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Field of the Invention This invention relates to ball grid array (BGA)
integrated circuit (1C packages with multiple chips for high i nt drécdn2B4
density. 5 Background of the Invention Milti-chip I C packages are becom ng
nore widely i the I§: gﬂstry because of .increased devi ce packing
density, whic IF@%H% 2P8% nto smaller packages with reduced cost. Typical
mul ti-chip packages have multiple chips or nulti-chip nodules carried by a
printed wiring board. In an effort 10 to increase device packing density,

| C packages have been prWilisBeCHIRIBALLGRID ARRAY tICOPACKAGES mount ed on
both sides of a printed wiring board. This approach conplicates the

i nterconnection strategy in the overall assenbly, but reduces by nearly
one- hal f the Kiewt of thd Idfenttiod | C package. State of the art nultiple chip IC
packages are typically 15 interconnected using f||8 chip sol der bunF

t echnol ogy. I n i ncFaiashueptionuneetes of ba’bﬁr'ﬂc%[ﬁ’b@ A iimearitsd deniblI&dy has

I d bond d d
oo since e akneer it angL Ry S L RIBT M lsGE FRVE Dondi ng has

advant ages tl’ﬁéckd‘:rsmarhféﬂ-\bﬂﬁgbht\{@n Wre bonding techniques and wire
bondi ng machi ned to the point where wire bonds are
rel atively i nexpeniutechimtl areekégehbse beddralrigem dreweidely, inntfree! hamtistar e

regarded as having limted use in nore advanced pacE ?i nsg pproach aﬁl
partly becauskecause ofpsRtRasesfRvee BP%’ﬁf‘@rd‘%ﬂsﬂ%’h WiNgR D Q%SI 959 §Ma\efrany
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i nt er connect i @NpaRRRBENESIP modules carried by a printed wiring board. In an effort

10 to increase device packing density, IC packages have been proposed and
used with multiple chips mounted on both sides of a printed wiring board.
This approach complicates the interconnection strategy in the overall
assembly, but reduces by nearly one-half the footprint of the IC package.

State of the art multiple chip IC packages are typically

15 interconnected using flip-chip solder bump technology. In increasing
numbers of applications flip-chip technology has replaced wire bonding
interconnect technology which has been in widespread use since the
earliest days of IC packaging. However, wire bonding has advantages that
remain attractive. Wire bonding technigues and wire bonding machines

20 have been refined to the point where wire bonds are relatively inexpensive
and are highly reliable. However, wire bonds are regarded as having
limited use in more advanced packaging approaches, partly because wire
bonds require greater pitch than is available in many state of the art
packages. Thus for small pitch interconnection applications the trend in

25 the technology has been toward solder bump interconnection approaches.
However, due largely to high I/O density, packaging vield using advanced

packaging techniques may suffer, and the complexity of the packaging




However, due largely to high I/O density, packaging yield using advanced
packagi ng techni ques may suffer, and the conplexity of the packaging 14 JUl
1004 Y Degani 55-36-70 2 process is increased. As a result the over&UUL 2004
cost per bond nmay be relatively high. The |l ow cost and high reliability of
W re bonds na% s themattractive if ways can be found to adapt wire
bondi ng to pa ﬁH@PHbﬁiﬁﬁﬂﬁ density 1/0 chips. 5 Statenent of the Invention
W have developed a nmultiple chip ball grid array package in which the I/0O
density is increased by nounting active chips in the standoff space

(referred to precessisascrémsd8GAAgap)esut tHreowmdpicaisd@epbobldemayhisg rat e
I nside the ball,grid arra This space, usually enpty, or used for

, (BGA) . space, u
power 10 and '§rBNEY Pighoudhedenneesti s highsredipbility eht wreubends srekesr chi p
sites to in : i ensjly,. o e package. In th referred
enbodi nment , %gﬁgtt%ﬁéJ% gg\{aggééﬁlggsb%a{@nv%y troegﬁéﬁ}dvé'pef%o 'égtt8poasqef(3§"1% t he
BGA substrat enighdidneRyqro eigs.menory chips are placed in the BGA gap on
the bottom side. The term"chips" in this context neans either 15 single
bare di e TonfSigtement of theilpveritign i nt erconnect or a cluster of nmore than

one such die that has been sawn froma wafer processed for flip-chi

i nterconnect in a \Féll?q"’pﬂ aeY BFY é’W‘H&‘%{e @E‘in-B@'gQr'Q ?55%&86@&?@%@ .W'P'Ch

| nt er connect i 1 h | DL RSy ' '
through The BER LOnSERy it Wyreqshd pRifloTRHRERcHIERTIR f FRLRAPSERTE
chi ps in the (AF&rganoclereheas end iBGAl day) aht tvehimtersiie dratiess desteatet iRgide
chips to the substrate duri ng refl ow of the BGA. Heat sinking of the chip

or chips on tthe hadlpard aerayf! BOhiscanadse ustialye aptipy opused diongoavereat

Sk bl 2l a5, SOYRLs 0o MoRReBlohd s WIAEIRLTS AL2a P cHR) teb Rnmed to

increase the 1/0O packing density of the package. In the preferred
embodiment, one or more logic chips are wire bonded to the top side of
the BGA substrate and two or more memory chips are placed in the BGA
gap on the bottom side. The term “chips” in this context means either
15 single bare die configured for flip-chip interconnect or a cluster of more
than one such die that has been sawn from a wafer processed for flip-chip
interconnect in a multiple |C array or a chip-scale package (CSP).
Interconnections between the logic and memory chips are made using vias
: through the BGA substrate. If desired, efficient heat sinking of the IC
20 chips in the BGA gap can be realized by attaching the backside of the
chips to the substrate during reflow of the BGA. Heat sinking of the chip
or chips on the top side of the BGA can be effected by providing a heat
sink plate as a cover. The chips on the underside are typically thinned to
fit into the conventional standoff for the BGA. To accommuodate thicker
25 chips, the substrate board can be shaped to provide a cavity for partially
recessing the chip into the substrate.
The arrangement of the invention allows the large number of I/O

interconnections for the logic chip to fan out on the BGA substrate to



fit into the conventional standoff for the BGA. To accommpdate thicker

chi ps, the substrate board can be shaped to provide a cavity for pﬂg Jhﬁz
recessing the chip into the substrate. The arrangenent of the inve

allows the | arge nunber of 1/0 interconnections for the logic chip to fan
out on the BGMepabsds-36€70to0 1 4 JUL 2004 Y Degani 55-36-70 3 perineter
sites that are wire bonded to controller chip. These perineter sites on
the top of the substrate are then interconnected using vias to the chi ps

on the under i r ach rrles I.n

si npl e and ?‘%rﬂﬁfefegnrté{v\ég ﬁﬁ??\atéé?%\% I@;agpégﬁétq?nghoq@glcﬁ%l hege @fer\m?t@rbonds 5
with the hi gshtds/&dﬁé&bb)bfothefdumtr(‘ahé Rrd @ﬁé}ﬂﬂh@%nne@&é@hs%swals%'

t he Draw ng Fig. 1 is a schematic representation of a conventional B

package; fgh'pQ oinsthe witrrate of thepsessdratat |'Bmsdfybm|rdeambedhrreatnasf ith lae
doubl e- si ded.. r|dB f the inve 10 Fig. 3 is a plan view
of a porti or‘ls & ﬁ@ds‘??AgféPg %bft?'ﬁl lgw QOSW'@‘S high eeliabdity afapire bonds
represend ati 1 bl e- si ded hybrid BGA
package of t\ﬁghﬁh\??ﬂﬁﬁgﬁ?%ﬁ%t a?ﬁé&h&gé@ﬁq@@ﬁ A conventional BGA
package is SBrisfrDéscriptibn of thé_Dedvihgll is die bonded to interconnect
substrate 12. The 1 nterconnect substrate is typically a circuited | am nate
made of standard %909@15@S@Tﬂﬁ@atl%mnfaMl@tat!@at@rﬁabnvmtmnwaﬁi@ﬂ\lﬁamgd'le | C

chip are interconnected to 14 20, on the interconnect substrate by
wire bonds 15. Tﬂﬂg 9s B§tar%ﬁr@rﬁ§t'$§ep’fgﬁ?'3ta@8ﬁn‘gc?'é%lemqqﬁ@eﬁéﬂ B6ard | evel ,

typically a4mihe ri PEs er balls 17. The sol der
balls are usual I y at t a’% tgmégi bo%egaf e Hvetitio '
‘ 10 Fig. 3 is a plan view of a portion of the substrate of Fig. 2;

Fig. 4 is a schematic representation of a second embodiment of the

double-sided hybrid BGA package of the invention;

15 Detailed Description

A conventional BGA package is shown in Fig. 1. iC chip 11 is die
bonded to interconnect substrate 12. The interconnect substrate is
typically a circuited laminate made of standard epoxy or other suitable
material. Bond pads 13 on the IC chip are interconnected to bond pads 14

20 on the interconnect substrate by wire bonds 15. The substrate 12 is
interconnected to the next board level, typically a motherboard 16, by the
array of solder balls 17. The solder balls are usually attached to BGA bond
pads 18. Fig. 1 shows a single chip mounted on substrate 12, but as
understood in the art, there may be several or many such chips mounted in

25 similar fashion. The wire bonds in this view suggest a single row of in-line
wires, but multiple rows of wire bonds, in-line or staggered, are commaonly
used. This package design, with wire bonds to the IC chip, and I-arge ball

bonds to the next interconnect level, is robust and inexpensive. However,



pads 18. Fig. 1 shows a single chip nounted on substrate 12, but as
understood in the art, there may be several or many such chips nounted in
25 simlar fashion. The wire bonds in this view suggest a singl fﬁm%ﬂm4
in-line wres, but nultiple rows of wire bonds, in-line or stagge ed, are
comonl y ussg Thi s package design, with wire bonds to the IC chip, and

| arge bal | Pag2nisSt3e7%hext int er connect? | evel , i's robust and

i nexpensi ve. However, 1 4 JUL 2004 Y Degani 55-36-70 4 as recogni zed by
those skilled in the art, the chip density, and the density of 1/0O

i nt er connect issrrsgognizediby traskagaidsinunest, 1V chpv@eha60UHF &tk Hbasirpt at e
of the art IC 32: ps can be nade thin enough that they can be nounted in

the space be INRECHBICAiong, Hhihis Packagsimhetadese. 12. For conveni ence in
this description | | eferr to herein as the "BGA gap". A
BGA package desi gtr\llg%%ggggr%gf)%'zefjgﬁ?ﬂﬁtﬁﬁ@zﬂpﬁcﬁ{t K cH¥RfRa Repmgdethiniher e
the 1 C chip esodgsitgset 2dn dednolftel | b ate
22 as in Fig. 1.QBond pads 2?% on Ot hte I%Q%P%%g:réeg?ﬂr\{?éeﬁg@@nggtgé%%;éoéﬁ%nd

pads 24 4én t e Bubstraenhact Farccawesiaratecinbhisitescriystials 125 .sphlbe wlibisé r at e 22

S interconnecft ed to  not herboarﬂ%qz& by sol der balls 27 and BGA bond pads
28. Attached #8TeAHE NRIGE &5 dke SBGAGagUbsArBP A packags desomchageeding an

e Ehemscs S IRl 1P 2B SIS baghbaB il
are typical | s die yridddesdineidonnedesubstiBie b aldl inzah! QN BHRE p3”’VEY -on
Substrate 22 therefore supports a hybrid of wire bonded chips and sol der
bonded fli p-thniGpship are ingemmosnectestitcebbod ipadst24 bnt the innarenhhect t he wire
?ﬁgdg?rgg Oﬁgti_rtg)st?a]ﬂei t?y %\nlreogul:)%ésc%r?itr? !aesrublsga(t:éﬂi)? i%niﬂtérgce)nkgct%%i t%s 31-34 1n
motherboard 26, by solder balls 27 and BGA bond pads 28. Attached to
the underside of the substrate 22, in the BGA gap, is an array of IC chips
31-34. Each of the array of IC chips is flip-chip bonded to the underside of
substrate 22 using solder bumps 35. Solder bumps 35 are typically
15 provided with under bump metallization (not shown). Substrate 22
therefore supports a hybrid of wire bonded chips and solder bonded flip-
chips.
In the preferred embodiment of the invention the wire bonded IC
} chip 21 is a logic/controller IC chip and the IC chips 31-34 in the array on
20 the underside of substrate 22 are memory IC chips. As shown, the
standoff between motherboard 26 and substrate 22, i.e. the BGA gap
thickness, is sufficient to accommodate the thickness of the IC chips 31-
34. In atypical BGA package, this standoff distance is approximately 15-
25 mils. The usual wafer thickness for IC devices is 26-30 mils. Thus it is
25 recommended that the wafers be thinned prior to dicing to reduce the IC
chip thickness to below the BGA standoff dimension. The thinning step is

conventional, and in state of the art IC technology is performed routinely.

IC chips are typically thinned to 10-15 mils. It is this state of the art, and



20 the underside of substrate 22 are nenory |IC chips. As shown, the

st andof f between not herboard 26 and substrate 22, i.e. the BGA gap

t hi ckness, is sufficient to acconmpdate the thi ckness of the IC ch1r§s“b1m4
34. In a typical BGA package, this standoff distance is approximtely 1 5-
25 mls. The‘ﬁ#a waf er thickness for IC devices is 26-30 mls. Thus it is
25 recomended BA? 1912%Vffers be thinned Hrior to dicing to reduce the IC
chip thickness to bel ow the BGA standoff dinension. The thinning step is
conventional, and in state of the art |1C technology is performed routinely.
I C chips areneypireedgnjitivhiafribe gackbgl-idplightions bt it thit ol rPé’ the art,
and 1 4 JUL 2004.Y Degani 55-36-70 5 new recognition of the pac age

i npl i cati ons P&FcHigal megtaiion of t frremvren@@nrwahounp@mmmy eddiofy tche

i nvention w }n@g’yoéél%r“iaﬁargi %gd%g@eﬁquab rocessi ng and expense of

waf er fabricati rrang ”8% & and shown |n Fig. 2,
i.e. with one 5 (Tmen@rrr&gl;&néh! Qé‘sé’ﬁtfe% 9&5%«99 b t he
substrate and one nore | C chips flip-chi n% gbﬁﬂ one

repr esenf’s aobﬂé@f@rhce@hlpﬁa&kag:@rdegl tgnt heectogpr siunﬂ@cé of &rhl@ sUB’dﬁ@té @Hd drevnever ,
in principle c be thinned to even smaller dinmensions, and with
the current 8} &Q%dﬁém!paﬁhp.qﬁ@p &Pﬂgeﬁé‘hé @&ﬁﬁqrgﬁ@eﬁeweﬁhntaaﬂefmrqd fl at
profiles, on s be mount ed in_.the BGA
gap. Anot herSa%’aeﬁ/@g?ggbﬁacdgorﬁpggrgﬁ%% '\bee'ﬁﬁ 'Fo V%rhI'B %B‘I%PI? H@ P hi ps

on the top ofan be thsuixst t@keeen Stndike deeRboAL] Qﬁé \/thhHﬂgl%gHF‘erqes' gns in
addition to the preferred choice are: 1 . Flip-chip bon surface nount

chip(s) on t#eVRIgpTENtAiding wirbend aete’lmqtléls Wtitip relbiipelpoinatestofieg (e 1 n
the BGAgap. o2moft"Girf P20ed 4G %ng may gemggnte%f rnt thhee Eétﬁsgggt eAr\:\gtthng e
very practical alternative is to flip-chip bond the IC chips on the top of the
substrate. So the permutations of package designs in addition to the
preferred choice are:
1. Flip-chip bonded or surface mount chip(s) on the top of the
15 substrate with flip-chip bonded chip{s) in the BGA gap.
2. Wire bonded chip(s) on the top of the substrate with wire
bonded chip(s) in the BGA gap.
3. Wire bonded chip(s) in the BGA gap with flip-chip or surface
) mount chip(s) on the top of the substrate.
20 In each case the mounting of one or more IC chips in the BGA gap
meets the main criterion of the invention.
An important feature of the hybrid BGA package of the invention is
the provision of through hole interconnections, or vias, between wire
bonded logic/controller chip 21 on the top of substrate 22 and memory
25 chips 31-34 on the underside. For clarity, the vias are not shown in Fig. 2,
but are illustrated in
Fig. 3. In Fig. 3, a portion of IC chip 21 is shown, as well as a portion of

substrate 22 on which it is mounted. IC chip 21 may be die bonded or



bonded chip(s) in the BGA gap. 3. Wre bonded chip(s) in the BGA gap with
flip-chip or surface nount chip(s) on the top of the substrate. 2d & dUedBh

case the nounting of one or nore I1C chips in the BGA gap neets the main
criterion of the invention. An inportant feature of the hybrid BGA package

of the invent DRPaH;iSs5.3§8gProvi sion of through hole interconnections, or
vias, between wre bonded |ogic/control |%®r chi p 21 on the top of substrate

22 and nenory 25 chips 31-34 on the underside. For clarity, the vias are
not shown igi@&@%@mbué are illustrated in Fig. 3. In Fig. 3, a portion
of IC chip xegddowgeltistrase & 2DOAhi R Pbf mﬁ»@%%ggﬁ#%ggn whi ch it

IS nmount ed. i may, be die bonded or 14 J UL dni  55-36- 70
6 ot herw sesgg ¥| X%’gﬂé(]}hgu%%qer Qﬂfﬁﬁlp Ah- af reayreashb owidirey bead cﬁa@%estﬁ%ié

shown al ongpate 3edge fnl i orresponding array of wre bond

pads 36 are fornmed on srube?t ?Qtsgjb%é?t%?e %ﬁ?%bf)ﬂ%m@owmqtm aree  shown
at 37. In t¥ewnigude. tihehw figukond RA@SH MY §99§tornﬁ§%s§2 are_shown 5 in two

rows to.illustrate the several alternative arrange ' 2@&9 shewised

for the wir'd BEAAGOGS WilIUsHate sl s evereCaltbirmtRe é‘rﬁéhgﬁérﬁ@ngetfﬁftrrgggebde in
nore than qugeeorm/y,th%r\g/i%tt?%g&red agg] over |l apped so that, e.g., pads,
each having a 50 }im squar@ C car be "ERBIMBAUIE ethimlZongam atdt pe by of

subst anti alihynbasshdhan soci ated with the bond pad sites
36 are vias 38 that int 33’9‘6‘&%& %Hépﬁ@(?ﬁaﬁﬂaﬁ%g 596thas, ete, @der si de of

substrate ZBdsWeiakth heating RoBO ,um ishudid |- 4R od by those skilled in
the art that printed circuits ar etq pré\?iadgodygggé'ugﬂg?&aﬁeé PONgFhehipr i nt ed

circuits i i ebsHBstaNt@IlgHesS ti3dr 10,000 um.
10 Associated with the bond pad sites 36 are vias 38 that interconnect
the wire bond pads 36 to the underside of substrate 22. While not shown,
it will be understood by those skilled in the art that printed circuits are
provided on substrate 22. The printed circuits interconnect IC chips 31-
34, IC chip 21, and BGA balls 27. |t will also be understood that a wide
15 variety of interconnection circuits may be used for the invention. These
circuits may interconnect some of the wire bond pads 36 together, in
which case each wire bond pad will not require an associated via. The
vias are shown as situated along the edge of IC chip 21 but may
alternatively occupy any of the substrate area on the top side of substrate
20 22. Likewise the printed circuits on the upper and lower sides of substrate
22 may extend over the entire available surface. This large surface area
adds significantly to the design flexibility of the interconnection patterns,
It is also practical to add interconnection circuits to substrate 26.
Moreover, it should be understood that either or both of substrate 22
25 motherboard 26 can be multilevel printed circuit boards. |
For a robust IC package, the cavity occupied by IC chips 31-34 may
be underfilled with an epoxy if desired, and the IC chip 21 overmolded

with plastic, or otherwise enclosed as required by the application.



34, 1Cchip 21, and BGA balls 27. It will also be understood that a w de 15
variety of interconnection circuits my be used for the invention. These
circuits may interconnect sone of the wire bond pads 36 together,qjny wyich
case each wire bond pad will not require an associated via. The vias are

shown as sit I e edge of IC chip 21 but nmay alternatively occupy
any of the s&?%?&a’ﬁesgg#éz&on the top side of substrate 20 22. Likew se the

printed circuits on the upper and | ower sides of substrate 22 may extend
over the entire avail able surface. This |arge surface area adds
significantly to {héhejagagaemeskiosifigt 9. vie shece hebweemsebsirane P2t ded ns. | t

I's al so practj: ' i_nt erconnection circuits to substrate 26. .

Mobr eover, i tbgﬁgduq éﬁ%@'qg)r%gﬁ ?teo'(?ds"’c%ﬁﬁfe”éitf’I?é:rcoﬁ?mﬁg??? CBiRssP i atk veith 25
not her boar d 2@agmitdd) | | ' int ard r | C
package, the cgvi ty g%%%%ﬂegwa/é Icgmcsnhlérg&s]I bglijf%%sr'raeg'ge&&% gra’frﬁf’{tg@%\?\h{? h an
epoxy if- des#firengemedt MieereGheHCpctdps @oetamt thedorimiethciphas bb&rd. OFopthigr Wi se

encl osed_as requi rﬁd b% the application. 1 4 J UL 2004 Y Degani 55-36-70 7
In the aFran‘Z‘fé&Q ofNgPgcksides gf thpdbechips wer fursinhed with an agadopjatent ed

circuit boar ' I Gl 0.a t C,chips 31-34 with

cl earance be%dgghbﬁgéqléng%ﬁggzagﬁa, %gggg}@% Eﬁsgégfrgﬁdﬁg'déﬁ A PEREd i ve
arrangenent wirinig bbBrd UG &hsPewWeONABSEMbREL P bIHATRAWSIRE W oar & For this
5 approach, the %a(_:ksi des of the IC chi ptsvearg [f urni sﬁeg vﬁatrﬁ an%appr opriate
sol der wet t adtcomelisiidd usingapnvantiosel skenfapadsoubt tachnplogyi M Ton.qr i nt ed
W ring board 47, as printed wiring board 47 is

shown, Assenbly to
acconpl i shed® X171 R AGEREd BRAtera @ rsateempanie. PasHibigygorsvnents os. the
o ) % Dl DB Shd Sontaok s B R, PR R T ™
reflow of the SMT paste and the BGA balis, both substrate 46 and the IC
chips 51-54 are attached to printed circuit board 47. This package design
is robust, and adds versatility to the assembly operation. It also allows for
backside power/ground connection from IC chips 51-54 directly to printed

15 circuit board 47, For assembly, the IC chips may be solder bumped at the
wafer level. Then they may be attached first to the printed circuit board
47, and attached to substrate 46 during reflow, or alternatively may be
first bump bonded to substrate 46, then attached to printed circuit board
47 during reflow.

20 The effective pitch of the /O interconnections, i.e. the spacing
between interconnections (pads, runners), on the IC memory chips may be
in the range 20-40 um. Typical pitch for the wire bonds on the logic chip
is 55 - 70 pm.

The solder bump configuration used for the chip array on the

25 underside of the substrate may be an area array, i.e. an array of
interconnection sites filling the entire chip area. Other arrangements are
equally useful. The term area array is generally used to distinguish from

edge arrays or perimeter arrays. The solder bump array may comprise any




reflow of the SMI paste and the BGA balls, both substrate 46 and the IC
chips 51-54 are attached to printed circuit board 47. This packagg _ﬂij@sm&n
is robust, and adds versatility to the assenbly operation. It also allows
for backside power/ground connection fromIC chips 51-54 directly to

printed 15 cigyquit . 47. For assenbly, the I C chips may be sol der
bunped at thé;ﬁ\'ﬁﬁ?'é‘%%l‘a%‘g@?. Then they may be attached first to the printed

circuit board 47, and attached to substrate 46 during reflow, or
alternatively may be first bunp bonded to substrate 46, then attached to
printed circ@rpfivueation whicuicende Big-civip RhdBde Bid-ekitp bendihhGh Ak the 1/0
I nterconnectipns, i.e. the spacin bet ween i nterconnections (pads,
runners), onafwghp@%@”@ﬁﬂﬁgc%%Ncb%ubﬁtfﬁtﬁﬁé'Ulpé'r@edtz@nllmmnanTypi cal

pitch for th | - l.ogi.c..chip.. 1s 55 - 70 m The sol der bunp
confi gurati oﬁ]tﬂ%@r&g?gﬁh@gﬁ%easgjggyasoa Sﬁ'ﬁgn ?%Pﬂnaﬁ?aé?'&es SUHHE: S¥bstrat e
may be an ar péneed elycuit bbar@n Tel @tadimeh D hHRNY/Ghical %'oﬁrcﬁé §id bbb Bk he
entire chip area, Other arrangenents are equally use uY. e’ term area
array i s genet BAI'S: Rads arduines il aeperitaily referredi ge hareiagitenas paimhpst er

. Th [ ' 14J UL 2004 Y De '
5. 3670 6 couli R PR AP P ARRla0 B he eraRbpduindedie mn 5. 41 p bond ng
is th t t a@RaRdN i ' t b e ' . .
| ntr connect | o uhers ane Roeh e o Lp TRt U Bino BB B o

printed circplisteddarcontddtewatt iehsEistrateangy ihe doBkcrl haataal @efeflow thée
form5 of balls, pads, or bunps (generically referred to hereinafter as
bunps). Sol tRIFeharpatiash Hie ehipltoctet substeate ehbronchassbul mdrigingpit iso t he

: gt er CO%‘““@&ES%HR?M&H%@ Sled & B4 tlwsgni%r?sogginggd ?tp\?vreetl%aib?g’byt thhee chip
solder. This is accomplished in practice using a metal coating on the
aluminum IC metallization, and appiying the solder bump or pad to the
coating. The coating is typically referred to as Under B ump Metallization
(UBM). The standoff in the embodiments of the invention described above,

15 wherein a solder bumped IC chip is mounted in the BGA gap, includes at
least one level of UBM as well as the thickness of the |C chip. A typical
UBM is a composite of chromium and copper. Chromium is deposited first,
to adhere to the aluminum, and copper is applied over the chromium to
provide a solder wettable surface. To insure interface integrity between the
20 solder and the UBM, a composite or alloy layer of chromium and copper is
typically used between the chromium and copper layers. A suitable
thickness range for the UBM is 7000-15000 Angstroms. A typical height
range for the microbumps (e.g. 35 in Fig. 2} is 20-50 pm. Accordingly the
thickness of the BGA gap G should be at least the thickness of the IC chip,
25 the microbumps, and the UBM, i.e.:
GzT+ M+ U
where T is the thickness of the IC chip(s) mounted in the BGA gap,
M is the height of the microbumps, and U is the thickness of the UBM



pl aced in contact with the substrate and the solder is heated to reflow the
sol der and attach the chip to the substrate. For successful bonding, it is
10 necessary that the sites to which the solder is bonded it wett gb4 gubgQps
the solder. This is acconplished in practice using a netal coating on the

al um num1C al li.zat] and applying the solder bunp or pad to the

coati ng. Theﬁ%gﬁ'}{é%l‘iﬁ??/pi cally ref erred to as Under Bunp Metal lization
(UBM . The standoff in the enbodi nents of the invention described above, 15
wherein a sol der bunped IC chip is nounted in the BGA gap, includes at

| east one | el@er&t. UBM as well as the thickness of the IC chip. A typical

UBM is a conposit o.f; chrﬁeg}' m and copper. Chromumis deposited first, to
adhere to the al ufi*n{lHFt'a pPEMPle indiei ddthe BE A Bepddimemision Gois pr ovi de
a sol der wet yatr&i f ENgULe. i rface Lategrity between_the 20

sol der and the UBIV?&%bggt?rlgo@-@?gpgr6@?4%%&%@3&8 g? %ﬁMWEHaS%Qp?fem S
typi cal | y usB@Abbtmegradsh2g chirrg: um and copper |ayers. A suitable

t hi ckness range for the UBMis 7000-1 5 000 Angstronms. A typical height
range for the rricroburr§s=(eHg+ B5 in Fig. 2) is 20-50 m Accordingly the

t hi ckness of the gap G should be at |east the thickness of the IC chip,
25 the mcrobunps, and the UBM i.e.:. &_ T+MtU where T is the thickness

of the I C chip(s) munged gnst ke BGA "~ Mis the height of the
m cr obunps, and U is the thickness of-fg?ﬁje UBM 1 4 JU L 2004 5 Y Degani

55-36-70 9 | ayer (®here Bsisitheusicialees dfahesB@ATbShd Pafis 9. TydicdiRE BEH &P
dinmension Gis determned by the height H of the BGA ball's 27 'and the
t hi ckness B "$iCeSaarly. the thickness of the BGA bond pads on the substrate 22 will
10 be the same as the thickness of the BGA bond pads on printed wiring
board 26. Thus for simplicity, B here is the combined thickness of the
BGA bond pads.
The UBM typically protrudes over the polyimide surface of the IC
chip and the BGA bond pads typically stand off from the surface of the
15 printed wiring board, in which events the gxpression given above is
suitable. However, in some structures the bonding sites may be recessed
which, as would be evident to those skilled in the art, relaxes the
dimensional prescription.
As used herein, the term solder bump pad is intended to refer to a
20 pad that is ball or bump bonded to another substrate and is used to
distinguish from a bond pad that is wire bonded. As described above the
solder bump pads on the IC chip generally comprise under bump
metallization. Typically the wire bond pads on the IC chip are aluminum
pads. The wire bond pads on the printed circuit board are typically copper
25 pads plated with nickel and gold, and the wire bonds are typically made
with gold wires. The term interconnection pad is used herein as a generic

term to describe solder bump pads and wire bond pads.

The term printed wiring board when used herein refers to standard




L S

BGA bond pads 28. Thus: G=H + B and: H+B >_ T+M+2U where B is the

t hi ckness of the BGA bond pads. Typically, but not necessarily, th€

t hi ckness of the BGA bond pads on the substrate 22 will 10 be th AWBZQQé
t he thickness of the BGA bond pads on printed wiring board 26. Thus for
sinplicity, Séﬁere_i s the conbined thickness of the BGA bond pads. The UBM
typi cal |y prdt PE&Y 5v37¢ he pol yi ni de sudface of the IC chip and the BGA
bond pads typically stand off fromthe surface of the 15 printed wiring
board, in which events the expression given above is suitable. However, in
SOme struct uPREXY eabdsdiang:ainiss FRRY, el §66 asa9dntedbhfec@suMAdsbsng
evident to those skilled in the art, relaxes the dinensional prescription.
As used her efRY qtﬁgr Buitabledntrseoness pdistiatei ntended to refer to a 20 pad
that is ball or bynp : anot her substrate and is used to

di stingui sh from %’82’3rgpﬁgﬁt'{”ﬁaa{tm?g#\ﬂapgnﬁd’rﬁ&gli INKENHRE [ lneer eV 108 Re

sol der bunp pkited o théerd, Calhddy i Seaes ,

metal | ization. Typically thehdvmél!r'e bon?omégé)gﬁé%@g ﬁéggﬁhg%%ﬁteh'%l um num
pads. Thé wi $Reditinatipadbabbasihallypreintoed the neiiciplboand el éypvslahty copper
25 pads pl atﬁ& W th Ri g‘kﬁl ang}agol d, and the wire bonds are typically made
with gol d wirEYIRYENICE, TR it dlee hafsed \ngsaeresrragedy sonsiderad witiener i c
termto descyq S i.r e bond, pads. The term printed

Wi ring boar d{Hﬁg%édt?sgghﬁée)weqéﬁH?%faesfggf%}d'tg‘jtdaﬂ%rcba?q’eﬂ' JUL 2004 Y Degani
55-36-70 10



epoxy boards, for exanple FR4, ball grid array interconnect substrates, and
any other suitable interconnect substrate. Various additional nodifications
of this invention will occur to those skilled in the art. Al dew g ﬁ@
fromthe specific teachings of this 5 specification that basrcally re 5 ﬁ
the principles and their equivalents ¢through which the art has been
advanced are properly considered mﬁthin the scope of the invention as
described and claimed. 1 4 JUL 2004 11 1.. An |IC BGA package conpri sing:
a. afirst printed wiring board ( first PWB) having an upper surface and a
| ower surface, a first array of BGA bond pads on the upper surface, and a

second array of BGA by %ﬁi ]! t he rp surface, the second array of
BGA bond pads spac"ed rom~ hB E}Q&CO&P &"9f BGA bond pads, and the BGA
bond pads having a thickness Bl, b. a second printed wiring board ( second
PWB) having an upper Suf¥ afébplafh‘ﬁda[\’lﬂﬁmoasdu(flé&thWﬁdwaxmg)Ensjpm@r i. a
first array of BGA bond pads with thickness B2 on the |ower surface, ii

ii. a
second array of BGA bofwfpzdsnavetibwbhiGknes s £i/B2 08 td}t@é@\w dég&j ace t he
second array of BGA bond pads spaced from'the fi rs array o

pads, thereby forni ng aoB®fe gppert fiefaire bwdensedadnd aaaylo@Bmep»oaﬁtrmdsed to
t he upper surface of the second PWB, iv. an array of IC chip wire bond
pads on the I C chip,  onthe upper surface, the second array of BGA bond pads
spaced from the first array of BGA bond pads, and the BGA
bond pads having a thickness By,
b. a second printed wiring board ( second PWB) having an
upper surface and a lower surface, and comprising:
i. a first array of BGA bond pads with thickness B, on
the lower surface,
ii. a second array of BGA bond pads with thickness
B, on the lower surface, the second array of BGA
bond pads spaced from the first array of BGA bond
pads, thereby forming a BGA gap therebetween,
iii. an IC chip atlached to the upper surface of the
second PWE,
iv. an array of IC chip wire bond pads on the IC chip,
v. afirst array of upper surface PWB wire bond pads
on the upper surface of the second PWB at |east
partially surrounding the IC chip,

vi. a second array of upper surface PWB wire bond

pads on the upper surface of the second PWB at




v. a first array of upper surface PWB wire bond pads on the uppery Sy @@ge
of the second PWB at least partially surrounding the IC chip, vi. % n
array of upper surface PWB wire bond pads on the upper surface of the
second PWB at 1 4 JUL 2004 12 least partially surrounding the IC chip, vii.
athird array of upper surface PWB w regybond pads on the upper surface of
the second PWB at |east partially surrounding the IC chip, viii. an array
of sol der bunp pads on the |ower surface of the second PWB, the sol der
bunmp pads . having a thickness Ul, ix. a first plurality of wire bonds
interconnecting the first array of IC chip wire bond pads and the first
array of upper surface PWB bond pads, X. a second plurality of wire bonds

i nterconnecting the sec%\%g,b gnggbnlogngmgqpﬁa Scﬁ?ﬁ?nd pads and the second
XI . ir

array of upper surface urality of third wire
bonds interconnecting the th| rd array of 1C chip wre bond ads and the
third array of upper su\"fa@éh'lﬂl\B”%rﬁ L@@@gsug{ﬁ:e PAVBiWige DBMHral ity of BGA

i nterconnection vias through the second PWB, xiii. a second plurality of
BGA i nterconnecti on vi aspadshontigh upher sedaredoPWB, second PWB at

least partially surrounding the IC chip,

viii. an array of solder bump pads on the lower
surface of the second PWB, the solder bump pads
having a thickness U,

ix. a first plurality of wire bonds interconnecling the
first array of IC chip wire bend pads and the first array
of upper surface PWB bend pads,

x. a second plurality of wire bonds interconnecting the
second array of IC chip wire bond pads and the
second array of upper surface PWB bond pads,

xi. a third plurality of third wire bonds interconnecting
the third array of IC chip wire bond pads and the third
array of upper surface PWB bond pads,

xii. a first pturality of BGA interconnection vias
through the second PWB,

xiii. a second plurality of BGA interconnection vias
through the second PWB,

xiv. a plurality of chip interconnection vias through

the second PWE,



xiv. a plurality of chip interconnection vias through the second PWB, 14
JUL o 13 xv_ first upper surface netallization neans for interconnqeqtngzm‘
the first plurality of BGA interconnection vias and the first array of
upper surface PWB wire bond pads, xvi. second upper surface netallization
-means for interconnecting the second phgrality of BGA interconnection vias
and the second array of upper surface PWB wi re bond pads, xvii. third
upper surface netal |l izatfirenupearsfaoe medetionmeestnndgort he chip

i nterconnection vias and the third array of upper surface PWB wire bond

pads, ,-viii. first howesyiHihaase meé@hliAaf hoagreans for interconnecting

the plurality of chip interconnéction 'vias wth the sol der bunp pads, Xx.
at least two | C chips_geach havi ng,a t hi,ckness of T or |ess, and each
having an array of sol&EFOHLRYC P %%aﬂgfﬁﬁ‘%gfﬁjaﬂﬁyc%fn%%%efuz, c. afirst
array of BGA solder balls bonding the first array of BGA bond pads on the
first PWB to the firsurtacedyWat wBahondoratispads on t he second PWB, and a
second array of BGA solder balls bonding the second arr% of BGA bond pads
on the first PWB to ‘e S8eRUhYPERT B T3S BEEDEAHPPAESNSAC he second PWB,
the first array of BGA solder balls and the

interconnecting the seccnd plurality of BGA

inlerconnection vias and the second array of upper
surface PWE wire bond pads,
xvii. third upper surface metallization means for
interconnecting the chip interconnecticn vias and the
third array of upper surface PWB wire bond pads,
xviil. first lower surface metaliization means for
interconnecting the pluralily of chip interconnection
vias with the solder bump pads,
x. at least two IC chips each having a thickness of T
or less, and each having an array of solder bump
pads having a thickness U,,
c. a first array of BGA solder balls bonding the first array of
BGA bond pacs on the first PWB to the first array of BGA
bond pads on the second PWB, and a second array of BGA
solder balls bonding the second arréy of BGA bond pads on
the first PWB to the second array of BGA bond pads on the
second PWE, the first array of BGA solder balls and the

second array of BGA soider balls having a height H,




second array of BGA solder balls having a height H 1 4 JUL 2004 ]ﬂ Jlﬂ’ Uggu
array of solder bunps with height Mbonding the array of sol der bunp p?i
on the IC chip to the array of solder bunp pads on the | ower surface of
t he second PWB, with U,, U2, M T, B,,,B2, and Hrelated by: H+B1+B2 >
T+MrU, i -U2. 2. The | C BGA package of cl%dim 1 wherein the IC chi ps have been
thinned to result in T less than 15 mls. 3. The |1 C BGA package of claim1

wherein the IC chip onythe oUppef sSHES BGRAPSivitrheeight MhbofYBgitse artaggi ¢
chip. 4. The I C BGA package of” claim 3 wherein at |east one of the IC

chips in the BGA gap is, a ry chinp. T, : %a&es laim 2
wherein the plurality Bffsqlggpgﬁﬁquc% ?rﬁgwel?)léh;:cllél ptglcﬁs%\ez;tl‘d'?l I east&{j%r(r:ee I C
chips. 6. The | C BGA package of claim5 the nunmber of IC %h\é/ s in the BGA
gap is larger than thebwupmadsosn e wessusacerd @ serond i¥Bee. 7. The I1C
BGA package of claim6 wherein a single ICchipis attached to the upper
surface of the second viBU,, U, M, T, By, By, and H related by:

H+By+B, 2 T+M+U1"‘U2.

2.  The IC BGA package of claim1 wherein the IC chips have

been thinned to resultin T less than 15 mils.

3. The IC BGA package of cleim 1 wherein the IC chip on the

upper surface of the second PWB is a logic chip.

4. The IC BGA package of claim 3 wherein at least one of the IC

chips in the BGA gap is a memory chip.

5 The IC BGA package of claim 2 wherein the plurality of IC

chips in the BGA gap is at least three IC chips.

6. The IC BGA package of claim 5 the number of IC chips in the
BGA gap is larger than the number of iIC chips on the upper

surface.

7. The IC BGA package of claim 6 wherein a single IC chip is

attached to the upper surface of the second PWB.




