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WO 2004/105134 PCT/ SG2003/000120 1 An integrated
circuit package Field of the invention The present

wonvanosionm rel ates to met hods of packagi ng i nt egraGea3/000120

circuits, and to the packaged integrated circuits. 5
Background of Invention Packaging refers to the
process of nmounting integrated circuits (dies) body
whi ch are principally conposed of a sem conduct or
within a protective body, wilth electric contacts of
the integrated circuit connected to conductive 10

el ements extendi ng through the body, so that the

conductive elenents can electrically connect the

i ntegrated Circuitwgw@ircuitry.

Per haps the commonest conventional packagi ng
E@&ﬁﬁﬁh@é—)@%ﬂn n e bonding, in which wre bonds are

formed between el ectrical contacts (pads) on the

TAE 6 &8RNy dritioriciatas do hidtBeds obpackdghagl irftegrated Aircuits, and
resi'n body is then nmoul ded around the 15 integrated

o theupackagedvntegraied Bircudisid the lead frame is cut to

| eave portions of the lead fingers projecting out of

es| D -bady; LniRgsY connection to a PCB (printed

_ _ —ot her substrate. Many vari ations of
this technique are known, such as variations in which

FRasiaging TEIRES 6 e Bises o avourBPABEar T Be e g Body

B ES8  bigichn AS ot vy

evithosiecisierdontacts of theinkaBated eirguét caninectast to,eendialivas
e S B B RN S B e BRGL ERAS cor
Rl (et Hoploqai it acsedromidly. Pateps
fthe esmnaonesicenventional packaging technique is wire bonding, in which
wire bonds are formed between electrical contacts (pads) on the integrated
circuit and fingers of a lead frame. A resin body is then moulded around the
integrated circuit and wire bonds, and the lead frame is cut to leave portions
of the lead fingers projecting out of resin body, for easy connection to a PCB

(printed circuit board) or other substrate.

Many variations of this technique are known, such as variations in which the
integrated circuit is mounted directly on the PCB, and the wire bonds are
formed directly between the PCB and the integrated circuit. In other
variations, multiple integrated circuits are stacked on one surface of the PCB.

In yet further variations, integrated circuits are packaged on opposite surfaces

of the PCB.

Another common packaging technique employs “flip chips”, that is integrated
circuits which have electric contacts on one of their major faces, and are
adapted to be placed with that major surface directed downwardly onto a

surface of the substrate, with the electric contacts of the flip chips in register
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adapted to be placed with that major surface directed
downwardly onto a surface of the substrate, with the

wehewntwsis4contacts of the flip chips in regi st ecT®62003/000120

2004/ 105134 PCT/ SG2003/ 000120 2 with correspondi ng

el ectric contacts of the substrate. Special neasures

are taken to ensure that all the respective pairs of
contacts neet, despite any unevenness which may exi st
in the surface of the integra?ed circuit or

substrate. The space between the flip-chip and the
substrate is then filled wwth 5 an insulating
“underfill" layer. Summary of the Invention In genera
gtmeorresponglings electrictaniacts of phe pabﬂmtehSpet:mbmeasu res are
Nt egrated circui cir.cu respective
SPREPIFE RSP g epbatie baiEs ot clnels MeRe dsP any
Q@méhhesgrwhwh mayfe&rse it the QEHEER éﬁtﬁéﬁnﬂebré%léa%%u.t%?d
that the ground integrated circuits are placed

[abRtratse H%@l@naﬁ;eabeiwaﬁbéhe flip-ehig andithesubstratebistthen dilled with

o rical connections are forned

§¥ﬁgu%ﬁ8§ &ﬁ%?”ﬁ ggﬁntegrated circuits and contact
points on the walls of the chanber. The contacts

points of the substrate are electrically connected to

wumnmary ef e In¥ention connecting the integrated circuit

to other conmponents nmounted on the substrate. The

'Iﬁ‘ te'&%ﬂgtee éﬁﬁéébréo%%@ﬁ'|Me%tlgﬂrpﬂo§§§§§nglﬁ$tdtg@6 Lrﬁ?brtaiercﬁ Qrcuits

émmgmrml)ltry)bntrbepmﬂverormsr d)fairhelranajar shirfbbes are-ground on their
substrate. . Accord vention nakes it

OROOPHE eMPiR éHﬁ?ﬁ"cr ag%u% b ENHCIessnt ey athal the ground
%t@@lﬂétéé élFHwt@t & p %Q,‘&OBSER%EBBK hg §°6H}:ﬁﬁ15§1df6rﬂ1§’d within a

subStrate w t hout increasin e surface of
§ub§’traw ésucmms;ari%G}Bberbctﬂoal/ ednnectionst anenfmrmﬁil betweem pads

T B R T S R P e e
lcontadid PRIt &f thBi silfeaate ale EectARIRt EsHrRected to wiring, e.g. for

connecting the integrated circuit to other components mounted on the

substrate.

The invention makes it possible for integrated circuits to be packaged while
occupying a very small amount (or even none) of the outer surface area of the
substrate. Accordingly, the invention makes it possible for an increased
number of integrated circuits (or other components) to be connected to a

substrate without increasing the surface of the substrate.

This may be achieved without increasing the thickness of the substrate, since
the total ground thickness of the integrated circuits is preferably less than the
thickness of the substrate.

Therefore, in contrast to conventional techniques (such as wire bonding and
flip-chips) the present inventon may lead to the following possible
advantages:
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25 Therefore, in contrast to conventional techni ques
(such as wire bonding and flip-chips) the present

wonvanosiom may lead to the foll owi ng possi bl e PCT/SG2003/000120

advant ages: WD 2004/105134 PCT/ SG003/000120 3 1. The
nunber of integrated circuits which can be provided

for a given substrate surface area is increased. 2.

The total thickness of the conbination of the

substrate and integrated ci réuit conbination is

reduced, in conparison to arrangenents in which the 5
integrated circuit rests on one exterior surface of

the substrate. 3. Since no wire bonds are required, it

it pbesnbmber oofc tniegrated roircptislswioitht ben bentpegvideddfor a given

cirgyi to. of her_conponents by shorter electrical
con%g%%ﬁ§%tlﬁ’s Cﬁérgé,@%%ﬁsgg'to the wi re bondi ng

packagi ng technique. This leads to nore robust

s2.giakstotalatickndsssef fHegramiingicy of ARe aubktiate M integrated
oper at i ng% 10 frequenci es. 4. The techni que does not

| eafECHt FRIIIOMNALEAYS EsGitseds iroprrEPaKSeN tg aeangemests in which the
sub - t F QV] eff '

o of tedieed Braipfsty'B ohB: G Bictie iR Er fE SLbSmte,

as high a degree as the resin body used in the known
t®cBinagueo wike Bondthereaespiretly it is possibld ® sormidt thedads of the
since there i.s no.,need for a wr bondi ng step, an )
cndiiegied aiuls, et Ggrhaisntey. Shordsts alackiss dronnection
eachat dred ktwi Wi ' i ;

o B (o e wiF DOHURG PR Bl B hifpads to
of Marecieanbesignblss having lessr Sigoal distortibe atnvergrleigk dperating
cirguit faces may include contact points in register

Wi tﬁgghgn%&a ectric contacts of the integrated

circuit, and electrically connected to | eads which

eXt Fhe tebheidgb ddae rsathshveberedp Ebﬂﬁl'e,xpés@d ohCeifHer side of the
outer surface of the substrate. Wien the integrated

ci r 8upstrats. i nserted into the chanber, the
5. The substrate provides effective protection of the integrated circuits, to at

least as high a degree as the resin body used in the known technique.

6. The assembly process is simplified, since there is no need for a wire

bonding step, an underfill step, a moulding step, etc.

The surface of each integrated circuit carrying the circuitry may be formed by
conventional flip chip technology. The wall of the chamber which this surface
of the integrated circuit faces may include contact points in register with the
electric contacts of the integrated circuit, and electrically connected to leads
which extend through the substrate material, e.g. to an outer surface of the
substrate. When the integrated circuit is inserted into the chamber, the
respective contact points of the integrated circuit and wall may directly contact
each other, or with a conducting material located between them. This
connection may be formed by the flip-chip process conventionally known as
“thermal compression” (in which force and temperature are simultaneously
applied with an ACF (anisotropic conductive film) or ACP (anisotropic
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respective contact points of the integrated circuit
and wall may directly contact each other, or with a

woanmduosizmg naterial | ocated between them Thi 8BC25G2003/000120

connection may be fornmed by the flip-chip process
conventionally known as "thermal conpression” (in

whi ch force and tenperature are sinultaneously

applied with an ACF (anisotr%gic conductive film or

ACP (ani sotropic WD 2004/ 105134 PCT/ S&2003/ 000120 4
conductive paste) between the integrated circuit and
correspondi ng contacts of the chanber) and/or the
flip-chip process conventionally known as "sol der
cehdustiviegpagtslbitvesen fhes bitegnated tirovit mgyl. corrrspoReing contacts

oFimaRashe) ol halb-Bip RS cOREFRRI bl & rsoiver
?@%ov{ﬂﬁgd Rt FROsAer RABMASH)Y € body, which is
subsequently placed into the chanber. Alternatively,

the integrated circuits may be placed consecutively
iTheotwan éntegeatad rcircaite oY iksharheragy Frgeler ?Bé‘é‘%'h&mund down

th Py ef R L] ' ' | E%e bod
stdeGe oief SEAR ANF. IFY b b & rédct*ﬁ‘%f?“?é‘x?%'ﬁﬁaf)ﬁ‘ge i
QREh & suBssquenthaplacednntonteeciparaber. akitgnatively, the integrated
substantial ly al of the interface between t

. L, in e
ioireuils maydbe PlacaricoNserutivebh R the, ENFROET fHgnally adnered
adhesive too, so that it perforns both
?é@%@&%&' conductive layer may act as a common
earth to which one or nore of the electric contacts of
dreferablyr abatlectdtaliyheondudiyeaeyer is plagedsbeiyeanethe integrated

connected. 15 In sopp arran t t

S SlendPolder SRRl L 3RRETRE, Bord PRBHBY EidarBly o o

@éﬂﬁ%ﬁé&?%éﬂeé@ﬂ%rﬁ@@@ﬂed Rrciiitd. eUR@temdattivaidyer may for
e possibility is for each of two substrate el ements

texamuple dienadhesivé tap, saritiat it perfores thrth les: Fhiseconductive layer

elements to be plac it h.the. cayjti j

SRR 35" eBRBbERENoH Db SrREYL BB 3R o gRE Gpntacs o
td1fheF Do BtheOhtafraidf diutsimaPbsicorrectedg. to

receive respective Integrated circuits of different
respective

In some arrangements, the substrate may be formed as two or more substrate

elements which are joined together sandwiching the integrated circuits.

One possibility is for each of two substrate elements to contain a cavity, and
for the two substrate elements to be placed with the cavities facing each other
to define the chamber. The cavities may be of the same size, or of different
sizes, e.g. to receive respective integrated circuits of different respective

sizes.

Another possibility, is for the chamber to be formed as a cavity within a
primary substrate element, and for the cavity to be closed by one or more
secondary substrate elements which are arranged to extend over an opening
of the cavity. The second substrate elements may be thinner than the primary

substrate elements and integrated circuits, and may contain electric circuitry.
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si zes. Another possibility, is for the chanber to be
formed as a cavity within a prinmary substrate

wehkemrnsiz4and for the cavity to be closed by oReETS62003/000120

nore secondary substrate el enents which are arranged

to extend over an opening 25 of the cavity. The second
substrate el enents may be thinner than the primary
substrate elenments and integrated circuits, and may

contain electric circuitry. 2004/ 105134

PCT/ S&G2003/ 000120 5 The integrated circuit package

may further include, on one or both sides of the

primary substrate el ement, (i) one or nore additiona

i Fm%m’c@g@aed; cireuit packager ehwifaithsr includgr an edecirrhmih tsides of the

iR FRua kol Sinstt e R ERg Tl forate oirouts

ofpréfeeatsi datedpatedScirouist grauad el GO P thel thdjbt )surface opposite
t rtiary substrate el enents over the additional

tee%‘F%H"%I ap rdgrussedTalovg)een ithe soutes musfeces oof thee Secondary

SRS FSEH LR o soonona

sintegfrateide aicaitent®heo ret!édstﬂcéle rddﬁ@éif)ts S bhz thient Qd(?h@ﬁ@lnfﬁtegrated
tween the secondary an

)y el 20 kT be ek Gaa foBaeRPc Bihareef et gecondary

NRiHkiagd o @nts' ﬂrﬂféb?éjm%? &ﬁétpéiédelémeﬂté h@nf %nge Whhaining

t hen cur ed acer | 'efren

pb%tweendhecsetcbedeecamnﬂwmaaukxsbstmte adbraonts maybﬁ filedl by resin
he tert Lary su%trate el rrent are | ocated ther

daﬁr%\% e IRRFES B3 THiF dhiooey Phaceiang haR cured), andior by
I ghaesat@8mehtL Which 8rdA plddel omedink %ﬁ@%ﬁb@fr&e elements
er of tines on

el ements, may reBeat ed an arbitrary nu
Imferesther teriary ssbaieateatlementpaiatacgtesithste.at e el ement .
In any case, further integrated circuits may be

B PR S Bhel R B ana

vuddlltnonﬂ@@b&traw el@ﬂiﬁrﬂ@tmaﬂj"lrﬁ?é&t@@ @rﬂbﬁolirﬁﬁy AUi®er of times on
surfaces of the substrate ternatively any one or

Rileeoibothriides plthenuimany sithsietrielsmenti t s coul d be
fixed

In any case, further integrated circuits may be located on the outer surface(s)
of the substrate. These further integrated circuits may be flip-chips with
electrical contacts directed onto the outer surfaces of the substrate.
Alternatively any one or more of these further integrated circuits could be fixed
to the outer surface(s) of the substrate by wire bonding.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1, which is composed of Figs. 1(a) to 1(c), shows steps which are
part of a method which is an embodiment of the invention; and

Fig. 2 shows two substrate elements for use in the method of Fig. 1;

Fig. 3 shows a package which is a result of the method of Fig. 1;
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20 to the outer surface(s) of the substrate by wire
bondi ng. Brief Description of The Figures Preferred

woOeatsowsis4of the i nvention will now be descri bedT/sGee03/000120

the sake of illustration only, with reference to the
following figures in which: Fig. 1, which is conposed

of Figs. 1(a) to 1(c), shows steps which are 25 part

of a method which is an enbodinent of the invention;

and Fig. 2 shows two substrat@ el ements for use in the
method of Fig. 1; Fig. 3 shows a package which is a
result of the nmethod of Fig. 1; WO 2004/105134

PCT/ S&003/ 000120 6 Fig. 4 shows two substrate

el emrenftig. dishowstnp wstratalelements avhich may befisedén a variation

f e ; j S | Fig. 5 shows in cross-section a
s(ggﬁéé'?é{bnegﬁﬂa%qnt %}’dq he invention. 5 Detailed

Descr i fityi 8hofvstinercssbastitionn §e&ﬁf&éﬂb@@nrﬁérﬁﬁ§f‘ tMetil‘i\/entlon
Fig. 1(a) two integrated circuits 1, 3 for use in

enbodi nent are shown. These |ntegrated circuits are
DB DR FBRITBL R hbodmding ' 12 o o face 11 10

31 of each flip- chlp i ncludes el ectrical conponents.
ARel5NE TSN 1B ks @bVt e R D Sel e 81 n TG
sanbasnsh e s ke iaq Bl SRR 8 ML Pefypriona

dtip ehiplse Thpy deed mpajby serfacasophet3, @1, B8r 4, ﬂre’f]I majcksuriace 11,
f t f.th iment, the integrated circuits
B & efe ot MRS J5ohcHt rEbRRTUS RalH Saventonal fip-
Rﬁh"é@ﬁﬁ@é’e hajéhQirfaceydias ﬁrglujﬁ% bu?’rﬁp& 95 Qg%rerrfatllﬁwg electncal
thickness of the integrated circul fn a secon

a:orttzmi vet’rba@ubs’mate ashexplainegrii@ul. Thesibumps,may beemade of

FRED St ot aaBndiosdlRletca BonBidicRonens o b

In a first step of the embodiment, the integrated circuits 1, 3 are ground down
by a grinding operation performed to their surfaces 13, 33 to reduce the
thickness of the integrated circuits.

In a second step of the embodiment, the integrated circuits 1, 3 are adhered
together by a layer 5 of adhesive, to give a composite body 7 having bumps
15, 35 on both sides.

The composite body 7 can then be embodied into a substrate 9 which is
composed of two substrate elements 91, 93, shown in Fig. 2, which contain
respective cavities 95. The substrate elements 91, 93 have respective
surfaces 911, 931 which can be placed facing each other such that the
cavities 95 together form a chamber 97. The substrate 9 can be of any
conventional type, such as a flex substrate, ALIVH (any layer interstitial via
holes) substrate, ceramic substrate, lead frame substrate etc. It may be a

PCB, with wiring printed on its major surfaces opposite the surfaces 911, 931.
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substrate 9 which is conposed of two substrate

wehkemrnss491, 93, shown in Fig. 2, which contaPaT1/s82003/000120
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respective cavities 95. The substrate el enents 91, 93
have respective surfaces 911, 931 which can be placed
facing each other such that the cavities 95 together
forma chanber 97. The substagte 9 can be of any
conventional type, such as a'flex substrate, ALIVH
(any layer interstitial via holes) substrate, ceramc
substrate, lead frame substrate etc. It may be a 30
PCB, with wiring printed on its major surfaces
opposite the surfaces 911, 931. WD 2004/ 105134

PCT/ SG003/ 000120 7. Pi d

P e AL DRSS OBy aa e O et 3Rg

%b&rétee B3t el iRats oRerd3 o208 wanlkdivighing ¢he
onposite body. The conposite od¥ IS Iocated [

cba'rpmsrte ®odiyof he @omposlte, hedyid ! d indibegh 9% Pormed by

S hug oG8 Pﬁ?iﬁ@%ehf&'%{%ﬁ!%%@%?iz."%%@%ﬁ{*‘;"e?fi"%é”‘sﬁﬁ. A
zp:r@ 4n register with the contacts 15, 35 of the

conposite body 7, so that electrical connections are
10 fornmed between correspondi ng contacts when the

%@qtt%gg @%ﬁl@l c]%‘?@gont'aefs%i %lc@hﬁ@hﬁrregl—éter%lth the

0gy, an interconnect material

Rntdds 45e85 bétrvceemmpbelte bepe Tt so ¢that@ieciical, canunelstians are
an ACF or ACP (ani sotrogl C, C

o s o S S b8
lﬁ%n@g%?%@é\/r‘gf ﬁ? 'mn@bm???urﬁgﬁg ?aéh ftercuriheot

Ivity level
paafviamyhoiiséd bepradmaihe r@spaﬁwaﬁnrya@t@pw L) anh%c For

substrate nateri not on nde

AR dansopPa seaniuEt R gF pasial S 1GRdisehBbiRldtotive
;:P?dh E%L?dtﬂe‘i‘hrﬁcdrrﬁcﬁﬁ&or%ﬁj(ﬁl% té)paad/or an

eé%@j;hown) W xtend transverse to the su?f%(agce)g

1ddhesBse. The MSL (moisture sensitivity level) performance of the package 2

may only depend on the substrate material, and not on under-fill or mould

compound properties.

One or both of the substrate elements 91, 93 may contain electrical
connections (not shown) which extend transverse to the surfaces 11, 13, 31,
33 and/or connections 94 which extend parallel to the surfaces 11, 13, 31, 33.
Furthermore, components (such as passive components) may be provided
within one or both of the substrate elements 91, 93. For example, these may

be printed on the surfaces 911, 931 before they are placed together.

Optionally, the substrate elements may include apertures 98 for receiving a
resin material 99 (such as an epoxy material). The apertures 98 are in
communication with the chamber 97, and the resin material is injected into the
chamber 97 after the substrate elements 91, 93 have been joined together

sandwiching the composite body 7 in the chamber 97.
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33 and/ or connections 94 which extend parallel to the
surfaces 11, 13, 31, 33. Furthernore, conponents

WO osIS4 passi ve conponents) nmay be provi ded pariSk2ens/000120

one or both of the substrate elenents 91, 93. For
exanple, these may be printed on the surfaces 911,
931 before they are placed together. 25 Optionally,
the substrate el enents may inc¢lude apertures 98 for
receiving a resin materi al 9§ (such as an epoxy
material). The apertures 98 are in conmunication wth
the chanber 97, and the resin material is injected
into the chanber 97 after the substrate el enents 91,
93 have been joined together 30 sandw ching the

C | t,e .7 Jn the r. 97. WD 2004/ 1Q5134
BRI G bS5 O MabUFnfS 2 RidhicR Fap OB S SG A e
Zasswal ¢din ) B8 prEVIEE oANHE VuteMABRIr\SRIrfaces 24 of the
conmponents) can be provided on the outer major

frdkases, 23 ipronventionat leghwiquesad heae compamentma? are

' ) . i cal .
SR ong RS BEPOR 2 7E oA g 7 1ne
(cutgr surfaddse24 ofthersubstribes 83s 84uivhienh € awoesiveationd PGB), and
Srg%)lh alent to a conventional

PCB) , d b
B<@ine5iockHe P SAGHIGRIconsTRTA A BLoa 51 1S comparite body 7
B B dickiths foickplDRg FRRSOEEEINIRLED SUlfERE 24 of the

Teekageoidetcondmamis B2 mapbegedvided dsadesd to eacthother as
her as 10,the conponents conyentionally nounted on

THE COTMHOREBLs GonEnHBRATY maured.on the Sy Tegemata Fo. 1 o

and between the integrated circuits 1, 3 (especially

the connections extending transverse to the surfaces

We efegtrisal canngrtionsdaeing sdtoeerithe megrabed ciocwitsct j dns

@SR ineBaoHS B B iR e Liaghisz4) may be
hsynifi€antSshovied iddn ﬂ'iesé&’ﬁﬁéc@ifﬁn@in BoErRPRaRbASkEgIng

frequency. Many variations of the first enbodinent™ are
pesknigues,andyihis tageiced speting patiideads to more robust signals,

having less signal distortion at high operating frequency.

Many variations of the first embodiment are possible within the scope of the

invention.

For example, although the integrated circuits 1, 3 have the same areas (i.e.
the rectangular surfaces 11, 13, 31, 33 each have the same length and each
have the same width), the invention is not limited in this respect. For dies of
different areas, it may be preferable to form the cavity to be in a shape other
than a cuboid. For example, the respective cavities 95 in the substrate
elements 91, 93 may be of different sizes to receive respective integrated

circuits of different areas, as shown in Fig. 4.

Additionally, although the embodiment shown uses two substrate elements

91, 93, the invention is not limited in this respect, and the substrate may
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i nvention. 20 For exanple, although the integrated
circuits 1, 3 have the sane areas (i.e. the

woeoddangush ar surfaces 11, 13, 31, 33 each havePCISG3@3®00120

| ength and each have the sane width), the invention
is not limted in this respect. For dies of different
areas, it may be preferable to formthe cavity to be
in a shape other 25 than a c%boid. For exanple, the
respective cavities 95 in theYsubstrate el enments 91

93 may be of different sizes to receive respective
integrated circuits of different areas, as shown in
Fig. 4. Additionally, although the enbodi nent shown
uigekidevanysulsbenefdageisnrhick maypbe tondgned tegatheetot foon a

8t g oD SRR, soMenbAf SHER AR P
Ocﬁomﬁamtﬁsyﬂmbyfbmvmdmhgwtﬁeogﬂﬁbﬁs dfarfyosfthase layers.
substrate having a chanber. El ectronic conponents,

such as passive conponents, may be provided on any of

. S 45,1 t .

s RSB0 0 0 ARSFAGLRYELEy 15 o e o

b@orﬁposi‘eﬂb%y bef@g; ?ﬁh@dsbatedb'n diye brémber. Rather,| theqingsly be
anper .

int , th b I ted there in

LBGA1E O Brdsnanatel Sabs Gorrleg @by IneIPSana P Sauibment.
3 . _ ke o

"OPUBHAIY, they bk Beadtierel B LB BEeALIFTiBIhalhaRe 7.

second enbodi nent of the invention is shown. In this

FTHRiNTaToar reneohont SEIRTMBY! PaneiRIRIRCRURSHERE. Tois
héraB8aimdet @nEAtsortdtporBifNe thSﬁ@%ﬂtH@ﬁ’s}'g éﬁiﬂtﬁairﬂ@nt are

not corresfpond exactly to el'enents of the firs
eshsydn b nefesgnce manerale d 08 highsre Elansents nfdhalsscond

SA bl Bl R85 SR RO PP

embodiment are indicated by reference numerals starting with “2”.

The second embodiment includes two integrated circuits 101, 103 adhered
together by an adhesive layer 105. The integrated circuits 101, 103 have
major surfaces 111, 131 which include electronic components. The opposite
surfaces of the integrated circuits have been ground down as described
above, and are adhered together by the layer 105. The integrated circuits 101,
103 are of different areas, though they may have substantially the same
thickness. The integrated circuits 101, 103 are located within a chamber 197
which is formed as a cavity in a primary substrate element 201. The upper
and lower openings of the cavity are closed by secondary substrate elements
203, 205, which are thin layers, containing electronic routing circuitry. Electric
contacts 192 of this circuitry contact respective electric contacts 115, 153 of
the integrated circuits 101, 103. The chamber 197 may optionally be filed with

a resin material, which is injected and then cured.
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toget her by an adhesive | ayer 105. The integrated
circuits 101, 103 have mmjor surfaces 111, 131 which

woOnoed4adei3el ectroni ¢ conmponents. The opposite BATAac@s/000120

of the integrated circuits have been ground down as
descri bed 20 above, and are adhered together by the

| ayer 105. The integrated circuits 101, 103 are of

di fferent areas, though they y have substantially

the same thickness. The integrated circuits 101, 103

are |ocated within a chanber 197 which is forned as a
cavity in a primary substrate el ement 201. The upper

and | ower openings of the cavity are cl osed by

SEE® ﬁagkqgesmwtfugh@r isckseraddiiona bBegzded mmwmzai £233, 251,

0 I l.ectr o cu itr
LSBT G B TS ' G880 o IS G oo, 205
rasprrtiarysublstaty elentanis aqtl82165ovél’i?g tHe addﬂﬁonal integrated
integrated circuits 101, 103. The chamber 19

optaUlR 1By 288, 251.e2P % Tthe aCédlfrlcml intagrated &lrcul\tmiza% 233, 251,

7S 88 St LA i jocs o

agldctricahatcuitry agd mgﬂirlcaéll roouta]tccss ﬁ35 2%%553&57 gﬁ&& second
| ocated on t er sides t secondary substrate
SPERETAce Bhish TbSEn, ot dowhyKay, SLiesadd b Bnearated

2‘5"”"“"‘%?%1"8%?@%32‘53?@%@#?.“?53? R SR O

mre@@gdlr@sgcds\daaesubstmetdimmnﬂs@(ﬁmﬂ or faning the
103 .h f f
iSRRI r iy SHpSuA Sreiis 2 1F. 2Bht acts 235, 237

255, 257, and a second nmmjor face which has been
g{ound down. Any of the additional integrated
he apaces3Nl, 2i33betnmen tﬂs:senaydmustrata eldneents i208], 205

R SO0 o SRS B R SR BBt RS e
t(%ut:h asarsuigdriints o) WARALS iddted BHa! th@h%ﬁ@@c@gtlgﬂdlg,
213 between the secondarg@substrate el enent s 20

?inﬁcteh@letr@entsa%] 208snan Pé@‘éd@m%t@lslpa%?ﬁﬁ?%ﬁ%eto
ST S A PRSPt e v
required.

The outer faces of the tertiary substrate elements 214, 216 constitute outer
surfaces of the package, and are available for electronic components,

corresponding to the components 22 of Fig. 3, to be located on them.

In variations of the second embodiment, the structure of Fig. 5 can be built up
on one or both sides, by adding on one or both sides additional integrated
circuits and additional tertiary substrate elements covering the additional

integrated circuits. This process can be carried out for as often as desired.
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15 spacer elenments 207, 209 may be provided in the
spaces 211, 213 to increase nechanical stability

wana4ans3e reduce t he amount of resin material PCT/SG2003/000120

required. The outer faces of the tertiary substrate

el ements 214, 216 constitute outer 20 surfaces of the
package, and are available for el ectronic conponents,
corresponding to the conponenif 22 of Fig. 3, to be

| ocated on them In variations of the second

enbodi nent, the structure of Fig. 5 can be built up

on one or both sides, by adding on one or both sides
addi tional integrated 25 circuits and additiona
teeimary substrate el ements covering the additional
integrated circuits. This process can be carried out

b/ S SDSRACT B e iR KRG Gpon, of s inggorates
t oirmits theginat cicbuitry onid first ebiEdmejortdefaces etieanethod including:

circuits having circuitry on a first of its mgjor

faces, ,.the net hod ing¢l udi ng: i ndj ng_a second
) or IR A GroGRREh NEIoR RurTRPe <3 sAGhodtdna fist and second

| iRtRpaRbadrceitscUi ts; positioning the first and second
integrated circuits with their second major surfaces

facing one another within a chanber formed within a
subst rRaséjoning therfirsh@ndl eetandc iitegratet: circuits Vit wWeein second

' f the first .10 int d ci it ...
L) S, Te et ks Sptisle il FafEaRbRl Febdonitnin
edudstiates angont acts of the second integrated circuit

and el ectrical contacts of the substrate. 2. A nethod
according to claim1 in which the chanber has at | east

one viaMinghietastical| eernecions fatwgsnnelecliis cantacés il the first
MiRRgPARE MUl SHLSEE R F BERSof the substrate, and between electric

contacts of the second integrated circuit and electrical contacts of the
substrate.

2. A method according to claim 1 in which the chamber has at least one
wall which includes contact points which are in register with electric contacts
of the first integrated circuit when the first integrated circuit is located in the
chamber, the substrate further including leads extending from the contact
points through the substrate material.

3. A method according to any preceding claim further comprising placing
an electrically conductive layer between the integrated circuits, extending over
at least a part of the interface between the integrated circuits.

4. A method according to any preceding claim further comprising
adhering the first and second integrated circuits together to form a composite

body before locating the composite body in the chamber.

5. A method according to any preceding claim in which the substrate is

composed of at least two substrate elements which each include at least one
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15 of the first integrated circuit when the first

integrated circuit is located in the chanber, the
weoeubstwsitse further including | eads extendi ng fPOmSGR@3/000120

contact points through the substrate material. 3. A

nmet hod according to any preceding claimfurther

conprising placing an electrically conductive |ayer

bet ween the integrated circui%g, extendi ng over 20 at

| east a part of the interface Detween the integrated

circuits. 4. A nethod according to any precedi ng claim

further conprising adhering the first and second

integrated circuits together to forma conposite body
bedviyeand daeistdpstrate etemerys tase hoehted with thes bavities .in Begister to

t rding to any preceding claimin which the
ggg@ttﬁggggﬁgb%rZS conposed of at |east two substrate

el enents which each include at | east one WD

2604/ 1A51h8thoaCa¢EanRBI00aIa G inlWhicky bhg, orabetht bethe substrate
bstrate elenents are located with the cavities in

s
réﬁmﬁn ISy PrIptschFitad RARMdber . 6. A net hod accordi ng

toclaim5 in which one or both of the substrate

ef enenk Smisthcd BEESIRT & "h bf PRANE- 1 \E}Bi?“c Hﬁt\}g@khoﬂ%e substrate

according to any of claine”1 to 4 in
seyppigase conprises: a primary substrate el ement
whi ch includes at |east one cavity having at |east

Sust ra ey ReE s, el 3o S 6R I sty having

o4t lepstrontdopéhing, a®d hod according to claim 7 in which
the secondary substrate elenents include electrical

circui tr'r%. 9. A nethod according to any precedin
cl ai mPHCPLHNGE laMtinahsereneary skbstrie £lements wiigh extend over

L@Emeﬂfrfgdo%ﬁéﬁ’ihb.s to the substrate and covering t'hem

8. A method according to claim 7 in which the secondary substrate

elements include electrical circuitry.

9. A method according to any preceding claim including attaching one or
more additional integrated circuits to the substrate and covering them by one

or more tertiary substrate elements.
10.  An integrated circuit package having:
a substrate defining a chamber,

a first integrated circuit having circuitry on a first of its major surfaces
and having a thickness less than that of the substrate and located within the

chamber;

a second integrated circuit having circuitry on a first of its major
surfaces and located in the chamber with second major surfaces of the first

and second integrated circuits facing one another; and



15 or nore tertiary substrate elenments. 10. An
integrated circuit package having: a substrate

wdebiniosig4 a chanber, a first integrated circui PCaG2003/000120
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15

20

circuitry on a first of its major surfaces and having

a thickness less than that of the substrate and

| ocated within the 20 chanber; a second integrated

circuit having circuitry on a girst of its nmjor

surfaces and located in the cHanber with second maj or
surfaces of the first and second integrated circuits
faci ng one anot her; and WO 2004/ 105134

PCT/ SG2003/ 000120 13 el ectrical connections between

el ect r plectigal aangestionhdetwean elastrigcantdts of teaifirstaintegrated

CHGENE B0 6158 150 E TR Bl P St coracs

anfithel sedaniddategrateidasiicaiteindt d16cisighbédrbéts oﬂhe Bubstrate.
package accordi ng to claim 10 in which the chanber ?1 as

v\/h | eagt one whi ch i ncl udes contact points

F&‘Q'ﬂ%g?@ﬁ@f djng @ elaing) iecinrwhich dhe gbambeshasias least one
fWaﬁtWHIBH GFI%IQH@Q cBhlfetp mt§ P\ﬁm,srP? R T& lgllé t\/\ﬂg{ elegtric contacts

i ncl udi ng | eads extend| e con
t Af theyfirsthotegrbtedr arrca,llmherswlstraerfurﬂnerambm@mg leads extending

agceor to .clai 0 or er _conprising an
ﬁé?ﬂt?‘ qt@d&%@ﬁ?é%f%r’l é %ﬁfé@tﬁe@ﬁ el i ntegrat ed
circuits, extending over at 10 l east a part of the

i mﬁeffACQ)d@RéQ@e@cédS\@mg“t@grcPéﬁld ) TGUifss. fgi]iﬁ rA?om rising an
package according to any of clains 10 to 1 ﬁ Q
aflgcsaliy gonpueiivg lyet betwarn the iategrattivecielitsp grteneling over at

afire0p Papt B TRl Bod S qiing PR ERRRERL 5 20

conposed of at |l east two substrate el enents which each

i h3] udA packeemsbceurdinglf & defYGIalﬁmMOhl@ $2hREIAS€and second
are |ocated with the cavities in register

f@fﬁ‘ﬂrﬁiﬁq HEcUitsArsrdhered together to form a composite body.
14. A package according to any of claims 10 to 13 in which the substrate is
composed of at least two substrate elements which each include at least one

cavity, and the substrate elements are located with the cavities in register
forming the chamber.

15. A package according to claim 14 in which one or both of the substrate
elements is a printed circuit board.

16. A package according to any of claims 10 to 13 in which the substrate
comprises:

a primary substrate element which includes at least one cavity having
at least one opening, and

one or more laminar secondary substrate elements which extend over
the opening or opening.
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15. A package according to claim 14 in which one or

both of the substrate elenments is a printed circuit
woaedosi86. A package according to any of cl ai reT/8062403/000120

13 in which the substrate 20 conprises: a prinmary

substrate el ement which includes at | east one cavity

having at |east one opening, and one or nore | am nar

secondary substrate el enents ich extend over the

openi ng or openi ng. WO 2004/ 105134 PCT/ SG003/ 000120

14 I T A package according to claim16 in which the

secondary substrate elenents include electrical

circuitry. 18. A package according to any of clains 10

tld. 17 A wackagei argonding giooeleirar 16 rimrwhighdihei seedndary substrate

TR ReL el Ao S I EREn <. 10 A package

according to any of clainms 10 to 18 in conbination

Vi h  gnpackdageraceoreirgrior amy of clalmenenbst Bfigtidriigaliting one or
connected to the package and nounted on an outer
Juehes @ddiiongh dniegeatage Circuits and covered by one or more tertiary

substrate elements.

19. A package according fo any of claims 10 to 18 in combination with one
or more electronic components electrically connected to the package and
mounted on an outer surface of the package.



