14. SEP 2995 SEM CONDUCTOR/ PRI NTED Cl RCUI T BOARD ASSEMBLY, AND COVPUTER
SYSTEM BACKGROUND OF THE | NVENTI ON The present invention relates to stacked
mul tiple die sem conductor assenblies, printed circuit board assenbli gg ?
conput er systems, and their nethods of assenmbly. Mre particularly, th EP 2005
present invention relates to an inproved schenme for increasing

sem conductor die density. Conventional Chip On Board (COB) techni ques used
to attach sem conductor dies to a printed circuit board include flip chip
attachment, wirebonding, and tape automated bonding ("TAB"). Flip chip

attachnment c al ?(?Fq (E?@RWR?N’T*EB @R@UWCW? Q;%Elmgp_lyt board or

ot her substra Ipis a sem conductor pattern or

array of electrical ter m natANE?(RgWWEF@S‘PSWY around an active
e

surface of the flip chip for fac own nounting of the flip chip to a
substrate- Generally, the flip chip has an active surface havi ng one of the

followng electrical connectors: Ball Gid Arr%% 'BGA") -wherein an array
of mnute solder balls is BACKSHICHNEhOFMEHEUNVENTIEBN a f1ip chip that
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("PGA")-wherein an array of small- pi ns extends sutfstantlal |y ({)erpendl cularly
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Wth the PGA, the pin arrangenent of the flip. chip nu be mrror-lrrage
of the pumpﬂe@ég@yltmafmer s#hqaﬁeasfeatecd’rﬂlpbvéw&a#mondpﬁ%mpotﬁa the flip

chipis g kérnbé?rn%?% Q’Vet@eﬂr %tﬁﬁ%n@'c’?%}g}’uﬂgﬁg ‘Eedé udmr fill

encapsul ant genera | Spose et ween the e printed -
actme surface of the flip Chlp for face down mounting of the ﬂtp ch:p to a substrate.

Generally, the flip chip has an active surface having one of the following electrical
connectors: Ball Grid Array ("BGA")-wherein an array of minute solder bails is
disposed on the surface of a flip chip that attaches to the substrate ("the attachment
surface"); Slightly Larger than Integrated Circuit Carrier (“SLICC")-—which is similar to
a BGA, but having a smaller solder ball pitch and diarmeter than a BGA; or a Pin Gnid
Array ("PGA"}-wherein an array of small pins extends substantially perpendicularly
from the attachment surface of a flip chip. The pins conform to a specific
arrangement on a printed circuit board or other substrate for altachment thereto.
With the BGA or SLICC, the solder or other conductive ball arrangement on

the flip chip must be a mirror-image of the cenr;ecting bond pads on the printed
circuit board such that precise connection is made. The flip chip is bonded fo the
printed circuit board by refluxing the solder balls. The solder balls may aiso be
replaced with a conductive polymer. With the PGA, the pin arrangement of the flip
chip must be a mirror-image of the pin recesses on the printed circuit board. After
insertion, the flip chip is generally bonded by soldering the pins into place. An
under-fill encapsulant is generally disposed between the flip chip and the printed

~ circuit board for environmental protection and to enhance the attachment of the flip

chip to the printed circuit board. A variation of the pin-in-recess PGA is a JHead



circuit board for environnental protection and to enhance the attachnent of
the flip chip to the printed circuit board. A variation of the

pin-in-recess PGAis a J-lead -1 14 SEP 2005 PGA, wherein the Ioops]é)fSEFh?g85
J's are soldered to pads on the surface of the circuit board. Wrebonding
and TAB attachnent generally begin wth attaching a sem conductor chip to

the supfgceyeirem Brd BoBd Fithie Uistarbornskwidt b @risappriopsLAtee Adhesireeit such
as an epoxy. In wrebonding, bond wires are attached, one at a tine, to each
bond padawmh the sem conductor chip and extend to a corresponding |ead or

trace end op.the printe jLrcuit, board. Th ond wi.res,.are generall
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leads carried on an insulating tape such as a polyamide are respectively attached to
the bond pads on the semiconductor chip and to the lead or trace ends on the
printed circuit board. An encapsulant is generally used to cover the bond wires and
metal tape leads to prevent contamination.

Higher performance, lower cost, increased miniaturization of components,
and greatef packaging density of integrated circuits are ongoing goals of the
computer industry. As new generations of integrated circuit products are released,
the number of devices used to fabricate them tends to decrease due to advances in
technology even though the functionality of these products increases. For example,
on the average, there is approximately a 10 percent decrease in components for
every product generation over the previous generation with equivalent functionality.

In integrated circuit packaging, in addition to c;omponeht reduction, surface
mount technology has demonstrated an increase in semiconductor chip density on a
single substrate or board despite the reduction of the number of components. This
results in more compact designs and form factors and a significant increase in

integrated circuit density. However, greater integrated circuit density is primarily
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In integrated circuit packaging, in addition to conponent reduction, surface
mount technol ogy has denonstrated an increase in sem conductor chip density
on a single substrate or board despite the reduction of the nunber dfi SEP 7005
conponents.. This results in nore conpact designs and formfactors. and a
significant increase in integrated circuit density. However, greater
integrated circuit densiﬁy %s primarily 2 14 SEP 2005 limted by the space
or "lreiigd ing aPaGR Al | G5 ESIUR AYE Wﬁéoaﬂggi WOL1E8 R8¢ aHRSUREeFUCEs a
@kﬁﬁHQEQﬁ-U'S' Pat ent Nos. 5,994,166 and 6, 051, 878, the

ures o ich are incorporated herein by reference, represent a
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substrate or board. Despite the advantages of the nobst recent devel opnents
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provided. In accordance with one enbodinent of the present invention, a '
mul iggddodirepryeid cohdueedforassmasing bsmigpoiieetdeodprdiyi ingrintedt and second
sem con(glﬁcto di es ]-and an internediate substrate. The first sem conduct or
di e CHERt RRErL2855 8PSt | ve surface i ncl udi ng at |east one conductive bond
pad. The second sem conductor die defines a second active surface including
at | east one conductive bond pad. The internediate substrate is positioned
bet ween the first acBRIEFsSUNMIGARY OMhéHE INYESEBHO®bnduct or die and the
second active s rfaceirlr_g}‘ the s nd sz,lgl;nco ductor .die such that a first

d

surface of " P'Rg” Fhit'sr ghgt%ressgﬁgﬂvgtn BTN ENFIRPVELti ve surface and
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substrate. The first semiconductor die defines a first active surface including at least

one conductive bond pad. The second semiconductor die defines a second active
surface including at least one conductive bond pad. The intermediate substrate is
positioned between the first active surface of the first semiconductor die and the
second active surface of the second semiconductor die such that a first surface of
the intermediate substrate faces the first active surface and such that a second
surface of the intermediate substrate faces the second active surface. The first
semiconductor die is electrically coupled to the intermediate substrate by at least
one topographic contact eitending from the first active surface to the first surface of
the intermediate substrate. The second surface of the intermediate substrate
includes a cavity defined therein. The intermediate substrate defines a passage
there through. The second semiconductor die is secured to the second surface of
the intermediate substrate within the cavity such that the conductive bond pad of the
second semiconductor die is alighed with the passage. The second semiconducter
die is e!éctrically coupled to the intermediate substrate by at least one conductive
line extending from the conductive bond pad of the second semiconductor die
through the passage defined in the intermediate substrate and to a conductive

contact on the first surface of the intermediate substrate.



includes a cavity defined therein. The internedi ate substrate defines a

passage there through. The second sem conductor die is secured to t?h+e 2005

second surface of the internediate substrate within the cavity such t§1Et

t he conductive bond pad of the second sem conductor die is aligned with the

passage. The second sem conductor die is electrically coupled to the
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conductive bond pad of the seg:ond sem conduct or. die throu\gh_.the ssage
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_is anBBB]a%edﬁ l%ﬁé'i]%&tgﬁe%%%\%%?\aeogttﬁ%ﬁ%ﬁ%ﬁoevrﬁ%é&'aegﬁ%%med sem conduct or
di e assenbly schenme. Qther objects of the present invention V,/111 be

apparent in light of the description of the invention enbodi ed herein. BRIEF
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e cross sectional schematic illustrations of a variety of printed
ci r cufaiiobing drawisgabwvhere Hise struthyge o indieated egénlike rafeienicemnurnereds BAD
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sem CEREHCHOArdh & e3hblicNactdruig®aihat resubsinvahgod0, a printed circuit board
50, and a pair of decoupling capacitors 60. As will- be appreciated by

those practicing the present invention, the printed circuit board assenbly

10 is typically provided a B%FﬁAIE{EDaDE%@ﬂ%OWSt em |In specific

applications of the present Imvention, the sem conductor dies may form an
i nt egr at edResesreiny initally o Figrely, epihody drovitriosiry askealtlyen0ad puevided egr at ed
circuit functions The first sem’&gnductor die.20 defines a first active

sur f aeYMPESINGIReiiSt SEMICARIYGIAT dif £ S9N SRR VIOl @conduct i ve
bond padenftaie ABHRRAIED, a printed circuit board 50, and a pair of decoupling

capacitors 60. As will be appreciated by those practicing the present invention, the
printed circuit board assembly 10 is typically provided a part of a computer system.
in specific applications of the present invention, the semiconductor dies may form an
integrated memory unit but may embody a variety of alternative integrated circuit |
functions. |

The first semiconductor die 20 defines a first active surface 22. The first
active surface 22 includes one or more conductive bond pads 24. The second
semiconductor die 30.defines a second active surface 32. The second active
surface 32 including 6ne or more conductive bond pads 34. For the purposes of
describing and defining the present invention, it is noted that a conductive bond pad
comprises a conductive surface area defined on or éxtending from a surface of a
semiconductor die. A conductive contact comprises a conductive surface area
defined on or extending from a substrate. An active surface comprises a surface of
a die or substrate that contains conductive contacts or conductive bond pads.

The intermediate substrate 40 is positioned between the first active surface
22 of the first semiconductor die 20 and the second active surface 32 of the second

semiconductor die 30 such that a first surface 42 of the intermediate substrate 40



sem conductor die 30 defines a second active surface 32. The second active
surface 32 including one or nore conductive bond pads 34. For the purposes
of describing and defining the present invention, it is noted that @ SEP 7005
conductive bond pad conprises a conductive surface area defined on or
extending froma surface of a sem conductor die. A conductive contact

conprises a conductive surface area defined on or extending from a
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surface of the substrate or other structure. is al so noted that .
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comprises a flip chip and is electrically coupled to the intermediate substrate 40 by a

plurality of topographic contacts 12 extending from the first active surféce 22 to the

first surface 42 of the intermediate substrate 40. For the purposes of describing and

defining the present invention, it is noted that a flip chip comprises a semicqnductor

die arranged relative to a substrate such that conductive bond pads included in an

active surface thereof are aligned with conductive contacts on an opposing surface

of the intermediate substrate. In the embodiment of Fig. 1, the conductive bond

pads 24 included in the first active surface 22 are aligned with conductive contacts

46 on the first surface 42 of the intermediate substrate 40. ltis further noted that a

topographic contact comprises any conductive contact that extends between and

" defines a spacing between an active surface of a substrate or die and an active - '

s.urface of another substrate or die. Examples include solder balls, conductive

polymers, or other types of topographic electrical connections. A pin grid array,

where pin recesses are provided in the opposing surface, present a suitable

alternative to topographic contacts, where it is not necessary to create a spacing

between two surfaces for accommodating structure there between.



first surface 42 of the internediate substrate 40. For the purposes of
describing and defining the present invention, it is noted that a f!lg(Eﬁa@&i p
conprises a sem conductor die arranged relative to a substrate suéﬁ'
conductive bond pads included in an active surface thereof are aligned with
conductive contacts on an opposing surface of the internedi ate substrate.

In the enbodient, ofEld il 1 e CORINGLIYECHONG.1PAAS 84 caghuded in the

first acti ace al’i ghé h "conducti ve contacts on the

first saibacaid2ebhirekhe hateropdi Al csubs bf eteird@rméediats sfbstrher4deted t hat
a topographic contact conprises any conductive contact that extends between
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opposi ng surface, present a suitable alternative to topographic contacts,
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the passasies Migorehirnes that ik RecldPidB ¢hajbr sBHBSEAlesdibstatd t a conductive
contact 46 on the first surface 42 of the internedi ate substrate 40. For

t he poopdsdivedinedusy dobipripeanl eleficaliynepndictivedsadt tropedppndmirg, ete¢s not ed
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to a prisliy sbefattcaly RreleEle aras bre ettt i ve | ine may conprise an
electrically conductive |lead, trace, bond wire, etc- A printed circuit board

conpri ses Hnsied thajitbe mpamneminauhighdbe disstanheeaend seariconfuftar pigs 39

el ect 5 Gal bl RN NFed IS AR BFiftelCLifRt board 50 may vary. For example,
electrically conductive traces or other conductors may be provided in the
intermediate substraté 40 such that one of the semiconductor dies 20, 30 may be
electrically coupled to the intermediate substrate 40 through the other die or
independent of the other die. It may be advantageous in particular applications o‘f
the present invention to electrically connect the first and second dies 20, 30 to each
other or to electrically isolate the dies 20 and 30 from each other. In either case,
suitable trace lines or other conductive lines are provided to at least ensure an
electrical connection between each die and the prihte'd'circuit board 50.

The decoupling capacitors 60 are mounted 1o the first surface 42 of the
intermediate substrate 40 and are conductively coupled to the first and second
semiconductor dies 20, 30. Specifically, according to one aspect of the present
invention, each decoupling capaéitor 60 is plabed'in an electrical circuit between the
high and low voltége inputs (e.g.,Vgs and Vo) of one of the dies 20, 30. In this
manner, the decoupling capacitors 60 decouple the low voltage input from the high

voltage input and serves as a power source filter or surge/spike suppressor.



It noted that the manner in which the first and second sem conductor dies
20, 30 are electrically coupled to the printed circuit board 50 ma 4%@%%&%
For exanple; electrically conductive traces or other conductors may b
provided in the internmediate substrate 40 such that one of the

sem conductor dies 20, 30 may be electrically coupled to the internediate
subst rratéerdb it Rechghe aohgliog e aditer oY s plideserrteiRtedts phsibeHETrpraicEcall t may
be advant ageous in artgcq#?r(gpplications of the present invention to

el ect tpdlg ByHe Of iESr4Fst” and second dies 20, 30 to each other or to
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aspectntetmebmtprsabetrhie 4Bventi on, each decoupling capacitor 60 is placed in

an electrical circuit between the high and | ow voltage inputs (e.g., Vss and
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contact 46 on the fir surface 42 of the ‘internediate substrate 40. The
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underfill materials are generally disposed between flip chips and the
pri nt sdriace dai of thedpigrgediate substrate 40. The encapsulant 16 may be used in

place of the underfill material 14 and may also be formed over the second

semiconductor die 30. A die attach adhesive 18 (illustrated in Fig. 8) fnay be

positioned to secure the second semiconductor die 30 to the second surface 44 of

the intermediate substrate 40. As will be appreciated by those practicing the present

invention, the encapsulant and underfill configurations illustrated herein with

reference to Fig. 1 may also be employed in the embodiments of Figs. 2-8.

In the embodiment illustrated in Fig. 2, a heat sink 70 including a cap portion

72 and a peripheral portion 74 is provided. The cap portion 72 is thermally coupled

toa majc;r surface 25 of the first semiconductor die 20 via a 'léye-r-bf heat sink

compound 76, which preferably provides some adhesion between the heat sink 70

and the die 20. The peripheral portion 74 engages a modnting zone defined by a

lateral dimension of the intermediate substrate 40 extending beyond the periphery of

the first semiconductor die 20.

In the embodifnent of Fig. 3, the first semiconductor die 20 comprises a
stacked chip secured to the first surface 42 of the intermediate substrate 40 such
that the conductive bond pads 24 on the first active surface 22 are aligned with the

passage 45. Conductive lines 48 extend from the conductive bond pads 24 on the



substrate to which they are nmounted for environnental protection and to
enhance the attachnment of the flip chip to the printed circuit board or
substrate. In addition, an encapsulant 16 may be forned over the fimsﬁtE 2005
sem conductor die 20 and the first surface 42 of the internedi ate subsfra e
40- The encapsul ant 16 may be used in place of the underfill material 14
and rfayt adtse heffor Pt ovedudive cwdard < Oseivilcopritittosudiee 40.0TAdi e attach

dhesi ve 18 (il ted in Fig. b i tioned to secure th d
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i s o i oA M PSR 1) 7
of - néaat 2 R RRNLRE B CoRluclE i pa T SO SR R bt ween

t he heahcsiznkai®thasondigivdi n2fcts Bigeofibei splhendlsupfacki Hhotheengages a
"mounting zone defined by a lateral dinension of the internediate substrate

40 ektteraedigtdeybaiga -periphery of the first semiconductor die 20. In the
enbodi nen f_Fig- [ ] i .8 :2Q-:commy,i a stacked
chi p securdd T faeent 8FFid i SER BT hOAR B BIGPTRIMG % 2, %0 ucn

t hat ekdeptonighas the ecbomd spatortiuator dibST carsprises aVfip shiff. ake se2hare al i gned
with the passage 45. Conductjve I&nes 48 extend fromthe conguct'ge bond
pads@84itignat sre of torogEpIe eeniarisst g&qr\;iefrgr@r SEIHIVE G%e<contacts
46 of iNesaefRNdiatd 8521 4t Blielhidialdib @hdieslbalee substrate 40. The second
sem conductor die 30 conprises a flip chip arranged relative to the

i nt er redi Redesimgstoate Fids. duGhan hdditiohs! swlpgitaleibieispmraitionpatisud4 thaicl uded i n

Socondramrie 4 of e ARG ARar Rt d "Batht e SREO M atlis SARREE Al ot 12

ext efid dedomeserhite Bt 8o, bomslaparsnahs@istiNg soesemtbaah aveitisndlf ace 32
and the conductive contacts 46 of the second surface 44 of the
passage 85 there through. The second semiconductor die 30 is secured to the first
surface 82 of the additional substrate 80 such that conductive bond pads 34 of the
second semiconductor die 30 are aligned with the additional passage 85. The
second semiconductor die 30 is electricaily coupled to the additional substrate 80 by
conductive lines 88 extending from the conductive bond pads 34 of the second
serniconductor die 30 through the additional passage 85 defined in the additional
substrate 80 and to a conductive contact 86 on a second surface 84 of the additional
substrate 80. _ _

Referring specifically to Fig. 4, the assembly 10 further comprises a third
substrate 90 positioned such that a first surface 92 of the third substrate 90 faces
the second surface 84 of the additional substrate 80. The additiona! substrate 80 is
-electrically coupled to the third substrate 90 by topographic contacts 12 extending
from the second surface 84 of the additional substrate 80 to a first surface 92 of the
third substrate 90. A decoupling capacitor 60 is mounted to the first surface 92 of
the third substrate 90. The thickness dimension of the decoupling capacitor 90 is

accommodated in a space defined by a thickness dimension of the topographic



i nternedi ate substrate 40. The arrangenent of Fig. 7 is simlar to that
illustrated in Fig. 1, with the exception that the second sem conductor die
30 conprises a flip chip. As such, an additional set of topographidi SEP 2005
contacts 12 extend fromthe second active surface 32 to the second surface
44 of the internediate substrate 40. Referring nowto Figs. 4-6, an

addi thanats shkstaratey 80N hepesiariconethauth dfhae adgitidnes bLUEAITEECB082 f t he
addi ti onal substra% 80 faces the second active surface 32 of the second
seni donduEE6E Cdi @ 188 INTREUSAUPE Yhal substrate 80 defines an additi onal

passage Bp it Lol 1Jhs, seenndssemurpnduthae: dhRpilebs gy ed to the

first surface i ona strate 80 su hat conducti ve bond

pads s@Bsipdtetdlepssitoned sech tmtdufitsosudaee 3Q af hedhtegresdiiatet Suttdteatadtl ti onal
passage 85. The second sem conductor die 30_is electrically coupl ed to the

add:jf&@ﬁ;aﬂ seennst satecaBs 9y th%aﬁmtétbat@tﬁ.%sw@ iRtereediatg wbﬁrt]ta fi¢to i
oa 1 REFeAtL CaBRERd dug it S5 8EAR%0 BT RSOGO BIR2 KahAg T

condfigii ¥R Seinacdurfifecomy af gecond ﬁl!fsftraﬁ@ Bhoothetfiret adkdhdd anadf theubstrat e

80. Referring specifically to Fig. 4, the assenbly 10 further conprises a
t hi r intesupiisicas IR 4Ei t ttﬁtéacgltmwgtmacatomostﬁ ragppigselodiecseqand t hi rd

Tho ks 30 o e Rurd SRR AF LOBG- BRLBG BC e P bt vt e
90 byinORHNGS @ph*is:d@@mtﬂmgscak%cﬁm 60 cinaiga trﬁmmwa.rﬁen@od ofuhkdieet 84 of the

addi tional substrate 80 to a first (furface 92 of the, third substrate 90. A
decob@MiGagduaipaciic 8P ase hath asgamerrdaietie the seace alingd oy thethickmess hird

subsffat .&Pofﬂ?téeto?t;g%glﬁé;omdgmléa&eﬁamgnessetg.%%dom é}ﬁmbw {90 is

acconmo ted Ina Ined by a thic I mensi on of the topographic
14 SiEe mﬁﬁ&ubetrtam:@@ td hektst sdirfage f2ooh thieeintomtakusdizaieat8M4 @f t he
ace 2 of the thi d substrate 90.

Ref er 11 ngReBUEND FpaRTats e lp: 65 RAIEOLaEE AR S PR R EeRior 1 see. a ¢ hi rd
SubsiicRintePR RNt anests g hriaintarmhbaste subbae 48. afhd tt@ckrrés.%r medi at e
substrate 40 faces a second surface 94 of the third substrate 90. The
i nt edimensiareosingsdecaupling capacitors 60 is accommodated in a space defined by a
thickness dimension of the first semiconductor die 20. The pair of decoupling
capagcitors 60 are mounted to the first surface 42 of the intermediate substrate 40.
The first semiconductor die 20 is positioned between the pair of decoupling
capacitors 60 relative to the first surface 42 of the intermediate substrate 40.
Referring finally to the embodiment of Fig. 8, it is noted that the intermediate
substrate 40 may be provided with a cavity 100 defined therein. The dimensions of
the cavity 100 are preferably selected to accommodate the second semiconductor
die 30. In this manner,lthe overall thickness of the printed circuit board assembily 10
may be reduced, as compared with the other illustrated embodiments of the present
invention. It is contemplated by the present invention that a cavity 100 may be
provided in any of the substrates of any of the illustrated embodiments of the
present invention without departing form the scope of the present invention. The
depth of the cavity is defined by the thickness of the die o be accommodated -
therein.
Conventional stacking, soldering, bonding, under filling, encapsutating, curing,

and other semiconductor processing technigues may be maodified and arranged to



is electrically coupled to the third substrate 90 by topographic contacts 12
extending fromthe second surface 94 of the third substrate 90 to thﬁ~@%{?@5
surface 42 of the internediate substrate 40. The decoupling capacitor
mounted to the second surface 94 of the third substrate 90. As is
illustrated in Fig. 5, the thickness dinension of the decoupling capacitor
60 andyialct ieckness stokesisoncofret e thé pstsesenmeonduct Bor teep2@oaee dyot h
accommodat ed in the space defined by the thickness dinension of the
topogr@ﬁﬁh@gé@%@ééﬁﬂiiyé&@%ﬁéﬂﬁdhﬁﬂﬁﬁﬁ?%@”§@@ﬁﬂﬁ“é%ﬁﬁé%%”@ﬁéﬁﬁ’dﬁﬁésﬁﬁird

b ' : i ' . 40.
roror 11 B DRdeTASET ble BHGOREE 448 st M BRaLR G W BLE LRUBR AL i o
mount eghich dpeeiffd pRicesurst@ss ad raditeldhia 4 af@eﬁm\aﬁ% dedbibeatRe Ment

t hi ckness dinension of the decoupling capacitors 60 is accommobdated I1n a
space idefataibangbyarefersincerieqetimeh sndrodmenteetitarest, iseililmoagpatert thae 20.
The pair ,of decoupl,ng. capacitors.60 ape mounted to the first surface 42 of
(e |rrerfialGes Buetiapasae Wskiolr Al LekPedind fobt Tt s°5ks PEisos: t i oned
bet wegRydhrPabfindd iflBrO8pbéMded eRfpaGi tors 60 relative to the first surface
42 of the internedi ate substrate 40. Referring finally to the enbodi nent of
Fig. 8, it Whahds el@impdtisthe internediate substrate 40 nay be provided with
a cavity 100 defined therein- The dinensions of the cavity 100 are
preferably selected to acconmodate the second sem conductor die 30. In this
manner, the overall thickness of the printed circuit board assenbly 10 may
be reduced, as conpared with the other illustrated enbodi nents of the
present invention. It is contenplated by the present invention that a
cavity 100 may be provided in any of the substrates of any of the
illustrated enbodi nents of the present invention wthout departing formthe
scope of the present invention. The depth of the cavity is defined by the

t hi ckness of the die to be accormbdated therein. Conventional stacking,

sol dering, bonding, under filling, encapsulating, curing, and other

sem conduct or processing techni ques may be nodified and arranged to 9 14 SEP
2005 yield the various stacked structures of the present invention. For the
pur poses of



defining the assenbly schene of the present invention it is noted that any
clains to a nethod of assenbling a structure are not intended to be limted
by the order in which specific process steps are recited in a claim Having
described the invention in detail and by reference to preferred enbggfggﬁks
thereof, it will be apparent that nodifications and variations are p g i‘bl'e
w t hout departing fromthe scope of the invention defined in the appended
claims. What is claimed is: 10 14 SEP 2005 CLAIMS 1. A printed circuit board
assenbly conprising: a first senicongyﬁﬁ k& die defining a first active
surface, said first active surface including at |east one conductive bond

gad; a1§@Pﬁil&€bc§e%&iﬁ9W§é§éfnb§1®nﬁ)ﬁ§ih§ti ng a second active surface, said
second active surface including at Teast one conductive band pad; and an

i nt er medi at ea didiszaraicengasioridineelinbone érst Sative pUFigcea%af ViESistiii‘ce of said
first sem.conductor die and said second active surface of said second

sem conﬂ%?%?‘nﬁr”gﬁ%éh%(aﬁé n% s C”s‘fﬁg) g@edao' said internediate substrate

faces said fisesbnackieosaidaeaiandfisugh sdmindasteontsiy, kateseforsni d
intermedi ate substrate faces said second active surface, wherein said first

seni condeiéeciurtiae insluging ef lasat oy eceupiustve §088irEd ianter medi at e substrate by
at |east one_t Tl tepdind, from sai LE St a6t | upface
fo said firett SoPrasaest Batker P EY hERr L P e LS R S BRRe B S e
of sai dfilshtemmrticaicerstibsirit gidi fedandesctias suaftckyoftmid saechd herei n, said
intermedi ate substrate defines _a passage there throygh, said second .

sem con%‘%i"EtCSPdﬂF@r idée §ké€‘&_tt%%1t %6”’%%7%353%63@&“5 R ‘_%Eﬁ S%%?tff‘?%f“é?%%@at e
substr af g Wkt Busatdapadih HEeh éé&%%d%ﬁ'rf%ce%@ﬂ@?dt&ﬁn&ﬂ@% paskipfesai d

second sem conductor die is aligned wt
faces said second active surface, whereain

said first semiconductor die is slectrically coupled to said
intarmadiate substrate by at leasi ona topographic contact extending
from said first active surface fo said first surface of said intermediate
substrate, A

said second surface of said intermediate substrate includes a
cavity defined therain, A

said intermediate substrate defines a passage there tﬁrough,

said second semiconductor die is secured to said second
surface of said intermediate substrate within said cavity such that said
conductive bond pad of said second semiconductor die is aligned with
said passage, and

said second semiconductor die is electrically coupled to said
intermediate substrate by at least one conductive line extending from
said conduciive bond pad of said second semicenductor die through
said passage defined in said intermediate subsirate and to a

conduciive contact on said first surface of said intermadiate substrate.
a printed circuit board positioned such that a first surface of said pri ircui i
d p ] printed circuit board faces said
secc_)_nd surface of sald_ mtermedmte substrate and such that said second semiconductor die is
positioned between said printed circuit board and said intermediate substrate; and

a plurality of topographic contacts extending from said second surf id i ;
: ace of sai
substrate to said first surface of sajd printed circuit board. d intermediate

11



sai d passage, and said second sem conductor die is electrically coupled to
said internediate substrate by at | east one conductive |ine extending from
said conductive bond pad of said second sem conductor die through said EP 2005
passage defined in said intermedi ate substrate and to a conductive conta P
on said first surface of said internediate substrate. a printed circuit
board p§5| |one such that a first surface of said printed circuit ‘board

faces s y§‘8P’f°§€5’”ﬁ‘F‘9 2 rwranmnariasantier %"lﬁb%tﬂ?aéf RNeREMSYAMItt hat sai d
second sen¥ '?:eé?fﬂ ﬁﬁ' eMAnguRitcomptises 2 Birder HEIOSA ISPl CAMBEEIRI r cui t boar d

and said internedi ate substrate; and a plurality of topographic contacts

extendi ng fromsaithsecancosurd @-Eﬁ‘liﬁttj Sald sbnieenediatesid Substriate to said
first surface of said printed circuit board. 11 14SEP2005 2. A conputer

syst em aofgeeiistingiray @irlegsammhrbedcoma bbhdmpadnd at | east one nenory unit,
wherein said nenory unit ¢ ri rinted circ Jt bo rd assenbl
conpri si ng: &SFFT S@@Fﬁ%ﬁﬁ%@i Qﬁafgp‘a%ﬁsﬁcﬁﬂdf“f" ra's?t“ SET Ve s CPy'ge sai d

first %5Mé%bré&éflﬁemmgcw%egoa& cheastiaNBosPRAYct i ve bond pad, a second
seni conductor die defining a second active surface, said second active

surface i nclamlnmegrra&dnla@smmgqmmlmad/eebm pad;firsnadiveauredicatfes aid
substr ned bet ween irst..active sur.face of said first

seni co?f&fﬁ‘c Os*lbélf‘gugr?d %F&%%é@ﬁ&%&‘ PraV S arFage O(staisozf%cog cond

seni corglistondetier suchudhatata fitst stirfabs ioaeaidohisraistisnt Qrediatasubstr at e
faces said first-active surface and such that a second surface of said

i nt er nEdF@@ivemYTaE @nd Facedn 2t geserdruract P sakuifecedigiRer &St a8i d first
sem condugct or:di & J.51 liRst rd%é YwiGQURl ed to said internmediate substrate by
at | east one topographic contact extending fromsaid first active surface
to said first surface shidsasisémicaruedictde iselbstiatly cosglat tewad surface
of said intermedi aIL\.ermSeu Sg ratbatr:xqc' Udeﬁeawto av%Dt oggggﬁlré%%nzar@ exteridmg
from said first active surface to said first surface of said intermediate
substrate,
said secona surface of said intermeadiate substrate includes a
cavity defined tharein,
said interrnediate substrate defines a passage thers through,
' said second semiconductor die is secured to said second
surface of said intermediate substrate within said cavity such that said
conduciive bond pad of said second semiconductor die is aligned with
said passage, and )
said second samiconductor die is elactrically coupled to said
intermediate substrate by at l2ast one conductive line extending from
said conductive bond pad of said second semiconductor die through
said passage defined in said intermeadiate substrate and to a
conductive contact on said firsi surface of said iniermadiate substrate:
a prinied circuit board posttioned such that a first surface of said printed
circuit board faces said second surface of said intermediate substrate and such that
szid second serniconductor die is positioned between said printed circuit board and
said intermediata substrate; and
a plurality of topographic contacts extending from said second surface of said

intarmediate substraie to said tirst surface of said printad circuit board.

12



said internedi ate substrate defines a passage there through, said second
sem conductor die is secured to said second surface of said internediate
substrate within said cavity such that said conductive bond pad,ofqggkﬁzmm
second sem conductor die is aligned with said passage, and said secon

sem conductor die is electrically coupled to said internediate substrate
by at | east one conductive line extending from said conductive bond pad
of said second sem conductor die through said passage defined in said
internmedi ate substrate and to a conductive contact on said -first surface
of said internediate substrate; a printed circuit board positioned such
that a first surface of said printed circuit board faces said second
surface of said intermedi ate substrate and such that said second

sem conductor die is positioned between said prinnted circuit board and
said internedi ate substrate: and a plurality of topographic contacts
extending fromsaid second surface of said internediate substrate to
said first surface of said printed circuit board. 12 14 SEP 2095 3. A
printed circuit board assenbly as clainmed in claim1l wherein said first
sem conductor die conprises a flip chip arranged relative to said
internmedi ate substrate such that said conductive bond pads included in
said first active surface are aligned with conductive contacts on said
first §Wﬂrﬁﬁ8cﬁut§@d@a§s&ﬁﬁf£§%’duﬁécﬁn cISikDSiHeRdresaiddirst A printed circuit board
assenbly as clained in claim3 wherein said multiple die sem conductor
assenb#ynﬁumﬁ%@prdﬁhp@m9a§p$@ﬁbgﬁbph?ﬁaﬁgmﬁé@@gvp seigdnivgTisetizieen said
conduct ive _bon d 5 tive
cont ac B e B ReaTe firs L SPp e bRy Boip i AT T, S0 B8 sy IR

pri nt ege ciligasitwitoasad@ssentdnizas ol stidddsi surtdai of s'atd\,ifr&eernedsaaaad second
sem conduct die conprises a stacked chip secured to said second surface
of saﬁ&”ﬁh?grnediate substrate such that said conductive bond pad on said
second

. 4. A printed circuit board assembly as claimed in claim 3 wherein said
multiole die semiconductor asSemb!y further comprisas topographic contacts
axtending between said conductive bond pads of said first active surface and said

conductive contacts of said first surface of said intermediate substrate.

5. A printed circuit board assembly as claimed in claim 1 wherein said

second semiconductor die comprises a stacked chip secured to said second surface
of said intermediate subsirate such that said conductive bond pad on said second

active surface is aligned with said passage.

6. A printed circuit board assembly as claimed in claim 5 wherein said
muliiple die semiconducior assembly further comprises conductive lines extending
from said conduciive bend pads on said second active surface fo conductive

contacts on said first surface of said intermediate substrate.
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active surface is aligned with said passage 6. A printed circuit board
assenbly as clainmed in claim5 wherein said nultiple die sem conduct or
assenbly further conprises conductive |ines extending fromsaid con¢y§gﬁ%ﬁ5
bond pads on said second active surface to conductive contacts on sai
first surface of said internedi ate substrate. 13 14 SEP 2005 7. A printed
circuit board assenbly as clained in claiml| wherein: said first

sem conductor die is electrically coupled to said internmediate substrate;
and sai #l ASRRRH SrosiehlafRRMAILs infediiSci@haGinkietal |y coupled to said
internediate substrate 8. A printed circuit board assenbly as clained in
clai m 1 whergidsisak8rfiddatudenteondustiorsii @ximzelestld patdy=woupl ed to
sai d second semi conductor die. 9. A printed circuit board assenbly as

cl ai megubatrgieaemdl wherein: said second seniconductor die is electrically
coupled to said inte [ r.at, €.:60 tive |ine
ext endi ng ff@ﬁ?%%?ﬁ“%%%gkgﬁﬁ%gﬁﬂgﬁg'%é%m§%2ﬁ§§#§%§%%§£°'géﬁgﬁﬁh'ﬁ%for di e
t hr ough;;sairgtcpassage defined in said internmediate substrate and to said
first surface of said internediate substrate. 10. A printed circuit board
assenbly as clainmed in claim| wherein said assenbly further conprises an
underfill material formed between said first sem conductor die and said
first surface of said internmediate substrate. 11. A printed circuit board
assenbl y A3sinted iciiBsbaldhssdnatiynaslclaiveaiirediaim d aiherelsgigriit y furt her conpri ses an
encapsul ant forned over said first sem conductor die and said first

sur f ac'é‘E'BT‘C%"éﬁWt?rrﬁ”éH?’rﬁﬁ%cé‘i‘%a[g’ucﬂ%‘{ﬂjﬁgé‘? 59419 SSAI0E FRBEFCFHEW @ oar d
assenbly as clainmed in claim 1l wherein said assenbly further conprises an
underfill material formed between said first sem conductor die and said
first surface .of said internedi ate substrate. 14 14 SEP 2005

9. A printed circuit board assembly as claimed in claim 1 wherein:

| said second semiconductor die is electrically coupled 1o said intermediaie
substrate by at least one conductive line extending from said conductive bond pad of
said second ssmiconductor die through said passage defined in said intermediate

substrate and o said first surface of said intermadiate substrate.

10. A printed circuit board assembly as claimed in claim 1 wherein said
assembly further comprises an underfill material formed between said first

- semicaonductor cie and said first surface of said intermediate substrate.

11. A printed circuit board assembly as claimed in claim 1 wherein said
assembly further comprises an encapsulant formed over said first semiconductor die

and said first surfaes of said intermeadiaie subsiratz.
12. A printed circuit board assembly as claimed in claim 11 wherein said

assambly further comprisaes an underfit material formed betwean said first

semiconducior die and said first surface of said intarmedials subsirate.
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13. A printed circuit board assenbly as clained in claiml|l wherein said
assenbly further conprises an encapsul ant fornmed over said first

sem conductor die and said first surface of said internediate SUbStraﬂFS@ﬁﬂm5
between said first sem conductor die and said first surface of said -
internedi ate substrate. 14. A printed circuit board assenbly as clainmed in
claim1l wherein said assenbly further conprises an encapsul ant fornme-d over
sai d second seniconductor die 15. A printed circuit board assenbly as
claimed in claiml wherein said assenbly further conprises a die attach

adhesi ve 1posprintedridlit boars eaembly agbisimaeinenih 1 wiendicsaduct or di e to sai d second

surface of sajd . internedi ate substrate., 16 A r| nted j» ssenbl y
oo L1 st Rt En Car e SR an i v et mphel LBk enf i R A 0ee

between sak dafd fisth sBALEY &f SUFd ﬁﬁferm@@fgéa&téa B&mcﬁwm Sid gipdid
intermedi ate substrate, said at | east One conductive |ine extends through

sai d spaa;@rdﬂﬁnme:dartree\mématsélrdt funfate aicidiventsunbdede sndskaiad first surface
of said internediate substrate. 15
14. A printed circuit board assembly as claimed in claim 1 wherein said

ssembly further comprisaes an encapsulant formed over said second semiconductor

die.

15, A printed circuit board assembly as claimed in claim 1 wherein said
assembly further comprises a die at‘ach adhesive positicnad to secure said secand

semiconductor diz to said second surface of said intermedizia substrate.

16. A printed circuit board assembly as claimed in claim 1 wherein:
» said topographic contact defines a space betwsen said first active surface
and said first surface of said intermedféte substrate;

said at least cne conductive line extends through said space defined betwaan

said firs Eactwe surface and said Tirst surface of said mtermndrate suo:‘t;aue
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