CAVI TY CH P PACKAGE FIELD OF THE | NVENTI ON [ 0001] The
present invention relates generally to integrated
circuits (ICs) and, nore particularly, to IC

packagi ng. BACKGROU 0002] The
fabrication of |ICs |nv vegﬁ%hbvgorna F%n of features

on a substrate that onents, such

as transistors, resfﬁ%§$§ﬂpﬁﬂﬁég§§%$xl . The devices

are |nterconnected enabllnq the 1Cs to performthe
[000Hes Te prasewtinpmmsion Keles eensraltysto aptegmiggrcirenitedC)and, more

parallel on a wafer. After wafer processing is
partigdarhl, &t Kelpadkagingaf er is di ced, separating the I1Cs into

i ndi vidual chips. The individual chips are, for

exanpl e, assenblBACKGROVRCK@BTHE ROUBNTION. 1 shows a

conventional electronic chip package 100. The package

[0002'\,\]"1nCI qﬂ@?ab'i‘lc f?&?gﬁlgfs iRSdS R For\]négoﬁﬂflfeg@lrés% J‘édﬁsﬂ'zﬁg that make up

I ncl u es chip conductive on an
he conguct

CerU?tur agl‘??n Scféq,nSlg qr? geﬁiﬁrg ﬁ%f%gg%rﬁ éﬁ?@ngb%S arc 1nterconnected

g rred to s a flip chip.. The chip is_nounted on
enab@mﬁ eﬁ‘gampe(r mdbﬁé?%lredgmla% Iﬁi@ewsé%argﬁlﬁ@t%ﬁdén parallel on a

with the bunps contacting contact pads thereon. An

wafey ngifiert wafer m@messmg ipe@uplgted, theiwafé¢rigdichd ssparsengidbeWee mto individual
the chip and substrate. A |ower surface 114 of the

chipss Ubstindivelual chipsudeSopackade asenthleat invaepdokades 103 whi ch
forma ball grid array (BGA). Upper and | ower

[0003]0 ndped. i1\6BotE aCBRveRtiBndleRirdfe cﬁgb FRRARCIO0Y rhe Fi)ﬁ&fag@n&ludes a
l'ower surfaces and i nterconnecte vias 107 °in t

packféﬁ%&t?akal ldc A A lt(,aé}hggg }NF]FCthrlhgl %ﬁgﬂ“&%g&ﬂ% t%‘iﬁ’ﬁ%@ on an

€ packKage con UCtIV conaucti ve

aCth%lpPéﬁl'e ?OQ'PJ: cc-)rrI;]CF cp\r/eegenq%% Ifcg]rveﬁgltnl Peealprfow chPr%rUt g@%k&g% Such

I es enand I ncreas

type SRS EIENE it Tl Do el O ”equem' einEap moun (or uppen

FErrrerrrreerrrerrrrer el _IIIIIIIIII
surface 113 of the substrate, with the bumps contacting contact pads thereon. An underfill 161 is

provided, filling the space between the .chip and substrate. A lower surface 114 of the substrate
includes package conductive balls 103 which form a ball grid array (BGA). Upper and lower
conductive traces are provided on respective upper and lower surfaces and interconnected by
vias 107 in the substrate, facilitating electrical connections between the package conductive balls
and chip conductive bumps.

[0004] The present invention provides a package which satisfies demands of increased input-
output (I/O) densities and operating frequencies with enhanced thermal and electrical

performance.
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*159159* 111112111 (b 22333 e oreeer e ren
1111 *C, nnnnt SUMMARY OF THE | NVENTI ON [ 0005] The
present invention relates generally to packages for

I Cs. The package types of
I Cs, such as mm%‘?&‘gﬁ%% E]fég I@S@Nﬁﬁ%ne aspect of
the invention, the package conprises a carrier having
[000$]| r stThﬁlﬁ’635§’étd6h‘H“WﬁJf@1?te§ g?lfea%lb/sto PAckagps fo7 I8 Eh@)pw@,&e can be used
on the first major surface of the carrier. The cavity
for vammisuyiees od ICa \siclyadmeinory arlogiadevives Hnoontgert pitls invention, the
di sposed thereon and sidewalls surrounding the cavity
packfd dopiprised 4 asitier NeE firse MddsebSndinhide b@thced OALARity is provided on the
carrier, conductive bunps on an active surface of the
first ﬁleoP s@ffe R HRAArQerC Q'He%ﬁ{/lt)pf?igﬁd& QE&E{II@%OQBH‘F $u?fa99Mtﬁ Tontact pads
surface of the caV|ty eC|p|s attached
first urface of thec

dispos g HelsR ag?‘é‘*d%rvsé%gueraougﬁmg i SRR %eur%%% s atached
are .electrical coupl ed. to the contact pads 0006

to th fﬁraf—'roewélwagepéwps Fhen RoTVE ALHEE o HER ofe dn%Ieﬁ#L{ %@ct pads
of packaging an I C. The nethod conprises providing a

locatedypn therbotam swgfage ebiie cgvifovhitheghip 1 pitagheddg e first major surface of
surface thereof. A sem conductor die with an active

the cawief. aRakhge/camgpotard dospbsed dnumpesfitle matjoasirédet and dre electrically
first major surface of the carrier. Wen attached,

coupleld@o ERNIrEct yRIsbunps are mated to contact pads Iocated
on a bottom surface of the cavity and periphery of the

[0006Ct | Y& s Béraafése Jt $hé BRUAE Y rePldsa6h Si*}?ackg bé hETC. The method
9 s i) S kg uf

urface y an a heS|ve mat eri al .
Vlt |ncludes

th {1 ' t
comTREeBiskise 4 FEr kYR EbL A0 iBra G L gie Pl Sfghld Blreor A
are forned by at l|least partially concentric
Sem‘fﬁf@ﬂ?‘ﬁ@é‘e WiHERD #4tle Selﬁ?ﬁf hayingSoRe i vE BuRe 1aifarheg to the first major

the conductive bunps are mated to the contact pads on
surfagef thecawier. S{henatiachsl, thaeonductve Buppcare imajedei doataghpads located
chip is attached to a bottom surface of the second
on a botlom safaceyof thkhavide phd peaiphicheoStbe actdesubfacaisistgurelanttbehed to the
equal to or greater than the thickness of the chip

carridtBufBcCRUELSdhRsil O hatdifaf.ace of the chip to be at or

bel ow the first major surface.
[0007] In various aspects of the invention, the cavity includes first and second sub-cavities.
The sub-cavities, for example, are formed by at least partially concentric openings. When the
chip is mounted to the carrier, the conductive bumps are mated to the contact pads on the bottom
surface of the first sub-cavity while the chip is attached to a bottom surface of the second sub-
cavity. The depth of the second sub-cavity can be equal to or greater than the thickness of the
chip which causes a top surface of the chip to be at or below the first major surface.
Alternatively, the depth of the second sub-cavity can be less than the thickness of the chip which
causes the top surface of the chip to be above the first major surface of the carrier.

[0008] The package can further be adapted for multi-chip applications. In one embodiment,

a second chip is attached to the first major surface above the second sub-cavity. Other multi-
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Al ternatively, the depth of the second sub-cavity can
be | ess than the thickness of the chip which causes
the top surface of the chip to be above the first
r surface e carrier 0008 The acka
chip FpHSBIE 5625 GRSloT BATHRIF-e oh PR TSI S A BT opfy g surfaces
enbaodi nent,. a second chip is attached to the first
of th%&raﬁr Shilditieral sprgavitiencas de preyidashiosaaunt pdditiprad chipsiq the package.
2 chip arrangenments can include for exanple, one or
Multirohip peckaiges em rusedén BystdyotitPagkjage (S18) fprdisstionsf Alteenatively,
carrier. Additional sub-cavities can be provided to
multipleipick agbdichn be stacladdi fosPadckagdien-Package appliditibiy. -THe various packages
packages can be used in Systemi n-Package (SiP)

can FRRREA ﬁﬁ‘th'lg:l{‘ﬁequ%h&}eﬁﬂ]ﬁ‘ltchtY&Js)havﬂg |h§gh%1§ cDRRKBYLS AN fhf factor. In
st acked for Package-on-Package applications. The

add‘%’{%;, th%go%{:lpa%%ls( B%)Q/?de i rllo\l,%ﬁ tHéc'r%%l &g)r{dulgt'ngﬁl G;Ind q&?ﬁ% Performance

I'n counts a

[000§]ﬁgtr Fsecadllqdﬁdqql let%gs glﬁage é‘r @@h?’%&%&e@,%‘g I ae ngét epresent invention

[0009] These and ot her objects, along MAth advant ages
hereig qepclosed. nyil deesme Rppasens eraueh Fafeserdedn theietlewmng description and the
di scl osed, will beconme apparent through reference to
accompanyfiig dimvdim. dastbeinpire,ahisamte uhderstaod dapteyfeatgres of the various
drawi ngs. Furthernore, it is to be understood that the

embdd@RERLE @8sciibed Rereiadrt AUSmuRBNPehdiNeSandea6 ek RETh V¥eioeé Eombinations
are not nutually exclusive and can exist in various

andﬂ@gﬂﬁ&g dons and pernutations. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 00101 In the drawi ngs, |ike reference

characters ge
t hr oughout m ?‘E$§I§f‘5 @@?%@W&N@%W ngs
re not necessarll 0 SC enphasi s i nstead
[001®ene:i]%l }]e)fira\Bléllgﬁ,d lﬁlrgt[&éealca g’%ﬁ{aqt?rg.l%g?eir Y rederit 2]1(2 same parts throughout
principles of the invention. In the foll ow ng
the deféeg@rtuvgﬁ%o riMiso.the rsydngsAse BPtREALssAITY te Realg cEpAs instead generally
invention are described with reference to the
being platainipog illehtmnng ¢e, prineiphts aflihe in@edticn. Fn ghe follewogsdeacription,
conventional chip package; [00121 Figs. 2a-b show a

varioh epbpdialcagefitie presoi dastondrt dehide® Wixh defeBitice @f the iellowing
invention; [0013] Fig. 2c shows an alternative

mawﬁgggﬂkﬂﬁg& of the invention;

[0011] Fig. 1 shows a conventional chip package;

[0012]  Figs. 2a-b show a chip package in accordance with one embodiment of the invention;
[0013] Fig. 2c shows an alternative embodiment of the invention;

[0014] Figs. 3a-b show a chip package in accordance with another embodiment of the
invention;

[0015] Figs. 4-7 show various dual-stacked chip packages in accordance with various
embodiments of the invention;

[0016] Figs. 8-9 show various tri-stacked chip packages in accordance with various

embodiments of the invention;
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[0014] Figs. 3a-b show a chip package in accordance
W t h anot her enbodi nent of the invention; [0015]
Figs. 4-7 show various dual - stacked chip packages in
ccor, h var.i ou enbod t.he inventi.on;
[001‘?‘001 gstgg‘i"'s Y VaHay St Fay Sttarrl'ﬁ i?‘ae Wéﬂ‘aéﬁﬁ g accordance with
packages in accordance with various enbodi nents of
vmuwﬁémbwwgwpwdﬁf ginvegiop amd gs.  10- 11 show vari ous
dual -cavity stacked chip packages in accordance with
[0018]ar i digs. &2 O dhore vasows enbralimentenf themveation.[ 00181 Fi gs.
12- 15 show vari ous enbodi nents of the invention.
DETAI LED DESORIRTILEDI S GRAR TIONMENT TOE INVERTIONGS.
2a-b show cross-sectional-and top views of a chip

| [00192CKEYs 208 shOwREGERISEARME! antl b VQQ@ o?%ﬁgirﬂﬁ%ﬁﬁgeqootln%ccordance

i'nvention. The chip package includes a carrier

with §ﬁ'§ Frggcgcg&%gﬁé ﬁ% ?x&lfé’uonr%l'?ehch?;? tggc %n%ealrrllg ufd? ¥, ?arlrlgr or pacléasge substrate
a., rectangul ar shape orm shap ed

210 Vgt bglom F@ggranebﬁltr&e?% Lrand -1§p yalf H " gargier cqmerises a

maj or surfaces. The surface on which the contacts are
rectapgiar shapg t© forma retamgilas shapetiadlervise. Package cemnectparetdigposed on one of
surface. The package contacts can conpri se spherica
the nefjapedastsr bt wndsceam which she ntaatsgeclocated igy forcexpaptesraferred to as
to forma BGA. The balls, for exanple, conprise

the bs@b:d @.ﬁrfaeéarlrﬂétp%ckatgm@ﬁta@tfs cBPLEIRpSseGPpRetR H5ped sGltdtve@dr balls
| ead- based, non | ead-based alloys or conductive

arrang?% %{%gﬁd at‘éﬁé A% ﬁ@g Cﬁl'gtbaﬁg ot &aﬂ‘g)hago ugh% fd@eror\/anous

r types of contact’s are

type%c%%o%& gfn él%eOCI;- (}tz}? lsa E%%%,Q%EA%dl ?@;ﬁ%glé(?}fnsuogtcoﬁqctwe polymers.
le, the |IC can be a nenor devi ce such as
A”a‘b%}ﬁ%\nﬁ\eccoP‘é‘ﬁﬁd?rPﬁ’éE 8%‘@“%1‘&?6?‘9 ‘(“QFQKW tyRgs Qf sentecty %ﬁ&&"&“sefm
.access nmenory (SRAM and various types of non-volatile
[002Q}e o ssanipondugtor dig Prebipr Bbhiameainted pa-thppupsirateoriihe ship can be any
(PROM) and flash nenories, an optoel ectronic device,

type af 1 glfar edemplegthed Coamtbe laimcatldmyrded'ae s, asa dlingmi@tandom access

si gnal processor (DSP)
memory (DRAM), a static random access memory (SRAM) and various types of non-volatile
memories including programmable read-only memories (PROM) and flash memories, an
optoelectronic device, a logic device, a communication device, a digital signal processor (DSP),
a microcontroller, a system-on-chip, as well as other types of devices.
[0021] In one embodiment, the chip is in the form of a flip chip. A flip chip includes an
active surface 151 on which conduétive bumps 155 are formed. The conductive bumps, for
example, comprise solder bumps. Various types of solders, such as lead-based, non lead-based
alloys or conductive polymers, can be used to form the conductive bumps. Chip contact pads

(not shown) are disposed on the surface of the substrate. The contact pads are connected to the

package contacts by conductive traces. When the chip is mounted onto the carrier, the bumps



*”

a mcrocontroller, a systemon-chip, as well as other
types of devices. [00211 In one enbodi nent, the chip
is inthe formof a flip chip. Aflip chip includes an

actjve surface 151 on ich c uctive b S 5 are :

are R dS GG OB BTG iRy RGP hespapl LR sl PR melts during
sol der bunps. Various types of solders, such as

assemigly dfopaggd comlaﬁctloeaml\ts%f:@éhe pagisiang sorstuctive weps gkthe chip.
pol yners, can be used to formthe conductive bunps.

[0022}hi p Tosatue thepauis for (@asEmbdh oardusateehrdep ese tle emptdyed. For example,
surface of the substrate. The contact pads are

the cBiprtaR 6t ectukd iy taE@GsK&ng LB 8€ biscdMuePRARSS. | A€ underfill 261, such
traces. When the chip is nmounted onto the carrier, the

as epgmﬁn Be ﬁf&/ld@tlﬁ Qhé &v‘t % mPsula%’ la.ﬁi@{) o@&ﬂ}ﬁ: c%ﬂﬂu&ﬁfe bumps. The

prOV|ded on t he pads he sof der pas % nmelts durlng

underafSlF%j: ets){o re ucmhegm ﬁ%gsnl?eﬁ&vegnntflggtﬂxvzﬁ)se no contzpc‘ﬁil gagsh émprovmg

Ive secur

el iy’ a1y 3%5‘?1”%%? SR s PGt Geen B R pea Dt S

as adheS|ve or conductive tape. An underfill 261, such
complefelyeaggsing.tha bympsr byprieambadimer, bawndsrfifldillsithe pasiityatVearious
and protect the conductive bunps. The underfil
techrsqres esn bouseddo peoviideethrmhdetitlés shelvat i eihd tued elpfilifor enathple, can be
contact pads, inproving reliability. The underfil

needRitéPetscdt al bt eﬂgés| of tiEcHEP akEdR’hBBMRhd ffice BetwedR the chip and
t he carrler conpl etely encasing the bunps. In one

carr1§ Hﬁ aCtItOH%EH %QI%H 6 h‘.lrmf A% : BJ—E}{% boRY. ' g}/te?ﬁ{ﬁ{/él? l“hc'iolﬁable

ques can e use to prov de-the un

undeﬁ‘@l%ﬁnybeﬁ?@ ACSFecie shgertls 5%85%5 . BBt Rt 7005320

Ento t he space H%tmeen th CEI and carrier

whic asd?qf?lafvoamrﬁfs XS CERF P 20 PUBINF S C&%‘Fh‘ﬁﬁ‘é‘ﬂﬂu%éﬂﬂapplymg the
Alternatlvely nol dabl e wunderfill can be used.

undenj] eparileo heessfirli 1| is described in, for exanple, US
Pat ent No. 7,005,320, which is herein i ncor por at ed by

[0023]ef e%ecrwdiyﬂaf) isaﬂ)dov'pilad poslescan@trhén oheehbodjmest, tlar cavity is formed on
applying the underfill can also be useful. [0023] A

the nffotistipfac2@hich dPEPNItdBAkalpackepednfat8I103] Foffi@g the cavity on the same
enbodi nent, the cavity is forned on the najor surface

surfal‘)@éscthe SQ&égE‘ 96nt§&msadl§b RRAH. ag{ssu%ﬁ RAQCHR e c%t‘%t@ @an be disposed

he cavity on he sane surface as the a
on thg ALRe %urfacg st éf“l Sgsggtfhg lgzaw y. 1%%%'@ ex%%sgﬁnenp % cavkty%omprlses first and

contacts can
second sub-cavities 222a-b. The sub-cavities are concentric or partially concentric openings,
with the smaller (first sub-cavity) below the larger (second sub-cavity) opening. The openings
form a stepped sidewall profile which delineates the sub-cavities. Preferably, the sidewalls of
the sub-cavities are vertical or substantially vertical. The bottom of the first sub-cavity includes
chip contact pads while the top of the second sub-cavity is coplanar with the major carrier
surface.

[0024] The dimensions of the sub-cavities should be sufficient to accommodate the IC chip.

The cavity can be designed to accommodate a specific type of IC chip or various sized chips to
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on the carrier surface surrounding the cavity. In one
enbodi nent, the cavity conprises first and second
sub-cavities 222a-b. The sub-cavities are concentric

form%geﬁ%r{ig é%%l % CRY ri:;)%gk)rg{:l%ﬂ%g{) ﬁtzernrg?t’a é‘{,ex tlgté/gﬂgmay therédse the package
) sub-cayi%y) openi ng. The openi ngs forn1a step ) )
size. shheesauity. T GamIRie.\GRMPR ¢ Tepl@RgHar shaRe. s%neé%ﬂe»i,ﬁbee@.wty comprises a
Preferably, the sidewalls of the sub-cavities are
shape/eqrtéspending tosthe shapatof #ie ghiv e@thier shapesténn dbest beowsebil. t he
first sub-cavity includes chip contact pads while the
[0023]op @i ohidembatiment, shelflipaltiptiy disposedph dreadavity .t Thé benductive bumps on
maj or carrier surface. [0024] The di nmensions of the

the cﬁ Qr@ﬁy\atealt@%esmwcé 8B, sidf the pbreftery O BE CRPP AR Bed Rethe bottom of

chip. The caV|ty can be desi gned to acconnodate a

the s?c%?ﬁlsgﬁ-ga\yl qn %fne !eigbsg]ﬂrr% Pro ﬁ%%@k %'25 %‘flt p% rijpoare éttached to the

ric pac ages

flexibili k iz

botto&r:,i&)(:jﬁ< 41? secp‘ég s%g%pfy At&a& qg%ﬁgee 1pachI1 ag ajﬁ éﬁrpg,ror%;?gb(g)s of sides, or a
Generally, the cavity conprises a shape corres?ondln

combipationdherpefde alsp usefal chans or edisivedhdispased an the Bejtase of the second
useful. [0025] In one enbodinent, the flip chipis

sub-avep (esddribottomeucfas ¢fithe Thip comnctmgt the boterms tlersecaridesub-cavity) to
chip are mated to the contact pads, and the periphery

secur@fthd ¢ep.CiTh@surfacaicteaedde the bbiiem lbotHeaar@id sublvavise sk as a support
sub-cavity. In one enbodi ment, opposing ends 224 of

which B81dk |tl‘1d°clﬁ}|3‘ Sdeuftl§ 11?1515@§Jlﬁglgta@setnlﬂﬁ¥ PRIAR quﬁﬂ%ﬁ surface for securing

second sub-cavity. ‘Attaching the tlip chip to al

the cﬁgn%Vanqg%eggrlglfgcr}ﬁlaPes ag'segl%? ofovarl%us &f%gpop ﬁ 1pst Ii;%r g)?Jmple, flip

or a esive

of the sec avit and or bott . .
chipYh SHS ggiRag ﬁ?de s BE i %/ﬁ% BT iR Tc R chips with single
second sub-cavi secure the chip. The surf
rowsof Sumps By be W@"é‘{ﬁdt divrbernafe tydeanartici kold ﬂte;ﬁhﬂéwegely in place
as a support which holds the chip securely in place
duringassemplpgdeldiang relpbdity ¢ imprevedupport surface for
securing the chip advantageously facilitates assenbly
[0026)f VX gapE 6 exdses b&rfveén the cavitysidevwdll areixabifa| €he gdp ghould be sufficient
chips wth sol der bunps not configured for direct

to auw JreAIMRUW o t&%bltiﬁ_ﬁa kRS pUdL H&t&é&ﬁh@ chli)ChWa b@ftom of the
bunps, can be nounted urthernore, by being ab

cav1t80LF? d&a}%ld)(f ]IQ %ag)c? ?J)l}{ OI (Rlal% %Qﬂ 0 dﬁjéflr §NBufdy @gﬂmn){ensmns may also be

useful. The gap dimension may, for example, depend on the type of underfilling, such as
capillary or moldable underfilling. In one embodiment, the gap should be sufficient to
accommodate the different types of underfilling. As shown, gaps are provided on opposite sides
which do not contact the chip. The gaps, in one embodiment, are along the length of the sides of
the cavity. Other gap configurations are also useful. For example, the cavity may include a gap
on one side, gap or gaps on a portion of a side or sides of the cavity or other gap arrangements.
[0027] In one embodiment, the first sub-cavity has a depth which causes contact between the

conductive bumps of the chip to contact the pads at the bottom of the cavity as well as the lower
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[0026] A gap 226 exists between the cavity sidewal
and chip. The gap should be sufficient to allow
underfill to flowinto the cavity to fill the space
bet en t he ¢ a bott om of .t avi t r .
surfag 56 S e 5 prred tap Bt S-Goiey (5r0-oE00 otfbn ongsspaviv). As
gap di nensions may al so be useful. The gap di nension

for tb?a%??orfdo?“be%éﬂ’fbl its degdrandespleetad ta Ypraust toridseaten thamige thickness of

such as capillary or noldable underfilling. In one
the chipbontiaspgthe ¢Hip withp thhoavity. b&hs ofdralt depth It @f the cavity, in one
accommodate the different types of underfilling. As

emb&diDe, isgAnsl taloe ghgatey tld@dh®hei gtdshd ¢hip (ideladingth€ bordactive bumps).
not contact the chip. The gaps, in one enbodi nent, are

For &hRB, D ab&NIUb 1ok erQﬁxpSHe‘?@-ﬁ O@Eboutt heo Gavi ﬁrﬁwdgé‘f&cond sub-cavity

gap conflguratlons are al so useful. For exanple,

with %%\é%tttﬁeﬁpfa | e Ithng%egs AR al?g i ?I‘s?? ée%avaq%aﬁlg%e 9&%‘? sgrrf}ace of the

fon o or Si or O

enent s 'ﬂln(aeemadwmm the firs
chip G %&YF@?F YRRST %"EP&EP& EHFro SURLORLBHERCD T s hermal coupling
the conductive bunps of the chip to contact the pads
betwggen thp ghipdnd oter ekarnple, aheat sipk despagsd ongdhe syréace ofutlie @urier. The overall
surface of the chip and the top of the first
thickaexs-of ahe iagk4{gercah ativ anagebuslh e seimoetib s plovoking & yyvityAs which a chip is
for the second sub-cavity, its depth can be sel ected

bond%@ hadeiaualy, tige @ity lhl%@tf&ﬁlnta&@ Rtatkiggbhtigikgness of the
chip, encasing the chip wthin the cavity. The overal

[002§j]erJt M Qn@gm%l(gﬂl%?ﬁ'tﬁeycarﬂl tcgg?)rlsﬁ@lﬂ ftinﬁ?éred 'la%aﬁgtlé%hhg:tﬁte

or greater t e heig Including t
inclugwg l'ellgt Y %uPB{EP%\%gu a@%rg %Erzi gp?léasg gyge% 8%§QS 2N su%gtrate on
) vlt Wt h epth | ess than the thickness o
which ﬁ%ﬂ C%ﬁds‘%h%s‘gf’ aYPPIERER ey S ﬁ%mt?ﬁb%f:avgm f E;E%{’@&F and
t he chlp to be above the upper surface of the
supplegtentad Fayersis@n be bandegiipaethesrio fore thewcarries CRetagienads are disposed on the
coupling between the chip and, for exanple, a heat
base &yakindhs pmée'deginntfmeelwﬁédceummgthdl tharchiperContlnetive traces fan out

overall thickness of the package can advant ageously
fromhRe E@EALE BEdSBNdRIFOVdUPIdItoahE packhge dontadhy. OWhén GipAcltage contacts and

bonded. Additionally, the cavity also facilitates

contat BEdS @1 Rhted Bh B%poilgggfﬂlcek Nyi2H8D @é’géeﬁ‘%‘ ?omt&@ctrlcal connections

carrier conprlses ayere | 'am nat e substrat

betwsﬁ; tlhgg%rgaqi g ;“Zﬁe vigs \r/nea %Else?egﬁgct& L£0 cou :c{ f)bntﬁe Bag rallge Zél]'rﬁacts directly or
indir?%ié' t g€§ e%gr?fg %\J,ém‘glé logll;ll%: %tt%umpglrteace 0 t%e clararllsé(rer Afs%[c{r? mask
comprising an insulating material can be provided on the carrier surfaces, covering the electrical
traces and openings corresponding to the package contacts and contact pads. The conductive
traces, vias and solder masks can be formed using various conventional techniques, for example,
photolithography, etching, plating, and mechanical or laser drilling.

[0029] The supplemental layer, in one embodiment, comprises a plurality of layers. For

example, the supplemental layer comprises first and second layers 214a-b forming first and

second sub-cavities. Electrical traces can be disposed on, for example, top surfaces of one or

7



-

suppl enental | ayers can be bonded together to formthe

carrier. Contact pads are disposed on the base |ayer

in the cavity region for electrical coupling with the

chi,p. nductjve traces fan out fromthe contact
botn Gh e spaPleaiblers, EimonaRiegiicabioat pe e/

package contacts and contact pads are Iocated on

also b‘fﬁﬁl&s. reviding rlesical aces op tressupplemgaadlayersringraases the amount of

el ectrical connections between the surfaces. The vias
surfapmgreb dorgtases withautl iycreasing thd fomprimtef plrcheaagec divrtietrsore, the base and

directly or indirectly through electrical traces on

supplefienti0ldyers cablidaed @iltipleelagas b Qib-lafers,obitlesr WREHut electrical traces on
conprising an insulating materi'al can be provi ded on

its surfa€esC AAH] a@ént%t’erctr@ﬁi%stracgsoat@ idolfled War?tn@&ltaﬁﬁﬂaa er. tftféce@csctromc traces

and openlngs correspondi ng to the package tontacts and

on thg %ntte%&ttt l%aebs (C}r-ggl? leg}/%psg %g& t)e 1nter(t:(§n%%cet§d ad %c?s?rgg ggmg %llmg, buried or

otISf surfaces is

vari ous conve n
chni for exanple, photolithography, etching,
ﬂ“mﬁﬁawpﬁ§9aﬁnd mechani cal or laser drilling. [0029] The

suppl emental |ayer, in one enbodiment, conprises a
(0030 ur &n atqih@fentwgngnt the caviefitht earrieheandemspddechwith continuous
| ayer conprises first and second | ayers 214a-b form ng
sidewallss tThasnzin bs echiededsby) foraoxiatmipées pravlidiog a icaraler by desesbaddut without the
be di sposed on, for exanple, top surfaces of one or 7

secomPéuppRinchhe 13%/@9@1@75\!0’\‘1@:‘1 athRYE, $he EInFROSIeNEINGIsQEE Matedlto the base of
traces on thé bottomor on both surfaces is also

the ch‘xﬁgf \%rle fRk Q}ﬂqu Q&u?él? Glidnedto &1%?1’9&?&‘ s‘?lpfal:g]gf% the carr L as shown in Fig.
suppl ement al "l ayers increases the anmount o surf
area for traces w thout increasing the footprint of
" the package. Furthernore, the base and suppl enental

[ multiple layers or sub-layers, with
003 i 6 <o alsPrie ot e B Giervp Qe aeblines. 16 cRample, the
Adj acent el ectronic traces are isolated by a _ _
chip pa{sten atacheyl ysageponveniiona] wire bending tachrigye. %hplt:ﬂé', wire bonding
different |ayers (or sub-layers) can be interconnected
includes mewntmgdheishipgnishe carietusingsah athesivhootaph Bomdbpads located on an
207a-c. [0030] In another enbodi nent, the cavity of

2c

uppet Agfa2aor tierchiffdte RBupledW dRehcnpid’ QR tdHieUsy wires. In one

sidewalI's. This can be achi eved by, for exanple,

embd?ﬁﬂ&'ltdth@g:h% is %ftﬁch%ﬂ t@ﬁle%&%f' tH@ Ar Y- M\M‘ l@o tR€ pads are located on
second suppl enental | ayer Vhen attached, the

the bg V\%e q lt'l%:i %\égncﬁyu@g’avﬂr e Irmeecgs ere gc%?'r?er? gs Iﬁggt 18§luc\fe 4 ¥econd sub-

ecurel’y a \ QY

face of he carrier, as_sho in Fig
cavnty, t e contact pa&s would be on the surface of the carrier. eres connect the bond pads on

the chip to contact pads on the carrier. By providing contact pads on the base of the second sub-
cavity, the size of the first sub-cavity can be reduced. This enables the over-all package size to
be decreased. Alternatively, contact pads can be provided on the base of the first sub-cavity or
on base of both sub-cavities to which the chip is wire bonded.

[0032] Figs. 3a-b show cross-sectional and top views of a chip package 300 in accordance
with another embodiment of the invention. The package contains common or similar elements to

those contained in package 200 of Figs. 2a-b. Whenever common or similar elements are

8



2c. [0031] The chip can also be attached to the
carrier using other techniques. For exanple, the chip
can be attached using conventional w re bondi ng

technique.. Typi cally, wire.bgndin i ncl ydes nount j
contaifieh 1B apioud RioRcimenty degieg M dbears degnatebith the same
Bond pads | ocated on an upper surface of the chip are
refergnsg puaper. (Cemmoa e oBee thpw haverheer dessyibad, meay, nqtpecessarily be
one enbodinment, the chip is attached to the base of
desctitted dghingir desdyibedvn tistail. Cont act pads are | ocated on the
base of the second sub-cavity. In the case where the

[0033]ar r Tae pclege Mludes @lcuaRr al(Sﬁél\Qﬂ%j fisstBnd Se2vhd YhajdrR@rfaces 111 and
contact pads would be on the surface of the carrier.

112, WakRsbeCBRRERT 08 AR HOVRRBADNODS theRErfEds B 1R GATAA cavity 320 is
pads on the carrier. By providing contact pads on the
f co syh- Vi t ' first .
formgE B 08 e TR e oL A gPUGEs RS, Ao the cavity
. ackage size to be decrease Al ternatively, contact
s PO M SR OTTE e B BACHRES ey i aCCoradice with one
sub-cavity or on base of both sub-cavities to which _
embadiaerthihg CREitrapifsh denupaBsidgwatlsdEom tie thp i bottom of the cavity.
cross-sectional and top views of a chip package 300 in
Prefeaatdprtbacmdty sidemallanct veeticab ombodistantidl lyofertided. | nvent i on.
The package contains conmon or simlar elenments to
[0034]hOS @'he @arridt Baflcdnprie GkAGE- 180 Planfth4ls subd@rale. inMIGRE bede and
common or simlar elements are 8 contained in the
| s . . .
supp%ﬂ{ehfﬁy Elly@ qutaﬂﬁ?tl 5 GRS B&%?%g:é REVE fa s&g@%ﬁt@éﬁ rvr\]/%cnh the chip is

esi gnate he sane rence nu

| t onge they have been descripe may not -
s SRR e g P B SR AT G e B sfppemental ayers can
detail. [003 The package includes a carrier 310
be baaded W§eﬂLfaf%£fﬁdh%%BWd {537¢ Y\ raupRlemeqtabigyers £ include

Package contacts 103 are provided on one of the _

multiplg lpyers withrelecronicdracpeen ong erdipth urfpes. j Gontae pagyiarg disposed on the
the sane surface or on different surface as the

base pryekimghe contyaegion féselsdudwah couflimgomth thy chips Gowdpetibearaces fan out
the maj or surface opposite that of the package

from GRNEAEAcS padsfoREAPliAARGE the bickaBecorRaBeOsl, TBéxanipe blind, through or
cavity conprises continuous sidewalls fromthe top to

burielREas@ebL@m of the cavity. Preferably, the cavity
sidewal I's are vertical or substantially vertical.

[0035] In one embodiment, a flip chip 150 is placed in the cavity. The conductive bumps
155 of the flip chip are connected tc; the contact pads. To secure the chip in place, adhesive
bumps and/or conductive tape can be used. The chip can also be secured in place using various
other techniques. Preferably, the depth D of the cavity should be equal to or greater than the
height of the chip (including the conductive bumps), encasing the chip therein. Other values of
D may also be useful. The chip can also be attached to the carrier using other techniques, such
as wire bonding.

[0036] A gap is provided to enable the underfill to flow into the cavity and fill the space

between the chip and carrier. The gap, for example, surrounds the chip. Other gap

9
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[0034] The carrier can conprise a nmulti-|ayered
| am nate substrate including base and suppl enent al
Iayers 211 and 214. The base |ayer serves as a

substrate on . att ched
a”a“§ﬁIBB’i“é>rFé‘ﬁ*E a P%@?‘Q S%Or“ﬁé ﬁ‘é"' hip: ¥ §2 S%H%ef\étslleypé‘i?@% a gap of about
|emental |ayers can be bonded. together to form
0. 00% %Q fochgs is spicsatie Aoy leﬂdegfum fdhitteap betwrep hegdyp and carrier.
include nmultiple layers with electronic traces on one
The endetfg pregaralilnddls theGmvitacprofsating te eonduspvs bumpsnag Well as providing
base layer in the cavity region for electrica
suppe gt théighipi t h the chip. Conductive traces fan out
fromthe contact pads for coupling with the package

[0037;]o nt Jek %h%acf(%s %m}cﬁnc@kitﬂ the 1hb‘ér9i‘é>ﬂt&aﬁ’ be e?t‘éﬁdi&idto or modified
vias 207a-c In one enbodi nent, a flip chip 150

for nﬁu%@%gg %JQIOBE‘.GF &ae\Qa le I@i‘f)f ﬁéék\é R%EP 8fdea%é$th%t' Stacking of

are connect e e con act
t he ch ace, adhesi.ve

chipGERise1 Perepargaiecti 1B GLa A Copi eI Lt A1t pe package footprnt

secured in place using various other technlqﬁ : o
Otheppypeeplampli-chip appligtipnysapfalsorhs apalisable. dfisti4d! behosygmalti-chip

to or greater than the height of the chip (including
applitdtensonduct i ve bunps), encasing the chip therein

Other values of D may al so be useful. The chip can
[0038] SO Fig. a7t shehethat-ehipAGplkakibhein A¢6drdSn@IWAGH the invention. Referring to

techni ques, such as wre bonding. [0036] A gap is

Fig. & Oc}hh;siﬁét gge Whﬁh%@ud@%{; fahly Isec,toﬂd hff)\évlfi@tagc}] ?j&? The package

cavi ty an € space et ween

inclu rar Icaerrrler 21@ wiFsh av1f¥e2{t‘)?< Swt)é gsrfé%? rhd(g} z? major su&ace 112. Opposite

arra

.surrou t he , are also u
majof SisTag gikb%fmv@e 0Pt TR PR De LRty ik Fatiy and package
all ow underfill to fill the gap between the chip and
contactyGapde on the,gamemajor surfacgy éﬁhé capivcomnrises firsbardsacpyd sub-cavities
protecting the conductive bunps as well as providing
formedipy oortcefipic or ipertiehly gonded0B7jpetdings.c hgpfipachkiagesonnted to the carrier in
accordance with the invention can be extended to or

a similaglinhhed as thip I90|dfipackaigp 26p phdvaaini FAgS 2afbo rTHXcadrefor example,
chi ps can be stacked on top of each other. Stacking of

om0 A 4l 839 81 0Ly Sy 21
214. In one embodiment, the supplemental layer includes a plurality of layers 2l4a-b, forming
respective first and second sub-cavities. One or more of the base and supplemental layers can
include multiple sub-layers.

[0039] In one embodiment, a second flip chip 460 is disposed over the cavity. Conductive
bumps 465 of the second chip are bonded to conductive pads on the surface of the carrier. The
second flip chip can be secured in place using, for example, adhesive conductive bumps and/or
conductive tape. An underfill 462 is injected into the space between the chip and carrier

(including the cavity). The underfill at least completely encases the solder bumps. Preferably,

the underfill at least encases the solder bumps and a portion of the chip. To connect the chips to
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O her types of multi-chip applications can al so be
applicable. Figs. 4-11 show nulti-chip applications.
[0038] Figs. 4-7 show dual -chip applications in
accordance with the invention ferri 0
the PRTHAEE BSITRIY ORISR FETES B PEEY %%&owﬁa%gat%ﬁ%cmfaﬁe layers of
150 and 460Q0. The package includes a carrier 210 wit
the cgrrighFoRdustive trages oadls differeqt sufacaticarpeonagded énrfpra@@mple blind,
112. Opposite mmjor surface 211 is provided with
throughok bgeetans.act s 103. Alternatively, the cavity and
package contacts can be on the sane major surface.
[0040]he EayisStsho®e aRGtheeEnddimentafid dagiceHipl psikage 800.t Aeshown, the chip
formed by concentric or partially concentric openings.
packdgtenfiufi&ta &Ultplayé 1&&%{5&@&&1& 3106624 EaBty 920 foﬁn&i feledh. The

manner as ch |p of package 200 shown |n Figs. 2a-b.

cav1t%[ fo?r% d 61? stu?i)é?%rp {f’Wthﬁ S%Lge)épo%‘f‘e mi o';néurtféce 1D i ﬁ} %qckage

anlna SRS I'nc ase suppl enen

11 and 14. | n one e
Comfgf%lg% rér?f%aﬂvrs&y PNEY Ee §HBF Pﬁwrt@fmfﬂ af¥yrigce as the package
214a-b, formng respective first and second
contast - Thewavityeompyiees sub-gavitesofIn one emhediment] tha gayity sempeses first,
| ayers can include nmultiple sub-layers. [0039] In one
secorglyhndl thelrsub-caveies.oRobvidinga cawity wiiothsr airsixrs efisubveavities is also
the cavity. Conductive bunps 465 of the second chip

usefidl BobORdRk, kg SONchRIes é8n PAfFmea bl QSn&Hfrfc%‘rQJaﬂfalltyh:%ncentrlc
carrier. The second flip chip can be secured in place

openﬂ%kgﬁ' %Qc{ with 3Pl %ﬁ:s ﬁﬁl' \él? Iﬁgg}gUthe.\@V@gMde%% 19% to the smallest

ve tape. 'S |nj ted 1nt
t
o R, DR il P R Ol Gl s gt e
so] der bunps. Preferably, the underfill at | east

sub-caxllisses the sol der bunps and a portion of the chip. To
connect the chips to 10 the package contacts,

(004 Hondyeplngedity phetdrs aramayategrip thedraditpnlroes en baglément, a plurality of flip
surfaces of the layers of the carrier. Conductive

chips araowsinted in He aivity.e Assbowsnthacoasty dariudes fostrand seeohdiflip chips 150
for exanple, blind, through or buried vias. [0040]

and 4609 The fe§tqUp cRipas RunRahe tHergatity SitniRrlg4akhat BF Padkagk2@eshown in
500. As shown, the chip package includes a

Figs. r@él g Fdr@(%gieameréﬁhﬁucﬁ% bl &51d HRns LR 1R FRVHITERRR connected to

forned ther

contact pads located on the base of the first sub-cavity while the chip is secured by tape or
adhesive to the base of the second sub-cavity. An underfill 261 fills at least the space between
the chip and the bottom of the cavity. In one embodiment, the underfill fills the first and second
sub-cavities. The solder bumps of the second flip chip are connected to the contact pads located
on the base of the third sub-cavity, with the chip securely attached to the surface of the carrier.
An underfill 462 fills the third sub-cavity. The underfill can overfill the third sub-cavity,
covering the edgé or top of the second chip. Gaps are provided in the sub-cavities to enable the

underfill to penetrate and encapsulate the conductive bumps of the chips.

11



cavity is fornmed on a major surface 112 which is
opposite major surface 111 with package contacts 1083.
Al ternatively, the cavity can be fornmed on the sane
[004@BJ Oy éur | %(r: as t h“?e g?%gntf)ﬁlg%s naemofr?i’b 83?8% rgeiml?lfnﬁ éu% é?ﬁltet with base and
npri ses flrst e nd third sub-cavities
Suppﬁm?maa farxarsazléa\?ﬁ@ﬁ cfgﬁ SYt rﬁ{]ﬂ%f §’Céb>'f deg awﬁltrak»ﬁytqf dayers 214a-c,
is also wuseful. For exanple, the sub-cavities can be
formngrfirstal seppnd end thitdrsub-cavitigar Theabdsy asd/aceupplaneental layers can include
openi ngs, arranged with the | argest opening at the top
multiple lapers edathi drywidoat electr@asiragsba ohber borhlshifades. @ontingive traces on
bottom of the cavity. The openings forma stepped

the d&f&@%@i}ier@&dﬁmd @niktit&d b €bd dXxaRHRS blAE thidUBh 6AMIAddOgas 207a-d.
[0041] A plurallty of ChIpS are mounted in the cavity.

[0043?£untr}\gs dd?: Hnﬁj’l@tbu@s Bkﬁlgeaclhh)tslé:é)ﬂ(%r{glieh kb alfé?hﬁﬁ/e%".lﬁ-&%\éltles, such as

e cav cavit I nc

fir ec hi ps 150 and, 460. The first

the ﬂﬁt-aa Cﬂsw%- il bﬁ??}omﬂag AR goeful tlf'?atexample the

package 200 shown in Fi 2a-b. For exanple, th

first @Bh a%n:ber creagrd ig dhejlst emﬁ?gltwﬁtwwerfﬁqer%fttm FaNEIAl 19 qr@elow the
connected to contact pads |ocated on the base of the

surfat¢ pEthe serbelcthe first swiricinaty) reemdhr tp thescadiguration oy package 300 of Figs. 3a-
adhesive to the base of the second sub-cavity. An

b. Awfigtehd sdcbn@CHipf the kesnduictivebsihps 465 Spaeohdédwaidntdchgads on the base
chip and the bottomof the cavity. In one enbodi nent,

of thé BfrdWRERAY ity Lvhflb ltﬂesch‘i;h% sbéurslly a8Bched 86 2najor surface 112.. The second

sub-cavities. The solder bunps of the second flip chip

chip @{ %I%og{ﬁ&ﬁdgg ge%%gecf&ﬂhﬁctﬁ%get%ﬁﬁd Ll.ﬂ)c%tvgt twRﬁPtntfa%' aQ%?oethe use of
at hed. to.t he urf e carrl derf

the Wb RPREN LY RB Fya - BEIA T PR PI A the surface of the
overf|II the th|rd sub cavity coyering the edge or

carrigro prefraplye theerdimis cghplgo 0@5@@%%5%?&99 PHEY Friarhe
sub-cavities to enable the wunderfill to penetrate and

[0044n c a e (6eshews yet anoHtueltérnativeiempmdonertioé acluplpehip package 600. The
[0042] The carrier, for exanple, conprises a

packagdl ihtlutayetaeded G0 wiigh £ cautysi0atTthe \vhtity BdsEneingh a major surface 112.
suppl enental layers 211 and 214. The suppl enent al

An oFﬁdéﬂE a6 sae@se 81 Pdthakbarti¥r REludaYSickagtldtdets 1030 rAﬂeﬁ‘ﬁhtlvely, the
I rst, second and third sub-cavities. The base and

cav1t2 HR@J}?%@%% r}tél(ﬁ‘%’ ?%lfﬁec Pg g%ééj glﬁjos% fgéeplﬁ}e CQWE% fﬁ s\ﬁdn lﬂ to cavity
520 1O%ng lécexc ttfl ! altc 1nc1uges an additional fourth sub-cavity. The additional sub-cavity
can be formed by including an additional supplemental layer 214d in the supplemental layer
stack 214.

[0045] First and second flip chips 150 and 460 are mounted in the sub-cavities. The
conductive bumps of the first flip chip are connected to the contact pads on the bottom of the
first sub-cavity with the chip securely held in place with adhesive or tape on the base of the

second cavity. The conductive bumps of the second flip chip are connected to the contact pads

on the base of the third sub-cavity with the chip securely held in place with adhesive or tape on
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the different |ayers can be connected by, for exanple,
blind, through or buried vias 207a-d. [0043] As
described, the bunmps of the chips are bonded to
al t erna sub- cavi .such as st and t
the bRl BTGB ORI St erned PRoff Bpboth Sitfaces of
useful . For exanple, the flrst Chlp can be encased in
one, safae o1 lkef the Barsigt lay§rs feiongentng dke s ehe Rprkaguggntacss. Blind,
or below the surface of the top of the first
buried wb tloawght yips 2@7ard tarbet povided womfergunedtitonesodn didiekang&yers.
-~ 300 of Figs. 3a- b. As for the second chip, the
[0046j0ndugiathiag bhegisp 4béctiyan thesubfatelettht Quls-omtiBtdecpalshodds it in place
the base of the third sub-cavity while the chip is
durm%ea@%ly 1%‘“&5@916‘(9&1&%115@11@r TR hERREoAhE fou-mlesu%‘f‘c"“‘a‘?fﬁ;j should be

|p can afso be’ bonded and éncased Mﬁthln the second

equalst% ﬁe\éﬁ ¥ha E ?}Hc ¥ (?thR h%h%se%a hel'&gvﬁ 6910356 the second
Ty g e Sagnldd

aVI ace O secon

. or ab ve t he surface of t rrier
flip ¢ rpe?ﬁgpaarrgg @Hggévﬂ? BAYIY haying 2 hedghy v qB%h aafaSﬁ%anstB? fhigkness of the
of the carrier. [0044] Fig. 6 shows yet another
chip ilalsorysafilve enbodi ment of a dual -chi p package 600. The
package includes a carrier 610 with a cavity 620. The
[004Tavi Fyg.i7sshbws aedalechip padkjage 76Umfaacerddd@. withAmavigresibtiodiment of the
maj or surface 111 of the carrier includes package

inverf Rt dht padiBe iyl ides BRLVIVESI0 fokhed of avdjor saPflcd BEKTEcarrier 310.
contacts can be on the sane major surface. The cavity

Packa%ccl%u E}'esalrmta(?e 1%\(/5&&1 é)lnl‘:b%goél{é xh: éfa@%(‘f?pt I%(nﬂér én‘ibodlments the

an ad ition -cavilt

y in
cav1t5 8]&(? Pacg(ﬁ%? COI‘HE?)CFS? Cearliletﬁ?yogll t%ft g%? mﬁ_hf)zl‘_ aUI]‘q‘?.]CG ﬁ[‘ éle Caﬁlﬁr (é(ﬁgmng continuous
tack 214, [004 First an fI|

sdens b e 0P bt B ROURD &4 Vit i "G RSP Gl O substantially
conductive bunps of the first flip chip are connected

vertigad AHEsibinichin 1 Waaplased ke sarityomdspnpgséed tpicpstact pads on the carrier.
sub-cavity with the chip securely held in place with

The deghiebiof ¢heoravity pegeatet then basgrabfo thbbeigbeafchel claigun the. cavity.
The conductive bunps of the second flip chip are

[0048jonnecieednd Aipt dhep S6MisaohndedSo tifpdcRezdrnge tefcal it The conductive
third sub-cavity with the chip securely held in place

bump¥ df 'ﬂh@ﬂﬁb%'l}y Sre Qﬁat&iiﬁ)ecogfact"saoéa?&i Hage sﬁ’[ffactehﬁ’ thOHHi& around the

sub-cavity. Conductive traces can be formed on one or
s -of I Iri
perlpﬁgrgfg)rfz e; éa@ﬁgogﬁ 10 t?,%ghet' ggﬁ%?rl]aﬁlﬁl 3 ch l? dé:}tgg %i?a S 1njgcted into the space

cont act s.
between ile second CLlp and the carrier (including the cavity). Conductive traces can be formed

on surface(s) of the various layers and interconnected by vias to provide electrical connection
between the chips and the package contacts.

[0049] Tri-chip packages in accordance with various embodiments of the invention are
shown in Figs. 8-9. Referring to Fig. 8, a package 800 includes carrier 210. The carrier includes
a cavity 220 with first and secon.d sub-cavities formed on a surface 112. As shown, the cavity is
formed on an opposite surface 111 with package contacts 103. Forming the cavity on the same

surface as the package contacts is also useful. First and second chips 150 and 460 are attached to
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buried or through vias 207a-e can be provided to
i nterconnect traces on different |ayers. [0046]
Attaching the chip directly to the surface of the
sub- ity urely ds,it. in

the 8% SR o/ et g aiarRuRIedaR ety Shfsapiay gag encased
of the fourth sub-cavity should be ual to or

therey}, sigigr 1@ HigipopHguration R%@@&a&?ﬁqowé Figs: ga -brifihg segpagichip is bonded to
the cavity to encase the second flip chip. Providing

and eacsed mithirs ths-seeidtsybiravitng Far éraingii¢, cahdusitive buinps 46§ hmrbonded to
the thickness of the chip is also useful. [0047] Fig.

contalt pAtdWwa the Basalofehy RcparddgavitdOUnderfitls Q6 ant 6 Mbrelprovided for the
anot her enbodi nent of the invention. The package

first AHCdebiSIRBC lﬁ'% \ﬁr@)ﬂéct?tggcérﬁl'hgﬁ% B ATBEAN a3 ERE %s a%gp&‘}t for the

a carrier Package contacts 103 are provid

Chﬂm'RQﬁfbkfﬁéF“ﬁ%}aﬁ%ﬁﬁiﬁe 111. In other enbodlnEnts,_the

ckage ntacts can be on the sane nmgjor

i Ils
IO AR Wt R R P T N —

preferably are vertical or substantially vertical. A
as chip 460} infhjig. Fﬂ Cﬁﬂrﬁxg@gleb gheghlgd;@hjp isdisppsed g\/,qrttg)e eaydLy, with conductive
connected to contact pads on the carrier. The depth D
bumjmsf 8§ ASHended/iot opnidsctiyegateon theanrface cfqhatartier. t e thed ghip can be
of the chip in the cavity. [0048] A second flip chip

securdBh placE MINE Tbeskahipld, ABhRACKBEEU@NE buipe af@¥t Edhdudih tape. An
conductive bunps of the flip chip are mated to

unde?ﬂ P8EC S leﬂ@@irﬁg %@Eﬁé&hﬁ%@?&%{/ﬁﬁ&} gfﬁ dhl L Hfid S oar ound

perlp ery 0 \ rotect the ‘sol der
unp is 1njecte

(00, s Al B ey Bt HE S SRy e ?a(’ﬁ“H%ﬁe SBFGs wih base and
cavi t uct i es can be forne

SuPPijfep ﬁﬂegsoozﬂ? prie! Tabi D08 VP AP T °é?’68ﬁ’ﬁé¥i¥f‘e@rsb§“d second
vias to provide electrical connection between the

sub- cgmt*gg 9 aoqlrr?@t ﬁlg@km‘j do thepaskags copt@g,qag]onql'pth(@maﬁes can be provided on
packages in accordance with various enbodi nents of the

one drpethuriapesarfehe biyonarof the darmys. Bding, thRefgbror bnged wiafamg.used to connect

8, a package 800 includes carrier 210. The carrier

condudtbleuhess orothe avfiféryntA2favdstad dediredt and second
sub-cavities fornmed on a surface 112. As shown, the

[00582Vi 1% shdwniRFE Y, SRR uPRRPHabBagt Wb 3cGudel b C‘Mﬁé? 510 on which
package contacts 103. Formng the cavity on the sane

o 38 T B IR P R T Py s
with first, second and third sub-cavities formed on a surface 112. Package contacts 103 are
formed on a surface 111. As such, the cavity and package contacts are disposed on opposite
surfaces. The cavity and package contacts can alternatively be formed on the same surface.
First and second chips 150 and 460 are attached to the carrier in a similar manner as those of
package 800 in Fig. 8. The third chip is bonded to and encased within the third sub-cavity, like
the first and second chips in their respective sub-cavities. Underfills 261, 462 and 863 are

provided for the chips to protect the conductive bumps as well as to support the chips in the

package after assembly.



the carrier. In one enbodinent, the first chip'is
mounted in the first sub-cavity and encased therein,
simlar to the configuration of package 300 of Figs.

a-b. Th eco chip i§ bonded. to an ased
10053 re A B 165 ‘ﬁ'ﬁ(ﬂ“éa&‘? subgiralg ¢anps Bsede LR SISt n%Ee substrate
465 are bonded to contact pads on the base of the
includeciohate 31 b A6k sARRIem NI dFYers 7 KaoapressEPRABTE ar1Be BHoSViiSS.
for the first and second chips to protect the
Conduondicidey ealbberpvaksdwaldne @s both ssdnaes ofishedaparppdihie choier to connect
the <chips in the package after assenbly. [0050] In

the cRIpE tEMHL PAEkERB tontacts hBlidd ahtad gl 6Pbilirfed RENUre ds@MfoQohft conductive
carrier in a simlar manner as chip 460 in Fig. 4.

traceg:gﬁ tlﬁ%ﬁﬁpﬂeﬁ utrﬂ% ﬂ'(feglr@' Y is di SpOSEd over the
cavit con uctlve bunps 875 bonded to
S on .surface .of th carr.i

[005{];’?? yg- (rlj gﬂo% gaw e p B%Clﬁaﬁesplfl gg%orﬁ Cﬁ Y hfotper emebodlments of the

adhesj ve cond ctlve s and/ gr conductjv
mvert%ﬁe eZWm& Ffblé‘rgf f@ |12 pessagest O ﬁpé{%&aﬂm% 19 pathcaxities 820 and 825
between the chip and the carrier 210. [0051] The
formedipn ppposite surfaceakp] end thpackess conipgistare figpesed@n surface 111. As
| am nate substrate with base and supplenental |ayers
showz] theaaditigd danprise ldoatisuque Iskiveallafromaye tsbdtwnm Preferably, the sidewalls
respective first and second sub-cavities. To connect

are VEI‘ﬂi%alCJ}'sﬁﬁstﬁrﬁla'llbQeﬁﬁ:ﬁkaﬂﬁz diRRhahsSof tH@Ms'sﬁ@ulHrb@%ﬁﬁiment to
can be provid on one or both surfaces of the |ayers

sccoffineld E1C Hﬁés af% e RERUAR Rl diBPhdth E5n Hapfiliion. For
rf.aces, as de i red. wn.ih FLg... .
exanpi, el e B o5 oERubeT S0RT B P RREL Goble Hitliren 1 of s
which first, second and third ChIES 150, 460 and 870
undergiqodthatdhedimensigas phheicayitiphged gk bgy th&a?@'i“?y TBE’Ga”Wt]F%CaV‘“eS
first, second and third sub-cavities forned on
compyise paecangiar shapskerdeshepnwhishsomepoadseto theshapd 06 theachlps Other
surface 111. As such, the cavity and package contacts
shapa&reandisspessefubn opposite surfaces. The cavity and
package contacts can alternatively be formed on the

[0058]2N® 1§ bhd @fBodimiehf, Hte @ﬂ%r%@ﬁ@ﬁgescanhﬁﬁl hH&ked niABR s@bfrate with
attached to the carrier in a simlar nmanner as those

base Ahd s@%ﬁ!ﬁ% 18 § gl lF 94 arﬁdI dfsh l‘LJBaEgla?in’ &Ir\:/eé ea? gt@ﬁgs‘ira{eoon which

and case |n t he cavi

the CélBBa a%g?l?eéls Cho%ht&g E\I;;FRSI? ) nrg%lq%/ez% tE glésg ggcl‘l gecond cavities. The base
provi ded for the chips to protect the conductive bunps
and sggplﬁ@pptabgiyfré cag Bﬁ@pl@defiﬁggeélpﬁr 5 fqrp the garrier. Contact pads are disposed

on both surfaces of the base layer in the cavity regions for electrical coupling with the chips.
Conductive traces fan out from the contact pads and are coupled to the package contacts. A
solder mask comprising an insulating material can be provided on the carrier surfaces, covering
the electrical traces and openings corresponding to the package contacts and contact pads. In
one embodiment, the base and supplemental layers can include multiple layers or sub-layers,

with or without conductive traces on its surfaces. Adjacent electronic traces are isolated by an



package after assenbly. 14 [0053] A nulti-Ilayered

| am nate substrate can be used to formthe carrier.

The substrate i ncl udes a base 211 and suppl enent al

rs 214a- orre ondi n sub- cavi,tj es.

imsulgfliater Ve cPaduvE TR e il 1 5 6P BH-gSfie) can be

surfaces of the layers of the carrier to connect the
interggpnpeied as qieﬁge‘fba&maébn%dwflﬁépsthrmw%s 1%r ough or

buried vias are used to connect conductive traces on
[0056]ne d&irkf andesetorslohipscled and 248 sira &ishospd 06Ut fiEstged sddond tavities of the

show cavity chi p packages in accordance with other
carri@MIOQichpRican B¢ attdtbed tonheRbViASs inRedi@ilad dgfigQrakiod as ¢8lp 180 of

package 101 includes carrier 810 with cavities 820 and

pack§g%5900f19 'Pf@e@ Gy QQQQﬁlbt the %Hﬁ)g Q&%naé@am&g& witlaf lﬂﬁ:g&vmes The

contacts are di sposed on surface . shown,

deptlbgf;/t%lg cg\ﬁ %EB dgqee e%%?lhto 2 %gﬁ%te?‘ lﬂfia%V@é roZal \;lélrg@eésg pf {hg chips. Other
antl i cal . nsi ons, of the cav

cavitg g f*aarﬁé el i eiole, {EORHE o ReE pRha S thickness
can be sel ected accordingly depending on the

of thaghpite bt pitashedtdiereinx Bipmpthe cavityeonpthe kepe swéase ve thearickpaspontacts,
for a specific type of I1C or for different I1Cs. It is

sufficietespadechdulihetal lobstedi foremminting thef packazec for iekarepleneead printed circuit
not be the sane. Typically, the cavities conprise a

board ERY) MRS BREarnd262 5p10eideh fehe At asd Setdad LR F& Reprotect the

shape of the chips. G her shapes can also be use

cond[laﬂéﬁl_ufﬂﬁer g 1ERROU B o %Jé{ﬁgrtcfglr the € ip§ g{;@%'pﬁ%g@ after assembly. In

| am nate su rate wt

Oneegé gggl?nﬁla %ﬁﬁ?gl%%e%av 14 and 218. The base |ayer

°th  the chi ps are attached

suppl enent al Iay rs formthe first and .
[00S eco%& TH0E 1] B | RS 204 el ﬁF“él’f‘éﬁEé\P“‘ihefﬁé'r‘@S g4hand 825
be bonded together to formthe carrier. Contact 5pads
formeg an gpRYsHe sertacsh | bbeamd biz- rEire andsecordelings £54 aide? 50 ate mounted to

the cavity regions for electrical coupling with the
the cathiepsThe @oniehaidi meurting ©f sheffast andtse¢andrmhipsere sintikc to those of
pads and are coupled to the package contacts. A

pack&@ R rofTRag K 0C QO HifdSdhiYy 8 PNisiaftadHedtd tHe caBie®! Ti@bn<L@hbdBment, the third
provided on the carrier surfaces, covering the

chip & a@tﬁ&ﬁe‘d(%@lthet JREES o PR cORRP W‘tﬂéut(%ﬁé Eﬁag@é{hﬁ‘&@ P03 Phe third chip is
package contacts and contact pads.

disposed over the cavity, with its conductive bumps 875 bonded to conductive pads on the
surface of the carrier surrounding the cavity. The second flip chip can be secured i.n place using,
for example, adhesive conductive bumps and/or conductive tape. An underfill 873 is injected
into the space between the chip and carrier.

[0058] The cavities of packages 101 and 201, as shown, have continuous sidewalls in which
chips are bonded and encased therein. The packages can be modified by providing carriers
wherein one or both cavities include sub-cavities. Further, the chips can be attached in
accordance with various configurations, including stacking two or more chips in one or both

cavities of a carrier. For example, conductive bumps can be bonded to the base of one sub-

16



one enbodi nent, the base and suppl emental |ayers can
include nmultiple |layers or sub-layers, wth or
wi t hout conductive traces on its surfaces. Adjacent

.electronic trace re [ by an, 15 ins

cavity yile hehip esomﬁﬁ% \ping B3 SL T oA i fhePorhe piafihe o the chip can
éor sub-l ayers) can be _interconnected as desired

be belawRgual qoma bt the iPrp! thpFugavityiaheve o otheygabedinnty, a plurality of
and second chi ps 150 and 250 are disposed in the first

cavitgndas be progidedvontdne or bbtht suefacasanf theeqarrieFh rehdipg onakality on one
attached to the cavities in a simlar configuration as

majo€ Burfact 20d afplurpla®kdgevileon the btl@r nBjorfsaffagxig Aoaisefuh €For such
chi ps are bonded and encased within the cavities. The

appllgﬁR)th At phdi@gs @Hﬂtﬁdt?%e%&@ia@l}bﬁoﬁ%@bn R QFfa8l Gith %ﬁe cavity.

han the total thickness of the chips. Oher cavity
[Oﬂsglget {ﬁle% So@ er?algkag%egfdg cr1b (felﬁ nhee’sdsuap ggf\ﬁ@ﬁgalak%esﬁan be used with

: atta he therein the aV| on the sane
fip s e g %quaek%@%nﬁlaﬁw%@greo -SKArrexamglee 2 ppckage 301 depicted in
shoul d be allocated for nounting the packag for
Fig. B imelydes a earrigr pHQ with@ cavit23Q Thereckagepusrydesigheraerts similar to those
261 and 262 are provided for the first and second
of otldripaskages piratde clesdribed and adudetigusted withshasanvedeferasetnombers. First,
serve as a support for the chips in the package after

seco®B&RIRIrY chilpd (150N @66 BRDLTIYRRL borldB€ tathe Rhdriek | A skhdwn tthefirst chip is a
cavities. [00571 Referring to Fig. 11, a package 201

AR B EH 3 PR R

s 3 R AR TSR BB SRS e oo
I t f Kk 101 of Fi 10. A thi : :

secorbcLs;Ha c%:ryﬁy gg SYL 32:8 %é bhetpc%(r:rtl%gee&%ﬁcpv%y P;"og/ (BH% other corll{)matlons of chip

enbodi nent, the third chip is attached to the surface
typesots Walkasceav iy eF mepptipg eonfigeragapkis¢sodsaluhct s 103. The
third chip is disposed over the cavity, with its
[006@Jonduceapv893bwimpls c@%Ss the mtipds povidedd ddkeicae aplasks covers He chip and the
surface of the carrier surrounding the cavity. The

wire 56m0§roféct1ﬂ% EHeinP fro Abrogkiseed 86 ekternal aseronsiedt, Endapsulants, such as
exanpl e, esi ve conductive bunps and/or conductive

epoxg @lﬁﬁdlné‘QoMggﬁ{J 'sézilm%?gmﬁ St ﬂh@ﬂlﬁf Eﬁfjbe L Qo ki BRRES Altematlvely,

etween th hi'p and carrier 1 The cavities of

' encalgs%? lﬁ?sgfe/%h i %1'1 t V\%rgnaﬁ Qondu’%‘tS 1vi y e usga/ & t%%ttﬁenga%lfl >This can be achieved
by introducing additional fillers which contain ceramic or metallic particles into the molding
compound as described in, for example, US Patent Nos. 6,469,086 and 5,681,883. The
encapsulant, for example, also fills the second sub-cavity.

[0061] Figs. 13-15 show packages in accordance with the invention which include different
features for specific applications. Referring to Fig. 13, a package 401 includes a carrier 210
having a cavity 220. First, second and third chips (150, 460 and 870) are bonded to the carrier in
or above the cavity. In one embodiment, passive components 940 are attached to the carrier

surface. The passive components serve to improve electrical performance of the packaged
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chi ps are bonded and encased therein. The packages can

be nodified by providing carriers wherein one or both

cavities include sub-cavities. Further, the chips can

.be .attached i accordance wi th vari.ous :
devigto il Beo AP EHE COBPREFS) el HretHRg. S g hpgassive

in one or both cavities of a carrier. For exanple,
COmRAgRBLs €1 1E1UsiG IPPRACKAFS, FRSiskEh ledicerabinpiéonthewobf one sub

16 cavity while the chip is attached to the base of
[0062]he Referongid FigabbraepacKige Krifcudesafcatrive 24 Aihpvingm cabigy 220 in

bel ow, equal to or above the top of the sub-cavity

whicBlii@stesechid aiddird @Ripedi50BrH0sand 87 latt nidedy. Bf oneCetythddir@ént, a heat sink
can be provided on one or both surfaces of the

590 18 PFi I to [ Qipatli ge_?@ra@ayﬂ,} the PACKBE] BRI ﬁt}{i&ﬁ‘ Cth@Meat sink
a plurality of cavities on‘the other nmajor surface iIs
ful 0 _SUC | ications, t package .
coms3Pa HpE CthaO% B BRI BRL R e R fpgicts e hea
.. Qne cavjty. [00591 The vari ous packages .descri bed .
sink,ify emamh@lmht, RAEPUREL PR 316&&%@%@?66@&3 fons g eap- it prihesive 592,
flip chips, wire bonded chips, or a conbi nation
such gp epaxafor tigmabgrgash ean be wied kagitacBhe ehpgp chaehriier surfage. Other
12 includes a carrier 210 with a cavity 220. The
techrpqueds @ge aliso bk uskelstoelttectetht hestisink tarthd cartiiosiefacof Tiud foprsurface of the
packages al ready described and are designated with the

chip SiRd bEARIVENRECARHEDRk Bee fol fasilitate ERERDNiRAHe hékt kFkC N BSrmal
(150, 460 and 870) are bonded to the carrier. As

_ i o= - . , : .

e SEEMBYr AT b3t At B, Y Bt Ry nd
i.S nded t.o,and. ,encased withjin the.first sub-cavity...

heat il BER 8T 8RB AT e oo s iR bty by
base of the . second sub-cavity and surface of the

keepagithg prckagedsdraiae WEND thepFeRmRIF R I APREAING SRR RS S f
chip_ types as well as cavity or nounting .

[0063lonf Iy hitgad p oheackagad®lois kel Thg pobese includes B98 segandand third
covers the chip is provided. The cap at |east covers

chips (180,c460mnd 183 0} &reached meprlabordksa coqpity 226 tfommgedt dreasurfaoen! 12 of a carrier
breaki ng and the external environment. Encapsul ants,

210. SAlchp 55| isgp@ed dvRl tiengrfBegrakdearrise al HeN@p leB&plul@tes i op surface of
i ke can be used to formthe cap. Alternatively,

2 . t v

e SSRERSHUML ik Bl O N1 51 OO M cap can
Lhkroduci n ditional .fillers which ntain cera

formigP bl M RBm Bl o a8y 58 ROHE M Bt Tufer wpes of
descri bed in,iior exanpl e, US Patent Nos. 6,469, 086

enca fﬁnﬁ g alsgasctulrye

[0064] Although the passive component, heat sink, and cap have been described in the
context of a specific package type, it is understood that these features can be applicable to the
various other packages described herein. Furthermore, these components can be used alone or in
any combination as desired, depending on the applications. For example, passive components
and a heat sink can be provided in a package to improve thermal and electrical performance.
[0065] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
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encapsul ant, for exanple, also fills the second
sub-cavity. [00611 Figs. 13-15 show packages in
accordance with the invention which include different
consxfgraetdglg gli E%ééé%g ﬁgj%{rgt:]]\gel r%@lgg{hgg 1'&}?{1]%%}}15%2%%1}%128‘3 bg& gerem Scope
cavity 220. First, second and third chips (150, 460
of th%ﬁwe%tm is ghus indinted by Sheramperdsd claims; rﬁthebﬂlaa@wlae foregoing
cavity. In one enbodi nent, passive conponents 940 are
descrpticmc hrstialt changes thar edngr withinrthameanif andmege veequivalency of the
conponents serve to inprove electrical performance of
clainishe eatidad esibdldmbrRvedereuar i ous types of passive
conmponents can be attached. For exanple, the passive
[00661° TPIMRRScIgRRedii6c! ude capacitors, resistors or a
conbi nation thereof. [00621 Referring to Fig. 14, a
package 501 includes a carrier 210 having a cavity 220
in which first, second and third chi ps 150, 460 and
870 are bonded. In one enbodinent, a heat sink 590 is
provi ded to di ssipate heat generated by the packaged
device. Typically, the heat sink conprises a heat
conductive material, for exanple copper or other
metallic materials. The heat sink, in one enbodi nent,
is mounted on the carrier surface and forns a cap. An
adhesi ve 592, such as epoxy or thernmal grease, can be
used to attach the cap to the carrier surface. O her
techni ques can al so be used to attach the heat sink to
the carrier surface. The top surface of the chip
shoul d be above the carrier surface to facilitate
contact with the heat sink. Athermal interface
materi al 878, such as thernmal grease, is disposed
bet ween the surface of the chip and heat sink. The
use of a heat sink inproves thermal conduction, which
increases reliability by keeping the packaged device
wi thin the recommended operating tenperature range.
{00631 In Fig. 15, a package 601 is shown. The package
i ncludes first, second and third chips (150, 460 and
870) attached in or above a cavity 220 fornmed on a
surface 112 of a carrier 210. A cap 591 is forned
over the surface of the carrier. The cap encapsul ates
the top surface of the substrate and the chip to
protect the chip fromthe external environnent. The
cap can be fornmed from for exanple, an encapsul ant
such as epoxy nolding conpound. Ot her types of :



encapsul ants are al so useful. [00641 Although the
passi ve conponent, heat sink, and cap have been
described in the context of a specific package type,
it is understood that these,f ﬁ&gres can be applicable
to the various other packgﬂég scri bed herein.
Furt hernore, these conponents can be used alone or in
any conbi nati on as desired, depending on the
appl i cations. For exanple, passive conmponents and a
1. heAtchii packagerconeprisingvd cheder havmgfastengasetandi mgposefaces, the carrier
thermal and el ectrical performance. [00651 The
includey/ent i on may be enbodied in other specific forns
wi t hout departing fromthe spirit or essential

Char ARl BE HE? n{aﬁkgrrsﬁ%ce 50 Ged @Y 3 éleﬂlgc ek AR fFich includes an

therefore, are to be 18 consi der all respects

il ustrative rather th Limting the invention
activg gtfen i sy tumpsdRergon e Prvention i's € hus

i ndi cat.ed, by .the a nded cl ai ns, rather than by the

f oﬁ?‘é gaYlwngkysﬂsgsc% ﬁ}{?ﬁ@ oy yriarq WHh sprfadt Refinfiseestd thereon and
_within the neaning and range of equival ency of the
sidevgdligispgownrding theeadiédbettonpsuréasbr aced t herein. [ 0066]

What is clainmed is: 19 CLAIMS 1. A chip package

cowh¢resi cogtaat palsraremated s thg dondwttivabdmpe odadiprejipwhen the flip chip

surfaces, the carrier includes, a cavity on the first

is atth@e@%to SeririGRajbPSurict A€ tHeRGrrier SEMd GRNGUGE @aviell @ndthi ch
i ncludes an active surface with conductive bunps

::Nlh CE%%’ COtI‘lHi%tSCCﬁy O'.S%{:F blli] 841&'1 %qtﬁ?] ;fe}lragﬁ\éhxtf%&@,o\éf%% gl]vl\lgﬁ{ é&ﬁgct pads arc

ntact pads di spose on an
surfy oundj he_ cavi t oftom surface, wherein contact
ctectiil SPEeflde bi Teb irbuliiuct | ve bunps of a {1 p chip
when the flip chip is attached to the first major
surface of the carrier surrounding the cavity, and

package contacts di sposed on one of the major
2. g u}"lpqg-gg paq}aqgcp af qa{altnhg whsrin e COEHPE camprises base and supplemental layers,

the base layer serves as the bottom surface of the cavity and the supplemental layer forms the

cavity.
3. The chip package of claim 1 wherein the flip chip is attached to the carrier.
4, The chip package of claim 3 further comprises underfill material in the cavity, the

underfill material at least fills the space between the chip and bottom surface of the cavity.

5. The chip package of claim 3 wherein the carrier comprises base and supplemental layers,
the base layer serves as the bottom surface of the cavity and the supplemental layer forms the

cavity.
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el ectrically coupled to the package contacts. 2. The
chi p package of claim1l wherein the carrier conprises
base and supplenental | ayers, the base | ayer serves
6. a{qp ghlgorﬁag age é; ?L%%r%erteﬁghg c?a\é/bit: %?pglsesrhaese @Hﬁj Bupplemental layers,
acka e of claim1l wherein the fllp chip is attached
the b@%? I?Yf‘é seryes pethe battomisurfass of thaeRigangthesupplenenial faygeforms the
conprises underfill material in the cavity, the
cavitynderfill material at least fills the space between
the chip and bottom surface of the cavity. 5. The chip
package of claim 3 wherein the carrier conprises base
and suppl enental |ayers, the base |ayer serves as the
7. bofl‘iéjcfﬂlﬁ Pﬁék%g@ oPE1ainl € vARYdi he@AGitd Q&n?ﬁ@@ lredrand @écond sub-cavities.
| ayer ns the cavity. 20 6. The ch package o
cIa|n14 wherein the carrier conprises base and
supplenental Iayers the base | ayer serves as the
8. i/' gg;é(%gﬁ 819 clelélq, ae\r/elyrtl cgyﬁh@mggrgl?%}toéh%:qﬂtact pads on
1 wherein the cavity conprises first and second
the bgiiem surfpge ang. the ip chie isctaphadde Rdgomfofdhesesprrd syhegavity when the
conductive bunps are mated to the contact pads on the
flip dhqt is atrached i@ de candert he flip chip is attached to a
bottom of the second sub-cavity when the flip chipis
attached to the carrier. 9. The chip package of claim
8 wherein: a depth of the second sub-cavity is equa
9. L OTRY cifib BAlGEe bPARin! BSylbRiiekness of the chip to be
attac ause a top surface of the chip to be at
el ow, surf t .
et St B2 atArt S SR BLis S Bt URn 2L hgBtssot he chip tobe
C to be attached to  .cause th syrface of he
attachffd b RSB OB - N £ {0 8% Ao Pelont thE fast it B acpr
The chi package of claim3 wherein the cavity
cottp dprte o1 ther sgeonthanbsearinip lsssshemthie thiglness Qﬁthevh@ tetbee gttached to
package of claim 10 wherein conductive bunps are mated
caus¢ thettdpeswrtace at themhtp rbe above the first surface of the carrier.

10.  The chip package of claim 3 wherein the cavity comprises first and second sub-cavities.

11.  The chip package of claim 10 wherein conductive bumps are mated to the contact pad on
bottom surface and the flip chip is attached to a bottom of the second sub-cavity when the flip

chip is attached to the carrier.

12.  The chip package of claim 11 wherein:
a depth of the second sub-cavity is equal to or greater than the thickness of the chip to be

attached to cause a top surface to be at or below the first major surface; or
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bottom surface and the flip chip is attached to a
bott om of the second sub-cavity when the flip chipis
attached to the carrier. 12. The chip package of claim

1 erein:;, a depth,of the . .second,sub-cavity. is,equal
¢ o DGR oRinstSeP B e i ERIBE oF TG phne nipds Bause the top
att hﬁg,to cause top surface to be at or bel ow the
““ﬁ@??é@e ?d?bgﬁg?ﬁ% e figyt syrfaceipd et Herof t he second
sub-cavity is less than the thickness of the chip to
cause the top surface of the chip to be above the
first surface of the carrier. 13. The chip package of
13. cl Bhenehi@piakapdef claianp? fiseer coramisend sedving caip acbkd toahe first major
the first major surface of the carrier above the
surfaSESOME carildr &veltie sekdnd Ieckityp package of claim 13
wherei n conductive bunps are hated to the contact pad
on bottomsurface and the flip chip is attached to a
bott om of the second sub-cavity when the flip chipis

attached to the.carrier, 15. The chi ackage qf ¢l aim
14, e pirkaenieptAny| S phereRisootic SauRelibiors Tedgg el comtact pad on
to or greater than the thickness of the chip to be .
bottogy usfareand e dhp shipds atgished;forambaettompobibie secopd splicaviin when the flip
first major surface. 16. The chip package of claim 13
chip istattaeied to ble cemond chip is attached to the carrier by
wire bonding or conductive bunps on an active surface
of the second chip. 17. The chip package of claim 16
wher ei n conductive bunps are mated to the contact pad
0 : : [
por o o e L POl S P e sfec B AL 8 cfyal o or
tp t reier. 18 T hi ckage of, cl ai
erearGhF B8RS 8 R B0 Pis st do P a0 s Rt ard Betom the
i to. or g%reater than the thickness of the chip to be
ISt IRPL 3 HE®®t 0 cause a top surface to be at or bel ow the
first major surface. 22

15.

16. The chip package of claim 13 wherein the second chip is attached to the carrier by wire

bonding or conductive bumps on an active surface of the second chip.

17.  The chip package of claim 16 wherein conductive bumps are mated to the contact pad on
bottom surface and the flip chip is attached to a bottom of the second sub-cavity when the flip

chip is attached to the carrier.

18.  The chip package of claim 17 wherein a depth of the second sub-cavity is equal to or

greater than the thickness of the chip to be attached to cause a top surface to be at or below the

first major surface.
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19. A chip package conprising: a carrier substrate
having first and second nmaj or surfaces; a cavity
formed on the first major surface of the carrier
substrate, the cavity conprising a plurality of
19. su‘g-‘%ﬁ\/‘?a{c}‘%%e ©oHEd Yy a plurality of at |east
partially concentric openings; a first sub-cavity of
t PRC3sTiER Abptrase Baving Brst avd pgcesd maiarsueacesi r st bot t om
and top surfaces and first sidewalls, the first
bot cayty Somfiealoen the fipstingdj orgsuffacs of the nsraiet sybatiatet the cedty comprising a
and the sidewalls having a first height; when a chip
pluradligvofrgbasavidiet Formed Wiy fagsieraltyt ot a€ astumttially douedsrié Spenings;
nmounted to the first sub- cavity, the first height of

t herist dalvig ot aSRaraliReocRBAUCHikY ficRIGED Birdk Botdém FRY S(ﬁ‘) surfaces

to the contaCt pads on the first bottom surface an
e . e r 0 attac [ st
and Sy S g MR B e A BFBRL ARG B P ana e
: j or surfaces, wherein the contact pads are
“dmgﬁgg?YWSéﬁﬁ§: &5l ed to the package contacts. 20. The
chig@gackage_of claim 19 wherein the first top surface
sevhesa efip BpyiRg an aciecwini@ce woh cordustive hempois meunserbtoghe first sub-
the plurality of sub-cavities or the first major
cavitguhé fice heifght difethe ardewells camsdssthe edreluc2de bublyes totbiepnated to the contact
package of claim 19 wherein the first bottom surface

pads S8 tNEHrsBBotRint Bigface aR@ tHei¥tive tirf6 € B attdrBed AVthe Yir@koPsurface; and
second top surface of the second sub-cavity. 22. A

ggéelralﬁg%e on%ls%i%@&?&; Bk &P .a]?dr 'ggr'f?&g,o\%ﬁl%gﬁgg}rl@contact pads are

e avi ng cavity formed on a firs

surface thereof : roviding a sem conductor die with
ded%ﬁﬂgé?PB%Hgﬂﬁ?é@%“ﬁ%&?ﬂﬁc%bnductive bunps; and
attaching a sem conductor die to the first nmgjor
surface of the carrier, wherein conductive bunps are
mated to contact pads |ocated on a bottom surface of
20. ¢ hEhecehip pyckageiobhddpinp h2 iersin the dirstden suptace servegas qither a second
securely attached to the carrier surface by an
bottoadheficy ef saebred phthe pABality of sub-cavities or the first major surface of the carrier

substrate.

21.  The chip package of claim 19 wherein the first bottom surface serves as either a bottom

surface of the cavity or a second top surface of the second sub-cavity.

22. A method of chip packaging comprising:
providing a carrier having a cavity formed on a first major surface thereof;
providing a semiconductor die with an active surface having conductive bumps; and
attaching a semiconductor die to the first major surface of the carrier, wherein conductive
bumps are mated to contact pads located on a bottom surface of the cavity and periphery of the

active surface is securely attached to the carrier surface by an adhesive material.

23



