WD 2005/ 053373 PCT/ | B2004/ 004394 CHI P SCALE PACKAGE
AND METHOD OF ASSEMBLI NG THE SAME [01] This
w@ppEbsiossrs on cl ains the benefit of the co-pendP@mIBI0GE/004394
Provi sional Application No. 60/526,082 filed on
Decenber 2, 2003, and incorporated herein by
reference. BACKGROUND OF THE I NVENTION [02] Field of
the Invention [03] The present invention generally
relates to the field of sem conductors. In particular,
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Di scussion of Related Art [05] Seniconductors are

[01] Meties a@h%aﬁchpélamvtﬁe péREie6t @e Ic§1peﬁ§mgfu 5 sl RIRRBABNEation
conductors. In today's tec no ogy, Sem conduct or
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devi ces. Sem conductors are usually made from
germani um or sj ] ' er oxide,
as well as otﬁ%$b§g§%pQ§b%i§+iﬂgﬁﬂ%eﬁggggﬁPWhen
pr sem conductors will conduct electricit
mz]iﬂﬁgﬁéﬁ&P$§%‘W@ﬁ Mhetter than they will in the other d
direction. [06] Sem conductor devices and integrated .
[03] ¢jThewrreseniiprention gengially relpento the Hpldfsemicondpctorssin particular,
transi stors, and di odes, and el enents such as
the preegit stventomredatesaivaeni impreyvet inmtieafl efggssnitdingmtrue Chip Scale Package
conductive connections to formone or nore functiona
(CSPgircuits. Interconnects on an IC chip serve the sane
function as the wiring in a conventional circuit. [07]

[04] Wﬁﬁcmmﬂl(ﬁmél&eamt hod used to attach very fine
tal wre to sem conductor conponents in order to

[05] %Klgomg&} etirh ?%@n"g?é) &g{]ﬁzﬁle \%&Qct &[&s 3)? ﬂ%{lﬁ?&'s \Qﬁ& &)nductors. In

package em encoun ere

bondS|sthe sitic .in ance that arises, vvh' ch
today g;technology, sem con uctor materia s ave ecome extremely important as the basis

for transistors, diodes, and other solid-state devices. Semiconductors are usually made from
germanium or silicon, but selenium and copper oxide, as well as other materials are also used.
When properly made, semiconductors will conduct electricity in one direction better than
they will in the other direction.

[06] Semiconductor devices and integrated circuits (ICs) are made up of components such
as transistors, and diodes, and elements such as resistors and capacitors linked together by
conductive connections to form one or more functional circuits. Interconnects on an IC chip
serve the same function as the wiring in a conventional circuit.

[07] Wire bonding is a method used to attach very fine metal wire to semiconductor
components in order to interconnect the components with each other or with package leads.

One problem encountered with wire bonds is the parasitic inductance that arises, which is

-



WD 2005/ 053373 PCT/ | B2004/ 004394 based on the size
and | ength of the wire carrying electricity to the
weowposssms s. Wre bonds are also fragile and P@weB2004/004394
limted current carrying capacity. [08] Aflip chipis
a | ead] ess nmonolithic structure, containing circuit
basedeprhg sizg andinngth ofghe wissicgnuingtelectinityde theedomytanental Wire bonds
and mechanically to a hybrid circuit. Such a
are also fragitt argrhaveyimited cubrant dasryimgtcapadiiyt ed to, a structure
such as a plurality of bunps, which are covered with a

[08] coRdirétiy & DReAdeRmegithic 3RactafeecdiiinRg ABufk BRments, which is
front-side planar face of the flip chip. In one

desigﬁ@d"t‘é%hh&@ @ie_ctfrfc.hﬁ’%/ gllfﬁ lglﬁg??%wgﬂpgo %1 §§ 5 . 890311%]: S{cl)%}{ a connection may

I ntegrated circul ace

face-down on a_nounting base |ayer..el enent. (a .
be, b oI, B PRARE S Rt lois i S iy Whish respvepd with a
base | ayer el ement using the bunps as electrical =
condiRyE HERdInG AGFY RS BisricEt] Qethe i -Fige plaganiacaef g flip chip. In one
adhesi ve. Because the flip chip nounting techni que can
convesioralglip khip mennging deahniqua errintsigeatesheiravite rand Craldhis placed front
shorter distance than wire bonding, an effect of
face-gawmasi b inpuniingbasednee ckaenb@ subsitit®hnd A8 SshnettBe to wire patterns
t hi cker bunps are less fragile than wires and can

on thé B USer BIeRRNEHsIANDIE MusnpRas EELRA contlRBBH W EeorBPBve bonding
flip chips can be nounted onto a circuit base |ayer

A I .or ’ - for wre ndi n
sgeniZl G aesly Bolall @ity L il AR b balbors PRREILEpase
as a unting.techni que for high-frequency, integrated
tayer Eepinl DU « gy o Afencs i Wit opE e nt et g e
_ flip-chip packages, however, involve singulating an
induciayge %rﬂlaﬁalledmdegﬂﬁ@, thedhickerfamps agm@ss&rm@ﬁhmwmsaand can
singulated I1C chip to a substrate. Such individual
condyst greates amguuif ofi cwireryl Bher€forh bqgme Sifhéhiibd ganibeafdintédemito a circuit
inthat it is both tinme-consum ng and expensive.
base Jap&tdiatierd ot lamtebsi0sieand Gedd fdd witkebdnafigy histBip-chip mounting is
nmounting of a singulated IC chip onto a substrate is

drawiglg ?%cqg%gﬂnge?éét & 2 RRLAME t@&“ﬁ‘fl‘%}fgg\, hx‘gplfggﬁ‘glié@(iéfeg?ated &treuits.

on a single, centra
990 O3S onnEelpbht Bt 8oL o bieer PEEIR, bral P Sngutaing

conven N
. descr.i bhed. apove, requires fhe use of an_lLC . chi
an lnﬂgwﬁlgﬁ;fi‘m ARy ﬂﬁ%iat&ﬁchwg\;h%@n@wsﬂ IC eipripye supstigge- Such

of bunps.
individual processing of a single IC chip is highly inefficient in that it is both time-consuming

and expensive. Another problem associated with the individual mounting of a singulated IC
chip onto a substrate is the difficulty of balancing a single IC chip (e.g. IC chip 10) on a
single, central row of bumps (e.g. bumps 5), as illustrated in Figure 1. Therefore, the
conventional mounting of an individual IC chip, as described above, requires the use of an IC

chip having peripheral bumps or having a full matrix array of bumps.



-2 WD 2005/ 053373 PCT/ 1 B2004/ 004394 SUMVARY OF THE
| NVENTI ON [ 10] A nmethod of producing a chip scale
weamkasgs7according to an exenpl ary enbodi ment POTf/IB20&1/004394
present invention conprises nounting an array of two
or nore IC chipg on a substrate and dicing the array,
attached to t heSETYARY OF TREINVENAIQN chip scal e
C each . package including only one IC chip.

[10] | %1 cfhoskof BERSivEInE Braiusakepagkagsiqgcerdinizdo packegplary embodiment
accordlng to anot her exenplary enbodi nent of the

of thepressahinvemtipareompniseompritaesnprmyioding oamesd K cldpdon a substrate
dicing the wafer. The wafer conprises a plurality of

and dicthgcthe pragnetached wwvetfeasubbttatéliif®dndiPid@aliehi siafd pa"cléa%% each
chip arrays, each array conprising two or nore

packa‘gBhr{b‘Pudlﬁgérﬁgloﬁéf(':B& each array is nounted on a
Substrate and then each array, attached to the

1 SRR R RO oo

ch arra may conprise a X 2, 3 x 3, or 4x
embogiticy PF (hE greSree A CTPYiocn DRetdiad oot asdsbeing th wafer. The
chip scal e package according to yet another exenplary
wafer<oppaisepeplutsity W&Cpql@ssmd therwefer iisodicesbimpr 4 plesality of chip arrays,
providing a wafer and dicing the wafer. The wafer
each arorywonpeising tpbuwr aldre JC ohipk.Q\ftéri dising, @achare DN minea éh a
plurality of bond pads aligned on an upper surface of

substrafe@ant thénldaph anly, attAtHedad tHeYSUB&ra@@ negedd Mo Rﬂdfﬂ?&é‘l gﬁl'ﬁ%gale
on the plurallty of bond pads. Te\A/aer di ced

packa?ékt, Quch Rhaad #)Jiclka%é 1nEfHdEsa§rngf S 1c ARh ﬁdr C?ycrﬁgpgdxﬁf)r?s% a2x

WO or nore array |1

fI ter.i.al hat f 1 ux rraterlal adherestothe
2 3Xbu§%%ggnﬁ?tﬁéofiﬁgﬁﬁpﬁs of the array. Each array is then

12 unted on a substrate so that the nps align with
121 ¢ 6y melbpd REPIRguEBE ashippsale ppeien @§C%ﬁmarﬁ0 tpspepthsuesendary
Qf the substrate, and so that the flux material
embodigiisat efsthe peeseniipention compyess gpeovigiag aoyeder andslicig ére, wafer, The
the | C chips of each array are reflowed, thereby -
wafer rcrecinprim; at plerabityngfICauhibse sdohohipliising acplin@iifit oftRhweeds d¥@ed on
I
an upper surface of the IC chip and a plurality of conductive bumps formed on the plurality
of bond pads. The wafer is diced into a plurality of chip arrays, each array comprising two or
more IC chips. Each array is then dipped in flux material so that flux material adheres to the
bumps on the IC chips of the array. Each array is then mounted on a substrate so that the
bumps align with corresponding solder pad openings on an upper surface of the substrate, and
so that the flux material adheres the bumps to the solder pad openings. Then, the IC chips of
each array are reflowed, thereby melting the bumps and establishing a joint between the IC

chips and the substrate. The IC chips, the bumps, and the substrate are then cleaned to

remove residual flux material. Then, the IC chips are under fill encapsulated by injecting



chi ps and the substrate. The IC chips, the bunps, and
the substrate are then cleaned to renove residual
w0 bawg/osmreri al . Then, the |1 C chips are under fPECT/1IB2004/004394
encapsul ated by injecting -3 WD 2005/ 053373
PCT/ 1 B2004/ 004394 encapsul ation material into a gap
encapp@latipemataiial N ¢ Bipeetaneh thadCshipstand the, substrate rSolbder bslls are
are formed on the under surface of the substrate,
formeclamdhe thdelsyrfecrufelnd adstrate t doadbativesy. cohRectedto ty bumps. The
attached to the substrate, is diced into individual

array,CitlaPheiaelige RBelREaS dicBdfiflo Bﬁﬁ%éﬁkﬁ cléflg%‘l'ﬂl N%bl(%e@ rRhdh PRRace

I C chi p BRI EF DESCRI PTI ON OF THE 3] These
AbdoQ es, aspects, and advantages of the
COmppr e%ent [ nvent| on will becone better understood with

reference to the foll ow ng description, anended
clains, and - [ Walal ' ul d not
be read to FI mt ﬁ%@m&%@&m%@m@ whi ch:
S a e Vi e vent onal
[13] [éQrL% Eer?{%a{tléreé, P‘?’C tagB%?FSE‘e pféi%l} nﬁeél Plé will
3 pective view of a conventi gnal, wafer; E
becorgs’ B%}Wéu qretogd pith geferencs; o the Ellaring descyippom amepdesd Clpims, and
chi ps, each having a central row of bunps, according
accompsnyingekanipgaryhies ghovtd wit beheaddo diseihtheiimvestion omgny way, in
Figure 4 is a perspective viewof a 2 x 2 array of IC
whichchi ps, each having two central rows of bunps,
according to an exenplary aspect of the present

[14] | TY&Ré 19Na pér@?’ﬁctﬁé Jieheof dohvéntRARBIFEGp UBviMg Q%lﬂfal 0w of
x 2 array of 1C chips, each having a matrix of bunps,

um pgccordl ng to an exenplary aspect of the present

|nvent| on; [19] Fi gure 6is a perspectlve vi ew of an
15 Chl be| n unted gn a su str e according to an
(151 Fisilh B RSV ol B RS REENGRE on:

[16] Figure 3 is a perspective view of a 2 x 2 array of IC chips, each having a central row
of bumps, according to an exemplary aspect of the present invention;

[17] Figure 4 is a perspective view of a 2 x 2 array of IC chips, each having two central
rows of bumps, according to an exemplary aspect of the present ipvention;

[18] FigureSisa perspecﬁve view of a 2 x 2 array of IC chips, each having a matrix of
bumps, according to an exemplary aspect of the present invention; ~

[19] Figure 6 is a perspective view of an IC chip being mounted on a substrate according
to an exemplary aspect of the present invention;

[20]  Figure 7 is an enlarged perspective of a portion of the substrate of Figure 6;

[21] Figures 8, 9, and 10 are perspective views of steps of producing a chip scale package

according to an exemplary aspect of the present invention;



[20] Figure 7 is an enlarged perspective of a portion
of the substrate of Figure 6; [21] Figures 8, 9, and
waooanss3per specti ve views of steps of produci NRCHIBA04004394

scal e package according to an exenplary aspect of the
present invention; -4 WO 2005/053373 PCT/ |1 B2004/ 004394

[22] [ Z2gurFildus e ciobs-Restian of askipsealt packagé accoeding tGambxemplary aspect
package according to an exenplary aspect of the

of thepressaninvemy@nth@n; and [23] Figure 12 is anot her
cross-section of a chip-scal e package according to an

[23] eX8pmbtabys arﬁﬁlﬁ)&“&os@-fse&ﬁﬁ o@%%ﬁ%&g&e@ﬁ%ﬁ%e%corhﬁ@ -Jo an exemplary

Figure 13 is a flow chart of

tion. DETAILED DESCRI PTI ON OF THE
aspee Rﬁl‘gﬁl%)?%gﬁ[lﬂg%\@ﬁe present invention will be explained
et ail with reference to the acconpanying
[24] d:]”é%b}fﬁé; isg BTV Cﬁa&lﬂf &n §X¢rap elarypfé?féﬁ%ef thg@reseatnyention.
conventi onal IC a mafer 200. The mafer 200 is
provi ded in_ st S_ 1 of an exe?F met hod accordi ng
to the pr WPIIFWQESQ)RIP’BE)N HIHRINVENTION gur e
.. As discussed, a typical IC wafer conprises a
[25] ¢ él“pb@ﬂ@@mplawrém vl be@xplaingd in further defaid idhanforeneb & the
into the thousands. For sinplicity, Figure 2 depicts
accongpanying drawings.nunber the | C chips 101 which conprise
the wafer 200. [27] Each I1C chip 101, includes a

[26] pRigak Rtiya gf:rs ithe RRSSoIDbnlertiBd] RNa & at@R08 UKk fer 200 is
t her eof . ond pads 104 are applied through

prov1@ém3’1%ﬂ:tp' PNGH anperx'e ﬁief H'aEc& ﬁﬁ‘l o l%ﬂé??ﬁeﬁg wg&gfgor%géﬂlustrated

(see e.g., |gure3 orned dff |
4 f t in .
o, 100 LS RTES Sl e g 01
of skill in the art the bond pads 104 and the bu

Whlchm@ nyggpep dnta ficghasands. gogslwgil@ty, Figurag depiciiaye small pumber
gure 3. Alternatively, the bond pads 104 and bunps
the ICl@BPEhH%/l whichicompese tha vialgy 200. nore rows, as

[27]  Each IC chip 101, includes a plurality of bond pads 104 formed on a top surface
thereof. The bond pads 104 are applied through conventional printed circuit technology. A
bump 105 (see e.g., Figure 3) is formed on each of the bond pads 104 for the necessary
standoff required in subsequent processing. As would be understood by one of skill in the art,
the bond pads 104 and the bumps 105 may be aligned as a single row, as illustrated in Figure
3. Alternatively, the bond pads 104 and bumps 105 may be aligned in two or more rows, as
illustrated in Figure 4. The two or more rows may be aligned at the center of the chip, as
illustrated, or may be peripherally aligned at the edges of the chip. Further, the bond pads 104
and bumps 105 may be disposed in a matrix-like format over the whole surface of the chip, as
illustrated in Figure 5. The bumps 105 may be attached at a wafer bumping stage using

electroplating or the chip may be solder printed and reflowed to form the bumps. The bumps
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illustrated in Figure 4. The two or nore rows may be
aligned at the center of the chip, as illustrated, or
woreapsioss3per i pheral |y aligned at the edges of tPET/mB2ML004394
Further, the bond pads 104 and bunps 105 may be
di sposed in a matrix-like format over the whol e
105 cempfisececaduttine mhiepal tased od the sequacmgnisrof Biegpackade. Théyemay
bunps 105 may be attached at a wafer bunping stage
compH& Néutedicatlol P llak/tmdFoP§tatdaed ﬁiﬁkﬁ%) R ek 8 ree for green
printed and reflowed to formthe bunps. The bunps -é

packa ﬁgg%{lm&lep %dltﬁgégxgélf Qﬂﬂqﬁf‘he 405 conprise a

kuctl ve mater on the requirenents of the
251 PaGFe P ol sF SRR TA SR Sy potr o

packages as_woul d be u st ood b ne  of i
waferg) ns digedinie sgparatechip %&dﬁwﬁg, hg% bﬁé@hﬁﬁp array comprises
exenpl ary enbodi nent, a conventional |IC wafer, such as
two onerfoer I ¢gps.iRach pyayimap compeigrad AKE. 3H b oa Aredy array flehips.
S2, Figure 13). Each chip array conprises two or nore
Howdvér, el fassenEasentstt B ynottimitedbuphessapecific xrrys. Thx nBmberof4C chips
X 4 array of IC chips. However, the present invention

comph§m§ Qh iddidhgchrtad ié bR quﬁféﬁ@iyfth&re@ﬁfréhﬂénts Shehenmabesiil of
hi ps conpriSing an individual array is only

encapsﬁl%ér?ﬂqo%?sst(ﬁﬁ’tﬂ'e? gégcﬁﬁﬁgicﬁvf)fas gfgﬁld%qﬁ{ e{)s't(%ddvl\%y one of skill in

Focess SCri be

r st o the art
the arﬁqﬁﬁ ﬂnaﬁ £ 33“@@1&58&% it Bemif it Zféfay%o
_ | a2 ncl uding | C chips 101A
mcluq;ogBC, chmct@lfénbolﬁe iéwmé I,QAEth%pxeaﬁraBPn eWsp appyas described
as descri bed  above enables nmultiple chips within an
aboveagmahles ol thgle lchipd v thiman arayi tndlediandied ana dingleométsand gprocessed
t oget her, as descri bed bel ow, rather than

togetlhdi*das\de%fﬂﬂelcl)belo'ﬁhIr@théiﬁﬁﬁlﬁmﬁh@duaﬂﬂyﬂ Inis aeessibagthe provessing is more
efficient and | ess costly than processing chips

CfflClél{{Qill’lé{ll&H%l)étM' thEu?Bﬂocésfs{n%rchﬂas\'ﬁﬁélefduhﬁy diced into chip

rays 100, “each array, conprising nultiple IC chips,
[29] . ﬁAff Ir)g%ﬁ dzlgg %t gqgt% hﬁ) %{J 3/%' *ﬁ@ e%lf ar:f’%)p ’coﬂlglrrl%llg llﬁh{lélg §é chips,
is f1x1>f£{§; gt%%i ﬂg} a éutislgggrﬁ%gs un ltlsrtraatted 1n11—:‘h§ureszsug 2sirt1£ §1 K p?uraghty 3 chip
arrays may be attached to a single substrate. The substrate 300 can have either a ceramic or
organic composition, such as an epoxy-glass resin, or may comprise a variety of other
materials as would be understood by one of skill in the art. Further, the substrate 300 may
comprise a plurality of layers. As described below, the substrate 300 can later be coupled to a
circuit board.
[30] In order to attach the array 100 to the substrate 300, the array 100 is first flipped so

that the bumps 1035, disposed on the upper face of the IC chip can be mounted to the substrate

300 (Step S3, Figure 13).



organi ¢ conposition, such as an epoxy-glass resin, or
may conprise a variety of other nmaterials as would be
wap@ensadd by one of skill in the art. FurthePCT/IB2004/004394
substrate 300 may conprise a plurality of |ayers. As
descri bed bel ow, the substrate 300 can | ater be
[31] c@wsphedn imFuresiorai, theombstratd @8hprises eolder padopathings BOS on an
the array 100 to the substrate 300, the array 100 is

upperfsuffade théiepP dle S6ldet prall opehPgHBOPS e b@ﬁducﬂilvél@%ﬁﬁle@ fhrbhigh
upper face of the IC chip can be nounted to t

s IS4 S R o MR

sub Lra es _so n S
surfacSDE e su%Ft]z %go§ qgg aﬁrﬁgllg(? gg&gﬂggﬁg% ngg%ulﬁs?fgaéﬁg(g) g‘r bumps
condyctjvely co pled throu con Vi as
105 awawwlrwuak 0 gt Solstst B%FP PP 5)53 @Sdﬁhgﬁaé%@%}?% acts as
~ the under surface of the substrate 300. Wien the
an intguppsgy eng@vingsherndint@lntion of the dhst rat e 300, the bunps
105 are conductively coupled to the sol der pad
[32] opfteir migSar@l5.00 T figppet ke siudnst 006t @ifR@a ime flsx asaterdah such that some
i nterposer enabling the redistribution of the I/GCs.
amou{lgca’] thé\flhe Eldﬂeli‘@s BthebumPO105s (Jiép BPadgurehs). aI'TfeéfMlxlé%Qnﬂ 1Bay vary
di pped in a flux material such t hat some  anount of

basedtcgl)ethg l‘rxz%p &5ht Buﬁr%gg 16 %lsbx%f?l?le WiRltRE: sefhdafd BHER are used or

ux agent y véry ed on the conposition
s 105,

e g5 R B R0 e e

flux thickness is carefully adjusted during
of atigghingelse array tohe sEbitil IResHpEC fIviRe aEgBg qfé%qé agfygres to the
so that the required anmount of flux adheres to the
bumpls U AfSTHEOBX athereh itaisheduires 485 and toribe soldpispatiopenings 85 of the
the sol der pad openings 305 of the substrate thus
substRfalLs BGblihg thrr iRy aatdhd hengsuopanaia atigneal withtHegwoidtr pad
with the solder pad openings. [33] Once the array 100
Openiin%s.rmunt ed on the substrate 300 (Step S5, Figure 13),
e | C chips

[33] Once the array 100 is mounted on the substrate 300 (Step S5, Figure 13), the IC chips
101A, 101B, 101C, and 101D are reflowed, thus securing a permanent joint between the IC
chips and the substrate 300. (Step S6, Figure 13). Following the reflow, the entire
arrangement, including the array of IC chips and the substrate are submitted to a flux
cleaning, which removes any amount of flux which remained on the arrangement subsequent
to the reflow. (Step S7, Figure 13).

[34] After the flux cleaning step, the IC chips 1014, 101B, 101C, and 101D of the array
100 are encapsulated, as shown in Figure 9. (Step S8, Figure 13). The under fill encapsulation
process involves forcing an encapsulation material 401 into the gap between the IC chips

101A, 101B, 101C, and 101D and the substrate 300, around the plurality of bumps 105, as



101A, 101B, 101C, and 101D are reflowed, thus securing
a permanent joint between the IC chips and the
waasosare 300. (Step S6, Figure 13). Fol | ow nRCT/IB2004/004394
reflow, the entire arrangenent, including the array of
| C chips and the substrate are submtted to a flux
wouldbeansicrstnodihyi ate of skibhieshaary, aadws sitovof infifigwresvhi ehd 12. The back
remai ned on the arrangenent subsequent to the reflow
of the(IBtedp @dcingugwisird id Bguré SemAfdserectdiany bavapeli@s Material. The
step, the IC chips 101A, 101B, 101C, and 101D of the

1h60h miRHaBIA QHGRR: L mdRNCcd '
encap(%St ep r§8, l%i gure 13) ﬁiﬂ%_ﬁé&ﬁbnaggf fill %r@%@ggﬁg? Pgﬁther of may

r L OV, forcing an encapsul ation material 401
lmowﬁﬁ?ééa‘f’?‘f:laeﬁ%a%g%g?ﬁeen the IC chips 101A 101B, 101G
a 101D and t he_substrat 0, around the plurality.
1351 ot Shde Thencepii ipg S 400 s saRs PE T B0 Bas aadiping o
woul d be understood by one of skill in the art, and as
preveshibeek pivibiagign ém qaushng thoeleotrealisqarectigns betweergthgdCships
(facing upward in Figure 9) remains free of any
101 Ae 1By 4 0L @t andnl OB andi th subkirate 360 ¢agsvat. dthie omdedilé encapsulation
401 can be a pol yner-based nol di ng conpound or any

also PR6tB&E tHefcofBétyYionk oM meRaaPaI @nt@fina@ieri al s. [35] The
under fill encapsul ation material 401 strengthens the

[36] ]t iﬂ@'un@@r‘fhﬁ%aggﬁiet 'nrlﬁat_tet‘?allél@'i QY &Bber3bPstkonRlor YiRE &IOS the gap

rom causi ng t ectrical connections between the IC
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rotects the connections from noisture and : .
CaPﬂlg’a’rﬁCéiﬁ*il Hatli 1flls thepp PRE SHEIEAS P2y of Shrcbipaps LS. Snlow-viscosity
material 401 is dispensed at one or nore sides of the
undergfidpendapsulasion materialcan be psedito flaw o Be gap guickbrmongh o allow for
and the substrate 300 and flows by capillary action
high-spekd braductidd. | s the gap and surrounds each of the bunps
105. A lowviscosity wunder fill encapsulation

[37] gﬁ%sﬁeglihﬁﬂtegﬁgf}? gﬁvur%t%r? ﬁll}]e?éé][{sg%gglg hfgﬁr)%ﬁé tﬁh*i?cgerl]sfw&ﬂh lo¥ understood by
one of skill in the art, a molding compound that is adapted to flow easily can be applied
directly around the array 100 in Figure 8. The molding compound can be, but is not limited
to, a thermoplastic molding resin, a thermoset material which can be cured either by thermal
or chemical activation, or any conventional molding compound. |

[38] Once the array 100 and the substrate 300 have been encapsulated, as described above,
solder balls 501, as shown in Figures 11 and 12, are formed or mounted on the underside of
the substrate over the I/Os 310. (Step S9, Figure 13).

[39] After the solder balls 501 have been formed on the under surface of the substrate, the

entire arrangement is subjected to saw singulation, isolating each of the IC chips 101A, 101B,

101C, and 101D, as shown in Figure 10. (Step S10, Figure 13).



[37] As an alternative to under fill encapsul ation
materials, and as woul d be understood by one of skil
WO pooshss33a¥ t, a nol di ng conpound that is adapt eRCT/B20o40044394

easily can be applied directly around the array 100
in Figure 8. The nolding conpound can be, but is not

[40] | |4 exsanplary indjvidyal ng,trbwltﬁnﬂ feorAghe @hwiva-described process, is
t hernoset material which can be cured either by

illustrabeslrimddigures 1 lcémehl 2 als shotvhvthe bomps 905 proyidearseadtdtbeabnnection
nol di ng conmpound. [38] Once the array 100 and the

betwenhid IGatiap 300Ahadeh r QRFRE DRI tradS 308 ThE eREHsulation
above, solder balls 501, as shown in Figures 11 and

o O TE ARHEO 4 SRGIAAR s o
onsgEbf g D853 S50 BB T30l el B85 310

arrangenent i s subjected to_saw singulation, isolating
comnGigchiBRER e JuBs R o thePumPS 103 Brovelbecondhgtivovis 34
~ shown in Figure 10. (Step S10, Figure 13). -8 WO
discusgd 3p053 BITCB&P@FMCBQ@MO@ 4®9de the A8Fesgary exedrptise yonnection
i ndi vidual true CSP, resultant fromthe
betwezhohvellesp nhdad qgrcoitésard. is illustrated in Figures 11
and 12. As shown, the bunps 105 provide a conductive
[41] ConuRpEh B abdos vRGRpIbRembedihéds ARLAPAL of e PR invention
surface of the substrate 300. The encapsul ation
[ 0. | ' | des t he .
have (bl Al B T4 by BRRSORLPR A0G MR HeTBich venion
unt n ircuit board.(not shown), the bunps 105,
shou{ AP o B e a8t bed SRS SepoRcHLs bt P WTeys piiees and
Jbunps 105 through the conductive vias 311, as
moditications earbemadeWithindhe pririsHIdpeppeef the prgant jnvswtige. t he
necessary conductive connection between the IC chip
and the circuit board. [41] Although the above
exenpl ary enbodi nents and aspects of the present
i nvention have been described, it wll be understood
by those skilled in the art that the present invention
should not be limted to the described exenpl ary
enbodi nents, but that various changes and



nodi fications can be made within the spirit and scope
of the present invention. -9 WO 2005/053373
weERADsNEB304/ 004394 WHAT IS CLAIMED |IS: 1. A nedhiBRoof004394
produci ng chip scal e package, conprising: attaching an
array of two or nore integrated circuit chips on a
WHATAS (GIABVIED ES:ng the array, attached to the
substrate, into individual chip scal e packages, each
chip scal e package conprising only one integrated
cirggit chip. 2. The nmethod a%cording_to claim1,
ria etedeof Rspdyane ghiR Sc3te RRSKRES: FRTBBHEESd  circuit
chips conprises: a plurality of bond pads aligned in a
siatigeling envamay ot byt erahdty injegpied etrcwin chips oppenbstesta; f ace
of the integrated circuit chip, and a plurality of
c alidung theverdyy apehédtothe suitratecinpd indadiduay cloip sbala Pagkagdss, each
3. A nethod of producing a chip scal e package,
chip &QMYacRAgRGonprRMigdinMgore iMRERied diRQitWAfLr conprising a
plurality of integrated circuit chips; dicing the
wafer into a plurality of chip arrays, each array
conprising two or nore integrated circuit chips;

at hi ng,each chip array.on a .substrate; dicing each
% 25 G rekettoB e AR L ohle SAH DEE P of iy Fliged
. scal e packages, each individual chip scal e package
circui 6B CAMBESSHl y one integrated circuit chip. 4. The
met hod according to claim3, wherein each chip array
c onplniadissoiommdgfadaaldgned in a pmgleiraw aadFerirgdlyndispdsgd oman wpper
4 x 4 matrix of integrated circuit chips. 5. A nethod ’
surfacd offthe tiedragd airclit phipcamkde package, conprising: -10

a plurality of conductive bumps formed on the plurality of bond pads.

3  A method of producing a chip scale package, comprising:

providing a wafer, the wafer comprising a plurality of integrated circuit chips;

dicing the wafer into a plurality of chip arrays, each array comprising two or more
integrated circuit chips;

attaching each chip array on a substrate;

dicing each array, attached to the substrate, into individual chip scale packages, each

individual chip scale package comprising only one integrated circuit chip.

4. The method according to claim 3, wherein each chip array comprises one of a 2 x 2

matrix, a 3 X 3 matrix, or a 4 x 4 matrix of integrated circuit chips.

5. A method of producing a chip scale package, comprising:

-10-



WO 2005/ 053373 PCT/ | B2004/ 004394 provi ding a wafer,
the wafer conprising a plurality of integrated circuit
w@hiopms3sench integrated circuit chip conpri siPQI/EB2004/004394

plurality of bond pads aligned on an upper surface of

the integrated circuit chip and a plurality of

cproctiding ¥ svabaunibs wabareenhposing laglyhklityadfiintpgrafedizaneuit phigs,, each

dicing the wafer into a plurality of chip arrays, each
integrated aiyc\iOCHIp compPesihgo or nore integrated circuit

chi ps; nmounting each array on a substrate such that

the bu H@ﬁlt@l‘it&/%@ b¥hd Pads ‘Mi%ﬁe?ip&ﬁﬂi' Wper st BRAntegrated circuit
g

openi n on an upper surface of the substrate;
r ﬁﬂomﬁng the integrated circuit chips of each array,
t eP@By nmelting the bunps and establishing a

conductiye joint between the.integrated circuit chips

and  t na LB el eenct aiey formih i Heub et iont PhdS

integrated circuit chips and the substrate; and dicing

t Hisingrthayvafgranteedpluglity chipaayst @ch prap CORBISNg g or more

chi p scal e packages, each conprising only one
integratetl egewit edpgi rcuit chip. 6. The method according to

claimb5, further conprising: prior to nounting each

a{oRMti AF edthSRS tohat sebstehtdRich gh e altd buanpealigniwitH ¢otresponding
material, such that flux material adheres to the

solde&ﬁ@%}énf?@? 51? h@ upﬂj QINRRATT 1R B¥rats; Nounted on a

strat x material adheres the bunps to the

o e RO BREHTEryt e 8 TR RER LB PR and
estab e RRGRCIHATY HEVEEh Qe BB HEHpTBEF PO ese BT
- }lrlxder fill encapsulating the integrated circuit chips and the substrate; and
dicing the array, joined to the substrate, into individual chip scale packages, each

comprising only one integrated circuit chip.

6. The method according to claim 5, further comprising:

prior to mounting each array on a substrate, dipping each array in flux material, such
that flux material adheres to the bumps;

wherein, when each array is mounted on a substrate, the flux material adheres the

bumps to the solder pad openings.

7. The method according to claim 6, further comprising:
after reflowing the integrated circuit chips, cleaning the integrated circuit chips, the

bumps, and the substrate to remove flux material.
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WO 2005/ 053373 PCT/ | B2004/ 004394 8. The net hod
according to claim5, wherein: under fill
wWe@pwapsisrati ng the integrated circuit chips coP@r/iBRee 004394
i njecting encapsulation material into a gap between
the integrated circuit chips and the substrate. 9. The
nmet hod according to claimb5, further conprising:
before dicing the array into individual chip scale
pac kidgenethdd nevonting l daim fHavtesein: conducti vel y
connected to the bunps, on the under surface of the

S wingér fall encapbulatfhg e iriteg@ite® cRE AOhi PRSI AR Res HFEERNL Th&Gsulation
a substrate; and a chip array, conprising twdo or nore

A1t j hd i J A i n the
mate su bﬁzctg ra1 Z%ag %eiﬁ({eﬁ Elé'lilﬁéem%?ra??d %fwéiu%t%g?ﬂ}aa@d g@%ﬂ‘g’g@a@c cordi ng
to claim 10, wherein: each of the two or nore

integrated circuit chips conprises a plurality of

candycti v bu forned on an upper, surface thereof;

a??d dﬂﬁén%tﬁ?% a‘éﬁg?‘g?/g foclgpy hiBhes compEs®ghst r at e such

that the upper surface the two or nore integrated

cibetsup dlicats s ara o individuishipavale anckigbs fpiingoldgr twils,

conductive bunps are conductively coupled to the
condwstibsllyrcahgected2o tHhieumps, ba tlehindeaguitaye pahlsagestaecor di ng

to claim 11, further conprising: encapsulation

mat eri al di sposed between the chip array and the

substrate and around the plurality of conductive

bygPsy rn'u%tiz-chip array package, comprising:
a substrate; and

a chip array, comprising two or more integrated circuit chips, flip-chip mounted on

the substrate.

11. The multi-chip array package according to claim 10, wherein:

each of the two or more integrated circuit chips comprises a plurality of conductive
bumps formed on an upper surface thereof; and

the chip array is mounted on the substrate such that the upper surface the two or more
integrated circuit chips faces the substrate and the plurality of conductive bumps are
conductively coupled to the substrate.

?
12. The multi-chip array package according to claim 11, further comprising:

encapsulation material disposed between the chip array and the substrate and around

the plurality of conductive bumps.
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