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LAND GRI D ARRAY PACKAGED DEVI CE AND METHOD OF FORM NG
WOAME/06BHEEKGROUND OF THE | NVENTI ON [ 00013 The POITsE32004/037059

invention relates to integrated circuit packagi ng, and

LARDGR®D ARRA Y PATK AGED BRVICE A0V MITHOBSOF FORMING SAME
fabricating a Land Gid Any (LGA) packaged device.

[ 00023 An i nt eghbQSR SIUNIY OF THIE: ong smal |
devi ce forned on a sem conductor wafer, such as a

ilicopgywater. .Al f | 5 I
100G, yPEREFEE R RR RERES o el Gloult TR iRlang ore
particul2@ly t6as iipeRed piocéss dop fabficamp aLand iiid Aedy (lG8) phckaged
_has lead fingers 10 that provide external electrica
devicgonnections. That is, the die is attached to the die
paddl e and then bondi ng pads of the die are connected
foodA the Axﬁﬁ%g}dt&_g&fc%itv(l@) dtk 2 SRANIRECTOrehéd éh & BérBiconductor
dnping to provide the ‘external electrical )
wafers suvhes histliven wafiera gslehdfirimeyistanoctal fraramthabwisually dnsdedes g paddle

fli hi ith tecti ' i
o a5 R BB o e RS0 e "Ryl b BP 1 e fnere
that pBoVEdd dxitErkl JRRNAE EbrRELGRY That iv3heldiads attached whthaglid paddie and

Thin Small CQutline 15 Package (TSOP), or further . .
then Yomdingadsiof the die aie connesied 4¢ Fredepddineers da ik foadingos i chip

f | ' : : i N i .
bompid (i tho E{efef efifichfUtheqbe Snca B P BlHe wire bonds

rically connect ed her
or flig éHip biuinps with Glprésctive ratprialfboras £package depending ldowke package

it can be_ expensive and tine- consum to farm .
type, fhegataraatslestiigal rroregions magnedsed §5-i51WHT 23 i Thipeimalbputine

| Packz%% ﬁ%‘gﬁ’;ﬂ] gfrﬁ{eg Proc@%géf,. b ad Ptk g s%lgaéiggp&@der ballsa frc]:)(lj' a Ball

ectroni c devi‘ces us aged | Cs )
Grid Airh (BGA).e These peraseal tpoirdeaitovdthe dic torbelclestrioally conpasted with

ot B e S 557 S5, T B R BB g e

| fohalbRGratdi SR adlige haleh Re ithiddps ik cRéhicaDétchiAg and etch
Gons‘%é??{dg%%auﬁray (B(?A?Japaceagg. Fnst epgd ofc attach}:nggan o

back srheequarclaged device to a printed circuit board (PCB)
with solder balls, LGA packages are attached to the

P i q,. t;, :
rood3cn’  SrfpBF st RCA ok BRI e gCR e AR oA popent
demab®fdrRfallBORK thord Pewérfd W eidey) adsagsselie ilghackadesinet is highly
decreaselnrellabllltéls maki ng, L ac

GA Kk
desirablsy UG proaghBPIaTTERced PiEhtRX Fliaiuating e saldor patls fhajaro pat of

, tel.e Andigital r i Qi inted circuit
o SRS S, R o ot v
boardt(PCBg Riiweldet baley Lﬁlfﬂpaoltkagﬁssnre azbfablnedszrmhfé ECBp:I:a]a;k aopkst. More

At the same tine, the electrical pat rom.t | Ct
recontd A PRAGECRATE e oSHBYUIRG sig erderthat s begn applied to the

dagb} i L} REnAiRELGA pack
o 33 B o R RO Bnion pcges
populaiifox pRngicleetronit Moviced sypdicisagilulgr telgphones, digital cameras, personal
digital assistants (PDA), efc. 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 pad is

- 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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1 WD 2005/ 060450 PCT/ US2004/ 037059 BRI EF DESCRI PTI ON

OF THE DRAW NGS [ 00051 The foll owi ng detail ed
WO9050604500n of a preferred enbodi nent of the iRGIEHR2DEAIT059

will be better understood when read in conjunction

wi th t he app@RigHF DESGRIIFON OF THIEPRAWINGSnvent i on

is illustrated by way of exanple and not limted by

[0065F acCPRRMY v ddisildeRscriptiontts abréfeled fbIiRBAES the invention
I ndicate simlar elenments. 10006) FIG 1 is_ an

will beribesieyaerlcattoat whet road Amponjpraiionwith tha arirgder diapéngsea g prosent

. I rcubt i A i t : :
ve i34 ot 1 S5 RS gl AP ATl i s, i
whicH Ti@¥reféreficdsiindivate singitarfeleimdngng conductive balls in 10

accordance wi th an enbodi nent of the present

i nvention: .[.00083 FI 2B is.a greatly enlarged view. . .
100081 condiiCh iie BB SRS SERPSECtORaL HEM o L PATE T Tiggrued circuit in
acco 'cJ@ﬂQ%%ellﬁb&améﬁt biSthe pREESNERiYE; Vi ew il lustrating

a mechani cal coining process on the conductive balls

in the fjxture of FIG 2A; 15 [00101- FIG 3B is a .
[00@7 kat | yFIEhRdrigadeprpesipectiew of e fisiure fordpanips ferdicHiyeballs in

alls in the, f.ix f FlG. after the nechanical
accoldgnge with gy 8@8@@":&%‘8{5%5}]9’ pﬁsé’célﬂ%'lég %{Gll’ per spective view

illustrating a step of transferring the conductive
[ood@ | s fFIG2BE afgredtiyrenlmfed™tiGy of Aonductive ballsdodateel in dipefixture of

00123 FIG 5A is a perspective view of a die attach
FIG. gAgcess in accordance with an 20 enbodiment of the

present invention; [0013] FIGS. 5B-5D are enl arged

Ss- ' ly péi ivel Vidlp | ¥SininB§rocess on the

[00g P el 2808 a P YiehT LBl S SR Minkeproccs
condpetivebells inbe fixewe of Fi{3t34it i ng one of the die of FIG

5 wirebonded to a plurality of the conductive balls;

BPRRLT S LR AT S ———
fixtu At HIGOAL Ltk fhe nfechanicalReim@eplobas; vi ew of a top side

of the adhesive tape having dice wre-bonded to the
conductive balls after an encapsul ati on_process;

) an ¢ 2 WO,
[001bDh5/ 0d3%:4 ipepeEBatiys vipyy dlystratingmsiap of tegusipring the conductive
| ' ] - m.si de of the
baﬂs%%@%gﬁﬁggyﬁv?%%ﬁhgﬁﬁgt g’-tapi ng step in
accordance with an enbodi nent of the present _
[ooixyent iKG 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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[0018] Mo 9 is a perspective view of a bottomof a
packaged device after a singulation process in
WECHWBYa#de with the present invention; and 5 [POI1EBER004/637059
FIG 10 is a perspective view of an alternate
[ooigTbodi [REG! 8 &f a pergrodvectiewahdwing a bottoacsidy ofthe encapsitiated
. the present invention. DETA LED SCRI PTI OF THE .
devicqsNafieKi ONanipg sigR nrpreorsiancy Yith a S%P&EFPB?F%%P@W%WH““’
bel ow i n connection with the appended drawi ngs is :

(o028t €NdegGas i@y SeSftivi 1ioR oPh bbﬁ@mﬂifggﬁﬁtdg&d BERESEREQ

enbodi nents of the i nvention, 10 and i s not intended

singulption pracessén acedidansa Withfthe preent inieation;ed pr esent

i nvention may be practiced. It is to be understood

at the-s Q Loeal; | : ductive ball
r001535% - G ipraSHALA0 oL USbh A8 BBtakiof  concuciv
in accofilagi@ith tigs freseamnieemiased Wi thin the spirit and scope
of the invention. [00211 The present invention

i ! > , Uit
Ts e, i nERI 5o e SCREASOR P e B PRRIrIONG 1
[002\%'11 g ral iipy d@{ailé&’aéscﬁﬁ%ﬁﬁ&i forh m%\h iﬁf J:dhn@ctidn)%iiﬂi fhe appended

rein opposing sides of the balls are at | east i )
drawipgsris irtehdedfds atdestription pO O Presentin preferredregnbiodinends alde invention,

. balls f the fi t.0. a. d Ki by . 43
and is 304 g rotreest by By 5Pl PhEnIR e PR s
practiédd® PRIt bEREHEHG0d BREihe sefle Wb B AVileR faRLDAS RN e abfomplished

the the has a plurality of die bonding pads and

by diffgment embodireents taf are inferided im e anqemnaswd g thesgirit and scope of
the i %68@251 el ectrically connecting the die bonding pads to
CIYBEct i ve ones of the formed balls surrounding-the
di e; [00261 encapsulating the die, the electrical
[ 0028.9Nnec The peesertrifiveatibm provides iaancthdd ofyrck&ing an integrided tigcuit
. .with a nold conpound; and [00271 renoving the nold
die, ingludinigrthe s8BeoKuch that a bottom portion of the balls
Is exposed. Where nore than one device is forned at
[o028f€ Samgnlihg® Hh&ﬂﬁ? oflscTt Sidledvebhlls e R fikfire, Meekdlh 6Posing
t0 separate adjacent devices. 3 WO 2005/ 060450
sides ¢¥Gl¢ LAROO A0BIO Portiallpflaganedef erring now to FIG 1, an
enl arged cross-sectional view of a packaged

m copnduct o Vi ' I ' .
roo23{i i Reftogimetobed dalsHE e BeBRA0RIAN Buthiph AR
packaged device 10 conprises an integrated circuit die
(00242, SugalachingonBrstsitle of amvimtedrsied cicauit diafoethe madld ambladg tape,
one or nore soft _balls 14 with a die attach materigl . .
whereifa sepRed S ef dgrdie B AR1piEli ol e bandingpads ang yhspeis feie s

surrousiid B e b B, P! ural ity of wire bonding pads 20.

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

balls surrounding.the die;

[00261] 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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The wire bonding pads 20 are electrically connected to

ot her ones of the soft balls 14. Preferably, the wire
WDboAtisg4spads 20 are connected to the soft bal IPCTIUB2004/037059

with wires 22 via wrebonding.: The die 12, the

roos¥Eectr Imtnﬁg%mb IFIGS 1, doladbddasosd Sectisidl e &FaspacRaged

top portion of the soft balls 14 are covered or

semmda@m@ﬁ@d%me@wp@rde@ﬁw@h@ gmbodimentfthepessmH davention

I I 4 I
is shqvm l@- aék%g?%drd%% Smﬁégn%gﬁ %(gtrg]aﬁ g@t&ga e12 such as Oé‘lg cut
from @isTHeoh twalberasitthchdde d@ﬁldrmol'é sdifobalmldrwmn ids aﬂﬁclanmtcnal 16. The

e P B RS eo B g 2.
The v?ﬁ‘e% Géﬁv% é)gﬂs 30 a?esella?mls nBé!cte& BRr Qﬁessc!ﬁ‘ thé s bLJ![L-,em
art, i oth th

ers o balls 14 to which the die
Preferefblﬁtheawire donding padsriuere commeted tolie sofé baﬂilselzmittnwzees 22 via

e enha ce oar.d l,eve [, .
wirelopE. THOOEy En PSR PR P GRS 2 GIATCRb of porton of
the sdi’gbeﬂfsqw £6 cSveidd SleneRsalafed \fli@?@ﬁol@éonﬁiﬂﬂﬂﬂ Qas The®attdm sides of

 evel solder strength. It is noted that balls at the

the ballsrtdraze exppsed and alloyn heinfegistodicigat dieddde bacapnasisd to a printed

c1rcu1£ !) hg&ﬁl %?ﬁ eff“ g‘gnhci&g g@tes %gg%n(g)g éfE"? E{Iﬁtﬁegr g{rﬁés data, power or

grourﬁl' sigriald tofiidin 2 diey2 bed asybstriper pfinted circit bomdcds iaknawn by
di gital signal _ processor

I t,
| thosc@féklﬂsaéhﬁ o et of Qe balty Flertich Pechalsis asierhad dog

condﬁc? ﬁe% r e aﬁ-{‘? £ @ Q‘?dah fhad eﬂ{eﬁg %ﬁ&‘@ﬂ? g% BosrBd&velsdiber joint

Ive erl
streng&h etThidisahe Balgil’ildl wdenthe ke Impmexdlc ;] iseldetabtammgﬁace Hatenhances

board e S ST wm%w%aﬁf ehE g Gpaeien SRk irgaikase
edgesaﬁéoggmﬁiyﬁﬂé Im@ Yostthdt enBaide theasthamicalXeaStn (1986 package.
% ternatlvely the soft balTs 14 may

be formed of a pol ymer base material with netallic
[0029r f ac &Hei muegmedmurceadwf 1emap he Resigpe afmclséuta&lmhea&@cd@yal signal

25 d f
poces P B BTSRRI sV V3o aim e
art. THRAEft by 4 pREGAN atd1REeE wlthlaﬁereahamwcoddhenw mheterialso that

are made of "a stiffer or nore ;szglcd rmterlajal, %uch as
electricapgignalpearcherpasspdgberathapugly e copdictivepiaprgal may be a metal, such

as co@% ggg&g &ga{nhz{]ﬂ??t réﬁg?fg%offﬁﬂ&& ASﬂEli%é 65/?’( ﬁE&@erPafl €63% tin, 37%

lead) 61 SO/US ST, TeadMD0%. tiit Altbmaﬁ%lﬁ\/the sofi regils El4hna)dm formed of &
material for the wires 22

t h .
polymss hase metetiphivish metallicufage 1\@ kg ff?vgeir’ﬂ% ag%?%%?ga%levcd by

“using (f@a;ﬁrﬁecct Qﬁg.‘li@ﬁfgyb?%%dg% 11';4?&% H@H@of’! §o?t3m§t%nhf§oq:hbthﬁe wires 22

ter le 12 1s attached to a
can b@lteadidy misehoifidedhkerbial |Befhfabw tﬂe wikes 22 aze miatie ofa sadfer drahore
16. The die attach t

rigid mgiesial. sach ASEQPPEOr 13511 bl R i oaringo e qrires 22
penenP gﬁ gﬁéﬂf) Qﬁé%&d vﬁﬁﬁﬁ tKeAdoBiShall$ ¥4, N A3 v Be ARLYMsed in more detail

e enbodi nrent shown the die 12 is
belovigtisiag hdeirdep ntaterial foarlthewirds 22 hibove the wirepRy thpengtratedninghe soft

vt L08R G Ty el o RO s 1

i s exposed. Another alternative is to have the bottom

[00309" SeoRRdisiTR)attathddhe adhaaltd of dpdsmiis 14 withwhe die atask material
the die 12 is not

‘16. The die attach material 16 may be any well Icﬂown adhesive used for attaching dice to

4



i0

15

20

25

30

5 attached to any of the balls 14 or to a die paddle.
© The encapsulant 24 is of a type known to those of
WOIZNI060450t he art that is commonly used for padkERfUSRH04/037059
integrated circuits. [00313 Referring now to FIGS.
substrads,Such asrer émekyf ovithpagk agiha gmbndin@ntsbewntha dizok2dia latf@hed to the
tion VVI

v B SRS I BEE R e 2GR FLSB. e
coppef QR q’Hﬁéﬁ YfRe Bl dtBerkdud dF tREER PQ@dl@ 8 éﬁgb&damrﬁim ditempdive is to

e pr esent | nventl on. pers ective
have ﬂm: bwom (omwmd(ud@)@fme dind2 ermsed in whichcase therdie 42 is nofy

t he ¢ I at
atachi i iy SRRl 8T A REL S sofoastin! A BIER cfbshm o
those 6f §l61HA theQirtahdtds bﬁmﬁ@hlyf wedTdrpaclepidg intletfedleircuitbe
fixture 30 is a block of netal having a large fl at

00334 | o Referrie pov iR AIOS A Sua mettod fofhacRagtts SUIC it n gocordance
with tﬁ% hfé:fsél{t i@ehfidn 9 bOBeRHbEA CﬁG%f Zkrb‘?xdeBxsth'd%ea BRurd BW¥or forming

acturing cost is one of the key 15 considerations
the softaonthingivebele i in avcenianarwith an ehbodimesieofithy pisset énrveation. FIG.

T TR e .
balls 108dtb@id Pe PRturé 90, RG iMiaNstMPIMNS Tiﬁ]ﬁabéss &F F&mgmg a6 gffeg@ted circuit

in a very cost effective way e cavities in the

die 12fis fenfoem 3¢ witbayeddr Ihe ﬁxtms@ Aiis ahlegleofanpipl having Elage f§at

T I e
in a ghidér ardy & theRedac ofiles ﬁxtﬂfd 30. A ahifacweing vodt écene d‘;?s:he key

“an alternative to form ngﬁ pherical balls or spheric
considggations #px the presentanveaion Bdhe preseymaelerred empe |ﬂEﬂ s14

e oSO R o AP
formedivith e tight dimehsibn Bonh-‘bl af evérgcomaifetiive way.t The cavities in the
fxturs §0 respefily U LacTFRED A BoAREOR B dTat OF PG Hagoned bottom
surfacg r@g‘ﬂ{ht él‘?épo%foﬁ ?ﬂﬁ@ ))Qlfl forilel |w1ih'ih ﬁl@%aﬁw has@ﬁtteﬁ@oﬁiﬂrﬁﬁly

37 material (63%tin, 37% ] ead)
flattenetlisotfades Amcanyalteofative Ex/ﬁmrmdwph@@iamaltsg@%ph@m ba_lquth a

latenag PR G RS CHRE el 7B St R T taps

exam gfag&%%g] Bali e fixture 30, top surfaces 32 of the
Iﬂé I's 14 are flattened by a press 34 via a mechani cal

COI nin process. That is, the press 34 is used to
[0038dsh agaupnmousmdlsws% tedhalls 14 aretfpangskef assofty copdugfive material

t f C S
that catn%)e eﬁ?ﬁmgege%ucgfs 9 oft E{‘fet%l ﬁc%ﬁllfiﬂf’:&%ﬂ?ﬁ Jbl%ég@l‘ F@lﬁ Asqg known
by thobé 6f skinbh the Aay most BGAtbalIE afeanddeadut yf 63/27 zﬂacetri‘ab(63% tin, 37%
surface, the bottom surfaces of t

lead), 70édy o Sou50itPENeLEoD 2008 188% leaful%%élﬂb Peroh iR the el
e SRR REGLBAJOR G SStn Tobpesh  ioa n
fixturgd30, topburfackd 30 bfthe dall{ DDAS ﬂamfedrhylarmesscﬁﬁi ioa EleGhamigal coining

after the nechanical ,coin rocess, e bal.l 4 _are,..
processy Fakisrthegross shisysed f9 R‘fsh Agails the fop's P@Sﬁgﬁwﬁés i gathin
the caviied DBthe 138::880 AFRIER NHRRIORP sHifalRs 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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5 thereof. Morre particularly, the tape 36 is placed
over the balls 14. The balls 14 stick to the adhesive
WOLR0PHWE40f the tape 36 and then the tape 36 i PALER2eH/037059
away fromthe fixture 30. Alternatively, the fixture
14 ard ﬂattmepl luathscsamg avaysts thétep sugfere8 82.ahbus fit leastttwe oppodirg sides of
e e qurface of the tape 36, the
thebf]l}s)gts h%%?‘ﬁe @%&ﬂy%ﬁ% "ﬁ§1 d masking tape 36 may be
attached to a netal franme 38, either before or after
(0033 balRefertifig Ab® thFAGSE eiﬂfeﬁmetnaachmﬁcmpm@pmcés@ ths balls 14 are

shown in FIG 5. [00343 After the balls
transfertgd 08} the fixtuse B &0 Aol maskingspe & éha@has a4 %{héswe on one side
t f t s
v AP 30805 RUECG AR 134, TR P
adhe@i/wwﬂabé yf thé tapbéétmkilth;an]tne mpe 66 axldfivest awa}eﬁomcehmﬁxmns’i&

ey A SRl 25 e Y o o

@ﬁxﬁﬁ r36e BRd. THenSdihARBUEIbSERay b
adhes%? t eg%?fctgéfifggﬁe$§$?§§ﬁgg%dl rect@y to.the bz?l%lttsﬁ e
S

attacheidtth aanetil dranget 3% cltherdiofse oralies tiehalls 14)are trapstefrasdo 1123 tape 30,
hare.rglﬁlk%ﬂged at locations such that the dice 12 are

as Sogwyh d by a plurality of the balls 14. The number
of I/Os is used to deternm ne the nunber of balls 14

[0034Rt SUifi@icbARAY ¢ rhldeertbdao it mélﬁtxﬂsdkiﬂgapéﬁﬁ didde dtPaching

on top of aplurallt of the balls 14, all
step i8 psafarmed Bofring KFIG) Shofhminkarail dsuitidige 1227 aflachpdo a
g} P84yl e 3 08 s nling
a pluality dﬂvﬁﬂ'@ﬁsc&ﬂlng s RAgad s botemtsurfive. flu thegetesentlp poiferred

e et se Ol e LA 50 A i
attaclilﬁiéieﬁv@ié ?IEHZ q).s é’ §1cé‘§2 drel HBERSR at RRb#odsQnch ARt tHe@ide?12 are

rovi derab e surface that enhances board
surrobimeied Ibyaqﬂmhtw cd‘ the badtsridn Jihke numiber of Q@'s is igedia determgine the

oo 55 18 RSO0 B 5T 12 APty BR3P ot

of thel#ald 14 emow a fi:8udei6 bb AR 3G the®aRS tHaDE uifiera nﬁ bﬁge énd has a
are no balls 14, as shown in FIG 5B. That is,

singlef bndhmtgxtpla@erar ragingle bgll mairix paticreallqwe diffsrendsize éw&d different
| f
packqgﬁ 5tz¢s féﬁugffogpec{] \%ﬁﬁ lﬁi lnixg 10 Ei%&gg‘ pﬁt ?@ dt rt11e2 1%1‘25&4 %0 "Burther, as

discusséR a5® e, thebhAE &4 afaérEWhﬁh elandiv |1aﬁs archabsesee dsapthegnal path for the
second option is to attach the dice 12 to.the ta %
IC 12ygndiprevidezpsaldsralole saideccithat cahaegs beard leyeksaldgs 19iAt %8&1 That

c A sing this second option, the
1s,thegl?aéls£gp?\33e%§cg§%r%§legﬁ&%¢é is there a conductive path

between the die 12 and the outside of the finished

[ 003%C k ag©thdiuptiosefopdit afath exisalOmveptiBE: ocutacin theutieel2 directly
2004/

k 05/ 06045 /.U
to hegRec i A AGPAT PV RETo 05T RGO TR i3 SBOVB I 1100 aThe4 iy when

| fon:mfxgl ﬁleda')n%%%? RB]PS 1 thefkiudd K 1ékde 66mé spotéiwﬁﬁblhlﬂ)allgﬁshah spots for

an epoxy or solder 44." The heat sink 4
recemmgunklm@tai dieHd In chis mayxthp die3 hek mn expashe swfadeatien ar e

encapﬁlﬁlﬁ&%{)%l (#91: %’lﬁgr :zﬁgge%m%? optlon is po Rack kh% 5615 {%nthre H's[p%% 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.
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performance of the package and increase the sol derable
area of the package. 5 [00363 Referring now to FIGS.
WO 20868430 6B, after the die 12 has been att acBR€d/USB004/037059
the tape 36 or the balls 14, as descri bed above, the _
Refer¥ihg 6 PKHGDn gemldmeﬁq)tmnes o stachitlesndik 12 to @ hent sindidt2t(e g, a solid
res ectlve ones of th S di th
metal plage)pith FHPROXY 5 pEfles arﬂg?rﬂ% @tﬁ% o yeSasre}p hhabE So after
the bAIRNAGH Kthchedid tﬁé‘ﬁ & §6.MrhEh D0 Bk G BAR BFiikPithProve the thermal
respective ones of the formed balls 14. As the forned
perfotnadnice ofl the paekage hud maiepsdthe solderbilecstacd th paqkegem d 10
maski ng tape 36, the balls may not be held rigid
ough tyr [ e
roos1og 't RsfafRE D it " BRAuEE, BhEGubaEA s thifutached to the
tape 36&&1@@5&1@ﬁ4?$we¥¢rﬂ:@dtab@vet ttediice bovading pdus Qﬁta&miemically

connapipaje Ebecivp oneR odtlopReg bal il Serobngine i da 12, Mdh
parttc[.lﬁfé . o@}dﬁ%ﬁ&tilz%} %ﬁn@ﬁ@& %hf‘ﬂleﬁb%ﬁ’@ﬁﬁgmg ]ﬁdg 20 'té‘fe@pectlve

owmn In H G 6B
ones dfitke fuirmed Balld Bt. efbihe Gaxhedibals hd atedwlrhdntly by theTmeslmomc mold

s s RSG5 G g S8t s i
the trﬁ@ﬁlﬂiaﬁﬂwﬁ&&hﬁ%ﬁe béHaR ﬁpr&éés?r Thid) ﬁts’f!&aﬂ @Paplying the traditional

process iIs perfornmed, die 12, the el ectrical
thermogmmirsloaridéngs hardiveirenpdesof ZRpPETPr A Iw@d gold alley istused foppanstrate info

r ef I

e sofSE SRS RS nsBEREEDE By o R AR i PT3h6 horcan
14. AGish&wh USFIATEE, a fip 3B @fhe Wiee DB isdmizddéd witkindBe baibi4. The tip 33

hol ds the tape 38 havi ng t he  encapsul ant 24 thereon )
is genpyally irgulat inghape and is fonmad by Ieb?ﬁtﬂ%fgw Vpfdhe wige 22 by wire
bdndign%ta ﬁg of the tape 36. It is noted that t he

p% y flattened sides of the balls 14 provide a

| ocking feature that helps to secure that balls 14
[003wit hi n Nﬂ&etheeme&hoﬁdthg ptocBs. is pafiadjedAfhieatic 12)¢he electrical

eSS BESeSEy e . Tl LGS 301 i
mater@l/ ak kﬂQto%vnQE TREGE | fo? %a&l@%ﬁl Ig@ﬁtegfa‘f@&féﬁtty TG §'sh 8 tHRGmetal

tom portions of ray of balls 14, as shown in
frame BB Ehat &oldwheetapelB@ha\ang dnbleecap@danh%ﬂlemneét fhimstage, the

or man 0s tto t| ons
encapfifgnt St HEthal G BARE Yt ot Tacs Pet ooty Rasencd
sides &ﬁh&bausw AbYidk Backing e theStielpsAbsedude Gl bR 1dnyitin the
provi des l'ow contact = resistance. The exposed portions
encapgiflant 4. bal | s 14 may be coated via selective deposition
of 30 electrolytic Ni/Au platings. Finally, the

roosgi’ aps%{ﬁ%} £d g%%létgﬁn}r%b&g Yhahed nﬂ&lﬁflg [a}@ by 1§éhﬁﬁe§ such as

OWNn Saw I'ON Pr OCESs, m°separ at e
by harb@kaiges colainefond] ]ﬁmléblé/&-ﬁéﬁlﬁigﬁﬁm thereby uncovering the bottom
PCT/ US2004/ 037059 [00391 Prior to the s Vt{; LE%\ at i
portiopy ofcthe srraypf balisildmsishewaén FIG. & o prstiregrbnble
0 |
N
surfacp finishdé.pg NIA00abs is uth edsiseint beedrrdsisit andiprevidésjoweontact

remstalnge p’lgtf’eséx%loged pho?trtlgnes of the balls 14 may be coated via selective deposition of

electrolytic Ni/Au platings. Finaily, the encapsulated matrix is singulated, preferably using a

I on
connection

well-known saw singulation process, to form separate packaged d.evices 10.
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improving tester utilization and maki ng parall el
testing possible wthout additional process or 5
WO805/06pg0401 The packaged devi ce has i nproved PCT/US2004/037059
hi gh-frequency el ectrical performance because the
[oo3siignal Prat to the eaw siigulhi@nlgrotess] dncoptionaldléctricuh furtotiomea test may
Further, systemreliabili i ncreasi.n

ity is inproved h
be perigisér Sirsel GHas L AER ALV E cuePRFT feL e sty
throu eptgl?kgncgr%{%&%g%iag%gﬁce toarr%gghgrﬁa {gg?ﬁqu &Ege’hence
improk gl tenteraitidizati crOand mpakin gperalicd $estivg possthde withaut additigphlprecess or
handset makers. [0041] The present invention provides
C0st. an easy and i nexpensive nethod of packaging an
integrated circuit. Device cost is |ow because neither
[0048]SUbs Thepakased deviddinag impved higkifaknetcyblasienl pbddinthce
are required. Since there is no netal |eadfrane,

h th
becausssie bizaalepalisbram the 1G e tastha aprdids horienedy _Eta@ser,rﬁaﬁtem%éabiﬁty 5
improl 4 6l A6 B0 it o O, SR AR il M edions o e

systent bedrd. sproeed BFdetformect andresiskmte tt metiaaival stoess failgres are
) The, packagi ng pr.ocess_does nof require any chem cal
imporgpEissysg &g Cellihardpiephare han $%e. The packagi ng
process may be perforned using currently avail able
ui p iRRAKGIS YiRfkPed st BE@OE bepackagin
[00452\/\“ w%yﬁﬁﬁlﬁﬁhougﬁv%ﬁaeﬁggggge |§ E.:izl)‘)é:éscri bed,p M
an integrited cirgut Kgyce opptis Jovg bedauasnadiiry ¢ Sihstrae|ngr tauminatigns

al.so ca f or ned i.n he .af or oY .
Coxtord R tallD Rt Sipcs b b RIT RGP, 4P pfF bl wcd
the sirpRlafief stehdoss Adtihdvefolcay throldhGAgtald §6 etie sivdilade will have a longer

i nterconnection density ., 200+ 1/Cs is possible.

e. '
life. Adow sinpe whiloadfams integpised, é‘éﬁfg oodieRs i Rerfrm gypstrate trace routing.

The p%ﬂ?«{gﬂ% ig?t%legbad/o%? Egtﬁg?#éil aﬂﬁtdh éﬂﬂ-ba&& %ﬁ?&lp@zgldbe't éé{pensive.

ear vention 1S not mte

- The padhagiag provest meynbspafimed ubingennertlynavdilible aquipmsnt. The package

changes, varj atjons, substitutiqns d equi val ent
also hag g Yerp dova pppileiowpdo 0o Althongh s LA prckge ' dBsciibed, otber

pckod oIS ol NDRBPAES b o8 o M
method| Stacketl dis dedicescammlsode patkapad kallyithig nasthed t leapdegrisiarrays
circyit die, conprising the e af . fgrmng a
(LGA ottt igh fRsGponnSRm B R OF SR PRESIPIF i ur e,
wher ei n opposing sides of the forns are at | east

[oo42fr ti aliinyie thd pbfepieg @mbbiimtatediithd Bvbdteon Rvewder Mubated and
fromthe fixture to a nol d maski ngttape; attaching a
[

descriliad; istwill Siedteap thabtheiimeatipmisawt Simitedite theseembodimeniyenty.

maski ng. t ape erein.a.sec Sl f '
Numef§i5 igdFicyBEe, oA A RO B st pepparent
to thosSWkiIRH R 8 Bdwitist Hepaile fromithe spatiemid scopd bfithe invention as

_connecting the die bonding pads to respective ones of
descridddn the ¢leignsf or ms surrounding the die; encapsul ating

the die, the electrical connections, and a top portion

of the formed fornms with a




nol d conpound; and renoving the nold masking tape such
that a bottom portions of the forns are exposed. 2.
The net hod of packagi ng an i"ntegrated circuit die of
claim1, wherein the fornms formed in the fixture are
What is dgifeidiigal . 3. The net hod of packagi ng an integrated
circuit die of claiml1, wherein the forns forned in
1. A methd®of fackigii®am rtedgigee cRbliydie esnfigingake stéps &N forid @ glurality of
soft condifctipafokag inngfiadrel Whe@naddsipl siidislof teGfodis Sreddt Mabt partially
flattenedyhesterfing e fo@iaBfotNSI RO/ fixtORCD AMh61a Im#ERingi tagk; Stt8ehing a first
side of anlirgegratedairclitdis to thaamelg Peking tSpel dhefdin b R8cARN ide 8ftAe die has a
plurality atdié Besdingdpddsi éxldl wheréih alié e@aslsurfoundbg byreidoem&d forms; electrically
connectip@theadie bohdiy patisad redpedive driididr i farmedd has Burkeunding the die;
encapsulsting terdignhaeleayicalfcohmgdtidns, andfaotoppdrtion of e thinddifoems with a
mold corBipouRldeariteichrdingfthg Avlkhmbsigngtapk BLEYHAL 8 BoBdm PattiondioPthe forms
are expoeéd.cl aim 1, further conprising attaching the nold
: masking tape to a frane. 7. The nethod of packagi ng an
2. The miethoe @ packagidigratiuhtegehite ¢lfcultldRi dhclaimWh @hefein thBdofisSformed in the
fixture aratspheritang step conprises attaching the first side of
the die to a plurality of the forns with a die attach
3. The methbd of packafing Bhdntegitatsaicieuit gRCK aBHINMJ, anelel g fate&dormed in the
fixture are igenerally @dic@angfilac! ai m 1, wherein the electrically
connecting step conprises w rebonding the die bonding
4. The mpthdd of padkhging @aheaediawel e digfof iclém MowRBrew thl férms undergo a
mechanic coieinp Gted wigergih it Raist wodppoking Sided of thadomd drecht Mast partially
flattenedpackagi ng an integrated circuit die of claimS8§,
wherein in the wirebonding step, the wires penetrate
5. The méthbo of packbginganamdgrates erebiedidad claimer ewhereiban didy of forms is
formed inntae figidreof packagi ng an integrated circuit die of claim
9, wherein the wires are fornmed of copper, gold, or
6. The mathodbf packbding anfintedrated idireuiteiclud diaivh 1pRetkeciontpriathg attaching the
mold maskigeigpateslframecuit di e of claim 10, wherein the forns
are formed of a nmetal that is softer than the wires
7. The msthod bipackbgingvan regratedasrceinbiedd ediny nf whérbia the BRBattatBing step
comprised btachirighibd findt sidack dgi dig taa piundlipgsfahe tbreis et d didia@taéh adhesive.
claim1l, wherein the nmetal conprises solder or gold.
8. The métBod dhgackegihg dn dftegraidagcrigdianf claine 9/ wherdinths eleictricaiiyeconnecting
step comprises|vaiebAding thet die bosdingp padd t0ghdé RRpeétRe odbs ob@e forms with a
corresporglimggplli@liiyrng wirbe. encapsul ated di e from adj acent
encapsul ated dice. 10 14, A nethod of packaging a
9. The mgthod afl peckagifig amirteyrated dirciit digiof cldint 8, witsr8iprin SieWirddoRding step,
the wires pbrgimt®nto therfoinitaral arplenibalddéey thekeig.of t conducti ve
forms in a fixture, wherein opposing sides of the
10. The nfetiiotsofaiaekafing @abtegratad ciralil de bf abitremathierdin dsWiRés areGormed of
copper, gbldeorf v atleg thevesfs from the fixture to a nmold masking
tape; attaching first sides of the plurality of
11. The mgiicosfplackhgiig Mintegiite@ circuit die on@bith TR Siefdn tHaByms are formed
of a metaWheriesoiter tiR@TibBvires so that the wires can be embedded into the forms.

12. The method of packaging an integrated circuit die of claim 11, wherein the metal comprises
solder or gold.

13. The method of packaging an integrated circuit die of claim 1, further comprising the step of
saw singulating the encapsulated die from adjacent encapsulated dice.



side of the dice have a plurality of die bonding pads

and wherein each of the die is surrounded by sone of

the formed forns; electri cal1|°y connecting the die

bondi ng pads of the dice to respective ones of the

formed fornms surrounding the dice; encapsul ating the
14. A mélh&Eof ﬁd&@agﬁh@éﬂ;ﬂr&l@ ofGRIRGRESd ARSIt dicBNEbrAprsty e stdpRRf: forming a
plurality 6f s RNHGEHVE forhriN B fidurd) vhei@h SpSEURPHIAEE of tRERHINBGré BBeast
partially fiBtcheTBEdIsRIrAAIE forfrieNofnhdfrord tROHLLGENS alrhdl@ RfasRihg t1R; attaching
first sideb Of 18 pAITSIitE YA Fte@BiFbUR dBUb Ahd RBI NAESKRRFBBS WitdrEifl a second
side of i di€e héve 4 Pty Hidid KBNS DB dvHELh €88h oflthe diENS surrounded by
some of I BRfePlorRs Eietdididy ashricdtifphatdsbérdinghddsbif enePdics torieBpective
ones of thé forta ety duneuh@h§thd AEdTRAcabuldiRg tHd diks!MtBe 8lkBtrical connections,
and a to pH@bh 6fihe fdithed IBRNIMRIMA thaM chiAsdA@l REndihd the Al FRGking tape
such thata bétbrh pBHien®bf Bk dbriskte cwbhieti dhd Qﬁgtflé}fr?&hé eré@dulatied dice to
form inditid@al pakdgéiierices general Iy rectangular. 17. The nethod

of packaging an integrated circuit die of claim 14,
15. The MBfo&ioR pé&k@P ing afEinte B DSIrcait dIREST lefith A3l wheteM tAE fértr@Formed in the
fixture arefdphé&rical.at | east two opposing sides of the balls are

at least partially flattened. 18. The nethod of
16. The R8BIAGF pLkading Fhestegiatdl GiclR dietof diafim Ak, wharem thé forms formed in the

fixture arély@n&ally RRtargiay, of forms is fornmed in the fixture.
19. The nethod of packaging an integrated circuit die

17. The raéthed af packdging dhtimegrat@auicuis HRMS tlafn I4 SRh&ein tAé FarmBiuRdergo a
mechani¢d) €oiflgGteFasHerbi dt fet fw GbposMERided@f thEnsallBekd1gdestt partially
flattenedpackagi ng an integrated circuit die of claim1l4,

wherein the dice attaching step conprises attaching
18. The rhéBodl bf sdckadifl aRfintbdratedi ciuit Giedf Rlathh ak] Wiyerein dnh@rdytidms is
formed inthehix@rgli e attach adhesive. 21. The net hod of

packaging an integrated circuit die of claim 14,
19. The MEBHE bNpddREgiRY aA intbGralddycireGinBiR & cRAln 34 eMrtRéBdMpFieRg the step of
attachingwhéﬁwmbﬁgm; edd A flagiddi ng pads to the respective

ones of the forms wth a corresponding plurality of
20. The Méth6s of patkading aAmitégetcalcirpaic Hia @f BRINAN4| W gihah& bice attaching step
comprise§ |aﬁ§¢ﬁir‘ighfﬁb¢|.rél sidel cEithB dide to/d Em%nry dfihd fRemeiwitomne af8ch adhesive.

step, the wires penetrate the forms and are enbedded

21.The rﬁétﬁ@@prpacjz%irg BR iMBdrard crtuiPdieloheiang 13 whdibiRanabRelrically
connectir Steplbdmstises NireBbAdiRg & didbefEhd pidiSoWhe %%ﬁé‘étﬁrefoﬂééfﬁﬂthe forms
with a co@éspoh@iPg Plural@Pblwirey. an al l oy. 24. The nethod of

packaging an integrated circuit die of claim 23,
22. The hiB6EofMpadcRagih®antégrateti @irbmeldie OF ciaini™®1 abhdr&iftin the wirebonding
step, the b4 Béndt@theSrnvd 4rRPard@mljeabied fRréthr €s can be

enbedded into the forms. 25. The nethod of packaging
23. The nfdthodbfaRicRAEEY 8h frﬂéqrbtedlcﬁc@fdié‘ bftiEM? 42, WwAteiR it Wiies are formed of
copper, gbRt at arcgEyr 1 ses  sol der or gol d.

24. The method of packaging an integrated circuit die of claim 23, wherein the forms are formed
of a metal that is softer than the wires so that the wires can be embedded into the forms.

25. The method of packaging an integrated circuit die of claim 24, wherein the metal comprises
solder or gold. :



