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used. When properly made, semiconductors will conduct electricity in one direction better

than they will in the other direction.

[06] Currently, emerging electronic product applications create a set of challenges for the
IC packaging industry. Once the IC chips have been produced and encapsulated in
semiconductor packages, they may be used in a wide variety of electronic appliances. The
variety of the electronic devices which incorporate semiconductor packages has grown
dramatically in recent years and includes cellular phones, portable computers, hand-held
devices, and many others. Each of these devices typically includes a motherboard on which a
number of semiconductor packages are secured to provide multiple electronic functions. As

consumer demand increases, the size of these devices decreases and the cost is reduced.
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conventional BGA.

[09] The advantages of multi-chip packaging ;re numerous. For example, it allows for
greater functionality in a time-to-market window that cannot be met through silicon
integration. Effective use of multi-chip packages yields increased density and performance
and reduced size and weight at the board or system level, while also reducing board area and

routing complexity. Often, board layer reduction offsets the additional costs of using multi-
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6A on top of the first chip 11 5A. The first chip 11
cizgmit peard gorppasef! to dhasp arrangpd ‘Elii%*&ieSlflﬁ ovigtked chipntherefose are jgpnerally

wires 121A |inking bond pads (not shown) on the top
the priefeied msthod meedrip myyti-glip packagipg.t dowever, there are several fundamental

difficulties in chip stacking relating to stacking chips of similar sizes and to certain bond pad
layout designs.

[12]  Asshown in Figure 1A, conventional chip-stacking technology comprises mounting a
first IC chip 115A on a substrate 101 and then ﬁounting a second chip 116A on top of the
first chip 115A. The first chip 115A is coupled to the substrate though a number of thin
wires 121A linking bond pads (not shown) on the top surface of the first chip 115A to

conductive material 103 on the top surface of the substrate 101. This method requires that a
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Yield is the ratio of the useable conponents of an end
theanitiencphin willthgddask¢chis highleven when smaller chips are stacked on top.

[16]  The present invention provides a feasible solution to these problems related to chip-
stacking. The invention increases the functional capacity of semiconductor IC chips, while
significantly reducing the need for package body area and printed circuit board space. The
invention also enables an increase in yield.

[17] Yield is the ratio of the useable components of an end package to those initially
submitted for processing. Yield can be assessed at any input-output stage in processing, and

must be carefully defined and understood. Often, the yield of a wafer is not very high.
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theret hrough. The base substrate conprises a first
P2¢k3g8e and a second face, opposite to the first face.

The base substrate may also conprise a plurality of

vias running between the first face and the second

face, wherein tﬁgN@%ﬁgaE?FJgg%ngFQHTQNSg ext ends
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faces. base substrate further
complglses a baseeIC structure ang a plura?lty of wires. The base IC structure comprises a

base substrate with an opening running lengthwise therethrough. The base substrate
comprises a first face and a second face, opposite to the first face. The base substrate may
also comprise a plurality of vias running between the first face and the second face, wherein
the conductive portion also extends through the vias. The base substrate further comprises a
conductive portion disposed on the first and second faces. The base substrate further
comprises a layer of solder mask disposed on the remaining free portions of the conductive
portion on the first and second faces, leaving deéignated areas of the conductive portion free

from solder mask. The base IC structure also comprises a first semiconductor chip. The first
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face of the first sem conductor chip. The second face
sutgfratt ke theethe banmibhadt o acdassple trongh tiesgeniog inhtbe bass gubstrate. The
substrate so that the bond pads are accessible through
BGQApackagefuniger icomprives HAseplatatist ofaties. Fivd wiBGhike aakefiBe bond
further conprises a first plurality of wires. Each
padiiof éhel firfdssmizorduetor thip teupt thdasingfo 4 B&ignhtes tirea of the
sem conduct or chip through the opening to a designated

coriuiveQfortidalisp @41 G € d¢onR Fideio® he®asNABREON the second
face of the base substrate. [21] According to one
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thropghdheopeaingn the secondagy sbslEats- c“élm%qné@rygﬁ isuctyrg alsp gpmprises a
the opening to the conductive portion disposed on the
second pleplityaeiaviess, caplelinkingymd of the bendbpads of the setiond sassiomdagtyr chip
| C structure further conprises an encapsulant filling
through thpepening to the gonlictivepogmoalirpossd wn dikd segondffaasiaf §® seguddary
covering the conductive portion di sposed on the
substrate. The secondary IC structure further comprises an encapsulant filling the opening

around the second plurality of wires and covering the conductive portion disposed on the
second face of the secondary substrate. The secondary IC structure is mounted on the base
IC structure. According to this aspect of the first exemplary embodiment, the BGA package

further comprises a third plurality of wires, each linking the conductive portion of the



second face of the secondary substrate. The secondary
I C structure is nmounted on the base | C structure.
w@\e@angi7ey to this aspect of the first exenpl aPgI/IB2004/001734
~ enbodi ment’,” the BGA package further conprises a third
seqohdarn [T styuchire {4 & designatedired ohthe erpdudive portign dispesed on the first
portion of the -6 WO 2004/088727 PCT/1B2004/ 001734
facsof tradaseysubDradet ruct ure to a designated area of .the
conductive portion disposed on the first face of the
[22)as Acsattisp tadmethef 2ppct A€ the fitkt axenipdarg embbdmenib €etprabnt
the first exenplary enbodi nent of the present
inveiti@l) tHeBG A plikafiehn fiadicagmnmie af ledst tiexraddviofdl is&enddry IC
| east one additional secondary IC structure nounted
str@durt Rduhied oh tHeafiis: fide df iR s8RREO BEMiSEIINEIONEHIS. t AfterfdIb1p; the
Alternately, the package can further conprise a
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second f ace, erein the second face of the thermm

facd] W&l teQRBc R FRRNYE tHeIhdHRNIMiRPalth d18Rer if MbunkddR thfirst face
the second semi conduct or chip. [23] A nethod of

of AR 3&/5RH kEicahdaalbt cigsi d array package according to a
second exenplary enbodi nent of the present invention
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econdary structure: ase” _
r . r chor
e ehe TR FotS) Ethftis Bt Ao Bho A€ THEAREUEE B hecondary
configurati ony~The secondary 4 C structur conprises. a ..
1C 3N O RERLT Ffeuite Foprida bave SbEi: S sl Risngibet chip
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on the ynderside_of the secondary IC structure. The
S“W%?ﬁéﬂa§W§@“@dﬁﬁﬁ$§@§nnounting the substantially
ﬁlanar surface of the encapsulant on the base IC
241 ¢ dibe metod plso cRyAPTiSEs Fgwsulateg the yeopnderpl(estaictuy, sugh|that the
connecting the secondary |C structure to the base |IC
enepppulant forens prspbntaghially prngr surfacg onthe wpdesyide efgbdsepgndarydC
plurality of wires links a conductive portion of the
stragieron dihe pethoy glse eemprises meunding Siedubstdnielly planar swface bf thie
base I C structure. Al so, the nethod conprises
encapodpd oh dteibase IChedruptuterthioinghyancdfdhesive layer and electrically connecting the

secondary IC structure to the base IC structure through a plurality of wires. Each of the
plurality of wires links a conductive portion of the secondary IC structure to a conductive
portion of the base IC structure. Also, the method comprises encapsulating the plurality of
wires and determining whether there are additional secondary IC structures to add. The

method further comprises encapsulating the entire BGA structure.



wi res and determ ning whether there are additional
secondary I C structures to add. The nethod further
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and advant ages of the present invention will becone
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description, clainms, and acconpanying draw ngs, which
begproebattenendetstoodeith refsrancerotthe folowing dedciiption, plammsyanday
in which: [26] Figure 1A is a cross-section of a
accwmpasyiing dreastingsuivhich sliwiupl nwé bk segé tohlawit thg isteaddeeid any way, in
sem conductor chips. [27] Figure 1B is a cross-section
wloéh:a conventional nulti-chip package having multiple
sem conduct or chi ps nounted si de-by-si.de. [28] Figure
26 | FigurpkA syreabiswectionedia obnventiemal molrichi pckapb hipving #%ked
Figure 3A is a perspective view of a base substrate
sedfoaddtorghipe. an exenpl ary enbodi nent of the present
i nvention that shows only a structure that has been
27Ut Fidirdl B §2CdrbRRedtiol@f a bet¥bntioniuh@ti 2Bipl phcltige having multiple
cross-section of the substrate of Figure 3A~ [31]

sefmid@HhRto? Chips mdufe@Side-BR6HE. 0N of a base | C structure
according to an exenplary enbodi nent of the present
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Segt?%qi&gary | C structure according to an exenplary
erbodi ment of the present invention.

[30] Figure 3B is a cross-section of the substrate of Figure 3A.

[31]  Figure 3C is a cross-section of a base IC structure according to an exemplary
embodiment of the present invention.

[32] Figure 4A is a perspective view of a secondary substrate according to an exemplary
embodiment of the present invention that shows only a structure that has been cut bya
section line.

[33] Figure 4B is a cross-section of the substrate of Figure 4A.

[34]  Figure 4C is a cross-section of a secondary IC structure according to an exemplary
embodiment of the present invention.

[35] Figure 5isa BGA packége according to an exemplary embodiment of the present

mnvention.



[35] Figure 5 is a BGA package according to an
exenpl ary enbodi nent of the present invention. -8 WO
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BThv diguireh illysB8ps Fergssrsect®nidf b iS4 packageavith this semicbnduntor chips
of a BGA package having a heat spreader according to
acaordimgdormi eweynpéamp exdboviiment of the peesgrt ésemion. nvent i on. [ 39]

Figure 9 illustrates an exenplary method of assenbling
[38n |Figpas Kageates Dirddilde&idnESBRIAPTdckife®avihkle hba¥pHdeON
[40] The present invention will be explained in

acboifinges al@degiplarpymbaiimmeg of B preesift tvemidnhe ‘
acconpanyi ng drawi ngs, which do not |limt the scope of

[3be Figien ilivefatbd arPoX¥m Emy métHdd offab@HibBngai 10 phekdgdt €s a
perspective view of t sem conductor chip 215 with

the bond pads 217 accessible through the opening in

the base SUDETA#LED DESCRETION GETHMEINVERTION
illustrate steps in the manufacture of the package

(48] c aihd ipregertt dnviehiorf willte eepleingd arfyrthee d&eil byenaking KfgEkeR tothe
illustrates a ball grid array package according to a

ackomhpdnyig @rgwingsy whiziiae ebiTenit OF s¢dpe oPthe wBRhtido ™ @Ry W as
subsequent |y described. [42] Figures 3A-3C |Ilustrate

[48) b dﬁ%ﬂlré Cilkistrated ApeRspdQedicsOsfdhd\@ndicntiidor dhip3A15 with the bond
exenplary enbodinment. As illustrated in Figure 3C,

pddfI 1 PRSGsible tBloh e thl bendtln GRTALd S8 SraA) ﬂl&r@é@:@%@]aﬁd 4A-4C

nounted in a di e-down configuration on a base

111§§H%%t ik & B0 nanfBGREYr B pta& g@b&o{aﬁr& td irst exemﬁlgrly

configuration, and as w | exp alne furt

en%ﬁﬂ%ésr’ltt Pfa%%@r'e 13, 111@8%al!eg:a BN gr}]f’%r%y gg #&gé'ﬂ%gﬁmgﬁg G %sg ?%%n}y?ﬂy

a su e having an op ere

en%ﬁ%&@ﬁﬁggﬁs&?lq&gﬁwn a"s'lgtﬁ)sgq%eﬁtg%ifgc%b%” p 315 are

accessl the substrate
430 TS RSO0 ‘??rﬁéﬁ e
embodiment. As illustrated in Figure 3C, the base IC structure 300 comprises an IC chip 315
mounted in a die-down configuration on a base substrate 301. According to this die-down
configuration, and as will be explained in furthef detail herein, an IC chip 315 is mounted
face-down on a substrate having an opening 301c therein. Thereby, bond pads 317 on the
face of the IC chip 315 are accessible through the opéning 301c in the substrate so that they
may be connected to base conductors 307 na conductive layer 306 on the substrate through
the use of shorter connection wires than would be required for a traditional face-up mounting

of an IC chip.



the use of shorter connection wres than would be
required for a traditional face-up nounting of an IC

wa hiop/088797 WO 2004/ 088727 PCT/ | B2004/ 001734 [ 4B(T/IB2004/001734

"~ Figures 3A and 3B illustrate a perspective view and a

[43} odeusesAA and 3 Wypfeata 4 pasppotiveviesy andageossgpriiopaeweddtly, of a
having a first face 30l1a and a second face 301b,

basppbstrated W tamingfaifirsitfade36ta andfi sgennd £8:4 30 &b, mpposite to the first face.
illustration that only shows the structure that has

Fipee AAduén fiysteation diai only bhowe the stactetethdt thes beeh et Hyer sastion line.
"first" and "second" are nerely used for conveni ence

Haaidaftto, thetermeTfire tand Ydeeond? ake meddly figed ot doavenighkageiddiot reflect -
or observation. There is an opening 301lc in the base

thé bildsit dfdd1enaBiod, pldckinent)\@\obkegvHtibeUTbre Rfan @Perind 3018 tin the base
opening). Preferably, but without l[im.tation, the

sub§ed 300 (BakkBay bE ol gBOEH VISR opérpy. PRErAN hufvitBotk m@htion,
t he base substrate 301. The opening allows

th URMBFBONE furis RRAPRIvR aioﬂ% e CORAE Lk BShYbEE SulsRalR385 The
t hrough the substrate 301. The substrate 301

op%mg Bl ESsuBsegtitaly ra%_s}&drm ﬁéﬂh@%ixégﬁres g&;{gg@%&@%ﬂ% EPA%Y 301.

S
ass Lam nates, , FR4, Tape, r ctive

L O S8 D SR Bt otk Ty B Laminaes
n a 0, f r at
B B a9 28 ol TP s RN R gy Ao
i r.QNi.c ignal s. .44 2d
ooy iech 304 5 Bl B8 ekl B Pin 0 it 1P o7 st
royi.de ssages etween -t he. f.irst face d the .
S A T AP R ATER Wi da Rorml O e etctroni
.el ectrical connection between the base conductors
St . The vias 302d are used to transport a conponent
i gnal frqom one conductipg |ayer to_another. The vias
4, e 0t arradabyaious oatenh i the PUbgate pridggevide passages
conductive traces 403 to pass through from one side of
beppren dhpfstfageang thersgeond Saoge Vias 32 #7a preseat tomple fheyelpqixjcal
of vias 302d are used but on%g a single via 302d is
conpgctien beivesn thepase sendyetarsSAéeThy visy| 302 arewisedstogdtapsngrt a
conductive traces 403 to pass through fromone side of
copipenest gignal from ang condyeting layar to apethen Tihe vias inr the sutistate owterial
on the location of such vias in the base structure.
302 Hleereby allow conductive traces 403 to pass through from one side of the substrate to the

other. Ordinarily, a plurality of vias 302d are used but only a single via 302d is illustrated for
convenience.

[45] The vias allow conductive traces 403 to pass through from one side of the substrate to
the other. There is no restriction on the location of such vias in the base structure. The
conductive material of the conductive layer 306 can be copper, nickel, or a gold layer for
example. An adhesive layer 304, for chip attachment, is disposed on the first face 301a of the

substrate 301. The adhesive 304 is disposed along the opening 301c¢ in the substrate 301 and -

-10-



conductive material of the conductive |ayer 306 can be
copper, nickel, or a gold layer for exanple. An

wa@odivesssrer | ayer 304, for chip attachment, is dPEpIBREEH/001734
on the first face 30la of the substrate 301. The

doggipet 4parh to3tha edges af ihp sehstata Poh gTherdy rastionefhel confyetive Byer
substrate 301 and -10 WD 2004/088727 PCT/ | B2004/ 001734

308 slong Hestedgescd ithe fystrfaee 304y ebtho subsimie matssielrialedt B8O Fiom adhesive
" Thereby, a portion of the conductive |layer 306 al ong

30¢h dhe aidfesiveB04 dae chinpite fHraaxempe lelertidally bendscibstar abe conductive
material is left free. fromadhesive 304. The

epexth paits; or 8ldsivafilng onfheilike, af onulbbenpdesto@l cthodechlllkey in the art,
conductive or non-conductive epoxy, paste, or

and divastendedfto begncompishel lekke, as woul d be under st ood by
those skilled in the art, and are intended to be

[46Inc ongoddes aasthTosds dispdsdd én 56 lfieke ind R6dndIBEs BO1HnAPBOKESE the base
on the first and-second faces 30l1a and 301b of the

subsa® 303 UDstip@ie adddd of e $b19¢1ah -8R 369 ﬁ@?en%fve& BErePQll S8%s of the
mask 305 are renoved to reveal areas of the

SQRAUS kA E303 AR RO Brsd A t
cofaces 36& a and 301b gf fﬁggggggﬁgg%%ﬁég?gﬂ)&ﬁﬁ@ggﬁmﬂmuﬂe

30¢ OMALIEIHANRivE HaG8 303 08O EorlalGive YELST6 a\fce g e Lvatidfe e

t hereby avail able for connection to su seq

cohﬁ&g&p@@g@g ntijgezc:[.,n{écgsure 3Cis a cross-secti on of
t he base substrate Figures 3A and 3B with a fIrSt

[47?18 mﬁfglﬁﬂéjﬂ?fsqr r&s@ 's&;&xg% éf fgﬁ H&%% Ergtg oF ﬁi%urels] g.ﬁxcap(?) ?B %Fjl first

base 1 C structure sentco
r 52 .an ond fa
sl 9@8@%#110?15* o BEon 13HiE e B 16 6o 6B o
ures 3 3B., The
563%954“9 S S LR 6ﬂ%&§¢°ﬁdﬁé@§é§&£vp?%feéowﬁrst
trate e ew in Figure
N S o %ﬁ ° Rtad bt ielier ¢85 a6 S fhe Hstihimd b i Similar o
al i gned the inraq antially along_ the
seshitpgper a@wﬁ%ﬂwwn&ﬁ%wﬁwﬁg@g ysipiediin ¢ RerRTabvigy s Figure
Eﬂ é@ﬁggﬁ e 315h of the chip 315 is nounted on
2. Ihge ‘gﬁléiw ospondgrds Heg %laeﬁél therpert inap s, Substantiylly along
plurality of bond pads 317 of the chip 315 are
theeptgal iy |0§th@ pcong Froe BESbors e obip 391 dhe peconblabad ks of the chip
substrate 301. A first plurality of wires 321
313 jsapqunted sin|the asbesitedayey 804 ofl thakase kubstoain 30 Ip e pBirdlitp bf bond
the chip 315 to the conductive |ayer 306 on the
padseid @ rod thiegbip 336 aterrecdssible flguiatthaorening 3614 inrtisd bagé sibatdtd 301.
of
A first plurality of wires 321 electrically conductively link the bond pads 317 of the chip 315
to the conductive layer 306 on the second face of the base substrate. The first plurality of
wires 321 and later-described interconnect wires can be comprised of gold, gold with some
level of impurities, aluminum, or copper, for example. For use in the wires, the gold may

contain one percent impurities, which could include dopants or additives included to improve

the properties of the wires, as would be understood by one of skill in the art.
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wires 321 and | ater-described interconnect wires can

be conprised of gold, gold with sone |evel of
WO puioss7ees, al umi num or copper, for exanpl e. PEDIB20&#001734

~ inthe wires, the gold may contain one percent

[481np Figurg 4&%—4C\Ams@nte@@e¢oad@rmé43 gnectiye pecntdingdp thefast sxgmplary
included to inprove the properties of the wires, as

embodingenbef thpresent ipventioy. BigarepfiAand B iljustrath 8 parspective viewyand a
2004/ 088727 PCT/1B2004/ 001734 [48] Figure 4A-4C

crossisersionaeepectivelyc ofakergndm@ substuatet 404 éa\eing:@)ﬁwit fage #0latang a second
first exenplary enbodi nent of the present invention.

fadei 49Uib,eppdsite amthe £t fdck.uTharaisenappengdid cin the ssconderpsnidbstaate 401
cross-section, respectively, of a secondary substrate

rudiidg leAagthwige thefe though @itie md9 be thoagid ofiasseond opb@iag). 43 Mescribed
opposite to the first face. There is an opening 401c

witHrekpeet 16 @eepdiny instibBbdse aitstrdd,the speninicdg1d NG davérRiery substrate
there through (this may be thought of as a second

400 RESW N Ghbseqhént AR &EsinBEEhg fitle tWirek 8310 PhasstBrobSIEthe BEH3Irite 401 The
t he base substrate the opening 401c in the secondary

seSIHaS s@sRate 401 cRhhrRieSa SR AGHRREAl 400 ememaﬁ%mﬁasé th&&ame
wires 421 to pass through the substrate 401

mémyg%ycrﬁé@%oe@tvﬁh $8bect RIME bRE SutRt mﬁtehaf 28 &hii@dtive

whi ch can conprise the sane nmaterials as

1a§£?aéé RS AORY Gr bl ESRER U Bn RS RRSE @;&% A0, gt orhe

mat er 1 al A conductive Tayer ur al

cog%lf‘ﬁgﬂg&%g h(?/}eit Efsﬁ&s@& 0491% s08nk I?a%e 5%3%6%( shﬁgugte 401 and

conducti ve traces pose

ea}:lb%ra%)ggr% dtﬁlg Sides oqjt}?e 31&?%1'?64 eglg gt? %ut?ﬁ @r 4 Lee":r%%'tf)

eac Wr aps ar oun
delaﬁr?)ﬁé’ P s Foot‘“lf faaéz s%ggatf,ﬁgf@tapg%ﬂﬁe%wr 40455 ilff@f@dfhe first
4 i 401
tose 03P iR s e RinsFdiver A0 ?vhw $8h G g of the

o GRS T Hhre TS 1y fests VOFT {07 Beigve subsrate 301, i
substrate 301, s disposed around the opening 401 ¢
digpesqdrpwound theropenipg 40ig pndhefirst face 4012 ghis |S§F°§‘%?61é §ybglrate 401.

401. [49] Figure 4Cis a cross-section of th

[4€le c diigrag 4C Birsessaecdion of the peqopdpsy eubstgte éWdOfLFEWSt% angl 4B with
second sem conductor chip 415 nounted thereon, thereby

a eopndli spyicoidictos elop 44y yoged thereor ttharebyfomingyths gesondary IC
sem conductor chip 415 having a first face 415a and a

stweiped0f Acecond k&hicondnotos chip 41 phaving o firstsfacef4i6@ and ssecond face
nount ed on the secondary substrate 401 of Figures 4A

41&hbpposite to the first face, is mounted on the secondary substrate 401 of Figures 4A and

4B. The second semiconductor chip 415 is structurally similar to the first semiconductor cl\xip
315. The chip 415 has a plurality of bond pads 417 thereon aligned in rows substantially
along the central axis of the second face 415b of-the chip 415. The second face 415b of the
chip 415 is mounted on the adhesive layer 404 of the secondary substrate 401. The plurality

of bond pads 417 of the chip 415 are accessible through the opening 401¢ in the secondary

-12-



4B. The second sem conductor chip 415 is structurally

simlar to the first sem conductor chip 315. The chip
wai®4kss2n plurality of bond pads 417 thereon BCT/IBREEH 001734

" in rows substantially along the central axis of the

substigterid 1 £ Acecard ity phwiresvt2) elpemicalivreonductivels link eeh4f Bis bond
of the chip 415 is nounted on the adhesive |ayer 404

pags 4 17He a sensunidicertyace Gdisen the sccandl face4{d bof thesibstigte 461. oorder to
pads 417 of the chip 415 are accessible through the

proydend sugfackOdf tiee seportdary I€stroctti@P0 1diR M@nRAG4 HREBIAT structure
PCT/ 1 B2004/ 001734 substrate 401. A second plurality

300f anwincapsuldie 42 & iseppliddda ieseamdaty &€ stradtyte HO0 KTieambapsilant 425
the bond pads 417 to a conductive trace 403 on the

and ixtar descibakendfbkblantk cirhiee Spidwhdraased4fblding Borap @M of hy other of
provide a surface of the secondary |IC.structure 400 to

thdo@anyknotve dnéapsiliie nesials) 45 veduld6d uhderstod@By o of skill in the art.
encapsul ant 425 is applied to the secondary I1C

Ths eheaptulin® 42981s AR GRARAR auioamlroﬁﬁ’&ng a8 gldrﬁ&y% bf wires 421. The

descri bed encapsul ants can be a pol yner - based mol di ng
enéQNAHATS Ao RY %@s%eoﬂff 408 GPRY sdeBRIEy &B
ﬁ%terlals %s mgu be uﬁaerstood %y one ofaﬁgﬂ é%% forming

a shﬁk@anﬁﬁltly pla_ﬁh? stirffcd @@5&.‘ V@iﬂ&h éld%":befrﬂduh ddinb B?sﬁ ggl%ﬂ%ﬁ% Qiructure 300

C, surroundlng the plurality of wres

Ofg ﬁH%%ﬁm%hé@ covers the second face 401b of
e seéo ary substrate, thereby formng a

b b d
SRR 54 PR 5D B2 G
ure 5 illus

R St it b suril L s 300 and
ol e g e T FeRgabarnt Penet BTESGS Sara k- '48 s

|C Stru ture 400 described with respect

iR E el B shace Amed g 42868 he secondary 1C

substg&tlalgé%ﬁﬂanar surface formed from encapsul ant
fyao i Bpsq ¥ stmichurrc30Q tirougioan qdiesivses §04: olhe

the base | C structure 300 through an adhesive |ayer

adbggiye laypro04 4y figRgsedon the &rst 99 31 %1 of thefasispmisandugtor thip 315. A
face 315a of the first sem conductor chip 315. A

Plyslily af wirss 334 pravides oopducivolinkdestwees drechonduotize layend06 of the
bet ween the conductive |ayer 406 of the secondary IC

seogndany 1Q) starcn4 (drrad tpecopduntive traioge 303 eftlesba30KC sifuctune300. Wires
base I C structure 300. Wres 521 provide an

52 bprovide o electtical newtettiiom fonpthebhe shaderess the ctdoné st@tirdeA
second structure. A

second encapsulant 325 is provided to protect the first plurality of wires 321 of the base IC

structure. The second encapsulant 325 fills the opening 301c¢ in the base substrate, and
covers a portion of the second face 301b of the base substrate surrounding the opening 301c,
thus protecting the first plurality of wires 321. A third encapsulant 525 is provided to
encapsulate the entire BGA package. The third encapsulant 525 encloses the first face Sdla

of the base substrate, the first semiconductor chip 315 and it’s interconnects, and the second
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second encapsul ant 325 is provided to protect the
first plurality of wires 321 of the base IC
_WaeeosaTee. The second encapsul ant 325 fills tPET/IB2004/001734
" opening 301 c in the base substrate, and covers a
sempigprdugter ghip ¢ hibanskit's Fiereonoect3 Ok tird engepsBlanieS23 msefeatsalkthe
surroundi ng the opening 301c, thus protecting the
elefrientstof fhieBGA package S0 andsals® Drovidks pdded girenetiapulstability &2 e
is provided to encapsulate the entire BGA package.
padiage.t hi rd encapsul ant 525 encl oses the first face 30la
of the base substrate, the first sem conductor chip
[51315 Aaiiithstrbted by Rigerecothestitled sanidonduwetos eltpsia thel gackde of the
2004/ 088727 PCT/1B2004/ 001734 sem conductor chip 415
predad inviention dah @& 0Hthe eahssize] e bl iventpsavbmetabld the stacking of
protects all the elenents of the BGA.package 500, and

a s&don@ 1 Chigea aFiisiethaBér BpQitwadbstmbistioll By baE of ke in the art.
package. [51] As illustrated by Figure 5, the stacked

Th8 $BufpH ek NenfidondsctdrRhiph €1 a9 & Hlieldo®n cBARHEMon enables
i nvention can be of the sanme size. The present

thil BUAM. PRe &u@ewﬁ%mg%uw sm%td@mmepéomﬁuﬁ&%ﬂ gath between
| arger chip on a first smaller chip, as woul

theusmg ?%s@qq oPhe QR 3g§ aC@Ethla Eoﬂgg%ﬁxgﬁgﬁfﬁ] 303 &R ﬁleg_%%g e of the

e senlcondu I PS In a

bage%ﬂ{)gu%r %is%e-ﬁméoglﬁgum S5 BGHRG 1 Ls@r‘ aﬁmﬁng with

contiguration provi orter conmuni ca

bogcﬁ%%ﬁxgt{}lelhp&og%%gd &%gséfog’ 1]1'1%1-%%66& Ql%ct%hal er?f e a?ur:]?d hte he

lve port Secon ace 0O
bst r.at h [ t

157 o PHEn o, & sind iR R S g%%%%?omp d %E{rewéﬂd{ssm%ed
f d el

a3 iRpERER ?@m{@f 1y e 5 E R ehr G Rt chip 415 may be

sent th ement s reV|ousI descri bed.
lef ¥4 9 %S?‘iaai t gége ﬂq@iﬂseeceof 'ﬁ‘ﬁg £ Raglfagﬁg the Jirsf gxcapplanye
n% @ond onductor chip 4 :% left free from
AGE5RGA IQWF g 3y seqqpddC &Elﬁé’é? t%l?e ngr sepnesisd fagadditiontle
first exenplary enbodinent allows for the second IC
addifipnpl sependagy ES—“estwanw@PAe prihewe dtigwe dnorde @ heat sprgpder 830 as
addi ti onal secondary |IC structure 700A, as shown in
sheymyigdidgure 8or to a heat spreader 830 as shown in
Figure 8. [531 Figure 7 illustrates a cross-section of
[53 BEsusacillagate? 8Grass-swtioi ofip BOA packagp@dft acodrding to an aspect of

base

the first exemplary embodiment, including an additional secondary IC structure 700A. As
shown, the structure of the present invention enables the stacking of more than two
semiconductor chips. The additional secondary IC structure 700A is the same as the
secondary IC structure 400, described above with reference to Figure 4, and will not be
described again here. Wires 721 provide an electrical connection form the secondary IC

structure 400 to the additional secondary IC structure 700A. As was described with respect
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the first exenplary enbodi nent, including an

addi tional secondary |IC structure 700A. As shown, the
wa@2omosaTee of the present invention enabl es t heCT/IB2004/001734
" stacking of nmore than two semni conductor chips. The

to B G A PAKRSS Ao dagupe P.dhasentitrragkage 769 2 by cnpapswlaigd by s

the secondary |IC structure 400, described above with
enpapielpriri@é farpretegionestgngthrpad wWiabilithot be  descri bed

again here. Wres 721 provide an el ectrical connection
[S#lor Figuhed dlusmateicar grodsGectipniofie BOrepadRapet?H0 atrordiniriotahatherlaspect

secondary |1 C structure 700A. As was described wth
of tlesfiretotx empAr WD A Brdnf S&TRIIngROEAL R0/ 830.1 TBAargeottiva of the

BGA package 500 of Figure 5, the entire package 700
eleaivith eomsnmep by [@texdcdays disaciapssiheatn t A K& sfreader, such as the one

protection, strength, and stability. [541 Figure 8
illidtlated tii Bige® 83 o4 98@nskRed] hed sk, whiBAnRdoka @soudR0 to a BGA

according to another aspect of the first exenplary
paCkHae df e kst ckdiglateliei@odimbBRpdidSiaRAdl &ipatidh) of TEAE sb hhUSternal

portion of the electricity consuned by IC devices is

coftipe it ST hAsackal are Aol Bitag SIHRRIQE heatICh as the one

il'fustrated in Figure 8, or a systemlevel heat sink,

(5801 GG RO R IPMRSHd Wath r&pBSfd thP 85163 ibolifent and

first exenplary enbodi nent, aids in the dissipation of

asﬁ%?stazée sidith 1B khdsPHRERSA mﬁﬁ@&?&%% a%reﬂl ioR&- : gﬁné'?llfsednd

amaged by excess heat. [ 551 Herelnafter,
. 1 : _
o ey S REHRARE s Ao AR Hhbcri e d SR b B0ty
with respect to the aforenenti oned enbodi nents and

above. : _
aspects and may conprise the sane exenplary materials

SR N e L N
e RCk SR ] SESSul bRE B ST pars 30
Fi 3A- 3C_. 4A-4C . and_5-8 et h f N
3@%%4&’%&5-%@ Oﬁagﬁsé?g}% l}nggg éﬁ‘? B?‘%‘Fgae(geﬁﬁ’@ﬁ%ﬁi(%oﬁﬂld? Figy 9),
which is particularly applicable to the assenbly of a
Witleinis partieulgily eprdiighls dke premblnph g BEA pagkess eonapristiorrpyiding a
300, conprising a base substrate 301 and a firs

t
bagell #RREEIN0r campsnspbashbyitaled0d end R s seeicendyeor dir315

in a die-down configuration (see step 900). The net hod
meyngsl on the base substrate in a die-down configuration (see step 900). The method also

comprises electrically conductively linking the bond pads 317 of the base chip 315 to the
conductive layer 306 on the second face of the base substrate 301b using the first plurality of
wires 321 the wires (see step 910). The method also comprises providing a secondary IC
structure 400, comprising a secondary substrate 401 and an additional semiconductor chip
415 (see step 920). Next, the method comprises encapsulating the secondary IC structure to
form a planar surface on the second face of the secondary substrate (see step 930). The

method also comprises mounting the substantially planar surface 425a of the‘ secondary IC
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conprises electrically conductively linking the bond
pads 317 of the base chip 315 to the conductive |ayer
w4887t he second face ofr ‘the base substrat e BOWIB2004/001734
 __using the first pluratity of wres 321 the wires (see
steciise 4000y thethqge K?g%twewrea? (édse@éﬁ?ﬁ Pide AABEATE lapr 404 is disposed
secondary I C structure 400, conprising a secondary
onsihp Sirst face 3 1FHofabrifinhsemindyctarghipSd i Eemtrbetewially hlapar surface
415 (see step 920). Next, the nethod conprises
42 daibsnuinauntedon the adlesion traenSMCThe mgthod plgo camprises eledrically
pl anar surface on the second face of the secondary
cawbsing dteephfrskity of tvixps @309 basd He struskird 309 aatltleootioa sgpohdeeg IC
nmounting the substantially planar surface 425a of the
staemos il (yeel stp-958). \MOp Ry QXB8GiYER B2 Phiks| aRD0DAOOL 23403 of the
structure 400 to the base IC structure 300 (see step
seddrtiary IArstmdfafsto w@&ohdiy Bve ddon X3 A #edaedC stiictilRS00 (des ktep
face 315a of the first sem conductor chip 315. The
95).oReanythaal 136 dRhpRsds detefrhiahg wideRthers atd WaRitERAI RERHIRR IC
the adhesive |ayer 504. The nethod al so conprises
stiRbeRiedsfid 6 to)he SRR Gk REp OB, AUt &), tewatﬁag tH¥ Jr§rdkiBn [dpe
base |1 C structure 300 or the other secondary I'C

proburtinbit) &F AQQAiiISRE s&ofPary RO3truchird| dHicRlit if YetOiniM¥d'tRR no Akther
links a conductive trace 403 of the secondary IC

“SHIME Bk BN, 08l 5501

S BB 0 B

e%%%@ﬁggg%hﬁ tb?&%? sftrug'tglg &Fl? &%%itr%trig s{nli]c%u Erie;c q%@agsttbg Hré{ %{d é_econd

an a I'onal “secondar u
@3] it .1s determned t no f secondary. | C .
PPt td iR B tent o7 chpam ol s Rl Sl pging
e se | C structur d_at. | east one secondary. |.C
sl P e eBiehietess p of e, SR bR o PEres O G the

encapsul atfing t ase I C structure and the first I1C
m%??ﬂﬁ?ﬁ?%é?$§ﬂﬁgﬁﬂg the first and second plurality of
wires with an encapsul ant 525 (see step 980). _The
I5Tbt HotPorghiciabewe exppplan spodisyiiof the prysentigyeptign have been
structure (see step 990). Finally, the nmethod )
deserihsd; i wdl g wilarsteorl &y these shilted i Hiejaptdhas the pegsgridnyestien should
step 9100). [571 Although the above exenplary
nd b Gigiitad et the describrd qpemplerytembadimenisout Hat varlpueghanges and

described, it will be understood by those skilled in
mpiications ¢dndte mdve withgsthe spifitandstapeof tha prdsent invention. Accordingly,

the scope of the present invention is not limited to the described range of the following

claims,
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not be limted to the descri bed exenpl ary enbodi nents,
but that various changes and nodifications can be
wora@e/08872hi n the spirit and scope of the presePCT/IB2004/001734
" “iavention. Accordingly; the scope of the present
WHAVEH COAIMEDNEY: | inited to the described range of the
followng clains. -16 WO 2004/ 088727
1. PCT/A BROGH/ @0Y pakagd/fdAiprisiBg CbadeNEBirn&ure] the base AT Istrgptire
array package conprising a-base IC structure, the base
cohfPrisihg:uct ure conprising: a base substrate having a
first base substrate face, a second base substrate
f ac @ baggpbsiatechalying aefird bhdersabstiatfeces a bsdicdivase §ubsigate fice
base substrate openi ng extendi ng between said first
opbésite s sHidfirsebase hteRateide, adastk HBGARCoPeAIRE efiififgd @teen said
face, and a base conductor; a first sem conductor
fir§bafb suBQHRY fabd 4HQ s@idlskdofidl b&sRIskbstrae Face fard@HAR Lo cRf ace
opposite to said first chip face, and first bond pads
di spIR|deRNBRdSRY @hiﬂ&:‘éﬁlpﬁﬂﬁ%h Bk claphcd, o debetld cRipUh! dppksite to
of wires disposed to pass through sai d substrape base
saRFERICAE BAan®hBOIohl falslakp6RA BE& LGS A dnihE 88 Pond
pads to said base conductgr. 2. Aball gridarray

Con ST pREARY B B Bptied s PTG sy SR & pening and
ele%ﬁ{cgﬁv&cﬁgetg&%%ﬁ Birst ggﬁ%‘tﬁg %tsaidki)%&ecoﬁgkcg&.r ate face and

sal d secon ase su e face; sal ase conduct or
extends through said vias; and said base substrate
further conprises a |ayer of solder mask di sposed on
eco chHF faces. 3. A
‘a

2D P S e et B BB IR Wi m 1, fur ¢ her
cec SHA P SebnRr R vt P T G aBisSHETDE Beimein A it
oy Bt QoS CUSINRIRE oo, a Secondary
said base conductor extends through said vias; and

said base substrate further comprises a layer of solder mask disposed on portions of

said first and second chip faces.

3. A ball grid array package according to claim 1, further comprising:
a secondary IC structure, comprising: |
a secondary substrate having a first secondary substrate face, a second
secondary substrate face opposite to said first secondary substrate face, a secondary
opening extending between said first secondary substrate face and said second

secondary substrate face, and a secondary conductor;

-17-



openi ng extendi ng between said first secondary
substrate face and said second secondary substrate

wo awe/08sietl a secondary conductor; -17 WO 2004/ BEBW2604/001734
PCT/ | B2004/ 001734 a second sem conduct or chip,
conpr i si dgecandsoureddetiorghipacanprisingeceenmid chipgadeaz ®cond chip
opposite to said second chip face, and second bond
padéacdioppreth seideecand ichlip faecoddesond bpehpadg dispasdd aver said
second plurality of wires electrically connecting said
secessdndrondpgparggsartdo  sai d secondary conduct or through
sai d secondary opening; and a first encapsul ant
filling ssdcdndglaahigar wiepeoitignlcondtistialll sseadndnd pads to
plurality of wres and covering said second secondary

Subsdid aécendang &)ndéctor-ﬁﬁl@\lll\ﬁﬁdald ﬁﬁd)rﬁlag/f dpdMinPaagage
according to claim 3, erein said secondary IC

St I WG eficapSul 4 BB dai@ @chﬁda@l;{ Batgl afouill k41§ betbRd plaRdlty of
further conprising a third plurality of wires

wifed BRESveRh St deSRGRRARY silsrab /it ure to said base
| C structure. 5. The ball grid array package according
to claim4, further conprising nolding conmpound
encapsul ating at |east portions of said base IC

4. Strygl Hélggxgdr‘a?rgé%% aée%%&ﬂ&rg%b m§tv5ﬁég.{iﬁ‘!re- 6. The

bal I gri ackage actording’to aim5, wherein
L . | id third.
= SRl by FOMRONRG: nEIRERSHLAN SRa T Aty
ai R o g B St A ona e gructure to

Hall grid array package according to claim3, further
Sa‘?%ﬁiﬁr‘%ﬂ‘ﬁ%ﬂ‘?e- -18 WO 2004/ 088727 PCT/ | B2004/ 001734 at
| east one additional of said secondary |IC structure

nmount ed over said first

5. The ball grid array package according to claim 4, further comprising molding
compound encapsulating at least portions of said base IC structure and said secondary IC

structure.

6. The ball grid array package according to claim 5, wherein said molding compound

encapsulates said third plurality of wires.

7. The ball grid array package according to claim 5, wherein said first secondary chip

face is free of said molding compound.

8. The ball grid array package according to claim 3, further comprising:
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secondary chip face; and respective wires connecting a
conductive portion of said at | east one additiona
waemensgkiey | C structure to said base | C structRCEIB2004/001734
- The ball grid array package according to claim 3,
f ur ta eestopapdditionabpizaidiseondary 1@ stustpa movitedpvergaid first
di sposed over said first secondary chip face. 10. A
sepeidarycbhis faggs gedbl i ng a bal | grid array package,.
conprising: providing a base IC structure, conprising
a basspedivbstircatenmactithga condistivepniiaoofdeidtadieast ohe @iditional
nmount ed on said base substrate in a die-down
secandbiyJCrsatictore;to kdidkasadC simethand pads of the base chip
to the base substrate using the first plurality of
wires; providing a first secondary |C structure,
conprising a secondary substrate and a second
9.semTemal ¢ti@ hrrfabkdpe dEoflin®id cfih @, HRGHEmPHARE h HeBniln
a di e-down configuration; nounting the first
dissaaansl aeett @ispbded GY et sRidiRst SdodddR8ifp Ifee St ruct ure;
el'ectrically connecting a conductive portion of said
secondary I C structure to a conductive portion of
said base IC structure using at |east a second

100! ur@lietnya Of addihigiBe a0l Fn'@ %ﬁﬁ%@%’i cgalgfigﬂulgt base 1C

structure and said first sec ure,
i ncl.udi ' ' .| £ .w id.
oo iy ififls» B e nictlee Rottbtyid Xt sl R Plehicopguctor
' ' i.n C ri.ses first
o EEETY Gfielt R AR Ol e ARG et ure and
subseguent | ncapsul ati ng.said .base. | C structure an
sai dPf 1S e%ggg%%é)?)ﬁwﬁ) es%fputgtﬂlﬁb@?e i“gétéatt%‘égfng#‘f ﬁrsg%ﬂty of
first and second plurality of wres. -19 WO '
WiKS04/ 088727 PCT/ 1 B2004/ 001734 12. The nethod of claim
10, furt.her .c rising; providing, a second secondary
| C S H7S SRR S e cORYiSHY & Sy SNSRI dhda
segicondu tor chip nmounted on said secondary substrate
secqp éera};:@g(ﬁﬁ% CIE‘B mop@i@@ gp is%(il1§econd substrate in a die-down configuration;

mounting the first secondary IC structure to said base IC structure;

electrically connecting a conductive portion of said secondary IC structure to a
conductive portion of said base IC structure using at least a second plurality of wires, and
encapsulating said base IC structure and said first secondary IC structure, including

said first plurality of wires and said second plurality of wires.

11.  The method of claim 10, wherein said encapsulating step comprises first
encapsulating said first secondary IC structure and subsequently encapsulating said base IC
structure and said first secondary IC structure, together with said first and second plurality of

wires.
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encapsul ating said second secondary |IC structure, such
that encapsul ant forns a substantially planar surface
worooiiogs7ender si de of sai d secondary | C struct uPET/IB2004/001734
nounting the substantially planar surface of said
encapsul ant to said first secondary |C structure,
el ectrically connecting a conduct'ive portion of said
13 ec ohiet s@h@hafataym 11 ¢ fettharcompdsitg a conductive portion
of at |east one of said base IC structure and said
f i r sgrosidingadedoyd bécondky I §tticRire, atifiprisivpnesetdndgrytsiBsirate and a
second secondary I C structure to at |east one of the
sdadcmdhéorsdhiphbutii@l ondsaldl sebidiry ls6Bst8@ GO Bid!ddwh Configuration;
structure using a plurality of wires. 13. The method

of C‘dn@éﬁ%hllﬁ‘n% aldl debHid s6QUNRATY 3C BBucBRE ARG thaten stﬁﬁntlf&ﬂﬁt
part of the base IC structure and ‘the secon ary I1C

subbthtially pBmarlshrfadt b thBhd¥Ridefor Sdi@bdXbddry ICWilubte;

conpri Sing encapsul ating at | east part of the base IC

St 1 UpbiiRe tHeiBbddnfisily SIEGP RARLY of

second second arsy o y@r cture. Sglds#ﬁx}eb%{rlrle%tﬁ%%H&Iﬁsp%gondary
Cldtracfil. t her conprising attaching solder balls to the
CEaase 'C structure. 16. The method of cl ai m 15,

st 7 Qe R Bl O3B B Sbricsl P%;%”éfeaa&a?% C sfgpoture o2
Ryt afltof oD AR oY ST mst PRIt Si e Sesmmpergic

ythﬁ bagf structure, over the first opening, the first
bei ng electrlcally connected through the

t he base structure

first nin con or o
I AR LS o < B Rk s S R
méfcq@g openln% a second IC chip on the second
tfeeonday pSFH@m§éE@ﬁGPB§@ﬁYﬁ§W“%%e second 1 C chip
bei ng el ectrically connected through the second
opening to a conductor of the second structure; and

13. The method of claim 10, further comprising encapsulating at least part of the base IC

structure and the secondary IC structure.

14, The method of claim 12, further comprising encapsulating at least part of the base IC

structure, the first secondary IC structure and the second secondary IC structure.

15.  The method of claim 14, further comprising attaching solder balls to the base IC

structure.

16.  The method of claim 15, further comprising singulation of the entire BGA structure.
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an el ectrical connection fromthe base structure to
the second structure. 18. The ball grid array package
wa0e@ss2orth in claim 17, further conprising RAT/IB2004/001734
encapsul ant around the first 1C chip and the second
17st r échalirgsid afir8y pathegehedrhpriginigd ar r ay package as set
forth in claim 18, wherein the encapsulant is also

g;gg%gwkgaxgggggg%%ﬁﬁﬁﬁﬂﬁ? 20. The ball grid array

age as set %%n119, wherein the _
encapsulant is also around the electrical connection
f r omfirdh &C bldp en dterbass simuetutep oven thesrst@penisg, thedirstrI€. chiplbeing
The ball grid array package as set forth in claim17,
cleghieally conhdveedfthiosgh theficd bpendipdo kltendusiet of the b4Se ettidpurar €
substantially the sanme size. -21

a second structure over the first IC chip, having a second opening;

a second IC chip on the second structure, ever the second opening, the second IC chip
being electrically connected through the second opening to a conductor of the second

structure; and

an electrical connection from the base structure to the second structure.

18.  The ball grid array package as set forth in claim 17, further comprising an encapsulant

around the first IC chip and the second structure.

19.  The ball grid array package as set forth in claim 18, wherein the encapsulant is also

around the second IC chip.

20.  The ball grid array package as set forth in claim 19, wherein the encapsulant is also

around the electrical connection from the base structure to the second structure.

21.  The ball grid array package as set forth iri claim 17, wherein the first IC chip and the

second IC chip are substantially the same size.
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