre Iﬁy@?ZIO that

ate materials discussed

is manifiactureti i beledies ko prewjdepive dovpC By esefiged ghoveo @ examile, the Rroduct B
and Pr{;cﬂuct £ Bﬁ'nr%@éél g%ﬁal Pﬁ;s‘sﬁ R dbef abdve mdche éﬁﬁ?@éﬁ B8 fHeTore layer 210 in

ben mance characteri stics
the packagesubsirale éa@hlra%mh embediments; e &ew@nb@e@m fharasteristigs of

matenél?ﬁ.[< chids esd Bat2 4 &%ﬁ@essﬁ&tm% 17D lﬁgtEprO\h@és\mﬁﬁ rrhé“hﬁhtch in CTE

age substrate and the 1C chip 110

betweemfae amkage sibsleate 140 podithe IGghipAAR- mﬁse chqarﬁgtgrésgcst 1Bclude, but are not
IlmltedbES' %@dﬁgﬁﬁé ing W@H@a@ tﬁhﬁﬁbrﬂbﬁ@éraﬂr@raﬁd hadiy a low CTE. Of

ure aV| ng | ow CT cour

courseaalthwgrg ProducieiE and F Efmﬂlbeﬂﬂfédﬁ@b‘aﬁr?'wﬂe flscigeel fechniques are not

lmited ftﬁ‘é .Hrpéaléiﬂaﬁm%ﬁ of & thete M%&lt@ra% mather,l anmﬁaﬂadialtiﬁvmg the

f h
dlSClOS%ﬂﬁﬁi}]a ie 2@2&2&%&? m?\eﬁgg‘n#@tdgi aigé'idgétgrg r%zg)ga}l&aglpgge employed

in a pdcRifedfelits inghé ﬁﬁmnéﬂ%@i ﬂaﬂ:h hbfeirﬁ‘ Mg, Hodimitktion tamg pertiasar single
UsS€ or not, ly Iné% i’l? JTfn Y %S?q%e device in
materipl{e iNERNERG T Sy dftﬁr"inﬁ A H1TeTEOpFRIa tHS AUSGASHEE: ation to
[Par%@?]@:{ﬂtrélgmngr to BIGURES, if®idRtioh 3 tHeS:ofdlb\ﬁtﬁiQ@d td pasmulsabstrate 120
inferred fromthis

gchCl OR el ﬁ é@ {& layer 210,

in ﬂwussmbpdnmeemwnwntﬂudqﬂw@ ayers 220, fRImed OR ST siig O gp gore lave

Such 61@% %B'I%eg 22b Wﬁay%@@ﬁ&?to%l@&éré@dy@r A For inbretdiigsthe thickness, density, or
enbodi

al so now._ i ncl udes. bui | | a
srentfopl5e pasoas 3UPsFats 120 oo WENTgeus gtz Sind 1k psmatches
betwe?hI Hedpa\:‘ E%Mt?s‘a%tezﬁb BN M EO. A aﬁhﬁt&@@lﬁlﬁ drrw,mameﬂi Bonstructed

i'ncr aS|n t he thickness, densi éren

scconditgAophe Hagesed BHaciies, Gukbed RIS G40 Wireiee ags 9&9035& el tobe low-

fe {005 Fak e, Bffevene buildney materictay such as
CTEIéngbsgbf?%{%a%l 8%2?15@th he | C c%’lﬁgﬁ)lelo I.n o?d nt a

Ajinorastd dulidremfilm (ABR) era Rveikdple Wt ? [arge ity Qﬁ?‘é‘gﬁe&ﬁﬁm’s"‘s
Likewl2E, 'tﬂé bﬁ’ilaeﬁp laJ{% bsh May b S resi 12yt eclaltedtoselpeindutate areas

|
A T
may di%tr%(/é glvﬁmetﬁ BCHer@fmarf: ichatBREMtEMhhiguide the beledtidiBBY) maraifaeture of a

aval l able wwth a large variety of perfornance
characteristics.
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Li kewi se, the build-up layers 220 may be sol der resi st
| ayers selected to help insulate areas surrounding

t he bondi ng pads 140 forned on the package substrate
120. Such solder resist layers may al so have a
variety of performance characteristics that guide the
sel ection or manufacture of a Page 8 particularly

partlculﬁH)k Liabie niReR. | ?%He F a4 Borth p%@“[:-ﬁ?arngé Eltbr%g{ gﬁ&r%nsegﬁral build-up

haracteristics sever al
mate”aéﬁmslépldﬁé@ﬁ@t mpigrials fosuse aor parkef the packpg& substiati H20.

[Para 281 A Shal T3k B, SR pul Bk B o o SR B e or o T, o) can

have a JaRJ® dispanity ih agveral perforgandti chpractetistics that akeadritital to their use as a portion

o bl SSRGS AHORE W R 150 AL RO e 9 e

(again, fierl sotisfying ewonmmmlemnm?ndomatmau C isreelosest $h SFH (47 @bifPC in the

oreciol b TERA I3ty Ao S8 L WGBSR ISEAS) e

accordanpe witk ﬁ\aﬂlsdpsed principiasp Sinaliady) | atvionty the thmgmﬂfeélcﬁ@oes of solder resist

et P 5 SR TGI8 e recon

perpendicilardb MGemourﬁnmsumyto thersedertédiowiCTIEQERITayet.ce choi ces
Table3°f solder resist materials set forth in Table 3,
Material RB is the closest in CTE (60 ppmiCin the

direction per pend| Build-ruptmatd‘irialnountl nig SuSbhix? resist material
-the sel ecteqg CrEjeoretayer—able-3Build-—up

mat eri al Sol der ri8si st| matBri al| ABCRARB [Sal e RE
Sales poipiHi nt / Hal ogen free HYl dapgen ffee eleHakambrofepe n| T Haeyerdade 0 gie Ralogen free Dry

free Dry Low CTELow CTEGw@eN lcopdd Aiflf i | Modfeo®ing 9 fim

9860477060 Ze)rds—FHMy—CcFHE—=2—Tg—165160155150160 (Za)ds
CEz<Topm) Tg (tensileoTMA)|170183156100104 Tg 60
(ZamsTr-(Alj)l\/A) 200180]77- - Yourlg' s nodullus (GPa) 38B.54.02.72.17

Tenste—strgnyt i VPg) 7095935686 HLonoat+on—z; I
“Ez-T¢ 99 6. 77. 65. 13. 36. 0 50
(Zaxis TMA)
Tg (DMA) 200 180 177 - Z
Young's modulus (GPa) 3 3.5 4.0 2.7 2.7
Tensile strength (MPa) 70 - %0 93 50 80
Elongation (%) 6.7 7.6 5.0 3.3 6.0
Poisson's ratio 041 0.27 - -
Dielectric constant 3.8/34 3.8/3.4 3.6-3.35 4.0/3.8 3.9/-
(IMHz/1GHz)
Loss tangent 0.027/ 0.017/0.023 | 0.016/0.012 0.026/0.026 0.027/-
{IMHz/1GHz) 0.022
Water absorption 1.3 18 11 - -
100degC. 1h(%)
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Poi sson's rati 00.410.27-- Dielectric constant
3.8/ 3.43.8/3.43.6-3.354.0/3.83.9/- (1M—|z/ 1GHz) Loss
tangent 0.027/

0. 017/ 0. 0230. 016/ 0. 0120. 026/ 0. 0260. 027/ -
(1MHz/ 1GHz) 0. 022 Water absorption 1.31.81.1-
100degc. 1h(%) Page 9 Fl ame retardancy(Ul 94) VSVO\/O

Qr‘llll VW oVQ. egquiv—-Si-02 aount (\A 0A 12183
HamereRFdPMU@ﬁ)the abd¥e ddscriBtion sel @ orlt h ag@ant ages VOequiv
slozamouni “))ve to[Cer tgim [rior{gar TPt rENt@rions, —thgse -
hf’es and their pdrformancel specifications shoyl d

[Para@Q] ARKGLGH $he akatke ¢ Hécrigtion sesYorlty adVaﬁlha@trélem te%erﬁ?ﬁpnor art
i nvention or inventions disclose

implemgppAA HeRPRmARS SiYh MBI Per WA oS ACAGAR SPOUE eleh copstrued n

any wa )és Ilihﬁatibhébﬂ&etlﬁ\%htlé}ﬂbf |ﬁ\lféhhorli§c‘dl§tlﬁ)§ed$ Onk%tdp‘é of l:évemgla lfor any
appr eci at ed F%F[\:t ose of ordinar the art

patent ﬂﬁﬁtSSHQSéh@IM by-tR CB@%%B@V@HC'?/WW ﬁ%’}ta'aiaé& ili be appreciateg

@R thedpPat thaGnvehfdh daR®eTRibbdibd PIotRST S
bymo%%gragj(‘:m thgreo The |Fesentl gl scl o[sed errbo%ﬁ‘rie rmsw'thc’”t

departing fromthe sRIftAr esseptial |CU%!'P'§8" theregf- ITneé%‘Tt?@Etf‘/sd'ﬁcl?S@eembOdlmenis are

thereford bd#Siab@lic/ S RABE bé AElFGL biEnot HARIEGADTecodd i the invention
Invention is indicated béﬁtfeﬁgg ended clainms rat her Is

indicatechkyrthe pePended gEims atherthan gesqritio,PRH Gl shanges that come

within ﬁa@rﬁ?eaniﬂgtahﬂ FarlgBEofMERRNAIRAs Bdfedf ARDIRtNSd 10 B iekalaRed ﬁne
her eof "are i ntended to be enbraced therein. @t[Para
e

[Para&ae] tdditiendlly, the sestiorbeadings hergin aig Browidedion cansistepgyonithdbel
suggeshifils FRBSEPELICE 1497.d? oliftfwisd HASHERAA GHEBABER culd, Frdse Readings shay

se to rovi de organlzatlona cues. .
not limitips skaraderize esinantipn(s) $& out inany Ciaims dhak may issye fz'@nmssdnsdosure

Specifi Jt:aﬂy Shd b@%ﬂf e?:ﬁﬁ’!pl%%ltﬂoﬂ?t?mé Hélaéihdﬁefehﬂ)ta FevhnicaStidd ¥ IE18 Waims

osure. Speciiical way of exa

should iot b limikted: bydhe, @ﬂ@ﬂ%@%ﬂéﬁd%ﬁ“ﬁ hear’é’mﬂ deseribethe IS'acaﬁed technical
field. IELE@'AEP | el B iptie G @chtRiogh th theMBaRErol tid ot It@wébﬁﬂﬁjed as an

én under this headlng to describe the so-called

admissiosctha; tegtnology {s|por grf i anyyinvegtiop{e)dn Hit dispsyye. Neither is the “Summary

of the FrRERERY BN bdhsiiEted aBaekataqeviation 6 m@mvérmls(e) ﬁ@fbﬂiw "rHﬁQ daims
as an _adm ssion that tecﬂﬂgl ocg_}é or art ny

found hergian FHBHREPre, ANY Yeferenpedn Fisd)s thustiord In 'i‘?s SingulaF should not

be used 2 BFFAE that Herd B%nlyralsﬁrﬁﬂlé paint df oty clainsddre thiscHisaiesie, Multlple
characteri zation

t fort
InventiT Rt be Fe oTEh SFEPEING b Eas IR & e e PRl ot with s
dlscloshFét, Sn(ﬂtlﬁcdlaﬂﬁslécﬁorﬁmg lyi d&:ﬁﬁ@?*ie@ﬂentm(i)hm&hmmduMlemh,qhdt dre
no be used r e a er.e
proecglthercey. T AIEyCes déecnt ot pams coal o hnthey qun merts
in ught GFRE EpcliiBativhybue Gh@.ﬁrl nétyet donsteatred diy e Headindseset forth hereln,

[imtations of the multiple clainms associated with
this

-.
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di scl osure, and the clainms accordingly define the
invention(s), and their equivalents, that are
protected thereby. In all instances, the scope of the
clains shall be considered on their own nerits in

i ght of the specification, but should not be
constrai ned by the headings set forth herein. Page 10

What is clained ig; Ld0= m conduct or devi ce,

conpri sing: a. anﬁ'ﬁ?é&i‘%@d%f*@a% chip having at
[Clail||1e§.t R@Smﬁ:@h&%ﬂoﬂﬂeﬁdé”ﬂﬁﬁtﬁ‘@hgforﬁw on an exteri or

surface thereof;

[ Of ; and b._ a package supstrate haying. a .
mounan htpgealed gt ¢hip ha lepst pARicouping: Cogwen%ﬁwgﬁ PR gn exterior
to r Ry Beldd® apli | east one coupling conponent, the
package substrate having a _coefficient of t

h |
exthan BRGKAGS FUDETAYR hadng dMopRiingewEReLVER bqwimt@sﬁh@rﬁ Ggnfigured
sur f el BE at 18ast 8RS cdupiny M&é@t{%&%a&ab%ﬂ%trﬁte having a

coefficient of thermal expansion ng a gl ane .
par atqeficientof; thermabexRensie) 18 @ dirgelion perperdicylsn toits mounting surface

sen gRPRYSES HandPpiosithabhr Qick nge‘i‘ﬁtiéﬁﬂbm&nmd(\&giagéiéh 419y a plane

package substrate conprises a core |layer an

bui | Barale! teiEspountiog 8§TC8] A seni conduct or devi ce

) Cdi ; i / - C

LCtaifE Y, SN B DO S 8Bl o
comprises aeote layer pad pbuilthupdeyer. t o t he nounting surface is

.| han.3 nl.C.and ffici .
rctai b 5, PR RRE s Eph § o QAR
expansipAfé the badkagd substratesint the direatiof aerpendicular $s thefraountiag surface is less

von 3585 oG el L POTAHBHRn G A O bty o i
paralleifto thd teurting surfang éx lessritharhtb ppm&Ct i on per pendi cul ar to

.the ntin urface is about 16. pp . .
rctaioh S et S by SR U bt o e
expans@hFRCthé bere/dyania thadisdctien pérperidinalar ithe maugting surfaceis jaout 16

o200 10-.13 ppp.C [ Cl aj m j '
pom/Grebihe PR B e Somapan or B B Hiethe BN Fifae tothe
mountihd) Suirferk is abopatts12ppri/e€. t he buil d-up layer in the

direction perpendicular to,the unt | syrface. |
[Claimdil  Aveermea dvier eccopiia PR YRR di &ficeft of thermal
expansﬁ'}hﬁ’allniﬁbl(bﬂild-ﬂﬁ Eyérem breidirdction ﬂeﬁ%eadica_bmghé meuntingrsarface is about 47

arallel tot nmoynt i ng. surface . :

i gt e o 4 SRS e e o e
mount“ﬁ%ﬁ:ﬁc@ééﬁtﬁuﬁ%ﬁawa&.er i's hal ogen-f:re_e. 1[ Clmzi m7] A

sem_ conduct or device according to ¢laim1, erein . y
[Claisn 61,4 sespieondpeion dexige aggﬁﬁgﬁ]&éalm; ﬂ'hﬁrﬁ\?ﬁh? cafe E’:\ggr IIE ﬂﬁogen free.

Fopq P- g B ' ' IRAYRhéreintfe bfTeag oné eslipling
[CIa@Fr%li t&g%rﬁf)&{tag&bt gkggc a&i_'gﬁats%dt@tﬁr é?g, e[CI%i_m%JP A . p ot
composentiiabump fasrusel i Be-caip donding techriaus taicavrie therRipgefed gt chip to
ises a lead, lead alloy, eutectic, or
mePagéuéggts%{aeﬂy | ead-free solder bump. [Caim9] A )
[Clairan8] ona sermiconddetor devicaacardingtp ¢@imci, ahatein thafiemg cpmprifes a lead,
lead alllory](f g&g&}c?gr s%bsrﬁl%ﬂaﬁy I%Qd-ﬁ'ee solder bump.
[Claim 9] A semiconductor device according to claim 1, wherein the integrated circuit chip
comprises at least one low-k fayer with a dielectric constant (k) of about 3.3 or less.
{Claim 10] A semiconductor package device, comprising:
' Page 11



conprises at least one lowk layer with a dielectric
constant (k) of about 3.3 or less. [Claim10] A

sem conduct or package devi ce, conprising: Page 11 a.
an integrated circuit chip having at |east one
coupling conponent formed on an exterior surface
thereof; b. a package substrate having a mounting

50 U SR rcn e

packagﬁarfawtbtaneaﬂ;e having a coefficient of thernmal

P Hclgh ot S RERAR Yt i3 PR A€ conigure

of t hd:o medeive tisatdeashore aopling qomporenbahe packhge substrate having a

11] " BepEhe RERrioR AR IV Bulrebiod beBRlRy o 5 Bolhono surtece s

10, weppeximatie 16 apmﬁgend aubefficianiof theempali expansion @long a plane paralle!

| th
cggﬂ Ib@'ﬂgrqfou%"ﬁq%rfﬁ%h? %‘b’ﬁé— ’Bg%geﬂ’ #j[?pgﬁa?he gor e | ayer
[Claimt 111] dA B@ﬂﬁr@ﬂd‘?ﬁ;ﬁa@ﬁﬁld&wb@mgﬂil%ﬂtﬁ hdmﬁ no,lf \fﬁét‘éthl H’Eeﬂfaf&kage
I oxi nma * an oe Cl en 0
subs{rate FEPISES B BT pest 2 PRIG R IpYer; SipoMelsin i coRpaBrtt erml
expaﬁﬁdrﬁﬂol' eie cbfe | {& inMPe @irbdtign peipkAdiculardo tﬁeanmhg YRk @ the

oPPrCXIEB 1 PP At e GCIRE PLIRRITEa) EXRBEPY 1o Hib ore &t 2long the plane

parallen gy thé moaitiry sirfade ik @i dphxuatéld 13rppinm:er in the
dire 5 on perpend| cular to the nounti n? surface is
[Claim.d h gaTPackRgedswre reqriding tgrclaim dilnwherein the coeffident of

therrfial ea;saﬁs@n fcerﬁe biia-upUdyef mUiRe URY@HN phipRaHitINR tdS’Hﬁriﬁount!ng surface is
arallel to the nmounting surface is_ about

about ¢ BPH "¢ Fnd A eRTEBRR] dhemalarrRatR feémecbé'"%ee ﬁaﬁg aiRpaithe plane
para[fél@ﬂ’iéilribunmggeé ik BBout @b @phmpser is hal ogen-free.
S

[Aaim14 em conduct or package device according to
[CI%ua. #310A semléqarzsmﬁtox pRekage dexige pcaefrling Tosialm iLhgwieseip dircgere layer is
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circuit chip comprises at least one low-k layer with a dielectric constant (k) of about 3.3 or less.
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