9 MAR 2005 Multi-Chip Module Wth Stacked Dice Background This invention
rel ates generally to packaging integrated circuit dice in multi-chip
nodules. In a variety of applications it is desirable to package ”QfﬂA%ﬂﬁ?
one die in a single integrated circuit package. This nmay be the result o
limts on the integratability of the conponents on the two dice into a
singl e sem conductor die. These limtations may arise fromthe limts on
the ability to integrate conmponents into a single package. They may al so
arise fromthe fact that the conmponents on the packages are inconpatible
with one another. For exdnfil-€hixchivdolediith StackehB®ideno di fferent dice may be
subject to different voltage requirenents. Alternatively, the two dice may
requir roc§%§ing techni ques which are inconpatible. In a nunber of cases,
it naygg&ggg#¥able to package two dice into one package and to couple both
di ce througitha i6 SRR rslales @En&oMY achRih@ng R ukeqicdeuinaickdh nid@nenpl |y a die
has a top side which contains contacts for making an el ectrical connection
to themndukisde world and a bottom or backside. A challenge that arises is
to put together a plurality of. dice.into a .single package. when.each die can
be only contharearoe apicelial i i ESridlhd Bl RN SRR G e T bet t er
ways tQﬁ&@@%@@ﬁcﬂHb&kﬁ%ﬁ ThiG @ndybehs kdddlt ® f liRACAGRe inRsUTRMbYity bthaccor dance
wi th one aspect, a nethod of making nulti-chip nodul es includes wire bonding
a firsrogpenants eothe 4xe diag latofd sisgle seicoydustoraliet Thesedmeitatiang swgridisei e i s
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coupl edritofrdmiehd facsthaaihd coRonehtdoe the fabkkes asaed Gpattte seth chohhbthen t he

acconpanyi ng detail ed description_and clains. Brief Description of the
Dr awi ng§T example, components on the two different dice may be subject to different voltage

requirements. Alternatively, the two dice may require processing techniques which are
incompatible.

In a number of cases, it may be desirable to package two dice into one package and to
couple both dice through a common set of contacts to the outside world. Generally a die has
a top side which contains contacts for making an electrical connection to the outside world
and a bottom or backside. A challenge that arises is to put together a plurality of dice into a
single package when each die can be only contacted on one side.

Thus, there is a continuing need for better ways to package multiple dice in a single

package.

Summary

In accordance with one aspect, a method of making multi-chip modules includes wire
bonding a first die to contact in a first cavity of a structure. A second die is bump bonded
through a contact on the structure over the first die. A solder ball is attached to the structure
so that the solder ball is electrically coupled to the first and second dice.

Other aspects are set forth in the accompanying detailed description and claims.

Brief Description of the Drawings

Fig. 1 is a process flow for one embodiment of the present invention;
Fig. 2 1s an enlarged cross-sectional view through one embodiment of the present

invention;



Fig. | is a process flow for one enbodi nrent of the present invention; Fig. 2
is an enlarged cross-sectional view through one enbodi nent of the present
invention; B MAR 2005 Fig. 3 is an enlarged cross-sectional ViGMIthQPMﬂpN%
anot her enbodi nent of the present invention; Fig. 4 is an enlarged
cross-sectional view through still anather enbodi ment of the present
invention; Fig. 5 1is an enlarged cros<-secti onal vi ew t hrough yet anot her
enbodi ment of the present invention; and Fig. 6 is an enlarged

cross-sect i 6B iveeonlbiged uylss-apdionel viewitoi geanotiedr enthodpnes efithe praseant i on
Det ai | ed q§sqription A process for attaching nore than one die to a carrier
for naHPﬁ&”ﬂLnulti-chip nodule is illustrated in Fig. 1. Initially, a
peripheral band ighh pnlb&catiashediongl dewithdboligle @i dnbtsdredtodlent ofshd Ndi cat ed
at bl ock 100. A peripheral bond chip includes a plurality of bond pads

ar oundpiesent upeehfipher al edges which are available for wire bonding. A
mul ti-cavity. structure is a chip. car.rier ich.include re than one
ecei vi ng. aFoiof Phes? slefrtlioaditetEh AlapREe FiRo0BRE 0BEs the
mul ti - gavédt invwhfidgtaade i ncl udes die-receiving cavities which are vertically
spaced with respect to one another. The die may be stacked one on top of the
ot her with Fehads ageetsge erpsstiectgineleviewmfiirepgh st eimbledira¢nt wdHe whsept has
been atggcped by wire bonding, the resulting structure is tested in strip
form 8" “GeVl ce functionality (block 102). Bad units are marked for
subsequent flow identification and elimnation fromthe assenbly flow In

t hi s waytailedhBesdriptivche nmay be tested prior to putting two dice into the
nodul e. This saves the cost of recovering the second die where either the
modul e or t RePTPF§S8 01 HRehing ads 1anOng dif togrqaEier fprempking fitgHE ISR MEgRle, t he

next SES‘%Huétrsatéd%n%é.alq h[nﬂiah'ﬁ@ﬁgipﬁm& LBYE Ehii) R€attached to a multi-cavity structure,
as indicated at block 100. A peripheral bond chip includes a plurality of bond pads around its

peripheral edges which are available for wire bonding. A multi-cavity structure is a chip
carrier which includes more than one receiving area for integrated circuit dice or chips. In
some cases, the multi-cavity structure includes die-receiving cavities which are vertically
spaced with respect to one another. The die may be stacked one on top of the other with
spacing between the dice.

After the peripheral bond chip has been attached by wire bonding, the resulting
structure 1s tested in strip form for device functionality (block 102). Bad units are marked for
subsequent flow identification and elimination from the assembly flow. In this way, the
module may be tested prior to putting two dice into the module. This saves the cost of
recovering the second die where either the module or the first inserted die is bad.

After the functionality test, the next step is to attach a bumped chip over the
peripheral bond chip (block 104). The bumped chip is one which has solder bumps or solder
balls which may be heat softened for attachment to other electrical devices.

After attaching the bumped chip, usually in a stacked arrangement over the peripheral
bond chip, the entire assembly may be overmolded and cured (block 106). Thereafter solder
balls are used to attach the module to peripheral components such as a printed circuit board,
as indicated in block 108.

Referring now to Fig. 2, a multi-chip module 10, made by the process illustrated in
Fig. 1, includes a multi-cavity structure 12, a plurality of externally attached solder balls 14

and an overmolding 16. In this case, the structure 12 includes a set of three cavities including



peri pheral bond chip (block 104). The bunped chip is one which has sol der
bunps or solder balls which may be heat softened for attachnment to other
el ectrical devices. After attaching the bunped chip, usually in a siMkegs
arrangenment over the peripheral bond chip, the entire assenbly may be
over-nol ded and cured (bl ock 106). Thereafter solder balls are used to
attach the nodule to peripheral conponents such as a printed circuit board,
as indicated in block 108. Referring nowto Fig. 2, a nulti-chip nodule 10,
made by latrempgstrassy 20 3 yetiedbeerwadlyrigplaced cpnéy dard an weRormostasavity 30.
struct e i xter h 1 and an
overnn?%ﬁhé%fgéngg5?%#%&%gggvﬁ¥h§e§?%%%F%%%%%Eﬁﬁﬁgﬁt gélgﬁgé tc)oé)pthree

cavi t i edfirieraq)!uhilingo Ost&ARn 200Hdevdal s dfohestriesire ¢AVIitYy 26, a vertically
upwardly displaced cavity 28 and an uppernost cavit Thus, the cavities

30.
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chip 1 attach we st cavity ondi ng peri phera
W re beavity@8dAtkHis@oirit/tde ehtie dseenddy ieepeddi ng wi re bond pads 33 on the
second cavity 28. At this point, the entire assenbly is tested. Next, a
bunped chi pNQ’Qt’?g’ug’@E@Flé‘é %2d8€%lri9ptﬁéh%@er@a§;i°@yl%ég YEREGUBERP NS hg by

way of wapgﬁ@cndé}adah@ oﬁrémhga@@. ?ﬁﬂeé&t@r alhle s%éa?oﬁm»re?mam@@'tyatit e

overnol ded so that t vernmol ding 16 actually covers a portion of the
upper swurfmatieng?P6 eftuilhecsersucpation b theTippeconfaee 82 ofitheletivmenl2.he ext er na

sol der balls, 14 and.the die 22 and 1 b ccC |l j.shed in_a variety of
ways. v%erefPﬁﬂmgFFW@FﬁFEY%?iﬁgeﬂfpﬁﬁ?ﬂg%é?ﬁﬁéﬁaﬂﬁgEV%eE?&@%é?@%W' y extend
thr 0Ug&bc%ﬂl%li%erdqﬁ_tablfaﬁe%ﬂ%y% ERSE ald ¥rubkd ?P&ta?ﬂarrﬁxl%é,!o@HH@étiv‘éﬂracQ‘% traces

34 may be electrically isolated by intervening insulating layers. Vertical
connectiappastendjhrbech tiedeuttoreollein| aygengratlyioaeontplads fignratihe. dheimaress3®8 and 30
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t echni ges o BerPthgtontdcZ fisa tWetdvities 28 and 30 by way of vias 36. Contacts may

then be made downwardly to bond pads 39 coﬁpled to the solder balls 14 by way of vias 38.

Of course, other techniques may be utilized as well.

Thereafter, the package 10 may be surface mounted on a suitable device such as a
printed circuit board (not shown). This is accomplished by simply positioning the module 10
on the board and heat reflowing to cause the solder balls 14 to physically and electrically
couple the module 10 to the underlying device.

The lower die 18 may be physically connected to the structure 12 by way of a suitable
die attach. A suitable die attach includes conductive paste, an adhesive tape, or adhesive such
as an epoxy.

Referring next to Fig. 3, a multi-chip module 10A includes a structure 12A. A die 18
is coupled to a cavity 42 using wire bond wires 20 as described previously in connection with
the module 10 and the cavity 26. In this case, a die 22 is bump bonded to the upper surface
40 of the structure 12A. Again, bumps 24 are utilized to bump bond the die 22 to contacts in
the upper surface 40 of the structure 12A. The connections from the bumps 24 and wire
bonds 20 to the solder balls 14 may be made using any conventional technique, including the
laminate technique illustrated in Fig. 2.

In effect, the overmolding 16 extends upwardly to accommodate the upper die 22.

Overall, a lower profile may be attained. This is accomplished by eliminating in effect the



Thereafter, the package 10 may be surface nounted on a suitable device such
as a printed circuit board (not shown). This is acconplished by sgﬁﬁhgm%
positioning the nodule 10 on the board and heat reflowi ng to caus

sol der balls 14 to physically and electrically couple the nodule 10 to the
under |l ying device. The |lower die 18 ngy be physically connected to the
structure 12 by way of a suitable die attach. A suitable die attach

i ncl udes conductive paste, an adhesive tape, or adhesive such as an epoxy.
Ref er ricagndaxity gbd Fpupling, the wirgs £9 apthihs buswsi24 o thosamsentfaeest@ Shisict ure 12A
A die | LY ' ' W Oy: escri bed
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case, posiiode@2The, bunpunsstiese hode Refficppey laye fepevidé@defuatdigasingusictr e 12A.
Again, bunps 24 are utilized to bunp bond the die 22 to contacts in the
upper S&MiEedoviess 20he structure 12A. The connections fromthe bunps 24 and

wire bondsraflidhck 0! A mPRLI, HbalIRY 0BS HRARMRLD G AN cE ARYERL 1.onal
t echni que, 1nc Ing the ‘Tamnate technique 1llustrated in Fig. 2. 1In
ef f ectstruchee o havindiangppér sexfendd asgser eidypredoady ontmdatteort wigh Gppér di e 22.

Overal], a.lower profile nay be attained. This is acconplished by
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20 and; 4 he (RUERS, %éaﬁ%fﬁf&% 4998 48 UFd EReAQ thliafit) 82 9ROGIRlLY4HQL @ probl em
because the wire nding is done first before the upper die 22 is

posi t i eimetdondEdéuy, wiyhetf vouesdS @4 oataetsrmadbe spifel swifartd0yand argeornded pogorhate

adequat e. spaci.ng over  the wire bond wires 20. K Turni nex. o Fig, 4, a
Ul i PRV STF DpR o g s Do e a 0 S RB R e Mkt ur & 12
havi ngyrANeURP eLpo3td.f BEEd 1O 4290886 &ldyRetiany eyﬂe@&lﬁwaﬂdw gnaesd e th Fig.
3. In addition, the structure 12A is electrically coupled (as described

pr evi owisfagyd 49 of Golcdwty bl ls 14. In this case, a pair of dice 44 and 46 are
FRISACR I KU EpL X e L TR S
entire assembly is overmolded again as described in connection with the embodiment of Fig.
3.
Another multi-chip module 10C which can contain multiple die, shown in Fig. 5,
includes a structure 12 as previously illustrated in connection with Fig. 2. The attachment of
each die 18§, 68 is generally as described above in connection with Fig. 2 except that a
composite die 68 may be attached to the uppermost cavity 30. The composite die 68 may be
made up of a pair of dice 66, 70 attached back-to-back so that their top sides 69 extend in
opposite directions. A lower die 66 may extend beyond the upper die 70. The two die 66, 70
may be connected to one another using adhesive techniques, tape techniques, or conductive
paste as examples.
The lower die 66 may be secured to the uppermost cavity 30 using bump bonding by
way of bumps 24. The upper die 70 is then wire bonded, using peripheral wire bond contacts
and bond wires 64 to the upper surface 32 of the structure 12. As before, the entire assembly
is overmolded as indicated at 16. Electrical connections may be made through the structure
12 in any of a variety of ways, including the technique illustrated in Fig. 2.
Although an offset 56 is created between the two dice 66 and 70, this 1s not essential.

The wire bonding can proceed in the same way even 1if the two dice have substantially the

same dimensions.



by intervening wire bond wire 50. Thus, wire bonding nay be conpleted while
the dice 44 and 46 are exposed. The dice 44 and 46 nmay actually extend
upwar dl y above the upper surface 40 of the cavity 42. Thereafter, %M&R Wik
22 is attached to the upper surface 40 as described previously. The entire
assenbly is over-nol ded again as described in connection with the enbodi nent
of Fig. 3. Another nulti-chip nodul e I-30C whi ch can contain mul tiple die,
shown in Fig. 5, includes a structure 12 as previously illustrated in
connect i on wiltnmifg gnaldy toThe. @tamotuwenDofith daehdidé enchBles 68trustugeley af thy as

descri bed above in.conpection with Fig.. 2. except that conposite die 68
o b B R BT abGE et b Eie R suEbaded (R S et
made upuQfioReP@itEmaf sugfae obthe stAc@td BrhedsBafdte tatbagks seutdaah dd@ivity t op
sides 69 extend in opposite directions. A lower die 66 nmay extend beyond

t he uppéb uding peOpherhlevirebort wi®@0. 70 nmay be connected to one another using

adhesi ve techni ques, ta t echni gues, or .,conducti ve aste as anpl es. The

Tover die o6 R SR T o taRr S 1 o R TG Th N bdni ng. by
way of buiRi2ds isThenpPRRIed dishg Bhnps 2uhe mevpRr bandedo dshdgnrerkphgral wire
bond contacts and bond wires 64 to the upper surface 32 of the structure

12. As Bétapper digied envire bordasenting wijedondephop dedupper swrdiceaile dByatxtagling

El ectrical connections nmay he.made through th t ruct ur 2 in any.,of a
Car ety 10 GEDERE SN R PRly PRe TR R PRSI b (B 1 ek Be ARG o an
of f set B®tHesagreaatfeet. bet ween the two dice 66 and 70, this is not essential.
The wire bonding can proceed in the sanme way even if the two dice have

subst ant i al | Yeppatios gisoldfipp s therregnats maRbopesitlgbyhayvinayissiviash extensl Fig. 6,

a modul ?ﬁx}ou thvéfi sttrlact rr1é’ £PA % 81?fe%81(f ldg%ﬁghﬁﬁ%x%%ﬁ&kg sﬂ'g\eh g{)}flggl& %g]%{ Pgthi 4 are

previ ously ‘described 1 n connection ain
provi dedviehboridneirésosueindedingss @4 maybé acglaf by beostaetn thraigh2Aia AS thefracee, a

die 18 i7s4, %g.c"ll!lrlg gaci:ers] 751r;1?1d Q/%Vningyybe formed at the same level within the carrier 12A but may
be separated by an insulating gap. The gap may be defined during the photolithographic
techniques used to form the trace layer. Vias 78 and 80 then extend downwardly to 1solated
traces 82 and 84. The traces 82 and 84 then contact by way of vias 86 and 88 to pads 90
which in tumn are coupled to solder balls 14. While one technique has been described for
coupling the signals independently to the solder balls 14, those skilled in the art will
appreciate a number of other techniques for doing the same thing.

While the present invention has been described with respect to a limited number of

embodiments, those skilled in the art will appreciate numerous modifications and variations

therefrom. It is intended that the appended claims cover all such modifications and varations

as fall within the true spirt and scope of this present inivention.



26 using peripheral wire bond wire 20. A conposite die 68 is fornmed as
descri bed previously in connection with Fig. 5. A lower die 66 is %%@ﬁ
bonded using bunps 24 to the upper surface 40 of the structure 12A émﬁ
upper die 68 is wire bonded, using_w.re bonds 64, to the upper surface 40.
By extending the wire bonds 64 outwardly with respect to the bunps 24, both
dice 66, 70 may be coupled to the sane surface. Separation or isolation of
the signals nmay be possible by having vias which extend through the
structure 12A to different depths. For exanple, as shown in Fig. 6, each of
the w "Whpoisdlakine@s$s:64 and bunps 24 may be coupled by a contact 72 through
avia 73 to atrace 74, 76. The traces 74 and 76 may be fornmed at the sane

| evel within the carrier 12A but separated by an insulating gap. The

) be
gap may be défi ned\HGFHOHQCOEI]I}QKIHEB{{EI‘.CPW@? i ORS8NI ques used to formthe
trace layer. Vias A t: rechkey, [ : 82
and 84. The traCeggggﬁgﬂg%gg&?ﬁgﬁﬂ%éﬁ?&?ﬁﬂ%@ﬁéﬁ?&g?bg¥ggﬁ%gﬁg%gugéﬁﬁg%pads
90 whi structnret urn are coupled to solder balls 14. Wil e one technique has

been described for . coupli he.si s, i.ndependent|y tq. the solder balls
Ta. "t hose Skt 11 ed Tie s e g e 3SR IEOR REMGENGH Rt EENN ques
for doing the sanduhdy ia@dinghH de€orid e B KIERITAHYERid HBudd@s ReeHidfRE tiebed
with respect to a limted nunber of enbodinments, those skilled in the art
wi || appnéci ate numerous nodifications and variations therefrom It is

i ntended that the 2nd i 0 I c di f1,catian nd.
variations as falaﬁg%‘??%ig%d@%{gbap& lojgalégfnrlﬁnleasﬁgl ngg%aé& (S)?IS%htiag I%Freggtélﬁ?ny

i nvent i @Bupléd MARiIZHEbandsebiad dics cl ainmed is: 1. A nmethod for making

mul ti-chip nodul es conprising: positioning a first. die with its backside in
a first veguain yeid sirareipclydesane seet said mathedcugher ingludiogseringgaidhi@st op si de
of a 1 rglindhRl daVies Fhdsdebfifi sfi@¥ddo¥d Qle FAof of Leill Stridtre.

2. The method of claim 1 further including securing a first die in a lower cavity

of a structure having two spaced cavities and securing said second die to an upper cavity.

3. The method of claim 1 including securing a third die to said first cavity

alongside said first die.

4, The method of claim 3 including wire bonding said first and third dies directly
together.
5. The method of claim 3 further including securing said second die to said

surface of said structure.

6. The method of claim 1 further including securing a pair of dice in back-to-

back relationship to form said second die.

7. The method of claim 6 including attaching one die of said combined second
die using bump bonding and attaching the other die of said combined second die using wire

bonding.



bunp bonding a second die to said surface of said structure over said first
die; and attaching a solder ball to said structure such that said sof AR 2005
ball is electrically coupled to said first and second dice, wherein said
structure includes one cavity, said nethod further including securing said
first die in said cavity and securing said second die on top of said
structure. 2. The nethod of claim1l further including securing a first die
in alower cavity of a structure havrﬂg two spaced cavities and securing
said second die to an upper cavity. 3, The nethod of claim21 including
securing a t&ird dibe mehadefelaimyGinckidingajtaching prid fige diciod firsy ity belows, The
nmet hod qf i | NG WA : i i dar i iLes . directly
toget her 7Y AL Fict bh P Rl B o shidiRlor Rk e bR I °0,

di e to saifste cfusnitlatactofe toaaid sstandaliciamgl seburingheidmichadidiefto shidithirdlcdvityt her
including securing a pair of dice in back-to- back relationship to formsaid
second die. 7. The nmethod of claim6 including attaching one die of said

combi ned secgnd i 1 AR, i j -l sai d
conbi ned secghd dﬁggggﬁﬁggajre (ggﬁggg%}ﬁ%q“%%BZ Ogﬂg§k§£1$%3§%%?h§5&%f

cl ai m 7 of sapdl swiatgreand actebnygdisgsald féqoad diki te stid sarfhéer aftsacisniucinrdel ow a second
and third cavities, wire bonding said first die to said second cavity,
wi rebondi ng the surface of said structure to said second die and securing

said second dpe t Q maitAchipinidliufedontpfising: The nethod of claim6 including
bunp bonding said second die to said surface of said structure and

wi rebondi ng sai d setoetdrediayings ety feurecdvieg ofdisai d structure. 10. A
mul ti-chip module aFiEEReid ﬁéllVrlllgg a top side and a backside, said backside mounted in said

cavity and said top side wirebonded to said structure;

a second die mounted in said structure over said first die, said second die
being bump bonded to said structure; and

solder balls secured on said structure, said solder balls electrically coupled to
said first and second dice,
wherein said structure includes a single cavity and an upper surface, and said first die is
mounted in said cavity and is wire bonded to said upper surface, said second die being bump
bonded to said upper surface at a point spaced outwardly from the location at which said first

die is wire bonded to said upper surface.

11. The module of claim 10 wherein said structure is a multi-cavity structure
including three cavities of progressively larger size as they extend upwardly through said

structure.

12. The module of claim 11 wherein said first die is mounted in a first cavity and

is wire bonded to said second cavity, said second die being bump bonded to said third cavity.

13. The module of claim 10 including a third die mounted in said cavity alongside
said first die, said first die being wire bonded to said upper surface and to said third die and

said third die being wire bonded to said first die and said upper surface.



a structure having a cavity for receiving a die; a first die having a top
side and a backside, said backside nounted in said cavity and saidgt ﬁ%de
wi rebonded to said structure; a second die nounted in said structuré over
said first die, said second die being bunp bonded to said structure; and
sol der balls secured on said structure, said solder balls electrically
coupled to said first and second dice, wherein said structure includes a
single cavity and an upper surface, and-said first dieis mounted in said

cavity and is wire bonded to said ugger surface, said second die being hunp

bonded to saild uppde maduerfelam B wherain saidseeenddie ifoemed of oin dieesacatedt i on
at whic f S r The
modul e 0 PRiSlortebB el s B IERE of id BUHpbRRSte I E68pe e, o

i ncl udi bgndddrte8aidapén ssfacd aral the t@ssmest die bigsagicompastie die Hdigybanp botded
upwardly through said structure. 12. The nodule of claim1ll wherein said
first dif®s3id umﬁﬁ Aeiere; sic fipst dig being anded fasaiq wpngr pwrfassnaishlomsraastdisecond

cavity, e
nodul e g§ﬁ%|al Fﬁ%ﬁﬁgﬁﬁgg ERrgpQﬁ&g%%ﬁnte &Pﬁﬂi%?39§§@?¥?da gﬁgglde
said fi nsborﬂe@towaddpﬁersmfaodl e be| ng wire bonded to said upper surface and

to said third die and said third die being wire bonded to said first die
and said upper surface. 9 MAR 2005 -8 14. The nodule of claim 10 wherein

sai d second dse | ThEQidRAL GloldikdlhRgemRaMethnd dic Rarkmigshage Il T onshi p.

t he uppernost die of said conposite second die being wire bonded to said
upper sugoiitage ontalo phiasvar dydacies sidel of seifd ogalp@sm)dupametoef seideubedrdly focimp bonded
to said sur. f aid. first die bei ded to ai.d surf ace,
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spaced %ﬁg@ﬂbh&xp@hﬁﬁjgﬁﬁmﬁbsajd first die |s bonded to said upper surface.

16. The module of claim 15 wherein said structure includes at least two cavities,
said composite die having one side bump bonded to the uppermost of said cavities and the

other side being wire bonded to said structure.

17. The module of claim 16 including a first cavity mounting said first die and a
second cavity, said first die being wire bonded to said second cavity, said structure including
an upper surface and a third cavity, said second die bump bonded to a third cavity and wire

bonded to the upper surface of said structure.

18. A multi-chip module comprising;:

a carrier having a first side and a second side and a cavity formed in said first
side;

first and second chips mounted on said first side of said carrier with said
second chip over said first chip, said first chip secured to said carrier in said cavity;

said first and second chips being electrically coupled to said first side, said
second chip being bump bonded to said first side and said first chip being wire bonded to said
first side,
wherein said second chip is electrically coupled to said first side outwardly with respect to

the location where said first chip is coupled to the said first side.



15. The nodul e of claim 10 wherein said second die is a conposite die having
contacts on two outwardly facing sides of said conposite die, one of 3
outwardly facing sides being wire bonded to said structure and the %mk 005
said outwardly facing sides being bunp bonded to said structure. 16. The
nmodul e of claim 15 wherein said structure includes at |east two cavities,

sai d conposite die having one side burrg bonded to the uppernost of said
cavities and the other side being wi ré€ bonded to said structure. 17. The
modul e of claim 16 including a first cavity nounting said first die and a
second cavi t>19 saiT@emQ@!e icdaipel Sigelniling abind ebiptconiitied in sdidravivavithy, said
structure é‘ﬂ%t lﬂg) an upper surface and a third cavity, said second die
bunp bonde 0 third cavity and wire bonded to the upper surface of said
structure. 18. A multi-chip rmdule conprising: a carrier having a first side
and a second side_and a cavity forned in said first side; first and_ second
chi ps nount ed%n gé)?éfquu}es‘?fcéql@el&)‘P’h%rain(fa@aﬁeﬁ‘i’@rcmw istnadsiup of seradif i p over

said fi r§ﬁpl&hg%eth§f"fn§aa%£§f)a EP}HQU F:.g{:ed to said carrier in said cavity;

said first  and“second chips belng e trically coupled to said first side,
said second chip being bunp bonded to said first side and said first chip

bei ng vm'reb nded to s |rst Si wher ei n_sai d second ipis

el ectrically &oupITi‘H r’?‘gf“gea‘i’ Flaip g w ?ralé‘oélﬁ eﬂgﬁem S'an g tosgid firpfe

I ocat i ogiquhga ﬁlescﬁh& Jf'sélﬁtm&e"ib Rqﬂe%o‘ﬁ@étpﬂo%gldtﬁ’rstté?& said first side. 9 MAR 2005
-9 19. The nodule of claim18 including a third chip contained in said

cavity with said first chip. 20. The nodul e of claim 18 wherein said second
chipis madezap OA aldr fof ice hedttoget.her in.hack to back
rel ati onshi p: method of coupling a pa1r 1ps to a tarrier comprising:
positioning a first chip in a cavity on a first side of said carrier;
wire bonding said first chip to said first side of said carrier;
bump bonding a second chip to said first side outwardly with respect to said
first chip; and
forming said second chip by securing a pair of dice in back to back

relationship.

23. The method of claim 22 including mounting said second chip over said first

chip on said first side.

24..  The method of claim 22 including mounting a third chip in said cavity with
said first chip.

25. The method of claim 22 including wire bonding one of said dice to said first

side and bump bonding the other of said dice to said first side.

26. A multi-chip module comprising:
a carrier including a cavity;
a first chip secured to said carrier in said cavity; and
a second chip including a pair of dice secured to one another in back to back

relationship, said second chip secured to said catrier over said first chip.



21. The nodul e of claim 20 wherein one of said dice is bunp bonded to said
first side and the other of said dice is wire bonded to said first side.
22. A nmethod of coupling a pair of chips to a carrier conprising: g MAR 2005
positioning a first chip in a cavity on a first side of said carrier; wre
bonding said first chip to said first side of said carrier; hunp bonding a
second chip to said first side outmardL Wth respect to said first chip;
and form ng said second chip by securi %'a pair of dice in hack to hack
relationship. 23. The nethod of claim22 including nounting said second chip
over said fiRdt dhieprashilesef daim 2swherpigesaidagcondiiep iseseeisad &f a sdcandreaaty

i ncl udi t.l s ird chipin said cavity wwth said first chip. 25.
The netﬁggﬂ%ﬁﬂgkggﬂgﬁggincluding wi re bonding one of said dice to said first
si de and bunp bonding the other of said dice to said first side. 26. A

mul ti-chip mpdul e conprising: . a carrier including a cavity; a first chip
secured to safd cdi Fin%ﬂduf%"fg‘%filﬂl avhergin sgilpegondechimis sepirpd PRAP YBPSg a pair
of dicegg, ngmhgaﬁﬂg_another in back to back relationship, said second
chip secured to said carrier over said first chip. B MAR 2005 - 10 27. The
nodul e of claim 26 wherein said second chip is secured to a second cavity

defined in sajd ule.. 28.. The dul e. of cl.ai.m 26 .wherei n . said second chip
i s secured o%ban _ Bél_?(’duﬁiﬁffc e gwgf&?‘& Qg Pf F?_Bg].dlcfgﬁ? Wﬁrﬁgoﬂ%ﬁﬁtpéa’élfcaglleéi m 26
wher ei N, heQfthd @ Gaid d&R it Buth bendAndesidlcarai d carrier

30. The module of claim 29 wherein said dice are bonded to different surfaces of

said carrier.

31. A method of forming a multi-chip module comprising:
securing a first chip in a cavity in a carrier;
forming a second chip by securing a pair of dice together in back to back
relationship; and

securing said second chip to said carrier over said first chip.

32.  The method of claim 31 including securing said second chip to a second cavity

in said carrier over said first chip.

33. The method of claim 32 including bump bonding one of said dice to said

second cavity over said first cavity.

34. The method of claim 31 including wire bonding said first chip to said carrier at
a first location, bump bonding one of said dice to said carrier at a second location and wire
bonding the other of said dice to said carrier at a third location, said first location being
inwardly on said carrier with respect to said second location and said second location being

inwardly on said carrier with respect to said third location.



and the other of said dice is bunp bonded to said carrier. 30. The nodul e of
claim 29 wherein said dice are bonded to different surfaces of said carrier.
31. A nethod of forming a multi-chip nodule conprising: securing a WMAR X
chipin a cavity in a carrier; formng a second chip by securing a pair of
di ce together in back to back relationship; and securing said second chip
to said carrier over said first chip. 32. The nethod of claim 31 including
securing said second chip to a second'éévity in said carrier over said
first chip. 33. The nethod of claim 32 including bunp bondi ng one of said
dice to said second cavity over said first cavity. 34. The nethod of claim

Pocation, bars: bordth Bt Sovaek 41 Eibelbs ik BAR i ot Bibk P ocat i on

and mﬁr@mnegﬂgmﬁgﬁ@mgd@&her of said dice to said carrier at a third

| ocation, said first |location being inwardly on said carrier with respect
to said second |location and said second | ocation being inwardly on said
carrier with respect to said third location. 9 MAR 2005 -11 35. The net hod
of claim 34 including bonding said dice and said first chip to the sanme
surface of said carrier.



