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1 An integrated circuit package Field of the
i nvention The present invention relates to nethods of

PR or 2c oo o rouits, and o the packaged

Packagisage*r efers to the process of nounting integrated
circuits (dies) body which are principally conposed
of a sem conductor within a prbtective body, wth
acts of the integrated circuit connected
mmmmmummummm& 10 el ements extendi ng through the body,
so t hahoot-he conductive el enents can electrically
connect the integratgfingddratid cituitohdxagel ectronic
circuitry. Perhaps "the conmonest conventiona
pidedd @f e inwentiodue is wire bonding, in which wre
bonds are forned between el ectrical contacts (pads) on

e RSB e B3 S Belad g B, nc

resi en mnou
Ccite the packadiediintegratedscircaitsl the lead frane is cut to
| eave portions of the lead fingers projecting out of

resi n body, for easy connection to a PCB (printed
c%&?ggm&ﬂ@l%ﬁt—'%fher substrate. Many variations of
this technique are known, such as variations in which
the 20 integrated circuit is nounted directly on the
PERickagingtrateraito ¢hé pradesaroé mduntimgdnttigrated| gircbiis \igies) body
t.he, i nt egrat

t he .PCB and d.circuit. In other .
VA Pesnan ity GomPPRed gl dseimeriqueswiiip apiigglye body.
Oy Sestricicdmeat of B Ri&yratddiciv@lit E3Hdesd WRESRIUBVE
integrated circuits are packaged on opposite surfaces
ofelernentecatendingiotough theibedy, patdiaidhe gondattivieqelements can
e@?e'c??féc’allyfcléﬁe%p {}“Pesintegtrg%td o'irscu'it%%%grt quctronic circuitry. Perhaps
the commonest conventional 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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circuits which have electric contacts on one of their
maj or faces, and are adapted to be placed with that
maj or surface directed downwardly onto a surface of
the substrate, with the electric contacts of the flip
chips in register 2 wth corresponding electric
contacts of the substrate. Special neasures are taken
to ensure that all the respect?Zve pairs of contacts
neet, despite any unevenness which may exist in the
surface of the integrated circuit or substrate. The
space between the flip-chip and the substrate is then

f withesbrmispbndimgadlectiis Wontdadtg of tHuleuibdtidte. $y@al measures are
SumTary of the Invention In general terns, the present

i ke PSR el thaaesnewsiveraisreficantagts smeetsdespite any
hﬁﬁeg&t r‘FésrsWhlEH%QV efa@f ?\eﬁ:\%’ s\(ﬁ‘flag:'%eo?f tRE | ritggtarte(’f%l r@lit or
Opposi t é°maj or

surfaces are ground her’r
ssubstcatet Dhe space bteltween tHe flibrerds andnbe shbstrateds gheonlfilled with

integrated ¢ir are placed back-to-back in a
cﬁﬁﬁﬁgﬁ Hﬁﬁﬁﬂi{ﬁ? substrate (such as a PCB).
Electrlcal connectlons are forned between pads of the
integrated circuits and contact points on the walls of

t frtheTheentiont act s poi nts of the substrate are

electrically connected to wiring, e.g. for

IREEKHIelE, el BELPhP qtnv%'tﬂﬁa@“lrﬁtetsﬁ%é’%ﬂ%%%s RGrated circuit

Peagingl drdudtfy bRtregb&itied dHasCof theirtrRajbe stAaka08ft YWRIUMR! on their
occupying a very small anmount gor even none) of the

o@p@pss@rmat% sH@aceftor iedueriseir athickngssoraiichghat thneground

b cre 0
PHEBIAD (RARS, b BRERAC ol RLOR0 oA SRR U o <
cenbseatedstehas aUubGBY.atlecthicahebhnédtivreasienrinee between pads
surface of the substrate. This may be achi eved wt

t ho
i 96 theaditagrated cirayitsArd soptagt W@I@awtthet%a"ss%tte chamber. The

contacts points of the substrate are electrically connected 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 invention may lead to the following possible

advantages:
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the total ground thickness of the integrated circuits
is preferably less than the thickness of the
substrate. 25 Therefore, in contrast to conventiona
techni ques (such as wire bonding and flip-chips) the
present invention may lead to the foll ow ng possible
advantages: 3 1. The nunber of integrated circuits
whi ch can be provided for a gi¥en substrate surface
area is increased. 2. The total thickness of the
conmbi nation of the substrate and integrated circuit
conbi nation is reduced, in conparison to arrangenents

I . iR huinfitser  Bf Tiffegedtati edirélifsC WhicH @ahSbenNp@ided for a given
exterior surface of the substrate. 3. Since no wire

bonds!bgirate syfircedres is ingregsedi bl e to connect the pads
of the integrated circuits to other conponents by

tsz.orﬂ?é tSaP thitkc&ds %@QHS%’?QE‘QQ?QE ﬂ%ﬁ%ﬁﬂpﬁ‘ét%g abg integrated

e wire bondi'ng packagi ng s Tea
nor ecircalicesmtsngticr s, redacedgnl cessparispnab atragtgamiéerts imwhich the
very. F?i&?h oper at i ng 10 freauenci es. 4. The technique
doesNigSratedH/cul reelsi AN Bt FXetiohsutass obtheneibsifaie. of

the substrate. 5. The substrate provides effective

PROIEREE 3 Wire ARdsHrEGEALRE Gt ICHbdthlet8 RnnebfaRS pads of the

hi gh a degree as the resin body used 1 n the I?novvn

t echintegrated1 sir@.itsTtee ciisayenbimpopeniseby Shortsir ngdectricat connection
since .there is no need for wi.re bondin t ep, .
ndaratF Pegemparaag ety BellinS aedRogndtediitus *Bais leas to
eachmbrd et adtesigralsC Hb(/in?al_%%w di6ndl N@s@riGiat r\bém%(gﬁ)%perating
formed by conventional flip chip technol ogy. e wal

of tfequdneigfer which this surface of the integrated
circuit faces may include contact points in register

Wi4t. hTllmli]?echnique does not leave a resin body exposed on either side of the

substrate.

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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20 electric contacts of the integrated circuit, and

el ectrically connected to | eads which extend through
the substrate material, e.g. to an outer surface of
the substrate. When the integrated circuit is
inserted into the chanber, thg respective contact
points of the integrated circuit and wall nmay directly

M ' er i.al
FORbASlye RRTD 0 WRlen Rl bBun SRATL BN T8 HEEbGIAPY spptacts o
ithe clhmnbéi)rarmmmhprfme?s) mghoewhtdf)rwmitibﬁaléyl?mwa%st“solder
"t . sign" (in i.C orce an enperature
é‘?@’%f‘r&hqs@gﬁp@gﬁ% ﬁg%b'iﬁﬂp%ﬂ% th an ACF (ani sotropic
conductive filnm) or ACP (anisotropic 4 conductive

aste) between the integrated circuit and

berteyopotegratgd inctie naydie atdherediagethey aat‘rtdirogl;rgmhd down
f.| Lp-chi : ti L1y, K "sol der.
LRG3 Sledlit el R Bis Ay oo gy sSormacRigbody
WHiGOaLBEeqLIE R .b@caaymbQh@eham@r.w&%aﬁvelﬁtthéW%ggated
ground down surfaces, for greater stability. This y

GECeisaay ber plpaed coaspruLively Intodie chambs, aed optionally adhered
?@ﬁﬁgﬂﬂg}éy pl aced into the chanber. Alternatively,

integrdated circuits may be placed consecutively
into the chanber, and optionally adhered together
10 Preferably an electrically conductive |ayer

h :
PeSTaraplianisieeideni fRriel i faves s Pabpd BrWeeR e naTgled

I t r :
EXBiS eeRilo By load oY) PRI bRAblably spipstantially al, of
the intgriacedbetiveeniths intéhmted otouits. Toel copeiuctivey Iafye:‘1 may for
exa e_be adhesive too, so that it perforpgs bot ,
BAAEBIE b, PRt o0, Sreeh ) DeTORT PR aiena s Ganshusive layer
Ayl Lt PBbHEAH8ardh tdhRhWnd BEmBIE 6f tHeCelbLMicaTntadl of
ei ther or both of the integrated circuits nay be
ettheretadh of thes integratedacicrntsmnay belvenseattedr at e may be
formed as two or nore substrate
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. Each
of the cavities extends through the entire thickness of the primary substrate
element from a first major surface of the primary substrate to a second major

surface of the primary substrate, and has two openings.

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

on the first and second major surface of the primary substrate. The second



el ements which are joined together sandw ching the
integrated circuits. 20 One possibility is for each of
two substrate elenents to contain a cavity, and for
the two substrate elenments to be placed with the
cavities facing each other to4,define the chanber. The
cavities may be of the sane size, or of different

' ~nt 0 [ r eciive.integrated circuits
ShEate SerferluplE VEref TET e 3h Hirthite Bleetane
anegratied tincuitsy antieag obhtath tleceicnarsitsf. the prinmary
substrate elenent froma first major surface of the
primry substrate to a second maj or surface of the
primary substrate, and has two openi ngs. Another
possibility, is for the chanber to be fornmed as a
cavity within a primary 30 substrate elenent, and for
the cavity to be closed by one or nore secondary
substrate el enents which are arranged to extend over
an opening of the cavity on the first and second
maj or surface of the primary substrate. The second 4a
substrate el ements may be thinner than the primry
substrate elenments and integrated circuits, and may
contain electric circuitry. 5 The integrated circuit
package may further include, on one or both sides of
the primary substrate elenent, (i) one or nore
additional integrated circuits (preferably integrated
circuits ground down on their major surface opposite
the circuitry, as discussed above) on the outer
surfaces of the secondary 5 substrate el enents, and
(ii) tertiary substrate el enents over the additiona
integrated circuits. The electrical contacts on the
additional integrated circuit(s) nay face and be
el ectrically connected to either of the secondary
substrate elenments or the tertiary substrate el enents.
Any space remnmai ni ng
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bet ween the secondary and tertiary substrate el enents

may be filed by resin 10 material (e.g. injected as a
liquid into the space and then cured), and/or by

"spacer" elenents which are placed onto the secondary
substrate elenments before the tertiary substrate

el ements are |ocated there. Optionally, this

conmbi nation of (i) additional ®ntegrated circuits and

(ii) additional substrate elenents, may repeated an
arbitrary nunber of tinmes on 15 one or both sides of

the primary substrate elenent. In any case, further

| TheghbPitedidircditpackBye Rfay REREPThAINE, M O BF both sides of the
surface(s) of the subStrate. These further integrated
cipriary ssuhsfraie elenerehi(psonetor redrec taddiminat ontegrated circuits
di t onto the aouter surfaces of the substrate .
BRIl 2tk SHES §Puih ebaRel Piish Sirace opposite
| Hee@iratiey, ds' alecusse® WodvBE o ¥R ouldt bQrfAdss @AltRE secondary
surface(s) of the substrate by wire bonding. Brief -
DeYksiiei elemANntyhanti Gurtediapr sudstrate ftementssovgr thee additional

ik [ i1l no e crj b f e, sake :
RGBT, Sl B R B, oS filonp! mearare
f icgouigs) immayvhaah anllitge electiidalighcormeaxtaipas asithelr dfi tBe. secondary
}r%a% to 1(c), shows steps which are 25 part of a o
pheigaiGheIEMands &1 BROUSHIaNMUbstrate elamerist iAdty; SR@ee remaining

Fi I ' : ;

Bt IRLSSLO YA rd) ABR0LE RS, by KRS by rei
r esatetialofe.¢ himjexstetica aflighidyintd;thé spéicg. add shemsured), and/or by
oSG ISR BRDUAIcAeHE: PIAREC YD 189 SIRGRECAR SubStTate elements

' ' t ilavention. 5
Cfb%?o?leftﬁéttér’{’iﬁrﬁséﬁﬁpﬁg fe‘i‘ét’lﬁgﬁﬂg:%rg O‘o@étea 'iﬁ‘%r'e”

Detai I ed Description o i ments Referring

firstly to Fig. 1(a) two integrated circuits 1, 3 for
ustionatine this combination of (i) additional integrated circuits and (ii)

additional substrate elements, may repeated an arbitrary number of times on

one or both sides of the primary substrate element.

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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enbodi nent are shown. These integrated circuits are
simlar to conventional flip chips. They have nmaj or
surfaces 11, 13, 31, 33. A first major surface 11, 10
31 of each flip-chip includes electrical conponents.
As in conventional flip- chips, these major surfaces
al so include bunps 15, 35 for making electrica

contact with a substrate as expl ai ned bel ow. These
bunps may be nade of solder, gold stud, gold plated
or nickel plated polyner, copper pillars, etc. 15 In a
first step of the enbodinment, the integrated circuits
1, 3 aFgy. or shws teysBubdyate @ém@ﬁtsrwm@neﬁay befused in a variation
performed to their surfaces 13, 33 to reduce the

t Af BlenftstembodieenthgBdrated circuits. In a second step

of the I -
adher egwgﬁ ogeh%’rpgg sl ﬁ?'gfzéreet% ern‘?%&@e\]% Oﬁﬁé &V9Qtlon'
a conposite body 7 haV|ng bunps 15, 35 on both sides.
The co posite body 7 can then be enbodied into a

[edailegh Rescrigtionofitie emhpdidentsf two substrat e
el enent s 91 93, shown in Fig. 2, which contain 25
respective cavities 95. The substrate elenents 91, 93
h&etemriegdesty tceFigur {(sdes iftegratedicirshits H, 8dor bee Pl treed

faci ng. each other h that the cavities 95 together
f@F‘rﬁ "Bﬁﬁh%@rgw #ﬂee%eustﬁgrate@ Greuita ase sinilgf{p conventional

va@rﬂbé y by \F@maﬁ’ﬁh Rie {11' 9% §wb§%rmﬁt rﬁ\gjb}/@urface 11,

["'ayer |nterst| ol es) substrate, ceramc
stsﬂfr@ce flip-eap hcedes siecticalt@repanerits. Aain tenergonal flip-

PCE@?\A%@W%LCE%PE%@%% '”§@tP% b &Euéégordpg@gg electrical

e@ehiRIEe Qithi $ sUSQFatE Gisady] p@é\ﬁédtﬂé%vﬁom&% t‘é@m?@@'ﬁ{aybéfﬂﬁade of
substrates 91, 93 with the substrate el enents 971

séﬁlﬂiﬁirc@@lﬁg?tlﬂ%GQOI‘é@fﬁié@ of @I%@ﬁylat%éowWo@n@rmwsl stc.

| ocated in the chanber 97 forned by 5 the two cavities

95. The conpl eted package 2 is shown in cross-section

i hn 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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Fig. 3. The substrate 9 contains electric contacts 92
which are in register with the contacts 15, 35 of the
conposite body 7, so that electrical connections are
10 formed between correspondi ng contacts when the
conposite body 7 is placed into the chanber 97. As in
known flip chip technology, an interconnect naterial
may be used between the respective contacts, such as
an ACF or ACP (anisotropic conductive filmor paste),
an | CP (isotropic conductive paste), NCF or NCP
(non-conductive filmor non-conductive paste), and/or
an 15 adhesive. The MSL (noisture sensitivity |level)
performance of the package 2 nmy only depend on the

s B¢ ant elaﬁate@mimhenfaﬁdJSﬁdttO@ﬁram@@ethefqomeﬁltermgyd7 and

CSIRHNGs B8 e SHELRSe BRul AL o o3 Rlicho e
( BOINPBBRVDHAWIT 15 C@Pﬂp@@de bbapsy&fcamd 6) thbe;r@umﬁacewsformed by

11, 13, 31, 33 and/or connections 94 which extend
pHTQﬂW%Pa‘{"&besi He the capwieted package 2 is $§owndp arees-Reption in

% gnents (such as passive conponents) may be
provided wthin one or both of the substrate el enents
91, 93 For exanple, these may be printed on the

s 911, 931 . before they are d tqget her

otﬁ“ sfrgte ? centains plestric %@%ﬁ%ﬁ%fwﬁvﬁla{euﬁa%glster W'E‘ the
aRBh{dA LS5 A5 BPfher&?}ﬁbH@ bSdy 7 8& thalRicitidhi BRnbetisHt are
as an epoxy materia The apertures 98 are in
c ormen bettveen wirtdspondingheoriiactsdvheratie ¢dreposits hody 7 is placed
mat.erj al i nj.ected into the . chanber, 97 after the
TG thaenbdenans bS8 kngSnilis ehGIERM GpakeAT iichBRes
S aRstetisihag beh B ethaaRichanb e8¥petive cbh@a&@a%mras%n AEF or
Addi tional “el ectroni c conponents 22 (which can
c OYiglT (@uselcepio sonsdetvbe film or paste), an ICP (isotropic conductive

paste), NCF or NCP (non-conductive film or non-conductive paste), and/or an
adhesive. 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 piaced 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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passi ve conmponents) can be provided on the outer major
surfaces 24 of the package 2, as in conventiona
techni ques. These conponents 22 are 5 electrically
connected to each other as in conventional techniques
(e.g. if the outer surfaces 24 of the substrate 9 is
equi valent to a conventional PCB), and nay be
connected to the electrical cdhtacts 15, 35 on the
conposite body 7 by the connections which extend
transverse to the outer surfaces 24 of the package 2.
The conponents 22 may be provided as cl ose to each
other as 10 the conponents conventionally nounted on
the surfaces of a PCB. The electrical connections to
afddilienakeelactrapic qqr@mraré@ 28i(w®mht gan comprise spetive antior

5o 00 BERBR LB I OB SRl 8, SRS g1 e
i pacmgeemtasnmaéorn@magalrtgcﬂrﬁqnegHrthéﬁeeéomgederﬁt@@ are
reduced routing path |eads to nore robust si r(%nal S,

hakﬁcwaﬂlé@@n@e@w&ltoamhcqth%@s it convgmtiopal techrigues (e.g. if the
f
ST SPRco N RrAE SELLONS P dlihbheh, SRR PER). anc

enwypbeecomhédtedlwthdwelelcn*toegcamtedtsd 5,c36 bs the camlpa\sme body 7
tge sane areas (i t he rectangul ar surfaces

y t@%ce%wfwaw?'ﬁ@ exiaRd ramRparsa ri theaeyter ﬁav@cwn% of the
SBEBKk MM Mrne EBRPORKAR dBtoViddn hedidgd tUEa%h other as
G FrpoR¥REE 2 2Py =Y

respec For die t areas, It

ptref evrapbeents cfomwantichrwltyamoumwmrbme wrmcxahsacpfea BCIBer
25 than a cuboi d. For exanple, the respective cavities
95 in the substrate elenents 91, 93 may be of

drrhtaeéﬂ@ahcaﬂlc?o%etcﬁoﬁﬁoeérv@béﬁﬁ@@rpfﬁewﬁtéggéwé#&ﬂs1 3

circuits of ferent areas as shown |
Ad%ﬁmcmlalthg coanegitanshextardiagitatisverse t@htbwmun@@estzm may be

SR B b B Shurnd P P ISl
techmques and this reduced routing path leads to more robust signals,

having less signal distortion at high operating frequency.

Many variations of the first embodiment are possibie 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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9 include any nunber of |ayers which nmay be conbi ned
together to forma substrate having a chanber

El ectroni c conponents, such as passive conponents,
may be provided on any of the surfaces of any of these
| ayers. 5 In a further variation, the two integrated
circuits 1, 3 need not be forned into a conposite
body before being l|located in the chanber. Rather, they
may be located there in separate steps carried out by
the pick and place equi pnent. Optionally, they may be
adhered are being inserted into the chanber 97. 10

TicNidWah @ nbhiber of Ia%/e‘ﬁ@%% b peRbinek tbﬁgther to form a

invention is shown. In this enbodi nent ele
c svbetsdieridEving @ shantss. biectrpsicfdarsporarisdiuninas passive

* REMBoBEnts” ARG PreFEd A i e 2UBhpe SofaRuCL e fvers.

to elenents of the first enbodi msnt are indicated by

reference nunerals starting wwth "2". 15 The second
eiﬂaééWﬁ%‘?ﬁVarf‘?&'IOGd&ﬁ Mpintearatpdagiecuitsi i, uneerd notibe fosned into a

t I 0

" OB Ite bRHF HRiGre B IRREP | e Afiind Basdlc thevimay be

1B)baw¢d tHere e baperatd steps@arded oopby e pick Bl HIRPO Bigument.
aceﬁ E the int eg ated circuits have been ground

o lRoG8 T dbey Matbe 6o AR eI G R AP PEEA TGS O7.
by the | ayer 105. The integrated circuits 101, 103
are of different areas, though they may have
s[ibmiagm &lid.\b, ta‘mmxﬂembdsdlmqmmihemﬁehn@rew stt@dn. In this
C|r uits 1 are | ocated within a chanber

19
Pt BerbrieateTis CaTEsITUINS I MG g [edbegiment are
elsﬁaﬁﬂtber%iereﬁbs nUPRSEIs ﬁmﬂhu H\é@%@ﬁ%‘ﬂh@lﬁh‘é“sé&%d

cavity are cl osed by seconda strate el enents 25
2esbogiypentwhich dg QOtmrresmér@aC@mm alamﬁrgtse:lfém fioi ¢

BB S ELBE L PRI SRR

153 of
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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the integrated circuits 101, 103. The chanber 197 may
optionally be filed with a resin material, which is
injected and then cured. 10 The package may further

i nclude additional integrated circuits 231, 233, 251,
253 | ocated on the outer sides of the secondary
substrate el enments 203, 205, and tertiary substrate
el ements 214, 216 covering thé0additional integrated
circuits 213, 233, 251, 253. The additional integrated
circuits 231, 233, 251, 5 253, like the integrated
circuits 101, 103 have a first nmajor face containing

efrrépackade ﬁtefycﬂdlrthéy|r@ﬂiﬁeeé@@ltlbhﬂahte@%tbaftﬁr‘@;u&?)@S12333 251,
255, 257, and second nmjor face which has bee

g?o8 IRFatemhan thnpUisT Sides & etsamadamtetg&t%&t@@lements 203, 205,
Chb WA S e 233 iR 200 6 AR B LBl BEL Ilrates

con #s faci correspondi ng secondar

eblemmtxl 2033, 26%, 288. Traehdgitibhal |ﬂ:tbg¢@trede:smntélzﬁg 233, 251,
tertiary substrate el errents 214 The sp aces 211

2233 JiEeiberinieseated cyrHis  0duhdd ihav@ aeftréhm@t%r 868 coptsining
POkt B Pho St o Pl B4 oL TR secon:

such as an
| ensgor) faskivdtich sas meeatgrduad dome Anywofelde aBditioomalntggrated

15 spac € ts 7, 209 .be provjded i he
Rt BB 2 SB5283 e ThairSiRPpl Gordgpts g the
a%r‘r@épérﬂﬂ_ﬁ@@@@n&é}? stBRHate é’l%n{é?ﬁé DOBBY 6% 'cﬁ"facmg the
requi red e outer faces of the tertiary substrate
ekermmespending terfia/ sdraftate glementsed14,206sur f aces of the

package, and are avail able for el ectronic conponents,
corresponding to the conponents 22 of Fig. 3, to be

| rpatpdces 2hem 3 batwash aid §@§orﬁfar%§@b§t?§t@@ements 203, 205
enbodi nent, the structure of can It up

oAndike éﬁrtlbbt $ubstipde elaipenisd wg 3] rna)e berfilgrobhi asieges material
[ |
* oL BRIV el 1 A ARE R shisRl hppignany.
spacer elements 207, 209 may be provided in the spaces 211, 213 to
increase mechanical stability and/or to reduce the amount of resin material

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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integrated circuits. This process can be carried out
for as often as desired. 30 LLOYD WSE 11 Cains 1
A net hod of packaging two integrated circuits, each o
the integrated circuits having circuitry on a first
of its major surfaces, the nethod including: grinding
a second mmj or surface of each of the first and second
5 integrated circuits; positidhing the first and
second i nt egrated circuits with their second maj or
surfaces facing one another within a chanber forned
wWthin a substrate; and formng el ectrical
comHmmet i ons between el ectric contacts of the first 10
integrated circuit and el ectrical contacts of the

substrate, and between electric contacts of th

sécond?i rﬁ@@"@fda%aaek%ug twanptegratedr ficcitse @ﬁPB&fsthéf‘”tegrated
\I\EII C\,héq'%éﬁ gﬁ&l ll?'yﬁgsérgisl?l%ggg BIdéLﬂ%cﬁ% ??lleahi;@tljrod theluding:

i ncl udes contact points which are in register with

el ect rgdndjogtacs@corms nodjot reurfaces of iqaabgoatthe Gratcand second
V\,hgn F% first integrated circuit is located in the
chErpared ¢éMSubst rate further including | eads

extending fromthe contact points through the
subst r pbsitioBihgr ihal firs3.arl gBLORY itegrited! r@rdL@tsaWMh their second
precedi ng clarmfurther conprising placing
r‘”@ct@rrﬁ@éﬂaP?S ctreintt PR awnger betiieed tqh\@mbﬂre&rm% within a
tending over 20 at |least a part of the
i N tgélr{‘:{"a{%eargde(tWeen the integrated circuits. 4. A nethod
according to any preceding claimfurther conprising
forming electrical connections between electric contacts of the first

integrated circuit and electrical contacts of 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

£ LLOYD WISE
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adhering the first and second integrated circuits

together to forma conposite body before |ocating the
conposite body in the chamber. 5. A nmethod according LLOYDW|SE
to any preceding claimin which the substrate is 25

conposed of at |east two subsiyate el enents which each

i nclude at |east one LLOYD WSE 12 cavity, and the

I .
SAU. B 8 PEPE ALk BBl Sl BB blpr o
farncihel aghdmber. whi ch one or both of the substrate 5

el ements is a printed circuit board. 7. A nethod
according to any of clainms 1 to 4 in which the

gubst paheth ogloéﬁlzroir&lﬁé to Hhid P WREH @%b(ﬁlﬁ&ﬁ of %@Eﬁl?@trate

whi ch |nc es at ast one cavity having at
elesnergeid agrintetticiouit lvardor e | ani nar secondary
substrate el ements which extend over the opening or
opening. 15 8. A nethod according to claim7 in which

rhe smaesﬂwm%&hg% any of e S ﬂoeriWﬁwﬁ'tﬁétshbgﬁ‘éte

circuitr 9. A nethod according to any preceding
@P'ﬁ'pﬁﬁﬁ?ﬁcl udi ng attaching one or 20 nore additi onal
integrated circuits to the substrate and covering them
by one or nore tertiary substrate el ements. 10. An

I nt egagiriethrgisubsiratepalekree whidioihckideg at le4st Ok cavity having at
substrate defining a chanmber; (b) a first integrated

[asEaNe ORgVINGg 3B r cuitry on a first of its major

one or more laminar secondary substrate elements which extend over

the opening or opening.

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.  Anintegrated circuit package comprising:

(@)  a substrate defining a chamber;

(b)  afirst 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;
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surfaces and having a thickness | ess than that of the

substrate and |l ocated w thin the chanmber; 30 LLOYD LLOYD WISE

WSE 13 (c) a second integrated circuit having
circuitry on a first of its magjor surfaces and
| ocated in the chanber with second major surfaces of
the first and second integrated circuits facing one

anot h bet ween ele ric .
Sonkas op R TFERSER cOEPRTE MEERL ER L6 o
slifatas sad lovatddir theadhantgerspitisss@ing majid shefaves bf the first and
electric contacts of the second integrated circuit

saecrd idegrated cirgisdacigganeanotiehst rate; wherein 10

(e) the substrate is conposed of at |east two

substrate elenments each of which includes at |east

one c&l)i tyelemtrical kensedtginsdisiwebe migttsc aonta(,tmfathedirst

Ul o8 208 Binelite® dofibln bJReGUbehRlR 209 e iRpRiplectri

bbﬁta@fsamﬁé deasnalintegaéd eneuit dad WRddtridd icehtd dbs biRSsubstrate;
contact points which are in register with electric

wherelBts of the first integrated circuit, the
substrate further including | eads extending from the
contact points through the substrate material. 12. A

packa¢®) acthe sibgrate istanpodéd of atlidasttndsubstaite elemerts
an electrically 20 conductive |ayer between the

EAckf Bhiah iaclules @ least 0BRRNDY. AV therSubsiiele glepgnts are
Rﬂzcai&ﬁw'itﬁttﬁé fc§9| eOH Yl%‘?&el‘ ﬁf‘e{é&f g?ﬁn@ﬁqg‘uec%ﬁ%b%ﬁe 13.

age accor |ng to any o
first and second integrated circuits are adhered
1?get 2 pac %gfeoarc@ordmgnggl?aﬁr%%o in ve/hlch ?he chamber has at least one
wall which includes contact points which are in register with electric contacts of
the first integrated circuit, the substrate further including leads extending from

the contact points through the substrate material.

12. A package according to claim 10 or 11 further comprising an electrically
conductive layer between the integrated circuits, extending over at least a part

of the interface between the integrated circuits.

13. A package according to any of claims 10 to 12 the first and second
integrated circuits are adhered together to form a composite body.

14. A package according to any of claims 10 to 13 in which one or both of

the substrate elements is a printed circuit board.
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14. A package according to any of clains 10 to 13 in
whi ch one or both of the substrate elenents is a
printed circuit board. 30 LLOYD WSE 14 15. An
integrated circuit package conprising: 5 (a) a
substrate defining a chanber; (fb) a first integrated
circuit having circuitry on a first of its mgjor
surfaces and having a thickness | ess than that of the
substrate and | ocated wthin the chanber; 10 (c) a
second integrated circuit having circuitry on a first
surfaces and | ocated in the chanber with
§écon W}Qﬂ’a@r‘?'%@spa&kagﬂéommﬂngand second
integrated circuits facing one another; 15 (d)
el ectrical connections between electric contacts of
the fi(@kst aisubstnate defining@uthanalmet; el ectri cal contacts
of the substrate, and between electric contacts of
the second integrated circuit and electrical contacts

of theb)substfirst lﬁtegra@fcﬁtdﬂut%vﬁ@ citdiftry BRS firdt 6f its major
conprises a primary substrate el ement conprising

|Séﬁ§?e%ﬁ%d Ba\\/ingya Ha%ne@sfi@ss bastthahef tbp@rmbﬁgateemlo@ated

Sashpone cavity extending through the entire
Wc’ﬁness ofb he primary substrate el ement froma

first major surface of the prinary substrate to a
secongo)maj or surface of the primary substrate and

havi nét wo a5i5ERNHdRtegrstad %cw haying aycuyren adistrefits major
SAFA0ERANd ToHatdd fH MRS it s &b HRIMERST surfaces of the first and

second integrated circuits facing one another;

(d) electrical connections between electric contacts of the first
integrated circuit and electrical contacts of the substrate, and between electric
contacts of the second integrated circuit and electrical contacts of the substrate:

wherein

(e)  the substrate comprises a primary substrate element comprising
at least one cavity having at least one opening, each of the at least one cavity
extending through the entire thickness of the primary substrate element from a
first major surface of the primary substrate to a second major surface of the

primary substrate and having two openings; and

() one or more laminar secondary substrate elements which extend
over the opening or openings, the secondary substrate elements lying against

the first or second major surface of the primary substrate.

LLOYD WISE



over the opening or openings, the secondary substrate
el ements lying against the first or second major
surface of the primary substrate. 30 LLOYD WSE 15
16. A package according to claim 15 in which the
secondary substrate elenents;{nclude electrica
circuitry. 5 17. A package according to any of clains
10 to 16 further including one or nore additiona
integrated circuits and covered by one or nore
tertiary substrate elements. 10 18. A package
according to any of clainms 10 to 17 in conbination
VPt h rRAadagenasicerding ¢ elaimc! Tivrwak the secerdary sabsiyate

%fé}ﬂ@ﬁtgq,g?m?%(gi%é@%ggg&t@nd nmounted on an outer

LLOYD WISE

surface

17. A package according to any of claims 10 to 16 further including one or
more additional integrated circuits and covered by one or more tertiary
substrate elements.

18. A package according to any of claims 10 to 17 in combination with one or

more electronic components electrically connected to the package and mounted
on an outer surface of the package.



