; e3eVHHI JLIXL6LTMVbBWO 02/ 056367 PCT/ AU02/ 00008 -1 WAFER SCALE MOLDI NG OF .
PROTECTI VE CAPS Technical Field This invention relates to the nolding and,- *
appl i cat Lo QfseRyot ective caps to 5 10 nicroel ectronic sel;qﬁgﬁ@% @ chips”
on a wafer scéFe as opposed to application on an individual chip basis.

More particularly the invention relatesqto the nolding and application of
protective caps to sem conductor chips incorporating Mcro Electro

Mechani cal Syste i td : i K1 to MEMS

appl i cations. Ba%ﬁ%%ﬁ%@%ﬁgﬁ@tmga@%ackaged in a
protective layer or layers to protect 15 20 25 the chip and its wire bonds
from at nospheri ¢ and nechani cal damage. Exi sti ngﬂWMﬂmmﬂmlmﬂ stens
typically use epoxy nolding and thermal curing t lid protective
| ayer ar ole¢hnieakbRield This is normally carried out qgydendividually diced

chi ps bonded to | ead franmes and so nust be do,ne,manty times for each wafer.
Al ternative nethisdavegtioniuagiofhe mading anchanpnkisatiqneol Rrotgetayeiphitt al or

ceram£€ pag ] . N ’ i Ay and pin
i d o v o RRRar AR A GHeBRE EABE in s 3B B iEbb b b ABYIGTH 0 Pt o
t o be usethdivitina chip basis.rVerk anticidirly the invehtion sll@eretoltkd moklihdhandcdppiisativhe
separated. _The yse of nol ding and curing techniques_subjects the wafer to
bot h e haHPROICH N EADE HRseIFORIUCRS SEPSs Ichrnaseiing Miere ﬁiecBJP Necenica Valsmso
formed i s gEapd) ' rik al used for MEMS devi ces,
si nce the(NEMS )Idfei\(/)?’%g&&hoﬁlgagieﬁrlg%ld)tel?rg'gefﬁolgg%%i&p b?ﬁ?ﬁé pol ymer material .
Exi sting packagi ng systens for MEMS devices include thematically seal ed
packages bor i ndi vicg%at devices, or use silicon or glass wafer scale
packag(? ng PASKHOUNAATEL are relatively high cost operations. Disclosure of
the I nvention : f i i ks

applying a pl urS gﬁct%g&%c?&cag)ss a?%ﬂ% p erpgj\'[k?d%ao aﬁ{oge‘réggggay ?rcgiﬁg}%?%tgﬁrgtggt at

t he waf er thetchipeand itsewirebdals frone htmabspheric and mechenidalrgnmagevdxistingapackeging
plurality of mcrofabricated dfcﬁi ces; Vg 02/ 056367 -2 PCT/ AUQ2/ 00008 b)
pr ovi di ng SERLRICAHY ussEPPKY Woldipg prdhamnal iring jecreain a slid protfctie aenor ¢ he
devi ces OhrGn@iRAG .Tﬁisﬂ@ﬂoﬂﬁﬂ%aﬁfie_djﬁﬂ'oﬁ%iviﬁﬁﬂﬁ' didu dMyd Bishdad &Fiehd al
portion and a perinmeter wall eXtending fromthe perinmeter edge of the
centr$ péramesand $ mpstdpplone nmany kisnes iforstack wafer ativei m¢thgdsofrpatkagingous| y

e
cont act i ngrrh{P BGAY &d pifl prik aBdy WGA) Pﬁ@kagél}?RG@H%ﬂ{ B\Q_{_@%&@ﬁ\l\lﬁé\?ﬁ@fagingf(wgﬁ)

separat i n%at e wafer 'into individual packages. er 1s preferably
formed of has gamedtobeweed Thissig etrrigd oyt atithewaler sfagafesfpredhe elps are separated.

sem condu [ i 1. G i .G . yCro
rochant can "eyes SR thARE bR ARbIE RO KT 6on rdEk AT Al De )
passi 2@ eltlssimial stresses | Inaddiciaonaled protestive epi sviformsed ik adolid piese of magtal andsoand

the |like or any conbj nat]| of, the foreqaipng. .15 The ipdividual packages
are prof e ABICY Ve Ao TN cPYiAThy SigGE TEOCEME depiegoutd Be rendéred indperable
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. _
s LT
Disclosure of the Invention *G00002*
In one broad form the invention provides a 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;



bet ween adj acent packages. Wen the wafer is a sem conductor, the materi al
bet ween adj acent caps is preferably renoved by a deep plasnma etch. The etch
is preferably applied fromthe cap side, so that the cap mask for
t he etchw(kﬁ)?/loég%g may be applied to the top and bottom O?P(talf%u@zqfogors and the
sem conductor naterial may be renoved by_a deep plasma etch fromthe bottom
of the wafer. A second plurality of caps may be applied to a second side of
the wafer, befqre after. or si t ously wt he first u [ of caps
are applied tobo)t he RRYigNE al*ﬁgr%bbéﬂﬁﬁi}'%]éwb%ﬂ E%C?P& ?I?Fecﬁkgf’reéa%hgﬁrﬁbe a gl ue,
bondi ng agent or medeR|cks BYa predeteRffmed @rdup@f devit@NethGap havigghkehudlhe waf er.
The material of the cap may be chosen to absorb infrared radiation to

enabl e i nfrared heandriien &rfd a pryiraetpr well extprding frowythe penimetenedsedddhs al of the
cap absorbs infrared {Ialdi ation within the wavel ength range of about 1000 nm
to about 5000 nm FFr"'B_%rPé’Ei‘?P’t he cap is a thernoplastic material. 30 The
waf er smay be s@par agppilingihe fRaCapgabsratillysimulishedusly ke ddpofahe aafed to
one side thereof. The caps nmay be joined to each other by cap material and
the devices nmay be Witheachican oyerlyingpeit Ayalbef hdevige rapredatermingd gewmekn

adj acent caps and the. L. A2 08 -3 The
cap material bet wee{la g:\(%?gvg@%ﬁ@tr%é@%noé t‘%%r@’%%%ﬁ?%ﬁ"ﬁr‘i@@@ rerr%ggd by
mechani cal or @her nsdndimgafiist the oaps tasheswuferigndr | aser abl ation. Were the
caps are joined together on applicat| g,n_cgﬁlth waf er, the cap materi al

bet ween adj ace®t caisRAAHYE K WasHApEindlyi B%Pg@%‘?ﬁ pl asma etch. 5 In another
broaqof orm t herhé\)é@qa} isgﬁ]ef.@fag}@' f3EHed Bt Adn¥orRiuctop!suacdléon, €aCh Of the caps
including: a central podrtion~having a peripheral edge or edges; and a

peri pheral wal Thedevivek hmydetsemiionductordevices or other misnofabiticatest devines,sucth t he

free end or_ends qf th erip |1 or. I rally.lying in a plane
renot e fr??rﬁ”(cﬁ%mf%’a@lfﬁf?}g?e“ﬁopﬁ@ﬁ’ p@“&ﬁwﬁﬁe‘ﬁﬁﬁ&%@ §V%?9ghavi ng the
caps: a) (MOEMDHREvEEleRthAlsuli as Sapatifts, FNitHS, iAGudtb, ScHdiactort AdIRgMON
pl ane; and c) at" a spacing to enable the array of caps to be placed on a

waf er i nclikeiomrapysombmation af theforsgoimgcr of abri cat ed devices with the nout hs
of t caps comnfact.in he ,waf er_an ch_cal lyi i 11 of one
of t devi ces%‘? ln&“’b‘ﬂ%ﬁigft’%‘?ﬁsﬁéﬁp ?%E%yB?P%ggﬁiécﬁ%@?{ggﬁ% ?rﬁe mat eri al

of the capetdeeridiscehipacRigd. radi ati on and nore preferably absorbs infrared
radiation within the wavel ength range of about. 1000 nmto about 5000 nm 20
Each cap may h¥henthewefepise sspigandpetor, the matepal hepweensdiacentrapeisprefeplynay

have one o, JWRA By %leéps pl§§ﬁ1§ Beh"ehd &is tpl?&'el%ﬁﬂrta'i)ﬁiie&)f%ﬁli thé c:ilpgide, 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 plurality 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 softened 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.



bonding wth the wafer and/or the mcrofabricated device to define a
correspondi ng channel therebetween. Each channel preferably aligns with a
correspoj fpseRsrt ure extendi ng through the thickness ofpdheuiahis:

Addi ti onglkﬂ:}{;/h?0 ggr}'ef erably each cap has at | east one 25 aperture extending
t hrough the central portion to communi cate a respective channel with the
out si de environnent, whereby there is provided a fluid comrunication from

the out si de_ end ApTRRLAINEAHEN aliEat BBpAR hORPRL kil Be A pye! o7 to

the other side o efera caps are forne
t her nopl aatchanival @rtherdmal fieens; syrh aswywing grdaseeablbdoreach ot her by cap
material 30 Preferably the caps are forne terial which will etch

d . of,
under an oxygeW BgF : ﬁﬁa@taéﬁj%‘lffit?@t%tﬁ’é‘tagﬁ’ﬂgaéﬁo%o a“f’aff%refk@d?aBPaé‘?F%t ch to
renove webdledPidadedt caps b@%lﬁé@%@é ﬁ@e@%@ﬁﬁ%ﬂg%hi 4 Brief Description

of the Draw ngs dIil gure 1l shows a prior ar of formng protective

caps @n seni comdmother broad fierm fhe gnveation proovvdes an @rray of ldlowi eaps,cfackaopthieor art
packagi ng made according to the figure 5 1 nmethod. Figure 3 shows a cross
section ofPPRMENBREart packaging of a MEMS device. Figure 4 shows a cross

section thr ouggcﬁdﬁ?ﬁ?ﬁ%%ﬁ?g RPEHpIRA cas6 oF cligast 4@ the invention. Figure 5

shows a possible device for formng nol déd caps; 10 Figure 6 shows nethod
of applyi ng capperipheradovallairwells bxtending ewapfrofn e centBd pertion veith the frsewader ;

Figure 7 shows th er_an aps, of f.igure onded t.oget her FEi e 8
Symbol i cal 'y <cs ST HEmeaRnerg Al ybcbtherele BBk RERSDels EoRbE o
accorg ng to tastdalyeibh @Ndefihe am@lithe 9 shows the wafer and caps of figure
8 bonded together; Figure 10 shows an expl oded cross sectional view of a

devi ce f othepgryhagng fe G8P%t ecti ve caps. Figure 11 shows an expl oded

per spective vig)w ofwt %nqrﬁXﬁSS?n?%ti .gure 10. Figure 12 shows a cross
e I

sectional view-’of t evice o Ure 10 at the 20 commencenent of

mol di ng. Figure) 13 theancuthssf thesdps én @tofmngarptankamf t er nol di ng has fini shed
and just before one side of the nold is rfel eased fromthe ot her_sjde.

Figure 13a s h_oWs anekiPafae & gl tae a8y o s 19 %Plé‘_’efﬁn Rae] Fiechingg s a
e B L o PR YOG B BTSSRI o BT |
nmol ds has the wafer and each cap overlying part or all 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 postion.
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 side 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.



been partially renoved. Figure 16 shows a cross sectional side view of the
device after one of the nolds has been fully renoved. 30 Figure 17 shows a
Cross segld PnRksesi de view of the device undergoing an et glig/Ai@wossl8 shows
a cross sectional side view of the device after undergoing an etch. Figure
19 shows a cross sectional side view of.4tthe device at the conmencenent of
application to a wafer and renoval of the second nold. WO 02/ 056367 -5

PCT/ AUO2/ %%Fﬁgﬁ?qlowozr{ﬂ%%@hﬁg sectional side view of a wafer after
0 € caps. 0

applicati igure Ws a cross sectional side view of a
series of chi pgigatd EEhGiPptiatdromedbd bhorit@igeprotebiigeicaps O seivvsduRtcr 0SS
sectional side view of a wafer with caps applied to both 5 sides, before

si ngul ati 6AP&f the wafer. Best Mde of Carrying out the Invention Referring

caps. on som cohRife SR &FeSOR B Mordl nlieIREwle Moo TP LA V7

cl anped 1Q m@Bedist a nold 12 having cavities 14 fornmed therein and a liquid
pol ymer material 16 is injected into the cavitjies 14, The gol yner materi al
sets to form sbigue pekavect prpss afien afe prigraripickeging of aMEMS qgiftat ed using a

waf er saw. Thi g 'ﬁyse i : ' I : j i ces
f or med thereon%f'ﬁtsu‘&[p%glll |qﬁf"§8§5§ﬁ%§}&n{§@k"’r¥%ﬂg| a w&ﬂlgés rc?g%éggg%dr@wgt%
devi ces afheatiap t hem from working. 15 Figure 3 shows the present prior art
techni que for protegting MEMS _deyi ces he, MEMS chi p 20 including the MEMS
devi ces 24, sh&WrS ﬁ%‘b‘% @g@qsgb?e %V‘WHH%Q?@%/CB’@FBiCEQ?n waf er 26. This may
be cappi ed out ShoWSmétndHd gﬁ]'-a ShRABrREd Aing 1R dMRLEbS B5308a tolh1e
vvafer1 6 is tyg?éggfpy et cﬁleél@us?ﬁ %11 %r stall ogré?)%i c ani sot r%pi caeqtch

usi ng an etlichamafesuch as KOH to forma series of recesses 28 which

correspond to e lgcatiops of. the 20 M devices. The wafers 26 are
careful ly ali gﬁhé%’r?lvi?ts o‘f’%ﬂ"em%ﬁf@s %lg&ﬁ%géglﬁ%?&%eﬁg?et o. Wile this can
be an effectiveigiRapsyabohankanbwda MeiMdddevigpBiing irolded cayPORSIlEdn Heafért
requires an extra silicon (of sonetines glass) wafer, which nust be etched

to form t Recading to the invinggne 4 shows a MEMS wafer 30 having surface MEMS 32

formed.t hereon. A 2 I rotecgtive t | astic material |
made géd bondeglgu(fe?ﬁgg‘ﬁgﬁ]\grvpag%%gggﬁsﬁfﬁ%%{%élpﬁédeldﬁ\gléérﬁ?qbn is provided so
as to forma mEghaeilo showdsh &pldiegeeiss Cecpibniladdw vea devics for férating the MEMVS

devices. The cap 34 fornms a cavity 36 with the wafer to all ow the MEMS

devi ces) tRsOIEHBELERS. The use of nol ded therhopl astic holl ow caps offers the
possibility of hdi i j RAGKAY! . vent i onal

t echni ques do ﬁﬁ%}géﬁﬁ?ﬁe@ﬁgﬁﬁéﬁ&éﬁur ac?p%ﬁg%\éggﬁggmg?gbi lity
required for niRgwe 12showsh edsdsetiord vieki gfithedeicd of figwd ddvatthpossi bl e
techni que for packagi sem conduct or wafer 40 having a nunber of groups
42 of C@WF?@Q%@S%@WQES 44, shown synbolically, formed WO

02/ 056367 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 etch.
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.



-6 on or in an upper surface 46. PCIT/ AU0O2/ 00008 An array of caps 48 is
formed using conventional injection nolding nethods and steel nold tools SO
& 52. Th @gﬂ% e supported on a sprule 54 at the sanme nowi ci ng as
the gr oung(P .G%Qi ng this method will al nost invariably | eac/ix?d()m%%
msalignment 5 with resulting destructign of MEMS devices, as shown in
figure 20. In figure 20 the cap 48a has been aligned correctly with its
group of MEMS devi ces, 42a. However the, spaci bet n t caps.iS. greater
Phan the spaci MBS g P Stk SchopAceRe obf vl IBE amiEal AT b by
but does not dEiglie@ sBoWs 8trdshSechbl stRWi6R f 8kericds f ERipP aféd shfpuliitiodf 42b.
However, the caps 44c & d are sufficiently msaligned that the perineter
wal | s of thpavageps 10 overl ay one or nore of the MEMS devices 44, destroying

their functionalj hi ] | gn rasu r of
factors, incl tr]%igﬁg%SE?‘@?%ﬁoﬁg%é%ﬁgg%qe@%gﬁg%%réﬁ ﬁ}%}a&;‘)s g%?%dggﬁg eri al
conpared dides| bfofe singhtutionaf e, wates) ri gidity of the nol ded conponents and
sprule and the |ack of nmachinery designed for accurate alignnent and

bondi ng of polynmers to wafers using these techniques. .15 A solutionis to
use tools [ WGk Qf thermal expansion as the

waf er, su%ﬁgswgaé:@oggﬁw&ﬂﬁé Wﬁggnbol ically show a techni que
using a sili coRefeRftlg t6%ighRs NQnd 2aRerdid Si6wod plidtakmBthas of femtddsoftltins t he
caps are bonded to the silicon wafer 40. Since the tool 60 is forned of the

same eeapa on semichrdugkar svafars on @regressaien/Asemprondedioaweier 10 mlm@m}] in
amoursastiefe SHREF b SRAGHIR Bimd el Dl bR AR R ° oo™

bonded, ainjecedd ihfoahe egvitiesilil Thepalgmeemateyiabdetspodobm salidsprowotivecdps d8r e 9.
Additionally there is nmuch ixsﬁeri ence in worKki ng, silicon t%ﬁe re?ui red
accur acy. g yatepss then sipgulaed Binga tateq spyy- This fechnigre not gpp 3P WAt i ng

and appl yy : j L ahl ] ctor
B e L e L L

pr ot ect i vEIEMP dedibesvandistopfthgm fndwetliogy may be used with MEMS devi ces or
any other m crgfabrjcated device. . The nol] di ng. system 1 i hcl udes two
11 o v er SFIEg s thepESCHE BEPT HAiPEra R B 50eR MM g
convent i oREMS chipoWiaRRNing B MERES 8éVit&a2A, SowH SHthboREARy, tsshdtPipve a
series of recesses 106 in"its lower surface 108" The | ower wafer 104 has
been 30 ssilicomwhfer P6.dthissimayibe cartipd put at theuipgividuglelfip stegd avatibg wafes stageks of
grooves 132 which_ align wt dges of 't recesses . 106. The.recesses, 106
ana or oovite Vaist 26 & ipuly quhe R Aot ok Fe Fb i oo B BESTRRL o o
and r epeaguchtas KEOW € for@Q seflePETdidagest B Which t@pbndRARE Natdhstdighavaf er. I n
t he enbodi nent shown the protective caps are desi gned for a MEMS inkjet

WO 02056NEMS dpvicespEirp Howosarsiulht aligned with t wiafer 20and bpedes:  ve
to their w {0 i - / ?EQIQ@H E -Lhe
ends of t ggeﬁtg(ygglsl%sh%;craé b‘%‘c’%{{x egﬂﬁ(guv\‘nae%%g%g %{51&5@3 e gr g?écggﬁ%%‘ﬂg}&gl\;ﬁot
shown but ag it réquireabexttastiédont(onsbnidiimtes tghass)owafen adichlrdusttbeetched o feemahe each
recess are iin fact one groove which has a rectangul ar shape in plan view 5
The groove&esp fox adjacent caps define a portion 114 of material which

has not been eg %stﬁEMS@gfeﬁgg%\{jﬁg%&?&%mﬁﬁ SEfdrRRd theRRpt Ao | 16

of material whi has not been etc se portions of material 114 & 116
al i gr25m t holdae prasedtize cam3t ofthermdplastinmateriad made ped bongled ¢altheovpfetd®y | t he two

waf ers contact. ‘each other at these portieons 114 & 116, The surfaces
have been?¥&L g@?ostge PHERUQTHE P&?vd‘i%g%lafﬁo ?%m ¢ ﬁ18°‘1?8f"|aﬁ%‘{de$“’8%l’ *H& 10 cap is
al'l i n thgrdiuie bi@ePTor HAMEMES HENECCTRS Sapli¥ifofilé a EMGLyCIOWitR theRofed BN | S
all in the upper wafer 102. It is not essential that the nold wafers only

» cont act onllewtheaMEMGeviee(H4Q €P91BIE- been . etched. Nor is it essential that
the central po‘ﬁlé ok (')tsmcqgéd &@gn&}ias?icrh%ﬁSQSca{)pot%}L ﬁle%gsiﬂﬁlqgoﬁgmviding

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



that the perineter walls be defined by a groove or recess in only one nold.
The effective 15 split |ine between the nolds nmay be | ocated at any
position j .,and need not be planar. . However, planaggdgXu@foobdae SPIit
i ne wu“qf%{sg%ﬁy sinplify fabrication of the nolds. The assembly 100

al so includes an upper release or ejectgwafer 118 and a | ower rel ease or

ej ect wafer 120. These upper and | ower rel ease wafers are silicon wafers
whi ch . Ve, . eg utilizing conventional |ithography and deep
silicon &%c(ﬁilﬁggpgﬁir%ﬁg%ées 0 to have a series of release pins 122 and 124
respectively. AherrappLeapsnd id fovaed nsihglcopbatienal Bdecfiof Giblding nfethiodsdndi t h
corresponding holes 126 & 128 respecti veéﬁ/ whi ch,  recei ve the . ,Ei ns 122 &
| 24. The stRspEILG kS50 &6d2a The pops afewpgenet an # yorisdra theremediominalyr axj s of

h ] i t . 2 . . i t 112.
Fovover - cibacing i MY drdlos' DR USRS R it ihAEBbAled oS naieS 1
and t ey wily réseltipatesction of VS detioes, A5 stejvacini figuro?0. fhéigus|20abie capps.  The
Cor r esponifimhgs Rem-uiEeeaeaHl iuE Sd oIS CBTines s HRPish t shcinge
| nner en%t@éeﬁtﬁg cglgs' pig;re}?e?thamﬁé abﬁng%fﬂfbo%ré\i% PehNREH 48R néPPimeD! d

wafer 102 and t el ease fer”118. Tn this enbodi nent the | ength of
t he | owercaiently, v doss ridh desmymnpef thedVEMScdavéess obits tebpecive Ewupd2bol d waf er

| 04. Ho t he, | t th I, 24, t th he .t hi ck
of 1 ho-waRgvetst: the Shgh Hsck ¢ el i Ent st e R bettmg i Rarts 2 chddap0C oS
than fge Wfaﬂ‘dﬂ% biokd\6Sthie MENIS @eviovesd ‘dlﬁétﬁiyin]gQHeif funogerkditg.0 be greater

than the depth of the holes 128, i.e. at |east the reduced thickness of the
waf er 104 at tFhisgnisalignmentican bEltke tegule of a nymberad fanesancluding dforenind/ 00008

wafers 104 and 120 are sitioned w I : in
e hol eshsBRsEpRin otlRE RSl kb RO 1B sy Miler MR 6E | 1,
and with goliRg cohpohéityarispiile atid\heladkasf machirerpdapndd forpeafrate aligymentt end
to be flush with the ends of the holes so as to forma substantially planar

base to t sl bandingofppiymess thwafersiusingdbesedechnifiiesp) d and rel ease wafers is
about , 800 m cr il . f : to 100
i oroh i n't hi Seguieh'sgho bedfodiPRfich HhEIE shute oBlRcfheoterdlal Speiionds

pr ef er abl theataflre sudhsdsrsilicon yind éipures 8 &P sgnbolivally ehaha taghnigé esing hailicBosch
etching as to Fr oduce a srm%t her etch. Bo?)ch et chi g‘% prge%tcjceﬁ sﬁal | opi ng of
et ched si el @R fq hold ap apray of theemapiasticseaps SV thafappy bopdedioinG Jie o5 The

scal | opi ng,,fRkGSsihle iHA01M0GERRmES of 1R IR GRaré TR thByEH AbcehAiBlemi al more

difficult. T'n conparison, using a cryogenic etch results in much snother
et ched watensperatitetwitlamit eesuliin changdsdastignmenththetspdciag offthe taps 60 Wwitlschange

materjal of about 200 to 500 mcraons in thjck i | a etween the two
waf eréglogy hesgme gmpunfas 'gg SRATHIeP i@e EPBB%#PW%%EW%%%&'?“S’ V?‘%rr' bondi ng
machi ne, gtdedafll 8thE¥apOkill VRt &ighbdMskhewh infifiie VI AtidiiondByatiereaé 15
Sharding, Austria. The assenbly is nmechanically pressed together in the

machi ne bmuchexpdriencein wprkingsiliooa do theaequired a¢e¥aCYaf ers may be urged toward

each other to f t ' I i.ent
ressure o ¢ nouReI GG e RaBRRARY Udk F REEsyd Rtk E AT RRHE BB )
The sheet pioléctive tapetoheats fprbferabbbudtordactonvafess.pr ef er abl y heated by
radi ation and preferably by usjing infrared radiati 05 as i ndicated by

arrowd5136 in fige 40 showsa mglding-systenhl A fog forming the oUeW PFOIERIYRCaPReat i ng

may be us : ; Bricated
respecti vgﬁglw%?{éﬂggr % ?fe@ﬂgl? fn?#’ ??g%rﬁl%\%ﬁ@ﬁ?? e?ﬁ%ﬁ?@ﬂ? ioal ??ﬁﬁré'%ngﬁg? ent to
infrared ldegbe. The moldimgedystamt 100iinclades twasiieonwafdre 102 &009. Tiw uppeneler 5000
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to have a series of recesses 106 in its lower surface 108. The lower wafer 104 has been

30 similarly processed so that its 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



or is doped so as to absorb light within this wavel ength range. If the
material 134 does not intrinsically absorb within this range, a suitable
dopant ig," bl ack” (anorphous carbon particles) whi Q’ﬁ% | i ght
at these%%@zzlfsg%gat hs. OQther suitable dopants may be used.lg(%)gil eos eet 134
is placed between the two nold wafers apd exposed to infrared light at a
sui tabl e wavel ength, as indicated by arrows 136. The infrared radiation is

pref erabl y. | ied fromboth sides . 134 to
provi de Smefaﬁiagglso ﬁ@a‘fef%&ngﬁaﬁﬁ?%tf’gﬁ?éaﬁdﬁ@e@ é‘i H%%@gg@%ﬁg%enf rared
radi at i onreBBNgld4er, Sldivigh @itk dride BF gHelr¥cepdte afd it showMTH32nAS 686 grddves 112

PCT/ AU02/ 0000% Because the silicon wafers are transparent to the infrared

radi at i onare npieshpwnrbat ids tode undersiroddbal dhe gnepwrsg 2tak eachesider of eagitreress &5 or bed

by the sh 4 . i I | e t erature the nold wafers
may t hen %gf&ﬂt:o g‘%&r @g’%g{lﬁ%ﬁ#@r}gg@%‘%@ ﬁéé}egﬁggafn ‘ﬁ%ﬁ The wafers may be
pressesl toget NEie goblestl 1for sdjment ckpd défineeporon e efimatetiblewhith b nai ti ng
for the sheet 134 to be fuylly heated articularly i-g conduyct i \(e}t heating is
bei ng usebeenpeichad fimilarly pdigedns recesren 104 defing postion; b efanaterig) wivich bas noheet
134 may b [ ' td B8 t hs to
whi oh 1 heD L ERhEY ThelEhitfof SbRERAATRIA 116 BRrul Back o B e
waf er bondafegs arapiessed togetherhihe twd 34fdrs comvdal eacht athertat thekepertiofis 1% &Hd6cavi ty
defined by the_recess 106 and the grqove 112. The teri,al i.s als

Subst ant i a1 |y BoF GG SufogGR b DPHLeIEhed SORAIEroREe | Lop URReBster Dhhe 116,
as i ngy catas by iﬁ{hegweé\ﬂ&ef 104 4 UhEretR:104 901 (B Bhritrad BoHRDR 1941l HARS upped AS
previ ously “nmenti1 oned, the nolding wafers 102 & 102 are forned using
convent i owafer 192.hogr aphy and deep silicon etching techni ques. The accuracy

of this process.15 is depe t_on,t | i thoagraph he.resi sed. The
etch sel ecti vi ﬁf’ T e§s!ep_ﬁ@otﬁgaﬁ? E’Sgd V%gfsso(“twg t%f’ﬁéﬁ%ceéé"?\%@ﬁ@b%ﬁe%go: 1
and about el Nor {s96ledsEAtT tifat R Defilraltpditideie dsfifed byta 206bs in Bl Bhe knotd 6h of
bet ween about 15 ~, mand 4.~ mrespectively. Using a contact or_ proximty

“mask, cri thatte parimetes waHs be flefined by grooverirgesespin eiyprsmald. Tae effectivepper s,

-

I bean: X- | i I 4] di j [ d
o1 cbt "t A TS heiesthe RS B tocllR f i bl uTEREMUHch B RO PET, |
from bet \/VEEWeWi,e]l)lﬁﬂz&itS' oNthekplit Bnelwifll typiodlt simnpliBypfabritatiog of ke molidacent caps

e

136. Alternatively a thin layer 140 a few m crons thick r’rﬁ 8‘; | eft between
the portions 1The gssemblyk0aksoinclydesanipperasieaseser eieet Watpril éa #IO%%on in
posi tion . ' u j : A IS
ot essontishe Fr gLt Thag Epd iR Aot (BT PAER Tk

sem condubhwerbesm pricessed utilizind abnvehtignab Hthography ard despi silicon@toharg techmidues

ay. DeD o BV SHET o Fel BRI 32 Hld 2 sParAvels TG FORRR a1 G TR P
sem condughpg, WAl £é %rﬂfeﬁ@iﬁﬁc%rﬁé@%&nﬁfng%ﬁﬂéérl%)& $D8 ERpAEIVBISVHitH RcEil@fIRES
have | ess effect. Also lithography and deep silicon etching nethods are

wel | undepitsddd &tz Jhewpper holes 126 gredecaied genstallydowaidghe eenter or axig @dpadhon,

th 30 f i.caft. | ant i .
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PCT/ AU02/ @@fHedolek 126 lahd 228 Rt esjedialy chitial ahditiey waryrbelplaced hereguitéiPfof 104
wll need to be shaped so that there is space fox the naterial to nobve into

as it2Ps sisgbeeithemoldadsigPhet veen the two wafers. After forming of the

protective cap [ob ok t : I 5 and rel ease
hafers 104 & 1300 ieistplop 1203 354 e ot SRR B Y SETBE e 200 10
upper ol domespendiifRoled Whenithmfies eagrpdfithelpine 122 eligrapith B ine¢neadsiofithe | ower

nmol d and rel ease wafers. The rel ease wafers_ 118 & 0 are nounted in the
assenbl y $©lead26,3here 13 38R, L3 Retwiesny ‘E“I?R?émﬂiﬁ} w%fléfeﬂ@@f upParggleate Y HEY abl e

per pendi CLi'l%]ﬂttllﬂg Hé'x%o@i ke 19Aggxgsf @k 168 ngsf ©4Ss tHRGEREAS B tHickhdd§ of feer

nol d waf er rawn downwar to the ease wafer 10 120. The pins 124

 of t h&0r ellesaranold fveaferi®d. However the lesgth af therpins 12demanbegieater then thend so

retain the materi 134 in.position d prevent i.t, nmovi downwar with
he | ower THORHsYeftbp Wadsr oF RS biery SHiem i epth U Nk § B8R ¢ i
stage is shoWumthickAsss Of &ie-lower wafer 104 it needs to be greater than the depth of the holes

128, i.e. at least the reduced thickness of the wafer 104 at the grooves 112, The lower



-

"met ho89 as for Theshegigds icpipeeddetivessithytwamo

The | ower rel ease wafer 120 now only contacts the material 134 by pins 124
and so it is nowrelatively easy to renove the | ower release wafer 120 from
contact W the 15 material 134 without dislodging the pge{y@leodesom the
upper nDWé}d\;\iQf}g"r?ﬂlOZ. This is done and the assenbly is then in the
configuration shown in figure 16, with _ghe material 134 exposed for further
processing and attachnment to a wafer. Wiilst still attached to the upper

nol d, the i : i &G | asma
crch, fronansy Losuis 120 ake\hidBl St P pBR 19 e wRERGHER R RORSYIE Ul 257
figure 17notExeendingtbehas the holee 128 irgo theqgrodves 112 and ofithtahgaprid? éeiveden thee t o
the significant greater .in thickness of Llhﬁ rest. of tnge Eg{? rial. The

et ched ashwelers. Ihe pisgd 24 pretergblyexiand tohe fyshowih the gnds o P}'BeééBGSER/er a
waf er 144.havi g j n the wafer. Each chip has a

pl urali tyfc;c?)‘?1 *ﬂ%@gﬁ%@éﬁg&%&%% rg?r%%ﬂgr?\ts are aligned and then placed
in a dnventi offat thickiness dicimoinolyl areicklease, wafexshs asoua 80EMiEGORs whilidimogaphe 25
caps 138 to th fer, The, ar 0 hi,ps i.s itigned so . that each cap
overt ays. b3 EnGH3Ehe ofhe Jrdehrop 16 1 ko GRRitRenun APERnas e RE U B 20T kel ey

be MEMS devi cegpe MdrMaoleys sforaifly '&Rﬂhed‘hﬁﬁé’f:@@%érﬁ@&éé‘é_sﬁ%nfé%ing%ﬁié?Ve _
el ectronic elenents or conventional sem conductor devices. The assenbly is

renoved fthamBdseh eeliing abtorpipdupernesambatieer gteh. Boschetahing produces sgdlopimgiafed t o

t he upper 1.30 sp as.to draw the upper.nold wafer 1 u oward 1 he
upper rel Stgggd ?gPﬂs.ti'é"th %itﬁ‘? ?lél? Wtaﬁs Pﬁ@lelpg} s°3p5?ce§?$3pf%%\%?ﬁ%?ﬂ fer
the caps #RGeRa® dIThembs Bloaf e RivolHEEmiicrial rhar difficuheltoReiariba, @sing avaf er .
Thus the chance of accidental detachment WO 02/ 056367 PCT/ AUO2/ 00008 -11
of any of cryegeniepish fresblis inauckesmeothen atched walls, with eapiermegld yelagses he upper nol d
wafer is reduced, If |V, { f ' lhn.a state
wher e each chi %‘?hseetp]rzg% ggieg%g@?y%g@?&sé@r%ﬁbgyp@ Q%SGQ'H&&\%;E’% gnrtﬂ%gplés? 5Zln be
si ngul at eglaced betweeh the Gua wattire102 & t0dcandhhsssanblyds pacgkin a consentiogall ar 5
array, the conventional. nethods of fer si nthll atiﬁg‘g - S ngs(& scr.i bi ng
may be usd@feriiondipg machine;syeh aeaEN 1 nayatlabie s Ho’i‘,‘ﬁ%yé‘o WBofr equl ar
or ifq4he i to0 fragile for sawing or scribin deep reactive ion

13 Ayt 9 - 9 9, p

( SEchE, 256

et chi ng e used to singulate the wafers. Al though DRIE is nuch
mor e expensi ve Thhassembiyeis neeehanicpllytpressed togathet inithe rfachinabut it wilt bady

required through fer de tching, as js the case wt n i.ncreasin
nu(r:]mer 10 aBPfeR)%Wé\?geé\t}}edE%ﬁR’f OIS Ay Be T8 tﬁg’éﬁf eaf’ﬁ@%*‘b&"f%%t ®s next ?
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Surface Tec ogy Silicon Etch machrrne, to separate the
waf er 144 Altermativelyiothed nwanpmek bguased. This etch is carried out at a rate of

of i nBOvar er oritEREbo BV B heeeBy Oy Ryl B SRV Bl B ppfiiofi =P ©1 €€

ani sot r opiafd iaﬁaférdi»l?%?hhiﬁg fraré®rddigion, AsSindie4ad by efrywh 1186 irefigire 1209 of
silicon sideways o he direction of the etch. If the etch |s applied from
the cap sicombinatien phepnductesnd radiantheptingmay bepspd; e wpld andreleaseayaters

R

mat eri al ween 1 ndivid
148 for subaepianto fremddiphtof a Whvélaegtieircthe rangappbbad 1000 mmite laboyt 5600

T o Ry R
separ at i on, $¢ aghed\th bl ﬁfﬁg@ﬁﬂmp@ws%@e?gmﬁg&mﬂe hintdiiaPIB4 8iRs heP

(cap) side any ‘expose n nee be Tetai ned, such as
el ect ri calintrimsigaliatsprbowithih ¢hisipange, ssnitablealopént ishécachningdladks (adotpboysr ot ect ed,

such as by resi st, jch,must..he renmoved priar wi r.e bondi ng. A
al ternati \f’é‘ral’fﬁl Raémﬁ"é) %ﬁﬁfbﬁorﬁ%gg’tt% eﬁf‘ew%‘ﬁﬂ}é ub?}ée& 8ulg§b}f? ﬁ%’aﬂgfﬁa}ﬂ%d to
deep siligpegetch fromthe rear. Alternatively second caps nay be provided
for the |ower surface of the wafer, utilizi n? t he same nmanuf act uri ng

dowaferscaig $xpRseAda jndrareslighp e

tch. B i di t . <! hi
i65 : subs %/ a Ir%{t %\a/flflgé/bq% Hﬁgﬁl‘%@ﬁ @ § ;{)na@% gegde P r?‘%sfﬁt%oﬁé? %’gﬁf%@a%@@ %g; Effﬁﬁar%@h 2 g P
shows a t emppliéiifeorh ®bthisidesiof tHegvife fitadithe/sheetcl3d td rovide synirhetricyl heatirgnd

but this is not essential and the infrared radiation may be supplied from only one side.




| ower surfaces. The figure shows a wafer 150 upon which have been fornmed a
series of MEMS device chips 153 on an upper surface 154. Each chip 153

i ncl udesy NG (REzyor e MEMS devices 152 and optional Iy ot hgiedighah@R' i cat ed
el onrent o ONHIRea6T O Vot protective WD 02/056367 -12 PCT/ AUO2/ 00008 caps
156 have been formed on the upper surfage 154 as per the techni ques of the
i nvention previously described. The bond pads 158 of the individual chips
153 are r 6ht36 thenRfrael YRhSfbnDheilfarl Pidifiidny e caps
156, " sonsunilfe RRcoR Nk fre o Rth ) re lra S Y RL A the 1l PURRIR
surface 1fRsesfthtdughulx wafesssandas atishebetl dbylihé shees13df Afterhéatmgno & switgbleevi ousl y

descri bed. The first a second sets of protective ca lied to
the waf erteg’é’&_ﬁ?é‘t‘ﬁeitg‘? P’_S‘?P‘g\”a ydet S\Ibg? F@?Btt?ﬁefe}}?ét%\geff%?’?&eﬁﬁtﬁﬁégﬁ% y. The
order of fpRk K3y be ?F]dis%drltg eﬂ?)éfwrsame shdd138 §@led®htheAian WaRim fBr

| ocat ed under eat ut are larger than the first set 156 and
ext end untheshestd 38y be thllyieated mhriadarlylis 8ondHet varbegating iGtEinguseel asubj ect to

d ilico h.fromthe | . f 1 .indicated b
o rove 1ematera) el e SToRf A RE of Bt d s Fu e b B RibE T nary  dual
chi ps. ThgelitWRigreB Sadlffontal HiheAihveldngthd BSkhiéiPtht heatdioN dsdihid Subsbhtiang

because the etching process is very directional, only silicon between the
| ower capwamsparepf. t he i ndi vi dual chips is etched away. The bond pads 158

and ot her expoggd part n.the. .y f: SUl L Ll i

over caps. ar o P BRareray R ERE bR Bt MRk lf b B nablEE |,
will 1ot #e cdaitpaefihddbytthereeéss 106 lahd el grobee HRPTRE mategid] ishdo sibstamiatlyi si on
of the second set of caps is only a necessity where a holl ow space_ is

requi r ed; squeezedsue of thesap betwegn g twe postienscldd % | 16y as infieated Byaeows14248; st

may be co t I r fage with a grid pattern to | eave areas
be%/vveen tﬁg&ghl:%gk%e%gggg%é)f%@ese%%etchi ng. go Thlrooughout t he

speci fi cati on, Asgfreviemtgemestionedgthé enodding eafes t0DEs102rue formed psingi cul ar |y
silicon sem conductors. |t iseto be under,stood .t hat_the invention is not

limted teonysauenaldishaesanhy ged deep sdlicon;aighingiephnignessThi AGHEEE PLHES RIREEShas
appl i gat i ﬁrﬂek)gn&ﬁ)l@o B 1R AGHHy U d 5 fesRBuRAITH 1 PR iVt BN siBEG P fersus

sem conductofs, such as those"based on galli1um arseni de sem conductors. 25
Wi | st t heesishistiypically betwetreshoutid® ¢ mnd ebowti160: Ipmquiringlaaesistghickegss ortagS00ENS
devices, it Is.to be.understoo hat the invention is.not limted to VENS
or Mook i ikl ot SRS RRCLA Riranitd T JesaBi Bl Uinkhcoulel ookl
bul k f abr hfgk editRal &meatiehs oflatoud!d Jzﬁ%aﬁﬁﬂ_@élﬁéﬁedt OsinB 8&pp&k, didct@dnibeathe art
that many obvious nodifications and variations may be nade to the

enbodi nenosXeray dithagsaphydhe¢ritioal dimsnsioneeay b raduced soreshihage mipion; Theythecope
of thg,inyenti 02/ 056 - ] . met hod
of apg?yi H&?‘?%Iﬁa‘t} gfal\{’\:gﬁ 5 ¥eec%%c§ﬁtt%t%§y %;Pﬁlrl%t‘g%{/mggg%@%? g@&?@% '?e"éa 1 evi ces
at the wak&far@ingdfe adjacenfeipiad6. Akdrustively a thig)aygr BIO dflengmivromsfthick hedyiteg a

plurality_of mcrofabricated devices; b) cErovi di ng 631 plurality of first
hol | ow nolcdEbetwaer thedqgtionsd 14 & 116:Ratwesn adjaceniiaps 430 dye to the ¥yiAtion iR ned

group of ‘Bﬁéﬂiﬁﬁ%ﬁte}{%%ﬁti%‘&&%@é’s%\g tg Pfa{ﬁﬂfa'&:ﬂiring‘r?dg}efaﬁ&s?‘.“d a perimeter wal |

extending*tromt perineter e he cen portion; 10 c) applying
the first caps Isishwt essental that the mold avaters st thetreleasaavaférd be ofadeoé wafer with

h | yi t 1 of devi . det 1,hed f
dovi 028 wstieohRlpEEHizegls o st ey B praeren Stinf pBbERTa e e o
bondi ng t Reticbh %&thi@ﬁ‘:eitgb&é?s. Oier Yt &lals #EmEthodLRaY BA hded if cﬁE%irB&flﬁgwé\ﬂéi,Qhe

i ndi vi dual packages. i i

_ 2. The nethod of claim 1l wherein the wafer is
separ at ed us;obsiimlai wiathuials tp thelsamicondyctar waters providesbattet pecgracy Scoaf er . 3.

The nethod of claim 1 further includi ng.applyi | weal ity d caps
to°a 20 sduBpraehaness e s et ed AuReokly ay Bed il kit mBBBEC, O
e). 4. Th@xen%n@eld&fsto@aaﬁa%rbvm@i@aagrmcwﬁcm it auditivn, theforend bot t om
of the wafer and nmaterial between caps is renoved by a deep plasnma_ etch

e
from BAe Bahricstion planhmayke wsed fospmduction ofdotbilie semicprduetor d[%mmrm thee waf er
has a fir %olajn%eapgggug' second side and for



each device or predeterm ned group of devices a first cap is applied on the
first side and a second cap is applied on the second side. 6. The nethod of
claim1l tep d) includes gluing the caps to the

mat eri al Wﬁzﬁfﬁaﬁmt hod of claim 1l wherein the materi al \(l)\g’f]%%ozéﬁg)sabsor bs
infrared radi ati on WO 02/ 056367 -14 RQL/ AUO2/ 00008 8. The nmethod of claim
1 wherein the material of the cap absorbs infrared radiation within the
wavel ength ra q q8 M 0Lwill R 8 bd Sthnel 6! al m
1 wherein stegggalﬁﬁjﬁcpﬁﬂs&aéﬁggﬁtp{l@&k@h@caﬁoagé\% t% n?rg%e 5 I‘adlgf’} | orsl .
The et hatatahereligspacd farttbe miaterinhte noaye int® dsdt rsmqudezedmta ftdme betwptmtheitwo

mat eri al . The nmethod of claim1l wherein the step of separating the

waf er i ntWalPRdi vi dual 10 packages i ncl udes separating the wafer into
packages each ﬂﬁc\!l‘l:c'vﬁmﬁl I Srofeliveddp@ 584 ib re@aﬁed&bqﬁnémh@mwer%mhe

met hod of claim1l erg%n thlgr caps altpe ] ol neB to each other by cap materi al
and t e vaidgeleass wafors ek 12®wbllstddawmgjﬁhalmqja‘mldgéstlllbyttadaﬁd)tn thguppsrh t he

cap materi b 15 ad t 3...Th
rref hod ofmg]:da ’\ﬁﬁ:é’? Lioqu H@aEélﬁé%‘gﬁE %a&lhgﬁe{\"@eeggl& 08’%"@,% d3p cfslﬁa?th eri al
and the C@ﬁeﬁa‘l‘ﬁé iease %Y@@ mg:lw 1209 mbaed ¥ thelaBRMEY 85 ag B imalovhble
renoved by nechani cal her mal meansag 20 14. The nethod of claim1l

wher ei n twmlstélptsmakbwjiforsrié)a & 0t aemeyahlerpeppendigylarie theiggnerakplanef thep
t | b 15. Th
ot hod of VEEE pesaGe BRESmRRLYEREIG s Ma A 4IRS B @B MRy Shrer 0. TEP

and 2fp t hPZOCEI‘Be PRisaYf thakleenwad EXetinlg pess againist iwaaterial 134 and sétep C) .
16. The method of claim 1l wherein the caps are joined to_each other by cap

mat eri al N theanatanialldddn pesitioneangauaventijtaaeving é%sW?rés Withdhelowst mold, e) .
30 17. A
central “w§1{ef %4 ﬁ[} erlz%hhgﬂi‘am &etg? gﬁgﬁglde or %gg{égﬁa gihd‘%nb%‘ﬁgégm -15

PCT/ AUOZ/ 00008The hever Déiecrsahna‘fmlllzo aowvanly corgactethed inmgeriahd§4 by pmstl% andsd r al
portion with the free end or ends f the perip erl'&l& wal | or wa s generally

lyi ng in Aishomneelatively gasy SORIONG the AELReISass a frgmyGoptact,w t he
arr ay1§‘a\’in%ntahﬁs RﬁoutEEh ddglugg the R £BH tﬁ@hﬁﬁér%bldmaférh@z Pk kaddhte the

caps I'n a conmon ane at a spacing to enable the array of caps to
be pl acedamhhaamﬁﬁﬂy 1srthdmd|tlnngccmf1ghmt1an showmin fagure 36 awith thetrestertid IBdes wit h

t he nout hs of S _contacti t he fer and each cap overlying part or
all of a PP °5|fu %Pé%ﬁis&%ﬁnﬂgﬁta%“%ﬁ&ﬁ 3‘? Tdevi ces. 18. The array of’

clai m 17 wher eiyhifshilMtRhéEdo 1A uppged nfold) tROSREDE34 8 ileAlsgBjetabiadteicN 19. The
array of claim17 wherein the materi al of the cap absorbs infrared

radi at i onpreferaily lan oxyges pheswmel asehy fiony baloje, tofrembytithe tigdayeml 4 ofamaigrials800 nm

20. T, ar r a of cla e I th
cont 127 oA R rsdisf L Thf R HaE SRR, G fheltas of bhe RS I8 SRE I’ 0F
one wal | gpeh@flm theckin0f there i@l tiieahateall Tﬁéletfchéd deardblyds shiown ih Higureal &1

and/ or the mcrofabricated device to defjne
The assembly is then placed over a wafer 144 having a number of chips formed on

the wafer. Each 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



correspondi ng channel therebetween. 22. The array of claim 21 wherein the
or each channel aligns with a correspondi ng 25 aperture extendi ng through

t he thickpe f _the wafer. 23. The array of claim21 wh i cap has
at Ieast%@%é;glé'?ture ext endi ng through the central portﬁ{)cﬁ[l oﬁ@y’r‘ggruni cate
a respective channel with the outside gqvironment. 30 24. The array of
claim17 wherein the caps are forned froma thernoplastic nmaterial. 25. The

array of ai 7 wher.ei n,the.caps e _joined t.0 C h p

mat o i a1 . OF SYBE B a5 5B BN AREASS 8 ab brasSel R R heBL Sl WRERT, 1 -
wher ei n tRBucaPT not ®{IRprevkngdd. @ material which will etch under an oxygen
pl asma etch but is substantially unaffected by an etch to renove wafer

material . . A Thewafer Add ismesyinag state whexs eagh AED Aspratcted Ayasdiscrete papEl 38~ 6
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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 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
substantially completely packaged prior to singulation.

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 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 microfabricated elements. A first set of protective
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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

10  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
surface within the outline of the lower caps are substantially unaffected by the etch and so

15  the chips 152 will not be damaged by the etch.

It will be appreciated that the provision of the second set of caps is only a necessity
where a hollow space is required; if a second set of caps is unnecessary or undesirable, a
resist may be coated onto the lower surface with a grid pattern to leave areas between the
chips exposed for deep etching.

20 Throughout the specification, reference is made to semiconductors and more
particularly silicon semiconductors. It is to be undeérstood that the invention is not limited to
‘use on semiconductors or silicon based semiconductors and has application to non
semiconductor devices and to non silicon based semiconductors, such as those based on
gallium 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.

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

30 spirit or scope of the invention.
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M X dE R3s 100/(100/&%1&)5 or a pré%&tegx%med group of devices, each cap having a central
portion and a perimeter wall extending from the perimeter edge of the
central portion,

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

d) bonding the first caps to the wafer; and
€) separating the wafer into individual packages.
15
2. - The method of claim 1 wherein the wafer is separated into individual packages by a

20

25

30

deep plasma etch of the wafer.

3. The method of claim 1 further including applying a plurality of second caps to a

second side of the wafer, before or after step c) but before step e).

4. The method of claim 1 wherein caps are applied to the top and bottom of the wafer

and material between caps is removed by a deep plasma etch from the bottom of the wafer.
5. The method 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 a

second cap is applied on the second side.

6. The method of claim 1 wherein step d) includes gluing the caps to the wafer

material.

7. The method of claim 1 wherein the material of the cap absorbs infrared radiation
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one side thereof.

12.  The method of claim 1 wherein the caps are joined to each other by cap material and
the wafer is separated into individual packages by removing both the cap material between

15 adjacent caps and the wafer material.

13.  The method of claim 1 wherein the caps are joined to each other by cap material and
the cap material between adjacent caps and the wafer material is removed by mechanical or

thermal means.

20
14.  The method of claim 1 wherein the caps are joined to each other by cap material and
the cap material between adjacent caps is removed by an oxygen plasma etch.
15.  The method of claim 1 wherein the caps are joined to each other by cap material and
25 the cap material between adjacent caps is removed prior to step c).

16.  The method of claim 1 wherein the caps are joined to each other by cap material and

the cap material between adjacent caps is removed at step €).

30 17.  Anarray of hollow molded caps, each of the caps including:

a central portion having a peripheral edge or edges; and
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c) at a spacing to enable the array 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

10 group of devices.
18.  The array of claim 17 wherein the material of the cap absorbs infrared radiation

19.  The array of claim 17 wherein the material of the cap absorbs infrared radiation

15 within the wavelength range of about 1000 nm to about 5000 nm.

20.  The array of claim 17 wherein each cap has at least one aperture in the central

portion.
20 21.  The array of claim 17 wherein each cap has at least one wall extending from the
central portion for bonding with the wafer and/or the microfabricated device to define a

corresponding channel therebetween.

22.  The array of claim 21 wherein the or each channel aligns with a corresponding
25 aperture extending through the thickness of the wafer.

23.  The array of claim 21 wherein each cap has at least one aperture extending through

the central portion to communicate a respective channel with the outside environment.
30 24.  The array of claim 17 wherein the caps are formed from a thermoplastic material.

25.  The array of claim 17 wherein the caps are joined to each other by cap material.
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