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PROTECTI VE CAPS AS MASKS AT A WAFER SCALE Technical Field This invention [fvfj
rel at es 6£“; I ding and application of protective capSpd9avozo0011 KU
m croel e tronlc senlconductor chips on a wafer scal e as oppose J

application on an individual chip basis. Mre particularly the |nvent|on
relates to an assenbly for the nol ding-&nd application of protective caps

to sem conductor chips incorporating Mcro Electro Mechani cal Systens

(MEMVB) . HOWRISE OFPROTECTIVESOAPS AS MASKS\EVEAMNAFER SCALE
Background Art Sem conductor chips are normally packaged in a protective

| ayer or layers to protect the chip and its wire bonds from at nospheric and
mechani cal danmage. EXisting packaging systens typically use epoxy molding
and t her nkhechniGalField create a solid protective |ayer around the chip. This

i's normallyc ried out o divi du ed to |lead frames
and so nust be IH?)I‘IB’ i eIIEIt‘?T“‘;IQ tII @gl%aq%ﬁpgﬂca 1RPt°iPﬁ°3?‘i(I’\)’8 “Rt'Rods of
packag Nomidi&distidnitaemidongadtby ctipabiLsl wakk adaldis cpposell 1o apphide@oR on arNd array
packages such as ball grid array (BGA) and pin grid array (PGA) packages.

Recent | y ingdivéquabehip baq@aM@rgumglcpmw)thmgemm@rr@bwstt@ arbéssgmb  forrthe analding
d out, at f f
o oo ol B bR B Rat 5 RS TR RS AR RS R o

thermal sMees@al Syserad(VEMS). Hb@ewr@ieemtrmlenwmﬁﬂmtwmm a solid piece
of material and so cannot be used for MEMS devices, since the MEMS device
woul d be #RPHGRDS. | noperabl e by the polymer materi aI Exi sti ng packagi ng
syst efp for MEMS devices include thematicall “;ages for

i ndi vidual devices, or use silicon or glass III“WW%IIWWIMIII ackagi ng, both of
whi ch ar eBb%Ik@rbuﬁWAI’l gh cost operation. Disc { of the Invention In
one broad formthe invention provides a nethod i nel'Udi ng: a) providing a

waf er havi ng aSeptmoquctoy chips arecnarimally packegsd ideprotesti Yeolayardr Byetstie prtect b)
I I t bst ant i al I hol | t f . sid f th
PP 13, et R oS B RS e, il

or all Of J@Ierﬂs& Eal@ﬂﬁe epdiy Iﬁafdﬂﬁgci’:ﬁ@\er&aPsﬁHn‘gue%f&@éQolm froteétaRnayent ed

devi ce and where g the periphery of each cap is renote fromthe periphery

of anld adprguedthechip: This inpprmally gasied oyt omindeviduatly dicedshinsdonpdaddp 1gadom t he

first sid t fer
mt or i o FAPSYEd ol B BEde ShfFulgs B SR Hehfiiys nhoias O pldliglle’ BT
separ at e {hghide heficticall psvaledtrhetalf dricefante ﬁﬁzkhgest &l dndytpackspesisuchfas bhle graf er .
Caps may be applied to both sides of the wafer A first pl urallt@of caps

may be apPERE@Gd) andoinghd avwfod%Abvackaﬁs%ﬁCémhawafeaS%aé%magsv& PPy of
caps rmay pg‘s %B‘Red'tgge g&d[ ’E’ﬁlstlé)garﬁé(?Sut%ft tHeFariied; Cbe 6 hre #éﬂm@Ie%l” vi ew,
each 10 o secon urality of caps overlays or p one or nore

m cr o2@&br ﬂ‘haumfdmldmgand Gimingepimigues sbbge‘;tmtheemhfeldgémﬂemed;anwal dndn | ayer of
mat eri al extendi ng bet n the peri her t when t he caps
e appl | D) stiibendn Bidiion e P eietsNeant oS Faset i Rrp i s nalgFad st o,

llayer of ggingt b@Ise@féﬁaEMwaaeéeyegﬂcetth@ms RBeIcY wohlEBin&dred H8p &atﬂé, the
thin | ayer may be renoved by an oxi;gen pl asma etch 15 after step b) and

prior to by&pnﬂ}m@ﬂnmn@@@smmpag aging systensianMEMS deyioesdnaludthows a pri or

Chove o csgueiedb{ieRa Biekafi ot iy SR\ aE WS R SHE O Ror EPOFRafer ole 2" g e

1 met Y®d. packaging, both of which are relatively high cost operation.
RO
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Disclosure of the Invention
In one broad form the invention provides a method including:
a) providing a wafer having a plurality of microfabricated devices formed
30 thereon;
b) applying a plurality of substantially hollow caps to a first side of the wafer,

the caps positioned such that, in plan view, each cap overlays part or all of at least one




Figure 3 shows a cross section of a prior art packaging of a MEMS devi ce.
Figure 4 shows a cross section through a MEMS devi ce packaged according to
the inveqt| Figure 5 shows a possible device for f ! ed caps;
Fi gure GWS (gi\?\'g(’%gt hod of applying caps fornmed using the gieév)i:/ggozg@b?i gure b5a
to a silicon wafer; Figure 7 shows the wafer and caps of figure 6 bonded
toget her Figure 8 synbolically shows a-fethod for applying nolded caps to a
silicon wafer 30 according to the invention; Figure 9 shows the wafer and
caps of f hgsofabfichieddsdcd adeiieeeby the gershetofdackvsamis rempiedetenltherpesiphery
sectional view of a device for form ng the protective caps. WO 02/ 0563G5
PCT/ Auo210banyiadiasertic@dy e 11 shows an expl oded perspective view of the
device of figu 10 L i oV ks ice
of i gure 10°aP) t ho RARE bfe SEmEROYEG S RARarpEirh Al B ard I Y o
figure 10sidttestchaway sdedsasorhie of theavhfammatprial hetvefen tiee feripherissi afeaidfcaphte nol d
is released fromthe aother side. Figure 13a shows an expanded vi ew of part
of fi g%reSfiR?.rat‘F'Fhﬁl)YagerﬂtosgﬁB%teémﬂér spective view of the figure 10 device

correspondi ng biurbiaBiyisk, fiy sifib AHE baRord ARDY hetlaee. sectional side view of

t he device "after on e no 10 been partially renoved. Figure 16
shows a cross €aptmenht applitd to beth sidestofithedeatece after one of the nol ds has

been fully rempvegd, Figure. 17 sho a cros ectiongl side view.of th

devi ce under g%sbﬂl“ ‘&hc.’f %P@W‘@@PB‘P&S\?&Q%%&S‘N&@ Sl§%8ﬂh8r’f%ﬁ¥er§f‘8@ SR of
the devi C%hﬁ&lhgrof B SRS UeNPpBE & 0B topldddbaHE Frafed. BBRYbIV if pRA Yiews ehdipnal
side view of the devicé at Phe commencenent of application to a wafer and

renovil obf thesesandaitakitylof caps eerleyod] et #ne poBWrs@icrpahEsated dRvicgp.ew of

f f ljcatj f i I . i onal
o v ew of o DEnEEHPS: Rinst pRR by athiliAf: SRRt BiibeTe . )
shows a c;p@ﬁﬁh@f@fé@neftmiod whevthefcaps @ kppliedito theowgfer.appl i ed to bot h

or

si des, be e singulation of the wafer. Best_ Mbdde of _qur ialg out the
I nventi on Ref eWhetgthesaps gadeiged togsthenby & thinlayer ofifagterial sxicnding betwash fsy of

e conduaPHP P e of HRaRE (R ALEHHEL b R 407 ph S SRRl 1)

f or med5t hetet stefbicand priofito stepo). yner material 16 is injected into the
cavities 14. The polymer material sets to formsolid protective caps 18.
The wafer is then singulated using a wafer saw. This technique is not

appl i cabl . fer i jces formed thereon as the liquid

pol ymer n&'@ﬁ%ﬁ%’ﬁ?‘@ﬁmﬂﬂﬁébgwm devices and stop them from

wor ki ng. Fi gur giuré DQKGwd D Briby £ RRtholI0f Brniig ploRevé eupR on@emoadestér Ng MEMS
devices. The MENS chip 20 1 ncluding the MEMS devi ces 24, shown

synbol i calchips. i s bonded to a silicon wafer 26. This may be carried out at

the i 58' vi dual l«clgtilrg 2%5@»9? a &ros?geciigﬁ OWQEJS& at Eﬂzﬁaging made according to the figure
1 method.

Figure 3 shows a cross section of a prior art packaging of a MEMS device.

Figure 4 shows a cross section through a MEMS device packaged according to the
invention.
25 Figure 5 shows a possible device for forming molded caps;
Figure 6 shows method of applying caps formed using the device of figure 5ato a
silicon wafer;
Figure 7 shows the wafer and caps of figure 6 bonded together
Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
30 according to the invention;
Figure 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.



WO 02/ OSG36l -4 PCT/ AU02100011 The wafer 26 is typically etched using a
crystal | ographic anisotropic etch using an etchant such as KOH to forma
series o s 28 which correspond to the | ocations

devi ces. %gﬁ(\%ﬁa?@rs 26 are carefully aligned with the NE%IBC%E‘%%Q@ and
bonded thereto. Wile this can be an effective nmeans of packagi ng MEMS
devices, it is expensive 5 as it requirds an extra silicon (or sonetines
gl ass) wafer, which nmust be etched to formthe cavities. Figure 4 shows a
MEMS waf er 30 Figuierid showh as expieddd pezspectiveedew oé theatevicd ofifighreiOpr ot ect i ve

cap 34 of thernoplastic material nmade and_bonded to_the fer 30 according
to the inventiElﬂuieslzpﬁhéwaét}’sﬁFC&?nﬁld’l?"&Pfﬁ%ﬁdﬁ%‘&ﬁ&ﬁf‘%‘&’? lﬁlaﬁ&t?‘ﬁt nmospheric 10
protectiv, j MEMS devi ces. The cap 34 forns a cavity 36 with
t he waf er(“%tngﬂélﬁe%{v?/n{%em "devices) to operate. The use of nol ded

t her nopl ast i ¢ Righteodd shaws thefdeeics of figureddsifter hioldinghasfirastiediangd jusobefoensi ve
packagi ng. However, copventi on?l tﬁch%guigs do not provide the required
accur Zcy FKFI¢hefthamold isgelpased fnomythe OET FI9F- ni cro fabricated devices. 15
Figures 5 to 7 j A ing a sem conductor

waf er 40 havi ng%g%#u%ggéiérp%@gﬁps 4%“?1?1)?#2{%%%% cated devices 44, shown
symbol i cal | y, Fignreeld showsa perspentive ypsay obthe figure Usdevite carresppndihg tafiguigs i s

f ormed usi£g conventional injection nolding nmethods and steel nold tools 50
& 52. The*taps are supported on a sprule 54 at the same nom nal 20 spacing
as the groups Furedss dhdwk RicossBadieHalWidd vidl TP e deMedafterdné df BRImbIs has

m sal i gnnment wi th resulting destruction of MEMS devices, as shown in figure
20. 119 filbpengagtipllymemeyrgy. 48a has been aligned correctly with its group of

Spaci ng of ¢ hot BB L Tbg seiekes SRR VAR R ol EvERRAe: Snef R SpIbAD

not dest rpaendily ffmdvee. MEMS devices of its respective group 42b. 25
However, the caps 44c & d are sufficiently m saligned that, the perineter
wal |'s of the cHiggreolkshody agress sectiopplsids view of thendsVice wndegoing an gicdy r oy ng
their functionglj L L.sal.d . dszgpé of
actors, incl ud?%}éldﬁ%@béﬁﬁ %?S%(ﬂfé?%a deg\?gxg%gﬂ%en%ﬁc@? ﬁé}%ﬁm (13 teérsrll'al
conpared to thPigard 1Tshowsafcesss setional sidedviey of thet devicont thedommepoeraertof and
the |l ack of —machi nery designed for. accurafe alignment and 30 bondi ng of

pol yrer s @Rplwam@r@m\gffﬁ@mdﬁs@ml@émﬁ%@ﬁm_ olution is to use tools which
have the sane gRahd SELpis sfodREliFR SHPRERIRE vifer difer WiHiRRorPHe Bdps.
silicon and figures 8 & 9 synbolically show a technique using a silicon
tool 60 to hol Higare 21 stmwsafcrosssectimphlbside viswodipsei& ofshipsaftergirgwationmdnded
to the sili co% WO 02/ OSG3GG PCT/ AUO2/ 00011 -5~ wafer 40. Since the tool
60 is f or &Y Pt he same material as the wafer 40, changes in tenperature
will gpt resul Fidufe SHHWR% dréssdbdtNEERde vie%famemmafshp?mna voth Wi | |
change by t he sanme anount as the spacing of the groups 42 of MEMS devices
44. Thus, sides befasnsingulatiomofdhe wafer.caps wi || be correctly aligned, as shown
in figure 9. Additionally there is 5 nuch experience in working silicon to
the required accuracy. Figures 10 to 16 schematically show a first system
for creat gysta0e iarevine 6GYe aeehtion caps to wafers, preferably

sem conduct ort(rj]\‘/eaf(%?g{.= q:dl?a]rg 10 shows a nolding system 100 for formng the
hol | ow pr ot ect Referring® figuresnl and 2 thgrerie showvaipabr anh emdies dokming hrodekise

devi ¢ or any other mcro fabricatged 1 evi ce. .The noldi stem 100
el 1ds B G erEGIHPEI oRG Ve sca & yeindiape ot 30 BRaN
processedabghdtQ rﬁ&a\mfa'vmg%vi#iest NOrRABRE ¥hetdit L Aqid poB/ibr HabdHaA U6 is

techniques”"to have a series of recesses 106 in its |Iower surface 108. The
| oner waf énjectiedintathetvavities14ilha polymer owgerind sets to fomtsolid protgstive capsrliBace 110

-has a seri,es of. grgoves 112 which ' D .eces 6. The
recesses ;[%% “é?rﬁffq& ﬁﬁ&&%‘l‘%@ ugw% asx?%fglg%’;ﬁqsﬁg%ﬁﬁg q%f’éte %Egcaﬁ"e %ﬁgaff/\érgf er to
be processepng MEMBRRRcedformel HRESONGR HHESRAA §blNthet thatdhial wiPaaious@dm Nng on

*the wafer. In the enbodi ment shown the protective caps are designed for a
MEVS 30ikj MEMS devices and stop them from working,.

Figure 3 shows the present prior art technique for protecting MEMS devices. The
MEMS chip 20 including the MEMS devices 24, shown symbolically, is bonded to a

silicon wafer 26. This may be carried out at the individual chip stage or at the wafer stage.




printhead and so are very long relative to their width in plan view The
recesses are rectangul ar, although the ends of the recesses are not shown.
The ends rooves 112 are not shown but it is to b d that
the gr 00\‘/@20{1&1&;36% each side of each recess are 20 in fagﬁé‘fgggazg@g@ve whi ch
has a rectangul ar shape in plan view. The grooves 112 for adjacent caps
define a portion 114 of material which-KHas not been etched. Simlarly

adj acent recesses 106 define a portion 116 of material which has not been
et ched. ThRswafeplbiionypically srhedt usidg ddrgst&lldgtfphad anjsotvapidetelmosinpametchantd when
the two wafers_are pressed _to%ﬁt her, the ,tﬂo waf erg ctglgtlac. eacfh ot her at

t hese por 84cBris KOH teformea sepiss phecesies 28 Whigh seurespead Hulbf 1ReHmSPIdRe ¢ hat t he

groove 11 L t i [ BN i and
Pho eces Sy cpife? The RS 2f i caRrRPulgmefvhi iy MIEVSRRE Ma@ToRI BT, o
not essenthesdto.tWhile thiwecanbechnvedfeeti e medng of patkagingdIEME deviees, ihdsiexpertsidee not
been etched, Nor is it essentjal that the central,. orti@%g@?gﬁft&%&hby a
recessdi nabitFSAUYRSAMGTHER SHCON(OF pRIRetiniRs glss) Walek WRiT pus 2 |
groove or c%@g(ﬁss in only one nold. The effective split |ine between the

e

nol ds may ocated at any position desired and need not be planar.
However, pl anaFiguye 4shawea MHENS waferd0kavingsysacesaVIEMS B2 forimed thesgomi dat i on of

t he nol ds WO 02/ 0OSG36G, - 6,,PCT/ AU02/ 00011 The assenhl 0 i ncl udes
an upper P%III%Q’@?WWE]C@%?‘}ﬁgﬂ‘gmﬁpi%%ﬁwg?q}&ﬁgf? aPéﬁ%’éEég){%gheg]v%%t fer 120.
These uppgécopdiflg tPIB invedtiBRESHrvRbied so At6 forn & fROhMA¢E bd Wiiosphdiiave been
processed utilizing conventional I|thograph¥ and deep silicon etchin

. . ) C g
t echnilguepratestive barrigr fasrthe MENVIS devieess Ehpeapsd4fopms agavipy36¢ with et wafertp. The
upper and r . & 104 are formed with correspondi ng hol es
126 & 1284}@\&\@&%@\1}@ ?g\k/ﬁﬁk&ér@g@e\?e the pins 122 & 124. The upper hol es

126 are | ocat edhgasesfanbidet tvsnopladiiz hotlowarapooffarsitie pissidiith of proexlingl 06
whil st the lower holes 128 are |ocated in tEe, grogves 112. However .t he
| ocati on dfexpensivecagkaging Haveven gonentional techuigiey donetpreyide the seapired ey nmy

be pl aced 7 f i; J F%lrﬁ . 10 The rel ease

pi ns 122 g@%@%@é@mﬁgﬁaﬁh% @%bg?&(%:gtﬁot e g%g?%ﬂg?s'the correspondi ng
hol es.15When t hFiguress erlishosf a ptesibie teshni@i: fak papkagingh semécondutor eafds4®f t he
hol es 126, there is a gap 130 between the er | d wafer .102_and th
upper rel @ﬂ%‘@g\ﬁé‘%ﬁ’e&‘i IOpp$ g%?@“’@%’%ﬁ???éﬁw{{' S@n%wwﬂ}bﬂ@%“émﬂ?mﬁ‘?ns
124 s t henRiapgel Surkdbetgness of the |ower nold wafer 104. However the

| ength of the pins 124 may be greater than the 15 ~ thickness of the wafer
or it may be | dusarrapfeficapsus isdomed usingtdosveitiopallipieciien melding methodhandraxi mum

t hi ckness of . the | o 104 it needs .to be great th ept h of
the hol es SEsEMO .t891vs\§p #\gggﬁhet(ﬁlgs Fgéﬂ%oééfliﬂncaksﬁ sgggfg{hﬁgaﬁ/ﬁé}?ﬁ‘fg4_ at the
grooves) 1ldacidg'ss the pRiup¥ab eUsing s Mbitod AR arr@ospﬁﬁaaﬁamgwdwomsanigsmams 124
part way inserted in the holes 128 but not extendi ng beyond the holes 128

into the gvioweswting destimgtion ehMEMS devices, asshowaan figure20. £Qthe caphe pins
124 preferah { i th t . o f
2" subst antoants Bash HlEnddecfoclt Vi ¥ ehohs MBBRS oiiods A3 MO e ho Bpacifl | 01

and r el eagptwéhehscdps isgeater Hah the spachmsofthe lgadupt ke thgapap 4830s aotchligded ar e of

the order of 10 to 100 mcrons in thickness. However this is not.critical.
e ol omeainba: deanst sy arvaiine VOIS deviber hiinsetenv s PIes ot chi ag

rat herp25 ﬂ&\f{%ﬁ&ﬁ&&gg%ﬁ?gﬂg é&s%iuféfie?:iév?\xlgl?l‘ilﬁsi?ﬁigﬁeé ER® iR eriftiofd? wahe SE the@Epi NY

produces scall opi ng such as the side wails of the pin
and cap r enedsesne dimeorsad thedIEMS devices 44 hdestreying sheivfunetinnalityl ds from t he

| ded materi al ifficult, | i i ni.C_etch
fesults in mucHTnNBRIAUENEER:faR bt el gt minlier of aofgis e iR dlftetaitidl oy 134
*of ther mophasidl ExfRbiBhioRheXpralb tateridDébrkhr&DO tht ilietis whfer,idoh éigidgsofitle 30

pl aced between the two wafers 102 & 104 and the assenbly is placed in a
convent i orabldedtempdnentsi ang theatabk amachingiy designeddor sguratealignmsnt ands r om

*El ectrgpic,_Visions oup. of Shar di i WO 02/ 0563G6
PCT/ A /E)Wfﬂ‘gﬁ%ém&%eé V@?W@ﬁgﬁsg%ﬁl{?h%r‘essed together in the nachine
but it will be gReRmA6H & tothsk fovlls Which IVedthuvedme soeffiietteof uliagmel dxpansioh each

other to deformthe thernoplastic sheet by applying an above anbi e.i]t
pressure tthewatergush ag sidicen angbfigures 8 & 9 symbolically show a technique using a silicon

tool 60 to hold an array of thermoplastics caps 60 as the caps are bonded to the silicon




Al ternatively other neans may be used. 5 The sheet 134 may be heated by
conduction but is preferably heated by radiation and preferably by using

i nfrared ilakion, as indicated by arrows 136 in figure i nation
of condug{@@é@g&r{'ﬁ radi ant heating nay be used. The nold aﬂ%ﬁ@?@g?g waf er s
102 &104 and 118 & 120 respectively are fornmed of silicon, which is
substantially transparent to infrared I'i5ght of a wavelength in the range of
about 1000 nmto about 5000 10 nm The nmaterial 134 chosen either

i ntrinsi cehfey 46.Bincetbe toad 160 isddrhed of thiesame wetariad ahtheavafer 4); changdoined so as

to absorb light within this. wavel ength range, |If the teri 134 does not
intrinsi cl r%ﬁﬁ&‘ﬁ“ﬁ}{eﬁ?lil mﬂf@g‘?sdﬂég,gmaﬂgﬁ?émcé“%%%gﬁfaﬁszéo"‘%‘ BEPE%I ack”
{anmor phou 1 i Gl i MNIE V X hs.

Q her sui tﬁ}é eS 28{31%? gd %gégb%%}!sg?g.tﬁ‘%%@%js%eet 1\%5116‘??%342%5%' glig?ﬁ ween t he
two nol d herfdedsalbofdhesamssdtl heccormetttnaligied,iagishown irsfigure Oabdditinnallyl thergtih, as -

indicated by arrows 136. The infrared radiation is preferably supplied from
bot h 2‘7;de§1“%]? CXBRICHEH BLOTRE Selh@ngﬂﬁkﬁfei% AECHPBYi de symmetrical heating,

but this is nokiazq0itbab sasndtitaly sHoved Akt SREINR Fdr@Rediy aﬁ@a@]ﬁﬂh heHowr om
only one side. Because the silicon wafers are transparent to the infrared

radi at i onprotéeéive pansde sdfersdireficrably emigidyetsr Waketugh the wafers and i s

b bed by thg. sh 34. ' ' th | d
vefers may ¢ heriebe T aBhldls A 0P HE AR R Aok FRERE e | ¢ T
be press edhdvﬂgﬁtﬁ%lfe PRiblich mhyBe a8edavitiBEEMS dbdtdidrhagoter idrbabriched
V\ﬁltlg@ for the sheet 134 to be fully heated, particularly if conductive

heati b i devies. The madding system #AP dngludes vo aiticomwatess 19280 s Thesuperwater ng of
Eo Sheet . . com s oSt g
unver ongt AL i Bk BfocBfR BURY ity diton iBlGBEIPROARY Bed ittt RotiaRig)

pr ocessedtd ave awafiey oftrecedsasd Ofen lits hewdrserfaledO8. Thellomer wafaid (4 has hder shape
of the cavjty defined by the recess 106 d the . grqove 11 The terial is
o1 50 Sube P eSSt 484) 5 PP AR B BCRE LA R B GE 114 &
116, as 'thce%gfssofqﬂe ﬁ:rcéé%&@ldéh h\e@eci%gs_eﬁ '1@5151’f?d Jrd8vest10 210 frd e HeRRiPfiz& aPs

138 As previou ment i oned, the nolding wafers 102 & 102 are fornmed using

convei$i onéthelwaférag baphycessed adegpesi dticenters edbuespogding ¢t Hiegepsat sprhimgadcur acy
of this process is dependant op the |ithaography and.the resi sed.. The
etch sel edli \wf%,lhbﬂiegﬁﬁ]oggﬂﬂ}}éﬂgﬁg the RAgseebre B%@S%Eﬂflﬂl{igf ﬁ\mg@? resi st
I's typi calgiyiiHagd NRED R0k 148 felAive 1é BRI widBQh blan' BeW! The@caysésané St

t hi ckness"for a 500 umthick etch of between about 15 umand 4 um

respect i vetomangukar,rafthaughothe gnds ofithe rasrises arg natshiowne The pads| of ghengraeyesdd 2 of
around 2 um can, be achjeved, in r (o) -

lithogr apﬁf/e ?938“%‘?‘?? L tglgﬁeug?rgtﬁgéghgg&gﬁ oroélgégg%gtt%cﬁg@gof an rEaC%ﬁ‘ls TFon.
Thus pbe 9n faRt 61d @bovie3éhidh had e retungalaeshapelin plah &iewy from bet ween the

portions 114 & 116, totally separating the adjacent caps 136. Alternatively
a thin layer 14begpaves Lt adagent capsedefife aportign 4 qfé?%ter!fiﬁbé%waﬁ et

portions %5% | C . . i I
position (J)D%' é} %8ﬂ$1dgﬁgﬁv s&%ﬁ%g& ?eﬁpo%eﬁg?%?g%to&?ilﬁ?%ﬁgferedragﬁvggg .hla??()ti S
not essentheed ettheak Thése pootichsved fneateriabl 14 &el Lballign sdatheathk otheb endrabien the two
sem conductqor materials or that they, be processed usi convent.i.ona

| i t hogr apHYP1E GreREgsse fasethsh t@?E’FﬁW eFf’éiDH@ﬁfs‘?a.cﬁfﬂl?Fa %rﬁoéﬁ‘@sa}r]lg%hi}%ods
may besused if 19@%ibeGrfadde WBVEbeentciihed 36 thaf theighodvarl 1086Ethe phidméter fRe
sem conductor wafers provides better accuracy since tenperature changes

have | ess cepissaitin tig ower wafardiOdpng therdcede 894 for thecesntral povtienyisratliin euppre
wel | understfooﬁzand provi de the degree of accuracy required. In addition,
the one 15"¢%bri“cati on pl ant may be used for production of both the
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pl ane of the 25 wafers. Accordingly, the lower nold wafer 104 is drawn
downwards to the rel ease wafer 120. The pins 124 of the rel ease wafer 120
firmy press against the material 134 and so retain the material 134 in
position and prevent it noving downwards with the | ower nold wafer 124. The
configuration of the assenbly 100 after this stage is shown in figure 15.




The | ower rel ease wafer 120 now only contacts the material 134 by pins 124
and so 30 it is nowrelatively easy to renove the | ower rel ease wafer 120
from con i the material 134 wi thout dislodging th J fromthe
upper m@é&é&éﬁloz This is done and the assenbly is tﬁ%@%ﬁﬁi{@gu
configuration shown in figure 16, with the material 134 exposed for further
processing and attachment to a wafer. -&AD 02/05636G PCT/ AUO2/ 00011 -9
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Figure 22 shows a technique for providing protective caps for both the
upper and PhardingAstiifces. 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 nore 15 MEMS devices 152 and optionally other mcro
fabricated elenents. A first set of protective caps 156 have been fornmed on
t he upper surface 154 as per the techniques of the invention previously
descri bed. The bond pads 158 of the individual chips 153 are on the upper
surface 154 and are not covered by the protective caps 156. A second set of
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The wafer 150 is then subject to a deep silicon etch fromthe |ower surface
of the 25 wafer as indicated by arrows 164, rather than fromthe upper

surface, w, 2@&9% gzate the individual chips. The |ower capspdfRuédiisriact as a
mask to the bon pads 158 and because the etching process is very

directional, only silicon between the | ower caps 160 of the individual
chips is etched away. The bond pads 158 7and ot her exposed parts on the
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of the wafer. 15 3. The method of claiml1l vvhereln caps are applied to both
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20  passes through the wafers and is absorbed by the sheet 134. After heating to.a suitable

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

25  electromagnetic radiation at other wavelengths to which the material used is substantially
transparent.

When processed in a wafer bonding machine the sheet 134 is molded to the shape of
the cavity defined by the recess 106 and the groove 112. The materjal is also substantially
squeezed out of the gap between the two portions 114 & 116, as indicated by arrows 142 in

30 figure 13a, to form a series of caps 138

As previously mentioned, the molding wafers 102 & 102 are formed using

conventional lithography and deep silicon etching techniques. The accuracy of this process

is dependant on the lithography and the resist used. The etch selectivity of silicon versus



20 5. The nethod of claim1l wherein a first plurality of caps are applied
to the bottomside of the wafer and a second plurality of caps are applied
to the t (?2/0(15 f the wafer and, wherein, in plan view, Soohfl€ second
pl urallty(b :ﬁ overlays all or part of one or nore mcr a%rlcated
devices; and, 25 in plan view, each of the first plurality of caps cover
the correspondi ng second cap. 6. The me8hod of claim1 wherein the caps are
joined together by a thin layer of nmaterial extending between the periphery
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j oi ned toget her thin | ayer _of materi al ext endi bet ween the peri pher
of each d#mtthéké@gé;)féﬁwe@hébqlﬁllﬁﬂlna%qf“#@ﬁeﬁ?ﬁ%#’dyﬂ& 3 SRR OT BY ygtchy

a;\ t i; ,SA::] SIB%%) 5@{1%5 9&2&}30593?5‘@"5\? M gan 'ﬁ’ ac}ncved Usmggstcf__pj)ers electron beam
| wr mhc” Y] sraf e Ktabgrapieythe atitedl dﬂilmlmld]mb] mlpceﬂ]toaf]ssamﬂnczathmm] dhpe Hiecal] ca

U] ca] ca] cal ca] c ca] ca] ca] ca

ZG G Vgl gBptRTiakd %salyecsayeeé]eéa]l@]a lé[]fé%]l gat]“@a'} theortigns 114 8% L18-¢otpll%) ca) ca) ¢

ajJ ca] caj] ¢ W\QQ
{vql gb] X] %k%%a Ilggiegdg% ca cg%sgg% %}ltga aglg ]q@g]qcae] cal cg(] ?:bé’]“f:%]n?:‘%’i"é‘fﬁhé%li caj ca
:J] ca] cal Cm]a. b teﬁl] ivean)| thapatipna] Bh& 116 between adjacent caps 136 due to the variation
L # r** o ch
ca] ca] ca] ’é‘eﬂ"@‘a‘]" gﬁ g!ﬂ%fi‘}‘%é% é‘l?atfdﬁa]“clgﬁcc‘g]“@é]’lg%ﬁsa]ﬂc L]C 21;1]0 21;1]0 21;1]0 21;1]0 21;1]0 21;1
] ca] ca! .. N OaOf Qnib:QQn AN ARA I RSmY Rbwafers GRS RIS wafeishe made of

; | wr ngb] X] ca] ca] cal] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]c
a] ca] x| csgnuiadrehutoa biateaiatsadr lagydw! processed using conventional lithography and deep

c <b<=>x>>/.27?7? EREVEe H
] ca] ca] cafib&it %ﬁ%}%ﬁ]@m @E TORREUPE 3]@%] W gfd & lb}évcr: g%]f f% flglvfgga]c@]ﬁ]c g]a]cg
a] ca] ca! { heb@fislMrdiNasebXATORBERSeicddcidoxéafeth plovides better accuracy since

\ * AN\ | b
o ol ool e b v e zqaag@g;z;&a;n%a Slialalalsasaen ool

T apa%bécc e Wi ca] cal] ca
] ca] ca] cafgquﬁf %F %anh @e{zit? Iafglla ]‘g:g]th%a %qﬁg 311 ‘ngfﬂ] c!a] c!al
P11 +15] ] fabliéktkdn. p 1hﬂt|riiﬁ37ﬂﬁm§6d)for roduction of both the senuconductor dev1ces and the
0000Kpp} xsn| wr n‘nc"XU] cal ca] ca] ca] ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca] ca
](;:a] (1:8!’/&3 o g&]‘ﬂﬁ‘] ( -ca] ca] ca] ca] ca] ca] ca] cai K-' 10%Z& ()-110%Z& () -, 10%Z&

S +
10078 () + n]&@% a],? é% %&(t)tlz{fb%%oéﬁ&v/z&éf}fs 1021 T@@w)ﬂiﬁe?@l&o(b@]gl%%@?&lg )Z

that there is space for the material to move into as it is squeezed out from between the two
10928 ()-S9109%Z& () - 7gL0%Z&’ () - ! ni 10%h& () - +! Dpnt 1096~ & () - +! nt 109ZZ&’ () - +
IggFiYW Wﬂfgﬁ/@& ()- mLOYG& ()-4"109%6G& ()-! s10%6& () - 10%G&' () - s10%65& () -
wa dE 0 réthovel Q¥ ESwér) mold

T0oE ) - 3 L0 (e e () Ty 100 (o O ()
109638 () - aBd eekgage (vV)ifefSS!LQ)b/@&'z@)WMbUEWg fhegwaterial 134 still attached to the upper

" 0% (1 Xt 19906) & SEARATH obbied f MO ek ot REIBRaka -

wafers. The release wafers 118 & 120 are mounted in the assembly so as to be immovable

whilst the mold wafers 102 & 104 are movable perpendicular to the general plane of the
25  wafers. Accofdingly, the lower mold wafer 104 is drawn downwards to the release wafer
120. The pins 124 of the release wafer 120 firmly press against the material 134 and so
retain the material 134 in position and prevent it moving downwards with the lower mold
wafer 124. The configuration of the assembly 100 after this stage is shown in figure 15.
The lower release wafer 120 now only contacts the material 134 by pins 124 and so
30 it is now relatively easy to remove the lower release wafer 120 from contact with the
material 134 without dislodging the material from the upper mold wafer 102. This is done
and the assembly is then in the configuration shown in figure 16, with the material 134

exposed for further processing and attachment to a wafer.
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greater in thickness of the rest of the material. The etched assembly is shown in figure 18.

5 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
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

10  devices, other micro fabricated devices, passive electronic elements or conventional
semiconductor devices. |
The assembly is removed from the wafer bonding machine and a vacuum is then
applied to the upper gap 130 so as to draw the upper mold wafer 102 up toward the upper
release wafer 118. Similar to the release of the lower mold wafer, the caps 138 are held in
15  place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment
of any of the caps from the wafer due to the act of removing the upper mold wafer is
reduced, if not totally prevented. _
The wafer 144 is now in a state where each chip is protected by a discrete cap 138.
The wafer can then be singulated into individual die. If the chips are arranged in a regular
20  array, the conventional methods of wafer singulation — sawing or scribing may be used.
However, if the separation lines between chips are not regular or if the chips are too fragile
-for sawing or scribing, deep reactive ion etching (DRIE) may be used to singulate the
wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the
wafer already required through wafer deep etching, as is the case with an increasing number
25 of MEMS devices. If etching is used, the wafer 144 is next subject to a deep silicon etch in
an etching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
Silicon Etch machine, to separate the wafer 144 into individual packages. This etch is
carried out at a rate of about 2 to 5 microns per minute and may be applied from either the
" cap side of the wafer or the bottom side of the wafer. The etch is highly anisotropic
30 (directional) so there is relatively little etching of silicon sideways of the direction of the
etch. If the etch is applied from the caps side, the caps 138 act as masks and only the silicon
material between the caps is etched. The etching continues until all the silicon material

between individual chips is removed, thereby separating the chips 148 for subsequent
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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
10 the etch. By providing both upper and lower caps at the wafer stage, each chip is
substantially completely packaged prior to singulation.
Figure 22 shows a technique for providing protective caps for both the upper and
lower surfaces. The figure shows a wafer 150 upon which have been formed a series of
- MEMS device chips 153 on an upper surface 154. Each chip 153 includes one or more
15 MEMS devices 152 and optionally other micro fabricated elements. A first set of protective
caps 156 have been formed on the upper surface 154 as per the techniques of the invention
previously described. The bond pads 158 of the individual chips 153 are on the upper
surface 154 and are not covered by the protective caps 156. A second set of protective caps
160 have been formed on the lower surface 162 of the wafer as per the techniques of the
20 invention previously described. The first and second sets of protective caps may be applied
to the wafer sequentially or may be applied to the wafer simultaneously. The order of
application is not important. The second set of caps 160 are located under each chip 153 but
are larger than the first set 156 and extend under and beyond the bond pads 158.
The wafer 150 is then subject to a deep silicon etch from the lower surface of the
25  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
30 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
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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
10  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

gpirit or scope of the invention.
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10 c) applying one or more etches to the wafer from the first side toward

the other side to etch away at least some of the material between the peripheries of

said caps to separate the wafer into separate units.

2. The method of claim 1 wherein the first side is the bottom side of the wafer.
15
3. The method of claim 1 wherein caps are applied to both sides of the wafer
4, The method of claim 1 wherein a first plurality of caps are applied to the bottom
side of the wafer and a second plurality of caps are applied to the top side of the wafer.
20
5. The method of claim 1 wherein a first plurality of caps are applied to the bottom
side of the wafer and a second plurality of caps are applied to the top side of the wafer and,
wherein, in plan view, each of the second plurality of caps overlays all or
part of one or more microfabricated devices; and,
25 in plan view, each of the first plurality of caps cover the corresponding
second cap.
6. The method of claim 1 wherein the caps are joined together by a thin layer of
material extending between the periphery of each of the caps.
30

7. The method of claim 1 wherein the caps are joined together by a thin layer of
material extending between the petiphery of each of the caps and the thin layer is removed

by an oxygen plasma etch after step b) and prior to step ).



