SEM CONDUCTOR/ PRI NTED Cl RCUI T BOARD ASSEMBLY, AND COMPUTER SYSTEM
BACKGROUND: OF THE | NVENTI ON - The present invention relates to stacked
mul tiple die sem conductor assenblies, printed circuit board assenblies,
conput er systens, and their nethods of assenbly. Mre particularly, the
present invention relates to an inproved schene for increasing

sem conduct or die density. Conventional Chip' On Board (COB) techniques

used to attagh | [ Ao Rel ude flip
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chip attachnent consists O%W@@imgwﬁg ByehirEo a printed circuit
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board or other substrate. p chipi1s a semconductor chip that has a
pattern or array of electrical term nations or bond pads spaced around an
active surface of the fli chi_cg?for_face down mounting of the flip chip to

.2 substrate. Generally, BA&KEROYNR RS YN surface having one of
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array of mnute: "sol der s I's dispose e surface of -a flip chip
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perpendicularly from .aptach rface of a f|i hip. The pins
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connect i @MuArSedrBe&i: Jdedidrichh &Hup strsth ondRAcHiS id & BemidAdukes i gkt board
by refluxing the -solder balls. The solder balls may al so be replaced with
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After insertion, the fl IF‘ chip is generally bonded by soldering the pins
into plaéensmlly, thridip-ohin Naeae &sEve anfasshadng pap(of tif §feviw eetiieah t he
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to enhance the attachnent of 't rip chip to’the printed circuit board. A

vari at i onlissosedengha-suiare césdlipcrpitaatripahreado the substrate (“the attachment
surface"); Slightly Larger than Integrated Circuit Camier ("SLICC"}—which is similar to
. a BGA, but having a smaller solder ball piich and diameter than a BGA; or a Pin Grid
Array ("PGA")-wherein an array of small pins extends substantially perpendicularly |
from .the attachment surface of a flip chip. The pins conform to & specific
~arrangement on a printed circuit board or other substrate for attachment thereio.
With the BGA or SLICC, the solder or other conductive ball arrangement on
the flip chip must be a mirro~image of the connlectin'g bénd'pads on the priﬁted
circuit board such that precise connection is made. The flip chip is bonded to the
.. printed circuit board by refluxing the sclder balls. The solder balls may also be
replaced With 2 conductive polymer. With the PGA, the .pinarrangemerit of the flip
chip must be a mirror-image of the pin recesses on 'the'printed circuit board. After
insertion, the flip chip is generaily bonded by Soldering the pins into p!ace; An
under-fill encapsulant is generally disposed between the flip chip and the printed
circuit board for environmental protection and to enhance ihe attachme.'nt of the flip

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



1 PGA, wherein the |oops of the J's are soldered to pads on the surface of
the circuit board. Wrebonding and TAB attachnent generally begin .with
attaching a sem conductor chip to the surface of a printed circuit board
wi th an appropriate adhesive, such as an epoxy. In w rebonding, bond wres

are attashed,,eneirdthcAobpiey tho earh RMwrednach At bhensemeendicherciehip and
extend to a corresponding lead or trace end on the printed circuit-board.

The bondowrdes are generally attached through one of three

i ndustry-standard wi rebonding techni ques: ul ti’ soni ¢ ., bondi ng-using a
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ultrasonic vibration bursts. The seni conductor chip may be oriented either
face up tore.flaceedopng wed N the srmicpedusiateie 2adde¥end ipadsoErsmeidiop or
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pads on the sem conductor chip and to the lead or trace:ends on the printed
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nmetal t I t inatd:on. Hi [ f : r cost,
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generations of integrated circuit products are released. he. nupber, of
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exanple, on the average, there is approximately a 1 ercent decrease in
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printed circuit board. An encapsulant is generally used to cover the bond wires and
metal tape leads to prevent contamination.
.Higher parformance, lower cost, increased mfnfa_{ufization of components,
and greater packaging density of integrated cichits are ongoing goals of the
computer industry. As new generations of integrated circuit products are réleased.
the number of devices used to fabricate them tends to decrease due o advances in
technology even though the functionality of these products increases. For exa mplé,
on the average,' there is approximately a 10 percent decrease in components for
every product generation over the previcus generation with equivalent functionality.
in integrated circuit packaging, in addition to componeht redubtion, surface
mount technology has demonstrated an increase in semiconductor chip densityona
single substrate or board despite the reduction of the number of compenents. This
results in more compact designs and form factors and a significant increase in

integrated circuit density. However, greatef integrated circuit density is primarily



integrated circuit density. However, greater integrated circuit density is
primarily 2 limted by the space or "real estate" available for nounting
.dies on a substrate, such as a printed circuit board. . U S. Patent Nos..
5,994, 166 and 6,051,873, the disclosures of which are incorporated herein
by reference, represent a nunber of schenes far increasing sem conductor
chi p deinsiacyboiieassitgghe rsabssirsd e \Grilabdard. MPespiY didthen R EgasUdE the
nmost recent .devel opnents in sem conductor fabrication there is a continuing
need fé?‘%ﬁﬁ?%@éﬂnggﬁgﬁgg'for i ncreasi ng seni conductor die density in

printed cirggi bkgant,asseohligesanBR 1 SUNMARYGEICEHE:d MVENTh@N=Thi s need

is met by the present invention wherein an inproved sem conductor die
assenbliycapheted hergn dyi déerenics, erwesdahaeuwi bér ohechamhediarentiestinche

present invention, .a multiple die senm conductor assepbly. i rovi.ded
Corpr | SERYSTTI-SPoT SHE6HY O CONaaLPor 2t BoPoBTh BAsHt DBt Lt ebes
substr af ene FRR: Fddest de@BIcGRRALGT AN cdhiRodBl ERRTaBritd e traed ive cBHif ity

i ncluding at | east one conductive' bond pad. The second sem conductor die

def i nesicgdsecisnyosed isebenwn fvadecieasinadseg candusiytdipiensdnduetitiee bond pad.
The inter i : rate is positioned between the first active surface
of thecfrf:gggog}ed%%%éﬁ%% or- die. and the second active surface of the second
sem conductor die such that a first surface of the internediate substrate
faces the first active s§rface and such t ha‘%\/a secand surface of the
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i nt er medi at e substraté PREES. IHEMREGN BINERITHeY. The first

sem conduct afhidh&ed & @l2eh thead b¥scO0uRLAHLE Quidieid B ehpRdicat e substrate by
at | east. one topographic contact extending fromthe first active surface to

the fissMigudust® ©F asEREDNEENAEE iatROSidssk r it @ccoTRengee6hdsur f ace of the
| nt er ”%Q':@&&gTEHPéHh%t GresERE|HLR R, 86!%4hh%ﬂ]adegéh&‘%iéob\%g%{d?*asEEﬁndd niermedi ate

| di at
substrat e Ines a passage there throu e second sem con u¥:t or dieis
secur egrtvodedhecsgcond Suk Badesgondtdmmidontectrdiias eamlibstimtarweviatdi n t he
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v gned "W t he passage. " The Second Semni conduct or ieis electrrcally .
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~ext endisggfa{f:é ?n@l&cﬂr?g %(t) edaus(%toin\éecc?r(?dnudctl‘t\)/ae%é)r];d Eg% s\er%:eoxr}gersrr?e .igtoén:(sju Csttparte (?sl €
‘positioned betwéen the first active surface of the first semiconducto.r die and the -
seccﬁnd active surface of the second semiconductor die such that a first surface of
the intermediate substrate faces th.e first active surface and such fhat a second
surface of the intermediate substrate faces the second active surdace. The first
semiconductor die is electrically coupled 1o the intermediate substrate by at least
one topographic contact ektending 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 secand surface of
~ thelintermediate substrate within the cavity such that the conductive bond pad of the
second semiconductor die is aligned with the passage. The seccnd semiconductor
dieis e!éctrically coupled to the intermediate substrate by at least one conductive
line extending from the conductive bond pad of the second semiconducter die
~through the passage defined in the intermediate substrate and to a conductive

contact on the first surface of the intermediate substrate.



t hrough the passage defined in the intermedi ate substrate and to a
conductive contact on the first surface of the internediate substrate. 3
Accordingly, it is an object of the present invention to provide an inproved
sem conductor die assenbly scheme. O her objects of the present invention
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nunerals and in V\/m ch Figs. 1-8 are cross sectional schematic illustrations
of a variety of Eri nted circuit board assenblies accordi n to th I§.r’)resent
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form integrated nmenory unit but may enbody a variety of alternative

i nt egr at eédceit beard assdoiionsccTitind o dte s@seobndact@r die 20 defines a first
active surface 22. The first active surface 22 includes one or nore
conductive bond pads 24. The second sem conductor die 30 defines a second
active surface 32. The second &fHTAlkEDDESALRIF320MNcl udi ng one or nore
conductive bo £.he purpose n _descri bi nd defjning the
present i nvengi?ed%mrigl ri'téa”ﬁfgf’édgt hat pg”tec?ﬁ%l[%ﬁ% 53’8&?5'38/91 Sn%rlpl‘”sc, sfjl a
conduct i vensiisirace fmﬁ@rdebhﬂadtcﬁmf@rzoe&ts@ﬁdhcﬂgemmnc@cwrd age, efi a

seni conduct or A conductive contact conpr.iz conduct| ve surface area
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surface Qfapa@xt&b%{prA§'-mﬁbﬁaégﬁarbbﬁttec@@E)tt@éibsp:%@ﬂéthgtthé’@rm&ﬁIe&tt@h the
conductive bond pads. ‘
_ printed circuit board assembly 10 is typicaily provided a part of a computer sys’tem
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 2 first active surface 22. The first
active surface 22 i'ncluldes one or more conductive bond pads 24. The second
semiconductor die 30 defines a second active surface 32. The second active
surface 32 including cne 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 & conductive surface area defined on or éxtending from a surface of a
semiconducter 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 ﬁ:ontains conductive contacts or conductiva bond pads.
The intermediate substrate 40 is positioned between the first active surface
22 tha first sem:conduf“tor die 20 and the second active surface 32 of the second

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



The internedi ate substrate 40 is positioned between the first active
surface 22 of the first sem conductor die 20 and the second active surface
32 of the second seniconductor die 30 such that a first surface 42 of the
internedi ate substrate 40 faces the first active surface 22 and such that a
.second (st { dcefirddaotive hmaam?@mmscmahehsuébsenamé sa@afaddsotihe second active
surface 32. For reasons illustrated in further detail_herein, the
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is made herein to electrical coupling to a substrate or other structure, it
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first surface 42 of the internediate rate 4 For th oses- of
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chip CBfQ@H@@&oagﬁr@hgﬂiﬂ@@@bewim@t enamranged.detatpivg theoagisvhstdrabersuch
t hat conductive bond pads included in an active surface thereof are

al i gne@ 4K CEEMATE e contacts on an opposing surface of the

i nt er medi at g Méﬁn‘b@ﬁ%ﬂﬁﬂll&ﬁ%t@ﬁ@dﬁ@nﬁh@?lrfls@muéan@Lﬁ@oﬁQﬂdﬂ'@t i ve bond
pads 241 .included in the first active surface 22 are aligned vmth
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substr at£qing Ak ere BIAMILRIhNRLYIAG 2OhEEE RALKR, c&ABANE! LV miconductor
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 intermediats .substrate. In the embodiment of Fig. 1, the conductiva bor‘;d
péds 24 included in the first active surace 22 are aligned with conductive contact;s '
45 on the first surface 42 of the intermediate substrate 40, Itis further noted that a
topographic contact comprises any conductive contact that extands betwean and

defines a spacing betwean an active surface of a substrate or die and an active -
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surface of another substrate or die. Examples include solder balls, conductive
poiymers, or other types of topographic electrical connections. A pin grld array,
wheare pin recesses are provided in the opposing surfaca, present a suitable
alternative to topographic contacts, where it is not necessary to create a spacing

betwsen two surfaces for accommodating structure thare betwasn.



pol ymers, 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 accommpdating structure there
between. 5 RefBLFIN e,gruRHrat hﬂf 9 Hdsedand henzesondirent condisbriedie 30
conprises a stack chip se ured to the second surface 44 of the
|nternedmaked&mbsbeahed46tbeebcom@auﬁebe4eaﬁdbeUm@eﬂBdmdﬂﬁadsuanae@snme
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pad 34 sem conduct or through t he passage '45. defi ned
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first surface 42 of th |nte medi at e substrate 40. the r poses of '
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conduct s@/rencafneia:etora;hetrﬁaitnﬁedacklet! Upeiresl n’ada]at sm hecmha@ublsrravmocmathe first
sem conductor di es 30 are electri cal cou o the

and secgn | ed
pri nt edgﬁgq%%f‘tmfﬁ%é?ﬂ”@@“ R} ?/ﬁ?ﬁ”eﬁép ST %mraC”e‘Pe FPPEE onducti ve

traces @snd@idiwe I&@Wﬁﬁ'fc@hﬁ)r@yéarbéie@fr%éﬂ S‘%@n&jﬂzcﬁ\hﬁledcﬂﬁ@fcﬁﬂﬂbﬁﬁwaﬁélteﬁtbr ate
40 such that one of the sem conductor dies 20, 30 may be electrically

coupl ed ARSIt HE CirAtiEPRBU &€ ©PEEBS Priastrabe PRPBUGHCH REIGLhePe iY@ Kopr
' ndepenee%m%fetb%nqiéﬁ@rcowc@m;.\té =FBY% be Rdvanpt ageous in particul ar

applications’ of the present invention to electrically connect the first
and second dite®ta0ha0ne onaardr inotitiet t fitsg seresrcondaianyicpadl atoe digre28i es

20 and 30 ; %%@c‘?ﬁ&é?lg%h?ed L@l S haL ?%?n%ﬁrt boSih %@%Syb@gﬁ:& @Fémgﬁ ot her

conduct| ve I nes ar ded to at east ensure an trica nnecti on
bet vxeeneiea’crh:adi/ eoaddctt\h?etrmem@edther ceoftcivonrtkisioe pThadekkobtipt | ng

capaci 1}l 500, a0, %t‘«?g %h rﬁé%lgrgé %éﬁfr‘%e u%fiortélgs b”%%ﬁﬂg?'b%te

substrate 4 are Eonduct ve cou first $ec
e!echlca!iy coupled to the mtermedlate substrate 40 through the other die or

mndependent of the other die. It may be advantageous in particular applications of
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 connecticn between each die and the printe‘d circuit board 50.
The decoupling capacitors 60 are mounted to the first surface 42 of the

intermediate substrate 40 and are conductively coupled to the first and second

miconductor dies 20, 30. Specifically, according to one aspact of the present
invention, each decoupling capaeitor 60 is piaeed in an electrical circuit between the
high and low voltage inputs (e.9.,Vgs and V) of one of the dies 20, 30. In this’
manner, the decoupling capacitors 60 decouple the low voltage input fforh the high

voltage input and serves as a power source filter or surge/spike suppressor.
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sem conductor dies 20, 30. Specifically, according to one aspect of the
"present invention, each decoupling capacitor 60 is placed in an electrical
circuit between the high and | ow voltage inputs (e.g., Vss and V..) of one
of the dies 20, 30. In this manner, the decoupling capacitors 60 decouple
t he | ow vol:fzage!yi aput diecompi mecam@mor €01t agesidnput!candsseredss as papoaer
source filter or .sur |ke uppressor. u Preferably, each decoupling
capacitoﬁoéﬁaﬁ§”wwﬁEgﬁt f%?o@ as possible or practical to the

sem conduct or dies, &%msg%;mThaohm £kBeSS (dl BN, d%p%c%r 665N ARLANRI Gy

capacitor 60 is Sccomdated in a space define t hi ckness dinmension b
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cont act the first surface 42 of the internedi'ate substrate 40. The
printed cighgukdvdrpasdplassenty yodduitlieusintattets on i §rst surfaye Hardfhee
conprise a conventi onal underfill material 14 forned between the first

sem condigiesrediade sebHA@t4e first surface 42 of the internediate substrate

40. As will | ea@mtsalc%@ﬁ,botawg@%ﬁb farg dil:at-atiatin FSEM GRIGUBHEF
fabrication unde mat eri al Cs are ggner ally di spos%d bet ween fI ip chips

and the primriee xiceryintionearader! asset bt L TEWRAE IEAHES fEsle nounted for
envi r ot alo ALEAL O BRdt 1 RRBARCE: 4b0g é@é‘%rﬂ@ﬁﬂ@&%té’%éé’l%%'@o £8P o

t he pri nt e Cl Ircul oard or strate t1on an encapsu ant
be for nedvibver pphecifiadsty Swsedendirgtvorh @I@re@@\dan@rtfh@ndﬁtrpstundwmlf ace 42 of

the internediate substor I o I S |, ace of
t he under(?n% &ﬁﬁrgr_ien r dlngS 518961\/”@ 6?‘E€$H C% ne%‘r@%clg%' theH cFT‘%u é;oa}%cl of
sen conduchetratei t© v3tich Ahely er eat:tcamtechﬁﬂnwwenmn(alIdruacnam eddnn drirgpnc®} . may

e oS Dt RS A S B ECRL SR BRI P IFATEERES ¢ nose
practi ci ng drae; ppn%enﬁ menwverfbraag otvbetr@rrmpsaztnmundamd:rwnﬂeo-a‘ndl e ﬁrqt
| conft aurations ST SR B ELINAY of RLEIEE LSRN B ghEY Alsn 0e |
Fig. 2, aldieair taknindeoni nekertiing andcapyposd berforid andr tepsadaplaer al  portion
25 of neeITSit i EBnincl oI e a600ra & oy bet Bl hidios P hie e aipound 76,
whi ch prebetiabky tpeovi desesaenadestondetneesa hetrhesdcostinduriz@e 44 of
the intermediate substrate 40. As will be appreciated by thosa practicing the present
invéntion. the encapsulant and underfill Conﬁguratidns Hustrated herein with
reference to Fig. 1 may alsoc be employed in the embodiments of Figs. 2-8.
In the embodiment illustrated in Fig. 2, 2 heat sink 70 including a cap portion
72 and a peripheral portlon 74 is provided, hD cap port on72is ther’nal?y coupled
to 2 major surface 25 of the first semlc:onductor die 20 via a° |ay=r of heat sink
compound 76, which preferably provides some adhesion between the heat sink 70
and the die 20. The peripheral portion 74 engages @ mounting zone defined by a
lateral dimension of the intermediate substrate 40 extending beyond the periphery of
the first semiconductor die 20.
In the embodirﬁent of Fig. 3, the first semijconductor die 20 comprises a
stacked chip securad to the first surface 42 of the intermediate substrate 40 éuch_

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



and the die 20. The peripheral portion 74 engages a nounting zone defined by
a l|ateral dinension of the internedi ate substrate 40 extendi ng beyond the
peri phery of the first sem conductor die 20. In the enbodi nent of Fig. 3,
the first sem conductor die 20 conprises a stacked chip secured to the
first surfracectd® pffacke?d int@nediiat eosapstilarePosgen swiRge 44he’ $énduct i ve

bond ds 24 t.h Irst ti f , N i :
45 CondoErTel 1P mue g ool ohIE PR SR ECndtde P B M Emr ittt 3 oRTRE"S

first actdvehauf dnee22 the ifentughicvaibeentant sudbiren iidieosacand wuid ace 44
of the internediate substrate 40. The second semi conductor die 30 conprises

a flip chigsls & inghigied indhaseeend aclivigeslingee Sretir g n8aBEi T @EUgHV_uch t hat
t he condugcti nd ) i ncl i e :0n t| u - are
Al gned witie Sngunt ool sipet da bl RS SRR Rl i G gPoE e ©
i nt er nedi@ezQghstyad el 46twebopogreaphiuctivedanidagdds 3P obiticesetobdtamier t he.

conductive bond ﬁads 34 of the second ac lye Sur&%@%ﬁ&%é“?ﬁd t he conductive

cont act s W6 26 han S BorPRIGHY ac8N#4S510 PHES SeAPR B8%rate 40. The

arr angemgft Rt s stk SaSiom lar to that illustrated in Fig. 1, with the
exception that the second sem conductor die 30 conprises a flip chip. As
such, an addilticoaapnesneniottpogsapfiiler ©dheadtgrarsdéxfihd . M6 ehe second
active syfa £ HLEREGi%h Sbmbh&ed Btiey Biedi ales substy at e
40. Ref eﬁ‘?ngﬁ%ﬁ\/@v‘aﬁt&@%&gg?&f‘%%gﬁ léldtglptlieonal rg%bst r at gf 8OQ| S -Sp%fi#gi oned
such thatadddioniat set sfurpagepBiz ofntedie 1dduieicohaln salsecpat écBoe fadese t3hRe
second agfiye » ¢ I.he sen dygtor die 30. The additional
substr at 25 k&%" é%?%cgg&é%%a%ﬂ F%n'gfeq%%g%stégghgtgﬁfﬁﬁe t hrough. The second
sem conduct or RiferB@ ne~ setigsed-& @ntdillitfdnas subgie &0es @2 stibnetisuattdhti onal
substr at Q th onduct.i ve bond. pna 4 ond. seni.c ctor
die 30 a‘r%ef%zf-ii ?‘%ﬁ%& Wﬁl;oﬁﬁ}%g&gg%ﬁ i°ona a%ajs%zggésg& E%ﬁoemf%g@%gsﬁi%n@l gg%ﬁuct or
di e 30 i shebectrd eahioprcloupl etk 80 fThe saddichrbaalststbE0ratliec8@nbyddigonduct i ve
| i nes 88 _ext endi fr nduct | v - the secon .

serm condagtSro e HY R BUBh TR AT onar eactate Berabr EE T e

addi t i onabrfaseilBgtafdbe 28ditand $ubsivatwAdycth VieatcontactivaBigomhpads8éorfdhsur f ace

84 of the addi tLonal 4 2uRshL 3b& BQicned with the additional passage 85. The
second semiconductor die 30 is electrically coupled to the additionai substrate 30 by
conductive lines 88 extending from the conductive bond pads 34 of the second _
semicanductor dig 30 through the additional passage 85 defined in the additional
substrate 80 and to a conductive contact 36 on a second surface 84 of the additional
substrate 80.

' Referfing specifically to Fig. 4, the assembly 10 further comprises a third
substrate 20 positioned such that & first surface 92 of the third substrate 80 faces
the second surface 84 of the additional substrate 80. The additional substrate 80 is
-electrically coupled to the third substrate 90 by topcgraphic contacts 12 extending
from the second surface B4 of the additionat substrate 80 to a first surface 92 of the
third substrate 90. A decoupling capacitor 60 is mountad to the first surface 92 of
the third substrate 90. The thickness dimensidn of the decoupling capacitor 80 is

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



Referring specifically to Fig. 4, the assenbly 10 further conprises 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
additional substrate 80 is .electrically coupled to the third substrate 90
by topogrc@ptﬂcms'tl:bat@mtl'mgl@ore)memdmgi stirem Cheiskez enditvorf aces8de &0 he

addi tional substrate 80 ta |rst rface 92 of the third substrate 90_ A
decoupl i 2@5 @&HQE?P rof glee fur ”@& é@ the first surface 92 of the third

substrate 90. gk iy OloBRSE QR e s sEh e 6oURhENeh ABRSE] EORird0 1S
accommodat ed |Pnh§mh§§§§@?§§lﬁg g Ba {%hlsgknes)gi di nenst on %f t he tlcr)pogr aphic

8 cont actsso&t?ateﬂOewmﬁ tr{gwe\‘drmmhtthet aécﬁm@ﬁguef@c@ 184 iofermkdicdd dubs oaed 40

substrate 80 to a 2. of , t ird, substrate,90. efer _
speci fi ci?‘cref & Beciﬁirﬁi H gﬁg'lr?/ SEBS%%%L?E&%H@EQ'E&@ FHP {)@t rate
90 posi t ipaed: r@HI@ﬁCéuﬁﬂi\d & fHertiﬁﬁrdSsl&!zbfsﬁ@t% 42 boftopderabnicatdresiatie @ubaarr@t e 40
faces a second surface 94 of the third substrate 90. The i nternedi ate

subst r at #040the secend suripsaltyoldba sy esitaie Fhiorige dipsittace $oobire
t opogr apmtg rkoNLact fsh2iLxh e hr&%oogb% Lhe- SRL QR0 SHES RER 194 9K cbBRyt hird

substrat to the first surface the Intermedi ate substrate 40. The
decoupl i ngrfeapatiof gre Birdi s:bstrate 8d. Asds iivetrssrbind-igsbirfhedbictaess the third

Subet Tt .90, 5 LUSLIALEE L ED 5 e et 6 ersip of <
sem condlsetrmrnrduetozei.ea.?@ sbothtraecomoddbed inrthe heaspaméndéftjmed thickthes

t hi ckness,. di mensi of the r.a cont,act 12 xtend| e second
Sor face. SE PR KO PP G P Bt e AP HE S 1B PR R A YR e

i nt er meditied gisiuaSkrateeo s tl‘\ree‘frerﬂiurﬂg:&sﬁeor fﬂa:altérynécbaﬂal Qbsbrata@spai r of
decoupl i ng cap)aggrt ors 60 ar@t qp % ;gp fi r[ surche §2 of the

i ntermediate SubstPacBEAG =g &t k%@%‘éo BRI Ghe o Y HES de&tipl i ng -

capaci t orsoled & @echsmndaiced:d of meSpmmodm‘te medsbyteadrot hihekiﬁESSed:t mensi on
of the first sem fg‘tedcgctor di e 20. Thgolal r _of decaq itors 60 are

mount ed EGTERECT P R 5707 MO PGPS oL IbELPAE TR ORH Fi r o1
sem condugtiatesdiden2fsivs Jass fitsoBechideidvearnt di @QOpaThre phirdeceuplpintg
capac {003, 00 b5 d 08 [Ek SuiLace 45,0 Rl L aler gedate gubstrate
i nt er redirabgirsuhsiicat@: A4 drapobe ppkdvndedanvbhn ahe awirtey dk@Budrdd ned t herein.
The di nenglpgcnatorsofo"o 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 dimensiohs of
the cavity 100 are preferably selected to accommodate the second semiconductor
die 30. In this manner, the overell thickness of the printed circuit board assembly 10
may be reduced, as comparad thh the otherillustrated 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 iliustrated émbodiments of the
present invention without departing for_m the scope of the present invention. The
cepth of the éavity is defined by the thickness of the die {c be accommodated |
therein. |
-~ -Conventional stacking, soldering, bonding, under filling, encapsulating, curing,

and other semiconductor processing technigques may be medified and arranged to



the cavity 100 are preferably selected to accompdate the second

sem conductor die 30. In this manner, the overall thickness of the printed
circuit board assenbly 10 nmy be reduced, as conpared with the other
illustrated enbodi nents of the present invention. It is contenplated by the
present invention that a caV|ty 100 may be provided in any of the,

subst r at esyi®@f aﬁy86@0$ﬁ@qﬁﬁﬂégwﬁ&ﬂéaOéﬁﬁéaﬁﬁ@ﬁt§W6ﬂﬂ@%eF0pﬁé%§hﬁhhﬁVéht|on

cavi ty. 15 GO HoeLr PR e arneed b AR By B R R PR B .

Convent i onahest@cki élgserﬁ@it & ishgctbonds rg! ingaeesd fo bd iingedencapsitbat | mng,
curing, and other sem conductor processing.techniques nmay be nodified and .

arranged tWi0h pPeFific PRecarsr§ieRS a5t srNed IS deiur B9V J9RETBRESBRENESNt i on.
For the p t h j on
Tt is mot orCPRarer oy HRck Al R s Rl o R Pl ed Bl 68 2Bhp MR Ot

i nt ended troodhécatlarm dretivéryatidne orederssibtte mxmﬂmochdsmmn@lfmrpnMBSSpesbep&: are
recited in a _Ia%g¥fmgavin% descrlg %@Fhe invention in detail and by '
ref erence ‘TG PREAH EG BARDAPREATSC CléP&of, it.will be apparent that

nodi fications angdaVerdiakisens: are possible w thout departing fromthe scope
of the invention defined in the appended clains. Wat is clained i-s: -t0 1.
A nmet hod of stacking a plurality of sem conductor die conprising: providing
a first sem conductor die defining a first active surface, said first active
surface including at |east one conductive bond pad; providing a second

sem conduct or die defining a second active surface, said second active
surface including at | east one conductive bond pad; positioning an

i nternedi ate substrate between said first active surface of said first

sem conductor die and said.- second active Surface of said second

sem conductor die such that a first surface of said internmedi ate substrate
faces said first active Surface and such that a second surface of said
‘internediate Substrate faces said second active surface;



electrically coupling said first sem conductor dieto said internediate
substrate by at | east one topographic contact extending fromsaid first
active surface to said first surface of said internedi ate substrate such
that sai d topographic contact defines a space between said first active
surface- and sapdipfsi rst Surface of said internedi ate substrate; securing
sai d ‘second sgﬂlconqgctO{ die to said second surface of said internedi ate
Substrate sdcft PHAE YaFANESAAINETIN R BEHA HLLP GF° ©FIRGSE8cond seni conduct or
die is aligned. with a passage forned through said internedi ate substrate
and such t h&IOvédnH? éﬁéwcwmt@bﬁaéﬁtwu st 3c8 v siees srEdirhireEyerus A avi t y
defined in &&i¢ineed bner g eprdiietivfbosapel: i nt er medi ate substrate; electrically
coupling said second sem conductor die to said internedi ate substrate by at
| east one cemtubtd veechichemesandmdimie dafiomgsiaseebnéandvct ifee, bohecpad of sai d
second senkraonrdudtenindidng dtheugle comdudtiepane peef i ned bet ween said first
active surface and said  first surface of said internedi ate substrate,
t hrough sai goypassage: debharde tubssat Hetwkdi RIdvad) @aties Sulasd sfahelfirend to a
conductive eaficattucondisahdsdid kabnbatilaaeraed ofsaiddetditigemRdh@ic el at e;
posi-ti oni ngtat RIksNE@EkcE bF Gl fnrhRadi e Sitshat hats Aid figsdcisusdaceanfsusai d
printed G r et b sROAL Shifat 2621 AnSREONMs S 18680 sesrbidcdi v QFaRdT at e
substrate and such that said second sem conductor die is p05|t|oned bet ween
sai d print ediegik Al dou DR &g SRR A RIRURTE M8 BemB HARLLB, Bie AN 1@ M N a
plurality ané%B Tt &&tatep@&%;r&memihggacfuwemi%é%ﬁﬁ%@ﬂsu%ﬂéeface of said
| ntermedi at e, sUDSTIALE 05 SA Gk IlShidShdA68i-AhnSa! drRLl NLed et &l t board.
2. A et hodof nis%mvlag u@ac%%m?!;‘ﬁc?ﬁ ?éﬁr%‘a? Qﬂﬁﬂeﬁﬁé&%né’m}!ﬂr ¢.ng -or a _
: progrannable confroller and at least one menory unit erein sald menory
uni t COMpri s&3qf Bt ALEH ccBliltld, OLQQea{o?sa1ﬁ§§c%HHLL¥fath@% st Picl O RGL D
provi ding a fifs ﬁmm AELBL ol Sld OV 09 Bedit sobicairlo e gﬁqgﬁla&g% sai d
Irst actl V@vn‘%ulopﬁscme form {l rGL UH SAIC mte mtqubs%qgé ngf qh (35' nd

Pr ovi di ng a §m1c:0n CtDl dlB 18 pOSHlOI’ICC[ WIE '111’1 r1 C&Vl y Cf&pgﬂ:@ﬂ 5&18 SE‘,COHRSUI’%ECB OISS"ll

intermediate substrate:

gace sald
second

electrically coupling said second semiconductor die to said intermediate substrate by at
least one conductive line extending from said conductive bond pad of said second

semiconductor die, through said space defined between said first active surface ahd said
fu:st swiface of said intermediate substrate, through said passage defined in said
intermediate substrate, and to a conductive contact on said first swiface of said
intermediate substrate;

positioning a printed circuit board such that a first surface of said printed circuit board
faces said second surface of said intermediate substrate and such that said second
semiconductor die is positioned between said printed circuit board and said intermediate
substrate; and :

forming a plurality of topographic contacts extending from said second surface of said
intermediate substrate to said first surface of said printed circuit board.

2. A method of forming a computer system comprising providing a programmable
contzoﬂcr and at least one memory unit, wherein said memory unit comprises a pnnteci

circuit board assembly that 1s formed by:

providing a first semiconductor die defining a first active surface, said first active surface
including at least one conductive bond pad;
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active surface including at |east one conductive bond pad; positioning an

i ntermedi ate substrate between said first active surface of said first

sem conductor die and said second active surface of said second

sem conductor die such that a first surface of said internmedi ate substrate
faces said first active surface and such that a second surface of said
internmedi ate substrate faces said second active surface; electrically

coupl i ng sai grdvidisg a semacendustiottodiieddfoigad devrt erinedirfite ssidhstdandt e by at

| east one t opogrsafhiedndodih@actleaxsendhdgtif¢ pomdgaidd first active surface to
said first surface of said internmedi ate substrate such that said topograhic
contact defi pesiiénisPacRpetirenuiahd beficbBiaidbist Meivetifacer andfisai d first
surface of sabfichinteionadial 8.8 uRehd a9 sHBLURI NS sabth Secanduasmicarduct or
die to said g6eendk: SWrdaces A ingRhthihDE IR REE i SHRSLGAL 8usieRnl RRE S_al d
conductive bend, pad,05.r8at df SREARALSEIE CORGME FRES Q&&&%@&h%@%mt a

passage formed through said internediate substrate and such that sai d second

sem conduct or, V,

currsce o sgE O f‘fi‘l%%ci%‘léﬁ*‘iﬁ&‘éﬁ“'ﬁ"‘tg??ﬁ Second
seni conductor 9 % s bt E e “i ST Tat e 5B ut OAjUCt'VE
| i ne extendi 321 ma g‘easu S&ﬁaﬁgg 56” PH %Ptm ?Oné %eéneégﬁ%fweg%we%%%a uct or

di e, through'%: cfws?ﬁé{ &oder oH rs%q%%ﬂ EH QTS T’Leé‘él%sfl@é surface and said
first surface of sai. Jnt rrredl bstr te thr h sali assage defined
insaid int é?cmgafaz B “%i?fo‘F § saasEeRicHT Déaﬁfléw?mmm%f. d first
surface of sé‘l1 ualiﬁﬁ’tl f“gtcén el @ad gloky 366‘?ﬂ“‘%‘gmécoﬁf‘lmﬁ‘?‘echet§a‘ertﬁct boar d
such that a 1““‘i1 s‘“tpaésii’PT eop r‘?&f‘da‘ FW‘?\‘WE‘”&SF Liee BEareh heeEssesdidd second
surface of sé‘?falCP‘i‘ﬂ“éPHé’Gl1%1?‘@“?&5%1"%”&49@‘%HEV Sliepd nrald sseand s said

ser ni condoct dHeFIEA IS UBYE% i oned -bet ween .said printed circuit board and said
intermediate substrate; and forming a plurality of t opogr aphi c contacts

ext endi ng fr 6BFEarY %@Waﬁﬁeﬁwéeﬁfcoé&c@f dierip 6tifeHPACE 25 S8t @ o sai d
first surfacéagfonsgpefuphivanineientisgfrompeidicandgtivabendmsgwepriasecendi ned in

cl ai m | wher é¢micaedugior fiesthrayghiaé prige tdined betweoniid Sesaciive bigfceend gridar r anged
rel ative to d$aitduifaseef sadinsraedetbsesante. e bh shdpassagedieBorrdoctidve bond pads
i ncl uded in $deehetliapestubsitate. ved Wurdoadustisg eongdc ehend! st surfroneiaaid ve contacts
on said firstntemgdfagecabeifatesai d i nt ermedi ate substrate. 4. The nethod as

clainmed in claim3 further conprising form ng topographic contacts
positioning a printed circuit board such that a first surface of said printed circuit board

faces said second surface of said intermediate substrate and such that saicd second
- semiconductor die is positioned between said printed circuit board and said intermediate
substrate; and

forming a plurality of topographic contacts extending from said second surface of said
intermediate substrate to said first surface of said printed circuit board.

3. The method as claimed in claim I wherein said first semiconductor die comprises a flip
chip arranged relative to said intermediate subsirate such that said conductive bond pads
included in said first active suiface are aligned with conductive contacts on said first
surface of said intermediate substrate.

4. The method as claimed in claim 3 further comprising forming topographic contacts
extending between said conductive bond pads of said first active surface and said
conductive vontacts of said first surface of said intermediate substrate.

5. The method as claimed in claim 1 wherein said second semiconductor die comprises a

stacked chip secured to said second surface of said intermediate substrate such that said
conductive bond pad on said second active surface is aligned with said passage.
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ext endi ng between said conductive bond pads of said first active surface and
said conductive contacts of said first surface of said internediate
substrate. 5. The nethod as clained in claim| wherein said second

sem conductor die conprises a stacked chip secured to said second surface
of said internediate substrate such that said conductive bond pad on said
second active surface is aligned with said passage. 12 6. The nethod as
claimed in claimb5 further conpriSing provi di ng conductive |lines extending

from sai d CO@%% HARARIARAS B 335 SR r?ncglbmmweai&%ﬁvéfiazegonduct've

contacts on 3al ing f10 s%’gon ucenveb REbats ! on NE2h \ %’%&3% on 1¢t1v-£he met hod
as clainmed.in i F i ectrically

coupl ed to Sgw'w§eggﬁgrg%ﬁy %ﬁ&ggy%yuﬁvﬁdaﬁsm*he “met hod as clained in claim
| further co i Si roviding an underfill _material fornmed, between said
"first semico '}%&ﬂg CIHEE SR il et f GRS IR P HIE Pl PRy
substrate. 9C°L‘?ﬁ€ LB h TS CBIRPARETdF ¢l ai m 1 further conprising providing
an encapsul ant formed over said first sem conductor die and said first
surface of shildeinrtwdpediagee isglagn A dether ¢Qnprisieg petitiod aagn¢drhit magetiph claim 9
further conploigschigetyecovhidiing samicamdietor dielandaiié firaburface o hindd ndtrmedntesai d
first sem condeicttor die and said first surface of said internedi ate
.substrate. 11. The nethod as clainmed in claim1 further conprising providing
an encapsul ahtThe hethoeds oMencddaiciHf il fethes esmepGnduob odindiae earagsidait dorfrierd st
surface of saicdsdiafiar metiaiiectosdibsid atdefiana thet fead isainttdias sihstseei conduct or
die and said first surface of said internediate substrate. 12. The net hod
as cl ai med i 10. thaimhbd huEbies i€ olaPRs D Hirtgr qonetsthizpgoadin € BT agiku [ iiaterifilor med
over said seene SenteeadULEQEmibRIuchS die ERe sate o eudse of aiidBtkrinBdigkal m 1
further, comumisdtng providing a die attach adhesive positioned to secure
sai d second seniconductor die to said second surface of said internediate
substrate. 18 The method as-claimed in claim 1 further comprising providing an encapsulant

formed over said first semiconductor die and said first surface of said intermediate

substrate and between said first semiconductor die and said first surface of said

iatermediate substrate.

12. The method as claimed in ciaim 1 further comprising providing an encapsulant
formed over said second semiconductor die.

13. The method as claimed in claim 1 further comprising providing a die attach adhesive

positioned to secure said second semiconductor die to said second surface of said
intermediate substrate..
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