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LAND GRI D ARRAY PACKAGED DEVI CE AND METHOD OF FORM NG
SAME BACKGROUND OFTHE | NVENTI ON [0001] The present

WO pws6G460n rel ates to integrated circuit packaPCTgs20a41087059
nore particularly to an inproved process for

LANIPGRIBIARRAY PAOR AGED DEVIEE ANSAMENROR OFFORMING SAME
[0002] An integrated circuit (1C) die is a snall

devi ce fornmed (ﬁ{gﬁm INGE uch as a
sili Iclon vvafer.]?‘i\bgea rane Fgﬁgi nmet alﬁrﬁlgne t hat
ua inclu .pa h : . '
rooofia? | Yt BERATEeRyPRRMH &R uaARA Pplchethl: fidinore
particfiagy teatinijreadsodesafor faticatiey #ktet Gritl Aataydl G A)glackaged
connections. That is, the die is attached to the die

devichaddl e and t hen bondi ng pads of the die are connected
to the lead fingers via wire bonding or flip chip

[00 Ogg MPi NG ntiRe Praf cHiudt () &S ﬁ[a%gdallﬁie@i%& fdrfiRd on a semiconductor

nnections.” Encapsulating the die and wire bonds or
waferf ducl ac hsilichruwpter witlbaddrapreas e ansital drame: thatiushalhyoinghides a paddle

e o R AR G e e R B D8 MBSl S o i
that provid extERAd] efddfrlchn@®nhesttoag e That ¥ e diols dttachiddan the die paddle and
processed, such as by attaching spherical solder balls

then Hooding pady of tiwy lig arg eenpegtpdsm) the fagd Smgers Vi Wise bersling gr flip chip
al | ow th ' eat I | i ‘
v S aP ER SRRl SRAFSIBe B boncs
or flig hiF BimpPEwRN RPRstEotEe anderidl foasrspaokapg. Depéwling an the package
| eadf rane and package a device jf steps l.ike chem :
type, tieenitenty! aletriselaonpecdions gy be Yeadasds. SP@mP Tig Sﬁaﬁﬁuﬂm
LI j ' . i
ek B S PEE AP ASKLS55 HSPuipAAOES LESuntote ko b
Grid Agﬂvy qﬂg,ic\).a’rlﬁae reembienl pointsvdlopabk digdo be glecirically giringcted with
esirable. LGA . of f d hej ght_ by. .
other G e 0% RBGGHAGE b PG FRYE Slr BpLPy Apena v e
consugf{ihgto%gﬂﬁ 168EMncRAE padaige hastiead s_Q%s 8ké Siedmhibd eidMeng and etch
|

packaged device to a printed circu board (PCB) with
back srelretpiireal | s, LGA packages.are attached to the PCB via
a socket. Mre recently, LGA packages have been

r.ef | owsmunt ed ysing. sol '

oodsfL SeyHRUAAE SRS oI5 CER, A el fron
demafi@for @ABRer Yot frdkd pdvdritil eligesya edigask Githe paklege sizpdphighly

for.many el ectronic devices, such as cell l.i| ar
desirabl. dfhdpaekages efferapducssbpight byselmaigafing the gplde balls that are part of
a balltaggl é%{?? Z]%éi[iﬂ i%gﬁ%? e.plfrfr%tegg &?} %@angkﬁ%d@ﬁ&ﬁgﬁ%@ 16 a $RhRd circuit
board (PCB) with solder balls, LGA packages are attached to the PCB via a socket. More
recently, LGA packages have been reflow-mounted using solder that has been applied to the
board. The reduced package height without a decrease in reliability is making LGA packages
popular for many electronic devices, such as cellular telephones, digital cameras, personal
digital assistants (PDA), etc. Further, LGA packages are able to achieve higher pin counts
with smaller packages. At the same time, the electrical path from the IC to the package padis

shortened.

[0004] Thus, it is desirable to have a method of decreasing the size of packaged ICs.

It is also desirable to provide an inexpensive method of packaging ICs.
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with smal |l er packages. At the sane tine, the

el ectrical path fromthe IC to the package pad is
wgabh@soensd. [ 0004] Thus, it is desirable to haR€I/as2004/037059

nmet hod of decreasing the size of packaged ICs. It is

al so desi r abBRIEP DRSCREEION ONTKEPRAVWINGS hod of
packagi ng | Cs. BRI EF DESCRI PTI ON OFTHE DRAW NGS [ 0005]

[000 € f Oli,@ %lﬂgvﬂg tilalied dgs%ﬁgﬁd\z\rnpfﬁ: eféfrreé eRIb8HRENe 8f the invention

i ment o e 1 nvention v _be better understood
will bmkbememddstmd@drqnunm inovenjuinction Wesh sispeped¢d drawiinggy sThe present

. The, present |nvent on | tra of ex .
e A e
Whlcﬂ mk@ref&é@e@ﬁﬁ%td afiieatlemeh®i | ar el ements. [0006] FIG
I's an enlarged cross-sectional view of a packaged
| ntegrated circuit in accordance wth an_, enbqdi nent
[0oaede pr &3Ent is anemargeh croppERIpA VS ol paskageddriegrAad %féult in

ctlve balls in
accoré%%cg “Pglnagle _i #ﬁjglﬁt Ogn%é}g& nﬁtﬁh V% le present
invention; [0008] FIG 2B is a gr eatly enl arged vi ew

[0000H] con Gt 2 ds batispedtive atesdof afixtuee foi faroming eindpdivedalls in

[[0009]. FIG 3 rspective V|eW|IIustrat|nga
accorﬁ%ﬂf’ﬁ ifhcap e IE‘Eﬂﬁ’ﬂF‘ﬁ’Qf ?frtﬁ%%‘gé,e"& Ve onducti ve balls in
the fixture of FIG 2A;, [0010]. FIG 3B is a greatly

[ood¥Y ar 9§9GPeR$PS Efe'aﬁ? eMlafpddlev BEca@nélivetbalieldealeti $n the fixture of
the fixture of FIG 2A ter the nmechani cal coining

FIG. @Aocess, [0011] FIG 4 is a perspective view
illustrating a step of transferring the conductive

[00(%%]’022] ff&ﬁgﬁkgg &)Efégégtglreglgeevg {I%tégﬁsx}gte a&vn@(?lagfégllec?l %gﬂ)egss on the

condlwt@ebSBsmnh@ﬁmlmahEIé}\MAth an enbodi nent of the
present invention; [0013 ] FIGS. 5B-5D are enl arged

Cross t I trat | t ti [ .
100381 ach HFosBese gy snisrecmersPpshPotty S By ek Epgisin the
fixtur%%ﬁf%%. 4 e%h@%éch&ﬁ%l%@ﬁﬁ B6Rs;0f the die of FIG 5

to a plurality of the conductive balls;
[0015] FIG 6B is a greatly enlarged cross-secti onal
[0014kw ofFIGné iHd perspechiive &i gtrafng a step of transferring the conductive

balls from the fixture of FIG. 2A to an adhesive tape; -

[0012] FIG. 5A is a perspective view of a die attach process in accordance with an

embodiment of the present invention;

[0013] FIGS. 5B-5D are enlarged cross-sectional views illustrating alternative die

attach processes;

[0014] FIG. 6A is é greatly enlarged perspective view illustrating one of the die of
FIG. 5 wirebonded to a plurality of the conductive balls; -

[0015] FIG. 6B is a greatly enlarged cross-sectional view of one of the wire-bonds of
FIG. 6A;
[0016] FIG. 7 is a perspective view of a top side of the adhesive tape having dice

wire-bonded to the conductive balls after an encapsulation process;
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FIG 6A;, [0016] FIG 7 is a perspective view of a top
side of the adhesive tape having dice wre-bonded to

wo b@soenducti ve balls after an encapsul ati on pPOT/ESHN4/037059
[0017] FIG 8 is a perspective view showing a bottom

[oo1] de ofid.feas ﬁ?@ﬁp@d—ﬁv@tv%ﬂv deviises bafdm kida of thetedpipsglated
step in accordance with an enbodi nent of the present

devicep afim deotapirjeoersin aFsaiange vy theansanlgsapent g thy Regseat inyention;

bottom of a packaged device after a singulation

001253 GBS I | T el U

singul@foagibcesnin afcorlananwlitic thevpeedeat inventioncast dance with the
present i nvention. DETAI LED DESCRI PTI ON OF THE

Q020] The det ar esc i 0 fort
toos b oA HR 8020k B P 5 R g bt e
maccdrﬁs&e%%ﬁe;ﬁes@ﬁtsmwlﬂbhon of the presently preferred
nmbodi nents "of the invention, and is not intended to

represent t he onllg formin vvh| ch the resent i nvention

rray be pr dRETASED DESERIPIIGY Qi d KA the sane

[002 g ffe ;‘tﬁ h&%edz a&ggﬁr# {ﬁ&ytg ﬁ"l')gloﬁ!&@%gh%c%ﬁ %@ythe appended

drawifpRGOimpasiseds wldbdthptlbth&f thp prsénthnptefecred embbditdvats of the invention,
invention. [0021] The present invention ttplr ovi des a

and is pet inisaded tqo@er@aartﬁlge ARy foreg eiethe presgriinygngion may be
practlde'ac t[Hg 't@g hH&’ersctB pti‘l@ safl9 %124% i PidH ﬁ%cﬁoﬁ’é HARbé hdtoRfplished

con uctlve s In a ure, wherein opposi
by dlf&reme smbbdintremtdothhd ase ftendad td bmtcopmasscéwm}mf the spigih e@t? scope of
[0023] transferring the forned balls fromthe fixture
the inyegtighnp| d naski ng tape; [0024] attaching a first side
of an integrated circuit die to the nold masking tape,

[002 M] er ei Th@ pRA&HR Mbehtitepivided 8 ntbitleod dTpaskaging @l integrandd circuit
di e bondlng pads and wherein the die is surrounded by

die, inchudinggherstgpbef:| s; [ 0025] el ectrically connecting the
di e bondi ng pads to respective ones of the forned

[oozgj" I's )1 éﬁ?%ggitﬂﬁitf' BEsdHt ceondlxptg%(ﬂall? gf@ﬁ%t@Wh@ﬂnﬁ Bﬁposmg

ctrical connections, a top portion
sides éftRe Bﬂlmel ablehit pastiatly flattenwdd conp o und; and

[0023] transferring the formed balls from the fixture to 2 mold masking tape;

[0024] attaching a first side of an integrated circuit die to the mold masking tape,
wherein a second side of the die has a plurality of die bonding pads and wherein the die is

surrounded by the formed balls;

[0025] electrically connecting the die bonding pads to respective ones of the formed

balls surrounding-the die;

[0026] encapsulating the die, the electrical connections, and a top portion of the

formed balls with a mold compound; and

[0027] removing the mold masking tape such that a bottom portion of the balls is
exposed. Where more than one device is formed at the same time, then a singulation step is

performed to separate adjacent devices.
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[0027] renoving the nold masking tape such that a
bottom portion of the balls is exposed. \Were nore

WO b@s/06ris0 device is formed at the same tine, tRENUS2004/037059
singulation step is performed to separate adjacent

[0028§Vi C eﬁefé}ﬁgéhoﬁ% £iG i Nen @9&%%‘2@ cfok$sectiondvigh bk eckaged

Cross-secti o VI ew Of’ a ag ed sem conduct or
semicoeduictar dmwfs dp fenddrin a@mdaim (W@thwmembaﬂm@mb efithegagsent invention

s shoyp P FaEC g FHVRG | EuhPisth B PresiSe QEREH2JR0Kh B o

from &éihc&{ @afeR, a‘ﬁﬂabhdd&ﬁ onabemoredofiaatie t4 tvixhendie attadiinnstedaif 6. The
all's 14 with a die attach rraterlﬁ 16...The i ntegrated
mtegrened @uth died 2thps mdep er fiishsusface 1§ with aplyraliy of gvigs bonding pads 20.
The &?} a8£ 2 eel&‘i’ {’a;ug%o&?e@?ed@oth@&e‘éﬂo? ﬁuebs%%dﬂg 14.
re e trica connected to ot her ones of
Prefertabl, ﬂﬁfvtrlrbbd)ﬂcﬁnghéhds ROatecainbated tolibe suft ‘mallsdﬁdwnﬂg wirasl 22 via

I CHSTEET RTINS
the so‘f’tq{l\ﬂl ‘ih'a&n&veféa%r%éﬁul&%d vaihth @bld!cBapbud DPPTROBS A sides of

e soft ball are covered or encapsulated with
the ba@ls rh}lade expopaliand e@l4>w ﬂih éntegrated niralitéie 13fo bheormsried ta a printed

oS A8 BOu PP B SO LSH ol pecr

grounhglgffals%/fmni R d?e"—l.?ﬁlﬁi £aieest 6@I @ited cis@ak Board)as $s katwn by
power or ground signals to/fron1the die 12 and a

those ofi gl naﬂ@ aot, while wthees of th@balts IHgamdichdbe fie I afaghpd can

Condufﬂﬁ?ag @%Idfeh Q‘l 8 Iﬁi I'S a%{@al@g%tg B%:}g%ﬁlg g%ed% E&git &plderjoint
stren%lﬁ OThiths, tBé Balk2 4{uinder the dker2mbviden sgldermble)suefnck thatraharces

ard | evel sol der joint strength. That th
boardigy thacldet ast & 1 2oFIgt Dellsatdes Grsneis s Siralghg b gackage

edges%%%}?o@ﬁ@&&nc%ﬂs thed? ggﬂncé Eﬂeqﬁ&%}ucdltstrb tROF i JabRdge.
e corners and even along the pa age edges
al so can provi de connections that enhance the
[002%chaniThal mtsgnamdgmmumﬂxet Remppbkayeypqd 00AB it THIsh as a digital signal
i ntegra circuit f
ProCessoEf scpgc%fjmrgpeeeﬂlrcm g‘ﬁ%l §lbq?;§%r§g1§soarre ¥v§ lﬁ%ggllq 49 ?holrﬁg %% {kill in the
Ifﬂefseft ivhils ¢4 5ref§h!99 afd Th6dH Wih a4 Ele¥raballKadanctve rhliteﬁﬁ s@fthat
in the art. The soft balls 14 preferably are

electrmbl sgmm haralvﬁ msmther@ﬁmqghe dihe gerdugdvampisripbhmay §e pmagtal, such
t
as co%p&ﬁ %{, rg)? V%r %zﬁﬁyltfzerg&n opfs&ﬁssﬁcﬁ? sfla?s ucﬂﬁ’f’ﬂﬂt&nair % tin, 37%

as copper or

lead) apboho 0% Teadl 1@%. tmbleAaenmauMy,ahmfmbm|1denay tsufohmeds of a
137 material (63%tin, 37%| ead) or 90/%0 (90% I e
polyln@daﬁse mpterial wish metalliesypface faishoAtleahireesparkagagan e ac Ritved by

using ggar g4 Of taﬁlcgn(n% ¥, mﬂ[‘ > B %ﬁ%@é ﬁfahﬁbf d"éotfﬂnglghéll dol that the wires 22

. free age can be achi eved by
can bél s¢aﬂgy |“fiﬁ®oﬁdle&1€thﬂ’etoall?referabw lthse wﬁds@meé hmdd of astifferantenore
of a soft material so ai {he W, 1 dc'
rigid material, such as copper or a hard gold alloy so that urlng wirebonding, the wires 22
penetrate into and are embedded within the soft balls 14. As will be discussed in more detail
below, using a harder material for the wires 22 allows the wires 22 to penetrate into the soft

balls 14, hence forming a connection by embedding the hard wires 22 into the softer balls 14.

[0030] The die 12 is attached to a plurality of the balls 14 with the die attach material

16. The die attach material 16 may be any well known adhesive used for attaching dice to
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can be readily w rebonded thereto. Preferably, the
Wres 22 are nmade of a stiffer or nore rigid material,
W@ eek/oemscopper or a hard gold alloy so that deeT/N§2004/037059
Wi rebondi ng, the wires 22 penetrate into and are
substraﬁé’ﬂi)@lﬁiﬂl% diepbky) AhBowpdfin ieantdinent Asoww the dixel?2 is attached to the

balls 1ot el Y bt REAchES iscons 516 ot S DT fopRed 85 gtal, such as
copper. il \whic tc(?tsﬁ' tgé Bgr%_gglgg |8fn lté'le ?.ﬁ:l eﬂaﬁa 33 cAPREE Aﬂétﬁér"h@teﬁaﬂve is to

¢onnect. wres 22 into the
have tigobdteim (Iﬂlséa)nﬂlztldel) eﬂt&e]dienﬂeemmdlm whichtassdheedictld ltanot

attachdgtgo apy ot ecbele 14 o g e B i BiaTaioh G S Rhg gm0
those GHRAPInAe Hﬁ fitht fsQfon%&ﬁf{" ﬁéd&gfofjpz{‘cﬁaglﬁé uhedrael eﬁrcult-‘su ch as

an epoxy. Although in T1he enbodi nent shown the die 12
is attached to the balls 14, the die 12 may
[003%] t ac hBefettingains 9 S SoRAD, dinecthndfor eaqlﬁg%ané€ dig in accordance

suc Q n
v 2 A SRR S A8 80 31 o
the soft @ofitaicavE Balsbiat ih @Bt draancs edthram esibdejment of the ptdesentJJﬁventlon FIG.

exposed, in which case the die 12 is ttache
2Ais mgrszﬁctwﬁ giepy0f|the fintugs 3 gd i 2B ﬁ%\%‘ﬂ?’g glew o Sifle béhauctive

balls lﬁ%gé%ﬁﬁ%(?ﬁhu?e%d SAI?imﬁ‘?lts&g g{é‘ﬁf@ceﬁé)o kﬁ‘&ﬁ@glﬁ’é at?‘ﬁﬂtéératbdﬂmrcult

'S conmobn I nt egr at ed
die 12ds forfoins the[s0Rd2lls Ref Ehe flxtgrelﬁﬂ/vs advldék@m@alhgvma ar}@gh ﬁat

ooy S S Sk Feh BRRS Rt l Gy 3 i o
in a gd & éﬁd@ atinf Qirrdce ortdiiie 380 L bwanmsifsdthne &t issmé 6f {he key

accordance wth an enbodi nent of the present
consideratiens fayrihe pie@nt fxentgona Ipéhesmewmly prefersed empbadizgent, the balls 14

fixture 30 an G, .2Bis.an e j .
oo fogiRr pRepn s PTG 35l Aoh Wi e cove
forme§ LR Ve?y tipig ddnessesSeoitroPGkagy bt sffedtiveaptyatThd cavitieintthe
die 12 1s for formthe soft balls 14, The fixt

fixturg 30 arcigenerilprovnd Breferablynge savityhye aflagpr E@Fl?lb’ a%“?‘ig bgftom
surfacg 59 E‘rga(kj khé{ﬁq %oncﬁ%bé bﬁffolrﬂeﬁl\‘gllﬁtgﬁl the @a@@l Ha$ a]f%tt@x{e% or artlally

e cavities are out Tna grid or ar
flatten@d stifgces Uis ancateafativiit fornsingrsphidal babls omsphetiaaltballs wgth a

cost is one of the k d [ t t -
IR KON GACEE TN AR A
ewﬂmﬁ95%§ﬂ%ém%PﬁWBﬁfgﬁd by pouring nolten nmetal on a

nni ng is allows tiny netallic balls to be
formed with very tight dinension control in a very
[003R2)st em@m¢ulwlmycus§ddetmdvalls 14 areiformegeofta wftm@dgctﬂ@rléatenal

o SRR R8s AT B b B BT ol o
by tho@é of §1811 Bite aHOMTBABGAHAILS aﬂehﬁadem bH/6313B natehbla(tsta%md 37%

partially flattened surface. an alterpative_t

lead), fwiucrh inyessriolly iFven when 99/ 18(%‘4’@ Aead; 1:%% tima makerig] isppsed, fe ba
shape Ich% %I%tﬁgtﬁld g? etgjlarg%nlég\% %;ﬁﬁfs 3é| ﬂd%Pg ﬁljot@\é %gl‘ri]sol@asrg located in the
fixture 30, top surfaces 32 of the balls 14 are flattened by a press 34 via a mechanical coining
process. That is, the press 34 is used to push against the top surfaces of the balls 14 within
the cavities of the fixture 30, which flattens the top surfaces 32 of the balls 14. As the
cavities preferably have a flat or partially flat bottom surface, the bottom surfaces of the balls
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exanpl e of a rectangular ball 15. [0032] As previously
di scussed, the balls 14 are formed of a soft,
waeondueissve material that can be deforned, sSuchCEESH04/037059
soft nmetal. Exanple netals are solder or gold. As is
14 mdﬁfdét&ﬁed)i{l th?ﬁ&é% gf;y akiheltop slmrfabes 3. tThusps fleaBGAvdoaiposing iskles of
made out o .material (63%tin, 37% ead whi ch
the bajlg 14 ayaflatisned onpagtiallyflaitenest- 10 (90% | ead, 10%2| n)
material is used, the ball shape can deform Referring
[003&9"" t OREfef#hg %@@ﬂxé‘»& affdiBE mblifnRal tdinihg pAERsd, @fAfld 14 are
t he flxture 30, top surfaces 32 of the baIIs 14 are
transféﬂrai fremdhe Byture 3 f@ssmekﬂ nyasking tagecioethiridias ap efkgsing on one side

theredf BEGEE Bt Rt PeoRe BaCEV RSN Ko R AR o he

adhesﬂ»fe shffﬁcef dPthdHa e 36 an&\/flieﬁ thef thpd 3E@Rdiffei awhg mroﬁuﬂlfeéfD(Qﬁe 3.
of the balls As the cavities grefe ably h

Altenfanaclyothe Bakure ao IlSyPIﬁWé‘tag&‘@Ftttb%a@@l?' gadalteripe B%J%St lé‘rﬁtlck to the
surf f e 16k

aches i s Aot She F 28 3he Bl s L PIRE e KRR E b ey be

attach®t @5 méfal fl’ﬁﬂle 138|, tishet Hefareorf dftat therbatls d4 agparansfekded to the tape 36,
flattened. [0033] Referring nowto FIG 4, after the

as Sh%ﬁﬁpcgi coi ning process, the balls 14 are
transferred fromthe fixture 30 to a nold masking tape

[o032§ that ffé??h apRdheal Nﬁlsfé?rea@@th%'n‘ij(ﬂdﬁﬂh@kﬁ?ftapew g die attachmg
partlcu y, the tape 36 is placed over tThe balls 14

step iS perfdraet s Réfbring ©FICo SAhthe a@thgrgted @ugmt fliged2@fe attvéhqdatpea

36 d.t 36 Lif t
pora 5052 W bARFDG) ks e P2 B gt il
a pluraﬁ@' dIStird bR dingRRdS 80 andla Bdt@h szﬁﬂ'@ebm {he piebendly pﬁefd:rmd
adhesi ve surface of the tape 36, the fixtur

emboch;mm therbritom susfasas f the dicadad a%atWﬁlyedd%}ff‘&ﬂY e fhedballs 9‘& with a die
attacha?,%xe?ye !163 ;ﬁp‘? 22‘1 fﬁet @E& 1%’&1%%&%%%& atafotcﬁtfonts Igﬁc}pﬁla tfﬁe liﬁ:e 12 are

as shown I n
surrOIﬁrQﬂE‘ﬂ)]y a/isl'hirﬁhtytdf thJI@dallsi41 ZI‘ hahemberofIf@&s nsadsetld)o tldftermmb the
maski ng tape i e t ng, st f
umbRepRhae A 1 s FansACh oFibe A oy e aingi e o 2qnca? pha plurality
of the%a?la L ARHRG Jf)ﬁul% B e Ledd tI))for‘ﬁ{ the I‘Bﬁll?@d i2 vhffoRh in size and has a
eterm ned 1 ocati ons. dice 12 have a top
smglesbu’lf Mateixipatémmdimn gngle folalk mltmx pattein glaves cbffnmnhgzepdm gngdifferent

and a bott I
BT IR O
d1scu§’s'§H apbRd }Q'Haﬁ@lil &ip&rpwhﬁﬁ tiadib 32 Idatitbhiddl Rrvid R adhé@ed path for the

hesive 16 (FIG " 1). The dice 12 are attached at
IC 12 zmdquo\odlsa scnldetrablh aurfadedhatiepbances beasd lnyek soldeg geinbsjreagth. That

14. The nunber of I1/Os is used
ls’th‘%){%éi[‘igt“ %aﬁﬁr’}aefﬁﬁﬂ%’? %S bal s 14 that surround each
of the dle 12. Attaching the die 12 on top of a
roo3xr al idier options for die attach exist. One option is to attach the dice 12 directly

to the tape 36 at locations where there are no balls 14, as shown in FIG. 5B. That is, when
forming the array of balls in the fixture 30, leave some spots without balls, such spots for
receiving individual die 12. In this way, the die 12 has an exposed surface after
encapsulation and de-taping. A second option is to attach the dice 12 to the tape 36 with a
non-conductive epoxy 40, as shown in FIG. 5C. In a package formed using this second
option, the die 12 is not exposed nor is there a conductive path between the die 12 and the
outside of the finished package. This second option allows PCB routing under the package.
6
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of the balls 14, allows a fixture to be used to form
the balls that is uniformin size and has a single
whalos/06ms0 i X pattern. A single ball matrix patPE&F/nS2004/037059
allows different size die and different package sizes
Referfif BETIGOSDESEt Whthedptiba s togittach thealitgE? toleheat sink 42 (d,glea solid
fixture 30. Further, as_discussed abo q‘g bal | s
&Sa&%"

metal glaém Wil a8PeRE ogsalder 44i The heat sk 2Gp aEherage 36 after
the baﬁ%tlétI aeQt tg&nﬂgag gé) gﬁg;trg]%fa_fggv ecﬁéhfjﬁrél?4’]§ ga:uﬁlt%ﬁg?ﬂr i r}iﬁwg t‘ﬂ_@r ﬁletrmal
perforii@incd dstéthbpdldkagadnchnmaséehascﬂd&rdlﬂe alvhof ﬂwrlfaakz@e [ 0035]

O her options for die attach exist. One option is to

roosB. b5 RS Hafl 54 ot Bt P25 aR g o

tape 3E|o£=3the5ﬁ11s Thats deSoribel gBbveOhBIWIE: BdiRingPady 20 hrelddduscallp
e fixture 30, | eave sone spots without balls, such

connesqunsrefspﬁcuwe ergswif iy fpﬂﬁ¢d/bfdl§dl4 sgrreundmg the dinl % Wege :
12 has f i .
puciclyfl il 18 e B AE e U Jop BB IR v

ones of2hd PrinbEbiIRNE. IG the fchmad bans toadleld onty By theyadiesiveast the mold
shown in FIG 5C Ina%g;:kaeforned us{l this
maskigg iapa d6oipe bakks maneotdedeldrigid cpapehip 3rlydns, ragoig fougegised in

e QB NEE L REUIBSANE The, AcRoth A gy
thermbsuaid tﬁtgldmgdhardRhm macblm’g;eplﬁﬁfoe rrhiarthgald alfdyGs uses] to;mnetrate into

anot her opt stoatta t le,1
the solpalie 14, which §5ms 3 chteRfion e iapeadiie i hatsrufs 25 Mo Bieop ba
14. A‘éﬁsho&ﬁ‘ ARAkESh B? 343f ARwike2 2l peaded wmhehé I&QBIAB 6The tip 33

ter ebal’s 4 are attached to the tape .

is genbhmdly catullr in Zhamrantlis fonmed byrpleoiris flame aff @'ﬂﬁ%)l of the w1re 22 by wire
bondi erfolagance of the package and increase the sol derable
ondigy BRCYPCt he package. [0036] Referring now to FIGS. 1,

6A and 6B, after the die 12 has been attached to the

[003t7ape 3G feF tHehardbahdisg Ffbce@sis gdesemiddethe alixol thet dlecttidal e
bondi ng pads 20 are electrically conne

ted t . "
connee Hasete WIS QA8 8PORiRE of SierlisH frsamNIatesh pisisrab gty plasti
T TS
framer38hsidioldsehoraps 3®ha\tﬂn§thiace:nnm§u}aat 2sthébon Adt thisestags, thed

balls 14 are held only. b esi.ve of t nol d
cncapRaN cayeTe d5cesH of 6 AR Ir4DapS e TR THIER thf g Rgeally fatened
sides SP@NBANS 1 @99 ¥ a5 feﬁtﬁ&oﬂﬁh@héﬁﬁ%{ 16 Qedi®Sthat BallsN@ within the

tradition ernosoni ¢ w re bondi ng process. Thus,
encapsmisﬁt@d of appl ying the traditional thernosonic

bondi ng, hard wire made of copper or a hard gold alloy

oo, 2 M2 REAhA Bt BRGNSy

by hahd6r with b cB@hlercidll zﬁﬁllﬁh@ﬂ@pbéh@ 1fach@i3, tharenaymnaavemg thecbottom
wre 22 is enbedded within_the ball 14. The t IGD
portions of the array of balls 14, as shown in FIG. 8. To ensure reliable LGA 1nterconnect10n

performance, the exposed bottom portions of the balls may be coated or plated with a noble
surface finish (e.g., NI/Au) that is both resistant to corrosion and provides low contact
resistance. The exposed portions of the balls 14 may be coated via selective deposition of
electrolytic Ni/Au platings. Finally, the encapsulated matrix is singulated, preferably using a

well-known saw singulation process, to form separate packaged devices 10.
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is generally circular in shape and is fornmed by
electric flame off (EFO of the wire 22 by wire
whoemdiosngsomachi ne. [ 0037 | After the w rebondi PQI/US2004/037059
process is performed, the die 12, the electrical
[0038PNNECiINGS the A& s dulRiod Drauesk, an pptidriabeleotrichifenétidnbbtest may
are encapsul ated, preferably with a plastic material,
b peréasmpd. RAGAAL PRINED terpine 3ot darS0sER e daiea pisseparaicd
. . h .
ol b agh FprobeS @ Bel AETE A orb TFafl ARBbIGRAST, ¢
improihggster utikzationapd uaking pacllel stitgeposkibleewitiioud nddisipakd pofcess or
the tape 36. It is noted that the partially flattened
cost. sjdes of the balls 14 provide a | ocking feature that
hel ps to secure that balls 14 within the encapsul ant
(00461 [ OPRBpac %e%rd,ebi&e h@@ﬁlﬂﬁﬁ#ﬁd@ﬁ%@ﬁe@éﬂ@ sRctricABpdiir@ance
nmaski ng tape 36 is renoved, such as by hand or with a

becausechersigedl pathyfrem she bl 2todhe besstl istforiende; Awrthen syseny reliability is

. ungovering the.bottom porf f .
improyeg yalgcrgﬁg%scﬁﬁerﬁéﬁg reéi?&r,%é t&%grﬁ% efafrl\!le}ﬁls g{;{sg&' E%keﬁ’&lubﬁs of the
systenl Pé2d.CORRO0Ed R ppE6inino@ anEresistancenopashdnibaltstress failures are
. portions of the balls may be coated or plated with a
imporigpbisaues i ¢eligdar figlophone handget malfersay) that is both

resistant to corrosion and. provi des | ow contact

Si st &6}13@@ 1084 4 QRS afd ireRForfle! Bethdd SFpackagi

[004%2 coa?@%ﬁr\?ls%la?gl‘ééctl ewgeposi t?gn 1of g‘? ecter o? ytic crasing
an inte¥rdtédicipdudt. iDegysce deistrialldw bedahse meitherpssubatraid nontermjnatigns

si.ngul ated, preferaply using.a wel]sknown s .
(exergy] REIRPRR 1 BUBREL Sees b aparil ARl e sy blggused i
the singgla_EiQQ 32p dBEd Mt b foltRt BRVKHI ek, & heRawbRaRSHill HaRe a longer

ptional "electrical functional test may be perforned.

life. /gsmeincand lesdfname irEquisediihess is nofmeed o pegfospsbgifatejtrace routing.

I

The pRXESINE pfoceHANEEbE pRfRIed gsihg Slgentlytavhil &t bquipmpnt. The package
makr ng parallel testing possible wthout addition

|
also hayy mvesy dow prafide idowndo Adimnrn Althagghay AdRagkage 18 slgsenibed, other

i Y hj r ' :
N
metho8hStdcke®dic devictsin,alsytetpaokaged wathi this tyethad. | Inqdgrisiartays

i ncreasi _n% sol der joint resi %bagf;og 1o stress failures
(LGA afferdnethintereenmeetiqnydrasity eg,U0% 4O545 BBSHRIC: | nproved RF

performance and resistance to nechanical stress

[o 04%‘3“ | Ur aiRtRe gf@ﬂﬁ‘feﬁ%ﬂbo&mmﬂe Bebhtidntiave de@PRReated and
andset nakers. [0041] The present invention provides

described, éasijl terudear et therinyansiomit s dimdted s iesgyerabodiments only.

Numerous modifications, changes, variations, substitutions and equivalents will be apparent

to those skilled in the art without departing from the spirit and scope of the invention as

describéd in the claims.



an integrated circuit. Device cost is |ow because

neither a substrate nor term nations (external pins or
whadossy04a0 e required. Since there is no netal PCT/US2004/037059

| eadf rane, the saw bl ade used in the singulation step

does not have to cut throggimyetal, so the saw bl ade

will have a longer life. Also, since no |leadfranme is

required, there is no need to performsubstrate trace

50 Bl DB ERE A BB 155 008 Al e

F DPlupdliRg 66 Soft@ndbeti veeaflomefixtut, neritr oppoing sides of the
avai | abl e _ewl pment. The package al so has a very | ow
5 balls gs¢ aiflpasé pagigln flatensdanm Al t hough a LGA package is

d ' ad Fl at
\FnRE eohifea BARIRAR HoBRte o UEbIA ML LA, T
mettdvhihg sSimcdide oblareintbeviteksiragnliaioshe meldmeskinedpeiwherein a
this thod., Land grid. arra LGA) offer.high. .
second e oE B B b4ghP Bt o bSiiing g nd ptin il i syrgounded
bythe[fg%gdbéiﬂi le the preferred enbodi ments of the .
i nvention have been illustrated and described, it wll

10 belectrigally ¢dnatctittgthe diedhoniing pads teaespestinetangs phihe fiersred balls
lg)gbogg{lngnt s only. Nunerous nodifications, changes,
SurroypgIeAts 61%s, substitutions and equival ents will be
apRabaNhtidgdthé ARS thehdctrillcdhetdims 2md atbp Poition G prrformie balls
fromthe spirit and scope of the invention as :

with agaeldrcopwaundi anfe cl ai ms. CLAIMS 1. A met hod of -

RGO B SRR ST U LSl pORERSE Sl Pspose
15 in a fixture, wherein opposing sides of the balls are

at least partially flattened; transferring the for

bal The meghad fPackaging m@g&tqﬁﬁlwuﬁémf@m%a‘p gtherein the‘bats
fonneﬂtiﬁﬁ&f}})g&e%r hslical! de of an integrated circuit die to

the no

maski'ng tape, wherein a second side of the
die has a plurality of die bonding pads and wherein

the . die is rounded hy th or . b S; .

e o 2P megiod o CORECTS g MR SBB 1PiRs Yhgrein the ball
20  formed§R BRGAME a?é"ge'il_epcﬁlytr@&arggﬂl'ldf?d bal I's surrounding the

di e; ‘encapsul ating’the die, the electrical

connections, and a top portion of the forned balls
4 i 0 SBRAR TR A L
formiBX RO BRludes a mechanical coining step in at least two opposing sides of the balls are
at least partially flattened.
25 A
5. The method of packaging an integrated circuit die of claim 1, further comprising

the step of attaching the mold masking tape to a frame.

- 6. The method of packaging an integrated circuit die of claim 1, wherein the die
30 attaching step comprises attaching the first side of the die to a plurality of the balls with a die

attach adhesive.



2. The nmethod of packaging an integrated circuit die
of claiml1, wherein the balls formed in the fixture
wae®sspheri cal . 3. The net hod of packagi ng an PCT/US2004/037059
integrated circuit die of claim1l, wherein the balls
f or Pidmbifod BEp z{c'k%{ b 8n #t€oraRA efralit dielof 61ad dyBEreintthe
The net hod of aging an integrated circuit die of
electrichldy eonhectigested wnnaispsw:rgbqﬁdﬁgg ¢ dig hondingdads i@ the respective

ones e RGN CUFPAMLABEINET 115 Chea. 2. “The

nmet hod of packaging an integrated circuit die of cl aim
1, further conprising the step. of attacg; Ee mol d
5 miskhgethag ef packaging Ainteg At RECHE B ol CBm o SH51rg than

RS PR Ayl sl i

the die to a plurality of the balls with a di e attach

adhesive. 7. The nethod, of |n
o B Mo obPkRE i iegBed CHOR e clah gt comprising
the stﬁﬂ%}‘rlﬁﬁ/ts'l 1a$1hg PheCORRpSuB RS Ak 'ﬁ%ﬁpﬁﬂé&ﬁt édwps%la@emwl ng
e respective ones of the balls with a

10 corresponding plurality of wires. 8 The nethod of
packagi ng an integrated circuit die of claim?7,
wherein in the Wrebondi ngstep, the wires penetrate
into the balls and are enbedded therein. 9. The nethod
of packaging an integrated circuit die of claim1,
further conprising the step of.saw singulating the
encapsul ated die from adjacent encapsul ated di ce.
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