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al . |1 DI ADAAI ~ | NTRI NSI C THERVAL ENHANCEMENT FOR FBGA PACKAGE FI ELD OF THE
| NVENTI ON Thi s invention relates in general to sem conductor devices and,

nore particularly, to a sem conductor device assenbly Wmm egral
heat sink f oxttdyingh Daeker MTIsSi7pat i on. 10 BACKGROUND mmm ON An
i nportant cMIGRON 060996 0f an el ectronic package is its ghjdosty tO

transfer heghyvQitbrOfrydetgal.ntegrated circuit (1C) chip in order to ensure
its proper operation and reliability. A considerable anbunt of heat is

generated by the i I

resi storgI capaci twrgﬁmﬁ{ﬁW@ %n&&%@%ﬁwméé%%grat ed
circuit 15 (1C device. Fine ball grid arrays (FBGA) have superi or
electrical performance and has ¢EIEIgd O THIDINYENTHION nenory packagi ng. As
sem conduct or devices becone nore dense, heat gener tion has greatl

i ncreased, requi ritiRyINYsRYAHEIAKS S EFRFIRl (B AcRIpondygIPY devicen ap s partisilarlys to
the I C chi p iggng FBhcbPIARTHSerhbIS 1RYAB S infBEN R AARE nighl SRk bidsipation,
However, the smaller pac age outline o uce sur area
essentlal for thermal heat 20 transfer. Conventlonal approaches to

addr essi Bg thermal issues i smwwassi ve heat
transfelVdevi ce, or heat sin A For exanpl e, heat
spreaders and eXtAr}‘ﬁﬁﬁbr&Bt &&a‘i‘&:téﬂs’ﬂicw@@e}éﬁtrbﬁ@tpaék %K% 1"9@?\’&1119&8 'i‘raHHHf‘E@a@' 0@@

the active surface of sem conductor die to absorb heat fromthe IC
and di ssi patoéthmetegmzd oycug1Chehip ot prdar forgngutelits moper Oﬂa\neweand teﬂleblény A

extrinsic heat . es substa i,al i nerea

corpl exi Ly SPrsiouRte bt yB ReRa e e i ERCARRLES GlAT Biutine
achi evi ng emhasisess, Fstst6rsiapadi@ed, afid other aledirdmt @ombﬁr\f&lﬁ@@ﬁanﬂﬂ&lgﬁ@émarcult
arrangerrent &C)égl i cations in the area of hand- hel d and nobi | e products

requi relgpa miger Zine ball gridateaya §EBAE) dave sunsisr elestricplaerioymange and has

R e BT SO 8t o e

| nventors: Yest gehelahon ha{agresnincrrasdd, rﬂzmhmgp@kagermmasdtmg thinewvitiurdnafer hkat

copper substrat u3|n a thicker co er. r r
using a hi gﬁérofteths?%rﬂpclaﬁa%twrw HePEPPED %@@ é%m\{ a1t
thermal enhagpg ﬁéﬁeﬁ‘!{ck&’ée St OF 4, mﬂtre@&‘égﬂ%eﬁlrﬁ%Qreﬁ%ss%nﬂél%ﬁ {rerfislafaf | at
pack (PQFB) and plastic ball grid array (PBGA) configuration. However,

t hese appr o&mehsfer.provi de negligible i rrpact on an FBGA— BOC package due, at

| east in part, t hi nner ruc rface ar ea
1 the memory’ apsiorvERana e RS R tathl s By FBo R aifudt &
thermal per pagsivrieat aki@aakkigeor @t dhk,tb te siface offtiertli@i Fargampld)heatdi e
package profile. 10 SUMMARY OF THE | NVENTI ON The present i nventl on provides
a sem conduéPispdeasend extrugdedios gingd type af beas siwkafave bre mppawiad afghe Bel Yrevi ce,
and met hods (o, J.alitl Gl Hubt E?dfé% 'ags%r@ﬂgat HRERT di @H&s ?ﬁ@%ﬁé hedt 86

i nvention provides a sem conductor device one e |rren

sem con@lct oon\daeumm etc dieir. sswever) thesel exttmmec Beqgy pmktstmuﬂus&srsabﬂax(tmllgl iparedsec

i nterposer) S di spose bet en a sem conductor .di e an rray
o oo e A SR By S EDE B detiet sad S Reh pitsfosthepre bl af

thermal |y coageihh ¢ahdHcad fitd¥ah cgbﬁrﬂ?ﬁleéj&%‘lmcbﬁ%a@ka%n?g‘ﬁréd@%m%ﬂpport
substrate. A soldérmask can be applied over the thermal |y conductive plane
| ayer and/ oAppheatioms dw tiei aren of lmoddieldrngl mhbidevpiiodycts oesgiire tspacs qonstranisayer
whi ch can be de, of tal .. has.a e eater than the substra

ayer and r apEREES RS ent g aimadifkybe SRR Re G B ntel SpBhEEs bl gy
t he di e3@ndginRsprovi de structural support (stiffness). A die attach
material in the formof a paste or tape, for exanple, can be used to nount
the die on the thermally conductive plane |ayer.
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Thermal |y conductive via interconnects extending through the insulative
support substrate connect the thermally conductive plane |layer to a
conductive (signal) plane 25 conprising conductive traces and ball contacts
di sposed on the opposing side of the support substrate. The thermally
conductive pl ane Gonyeiitidhab iefiadesf indgeasimp thdnibearfof hepier sutsyraferlayert haindi £
during operation, which passes through the via interconnects and the traces
into the balthickgkenparsroynd planclaned pwg phighprthsandlcondurdivay nipdd icempone

d t

(ntei poser (apBE HECiReDl Bt AABREMCR! Sl BhiSTRAR R AEL GBNa s DlaBaGildd ©
Docket M| - 31k pdckIEQUBJ RGN plH3ti O 916 ghmuﬁljz @PBGAYeenfeguration. Hbadver,ahedeact s
nount ed on ball bondi ng pads, of a conductive ASI nal ) | ay, er on the

Undersi dS oPPPRECHEEIEREs neglightle ippack P pRYEC é’éﬂﬁ’é? Pﬁé’éﬂea?i lﬁw;artpma!h@
has a thickngss r

generated from ttﬁﬁlﬁ?ittlgdblé&a sesutcfﬁﬁ% gﬁf%}eﬁgédggag're@feg;g?lﬁﬁﬁn?ée%p&gﬁﬁ ed

t hrough copper plTlnmed wodd ibatdesicablatednpreset IEGAhertal perddrnidnee dndepadkage ¢ 5
i nt er poser Ia1 r..intq the ball cgntacts and to not her board or ot her
devi ce on whFEapilith v haleymaataining s tip Sif PacRagE IO enbodi ment, the

sem conduct or device conprises a substrate conprising a netal core |ayer

i nt erposed between a first signal plane | ayer and a second signal plane

| ayer. AOdielectric or insul atSUMMARY OFE THE Hﬂﬁm(ﬁ‘ét ween t he net al

core (heat sink)  layer 10. an t he t i gnal ne, | ayers.. A sem gondugct or
0T S sposed avenrseRt PePtignarih SxdreapBictt inR Hhisaete: §R Tadkiet
contacts ar enwr%@%egith@mebﬁecun@gnm@@s SHifabrii@iting eendkvidedinal pabl2R8¢ | ayer .

Heat generat the die passes through thernal |<¥ conductive Vvia

i nt erconnects theItl opg BENEEL, ﬁhﬂl@ugﬁwmm;owd%a semieondustaridaeice hnsenesgmybrdimghiane

'1?/?[] ;h][ " *Pee §re*ﬁ§ el men?{h%? E&%@x‘elsne]%'cgﬁk ucq%% @{))ho édi)ts{%atte%e%%{rlc iGRASAEHS:

sem condsict @ispdiel tstitwpase sengidoivctoe ididdridya ahgltid hirvefap |caﬂm11(n|i@ahg Sithkgn

| ayer on one side of an insulative su q? por.t substrate Ther mally conductj ve
vi a i nt er cosxiEral device peehiasiagneiher prard.mad jadhenally aoagyciive plasedaver disppsed nk
layer. A CO%@H%h\{ﬁe 312908 s Jpﬁé'ﬁrsul%ftra?el Tsél'd&%lxéfs)( cﬁHBQHgﬁl MSvkf AfeSfermally
overlies at |least a portion of the secon side o eln atlve support
substrat e. Aohductive @]ramayaym and/oethe condwctivt yracon dlettharerablglconduntitva planeilsyer,

di d dj the t
it o7 connec ULtk AT SE e AT ekreey sRe bt SRR AR gptions as

board. bo oOneeaNHRSHIBERY dispREROR Seidrardd bQthd dﬁ@faﬁaké izirofw‘/id%déﬁ%t:!uvaﬂ sBppdrt
contacts that aré not connected to signal traces mfry ball s") are

mount ed on (¥iffgevodudisiagieciymaienial inipp sorm %ﬂmBQSF%@TetaP TogReEpie, \ﬁﬁltl he uprd 19j a
i nt er connec r t ooling the 25 device. Heat
fromthe di tg%lglgts}%s& ?g}f tﬁg{n@ﬂyt ;e@yr(gﬁ} &g%r{)eﬁ%gtl ve pl ane (heat sink)

| ayer through ttherraalﬂmcﬁrdumweemhsntamdnmemtmmémhﬁ@ﬂaras@hlthe tmuldticd swgoetunmy
balls to a not her board or ot heivbbexternal devj ce i conduct or

ll on whi ch, %ge, sgg

devi ce is nSubie conpectibs thermalnennduetive pleanglayerdgAropdpevedsignglaplang, r ay
i's conngst e@oﬁ%n&hﬁ‘é@ﬂdﬁc‘h@@%%césoanhmﬁll bﬁl%Ets(cﬁép%'@d dn ﬁl%lJpgésrl ?é’lde g?ﬁ]e%hﬁﬂ&q
trace connecti on ovides a thermal path fromthe netal ane | ayer

(heat si nk) substltatee TherthernmﬂyaopndlﬁctbaI;ilarxcdmyachss;paﬁsdheamsngbﬂk of)heah away;rfldnine

first ball 1534 1 Attor cket Mrl-3171.1-SG M

i nvent ors: Mg ‘}18@’5{‘8 OPCTZHLyV! %“P?Fée f"é‘lghﬁﬁ%‘ﬁ@ g F%BH%S%‘%F “a‘f"FFeij’r‘c‘}ﬁnd
trace conneghjj@bntaéQvi des a nearer return path for the signal trace to
return to the external system ground such as a nother board ground, via the
bal | contacts forlnbeteméapdgmgma? themcmgqoadu@ﬁr @cfvwdaéheswcwman&nmphﬁ@advdcl

si gnal rfor nanc i abi rfo

2spect , e HRBE RIS TRr e b LA deleshitin ol B EmEg ot 30 6
enbodi nent s,, %,;ggmpackage conpri ses a sem conduct or device accordl ng to the
invention at Teast partially disposed wthinn an encapsul ating material .
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I n anot her aspect, the invention provides nethods of fabricating the
foregoi ng sem conduct or devices and di e packages. 10 In one enbodi nent of a
nmet hod of fabricating a sem conductor device, the nmethod conprises

provi ding a support substrate having a predeterm ned thickness and a

t her mal | y cbaldlacitaste mouatedringratidromdng reds ehalcorglucties eigwabdgrer oapind yidegside

nereL L PN DR il e A DS PR Ghob RS
i nt er connecthe diBRctR3hteRIodk: 18R T&a@%éﬂéhﬁ@d“ﬁéﬁ th&afe Palsed 'ixﬁg_ttﬁé 061:7;;5@1*;1'@@ dnlge

t hi ckness of the support substrate; Torm ng a conductive (signal ane
| ayer conpr istangucted throughvenppeapleted analinteiténnigots gkienydimgdbroogh thealidectond

surface of the support.substrate: unti.ng a _.sem conductor, di e on t.he heat
R A e S o R g R S et
pads. | n angtWigs isabgadeaqrent, a prefabricated substrate conprising an

i nsul ative support substrate interposed between a thermally conductive heat
20 sink | ayer andnanothersmbadimenidihetsemecopdiiondavigsl comprisayesybsirag cohwrisingl y

conductive via.interconnects extendi ng 4hrou he.insul ative suppaort,. can
be. o ovi ded eie Cre FAPER R PEMEERA L ReBE D AEEh e Sad HaBT enCan
be encapsul adyefl Adliéle¢tiie ar tselafia€ kageishiteaopéd/bitgeen MRImbtlcoeo (AN gyt
| east partially encapsul ate the device. Typically the ball contacts are

at t achet0 f opnéilierityorspenab pleap kyees iPoﬁﬁrgnc@rpﬁ/ucmélestsmﬁppmfborbthetfﬁét signgdiplappg

devi ce 25 di r hga- ’ .8 i ; i

t hr ough thella&i%g alﬁﬁt% r1 co{ﬁtﬁect gihtac tﬁrﬁ%ﬁg)hér{ ﬁlgp Fgggs%togﬁhgi%ﬁ?%&ttﬁgS%Pijgyg%l
contacts, apthnkndyer.aHent deaeratedasycthe dieojdssss tivough tekmallpsdrdatgveonino whi ch
t he devi ce has been&r}gunt ed.. | n yet anot her enbodi nent, met hod f or

fabri cat i ng THeSeRTCHhRernddbiAugh thomrrade fophiedrgsiengt Pispeiavar thgough the
thermal 'y c %bfevgle&tmgla?emdhﬁag{ebfaﬂ-&macgopper | ayer) 30 having a
predet erm ned thickness; applying a dielectric |ayer onto opposing surfaces
of the MKE1741534n a furthiirteotbodimdnbcthe serMTbadicidrideBiEe M OROBEOOsed8T@ductor die

I nventors: Yee et, al heat sink layer: form a via intercannect. t.hrough
et hi ke SEPeTed ke thedRals chodhe B PTant b RO ishet of ghbr Gk OF 3F ReHgUPF ¢ o1
and second sy subsyRE S Théyedallg REdERINVE W ink@cdindEts SxRYE thrbligh theGhREAtivieC

| ayers, with ball bonding pads al so provided on the second signal |ayer on
t he under si §ébsiptetadhejsat siak lajsunt sogductivedbigasialpyene! dearieplt ¢padpetigttraces
signal | ayer; I t: L

addi t1 ona - PagERE AP HEORIR |fhe siBRl B0E S B Rl cHopbor SR, PO aproy
can be 2@dedf bigctioplly carglualitechal béontagtLio rithpo sddvan onding edde edninectdday elistracesd
formng the via iggercgnnect t her et hrough.. | n anot her _enbodi nent, a

pref abri cat RIPOYKSTENACINIFTEANIeRE hebxtendfin ficang ap exirrnal d5¥ies S tdenothRe

di el ectric bayar $n 8RdembotitlentadBE6hd ARG Jfiierhafly TBhduEHGE BN EbAN&s WaRare not
i nterconnects can be 10 provided, and the die and ball contacts nounted

t her eon. Theomresfedlio siganltdaces b'stumanebal ki) aro mpouingee caddie séaomd Isideoridlagc suppert

| ayers and overlyi.ng dielectric.layers. The devi.ce.can .be at..least ..

bar bl Ly enUEpelt BRabla) ViR e BiTESanshhlo mEH IS pERRn I aRluinERR boatinarhe
resul ti?g casté®aHe@Trdh tik diBipadses GRORS the Heamnally adiRluchde plahe Bieatdifk) 1@yer
heat spreader, a thin jnsulative support substrate, and additional sets of
thermal |y c8neegh iheeiaingreonnsets spdare the thermaly wadugive dimmy baldslos mpthene

typi cal nu . : 4 _bal . r i i
o1 ndar d FEEg Dk oHRR bRElP i b lich E tftcbRancElifichict RMoLfiter o Brotbery
packages byembddieneng thérsecond ¢thedmal) dp@fAL i convdctdddiit grotmd tiacs @b the first

extrinsically attached heat sinks and heat, spreaders. The present
semi conduct &HeRdlbalarsyhi hasound Epsconpertion Prowddgs abiermes reliviemdbemetal i )

T aces on 1 e GHaer CRaEdnk Retn R ERRIPIEIRIR S dnda Sl S MO g aReT

W th no intpidisksheat sink layer interfacing with the die, and no

thermal | y conductive interconnect vias thrgugh the substrate. The present
devi ce provides about the sane thernal perfornmance (aboufiommeyDéekEMItICh 7RG
in Tj) as a single copper layer design (FIG 12) having an attachetopia-b7am
heat sink (8 mm height), but w thout such an 25 extrinsic attachvetts; Yadeeal.
sem conductor device is capable of effectively conducting a relatively

| arge anobunt of heat away fromthe package, an anpunt that is well in
excess of that conveyed by conventional sem conductor packages. The present
i nvention advant ageously elimnates the need for attachnent of an extrinsic
heat sink or heat spreader while providing a nmeans for 30 dissipating or

di stributing heat fromthe sem conductor die w thout increasing the size or
MKEI 741534 1 Attorney Docket MIl-3171 1-SG M CRON 00-0976 Inventors: Yee et
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In addition, the heat sink layer (e. g., copper plane) can also function as
a ground plane to inprove the overall electrical performance in high
frequency applications. The 10 increased nunber of thermal contact balls
(e.g., solder balls) at the package periphery also helps to inprove package
reliabilityafray tathe nmd] pdanedgmound) kafer. Siedeoundiratesonaendiohpr@psdes 4 mianat es
possi bl e package pi.ng. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Preferred
erbodi ment S TSR [ $RAh U2FR OFERER 8 SBEEFRALSYRE 8O WRE & £ s

fol | owi ng aGARRAMAYiadhEBINGSiad 1k beREIEAN ik drtRl & i Sy RUH AR
Thr oughout tﬁe ol I ow 1r?g Vi ews, The refeererléze }lur%rra(fls Wl!h| Y %{ﬁhse ﬁ]ll:’n(g'\tl' he
drawi ngs, anmgnalherSamencesindrselderjomireliaiiktywetforthanagsed t hr oughout t he
several yiews ang in bhe desc&i tion to in icate.sagE ord.l i ke parts. 20
FIG 13 a crosd? SRUPTIGHATS 1BF HYeRPARBIOVEISSF SoPisndyctadis Radksee It vaiase
package i nCempel; én’f%tl_ﬁrba% HoiMseh s@nRERARBRPHG 10 acdR¥ing Qo BfeGat&itid 4t O
the invention. FIG is a plan view of the underside of the support
substrat e ofeastyardilly @spdsedwithin # hcapsulatiigenatatiaing ine 2-2. FIG 3 is a

pl an view of the._di e packa hown j.n FIG K 2 it encapsul ant over 25
Phe bondi ng. w r o4 BIRIPEPES BErRRLR Feayide msdiad SRRt REHe B ep Bt
partial vi ewefcohfRiRarkraeard dilpckabes. Showi ng the heat transfer pathway
through the device. FIG 5 is another enbodi mrent of a sem conductor device

accordi g to thelh aveembedimsohelrd wethgdof dibsichang »semispn@iregralevisenide peatisod

PR R RN AT N e MR e

cross-sect i eaaductist €8 iflefstahe@rRatendlingwhértthasughNaging atthelnthlle cpadkRige heat
i ncor porating_ another enmbodi nent of a sem conductor device according to the
i nvention. i layeriogtothe fisy suacerafghapuppert sabwrais i Gopdustivgiconfagt With the

encapsul ate i GKARE v i qﬁ% {EE&E’ f I

sem conduct g}e‘ilfgg{} ge acg\éér g@ﬁgt@%ﬁéﬁﬁgﬁhﬁ@%}? ?%(nt% [ gge{hﬁtllgﬁl e\?}eé\}\lll i

t he undé$ si de thickhbs of tippppos whisstnats; dorafing heonthetipa tiggd) @éndlager compraken
along line

8-8, FIG 9 is | an,view of the di ka shown in FIG 8
i th t he encanbistinirasssand all daie A0S L€ SerdHEsSotidbr TR HESTTG been
renoved. Fl g’iou}xgn%ﬁ sBmRA1AL@br GE 8A $hSKRGk bRk Myer;Hnd &Ryt alicyvémmiof an
encapsul ated di e 10 package incorporating anot her enbodi nent of "a

seni conduct epnitgelyionts the ball bondjng padshdnjanetber ¢robrdimE, a plefpbyicatesl whstvdtew of
the under i g, 0hshBSn ShSIAREAAIECLEER: 11 0ol HERBLODG AR, diahliy !

t he encapsulant” over W res havi eenl renpved.
Cross- sgot i eikllaysiadé acleastatdondadtivei(Sighall panlayer, and thefinallp acidagavdani ng a
15 singl e copper plane |ayer. i s .a graphical depiction

Fl 13 ) ph of
exper i ment alMGEPPREES B n&'ihf@}gg-th%y@lﬂasmrgmpgcﬁnslmrpm% apg dh¢ die and ball
junction tenpghakWdintdd théboN EfRURVRRWSA bé chapsulated to form a die package by

applying a molding compound to at least partially encapsulate the device. Typically the ball
contacts are attached following the encapsulation step. The structure of the resulting device
25  disperses heat generated by the die into the heat sink layer through the via interconnects
through the traces and into the ball contacts, and into a mother board or other external
substrate onto which the device has been mounted.
In yet another embodiment, a method for fabricating a semiconductor device
comprises the steps of providing a thermally conductive (heat sink) layer (e.g., copper layer)

30  having a predetermined thickness; applying a dielectric layer onto opposing surfaces of the
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FIG 14 is a graphical depiction of junction tenperature T} (C) versus
nunber of interconnect vias (at 1 W 2-layer, 18.5C Anbient). 20 FIG 15 is
a graphical depiction of junction tenperature Tj (C) versus the nunber of
thermal vias/balls in a 54FBGA-BCC construction (1 W 2-|layer, 18.5C

Ambi ent ) . Fthlt Sirék laxerafcgmpgqa vialinigeqoinpedt dirongh }hgrtbltc:kmss p’é&péteatt gipkelagen)and

t t t
o aphi oal - dRSTORYEE PRE I et Tol e hE SR e B imespbaddie Selaveatte
25 thicknes aleqéa@ﬁc 1aké16: wikB bh$ bendih@phdscato preRidel iof RhOdechbREsighid] G4ye@dn the
tenperature (C) versus copper plane thickness (m) in a two gco pper) |ayer

substrate. Bndgrside of thealeyicapmiovatinglessimicomtuctst diehen thadisstisignal laypread ure (C)

aver subet ReEERRRET Sorfbdsyo lﬁtOff“%F%%ﬁ%f@*nDa'aﬁ%q%ZW‘%ﬁ*wr@ﬁ%ﬁrﬂ?&"%f X0'00- 076

I nvent ors: X@ﬂ&hv@h}a‘[erlaﬂ% leﬁla@tex@} etbecalded®piapplyipy dHerdadfiag jcondiction
t enperature (C) versus airf in forced convection, with the package

ina verticand 51eéﬁ§@rrﬁehwersmr@forzmngé avgrlatsmoemct theapetbrough. &1 andikerj unct i on

tenperature ﬁ‘@)d%?en? eprgﬁhggf%jfea%m} trg e \%’1?1{ h(gllll gs 139@5 %%e?l&%seg Bet?&eteﬁfl%nent S

i ncl udi ng hé& spred

i's a graphi didleciieplagtis@nd @fgnbhﬁaljlds[l@ﬁd he tlﬁfﬁ?ﬂiﬁﬂy abntduetivviatinetcandéots {40/ BY )
ver sus dle shrink factor, the original die size having a factor of 1. FIG

23 i s albar PEqyided, Glé‘bihétdilfh@“q bﬁlququqtﬁ mawnted therges; dhs prefabierted vibsigale can
junction teEfBI% ﬂEéléd%l %@F Bn&e Bl & an&%v?#%% aft1dcRridahas. RaUkyidepid lSé A

junction terrpe at ure uction-versus t ested substrate designs
DETAI LED DESGRI partidlly @Eaﬁ&dﬁt&RﬁﬁEﬁRﬁﬂdﬂmﬂaﬁhﬂ'ﬁ fremi ndie paclaigewi | | be

descri bed genera h reference to drawi.ngs for the 15 ose of
et r ot oot et e b er S (e (TS STene Ry g s e St B Bt

Referring tQpihdd, a ﬁfnﬁlmsﬁlaﬁ\/é i p%ﬁtkﬂgétfﬁ@tanﬁfad&tléﬁﬂ‘s@@%@ﬂ%ﬁn’éﬂ?%&&ﬁtlw
accordi ng to t he |nvent| on is (fe icted. The sem conductor device 10

i ncl uded$> a snipyeontect vios eyntaethsils at @(cms ofghg emaﬁbnumbcrarf cantactlllsge.ghéf alls,y

conductive ne l.a ct| (si n al |
contact s 20 P SaBNEh s EERGA ok bRy v lp R AL parSrm B BT e
a first sidEBLA add BEOpsbkapéicbyiddudin ﬂﬁqahardﬂt&ageﬂatur@maﬁt the usasfl
conprises an electrically insulative %)dl el ectri CL material, In the

i |1 ustr at ed caWnsgplkpaitached beal sinks ppd beal spreaders.1 Phe preset sepicondycterdsyice
flexible nma f ) P

brand film rom%%gﬁﬁbﬁ%\r}v({f%ﬁ% gth&pﬂﬁﬁpg}v%a@g (Tj\lmlpqé B@r%gr(r)]e%g mPa%és(g?l\les
Ltd., JapanpaEapanide fwithna Mn@lpdla[yeZ Bf Gbyet tritemninahé utersidé df an meolatCREE UX
from Dupt on etr ne (PTFE ol LCP),
orveor o bt it ilG, 495 RS Gt heat sink byE st gt B ragato

exanpl e. Th%e?hhlaﬁs; catdichive ﬁﬁé}cbxﬂﬁkﬁdﬁs ashes e SHRGHeS TR RERnole Vi frosiades
t hereof, for_ adhesi vel% bondi ng the substrate to the thermally conductive
A

pl ane | ayer ah@ltah@l$me @nqutfgnnanﬁé (Wmﬁe 108y e¢dugdon imTioweh asinghendparlayer,
e SuPPor oA o3BT MR B T Sl Rl
Docket DAl - 3&&&&&%&@@\1 00- 0976 Inventors: Yee et al.

The semiconductor device is capable of effectively conducting a relatively large
amount of heat away from the package, an amount that is well in excess of that conveyed by
conventional semiconductor packages. The present invention advantageously eliminates the
need for attachment of an extrinsic heat sink or heat spreader while providing a means for

30  dissipating or distributing heat from the semiconductor die without increasing the size or
MKE/741534 1
Attorney Docket MTI-31711-SG

MICRON 00-0976
Inventors: Yee et al.



material such as bisnmaleimde triazine (BT) resin or epoxy resins such as

FR-4 or FR-5 | am nates, for exanple, anong other substrates. A

representative thickness t~ of the substrate is about 20 Itmto about 150

~m (about 1 ml to about 6 nmls). The support substrate can al so conprise a

| am nat e of camptﬂxm@f thej devicst rlibés ateq weulsd inS o8l seHings by ehwingtiag $he atishogniat ed

with a ther trn oxy. fesi st age- B epoxy resin conposite.
B33 b W PBRIGSEE Peafad B B

The term "st’s i's partially cured to a
relatively soft el dverdl Cﬁﬁge'fﬁlgﬂtﬁmﬁlhﬁlmld(@ﬂéw RO & uuﬁmgmtaﬁysuppon
dielectric or insulative naterrals for the support substrate 12 include

por ous substsHbfateenddpergpsng thefibigkngsp béthgrth@ma ly soadugbive plare Javsr (¢ aeqmper
sy o5+ ShTERRLST PALYTRE HOBh SyndhEr AEhA ARSI AR s

bi snal ei m denetnﬂorgéppﬁca(tlomn )herae@a éﬁpatlﬁrto@taprrd]ﬁor dmidiniedtionquiperesidhes of
por ous substrates |npr nated with thernnsett§é§ resins, referred to in the
i ndustry as mehilehopescankivinpiessrippheatigpmretaepld¥WahPhbl e commercial ly. Core

or T angt v om ADGRINSE B Py SRTRIA U SER UNPLAAILY BB A ENRE 2
pl ane | ayer pldneits uﬂbﬁweﬂ&xb\&\/ﬂrelédf’tﬁctﬂlpléﬁ’bnﬁarde 11231g(hffrédaen<gwpphe&ncmsb3‘heat e

| 2 to fornta heat sink at its_ interface wt die 14. The thernal
conduct 1be pnasased gywpenes thermah gontactpalls (e aS%@frrfb@H?aeatt alre paskags pariphepyetlso
thermally c t nmet al
such as copgggﬁQ6PMﬁ:pé@oppgéxgﬁPﬁﬁ¥ﬁﬁg$&u Eﬁéﬁ]?&QSgg%g netagskﬁﬁrcke
or an al | oy ebiudimtesspdssibRopackapet warpingl ust rat ed 20 exanple, the thermally
conductive plane |layer 16 conprises a copper foil having a thickness t2 of
about 30 m crons and above (about > 1 ml). The thernmally conductive plane
| ayer 16 can be adhered tOBRhEFmRIP?I@NtGthEQ)RRWIfNESmd on the
substrate by a metal plati or exanpl e. ronally,

phot oseh§i ti ve sdtrd%rrn@smbh&nmntsanf th@lwamlmraﬁptsqr@dd bplawt wheqfereamtoztbe

stripped to Qr.m a esrred attern t a1 & conductive

To The semteBHBar RS R kR MBh AL i el R ik SuBL e Hp Rl e
di rectly ontfelldwiag tviversreie refee@ied wlinevs Wﬁ]ﬁB@uieﬂMﬁIthel(ﬁaWingQOaJﬁﬁhdgﬁ]ﬂaSk i's
applied. The die 14 includes a first (active) surface 30 and a second
(inactive) defereacenymeramuilble ysgd t@ergmﬂ@@emet Yvigws and pyihe deseriphion éhd
pads 34 in g Gehi koAl oCORMUNcation with the integrated circuits contained
on 30 the die. MEI 741534 19 Attorney Docket Mrl-3171 1-SG M CRON 00-0976
| nvent o28: Yee etFI6. 1 is a Thoss-dediobd], sidn eleoationah vz @ﬁwmmhmquj@erpask@g%

| | g th duct dhesi
Usi ng 5 conditrraRape 1 SRa LSt FRUC ek AP CEhattore Dk mee e | dyer

36 all ows heat diFg&.Ras h Pnfviewof iR derside e §lpporalbitrAOotHe HicishcRh@er
| ayer 16. Useful die attach adhesive are known in the art and commercially

5 avai |l abl e FI&nd, faken elgng bsalact adhesives, thernopl astic adhesives and
thernosetting ad r

conventi onal epo@;ﬁ/ﬁo\rﬁ%"’1 ya?'n‘{léis%me ﬁ%ﬂk%gpﬁﬁ]e%tng@(; & “Fﬁﬁ ﬁcleé%g? lgétcf%er
adhesi vest afpiee samlingawirpoand thie deldér inmkcleaimtbeen rtiabhedsi des Wi t h adhesi ve
and can be used to apply the die under pressgﬁe and/ or  heat .

adhesi ves i ncl udd&- g paitial gigwefdhg packaes pidHe L abewingghe b%tréssff»’r Parthway
wi th boron N), for exanple. Referring to FIG 3, the
conductive g?%&%g §$§yk?8 is disposed on the second side 24 of the support
substrate 12. Th&l€bhddsenather qnhlmdanbrﬂyﬂla stRicmadpetbsdasyice qzcabttdmgltocthe invention
el ectrically conductiye tr.aces i nte traces for. the
backage. - ThEoRBRGIEE dEhatiag sorinpen Son Etnire bartedtip hi spribe i A
such as copper, alum num 15 gold, and nickel, for exanple. The traces 38
can be forned on the underside 24 of the support substrate 12 using a
subtracti ve wirogass such as etching a plated or clad netal layer in a
desired pattern, or using an additive proc&ss such as deposition of a netal
t hrough a mask. An exenpl ary thickness of the traces 38 AwwrmpDudketMTIB170-SG
about 50 ~m (about 0.25 m| to about 2 mls). 20 Ball bondi ng padKERON @r0876
fornmed on the conductive traces 38 for attaching the external bhvintogoMeesatls
20 such as solder balls. The ball bonding pads 40 are fornmed in a |ayout to
allow the ball contacts to be arranged in a dense area an~ay such as a bal
grid array (BGA) or fine pitch ball grid array (FBGA). The ball contacts 20
can be arranged in one or nore rows, or the balls nmay be provided in a
non-|inear arrangenents (not shown). As 25 shown, a ball grid array is
formed of four rows of ball bonding pads 40. Referring to FIG 4, a
pIuraIrty of vra |nterconnects 42 are drsposed through the support

. A~ o o, AN 2 a1
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exanpl e, the via interconnects 42 can be provi ded as pl ated-through hol es
conprising a thermally conductive material such as copper, fornmed through
the thickness of the substrate and including a ring pad to which a sol der
bal | pad 40 is c@®IGEGtied chyssdedtionsle side elvatiorhd giehosan chespsaited dio package
space on the underside of the substrate for routing traces and to 5 shorten
the path beti€Eperatieg gnosharsidodinmé of 8 semigonductarnfievisglaceingde Medaventionhe
via interconnect %71612 7%51% cpo%s Bgﬁfonglagltagelefvgﬁorf%@wgf nae%cx fat%cf'dlylﬂﬁ ]{@Qer

and | ower surfaces of € su ace
18 or ball ¢mﬁp&hm$2g)aﬁo@1|iertehwbﬂﬁ1hexﬁ@ﬂas@h@aﬁ@dtdsrrdwwa ab&ﬂdﬁfgbsttﬁeameenm as
a pad- on via (pad-in-via) vvhereb¥ a solder ball pad 40 is fabricated over
the ringSpad of &M &iearianroenyrt thsiwademnsplentibe sipporTabuaimef the die package of
sol der mask ptionally applied over the conductive traces
3 8, pattergg'er7 Benél()ﬁ%ﬂgggtgg forma desired pattern to protect the
traces 38. The sdIGedrinalpladiewmol tietic ppekapa gsowidint NG, Savitlytherdnchpsuliat bedrl
bondi ng pads 40 and w re bondi n pads 48 on the substirate 12. The

sol der mask 4be bandinghvyes e solfermatk bavieksepdempaedonduct i ve traces 3 8
except at the selgel g 199E&‘tlgg&o@sefcﬂliﬁg?dsﬂ@élwgmﬁ eav%fgﬁ%hca 5ﬁ‘la{eﬁ%le
illustrated exanple, upport substrate 12 and thermally co uctive

pl ane | &9er paﬂ(a@eﬁnomepcamtu@ andja embpéimang oba sehisbn@Rtorf devivecictyrdsigaopieng,
for exanple, through which a bonding wire 52 (e.g., gold) extends to
connect the“b‘c?ﬁHO'bads 34 of the sem conductor die 14 to the w re bonding
pads 48 on the ungey. 3i19€a BﬁmQ/fle»{f BFth%%BH&%fde%@tl%@%bﬁaéa%e %?FI@E“PO t%&&‘ﬁ'fﬂ'&lg
pads 48 are in electrical connection wth the ball contacts .

convent i onallingild € Ibwnitighe ernappdanivedr the bmmheg yored h@hmglb@ﬁldremg)\wdr es 52.
Referring to FIG

nccording ot he FIByAR0Y DRSS SiprEhyp ey i el BRI A i PRGBS R g s
34' aslshom,glsm) Eaeplaﬁélay@‘ surface 30" can be nmounted via the inactive
surface 32" onto _the soldermask 26' (or 25 directly on the conductlve pl ane
layer 16' if no JdGdd? Ana Rrapbical depigiionicd @xrgipenjalaialidaticaseiainglenaser 36 |

with the ac u # The bond
pads 34 can bOERORE fisHe kel bt inborgfine THG NeREb 3P
conductive pl ane HlGy a4 1slﬁgrapEmhl dnpnangmwfgmdtxondemgsramk:eTjJ(d})cbiemysw’umésr&2

and the die.14 can be, e2 agge% t(ﬂ a d| eI ectric encapsul ation materi al
54, 55 such EreANTRSH Yiag sat aéfﬁ’E»lgI APREthown MKE/ 741534 1 11 Attorney
Docket Ml -3l 7115%G, %Magﬁlcgpge@ldti&\ﬁ%gﬁ{oﬁonYﬁﬁp&ﬁtu?é Tﬂ (C)%}ﬁl@% huinbdr S f

art such as a glob top encapsul ation or a transfer nol di'ng process, to

form an encé#psuphbyias/baEAn @&x@@@@pom@m@@(w, 274@)f§i|rulr8a$¢ tyntienthal |
contacts 20 are Q nn di e
package 5 8 to a%tglb?ggllsi %ragﬁggl rrgf‘ﬁlog Qgg%&gogsgg gtru ¥ee g%fslugﬁ) b‘k"? al'us
60. Exenpl avgriba subsieaié asistrud@orgonpri se sol der typically conprising tin
(Sn) and/or IeadF& i or a conductive material such as a conductive epox
or conductor-fill Bmfgraph)@ab%ﬂppct@amfékfuélng@%ﬁe@mwfﬁéﬁ) ﬁ?rsvwreaqlbstra e
bondi ng, padsy;dd,d EéHm igh the openings 46 in the sol dermask 44. The ball
contacts 20 can be at ached usi ng conventional surface nount processes and
equi pnent by no WG 2§ mmgraphi‘cbb&upnglohhﬁt]myhdemorb‘ahipemmmdep sersus ddpper plane

nechanicall ond he . contacts to bondi ng pads 40, or by nounting
and curi ng é‘%‘?é“b"l‘t‘?é%kﬁﬂ’ﬂﬁ?rﬂf’é(ebﬂ} &% bunps, al t hough ot her met hods

such as ther mal mmomssagﬁ Hﬁﬁl &??&m%mmncéﬁl AaRerhed (CEvEﬂs@ thérmdihe
package 58 can be nounted ol der nounted) to a main board or nother
board 60, f cenductimity €W/ mke Oém@dd coropdunidrip atsingle moppén) Ager sehstrateal s of 1 S

t he BGA package 58 conprise a plurality of ball contacts 20 attached to the
bal | bondi ng pads 40 on the underside of the support substrate 12. A
thermal path (arrow 56) can be defined between the die 14 and the ball
contacts 20 7
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connected to a nother board 60, for exanple. Heat generated by the

sem conductor die 14 during operation is conducted away through the
thermal |y conductive plane layer 16 into the 20 via interconnects 42,

t hrough the conductive plane layer 18, and into (and through) the
conductive bal | s F1&.120 i$ heraphicabdephahcth{Gk: @hcdhemperdhee @) velews dflow (m/s)
Referring nowto FIG 6, another enbodinent of a package 58" incorporating
a sem condudh &reerbeqnyactaay withdbe Backges B & vaticH wiasemeat- i s depicted in a

cross-sectional, §i i ' YA The.. g [

sem conductor d evl?‘lclg"ce]'I Qi §?a gﬁﬁﬂﬁ%iﬂ@{bﬁ% lé)gl 03\{\%% ggtrl wgﬁggég L(]%g?%g{léel?e?@t ,Eemén)
sem conduct @f vatieuslfeat dissipativatdttachrositgirelydigy Rede sprayddr and 8eéat sk (exundbdlal |
contacts _20". In the illustrated exanple, the die 14" has central bond pads
34" wiredboMeHPED- t he signal plane layer 18" through an opening 50" in the
HERE o363 " ERAPEH oAbk SRR g g eripee

t hat the dewietsas d2'sheiak facietheanipiel dieie ling@wiqpairiofier al or central bond
pads and nounted as % die facing up, as illustrated in FIG 5. The support
(core) substrat e M5 23dspbpischaridepiedpaiNyipsic and exiingie paraameer vy thegungtipn
forma heat ;si i f heat generated by the sem conductor die
14" . Typi calt%i,%g{u%reea?ﬂgdrhcr%ﬁib)gonducti ve plane |ayer 16" conprises a

hi ghly ¢onduct i veFIgeR4dlis 5 balchag depiapiag jnictiah temparaure(@) rgduetibe versus thettbwed
illustrated exanple, the thermally conductive plane |ayer 16" conprises a

| ayer of coﬁBé’f‘raF%‘sqs‘gﬁ‘évi ng a thickness of about 30 pm and above (about > 1
ml). Adielectric |layer 64", 66" is applied to either side 22", 24" of the
core substrate 12" 10 to insulate the core substrate fromthe overlying
conductive (signalDEBABRED RESCRIPFION QF THEPREEERRER EMBODIMENTr t he

dielectric | 64" 66" i {age- in T~ p
i nat e such: acts atenjen BB R s eaerely RafhTEr e Mg YRt frie
(si gnal }5p! 3gydsa¥eNBRatifOsbdGRentd oRBL drdlidt &r Rhsses bChhltheGRAGMES.I Ve

traces and contact pads to formrouting signal traces for the overlying die
14" . A 15 sol der fefiringto FdQSebtd a st egnbpdinzgns lof agemisopdustarcdevided Ogicgerging

traces of t QS“ tlﬁ:qgggﬁltoh\{? depicted. The semiconductor device 10 includes a support (core)

substrate 12, a semiconductor die 14, a thermally conductive plane layer 16, a conductive

(signal) plane layer 18, and ball contacts 20.

20 The support (core) substrate (interposer layer) 12 includes a first side 22, a second
side 24, a predetermined thickness t;, and comprises an electrically insulative (dielectric)
material. In the illustrated embodiment, the support substrate 12 is formed of a thin, flexible
material such a flexible polyimide film or tape (e.g., KAPTON brand film from DuPont,
Wilmington, Delaware; UPILEX from Ube Industries, Ltd., Japan; ESPANEX from Nippon

25  Steel Chemical Co. Ltd.; and MICROLUX from Dupton), polytetrafluoroethylene (PTFE),
liquid crystal polymer (LCP), polyester, epoxy, urethane, polystyrene, silicone,
polycarbonate, for example. The substrate 12 can include adhesive layers on one or both
sides thereof, for adhesively bonding the substrate to the thermally conductive plane layer
16 and/or the conductive plane layer 18. In other embodiments, the support substrate 12 can

30  be formed of a more rigid material, for example, a known electrically insulating polymer
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(signal) plane |layer 62". The die 14" can be nounted onto the sol der mask
26" or directly onto the thermally conductive (netal) plane layer 16" in a
flip chip attachment using an adhesive attachnment 36". The conductive
(signal) plane layer 18" is simlar to the conductive plane |ayer 18" 20
descri bed wnidterizfsecteasdasrhaleinhide eidzoc (BEN restd ofdpGxy tesidshach anlBet ovER{ ane
| ayer 18" conprises.a pattern of e ect%%call conductive traces 3

of
copper, for [@REassOr Qrmme amangrihersupsitiless gt represntaiive tickagssd Pg%ut.
shown, a sol Vit and i ncl udes
openi ngs 46" ﬁi&rt i géth %ﬁh(?%;o pggga?fg@”s%ol I%gvfnégs&\rjt\n@gﬁf))ondl ng, the
sem conduct or de\ﬂilreesuppdﬂ’ subamatb eae alsa pempr seeal latmndte lofra Pbraukedisleotiric omaderddl or
package 58 he contacts 2 an then he attached taq the ball, bondi ng
Pods 90+ aiieh s prableSommae v HHBHRITTE Ch HORHE oA BetBCPoRy
pluralit y Ofres‘ﬁ& @oﬂaﬂés@t%cqmg?&hﬁ"s%e B Rfedd ﬁpé)x%‘é‘ﬁll thﬁﬁ@iﬁ!%ail?%m%% 8 ¢d1htiFely

| ayers 64", 66" and the support substrate 12" (thernally tonductive pl ane
| ayer 16" ) sdfiemelleabiesodid oot the selvadt refoved. aEmmianytdldr:ctpatohmylaﬁaé nfaterials

ducti d h 30 di 14! th b 20" d
e oo teiithe B SeBetray 12 Mgt tonSus ShbstiAls MiferRioneh 3t HoSigtes dpeRlghen
Docket M - Ktlkh: G MMY&a{éd\@Wrﬁérsﬁbe}’@eTlfétrmélsettm% b RLEAERACt S

42" can be forned by known techni ques,” for exanple, as plated-through holes
conpri sibg @otyrm@rdm’cmy, epmiﬂl@miqhvéﬂmrbtsehﬁtrwll -Asxgsim (asowdpp&ism@imwdc trepzine

pad-in- V|a on-.v tec

e 20 or CRED S PR h o eng oo TBTRG o roS S AR R e pb Bttt
path bet vvee therM@satiidg fRine! ReMRAab irti ihdtlyeredt" BallnovnGaMiaat 8nd Availablaer
enbodi nents, the seni conductor device can conprise additional thermally

conduct i ve campatescially. deeterused fos theErbeisationelz suppers syhstrintsrtypisally ba%%w%\é

58"" incorp @HB sem conduct or 10 devi ce 10"
accordi ng tg?%gnl%n%ﬁiapg%l |ﬁ+ {)‘hate in FIGS. 7-9. As shown, the
device 19"' incl tTdheshemmllppomducaubptamaﬂaayeit% is disgpysed size’rghaﬁrselsﬂemziocfa}hd y
insul ative material such_a flexiple imde filmor ta or exa A
thermal |y c8WRRAELSUPSIrgE 44 do f%{?’e*}ﬁ) snﬁ@ﬁﬁfﬁr}tgrf%@ R e Sk 14 Ifethree?a
exanpl e, i Sc@ﬁdxﬁﬁb@ﬂlaﬁ@}éy@?l@%ﬂ%é ﬁﬁﬁleé%fa stftnliletélrln&E!ﬁél' WHth&ma@l‘;rceﬁ@&nve

Iayer 26"' . The die l1p chip nounted onto the sol dermask™| ayer
26" . It 15pla@edmt¢eﬂéwodompme afaighlyeconductiveanetilrsvioh pm(a:tp@r,a:la:tctéwmr,ng up

conduct | ve GPHRAT) EpaRiE pgufmbals mRber B M SCuRRat RV BF sidubgied, g

bal | "bopgli ngxsagle, 141@ theraBy dbmﬁeépﬁﬂe 1 er Uhdemplists adoppbrefof iaPdkta thickness
substrate 12"' . A sol der nask is di sgosed over the conductive traces

38" with opeHiabgut Ti%mzqﬁ@nmm abstsﬁ beyt phEdl4dhe theppakky condustiveplere fnyer 1, o
mount ed on theybakier ﬂ%}% %ﬁﬁﬂ%&ﬂgrate 1f20 br ﬁfrfh\é{j gg@lge %s&%tﬁfbryra' ‘ﬁﬁ‘% %laténg

connecti on between t an éxternal device 6 suc
not her boar chethaal, fdre:xpmphaent enbodi rrent a plurality of thermall y

conductive via | rco nec ext ubstrat.e

12", and a seco IQP?EXI d’ﬁ“’f?é?@sné‘betﬁ g@ ?Lgﬁﬁ%ul?‘g g‘ﬁa fetizdsht e
12"" i mgont@y eaw(i R)rmeaewr@d baﬁt&ﬁ wme&& aleﬂc%nductﬁ% p?éiﬁ%yer%% FIG 9, the
ball contacts are "dummy b "“in that the balls are not connected to

signal traces anér he @emmndw@tdlgrﬂtcen bo miwatedaingbe soldermask ghair dlirkethynonth ghe

d d b
fumctton aoioflls FoRBRAEEMREISEr Lol MlermhicinaPhled "k 34 Slpdesiadirsty
the di e 14" (ackintsulfage 8% bid aaéco@la\(irﬁeu@é) surfaddeds, THeoABtl B euidh® Iinclutlss a

conducted into the plane |ayer 16"' and through the via interconnects 42"
into the  pattern of bond pads 34'in electrical communication with the integrated circuits contamed on

30 the die.
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30 thermal ball contacts 68"' (arrows 56"'), and passes into the external
device 60"'. MKE1741534 1 14 Attorney Docket Mrl-31711-SG M CRON 00-0976
| nventors: Yee et al. In a |l ow pin count packaging, not all of the ball
contacts in an array are required for signal interconnection to a nother
board or ot her e>2fherdr’rral4 drevbecleoumcd:on@ithgsqldemtad( Rovermlamnlayar 6e Xy esenobdf a

dunny balls are d on aces on

24 of 1 ho Uasipptf pondisEPE aftesa 8 RS G AGE yiriional die PE ohirer sl
and the 5 ceaﬁdtfctlwedrrésaraqa>lea>3@rarra@s hettolerpaﬁbﬂeohheeovétoqrqetreethmyfor
cooling the device én passage of heat fromthe die 14" through the

conducti ve pbl&{h@tllvap e Jayet lodébefldtd@e atteshtadbested arp khdwi onthgartsan@gommexieinlly

bei ng copnect e s of nal .pl ane | aye bal |. contacts
06" ar o nofaibis 26 TR Copladt o igs SB ARG R €N s e Seitiny

bal | s". Ref ‘ﬁﬂlﬁési\gzstfér E*a@%le 1r dbhesiV O g ANRAKE sEERAH EBRRENtRInal §Rxy or polyimide
sentconductor devi ce 10 according to the invention, a ground ball

cont act 20a'dfe lam;lrrgmﬂhease,am grdoublg-sdasrthesivegpe puch dsqrolimids filom cmt@choxt both
t he ground of the her

o Ot oV bay Rldgh N RBE SR RGBT v 0% de Bty Fie SRR ey Fef sl

for thermal agkseiestincdide siker ﬁnétﬁépdxkl pritindte gadial dr pasred a0es wall boréiPmipides e
si gnal grns such as data pins, clock pins, or other function signal pins.

The sigh@l (B¥eder @gmpleo ball contacts 15 20" provrde an electrically

conducti ve signal t " "
The ground traces R#%{'lﬂg mf%e%qhﬁ&ﬁ\géétwe 19m.l[)%§ ggﬁdz%gﬁ'sg%%g ?S?dr?e24
dunmy bal | ‘Oﬁﬂiea@bporﬁ&a)strawl@vrﬁﬁ o@ndﬁttiﬁé@la&iegﬂ)&lr lgabhxphsam phemV/ss si gnal

ball contacts 20a’"" to. the round | gyer, 16"" for better signal |nt%grat|on
of the syst @%ctreﬁtly cRpusie T §r~egr§§|tog Hrrrpetrre@aérraceé%@r pﬁ%kargr
reliability pehipLoBRaE] EP?S g6 %star}ﬁ | cggductl% ﬁ%te@r M &Lecd'i’) fu%ﬁtﬁ’ﬁ' l'y
conductrve pat(?t ? (E)rﬁ] E ,@g{z cong 2ts 68a"’ Ee VSS 8 Ia cont acts
20a"" ahfl omohl, amensyslt é:mevmmpkr Thedrade638 tan Bﬂtﬁ)wed/%t}wamdexsoitt%cdzfsﬂl@Oa
and ground traces th an eIectrr na at h

Cher nal - pat FURBTLRESYHE N AP EDERs e sroby1Gas clohutap e e R aver;

a ground pi fip étr&fﬁed PatternS oﬂﬁtzﬁl@%% SeftivhploctR sGEH APdepodiEph be Qﬁﬂe@il&hroa%ﬁ hnned
heat sink or other extrinsic 25 structure as known in the art (not shown),

can be attadsh e exgiplasp thieknepeolithe kaegs F8ois abeii fnerado elbri StHND fRbguE
cool i ng. MKE/ 4% orney Docket MII-3l711-SG M CRON 00-0976

| nvent or s: ezeséli‘éfl?f P&m&%ﬁﬁgLE Sensitivity Test Study of Substrate
Construg®i on and BdelaionSbngﬁds ng aRd foanbdrentheAondngivieitractsy3 8 ﬁﬁ-tattsthmig/theas

conducted to det ne the cts strate constructrons a
spr eadi ng a@rtéerﬂie?il §°1§t‘°"ﬁ 031 asa?ﬁﬁfer Bfl‘ﬁg’edTWé??Pﬁ% pat &0 e Oerrf(ﬁ g2
substrate C‘Pé}r%ht tbcatllo%t?xe“b%fl %oﬁtéé’tg‘té‘ﬁgazrﬁ)geé 195'd9ﬁseaa{réa a??ig‘r &SR ‘JE'Q%QH gﬂ@‘éh%?

72 having a single net | ayer construction ("sing , as depicted
in FIG 12. (Bﬁes)d)e\ﬁnceltmbelbgpd aeeﬂ(l%B@Aprﬂhc b(ild:otrleglctsa(lbsmrbst gramzedunienodr
bi smal ei mde triazi nduct or di duct.i ve

(st onal) "l S5E Ffa T s HRls et s pRRd v Porknh aaBe S mog b iact s
20. b) 29 exhewdhER @id ArseRiTGRRAWTIoNr @eKiot Balb6RdiAE PadS4D.t he i nvention

having a two met al | ayer construction ("2-layer"), as depicted in FIG 1.
The 2-1ayer Referring to FIG. 4, a plurality of via interconnects 42 are disposed through the

support substrate 12 and connect the thermally conductive plane layer 16 to the conductive
plane layer 18 on either side of the support substrate. The via interconnects 42 conduct heat
(arrow 56) from the thermally conductive plane layer 16 into the conductive plane layer 18.

30  The via interconnects 42 can be fabricated using known technology in the industry. For
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device 10 had a thick copper plane |layer 16, a support (core) substrate 12
made of BT resin, copper traces 18, and solder ball contacts 20. 15 c) An
enbodi ment of a sem conductor device according to the invention having a
four metal |ayer construction (4-layer), simlar to the device 10 depicted
in FIG 1. TEranpleyiheeid mtdrodmdceta 42 lvag ke poppded gslpdated-thayerh hdeseompoising € or e)
substrate de of BT resin, copper traces, solder ball contacts, _ and two
addi ti onal %Ily SPAREY S afcelal el SOBRAN KOBREY Huobsy b ipidiessd 08 fubsiiaes

20 copper plygagnhdaies o #nE phlt o GARAG soldeR 681 h@d’ 86 is OMRELERDES rabd {)& %{,a"cbé' ng
t hi cknesses of the copper plane layer and the insulative core substrates

wer e test edbop¢'"stesigndt €d saver gatchen thiefuadersidefof Vieasubstrate tormuetingstradel @ndred

via/balls an hei r ntit n the thernal rf oy man f the substrates,
and the Sdarterst i patiehy<cheBE wiadSisteonnrotn it g0 Bu Foriatis Hiona

Junction t enRefcahidcd 427¢ah BEEBHCUAD YR ex¥RDITRATHAS of tlﬁ@ﬁpp%@ﬁﬁﬂ R B Rles bP
assess thermal performance. MKE/ 741534 1 16 Attorney Docket Mrl-3171 1-SG

M CRON 00- 0%rssubstyatatoa deptivée make adpntact WEHERRAISQR®Dall \cosiantid tfor drermabl .
Flotherm a thermal anal ysis software witfen in Finte:Volune-Anal ysis. code
devel oped bARReUToeABPIRlLE SEEF R AR P hPRHER 3H) GPLOP Sia) QU Aol bRl PR
and heat traos§ fibrieed o0elURE Hiap pad BNY BlatddoMrARd Hokdi ation were captured 5
to simul ate the actual thermnal gehaw or of objects involved in the

anal ysi $0 2) Measupesandphotppapsitiyaisplienpask srpeiel Hdcande opt peallvcrphed everihg ed
on the JEDE I D 51-2+~ f ral ion. e
Povel Cmoder CRPERLE kEcE A, Pt a0 SrbBla AbHD R ac NSl el BEfR0S

package det 38| Sheasldeimask 4adnshdescdpRdingd 6 tiag bligh wethrihd BalDboridity FatisBaldnd10
FBGA package was then validated by experinent. Sinulations as wel| as

measur ement Wik Rondite padg 48 g the substrate 1gnidihe soldsrmaskdtferrevgntssodder from 5 ang
A ™l 'I Do ] . ; :
watts. Subgg {o tﬁpg&{cﬁlcg‘gé ?ﬁ&g'B 8texpé5/pl§ E{S){gl'a usg%?feg&??r&ég&n% giéﬁxea "i}llu’oggﬁ fd

nodel . An assunption was ma at the s mai ntal ned
accur acys of mdsk. val i dated nodel. 4) Paraneters. The sensitivity test for

the follow n araneters were 15 investigated in e Si of .

FBGA BOC. I nt 21 heile Ve Ut rrL b e Pa i b SrdiFertheguctive plane

VI As. b) Numbesyepf 6 adthd iirpél@hgét@%éiﬁﬁ% M st m!férﬁaea)wlsmg,ffo} aYahSle 2rdhlkor e
t hi ckness. e) Copper pl ane thickness.1)Ml d conpound thernal conductivity.
Extrinsi c Swisel abendag winet5ar(s.g.. 251d extdnds tosqmaeeidhe bend padad4 of the (ext r uded

S L SRR s SR 4 (LA BT b,
Shrink B@ct gubstrate 12. The bonding pads 48 are in electrical connection with the ball contacts 20. A
conventional wire bonder can be used to wire bond the bonding wires 52.

Referring to FIG. 5, in another embodiment of a semiconductor device 10",
according to the invention, a die 14' having center or peripheral bond pads 34', as shown, on
the active surface 30' can be mounted via the inactive surface 32' onto the soldermask 26' (or

25  directly on the conductive plane layer 16' if no soldermask 26' is applied) using an adhesive
layer 36', with the active surface 30' facing upward (i.e., die facing up). The bond pads 34'
can be connected by bonding wires 52' to contacts on the conductive plane layer 16'.
Following wire bonding, the bonding wires 52 and the die 14 can be encapsulated

with a dielectric encapsulation material 54, 55 such as a novolac-based epoxy, using known
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Table 1. DUT and thernmal test board details. Packa a Sizel3x13x1.13 (nmm Chi
Si ze9. 07x10. 88x0. 279 (nm Pin Count54 balls (9x6), 4-row de o ul at edTest
Board Si zel01.6x114.3x1.57 (m) 5 Table 2. Material Property used in

sinmul ation. Material Thermal Conductivity Wm CSiliconl50Mdl d Com oundO. 7BT
Subst r at e0. 3héthddban thiadrk SGPls a givld epleacatiuliies tor BarnchnsfeFROMiZ® Palcegspto form
| ene0. 03Test Board Co er390 VALIDATION. A still air setup enclosure, test
jig and packagacinsaiiedBGA semisandyctonpackage bbard were used as per standard

El A/ JESDS ~-Z. Th i I Qﬁ\gdiﬂ% i D :
device was first %Pﬁrriﬁ{ﬁg& 25%3%361%2{58?3 aﬁtg corr gﬁ%‘ts\éeﬁ g%%’?éal%dsg? r}ﬁtgﬁéo%%%qg
F1G 13 gr aphe dielgaykddel583b matiresit ®smer motet abard ak bdet cleotriohl spaghe-doayer 54

FBGA- BOC substrate nogel junction tenperature Jj (C) . versus_ Po W.. The
si mul at ed ddt*§m _sé?aﬁeg&gaqlséﬁ.c‘?mns -é‘?f%@&?JWfénPFé%%%éﬁlaéf\quor§F£§ﬁ°§b7x

corr el ati on ot A GEh dud P ddliend e TBECon e TRRS KEEF ihg ball

M1 - 31711- SGoMaGRON HOnPAREdlonvkabalt bondYieepats 48l througRESUFERIngNB6 i BEUSS| ON.
In FIG 14, the juncti tenperature Tj .(C versus the nupber o

i nt er connects® eﬁl’%‘{ﬂs Q]E}P‘Fatiarﬁpafé’nfal‘i@ Mé’% a%‘ﬁ%‘?eéé’éé’ﬁ, COPH@#]OEPF\&”@Y%W mount
tenmperature ﬂr@&%é‘e@%né?eqéﬁpﬁf%ﬁ b?%%lﬂ%ihﬂ%@kéﬂo'v@ﬁé%_% Rfler bhif corkdiStd ate is

considered snall and inefficrent 1 n reducing the Tj. However, as shown in
FI G 15,]10i f mé¢phasiohldy batdsthe sontede o theddllibonding padond0,ay by nhomtidg whd bureng na

rows of therpal vias and.solder ball pair connected.to a copper ground .
blane, the |TREF OhCoRMSEYaPamepRumps ol elbgrpebods G 2 Dimalfompgssion
ef fect of thgnauehensed substrate |ayers in the FBGA-BOC substrate 10
construction were next investigated. As shown in FIG 16, the results

i ndi cate that as Ahdepietpdir FHG. & tispackage 3 Ggambe magited fegl, saldry memeed) fiea
junction te [e d Ver e t. of [ 1.9
| he o dermap BphdoriRGpLAREERy bR, TRECRNRIA inblcuiy OGN LR

- 1. 34C was ttheBGspadkapelfveampisesd plghity afjedll eonthods 20 hteyched mohe ballibonding 15

The results of junction tenperature (C) versus_core (substrate) thickness
are depi ct edafhdgpstheyynde ofiihe YR WhHE S %r e decreased with decreasi ng

core thickness. ThenLRhEpdR(HIWRb6) éangoegitegglea batvel nendys bRd trRANtRalefoe

t hi nner core substrates ‘conduct heat be
connected to a mother board 60, for example. Heat generated by the semiconductor die 14

during operation is conducted away through the thermally conductive plane layer 16 into the
20  via interconnects 42, through the conductive plane layer 18, and into (and through) the

conductive balls 20 to the mother board 60 or other external device.

Referring now to FIG. 6, another embodiment of a package 58" incorporating a
semiconductor device 10" according to the invention is depicted in a cross-sectional, side
25  elevational view.
The package 58" comprises a semiconductor device 10" that includes a support
(core) substrate 12", a semiconductor die 14", conductive (signal) plane layers 18", 62", and
ball contacts 20". In the illustrated example, the die 14" has central bond pads 34" wire

bonded to the signal plane layer 18" through an opening 50" in the support substrate 12" and
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than thicker cores. The degree of Tj reduction was not significant. As
shown in FIG 18, the junction tenperature (C) decreased with increasing
copper 20 plane thickness. However, the inpact was unexpectedly
insignificant in FBGA design. The contribution of a high thermnal

conduct i vi t ylamslldysrd @ohdﬂumdmrstowaﬂlat the djeuincﬂi)'bcamienqzreoatwa dieimsinglpedpheral

investigated in t There ul t re depi ct i n Fl 19. The
junction ter?ﬁéf’%rf{;rb@m? ?\/\S?IFE Wgrasflﬁ'?rlﬁ‘&fi l’&?ﬁﬁ’ugti ve ol d
conpounds. Howevefe shPﬁoﬂt (Ha?etsuw@éatm" &ptlseh tﬂeﬁaaltry camctr@é lafle fa€r ﬂr"clsr

of only about 25 2C. 1nh summary, the traditional nethods of |ncreasr ng the
nunber of cdoen hagarsik fos pmgitatmlm pEhet gempped bp Itlmrmrmegreimgtoo dieusi"nd’ y;ucally,

hi gher ther con ct|V|t | d Y ynd _ma ffective. for

PG t her mal b HERAS ot 5T PR Yo A SOt Sive etk £5
shown in Fl G %é,or%ﬁmﬁﬂgmlgnoﬁ eﬁl@rshqﬁ ﬂ?e lrragrdteﬂ Qla%ﬁl@ﬁﬁ&ﬂueﬁﬂal‘l%nﬁﬁ%@oc
MKE1741534 1 E Attorney Docke | nventors: Yee
et al. paqﬁlkaigéam%” eomprses @ laycrpépOppercﬁoll h@lmgrarhlclﬂweerofb@ema@féustmcture
and snal | ah ehél e>a]f t] menory application. On the other hand, it was
found that t et B rance can be maximi zed when interconnect vias and
thermal vias/ bal | g d{ethéma/1abad 449, @@ds‘ﬁ%ﬁﬁd taleRhAAARD 102 PTHURY coleRabanid e y
all of the footprint to maxi m ze the grid area of the 2-layer 5
substral@ ddeingnlaterthe cesersubsisite moar hmever wngeerdustixe (signabanlansaerass 1 3“hé2"
junction te i.ce enl

et Vel y’@r‘?&&%’ a%aténaﬁ?{iﬁ! t%%’&‘f'eﬁ'gqtﬁé 1&&%6‘& 6% an%?%EJ Q{ﬁ%ﬁ?&yﬁé

on Forced Copieeprepdhdrmaté, hseﬁlem, ssﬁ@e-@p&poay/ﬁbélgm&tbm@bmwd 10 hori zont aI
pl acement of the thermal board in the characterization of junctj on to-air

ther mal resi st anceefRaguctivgysigpalhplane ysy patGogmprises s patterp of esetisallinder
JESD51-6 en AR t "
resulting j \lﬁ:'ﬁ{ét I on Q:tlgén%e#gtcé?fea%(? tg lr%&¥ orc egﬁ?:%\é gg%tt?éggé %Eh%%oe?gmgi[ de 14
case whéfe tshiletrhaskiZél' choaptibnatly belappkal fogotectthakigyal tidves oéﬁxscann&mﬂnvpar tly

due to a stran gract,o avi when t he oar ,
Verti cal ly. (PO bPPE YRRy ot it ¥ fa e rmRied pRp St & fiarest B P gbrety

condi tion. Fid therRmally \e@ﬁddcﬁaé (rﬁétag %’f@i&tla}\@qlﬁdlxp@ﬂ_'ﬁp &R @ttﬁiﬁlﬂ{e‘ﬂpﬁélﬁé 8n
setup as it is aligned wt he nodul € application he si mul ati on result

of assessi ngdb@r‘{qai&lphlpﬁﬁc%nent forced convectr on is depicted in FIG 20.
The junction te e r "
ai rspeeds 20 (nf nﬁjeh %b llgcél-[% (%gpé%ly\@r%g%ls er %agg%lyarru?ﬁ}% %ﬂd@&tw‘é %‘% lgy%t’ 18

attachneot desdiidet “ﬁmrxemﬂerceob tHeehbalimknttof KIGC1ed3e cbhemlve @la‘ne Nayer 18"

convection. The plot of jupctiaon tenperature (C) versus h t
compnges a patterrll of electrlcal{y cr(r)I:r)lductEve tracgs g8 of copper, ?or example, and ball

ard

bonding pads 40" in a BGA or FBGA layout. As shown, a soldermask 44" overlies the
conductive traces 38", and includes openings 46" to the ball bonding pads 40".

Following wire bonding, the semiconductor device 10" can be encapsulated to form

25  the semiconductor package 58". The ball contacts 20" can then be attached to the ball

bonding pads 40", and the package 58" can be mounted to the mother board 60".

A plurality of via interconnects 42" are disposed through the dielectric layers 64",
66" and the support substrate 12" (thermally conductive plane layer 16"). The via
interconnects 42" form a conduit or pathway 56" for conducting heat generated by the

30  die 14" to the ball contacts 20" and into the mother board 60", for example, the via
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(mm of the heat spreader or heat sink is depicted in FIG 21. The
reduction in the junction tenperature was promnent. A heat sink with pin
fin provided the best perfornmance. 25 Die shrink w thout changing the
aspect ratio of width to length was also investigated in this study. The
pl ot of t heimtesohhesty @"dxapibetfemeidrbyﬂhﬁwm@chﬁfmsrﬁmuk&mplbn&ﬁpﬂﬁbéthﬂoagh hdles
smal ler the die,. the P otter the junction tenperature. AlLthough di rink
is an ef f ecCPRBTIfEG agher éicﬁp‘ﬁ{f“é{e FalFe! SHEnPeroPBsT: ehigHee PR ingap Pa -yE)
shri nk woul o ROVES, "
conprom se grr%:g]? 5%39 fope{%%\%etgﬁ go gérg P%g%dld?{%/d%g%d%gkﬁeoﬁbgsvat%gﬁgé%@er
MKEf / 41534 tra2és aitittorshayenDbe ketmbdipatls batdvbe SheMiCROMcAre00aiti the tiemmal kall Yee
et al In Tabl e 3 (below), the nmaxinum possible junction tenperature with
respect|§/e £878¢h intrinsic and extrinsic paraneters design has been
surrmarl zed and aggiaRedmbbEinidiRate ERGIMHubr éd?@é éamcmﬂiﬁ?ﬂ@%@dlﬁ nAfEkrmally
"l arge", each representing a T} reduction range of 1- 6- 14C, and 15C and
above, respeomduﬂellvylay'éestﬂselegle(ﬂlonmraasematrdasambatlosurmar| zed for intrinsic
and extrinsic paranmeters. DesignOT(C) Il npactintrinsic:Nunber of La
ers-1. 3Smal | Nunber of V | As-6. 6Mbder at eNunber of Ther nmal
VI A Bal |- 7. 4Nbder gieqfek sye BAY Gli3Boraing SARhEAAKbRBRQNALTHh TR or
Conductivit-1.6Smal | Extrinsic: Heat S reader-6. 1Moder at eHeat Sink Extruded
Fi n- 8. 6l dedaviesid@t’ agiardingite tiei inventiog v dkwstatedinn FHGB.v7-Ye Aisisbaivn, the device 10™

Pl ace- 22. 2Lar Pl ace The har char.t

cor r espondi TP = errap Pt SRELEE omsomaR e laRlicdn By Ble BABN wrbe 5
The resul t s fishible polgtmideifilli Qe tapeeforieRg@mpre. tAtheadsliy td?ﬂu@tﬁvefvplhhﬁtaltayer 16"

di ssipating 10 attachment, enhanced thernal performance of a FBGA package

can be achi 60BENBPEERHEPRE oD fo&%ﬁnﬂpl&rﬂéla“ﬁﬂ’éfiﬁ%Fhe\ﬁuhﬁttﬁéfP 12" witham; quedying
copper (gr Ogs'ﬁ)mﬁi g%yerl%g“ NipApafe LA § fﬁHQﬁ@%&& ecﬁ&ﬁoﬂpetéo? b %(elaﬁelf&@heﬁ

t hermal conducti vi conpound (e.q., epen I'ng on cost
val i dat i®&n \mmctémeod thamlmlma‘eylor‘it;pahhac@pomta ndje Yadimy ep hﬁAE@ﬁéﬂ}B@Ehltom center die

2-1 ayer substrat edvm th dd| ti.on ?Eg vias/balls, a thicker copper
(ground) pl 2RSS 28d moupig rﬂﬁé]Fp‘E@ én S ate and a nold conpound with

noder at e t her nal Sickite l\lgfgge " ] SG
RO 00 oore Fo et (ddha Wi 14738 LoRprttatonaciiiR bls P arll -

r e- desi gned bpadikg gedhéd" @retdmapsmﬂl mp@pftmdemmic@f disowppert anbatiatent? . oAtshléerma}sk
e AR AR B e Bk B Toh L AP B0 461

fin heat si
10C. Thgor eBallteonfics Mo mdilmEHGn tBébal&inndlﬂgI battkes o far pﬁwﬁiﬁﬁg g elécﬁféabal I

FBGA substrate in a ) i
connection between the die 14" and an external device 60" such as a mother board.

In the present embodiment, a plurality of thermally conductive via interconnects 42"
extend through the support substrate 12", and a second array of ball contacts 68" are
mounted on the substrate 12" in contact with the via interconnects 42"'. As shown in

25  FIG. 9, the ball contacts 68" are "dummy balls" in that the balls are not connected to signal
traces and do not function to conduct electrical signals from the die 14" to an external
device 60™. Rather, the ball contacts 68" function as thermal conductors to convey heat
generated during operation of the die 14" into the external device 60™'. Heat from the die

14™ is conducted into the plane layer 16" and through the via interconnects 42" into the

30 thermal ball contacts 68" (arrows 56""), and passes into the external device 60"'.
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5 2-layer structure with thermal via/balls, a thicker copper (ground)

pl ane, a thinner core substrate, and a nold conpound, which resulted in
noderate thernmal reduction between the original single-layer design and the
re-design 2-layer substrate. The validated design provides an intrinsic
means of i rrpr ovi hga bow pRRGAupawichagsngyinohellibf ticttat koenttsof amatrepbtreseqkredr for

heat spreader. The structure and]él t hod reduces thﬁ 10 addi t| onal cost
9 &

necded | at efi&id INEEHOBHEFUORLO p R Soatd rpinsraeifrea! Mgviss- Aveprdingde Bifse in
copper plan d ing as
BT 1 Fene T B B L D e B e e
overal | pachadpesitieR4hof thesapprst aubstraetlRVen tmnamlﬂ*rylaampﬂcbmaﬁctﬂﬂ amdtlhe

Wb 55 Nor BoERive mBnt Brel SO THE R gt oo ffe PR depSe Bl gaSaed ™
per i pheral bshaPaBAARE JRINANLAIRNIR. LRKENR $138: PAGKRDSalShicARE tidtal BA

thermal stresses in the enviroiunent testing such”as Tenperature Cycle and
Tenper at ur ecShatk68" " Thiobbking comatted tpiyaces plfd‘meswmh pkihe taybre 18/ dbe hall gordanisl

| whi ch_j | 1l el f for, high
Prequency afbl Medi BHGZedr PRV S e SHUS RIGRE o7 HPFEHHG | on when
i npl ementing di f kefeihg RAFRISUOLEL, ﬁpﬁﬁﬂtﬁér&d;ohﬂﬁerh%@mess*aﬁmnubéteyaémee 10"

series of sinulations. Attaclunenf of an extruded or pin fin pe of heat
si nk unkfer @Q@mﬁ@@g toothe waientioe argyeendeballeennitacs 20&1Y a@a‘lgne‘érﬁm gigurt%agnall%ﬁé)/er

or ot orr od_ SBPITT BHRN ”1%8}{5tﬁﬁﬁﬁgéo%th%kéf?@@aﬁp%ﬁ o RhLE RoPBRes 8L, e ©

effective agloanaﬁaémml'l"eo bsly edntabtec80" @fﬂieeseacﬁndsmmra@g(tvﬁfbalawdmlhﬁiy Badls for
mnimal in z-direction. Traditional nethods of increasing. the nunber of

| ayers, or ﬁl@rlmgl fanﬁwmr Tthﬁ@F%FII‘@HHEG@PII\FPWCW%" CORRIEGREZNRRBING SeRheas
effectl ve f o

of insigni f?%%mng lB&lPPﬁgt t Fl%ﬁlﬁiéiﬂgcgll%ﬁ s@“ﬁ%&?’pag{gé?ﬂgr ggge tok?ﬁ@yr%rgﬁétg

t hi nner]ﬁoack@i@@rcs\tldcum ellleetrlcﬁlﬂ“becmxelsuﬂl\tesmgl’mt\petﬂl frdmtheadindéf'Uo HaB@antactisaApal”
substrate desj utilized ther con ive vj for Lpterconnection,
a thicker c¥ g}aﬁgr% t&aﬁ?%ﬁ’éw%mzéﬁ d‘gﬁgflgﬁl ‘Eﬂ“ﬁ?éf/z@i)c@& the dummy
MI1 -31711- %IM&% @é%f‘%?o@ude‘”ﬁ’x%ﬂirﬁ kiznal$€h @onPihe VSSPQ%:%I %Hﬁ’%&ﬁtﬁ&t@ 208"do
additional sets of thernal VIA/Balls to enhance FBGA thernmal perfornmance as
ef f ect i vel ythagrpmddayrsd 6 fom betteresignal indearatédrueicthe systea:rl,rﬁnghnmnwedaignal
conductivit co K se to enhance

per f or mance?’ ﬁ)‘%ﬂgnc ﬂrdo‘c](’] erﬁom 1 th eégoﬁméc J|gt/1”'ee %Ou%‘igfac@ggrﬁ?ﬁs? pﬁov ea

2- copp&0 | a&ﬁfmﬂL}h&inﬂﬁét@vemaﬂvfrdmhadhmﬁ{yﬂ@dll mﬂtefcwmnv:w tAb WSS RAlLdongdcent to
a single copper %ﬂyer substrate with an 8 hei\&$t pin fin heg"t si nk
attachment, onipdhg systsen moghss PPy 400" LRes l?aélrﬁﬁ’é‘Fa&ESwOé g1l ground

conpl i ance éeE' 76*‘ ?i@%%ﬁr aﬁ&@ct}lw?ﬁghﬁﬁgﬁg%ﬂ%%‘e fﬁt?t?@gn leJZ'tehf%PQ
nore or 10 ess sp IcC as to structu methodi cal - features. 1t 1's
be under st ood'", }irroweleélthe hahlatontdee20aiV eng gmmn‘dsnmﬁ\t’SS)L nmted to the specific

f eatures shown de crib since. t he..neans h re| di sc] ose ri.se
preferred for m; G %de‘tdhﬁ% in; Getrain PRl catins. aeﬁ eaﬁﬂ@ P‘thg‘ﬁ’E POHONE

t her ef grse, ﬁh@nﬁeds kibvaiih @k atti(Rotl SHOoWR), Van He dithéHed th BRSoploF merbaua@ge%pper
scope of the appended clains appropriat ‘el y interpreted in accordance with

t he doct ri nenhgncetiroasestivataintoplingkE/ 741534 1 23 Attorney Docket

Mr1-31711- SG MLCRON 00- 0976 Inventors: Yee et al. VWHAT | S CLAIMED: 1. A
sem conduct or device, conprising: a support substrate having a first side
and a second side; a thermally conductive plane |ayer overlying the first
side of the support substrate; a layer of electrically conductive traces
overlying the second side of the support substrate; a sol dermask overlying
the thermally conductive plane |ayer and the conductive traces; a

sem conductor die nounted on the sol dermask overlying the thermally
conducti Ve yxerasaa +
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pl ane layer; a plurality of ball contacts di sposed through openings in the
sol dermask overlying the conductive traces, the ball contacts in contact
with the conductive traces; and a plurality of thermal via interconnects
extendi ng through the support substrate fromthe thermally conductive pl ane
| ayer to the conductive traces. wherei EXMPLE om t he di e passes through
the thermally conductive plane | ayer through the via interconnects through

the traces andensiidnt hestSindy ebhukstrate Consiiuetion and dlsat Sprepding ttachment
conprising: a su - e, a
thermal |y condud??@g%% tﬂgMﬁg§ r %9%?@9%%%§{ﬁ§&ﬂ??§?géié%éggggﬁﬁhghpport
substrat e; conpaiidtidhe and hedt eprendiag lattachncined amatutal ApdSededvorivketicecBind si de
of the subﬁ%iate | ayer, the electrical condyctors conprising electrically

conduct Pve foHawang sikeiraie ganstrughions Were samBKfect ed to the traces for
el ectrically communicating with an external device; a first sol dermask

overlying the thgrmal Aﬁarf&?Bﬂ%@&ic‘bﬂdﬁ%@{‘ﬁeﬁ&yﬁrﬁavﬁ@ﬂﬂa@%'?Héi&lﬁ@ier%ﬁstfﬂ&%ﬁed

on the first sol dermask overlying t ermal |y conductive plane |ayer; a
second sol der mask ove('sipgledaydrd), epdepucted neFtG.alde sthet devicedl2dwmyaisikd havppegt

openi ngs therethrough to expose | | .pads. connected to canductive
traces; a plurality o?cof?alspl?sg’iﬂﬁ gﬁ?@‘*@?ﬁ?ﬂ&@é‘&“’f‘ﬁ?éﬂ@% @%ﬁcfﬁ%ﬂ’iangs in the
second_sol der mask andséfjcéiiicR@ldie PRATon@RGVMELTA T BRfe ﬂa|y8141 Pk Qe Bﬁ%pﬁglc ket
MTl - 3171 1-SG MLCRON 00-0976 Inventors: Yee et al. a plfurality of thernal

vi a i ntlér connect s ext eamghrapdiseldsubhll cordaisipport substrate and thermal |y and
electrically connecting the thermally conductive plane |ayer to the

conducti ve traceg, V‘hﬁﬁ%h{r%oﬁl ﬁér%t‘;%)rgg@%ﬁaﬂ%n@&c?orpa%%?c%sac%}rﬁﬁﬁgﬁﬁe{@géxﬁlﬁ;&%’vh{% q

conductive plane™ ayer t'hroug via interconnects races

into the ball contactstwd@methl &8/t costucticn ("0enyed), acdupioted InBIG.a . CTie2-1ayer
substrate having a first sjide and_a second side; a net al(ggroundi nct; | ayer
di sposed on the fir std&icsel Ghad g dickappeplans 13y e: 16, 2 SUPRUBISATTR SBYSUgIce] 2

di sposed on the rmetal mggé)b‘ﬁﬂ‘rrﬂgsiﬁg%@ﬁt?ac% P&%hh%bﬂg@fbélf‘@&#{fﬁlté ¥g.conductive

via interconnects extending throu e support substrate fromthe first

side to the second side; and _ .
15 c) An embodiment of a semiconductor device according to the invention having

a four metal layer construction (4-layer), similar to the device 10 depicted in
FIG. 1. The device included a thick copper plane layer, a support (core)
substrate made of BT resin, copper traces, solder ball contacts, and two
additional copper plane layers located between the core substrate and the

20 copper plane layer and the copper trace layer.

Substrates with varying thicknesses of the copper plane layer and the insulative core
substrates were tested. Also tested were the effects of via interconnects, thermal via/balls
and their quantity on the thermal performance of the substrates, and the addition of a heat

25  spreader or heat sink to the package. Junction temperature (Tj) versus power was measured

for each parameter to assess thermal performance.
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el ectrical conductors disposed on the second side of the core substrate,
the el ectrical conductors conprising electrically conductive traces and
bond pads arranged in a ball grid array and com ected to the traces; and a
plurality of ball contacts disposed on the ball pads; wherein heat fromthe
di e passes MEAHOPAIL@G¥t al groundi ng | ayer through the via interconnects
through the tracgs andnihfiod RLORIdEANG Mdihal dhal AiSEIERDdnigkRty devi ce.
conprising: a core substrate having a first side and a second Si a
thermal |y &omdd%d)lum -Aeysiscatle deaylepedibasped s CHih wahesdd insthish the ptnysxmef core

substrat e; first | de agsk Ia r dis osed over t.he t$1 rmally conductive
heat sink |Sayéﬁo iy anh hcrt ondta Uy CER¥Rctipp an uogsyge captdied
layer; & pligisahilhié tHé adthd théé‘l?n%f Bé}{mﬁﬁto? oSféEt‘%@Hx'szGech’ﬂﬁHé‘%l&J‘@ support
substrate fromthe first side to the second side, the via 1nterconnects
conpri sing a the)mal | Meannduent.vEiveanegs ofb4FBGA-BOEcwere chhiayteopettiorsed v the

traces and | d on.the second side of the
core substr fétq‘ Hﬂﬁﬁwg} &%ﬁ‘éégquﬁﬁ PYFFU i d array: the traces in
contact with theyyvia Pm&gﬁmp%aeh%m%&ﬁ%ﬁ ondfidid! DeVethddk@bdel

Mr -31711-SG M C 00-0976 Inventors: Yee et al a second sol der mask
overlyi ng tdeatagung tistpagkagerdetaiks veascﬁrhmmlﬁtgqub nleactuad samplesd thehdd Ball |

P oo FBOR ket o0l tREL by GRS S o REY SSImBoPs arfeh af s dbend”

tlv-oug h t h@ert RefiEalouy atCIBSHaCAthbient @t posied lat d) 3YE[.$ B Gtk hSuUde%uent models
i nterconnects through the traces and into the bal I contacts

sem conductwere fuilt bemodidieption frag this vahdpted madek ofa assumpsionayas madskhataher
I nterposed RELWREN é%ﬁ?&'}n%ﬂé‘l%f u%m%gi% ang. ffth% géhcﬁa‘c’efdfrg% |of a core

substrate layer’; fer connec extendrng thrd |l gh the

support | ayer, t4)e V|Banamaéncsoﬂ?hecséﬁmﬁmmfehtsfoﬂgleafolldswfnrquakamaarsdwé| ve
mat er i il ; the via rcomi ec%s connecting the thermally conductive heat
er

sink | IW‘ESHg%tF%é‘% dspigy o ERGfeBQfe traces di sposed on a second surface

of the substrat ARGt Subbatd PaGadtés€r connected to ball pads; and a
plurality of ba ‘IWTS[‘F&F?DFWC#TH he bal | pads; wherein heat fromthe
di e passes throughait hléumbarofahﬂeycomocmwwsve heat sink |ayer through the via

i nterconnects thr ?@ghNB%‘ (?fa%ﬁélonapthler%ﬁ \}IQS/baﬁl | contacts. 6. A

sem conduct or dev

Number of layers.
20 d) Core thickness.
e) Copper plane thickness.

f) Mold compound thermal conductivity.

Extrinsic Substrate Parameters.

25 a) Heat spreader.
b) Heat sink (extruded and pins fin type).

¢) Forced convection (air flow).
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a support substrate having a first side and a second side, and a

predeterm ned thickness; a heat sink |ayer overlying the first side of the
support substrate; the heat sink conprising a thermally conductive
material, and having a thickness that is greater than tile thickness of the
support substrate, a conducti ve pl albde Bhyiak Kacéon. yi ng t he second side of

t he support substrate, ne I a rising electrically
conductive traces; a sem Mﬁgt &%ﬁﬁﬂﬂﬁﬁ ?frp"?ﬁ RE&S: sink |ayer; a
plurality of ball contacts_di Sposed [on ball hgads Interconnected |to the
conductive traces; ;| Bashage bireiral ity [o3xdBel-kdkmi)conductive via

i nterconnects ext end&}gﬁg 4y ough the %‘@B&W&ﬁk}%?r(ﬁﬁlﬁ fromt he Heat si nk

ANALEL

| ayer to the conducttrvetraces—MKE Attorney—boc
MTI -31711- SG M CRON Ria-@am6 | nvent or 554 b&le (%6)al wher ei n heat fromthe
di e passes thl'dIlgh the heat sink | agLﬁ}’wHEp@umed he via intercgnnects

tl u~ough the tracesf and_1 nto_the balll tacts. 7. The sem conductor device
of Claimé6, furtherl EeshPeamiNgea sol U)rlucéi‘clll4(3\bil=r5l7\(mﬁ}) the heat sink |ayer.
8. The sem conductor device of Claim6, further conprising a sol der mask
overlying the conductive traces. 9. A board-on-chip sem conductor device,
conprising: a support substrate having a first side, a second side, and a

t hi cknegs of |ess than abqub]elﬁ%fma]qilﬂﬁﬁftngédmﬁﬂﬂﬂwl’, ve traces

di sposed on the second side of the sypport substrate: a thermally

conducti ve plane | plfatedakposed on t Hélliermal Gondact¥ity he support substrat e,
and having a thickpess of at |east atc(NV/nﬂeC} m_a sem conductor die
nounted on the thefgrlly conductive plane layer; and a plurality of
thermal |y conducti 'g&v‘;:é Hht-ereonneets 1%@“: endi-rg—through—t he—support
substrate to connecMdld€oipeundl | y cqrguctive plane |ayer to the ¢onductive
traces; and a ball|[contact array disgosed on balT pads 1 nterconneg¢ted to
the conductive tragBd:Substrate 0.35

Solder Ball 50

Polyimide Tape 0.2

Test Board — FR4 0.29

Polypropylene 0.03

Test Board Copper 390
VALIDATION.

A still air setup enclosure, test jig and package under-test sitting on test board were
used as per standard EIA/JESDs;.;. The single-layer substrate package with actual Rambus
10 device was first simulated and measured to correlate accuracy of the model.
FIG. 13 graphically illustrates experimental validation of single-layer 54
FBGA-BOC substrate model junction temperature Tj (C) versus Power (W). The simulated
data: y=56.662x + 23.713; R?=0.9994. The measured data: y=52.107x + 24.678;
R2=0.9982. The data showed that the model and measurement correlation was accurate

15  within 10%.
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wherein heat fromthe die passes through the thermally conductive plane

| ayer through the via interconnects through the traces and into the ball
contacts. 10. A sem conductor device, conprising: a sem conductor die

di sposed on a thermally conductive plane |ayer, and the thermally
conductive plane |ayer disposed on a first side of a substrate |ayer; the
thermal Iy conductive plane | ayer having a thickness greater than the
substrate I&E§ULR&ANE)IBJ$§US§I@UHdUCtI ve plane |ayer being thermally
connected through via interconnects disposed through the substrate |ayer to
conducti ve tracg@% I4athe jersiiondemppaio S )omsrws duciyiabes jof intefeonngst via

b I , 7 . . - - i
000076, | myar e S ity bl e Bl ik et s Ny

t he t hesmal4y12°Qnsticid. VEhiptans doayideret! Bmallghd titdfivieat inrédircagnhedy.s t hr ough
the traces and into the ball contacts. 11. A board-on-chip sem caonduct or
devi ce, conpri siHgveversafohern 18 K& 1346 thesubsitpteisppdasigned arto adyodare beay

side, wth g E%éTPcIvIvsyofCtﬁé}%%IagﬁP@Eé}H& AR AnRPASEE dféslagggxg%fogfrlﬂaﬁgé,CIﬁe of

t he support substrate, electrically conductive traces
second si dgundtidnhtempenapoe twas fidsidrmore effentivdl hexdwaed.y conductive via

i nterconnects extendi.n rou th upport substr f the thermally
conductive pl ane %?/HE‘IC%IPI)I Y Gﬁﬁ_ﬁﬂiﬁ'@gteI?ygE%’g;tI’%EIaﬁ%éﬁIrgaﬂi Urgies posed on
bal | pa@ds coREeGiRY Vﬁ?e hB& iFARABSEA Y &s LhAGE B FRON 6 1S ARNAGEAR hA a8 the

overlying the thermally conductive plane | ayer; wherein heat fromthe die

passes t hr oughber lo€ sulisemtedbyeys owrmised, theempteghe juraien tenhpevatygte wisaredueed.

i nterconnects through the traces, and into the ball cont 12. The

e conductdr ik e aBr ey o i Fp St i hAerEE phey i rorcSamBlingt i ses
polyi m de. f3-18K°€ HANMWPIAME A TidF\i1CRI0fw4d thé PEs&ll,beMb%ﬁ%'sﬂlg‘lélﬁay%f@ﬂpét

substrate conprises a naterial selected fromthe group consisting o
pol yest er, “poryconsirattiame, pol ystyrene, silicone, pol ycarbonate,

I fl hyl , d.liquid I I . '
Govt co 5 ot m PGB R Whibe LR R ol STgRER R PR

triazine ré&aiFIG. AR 4hkchiah @smpdratolt &eckaaitd1ait® detrebsing e $l6i0keR81dURE Edre
device of Claim1l, wherein the support substrate conprises an epoxy resin
conposi t e. Maferiglis apepr hsHanceadudenanddherelars Hipmer core gubstrates canget iephbetier

oL 0o Tl MELIPIORDTROMBNEL b ShasEh M RRSIdy g bl | comtects are
As shown in FIG. 18, the junction temperature (C) decreased with increasing copper
20  plane thickness. However, the impact was unexpectedly insignificant in FBGA design.
The contribution of a high thermal conductivity mold compound to lower the
junction temperature was also investigated in this study. The results are depicted in
FIG. 19. The junction temperature (C) was reduced with higher thermal conductive mold
compounds. However, the impact was not so significant, and was in the order of only about
25 2°C.
In summary, the traditional methods of increasing the number of core layers, using a
thicker copper plane layer, or using a higher thermal conductivity mold compound may be

effective for PQFP and PBGA thermal enhancement. However, according to the simulation

results shown in FIG. 16, 18 and 19, these had a negligible impact on the FBGA-BOC
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VKE1741534 1 28 Attorney Docket MrIl-3171 |1-SG M CRON 00-0976 Inventors: Yee
et al. 17. The sem conductor device of Claim1l, further conprising a
sol dermask overlying the thermally conductive plane |ayer and interposed
between the thermally conductive plane | ayer and sem conductor die. 18. The
sem conductmckaeduesatdéasCirpan, to its tHiw irtneepackagpstigiurg and siasll corfsvecréaig t he

die and the conductive. traces. 19. The sem conquctor device of Caim 11,
wher ei n t he™BaPTY %hf%t&nsf@? i hgad i YA i ft’lw.ﬂ?ez@?l RHErgeRFCHRdc or
device of Ghalifideh widdEhRrhB& RA!dndSRALAE ) BsAAMP(dufifing BhIASIH dRAS) Sre Ailled
The sem conductor device of Claim1ll, wherein the ball contacts conprise a
conduct i ve teposypyosubstentiallyt ak effthe Feedprag as yaxiRize Tieeballegridcamal ot ther2-ldgeri ce of
Claiml 1, e%/gerei a the thermally conductive plane | ayer conprises copper.
23 . The s ﬁtBaH‘EI_ E¥8t device of Gaim 11, wherein the thermally conductive
pl ane | ayer Comhéé&riﬁsi@?ﬂghh%iéré’@eﬁerkﬂ{ in98dtRGtdqve from the group

consi sting of copper, plated copper, alumnum gold, gold plated netals,

ni ckel , and an alhajyncthar emperaprte of heermEmhdumatutvie cdewsuadlydfe réflwiechnidre
wherein the thermally conductive plane |ayer,. provides stiffness to the

seni conduct%&e"%&?@éfo@gq C%@Cg%‘h?‘tcﬁr‘f‘ﬁd‘é’f’éla fagvi ce of Claim1l, wherein the
thernal |y conducpdvespsanesthided o RErckd €ofURRRNY, hERSE hAbStibBYRYer@efl bRe an
openi ng through which a nmetal wire connects the die to tile traces di sposed

on t he 19ecdmdizenial pleecro¢ntof thethersal hoerd iVKE chanRBAizatiQoounetioneip-dntegnal
MIl -3l 711- SG..M -0976 Il.nventor.s: Y. et al. 20. i.conduct or
Hev oo contsublemB PRl 4" SR Phbn 455 BhrBimeq i PSR o g

surface, a dehgrdmaivey tieandUW bxd®anibni M8.87C AROALLItAK j@gioN Gerhp@tatdwiieg,
and a predetern ned thickness; the support substrate conpri si ng a .

di el ect ri c fored conyrstion yascpelsein the eqxsarheie Hhedhergahoardyuas phargd hotgemialdy.i ve
pl ane | ayers Lk i hick th i

Phe thi oineme Spscis pof do Al bRt O AR Phol BgcaRd o blaed
conpri diSng weotichllyt iTheretforacths vanatabplpéamiailt offgredfa rhadel stdivggedt candixdads f or

attachnment thereto of hall contacts; sem conduct or di e di.sposed on.the
heat sink |GHfEermere H%mg%lwtneghwgw@@@, MG APRIPrigre iR At g@ispecﬁw%gl& S
di sposed onhgdiiBgpPiRtatioRondi ng pads; wherein heat fromthe die passes

through the heat sink |ayer through the via interconnects through the
traces and into Thresimaldtiopgesuitetf assessing vertical placement forced convection is depicted in

FIG. 20. The junction temperature Tj (C) was significantly reduced at different airspeeds
20  (m/s).

Package heat transfer can be greatly improved by attachment of heat spreader or heat

sink to increase the area for convection. The plot of junction temperature (C) versus height
(mm) of the heat spreader or heat sink is depicted in FIG. 21. The reduction in the junction
temperature was prominent. A heat sink with pin fin provided the best performance.

25 Die shrink without changing the aspect ratio of width to length was also investigated
in this study. The plot of the results is depicted in FIG. 22. The results indicate that the
smaller the die, the hotter the junction temperature. Although die shrink is an effective way
of obtaining a higher number of chips per wafer, over shrink would result in higher power
dissipation per unit area. Thus, a compromise must be made between good reliability and a

30 low cost wafer.
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27. The sem conductor device of Claim26, wherein the dielectric core |ayer
conpri ses a stage-B epoxy resin conposite. 28. The sem conduct or device of
Claim 26, wherein the dielectric core |ayer conprises polyimde. 29. The
sem conductor device of Claim 26, wherein the dielectric core |ayer

conpri ses a mat dnTables®(hetqvel therroaitgn m%ﬂﬁlﬁbmnté@mtempgrabtﬂrep’dﬂy@spmive to

epoxy, ure olystyrene, silicon ar bonat e,

ol y1 et 1 af PG LR AR pamp Gy e g B s apq asuenicL bR RS
devi ce of @Abraf26maMnehRidBratdtndi"Rir&Ot Edch rﬁﬂ%&nklﬁgﬁrfﬁ@dﬁéhbﬁ?él e of 1-5°C,

bi smaleimde triazine resin, FR-4 lam nate, or FR-5 | am nate. 31. The

seni conduc ot4°Geend &5°6} ard aviowe.2espeahivelii n t he heat sink | ayer conprises
copper. .32. The sem conductor device of C aim 26, wherein the thickness of
t he sup?)ort substrate is |less than about 150 Vim and the thickness of the

heat sink |ayer Tihl@s. Sﬁﬂﬁtatﬁhwgula&nﬁ{mnzw&bﬂﬂﬁa%cJanaféxﬁtlhgé payareekst
MI -3171 | -SG M.CRON 00-0976_1lnventors: Yee et_al A _sem conductor

device, ¢ )Wsig%l ng: a poI yi m de tape hthW@ first gsi ﬂﬁ;a@f‘d a second si de|
and a predetermned-—thickness,—copper—ptatedviatnterconnects—extending

t hrough t hdntiimsiékcness of the poI yi m de tape; a copper heat sink |ayer

dis osedc f|r si de of the polyi t ape; the he sink | ayer
havipng a i &X@rgr than fhg nXI Lulfﬁifrlngtp:\nn a S\%%Tf. conduct O.%/ die

nount ed 01 tmanﬁw@qﬁvmgat si nk Iayer; siﬁg@al traces ql,i1§cp9§t@d on the second
side of the polyim de tape, ball _contacls di sposed on bal I bondi ng pads

connect ed |t o Nutebesiof Thermal MédBalking whet dih heat fromMedersite passes
through the r@o%]ﬁicﬁlheésayer t hrough t he \Q&\ |nterconr%%rl§1through t he

~ laad-l
si gnal traces—and—+nto thebalt—contactp—34—A Ser¢o

conpri sing: MeldremphsdrTdieemalonpri si ng; d.€ore net al I%:yaer i nter posed
bet ween a |fi rGdndacliey second netal plang |ayer, a dielectric |ayer

i nt erposed between the core netal Tayer and the two netal Tayers, and
thermal |y EXENSIC ve via interconnects extendi ng through the dielectric

| ayers; a|sem&LPRAMGI&QT di e disposed on| ige first net q\lio(_pgrg)tge l'ayer; and
bal | cont acts disposed on the Second meral ptrane taygr; whererm teat—from

t he di e passdieat Bmkdisirudaé Firi r st et al pt8%he | ayer ar M@dmfateore nmetal |aye

t hrough the \H Eﬂﬁﬁﬁﬁ%ﬂpems to the sec_qrié nmet al Iayﬂo&qgei nto the ball
cont act s. %—%He—%eﬁ‘l‘eﬁﬁdﬂﬁi—ﬁf—dﬁﬁ—eﬁ i i ;

| ayer has |a tAir EloveVertipabRlhee than the fi2223 and a sedange netal | ayers.
Air Flow Horizontal Place -18.5 Large

-

The bar chart corresponding to the results summarized in Table 3 is plotted in
FIG. 23. The results show that, without relying on the addition of a heat dissipating
10  attachment, enhanced thermal performance of a FBGA package can be achieved by the use
of additional thermal via/balls, a thicker copper (ground) plane, a thinner core substrate, and
optionally, a higher thermal conductivity mold compound (e.g., depending on cost).
Design validation was done in modifying the existing 1-layer 54FBGA-BOC to a
2-layer substrate with additional thermal vias/balls, a thicker copper (ground) plane, a

15  thinner core substrate, and a mold compound with moderate thermal conductivity.
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36. The sem conductor device of Claim34, wherein the ball contacts
conprise thermally conductive balls. 37. The sem conductor device of Claim
34, wherein the second netal |ayer conprises electrically conductive
traces. MKEl 741534 1 31 Attorney Docket MrIl-3171 1-SG M CRON 00-0976
| nventors: Yee €eFheadimulati@n Showshibasthrire-desdgedgrackkeeihed agher@Glah penf@ianed eba@it n

the first nmetal .| ayer conpri,ses conducti,ve t 39....The sem conduct.or
devi ce of GRHHEREIo BnERERH e REerr B Ear e BIET 421 Fruife ST EEH baela |
di sposed _O'biﬁ B8 Heht stk Wﬁfcﬁ'redlﬁ%@ the jﬂn&%tt@&beﬂéfuﬁ@ E)Tj? By @® REeR kS Yeot.raeées-
40. A sem conductor device, conprising: a core substrate conprising a netal

core | ayer resulisrposeovnbietRli6e 24 parfd inslude thyratdegipnedeS4 balbFBaddsudbssae anal
signal plang |layer, a dielgectric.l.ayer I nterposed between the,metal core
Tayer and CrEvearfn it FiagBE o G REPRiery il e T (iR goré

i nt er conneGyBstaxd, aNdaRgoll RbAREINd, Rehi SHRSHIEALR mleFROTHANSUC IttiofiRenRRS €d
on the first signal plane |ayer; and ball contacts di sposed on the second

si gnal pl ameiging) singlenlaperalesighaad the wrdes agerral et hrough the first

i gnal pl a lenkaperalesighand the grdesiga 2 bsteate.t h h the f

signal plane |aygr, t.he tal core.layer,.. the via jnterconne t he second
i gnal bl ane | ayde g B Sen e WMot et ol RREO BBRAES A PARAREY e
of O ai m 4Gyithdue aRAdhnieRCoM®ha smRI0 he@preal@s ThelshubtoRessl @EMBE esdukbamet he
first and a second signal plane |ayers. 42. The sem conduct or device of

Clai m 49, wdditional edsengeded tategriel impraya dhespaghege 3ltamaofalgdeel.conpri se
| ectricall ive t. 43 Tl i C. evi f im 42,
C oL ol LY o0 OB 6 fhe IR SE L FORRUBARY sl o8 Rl ¢

first signdangligngs ik syffensithe aubdiraetdusid B higheY eaptunsdules for acgser. Fhe ovdrall
sem conduct or, device of Claim42, further conprising a sol dermask overlying
t he conducthagkagehsied redmalv%@trfa‘?tr\getffog MGRrY BPRiifatiomipche gt palnstop, Terstopor

Attorney Dqg udyggtfoﬁlezl&iéh?ﬁtMj%ﬁ%gaggﬁ&%ggnawgp}ors: Yee et al. 45. The

sem conductor device o I'm er conprising a sol dermask overlying
the codfuctive tMamesemfhetihereseadtigersiatsderfiatinet thaypeckagamperipliveallisbh added

comtacts ot dhaBonedeon ol bygade Ahrouok, cpenLngi. L 5 BRSSP iRy
such as Temperature Cycle and Temperature Shock.
The additional copper plane can also be used as ground plane which improves on the
overall electrical performance for high frequency applications.

20 In summary, the extent of Tj reduction when implementing different parameters
considered has been shown through a series of simulations. Attachment of an extruded or
pin fin type of heat sink under convection was the most effective way of removing heat.
However, due to space constraint in package z-direction, such attachments are not a
preferred solution in certain memory applications. A heat spreader can be effective at a

25  module level due to a planar space extension that is minimal in a z-direction. Traditional
methods of increasing the number of layers, or using a higher thermal conductivity mold
compound has proven effective for high pin count packages such as PQFP and PBGA.
However, it is of insignificant impact at the level of FBGA packaging due to the much
thinner package structure. The results showed that a useful FBGA 2-layer substrate design

30  utilized thermally conductive vias for interconnection, a thicker copper plane but thinner
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4G The sem conductor device of C aim40, wherein the ball contacts
conprise thermally conductive balls. 47. The sem conductor device of Claim
40, wherein the ball contacts are in a ball grid array. 48. The

sem conductor device of Caim40, wherein the ball contacts conprise sol der
bal I's. 49. cotessubstmite.amdirdtivioneleseisod tidrm@l NI AdBedls tovkelramice FBREA Hebhalcont act s

conprise a conductive 0 or copductar-fill 5

sem conductP§HOHBAEES S%Q%f‘gayn?swc%ﬁf?ér"@%extt‘ﬁ@g]rf"éttagl %13? eR lﬁ%ﬁ‘e%ﬁlprl ses
copper. 51 coﬂﬂ&tﬁﬁ%ﬁ&@%l P@lﬁndj(%“(ﬂ/ﬁﬁk PlanPeAlsBhift b eMIRESFBGAReRAIAl Ccore
| ayer conprises a netal ected fromthe group consisting of copper,

pl at ed c0pmerforra¢n¢m m‘u‘ﬂﬁmajailldyergobsdram ainedhicee higber envoksadf I/Qr Aazrcwneoi,ayer

th fo 52, t d f, d wherein th t al
| ayer pf ov HBA PEPIERE Hgmel et e Renthat B idon oS SBRC sanbbe B ke o

devi ce of Gligd 40 #%hm WeRhEHA i iReab sifk altadhn®ne and %8 abowaIPCiréfuctioA®h Alnction
sel ected fromthe group consisting of copper, alum num gold, and nickel.

54. The sentmwperdet.or device of Claim 40, wherein the dielectric |ayer
conprises stage B epoxy resin |am nate. MKE1741534 1 33 Attorney Docket

MTT - 3171 1-SG M CRON ()0-0976 Inventors: Yee et al. 55. The sem conduct or
device of O ai mi4Qompigic! with the staRii8) the Mivenlisly Bis KRAEsEBEd 3n ]anguage more or
nmet al /d| el ectric |amnate. 56. A sem conductor device, conpri sing:

suppor #0suesspealinayiongrugturalasd nathadiend feateres Eaviorke wdersinod, hawevﬁérthatl ly
conduct | ve il M 9B REkeE 1 Fadhagst REFFHGRMA ! IS AURPAH. SRS ©
conprising a heat sink 05ed Between a Tir st and a second

si gnal pl amerdlmaeclpsmnbrﬁprthee;hﬁétréd ﬁ)rhayﬁlpuitmrgeh@ﬁﬁeﬁkidaeihmﬁifed h@hdﬂeat si nk
| ayer and the si nal pl ane | ayers; the heat sink | ayer conpr.i sing

thermal |y dBYRdHeE R % &hdiafes elafed:ikanyid 15 OTﬁP%‘HgC%‘%}’ér‘@ %FH%RTQP‘H@COPC
conducti ve A g];p@rig f r r4¢Si Ng a
plurality (#f &}%gﬁe%ondlléllgﬁ paggfo%?%trma tta rhe?fééﬂ? %tc {;}(Zf?igrgcg vgi?ﬁ %Icﬁogg{)ﬂr%tdgcts a
sem conlfuctegnivdiestsnount ed on the heat sink layer; and a plurality of bal |
contacts mounted on the ball bondi ng pads; wherein heat fromthe di e passes
t hrough the heat sink |ayer through the via interconnects through the
traces and into the ball contacts. 57. The sem conductor device of Claim
56, wherein the heat sink |layer conprises a plated copper |ayer. 58. The
sem conductor device of Caimb56, wherein the heat sink |ayer conprises a
copper foil. 59. The sem conduct or device of C aimb56, wherein the
dielectric layers conprise a stage-B epoxy resin conposite. 60. The

sem conductor device of C aimb56, wherein the support substrate conprises a
pre-preg | am nate.
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61. The sem conductor device of Caimb56, wherein the dielectric |ayers
conprise polyimde. MKE/ 741534 1 34 Attorney Docket MIl-3171 1-SG M CRON

00- 0976 Inventors: Yee et al. 62. The sem conductor device of C aimb56,
wherein the dielectric |layers conprise a material selected fromthe group
consi st iNHAT ISCvAERVIEFD: epoxy, urethane, polystyrene, silicone,

pol ycar bonate, polvtetrafl uoroethylene, and liquid crystal polyner. 63. The
sem conduct orA demicoadudtor@eaiar, Scﬁnpni\dilm ei n the di el ectric layers conprise

bi srnaleimde triazine resin, FR—4I te, FR-5 |l am nate. 64. The

seni conduct or® BEPPK SubraE havineswfirst § Fﬁ% aé%‘iﬁ?rd ®ag a sol der mask | ayer

over | yi ng theameﬂﬁalgl Jﬂfﬁha}’\% 1@13%0%%1% RO HE LR ofiiR s §fbsheo the

sol dermask | ayer e se con tor | ce o al m 56, further
conpri si ng a slapeterfrebeskridaily eondweivt yiacgs dwedymgrttiusetaonésﬁe at e support A
sem conduct or device, conprising: a substrate conprising a |amnate of a
metal co sfaé?fer i nterposed between first and second signal plane |ayers,

with a dielec §d1@erh1%¥l€6vé11}1u?§ ﬁ@%ﬁ&nﬁﬁ&%ﬁdﬁcﬁb@p&% CaylePXR thRREndildeive hapd)

pl ane layers; and a plurality of therhally conductive via interconnects
ext endi ng t hrasegiicortecunidst matmed an demrobdendask everlying e Sposeldy orndukbvd i r st
si gnal Iani | ayer; and ball contacts disposed on ball bondi ng pads of the
second & PYPt ane 1 ayer; wherein heat fromthe die passes through the

first si gnal 12ngity 8584l cdntR i@t se€ Hrbu GPERIn s@xﬁlﬂletshﬁie)/rhﬁsldd'ileﬂ nHect s
into the bal Izpﬂ():ont a}(b:ts 67. The s}gjm conducht or degw ce of Claim®66, l'S/%er ein

t he met alondustiveltepges; tleebbﬂéquogl@@tmppmact 6ith thprponduetivedragessend devi ce of
daim 66, wher 'u&l éyegf f?l'eﬂ{l‘ &fin?qu%ﬁ"a(\ftg re§te118F%rtLr%%gﬁ ap:,gsgcw gl]lbs{rg&:%sdm Ok

The sem conduc Vi Cé o

conpri sah&nﬁll&g@n&c@mwaﬂe&sydat@ﬂﬁw@ﬁdﬁc@weMﬁEéleSM 1 35 Attorney Docket
Ml -317]1 1-SG M CRON 00-0976 | nventors: Yee et al . A sem conduct or

devi ce, conprVkerag:heat Bophe diequpss ﬂaplégm%th@mllvlwgéucgwa elagp dpygr duewsly
side: anfe diaRhist@nhidts ﬁiroﬁéheﬁqg?rjacéé'a%d into the ball contacts.

2. A semiconductor device, comprising:

a substrate layer having a first side and a second side;

a thermally conductive plane layer overlying the first side of the support substrate;

a pattern of electrical conductors disposed on the second side of the substrate layer, the
electrical conductors comprising electrically conductive traces and a ball grid array connected to
the traces for electrically communicating with an external device;

a first soldermask overlying the thermally conductive plane layer;

a semiconductor die mounted on the first soldermask overlying the thermally conductive
plane layer;

a second soldermask overlying the conductive traces; the soldermask having openings
therethrough to expose ball pads connected to the conductive traces;

a plurality of ball contacts disposed through the openings in the second soldermask and

on the ball pads; and
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i nterconnects extending therethrough; a thermally conductive plane | ayer
overlying the first side of the support substrate; a sem conductor die
nount ed over the first soldermask; a |ayer of electrically conductive
traces overlying a portion of the second side of the support substrate; a
second sol deramstaligvef thgimmg vidietecommbacts exending cleepglatifei supporasutairaefand
plurality of elecgtrical conductive balls di sposed,through openings. in the
Sol dor miSRAE AP ie[?gtrtCﬂ@ ERmRFGLRE the tb?ra@i;wmi@tws RIARELRYEE (O BRI TB nt act
w th the.genductive traces; and a second array of a plurality of thermally
conductive Balls di sposed on the second side of the support substrate in
cont act wi t h wheeintheatnadmthadie phsses tnoegt e thdnmaly combativé plane idyer threugh
passes through the thernmal |y conductive pl ane |ayer through the thermal via
i nter coﬁﬂee@tagmﬁmnp"rﬁt%thf%@htth"epﬁ%ﬁsl2@?‘1é‘i‘}ﬂﬂlﬂfcal?‘ﬁl/"eo“i%ﬁtsl's. 71. A seni conduct or
di e package, conprising an encapsul ated sem conductor device, the

sem conduct or device conprising: a support substrate having a first side
and a sécond A sefeicondudioradentrey eranprysimgynduct i ve pl ane | ayer di sposed on the

first side of the support substrat. electrically conductive traces
di sposed on _tah%’_r%@%ﬁgteg]aaﬁlg&éﬁsﬁﬁgg?bep%Fetcoggﬁ’élFr ate, and thermally
conducti ve Viank@l SlotAMng tiyer 8%peRdidndhé AFLLEB of AR SHEPMstragubstrate from
the thermal |y conductive pllane layer to the conductive traces; ball

contacts di sposadcaniupr diegdisposedomthetaeial groupding dayguict i ve traces; and a
sem conduct or_ di e,.0v i ng,.t he .t hermal | nduct ive pl ane | ayer: wherein
noat rrom ¢ n@ BB RGN AR IRE P PTG iRl BB gl

t hr ough sub&raté fromnthe figN RIVRAb Shet Secontddidd;Radt races and into the ball
contacts. MKE/ 741534 1 36 Attorney Docket MIl-317] 1-SG_M CRON 00-0976

| nventors: Yedesdticaconductoys dispaseriondhriternd sidr of piscesg@bstafspthe slashicsh
encapsul 1 L 1 | | Si:Ag:
cUbot r at e Sk SR ToRRSHE M aN) SnqlelS. SALANTURN Bhal bl SPTBA) Bilia?
second raat@bnpdcamiaoltinyeacesparmdi el ectric | ayer interposed between the core

metal |ayer and the t tal layers, and thermally conductive via
i nt er connect §§Rt@%9%@alﬁn&f&fﬁ¥ e‘%ﬂ‘ﬂ)glerbf{ﬁé’,agg’ sem conduct or di e di sposed

on the first WRiah RLIEHEMHRY &k pagied tRahdh FeMALFHERORSE ARbdAehsegond
nmetal plane |ayer; wherein heat fromthe die passes through the first netal

pl ane | dptercoanerts heoughrtbe treeeslanfayterthe balbeqyitacthe via interconnects to the
second netal layer and into the ball contacts. 73. A sem conductor die
package, conprising an encapsul ated sem conduct or device, the sem conductor
devi ce conpr iAisagicoadsdmidavicesedinprisii@ having a first side and a second
side; and a plurality of thermally conductive via interconnects extending

t her et hr ough;2 &*¢ ﬁ‘é?sﬁﬁell?vt‘kgrﬂq%afé’é figeand %ﬁ@opgﬂglﬁ; overlying the first side

of the supporfhaihsfy @nBuctive heat sink layer disposed on the first side of the core substrate;
a first soldermask layer disposed over the thermally conductive heat sink layer;
a semiconductor die disposed over the first soldermask layer;
a plurality of via interconnects extending through the support substrate from the first side
to the second side, the via interconnects comprising a thermally conductive material; and
electrically conductive traces and interconnected bond pads disposed on the second side
of the core substrate, the bond pads arranged in a ball grid array; the traces in contact with the via

interconnects;
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a sem conductor die nounted over the first soldermask: a |ayer of
electrically conductive traces overlying at |east a portion of the second
side of the support substrate; a second sol dermask overlying the conductive
traces; a first array of a plurality of electrically conductive contacts

di sposed t hr eugbommihdangesk overlyingsibk dendrasike oaeasiapd g vingepevindsitt éxpese the
traces, tﬁe | ectrically conductive contacts in contact with the conductive
traces; P4 @a§$§8 ond array of a plurality of thermally conductive contacts

di sposed on ty uﬁﬁ@p&%aﬂi RatRfs éiﬂ%s@dj&ﬂ’ﬂ{etbaﬁ DAt flﬁ‘&ﬁ‘gﬂ the %?E&ﬁiﬁgé in%hd fecbhe

thermal |y conductive via iInterconnects; wherein heat” fromthe di e passes
t hr ough sbklerrhdsr mal | y conducti ve plane | ayer through the thermally

conductive via interconnects .and into the thermally conductive, cqntacts.
74. A met hod "GerARBERT i 4i° Seret Baveh e USTALS COrHSPYS hef SikdF eps of
provi di M9k oBgl® HHERRA inté‘d&ﬂe'&é_ttﬁroﬁlgﬂ'tﬁkgtrefb& hhdintS HefRf&ofdis@a second surface,
a thermall y conductive via interconnect extendi ng therethrough, and a

predet erm ned thickness; MKE/ 741534 1 37 Attorney Docket MIl-3171 1-SG

M CRON QO- 0976 In.venéorts: Yee et al. applying a heat sink |ayer onto the
first sorface STCARIEIN SIS sRINTRE ¢ he heat sink conprising a

thermal |y condueimally doatedtivalheanlRYENGitedpdBH GKARSA alsBRicdndu@bedie@hd biRs
the thickness of thé support substrate; the heat sink |ayer in conductive

cont act swifa¢e efipecareisubisiirieaysshduct i ve via i nterconnect; formng a

conductive plane l.ayer .on the secon urface of. the ort,substrat t he
conduct i ve pIngraly il IuRPurel Blorditis Ri0eRmd RpeRIRE e M H BpetilF)

bondi ng cpasisingra @tiatiEeRtudtivereiteridf theakid ing@odrmets coffiietihy g tBermall
sem conductor, die on the heat sink |ayer; and nounting a plurality of bhall

cont act $OBAGIVe heattsink lapernvithglepigally dpnshuetive wieags dispevrdianen sacandaiybacs of the
through (P& HeAYesS Ky céyﬁ{telwﬁr%%%%@%g@sﬁe erconnects through the

traces and I nto’the ba%l contacts. thod of daim74, further
conpri si ng f arpturaityt dieball contactsadispsed ot theyballqrading a via hol e through the
SUPPOrt SUbS A o the S passad (5 e B therally tendelPOh L SRt St & and

through the via interconnects through the traces and into the ball contacts.

6. A semiconductor device, comprising:

a support substrate having a first side and a second side, and a predetermined thickness;

a heat sink layer overlying the first side of the support substrate; the heat sink comprising
a thermally conductive material, and having a thickness that is greater than the thickness of the
support substrate,

a conductive plane layer overlying the second side of the support substrate, the
conductive plane layer comprising electrically conductive traces;

a semiconductor die mounted on the heat sink layer;

a plurality of ball contacts disposed on ball pads interconnected to the conductive traces;;
and

a plurality of thermally conductive via interconnects extending through the support

substrate from the heat sink layer to the conductive traces;
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plating the sidewalls of the support substrate within the via with a
thermal Iy conductive material. 76. The nethod of Caim 74, wherein the step
of applying the heat sink |layer conprises plating a thermally conductive
nmetal onto the support substrate. 77. The nethod of C aim 74, wherein the
heat sink | ayéeraohpatifiossthe it passes hopebrthé beae sink 18yer Threuglethhoul wierGhaicons
74, wherein .the heat si.n a C rises a copper foil, and the step of
appl yi n§ueheh ﬂgé{acgﬁ 'ngb?%%lj)ﬁ?)‘%%%s adhering the copper foil to the
support substrate. 79. The nethod of Claim 78, wherein the support
substrate conprises a lamnate conprising a thermally conductive netal

| ayer di’sposddelsemigopdudterydaviceslf Claigh 6/ furthern conmpaisong aadolde@maskrpecriyingibd of
Claim74, wh rlei n the thickness of the support substrate is |ess than about
150 ~m Qﬁ%}sfrﬁ(eaﬁﬁckness of the heat sink layer is at |east about 30 pm
IVKE/ 741534 1 38 Attorney Docket MrIl-3171 1-SG M CRON 00-0976 Inventors: Yee
et al. 81. The nethod of Caim 74, wherein the step of nounting the

seni conduct oThgisemiconpudteredevitie 6 piny 6 sfurther qoaiprisingonedldarmask avkrbdng e

mat eri al_between the die and the heat sink layer. 82. The nethod of C aim
74, fur fHE UCﬁgﬁgP?eéi ng, prior to nounting the semi conductor die, applying a
sol dermask | ayer over the heat sink |ayer, wherein the sem conductor die is
nmounted onto the sol dermask | ayer. 83. The nethod of Caim 74, further
conpri sPng, p¥beardg-chirusepipepdugtor Wayice.compasig; appl yi ng a sol der mask

| ayer over the g@&%&%{r&% h‘abrﬁg%sﬁr tﬁs‘%de 2 TSSO tind ABILGRSS D81 than

sem conduct of "4 Ice, conprisfng the &t eps of . providing a suppor

subst r atBoldB0ngn;21ddtriclly Sondntioc aadesdisRBedtn didrseadirl side dhde Rapdoyt
conductive via interconnect extending therethrough, and a predeterm ned

t hi ckne§4bstraige support substrate conprising a dielectric core |ayer

i nterposed b S [ X e at
ik | ayor hav oo epfileat B R dREGkdR BIREHEL SR oP A kBt Shigphlitl

di el ect hawingartkickease of attlBat eBAB0YiInv,e pl ane | ayer conprising conductive
traces and a plurality of ball bondi ng\ pads for_ attachment thereto of ball

contacts; nodriemigpndudiendie smutadom e dhesmelly cordustisg Popalayesyd of t he
support substr i i . i L& t bal |
ondi ng pads:” Fipa R DY cBRn Ry Rk tahichdoreei? BrienGRRYRCHE AR Bpbit?, 0,
t hr ough stbistrate ta conezt trriheatally ichndungive phemetlayee éstharcdnduttive titaeed) ahd
contacts. 85. The nethod of Cajm erein the dielectrjc .core |ayer
conprises a &bagépgtagm ey %ﬁ%bg%&lte@f@mﬁq@ iodbr SONQURLIYS HATRSE,
wherein the qiiRlGRhEGRPTR di@mrg@mmghﬁﬁé th%rrﬁﬁll?y MRAcH A1 RiyeSthroulhe

met hod of Cl aim 84, wherein the dielectric core l'ayer conprises polyimde
t ape. VRE/ViaiBggonnegs through the traces and into the ball contacts.

10. A semiconductor device, comprising;

a semiconductor die disposed on a thermally conductive plane layer, and the thermally
conductive plane layer disposed on a first side of a substrate layer; the thermally conductive
plane layer having a thickness greater than the substrate layer; the thermally conductive plane
layer being thermally connected through via interconnects disposed through the substrate layer to

conductive traces and ball contacts disposed on a second side of the substrate layer;
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Attorney Docket MrIl-3171 1-SG M CRON 00-0976 Inventors: Yee et al. 88.
The nmethod of Claim 84, wherein the dielectric core |ayer conprises a
materi al selected fromthe group consisting of polyester, epoxy, urethane,
pol ystyrene, silicone, polycarbonate, polytetrafluoroethylene, and Iiquid
crystal pol ymarereifdeatThen thet die gassts Graigin tBd thewhell e condubevedplehelayer thranghe

| ayer c rises bismaleimde triazine.resi FR-4 | am nate, or FR-5

| ani nat gh.rgp’é‘ﬁ.mtﬁ{cﬂﬁ??‘f&f%{)quggélbeﬁr%%?ﬁ ARG ?Ema&lo(i‘?(%?(?{sor devi ce, conpri sing
the steps of: providing a thermally conductive heat sink |ayer having a
first surface and a second surface; applying a dielectric layer onto the
first add. sedohoardimtchoe seroicondustdralavics, qompresye:; forming a via

i nterconnect through .t he thickness of the heat sink | r and dielectric

| ayer o or PRI SybsAls RES S Gy ageptd Sy i d RerdRls EpRbRRYGer
the si gnaineRhyRRaispaydreh tﬁ_@&ﬁ?sft'sﬁi'eﬁﬁt%ﬁ?ﬁ@ﬁ isiiSstiated 6RGtrical cotiRcEPCQAs ST gnal
pl ane | ayer further conprising a plurality of ball bondi ng pads for

at t achmdifposedearethe sedongaide of sl supbert swedinets, aad thesmally eordlyeti v vidiiktersanpeees
first signal. |l ayer:. and nmount.i.n | contacts, ontq the ball, bondi.n ads;
whr i 1 R Bfing HiEhen B AR R SR REAT LG i PR Sl PRc

vi a i nt ebautAeEtdcdshrough the traces and into the ball contacts. 91. The
met hod of Cl aim 90, wherein the heat sink | ayer conprises copper. 92. A

met hod of f abellcaniapy dispessd erobpdlivads corragieddd teaermdpetivegrachs a8deps of :
provi ding a %%Q%%({Hldﬁ&'tQPElfe%%{lgi?lé't}gegth@’{rﬂély ongﬂétﬁx%%ﬂm?erﬁ?%&: second surface,
uc a lnter extendi ng there

a thermally con I've vi onnec n rough; the support
substrat e conjidraihhgatdrdinalic dit piisseathesughthe tpomally beiduedve plahié fagtr thachgh
second sjgnal plane |ayer, and a dielectric |layer interposed between the
heat si M YiayRFreqppecthigraueyihs trafesaad g dhesbalk ¢@tastsat sink | ayer conpri sing
a thermally conductive material; and the signal plane |ayers conprising
conductive traces; and the MKElI 741534 1 40 Attorney Docket MI1-3171 1-SG

M CRON 0@- 09 7ihelsamésondnator deecectf Glhim 11 swhaeid the supportsubststd eymaprifesr t her
conprising.a.plurality of ball bonding pads for attachnent thereto of bal
cont act $OVMBIFt i ng a seniconductor die onto the heat sink |ayer; and

13. The semiconductor device of Claim 11, wherein the support substrate comprises a
material selected from the group consisting of polyester, epoxy, urethane, polystyrene, silicone,

polycarbonate, polytetrafluoroethylene, and liquid crystal polymer.

14. The semiconductor device of Claim 11, wherein the support substrate comprises

bismaleimide triazine resin, FR-4 laminate, or FR-5 laminate.

15. The semiconductor device of Claim 11, wherein the support substrate comprises an

€poxy resin composite.

16. The semiconductor device of Claim 11, further comprising a soldermask overlying the
conductive traces, wherein the ball contacts are disposed on the ball pads through openings in the

soldermask.

MKE/741534 1
28
Attorney Docket MTI-31711-SG
MICRON 00-0976
Inventors: Yee et al.



nmounting a plurality of ball contacts onto the ball bondi ng pads; wherein
heat fromthe die passes through the heat sink |ayer through the via

i nterconnects through the traces and into the ball contacts. 93. A nethod
of fabricating a sem conductor die package, conprising the steps of:

provi ding a sem conduct or device conprising a sem conductor die disposed on
a thermglly nducti v | ane.l a ,. a he thermally conductive plan

Fayer aidposdesimisonardor & Y Db dhn oo bine a S Hed e it the
conduct 'tHé’rrr%ll? REndRUGE pf&% H@ﬂﬂr gnd i'ih't&ﬁé‘s%ﬁ PeHRAR thehRAIY Jb%dﬁ&ﬁl%tﬁlﬁleQa'l’éy er;
the thermally conductive plane |ayer being thermally connected through via
i nt er corandstmicdhdymbmeatie.t hr ough the substrate | ayer to conductive tr aces
and ball bondi ng pads di sposed on a second side of the substrate |ayer. 94.
The nethod of C aim 93, further conprising applying a nolding conpound onto
t he semgoNndugfeQemiteniit&ot fevide ¢8A8M PR hittBér onfREHRSWIr& @rhb&indaNs 8R-and>-
The nmethod of Claim94, wherein the step of applying the nolding conpound
conpr i sdke posluttivetiargs.t he semi conductor device within a nolding chanber of
a nold tooling, and flow ng the nol di ng conmpound into the nolding chanber
and onto the sem conductor device. 96. The nethod of C aim 94, wherein the
step of 13ppl YIHaGem@ndBEe B i&OSTINE 11 Swiktein tBE BAll E6iRadi H€6S5 8 bal grid BRay.
met hod of Cl aim 94, wherein the step of applying the nolding conmpound is by
a transfer nolding process. 98. The nethod of C aim93, further conprising

At or ney ooocie S ESGBRaisg R A ORI B fLe Mk ol s

nmet hod of fabricating a sem conductor die package, conprising the steps of:
provi ding a sem conduct or device conprising a core substrate conprisin

g . C g a
netal care | abhersemirondpeiondeie alddainy 11, wihgreigithe ball pordards sayRiiseafPnduetiond
si gnal | ic layer interposed between the netal core
| ayer a%hg?ﬁgll V\]g{l%tf)gﬁgkgr%ﬁ?a e layers, and thermally conductive via
i nt erconnects extending through the substrate; and a sem conductor die

di sposed _.on the first signal .pl ] ayer.. 100.. The hod of .Cl gi m 99
urtner omprite s Phgribe i Geng ! Eormtade HEs O v Ao e

devi ce tgniptiséedppePartially encapsulate the device. 101. The method of
Claim99, further conprising attaching ball contacts onto ball bondi ng pads
of the second signal plane layer. 102. A nethod of fabricating a

sem condyct or~di e cka C rd S p f. e

sem con%étt orTh%es'ﬁngcgmg‘é%rg)l} ‘li%vﬁér%&a&%ﬁ%é%’:\?h%%lggﬁ? g\egmﬁlﬁa}wdnnghgtg\(eﬁ?l%?e lsa?lec:fe and
a secon@osipdiges AcvhdactiNdrhatal §electifve fioal thalgrotippcdnbiseng oNewpes platéEespped

t heret hrough; a thermally conductive plane |ayer oyerlying the first side
of the SUPPHRM. 8oldsEeldpiitedmetals, kgl apdan Hlil@yﬁﬁi?ﬁf-ed over the first

sol dermask; a | ayer of electrically conductive traces and interconnected
bal | bondi ng pads overlying a portion of the second side of the support
substratd. | Obhe stmécomdti¢toddofice@fATlainl 02, whareinithe theomplly sondgcygplypalgyer

nol di ng conpound. onto .t he sem conduct.or device to at |east partially
encapsulpé?gg?st?ég@gﬁt{?éﬁe ?MPOWGﬁ’@poﬁé‘FWB‘B of Caim102, further conprising:

25.  The semiconductor device of Claim 11, wherein the thermally conductive plane layer and

the support substrate layer define an opening through which a metal wire connects the die to the

traces disposed on the second surface of the substrate.
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and attaching ball contacts onto the ball bonding pads in contact with the
conductive traces; attaching ball contacts onto the second side of the
support substrate in contact with the thermal via interconnects; MEl 741534
1 42 Attorney Docket M TI-31711-SG M CRON 00-0976 Inventors: Yee et al.
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xsni d ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] caU] ca] ca
z:"a] ca] g%caﬁa‘?ﬁgfca?@gﬁf%a] ]ca] ]ca] ]cal ] c]@\ 1I'abz)r ]4e ] Joal cal call cal cal
} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calca c ca .' CYv #1 d ca] calcalca]ca
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31. The semiconductor device of Claim 26, wherein the heat sink layer comprises copper.

32.  The semiconductor device of Claim 26, wherein the thickness of the support substrate is

less than about 150 um, and the thickness of the heat sink layer is at least about 30 pm.
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34. A semiconductor device, comprising:

a core substrate comprising a core metal layer interposed between a first and a second
metal plane layer, a dielectric layer interposed between the core metal layer and the two metal
layers, and thermally conductive via interconnects extending through the dielectric layers;

a semiconductor die disposed on the first metal plane layer; and

ball contacts disposed on the second metal plane layer;

wherein heat from the die passes through the first metal plane layer and the core metal

layer through the via interconnects to the second metal layer and into the ball contacts.

35. The semiconductor device of Claim 34, wherein the core metal layer has a thickness

greater than the first and a second metal layers.

36. The semiconductor device of Claim 34, wherein the ball contacts comprise thermally

conductive balls.

37.  The semiconductor device of Claim 34, wherein the second metal layer comprises

electrically conductive traces.
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109%&' () 1&er and a¥echbrdsigahbplade hQer, 4 A%kectnic lalBr ihfergd¥ed Batween the metal core layer
and the two signal plane layers, and thermally conductive via interconnects extending through
the substrate;
a semiconductor die disposed on the first signal plane layer; and
ball contacts disposed on the second signal plane layer;
wherein heat from the die passes through the first signal plane layer, the metal core layer,

the via interconnects, the second signal plane layer and into the ball contacts.

41. The semiconductor device of Claim 40, wherein the metal core layer has a thickness

greater than the first and a second signal plane layers.

42.  The semiconductor device of Claim 42, wherein the first and second signal plane layers

comprise electrically conductive traces.

43,  The semiconductor device of Claim 42, wherein the die comprises electrically conductive

balls disposed on the first signal plane layer in contact with the conductive traces.

44. The semiconductor device of Claim 42, further comprising a soldermask overlying the

conductive traces of the first signal plane layer.
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46. The semiconductor device of Claim 40, wherein the ball contacts comprise thermally

conductive balls.

47. The semiconductor device of Claim 40, wherein the ball contacts are in a ball grid array.
48.  The semiconductor device of Claim 40, wherein the ball contacts comprise solder balls.
49. The semiconductor device of Claim 40, wherein the ball contacts comprise a conductive

epoxy or conductor-filled epoxy.

50. The semiconductor device of Claim 40, wherein the metal core layer comprises copper.

51.  The semiconductor device of Claim 40, wherein the metal core layer comprises a metal
selected from the group consisting of copper, plated copper, aluminum, gold, gold plated metals,

nickel, or an alloy thereof.

52. The semiconductor device of Claim 40, wherein the metal core layer provides stiffness to

the semiconductor device.

53.  The semiconductor device of Claim 40, wherein the signal plane layers comprise a metal

selected from the group consisting of copper, aluminum, gold, and nickel.

54.  The semiconductor device of Claim 40, wherein the dielectric layer comprises stage B

epoxy resin laminate.
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10Rf gJin@rppsett ineigveen a first and a second signal plane layer, and a dielectric layer interposed

10510 AR 0L S0S8 UL N Qi MR- 1 00
thermally conductive material; and the signal plane layers comprising conductive traces; and the
second signal plane layer further comprising a plurality of ball bonding pads for attachment
thereto of ball contacts;

a semiconductor die mounted on the heat sink layer; and
a plurality of ball contacts mounted on the ball bonding pads;
wherein heat from the die passes through the heat sink layer through the via interconnects

through the traces and into the ball contacts.

57. The semiconductor device of Claim 56, wherein the heat sink layer comprises a plated

copper layer.

58.  The semiconductor device of Claim 56, wherein the heat sink layer comprises a copper
foil.
59. The semiconductor device of Claim 56, wherein the dielectric layers comprise a stage-B

epoxy resin composite.

60.  The semiconductor device of Claim 56, wherein the support substrate comprises a

pre-preg laminate.

61.  The semiconductor device of Claim 56, wherein the dielectric layers comprise polyimide.
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bismaleimide triazine resin, FR-4 laminate, or FR-5 laminate.

64.  The semiconductor device of Claim 56, further comprising a soldermask layer overlying

the heat sink layer, and the semiconductor die mounted onto the soldermask layer.

65. The semiconductor device of Claim 56, further comprising a soldermask layer overlying

the conductive traces.

66. A semiconductor device, comprising:

a substrate comprising a laminate of a metal core layer interposed between first and
second signal plane layers, with a dielectric layer interposed between the core layer and the
signal plane layers; and a plurality of thermally conductive via interconnects extending through
the substrate;

a semiconductor die disposed on the first signal plane layer; and

ball contacts disposed on ball bonding pads of the second signal plane layer;

wherein heat from the die passes through the first signal plane layer, the metal core

player, and the via interconnects into the ball contacts.
67.  The semiconductor device of Claim 66, wherein the metal core layer comprises copper.

68.  The semiconductor device of Claim 66, wherein the signal plane layers comprise

conductive traces.

69.  The semiconductor device of Claim 66, wherein the dielectric layers comprise a stage-B
epoXy resin composite.
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a semiconductor die mounted over the first soldermask;

a layer of electrically conductive traces overlying a portion of the second side of the
support substrate;

a second soldermask overlying the conductive traces;

a first array of a plurality of electrically conductive balls disposed through openings in
the soldermask overlying the conductive traces, the conductive balls in contact with the
conductive traces; and

a second array of a plurality of thermally conductive balls disposed on the second side of
the support substrate in contact with the thermal via interconnects;

wherein heat from the die passes through the thermally conductive plane layer through

the thermal via interconnects and into the thermally conductive balls.

71. A semiconductor die package, comprising an encapsulated semiconductor device, the
semiconductor device comprising:

a support substrate having a first side and a second side, with a thermally conductive
plane layer disposed on the first side of the support substrate, electrically conductive traces
disposed on the second side of the support substrate, and thermally conductive via interconnects
extending through the support substrate from the thermally conductive plane layer to the
conductive traces; ball contacts disposed on ball pads connected to the conductive traces; and a
semiconductor die overlying the thermally conductive plane layer;

wherein heat from the die passes through the thermally conductive plane layer through

the via interconnects through the traces and into the ball contacts.
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and thermally conductive via interconnects extending through the substrate; a semiconductor die
disposed on the first metal plane layer; and ball contacts disposed on the second metal plane
layer; wherein heat from the die passes through the first metal plane layer and the core metal

layer through the via interconnects to the second metal layer and into the ball contacts.

73. A semiconductor die package, comprising an encapsulated semiconductor device, the
semiconductor device comprising:

a support substrate having a first side and a second side; and a plurality of thermally
conductive via interconnects extending therethrough;

a thermally conductive plane layer overlying the first side of the support substrate;

a semiconductor die mounted over the first soldermask;

a layer of electrically conductive traces overlying at least a portion of the second side of
the support substrate;

a second soldermask overlying the conductive traces;

a first array of a plurality of electrically conductive contacts disposed through openings in
the soldermask overlying the conductive traces, the electrically conductive contacts in contact
with the conductive traces; and

a second array of a plurality of thermally conductive contacts disposed on the second side
of the support substrate in contact with the thermally conductive via interconnects;

wherein heat from the die passes through the thermally conductive plane layer through

the thermally conductive via interconnects and into the thermally conductive contacts.

74. A method of fabricating a semiconductor device comprising the steps of:
providing a support substrate having a first surface and a second surface, a thermally

conductive via interconnect extending therethrough, and a predetermined thickness;
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attachment thereto of ball contacts;
mounting a semiconductor die on the heat sink layer; and
mounting a plurality of ball contacts onto the ball bonding pads;
wherein heat from the die passes through the heat sink layer through the via interconnects

through the traces and into the ball contacts.

75. The method of Claim 74, further comprising forming the via interconnect by forming a
via hole through the support substrate, the via defining sidewalls of the support substrate, and

plating the sidewalls of the support substrate within the via with a thermally conductive material.

76.  The method of Claim 74, wherein the step of applying the heat sink layer comprises

plating a thermally conductive metal onto the support substrate.
77. The method of Claim 74, wherein the heat sink layer comprises a plated copper layer.

78. The method of Claim 74, wherein the heat sink layer comprises a copper foil, and the step

of applying the heat sink layer comprises adhering the copper foil to the support substrate.

79. The method of Claim 78, wherein the support substrate comprises a laminate comprising

a thermally conductive metal layer disposed between layers of a dielectric material.

80.  The method of Claim 74, wherein the thickness of the support substrate is less than

about 150 um and the thickness of the heat sink layer is at least about 30 pm.
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ball bonding pads for attachment thereto of ball contacts;
mounting a semiconductor die onto the heat sink layer of the support substrate; and
mounting a plurality of ball contacts onto the ball bonding pads;
wherein heat from the die passes through the heat sink layer through the via interconnects

through the traces and into the ball contacts.

85. The method of Claim 84, wherein the dielectric core layer comprises a stage-B epoxy

resin composite.

86. The method of Claim 84, wherein the dielectric core layer comprises a pre-preg laminate.
87.  The method of Claim 84, wherein the dielectric core layer comprises polyimide tape.
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94, The method of Claim 93, further comprising applying a molding compound onto the

semiconductor device to at least partially encapsulate the device.

95. The method of Claim 94, wherein the step of applying the molding compound comprises
positioning the semiconductor device within a molding chamber of a mold tooling, and flowing

the molding compound into the molding chamber and onto the semiconductor device.

96. The method of Claim 94, wherein the step of applying the molding compound is by a
glob top process.

97.  The method of Claim 94, wherein the step of applying the molding compound is by a

transfer molding process.

98.  The method of Claim 93, further comprising attaching ball contacts onto the ball bonding
pads.
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103. The method of Claim 102, further comprising applying a molding compound onto the

semiconductor device to at least partially encapsulate the device.

104. The method of Claim 102, further comprising:

attaching ball contacts onto the ball bonding pads in contact with the conductive traces;
and

attaching ball contacts onto the second side of the support substrate in contact with the

thermal via interconnects;
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wherein heat from the die passes through the thermally conductive plane layer through

the thermal via interconnects and into the thermally conductive balls.
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