;e3eqfnl : 66TFFC3.\ r ~ ~.. ;. WD 02/ 0SG7S -1 MOLDI NG OF PROTECTI VE CAPS - ™
PCT/ AUD2/ 00009 5 to Technical Field This invention relates to the nolding
and appl | j f protective caps to microel ectronic sem Qﬁd& chips™
on a waf %‘f&@é@?%ﬁas opposed to application on an i ndivi dtr?a(fﬁc |(|6htog(1;19$i S.

More particularly the invention relates to the nolding and application of
protective caps to sem conductor chips ‘iercorporati ng Mcro Electro

Mechani cal Systens (MVEVS } i i limted to MEMS
appl i cations. Backgr oundMM@gﬁgﬁmﬁﬂyéﬁﬂ or mal | N a
protective |ayer or layers to protect 15 20 25 30 the chip a ﬂﬂ @ﬂ' M‘r
bonds from at nospheric and nechani cal danage. Exi sting packadgi

t ypi cal | y TechnipakFietd di ng and thermal curing to create a solid'{#%tective

| ayer around the chip. This is normally carried, out_on individually diced
chi ps bonded t &hisdaventionrglates irithe snoidiag ape application Al Profertive 4288 teach waf er .

Al ter nati yg fgglteglt?&‘ﬁc gémﬁgﬁéﬁﬂ:%r%ﬂi s '8 la%ja? JE%EI@%E 'oﬁﬁé)éeﬁ ééﬁ]ﬁﬁki MEldn OF .
ceram € paci:(ages, and array pac zi)ges SUch a8 bal ari ray Ba03 and pin
grid arr ayndivigl chipchaipe MorRRpadailbuyy tha ireventomtatatpsitkihe imoddifn B applisatizmar t ed
to be used. This is carried ogt at .t he wafer  stage lﬁfor t he chips are
separ at ed Of MpEectiye cas tRSPBICRRIUGRT chips InFPTRURING %&’ etoMecharif ©Es to
bot h nechm’ @$ . ; ke ; tective cap so
formed is a so )I gibg%eg%gﬂhg?{vﬁg{l(geﬁzﬁ§lé%ﬂéégo cann%tap%keﬁggﬁesg for MEMS devi ces,
since the MEMS device woul d be rendered i noperable by the polyner nmaterial.

Exi sti_ng ckagin ystens for MEMS devices include thematically seal ed
packadgs gﬁéﬁf&‘(ﬂ'&'aﬁ}t devices, or use silicon or glass wafer scale

packagi ng, bot : i . LYl 190 ; i 1 of
the I nvention %Fﬁﬁ%ég@hﬁtp Ic.)adﬁsf %ngrﬁaﬁ%ﬁiﬁr%erﬁg ?%9%@%@@%2&)&9%? oscsj&)! I%éﬁégﬁl ng
t he st eps tigf chiphngitowirdibogdsefreth aghospheridwrdmadhasicalcdametger Exibtingtpackaging di ng
an upper and a Ioweh nol d for | di ng..the sheet; Cn)g sandi/.vi ching the sheet
bet ween t RESIERHBIPIGAHY UPGERARY maldiag apg thaumalicygng HRCIERig 8O APV AP t he
upper and o LA R1iASTHiI O BSidraalY Sarded Gt BntilavRIERY diced ERp§bédaed &) eay Of
caps, WO 02/ 05G375 -2 PCT/ AU02/ 00009 wherein the array of caps-is for

at t acHfentframes andaé ewstld dineimanlydidess for qach weafdrt ltomativemethpdinfipagkaging

the sheet TR bemERUBaRtIPS oD Bher Rt oPedn B4 AL bockigdh spiCes BEBH on
step e) r sy (SGA) aAl@bRY gTRL drftly (PGAY heckabae Resditlytwferblepackagidlis (WBP)sheet

is substantially reduced in thickness or substantially renoved in regions

bet ween t Hes stapied tocberusedethis Bieapiedopt atithe wafersipge before the ghiphateappayatflt hout
over | ap, uent ; al W verl ap: ' t I y

i ncl ude pr i"ar R%‘q‘é’i‘g %‘%J]W%lngﬁecgiglsggésb%lbgé ésctsggl%%ﬁ%{)?%q?% ?Ig aﬁ%ﬂ&rgt one or
mor e v elthdrgahstreaed. Bi fditon theyrotattivelctp sorforhet 3g solid pisce bbHmhaterial airl sat

| east partially transparent or transl Li]c%rﬁa to.the el %8 romad ngti C r%iii ation
at said Orp@nw%ﬁg,sgi mwmg[eﬁggs, since the MEMS device would be rendered inoperable

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

-
-

thematically sealed packages for individual devices, or use silicon or glass wafer scale
packaging, both of which are relatively high cost operation. '
25 NI
Disclosure of the Invention +G00002*
In one broad form the invention provides a method including the steps of:
a) providing a sheet of thermoplastic material;
b) providing an upper and a lower mold for molding the sheet;
30 c) sandwiching the sheet between the upper and lower molds;
d) heating the sheet, and
e) urging the upper and lower molds together to deform the sheet to form the

array of caps,




Step d) may include irradiating the sheet with el ectromagnetic radi ation at
one or 15 nore wavel engths. Step d) may include heating by infrared

radi atio ably the thernoplastic nmaterial absorbs j§ ododi ati on
and nor ewﬁg@%%l y infrared radiation within the wavel en%ﬁkﬁgzﬁge of about

1000 nmto about 5000 nm Step b) may include providing nolds fornmed of a
semi conductor material and nore 20 pref@rably nolds transparent to any

of “Che. 0 awi ngPegtipg o GEbe o ffenkbf PR SR iplPids S ERglar). "

caps on sem conduct gficré Tatfcate@ekicesir € 2 shows a cross section of a prior
art packagi ng nade according to the figure 1 nmethod. Figure 3 shows a cross
rl?é‘

section of a phiene embodinentataprR) repplta invisfemasion of thepshggfhut thesheigemaaipy oss
section thr V] ackaged according to the invention. 30
Figure 5 g‘hbg‘m%%gglﬁb%{ggiﬁgggu%\%gge for formng nol ded caps; Figure 6 shows

met hods of appl % aptiespmbbainend stép engsiltscin deformeatiad of the sheet awd the neatezial i con
waf er; Figure 7 shows the wafer and caps of fjigure 6 bonded together WO

02/ 05G3750f the sheetisubstanirdlygedycgd i thickngsss sphskantially ranRved 1pEssionNs 1 or

appl yi ng 4yl icon wafer according to the invention; Figure
9 shows tﬁg%gggh%%gﬁ%éogfg%gé%f figure 8 bonded together; Figure 10 shows an

expl oded cr oss Sepsd) ankd) mayesecof segqueletially avithont dverlap,sgqodémeially prithtoyetlap/er
caps. Figure 11 shows an expl oded perspective view of the device of figure
10. Fi gur 808 WRY- a cross sectional view of the device of figure 10 at

the cegmencenmeris ah Hillifdinge l%bm?&{gea e SRR abdofbsi¥inemnadhefid @Hiafod & af t er
$né RoPe ol d

nol di ng has fini nd j us ore 10 one side of the is rel eased
from t he ohher meiedeavekingthsand Step dhovey includexpayidiang one owboth melds adkasti gur e

L e S ARRR Y Sl o B ame o
t he devi cgva@gkﬁéthgne of the nolds has 15 been partially renoved.
Step d) may include irradiating the sheet with eléctromagnetic radiation at one or
15  more wavelengths.
Step d) may include heating by infrared radiation.
Preferably the thermoplastic material absorbs infrared radiation and more preferably
infrared radiation within the wavelength range of about 1000 nm to about 5000 nm.
Step b) may include providing molds formed of a semiconductor material and more

20  preferably molds transparent to any electromagnetic radiation used to heat the cap material.

Brief Description of the Drawings
Figure 1 shows a prior art method of forming protective caps on semiconductor
chips.
25 Figure 2 shows a cross section of a prior art packaging made according to the figure
1 method.
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 packaged according to the
invention.
30 Figure 5 shows a possible device for forming molded caps;
Figure 6 shows method of applying caps formed using the device of figure 5ato a
silicon wafer;

Figure 7 shows the wafer and caps of figure 6 bonded together




Figure 16 shows a cross sectional side view of the device after one of the
nol ds has been fully renoved. Figure 17 shows a cross sectional side view
of the degyj ergoing an etch. Figure 18 shows a cros i si de

vi ew of %e&zneswge after undergoing an etch. 20 Figure 13‘1(’21%6\/\(}52%2@&& 0SS
sectional side view of the device at the comencenent of application to a
waf er and renoval of the second nold. F8gure 20 shows a cross sectional
side view of g ,wafer atter applicatio t he caps..Figure 21.shows.a cross
sectional. o ddigey wimbaficaldRBons  meifostlos iARVTERHIALARL b SHIEHNGE o 25
Fi gure 2%:8 18 tied igSéntvACt i onal side view of a wafer with caps applied to
both sides, before singulation of the wafer. Best Mde of Carrying out the
| nvent i on Ref driguna@ shows thguwafer andzgags of figure 8 biosdedhiogethemyri or art met hod of
form ng protective .30, caps on.sem conduct or. waf er.s on a.wafer. scale. A

sen conduct or MEVE0ABOREEn PERIRER OR HaloP VBt 3 o8Rel o RhipR e 1
formeg t hppRbfivedigsa |1 quid polymer material 16 is injected into the
cavities '14. The polymer material sets to formsolid protective caps 18.
The wafer is tFigaedilshowasrexpledadgenspretiverviewaf therievice of ABUO. i s not -
applicable to fer / P / ) i MEMS devi ces

f or med thereorﬁl}g‘ér%tlﬁem?‘l\oé)ﬂlg Sggﬁ%?}@?l V?%% é%rﬁéldg‘\?\ﬁgﬁggf%@r?ggﬁg&tehe VEMS

devi ces athrAémepmemeonheldimgwor ki ng. Figure 3 shows the present prior art
techni que fox protecting MIMS devices. The I\/El\/lf_chi p 20Q including the MENMS
devi ces 24, shdgpred?#hews the deyice of figureddpttepme ‘Bn&h‘PSifHB?Fe\%PQﬂu&Eg‘?fO%i s nmay
be ¢3! | aheide dttnd B IIE Bont Ry 806 OF al the wafer stage. The
wafer 26 1s typically etched using a crystall ographic anisotropic etch

usi ng an et chaFiguUdh showsdn-txpandeal view of pait effigdrerl8cesses 28 which
correspond to the locations of the MEMS devices. The wafers 26 ar

careful ly ali g‘%]‘éﬂrevﬁi“t OWp & PRASREStING VisW OfFhg “W&@o@d‘*ﬁ@?@?@pé\ﬂﬁit? ggi“i"’ri s. can
be an effgctive neans of packaging MEMS devices, it is expensive 10 as it
requires an extra silicon (or sonetines glass) wafer, which nust be etched
to. formthe caNighieds. shbwgacrosd sestionsl sadeNiEn® ofithiealevize aftenonecpf she malsds hvEVS 32
formég t hereon.. A hol | oW protective cap 34 of thernoplastic material nade
and BAndWPOAULY FHPRYY30 according to the invention is provided so as to
f orm a nmechani BighrelHhhatwERSRIAE béctioh Bl SMeOFiEW lof He deRick iafiér drief oftthemblidyhas
devices. The cap 34 forns a cavity 36 with the wafer to allow the MEMS

devi ces) hesndpldy removedhe use of npl ded thernopl astic holl ow caps offers the

possi bil ity of.providi [ i C [ ) ional
Pechni ques do Tatt TR Be bRFR SARoHA SRCYEN oftho SRNE VRlerGRB YR Heh" T
required for nFRgoee fSdhoive alceshs dedtiontlssidedewiof ticadevize afterurmdefvig #ossh.bl e

techni que for packagi ng a sem conduct or wafer, 40 havi ng a nunber of groups
42 of20ni cro faﬁlfgﬂi“afbeﬂw&’é@icé‘%?é seediongkside vieyy 9f dhe deyice gt the sommengement of n an

upper sur I ed using conventi onal
i njecti ongpﬁgﬁénﬁ%gtoée%%@e{%ogiﬁﬁImAe?rSDeF?JtIgg{ag 50 & 52. The caps are
support ed on aFigpre20shows atcrask sectimel sidenviealof 2 vafrattiengpplicatidreofighecaps. 42.

Using this method will alnost invariably |lead to.m salignpent. w.th

Fosulti ng. dest PLECHS P shois fretgss e opaCiodued b aséhel o Sl aTS0mgdiingl, o 20
the cap 48a vagse. been aligned correctly with its group of MEMS devices 42a.
However the spacing between the caps is greater than the spacing of the
groupd so t hat Figape 2R¢hows acaess spétipnabisidoyiewsf layvafenwithieaps appliedtedottoy any
of the MENR devices of, its .res tive group 42b. 30 However, the caps 44c &
d are suf%‘\{E‘Eﬁ’g’ﬁ#of?mﬂ?ggﬂngqéﬁe?’ﬁ%f‘ the perineter walls of the caps overlay
one or nore of the MEMS devices 44, destroying their functionality. This

m sal i gnment can be the result of a nunber of actors, including

- di f f er ent BastiMode=0f CaseyipgRubthe haventione naterial conpared to the

-

silicon wafer, jnon.rigidity of t . 02/ 056375 PCT/.,AJQ2/ L0 - nol ded
conponent s and REFERE IW%%% #@PV’ %&‘?%ﬁ@ﬂ% ?)r?mg&gf}roﬁ%"a gg% .C ®and
bondi 3w ofaganeRficontifctbd Sfess diSd wafel Bass A Reditdrduesr wafes 00 dlampéd to use
t ool s which have the sane coefficient of thermal expansion as the wafer,

such as segdinsn reeld 12ihguing s2gtigs 1t fopmpd thegain pyd 2 Hawid pobarss maierial I8ing a
silicon 5.400%d o i@ LAk 71 186 8Kl AHATORY &5fobfi Solid Brordve Sags18, caps

are bondet¥ e silrcon
The wafer is then singulated using a wafer saw. This technique is not applicable to wafers




wafer 40. Since the tool 60 is forned of the sane material as the wafer 40,

changes in terrperature wll not result in changes in alignnment; the spacing
of the c change by the sanme amount as the spacidigagdzdob® 9r oups
42 VI ces 44. Thus, when bonded, all of the caps will be correctly

aligned as shown in figure 9. Addition IIy there is 10 nuch experience in
working silicon to the required accurac F| gures 10 to 16 schematically
show a f'ﬁ MSdb et edmg 8hds Rl 121% REO fGhibEnEARS (O
waf ers, e%?w%;[y seﬁ% econ uct orrevvagsérs EO 10 eows a nol SPng system
100 for fhﬂEM&gevmes mmllsltc@p/\thpmcfrmmvleng;aps shown in figure 4 which may be

used with Me deV| or,, any ot her fabricated. 1 jce. T nmol di ng
aystem 100 1 ncFIRHESS FRIRINF Piest: RAPEFL eRmiofe S oG MERS dise e has
been procreaad cHﬁJ Mnémﬂﬁl%%é MBS Hé@lb&%@@ﬁbﬁv@%&ﬂi%ﬂlly‘ﬁ id bon@Bd & £hi ng
techni ques to have a serieées of recesses 106 in its |lower surface 108. The

| ower Waf shcmaiha% wemmylbﬂlcanbcﬂroptrasMGn@ml thiptstage or afghewatcostagee 110
has a ser ooves 2 jch ali i recesses, 106. The
occasee. Thewtenh bRty Sshel Ga aalbddnie Bibanid 46 bEEE T flnarly o, 1o
be processpll 8 KOHEP Ein Alerfes B RES &I \Qﬁﬂéﬁ%@h@ﬂ)ohatdﬁh@ ldc@ﬁ&%tof&ﬂ@CI ng on
the wafer. In the enbodi nent shown the protective caps are eagned for a

MEMVS i nkj b@MSldnvmsaa‘han\@f@r@%m 0@@1’“}“3{ «’d!@eﬂé‘{l@ntm NS taggrr20vgngd tbanded pl an

hot  shownteraE el Aol et Rl mélsh b SallabliE RO BvideDS RRgeaRER ° ©
under $0 0ok it hstjuirefign gxtemsiBconl(d2sontetd@siplakpiwafet, vetichmusd@tchad ¢o fomi the f act

one groove which has a rectangul ar shape in plan view The grooves 112 for
adj acent €#plesdefine a portion 114 of material which has not been etched.

Simlarly adjag &’ﬁiﬁ] %WM@&%??Q?Q%Q%B%WWG afdi‘-HnE&EHe onMii ch has

not been etched ese portions o Ign wth each other
and when héidow pmtemﬂvecsp%ef memtlbmm&madelaadbMem thesvatarilact each

ot her at thes % ons 114, & ll&?& 30 T t wo sulglfac cpave een etched so
Uhat the Bre9BYRS ithe FRentioRispVidkit € 2s P Tombe mghsncal snd HFOBBET oner  waf er
104 apgl t beylBoe Parrikl forlths @J}&ésaThé)E’e[ﬁ 3Lfdrind a%h%tyéb\bﬁﬁtﬂé ppaf er

t
102. 02 §056875 6 PCT AUOZ 00009 It not essent’i al thatR}pﬁr nol d
waf er s onhlow thet MEMS dewca(§)to operafei ch have not been etched. Nor is it

ial th h def | I d
or “that the pemhrarcs ke BRbhoducdatisy BB ol i iRl & Fvling) “one
mol d. ThejRkp&fiveRcRping. HowelednveAtlodal &chRiqlss dtot Peovi@Ctht esuaed any

position desired and need not be planar. 5 However, planarity of the split
line will acappcyand hesmebstatriljtyirequited fer mirro fabrisated@viees. The assenbly 100

al 50 hcl udes a WANEL, 1 §1o0AR forbieSb AR backlBind Mdefide RiIRIor FAIEARF O

ej ect “waf er €se upper con waf ers

whi ch havavigg a npinbeesiSgoupst42 df mio® fabrivated devives 4] shoaarssunbylicatls, faeasd
silicon etching technlques to have a series of release pins 122 and 124
respect i veP YT IMTHLURASH&HTASAAS) ower nol d wafers 10 102 & 104 are forrred vmth

correspondi ng .
124. The upper o@g j(j%g%&a‘?ﬂég rf%r@%? g'gﬁ]g\eéﬁlé?[eamgﬁp o£v§ﬁ ﬁl Mﬁldir%qﬂ%{gg&or aX| s of
each recesteellfifldtholsSO & 52. Thewaps dre keppoite8 oaraspiule &4 etthe samdgonginabves 112.

Ho the | t f L | t I
and t ASy (ERFIBCAINS Bts A2, Ui PanrDed B ARk AT TG Rt EREEt S The
rel ease pigith rbhdtife cfub@tofMERISIAVIAS, %tsﬁbwh h&aﬂgﬁﬂaqodmmgmr&io th@%a
correspondi ng hol es. Wen the free ends of §)I ns 122 align with the

i nner end¥8ahas baenabigess copgctly wgh ets geoup o@ME dyiaenddn How@veqdbe sPasingl

waf er 102.and the upper L& se fer 1 [ n. thi ngt h of
the’T oer vieeh 15 48 X art e SRar o Shaing oo HRubP bF o BN GBI hor i1

| 04. HOV\B‘éGﬁeétﬁeblhﬁﬂﬁé fRotdestréeany of ShellAEMIS Me iCesdifa Rirespedtharyraupea 220

t hi ckness of the wafer or it may be | ess. Wien the length of the pins 124

is 1e38 tkowevee tlmasapnﬂm & @Rﬁ@@gle@ﬂy isalignof thaihe perimeter Wtﬂumfetb@ CER$ be
gr _eat er t Qggrlzi &e% %BH%&:HYTEP%' dje%lcjeg% deiﬁ%ylﬂérﬁﬂeﬁafﬁﬁctfogght educed

t hi ckness he ma e grooves ower wafers 104 and 120
are positioned Thig llnlshhglmd:msaliﬁielthpaéshlt\wﬁ nunsber beattors, ihtleding differd@fal but not
g)e(: aggln n? ﬁ@eyglngxgapxselog 81’ %e spru?e xlngt%galtcr(])?np%;e%ot\(l)et:ﬁe s:lil']'gonavrv]g‘(‘c}/,vI nE)IE] rigid%% %f :tlh3e2




25 two wafers. The pins 124 preferably extend to be flush with the ends of
the holes so as to forma substantially planar base to the groove 112. The
t hi cknes mold and rel ease wafers is about 800 m cg@nguydtiobdt the
gaps 130§§ﬁgﬂk§§5are of the order of 10 to 100 mcrons in thickness.

However this is not critical. The nold tools are preferably etched using
cryogeni c deep silicon etching rather 3 'than.Bosch etching as to produce a
smoot her g—lofdéd cBRDO eﬁ%&m e 1A R RineS ek EbraboRite ARSAid andal | s, such
as the side walls of the pin and cap recesses. The scal |l opi ng nekes the

rel ease obondieg ofpalgménssomtafiors nsihglthdsentachaiques. nore difficult. In

conparison, using,a.cryogenic etch results in much.s er etched walls,
W easi or ol Bict B gl bkt e et RSB OSSmd RERERE RS o

t her mopl agdeiafBR k& Alsiltfon2R8our98 & 9 spRBolkdatly @A6w ialedhhicuk NSRS aisHidehaced
between the two wafers 102 & 104 and the assenbly is placed in a

conven$i otel 60d koldan adiay gf theohoplastics caps 69s e ps 81 bondedtol thd$iHcan om

El ectroni ¢ Vi Shons 0 .Shar di,n Austr . erly. i s -

mechani camaff{r%begjélg%?{htegg%ltof{?éﬁ ??Wegﬁgtwgﬁer{%&%%a? ag&%v%%% écgaﬁlégselg i at ed
that the phgératadestisl iR YeshR inEitRded i8\WAEAMERE the@bAgig bfthe edmromwillehange

t her nopl astic sheet by applying an above anbient pressure to the gaps 130 &

ply .
132. Al t ebnthei saateyamauRkas the spacinggf thegieupyd2 A MEMS deviges AmblusyWhaRat ed by

ducti te ] f h i.abLon £ i
ot rar ed PR HEAPHECERAR s EileEy Merkl is3hinoR it 1385, RGHEHAR el = 10
of congucinuék erpeticnoslinawmbrkivgedilicun tothe Bauitskatcurhbe ol d and rel ease wafers
| 02 &104 and 118 & 120 respectively are formed of silicon, which is

substantial |y Frawpllientt schemafically show # Gt sytter fopfyeatiog gnd aprlyipg dollotige of
about 100 g]?sg&! h bk whids.chosen eit her

I ntrinsi cgfﬁé’/&{g go ﬁ%‘%&@ﬁ?ﬁ%ﬁ“ﬁ?ﬁ’%ﬁ% eng?'h range 15 or is doped so
as to absorb | Figire 0 slrows 4 miokdingsysteeni0hfor famumeg thetholloe pneteative ®hpsl 34 does
not intrinsically absorh within this, r ...a suitabl e dopant..is "carbon
bl ack- { aiBPhELAEES AgURCH ey bt pied ik PR ceBipgton g ofhef ARER Euiated

wavel gagt %vicgmrTilﬁi\%?sgktﬁmdl@@qmﬁdéWo Bfices $@ferd 162 &AL ThSdppes wafeaced

between the two no rs and exposed to infrared Ii.ght 20 at a suitable
wavel engt HP2 has beediprogessedaisingroooventioad lithogsaphyfand deep sibenmeat¢hing teghniques

r ef er abl uppl i ed from bot | des of t e nd th 1 to
Br ovi de s%ﬁﬁ%‘&?ﬁ Taes ﬁé’%ff?sﬁﬁs, {bgfﬂl 1ttsﬁq\§erisg1t}ﬁ%¥ﬁfgsiﬁﬁqu§|r Rvﬁﬁ%ipﬁggﬁ lﬁ%’r ar ed
radi ati on gfYarieprotsadd RANAYIRNPRE sarfafe] H) Kis.a sBEEQRodVee 132 Whivhruligaf er s
are transparent to the infrared radiation, the infrared radiati on passes

t hrough t héthedges ef thadedessea 386 Thededsyses 186 spd atooyeul 12¢e sizedonthefiin Hzg

sui tabl,e 2 t.ur I r Y, 40

dof or i o HESUREE B¢ pboifed Mool FcEnEReokid St b SR IchAp e I, .,
134 i s beithgwhfeatln the @hbslimeftshowaittid protetiive ¢dpe acehdesignddfbr ta MIEM Sfinkjet/
heated, particularly if conductive hea}{el n‘g_ IS, b?i ng used. If a materi al

ot her t herpridthead and poarg ey lqagrelaiyeds thefroVidihinplan e%’gh%@c%?é?f‘i ®ed usi ng

el ectr 0@%&5&@)1;&;%{@%9 ﬂ]@éndQBf‘ﬁ%\ﬁé’c‘@Q’s%L £1_GHoP Shdveh. ik %ﬁ'c]}st Jﬁha@gsoésaﬂlzus_ed

I s substantia nspar ent . en processed 1 n a wafer bondi ng machi ne
t he sheet #@Sdotishownlbutil is to tehmdetstapd that the grooves 112 at each side of each recess are

25  infact one groove which has a rectangular shape in plan view.

‘The grooves 112 for adjacent caps define a portion 114 of material which has not
been etched. Similarly adjacent recesses 106 define a portion 116 of material which has not
been etched. These portions of material 114 & 116 align with each other and when the two
wafers are pressed together, the two wafers contact each other at these portions 114 & 116.

30 The two surfaces have been etched so that the groove 112 for the perimeter of the
cap is all in the lower wafer 104 and the recess 104 for the central portion is all in the upper
wafer 102.



the cavity defined by the recess 106 and the groove 112. The material is

al so substantially WO 02/ 051 375 g PCTI AUD2/ 00009 squeezed out of the
gap betmgﬁp two portions 114 & 116, as indicated by ad¢OXGnkddoo N
figure 1 a,m%gﬁybrn1a series of caps 138 As previously nmentioned, the
nol di ng wafers 102 & 102 are fornmed using conventional |ithography and deep
silicon etching techniques. The accuracﬁ'of this process 5 is dependant on
the |ithography. . | e I Y L er sus
esist 1o typi i 15 SRPHACRhahe HRMmagRCor) CobRR oREhinfech Yufch e pBEBeHCT O

t hi cknessetched. Nod @it vs¥ehtiil cliat eiecdentél gostioveR defihel by 4 feceyninnalydbne fold or
respectiva%;. Using a contact or_ proximty mask, critical  dinmensions of
around 2 et thepermetes pyaly by defipgd Ry agragysedraecess Heemnly Ang,meld. dhe sifectiye

|'i t hogr aphlyj::§; oo ' i 3 ] &1 on.
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25  two wafers. The pins 124 preferably extend to be flush with the ends of the holes so as to
form a substantially planar base to the groove 112,
The thickness of the mold and release wafers is about 800 microns whilst the gaps -
130 and 132 are of the order of 10 to 100 microns in thickness. However this is not critical.
The mold tools are preferably etched using cryogenic deep silicon etching rather
30 than Bosch etching as to produce a smoother etch. Bosch etching produces scalloping of
etched side walls, such as the side walls of the pin and cap recesses. The scalloping makes
the release of the molds from the molded material more difficult. In comparison, using a

cryogenic etch results in much smother etched walls, with easier mold release.
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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.

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

30  wafers. Accordingly, the lower mold wafer 104 is drawn downwards to the release wafer
120. The pins 124 of the release wafer 120 firmly press against the material 134 and so
retain the material 134 in position and prevent it moving downwards with the lower mold

wafer 124, The configuration of the assembly 100 after this stage is shown in figure 135.



10. The method of claim 1l wherein step b) includes providing nolds forned
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caps 138 to the wafer. The array of chips is positioned so that each cap overlays part or all

of a chip. The devices are shown symbolically and may be MEMS devices, MOEMS

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

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

- 20  place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment
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. If the chips are arranged in a regular

25  array, the conventional methods of wafer singulation — sawing or scribing may be used.
However, if the separation lines between chips are not regular or if the chips are too fragile
for sawing or scribing, deep reactive jon 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

30 of MEMS devices. If etching is used, the wafer 144 is next subject to a deep silicon etch in
an etching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
Silicon Etch machine, to separate the wafer 144 into individual packages. This etch is

carried out at a rate of about 2 to 5 microns per minute and may be applied from either the
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109%& ( ) #ha¥8a1(etween the caps is etched. The etching continues until all the silicon material

5 between individual chips is removed, thereby separating the chips 148 for subsequent
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

10 - be retained, such as electrical bond pads, on the upper surface of the chip should be
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

15 - the etch. By providing both upper and lower caps at the wafer stage, each chip is
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

20 MEMS devices 152 and optionally other micro fabricated elements. A first set of protective
caps 156 have been formed on the upper surface 154 as per the techniques of the invention
previously described. The bond pads 158 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

25  invention previously described. The first and second sets of protective caps may be applied
to the wafer sequentially or may be abplied 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,

The wafer 150 is then subject to a deep silicon etch from the lower surface of the

30  wafer as indicated by arrows 164, rather than from the upper surface, to separate the
individual chips. The lower caps 160 thus act as a mask to the bond pads 158 and because
the etching process is very directional, only silicon between the lower caps 160 of the

individual chips is etched away. The bond pads 158 and other exposed parts on the upper
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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.
15 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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10  fabricated devices.

2. - The method of claim 1 wherein step e) results in deformation of the sheet and the
material of the sheet is substantially reduced in thickness or substantially removed in
regions between the caps so formed.
15
3. The method of claim 1 wherein after step e) the array is subject to an etch to remove -

any extraneous material between the caps.

4, The method of claim 1 wherein step e) results in deformation of the sheet but the

20  sheet remains substantially the same thickness.

5. The method of claim 1 wherein step a) includes providing a sheet which absorbs

electromagnetic radiation at one or more wavelengths.

25 6. The method of claim 1 wherein the sheet absorbs radiation within the wavelength

range of about 1000 nm to about 5000 nm.

7. The method of claim 1 wherein step b) includes providing at least one mold at least
partially transparent or translucent to the electromagnetic radiation at said one or more
30 wavelengths.

8. The method of claim 1 wherein step d) includes irradiating the sheet with

electromagnetic radiation at one or more wavelengths.
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