APPARATUS FOR MOLDLNG A SEMICONDUCTOR WAFER
AND PROCESS THEREFOR Field of the Invention The
" present invention relates to encapsulating a semiconductor
wafer, and.mares RAUCKIALY IQLRCARSHRING &:PUBPER rss
semiconductor wafer in mold cempeaynd Background of the
Invention  As is known, a chip scale package (CSP) is a
semiconductor package thafitiotsesaigemiconductor die, where
the external dimensions of the semiconductor package
approximatgeTHie Si78°0F e SETERAUEISH YR " Somie ehip scale
packag%s ééPs") fouse a pumpe semiconductor die, where
interconnect terminals (intericenaecis)are.formed on 15pads on
the die. The process of forming the interconnects is often
referred to ‘as hampingsdeppicallgsrat tkeiwafer levet ttheuses a
_intercormeeiscarecfimnatirott sridern’ sachas eltatthC or high
lead ioIH’érf’,"(‘jB?ﬁe?tﬁ?gs’gégig gﬁﬁé”&ﬁﬁ%ﬁfﬁ‘éﬁﬁdﬁa&?ﬂ?ﬁi @f%ﬁféﬁf@fﬁ :
Altemnaiiyaly, THE teiConecls £an bE mAte of et Sich.as
gold, silyer,fin and.copper.n.addition, the metal inmay.also
have a sglder.cap: 20Qnemethed af farming LSRsiskby molding
the interconmect:side@badumped semicondustormwaferin mold
compourfd "ABottped sétvicordictor wafer is placed on a
contoured THIL'SUFETE 0P & R8T BT piece; With e
intercon it i of 1 SeIcaRdUEo) Tiafer Tang ipwards be
with the. ipigreonnecis.exiending vpwardly..A Ried stemstined
amount.efmold compouneisthentdispesed @mtheHteccannect
_sidesof thfe 2bwaferidPhedower-maolepiese ang: upper~mond piece
are therrrotightittogithet: Witk the contobredmoldirgostindace
and a fRAt"MOIATY Stiads B tRE U et thtstd-piedd TWining a
. cavity. As the loker mold piece and an upper mold piece are forced tpgether under an
cavity with the stbstiafe and tfie piedetermined amolint of mold
compowagmgml,%@zd inhe.caviry.Ashe.lewer meld.piege and
an upper meld.pigee.are.foreedtogethestpdenantinpasedd
elevated-temperature;s thespreeletemknedramouat-of-mold:
compotrtdis'S0eompressed toprodicerarpredetermited of
pressufé BT I CUTpOUnT I He Tty T g
compo(iid melts and the. molien,moid compeuid yndgn e
resultant-meld-campavnd pressure,flows,across the
interconnect side of the semiconductor wafer, and between the
interconnects, to form a layer of mold compound on the
interconnect side of the semiconductor wafer. After the mold

compound has set, the upper and lower mold 35pieces ate



Ideally, the predetermined amount of mold compound is selected
_such that there is a sufocrent amount of mold compound to form
a layer having a thi chess that leaves the free ends of tlia

interconnects, expased-Howeverwhen.iherredetemined, .
amount of Jaold.coMpAURL.LS Used d-Rredetermingd-mold;..
compound pressuse-may-notbe attained-dusing3cempression
betweenctherhold!piecesmirendecthgapproachtiskgithigurng
formétldﬁ”ﬁfsélﬁfihf%‘ fff fﬁ@‘lﬁ?écfsdfcﬁ?d'rtﬂé’é‘%ﬁﬁ‘ﬁéﬂafﬁ‘a‘ﬂbﬁ theds
semlcona‘uc;tyero VSfs come O?gd{” [haTi 128 the fo formation of

ically, to avoxdthef ion xds an excess amoynt of m ompound 1s
voids, ap, extess.amount,atmold.compound Js emn mqf

ensure the Rredelermingd. mald.compaund, ma&tuﬁeomeattamed in
the cavibycuring-compnessionsbetween the.meold-piecas. is
Consequentljcthesfreerents of-thestoite rconneats: aré-cavered
by the eXcBESHEHIBITGF e fdy&r of mbltP eormpo emer thaeiss

formed. “"r*’ﬁé”@%&&%é dd\gt?B)ﬁSfésfi‘iéﬁ%é?ﬁdif&ﬂ%ﬁg?i’“h“cf git away

uon r exam he ex; ortion can be 20 microns (1 eters) thick, and lhe
to expo q rconnect W
use o Dnn appmg, aser an or plasma ¢ chm0 or a combination of these cdn

the relatively, lgnggomameg&mlq sompound that has to be
removed, the.grindingprocessis, stow advarselyraffectinging

throughputefGiSRiprodaction: kor examplertherexeess:ponion
can be 20iicfons (TOB Hatérs) thitkoardtis 15use of grinding,
lappihg, Ias’ié‘f"ﬁf‘f&?iﬁ‘i“ ﬁFﬁ@fﬁrH“e}FEWf’ﬁid B CSBIREABASF Hhiese,

"a method of a sulating a semiconductor wa d that employs

Can tak% ucpc} across (hnHBt mo%mc SUl’frenpg Eb}r]rxr;??](:;zg%?;rpoorglld?ng icrglld
com poqmcmgmgnmsagmmmg@md NS, PIQCRSHr S pIQ. in 2
grinding,is &hﬂomﬁleu&wco}m&m&\emgcm&m@weﬂj@emr&e mductor

wafer fronrthedpper mold-piece withoutdamagimgand/orects,
adversely Gffectifigothe corrstitugtie dies ofthecsernicentiactor
wafer. %ﬁ%b‘@ﬁﬁ‘b‘éﬁ‘éﬁeéﬁmﬁt &ﬁheh‘tﬂdeEH”B%ﬁﬁl?V?eBX Tows
eraturg, compressing the predetermined amaqunt o d compound an strate
Corporafipi ¢ fj BSR Teehes B Mathod Bt sheapstiating 4
semjcondUGior. yafer; with meld, compound that.employs film
disposed-acrose thekatmolding.swiace-of the.uppesmold.
piece, priciigmaoldingtererassemiosnductormwaterhaving
intercoritiects: 'exterding ffontthie padsthereon cfsptdcett in a
caviy TGS R W e eonicas eitning
upwardly, 35 before; A, 2epredereriiied amating of moid..
compouhd a,sc;h@@ x:ilﬁpqgeghmlna@e@x&@mmgcam@ma@e&taﬁ and
the film is disposed across the flat molding surface of the upper
mold piece. The upper and lower mold plece.s are then brought
together under an imposed elevated temperature, compressing
the predetermined amount, of mold compound and the substrate



/ 35 subSequeet grinding step. After the mold compound has set,

"~ the upper and lower mold pieces are separated and the film and

molded serridconductor-wafer adheres to the upper mold piece,
Here the, film.alletis she.melded semicondustar,water tubg.q
removed:Sronnthe: stippaimold: piecehy pulling, on it. Then, in a
subsequent peelingdstep, tenfilmds removed fromithemolded
semiconcactae water artr dised raed. b neod Asmentioréd eatlier,
the filin |§“lf§‘éd”l62f)‘?é\?§‘h“f"’[ﬂ%°‘fiyéf & 'aNAS BT tha Thteresritstts from
However, a.disadva e of using film is the film is dis dedaftcre clp mold shot
being coyere mold‘co qj o-avoid the need s of grihiding,

Another 1sadvantaoeo using

In addition (b i 5 ?3@91@!!9\4\4%@%}?19 ded.semicondictor
wafer to.he remeovgd-fram thepparmeald piece.However, a
disadvantageef ysingifilristhanthedilmdsdiscartecafter each
mold shotvidende: sthef tostohusing!filir S relatively highArother
_disadvantsge sfasig s tid nest o tie atritidrarpeeling
step to CHENE T e O SoEGHL ngler
The peeling sfen.nas ifs.69st. handlind and HIGUGRRUL ..
concerng, Yetianotber.1Qdisadvantage.ofasing film is that some
of the mold sompoundscan-becometiapped-betveemihe: free
ends of the linterconiects amd te filkr: Consetuenthyldtive with
add|t|on&‘l“éféﬁ%?&éﬁi’dﬁﬁ@“%éhi‘ﬁm&Y?;‘fo*?ﬁﬁiiﬁﬁfta%ﬁﬁ@*‘t‘hée
procé"ss&“’“é‘l.?{:‘ﬁe ﬁgdgiﬁ cﬁﬂdfeélir&rﬁﬁj pﬁ@%féﬁ‘md&ﬁ’éﬂc’é&h&ﬂfer
may Stl”t ﬁteeedee en rcon ects are otec'p\i: rce goel Iﬁ)mpoun nordgh fl;!:s eer

mal cna BVC an e [0['1 LB.ITIOUH Of &XCCsS mo compaourt

disadvantage,ofusing film.is.hat.aik may become ranpad..
betweensthe film.and thewater: lsanddhis.eanslead to dheuseu
_formationeafaoids-vithednoldedwwaiern-whichcanadversely
affect theerefiability of the constituent packaged serritconductor
dies. An alternative to usmg film to aid in the removal of the

the Invention

molded semiconductor waierfroi the, Upper mold piece is to
coat the fiatjpglding.surfageQf the. HpRer Maldnie Cewith ..
non-stick.materiaksuch: as-rleflonf?) . \Whiledthe. layeralnon-stick
materialbassisttife thie 20 removal of the molded semiconductor
wafer from theuppermotdepievesit does hotlersare'that the free
ends of ‘[‘ﬁlé TEFEORE TR ArE ot CEVArEY By mibie Eo éb"éfjnd

one surface hﬁs mterconne(:ts tendm therefro the apparatus c?fénm

nor does the P& f%n??E ckim %JJ fave anv.efect on the
amount @hexaess.meld compound that has to be removed.

Hence; the need for the subsequent steps of grinding or etching
and the like, as described earlier. In addition, the layer of
non-slick material has a relatively shoe useful 25life, and
provisions will need to be made, to replace the layer of non-stick



" a plurality of mold pieces having an open position and a molding
position, where in the molding position 4 the plurality of
mold pieces form a plimary cavity for disposing the substrate

therein, for disposir aigf I[pr%ggggc ined amouvgytfg)r dlsposmome

compoung.nihe.

east, QB@&H{}E@&QOQI%@L&Q%[@@ and.for

molding dhedayeiof.meld.compaynd-pnthe atleast.ona swface
of the substratef anebsrae, and - the, plurality of mold pieces form a
secondary cavity tatpled rs'theprinTarémvityy thedecordanry
cavity fo“r*‘Yécf%R‘i?Ff@‘"”é%é‘é"é”?ﬁ‘é‘ COMIPOEIREr FronT (e prrEry
cavity, aud%“””““é““dé‘fr:g/“ij’ Vity avirtg 2 presstire” 885G

[EsSsure on (

element for aﬁmxya&@[n@%@ﬁmmm@m essuie.Qndhe Jr;oecl,@i
COMPOURSE: compound ohi BRAGENGF.ASPEGEih erpiesen-AnVR Qs

providesraamethed-for meolding adayerodfidOnaidicompound on

_at least one surfacergfiaisubstratenghiereirrthe at least one
surface Ras Wfﬁéﬁ‘@dﬁf'f&%ﬁ Oé?éféaﬁd'lﬁ‘é”t”rfé’fé’fmfrﬂ“?ﬁémfnethod

disposing a prede, d amount of moldc on th at Iea ne surface

comprlsnbg the's f‘ép% St Ay ieVing &’ pitiality” Of MSid pretes to
an OpendPOSlLLQEL R dispasing, Eﬂﬁfﬁytﬁ?&'ﬂ’e@%@&% [94 A%@rﬁp%?@n of
the plurality-Qf.meld.pieces:s).dispasing a-uedelermined .
amount of mplccarpeund ontheatdeasi-ere-surface Itof the
substrate; d)omevmg‘eth@epmra@lwwfomeiﬂdomeee@dfmwwhe ofren
posifion ¥F% fﬁ&ldlng position to form a pnmar}/ cavity.

secondaly, cAVIE HAd CRATREICHEPb&THEaH:

itiad fﬁondgﬁ% &ttate

and the grei@&ﬁrnmlg}ggemgygmmpmeggmmmdLmtmgmmary
cavity; ejc@mpressing the predetermined amount of mold

—compound anekthesubsiratedn thed Oprismary-aavity pressure;
Ochanneling excess'motd campourd frord thesprimarycavity to
the secdfitfarytavity via the channel; g)asserting a
predeteﬁmn?&f"p%‘gsrﬂf %dgﬁs e f'Omkh°€§‘§“ﬁ;|§‘l;qn gompound in the

e rpsentl ention pr

secapdayy, gﬁyltf/no%ﬁs allowing the moid compotnd to set under
the |mposed a@ﬁ%@;ﬂ{m m@df@&%ﬁ%&%d cavity, each of the plurality of mold

35

pieces for providing at least part of a molding surface of the mold cavity, wherein during
molding the plurality of mold pieces come together to form the mold cavity and to form a
molded unit in the mold cavity, and wherein after molding at least some of the plurality of
mold pieces move apart;

at least one of the plurality of mold pieces having a first position relative to the rest
of the plurality of mold pieces during molding, and having a second position relative to the



i) moving the plurality of mold pieces from the molding position to
the open position; and ) removing the molded substrate torn the
primary cavity. In yet another aspect the present
invention.prayides amalding.APPAAUS SOLAMPYISIY G ne @
plurality efmold:piecesforforming ameldcayity neach.of the
plurality efmoidpieees for providing at least part of a molding
surface of the ottt caity; whereire daringemotding therpluradity of
mold piet&% edifie’tdgether to form the mold cavity and to form a

.. .at least igg systen f ling the, at lcast. he plurality of mold
molded unit in iﬁéﬁ?ﬁ%’itﬂ Cavity, and wherein aftér’ molding at least
leces after molding

<

some of the Rlurality.of 2omeld.pieces move ARL: mowndl Jeast
one of the.plusality,efimeld: piecesshaving.adirst.pesiion selative
to theorest oftherplurality-of mold pieces-duringunealding, and
having aesecénd position relativetotherestof thesplurality of
“mold pietes AftEtdlanity; WHETRIK IR <@EviHd ffositior the
molded RTEGEHEFES 8'the at least part of the molding surface of
c) 1lling the cavity with mold compgun ile imposing heat on at least’somng of the
the a}sle%gl@qgngf F;;.E@S;p\ura ity St mold pieces, at leas
one heating systemfonhgating Que.ar maseofthe plurality ot
mold piegesbduting-melding; and at least one cooltag
system for coolingtheattetstrone ofrtireiphurality of mdidhpieces
after moldiiy.om of "REtN ARdtREf aspect the present invention
provides, 8 metd YoF MOy Ui I 4 S8 TR By
plurality ¢ mgqusqiggggonyghg;}gmime molded unit adheres to one
of tOthe plurality of mold pieces after molding. the method
comprising the steps of: m) dispasipghuniteto be molded
between the plurality of mold pieces; b) assembling the plurality
of mold piec?és%dWﬁf thecEavitF With threP Uit 1 e hidided
located ITHE BATIEY, ) TARETAEE ity with mold compound

while imggélﬂgcnf}:eggt on at least some of the isplurality of mold
pieces; d) separatingthe. plurality.ofmold-piecsswithdhe
molded unitsadherng.to.ore ofthe-pliralityof.maidpiecesicand
coolins the at least one of the plurality of mold pieces to detach
the molq}ggrﬁﬁfprgﬁ}?m%ﬁéoﬁf’ﬂ?é%Wé‘lﬁﬁi’?ﬁ?‘mbﬁcﬁ?@é@é‘ﬁ

35 FIG. 5 shows a photograph a portion of a molded semiconductor wafer molded with

the process in FIG. 3 as viewed from the molded interconnect side.



20in yet still another aspect the present invention provides a
method for removing a molded unit that adheres to a molding
surface of a mold piece after inolchng, the method comprising

the step of cooling the mgjc-piace, Brigf Rescription of the
Drawings An embodiment of the present invention will now
be fully describtsglobywayef exampltegwithreeferencadothe
drawingsref whigl:cor vaH G 1% Showseansicle sectonalviewof a
moldlng%fiﬁ‘ﬁfé“fa‘t%"iﬁr%{‘t‘&%‘éfhifé”(/\‘?ﬁﬁ the presetit fiivétition;
30FIG. c2v1§/hnc16\<{;§aaol Oi)rtha[ assensfa re| 8[\17vmémed back ress etﬁ]éherﬁl?)ftllng[

compqund that j toa esw comp und erure thlb way, ific

apparafys.n:Elals, 1Gns j]QX}@dﬁu flowehan, af:a m g process
using Ira&nm&dslmge@pp@r@m Wb @1 pressurk M AA:C3.Shows
varieus:positions @hthexmalding appakatusiin accedancemwith
the processhiniG o3xrcantBS5FIEd b shewsraphetograph laer
portion B erishiesd Semicsrehictor water'mobaesd Withrtere
procesg'i'FIES! 48 Viewed ot e ihiraed TREercoifiett side.

semiconduc per. mold and the solidified mo

6 Detail ﬁ“esgl iption.af the 15, Mold pieces Tor m Sopjde ng a'layer

ompoun he Secondary cavxj adhercs hcrc onsequently;

of mol@mmgg%mm the: ﬂL@EQQ@ﬂ@QEaﬁ‘Q?{h@fw@ bumped
semiconduecteswafierdnclude a.pihmary-eavity,and.a seecondary
cavity, mtedwhichibexcessmold-compoufidtirom the platary.
cavity flswswia aprerdiner PHeSecortar e abityiticd e da
pluﬁbef“fﬁki% HEEEHRE ﬁ?@ﬁ‘é?@???ﬁ‘f‘i86”6%81@%@%%‘?8“@??&% mold

CT afer is much more than contraction 0 a-ne cavity during cool down, which |
compogid that s &qual lesired,mold compound pressure. In

this WaMthan%h&Imgammﬂm@t exeess.mald compound is
forced intorhe, Sﬁﬁﬂ)ﬁdaﬂyoﬂ&\ﬂiyafﬁ@dim@gMQJdrﬁWﬁBQ%Hkas
under the: desiredmold-compeund<pressured Most.oftherexcess
mold tecenipeundeinsthe primarmeabityflows intg'the secondary
cavity, adféﬁt‘ai@"ébif’évrléﬁ\ﬂﬂ‘i‘f#Wé‘l%\ﬁ\/@l???ﬂﬁ“?é%’?eﬁﬁgﬂf@ss

mold CO Sanda low mold piece 110 H]a&n&lﬂr& t[(l)orr_l V/:\/Sal. know H/ Sk_l”(.ij in %el’ of
mlB upper mo% piece ?Oéls mounted to an u mon of & press%nol S Owrgx

molg cgmw&qp&&m@@ ,@%v@mtﬁg@g%fyol@mgvr@@huan@ﬂ:@latlvely
shod timesfernexanple by.gendings o eiching..By.design.owhen
the lower and appersmoldrpiecesiaseseparated thesnealded
semiconderctor Wafer adiheres tortre ‘uppermolidpiecerand the
solidifiédf i’ffdl‘d fisiorelngoelvTalo NI} fﬁéhéé%hdary cavity adheres

h per mold e 105 includ i_novéi e cavijt 15 that slides honizontally
wh € d [ IS mt er mold piece 110 i.e. when
thereto, Corseasniv. e SOldfiemold.c noa,

the mold pieces 105 and 110 are in the open position. The upper mold piece 105 is made



compound in the channel fractures and breaks, the septa-wing
thetwo.  The upper mold piece includes a substantially planar
and movable cavity bar, and the molded semiconductor wafer

adheres to the caV|ty bar After the mold Pleces are separated,
el such as P20 a %(ﬁ m the and the mov blec vity bar is made ogoolm

the Caytfxeﬁuc 44&!“9\\5 as lS known n tlﬁlpag%c cavny 395?5(:15 shape dbled

to S|Id€

While copling.down, $he.20malding.compoupd.of. the molded:
semiconductermafer shrprksid ke ishrinkage of the molded wafer

is much more thamaoontraction oftihe gavitydandoling-ceol-down,
which reeticBsthebitidingbetveen themelded sserméondiretor
wafer arltf tHé& E%N/‘i blélt‘“cf‘@?ti‘i’ffﬁ e HBIdEe SéFFatotiductor

cav1 o»\nforxl.l str ve purposcs. The s onda.r caviby 120 is
wafer de%ca? Om t Y ﬁawa qg'l i{ Qproﬁdiba channcrg)rerréolten

d to t primary cavi

semI@omcéugxggowmumdﬂ\é@mgggwalym smaved Lemdhe.ppper
25mold pigee witheuttheuse .and.consequentexpense ef.film,
and withouksehjecting the-meldethsemicondyctor waler iathe
risk of derradfé by mechénicat removaicmineF @ sholsdg =
potlion G Fitstainy a‘fb‘ﬁé{F&%ﬂ% TOCFESHPHSING SR EFTe r gid
piecé 1(5%“5‘1%”8 "]cﬁ?\fmal’r: °;V:S algg%le}gs Lrgogmngn olding position. As
is known, hy.one skilled in, the. art. e Upser mold piece, 105 is
mounted.iQ.an MpRet Rertion of apress, (et shown)..and.30the
lower moldgpiece. it Quigemounteditodlowen porionofiapress
(not showmpdher-Gorve ntiohabimolding press: sthelupper pertion is

not movaBIe ARt tHE IBWeEr portion moves in a vertical direction
Thc n g 125 %1dciies a relanve.l chcap aﬁddonvelmem way of exemn o the .

between an qg OSI a OSIt on
owever 1t willBe [&érecmtc that pneumatic and yd:a 1c sys éjjjy

Consquﬁﬁﬁaﬁmm Tower mold: pirate 110 is. meved.vert

_between.the: Ioweropen position and the raised moldlng position,
which is shownw3bildie-uppernmoldipiece dOBincludes.ais, a
movableeavityt bar bistrat slides tdrzontathy: when 'thecupper
mold piéte 08 & sparad dp a’ﬂa‘f‘rﬁ’rﬁhﬁ*\é‘qﬁWéfSrﬁ‘éﬁﬁs ig€é<110
hes Whéﬁ“efﬁ%“ﬁf&rf @8@?‘1’6"3”5%&033%1‘13?% i fﬁ’é‘c ‘ig‘bsmon

through as vel om mo andtheeect Iate
The UppgL. il pxm%evhi@%ﬁnm@ﬁ WAV as is
known in.the.akt, QQQUQQ%MQMQQL%@G@\{JE%%§§al§vmaﬂﬁamc£tp0||ng
steel sushvasd4RCOLASEZ 3;casosKnown ik the: afti pEhercavity
bar 1151s'shapeddeoshdécinaicontéspornidingly shaped recess in
the dpper M BRed 18> HencE e e ¥ty bar 1°Tse ks

i; shaft 33 determines the th ess of the T&g ﬁ)mp':und on lhe fre

hOrIZOﬂfQﬂ trQerconnectsquogo é!veug!ea variely elghts are emp, cd to gplece
110 has a cavity 117 wish a moldlng surface and within the

cavity 117 a semiconductor wafer 11S having interconnects 119
is disposed for molding The lower mold piece 110 includes
several secondary cavities, although hose only one secondary



to mold compound to flow from the primary cavity 117 to the
secondary cavity 120 during molding. A selected spring 125 acts
with a predetermined force on a plynger 130. The plunger 130
prowdes a movable surface of the secondar cawt;gr 130 QQ way

thlc 58 W 1 ll de n the thicknes ft €s onduct wafc nd
of its upg%r B\ hc mterconn’ecaﬁrl‘pgqg Cl§16 sepYQ‘ oppers n‘f gxengeaéasue height
predetermines [esswe.lseretthed fo.as backpressure..on the
mold compeunrddir-the.secondary.cavity: 1204 and henee0a the
moldscompaoundenatheprimarycavity 177HT hdsizbyemploying
the spring i 25-that exertsa ctrespondingofeice wihembhe over
compreé‘%&éy ! lﬁ?éﬂg‘fg?ﬁﬁﬁ%@“ﬁﬁf&z 7&?@138%8 i*é%éfﬁffépi‘%fh
advantageolsy, 5 imposed afid maittdined o7, the old

compo umrlmmzpsm@pm o@aydtm;s& myplmgr wmg@rolmvgu ring
moldingekihgplenger may be 3-5 millimeters (ram) in diameter,
~and will be 20deseribed:later ¥ heres argarumbencfplingers
and assocatedisedondalyreavitiés ararged 'arouned tmenold base
pnmersﬂfﬁxﬂf TR " FHE SpH F%‘T?Se ﬁffj’@‘i‘d@é‘ea Yetatively cheap

ligned wit a act; a[o 160 sho n 4F) which t t 1
and COT'IZ\/I nﬁlml way ol 1C }el IS ecc%éseré\é;sv'gxlt will

one s lled in [hean CLO! ystum otshown)mt

be appf%ﬁl@tﬁd Ahat; QQQM@JLQ@E} G SYSIEMS Wit .
assoc1atadwaatuaam&maylmzempm&amsrttlag)rﬁgaﬁemataerye@.avuty

120 to exertithe required-20fereeomsheplunges: 13032 audhe
lower mote precé’ 191 0cinchrd&@sra-irottorimerold-trase 134 camity
ejector ﬁ*&t@“@? Bt @‘r‘%ﬁ‘aﬁﬂ%“%sltﬁwwf@a’%ﬁ‘t prafe 134,
and a IdWé MR E{;ﬁ j/mmgﬁcﬂ-’? dl‘ﬁhd'flcc‘)j\}\?@?%%{\’?l CErEN % ll[l)br‘aowdes

1n mo
a lower mo

h§Wi%9@eQ'JPMI&&QH&MQQ@H@J% 'rga|r§ng!t§991§ed and
the lgwel.cavitycole, iRsts0R-apektiaR ofithe; hottemdnold base
131. Guides-l3biextenc 30dueugh @ sleeva:t40:in thetbottom
mold base]Stoaid therefectopplateriB2 caind linto thed owsr
cavity plﬁtﬁ“f@&“%ﬁ@f*‘é Tit'i8 LeReTeret Thefres et GrshE guide
135 haéegaﬁmﬂgél&di]ea] tHEradf g"l“ﬁse”juricb‘ EETEE SAEE A e

wn around th, ,e

sleeve 146 (i malr} teayw%rilgal;@ug@memdhzgg;wg@ﬁotm ypRer and
lower mgld pieces,L0R:and LLQwhen.thedowermelcpiecs:.110
moves betweendtheripemposition end-thendmolding positions
35The bottomoltbEse 13ty supportsithe stopper shairied3,
and %e”ﬁé‘fﬁﬂﬁ‘ﬁﬁf Lfﬁé“%’[ﬁ’ﬁb‘é?%‘hﬁf’f“fSg”élé‘fé?srﬁfﬁ@§cfﬁé 1fitkness

Of the e%ges}g)\,svn hat aamlam the mold %fces 105, and %10 at aéreddenmr_}p%ﬁ%a::?hen

mperature 1n prcpara 10N or mo mpc sémiconductor, wafc
interconnécts 119. Stopper shafts. having a variety of heights are
employed to set the desired thickness which will depend on the
thickness of the semiconductor wafer 118 and the height of the

rnteiconnects 119, and the selected stopper shalt having a



cavity plate 134. The lower mold piece 110 funhex includes
an ejector shaft 150, which extends from the lower surface of the
ejector plate 132, through an opening 151 in the bottom mold

base plalg. 431, The electorshafl hmd,can,nave 2, diameten o
approxnmaﬂ;@m;gfmmmg@gioa@rm@éagzamwmggbmwmor 160
(shown dmBleaadFrnihichops.pastsof an ejector system, as will be
known to one:staliedin the S&nWhen-the ejector-systemqnot
shown) 16 tiredower pertiontoftherfirestis metivatederthiecaptuator
160 mo?i‘ési“tfﬁ{ﬂ/%ﬁﬂghéﬁ‘ﬁff‘ﬁﬁij")tﬁ%“éj’é&fb‘i”%‘f‘i%ﬁfml’%a“\?\ﬁﬁitiﬂ faises
the ejectofplate 157 cé“ge‘?f‘ﬁ% et r%’éané?:ﬁrh:f mdd:; Qﬁﬁsf%fﬁt&d the
weight Qi&ﬂ%@J@QEQ!oQL@L%&%J n@dgmﬁgmm ed potfign 152
of the ejestorplate3dabutsithesgQlowenrrortion 139.0fthe
plungent36: arid: raisesthe-plungend3«elativey-te thelower
cavity plateri3450 Fheupwer doforoceconitheplunger 130 causes
the upper poitien1 38 Bf e pIUT h%é‘l”ﬂf%fﬁ ereetersort

compoﬁﬁﬁ‘%ﬂﬁl?@pd’aﬁmtﬂé”% COnaSRy Tavit 120, SEWiR e
and 110 are thel move iliZ to the @ngﬁosnﬁn D nn smovc.ment th hgﬁ

descnb?{éﬂ u;]e Ore gtal a dl the comprcsswc orces Eat\yt’.leenWQ

eated mold pieces

lower mgld piece 4 10-whergsa.aumber.ofsthe. %5@@99&%53/
cavities:120 are.located-arpuad.the p&prtattycavity &/, with

each ofsthe-secondary cavities1t28. coupled-todheprinary-eavity
117%by @aﬁésm@ﬂ@é%@ﬂw@ﬁ 1@&PW€?“‘@WB%HHWV&6& elyrecr
openln(\jléO SO5" TRt iﬁ?ﬁ?ﬁ‘ﬁ & ‘Tipfﬂgdéy’lﬁ@“d%’é’aldﬁeﬁbi&s the

ontinue ovmv h othef,.the molten mo

OmMpo; is,forced out
Semlcogaqgt nmary caVI[y I'7an chaaneme\r rxxhqhagalf ;l;]?Zlgelgecon
molding.and, suhseauentlyteleased after moldlng In add|t|on

the guides d35iangd-theisrespective sleevas 14Q-aie: 30shown

around dhepgrrianyieanty i limay cavilVithnieterenoectoik 13 .3 and

FIGS, 4&:E themoldinidf process 300V stars<305-with movifg 3

JO the ﬁﬁﬁéf’%ﬁhﬂ (e BT Pieeatt r0s At TI0%E tHe &pen
orce of the sprin orcg pf the s n°l 1spreett01m 05

pOSItlon %Sl m@ne press!ﬁrc on@e é\ OI:HN;!OUP\'% ?fll}g mol comg)unglg r 123’9 under

the fOVCc%QJ E%é@@&%ﬂ%ﬁ@ﬁ%@% Hpwards.ioth fppwmum
allowahlg.Jimitisebby the contour of the lower cavil), plate 134

Typically, 35thedmnold-piecesd05-andold incorporate-heating
means rsyetrradefdétfic: heatityelementse(riot sfiov) thdEM )
iritni°n ﬁﬁé‘?ﬁﬁﬂ‘ﬁé%&% BoSAd 110 B8’ ‘I“éd@f’éﬁ?ﬁ%ﬁobe&?\‘/ated

nd portion of the molded se nduct afer 412 and the cavity bar
temperaliire, in.bréparation.for. molding.. the humned. .
semiconductor wafer 118 is then 9 disposed 315 on the lower
mold piece. 110 that forms the base of the primary cavity 117, on
which the wafer 18 may be optionally secured with a vacuum
applied to the semiconductor wafer 118 via openings 205.



to against the action of the spring 125. This ensures that the
predetermined mold compound pressure i.e. the pressure on the
mold compound, as a result of the,goling 125 acting on the
plunger 13( @J%"I ﬁeoe on the mold compouynd in the p ary

€ secon cavmcs 1

cavity 11.0.,/As.is knawn, the,ueper.and werrhmq‘lgiﬁaﬁﬁe%h;p%
and 110.are.heaied 1o a[pr@ﬂ@tefmm@%t@n@parawga,pomon 138 of
typicallyt60-1:/53degiees Celsits:(F )-anetthienoldipiecesi15105
and F¥10r&rélthemimoved 325 tethe metidingpd sitiomnDuring this
movemetr e Haé“df“ﬁ‘b’ﬁ‘f’tﬁéplﬁéﬁlléﬁnﬁ‘féIﬂdﬁfé&%ﬂ%%i"éﬁéo TIO
and the Ch lf:ncggnmbute su st?nua to trb%{ldméforce %trﬁ]%qla gég) 105

esu t t e mo de scrmcond ctorw adheres to

110 on ‘&he%a%?u ‘iéQénh‘E%ﬁs#& Qﬁ{& ELO Q&EQ@‘S%”Q& amore
liquidy statgid Qdmgmsmurﬁa&mwnﬁmgtmde;‘mrgioamasmhe
interconnegtsurface of the semicorndecior waterd18sasmshown in
FIG. 4Bribetibieat] theinterconrrectsibnFodote rera-20that the

" upper portig138§f theplun et r3onew dbutsthe eavity Har
115 ano“fffée\jil A °e°|‘”1°3q 0;§ ggﬁ’ﬁ‘éﬁ"&b‘\?\?ﬁﬁards a alnsthtrlle tome
Of the Sprl'!!)go hC pl’eAénei‘jz upwar [ml§l’)(jh§crépé>8“0n Cwa[ iree ;éé’ﬁ%‘i‘nue

ss, Tov pcmn

moving i%@ﬁgﬁﬁa&&mb@e&ot%t maken: mg@ggmmwagc@mrced
out frommthejprimascyicamityidd# andchanneled, 32 A-theaugh the

gate 12 ioimtdthesecondary?eavites < 20icasoshowman IFlad 2.
253WWhéiis thie! Lll]fSp‘é‘?%WffSIGWé‘r”ﬁﬁlélﬁe BoEs 105 Ard'To dbut, the
pressuré"’éﬁ”ﬂ’i’érd&?ﬂ 35%\%%8 biglejletel fﬂ‘@&ﬂﬁ&iﬁﬁ‘ﬂ‘f@“éﬂ?ﬁ&'ﬁ}“

avmes 120, as shan in FIG. 4F, The e ei: late 132 then et

cavity 117 aRA e secondary, Savities 120, act adaiistine upper
portion QLthe plunger 130. When the pressure on the

_plunger 13Qvis greatet-than.the ferce.otthe spring1 25 ttheiy
plunger:3Q-ig elisplaced downwardssagainstitheforcevivthe
spring 1255 Ascthgforce ofthespring T2Eisepresettoqimpose a
30 pred@Téﬁﬁﬁ%i@ﬁ%%&%f@ﬁﬁ? iﬁﬁlﬂ“&léﬁfﬁ@l%rté‘ 1fﬁ%“rkﬁold
ComBOLfman acts as a?ea%sm%c%hus coorl>r/1g9hae\c/z!\t/!t?§ar];26A qfvcl apr tmanyr Ca\_/lty
117 ha%@!a%@&@ﬂ@&%@@@@QM@%&M%QML@ﬁio @S SRAWR.IN
Fla 4D. , rcnilhempidrcampound.ds.then adlaweddo.set-330,for a
period ofrtimenafteravhictithermold:-pieces 205rend. t40:are
moved 385tvtHe! Wiﬁb@iﬁﬁﬁ‘%fh“r@fé?ém@‘fﬁ@l@ “fr 35as
the roldPiéces Y?@aiw 108 jé At 1o TR BEEH BBSititn,
the binding force berv.oven the mo ceéﬁ%ggjﬂ]ﬁ p(?)“ri}l]f)mnoof{1 the
molded semiconductor wafer 412 and the cavity bar 115, is as
great as the binding f (Yee between the portion of mold
compound that is 10 solidified 419 in the secondary cavities 120
and the surface of the secondary cavities 120, and the surface of



As a result, the molded semiconductor wafer 412 (as shown in
FIG. 4E) adheres to the cavity bar 115, and the portion of
solidified mold compound 419 in the secondary idcavities 120
adhere to the surface of me se%%nggX[&aV|§y By, design, the

serruconductor wa € cavit

solldlfleqamg@[ﬂe@agngp[gg,g a1 fhe gate 121 "torms a wea ff?\rk
consequently this link breaks as the mold pieces 105 and 110

move apartdocthe:0pen position/Roerionsobthe hreken link are
identifiabtec@rra side! slface%r5ofthemoldedsemicenductor
wafer 41‘?““6?%%?1“’(% I$ide SeFfaed A’iVy@me@SWﬁﬁﬁp@’P%Hﬁlfled
mold cofB{IRETA1E, TSR HE ToId bree 88 105 50 £101h the

C mtcrconnecls are exposed vanely of rOfCS €S may be

open p%‘ﬂ%l)%unf&@uﬁ%ldﬁﬁ%}&‘? dndhe lower.portion.of. G.RIESS,
moves wpward. through-dheoRrening,151 and abuts the free end
of the ejectarshaft: 160, forcingthesjector.shaftlb0-upward.
This causestheieféttorplate 182 -t-mave. bpwerdaganstits
own Weigﬁt’féﬁﬁsﬁ‘é%i‘@é‘"@ﬁ“ﬁ‘f@%bﬂﬁ@“ﬂ%s At thiedxtended
portion FE2PGETRE &L%E‘Fér“?)“r&fé Sf%"‘f%h‘fs“[ﬁoé%?}?féi' np‘%ﬁ‘i%ﬁ 439

the 1 rcon ects and th ce of the

of the pf@ﬂ;qjséfdlf% an%f S0 ts the unger 56 upwards.
Consequently,the UpRer.pation 138.0f.the plungst 130maves
upwards.andferees-onejects thenpottion af selidified male of
compourd 4Q-frdmitivey seedndariceayitiesd20hasshiown in
FIG 24 FoTHE Eieretiorplateol 37 ther Fordis torthérpisitiormshown
in PIG. ﬁ%"swﬂr{ the actuator160 in the lower portion of the

s is accomplished us ces that condary or overflow chambers
press is deadtivated..... Wil fie molded semicanducior wafer
412 adh,@cmg}gs&@1;h@omwthmi;ﬁastmhga&gm hat M@mgyﬁd 340
fromsthe-uppen mald.piece.105; anddibe iemperaturenal the cavity
bar 115-sreduced-84burelativedo thedemperature ofthiewnolded
semicortuetor Wafer 412 THis car berse e ohiplistida iryige e
numbeﬁ%ﬁ’%ﬁﬁ“ﬁ’@?‘%‘%ﬁﬁf BMHE CAvit AX bar 115 can be placed

on onTo the mod 1eces include, bar to which thﬁm

in qutaCt ngm:toar'w% eromﬁr m? Blecl%e cavity barls [hsen gr\{l\éoeclf Tom the mo]oF
The mejal.bar 43430 mgmd@qsfh@m@%tp&m& dhksgooling the
cavity bandlbAlternativelys.eaglantd thesterm-ofh aireis may

be directed-at the cavity bat (nat-shownutswillbesappreciated
that in G?MSE@*%&HW&Y@CW?H@“OY%W%WW b%i‘i‘e‘lsi@“fﬁlé“’cavny
bar ¥15'¢&" Bérh{%’faé Wfﬂ} { FEIEHSTS) tﬁ‘iﬁ’l‘i"\‘fé‘fm “o0f metal,

thus redugirig fhe residual heatin the Gavity, b @memmﬁhaxo@to be

taken away. While cooling clown, the molding compound of the
molded semiconductor 35wafer 412 shrinks. The shemkagc of
the molded wafer 412 is much more than contraction of the
cavity bar 115 during cool down, which reduces the binding



5semiconductor wafer 412. The molded semiconductor wafer
412 is received 350 as it comes off the cavity has 115, and the
relatively thin layer of excess mold,compound on the molded
semlconductor wafer 412 |s then, removed 355 as |s Imown to

SCI'I[ ll'lVEn[IOl'l [ ore OVl €S an 4] arat r waler moI m
one sidljed 1 e At Uitk e free shds ot e Tiers Oiects, 119

are expgseg A variety of processes may he employed in
addition to oxiinstead.efia: gringding precess ~bhese dncludedaser
etching fanen@labping.Themoltingprocess:300themeands 360.
FIG. 5 shipveii-apsrioihuierislided semtontiretorwafer 505 as
viewed from the interconnect side of the semiconductor wafer
after molding, but before removing the thin layer of excess mold
compound. Note that the interconnects 510 are visible through
the layer of excess mold compound which is approximately
20-30 microns (105 meters) thick, isas measured from the free
“ends of the interconnects and the surface of the molded
compound.  Thc present invention, as descobed, provides a
method for molding a layer of mold compound on the
interconnect side of a bumped semiconductor wafer, where the
layer of mold compound is relatively thin and more efficiently
removed than the layer of mold 20compound formed using the
prior art processes. In addition, the molding does not require the
use of film  This is accomplished using mold pieces that have
secondary or overflow chambers into which most of the excess
mold cornpound flows from a mold cavity A predetermined back
__pressure in the overflow chambers ensures that the pressure in
the mold cavity is a 25desired mold compound pressure. In this
way, the formation of voids in the mold compound in the mold
cavity is substantially reduced, and a relatively thin layer of mold
compound is formed over the free ends of the interconnects,
advantageously allowing the layer of mold compound to be
efficiently removed. In addition, one of the mold pieces includes
a cavity has to which the molded sosemiconductor wafer
adheres after molding. The cavity bar is then removed from the
mold piece and cooled. While cooling down, the molding
compound of the molded semiconductor wafer shrinks. The
shrinkage of the molded wafer is much more than contraction of
the cavity bar during cool down, which reduces the binding
between the molded semiconductor wafer and die cavity bar,
resulting in the molded semiconductor 35wafer detaching from



12 The present invention the:term provides an apparatus for wafer molding and process therefor
which overcomes, or at least reduces, the abovemenrioned problems of the prior art. Jr will he
appreciated that although only one particular embodimgnt of the invention 5has been desert bed in detail,
various modifications and improvements can be made by a person skilled In the art without departing
from the scope of the present invention. 13 CLAIMS. AiMRmethod for removing a molded unit that adheres
to a molding surface of a mold piece after molding, the method comprising the step of: 5(a) introducing a
substrate and mold compound into a cavity defined by at least a first mold piece and a second mold
piece, the chvity campeibinpfer primanipgawvity ldod @nsaebenaincavity cohhegtedfatyis a gatd thatds

configured 1o, g]l W &ﬂ%i,!dt QEH&RH&‘QOEL%"M&S VHE eefg er3?élgf!orimary cavity and the secondary cavity; (b)

e
forming a moﬁ ed unit Tn the primary cavity, the ed molded unit adhered to a first portion 100f the first

mold piece (#hénforduetgriotdbeiaisiecd upédaentbeunsoidte o rppotrdeadinyie sesontiemtynediniasy a mold
compound link:, (6} sHaRiRH é&%&@EW@%&@%H%}%&WW&H&?&%M@f&ﬁlﬁébﬁ%dm'd

compound link between the formed molded unit within the primary cavity and the mold compound within
the secondaty Bat/hictat 15695 EdIrIg el amsmvdtrorBrine frst RioFpicte psEYey Bhatdithicilitate
and effectugdeoirinig\akafthe molded unit from the first portion of the first mold piece. 2.The method in

accordance *?;V,'F claim 1, vﬁeﬁiein thetgrst mold piecte C@\r/neprise thel(girgt 'Poﬁﬂon tnd afsetcogtd ortion,
the first portian SFHRE ri ST BIE AL icPARUNEHR ferfid dgTtpb molded unit adhered to'a Tirst porto
10 of the first mold piece, the formed molded unit coupled to the mold compound within the
secondary cavity by a mold compound link;
(c) displacing the first mold piece away from the second mold piece to break the mold compound
link between the formed molded unit within the primary cavity and the mold compound within the
secondary cavity; and
15  (d) cooling the first portion of the first mold piece to thereby one of facilitate and effectuate

removal of the molded unit from the first portion of the first mold piece.

2. The method in accordance with claim 1, wherein the first mold piece comprises the first
portion and a second portion, the first portion of the first mold piece displaceable relative to the
20  second portion of the first mold piece, and wherein the step of cooling the first portion of the first
mold piece further comprises:
a step of displacing the first portion of the first mold piece a distance from the second
portion of the first mold piece; and

a step of cooling the molded unit adhered to the first portion of the first mold piece.

25
3. The method in accordance with claim 1, wherein the first portion of the first mold piece
comprises a cavity bar having a surface that forms a portion of the cavity in which the molded unit
is formed, the cavity bar slideably displaceable away from the second portion of the first mold
piece.

30

4. The method in accordance with claim 3, wherein the cavity bar is thermally conductive.



20second portion of the first mold piece, and wherein the step of cooling the first portion of the first mold
piece further comprises: a step of displacing the first portion of the first mold piece a distance from the
second portion of the first mold piece; and a step of cogling the molded unit adhered to the first portion of
the first mold piece. 25 3.The method in accordance with claim 1, wherein the first portion of the first mold
piece compsises amaviiyhad hay@agraaawfm makrfmmmaraﬁrﬁep @) thenpaitly dntefighatheimotaed unit is
formed, the cavity bar s deably dis l%cea from the second portion of the first mold piece. 30 14
5. The metﬁgdrfﬁ}/ 88? BNy \ﬂtg Efﬁ'nwzl e?él?‘} ep (d) comprises a step of abutting the thermally
conductive cavity bar W|th a heat sink 6. The method in accordance with claim 1, wherein the gate is

cesigned o enhan, o8  BEEAUARE. O e IS BB psEs e aldE L i

primary caV|ty and e mo compoun within the secé ary cavit od in accordance with

claim & furfcnéal@«gmpﬁtkmgndidpﬂamp@ladpmﬂgé?%@@arﬂaqhewam@towm@s@emmmwawy doditlep

formation offha malgechHRR bR UBLSIIeRHRIeE 0 a 10spring that is configured for enabling application
of a predetermined pressure on the mold compound within the cavity. APPARATUS FOR MOLDING A

SEMICONDUCTOR WAFER AND PROCESS THEREFOR ABSTRACT
7. The method in accordance with claim 6, further comprising displacing a plunger to vary

the volume of the secondary cavity during formation of the molded unit, the plunger coupled to a
10  spring that is configured for enabling application of a predetermined pressure on the mold

compound within the cavity.



Mold pieces (105 and 110) for molding a layer of mold compound on the interconnect side of a bumped
semiconductor wafer (118) include a primary cavity (117) and secondary cavities (120) into which excess
mold compound from the primary cavity (117) flows. The secondary cavities (120) include a plunger (130)
that asserts a predetermined backpressure that is equal to a desired mold compound pressure on the
mold compound during molding. In this way, most of the excess mold compound is forced into the
secondary cavities (120) and the mold compound is under the desired mold compound pressure As most

of the excess mold compound in the primar cavity(}%ll? flows into the secondary cavities (120), this
advantageously leavBs Fé‘t@éf?ﬁ]ﬁ‘?%ﬁ@fﬁo? b Wgﬁ%yﬁﬁ%éﬁﬁécﬁgpﬁg (118). This

thin layer of mold compound is then advantageoushArghhd¥et], for example by grinding, in a relatively
short time. FIG. 1 accompanies this abstract. ‘

5 ABSTRACT

Mold pieces (105 and 110) for molding a layer of mold compound on the
interconnect side of a bumped semiconductor wafer (118) include a pnimary cavity (117)
and secondary cavities (120) into which excess mold compound from the primary cavity

10 (117) flows. The secondary cavities (120) include a plunger (130) that asserts a
predetermined backpressure that 1s equal to a desired mold compound pressure on the
mold compound during molding. In this way, most of the excess mold compound is
forced into the secondary cavities (120) and the mold compound is under the desired mold
compound pressure As most of the excess mold compound in the primary cavity (117)

15  flows into the secondary cavities (120), this advantageously leaves a relatively thin layer of
mold compound on the semiconductor wafer (118). This thin layer of mold compound is

then advantageously removed, for example by grinding, in a relatively short time.

FIG. 1 accompanies this abstract.
20



