; e3euZr| 406TZHP2 WO 02/ 056374 -1 PCT/ AU02/ 00015 MOLDS FOR WAFER SCALE

MOLDI NG OF PROTECTI VE CAPS Technical Field This invention relates to th

mol di ng ageh @RRéI;¢ation of protective caps to 5 microel eChe@Ni®2/00015

sem conductor chips on a wafer scale as opposed to application on an

i ndi vidual chip basis. Mre particularlyithe invention relates to the nolds
used to formthe protective caps. Background Art 10 15 20 Sem conduct or

chips are n I i ¢ t he
chi pand i ¢ NGRS ESHWALER SCAREMOLDINECOR PROTECTHYEPLARS |
packagi ng systens typically use epoxy nolding and thermal curing to create
_a solid protective |layer around the chip. This is normally carried out on

i ndi vi dualTechnical Eielgps bonded to | ead frames and so nust be done many
times for each wafer. Alternative nmethods of packaging include hernetically
_seal ed netal orThieinvendonyglakesde e Iaﬂwlr&randwppﬁ@mg@éép@ltf@ﬁvaganﬁép| grid

packaglho emre b eloBfi s o e FRSEFRER, o BEERS A MNELRERAE o,

st age bef dngividigl eflp pasi& Mors ppdicaladl§ thelii@ention relhtestd e mgpldnasedus torm the
t echni ques stub!'(iects the wafer to both nmechanical and thermal stresses. In
;]

addi ti on tiMHelegh M €Pfi ve cap so forned is a soly ; material and so
cannot be used for MEMS devices, since the mmmwm uld be rendered
i noperable by the polynmer material. Existing pac agl.ng systems for MENVS

devi ces i rBhgRgroldtPArcal | y seal ed packages for i'ndividual devices, or use
silicon or glass wafer scal e packagi ng, both of which are relatively high
cost op@r at i on.SasicBidnctopshipe arsormally packagadan aiprotegitveaxsa ar fayennte protect

i nvention proyides.pai.r of | ds forned substantially of silicon or .silicon
a1 oy for Morupge4RatiedPngt PPRYHORCe AbC epiricd] St BeUfif By Rhynt

m crostr ucgyufeﬁ@,ty;?aﬁty 2k (ejlsch@ HSlieg dithamal sugtableh!d yliflpamadtiveadyer
havi ng a working face and rear face, the nolds each having one or nore
nmicro fabrireenddechipe$hisds noymaly partigd Rt eryindiyiduaby dicgs chips bapded te igedwor ki ng

faces are @:Lrggse%# Bust B B&Ceemarﬂ'ﬁtgﬁlgnﬁo%aéh%& A AYe I¥eHdak }[Qﬁ k{]ﬂg‘g two

nol ds, wherern e recesses on ds are configured such
V1' O 02% G ihdlade hEledtidbllis2aled Odetdl ofpéEmiopdckagedndairag padkageharch anbilhgrid

ki f , wh t. he wor Ki f | f to f o i
Uhe 11 Pt REDAB w B0 MeacP e Faess Heoeabsvatet 1e nekasins (V8P for ki ng
face for epghGanid e g, mg;ssc%ﬁ@ézpommﬁweﬂ% € baford B ThiRA& debidfedgr oove

in the 5 respective working tace for each cavity, such that when"the two
nmol ds ar e The useanf mdlédingtand emdtg techmiduies subjeas the vafiefto heth raechenicalaindporti on

of the cavijt nd the_at ] east one groove defines a rimeter wal rtion
of the cavineynaireser A eddiEim b BGerdne ooy o} FEmER R sl piscp o patab rf i |
the at oheaghn8ise lidell $ér MENBSEevices, siftcRhARIBNIS Hevi@oWEilaIte Yer RESERGpHr MHle

by the polymer material. Existing peickaging systems for MEMS devices include

thematically sealed packages for individual devices, or use silicon or glass wafer scale
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packaging, both of which are relatively high cost operation.

25 Disclosure of the Invention
In one broad form the invention provides pair of molds formed substantially of
silicon or silicon alloy for molding a sheet of thermoplastic material into an array of
microstructures, each of the molds being a substantially planar wafer having a working face
and rear face, the molds each having one or more micro fabricated recesses in their working
30 faces which, when the working faces are placed face to face, define at least one cavity

between the two molds, wherein the recesses on the molds are configured such that the



e

10 One of the nolds may have a recess therein having a base and one or nore
pillars of nold nmaterial extending fromthe base to the plane of the

wor ki ng f?;q)qnm%4of the nmolds may have a recess therein Bayidig80hase and
wherein at | éast part of the base is concave or convex with respect to the

respective nold' s working face. The other_of the nolds may have a second
recess therein having a second base and |IS part of the second base may be

concave OfuGRRWEN Ml &8k BRE! of e MEEBTREC I dBWRrintRlck] & olace.  When

two nol ds "are us ncave or convex portions, ap cavity
may be deffacethfadhie nol ds are preferably formed of a sem conduct or
material, such as silicon._ 20 The V\oégvggaglsurfa es of the nol ds have

" preferably beer Plapyewdhefigt pe PR RehBepBRTetest frPetBeEF?Pﬁﬁlve
conventi Or\ﬁtré&ﬂg #aec_ggﬁegaﬁ @A0dy SReMe 3tddnd HH18 ik inage LR biigt gloBvélithe &

. Spacer may ovi ded between the two nolds Such that the working faces of
t he nol fis mspective workimefacefor hadht dawity, sBh that wherDde¢wo prdldnarein vieetherabwi ngs

e Conducbt oaf ARG reoess ePinc: Cagakportion BLEE BB 51 hy IS5 Pos Bopre
packagi ng JE&&es 33&%%99& Eoﬁi!&ﬁ of h%%gﬁit eXBA IR froRAnE basss Of theRAMA @ Cross

section of a prior art packaging o M5 device. Figure 4 shows a cross
section thpatigh a MEMS devi ce packaged according to the invention. Figure 5

shows a possi bl evi.ce f f.orm.ng nol ded. caps.. WO 1. C37.-3 PCT/ A
U02/ 0001 s Fi gufrggeé%%g\ﬁsa?{%?tﬁga gyt redssy léi lrllld’?%:)na‘ﬁgwf %%nﬁg%{y&%clt%%u%%'e devi ce

of figwpe 5a toOge 6f the &@MdswadElizve kirgedse théreshhaving h Bassaing onavtmoapsillak of
figure 6 bonded tQ%et her Fi gure 8 synboli cal I%/ shows a net hod for applying
mol ded cap@oldmatesal qxtepdingdrom ths basetorthe Algne of theavorkipg fton: Figure 9 shows

cross. sect | onal 00 Qb e RRAECSL AR iying L B Gnd RUERARLRAL BAE 0701
shows an eofithoBest ipesrepecsrconves with efspedieo thevespective tholglsmeorltig face.
The other of the molds may have a second recess fherein having a second base and
15 part Qf the second base may be concave or convex with respect to the respective mold’s
working face. | '
| When two molds afe ﬁsed wifh concave or convex portions, a lens shaped cavity
may be defined.
The molds are preferably formed of a semiconductor material, such as silicon.
20 The working surfaces of the molds have preferably been prepared and the recesses
have been formed using conventional lithography and deep silicon etching techniques.

In use, a spacer may be provided between the two molds such that the working faces

of the molds do not contact each other.

25 Brief Description of the Drawings
Figure 1 shows a prior art method of forming protective caps on semiconductor
chips.
Figure 2 shows a cross section of a prior art packaging made according to the figure
1 method.
30 Figure 3 shows a cross section of a prior art packaging of a MEMS device.
Figure 4 shows a cross section through a MEMS device pack_aged according to the
invention.

Figure 5 shows a possible device for forming molded caps;



10 Figure 12 shows a cross sectional view of the device of figure 10 at the
commencenent of nolding. Figure 13 shows the device of figure 10 after

mol di ng hgg, Hieished and just before one side of the nol dpigAvabsased from
t he ot her si ée. Figure 13a shows an expanded view of part of figure 13. 15

Figure 14 shows a perspective view of thg-figure 10 device corresponding to
figure 13. Figure 15 shows a cross sectional side view of the device after

one of the nol dg ' : ' ; =R

ect i onal s de o oy RaT A 8 e RS b i A iy A 2 w11y

renoved. Hiljeonewdfér;shows a cross sectional side view of the device

_ undergoi ng an ﬁlgiCh' igure 18 %ho a c;gss % ctigﬂpal @i de view of the
devi ce after undérgol WS he WaIRT ang GAps ot HEuTg _ d HOBBYE sectional side
view of the devfiggreat sﬁx‘i&li@ﬂ%@éﬁ@%ﬁﬁtb&f foRBppIyERrhABed Qupd tdBdiBEorPRfer

. renmoval of the second "nol d. igure 20 shows™a cross sectional side view
of a waferacabnding taphd inventiam of the caps. Figure 21 shows a cross sectional

side view of a seri of i ps.after sipgul ati.on.of the wafer. Figure 22
shows a cross s §Ffe?flﬂﬁow§ﬁg%&9feéwc§?apéOagglérP vliof’ﬂe‘{:%%gt%ﬁrppl ied to both
sides, before sfiggl 1@t showsah ekPBddEdreis sectibnBEFiEwNTGR1e0ce ?&’ffbﬂiﬂ? tieut the

I nvention Referring to figures 1 and 2 there is show a prior art nmethod of
form ng preypEetyseapsaps on seni conductor wafers on a wafer scale. A

sem conduct or fer 10,1 I ' Fa PCEY L. Q0(115 4
agai nst a nol dV\'I@iﬁﬁal\]}i S%‘S‘Q’“é;agi%?ﬁ ggedl%wpg?t?r\e%ﬁg’?&en&gin% og.H%‘l}lél}IBd pol ymer
materiab 16 is Fighec2edhowsta@réssgedtianaltvieas oflthe dEiiee pofigureriomedher i al sets to
formsolid protective caps.18. The wafer is then singul ated using a wafer
saw. Thi s ¢@emecgmens of meldingspl i cabl e to wafers having MEMS devices forned
t hereon as the ki, gui [ ' : 'XE&@ Lces and
stop them from %%ilﬁgs}'% %g%%é@es ?&grewedftﬁ?g{s%‘%ggﬁ%@s%ﬁl tt éﬁ%%e for
pr ot ect i ngori¢Eids afabd medd isTeleadekdncthe pth2Osidecl udi ng t he MEMS devi ces 24,
shown synbolically, i,s ponded to i.licon wafer 26, This nmay be carried
out at the indi%‘ﬂé{?alpaéﬁ?ws an %ﬂ@@ﬂ?@ﬁ@%ﬁ%ﬂfsﬁége. The wafer 26 is
typi caljky et CheF’igH&' lflgsh%\x@ral@%h%‘:&t%mhbﬂh@ﬁgﬁ&tF@&vace%bﬁgsﬁdﬁdiﬂg tfigbchant
10 such as KOHt0 forma series of recesses 28 which correspond to %he

| ocations BY. the MEMS devices. The wafers 26 are carefully aligned with the
MEMS wafer 20 and b d%d t heret o, .V\hill edthi S i:ﬁ]nd%e. an teffec%' ve qﬁags of
packagi ng MEMS eV eSOV aicgos&%%célﬁg? VE Y P P iv1'08§1f PR 8P 85h (or
soneti nes BHeaparidigh@hovethi ch nust be etched to formthe cavities. 15
Figure 4 shows a MEMS wafer 30 having surface MEMS 32 forned thereon. A

hol | ow pr ot ect i Figueeak$ showsfa oross Ismnaﬂdedl%pémeaievwaeﬁerm ob eqeelds bag he
waf er a fef 0 he invention is provided so as to form a nmechani cal
and at %@spﬁ%ﬁifgﬂ%%ééogg ive barrier for the MEMS devices. The cap 34 forns a
cavity 36 w th Figerenddf showsa cabds Geetiohal sidehviewl of thealeyict andgrgeoiag en et2h. The use

of nol ded thernppl asti ¢ holl ow caps offers the possjbility of providing
i nexpensi ve pagﬁ‘ﬁﬁferﬂé. S%ﬂ&ﬁé‘\ﬁé?s,s SE‘}L‘))‘HQ rﬂq%ovﬁ%l"l’o %Hﬁ?&ﬁ@éeﬂﬁ’dﬁ@f’g‘ﬁ@@\ﬂ% t he

required accur agipuig dhidessHRoss kéiohallsydeEW of B2 dePlce At e RompRhdmRneos
devices. Figures 5 to 7 show a possible technique for packaging a

seni conducapplicatidneto asgafhmandrgmaval witherseedndgneldps 42 of micro fabricated
devi ces .44, sho ) licall formed.25.0n or in an u r surf.ace 46. An
array oF caps EEEEReRE R g oo DoRBaiE et F el o Rl R8s and
steel nold tool Bightt B $héws BRoss ARHoALIRIRURGR 0F 8 derd o chipk bft@ shiduBltioh Be sane
nom nal spacing as the groups 42. Using this nmethod will al nost invariably
| ead to m Bgwaigtrent with resul ti ng destruction of MEMS devices, as shown
in figure 20. I fi t . 483 . | Xy W th
s group of NENEers hod psabsRiiond SEYiNRRe R HRRLr B afiel EShodk, ¢

gr eat er t hsided, befosppsingulgioaf oftthewafienaups so that cap 48b is not aligned
.correctly, 'but does not destroy any of the MEMS devices of its respective
group #9b.

Best Mode of Carrying out the Invention
Referring to figures 1 and 2 there is show a prior art method of forming protective

caps on semiconductor wafers on a wafer scale. A semiconductor wafer 10 is clamped



WO U2/ (1 SC37~ PCT/ Al JI'1 2/ 00015 -5 However, the caps 44c & d are
sufficiently msaligned that the perinmeter walls of the caps overlay one or
nore of tRe MekB,devi ces 44, destroying their functionali g alfdbBoers

m sal i gnment can be the result of a nunmber of actors, including
differential thermal expansion of the spfule material conpared to the
silicon wafer, non rigidity of the 5 nolded conponents and the |ack of
machi ner y geskonadid O nffiadhies T rGHENhertA Al A AImBOhURRRSIe vafers
usi ng these techniques. solutiron 1s to use tools c ave the sane

coef fi ci ennjeofed tte theadavitiep ddsTlenpdgmetmateadlaets te frorm sdidgirbtectore capdl §.1 gur es

8 &9 sy lically show a_techni que ysin .Silicon tool 6Q to hold an
array of tHE VB A densineulgid W%%W@%és@gé@“%%hrﬂﬁwd’édl% Rl 14 EBR 10
wafer 40. i NE defles ?&fhﬂ%tﬁ&é&?%ttﬁé 1i&ﬁl§ gﬁggﬁs’erlﬁs?]étgfdl%lléénédhﬁ igaf er 40,

. changes in tenperature w resu In’c I gnment; the spacing
of the GapeEMS dévides ahdisigp them from warkinganount as t he spaci ng of the groups

42 of MEMS devi 4. Thys, when bonded. all .of the., il b t
i gned, s SnoiEE A P e ReSSeRhR o oy gt St rrofeGu e RS e B B | oY
wor ki ng  si NAER@ScHip 20 iR AL ine MEREC dvReY 24,1&0&9&99'115911&?19,813%@&%% al0 to 16

schematically show a first systemfor creating and applying hollow
pr ot ect.i vesiliegpsvaler 20a T bisgnayphectastiedhoyl atdigindridudichip siageeqrat thej aferstape. shows

a nol di ng st 0 .for form t he holl t Ve C ha wn figure
7 wni oh na USRSl dohea s B BABER kBRI B SRR ey

devi ce10 Theichas KOMtoTwEh @Redédofiredelssed 28 vihieh corfessond to@helosatldde ofehe04. The
upper wafer 102 has been processed usi nhg conventional |ithography and deep

silicon etMEMYdevicernihpisafers26aag sargfudly aligacdgyith heMEMS walst 26 and kondgder
surface 1 To\lV=Ts I 2 . its
upper Sur?tﬁgrg@}?&g{lﬁ‘gglsgﬁ\@gg?%éﬂ © tﬂg?%%@%@@f%%%@?%ﬁé\éﬁeﬁ ﬁé% ggg{,%f t he
recesses 143Gt redineesraneraa 8licdh Corapthetimeoylass) Whferawhich innest bé etchéde fotm thesi ze
25 of the wafer to be processed and repeat at centers corresponding to the
r epeat spa‘iﬁvﬁﬁson the wafer. In the enbodi nent shown the protective caps
are degsgned T ofgdo Mskbwl AINIENISA AR BERLLi A Khriaee MEMYSDYOARLNEELAI Ve LO
their W|5dth in plFaﬁ v?{é/vv. The recesses arngé]rect%ngul ar, glthough t he ends
of the recldbssprateetiveotapsiafherifoplasticimatefial hadegnddpsded tbrhawefend® shown

but it is to be understood that t ropves 112 at .each .side of .each recess
are 30 | n tederinga LR Biovidtd o of B i g reePoufl A ORRRRS  ow.  The
grooves 1lgrofcefivelshrasiaot the ARBMbeddvites. AHeRap BA Forinkh @lityBb &¥ithahe Wafeg b has
not been etched. Simlarly adjacent recesses 106 define a portion 116 of

mat eri al wlayhtha MEMStdevices) (o1opeoata-37 PCT/ AUU2/ UUIi | S -6 been etched. These
ti f matgrial || ' : :
Pt o1 93 o' orocBid b ot bW hi Gl Haldh SREBHELIC pRBbHBRR LD,

portions lihéxpgendilé packigingViowenNer anaseriiavs tbadmiquet dbadt grovidealie fetpsiredr oove
112 for the perineter of the cap is,all in the | ower, wafer 104 and the
recess 1043cBracy mud thenmal stability reqnied for miqrojfabriqaed devices.c wafer 102. It is

not essential t : : i e not
boen ot ched. . noEme 3o T3hdly WHbRife Hohiioho R Bl icphatcBCAmuilh e AYE N0

recess in lling omentenlof goups #20f miro fabricated devivesl 44s shyovrdsymbrodidallyy famgdoove
or reca‘tg)s in only one d. The effective split |ine between the nolds may
be | ocated k" Bl UBBESPHASE Hasired and need not be planar. 10 However,

lronID ? ggr ity of thgnarhy bf dab888 ¥ fotmby Rlif@bdnvestional infectibR Bd1giak nRfodk atdre
steel mold tools 50 & 52. The caps are supported on a sprule 54 at the same nominal
spacing as the groups 42. Using this method will almost invariably lead to misalignment
with resulting destruction of MEMS devices, as shown in figure 20. In figure 20 the cap
30 48ahas been aligned correctly with its group of MEMS devices 42a. However the spacing
between the caps is greater than the spacing of the groups so that cap 48b is not aligned

correctly, but does not destroy any of the MEMS devices of its respective group 42b.



The assenbly 100 al so includes an upper release or eject wafer 118 and a

| oner rel ease or eject wafer 120. These upper and | ower rel ease wafers are
silicon wafehss\bj ch have been processed utilizing convenpirpigha/bhioirogr aphy
and deep silicon etching techniques to have a series of release pins 122
and 124 respectively. The upper and |lowey. nold wafers 15 102 & 104 are

formed with correspondi ng holes 126 & 128 respectively which receive the

pins 122 4 e , . . center
b "o o ot 08 HiSeaIRREL WA FuthieRnl b BEALERAORDBEAR L NN DD
grooves 1d¥erldjome\eimdrbef the MEMSdeoices #, dest@ang R6ir fndttib2dity.s not
_especially critical and they may be p]aced as required for ejection of the
mol ded caps. 20Mseisalignnentca besthe sesu 0%24‘“ pofactoss fAure éFenl“ﬁ]an t he
dept h of | f bi align
_.wth the ?H&ﬁrg@?%{ﬁggﬁgﬁg{ﬁg sﬂg{eggat%%,%%t er g t{) gﬁaﬁgg% ‘%g%ll’ ggf% ﬁ/%lgﬁyt%, ﬁ%eupper
mol d waéf emal@ cmaponbets apgd the lackl of asehinefyedesieh8d fdractunate abgiooetit apéit t he
| ength of the |oyer pins 124 is .the sanme, as the thickness of the | ower nold
waf er 104."01‘-5%\9 POIVE’QISI@N@?%S B?IWﬁ\?“pﬁeﬁ@“i'?&' may be greater than the 25

thickness of thesWed&lis? udeltodB X HaPE $he bobfIRicnEHChBmRdl ekprmsPhRs 124

is less than the maxi mumthi ckness of the lower wafer 104 it needs to be
great er t Herwafes sudpadsilidontand figotes § & 9gymbokicallytshow agechnigue vaigg esdicon

t hi ckness _of the wafer 104_.at the grooves..112  The | qwer. fers..104 and 120
are pos: ¢ FONEN bR <Pragray of Bemaaiiadier P s co0f ars Bl RFLBicds But ot
ext endipgng vagstemd Siree trabeise0kie fortiet @f tHeesagleapMESal bd theanded(, bhahggaim 132
between the 30 two wafers. The pins 124 preferably extend to be flush with
the ends dmparaturovidknalgesyli in ghamgeninalignments fejsandine of the sapsiPallichangee

groove 11 | pmgg\@; i4S 0 00

m crons W?]’P(Its{%%%gﬁi?gggﬁg%@hg@ﬂg? &?he or der \§§e§fg ?@RI’ %‘eﬁi crons

i n thi cknésfaded;lalMef the capd will I qoptectty aligned] as showd ir( figur® 368 dditionally there is
PCT/ALII 12/ (210(11S "7 .The nold tools are preferably etched using
cryogeni ¢ TRHSBSXBPTGTES in WPRHERiGoR A the reAUEeRFEWRACY chi ng as to produce a
snoot ; et chi ng produces scal l oping of etched side walls, such
as thgﬁsi ?ed;&gp?gég‘?sthe pin and cap recesses. The scall opi ng makes the

rel ease of the Higires10 tookd schemativiatly shave dirstaystero fer aiéating @and epplying hollow

conparison, using a 5 cryogenic.etch . results in much snother etched walls,
with easi @FORDNG GRS @a\g%fgrsﬁprgﬁqé@?y mc%‘?&f’w&?yﬁgﬁﬁ'asti c material of about

200 to 500 m Crgfge 10 shbWwEkRBRIng SysRhALTT0P BsraB@tht ABIIEWRroedtve eagl2 & 104
and the assenbly is placed in a conventional wafer bonding nachine, such as
an EV 501 shewain figire 4 wieh map be pend with/MEEMA dledcengs apy otbiga prdera dabrigatedr i a. 10
The as . | SmE | C | i i i1l be
2ppr oot Avichr ARS8 TR 08 Thicgh vialhel 1> £00H! S ber hietl o

t he ther mipRaat beensiresdssdayustgrbiveitionsdl 1ahepteptaymnd dsép gliassaicting wchitigquegaps
130 & 132. Alternatively other neans may be used. The sh&gt 1%4 may be

heat ed by '@ BAYRR sari§h obracesses 106dn s Apysr sHEfaecctPBny he losen watss 104 hageen

ref erabl y; ' | radiat j i ; i n
Pl our e 12 bt Ot AR AR AR 1 ATnde Al e B DR, he
mol d and rvaltteedges ofifherscei®@R 186, Thé recassts 108 asd 3@0vescldBeact sives fpr theehfpoizeed of

silico ich is substantially transparent to infrared light of. a

wavel oty IDHEE wafer Ruioros ot epeBbs CATiE R BRI BRH0 R PRI BUHIBA ol 134
chosen ei tiheiyafed!hithSémBodiveRRAGKR the prbfbiivédaphhR defibfed Ry @ MEMSHnkj8Nge 20
or is doped so as to absorb light within this wavel ength range. If the
materi al I@intheed andee atervery lang reddtive tathedr widit inplan view sThegerssesare uj t abl e

at these VEGAPEG: HRGEp R AR Feceep AR P gy, 5% el ARG 19,0 ¢
pl aced betaeast shodntbopit iPlothe\Wal@EDoa ikt Erenas®ds 1102 htvatinside of eghtreddbs @t a

sui tabl e wavel ength, as indicated by arrows 136. The infrared radiation is
pr ef er 3| yindenspne swove viiadhdana secgangulss shaps inBRBViEWand t he sheet 134 to

provi de symret r+ ty LS. hS:-nQt i i ed
radi ati on may Bgﬁggggﬁﬁééﬂ%?éﬁ#%ﬁﬁ?héﬂ%ggﬁ%&pﬁggggﬁég5% e éﬁpﬁ?gﬁ$&gﬁers
ar e transpmeestched SifadailnidjaeptretadisatiOcalefine b @ortiohridé el matagiabwhich hpasste s
through the wafers and is absorbed by the sheet 134. After heating to a
suitable 30 tenperature the nold wafers nmay then be urged together to
deformthe sheet 134. The wafers may be pressed together whilst the sheet
134 is being heated rather than waiting for the sheet 134 to be fully
heated, particularly if conductive heating is being used. If a materi al
other then silicon is used heating of the sheet 134 may be achi eved using
VI'O W2/ fhl~37-4 PCT/ AUL112/ (1A 11S _g_ electromagnetic radiation at other

- v e ] .. T




umthick etch of between about 15 umand 4 umrespectively. Using a cont act
or proximty mask, critical dinmensions of around 2 um can be achi eved.

Usi ng steﬁgﬁrzaﬁ(ﬁhectron beam or X-ray |ithography the Crlpt*trﬁ;ﬁlozﬂh(ﬁ'&nSI ons
can be reduced to less than a mcron. Thus the material 134 nay be squeezed
out totally frombetween the' portions.pl4 & 116, totally 15 separating the
adj acent caps 136. Alternatively a thin layer 140 up to about 2 m crons

Lhi ck MRy pbé LElds BREMGRASNIBS RRIRPTR: &1t 681kl QibhaPeR-ARAARAME RRS 136
due to the varlatlonl position o rel atfve sur aces

manuf act uriafigs bel pesod egcthlef th@tmxzafessemmtadacln bthier athbesapbdionsflé4 & bY6.t he

. rel ease wafers _be nade of sem conduct rials or at they be processed
usi ng convent i GREIVPSEHGE SRR e&ﬂﬁ“’ﬁ%‘gﬁ’t étgf‘lgf‘{?éfﬁ é@%‘?ﬁt]i‘\egPQ’f’é?%?fdéf f;‘b: her

material s gdasd { P UsE ik J ar
. materials ?153% ﬁhgggnﬁ)ggﬁﬁﬁﬁc}@g@ {e]%sr prov &gf \etﬁ{g{rd g@?ﬁrlacglsf r??g%
t enper & unvef@ti®ages have | ess effect. Al so |ithography and deep silicon

Cequi rad | - ades oobAsoR AL Hah i ra matey BHY EPaiae ey o auth he ot B i on
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passes through the wafers and is absorbed by the sheet 134. After heating to a suitable

30 temperature the mold wafers may then be urged together to deform the sheet 134. The
wafers may be pressed together whilst the sheet 134 is being heated rather than waiting for
the sheet 134 to be fully heated, particularly if conductive heating is being used. If a

material other then silicon is used heating of the sheet 134 may be achieved using



Thr oughout the specification, reference is nade to sem conductors and nore
particularly silicon sem conductors. It is to be understood that the

i nventi onyigsyARE37ki M ted to use on semi conductors or sili e dasachis

sem conductors and has application to non 15 sem conductor devices and to
non silicon based sem conductors, such &-those based on gallium arsenide
sem conductors. Wi lst the invention has been described with particul ar

r ef er ence elcetrdiabEndtie adigton dt bthes wadelbggthderistiond mdaial bed isButestdntiallyi s not
limted to MEMS or MOEMS devi ces and has application to any devi ces which
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. 1. A pair of nolds forned substantlally of silicon or silicon alloy for
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each of thg, po{4s; gsgn%ﬁ&gggﬁl all'y planar wafer having a working
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ot her on tlbseﬁeﬁaéﬂt e tﬂaﬁﬁéoramdtth@reem ngagrﬁ@&&@se@écﬁvﬁ_l/ A aflchregsdso face.
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the two nahglg, étRal dinléGfond dfaaréind Bpmicadbe abhiéveld. Using Sepp&t, dietrod begt r al
portion of t he cavity and the at |east one first g‘goove defines a perineter
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20 3. The rﬁﬁéﬁalcifﬂ B sgﬁeﬁa%@b ailg fr%h?ﬁé%éen"mgpﬁx'gané) Tf4 %L gh ford ds has

a recess thereln-havrng ohe or nofe pi rs o rial

ext endifg sepantirigthe bdysant Capis h%pAHmaﬁﬁeljz h ehint Bxy@ebt0 upaowbokt higidrasahick. The
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25 t her ei r#ERE 166 bstwssa dheppatinselldi & 14¢ betwigen agjagent eapsfg dyg Fé’a‘éﬁ‘ﬂ?@ave
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inclaim1l
-It is not essential that the mold wafers or the release wafers be made of

semiconductor materials or that they be processed using conventional lithography and deep
20 silicon etching methods. Other materials and methods may be used if desired. However, the
use of similar materials to the semiconductor wafers provides better accuracy since
temperature changes have less effect. Also lithography and deep silicon etching methods
are well understood and provide the degree of accuracy required. In addition, the one
fabrication plant may be used for production of both the semiconductor devices and the
25 molding apparatus.

It will be appreciated that the two mold wafers 102 & 104 will need to be shaped so
that there is space for the material to move into as it is squeezed out from between the two
wafers.

After forming of the protective caps 138 it is preferred to remove the lower mold

30 and release wafers 104 & 120 whilst leaving the material 134 still attached to the upper
mold wafer 102. A vacuum is applied to the gap 132 between the lower mold and release
wafers. The release wafers 118 & 120 are mounted in the assembly so as to be immovable

whilst the mold wafers 102 & -104 are movable perpendicular to the general plane of the



one of the nolds has a first recess therein having a first base and wherein
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R 0 v SRS a0
109 () - RsphQfo. (Dhe Gbviddd%Ee thown sym)éﬁcﬁl)y a%d may be MEMS devices, MOEMS

devices, other micro fabricated devices, passive electronic elements or conventional

20 semiconductor devices.

The assembly is removed from the wafer bonding machine and a vacuum is then
applied to the upper gap 130 so as to draw the upper mold wafer 102 up toward the upper
release wafer 118. Similar to the release of the lower mold wafer, the caps 138 are held in
place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment

25 of any of the caps from the wafer due to the act of removing the upper mold wafer is
reduced, if not totally prevented.

The wafer 144 is now in a state where each chip is protected by a discrete cap 138.
The wafer can then be singulated into individual die. I the chips are arranged in a regular
array, the conventional methods of wafer singulation — sawing or scribing may be used.

30 However, if the separation lines between chips are not regular or if the chips are too fragile
for sawing or scribing, deep reactive ion etching (DRIE) may be used to singulate the
wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the

wafer already required through wafer deep etching, as is the case with an increasing number
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' 5 cap side of the wafer or the bottom side of the wafer. The etch is highly anisotropic
(directional) so there is relatively little etching of silicon sideways of the direction of the
etch. If the etch is applied from the caps side, the caps 138 act as masks and only the silicon
material between the caps is etched. The etching continues until all the silicon material
between individual chips is removed, thereby separating the chips' 148 for subsequent
10 processing. If the etch is applied from below, a separate mask will need to be applied to the
bottom surface of the wafer.

Any silicon exposed to the direction of the deep etch at the separation stage will be
etched away. Thus if the etch is from the top (cap) side any exposed silicon which needs to
be retained, such as electrical bond pads, on the upper surface of the chip should be

15 protected, such as By a resist, which must be removed prior to wire bonding. An alternative
is to apply a mask to the lower-surface of the wafer and to deep silicon etch from the rear.
Alternatively second caps may be provided for the lower surface of the wafer, utilizing the
same manufacturing methods as for the upper caps and using the lower caps as masks for
the etch. By providing both upper and lower caps at the wafer stage, each chip is

20 substantially completely packaged prior to singulation.

Figure 22 shows a technique for providing protective caps for both the upper and
lower surfaces. The figure shows a wafer 150 upon which have been formed a series of
MEMS device chips 153 on an upper surface 154. Each chip 153 includes one or more
MEMS devices 152 and optionally other micro fabricated elements. A first set of protective

25 caps 156 have been formed on the upper surface 154 as per the techniques of the invention
previously described. The bond pads 1358 of the individual chips 153 are on the upper
surface 154 and are not covered by the protective caps 156. A second set of protective caps
160 have been formed on the lower surface 162 of the wafer as per the techniques of the
invention previously described. The first and second sets of protective caps may be applied

30 to the wafer sequentially or may be applied to the wafer simultaneously. The order of
application is not important. The second set of caps 160 are located under each chip 153 but

are larger than the first set 156 and extend under and beyond the bond pads 158.
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where a hollow space is required; if a second set of caps is unnecessary or undesirable, a
10 resist may be coated onto the lower surface with a grid pattern to leave areas between the
chips exposed for deep etching.

Throughout the specification, reference is made to semiconductors and more
particularly silicon semiconductors. It is to be understood that the invention is not limited to
use on semiconductors or silicon based semiconductors and has application to non

15 semiconductor devices and to non silicon based semiconductors, such as those based on
gallium arsenide semiconductors.
“Whilst the invention has been described with particular reference to MEMS devices,
it is to be understood that the invention is not limited to MEMS or MOEMS devices and
has application to any devices which are or may be bulk fabricated on a wafer.
20 It will be apparent to those skilled in the art that many obvious modifications and
variations may be made to the embodiments described herein without departing from the

spirit or scope of the invention.
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2. The pair of molds as claimed in claim 1 wherein,
in plan view one of the molds has at least one first recess formed in the
respective working face for each cavity and the other mold has at least one first
groove formed in the respective working face for each cavity, and
15 ' wherein,
when the two molds are in use, the at least one first recess defines a central

portion of the cavity and the at least one first groove defines a perimeter wall

portion of the cavity extending from the edges of the central portion.

20 3. The pair of molds as claimed in claim 1 wherein one of the molds has a recess
therein having a base and one or more pillars of mold material extending from the base to

the plane of the respective working face.

4, The pair of molds as claimed in claim 1 wherein one of the molds has a recess
25 therein having a base and wherein at least part of the base is concave or convex with respect

to the working face.

5. - The pair of molds as claimed in claim 1 wherein:
one of the molds has a first recess therein having a first base and wherein at
30 least one part of the first base is concave or convex with respect to the mold’s

working face; and
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6. The pair of molds as claimed in claim 1, wherein the working surfaces have been
polished using conventional semiconductor wafer polishing techniques and the recesses

have been formed using conventional semiconductor etching techniques.



