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» PROTECTI VE CAPS Technical Field This invention relates to the nolding and
application of protective caps to 5 microel ectronic sem conductor chips on
a wafer scale as opposed to application on an individual chip basis. Mre
particul ar [wyoohiessssrvention relates to the nolding and apppéfatbMRoesOf
protective caps to sem conductor chips incorporating Mcro Electro
Mechani cal Systems (MEMS). However the-ilrvention is not linited to MEMS
applications. 10 Background Art Sem conductor chips are normally packaged
in a protective | ay\&ﬁgﬁEFﬂ SCAKEMQLDING OF PROTECTIVE CAPS' e bonds
from at nospheri c and nechani cal damage. Existing packagi ng systens
typically use epoxy nolding and thermal curing to create a solid protective
| ayer around the chip. This is normally carded out.on individually diced
chi ps bondeTechnieasld=igkd f r anes and so nust be done many tinmes for each
wafer. Alternative methods of packaging include hernetically seal ed netal
or ceranic packadBis inysetionirelates ietbk melding andoppbetibmb] prowective capsey ( BGA) and
pin gridsar icRAGKAIRS G cal e packagi ng (Wsp) has
started to.gg{?fg_élg%&l%ﬁ?lgﬁl S cgﬁag%%%ﬁgﬁeéﬁm se@?"a‘?j’@’g B(r"gaflhe chi ps
are separ at &gividuphehipbasisoMorepagiionipriyrtbic inveritiog réleedioithi 6]dining Ghgtichis Waf er

to both nec | . | st.resses. J.n dition the protective cap

S0 forneq. s o tofeBved i SohifSldlRor it a5 Roraifs B Blooiio Misidpicnb Sy

devi ces, si MEMSHJIwEVE tiecinvesiondshat Hatted e NEMS appliegamabl e by the pol yner
mat eri al . Exi sting packaging systens for MEMS devices include thematically
seal ed packages for individual devices, or use silicon or glass wafer scale
packagi iy, BackgobéundiZrd are rel atively high cost operations. 25 Disclosure
of the Invention,ln one broad formthe invention provides a nethod of

appl yi ng a pl ur at9rspogpcterehips aee nogmally pagksaed inog protoctivsf layarioc yes tajpuiectes at

plurarity of paParors DR A HORl dtloR o an @il afpyld SR bk
PCT/ AU02/ 00HEE™S 3¥Piqslly piespow meldingmnd thermeleuting foiorete eallidexoenivel e aps,
one cap foraeafdtheéhip. Mhis is normally carried out on individually diced chips bonded to lead
15  frames and so must be done many times for each wafer, Alternative methods of packaging
include hem‘metica]ly sealed metal or ceramic packages and array packages, such as ball grid
array (BGA) and pin grid array (PGA) packages. Recently wafer scale packaging (WSP)
has started to be used. This is carried out at the wafer stage before the chips are separated.
The use of molding and curing techniques subjects the wafer to both mechanical and
20  thermal stresses. In addition the protective cap so formed is a solid piece of material and so
cannot be used for MEMS devices, 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 operations.

-

25
Disclosure of the Invention

~ Tnoms broad form the invention provides 2 method of applying a plurality of caps to
a plurality of microfabricated devices at the wafer stage, the method including:
a) providing a wafer having a plurality of microfabricated devices;

;
H
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devices or a predeterm ned group of devices, each cap having a Cems[ﬁﬁwzdos
portion and a perineter wall extending fromthe perineter edge of ttie o
central portion; 5 c¢) applying the first caps substantially simultaneously
to one side of the wafer w th each cap overlying part or all of a device
or a predetqspgedyoroup of devices with the free edge dafediliRrBsng Met er
wal | contacting the wafer; d) bonding first the caps to the wafer, and e)
separating the wafer into individual packages. 10 The wafer is preferably
formed of a sem conductor, such as silicon. The devices may be

sem conduct or déyi cegroviding & pluratity offirstirotlowtneided eups; ons capfateactasf the cr o
mechani cal systens, M5, Mcr tical Electro Mechanical, Syste

(NOEVE) . pastive o efENES o aarcdsehpingheryn FLivRet 6 ne Savingd Snbre
conductors and the Ipbiien @nd apsriraesbwilbéxitendingfrokd e beiaaet sige ofithe The

I ndi vi dual packages are gref.erably separated by renoving material from

bet ween adj acent pacK POf{ARn the wafer is a sem conductor, the materi al

bet ween sadj] acentc? capap;]'s ﬁggu@‘m&ﬁﬁ Nsub&t@ﬁﬂ%ﬂ?ginﬂltmiboﬁﬁ?fb SHeARITRS BleGhhfer ThE
|
pch

etch is preferably app fromthe cap side, so that the caps act as a

mask for the etch. 20vitEspdh ¢ARPVERYiRgPAT @ iikab 2 dpidce ¢n mpfetaswined giosp of he
waf er and the sem copgh&kFith HBHBE bdile oF R 5@;@9@3&”@6&@%@@%@ asma etch
caps

fromthe bottomof the wafer. A secon(? pldrality o y be applied to

a second side ofdt hebopding firshihe gaps tatheayaferpindsi nul t aneously with the first

plurality of capg ar ' he - aps may be bonded to the
5 g%ﬁilﬁh% B Wb fled 0 xﬁ\ﬁhﬁfu;; pg{gﬁge%

waf er using a gl ue, agent or nere 5 pressing the softened
caps ad#i nst t hdbaafadar is preferabht formed ofgfsemivondmgior.rsuch fsssililonsen t o absorb

infrared radiati9g dLc8 b%tsHﬁmfbfoﬁaﬁc d@ﬁ%io?g?lgjm}ctﬁab%%gﬁeg?&%&%u%i 1 the

Preferably. the material of e cap absor rared 'on
wavel engt h asawigee nydchartial sysidEOMAMS MixboQpticaUBlectra MechaniefilSyatoiny t he cap i s

navi ng. o s ST RS semihs o WECBi R R Bp R PSS ol Relo8 0  nd

t o each ot Hike doynyeymbimtien bfithe fordgdihe devi ces may be separated by renoving
both t cap materi.al. .hetween adjacent .caps and the wafer nmpterial. 8 JULY
2005 \r)é 02}O 0565@? "@&?%EB#%%G? refatasfy RPart by fefnoVil Hardfil £m

between adjacent packages.

When the wafer is a semiconductor, the material between adjacent caps is preferably
removed by a deep plasfna etch. The etch is preferably applied from the cap side, so that the -
caps act as a mask for the etch.

20 Caps may be applied to the top and bottom of the wafer and the semiconductor
material may be removed by a deep plasma etch from the bottom of the wafer.

A second pluarality of caps may be applied to a second side of the wafer, before after
or simultaneously with the first plurality of caps are applied to the wafer. |

The caps may be bonded to the wafer using a glue, bonding agent or merely by

25  pressing the sofiened caps against the wafer. .

The material of the cap may be chosen to absorb infrared radiation to enable
infrared heating of the cap material. Preferably the material of the cap absorbs infrared
radiation within the wavelength range of about 1000 nm to about 5000 nm.

Preferably the cap is a thermoplastic material.

30 The wafer may be separated into packages each having a single cap attached to one
side thereof.

The caps may be joined to each other by cap material and the devices may be

separated by removing both the cap material between adjacent caps and the wafer material,



-,3l The cap material between adjacent caps and the material may besmagos
by nmechani cal or thernmal neans, such as sawing or |aser ablation.

the caps are joined together on application to the wafer, the cap materi al
bet ween adj acent caps may be renpved by an oxygen plasma etch: 5 In another
broad for mwbezpssyention provides an array of hollow capspegcfediost Ne .
caps including: a.central portion having a peripheral edge or edges; and a
peri pheral wall or walls extending away -Bromthe central portion with the
free end or ends of the peripheral wall or walls generally lying in a

pl ane renote fro'ﬂlqW@m@ﬂ@éh@wamqﬁﬁcmtmwtmddwmaeﬁﬂm@%Ee‘movh@syarray
havi ng the gRESMi | erfhaf QETR lentation: b).the nouths of the caps in a
comon pl ane; an c?ljtgt a %&Rg{%sosgmqrga%%ﬂ%ay of caps to be placed
on a wafer incl uliher the c4ps apljoined fopstherfonrpplictiadio thewaer, §R\hs Rarahi h t he

nmout hs of t . tacting the wafer and each cap overlying part or all
of one of tEe ggﬂsfﬂ&%gﬁ'toc%psama HHepy Yrﬂ?c?"égﬁlgasﬁa vices. Preferably the
mat eri al5 of the napothbskatibiorn thedfivtib@piotdeih SR oFRARWSS, 5@l he absOr bs
infrared ra ip%nié:ﬁ.l .within the wavel ength range of “about 1000 nmto about

5000 nm 2 may have | east one aperture in the central portion.

Each cap may havecspaal portidiHa0ingalpk m%&%g&gd%gsomthe central portion for
bondi ng with the vvaf(ﬁr nd/ or hg”?hpcrofa ricated device to define a

corresponding ¢ era} Viall enyeallsexisnding awaxsem thel cepfrad perticiivith deifgseendi t h a
correspondi ng apsfehi & tBpeRipHeA0vall &'vaig ' ess of the wafer.
Additiopally, preferably 1gach cap has at EF%%@#%%%%%&&??%?%’E& Bndi ng
t hr ough™t he cent%@@@ﬁ%ﬁ@@emi cate a respective channel with the

out si de envihé eRsERivingheEHRY there is provided a fluid comunication from
the outside envi ronrrentéa?hrough the cap and the aperture in the wafer to

the other side & t hdn @&¢ramon priestationbl y the caps are forned of a
t her mopl astic maperi SAEP e 1ol ned to each other by cap
1‘) %ﬂ Y c(’:apscsdg%'%yﬂc 0 é‘gﬂ @f‘"ea%t eri al

material. 30 Preferably the I which will etch
under an oxygen ©)pl aghwsparios thenable shesuinytofivdris ad be/platea bh & Waksliddlndfiy £1 Ch t o

remove yafer materi algy, S bl ated Sonaeds IR I0e moihe & Uﬂ?ezéagg go%?acﬁng
the wafer and each cap overlying part or ali of one of the devices or a
predetermined group of devices.

Preferably the material of the cap absorbs infrared radiation and more preferably
absorbs infrared radiation within the wavelength range of about 1000 nm to about 5000 nm.

20 Each cap may have least one aperture in the central portion.

Each cap may have one or more walls extending from the central portion for
bonding with the wafer and/or the microfabricated device to define a corresponding channel
therebetween. Each channel preferably aligns with a corresponding aperture extending
through the thickness of the wafer. Additionally, preferably each cap has at least one

25  aperture extending through the central portion to communicate a respective channel with
the outside environment, whereby there is provided a fluid communication from the outside
environment through the cap and the aperture in the wafer to the other sids of the wafer.

Preferably the caps are formed of a thermoplastic material.

The caps may be joined to each other by cap material.

30 Preferably the caps are formed of a material which will etch under an oxygen
plasma etch but is substantially unaffected by an etch to remove wafer material.




-4- Brief Description of the Drawings Figure 1 shows a prior art ngtjRad%y 94os
formng protective caps on sem conductor chips. Figure 2 shows a cross .-
section of a prior art packagi ng made according to the figure 5 1 nethod
Figure 3 shows a cross section of a prior art packagi ng of a MEMS devi ce.
Figure 4 sy 0ss section through a MEMS devi ce pac ding to
t he inventlonf(]@??;gure 5 shows a possi ble device for forgégg&%%@g@é caps;
10 Figure 6 shows nethod of applying caps-formed using the device of figure
5a to a silicon wafer, Figure 7 shows the wafer and caps of figure 6
bonded t ogeBifuf Deseriptidnoibel DeAvingsshows a met hod for applying nol ded
caps to a silicon wafer according to the invention; 15 Figure 9. shows the
waf er and caps ofigtiegishews 2 paerdsiometheriaf fermingprgterdverapsersemicondusty! oded
Cross sectigﬂ% view of a device for formng the -protective caps.

" Figure-11 sho an expl oded perspective view of the device of figure 10.
Figure 12 shows Eigere@sshows e rosrsettion of wpnér drhpackpmgmadefacording ® ihOfighret he

20 comﬁceqer%%otaa nol di ng. Figure 13 shows the device of figure 10 after .
nmol di ng has i H1%hed and just before one side of the nold is released from
the other side. FigguerdahdSsna sjossseciion of i priccetpackapingodf aMEMSakvité.qgure 13.
Figure 14 shows erspective view of the fi 10 devi ce correspgnding to
figure 25 13. Fﬁé&eef s?‘%‘”%ﬁﬁ‘?lgs %W@“M&%Wé&?ﬁ%ﬁ%?@ﬁ vi ce
after one ofnvefonol ds has been partially renoved. Figure 16 shows a cross

sectional side view t he devjce after one of the nolds has been fully
renoved. 30 Fig lgurf%fsgﬂﬂﬁ\ép%s@fed%"gl%gﬁmm C@Pfew of the device

under goilgg an et Fibure 6rthews ﬁxeﬁaﬁdéf‘@éﬁri@ B DEMSRGIARMeviieGE k8 %a 8 a t e
devi ce after_undergoi ng an etch. igure 19 shows a cross sectional side
view of theSHEA VIRt t he commencenent of application to a wafer and

removal of the sggeRaY fBWlthe wafer and caps of figure 6 bonded together
Figure 8 symbolically shows a method for applying molded caps to a silicon wafer

-

according to the invention;
15: ' Fig:re 9.shows the wafer and caps of figure 8 bonded together;
Figure 10 shows an exploded cross sectional view of a device for forming the
protective caps. '
Figure 11 shows an exploded perspective view of the device of figure 10.
Figure 12 shows a cross sectional view of the device of figure 10 at the
20  commencement of molding.
| Figure 13 shows the device of figure 10 after molding has finished and just before
one side of the mold is released from the other side.
Figure 13a shows an expanded view of part of figure 13.
Figure 14 shows a perspective view of the figure 10 device corresponding to figure

25 13
Figure 15 shows a cross sectional side view of the device after one of the molds has
been partially removed.
Figure 16 shows a cross sectional side view of the device after one of the molds has
been fully removed. |
30 Figure 17 shows a cross sectional side view of the device undergoing an etch.

Figure 18 shows a cross sectional side view of the device after undergoing an eich.
Figure 19 shows a cross sectional side view of the device at the commencement of
application to a wafer and removal of the second mold,




8 JULY 2005 WO 02/056367 PCT/ AUD2/ 00005 -5- Figure 20 shows a CroSjuLY 2005
.sectional side view of a wafer after application of the caps. Figure 21

shows a cross sectional side view of a series of chips after singulation of
the wafer. Figure 22 shows a cross sectional side view of a wafer with caps

appl i ed t o wolbessss7si des, before singul ation of the wafer Cﬁﬁﬁﬁy e of
Carrying out the Invention Referring to figures 1 and 2 tﬁere 'S show a

prior art method of form ng protective -§aps on sem conductor wafers on a
waf er scale. A sem conductor wafer 10 is clanped 10 against a nold 12

havi ng cavities Fiufe@Orsheivs herosisactions] s@dd\ii@wbﬂaﬁﬂ’eﬁ’éfﬁ-aﬁ@k@ﬁéx?&fﬂ}eecabé
I njected into thﬁ' ca 'thes 14, The_oﬁgllrg‘ger. material sets to formsofid
protective caps 18 “Fia W Bpss;secty i gtiPha ssties of chips aftopsingulagiamof Thi s
t echni que i thervadferappl i cabl-e to wafers having MEMS devi ces forned thereon
as the liquid polLyner terial wl|] surround the. MEMS devices and stop
t hem f r om wor ki n%?/gmf zgﬁ%"e‘z@%mﬂt% vigveefeaivafer wish caps appliedimbathie f or

pk ot ectimg H@@bgféﬁisggﬁhﬁmthm_chi p 20 including the MEMS devices 24,.
shown synbolically, is bonded to a silicon wafer 26. This may be carried

out at the individual chip stage or at the wafer stage. The wafer 26 is

typically GB%?WG&éWﬁrWiﬁﬁt@fﬂ%@@@!ﬁﬁpi sotropi c etch using an etchant

such as KOH.to forma seri‘es~of rece whi ch correspond to the

| ocations of t heReferidg ta\figuisdeant Qahere i showalpRioS artMeMba of fAirffng!profecivi gned
Wiile this can bé an effective

with the fer. 2 nd nded thereto,

nmeans of g’%@%\éﬁﬁﬁmﬁﬁ%@ﬁw ggam aivi'af?rsscéﬁ'pbé?@l?@dm&g‘ivﬂfeﬂﬂféph@@mbn extra
si | | contd or agsinses it 2keaing awets s fodhulherti i PRod BHIgAed Bubiggis e
cavities. Haure.4 g}%owa.a %\'@f er 30 having surface MEMS or med
thereon. A m%‘gieﬁélff’ CRYHesISh ypermateal setetoforn splidi protastive capsi 18nade and
bonded to tTie wafeeis tH3f singulaed Giinga Wafek Sy, TAShhigRe | i to
forma nechl%r,}w d. at nos herligéa protective bar P?iesﬁmfgﬁmkﬂ%%é%é&%evi ces.
The cap 34 ?”P?ng%'% Heqhs hpkiid polymerimaseyial mill MENVBnd thei.ce(s) to
oper at e. de@icem&%ﬁéﬁmmgp hol | ow caps offers the possibility

of provjding 3Q.inexpensive packagi ng. However, conventional  techniques do
not provi de t he HEHRP shAys hepeieatprionat techaiguedor protsting MEMS desiiceedlfeor ni cr o

fabr! cat od MEMS:ty 2 inchinieg s MEMS &0RA 51, B BhBob &)1 Bifael 8, PaCKa0! N0
stlicon wafer 26. This may be carried out at the individual chip stage or at the wafer stage.
The wafer 26 is typically etched using a crystallographic ﬁuisoiropic etch using an etchant
such as KOH to form a series of recesses 28 which correspond to the locations of the °
20 MEMS devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and bonded
thereto. While this can be an effective means of packaging MEMS devices, it is expensive
as it requires an extra silicon (or sometines glass) wafer, which must be etched to form the
cavities.
Figure 4 shows a MEMS wafer 30 having sutface MEMS 32 formed thereon, A
25 hollow protective cap 34 of thermaplastic material made and bonded to the wafer 30
according to the invention is provided so as to form a mechanical and atmospheric
protective barrier for the MEMS devices. The cap 34 forms a cavity 36 with the wafer to
al_low the MEMS device(s) to operate.
The use of molded thermoplastic hollow caps offers the possibility of providing
30  inexpensive packaging. However, conventional techniques do not provide the required
accuracy and thermal stability required for micro fabricated devices.
Figures 5 to 7 show a possible technique for packaging a semiconductor wafer 40
having a number of groups 42 of micro fabricated devices 44, shown symbolically, formed




- having a nunber of groups 42 of micro fabricated devices 44, ShownSJIH:YZ 05
symbolically, formed 8 JULY 2005 PCT/ AU02/ 00008 WBW Recei ved 16 Apri | 2083
6 on or in an upper surface 46, An array of caps 48 is forned
conyventi.onal injection nolding nmethods and- steel nold too é%igA%é
caps-are supppmted on a sprule 54 at the same nom nal spa gl 2003
groups 42. Using this nethod will alnost invariably lead to nlsallgnnent 5
with resufting destruction of MEMS devices, as shown in figure 7. In figure
7 the cap 48a has been aligned correctgy mﬁth 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 MbhBindewpmesarfibe46 s respective group 42b. However, the caps 44c
& d are suff|C|entIy n1sallgned that the perineter walls of the caps 10
overlay one or ”Rﬁ 4%M@uslﬁ@@n4eﬁnommwmwdmmﬂﬂhodﬁ mict i onal i ty.
This m sali result of nunbe cIudlng
dlfferentlagpnf ?ﬁﬁf5§§E§hiwﬁﬁpd¥“?ﬁ%“%693a““&E?erﬁﬂﬁ5§%%%%%£d to the
sili con waf espa,cmgamu:elgg:uxpwywﬁgwewtmmbdmeatw lgeddpepisgligomert and t he
| ack of BACKi;RGeslE akagin bAVERRG R 3T Rple 750 dglton dieugp k. POl yrrer s

the Sanme. codrt feek &k e CafomenBihs aeha ARSI Aol S et BebRing "1 1 have
and figures bam&exﬂthsyapbtslgmmfihwﬁhapmmgbﬁhdmoweoﬁmﬁm4%is#qthléwﬁd tool 60 to
hold an array rr&%,tbtﬂg ddEPR: ﬁ%%f&g%?%ﬁ h@%{@&eﬁc@@oﬁ@ fapdesl to the

silicon wafer nce t forned esa terial as the

waf er 40; cRawgey. fhpcaps #eded s &@GWHY@%@# P‘F’Fi“ef:eﬁ&' ® 2% i gnnment ;

t he spaciing o9édayge rafge SlheWEMSabdcg d4.2stvying Heir Sawdonaliipunt as t he spaci ng
of the groups 42 of MEMS devices 44. Thus, when bonded, all of. the caps
will be correctl Vhamsgh@men@snhﬁbwmwfﬁpgﬂb@%fmﬂﬂdpﬁw Here is

mé ch ﬁx per i %ﬁl alleﬁ%dﬁﬁﬁxkéf}%& sphulld QG &mip@x%d Kbt watks, woRaydityFdfgher Ies 10 to
16 schematica |rst S 0 ow
protective CAREHERM f%‘?%ﬁﬁnﬁ %&’ %&‘%r e'rgjgt)é Q@ lgure 10
shows a nol dnﬁgﬁﬁgusv’émlm ﬁ:mafmmgmgsqtp@mﬁmm ow pr ot ect | ve caps shown in
figure 4 which e. use ces or fabrl cated
devi ce. *Phe nol g?ﬁgl 'é’rﬁsel@g‘s ME&EHW@!“ *h8° & sFrﬁ%&e\ét SHlash wesr gxp "¢ 104. The
upper waf er thepggerymsh @@WW@M%&MQOI@EJMW P@ﬂ‘ila'lque PEPRYHESRY and deep
silicon et chidgo todRlWn G sof thefndiiéBos@aR el aethe 6dps iR GaBise® HMicon its | ower
surface 108 wa}gp Ho. lSQ%@ {he%i 80 is %e&@ﬁh@s@ﬁg material as the wafer 40, changes in

temperature will not result in changes in aligmment; the spacing of the caps 60 will change

20 by the same amount as the spacing of the groups 42 of MEMS devices 44, Tl_ms, when
bonded, all of the caps will be correctly aligned, as shown in figure 9. Additionally there is
much experience in working silicon to the required accuracy.

(D

Figures 1010 16 schemaﬁca]iy show a first system for creating and applying hollow
protective caps to wafers, proferably semicotiductor wafers,

25 Figure 10 shows a molding system 100 for forming the hollow protective caps
shown in figure 4 which may be used with MEMS devices or any other microfabricated
device. The molding system 100 includes two silicon wafers 102 & 104, The upper wafer
102 has been processed using conventional lithography and deep siticon etching techniques
to have g series of recesses 106 in its lower surface 108. The lower wafer 104 has been

30  similarly processed so that jts upper surface 110 has a series of grooves 112 which align
with edges of the recesses 106. The recesses 106 and grooves 112 are sized for the chip size
of the wafer to be processed and repeat at centers corresponding to the repeat spacing on
the wafer. In the embodiment shown the protective caps are designed for a MEMS inkjet

AMENDED SHEET
IPEAJAU




30°simlarly processed so that its upper surface 110 has a series @fyy 005
. grooves 112 which align wth edges of the recesses 106. The recesseslfgé
and grooves 112 are sized for the chip size of the wafer to be processed
and repeat at centers corresponding to the repeat spacing on the wafer. In

t he enbodi REgbhssBsen the protective caps are designed for %BI\%_%%“ gkj et
AVENDED SHEET | PEAI AU 8 JULY 2005 WO 02/ 056367 PCT/ AU02T ottgH™

printhead and so are very long relative.yo their width in plan view The
recesses are rectangular, although the ends of the recesses are not shown.

The ends of pririkead aodstese ¥dr lor 18120 A toIRAVWIdHn Pldn Visw e REeliBEgE St 00d that -
t.-he grooves 112@%&5}%;? si de %f each recess aré in fact one groove which -

has a rect 2750 Beh the graspjheappessss syeaolshompe Theiends phthe grdouesdd® caps
define a pogrk betdhdvwd berit {¥86 86 hitlerstll la?%r&% 8 et each ik ALY

adj acent recesses 106 o?ef_i ne.a g%dgiri\htll of n%%%?t?g@%%ﬁaﬁiarg&ﬁ% ® been
et ched. The@daghepe grenye Whichhesa seatrngiar sigpe i6plak wigw. wi t h each ot her and when

the two 5 waf ers f cont.act..each ot her at
these poi 1 ons 115 B b L4or A8RErps dcthe s it 74 e BRRHAT WGPl (e
groove 112 hegpeichnd. Binilariyadjacertt rechsses 106 defipe a portibh 1160ftheterdzd waichWas g5t 104
and the re . | . i Is all. in.the uppe fer 102.
e norangthd. Thése pOfcAEH LBl e shef iy spanaties AL hmabE auni or
have not bewafers awtpréseet] tokrher theitwo eafesyonmbt dabinbthed v HReNbGrEdns 04 &I DIB. | S
defined by a re I n_only, one nol r .that the rinmeter walls be
defined by a grggggw%?nﬁgg%§§e$ﬁaUW&§8§H@mH§P@po*%gﬁg$$§EPﬁVBﬂ¥5f§$1it li ne
bet weenlQ hecapd allsin tieylotver wafernl Geicknd thearByesPTH for B8 caftfl peHloRRAREEH ol gé: be

y

pl anar ., I—Q%{%V@R planarity of the split line will typically sinplif
fabrication ‘e nol ds. The assenbly 100 al so includes an upper rel ease

or eject wafer IiSnordseatihiciihe melieRSEs 6ily Oinfiadt oWehPicesiWiich HNVE S8 bRper and
| ower rel ea ers, are sahl i con wafers which . ~have been processe
Borgpa

utilizing CERGEAIIEHEPssFata, gigt portensis defingdhyp reges waemoldgoes 20

to have a shbititiepetifnetes WaBs Be ifihed by cBe drdde | r and
| ower d's\?\ﬁft??i)ﬁ fOZ & 104 are f%rgrrg)g with %ﬁ%ﬁgﬁ?ﬁﬁﬁglﬁgﬁgﬁg6 & 128

respecttvel tegp dheyreoldsmay be lopgied atapy Rositon desimd angd pesd tobbeplat®s ar e
| ocat ed gervedvidvbry plaRy df i : Al %-quﬁg&m whi | st the
| ower hol es 128 %lr)e | ocat ed%@%%%&%&sﬁﬁ . wevéﬂre&ﬁﬁ% 1E)&?:'ation of

the holes 126 afBe assemply 190else dnrdudenian ypper seleassair ejaatiwaltcliSmayg allowepl aced as

required fQelede ofdiEs e} 12. FHie Biper Gl 1688 Telease wafers are silicon wafers which .
have been processed wtilizing conventional lithography and deep silicon etching technigues
20  to have a series of release pins 122 and 124 respectively. The upper and lower mold wafers
102 & 104 are formed with corresponding holes 126 & 128 respectively which zeceive the .
pins 122 & 124. The upper holes 126 are located generally toward the center or axis of each
recess 106 whilst the lower holes 128 are located in the grooves 112. However the location
of the holes 126 and 128 is not especially critical and they may be placed as required for
25  ejection of the molded caps. .

The release pins 122 & 124 have a length greatér than the depth of the
co::ré's.ponding hqles. When the free ends of the pins 122 align with the inner ends of the
holes 126, there is a gap 130 between the upper mold wafer 102 and the upper release wafer
118. In this embodiment the length of the lower pins 124 is the same as the thickness of the

30 lowermold wafer 104, However the Iength of the pins 124 may be greater than the
thickness of the wafer or it may be less, When the lengih of the pins 124 is less than the
maximura thickness of the lower wafer 104 it needs to be greater than the depth of the holes
128, i.e. at Jeast the reduced thickness of the wafer 104 at the grooves 112. The lower




The rel ease pins 122 & 124 have a length greater than the depth OfSEﬁﬁJYZOOS
correspondi ng holes. Wien the free ends of the pins 122 align with the’

i nner ends of the holes 126, there is a gap 130 between the upper nold
waf er 102 and the upper release wafer 118. In this enbodi nent the | engt h
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avai |l abl e r ni c p ar . Austria e
assenbl'y i sP %ﬁ?fﬁvf' %? v@i%‘egg%gg‘g#ﬂ%‘?&!sﬂ“?ﬂé Y FRRAG énﬁﬁ?n"ﬂmqml be
appr eCI at ed wah boidus zﬁsdhﬂ:ey\a{cﬁwaﬂ@v 508, aVEBBR PR BBt Vishinl Bodpr def or m
t he gém)gmuc sheet by applying an above anbi ent pressure to the gaps

130 & 1 DEA¥S¥%| y ot her means-may be used. 20 The sheet 134 may be
heated by COHdUCThé)é?,séﬁﬂﬂykh&hﬂﬁ&]ﬁ%&s&&%@%ﬁﬂrﬁﬁéﬁ%ﬂé%@uw@ﬂﬂe pref erably

by using infrared radi ation, as indicated arrows 136 1n figure 12. A

conbi nat i onaREredEetfatihe ol vrfers maxhe Wﬁééﬂ“fﬂgﬁ sogly otber todefprmthee nol d and
\rNﬁ! eas Iesng fiefmopl gtl: létﬁegﬂby%ﬁly&&n&h&?&xﬁlﬁéﬁﬁﬁéﬁﬁ%%@éaﬁs sy gadpof silicon,
Altemattvely otﬁer means may be used.
20 - ‘The sheet 134 may be heated by conduction but is preferably heated by radiation
and preferably by using infrared radiation, as indicated by arrows 136 in figure 12. A
combination of conductive and radiant heating may be used. The mold and release wafers
102 &104 and 118 & 120 respectively are formed of silicon, which is substantially
transparent to infrared light of 2 wavelength in the range of about 1000 nm to about 5000
25  nm. The material 134 chosen either intrinsically absorbs light within this wavelength range
or is doped so as to absorb light within this wavelength range. If the material 134 does not
intrinsically absorb within this range, a suitable dopant is “carbon black™ (amorphous
carbon particles) which absorbs light at these wavelengths, Other suitable dopants may be
used.

30 The sheet 134 is placed between the two mold wafers and exposed to infrared light
at a suitable wavelength, as indicated by arrows 136. The infrared radiation is preferably
supplied from both sides of the wafers and the sheet 134 to provide symmetrical heating,
but this is not essential and the infrared radiation may be supplied from only one side.
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e

136. Alter ngrtk-rgylzﬁthggrtap'yr}héa %{rﬂd}éo a few mcrons thick may

ensions can be reduced to less than a micron. Thus the

20  material 134 may be squeezed out totally from between the portions 114 & 116, totally
separating the adjacent caps 136. Alternatively a thin layer 140 a few microns thick may be
left between the portions 114 & 116 between adjacent caps 136 due to the variation in
position of thie relative surfaces due to manufacturing tolerances.

It is not essential that the mold wafers or the release wafers be made of

25  semiconductor materials or that they be processed using conventional lithography and deep
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

30  fabrication plant may be used for production of both the semiconductor devices and the
molding apparatus.




|l eft between the portions 114 & 116 between adjacent caps 136 due § %LhI?ZOOS
variation in position of the relative surfaces due to manufacturing
tolerances. It is not essential that the nold wafers or the rel ease wafers
be made of 25 sem conductor materials or that they be processed using
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and so isn I 120
from cont act Wi ?‘# ?ﬁr&%&’%i&gf&??@ ﬁ@ﬁgﬁﬁﬁw hﬁ all {nsg' ﬁ&%‘éﬂ?fgﬁ% from
t he upper notid nmfrdaumﬁeasftn rsmose ilio tnover selehse mt‘eawandnhyent&:t WItthnha n the
config tion s Wt h he terial or
furt herfsf)lr ocessalti' d?ﬁloc%ﬁ%% %te%al\tﬁfm Wﬁ%‘i{wéﬁﬁﬁ és 28 to the
upper nol d,anflije etskmﬂﬂy i534eni in ﬂtdmnﬁgnﬁtjcm@homnﬁﬁgmé b8 withpiearhsterddl 1194 an oxygen
pl asma et ch 558?%% to [ ey t.hi n er 140 of material, as 20
shown in fl(’ﬂﬂ? o Pfe°t°8§§mﬁ5‘§ éf’taév on the rest of the materi al
dlﬁe to th Si gnmjmaﬁn ﬂ:ﬁaeﬁétﬂb ﬂte?lpbhhﬁ&ﬂﬂ,&ﬁs slebt 13345 thes subjkt folag efiBf eri al ..
T
e etche as S y a% c:x?ge% ?asmaletch %:gm II;»elow, to remove the thin layer 140 of material, as
20 . shown in figure 17. The etch has little effect on the rest of the material due to the significant
greater in thickness of the rest of the material. The etched assembly is shown in figure 18,
The assembly is then placed over a wafer 144 having a number of chips formed on
the wafer. Bach chip has a plurality of MEMS devices 146. The components are aligned
and then placed in a conventional wafer bonding machine, such as an EV 501 to bond the
25  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
devices, other microfabricated devices, passive electronic elements or conventional
semiconductor devices.
'The assembly is removed from the wafer bonding machine and a vacuum is then
30  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
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will need to be applied t0 the 20 bottomsurface o .
processing, It the etch is applied from below, a separate mask will need to be applied to the

20 -bottom surface of the wafer.

Any silicon exposed to the direction of the decp etch at the separation stage wili 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
protected, such as by a resist, which must be removed prior to wire bonding. An alternative

25  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 jower 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
substantially completely packaged prior to singalation. _

30 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 2 series of
MEMS device chips 153 on an upper surface 154. Each chip 153 includes one or more
MEMS devices 152 and optionally other microfabricated elements. A first set of protective
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20 Throughout the specification, reference is made to semiconductors and more
particulardy silicon semiconductors. It is to be undérstood that the invention is not kimited to
‘use on semiconductors or silicon based semiconductors and has application to non

semiconductor devices and to non silicon based semicondugctors, such as those based on
gallivm arsenide semiconductors.

25 ‘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.

Tt 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
30  spirit or scope of the invention.




-chi ps exposed for deep etching. 20 Throughout the specification, r?{ﬁﬁlﬁ\?iﬁ
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seni conduct or devices and to non silicon based sem conduct orBeceised it April 2003
those based on gallium arsenide sem conductors. 25 Wilst the invention :
has been described with particular refer@nce to MEMS devices, it is to be
understood that the invention is not limted to MEMS or MOEMS devi ces and
has appl i cati(.zp‘ Lcci n% devi ces which are or may be bulk fabricated on a-:
wafer. It wllng QEB rent to those skilled in the art that many obvi ous
modi fications and variations may be nade to the enbodi nents descri bed
herein without, dep@ideinb@of dpplinka@huity e papsitd a prrakity opwiceriabringted doyisefat on. 8
JULY 2005 PCI/ Al ZIOOO%E ﬁ%g {n\éﬁ 16 April 2003 -13 The Clains 1. A

met hod of appﬂﬂ?ﬁ%‘?ﬁ%ﬁ P e ‘g ips to a plurality of nicro fabricated
devi ces at 5the wafer gfosiding atvuier heidgachhirality efarictgfabsicatell dB¥is¥i di ng a waf er
having a plurality of mcrofabricat ' 1dd )l QoG fafeath Gt al i ty of
first hollow nol ded caﬁ?ﬁdﬁgépiﬁ%%%?ghﬁgﬁdgﬁga ER”d(geh&icgﬂels or a

predet er ni ned group of degesk oespredetectingiguovpab devisen ceshsenhaving pttlon and a
perineter wall extending.fromthe ' : thset itf@b portion,
each first hol | ow nol d@%hﬁﬁwﬁrpwgg{fl’ag?% |§ngi vfia%laal cﬁg‘%fo .separ at ed
from each of the other cértraisgortion) dachwfinsidiobiesmelderb cap arpyided e n Ayt ‘ﬁ&aﬂ in

pl ace by a tool; c) ap@%%ﬁg}g%ﬁeaéﬂ{{fﬁ{eoﬁ%@d&ﬁé&ﬁl@fdﬁ:@&ab?gaﬁdéﬁu{éagneousl y to

one side of’the wafer cap overlying part or all of a device or a
predet ermi ned group of heldénvplaedywtaol t he free edge of the perineter wall

contacting the waf (gr;_ plﬂ)l%r%‘gﬁgi &gT;ugga]{ﬁgﬂyssqmﬂﬁa@uﬁpmtdﬂesiw&me;wmd e)
r into 1ndi

separating the waf vi du packg]ges. 2. The thod ,of claim1l
wherein the plurality ofifhfsachsap ensrlyiamparior gbef adgyice FaPHERFDI 8UR %L 1 ay
using the tool which i y./iBdGiRinces bdfs bfthe PiMufic il stabiey tharkafer, 20

15 d)  bonding the first caps to the wafer; and
&) separating the wafer into individual packages.

2, The method of claim 1 wherein the plurality of first bollow molded caps are held in
an array using the tool which is made of a similar materiel as the wafer.

20
3. The method of claim 1 further including applying a plurality of sccond caps to &

second side of the wafer, before or afier step ¢) but befote step e).

4, The method of claim 1 ﬁherein caps are applied to the top and bottom of the wafer
25  and material between caps is removed by a deep plasma etch from the bottom of the wafer.

5. The mefhod of claim 1 wherein the wafer has a first side and a second side and for
each device or predetermined group of devices a first cap is applied on the first side and 2
second cap is applied on the second side.

30

6. The method of clajm 2 wherein fhe ool is a silicon tool,
7. The method of claim 1 wherein the material of the cap absorbs infrared radiation.
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-3. The method of claim1 further including applying a plurality of w%os
caps to a second side of the wafer, before or after step c) but bgfo
step e). 4. The nethod of claim 1l wherein caps are applied to%érp& @d%d

bettom of the wafer 25 and material between caps is renp .
pl astra eteh fromthe bottomof the wafer. 5. The nethod \gggeaeﬁilﬁﬁp Pei n
the wafer has a first side and a second side and for each device or

predeterm ned group of devices a first gap is applied on the first side and
a second cap is applied on the second side. 30 6. The nethod of claim2

wherein the tool is a si]Jicon to . @g\m a0 fabsetha infrafed winkiation n t he
material of thhe ciff 1&65%4%@°?Wf1r‘§¢%%‘7‘?“3 I at %MA NDED SHEET | PENAU 8 8
JULY 2005 PGHiAAR AN Ragesfiebait 100ApY P pbapbO 184 8 The net hod” of cl ai m
1 wherein the material of the cap absorbs infrared radiation wthin the
wavel engt h range of about 1000 nmto about 5000 run. 9. Theﬁ;@g of claim
1 wherein stap d) Thoedetadé st beiat i repetehestanPsingiiden bpating Jiecgrs |afli on. 10.
The met hod _of ¢laim 1l wherein the cap is formed froma thernoplastic
material 1% "HERet hod of claim 1 wherein the step of separating the wafer
into individual 10 packages includes separating the wafer into packages

each having a_si n%gmgﬁg%%gﬁgg%gq%@fhe%ﬁis%ﬂﬁdﬁc&iﬁ!ﬁeﬁfmoi)ﬁsﬁcﬁmmiahod of

applying a pll?ral i urality of mcrofabricated devices at
t he wafer stage, the nethod including 15 a) providing a wafer having a

plurality of {’r]Lcr L?xﬁs@ing%‘f% AR th ktep o Wdpatiatigy the plafer attd tngivisialf i r st

hol | ow nol ded*taps, plruraltty of first  holl qw nol de in an
array using apdckaks ineludes oépatating haefehiatogarigpes eﬁ@qﬁ‘i‘@g ﬁé’?é? ?&gaﬁg&%% f or

each of the devi cdeegmgerofa predeterm ned group of devices, each cap having a
central porti 8 *Hid"°a perineter wall extending 20 fromthe perineter edge
of the central portion, and adjacent caps being joined to each other by
cap material ; 12 A method of applying a plusality of caps to a plurality of microfabricated devices at

the wafer stage, the method including:
15 a) providing & wafer having a plurality of microfabricated devices;

b) providing a plurality of first holiow molded caps, the plurality of first
hollow naolded caps held in an atray using & tool made of the same material
as the wafer, one cap for each of the devices or a predetermined group of
devioes, each cap having a central portion and a perimeter wall extending

20 from the perimeter edge of the central portion, and adjacent caps being
joined to each other by cap material;

¢) applying the first caps substantially siraultaneously to one side of the wafer
with each cap overlying part o all of a device or a predetermined group of
devices with the free edge of the perimeter wall contacting the wafer;

25 9 bonding the first caps to the wafer; and
€) separating the wafer into individual packages by removing both the cap

material between adjacent caps and the wafer material.

13. The ineﬂxod of claim 12 whetein the caps are joined to each other by cap material
30 and the cap matorial between adjacent caps and the wafer matetial is removed by

mechanical or thermal means.
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‘c) applying the first caps substantially sinmultaneously to one si dgrﬁ; tgﬁﬁs
wafer wth each cap overlying part or all of a device or a predet I
group of devices with the free edge of the perinmeter wall contacting the ;
waf er; 25 d) bonding the first caps to the wafer; and e) separ aPCTAWIRR0008|
waf er "i nt ¢ i ndi vi dual packages by renoving both the cap natReckiaéd FEANRS003|
adj acent caps and the wafer material. 13. The nethod of claim 12 wherein |
the caps are joined to each other by capjsaterial 30 and the cap material {
bet ween adj acent caps and the wafer material is renoved by nechanical or
ther mal means.; JAVENDER IR Flairh PEAVhSHein8helddbsYars fied tPETh Abady0epedtrifecei ved
16 April 2003 -15- 1 14, The method aof claim 12 Wnerqi n.t caps are
joined to eachﬂ@)ﬂlhéwW%Wéﬁllﬁwtcé?Fdsfeﬁ’Ev@gbaﬂﬁ}fygﬂ%?s et ween adj acent
caps is renoved by an oxygen plasma etch. 15. The nethod of claim 12
wherein the caps are joined to each ofher by ca terd cap
mat eri al bet wdén afficimehed efghdmid @W&C%%/FS?OD’?G@%%?& p%ﬂl%ﬁ%%gﬁnet hod
of cl ai m 125 Whg) gie Bayf MRerfabBSiwerh Qdjh@uinagh it preoalypriot osfeplly cap material and

the cap material between adjacent caps is renoved at step e). 10 .17. An
array of hollow nol ded caps for application to mcrofabricated devices at

the wafer stage, tThemahs@r @fimhewheeinthd deslare jgimed hotath atherhy @p mayridsi ng a
tool, each of the caps | L. oR having a peripheral
n

| udi ng.: tral
edge or edges;mﬁ%@%ﬁ?&%ﬁﬁ%ﬁ“%?% %Esnﬁéﬁogggx%tg

& ing away fromthe
central portion with the free end 15 or ends of the peripheral wall or

walls generally lying in | ane not e. from.t. C : 1 defi ne
a nout h; anB ereﬁ?:m%l?fa]?cﬁgw %‘iﬁé:ﬂ%s fﬁrra Iﬁ}:lg fonﬂaa}og%%%%o%%%rrﬁtg% on; b)
the nouths of Wiie seagtheakey fitolliwmoldedeans bakbastaamrnsing adeshrah ¢ereRs and
20 c) the caps 3@; glprovi ded at a spacing to enable the array of caps to be
pl aced on a WBT¥™& ncluding a plurality of mcrofabricated devices wth

t he nouths of theaeﬁﬁﬁlp@ﬁﬁhamﬁweﬁﬁEMEpr@ﬂ@ﬁ;@@ch cap overlying part or
all of a a peripheral wall or walls extending away from the central portion with the free end

15 or ends of the peripheral wall or walls generally iying in a plane remote from the central
portion te define a mouth; and
whereby:
) the caps are provided in a conumon orientation;
b) the mouths of the caps are provided in a substantially common plane; and
20 c) the caps are provided at a spacing to enable the atray of caps to be placed
on a wafer including a plurality of microfabricated devices with the mouths
of the caps contacting the wafer and each cap overlying part or all of a
device or a predetermined group of devices; and
d) the tool is formed of a similar material as the wafer.

25
18.  The atray of claim 17 wherein the material of the cap absorbs infrared radiation.
19.  The amay of claim 17 wherein the material of the cap absorbs infrared radiation
within the wavelength range of about 1000 nm to about 5000 am.

30

20. The amay of claim 17 whereln the tool has at least one aperture at a location
cotresponding to the central portion.
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‘device or a predetermined group of devices; and d) the tool is for %0%2805
simlar material as the wafer. 25 18. The array of claim 17 wherei

material of the cap absorbs infrared radiation. 19. The array mir/&l b/0bobé
wherein the material of the cap absorbs infrared radiati onpedivelihé Ab 9%003
wavel ength range of about 1000 ma to about 5000 nm 30 20. The array o
claim17 wherein the tool has at |east one aperture at a |ocation
corresponding to the central portion. AMI&N EIIN SHEET LPENAU 1 8 JULY
2005 PCT/ AU02/ 00008 Received 16 April 2003 -16 21. The array of claim 17
wher ei n each czﬂp hEl‘Ee o@&&im@'ﬂ@h&hﬁﬂnlca&vdaﬂhﬁﬁﬂgeaﬁtranmwaﬂextemﬁmgﬁm theor t i on
for bonding wit he Wag]é and/ oy, the m crofabricat flnea
correspondi ng Reson 85‘@%%&63"&%.m#?{2{9a ﬁnfcgg%/ Vﬁ%e &fein the
or each channerréspinaiits chidobl thaéberseasponding aperture extendi ng through the
t hi ckness of the wafer. 23, The array of claim 21 wherein each cap has at

| east one aperture extending through the central portion to conmunicate a
respecti ve shamnel Twé a&ayt&fezlmtzai\d&mﬁmhbrwmrmmma withe carrespgodisle cl ai m
17 wherein the.c fro r astic material. 25. The
array of clai rf‘PTg‘nggﬁng%%é 3553 g?iﬁ-o' ned to each other by cap
material. 15 26 The array of cIa|m17 V\/nereln the caps are forned of a

mat eri al whic etch nd n Pally
unaf f ect ed by ltr% °F§%’% V&‘:?eg{r(éé& eri a%timgﬁéﬁ%%%

' the central portion to communicate & respective channel with the outside environment.

10
24,  The atray of claim 17 wherein the caps are formed from a thermoplastic materdal.
25. The amray of claiui 17 wherein adjacent céias ace joined io each. other by cap
material. '

15

26. - The array of claim 17 wherein the caps are formed of a material which will etch
wpder an oxygen plasma etch but is substantially unaffected by an ctch to remove wafer
material.
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