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FORM'NG A STACKED- DI E | NTEGRATED Cl RCUI T CHI P PACKAGE ON A WAFER L ELﬁf
TECHNI CAL FI ELD The invention relates generally to integrated circuit chip

packages, agghoiRssg specifically to a method of form ng FcghRsieend €
integrated circuit package at a 10 wafer [evel. BACKGROUND ART A chip

package is used to protect integrated cijrcuit chips from contam nation and
damage and is used 15 to provide a durable and substantial electrical |ead
system for connecting integrated circuit chips, or dice, onto an external
printed circuit board or directly i Mescxripeliestroni ¢ product. There are
numer ous advantages to providing a nulti-chip integrated circuit (10
package 20 over single-chip carriers. By placing nultiple chips directly
on a substrate that PEFHMOF BORMIN R HTEEKERIDIE oA EGRAEEPance

connections between the(ﬁﬂkﬂﬁTa@glgryhcggggnghlﬂowggEﬂ|ﬂg@gL and t hat

suppl i es a very dense interconnection network, packaging density and
syst em 25%performance can be inproved. The nultl-chlp package mnimzes

t he chi p-to- chigrispaangrang reduces the inductive and capacitive

di scontinuities betmeen he, chi mount ed on the substrate. Addifionally,

narrower and shorter wWEPEsiBHERH ”béF AFEs IR & FQvarheRrYetss 30
capaci tance aminmdltct:ampepadsﬂeagéme apdli noed specifiitcalagr do a method

nter connect | ofis et 81 LAY ANLAIROUS, L Lot UPLLRLS It Tcal 1 C

chips into the sane pac age in
10 wafer level.

BACKGROUND ART
A chip package is used to protect integrated

circuit chips from contamination and damage and is used

15 to provide a durable and substantial electrical lead
system for connecting integrated circuit chips, or dice,
onto an external printed circuit board or directly into a
electronie product. There are numerous advantages to
providing a multi-chip integrated circuit (IC) package

20 over single-chip carriers. By placing multiple chips
directly on a substrate that provides low-inductance and
low-capacitance connections between the chips and the
signal/power lines, and that supplies a very dense
interconnection network, packaging density and system

25 performance can be improved. The multi-chip package
minimizes the chip-to-chip spacing and reduces the
inductive and capacitive discontinuities between the
chips mounted on the substrate. Additionally, narrower
and shorter wires on the ceramic substrate have much less

30 capacitance and inductance than the printed circuit board
interconnections. It is often advantageous to stack
multiple identical IC chips into the same chip package in
order to increase memory without increasing the
footprint, or the area occupied on a circuit board, of

35 the integrated circuit package.



order to increase nmenory wthout increasing the footprint, or the @%%g o
eccupied on a circuit board, of 35 the integrated circuit package. EIZ’G
2004 WO 01/67511 PCTIUS01/00828 -2 In the prior art, it has been compn
to fabric kage for each individual pair or grou t hat
constitute e ITU?PI -chi p package. O hers have reali zedq,tcﬁéutsog‘%ogv\oul d be
advant ageous to be able to form5 the | Cpackage at the wafer level, that
is, after each individual die has been formed on the wafer, but before
the wafer has been diced into individual chips. This allows for easier
mass production of chi pIpaekagesi@andrtf, o&tshaerlaéemrdcpmackages arranged

inamtrix fo 10 the, waf e to nuf ctureda sted [l at
one tine. Thlfsan%ralncar educgafkﬁ%ea%dcf C6S ?‘ m ﬂlle‘%f)arlo 55y oF 8 S‘ﬁ%gl? and

testing | C chigisse Mistt cbnshétwed ethd méltlpahmgwar@Merrésh@fs hawee pri or
art invol ve the, pa Eﬂgtoit%éﬁﬂﬂ'ﬁe %]ﬁvhgkggé&#{dcoc'brc%ﬁedt;g ?ther

packagi ng schenes e nvol ve nmulti en atte ormthe
seni conduét or e ilepasrageaaki tee avgflayr aevey. othatafisrs aftpsreasanpl e, U. S.

Patent No. 5, 9573ikdad-a Bak! hQésﬁéﬁ%m%d”Sﬁh%fvﬂiférncﬁaﬁésbéﬂoféVCU't
density by stacking an 20 ug?er wafer and a |ower wafer, each of which have

fabricated cir'dif ¥3Fsnhage digechdnsR RS Yidyads s&iPsye TAE® surfaces.

The upper waf edllicwsAtfoacBadiebatksd @rbﬂ@ﬂét%ﬁhof ftﬂaﬂp)\@abk\q@égrana\nth a
| ayer of adh?l ve bein aggl i ed .on the back 25 waf e
0

S | o
The wafers ar gred P RRHIA9R5 - 55%???1%&%@“@1#&& ?BV“%E Oéhch of
t he waf ell8 i ntithe perﬁmndtoubarmahummmd ahé tsbierddllaher opai times. t hen

itself att aChelqﬁ:[so Al Q‘ggﬁéévguﬁé lamq‘t %oismgi éﬂgepéor&%ss of packaging
and testing IC chips.
Most of the wafer level packaging schemes of
the prior art involve the packaging of a single
15 integrated circuit die. Other packaging schemes which
involve multiple dice often attempt to form the
semiconductor devices by stacking a plurality of wafers,
For example, U.S. Patent No. 5,952,725 to Ball discloses
a method for increasing circuit density by stacking an
20 upper wafer and a lower wafer, each of which have
fabricated circuitry in specific areas on their
respective face surfaces. The upper wafer is attached
back to back with the lower wafer, with a layer of
adhesive being applied on the back side of the lower
25 wafer. The wafers are aligned so as to bring
complimentary circuitry on each of the wafers into
perpendicular alignment. The adhered wafer pair is then
itself attached to an adhesive film to immobilize the
wafer during dicing. The adhered wafer palr may be diced
30 into individual die pairs or wafer portions containing
more than one die pair. U.S. Patent No. 5,872,025 to
Cronin et al. discloses a stacked 3-dimensional device
which is prepared by stacking wafers as an alternative to
stacking individual devices. The chip regions are formed

35 on several wafers with each chip region being surrounded



waf er during dicing. The adhered wafer pair may be diced 30 into i@gis}gpqml
die pairs or wafer portions containing nore than one die pair. U S “Patent
No. 5,872,025 to Cronin et al. discloses a stacked 3-di nensi onal device

which is prgpaigsiPy stacking wafers as an alternative t gcrfilsefdobizd
I ndi vi dual devices. The chip regions are forned 35 on several wafers with

each chip region being surrounded 0 0 SER.2Cab WO 01/ 67511 PCT/ USOL /00828
-3 by an insulator filled trench. The wafers are then stacked with the
chip regions in alignment and joined together by |amnation. After

| am nati ng t heédbwstackasyflateuf ibledttyenschof Tt prafars sspatherd by et ching,

dicing 5 or aihfhdd QQAePSeRe Lo HReE Yht i IHRNLAS andUghidsat hose not ed
above, in which whole vvaferseare al iéggﬁgd to_each ot heran aghlered t oget her,

and then di cedtq9ft&etndvylanination. paifter Faninafiinghdbe FEARKS Rfar ant ee
that all of theaflddd,ndivdchyabs dieipd ldrebgepgesred and drehehgonapeaperly. For
exanpl e, gn al i%nitn the wafers, a good die nay be aligned with a "bad"
die, or a>di e Tha-F¥5eEA°FePERTti on properly. A conbined stacked-die
package whi ch incl udes Ohbhethrabbeodvidihe mahtods bashali eswsubdeuhdtedht el y

result in 15 a,had stac - di K%&g n %-ﬂ?&’ t ' rded.
This results |aan t hé \t/J\'/?'iBst@g&g#1 ﬁhaﬁgé:goo rgibgggniﬁtl S| ag:oqgfggtg% &?he pr esent
i nvention to #thrrefe tegrthhod oid fidem dgcad sinkek ddwddivé dpgl pdekage t hat

allows all of dheSiliisCeRadi RPN B WRf GliabOnbiée RAGKaGEd 2@ @keone tinme and
produces_an integrated_ ci r,cwt!iﬁackage t hat _has the smal | est possible

foot pri nt9f or HEVIWEd- ddPevhheiRRye 9oPE"| a9 FRHer BEPREFL%: (HF present
invention to @taapide dnmalbgaind diy wafigra, sa agkell-dlieemant Bgr at ed

aligned with a "bad" die, or a die that doesn't function
properly. A combined stacked-die package which includes
both a good die and a bad die would ultimately result in

15 a bad stacked-die package and would have to be discarded.
This results in the waste of many good dice.

It is an object of the present invention to
provide a method of forming a stacked-die IC package that
allows all of the silicon dice on a wafer to be packaged

20 at one time and produces an integrated cirxrcuit package
that has the smallest possible footprint for a stacked-
die package.

It is a further object of the present invention
to provide a method of forming a stacked-die integrated

25 circuit chip package that results in only good dice being
assembled in the stacked-die package and minimizes any
waste of good dice.

SUMMARY OF THE INVENTION

30 The above objects have been achieved by a
wafer-level packaging method which allows all of the
semiconductor dice on a wafer to be packaged at one time,
and produces a stacked dual/multiple die integrated
circuit package. The package produced is a true chip

35 gize package which has the smallest possible footprint



25 circuit chip package that results in only good dice being asse%&&z@
the stacked-di e package and nminimzes any waste of good dice
THE | NVENTI ON 30 The above obj ects have been achieved by a wafer-1|evel

packagi ng ngiphedrsipich allows all of the sem conductor dicgRsgflogasater to
be packaged at one tinme, and produces a stacked dual/multiple die

Integrated circuit package. The packagegaroduced is a true chip 35 size
package which has the small est possible footprint 0 8 SEP 2004 WO 01/ 67511
PCT/ USO1 /00828 -4 for the stacked-di e package. In the nethod, the wafer
with the snal | &r diheedtdickedofi¢ marakaigers Eanthe mghhodestbd waferugh a net al

redi stribution,AnPGess ggglgpeglz%g (ﬂ_%r b2 pal Lso qgépf@_ctst aghede The wafer is

sawed into 5 indivi | e-si ze array packages. On the wafer
with the lar ge‘?’-’%qefé&ddtééouﬁhoﬁ én%&atlaéﬁéaswénfi@sqw PFRCEFEaf{ sthfshosi t ed

on the front oéomcxhb@l@ssak@ aiméaon Q‘Hétwé.ﬁeﬂ nterdeddl @atd he attachnent
of one of _ the, dje- S|z<i Eée ack back side of the B die 10

package i2 pl atheSi Fé i AF T3 PIER9EGr ed®® Wi r ebondi ng
operation connesiex twhehs tgaamrdézﬂmlzteldedﬁice, sa z# BGA tpabkdgadiies ivee

circuits of tt}g é’e@lla‘?_ hgﬁz’g{{?‘ﬁgr?{]t&‘gef%’g? of %a% agil ggig@ erial, such

as epoxy, is disposéd *8n 0 cover the w réebon eads and the
assenbly is thlecrﬂa‘;l}mdthﬁhelﬁmlsﬂmd $orckkel alitachpenteost oné ¢h t he wafer

matrix form fiacidiidl atigs B@ﬁbé&i&@@ Ng IRE HddalsilRSbrotnRas@d | fle
testing. Then, the stacked-die fer is singulated into 1ndividual

stacked- #Pe | GARERgdS. P#ﬂﬁemmw preesve med@rialndeft 1dn all ows for
dice with the samgi.or a dikbBseding WpekheNsn t oliecd@Tbheedi bR Ds aF gl e | C

the die-size BGA package to the circuits of the bottom
die formed on the wafer. A coating material, such as
epoxy, is disposed on the wafer to cover the wirebond

15 leads and the assembly is then cured. The finished
stacked die, while still in the wafer matrix form,
facilitates easy indexing for final test or parallel
testing. Then, the stacked-die wafer is singulated into
individual stacked-die IC packages. The method of the

20 present invention allows for dice with the same or
different functions to be combined into a single IC

package.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a perspective view of a first and a
gsecond silicon wafer, each wafer having a plurality of
dice formed on & top surface.
Figs. 2 and 3 are cross-sectional views of a
gsection 2-2 of the second wafer 11 shown in Fig. 1,
30 illustrating a metal redistribution process of the second
wafer. '
Fig. 4 is a perspective view of one of the dice
from the second wafer shown in Fig. 1 after solder balls

are attached.



package. BRI EF DESCRI PTION OF THE DRAWNGS 25 Fig. 1 is a perspectiv ﬁ/# ﬁw
of afirst and a second silicon wafer, each wafer having a pl uralﬁ&&:—onl‘
dice fornmed on a top surface. Figs. 2 and 3 are cross-sectional views of a
section 2- 2a@fi kRe second wafer 11 shown in Fig. 1, 30 ildcysisopéossngd a netal
redi stribution process of the second wafer. Fig. 4 is a perspective view
of one of the dice fromthe second wafers.shown in Fig. 1 after sol der
balls are attached. a B SEP 20N WD 01/67511 PCTI USO1 /00828 -5 5 10 Figs.
5-8 are cross-sectional views of a section 5-5 of the first wafer shown in
Fig. 1, showing the vafFiiggs prdowss goepssasketonal fwrevisngfaa | C package
usi ng the net hod.0fod e sPLeSent #IMANLJ.2a8, ghﬂwn %d i3 .1G0 UhEW aF,the
first wafer of Fig. 1, after conpletion of the process steps of Figs. 5-8.
Fig. 10 i s acr'tR&-@&@USnRIFOGERMy BffeRF USRE| LB o e sh@Bade POFRREE by t he

met hod of the |iageHhe mdvaBEI 60. tIRESLMERE Holre(#ARRAYI NG QUT THE | NVENTI ON
Wth reference to Fig. 1, a first silicgon wafer a secgEd silicon

21, and
wafer 11 are shown. AltFd8gh® 1513 & VSSFhRTt§h% célrsrjfalwé‘tffaﬁl, of Her
sem conduct or 115 afidear icalnpleoibnl af sheberuseds dasds aff FHgswafess 21, 11

have 8 Dhurall Y O T SSEH £2 f S Rl LRy g Eroci oS
1, the dice finalized IC package formed by the method of the present
invention.
10
BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Fig. 1, a first silicon wafer
21 and a second silicon wafer 11 are shown. Although
silicon is the typical material, other semiconductor

15 materials could alsoc be used. Each of the wafers 21, 11
have a plurality of microcircuits fabricated thereon.
The micreocircuits are arranged into a matrix of
individual chips or dice. As shown in Fig. 1, the dice
24, 25 on the first wafer 21 are larger than the dice 14,

20 15 on the second wafer 11. A plurality of aluminum
bonding pads 23, 16, are arranged around the perimeter of
each of the chips on each of the wafers 21, 11. The
chips may be tested while still in wafer matrix format,
to determine which chips are functioning properly, and

25 which chips are not functioning properly.

With reference to Fig. 2, the second wafer 11
has a plurality of wirebonding pads 16 arranged around
the upper surface 19. These bonding pads 16 may be used
as the connection points for each of the individual die

30 when packaged in the chip package of the present
invention, or the upper surface 19 of the wafer 11 may
undergo a metal redistribution process. The metal
redistribution process patterns metal traces that connect
to the wirebond pads, and then routes the traces to

35 solder pads locations within each of the dice. The



24, 25 on the first wafer 21 are larger than the dice 14, 20 15 on @E%
second wafer 11. A plurality of alum num bonding pads 23, 16, are 53&@6
around the perinmeter of each of the chips on each of the wafers 21, 11.
The chips {R%iA%ijested while still in wafer matrix for gruselspsset er m ne
whi ch chips are functioning properly, and 25 which chi ps are not
functioning properly. Wth reference to igg. 2, the second wafer 11 has a
plurality of w rebonding pads 16 arranged around the upper surface 19.
These bondi ng pads 16 may be used as the connection points for each of the
i ndi vi dual dieméﬁBAMngypaékagedrédiaﬁnibuhﬁpnpb@*@gyﬁhﬂhlﬁhhapeegemﬂ

nvention, O JiediRRekSUREAGe 19l Rl eLy LndWe Yndgpgo a metal

redlstrlbutlon process. The dirstribution process patterns neta
traces that comrairiced prerartbedritPrpade, apnli¢derrr Ot &het fevig¢aces to 35

sol der pads | Q&@tﬂlﬁn%71%?36&161&&%@‘%0%&%::@&5@ pdite 08 heSEREQP1 Y 01/67511
PCT/ USO1 /00828 -6 netall g%%?@ﬁ? he redistribution |ayer. shoul ave good

adhesi on Po t I"%"OSHJH (]?@nW&FS 18 usiagsatrninEhor dods FLERE pitherti es
for the appli amdtizOnuaigyt Be dpwi Mdeﬂbaﬂhﬁlﬂbrm 136 B&dtﬁbnﬁeﬂiﬂ on

poi nt, the netal]l 5 sh W, I e- ond S um. num or gol d
Bre The  necaierepid Brdearte AesReRoPRES Fatl PR AL e for o

reli abl e sol derabl e att @&dhhonébesaste &b Fhe d8 ceoneNyper effemenge to Fig. 3,
one type of b q LwhS S S & 1 bution
10 | ayer andngﬁghﬁ%ihggiakhfg% Efﬁggw?ype@%$g P rgglstrléﬁﬁlon | ayer

i s disclé8ed iyugrsandathat mem@?ﬂ |Q:%tf|0§ﬁ18§rt1ais NdP609lf43‘&t$?!Ll which is
assigned to thAgiassiigneeonl 14her mse%q@tclbagéniﬂcmsamialténeerel n

neorporated by e e sentnt Mo "D9/23%, J11 e is assigned to

the assignee of the present invention and is herein
incorporated by reference. Referring to Fig. 3, a

15 passivization layver 41 is formed over the wafer surface
and a tri-metal layer structure 40 is formed over the
bonding pads 16 and the passivization layer 41. The tri-
metal layer structure 40 consists of a layer of aluminum
43, a layer of nickel 45 and a layer of copper 47. A

20 second passivization layer 49 is then formed over the
tri-metal layer 40. The assembly is etched such that a
solder pad 52 of a copper material and a wirebonding pad
60 made of aluminum material is formed. Solder balls 50
can then be placed on the solder pads 52. The solderx

25 balls 50 may be placed on the solder pads 52 through a
mechanical transfer of preformed solder balls.
Alternatively, the solder balls 50 can be formed by
screen or stencil printing solder paste. The solder is
then reflowed to form the packaged solder balls. The

30 solder balls 50 are applied in what ever type of pattern
is desired, such as an uniform full matrix over the
entire surface of the wafer.

At this point, the second wafer 11 is diced

into individual chips. With reference to Fig. 4 and Fig.

35 1, each die 15 is of a size to be small enough such that



15 passivization layer 41 is fornmed over the wafer surface and a trl8 GER &k
l.ayer” structure 40 is fornmed over the bonding pads 16 and the
passivization |layer 41. The tri- netal |ayer structure 40 consists of a
llayer of al y@igigfey; 43, a layer of nickel 45 and a |ayer QferaRehgss?’- A 20
second passivization |layer 49 is then forned over the tri-nmetal |ayer 40.
The assenbly is etched such that a soldet. pad 52 of a copper material and
a w rebonding pad 60 made of alum num material is forned. Solder balls 50
can then be placed on the solder pads 52. The solder 25 balls 50 may be

pl aced on the tdod dbre padwob2dt firtough aa spaeehadi @alther dngkerwafepradf,or ned

sol der balls. tiyel t e a e r]g%gd screen
or stencil prisn F%l%ﬁ‘ls%gl ggrg %géstig “%%Jel@s%f)ge%ﬁ(?rs%q?ﬁg%oge gwe t% ormthe
packaged sol dgradsl43s ofThBe3diew|dfor 25aPrfstBe Einstgmeifiesd2L nwhgmtthever type

of pattern isydesisr¢de sugbkés & v takBrfo | MR hwAVer ke, gntire
surface of the wafer. At this poi the second wafer 11 is diced into

nt, ) !

i ndi vi duaP chidPLIuRelAtYePEr eptdrt Fafilg. 59 apg wixgbondang padebGie 15 is
of a size to hgsmidangeaugh §usdp tdiaifale812 SEP 20410161/ 67511
PCT/ US01/ 00828 -7 the d'he 11i5 V\Pu|d fi% iE.a s$ace 26 on tEe fifst waf er 21,
such that the die 15 wollFGEnBETERAGaLR pBn Thé BSTEFRE “paddt 73%f the
dice 24, 25 offitﬂ's_et fwafet Qaf ke s%ibmhenithhéhecﬁhxﬂﬁmabosﬁangthdm 23he_ waf er
21, As Shown ik H0aidpoBed BA U Aldd Lu0ka30l GET AN 0,80d 4d T ebondi ng

ge& 8n 3~ ot I5.

pads 60 are arra a top surface he di'e th ' reference to
Fig. 5, &0sectnadiedbaboygp,t hbe Wafen 2daferapgangedHiome & matrie &f um num

bondi ng pads 23%,qikRiana1dk$Lesed, ot @ LePnSHEfecem Y thheiyafer dle As 10
not ed above, the wafer 21 is arranged into a matrix of

dice 14, 15 from the second wafer are arranged on the top
surface of the first wafer 21. The dice 14, 15, being in
a ball-grid array format, can be placed on the wafer 21

15 using a pick and place machine to provide accuracy in
placing each top die ball-grid array on the bottom wafer
21. The dice 14, 15 should be arranged so that the
wirebond pads 23 on each of the dice 24, 25 of the wafer
21 are exposed. To attach the dice 14, 15 to the wafer

20 21, an adhesive material 18 such as epoxy or thermo-
plastic, in either paste form or pre-form film, is
deposited on the top surface of the wafer 21. Automatic
paste dispensing equipment can be used for depositing a
paste material, or if the adhesive is in a preform, pick

25 and place equipment can be used. The backside of the
dice 14, 15 are placed on the adhesive material 18. The
die bond adhesive is then cured.

With reference to Fig. 7, a wirebonding

operation is then conducted in order to connect the

30 signals from each of the top dice to each of the bottom
dice on the wafer 21. For example, to connect upper die
15 with lower die 25, gold wirebond leads 70 are
connected from the wirebond pad 60 of the top die 15 to
the wirebond pads 23 of bottom die 25 on the wafer 21.

35 This is done using standard wirebond techniques. Then,



I ndi vidual dice 24, 25. Wth reference to Fig. 6, the dice 14, 15 f[fﬂlj_ﬁn’mh
second wafer are arranged on the top surface of the first vvafer

dice 14, 15, being in a ball-grid array format, can be placed on the waf er
21 15 usi ngwgo%fslﬁ and pl ace nmachine to provide accuracy gdiyseiéeisng each
top die ball-grid array on the bottomwafer 21. The dice 14, 15 should be
arranged so that the wrebond pads 23 as-each of the dice 24 25 of the
wafer 21 are exposed. To attach the dice 14, 15 to the wafer 20 21, an
adhesive nmaterial 18 such as epoxy or thernmo- plastic, in either paste form
or pre-form fiwigh irefegepssi todFioh tthe at 6p25IRY e estialhe sighers 21.

Automatic pasigs.di,SRenakee edUtRMENt el PeL&EEd das deRostting a paste
material, or if the adhesive is,in a preform pick 25 and ﬁl ace equi prent

can be used. THEPPZERS §e Binimize d%h(?erfﬁuli?bn%r}éﬂ@h&cé?é 5R*fhe adhesi ve
nmaterial 18. Tdeatidige ma@edialhdsiosidrs tbhﬁﬁ]nﬁhtl’ﬂj thd tlser eFevenerzdo Fi Q.

7, a wrepondi n ope tion L$ the can ugBe nr%elrretio copnect the 30
signals frome {he 98 ﬁ?%é“at(?reg h ofl‘?heeo 6/ di ¢e 6 T he wafer

21. For exarrplre:,urtto packege tlﬁjemgilcan b8 petiodmmeerindive 25, mgbtik wi r ebond
| eads 70 are éﬂ@pecm@hf Eggé]t&g% g ehapd pad, G&P’fdé'teh%t fARsHEerdd to the
0 0

wi rebond pads f bottom n the waf er This 1's done using

standard wi r ebokFadenitgresf adn dig §5Sep water \AD-01W67sRendCreagsnl 100828

-8 with referencado vk 8, @nﬁé@éltm %hétﬁ@lpa@qts 3% tBROXYper S Used to
cover th W|rebond | eads, 70, 1t I nportant to mnimze fhe resultant

hei ght of %t hi Si&dat |tﬁgtﬁﬁt]@?§1%’rnq PaGsdér Pb TSitAWEE BRE f2e ofertical 5
space. The coadrndupsimabari aht8Pials dthedvensedll AIf tHhes wipebahd pesdage
testing can beuP%{EP%g%g hgtv@gégrlgﬂgfgélder balls 50 and the top
surface 12 of the dice.
Referring teo Fig. 10, the first wafer is then
15 singulated, or diced, into individual chip die packages
91. A common technique for the singulation is to use a
wafer saw with diamond or resinoid saw blades. Again,
package testing can also be performed after the wafer is
singulated into individual chip packages 91. The
20 finished stacked-die BGA package 91 of the present
invention can then be mounted on an end user's printed
circuit board in the same manner as used for prior art
BGA packages. The stacked-die BGA package of the present
invention includes both the smaller die 15 and the larger
25 die 25 and has the same footprint as the larger die 25,
gso no additional space is required due to the IC package.
Additionally, because each of the dice from the second
wafer are individually placed on the first wafer, as
opposed to the priocr art methods in which two whole
30 wafers are stacked together, the known good dice of the
second wafer can be lined up with known good dice of the
first wafer in order to minimize the waste of any good
dice. Additionally, the method of the present invention
can also be repeated for multiple dice in order to stack

35 more than two dice in a single IC package and, thus,




form Wth reference to Fig. 9, a top die 15 has been placed on tOB Oﬂﬂjzuh
each die 25 of wafer 21. Wrebond |eads 70 are used to connect the @o iRg
pads 16 of the upper 10 die 15 to the bondi ng pads 23 of the | ower die 25.
The encaps ksqpterial 80 covers all of the wirebond gegagdsioéss but does
not cover the solder balls 50 and the top surface 12 of the dice.
Referring to Fig. 10, the first wafer is_g.hen 15 singulated, or diced,
into individual chip die packages 91. A comon technique for the
singulation is to use a wafer saw with dianond or resinoid saw bl ades.

Agai n, packaghtestisndheamenbsy ot ey fI6r pedkade evitthmtwdherepging

singul ated intond ndlotuale chhBePACkaOSy b ndNesdd 4 W shedcshacked die
BGA package 91 ‘of the presen i nvention can then be nounted on an end
user's printediggyiduieasdard in the same nanner as used for prior art BGA
packages. The stacked-di e BGA package of the present invention includes
both the snmaller die 15 and the larger 25 die 25 and has the sanme footprint
as the larger die 25, so no additional space is required due to the IC
package. Additionally, because each of the dice fromthe second wafer are
individually placed on the first wafer, as opposed to the prior art

nmet hods in which two whole 30 wafers are stacked together, the known. good
dice of the second wafer can be lined up with known good dice of the

first wafer in order to mnimze the waste of any good dice. Additionally,
the nethod of the present invention can also be repeated for nultiple dice
in order to stack 35 nore than two dice in a single I C package and, thus, O
8 SEP 2004 WD 01/67511 PCTIUSO /00828 -9 increase the nenory of the IC
package wi thout increasing the amobunt of space required to be used on a
printed



circuit board. 08 SEP 2004 -10 CLAIMS 1. A nethod of forming a sta@gqmpqwg
Lntegrated circuit chip package on a wafer |evel, conprising: providing a
first sem conductor wafer and a second sem conduct or waf er, each of the
wafer including a plurality of dice, the plurality of dice of the second
wafer being of a smaller size than the plurality of dice of the first

waf er, each of the plurality of dice of the first and second wafers having
a plurali bondi ng pads di sposed on a first surface thereof; formng a
nmet al reéﬁ%?@?%ution | ayer on the first surface of the second wafer to
forma plurality of wi rebond pads and i nterconnect pads; attaching a

pIurallty of interco ts.to the i t bondi ads of the first
surface df thé* B %{]Pf&rﬁ?“gj?@éa%?éﬁ %eé%?éc%‘fl%f’ﬁg(f?aﬁﬁwﬁ thé %¥€Eond
wafer intQ.ef cBldpkiginkt y of individual dice; attaching the individual die of

the second wafer to the first wafer, wherein a back surface of an
i ndi vi dual di eprmsdlpgad'erdt sxmlesmduatpt aefesdnd o setnadfsemitondustérmwatenfeaethef f i r st

waf er, fo rali ctpr.e op.the first fer

connect i glbe tg] Hcﬁ'}dg 5?91t%q‘13¥)8ﬁ 39?)8@% ﬁ%’ f%‘&e Pﬂﬁ‘ﬁ??cc?&&w ENEOhhe

pl ural it ¥nffler e HaRGh® PHFaIRY of AEePdfURE lfirdt VvaTer, @a&ﬁofodhet;m&alfiuyr@ftdlwa‘)fer and
dicing the first wafer into a plurality of i ndi vi dual stacked- di e

i nt egr at ¢l Bist and secopd wiatayebavipg aphgalwm deanding pads disposethen aiflistsyeface

i nt erconnect s. are attached to the interconnect pads on the netal
redistri buﬁl oh | ayer of the second wafer. 3. The nethod of claim 1l wherein
the plurality fefmink rehent rahdabgtiont heer aidihe Grsaburfate ofahe se@ndeedfedtd o t he

pluralit >;"or(l)r]; a g?u?zﬂ;tg %f &r?r(z:lsjor(l)c{ pz;[dg Eé\mzi I1r1rt§rtconvr\%]::te [gads

attaching a plurality of interconnects to the plurality of bonding pads of the first
surface of the plurality of dice of the second wafer;

dicing the second wafer into a plurality of individual dice;

attaching the individual die of the second wafer to the first wafer, wherein a back
surface of an individual die is placed on and attached to the first surface of the first
wafer, to form a plurality of package structure on the first wafer;

connecting the plurality of bonding pads of the individual dice to the plurality of
bonding pads of the plurality of dice of the first wafer; and

dicing the first wafer into a plurality of individual stacked-die integrated circuit

packages.

2. The method of claim 1 wherein the interconnects are attached to the interconnect

pads on the metal redistribution layer of the second wafer.

3. The method of claim 1 wherein the plurality of wirebond pads of the individual

die are connected to the plurality of bonding pads of the first wafer.



