APPARATUS FOR MOLDLNG A SEMICONDUCTOR WAFER
AND PROCESS THEREFOR Field of the Invention The
" present invention relates to encapsulating a semiconductor
wafer, and,moreRREIGHIBHY. I0.6RCBRSHAUING ARUMPR crss
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
_intercormegis arésfoimat ot setdent sachasieutectic 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 35 pieces 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



/ uhper mold piece by pulling, on it. Then, in a subsequent peeling

"~ step, the film is removed from the molded semiconductor

55010.7 and discarded.~  As mentioned earlier, the film is
used to preventthe free ends.of thentercanpests.fiam being
covered itnmold.compating to.avoid.dhe need for grinding, In
addition the fiim-boalsoiallovws thedimolded-semiconductomwafer
to be rerfrovec: frorm the'ipprertroledpiecs Howeie rddgion the film
d|sad§/aﬁ‘f&@‘é‘“6‘f‘ii§’i‘?f§Sefﬂ??‘i‘di’é“fhvéftrl“)ﬁ"emfﬂ?ﬁdl?ﬂi%‘“’é‘é‘ifd’é‘tﬂj Bfter
cach malf ok PR, ML B

Another disadyaniage, of Using. mt@fﬁmm@qomg the.adgitional
peeling stepie ramovadhedm.iromdhemaolded.semicanductor
wafen Thedpeel ngistepihasds.cestyhanditaganctheaaghput
concerns:wethairothier’ 1Odisadvantagerofasimgfilm:idithatsome
_of the mﬁlﬁ%wmﬁﬁwﬁ%%émécffﬁbﬁ%ds patireeritiie free
ends of ﬁ%&“%ﬁfé?‘édﬁﬁ?é%“ arid t‘ﬁ‘é"‘ﬁF f‘eé‘8ﬁ§é‘qﬁeérﬁ "the

vantage fusmg Imsth atarmay w etmppcd etwee

he film ¢ wafer,
additional,step. ot remaving, the, mal m%famgmldcm,in@eﬁwm
processes,.s4eh.as grinding.and.etehing, as mentioned earlier,
may still need:te-be: pesformedafterthe peelingstepnAcfurther
disadvantage vefusingsfilne i thdkairdmaydecorme-trappeed-ih
betweerlthe-fifttraier thé-Wafer FSa g this canTEad to thés
form%ftloﬁ”@\‘a\fé‘i’ﬁg‘iﬂc‘fﬁé“?‘?’iiffféféH’fWéi‘f%‘Fe \‘Rﬂﬁ‘i&’ﬂdéﬁﬁ éﬁ’\fé?‘séi

cx erconnects are not covcrcd old cog: pound n r does t

affect the! TelAbIII of 1he consfiiient packaged sei gqnsius:tor
dies. bA@,oaésqmtwqet@fymmm &Qp@tgnmmcmmgm af the
molded semicanauctorwafer frommthauppenmoldipigee: is:40
-coat thelfiabmolding Surface oftheruppermolch-pieeeswith
non-stickeiaterial such as Teflon(?). While the layer of non-stick
material assist in the 20 removal of the molded semiconductor

e [nventi

wafer from the upper mold™pit piece, HEIEEEHBt ensure that the free
ends of the jptgrconnects.are pokeovered Qy.meld.compannd
nor does.dhe.use-0fnansstickmaterial.have.anyeifecton the
amount ehexcessrmold compound that has to be removed.
Hence, the needifgr the: sebsequent stepgofgrinding: or etching
and the ‘ﬂ%"%@ﬂé@?ﬂ‘ﬂﬁ%ﬁﬂ“&ﬁ?ﬂétl”i‘r?”éiﬂmﬁéfﬁ “tHEa yéf g

i( surfac as mterconne ts e.xten hefrom th ezﬁjﬁ2‘$ : rising:
non-slic [has atelatvely shioe isehil 2501 ad. ..
provisionswil me@q to be made, to replace the layer of non-stick
material regularly. Brief Summary of ttse invention noThe
present invention seeks to provide an apparatus for molding a
seauconductor wafer and process therefor which overcomes, or
at feast reduces, the abovementioned problems of the prior art.



the plurality of mold pieces form a primary cavity for disposing
the substrate therein, for disposing a predetermined amount of
mold compound on the at least ong surface of the substrate and
for molding the layer of mol comBound on the.at least one

lurality of mold pieces rimary cavity for, disposing the

surface QHQ@ [§Hp$£r %sx@ggcdetemﬂncd am&hlg)f Q!)H @hg%rQEMQAQCaS[
pieces form.ac-secondany.cayity Goupledtadhe-primnaly.camity, the
secondary seawityforsecenting excess mold compound from the
primary cavity, antd #He secemrarycavity Hairy e pressures
assertin Vé’(é’?ﬁsécﬁ”[df%f“éi%’é?ﬁ:hggé p?sé‘lffﬁférf?ﬁﬂ??ér&m, SEEUIE Oh the
nd the secondary cavity haying a pre serting element for asserting a predetermined.
mold compound, mo]dmmp‘ ARother aepedt the present invastion

ressure on

provides a method atgeue[rmpgl@mgn@nl@yﬁw&t 10mold £MPQYNG on
at least ene-sutiace0f.a-substratewhereinthe.akieast 0ne:s
surface hasinterconneetsextendingtherefrorns the method
comprlsmg timevstepsof of @Y droving asplerality of mold pieces to
an open osﬁfféﬁ“%) HrEpoSAG tHE s strate corP'at'ieast one of
the plurali p“%%d”ﬁ“e‘ec”é“%“é)md“sf’b%‘%‘iﬁﬁmé“rﬁr"é‘d“ef‘ FhiRed™e
amount g mQQl 99!’5\&9%&9&&%@% least ane.surfaes. koef.the
substrate.f) mavingthe-phrality #f meld.pieces from the.Qpen
position 40 & maelding positionite.fosm appmaryeavity. a
secondaty cavitysemd-chémettirerebetiveens with thetsubstrate
and the Prégigtéfmined amount of mold compound In the primary

channelin cxces odcom from the cavity to the ?econd cavity

cavity; e)con R A SrEdatE iR Ea amount™s
e

compoup =ubsirate.dn. the, 2 QPIMAIY. GAVILY: te secondary

f)channeling excess mold compound from the primary cavity to
—the secondasypeavitywiactherchannelg)assertingincd pressur;

predeterminedvpressure dntheelce ssméleecompound in the

secondaryeatity: 25h)allowing the mold compound to set under
the |mpc9sed é&gétl%??ﬁfﬁ%ﬁm SLaiy ‘"‘ij?ﬁ&/lgg the plurality of

sent anCl;l[],On pro 2 mo

molqoplggn%g ife om the mc Talng position to the opén position; and

j) removing the.melded substrate fron the, RINAIY,GAN Y mo
In yet anetheraspectthe:prasentdavention-provides-ainmalding
apparatmgdg@mmﬂgfnglg 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
35  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



a plurality of mold pieces for forming a mold cavity, each of the
plurality of mold pieces for providing at least part of a molding
surface of the mold cavity, whereirsduring molding the plurality of
mold pieces comefogsther.taform the.meld.cavity,and o form a
molded uBititthe-meld cavity: and whereinafter.moldingat least
some of theipluraditycef 35mold pieces move apart: at least
one of the pIlﬁ‘ﬁ&ﬁt@?f@fﬁﬁfﬁbﬁf@p|@%€9§“h(awn*gﬁaOﬂthsPlp@givfanque'#ative
to the’reStBF & pitirality of mold pleces durin ‘%moldmg and

tl 1 ling"syst 1 t least |
having a secpe:; ﬁ(e)cs“ﬁ(”)"r?y? STative 16 Thie “FE&t BF tRe PILTAIY of

mold pieces gfigr mgrlggagmewrnenmugnm the.secaondRosition.the
molded unit.adhermsto.the atdeast patt of thesnolding suface of
the ableastomne Ohihe-pluralitial mMotdopieses,: te seps ofat least
one heating systesmfop heatmgponetoryrore widiresplurality of
“mold pietes 54uiti ?ﬁHFdWém"éﬂi’dm o f"%?t‘*]@é@t YhECHBIESs
system f”@rjdéd lmT‘ﬁg i€"at least one o lurality of mold pieces

1nvl cavity mp ound whi exmp sing heat at Jeast some

after mo[g I0G-of mota 0L §t||i another aspect the present invention
providessa mgthed fopmelding:aLnitdna.cavityfarmed byt
plurality pf-matcpieeesywherein the molded unit adheres to one
of tOthe 9pluradity: of meldpietes-aftermmoldimg dthe Urrethrd chit
comprisifig ‘fﬁ@‘@féﬁ%“@*‘y Ardispésing units to be molded
betw&en the pl’ CiPalify st "’Fﬁ%‘éﬂ g)m“““““"ﬁyé"é‘%gﬁﬁrb CE”‘” m"V"I%Jdrahty

[hat eres (o a mo u ace _of’a d piece after mol
e molded

of mold 9)'1@‘%@% &Q l%nom%t&%\éﬂ}!lewﬂh eunits to
located in the caV|ty c) filling the cavity with mold compound

while imposing heat on atdeastisemenobthegisplurality of mold
pieces; d) separating the plurality of mold pieces with the
molded unit& SoPrarirgf 16 Rfre ‘G‘Fffﬁé‘“ﬁ‘ltﬁ%&?‘b‘feﬁﬁ%bw@&és and
coolins tHEH TEHET B Bt THe Pl r{a of mold pieces to detach

S O\’\SHSI sccuonalv mo maa aratus acc nce with the

the molded, pmtmﬂontt & one of the plurafity of pieces. 20in
yet still another aspect tb@om@&emgwemy@@ mymsxa method
for removing@ meldedwnitthat adheresdg a molding.surface of
a mold piece after inolchng, the method comprising the step of

cooling the FSI¢ pigee 'BeiefBEserifstivief e DrAREYS Y™™ An
embodwﬁfé%ﬁgﬂ ep r”égent?mventl on will now be fullﬁ\{rmgasgrll:gtscl

ws'a photograph a portion of a mo. conductor wa
by way of gxample, With.referenceo. h%dm rawings of which
HG. 1 shows a side sectional view of a molding apparatats in
accordance with the present invention;



30FIG. 2 shows a top view of a lower piece of the mottling
apparatus in Fla I; FIG. 3 shows a flowchan of a molding process
using Inc molding apparatus in FIe. FIGS. 4A-C3 shows
various positions of the ynolding,apRaLats,in accordance with
the process in FIG. 3: and 35FIG. 5 shows a photograph a
portion of avmoeided-seancondutior wabet: moldedowithithe »
processu i@ cBias vignwed fromatre'meoltfederitereonneetiside.

6 Detait'Dagen ?T“éf‘t‘ﬁ@ﬂﬂmy M&doﬁié’é%%‘iﬁ‘rﬁblﬁ?ﬁ@“a layer
Of mold:a(\:n mclu esaa Cﬁn t{ﬁ[ assle Eredelc;r;r:é baekdxessu_feén

Sire; pressure., In this way, as 1Fcant

compou t at1s pa d
semico ﬁwcm[cygéaioecrcgﬁgmg@fagalﬁm@m&@wyvltél nd.a Secondary
cavity, L@Je@owmm;@eq;@rs&nmgmpgamp@umotrmmesﬁ,lmitary
cavity flowswvia:2 Hichanyehs The.secandary, cavitydackides a
plungerthatyasserts acpredetemminecdbatkireS3Sra @itthe mold
compouirri'tkraris eqtiatite geresiredchiold € shrpeundpressure. In
this wa %“@i?ﬂ%a?ﬁt‘i}ﬁo?ﬁ“&ﬁ t?ff°évf<‘ééd§‘§p?ﬁﬁ118p88ﬁﬁrf)8ﬁﬁﬁj is

semicondu fer adhcr.es to the u ao mo nd the solidified old

fOfC@d Igrir:looihm cesccc%ﬁﬁraar}{ngg\q ’thcr onseque thc somlp% mq

under tagp@lﬁasmﬁcmgl aggmmum tmsep'iﬁwgehewpst of the excess
mold te compeuRekiidhepsimany.cavityflows Hta.the.secandary
cavity, advantageousty-teavingracretatively thinlayer ofexcess
mold cEnmpourd oFf tésemieo reltetorwafet. "THe thisitayér of
mold cﬁﬁfﬁéﬁﬁﬁ”@ ‘EH?ﬁ"%da‘{férH‘fﬁfg“é&l? ?@?ﬁo@éﬁ“iﬁaﬁ ?fé’I%tlvely

wafer IS much more than contract f the ca a.r durmo cool down, which

ShOd tlmdec' bm chRvec rg)[-c!r(! semigbn uc[orw r th,yav ebSIQLndlL}{then
the Iowerhmﬁeum%mgldamg@aa% separated, the molded
sem|conduﬁta&r(watexdadn@ﬁe&rmfth&upp@sumeldaqaaeae[ramﬁmthe

solidifiedimetditbcompound-irthesecondary cavityiadheres
theretorCorseaquentiythe soiidifiede mokdcompouhd in the
chan neI frattd Fé%“éﬁ?j“ﬁkﬁél@d‘fﬁ@péré‘ﬁtb?o\iﬂﬁ‘@St‘ﬁé“tWS mold PPy
nd a lower mo]d ece 110 in 2 moldi osu on. wn by one skilled in th
upper mo]ﬁ1 piec néludes a Cl% nti Ifyo naryzgnmcf vable

€ upper m S TToun e an upper portt own),

cavity Q@ro“@,qglmgemmg,%%&mmnguglgraw Féeff adheres B the
cavity har..Afterdhe mold:pieces.areseparated; the cayttybar is

removed fromdhecupper mold piecerand cooled oMhileocooling
down, the<2ormotdittg ediripoluticrofttheimotded $elncemductor
wafer §Fﬁ’Iﬁ‘k“§d Qé‘egﬁf’iﬂkégé"bfvfﬁ% MWodlled wafer is much more

ece 1051

et opigacif e eI iar TG €00l 40RO GE,
reduces.the pmdmgnbﬁbweemcm malded semisonduatarwafer

arid the cavity bar, resulting in the molded serrdconductor wafer
detaching from the cavity bar. Hence, the molded semiconductor
wafer is advantageously removed Dom the upper 25mold piece
without the use and consequent expense of film, and without



molded semiconductor wafer to the risk of damage by
mechanical removal.  FIG. 1 shows a potlion of a :holding
apparatus 100 comprising an upper mold piece 105 and a lower
mold p|ece 110ina moldln posmon As is known by one skilled

the movable c vxt is madc of toolmf!

in the ar be ijﬁfﬁbﬁéo ﬁ]gﬁ BIE%%:quﬂdw IS Ocléla(}) y bar 115 sgwapeBE) slide
portion Qiaaoszg,ﬁ&nm%ﬁb@é&mm@mﬂe&gﬂﬁc@\é\ﬁfemQll@'cth%?l115

IS mounteg tesanlomempoptionnf.a press (not shown) In a
conventionahimeldingrpress;:thevupperiiportion isaohmovatle
and the loWwel’ partion moves Y CCIC31 HittCHOC thetdeen an
upper m%rdﬁh@“pﬁgrﬁedhoaﬂ%f%%wécf%dﬁ%ff Efsi‘fiﬁﬁht’foﬁ"é‘é’qfuently,

ty 120 Sor illustrat d 0
the |OWE|’ m V1, is T\ (n.for illustrativ f.scarﬁse on E{chalél;rm é |Ower

1o th pnmary ca provrdes a channe

OpenopomﬂgngnqtﬂagvF@Jﬁﬁeqmgmm@mgnnmm is,shown.
35The uppeat mold-piece 105 includes-a-movable cavity bar 115
that slides:horizentalywherntheouppenmoldi piece 105iisspaced
apart fromithiés|ever motd spiecect0Heswderstha retd-preces
105 anoFaI‘fOSﬁFeoTl‘i‘etﬁédOﬁ@?‘f BERFEGHTHE HpPer e pietd 105

is médem’?p"”f%‘f hcl"”maﬁ a8 ’620 as is known in tne art, and she
by emp pymg th dpnna 125 jt,exens acomis pon orce wwen

movablqog;‘g%gx Es3.8.Mads Ll iealing steel sug 188,44 QG.Qr
ASP23, as:is.knowndnthe-an.The savityban 1l ads.shaped to
slide in aterespordinglynshapedirecess-dmnthe-upperimold piece
105.2Hetreetetiver Cavity bart1brshide stiorirohtaliyomiveumger
mold pléﬁé“leBB””B-TFfé‘WoWer mold piece 110 has a caV|t¥ 117
W|Sh a mol&]qgrgﬁé%_ 2 rov1desar la\;{/v-éi che a&d&oa\(?l ;1; f exerting {

ce howeverltlw ¢ ap :ectat that pneumauc ydraulic systems with

Sem'COQQ&SEQECW%f%a}Jc% @‘JM%%@J&Q”JJ@QE& 3 15 gisposed
_for molding.Thelewermold piece 110 includes several
secondary cavitiespaithoughhese.only.ane: secondany:cavity 120
is showsoor shastrative purpesis T hersecondary caviley-4R0 is
coupled°?§tﬁépiﬁrﬁ‘iﬁaweéa?}ﬁ§ﬁ PIPgia i gerter 1 2 s wipichprévides
= crgnrEHGL AR E I RO
cavity 11750 fhe secondary cavitL20 during molding, A
selectede&mmolm acts withea, M@Q@tﬁémm force mn@tplunger
130. Theplungepl3dptovidesaimavable-susfacenad the: o
secondary=cavity 113G tyyiwayrof itsidipperoportion 138, and this
movible suﬁ‘é@é"%%i‘f’é&’a‘%fé“tﬂ%‘fé‘ﬁﬁ?ﬁ’é‘dhﬁ‘r@éﬁ?fé‘: "EHI8G ftthed

b:r shaft 133 detemun the [th qs of the excess m nfﬁ:Uﬂd on the freq ends

to as backbressure, At S & Na P20

avmu a anet [¢) elghts are emp(?oycd to set [l¥

cavity 120, and hence, 00 the mold compound in the primary
cavity 117 Thus, by employing the spring 125 that exerts a
corresponding force when compressed, a predetermined mold
compound pressure can advantageously be imposed and



20force on she plunger 130.  The lower mold piece 110
includes a bottom mold base 131, an ejector plate [32, a stopper
shaft 133, a lower cavity plate 134, and a lower cavity core 145.
The Iower cavqx core 145 rowdes a lower moldlngrsurface cin

hickness which will de end n the thi ss o the semiconduc{or wafer 118

WhICh S%%I%lgﬁto% I Ie%codn!édp % and t?é selecte sto per s%aft%avmg de51r rﬁle!SStS
ona portl@&gfntmggggyamar@@mm&@r sGyides . l3a.extend
30duough-a siepynedl4:in:thehotiomimold.-basel3t-andthe
ejector platerd82; andrinttheiowencaiitycplatessl 3dhwhere it is
anchoreﬁ“ﬂ?ﬁéﬁﬁ‘r@éﬂéﬁdetf%h@tgﬁﬂiméﬁfﬂ@ TS almititiseeured
thereon °’T’h’é"hg‘ijl ﬁé%" TS/ZS Sticfe i fﬁég?éf@%\?é“l&% ‘ftli;ijif‘lé‘i?ﬁbé‘?ﬁ?”
vertical AGHST bhiBEI hE iBher AndToWer ol pisce 105
and 110, [%Eloth@; L@Mé%rumglﬂ PIEGES lJ&LJgagvcﬁé E@M@%OJ he
ripen pasitioniand the molding position. 35The bottom mold base
131 supports:the:stoppen shaft 133;sang-the-heightofthe stopper
shaft 133 deterfrirres-tirecthifckiiess aftiierexces g mold base
com ou‘illfﬁ ?h?ﬁé‘ﬁfﬂé?‘%h}ﬂfﬂf‘ﬁf@ ﬁ@@@gﬁ@ﬂ@éﬁ per
Sha S ﬁ l[’m,iow"élio z::%ﬁa[o Y 95 anQ{’gen t?e € :;rlsc sIS nOL : m lhe ZweaS h
desired q%mg%;@/h h.will depend on.th géll ckness.ofdhe,
semiconeiuatarwaterkigand:theheight @Ih;t}engniearg@g ReGts
119, and the-selected stoppershalbhaving & gesired heightds
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shaft 150 can have a diameter of approximately 10 mm. and is

15aligned with an actuator 160 (shown in FIG. 4F) which is part
of an ejector system, as will be known to one stalled in the SST
When the ejector system (not shown) to the lower portion of the



secondary cavities 120 coupled to the primary cavity 117 by
gates 121, as described earlier. Optionally, vacuum openings
205 in the primary cavity 117 maybe used to hold the
semicondyctor.wafer 118,ll the primary, cavity, 117 during
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temperaiuire, Wpically,60-175 degrees, Gelsius, (1. and.the mold
pieces 15105 and 110 are then moved 325 to the me iding

position. During this movement, the heat from the healed mold
pieces 105 and 110 and the compressive forces between the
mold pieces 105 and 110 on the pellet 405, causes the pellet



compressed mold compound in the primary cavity 117 and the
secondary cavities 120 act against the upper portion 138 of the
plunger 130. When the pressure op the plunger 130 is greater

than the force of the spring 125, the plunger 130 is displaged

downwaar %QQ@JD&MQSJ%&% of Ehﬁ‘e ﬁmgmgol%@s%ﬁ f reg.of

the springnd 25ispreselrtQ JImpose & &anrrageata{er@ya%eddaﬁ%u re

on the meldeompound;dthe-melc compaundiintheisecondary

cavities 42@Panettheprimaryseavitye 1t Tohasithel predeterirned

pressuré"ﬁbﬁi%da?)?@‘“ég%ﬁﬁ\}wei AHaapd e S“FFP@ PRI 120 252
Ompoun tribute %uhstanualla ctthc bm% r§:§) efwurh éeé:é] % ct:me after

A3

which the m@adaﬁ éﬁ%i@ﬁ?éﬁgﬁi%r& avedl 335 10-1he open

position With refereneesteklG. 45.:3pas,Ieanald.pieces 105
and 110:move apatt ta the openipositionthe binding foree
berv.over:thés mold compouhdportion. Bftthehholdedink are

~ semicontfuictdr weer 4T and e eavity Bartis s ascyreatas
the bmdﬁﬁ@c"f ?glﬁetﬁg’f\‘}i}éléoﬁ S éﬁifﬁ‘a‘?‘i”&*"ﬂﬁold compound that is
10 SO q 10 156 oM cRuee 205 e B e o
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portion 138roftiephunger B30y andhbyrensirngthatshe upper
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the vertfl SRS PIANIISD B s OLINS SREig In the
lower cajyg;yapjat 134 in which the pl unger 130 moves, and the
_secondary savitiesd20-asawhoele caatrbute-substantiatlydo the
binding fercenwithtirermold-conmroufcnAs anresult theymolded
semiconéuctordiafer 412 Eg shown iR sayadhered! to the
cavity bgi‘ 1187 SR 'the ?ﬂ?ﬂ]&‘?’]°6‘faéjolii’b‘iffé‘ﬁlerﬁb‘lﬂ”ébahﬁ‘ﬁéﬁﬁ?j 419
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417 of tﬁéheﬁf)vF tion of sofidified mol cc%esrﬁﬁgﬁdrll 4415 15With the
mold pieces 105 ad 110 in the open position, the actuator too in
the lower portion of the press, moves upward through the
opening 151 and abuts the free end of the ejector shaft 150,
forcing the ejector shaft 150 upward. This causes the ejector



secondary cavities 120, as shown in FIG. 4F. The ejector plate
137 then retunis to the position shown in PIG. 48, when the
actuator160 in the lower portion of the press is deactivated.
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bar 115, the cavity,bar Is remaved 340 from the upper mold
piece 105, and the temperature of the cavity bar 115 is reduced

345 relativeotertive: temperature-of thermalded semiconductor
wafer 412iThigcalr be Berotmplished tnvaermitmrervefWays. For
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cooler mietal Biede P14 ‘a8 sHoWr i FiG: 4. T et b fr 414
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While cog| fﬁug;cirSWne the rsﬁotrai'ﬁé ‘compound “of the mofded
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bar 115-duringrodel-downwhick reducesthetbinding Heteen
the MoleREEP1t S icaTRacTor wafer 21D ‘ahdthedealrity bt 15,
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the cavify, bat: Of é&&%@ymolaf@g?plamomeéﬁgmé’ M, DRYRE e
employegkypesmlgutmemg lded.2semiGoRAUCIOr: wamdéal,% isthe
molded semicondipctoprwaier ¥ddyisdeeeived 380 asdicomes off
the caviynhagidiscamndihe refativetydin layer-ohexgegsamold
compoufith o trerholded sermconttrctor waferat wetiee
removeW@S@“’]&%"’i‘ﬁoﬁ‘i’%\?vﬁﬁfﬁ“%%“%vfdIIed in tile art, until the free

ddmon oneo t e eces mcludesacavxt)&)ar o which't emO(ts
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grinding.proeess.khese includedasereiching amdh)ﬁlammng. The

moldingprocess 300y themendsi360hich rddGSnbighovertaportion
of a molted serritondtctot wafers05 &s viewedfrom te”
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e without the expc:[,(j tIm, and w1

before f@!ﬁ‘éﬁﬁ&ﬁﬁﬁ%m@y@m of excess mold.compeund, 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



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 eff|C|ent removed. In add|t|on one of the
resent jnvention therefore vnde an apparatys f wafcrm ng and
mold pieces Incllides & cavity has 1o Which the molded., .
sosemlggnglluctor wafer adheres after molding. The cavity bar is
then removed fkopthe: mold.piece andscooledqWihilecoaling
down, thebmoalding compaumchafithemolded-serrcondictor
wafer shiririks!IThashrifkatieror the thsteletwafet ismuch 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 the cavity bah Hence, the molded
semiconductor wafer is advantageously removed from the mold
“piece without the expense of film, and without subjecting the
molded semiconductor wafer to the risk of damage by
mechanical removal. 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 embodiment 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 1.A molding
__apparatus comprising: a plurality of mold pieces for forming a
mold cavity, the plurality of mold pieces 5 comprising at least a
first mold piece and a second mold piece that are displaced
towards each other during a molding process to form the mold
cavity and a molded unit within the mold cavity, the first mold
piece comprising a first portion and a second portion, the first
portion of the first mold piece and the second portion of the first
mold piece displaceable relative to each other; wherein the first
mold piece has a first position relative to the second mold piece
after the 10 molding process, wherein the molded unit formed
during the molding process adheres to the first portion of the first
mold piece and the displacement of the first portion of the first
mold piece relative to the second portion of the first mold piece
correspondingly moves the molded unit adhered to the first
portion of the first mold piece relative to the second portion of the



15at least one heating system for heating one or more of the plurality of mold pieces during molding; and
at least one cooling system for cooling one or more of the plurality of mold pieces after molding. 202.The
molding apparatus in accordance with claim 1, whereirgthe first portion of the first mold piece comprises a
substantially planar member that separates the molded unit from the second portion of the first mold
piece. 3. The molding apparatus in accordance wighLalaws 2, wherein the first portion of the first 25mold
piece comprises a cavity bar having a surface that forms a portion of the mold cavity in which the molded
unit is formed. 4. The molding apparatus in accordance with claim 3, wherein the cavity bar is
displaceablé. betweenddieatimgpaosittompvisérg: the first portion of the first mold piece abuts the second

portion 300f the first .pie n oqli ition whe e first partio he fi Id_piece is
displaced away frogn#m%qé con ﬁgrlt%%(g mn%ﬁﬁgﬁ%%d%légéw i%,{rlg%&r%%%}%%&%éﬁj?ﬁ%&%g&
accordancecoitbrisiaigre s leasier dirsthiaodd liget ené heeeinyg syetémidscotet ot endinmlangdcovsksd recnd

carried by g dirghmRld RIEREPHEALIG FaimRaRNER e fauHatds.al el Al HAiar, 56.The

molding apparatus in accordance with claim 3, wherein the at least one cooling system is thermally
coupled to the fiFst POt Hess It iAgoTdisE PO RGI Res Rty NOSHUH tHhs fivst portion of e fitt mold

piece whenraeiGaadtyBaris sispaspstadiie wealivgnasibree dspiitedpieleingiapparaiustiraccordance
with claim 3, whereiﬁ the cgvi bar :]s therm,%ll 10conductive. . 8. The oIdin%(?gPEﬁl atus intacc rdance
° X/ | 0

with claim 3, wher8iRCtRE EARIHAIS QRSB HIUSIRBLIIB [SAUNRI%E SHSR RFSE TG Blece.

10 molding process, wherein the molded unit formed during the molding process adheres to the first
portion of the first mold piece and the displacement of the first portion of the first mold piece
relative to the second portion of the first mold piece correspondingly moves the molded unit
adhered to the first portion of the first mold piece relative to the second portion of the first mold
piece;

15 at least one heating system for heating one or more of the plurality of mold pieces during
molding; and

at least one cooling system for cooling one or more of the plurality of mold pieces after

molding.

20 2. The molding apparatus in accordance with claim 1, wherein the first portion of the first
mold piece comprises a substantially planar member that separates the molded unit from the

second portion of the first mold piece.

3. The molding apparatus in accordance with claim 2, wherein the first portion of the first
25  mold piece comprises a cavity bar having a surface that forms a portion of the mold cavity in

which the molded unit is formed.

4. The molding apparatus in accordance with claim 3, wherein the cavity bar is displaceable
between a heating position where the first portion of the first mold piece abuts the second portion
30  of the first mold piece and a cooling position where the first portion of the first mold piece is

displaced away from the second portion of the first mold piece.



159.The molding apparatus in accordance with claim 4, wherein the plurality of mold pieces is configured
such that the mold cavity formed thereby comprises a primary cavity and a secondary cavity that are

connected via a gate that is configured to allow mold ¢gmpound flow between the primary cavity and the
secondary cavity. 2010.The apparatus in accordance with claim 9, further comprising a movable surface

displaceablg. to vamnthadteimpmi-ine seeamdanyceavity claibl 3 THEApR S Baeordangeswithclaim
10, wherein the maqvable surface is.coupled to.a spring that is configured to enable the moveable surface
10 apply a OB DS A OB A SR e RO AR, AU, G H SR GH B ity
12. A methoeaevioy aolsatgha hietiig acsawty formed by a plurality of mold pieces, wherein the molded unit
adheres to one of the plurality of mold pieces after molding, the method comprising the steps of:

30a)disposing a unit to be molded between at least a first mold piece and a second mold piece within the
plurality of old pitkesalsentirappawidpieeecesitising alfivst Jortionianes atdeesvnaperoloretiiatene

displaceablg &ﬁ@&%@g&&&%&%‘%é Rt BLARREOMHBGHRERI FibeOldnels Blecasity BrBrths Gavity with

the unit to be molded located in the cavity; c) filling the cavity with mold compound while imposing heat
on at least 88FI8THY Hrst A atfae SR Bt Rab i Rasriia) Betrrelingiaeditinsit, the formed molded
unit adhered 5to the first portion of the first mold piece; d) displacing the first portion of the first mold
piece relatiye to the second portion of the first mold piece to correspondingly move the molded unit
Behered 10 the first Bo/ IO BEABHIEL i BERPEHID (A Sob B BooRhaH v &t M ce; and
e) codlihg thenfitstiportion of the first mold piece to detach the molded unit from the first 10portion of the
first mold piece. 13. The method as in claim 12, wherein the first portion of the first mold piece comprises
a substantially planar member that separates the molded unit from the second portion of the first mold
piece. 15 13%. TheThethotiag iappkirvsL 2 witerdimapevitscponicn wheheirfithe raotiphecdcohlprides a

cavity bar hgvjig a5 aea1tas Iims 3 RAEIGR G e mreld cavity in which the molded unit is formed.

15 9. The molding apparatus in accordance with claim 4, wherein the plurality of mold pieces is
configured such that the mold cavity formed thereby comprises a primary cavity and a secondary
cavity that are connected via a gate that is configured to allow mold compound flow between the

primary cavity and the secondary cavity.

20 10. The apparatus in accordance with claim 9, further comprising a movable surface

displaceable to vary the volume of the secondary cavity.

11. The apparatus in accordance with claim 10, wherein the movable surface is coupled to a
spring that is configured to enable the moveable surface to apply a pressure onto mold compound

25  present within the primary cavity and the secondary cavity.

12. A method for molding a unit in a cavity formed by a plurality of mold pieces, wherein the
molded unit adheres to one of the plurality of mold pieces after molding, the method comprising
the steps of:

30 a) disposing a unit to be molded between at least a first mold piece and a second mold piece
within the plurality of mold pieces, the first mold piece comprising a first portion and a second

portion that are displaceable relative to each other;



2015.The method as in claim 12, wherein the plurality of mold pieces is configured such that the cavity
formed thereby comprises a primary cavity and a secondary cavity connected via a gate that is configured
to allow mold compound flow between the primary caygy and the secondary cavity, and wherein the
molded unit is formed within the primary cavity. 2516.The method as in claim 15, further comprising

displacing amovaklesibliagatio yamiayolmel@fflecsacondaryieavitiyirreincthaimoevebla sadace is
coupled to E sgrin c%pfi uge,d to enable the moveable surface to apply a pressure onto mold compound
present wit My tﬁg%'rf acr%'bgvity and the secondary cavity. APPARATUS FOR MOLDING A
SEMICONDRYCTORIMAARFE R AMD WROGHS Sohhhaid FORABSDRACHeat dald pistes(kObfariet 110) for

molding & .1 IPId AR o0 g D RIsRANGe: s ahalimARY AETIEANdHCI AR 140

include a primary cavity ( and secondary cavities into which excess mold compound from the
primary cavieyth@ it oviionTHghsdushiaaly pigesties (120) include a plunger (130) that asserts a

predetermingd baC&Bﬁ@&%HéQH@ﬁH@{&%@ i A daRetL YL GOMRUNG BIESSWRIPD HishBPlRcampound

during moldingiﬁln this way, most of the excess mold compound is forced into the secondary cavities

(120) and tAH AI§Coih pRtFPTadinglErractdsiraoldRo nHadeemh P pRe 8P R MR Gditht fHe! &%¥dss mold
compound pdhergaimany aavideddd phiRNS MR e seqandary savities (120), this advantageously leaves
a relatively thin layer of mold compound on the semiconductor wafer (118). Thijs thin layer of mold
compount 8 thor A0S UL P b ol S IR 51 1 TR AT e T, 1
accompaniesiting abgtedokt mold piece.

13. The method as in claim 12, wherein the first portion of the first mold piece comprises a
substantially planar member that separates the molded unit from the second portion of the first
mold piece.

15
14. The method as in claim 12, wherein the first portion of the first mold piece comprises a
cavity bar having a surface that forms a portion of the mold cavity in which the molded unit is

formed.

20 15. The method as in claim 12, wherein the plurality of mold pieces is configured such that the
cavity formed thereby comprises a primary cavity and a secondary cavity connected via a gate that
is configured to allow mold compound flow between the primary cavity and the secondary cavity,

and wherein the molded unit is formed within the primary cavity.

25 16. The method as in claim 15, further comprising displacing a movable surface to vary a
volume of the secondary cavity, wherein the movable surface is coupled to a spring configured to
enable the moveable surface to apply a pressure onto mold compound present within the primary

cavity and the secondary cavity.



