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THREE DI VENGIGIAM99RACKAG NG CONFI GURATI ON FOR MULTI - CHRSI/APp0243
ASSEMBLY FI ELD OF THE | NVENTI ON 5 The present
invention relates to sem conductor packagijng t echnol ogy, and nore
particularly, to a packaging configuration for a three di nensi onal

Vst 1ot enr nadtBide THIREE, pIMENSIONEL TACRARING CONMEBRATIGN, For

packages with i IEMODUER ASSEMBRAer i ng to a printed
circuit board (PCB) or for insertion into a socket. In nbost cases, a single

package will only contain a single IC, although nmultiple chips are nore
commonl y bei ng &ﬁyr ﬁfEIWﬁ&i@i' ngl e package. The use of such 15
packages result e et ity as the ceram c or plastic package
consumes gel atively 'argeweeﬁfeé&ttﬁﬁ;emwﬁ Ir@&téyrtbagemlﬂﬁfdﬁ&% éékd%ng
socket is used. Mul ti-chip nodul e techn ogy

been devel oped technology, ami;moramﬂrtlcuiarl;nstovmmekagmgsc igrasion for a thieee
the size of the,assenb r el ectrical noise

|
consi der ati ons ‘#’éﬂﬁ??’@%h&??@?’%&lﬁ%‘&&?ﬁga s | eads. A typical MM

package conbines a number of individual or unpackaged i ntegrated
circuits and di rectly attaches t hem to the m)untl ng surface, for
exanpl e ceram cBAQ I Cs within

assenbl i can be electr | conne d u5| rj ous bo

t echni qui ‘such as sol der énma&rﬁg 1’5%29&(‘0@%&‘8(1 Bgl?ﬁﬁ%b IPTRé?SﬂC or
and flip-chip tgsanic OF ges w1th extendmg metal Madls MAMslereeirY it8Sa Printed
constructed in a two ona rray to reduce_ the associated

surface area reqlurcuﬁobwatrdt (RCBhoirviogzsertion into pasncdrg dlrumste@asne.r a single

ted | ect b d
echni ques. erpl BpoRtee &K v SBRGIR - igle 1, Al PREN RUABle"Pylig hre prore
higher circuit gemahéilyoBefry Mﬁi{ufﬁ@ﬁi&dnﬁlﬂﬁﬁ ¥ gingte pickage. The use of such

15 packages results in a low circuit density as the ceramic or plastic package

consumes 'relatively large areas of the mounting surface, particularly if a
socket is used.
Multi-chip module (MCM) technology has been developed to
suit applications where it is necessary to reduce the size of the assembly or
20 where speed or electrical noise considerations require shorter connecting
leads. A typical MCM package combines a number of individual or
unpackaged integrated circuits and directly attaches them to the mounting
surface, for example ceramic substrate, PCB or other substrate. ICs within
MCM assemblies can be electrically connected using various bonding
25 techniques such as solder, wire bonding, tape automated bonding (TAB),
and flip-chip technologies.
Many MCM assemblies are constructed in a two dimensional
array to reduce the associated surface area required if the individual
- packaged devices were mounted on electronic -circuit boards. More
30 sophisticated MCM techniques employ three-dimensional IC layer stacking
' to achieve higher circuit density by further reducing the volume of

interconnections. The principle drawback of most existing three



I nterconnections. The principle drawback of nobst existing three

- 2- WHMPHnal MM assenbly configurations is that thBGT/CA98/00943

I nt er connect vertically stacked IC | ayers using comon carriers or
conduct.ors whi ch typically extend yertically and/or horizontally
fromthe stacked I C | ayers. The presence of these
comon carriers wthin the MCM 5 {oacka e significantly reduces the

vol unetric ef f démensjonal dMEMyassgmbly con l&lé'égmsy is that ey dnterspabeste

of common carr kr%?ﬁcél&%ﬁ%ﬁf&i (8 PNy %’?ﬂs&ng §8ghm8f\t Ehxli‘f'etrg“?ﬁ-nc&lﬂcfu&ig%% YWrhich

| ayers, which increa race I npedances. I pedances

adversel y af f egypialtyextend serticalht and/ior bovieontally from the stacke®1CNayefC
time constants Tor digital circuits. Fi rﬁél y, the |onger signal 10 at h
may create stray cross-tallke dpigsenee9fi these,spaunps, caTierss Maghiondhe MCM

MCM appl iscat | OEJZA'ckagFi %ii%'ﬁificantly redst.llcgegeg}i% Wﬁ{ﬂérfpgﬁiéign%gﬁﬁ it%iga{ﬁ?xfﬁig e

whi ch show cro se ews of various co

di mensi onal MClspemnbly.aFurther, the paesenicel of eofnmbn eaptieys tengthenowhe signal
el ectrical connection technjques.  The 15 . figures consist of

di agrammati c r Hathsketgary the circaitlayers, whiclyripgeeases trace npedanesss Such
El ectronics Paﬁﬂ-% Y acd | £ bo SlcbRNL d Teg r . .

I nt ernati onal , 1 C(i%bc&? C%n%%%&eskglngrﬁ s&b%%év%én%ftﬂgﬁs (rélﬂ'(\)uasnmve rise to

assenbl i es wi | limypropen REditye ddrstamtsefonutigital sirenitsnefinalg) die fongdd sigaal
denot ed new nupbers where a [ | a

ropri at 20 ) ) Fig.
[l lustraiths t hPAISemay GEaate st -taikrﬁ%@é%ctmal noise for, dughdrequency
unpackaged i deRyriaal ' |Cs 10 to each other as well as to a
PCB 12. This t%g\gfimaggdg\eshbly is described in U S. Patent No.
5,138, 438 issued August I1Refet&d@ isambtledyHigs.cla & le, whichhshw\drosssettional
MCM assenbly for, .menpry applicati on using TAB techngl ogy, to_ 25 .
electrically coﬁaﬂec‘{leﬁ%@i}e&ave}eat?%Wﬁ%m@e&wees dimeRSional MCM prior aphg
technol ogy is 3gRERHIRS MY bR ethdiGeal idtS bl r
metal on £0I yITEI’sIE%‘. tape,ﬂ%ﬁ*f‘%@ﬁ"égﬂgﬁ P&ﬁgugcn?%nglo%x?ectldﬁ't vqérllé%uﬁfs‘rc{‘gI
bondi ng 1®chni digsreasnconsishpft dimgravunptieseprasentatiomssexderpted from "Thses

or pul sed refl g4 RoRdioRd: Flet@Ohi3' BlclARRe" 2 WRunRIBREStEADPEY TeSearch

International, Inc. 1993. Common elements between the various MCM

assemblies will be denoted by the same numerals and new features will be
denoted by new numbers where appropriate.

20 Fig. la illustrates the use of well-known TAB techniques to
connect four unpackaged identically sized ICs 10 to each other as well as to
a PCB 12. This type of MCM assembly is described in U.S. Patent No.
5,138,438 issued August 11, 1992 to Masayuki et al.,, which provides an
MCM assembly for memory application using TAB technology to

25 electrically connect stacked identically sized ICs.

TAB technology is a process which joins unpackaged ICs
using patterned metal on polymeric tape, applied to the ICs using any of
various bonding techniques including thermocompression, thermosonic,
laser or pulsed reflow bonding. A laminated tape of gold-plated copper foil

30  acts as a carrier vehicle for semiconductor chips. The foil, etched in the

form of leads, is bonded to metallurgical bumps on the chip pads, after



30 acts as a carrier vehicle for sem conductor chips. The foil, etched

in the wo 99/19911 of | eads, is bonded to netallurgical bunmRCBEAWEMIGI p

pads, after - 3- whi ch

the chip and the attached | eads are exciged fromthe tape and bonded
to the substrate. Specifically, identically sized ICs

10 are laterally. arranged in raldel, and connegtged tog,each other
and to PCB 12 W%r‘:g‘uéﬁe ?Cﬁ'ﬂpbﬁﬂ‘aiﬂtf Sftagﬁeg feflﬂﬁe?rel Eéﬂge‘gfﬁ?ﬂhoq‘ﬁpgaé’elﬁ 0
bondi ng bunps phdeon grtilstiale pad portions of 1Cs 10. The TAB
| eads whi ch both extend vertically between |ICs 10 and hori zontally

over PCB 12, are conbi netpeaifically, sidentically|sized ICs 10 arglatkeally as@mgedninch
. e A e iy " . o

ony apl ; cabiRzraiey e pBaereench bes and &) PCR 12 tropslgr i BfRIng of

el ectri gal noiiﬁﬁeﬁqemgfbffmnu%glséys 0P85 bR uhls?a; g pASvideddst the pad

Fig. I b shows anot her MCM asse whi ch el ectTica connect

st acked and i qenrtionalafyICsi 1 FheCEABOleads sehich hath extensh verticallyobetween ICs
| . [ nbl t hod i i_bed_ in, L. .Pat ent .
3. 706, 166. 1 s Mbaneh G TRRIalY 1 6961 JRBT B2 csE copmbmed jaft sl gyhines s

chip technol o ackaﬁe (SOP) which occugﬁlsi ﬂgﬁmiéhﬂteaaﬁiﬁeoﬁﬁhﬁhbp%rﬂ%r, tthes
el ectrical and nmechani cal connection of a chip to a substrate by

i nverting and MERi assemhdycisi enlyaapplicable to iglemticallyt sieed J6st annd ean suffer

interc ectio attern. A raisegd. al lic baondi .. Db | S y;ade on
cach ofl he. cHFaEisREra) el S Riel Hinurfig” Bl due todts AL IRding « o
thHe conductive |and areapighnibhehswhsifgier MEMoRrdeRbly which &dERIcANL
joined to the conductors on the substrate and bonding is conpl et’ed

usi nghcont r ol | esnesty stacked ded I@lmwaﬂﬁe@,zﬁd ICeridufer suhstestedp on a common
t-t t. . - t t
Gi 1 ciont becdtfcess mlans. Thig; sesei i nibstBls, MeatinBHCH D% Fikehe Moo

the area nor me,bye186ei3sted on Noveriber 18, 1987%ts GQu)agid enes heslMeaBWCflip-
| ayers, and because the techni que acconplishes all connections

concurrbnt |y ichipeteghnologgiially as with wire ~ bondi ng. Anot her
advantage of this techni ﬂﬂg-&lﬁpttggflngioeg% 5h6&s B3 AR' d1b&Rical and mechanical

connection of a chip to a substrate by inverting and bonding the chip face
down to the substrate interconnection pattern. A raised metallic bonding
bump is made on each of the chip mounting pads, the bonding bumps
20 corresponding to the conductive land areas on the substrate. The bonding
bumps are joined to the conductors on the substrate and bonding is
completed using controlled reflow solder techniques or conductive epoxy
attachment.
Flip-chip mounting is space and cost efficient because the
25 direct connection between IC layers minimize the area normally taken up
by the interconnections between IC layers, and because the technique
accomplishes all connections concurrently instead of serially as with wire
bphding. Another advantage of this technique is that electrical parasitics
o are significantly decreased due to short electrical length of the contacts.
30 U.S. Pat. No. 4,706,166 shows a memory assembly which
adhesively binds ICs 10 together and which has exposed leads along an

access plane defined by line A. Bonding bumps 16 are formed on the access



are significantly decreased due to short electrical length of the contacts.
30 noepY: S Pat. No. 4,706, 166 shows a nenory assAtAosigesh
adhesi vel y bVEPRL 10 t oget her and whi ch has exposed | eads al ong an
access plane defined by line A Bonding pgr_rps 16 are formed on the access
-4- pl ane as well as on substraté 18. Both sets of bondi ng bunps
are aligned and bonded together under heat and/or pressure. The MCM

is then wire plane ashwielleas pn subistrate i§. Both sets ofi ondimg detmnps areValignetine
devi ce uses space effiicient flip-chi,p connections, .t access edge
substrate | ayer%&oﬂg\?gc@geg‘er unﬂ%’hbf‘%‘gaﬂggf”éﬁ'ﬁ%‘“&rﬁeﬁ}&m«a‘ﬁf NeWase
of the assenbl yhorfdiae iﬂ)%gﬂbﬁﬁng for extefrfd HonAdEEoR! WHitd fhé \éﬂ%kri'cep%éé Ypadad

only same size |ICs can | . accommpdat ed by the device.
Fig. 1c shows eafficient flip-ghiphconnectionspthe aceessbedge shbstrate layer and device

electricatly cqgnnects stacked j,dentical 1L |ayers usin tal )
connect i g%s 10%°uSIWt ?Cr’fg%%e?e yo ‘Hg@&@_ﬂ ¥sof %8% a5pe 'agégﬁth(}nd%‘g
exenmplified by tdchniques are RRl&A{eN?. costh?8aRdl onil§SWaehOsigh! YO, 93¢t O
Fox et al. where |qu10 are all I\P fll}izp-chi p’0 bgnded tolsubs?rzatcélil %g
Supporting spacscemppodatedbyithe dewire. bet ween substrates 18 and

contain appropriately pl d,vi as t hat e. nect e )
electrically with subst rgf%' \}Fasgmﬁ.g aﬁ‘ﬂ@‘%ﬁ%&g@ﬂ Eaﬁ%MgﬁgéﬁﬁFmﬂlylé”hICh a
sol der bath to dlettricullgsconBeancstddied] iderttidal 4C BYLALIO ubtHe® nitRE cSinddel¥ns
assenbly still requires the use of spacers which appreciably increase the

verti calltind hovithimesserablysspacers. dhis fepeeb MM assemhlyids exemplifiedby U.S.

devi ce vol une. . [ a pi.cal _ball _grid array
MCM as exenpl i fhaten B;Iﬂ“zg 12883, éssusgtogtnlxﬁ%f, qgggf‘i ,ﬁé%ftiagswz\?r% Eiﬁ%ag'zfe 3
to Lin. One IC fliprehiipl Boadedi £ substrates T8\ S oﬁhk?‘ ts?ﬁ&érslﬁoia'i'e ositioned
electrically cqonnected to a second IC |ayer 1 and i t{s c%r rier

substrate 18 ([Retwgepsubsirateseldandcontain appropwiately Rlrcedvinsslihfed may be
O 2P RS BRS8N ppcEofE L e
25 akl 18' mseldendeathstonfill cday @atarehak withembltesli seddet. rBes 2gpa MCM
fLLPCNID g assendly sl rbaets S S o e hich A pet by nrnss the
| vertical and horizontal dimension of the assembly and thus the overall
device volume.
Fig. 1d shows a typical ball grid array MCM as exemplified by
20 U.S. Patent No. 5,222,014 issued June 22, 1993 to Lin. One IC layer 10 and its
carrier substrate 18 is electrically connected to a second IC layer 10’ and its
carrier substrate 18' using reflowable solder balls 26 which are pre-bumped
onto the appropriate surfaces of substrates 18 and 18'. Electrical
connections between IC layers 10 and 10' and their respective substrates 18
s ‘and 18' are made using conventional wire bonding wires 28 and flip-chip
bonding. Interconnections between IC layers 10 and 10' are achieved
 through vias interconnects 30 and solder balls 26. While each substrate is
" ‘capable of carrying multiple chips and different sized ICs may be used
within the MCM, the device employs volume consuming carrier
30°  “'substrates 18 and 18' and solder balls 26 and encounters noise at high
frequency operation.



t hrough vias interconnects 30 and sol der balls 26. Wile each substrate is
capabl e of carrying multiple chips and different sized |Cs

wi thin the W’y g‘dew ce enpl oys vol ume consunm ng carrier S%CPEA%/&Q“
substrates 18 and 18" and solder balls 265 and encounters noi se at high
frequency operation. Fig. le shows an MCM
assenbly with netal-filled through- hol e vias, a typical
application of which is Figclsshdwsnab. I&CMaisy@th‘lg with metal-ﬁll%a%lﬁ*éﬁgh-

i ssued July 20 993 to Gnadl Vertic i.nt erconnecti_on tween
one si |} con wahgle Ysa i typiseh PP%HCPtleanO(j\IMfBFhSQ isgused; By &4S. @atent N ng

netal -filled thr gé)r;h n t
36' on adj acen Z%fers%si}e%gaﬁd%% ggiﬁgsl tgn@ H hgé%lt %g?ﬁgréﬁé%gg III%%tlon
met hod, i ndi vi HetwedrCorfer silicdnf ivafen32namd f acather rsilicaro vodfeb 32156 chchieved

Further the devjce is nte ousi ng ich significantly reduces
the sili®on deH§V‘c%/nEﬁta &I‘r@élg le vias ﬂ] and 34"to coptart bamps 36 and

EP0782191 publ g
integrated cir CUI ? ﬁcéagégg\ge@ﬁg%;s %&E@gs@‘é tlserar{latelﬂfrweEﬁ ngyeql cﬁ%‘%é&géé}i
flip-chips, tog&tthed vmﬂlwmuadbiﬁsjsfmﬂmtdﬁfarattcmvrrmﬁaetrunemg:annot be usds
of the chips | feri n | evel s, of fhe stac sol

bunps | ocat ed g dpfé"%éﬁ ounted; i1y 3 %‘é‘é?l@ﬁ W 1%@8‘&‘&@9" Xcﬁ'%’é’-ﬁﬁ
15 | evel s %ﬁ ads of the chips with the wiring
pads of the ﬂlﬂésﬂfc@lﬂl p-C %?f%%glér@ the circuitry volume of the final
mul ti-level stacked Integrated circuit chip assenbly is conprom sed

due to the spa 'nd 5 r i?gwire i nt erconnects of the
assenbl y. %%Iﬁ: 8 ON It is

therefore an ObJ ect of tli?1§ﬂ’?é°t‘éf5re'£l¥ é&%ftt?lggé]&\ébﬂgl tve tion to rov1dea

configuration for achieving inproved packaging or reduci

trace i npedanceenfigdratien £0r achieving imyiraivkd qrackiagirng dxealmtynmr&h fcbloreducmg
vari ably si,zed tacked I Cs Iln a first aﬁgpec t he f nvent

provi des an nCHfas§ impe gogahgross-t or etlectnca noise I!oE Jypriably
substratg (102} 's?zgclé’edxl@lj%' wefitsf a3peck RE) inRnitl¥h provides an MCM

assembly comprising:

(a) a substrate having a conductive surface facing in a first
direction,
(b) a first integrated circuit (IC) layer having a conductive

20 surface facing in a second direction opposite to said first
direction, towards said conductive surface of said
substrate, said conductive surface of said first IC layer
being electrically connected to said conductive surface of
said substrate,

25 (c) a second IC layer positioned over said first IC layer, said
second IC layer having a conductive surface facing in said
first direction, and

(d) a third IC layer having a conductive surface facing in said
second direction, said third IC layer being positioned at

30 ' least in part over the second integrated circuit layer, the
conductive surface of said third IC layer being electrically

This gp,
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in a first direction, (b) a first integrated circuit (1C |ayer

(108) havin conductive surface fape1YgAbSI00943
second di re&(?ggr{mg[l)lposi te 30 to said first direction,
towards said conductive surface _6- (104) of said
substrate, said conductive surface of said first

-6 - I C layer (108) being electrically connected
to said connectegh e sald condiuctive surfage of said decondtIGt e
(102), (lg}e@ second I C | ayer (116) positioned over said

first I1C layer (108), said second IC |ayer (116)

having a conductive 5 In another aspect, the indetiticc @roafied8tar MEM thsbérhbly
di rection, . (d) athird IC layer (118) having a
conducti ve sur f@RBPIIHBENg in said second

directiog, wherein a portj\0 f ' . . .
conduct i \ge surface of sa}(%) {hnlg‘r}%&hf%l %%/‘Zi?‘%(ifg)ndlusctwe surface facing in a first
posi tioned over said conductdivectiosf,f ace (104) of said 10

substrate (102) without said first |1C |ayer, (1_0?8I and said )
second |1 C layer (116) beil®y Béirskintegrtedpeirenis{IC) 1ayer positioned over said

and said conductive surface Qtrbs F{'_’jﬁ lfa%ﬁéra?gﬁ%c}ﬁ%z‘ﬁaurface facing in said first

conductive surface of said thit aye

electrically connected to saligestigigucti ve surface of said 15

second I C | ayer (116), and ...(e) _an interconnect menber
(110) edfendi ng bet ween 4@ o second IC layer positioned oyesr saigh first 3¢ layer,

sai d conductive surface (10 ' . . sybsirate
(102), being electrically f@agﬁéﬁ?agkg%ﬁﬁg%}zeegu{fgce facing in a secoRd"diretion

said portion (119) and el ectoppaditey tbl saidcfirpt clire@idrgdsdid 88cond IC layer
sai d conductive surface (104) of said substrate (102). .
In another aspect, the inverf%t8Rdigberend,saidy figdelEl Jayer to define an

Ot ) rate (3 : duct i
OIS recing  overndRbif HBROR! BB 00 EI UG
(b) a filbst integrated circuetonddC lagyear bé¢idgBeleptridallyofigsichy®rconnected to

said substrate (302), having, g COnduckve Susthca of said st IC layer,

(d) an interconnect member extending between said
overhanging portion and said conductive surface of said
substrate, being electrically flip-chip connected to said

20 overhanging portion and electrically flip-chip connected
to said conductive surface of said substrate.

In still another aspect, the invention provides an MCM

assembly comprising:

(@) a substrate having a conductive surface facing in a first

25 direction, '
(b) a first integrated circuit (IC) layer positioned over said
substrate, having a conductive surface facing in said first
- direction,
(c) a second IC layer positioned over said first IC layer,
30 » having a conductive surface facing in a second direction
opposite to said first direction, wherein a portion of said

conductive surface of said second IC layer is positioned

EEN ]
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said first direction, (c) a second IC |ayer (316) positioned
over said f i»{@?wb@l# ayer (308), havi pgTRCA98/00943
conductive surface tacing in a second 30 di rection
opposite to said first direction, wherein a

portion (319) of said conductive surface ‘of said second IC

| ayer (316) is positioned over said conductive surface

-7- oygoajidorondudtive mrfage of 302d suhstrate wihout
first 1C layer (308) 1 g bei bet ween, sai orti,on.and
sai d conductive surface said first IC layer being ggﬁﬁ?elbisaé%ip&’rg@%s??gtﬁlg
(302), the conductive surfaceomdu@vé surface of said substrate, the€e8R8ulfive
| ayer (316) being electrically flip-chip connected 5 )

to said conductive surface ofuragedof saigtsecondietayesdming electrically fligjchap

I nt erconpect nmenber (310) ex i e en_sai P

portion %19) and sai d condu‘tbﬁ%(speg{fq é\%@ c(oggbcggg syxfage of said first IC layer,
substrate (302), being el(@ytdn Qﬁiér&oﬁﬂi@td@tﬁéhﬁbe&%@ﬁaﬂ% between said portion
said portion (319) and electrically flip-chip connected to 10

sai d conductive surface (3043ndfsaidi gosdustivat suxface)of said substrate, being
Furt her objects and advantag f tihe Loveation wll. appear . . fro

the fol l ow ng descriptioh, t%%gﬁnﬁ)lg’ét ﬂé‘? C&A’E hc?%egggoﬁﬁaﬁ%%dmrtmn and
drawi ngs. 15 BRI EF DESEIRtiridaly Hip-dill ESMWERES to said conductive surface

I n the acconpanyi ng draw ngs: Fig. lais a
di agram®}tic side sectional of saidstbatrpte.or art TAB bonded MM

assenbl y; i, 14S [,2qr I c. side. sectjonal
view of a prior art fli p_F%her Obgﬁ:lt%gggn%‘g‘éﬂ}\%%?%?ggbﬁl jrvention will ‘Appear

Fig. 1c is a dipgmadiiioliosidp desirihoh, vilek gene:hit yhe accompanyihg?
Y

prior art flip-chip bonded asse Fig. 1d7is a
di agrammat i ¢ sidfawdBgs.i onal view of a prior art ball grid array MCM
assenbly; 25 - Fig. le is a diagranmatic side sectional view
of a prior art

15 BRIEF DESCRIPTION OF DRAWING

In the accompanying drawings:

Fig. 1a is a diagrammatic side sectional view of a prior art
TAB bonded MCM assembly;

Fig. 1b is a diagrammatic side sectional view of a prior art flip-

20 chip bonded MCM assembly;

Fig. 1c is a diagrammatic side sectional view of another type
of a prior art flip-chip bonded MCM assembly;

Fig. 1d is a diagrammatic side sectional view of a prior art ball
grid array MCM assembly;

25 a Fig. le is a diagrammatic side sectional view of a prior art
metal through-hole vias MCM assembly;

Fig. 2 is a diagrammatic side sectional side view of an MCM
assembly according to the present invention where the third integrated
circuit layer is electrically connected to the substrate layer using a vertical

30 interconnect element;
Fig. 2a is a diagrammatic side sectional view of an MCM

assembly according to the present invention where the third integrated

This Sheet Has Been Repla
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met al through-hole vias MCM assenbl y; Fig. 2is a

di agr ammat | (‘wéiggﬁ”ﬁct I onal side view of an MCM assenpCy/CGaos/o0%ds ng
to the present “invention where the third integrated circuit |ayer
is electrically connected to the substratg_|ayer using a vertical 30

I nt erconnect el enent; Fig. 2a is a diagrammatic side

isﬁsteln? ingln :,/\,Ihg\rlvgﬁ'fﬂ,}gtn[ameiroqtﬁ{tga roaq%g'g&%blvgrt?c% 01;1 érré n}18ctt dip{ilgssceanr&d second

-8 - Ghfepthted AR RY Yrddied ArbLAA! sAIE AR50 the

first and seco I ntegrated circuit” layers are arranged around the
si de surfaces okrtitel interconneedrti cal interconnect;

Fig. 3 is an isonetric petspgctive, view of the assenhl of Fi.g.
2. FEEP S Sp eringmigirin mempe L SE At e MCMefssiicly
another g ofﬂ%%“ ment of an MCM assenbly according to the invention,
I n which the second integrated circuit layer is electrically

connected to the substratBEg. 4 is a diageamuatig sidec sectiemalg viesshof canathet 0
Fig. 5is an isonetric perspecii Vi ew t he ssgnbl . . of. .H g.
A ehBodinied bF B ML apstinBlv affor i ato iy iyention.olp Bhich

anot her the Feesh dBRtegRhted Mt 38PER sle@fiellfli cdnketelN® HY QiBstRite
in which a second i'ntegrated citcuit layer 1s electrically

connect ed to t layenmsingawirel byredingstechniquesng a vertical interconnect

el ement ; . Fig .7 1s an isonmetric.per cti I ew gf
the MM ¥ssenbl y Be pi 15.39%,1505?1%*‘“ perspective view of the M@Yf’%sﬁe&‘ y
di agranmati c vi(;m:ig_hgwi ng an MCM assenbly of the invention | ocated
in a hearing aid. DETAI LED DESCRI PTI ON OF PREFERRED ENMBCDI MENTS

Reference is first made tBigrigsis 2 diagrammatichsideoweetionak iview of another
embodiment of an MCM assembly according to the invention, in which a
second integrated circuit layer is electrically connected to the substrate layer

15 using a vertical interconnect element;
Fig. 7 is an isometric perspective view of the MCM assembly
of Fig. 6; and
Fig. 8 is a diagrammatic view showing an MCM assembly of

the invention located in a hearing aid.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Reference is first made to Figs. 2 and 3, which show a multi-
chip module (MCM) assembly 100, made in accordance with a preferred
embodiment of the invention.
25 MCM assembly 100 includes a conventional substrate 102
formed of alumina as used in the manufacture of thick or thin film
. hybrids, or polyamide as used in flex circuitry applications, or glass-epoxy
composites such as FR4 used in rigid circuit boards, or any other suitable
. material. Substrate 102 has a typical thickness of .254 mm but may range in
30 thickness, e.g. from 76.2um to .508 mm.
Substrate 102 is covered by one or more metal interconnect

layers 104, formed of any suitable metal (e.g. gold, copper, platinum or



chip nodule (MCM assenbly 100, nmade in accordance with a preferred

enbodi nment w‘, mfbﬁ vention. 25 MCM assenbl ypa D& A9800943ieS
a conventiona? substrate 102 formed of alum na as used in the

manuf acture of thick or thin film -9 hybrids, or polyamde as used in
flex circuitry applications, or glass-epoxy conposites such as FR4

used in rigid cifpcyjt bo or any other .sujt abl mat erj al ..
Substrate S0z Reladuimy MEM OKAGES qeds; Kb A vthowRy ORafie HdcHEide of
thi ckness, e. g 5d1040 M022hRATd@ id RPBldMMically connect and mechanicaliPatthdh €
102 is covered Dy one or nore netal 1 nterconnéct | ayers 104,

formed of any thd MGM assemblyel(f) tggetipbenapeaircyitrat i Metabrinterconnect 104
-9- pal | adi um . MCM nounti ds, 106 are.shown on the, underside of
substrate 102 RFRVIAes slediicabcanreatirt i Fye conduciive AtearRTeshTE o SAbattate
the MM 955e”bhdz.lg‘i’nélweﬁbmsf@'m had'i ddndudiialthkGash CRORECHr 1R4s (not
provi des el ectrical comection to the conductive Jareas present on substrate
5 102. Fi nghown) fohmedathrongh thessubstride fiomg its top ghrfase where they areot

h f dth h.th trate f i T4 f wh th
connebted (o mEPRRSsRddocERAlntasanedt 104 oo bilont shcatp i el e e
connected to pesﬁné&g?qp rggdrigciwaa'adm%&!\av REEGARIEShdect).

Posi tioned above net onnect 104 1s a first 1C layer 108 10 and
a vertical interconnect @ositoned above metal interconnect 104 isiarfitst IC laggel0808

is flip-chip connected.tq .netal interconn 104 through flip-chip
joints ]@Za. FAR -%Wﬁbtl‘f"gi‘-ﬁf"é'c‘irﬁ%lc,t %?Wg?gig metal lic bunps, are
formed on nounting pads I§4g 1ef 1dyersiod fs i Bhip OShietde P28 9REtal interconhiékt

metal interconnect 104 using a conductive I'nterconnect material such as 15
sol der or condd64itheoaghxifip-ekipajointulii2a.t Hipchipijoiads ddRauot iraisedumfesaldic

mechan cal |y 1 BUERRE. TR daETed o i e padR 1 £fa 61 ASReIG; BYEP30¥ aRd bonded

Vertical interqgnnegd iflettBifhect 104 SsiflpSP cbhdfckve Pnepediifdcednaterial such s
metal interconnect 104 through flip-chip joints 112b forned on the 20

conduct ilbe ar esslddr orrcondaictiveteponndsta sesaibthelnegiudred jcondugtive suwéace

areas of first IC layer 108 are directly connected electrically and
mechanically to the conductive surface areas of substrate 102.

Vertical interconnect element 110 is also flip-chip connected

to metal interconnect 104 through flip-chip joints 112b formed on the

20 conductive areas of vertical interconnect element 110 and joined to the

appropriate conductive areas of substrate 102. Vertical interconnect

element 110 is shown positioned over metal interconnect 104 on the side

edge of MCM assembly 100. However, it should be understood that vertical

interconnect element 110 can alternatively be positioned at any location

25 over metal interconnect 104 such that vertical interconnect 110 is

electrically connected to third IC layer 118 and metal interconnect 104. As

an illustration, vertical interconnect 110 could alternatively be located in

the centre of MCM assembly 100 such that third IC layer 118 extends over

vertical interconnect 110, first and second IC layers 108 and 116 are

30 arranged around the side surfaces of vertical interconnect 110 (each having

in effect a hole through which vertical interconnect 110 extends), and



appropriate conductive areas of substrate 102. Vertical interconnect

el ement 110 895# posi ti oned over netal interconnect 104 orcCrrEa9sioakas
edge of MCM asseé y 100. However, it should be understood that verti cal

i nterconnect el ement 110 can al ter nativehy_be positioned at any |ocation 25
over netal interconnect 104 such that vertlcal I nterconnect 110 is

electrically connected to third 1 C |layer 118 an taI I nter onnegt 104. . As
an illustrati omet@brmf%réfpnmﬁﬁ‘ér](%nﬁétﬁn 81 IR %ﬁ“ﬁ%‘t spEfagenof | yertical
in t he, gen Wﬂfﬁé that third IC layer 118

ext ends over intter r&\?gﬁtll ca g?lclc:)or{ir%g‘gﬁ% , first and second IC | ayers

108 and 116 are 30 aRositimbdaalbovalfirstdCslagter 308 isaa secorid Ie dayeralll6, not
{,Qﬁ te ,r gg{m,eﬁi erl élogq: eé‘f hy_ E:S\rltéggt@ﬁ!dgl}recgydo f1?§tf Iee Ha;‘erh%g &erﬁu% 1‘4{%55‘18 is
10 5 "BbElidddLLEeR0sElonP A aKlend e uhdess ﬁ@ectagt LHRHE] 36 3ebind

verti cal erconne IS S

Posi tioned abo¥e€ layestl16Ghreugh flipechip anstectmd ﬂo@nteﬂlyen mbfintingt pads 114c

electrically connected directly t flrst | C | ayer |rdICIayer 8
s 5 O houi ¢ ooy aasoRdoad SEEGHE Fayers,lde andbT i TR 16 Jars bR smkee -t o

mounti ng pads §iip @filectdd o"vBH, ”‘*‘%f‘?‘%.‘f?%df"%@?%‘if??f%‘@"rgﬁ b7 Rp-<hip, o

IC layer 118 i mlt§(1112Idl formed on motinfingopadstHdd onvénirdcKL laperrld8naedt
el ement 110thro h flip-chip oints.112d formed _on no

114d on ¥hird be to somdustive greas ototsﬁtttce 1 iptereorngratielemsnt 3%5 ?gﬂﬁaﬁ?
vertical int erq ‘f; %Eign] élfbaoygfﬂ%ﬁrst darﬂ gecbﬁ‘ﬂqt iagy%ré %oﬂe&tcﬂf‘l‘té

to overhang fi r secon yers having a
over hangi ng por(hwinglhﬁ) ovsetdiantglmag pMOwém)aﬂgchnghpblthe @verhanging pbﬁtmﬁ

third I C | ayer s n s over the to ur ace of vertical
nt er connect - eilddfthirh 6 S B iRcTmtierenia pSBr 11 108 Snttest OF wetisala)
15 cont act 1metr@of(ﬂén{t'él@tneh?tﬁ0%”6‘t‘%&tr ok eRE Ié 18yer 118 to make electrical

Vertical interconnect enent Is an electrically
i nt er cortfect i ngoatartewithf wnticahirtdreosinegt etament ithal substrate

TR acturi g echni ques.y vert ol b ShEGNeS S ST 110 bR Loy
interconnecting element fabricated using conventional substrate
manufacturing techniques. Vertical interconnect element 110 is formed of
similar material as the substrate (ie. alumina, glass epoxy or polyamide)

20 and has top and bottom surfaces which contain matched conductor
patterns. Further, electrical conductors 120 electrically connect the top
conductor patterns with the bottom conductor patterns. In this way,
vertical interconnect element 110 electrically interconnects conductive
areas of third IC layer 118 to conductive areas of substrate 102.

25 It should be noted that in Fig. 2 and 3, the thicknesses of the
IC layers are much exaggerated. The IC layers 108, 116 and 118 and vertical
interconnect element 110 have approximate thicknesses of .254 mm but
méy range in thickness, e.g. from 76.2 pm to .508 mm. Vertical
interconnect element 110 typically has an approximate width W of .254

30 mm, a length L required to place on it the required number of electrical

connections, and height H equivalent to the combined thickness of first



20 and has top and bottom surfaces which contain matched conduct or

patterns. Rudéoeriel ectrical conductors 120 electrically coppeprAbkymgnpp
conductor patterns with the bottom conductor patterns. In this way,
vertical interconnect elenment 110 el ectrjically interconnects conductive,
areas of third IC Iayer 118 to conductive areas of substrate 102. 25

he thi cknesses of. the I C
| ayers are middsesgaer e brerdiiold 1k iheoslimersionnare uaHatiye ands are
| nt er connect ;gncjécptg%\éehﬁ,qﬁﬁ xi mate thi cknesses of .254 nm but
may range int rIE‘ness } from76.2 [err]mto .508 nm Verti cal

i nter connec';] el errent 1é0Afhpp|thalM£MaTsSfrr?lﬂpﬂ100mrMmed dt ma}y Qtlf\en tEB#eﬁ{Bl
I L t | e er of electr

Cohnect | ons, R eIyt o ittt edfhpetatild Suhat all elementsaresomplasely

- 11 -5 cov@f&i EriPsulldnt %nt g'lcp}ﬁ'g?'ach%ﬂdﬁfl %ﬂﬁ?o DrBRRE RO Islrfibly

illustrative and are not |
After the NCI\AfaeHenbhynmﬂmemﬂad)rruairostomaw hEnaml/eneethamcal dérhlige

| ayer of suit S so t hat el enents are corrpl et el
cozered Enca 18 ﬁf‘?s?rla&’r' 31%&?? ridreny cpi ofae dinaln sizgs v éb!ny

from envi ronrm,,;,t}ﬁ [ éargehm f’aﬁf?&l

Encapsul ant 12 b;éﬁ{;lﬁ riautyerﬂld(}gpgr e ther? cut toq QI%’ellve ?’llld 118 and
appr oxi mat el y verﬂl‘alnmtemnnlnleet eaigmemt 11 tb]gdmyﬁa sflﬂﬂshedlpachm d 181G
vertic i nt erconn l.e forma nis

assenbly 100. g€ Iﬁgiy @Qn qﬁﬁ'ﬁé ae'iel'iﬁlm%% a&smc *@&’Wa}p(béan be
fabricated w ifibfitafed®WATR !B Scinph)2® sﬂ@hé s agg%oktﬁ%mmﬂ T0pLh

and width and a maxi mumsize limted only Tty to encapsul
under and in edwddth mad é:smnnpunv site hmﬁtfedconlyt byﬁ:hbeahlhq* te eabapsilytd 0

the flip-chip _copnect It. should not ed at due
to the IF\)/CI\/I ag s"é}fgq é itrsmfeen the ICs HéPF%Wé]rea?uflﬁt‘ﬁeé‘rtéBﬁ 1F6]n5té Hyaious,
such as externgk ﬂif;Bﬁm AneRHs. or edge nounted carriers, the
area and vol une of "t he f| naI MCM assenbl y 100 is substantiall y

m ni m Z28&d. By directly aftishonldgbe moted tlbayei’uﬁ to thadiCM assembly's lack of

peripheral interconnection apparatus, such as external TABs, wire bonds
or edge mounted carriers, the area and volume of the final MCM assembly
100 is substantially minimized. By directly attaching two IC layers to each
other and by attaching the remaining IC layer to the substrate,
20 conventional peripheral interconnections between IC layers are no longer
required. An extremely high silicon package density as well as a

significantly reduced electronic noise susceptibility is achieved by the

present invention.
Further volumetric efficiencies are attained due to the fact
25 . that MCM assembly 100 does not require an external protective housing as
it is particularly suited for direct attachment of auxiliary electrical

components. .

| Referring specifically to Fig. 3, another view of the MCM
assembly 100 is shown without the encapsulant layer 122. Third IC layer
30 118 is shown to comprise two distinct ICs 118a and 118b with two
overhanging portions 119a and 119b. Vertical interconnect element 110 is

shown to comprise two separate vertical interconnect elements 110a and



other and by attaching the remaining I1C layer to the substrate, 20

convent i onalywggpheydigr al interconnections between |C layers arecicAds8oans
required. An extrenely high silicon package density as well as a
significantly reduced el ectronic noise sysceptibility is achieved by the
present invention. Further volunetric efficiencies are

attai ned due t e fac 5 t hat MCM, assenbly 100 dges not require an
external prote tleeFFﬁ)uiFﬁawésthe side posifions Ogg’raﬂ%ﬁl MGM maunding padail0éct
att achnent of il : i . . .
Reforring speciT g flbdeRige o saBbtrate 102, udtlRIMBkIc] connection to, variggs,
100 i s shown wipgeripherahelementssul ant | ayer 122. Third I C | ayer 30 118

[ h t [ t | stinct | 8a and 118b wi.ith two
over hangi ng por ti ons ﬁ‘éﬁaiiﬁaﬁgﬂ_ﬁ/@f@ £58 PoAFiRed v sacendriC layorids
h t ' | ' r t 103 .and.
1106, F g 3 sfos R ARERAIT LENEHEN 18 odcBhd! KD IIRE S BEBHER hbguffines
on the undersi dd2offosmedt omtmrodfingysais 1btc eheseconddC Iay:@ﬂgeltll?lgsmd flglsllcl:Ba
[ i bh I el ) . 118a an

\{iglbogfe posi t iaﬂﬁgﬁ@ogﬁg ]slgeema i@h arecfliprehip S‘_mne_Ct%@]éP Yewtiealiiptargepnect
connected t0 SQEGHEntsCI1MYgAd ]ﬂﬁbttll’\'iﬂggﬁ éﬁ*)ét&'elﬁ%% g'r]igalsfegmf%%n r&&&ﬁting

formed on nounting pads 114c on secon

and 118b. | Cs Phels Hdd d13Csd18a fanidpl 18k mddummdeﬂelﬁ) &c?hdtmtirw];iecﬁeas of veﬁczaé

I nt erconpect . elements 110 nd 110 hr i p-chip joints

f or med moundPffgconnect eT?fH8§%§L§@aoﬁn Cilé}%gagnh{sﬁ@@daﬂ& ofuficiently
conductive are 4o ' I t

G0 1183 and 1oy Fald dctond IC s 100 ERN RERHRH Bt ICE 18 et g
108 and 116 suexterndhtovelsthel 8ap ssutfadsBiof vertical imtereomnenteelebdents oploauahdce
of verti cal inHﬁ onnect elenents 110a and 110b.

It is evident f é Figs. 2 and 3 that since vertical interconnect 15

Gxtromel y.hi gh packagi 1 denst e By erl B oo e SR AE TR ornect
f/5 J e gr;eg? I118 is of suc%l' narrow dimension, MCM assembly 110 attains an-
extremely high packaging density. Direct IC connections between first IC
layer 108 and substrate 102 and second and third IC layers 116 and 118
eliminate the need for space exhaustive carrier interconnections.
Further, due to the assembly’'s geometry, differently sized IC
20 layers may be accommodated and further, an unlimited number of
separate ICs may be contained on each IC layer, subject only to physical
dimensions of the layer itself and the electronic limitations of the circuits
themselves.
It is also possible to configure MCM assembly 100 such that
25 each IC layer or IC may be independently based on either digital, analog or
passive technology. In this way, different technologies can be combined
within a single MCM assembly 100. Indeed, various technology ICs can be
included in the chips forming each layer.
Most research relating to stacked MCM devices has to date
30 ~ been confined to memory applications and as result, very few mixed
technology MCMs are currently available. Although silicon techniques
such as BICMOS allow for the integration of bipolar and CMOS technology



| ayer 108 and substrate 102 and second and third IC |layers 116 and 118
elimnate the %ﬁﬂmflor space exhaustive carrier interconnecti @ga/cA98/00943
Further, due ? the assenbly's geonetry, differently sized I C 20 | ayers
may be accommodated and further, an unliggted nunber of separate

| Cs may be contained on each IC |ayer, subject only to physical

di rensions of the layer |tself and the electronic |limtations of the _
circuits on 3 piigle|chi, such techniques are extremely jcompley asuk spsiie Figce
configure MCM : : J ihGivRY :

| ndependent |y gg%g%?gdnn%t? %#99.55‘??%5*’?& gtnea ggagér]&ln%lé %X&;'ptg% sllh\gié alP%hlp
technol ogy. | nsizei & \ayreadedf eDRefectseohnitegratedc airchit evufersette randomly

T o ST A% 0l T e i g
relatinggto st Pag-ESP' QA ?d‘ér?s‘?&tfh@fﬁ%%erg@fp&owafer, ?g@ '}ffé?gg% ’%&%eogirégﬂé y

applicatrons and®as result, ver chno

currently avai texhhced ébéhasiglg sidltiplnsinatinidsques such as BI CMOS
allow for the integration of bipglar and t echnol ogy .

- 13- on a si ngl & ANIBT asky@Rtage: ih R pEosase ol dreating v stagked MEM

chip, the indiwvi Ze IS intrease s on Inte
circuit waf er starasseaitsiimg \the modulediBhius, bi@edf Garioasateshnolegidsf @eid of
causes an entire IC to be discarded, and 5 Ié{)g,er devices translate to
fewer | &8 per ¥arious manudpetuzers)catePecieparatelyjfabricated andotrated prier to

using multiple JodCs . . '
process of cr eg‘?@éhgﬁg’tﬁaﬁ%g Kf&ﬂle MCM de(;"fl C%’hfgdk%in% é@g gﬁ%@%%ldts% %Q?ﬂy
each I C | ayer egjectse ahdbtheatestl fod teehiredthrpr IOrsets. Accordinglys eitel ppgsenite

nmodul e. Thus, |Cs of varj ous .technol ogies (and.of 10 . varlQus .
manuf act ur er s) IRVENHERN allows, for §R? éB?ﬁE%Cé‘&reaﬁﬁ cogk effgctive g\dﬁs containing

conbi nati on i n§Gs {fWiRtezeMMIRGIGSies! THHUS, NEMhESd%e#gfléri f(ﬁ’lgr&éid%gstmeyuser

rejects and the need tor redundant™| C sets. Accor present
inventi dh al | owdithor higle degreé aftdesigniflodbilityfiye allovdnyite usetofi vingusly
|G of differeql, d£EERH "Rt 1cY MR Sieh 1 B0y B! B ESmbiatlSRS of

different technology ICs within the device.

CostIY L noe. of the kind i8Sted Wi 08k TNy & LACREIASALAMY BP1de] B

Finally, due to the significantly shorter signal path of flip-chip

joints, the present invention provides a configuration for achieving lower

20 trace impedances and reducing operational cross-talk or electrical noise
susceptibility at high frequencies than previously attainable in
conventional three dimensional MCM assemblies.

Accordingly, MCM assembly 100 provides the user with a
highly space efficient, noise resistant, cost efficient, and flexibly designable

25 MCM assembly.

Reference is next made to Figs. 4 and 5, which show an
alternative wire bonded embodiment of the MCM assembly 200 of the
present invention which utilizes wire bonding technology in addition to
flip-chip technology to interconnect device elements.

30 o Conventional multi-chip assemblies tend to rely on only one
kind of connection technology, such as TAB or flip-chip technology for IC

layer interconnection. MCM assembly 200 utilizes wire bonding and flip-



15 with a high degree of design flexibility by allow ng the use of

variously ized 1C layers, nultiple I1Cs within each Ifeot/aXéio094x
conbi nat i ongvoo?w199131 different technology ICs within the d}(e\cvi ce.

Finally, due to the significantly short_ei signal path of flip-chip
joints, the present invention provides a %onf iguration for achieving |ower
20 trace inpedances and reduci ng operational cross-talk or electrical

noi se chipcegnnegtian jyechndlogy tporesqmast ivasiousalC Jaysrs doseachaothegmasl e

in convent i I r ' i | iQS. .

Accordi ngly, agggﬁbﬁ/gf%sgﬁgﬁegﬂmedﬁgﬁa&fﬁj éﬂ'\e resgltm& B?ﬁe;’nglfyace
ef ficient, noiggvides thardesitbid advhhGigenéds pasdfdbrivaiidnydeeiet Hiakizkion
MCM assenbl y. Ref erence is next made to Figs. 4 and 5,

whi ch show an by simple ghanrgesata the wirecbondhgenfigutatibment of the MCM

assenbl y=200 of the resent inveptjon tch utilizes, w bondj

t echnol ogy in addition tgom&o% %??IPFBESCHFb”?amﬁhSI %}Sifnta VFD{\&%R%‘E{‘BP}Q
devi ce el ement300 éfhbodiment and the MCM aBsanbiyo1@0 willl bé defbfed By anB! dadite
tend to rely on only one ki nd of connéction technol ogy, Such as TAB

or flip-chip teemestlsgyut vrith ene hundred|added thereteonnecti on.  MCM assenbl y
200 utilizes wire bondin ' .
-14- chi p connecC |é% atF‘éeéc n1(¥| %%Oylx}céu%%snﬁ%%ﬁtra\}gﬁO@LFé)vFEeql QYear gnqtal
each ot her as interconnetel|204abdth fdrenedisft ralterials preWblbii desénbed. TAEM
resultina_assenbly provi des the desirabl e advant age of

i

post - f aBPi cat i BYPUWHing epadst 406 zeni e underside)ofsistpstratt2feareoused tore

bond confi guraj; I et.ween t
al ternati vg I\/C%}leg{s%%cea%’l gonnect MC%%SSS%%QW@ ggcpfg%‘ﬁléaql\‘}ﬁﬁtg eﬁ%\eyuliﬁﬁr
wi Il be denot eshifgcéd bé sabswate 202 alsmimhlcbé§cdhdud@i¢é1laﬁal@n§lpﬂas%(ﬁgdgﬁ5)

t hereto. ) . assenbly 200 includes_substrate 20
covered by a nadjgcent its edge; Fﬂwg{'\(IEWn?%clﬂt%QPn%!‘?ﬂ et layenseatackes) above

2oy 20 0558 e e, ATEHEICHGRROSOR 0 AT g
peri phedél cirinteteonnetbe2@ppard is flip-chipurconanectdd tobsietalt éntedomhed 204
| ncl udes Condu&{rio\ﬁeghl ﬁppqlcﬁl% ﬁ)?r(ljtss 221%91 a(SFlijlgéVigl.)lSly described.

Positioned above first IC layer 208 is second IC layer 216 which
is adhesively attached to the back of first IC layer 208 using a conventional
die attach adhesive 252. The upper surface of second IC layer 216 has

20 interconnect points 254 located adjacent its outside edge (Fig. 5).
Interconnect points 254 are bonded to one end of fine wires 256 of
appropriate material (e.g. gold, aluminum, etc.) with approximate
diameter of (e.g.) 25.4 pm. The ot.her ends of wires 256 are bonded to
conductive landing pads 250 of substrate 202. This is achieved by

25 conventional wire bonding techniques. '

Third IC layer 218 is positioned above second IC layer 216 and
is flip-chip connected to second IC layer 216 through flip-chip joints 212¢
formed on mounting pads 214c on second and third IC layers 216 and 218.
Third IC layer 218 is of a smaller horizontal dimension than second IC

30 ~ layer 216, to leave one or more edges of second IC layer 216 uncovered and
hence to allow interconnect points 254 of second IC layer 216 to be freely

accessed for wire bonding interconnection purposes.



adj acent its edge, to allow for interconnection with IC |ayers stacked

above | be described. A first IClayer 208 is p

above the newgla’@féﬂlll i nterconnect 204 and is flip-chip conncei?'lt/%@%%gr'gt al
I nt erconnect 204 through flip-chi jOIntS 212a as previously

descri bed. Posi ti onea1 above first IC layer 208 is
second I C [ ayer 216 which I s adhesively attached to the back of

first 1C layer 208 using Aftesassemblbndhe entire MCM essamblyh2@tires; bec@ﬁ&ed
The upper surface,of iecond I C I@/er 216

t t,
| ocat ed adj acentith @ Jayes of € mlgengypsulzant zzzlﬁﬁégﬂn@ E&??nﬁl e 54

are bonded to (El?cagf‘ﬁllﬂﬁt fzzze aWdr 86b3RA1OM02 are the%PF&h@pfd éﬁr?alrf&fz%r thin
(e.g. gold, alum etc. appr oxi nat e di anet er of

25. 4 [err]m Tmppmmatﬁiylslzﬁ nmrfe@mm edge obthecl layers 214, 216:md|d:18|asnd
| andi ds 250, of h nt I
\Map el Bgn n; t Wike Ollasugss ttcr> ofm azfimsﬂea pack%%ﬁWﬁg@lyﬁ@f r}g?\aslﬁe%%
posi ti oned abovgetsRngnet tiat a’zlYMCMﬁséﬁi'Hbl 200 can 'f&oﬁédt@dcvbitﬁ ég&n@;@ﬁﬁﬁﬁ)tao

second I C | ayer 216 through flip-chip joints

mount i ng pads Xize asmméﬂms&bom 1Ff8 i tn Ileiygitaﬁdfwul‘th emda a maximum Bide d
| C | ayer 218 i er, ho al _di nensi han IC 3

| ayer 216, to Islé‘?i'\‘ltg%o%nﬁ'&}' rfBFe@ éo BRCansulg ‘F‘Qf&?ra% %ee{gsa’fﬂj

hence to al | ow pfgvaHEONIFieROiniéchaticalObtabBeQN do! the mlsrc}aﬁfiaﬁe Wird bBaldY

accessed for wre bonding interconnection purposes.

- 15- 10 connections. After assenbly, the entire MCM assenbly 200 may
be covered with a er of conf.or | ant

descri bed. Encapsu#& I SPRGHIE tf%{%gp ap Efﬁomgé' &lléﬁais
size within showﬁﬁﬁitﬁéh'ﬁ&h@|d‘1ca§3ﬁlaﬁm1£ym221€1"1@ﬁael@‘la é}ezizﬁé w@m to
214, 216 and 218 and W re bonds to forma finished packaged

assenbl y 200. IQOmBSleéW@ distinct ICsd&k8aranidh2tBh.hat an MCM assenbl y 200 can
a0t w U (101 XL ot i 2108 ¢ RRRIRN A5 E 3R n 1 IR 1
encapsul 3be undgrid aré flip-drapVeemetted] td8edond IC layer 216 Yhebugh flip-ehijoints
mechani cal st ab) 1|2|ct %/ortrr(l)ec{ 2?1 ::Jolue\tﬁ\rg gagg %ﬁvlc r0?1 Eé)cr(])?\dlgc layercg&n e;;tdl IOCE]sSZlSa
and 218b.
While the circuitry volume of the final MCM assembly 200 is
high, it is not as high as was the case for MCM assembly 100 due to the

20 space required for the wire interconnects of MCM assembly 200. However,
the use of wire bonding allows MCM assembly 200 to be suitably
customized after fabrication of the unit. Such post-fabrication flexibility is
highly desirable in applications which require ready customization
capabilities, such as in the hearing aid field.

25 As with MCM assembly 100, MCM assembly 200 has the
ability to incorporate different sized IC layers and/or an unlimited
number of distinct ICs on each IC layer, subject only to physical
dimensions of the layer itself and the electronic limitations of the circuits
themselves. As with MCM assembly 100, it is also possible to configure

30 MCM assembly 200 such that each IC layer IC may be independently based

on either digital, analog or passive technology. Finally, MCM assembly 200



Referring specifically to Fig. 5, an MCM assenbly 200 is shown

wi thout the encapsul ant |ayer 222. Third IC |ayer 218 is showpck/@a9s/00943
conpri se twiVe? %’5%& | Cs 218a and 218b. |C 218a and IC
218b are positioned above second IC Iayei 216 15 and are flip-chip
connected to second IC | ayer 216 through 61 p-chip joints 212c
formed on nounting pads 214c on second |IC layer 216 and I Cs 218a

and 218b. also pr0V1des a con\ﬂgdretmhefqn achieving lowerdrage resistenges amdy
assenbly 200 is

assermbly 100 deperasianad hosbltalk L?i%cqfléﬁﬁﬁs“?l@ﬁ P‘B‘%Sﬂtﬁﬁw FF}UC Sgrlg@g%ﬂ%{g%ﬂs of

MCM assenbl y 200. However dingly, NIEM Sfs8nbl I B0 eV ides aie0wBelViiMth a
assenbly 200 to be sui tatﬁccor megtys cust om zed\l%fterﬁf abrication of the

unit. Such poaﬁofs'afahmmltlomncﬁstemlbalbllet ppace efficient, npisgtnepistent, capt efficient,

applications ire.re ojm zation capabilities, such
as in the hear AR h% ngsdgn%gl)é MM S, As with MCM assenbly 100,

MCM assenmbl y 200 has they; ghould B@'ﬁh&&rét@odl NGk Phieaconfiglikefions off MAM C
| ayers and/or an unlimted unber of distinct | Cs on each |IC |ayer,

subj ect only tasgmbliesall00 and 200 aammesq:cunblr@d intte angydevice packagedThafels,

Sseonbly 200 | preidsite Paskage grh HAYedS Tavss slesh IR Kitneditd thidclidther |
that each IClgugrid & g&usé?@te ﬂ@ﬁ%ead&}hbmabﬁﬁﬁ@f thez\(r)eortlcﬁh iRicrborindlit @ ,

anal og or passive technol ogy. Fi , MCM assenbl

- 16- 10 veire bopddng @eBﬁgucaimrllagd MGMnaSSmeé@ﬁll@OlaTgl 2Oher trace

resi st ances and atlonal cr | ectri Is
susceptibility at high f&g?ﬁ%%? R HAd o Figh. ¥ &fécor ?‘ﬁ%fyﬁ

assenbly 200 praq?t@rﬂ%&\;ehqwera)*@rt M@M assembROBOU abhicﬂﬂtlhﬁhzes flip-chip
custom zabl e, space efficient, "noise resistant, cost efficient, and

fl exibly desi grtadhm)lpgm weintesconnect two IC device Iayerpttosﬁ(g‘,y.bgtlgge JSRermmeRnod
et Lhe onT G At heRleltemagye RN MY SRLAT0 48R MM
have | C1imyers a%ls@&lbw 160 lwilFBa Reibes by thedanss hamerals but wathdtwo raindred
substrate using a corbination of the vertical interconnect and
added thereto.
MCM assembly 300 includes substrate 302 covered by a
metal interconnect 304, both formed of materials previously described.
MCM mounting pads 306 on the underside of substrate 302 are used to
20 electrically connect MCM assembly 300 to peripheral circuitry.
Positioned above metal interconnect 304 is a first IC layer
308 and a vertical interconnect element 310.
First IC layer 308 is not directly electrically connected to
substrate 302 and has its conductive surface facing upwards. Positioned
25 above first IC layer 308 is a second IC layer 316, which is flip-chip connected
to first IC layer 308 through flip-chip joints 312c formed on mounting pads
314c on first and second IC layers 308 and 316.
Vertical interconnect element 310 is flip-chip connected
to metal interconnect 304 through flip-chip joints 312b formed on the
30 conductive areas of vertical interconnect element 310 and joined to the

appropriate conductive areas of substrate 302. As previously described,

electrical conductors 320 electrically connect the top conductive patterns



10 wi re bondi ng configurations of MCM assenblies 100 and 200.

Ref er ence i swiooti9smde to Figs. 6 and 7, which show a ROT/©AI840943¢
two | ayer MCM assenbly 300 which utilizes flip-chip technol ogy to

i nterconnect two I C device layers to a subfstrate. Common el enent s
bet ween alternative enbodi nent MCM assenbly 300 and MCM 15 assenbly 100
wi |l be denote e : . t .

thereto. o with #baRGR RUREGEHe bieeth of VUL B Efkonncot clelEiF 31y
covered by a so that rihieakonduietivenasets 3p4seconidh IColagest G116 maierdlédtsically

previ ously descri bed. MCM nount i n ds 306 on the underside of

substrate 302 foxangsied tg camductive argas; Qgﬁﬁssﬁfﬁﬂﬁég% fevra the ease of MGM
peripheral ci rg}%{ef;r%éy f1_00, it shgull%);beer understood §%§P§%ﬁi¢9pﬁﬁef¥%‘§cp§i@|¢:am be

i nterconnect 3 irst 1 a ver

i nterconriect elpositibnadOat any location over metal interfconsiect G04ayach 308t i the
not directly electyically conngcted sub%tr te 302 and has its
ér can bey

conductive surf ycive, 8_%‘?01'}55) gpt 13‘_57@6031_% trigallys Fomecitaéeﬁo
308 i &l o]
fir slt > I ?: isg;gpdcgg,g dt r OLagr%g;g Plf \éméﬁ?%fﬁs%qzln*g v%%%lglg{rwrrgﬁ%t r%g’nt I ng pads

314c on first and second | C Segomd IGdayen818 16 also flip-chip connected to vertical
: . : P
Vertical interconnect el emaft 310 lf f nect e o netal

i p-chip,.co _ t
i nt er connect 30BEFGANNAC 1 pigment i reug 2&1113015 jeintsndl2dp formed on

conduct i are aalaq C I ta1zl | Ol .
appropr | e coraoantf pas 3144 S oReH 16, BYRS 518 8 Vohdbd 38 (chdfifive
el éctrical concreasid Refical interconaktty eleararac310; Secédrd ICOaser Bl 4s dabigtleds

-17- wi th the botto nductiye patiterns of vertical interconnect
el ement 310, oveﬁ?d‘& hﬁftnlqgga}{%égét(hgg% 8BsOWrhangyig) potiogydl9) sseh
are electricall t : @ngpgéch :
in the case of ﬂl\{}t.alk/l'che over %sgﬁ?b%o%l It s }égllg!ﬁ%ﬁﬁggr%sﬁ?%%%ﬁﬂﬁft%&dﬁs
vertical intercovercthe 30p surfabe of5verticgloimitercomacatelamenit @k }iﬁrbnueea forC
netal intgrconnect 30 uch t, the . conductive_ areas Qf second |
| ayer 316°can tﬁ?c@f‘écftl: ﬁﬁﬁ?’i ;}ngﬁng@tkgdelpstnca? contactowith: vertical rigierconnect
TC T ayer 316 1 S b connect ed to verti cal second
ayer is al so I p-
Y g Again, as in Figs. 2 and 3, it should be noted that the

thicknesses of the IC layers as represented in Figs. 6 and 7 are much
exaggerated. Further, the relative thicknesses of first IC layer 308 and

20 second IC layer 316 may vary according from those represented therein.
After assembly, the entire MCM assembly 300 may be
covered with a layer of conformal encapsulant 322 as previously described.
Encapsulant 322 and substrate 302 are then cut to final size within
approximately .127 mm from the edge of the IC layers 308 and 316 to form
25 a finished packaged MCM assembly 300. It has been determined that an
MCM assembly 300 can be fabricated with (for example) a size as small as
about 1.78 mm in length and width and a maximum size limited only by

- . the ability to encapsulate under and in between the two IC layers.

Again, due to the MCM assembly's lack of peripheral
.30, interconnection apparatus, such as external TABs, wire bonds or edge
mounted carriers, the area and volume of the final MCM assembly 300 is

substantially minimized. By directly attaching two IC layers to each other,



I nt erconnect el enment 310 through flip-chip joints 312d fornmed on 10

mount i ng paggg okfsdien second 1 C layer 316 and bonded to conduBtT/CR98/00943
areas of vertical interconnect elenent 310. Second IC |ayer 316 is designed
to overhang first 1 C layer 308 (having aggoverhangi ng portion 319) such
that the overhangi ng portion 319 of second IC |ayer 316 sufficiently

ext ends over..the to urface of vertical Jinter nect el enment 310
T order for 160MeRGRRIpEMERFR) dhferdeni e tinnRb ke foo dRY ST, PO PRAST
vertical int er?ﬁﬂl‘i‘fgﬁa, An extre%él?e'].'ﬁéﬁlgﬂicon r?eackage dentSich as well\O&

as in Figs. 2 a It should be“notéed that t knesses of the
| C layers as rsigréfiemntdyl reducedele@romid foiseesuseeptibility is agaimggehieved.by

Further, the reglativ éhi ckﬂei £s of first 1C layer 308 and 20 second
| C | ayer 316 $ §° Lesrue 3 ¢ PIEPFHYePE Mesent ed t her ei n. _
After asgembly, the entire MJWRSSQoPimeBIO ffividiRies are élétaﬁﬁlé&r&fle"‘éot the

| ayer of confornmal encapsul ant 322 as previously descri bed.
Encapsul ant 32facinthatubMCMitasseablyr 304 doescoot trequirealans extermial lpmotective

approximately ,127. nmfrom.t he ed f th | ayers, 308 and 316.to fgrm 25
2P FT nt shed pacReUSIRE He it drgicaiuty qulfedd ToriFack AfachBteringt apibiary
MCM assenbl y 3Qfécﬁq&1b@bﬁlgghhﬁg{ed with (for exanple) a size as small as
about 1.78 mMmmin length and width and a maxi mum size limted only by

the ability to encapsul ate ReferringapecificallydeFighé, anothe€ tieweosthe MCM
Agai n, e to the emblv's | ack of, peripheral, K 30 lLnterco tion
appar at us, sucfAS#E" tgﬁ(ﬁéﬁ%\gg,wmg?&%&gc%?s%%%?ayer 322. Em}}@igclayer
carriers, the 8163s sndwfptdle&ngfrisb herd Hisgincid% 336£ abldy3 1POwith overhanging

substantially mnimzed. By directly attaching two I1C |layers to each

- 18- pontionsi HhPa apdr 3PHer ¥ertical cindencoanech elementudd isCshawar so
are no | onger . equired. An extrenely high;sili ack density
as well as a compnses{v&ﬂ iSFP%%_? Ivﬁrtr“‘e%d%%gc%qréecc? F&‘?ﬂ‘&nﬁ'f% %‘EfngB‘?u bility
i s again achieved by ICshB s6£ R i3MBBt aref pbbﬁidiﬁe%‘%’ﬁo\ﬂen&ﬁ&t flgdlch
Further volunetric efficiencies are attained dug to_th fact  th

e
MCM asséwpl y 3¢onaeeiedntn firshdCr layen 308 thieughy flipwhip\jeints 312¢ formed on
mounting pads 314c on first IC layer 308 and ICs 316a and 316b. ICs 316a

and 316b are also flip-chip connected to vertical interconnect elements 310a

and 310b through flip-chip joints 312d formed on mounting pads 314d on

ICs 318a and 318b and bonded to conductive areas of vertical interconnect

20 elements 310a and 310b. ICs 318a and 318b sufficiently overhang first IC

layer 308 such that ICs 318a and 318b extend over the top surface of vertical
interconnect elements 310a and 310b.

Again, it is evident from Figs. 6 and 7 that since vertical

interconnect element 310 is of such narrow dimension, MCM assembly 300

25 attains an extremely high packaging density. Direct IC connections between

first and second IC layers 308 and 316 eliminate the need for space

intensive carrier interconnections.

| Further, due to the assembly's geometry, differently sized

" IC layers may be accommodated and further, an unlimited number of

30 separate ICs may be contained on each IC layer, subject only to physical

dimensions of the layer itself and the electronic limitations of the circuits
themselves.



housing as it is particularly suited for direct attachment of auxiliary

el ectrical ffs. Ref erri ng specPET/cabd/o094d
Fig. 7, another view of the MCM 10 assenbly 300 is shown w thout the
encapsul ant |ayer 322. Second |IC |ayer _19.- 316 is shown to conprise two
distinct 1Cs 316a and 316b with over hangi ng portions 319a and 319b.

Vertical interconnect el enent 0Ois sgo to conprise_two sep rate
verti cal interconnect el eneﬁt%aal 0a2%np® éﬁ’@b each IC layer or 1¢ may

316a and 316b ivelfR f t
| C | ayer 308 t Bgﬁaﬁlﬂg chfgbﬁg%nﬁgd%%tﬂf%?r&gﬁgnp asst Rﬁbﬁ%ty} grgl tggszls

314c on first wayt adifferans mhnbdilsgm%aalariub mnbme@h within a single aMCIBM 6b
are also flip-chi cted . to v |nte elenent

2 310 ¢ hr b AHCRIIp 0 Fitdiet, i b 5 6 GhofieE Sehal DA PLfiip-

| s 318a5and Sdp sihbORHedprescaniitith aaneas Pévﬂd%%thcéénﬁg{x?&t’f&ﬂ”ﬁﬁt
20 ements 1 nd 310 | Cs 318a and 318b" sufficiently ©verhang

first | C achiéwipe l@ger Smrle nhpedamses:ﬁr&h reddcidgBbperatiomal aress-tdik omop
surface of vertical onne ments.310a and 310b.
1 bBBARR i High sre
Again, it is Slegiical polie ﬁﬁf@? 1gRaT %‘t%éesvert i cal
i nt er connect el ement 310 |s §d‘ﬁwl§l%‘3M@W£bEﬁx 900 R3speloer Ph 20

attains an-extrenely high pac ensity. Dr connecti ons between
first and secdnighly spayeeffidest, amisa tesisthntyicoat effidlenimaad flexiblpeesignable

i nt ensi car rﬂ' EEJ [: nt erqbcinnect i ons. Further, due to

t he ass ly"'s differently sized | C |l ayers may be
acconmodat ed and furt her a'I‘Hé“b%gh&é‘rﬂ H%%Eer?ﬁm%g that tﬁ%%@ﬁeaé&&tﬁm’s be
cont ai ned on each IC Iayer, subj only to physi cal di nensi ons of

the | ayer itseshowndardddeaBytsuited forbudtnohdimited hto, cipplication within a
t hensel ves.

Final ly, as beforapletely,in the san capall LCIG) type hearing ﬁiﬂdé‘b‘égtt%ﬁt‘?i; higheq

on either digi{gluméfiit QFiGenBRSSLYE f¥a8baAo eépbcléllf desirable di@Yto the
di fferent technol ogi es can be conbined within a sing assenbl y

300. Ful®her, abidity oftMEM apsemibliestl0p, 200 andr3¢) ghatbmpatsh stacKs| ofpdifferent
technology-based ICs (e.g. analog, digital, passive, etc.). Finally, the post-
fabrication-ﬂexibility made possible by the wire bonding of MCM assembly
200 makes the assembly ideally suited for applications which are volume
constrained and yet require the ability to customize the interconnect after

20 fabrication of the ICs is completed.

The assembly is typically used as the signal processor of
such hearing aids. Fig. 8 shows a typical CIC hearing aid 350 with MCM
assembly 100, 200 or 300 located therein.

MCM assemblies often generate a significant amount of

25 heat which must be removed. Temperature gradations also strongly
influence the reliability of solder, wire bond, and electrical connection. In
many high power applications, an appreciable amount of heat must be
dissipated from the assembly which in turn places a practical limit on the
density of the circuitry within the MCM. However, when MCM assemblies

30 100, 200 or 300 are used in low power applications such as hearing aids,

heat dissipation does not present any practical limitation.



5 chip joints, the present invention also provides a configuration for
achi evi ng | oy 99/fg8¢e | npedances and reduci ng operational crosSRCT/GAYS/AHHP43

el ectrical noise susceptibility at high frequencies.

Accordi ngly, MCM assenbly 300 provides tlp@-user with a hi ghly space
efficient, noise resistant, cost efficient, and flexibly designable 10

MCM assenbl y. \cant has determ ned that
t he MCM assenbls FERRED METHOD OF ed for, but not limted
to, application within a It has beaidetdreninednthabeheahreabdler dib&dirhyivg
hearing aid, due to their hi volumetric efficiency. Such

hi gh
application is M%Séﬁwlif!é 00and 280 enpy heh@ffi_gg'entl}fr fabricated by capmecting
bl i 100, 0 t i i . !
cosent o100, 200 A0 00 QARS8 60 LS i

post - 5 fadgembay, and thexedind aydrtdrl I0daydrsel lsyaridia 184(be 206 RAN2L8)f
MCM assenbly 200 nmakes the assenbl ﬁ' ideally suited for applications
whi ch are vol uni@to a secanshsenbrarsembly.ydihe ctitipr subassgmbliep tage then
custom ze the i; after 20 fabrication of the ICs is

conpl et ed. iR BN, The assenbly is typically used as the

si gnal processor of Thefabgaaticw ofitHe MEM.asSerabiyd 08 wiichCahpldys
hearing aid 350 with MCM . assenbly 100, 200 or 300 | ocated therein.
MCM assenbl i es tter #ertjenke intexcannegnelemént 1dfomay dre s followsatA venitable

nmust be noved dat. 0 ,.0f l uencea 1 he
"ol a1 16700 el RIBBLAL GBI Al aNg) 180 M9 Hlloke or, condudsdVel 58K 15
gw_any_ hi ?hdp?merfifaﬁpaépasiirtrﬁmnt@nt}ﬁ@moe?mbbﬁlcﬁnwbﬁtr@n‘e mtez.,t iﬂlmls_tpitgem t}tu?]t

I SSI pate rom e ass ) I C In turn places a practica Im on e
density of the %qr.remm?s Withi the qroNpting-PrRelseld 14avnrm fxst s dayer i 108 and

100,200 or 300cHf, d47RH atdhs! SHWBAERT IARBELAALICTID. SHER RS 1APE 168 i pliRced

heat di ssipation does not present any prac
-20 - PiRite BReEtbrdaidtife fiateABRI 43734 @dirtical interconnect element 110 laind
assenbl i es

100 and ¥00 mayHee APRerinars o ealoeeed ot cHAACR) fgbstrate 102 (o complete
the joint using an appropriate oven or furnace. Solder paste is applied to
the metal solder pads 106 located underneath substrate 102 and reflowed.

A suitable electrically conductive material (e.g. solder

paste or conductive epoxy) is deposited onto third IC layer 118 and second

20 IC layer 116 is placed into this material. This combination is reflow
soldered or cured to complete electrical-mechanical connections between

these two IC layers. This second sub-assembly is then connected to the first
sub-assembly as will be described. A suitable electrically conductive
material (e.g. solder paste or conductive epoxy) is deposited on the top of

25 vertical interconnect element 110 (part of the first sub-assembly). Second
sub-assembly comprising second and third IC layers 116 and 118, is
inverted and placed in the conductive material on top of vertical
interconnect element 110. Connected first and second sub-assemblies are

then reflow soldered or cured to complete the electrical connection from

30 the second sub-assembly to the first sub-assembly through vertical

interconnect element 110.



the first I1C layer 108 and substrate 102 (or 208 and 202) into a first sub-
5 assenbwp,99asadit he second and third I1C layers 116 and 11&CT&rA98/D8943nd
218) into a second sub-assenbly. The two sub-assenblies are then
I nt er connect ed. -Phe fabrication of the MCM assenbly
100 whi ch enpl oys the vertical interconnect elenent 110 may be as

follows. A suitable 10 ' Y thv terlal (€. sol der.
paste or conductive epoxy) ?fgﬁ&&ﬁélﬁ%{ fllir\zgglq%gp%‘s?ﬁg% gﬁt’ leflhémgjcﬁlid_lm Mof
substrate 102, Hetwkepahllelayethaf the assemb raaspw@&rmt&sihgeaﬁpwtdt&imds
114a on first 1C | ayer 108 and conductive areas of vertica

i nt er connect 1moethdd gintilchardenediogThe final sdgp in the progessingeisctmeuttthee

material, as i heal ., i : e I n t hese, el .enents
are reflow sol §3¥§%‘tﬂé§ couraggﬁilgﬂggb&trgrgtae c%"‘i%‘p%iaﬁgﬁ ég ra encapgu{aﬁ\é fBfnt
usi ng an 5appr opdripReral edubstrater Thie opsehden wayt Be iperddiheddusidg diamond
the nmetal sol der, pads 106 | ocated underneath substrate 102 and refl owed.

A suitabl e el edifingasaws tdatkain thereauired final sizg todightdplerances. paste or

conductive epoxy) is deposit ' I 1 nd, 20 I C
| ayer 116 is placed into thigﬂ%g%lﬁféﬁ&{ %lﬁité:emﬁg%%gﬁﬂ?%&(f&y%&employs
sol dered or curnweitetborelinglfeém seeond TCClayer2th & sGBtr&@MO2GE I destMBEd. A
these two | C Iaye_trai)g ;Hl%s second scijb- assenbly is then_connected to the

]

first E00) fyicaﬁmqn wtivee seatepiall (e.8- soldewpaste ettoonshidtive

conduct i ' Yol r £ I LVE ERO .
deposited on t & %xggq%? lré@eﬁ&%gr ng@ei lﬁ? garl g%%ﬁ%@&[‘]%?g%noﬁ SP?’@{%%%?@Z'&P
the first sub- aspeattefy thatSeersponds with thebnaasend buds QM orsfifg IEeRges 2084
third 1C layers_ 116 anfl 118, is .inverted and placed in the
conductive mat diFsh Ionlayss 208 \isr placgd into the qomdurciisienapatesiadnend ll.l_eﬂl?wd
Connected first < ' t e . {
or cured to consraerettReetrett Befif UIaBRe Bt or fumage' SBTuGTRagY IS Rpbiicd
sub- assenbl y t cottie rhieta tsobddr-peadsc208 yndérreath substratedl02 and reflowed.

neercongget elemEnt O oy syiableelecttionly conduesivepriesieluRigr solder

in bet Weiite add cbAYGEAVE egd)G) FRSAEN HepBbitdd &HE)eéjec‘éiiJ’@Caﬁyer 216

appropriate

21

integrated circuit and third IC layer 218 is placed into this conductive
material. This second sub-assembly is reflow soldered or cured to
complete electrical-mechanical connections. This second sub-assembly is

20 attached with adhesive 252 to first IC layer 208 and adhesive 252 is heat
cured using a suitable method.

The second sub-assembly is then electrically connected to
the first sub-assembly by wire bonding the interconnect points 254 of
second layer IC 216 to the pads 250 on the top surface of substrate 202. Since

25 .. there is an inter-layer electrical connection within each sub-assembly, this
wire bonding completes the electrical connection path between all four
layers.

As before, encapsulant 222 may be applied and cured
using an appropriate method to harden in place and secure all of the

30 . elements together. The final step in the processing may be to cut the
assembly to a finished form and remove any extra encapsulant and

peripheral substrate as previously described.



met hod until hardened. The final step in the processing is to cut the
assenbly to gofdobgifed form and renpve any extra encapsul ant @od/ca98/00943
peri pheral substrate. This operation rmay be perfornmed using di anond
dicing saws to attain the required final-®i.ze to tight tolerances.

The fabrication of the MCM assenbly 200 whi ch enpl oys wi re bondi ng
fromsecond I C layer 216 to

b trate, 2 | bed. A .
suitable electrically condu ; %ﬁ#?&rﬁlﬁeg%gﬁﬁéﬁﬁiﬁ'ﬁr smhagimeatiafe
10 epoxy) 'l\:‘I%ZfM ra§§erﬂBBF)50(§ ﬁé effidientlp Eabiriddté® b Cﬁb‘i\?l@.hﬁ 4h@bubstrate

substrate 202, t hat corresponds t he unti1 ng pads
214 on first | GOP.a@m:t vEﬂﬂcal mterconntt‘qtreiemem Bh@mtozm&rstss@-assmhblm andHbe

duct t d f
coon-or T ur nac frsEandechid 16 fayers 08 2R3 18100 spihhd Yybrass nggﬁlﬁh B
206 undergeat h subadseatliedOZrediNen’ RitbrWRRecttd.

suitable electrically conductive material (e.g. sol der past e or
conductive epoxy) is then defosiiteileoelertsieslydcar@ctiver material (e. g solder

ot o1 o it & Sl S0 obbided ok Tle P ctola Bhuh P cbll G B Sibbie
conpl et e el ect rypoaln REELAGHE BhatCitr&idniswithNile &ﬁmmwfél&e%%ﬁrmbbdt@mﬁo

attached with adhesive 252 to first IC Iayer 208 and adhesive 252 1s heat
cured using a surfadel ef werticad interconnect element 310. Verticglhimteroonect element

b- | h | t ted t
S acedltbl Y L3RR o e phtaNa S Tt rial et sefi0%; SoldBted or quredls
layer IC 216 t q;stmg aps’;\ﬁsab'clé%v@ﬁ dthgarhaee. 58613@10%1&% i§ uggheatts tR87metal B6RIe2°

there is an |nt er er electrical connection ch sub-assenbly,
this %%Kﬁjlqwtﬂd)ﬁpdmth substrate:302cand cefloweedi on pat h between
all four | ayers. apsul a 222
may be applied and cured A sul’ﬁ? "?151%1%1'1&38}’059@?%1%%5@1} %aﬁ dé#q

pl ace and securpasté br ebnlieti?é epoxyFisalepvisited @b Becond 1€ 14 Jkeiamwxm IChe
processi ng may be to cut the assenbly to a finished form and_ renove
any ext r¥® encagayendp8dagplaced into Hipimaterial. Thisseombinatiomiseraflaw|spldered
descri bed.

or cured to complete electrical-mechanical connections Ketween these two
IC layers to form the second sub-assembly.

This second sub-assembly is then connected to the first

sub-assembly by depositing a suitable electrically conductive material (e.g.

20 solder paste or conductive epoxy) on the conductive areas of the top

surface of vertical interconnect element 310 (part of the first sub-assembly).

Second sub-assembly comprising first and second IC layers 308 and 316, is

inverted and placed in the conductive material on top of vertical

interconnect element 310. Connected first and second sub-assemblies are

25 then reflow soldered or cured to complete the electrical connection from

the second sub-assembly to the first sub-assembly,through vertical

interconnect element 310.

Encapsulant 322 may then be applied under, and in

between all layers of the assembly and may be cured using an appropriate

30 method until hardened. The final step in the processing may be to cut the

assembly to a finished form and remove any extra encapsulant and



It has been determined that the two | ayer enbodi nent of MCM
assenbl y 300woeeg/iestief ficiently fabricated by connecting the ROITBCABI09943
302 and vertical interconnect element 310 into a first sub-assenbly, and

t he first and second IC | ayers 3@8-and 316 into a second
sub-assenbly. The two 5 sub-assenblies are then interconnected.

A suitable ele QQ t T}S - p [
conductive epo;’te%i |Yrés\et ;E)orsr}ﬁtse?i; tsga%lh u?tegfr%;r @fa&ﬁoﬁd

302, in a patt elicing mwvs:maﬁannﬂdsr ﬂedtﬁnabmelw@ttig\mtareeaﬁcesf the bottom
surface of vertlcal i ntercon ect ﬁgenent 310, Vertical nterconnect el ement

10 310 is placed into t g aRpargat k9 personsgskille the aely warieus
cured H raq.@ £ "ﬁ%l t iedto
the metal sol derbémlcah% 5 %%ytgpgcatoggh g’glrcneat %@Jcr%b%? %E er?)%%oééls&%le
refl owed5 without departure fromAtheli presbnt dheehtionalthy Ofi Which is
material (e.g | der e, or conductive epoxy) is deposited onto
second | C | ayerdsegli‘g(aaﬁ?dﬂﬁ ?EPe"F%&l aims. | gyer 308 is placed into this
material. This conbination is reflow sol dered or cured to conplete
el ectrical -mechani cal connecti ons between these two IC layers to
formthe second sub-assenbly. Thi s second
sub-assenbly is then connected to the first sub-assenbly by
depositing a suitable electrically conductive material (e.g. 20 sol der

paste or conductive epoxy) on the conductive areas of the top

surface of vertical interconnect elenent 310 (part of the first

sub- assenbl y). Second sub-assenbly conprising first and second IC
| ayers 308 and 316, is inverted and placed in the conductive
material on top of verti cal i nt erconnect el enent 310. Connected
first and second sub-assenblies are 25 then refl ow soldered or cured to
conplete the electrical connection from t he second sub-assenbly to
the first sub-assenbly, through verti cal i nt erconnect el enent 310.
Encapsul ant 322 may then be applied under, and in bet ween al |

| ayers of the assenbly and nay be cured using an appropriate 30 nmet hod
until hardened. The final step in the processing nay be to cut the
assenbly to a finished formand renove any extra encapsul ant and
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peri pheral ceramc. This operation may be performed using di anond

di ci ng saws \{'89§lﬁﬁi n the required final size to tight toleraPCEEA98/00943

As will be apparent to persons skilled in the art, various

nodi fications and adaptations of the strygiure described above are possible
i ichis

by e il o e vt
- 24- wﬁ—LAlMA mul ti-chi p nodul e assenbl y ccorﬁ)r I'si Flg:*

(a) a substrate (i02) havi ng a conductive surface (104) 5

facing in a fiyst direction © s first integrated
circuit (10 |Xyer (108) ha@irﬁglté chip module assembly c(oli’r\pﬁsﬁgg conducti ve

surface facing in a second (@) r ecsubstrate having a conductive surface faGipigofn tae
to said first direction, towards said

conducti®e surface (104) of saiftrstdixectgne said 10

conductive surface of said >rsat ﬁ%sgui%lﬁégﬁteﬁlﬁfeuipﬁwgﬁyer having a conductive

el ectrically connected to sard con e surface

of said substrate (102), surface facing in a secdra) déregtionrshpdésiteateesaid
(116) positioned over said first 1C. . . . | ayer .
(108), said second IC | ayer (1%&pt dikecHgnatomards said conductive surfaceé of said

conductive surface facing in sg LESt.. O i P
(d) a third IC layer (118) hav?r?%syag%ﬁég‘ic%%‘gués}% syrface of said first IC layer

facing 10 said second directi orbeingeletricalyposhneuted to said conductive surface
(119) of said conductive surface of _sajd third IC | ayer
(118) is positioned over said cHri@idsulrate, face (104) 20

of said substrate (102) w té% ut §@éd}\c{)iésiﬁgélxcgg?%ﬂne(119@ér said first IC layer,

and said second IC | ayer (110) %EI ng betwe
portion (119) and said conduct isaid ssedomcle IGf lagmrdhaving a conductive surface
substrate, the conductive surf%e_ of, sai,d third I C ngnGci

(118) being el ectrical ly conneddsing i said firshirgetion

15 (d) a third IC layer having a conductive surface facing in
said second direction, said third IC layer being
positioned at least in part over the second integrated
circuit layer, the conductive surface of said third IC
layer being electrically connected to said conductive

20 surface of said second IC layer.

2. The multi-chip module assembly of claim 1, wherein said
conductive surface of said first IC layer is electrically flip-chip connected to

said conductive surface of said substrate.

3. The multi-chip module assembly of claim 2, wherein said
conductive surface of said third IC layer is electrically flip-chip connected

to said conductive surface of said second IC layer.
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25 surface of sag M\%\\wm\ (116), and
(e) an interconnect nenber (110) extendin are * PCT/CA98/00943
portion (119YO8%¥%Li d conductive surface (04) of said

substrate (102), being electrically fIinghip connect ed
to said portion (119) and electrically flip-chip 30

connected to said conductive surface (104) of said ) , .
substrate (1024. The multi-chip module assembly of claim 3, sgherein said

gonduct I ve surF‘;’g‘gugﬁ‘l’é;?P%P%rgfg#@eflgééﬁ@!%@?flﬁglgé glséﬁtfl\ggﬁﬁé%“%g{ C F%
connected to S%%mde@u@aﬁef@&ﬁiﬁ%ktrafe.Sai d substrate (102). 5

3. e multi-chip nodul e assenbly of claim2, wherein said
conductive surface of said third IC layer (118) is electrically flip-chip

t t I d ducti f ' &
GoeCteS O SR Tt - cntpedpuiie il AAREHIe Seadtinh ol Ak wraBlr, ¢, and
third IC layer iﬁélﬁ%)ng&x(eﬁﬁér&ﬁﬁ@&d mhénbef ielectritdlly apanedtifgsaidhdondudtive
r

second I'C layer (116) to define_an overhangi ng Eort lon, (119).
5. sWrfacenolf shidcthipd Aedayer ard saisl sonsfuckive; swriacgiof saich subgteate.
first 1C layer (108), second IC |ayer (116) and third IC |layer (118) each

15 conprise at |east one integrated circuit. :

The nulti-chipgrodul e assenthe eiuki-ehip InvHealeisf alaim 1,2,3 of ehsvhereinok
said first IC layer (108), second |IC |ayer $11.6) and _third | C | ayer
(118) cdifbri separtionuobsaidycasrdudiivegsuniace ef paidi third IC layer 1s positioned over

said conductive surface of said substrate without either of said first and
second IC layers being between said portion and said conductive surface of
said substrate, and an interconnect member extending between said
portion and said conductive surface of said substrate, said interconnect
15 member electrically connecting said portion and said conductive surface of

said substrate.

7. The multi-chip module assembly of claim 1,2,3 or 4
wherein said conductive surface of said third IC layer extends beyond said
20 second IC layer to define an overhanging portion, and an interconnect
member extending between said overhanging portion and said conductive
surface of said substrate and electrically connecting said overhanging

portion and said conductive surface of said substrate.

25 8. The multi-chip module assembly of claim 1,23 or 4
wherein said conductive surface of said second IC layer is also electrically

connected to said conductive surface of said substrate.

9. The multi-chip module assembly of claim 1,2,3,4 or 8, and
30 including a plurality of conductive wires electrically connecting said
conductive surface of said second IC layer and said conductive surface of

said substrate.
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7. The nulti-chip nodul e assent]l "f rein said
second | C | ayer %16) i s adhesivel y securgﬂluu luﬂl“"’rm'”mE {:g}‘/ﬁks,g,‘%@@ .
8. bl ti - chi p nodul e assenbly &f &l atms 1 +and being

i ncorporated into a hearing aid (350) an form ng a signal processor

t her eof . 9. A mul 18 ¢hi p nodul e assenbly conpri sing:
(a) a substrate (302) having a conductive surface (304) 30

facing in a first direction,

- 26- 0. Th | t, dul e
1,2,3,4 or 8 10 V\/nerel'ﬁh§a'F‘§I‘l é&‘éhdmoéﬁ’rlggégse&}? nﬂgb‘ﬂé 4d°¥ B rd
| C layer to dejy l%% %hsald secoml?(lCtl'a%r ktends q!)g stlglq'%tlcg Eﬁf%qﬁc%%r % R 7

second I C | ayer cover ed ayer, sal
portion havi ngpetnonrofcadudcommduttsve surface dfhsaidi sgcoamddI@ lpiyer ewhich isf not

duct i ' |l ectrical cqnpecting said ont d said
gggdﬂgt: g \ému;gégétqgf E’é’:aﬁélldstﬁaga Zlalyelg said portign havmg afectn contacts
mul ti-chip nod
_ P gﬂ#ﬁeﬁ| 2 I C I Eréﬁ of c&nauétlée%u%s jtﬁectrlcally“@éﬁh&tﬁ?g daid

first, second ayer each conprise at |east
i nt egrated circomtacts and said coriductive surface of sakd substratechi p nodul e assenbly

of claim 1,2,3,4 or 8 wherein at | east one of said first, second
and third IC layers conprises a 15 plurality of 1GCs.

11. The multi-chip module assembly of claim 1,2,3,4 or 8

10 wherein said first, second and third IC layers each comprise at least one

integrated circuit.

12. The multi-chip module assembly of claim 1,2,3,4 or 8
wherein at least one of said first, second and third IC layers comprises a
15 plurality of ICs.

13. The multi-chip module assembly of claim 1,2,3,4 or 8

including an encapsulant covering said first, second and third IC layers.

20 14. The multi-chip module assembly of claim 1,2,3,4 or 8

wherein said second IC layer is adhesively secured to said first IC layer.

15. The multi-chip module assembly of claim 1,2,3,4 or 8, and
being incorporated into a hearing aid and forming a signal processor
25 thereof.
16. A multi-chip module assembly comprising:
(@) a substrate having a conductive surface facing in a
first direction,
30 (b) a first integrated circuit (IC) layer positioned over said

substrate, having a conductive surface facing in said

first direction,



13. The nul ti-chip nodul e assenbl ,4 or 8
i ncludi ng an encapsul ant covering said fi rstﬂm H El““ “ dd

20 14. WO 99/19911 The nul ti-chip nodul e *assenbl y* ofs cl*ai m-ﬁ‘l‘i%)bg;ﬁ

8 wherein said second I C | ayer |s7adhe5| vely secured to said first

| C | ayer. 15. ' The mA%1 - chi p nodul e assenbly of claim
1,2,3,4 or 8, and being incorporated into a hearing aid and form ng
a signal processor 25 t(b)er adfecond IC layer Iidl‘smoned over said\ first IC-laren

nodul e assenbly conprisin subsirate havin

direction, 30 . direckidh ofpbiiteito SRiFara! 3&8&561? “ééld(éegzmd

| ayer positioned over said dt'e,

conductive surface facing in sail@ layer extending beyond said ﬁrst IC lafyerscb defme
direction

The nul ti2 chi p nodul e assenbly &R OVSThANBiRgePertioR,the conductlv§e§5#§c¢ @f
llayer (316) extends beyond saidgfij %Lflo(ﬁd amerlag,gpSaellhg %‘f'ﬁdtfﬁaﬁ& ﬂrrB }PB

over hangi ng portion (319). 5 tro-

assenbly of claim9 wherein sai ¢donnected tccsaiducondnactve Barface)fofssmd fhest dQd
I C layer (316) is electrically flip-chip connected to said
conductive surface of said firstaYe¥|ayer (308). 15.

The multi-chip module assemygy o Ghd/tbAnbbehEMbER! Bxtending between said

10 . overhanging portion and said conductive surface of
said substrate, being electrically flip-chip connected to
said overhanging portion and electrically flip-chip

connected to said conductive surface of said substrate.

15 17. A multi-chip module assembly comprising:
(a) a substrate having a conductive surface facing in a
first direction,
(b) a first integrated circuit (IC) layer positioned over said
substrate, having a conductive surface facing in said
20 first direction,
(c) a second IC layer positioned over said first IC layer,
having a conductive surface facing in a second
direction opposite to said first direction, wherein a
portion of said conductive surface of said second IC
25 layer is positioned over said conductive surface of
said substrate without said first IC layer being
between said portion and said conductive surface of
said substrate, the conductive surface of said second
IC layer being electrically flip-chip connected to said
30 conductive surface of said first IC layer,
(d) an interconnect member extending between said

portion and said conductive surface of said substrate,

is Sheet Has Been Replaced

T



10 first IC layer (308) is adhesively secured to said substrate (302).

-28 - being electrically flip-chigGe aesgad to
said porti oPYO 99/19911 and electrically flip-c |€p
connected to said conductive surface of said
Ssubstrate. 5 18. The 'r%§l't I -chip nodul e assenbly. of claim
16 or 17 wherein said first and second | C | ayers each conprise at

| east one i nt egrat ed ci being electrically flipghip ‘connected torisaidvportionhi p
nodul e assenbly of claim 16 o 7 . rei.n I t, one,of sai

first and second IC | ayers con‘%lrul;kseéézq%tm%lll}fl:ﬁﬁ@%P C%}me&%aotf’ qaeg_con uc&ve
20. The multi-chi p paddéeofsddsubytrafe.cl aim 16 or 17 and

bei ng incorporated into a hearing aid and form ng a signal processor 15
t her eof .

5 18. The multi-chip module assembly of claim 16 or 17
wherein said first and second IC layers each comprise at least one

integrated circuit.

19. The multi-chip module assembly of claim 16 or 17
10 wherein at least one of said first and second IC layers comprises a plurality

of ICs.

20. The multi-chip module assembly of claim 16 or 17 and

being incorporated into a hearing aid and forming a signal processor
15 thereof.

L



