;e3e$76: Tet F~3 WO 02/ (1;(3(U,...... TSI : -
| NKJET DEVI CE ENCAPSULATED AT THElmmm m
i nventi onwlAkesot 0 the nolding ion of protegdVaeangsto 5

m croel ectroni ¢ sem conduct or chi ps omeaewaf er scal e as opposed to
application on an individual chip basis. Mre particularly the invention
relates to the nolding and application of-protective caps to sem conduct or
chi ps incorporating Mcro Electro Mechanical Systens (MEMS). However the
invention is | ey NF%. 1 . Ec“mpqﬂ

Sem conductor C ll(gsEEEE\r{ggrrE.\aF&\cpac !ég'e TlErPéNE?;I?ectl ve aﬁ(r:y\ol?El ayers
to protect the chip and its wre bonds from atnospheri c and nechani cal
damage. Exi sting packagi ng systens typically use epoxy nol ding and thernal
curing to Technhical Keldd protective Layer around the chip. This is nornally
carried out on individually diced chips bonded to lead 15 franmes and so
nust be done meHyis thﬁa%orfr@%teéa%melémg andiapphicstipy of BOtaHYE B Dackagi ng

i ncl ude h j i , - af: ckages
SUch a8 bar rascBobi SER A Bpstin £ oLl R o BB AR BT oy
waf er scaliedividuabgiip badid\BR)re pasicslndy tledinyentiva related to thhinsoldimg ead apEctabat at
the wafer stage before the.chips are separated., K The uys | di and

Curi ng + ecmrdges e memisiidar s gopportne MR EE M Bnkah Sy
stresses. WERESIHOWe IR iRVeRtios fd iR lieRRd3O MENIBREplidtiangol i d piece of
material and so cannot be used for MEMS devices, Since the MEMS device

woul d be rendered inoperable by the polynmer material. Existing packagi ng
syst ens fOé I\/EIVB devj ces include thematically seal ed packages for

i ndi vilual BAEKOE@UNAAIse silicon or gl ass wafer scal e packaging, both of
whi ch are rel atgyel j : I D j.on

In one broad foére\r%&f %%J?%C%\?gﬁl? ? %:ﬁ?%fﬂg@%ﬁ%kgge g‘a‘?@g‘g@?ﬁ%ﬁ%}%{r ﬁgﬁ%’ar% %&@L‘%"g
havi ng a tthechiprahdde wireboadbfrdmamesphtdc endimdcliznidahdaredgel Egistingopeekaging o
fabricated device formed in or Qn th i.rst nol ded hol | ow

g chip, and 30 bé a &

cap bondedYEEMSHEPIERLY WhFPAYENRAINEHN it}P‘Er’E’Ia]a‘f’Pr\Pigé\?\/?reﬁ ErPHI PP AER| | of
said at | eagindie cﬂ%‘."rﬁﬁds Wik eaﬁiagoﬁf SeindfARally icB@empR 8BRE 1§ Ralihe chip
at the wafer stage prior to 112/ USC3(~0 2 Separation of the wafer

i nto ilddi virahoed andasokage be dRIEThanyUiney fot ¢dchmtaierT Adtchnative pathodsiokpgokagding abl y

formed on or in the ¢ face but be, f in the boft
cur face. | TRGHRbRABIoRRy SHlsH FR of b Bip s ke na e BeckoBes BB AU B ¢ e

bot t om sur £ aRaBE Ofandin ghid ﬂrayﬂ’@@%@ﬂé@r&%a@ﬁw wafer RhRMakkBihg QVSP) ay
part or all of the at "| east one device. The devices may each be an ink jet
devi ce, arhactisted tohensed, This is qgtriedegt et tha gvadissfage beforg the ehips grerseparmeNs or
MOEMS devig€s. Qr -0 r.m . el I i . Lces or
e e R

subst @t i aghkymdl saespaleaddifich the pritéctivegapso forthed fsadkolidipiste af matgiabindgor €
wavel engths. The first ca&I may . I nclude one or nmore portions capable ?f
refracti ngCaBneiche usaa EMEMS, deyicss:isHice thesMEMS fedrevarld bgrendprrd inppegable 4
may inclu s L es o i idel iifeher broad
formthe i v@g P%%@?%E?%%%Fmﬂfhéﬁ%?%@gE%ag %%Sg z;’gl:]éggiSIi ncl udi ng: a
chi p havi nhematicgilysealedpackaged for ibdividmal davideace vaasilicevorglasstwiferasaleone i nk

ej ection device | qcate n_or adjacent.to the top surface; a first hollow
nol ded cappﬁ?k?ﬂg%ﬂ{o P \@l%{:lbgegglp{ﬁgeggﬂlghdzo%ﬁpgﬁfnoﬁn pl an vi
25 mmum

Disclosure of the Invention *G00002*

In one broad form the invention provides a package including:
a) a chip having a top surface and a bottom surface and having at least one
micro fabricated device formed in or on the chip, and
30 b) a first molded hollow cap bonded to the top surface which, in plan view,
overlays part or all of said at least one device,

wherein the first cap has been bonded to the chip at the wafer stage prior to



overlays part or all of the at |east one ink ejection device; and 20
wherein the first cap has been bonded to the chip at the wafer stage prior

t o separ afiAnnUseh he wafer into individual packages. The fpichsiyosai@f the
ink jet print head package nay have an aperture in a central portion for

each ink ejection device or group of ink ejection devices and aligned to
allow ink ejected by a respective ink ej2etion device to escape to the
environnment. 25 The inkjet print head package may further include one or

nore ink sdpithtiorpdahé Waks i@%iedeang pabieegh the chip to comunicate the one
or nore the ink ejection devices wth the second surface. The ink jet print

head package mebhefhondpeds da@rajerably femeadrmm 916h theviop apfisebubntay be farmedont om

surface of th i he wafer stage to define a second cavity. The
second caporélbﬁ"r?;b@?tgflﬁ%&fag% view, overlay part or all of the one or nore ink

jet ejection derﬂecaakzé?shﬂaﬁmﬁﬁaqnaa& ABLON@URIR daf BERdANS tIRIDitbHT Sirfale
comuni_ cate the second cavity with the outside environnent. Each second cap

may have dWéheshiprothe spegndscap mayniaipien YiewnPyailay perior all optietal lsastioge device.' O
02/0~(i 30 (1 . 3Pk}ch)§é‘v{c/es a9 2hdd e aLnliLR éélt gé’ﬂ%‘ghtsag%eg%gmgg%% r}%yg%t %rguﬁér?e the

second cavity into two or-“nore chann ne or

nor e aper tdevies, ktanothaigMEMS® ogROBMS devitésdr qiledrinhior datt@lmislegai-e a
respective channel wth thg ou_tsigg .environnent. The chip nay have one or

mor e sl ot Sngshanisaldeyices orgthentaicrytabrFaed Aeiefs: t hi ckness 5 of the chip to
comuni cat e t herfleykCEs nMtitleih ; ﬁg%xig r each
channel or there may bgwltfp%agﬁpgg%%ﬁa%lﬁg%ﬁg ; ??tg]fé t@@?ﬁ){tﬂon of
t he Drl@wi mrediatforgatrame br sivoevwavelgngtlsr art nmet hod of forming protective caps
on seni conduct chips. .[Figure 2 shows g.cross,section of a prior art
packagi ng mde%ﬁ?‘u‘iaﬁdn?yd“?lﬁge P PROTE Pﬂa’tc’%&?palbfeg‘&rf@f?%ﬁ@ﬁom a cross
section ofelétidfaghetRIthdiRBEKpakking tifetRrolE/S device. Figure 4 shows a cross
section through a MEMS devi ce packaged according to the 15 invention.

Fi gure 5 shows Bredirsisiapimaydacipdeorteqir mese apergprepindetenialiportioh. gure 6 shows

vai or: Figuro $hefaiE Rl B Benfo it iR de ki dblelner 20

Fi gur €58 gy¢thdihgcal |y shows a nmethod for applying nolded caps to a silicon
waf er according to the invention; Figure 9 shows the wafer and caps of
figure 8 bonded toget9hén havmgiop sufacsrands hottomgirger andchaying ag laast angdnk vi ew

of a device fordabilubdcd [18aRl 8k 6£4di¥RnfRBREe top surface;
a first hollow molded cap bonded to the top surface and which, in plan view,
overlays part or all of the at least one ink ejection device; and '

20 wherein the first cap has been bonded to the chip at the wafer stage prior to
separation of the wafer into individual packages.

The first cap of the ink jet print head package may have an aperture in a central
portion for each ink ejection device or group of ink ejéction devices and aligned to allow
ink ejected by a respective ink ejection device to escape to the environment.

25 The inkjet print head package may further include one or more ink supply apertures
extending through the chip to communicate the one or more the ink ejection devices with
the second surface.

The ink jet print head package may further include a second hollow cap bonded to
the bottom surface of the chip at the wafer stage to define a second cavity. The second cap

30  may, in plan view, overlay part or all of the one or more ink jet ejection devices. The
second cap may have at least one aperture to communicate the second cavity with the

outside environment.

Each second cap may have one or more walls extending from the central portion to



25 Figure 11 shows an expl oded perspective view of the device of figure 10.
Figure 12 shows a cross sectional view of the device of figure 10 at the
comrencenyid oAfsesr! di ng. Figure 13 shows the device of fi gu@adBdélser

nmol di ng has finished and just before one side of the nold is released from
the other side. 30 Figure 13a shows an expanded view of part of figure 13.
Figure 14 shows a perspective view of tie-figure 10 device corresponding to
figure 13. WO 02/ Csl 310 -4 PCT/ AU02/ OOF It~ Figure 15 shows a cross
sectional yandSyii tB¥CIAP td BRidtaKe S&oall EAVityan® (b or ReoreBhAmeRashdRBMP@pt i al |y
removed. Figure 16 shows a cross sectional side view of the device after
_one of thenaphays ohaer inersrapetiitey ekiending throwghyihe ecntral pesins ta cempwaicegast i onal
side view of the device. ergoing an etch. Figure 18 shows a cross

sect i onal rg§p&8t1\(;|cg\%pﬁwﬁggﬁg\g@@g%yx{c&me%der goi ng an etch. Figure 19 shows

a cross secti oMgle chipifiay h&W ik o eorél BiseR apéridréire aTIRNGESERA thdthickness

application to a wafer and renoval of the second nold. Figure 20 shows a
cross Sectdfdpughip taromymenicae the deyjces with the chappsls.cberconay be preesletdpseacho

Fi gure 21 &lgf?'}fx’f?ﬁ‘él&fﬁ,g?%ﬁee@%ﬁ’?%@ipg %h\\%géy of a series of chips after

singul ation o a cross sectional side view of a
wafer with caps applied to bot:h sides, before singulation of the wafer.
Figure 23 shows an expl oded perspective view of a device for formng

prot ect i veBuief Rascriptionrofi the Drawingsce. Figure 24 shows a perspective

view of the device of figure 23 as _ass | ed. Figure 25 shows the device of
i oure 25 at ¢ HASE hBAREREHOr B SRER Lo BOLIRE R TR BIRES o

figureg3 @figeer nolding and prior to withdrawal of a first one of the
nol ds. 20 Fi'gure 27 shows the device of figure 23 after wi thdrawal of the
first nold. Fi Jligure28hewmpasrasheectioniofepuér 4t paskaging mefle epcording tauthe digurehe
first nol dIm'é{h%{fre 29 shows a cross sectional side view of the device
under goi ng an etch. Figure 30 shows a cross sectional side view of the

devi ce. af ter urRigiirgGish@waa css Bectibh @04 pridilars pakagiag of adEENISakvieaal si de
view of the device at_ the commencenent of 25 agpl ication to a wafer of MEMS

i nkj et devi ces Higere Ashewap ceps serdion duppgh aMEMS deyige packagedaserrdinede dhes

sectional Sideiyiew of a wafer after application of the caps. Figure 33
shows ‘a cross sectional side view of the wafer with upper and | ower handl e
waf er s at t achedFigite §ushews 4 possiisindevice fop fanirg totiled|caps; de vi ew of the wafer

i do vi ow of t HABHEPGROVE s oAl aPRRMGIcaP e pite e dryich g ees Sa oa
silicon wafer;
Figure 7 shows the wafer and caps of figure 6 bonded together
20 Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
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.
25 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
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. .
30 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

13.



Fi gure 36 shows a cross sectional side view of the wafer with the series of
| ower WO 02/ 0 G3&J -5 caps applied and the nold device renoved. PCT/ A
111121w1%q'5,og}ﬂhlre 37 shows a cross sectional side viewpd thsohaler
after renoval of the upper handl e wafer. Figure 38 shows a cross sectional
side view of one of the packaged MEMS chips of 5 figures 26 to 32 inits
final packaged state after singulation. -F-gure 39 shows a perspective cross
sectional view of one of packaged MEMS chips of figures 26 to 32 after
singul ation. Besgul¥bdeshels eardsy sddtiofltsideRgew BY BitdeOite AerRRERT kHeNHold® has
figures 1 and 2 there is show a prior art nmethod of form ng protective caps
_on semni corfgnpartiallitesnevedn a wafer scale. A seniconductor wafer 10 is

e aom ot DAL adof TR UGS PPl
. sets to fdieenhgaly #npvedective caps 18. The wafer is then singulated using a

waf er saw. This technique is not applicable to wafers 15 having MEMS
devi ced for med Figsieddrshaws alqeoss pegtivnalsideyiew ofrthealevige undargoingipn eighd t he

MEMS devi ces a f rKi ] 3 t resent prior
art techni que :"%gﬁ%ﬁ%t%‘ggg]ﬁé:;%aé@{lgj&ﬁé‘gﬁg%Ig\efgng\éﬁ%rug]ge‘%ﬁgéua%ieﬁg'the
MEMS devi ces 24Figated@rshewshaotdss sdctipnalisidebaew efl tHealegics ad the oomweh&metfe of Thi s
may be carri Fd out at the indivi (ilugl chip stalge or at the wafer stage. 20
The waf er 2PBlfationtgamgferanduemarpl 9§ thegecondalda) | ogr aphi ¢ ani sotropi ¢ etch
usi ng an et chang, : . 28: whi

Corraspond £o- LHE T anaroyEe e BRI T oL S el SRESPP RN B caps.
caref uldl y al i gnidgdunsi2lishoive a bEesBsantibpal skie vaewd ob @ neheed of bleipeafier silulatiohlbf s can
be an effegtive neans of packagi ng MEMS devices, it is expensive as it
requires a eg/gfetra silicon (or sonetinmes glass) wafer, which nust be etched
to formthe 25 mguﬂetzz%ow&gwsgs&u@ﬁa\@ﬂe%wwa%fe@rm?nfbapsaypﬂmd shb@ce MEMB
32 fornmed thereon. A hollow protective cap 34 of thernoplastic nateri al
made and bBédrseleiow singulaighof tteovaferzor ding to the invention is provided so

Govi cos. The oot 2 ana@S dn BATRRY akeke N bRE S Paret ok Bl i BNlE v

devi cel$) toapofmraatiek jel deviekse of nol ded t hernopl astic holl ow caps offers the
possibility of rﬁir ovi di ng i nexpensi ve_ packagi ng. However, conventi onal
t echni ques do rHEUIS24shAWS £ RErsPective visy of thpxdeyes of figuse 23 as sssembledacy and

ther mal st abi | i Oba el BF Rohabil  ebuitiilcasin PERIAHD2 0001 -

Figures 5 to 7 sHow a possi gue for packagl a sem conduct or
waf er 40 havi ndFigureéishows thegleviep of figuef23rdfier moldibyg arbprizg televhdm@s/alidf a shown

synbol i cal | formed op, or in an upper surface 46. 5 An array of caps 48 is
f or med usitjh%t%rﬁrﬂfgﬁﬁm { injection nolding nethods and steel nold tools 50

& 52. gphe caps BgfreIRROWS Bt dRVicd of Pcie235teAvithBRwa RERnOAR: RAId.

Figure 28 shows the device of figure 23 after removal of the first mold.

Figure 29 shows a cross sectional side view of the device undergoing an etch.
Figure 30 shows a cross sectional side view of the device .after undergoing an etch.
Figure 31 shows a cross sectional side view of the device at the commencement of
25  application to a wafer of MEMS inkjet devices and removal of the second mold.
Figure 32 shows a cross sectional side view of a wafer after application of the caps.
Figure 33 shows a cross sectional side view of the wafer with upper and lower
handle wafers attached.
Figure 34 shows a cross sectional side view of the wafer with the lower handle
30 wafers removed,
Figure 35 shows a cross sectional side view of the wafer with a series of lower caps
being applied.

Figure 36 shows a cross sectional side view of the wafer with the series of lower



spacing as the groups 42. Using this nethod will alnost invariably lead to
m sal i gnment with resulting destruction of MEMS devices, as shown in figure
20. In figuwenisehhe cap 48a has been aligned correctly wpldgAdosnaneup of
MEMS devi ces 43a. However the spacing 10 between the caps is greater than

t he spacing of the groups so that cap 48b is not aligned correctly, but
does not destroy any of the MEMS devices5ef its respective group 42b.
However, the caps 44c & d are sufficiently msaligned that the perineter
val I's of t&es ealRedingthémoli®vite rémbfedof the MEMS devices 44, destroying
their functionality. This m salignnment can be the result of a nunber of

. actors, incl udilfiguee X7 showstajcaess sectiohdrsidel viewx o thei wafedfter remaeyal of the pppasr i al
conpared t ant e Sfl | icon wafer, non rigidity of the nolded conponents and
the lack o C‘Vfi‘ﬁ’éry designed for accurate alignnent and bondi ng of

. polymers to wafEigtrelB8 dhowsaesess sestidnalGuRsvievhof Bhelbf tAB phdkatsl MERIS 8ighsofthi ch
have the same coefficient of thernal expansion as the wafer, such 'as

si | i cor antguresgfr @s328ingtsdingl parkpgadatatg atigrsipgalationhni que using a silicon 20

tool 60 to hol d.. f 1 I LCS: bonded
to the sili condF\Algp reeg 4%)6 “%iarﬁ?%%% %@@tcg%% S%Sloﬁgnﬁ%"?r%% eo‘%pﬁ%ﬁlga%gghn@ﬁ&gtcg?ﬁsal
as the waf efffightss 20 ar3@ester Bingelaga@r.at ure will not result in changes in

alignnent; the spacing of the caps 60 will change by the same anobunt as the
spaci ng of the groups 42 of MEMS devices 44 Thus, when bonded, all, of the

Se much exheet BiBBioP GAMARG Quf e it | 2007 o mceur hcy B gures 10°
to 16 gphemati cRéfeyinktOWighrdsi 1 ahld 250HSre QRHOW a S Gart MOthBAdr ARRINI PRStebNd OW

protective caps to wafers, preferably sem conductor wafers. Figure 10 shows
a nol di ng eaAps pesemFonduntor wafedsiog awiaferrmshleody spiistoadudtoewfant) isielampedn fi gure

4 which may_bhe, use 1t h .VEMS.devi s _of..any other m,cr.0 fabricated 30
Govi co Trdeaitss il 13 bR RN L ian R Al o B e PR R s e
upper waf emjet2d i@dIhdeLAtE IC TEE polyst Mgtetiolieanbifomakolld grbeeaivarays 8ad deep

silicon etching techniques to have a series of recesses 106 in its | ower
surface 10%he wifer isghrnr sipgylated veing g aafas saw. Bhisfachpiape jsmot applicabls & wakers i t s

upper rf - ' : ' ] 0;

G50 P Bt B BB B uBlopR BCRK Mo He AR Bl Y ARl O e
106 and gr MEMS dédvidescand ssdpztheimffrom tvorkieghi p si ze of the wafer to be
processed and repeat, at cepters corresponding to the repeat spacing on the
wafer. In the Jrigheh 3 ahaved %msqnﬁengrr%f@&q% %asgot%ﬂegmdéﬁs&%r hg MVENMS
| nkj et pri REEEREhig® Huding HEMEMOBECR Al 6! GritBftdllyMsbohaddtonl an Vi ew

The recesses are 1? rectangul ar, although t.he en recesses are not
shown. Thesiiemswaler 2hd’hgs wey be cartigd avtert thetindinisinal ¢hip stage orsat the veafenstager st ood

t hat t gr.oov 2 at. eac i de. of ea recess are in fact.one groove
uhi ch A “REERE 265 GbicBR e Rinta PRI HRE wRishiobe 4f5ldin R,
caps defi nguch ap BIOH @ folir Rticat rREdsads 28Wiibh barfespoid faBOIcRAEIMEdf thel mi | arly
adj acent recesses 106 define a portion 116 of nmaterial which has not 10

been et cheMEMHdewceroihe YiakersH26 pgcarefuly alignedgwith heaMEYS wiafern 2@ ardhbendsdr and

when the t . I . r ot her
at these p@gﬁeﬁ%?gﬁqel%i%#fgiﬁ$#§£%ﬁ%ﬁé p gé%sa%ﬁge eer?% g’t%gﬁsetggés%’%?‘ %g? t he
groove 112agioreqtiires greextrassibdonabr soneetiamp glass)avdfed, whidhantsybe etched ©rfod theand
t he reggss 104 for the central portion is all in the upper wafer 102. 15 It
i s not“2ssEMY®S that the nold wafers only contact on surfaces which have

not_been et chedgightss itfovis'a SIEMS itk 36 iVing (Rt MERIS D6Hh&Nnk:Son de' | ned

by a recess in only one nold or that the perineter walls be defined by a
groove or habasprotestivetap dhef thedmbplastie mafetiebmpdeansihdanded tothe vefend@n t he

nol ds nmay be located at any position desired and need nqt be planar.
owever  pfERite b G BveBRYL P RO vsRRos fa fpg Be R e MR PREE | catf on of
the nol ds. ,RRcHebaseEH? e MPMAUS ek MHUAS 34FHPDELvity 86 SAMNO Walir 86
wafer 118 and a |l ower rel ease or eject wafer 120. Thesé upper and | ower

r el easd0 watlbvsthgrMENY devige(side epgratghi ch have been processed utilizing

it | |1 il t chj hni. to. h
ser o5 of el eatht BRARRBRENERTEDMie bRy Biek it 8 BANANB R AREE o o
waf er s 102in8xpiidivamacKaginge Howeldr, cnrvetinandiigqieldesol goville IGeqarddect i vel y

whi ch receive the 25 pins 122 & 124. The upper holes 126 are | ocated
generally toward the center or axis of each




recess 106 whilst the |lower holes 128 are located in the grooves 112.
However the | ocation of the holes 126 and 128 is not especially critical
and they gRyoMReRhaced as required for ejection of the nolpdgdG3pser4The

rel ease pins 122 & 124 have a length greater than the depth of the 30
correspondi ng holes. Wen the free ends of the pins 122 align with the

i nner ends of the holes 126, there is af@ap 130 between the upper nold
waf er 102 and the upper release wafer 118. In this enbodi nent the | ength of
the | ower Riitgcyldd thermidetabdiiRreasirddfer inidrokaaiatedidevizes.| ower nol d waf er
104. However the Iength of the pins 124 nag be greater than the WO

.02/ 0SB - 8 r Figureyd 27 shonrpassiiateshngre (g paclrelig aemi¢ondagionualredd  \wien

t he | engt t i i i i ower

warer 104 T adRuNE S ERIpL 32 bF R BRfckeS BTN ERSRAG Y, fatiben OF

-l east the #eghus af uppralirfacs4tf the wafer 104 at the grooves 112. The | ower

wafers 104 and 120 are positioned with the pins, 124 ,partq#/gg/ i ns r%rge in
mojgi

the hol®s 128 bt 2mayRficagk ¢ HORECHRRERPIYAEIGS icclion PRBOGF Bles |12
d with ) | y
and Wi th aygAolBRaReRen. et Bhisted sS4l et GbmRlay ext en

to be flu hol eS"so as to forma substantially pl anar
base to t hgpagngaythekidhps BleUsing thinmethod will bmos iy asiably deddaa sasalighment | s

about 800 nj.crons, il st the 3Q and 132 are. of rde f 10 to 100
mi crons i nWithIER g@?stmvefﬁfﬁﬁﬁé PUCEpES iv"t“ilﬂg’lg.ur ﬁ%hgg%maleoc@s are
pr ef er abl y4ﬁt1ﬁbs&mfegﬂed EoYQAGWith i@eﬁ pShtl MEMES 84vG&sa0a rRéheker ﬁla@Paﬁegsch

etching as to produce a snoother etch. "Bosch etching produces scall oping of
et ched1®i deetwesdn the capsdh gester Hanshakpacing PEthefgroups spithat aapid@uip neeadigseds. The

| | opi k h | f th f . ) j
311 ool R Rk ot Gy ooy SRS, doB et SR B CBRBA L ot e,
et ched wal l1gwewr!the @%fsitﬁb &ralagk suefi@asl mitSlighed tee theiRfinutertwalls obpleaaps C

material of about 200 to 500 microns in thickness is_ placed between the two
waf er s 1020&rirpaneppmerecofihe MENL devices|d4e deptioping theinfpasionslit waf er bondi ng

machi ne, such afh'gﬁﬁi.ﬁl!igﬁgl%ﬂt r%}éye!tﬁebﬂe&l 5%%%%% ?éggxgéighﬁhﬂﬂ%if@r&ﬁpal of

Shar di ng, Austri a asse i's mechani c tog€ther 1n the
machi ngs butheirhal ekpdnstoa o Ghegppule enatdrinticdrhpered teathersilidomeviifer snomedgidityeofuheged

toward each ot her to deformthe, ther | asti.c eet by applyin n above

Tbi ent - pr Bels COMBOINE GIRE Fob oRmadRerA A UENI oLy A HEEISENE rmy b

3se|d?nThgr§g@{ o’lf?b%l s%%lggfé?st@sﬂlgm{ 08 ﬁiu'bgn but c?s preferably g;t eg by
n ;%refer}gﬁ%{-y ? ﬂ

radi ation a y usinginfrare adi ation, as i ndi cated by
arrows 136 in fAgohgioh2s toAis2 foatowhichhtveshe sime coefficicntvod tharthal exgharsien &reat i ng

may be used. The nold and rel ease fers 102 &104 and 8 & 120 ..

regpect i veﬁ'&? "?%?eé’ ?%}'ﬁéaﬂlﬁfm Eﬁ“fﬁ%'bfﬁ%ﬂgm Wll?oimg%’bélo%? feshrigug pemea sibieon ¢
infrared |60 & hold WRShLOOMBmidpldsties dapd @@ adtheRRpydre bORREANOHeGIlRAUL 5000
nm The material 134 chosen either intrinsically absorbs light within this

wavel engt hwatend@® Since the tra) 66 isiormed efthe paspe materighas the Wafes 40rehangsadR| engt h
oIt i.al 30 | 0t I naL cal h L b LS |
range. a siisRlE ot R REchalil i dikiblenk 1AL Glnk o BEaRs 80 bl Bl

whi ch absobphelsh@b tanint dsabe spseinglof dgtdisups @ MEMS: devices 4.0t swiemy be .
used. VIYO f12/ 0S|I 3li (1 -9 PCT/ A U@%%OOII -4 The, Sheﬁ 3334 iag ﬂlfaCEd
bet ween t hordgg, atopighgaanswill he somssilyabigned a5 shovyy digug i Additiopally thergise

vavel eﬁgf D’mu%ﬁ ekpEiefidd v Wi SIR0R 1 B reqlit@alablurayed radiation is

prefera

Figures 10 to 16 schematically show a first system for creating and applying hollow
protective caps to wafers, preferably semiconductor wafers.
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 micro fabricated
30 device. The molding system 100 includes two silicon wafers 102 & 104. The upper wafer
102 has been processed using conventional lithography and deep silicon etching techniques
to have a series of recesses 106 in its lower surface 108. The lower wafer 104 has been

similarly processed so that its upper surface 110 has a series of grooves 112 which align



supplied fromboth sides of the wafers and the sheet 134 to provide
symmetrical heating, but this is not essential and the infrared radiation
may be sSuRp d:R9s36 0m only one side. 5 Because the siliconppg@fglusodé
transparent to the infrared radiation, the infrared radi ati on passes
through the wafers and is absorbed by the sheet 134. After heating to a
suitable tenperature the nold wafers may7then be urged together to deform
the sheet 134. The wafers may be pressed together whilst the sheet 134 is
bei ng heat @n kaidIQF tHehBeks¥Ri10bMhd R¥eskdel BhRRLrobIds | @2 RBe sl For thealif Size
particularly if~conductive heating is being used. If a 10 material other
_then sili ceirthe svafes éxbapracesse ofd repeat ehesaters @respanding tadhe wpeat spasingon

el ectromagpeti ¢ radiati on,.at other vel engths to ich.the ial used
s subst abEar Brihh bpBPument i BEERIE0% s o ieEPe TR Rt ne -t ne
. sheet 134 pEntiBlddad sb arel ey RhaRSade tolReiC Rt 1h sled QA THY rdcBRes Aeess 106
and the groove 112. The materral is also substantially 15 squeezed out of
the gap betewtaagulat elthongh pasrands 9f the racegses 26 noh shawid i lhgeads ofjthe groowes 1122 i n
figure 13a, to form.a series of, C revi.Qusly, nenti-oned, th

ol di g walErS ¥89TeR B3 R e RRRR b i Bl S e PR TS PR dee
silicon etgfafthnt @EJovE hech hat hGeattunlAGHamefin plinsigw.ocess i s dependant on

the lithography and the resist _usecr. The_ etch selectivity of silicon versus
20 resist is typregireyesydedveatiagsnigaps defineappriglit4 afgnaterial védeh hasqgt o
resist thi - : j - ; m
Fespect | vern el Simfadp RuEnt [oblte P10t Uethoe d oA R hardiel WEiGH IR o
aroundl®@ , beenciarhethel esdhpartionk ofunatexaldtld Ep dtGaligal veith eavh dbiscarnmad whh theytwo

| i t hogr aph he critical dinensions can be reduced to | ess than i,cron.

Thus ¢ ho ritelsrs & PO TRgehE. e (U elErbeRnach F o POREBSRUtOn YA 3L ons
| 14 & 1 16, 1OfRd Wb ApfasRRANEbbdICeHRE s,@%&%%"ﬁrc&@pfmjf%@the%'eﬁﬁéfé%f Hely a

thin layer 140 up to about 2 mcrons thick nmay be | eft between the portions
114 & |16 taptiveBin tidjlawenwaferalild abdaheigeess d 04 Ky thexcensnal portion igxdkinttheouppef t he
relative sur ag&;; due to manufacturing tolerances. It is not essential that
the nol d " WAPEFsYOr the rel ease wafers be nmde of sem conductor materials or

that tigy be prReesseskeHilNBat&ROMOIH waea only doARRE 8P EURBIWHREBMav N ibeécON
etching nethods. O her materials and nethods nay be used if desired.

However , tefehedsNopis isessentiat thehthecpriral pegiondgdefiner byidacassin ouy enesmpldssi des

better accpur I ve. J. . S .

Tt hogr aphi2EiE pgifiERe hEITERL BiHel of AUURR oA RcEss R BB Encfiots, Mo drectye

provi de t hepliié¢ige betweén theansldsnay e locard at hay mditiohidesired dnd redé&not Bélplana).

112/ USG(i f1 PCT/ AU/ O | Ul -t -10fabricatjon plant may be_used for

product i onHEWeRt Plapasty ebibe sphitdine: vl tRIGaLlysimplify P‘Pf@aﬁﬁp af ths meldar at us. 1t
Wil appr eci I ; A DREM be
shape??so t hat ?ﬁ%%g&?@&slgg?gbﬁgﬁlﬂgﬁgnﬁgﬁgrrﬁlgﬁsq% 5%%{1‘%{1 %)8 as | t0 Wl‘ég
squeezed orelease ongjént twader 20 HEhdseopperaad brveer relédse wafers atersglicoh walfiers pihishect i ve

138 it i f to. t he. J. | d, and I . waf 104 &
125w | st PR BroEraShat i€ Fony el bGP EE RS et BRfol Webhdudr or
102. A vaciyMaved saiddldfesledse fiﬂselzgaaad 18321 aptctwely. Theuppeyeid et mndwaRtsease
wafers. The rel ease wafers 118 & 120 are nmounted in the assenbly so as to

be i movabl@2 §ol0fere formed withworresponding hotes 126 folR&egpegtively whighapesdvedhe ul ar

o dr e BURMZP LR The s AL 120 aedpOh Sl ety OVl en P bttt O
waf er 120 tdcess 106 witlsstha gawdriolds 128 ks lecited inkBel grotlessin 2; Blowveverttheloomionr i al
134 in position angzgrevent it novi n? downwards with the | ower nold wafer

124. The cehtedalead?@and}2 is@obesperialiycritival anditaey mRY be plagerbasirequiredipr i n
figure 15. J15:~ | ease wafer 120 now only contacts the materi al
134 by pi ngj%%é%%ngelég@?clag& now rel atively easy to renove the | ower

rel ease waf er 17Be felcane pinsfla2 & 134 Huve hdengrt greatet thad thevdepthoeftthali sl odgi ng t he’

terigl f t he,, | d 102.. Thi.s | and th Iy i
Then 1 20 nESESRPTIRE Hr iV hdle o endogis e bigs 124 SHRRHE thaver BB D4 M hx posed
for furthepoRg 986 RS 1BDREIER Me dppePmORf Wifer 282 M the lipgek kdldaséWafs hed

to the upper nold, the sheet 134 is then subject to an etch, preferably an
oxygen pl adb®d Inthigmbodimentidhelgngthoofithaiower pine 124isthe saree asithe thicknasst afitheal |

mator ol a3 ety RSt BBt o e ins 0k o2 el Wb o,

material. The etched assenbly is shown in figure 18. The assenbly is then
pl aced over a wafer 144 having a nunber of chips formed on 25 the wafer.

Each chip has a plurality of MEMS devices 146. The conponents are aligned
and then placed in a conventional wafer bonding machi ne, such as an EV 501

P Y —— o B ) T T




w0 (12/(15(3CG0 -11 PCT/ Al (12/UQ(11-4 place by the pins 122 of the upper
rel ease wafer. Thus the chance of accidental detachnent of any of the caps
fromthe waf @iyseiée to the act of renoving the upper nold wfe{yormegigduced,
if not totally prevented. The wafer 144 is nowin a state where each chip
is protected by a discrete cap 138. 5 The wafer can then be singulated into
i ndividual die. If the chips are arrangedl-in a regular array, the
conventional mnethods of wafer singulation - sawing or scribing nay be used.

However, ithickh&@s o€ BRVAfEQR il mREBe 1265, WeRh hBI1RSHP6fRhd s 1294 184s tRan the t he
chips are too fragile for sawing or scribin eep reactive ion etching

, dee
(DRIB) maympemustbiakoessiof i lawer whler 464 msedsAp bh atrgler rNEhe dentiehibaboks
expensi ve an i hi.s.. j 0 r 4l equi red
e B} B e R RSl A S B L
MEMS devi oegfers04eing 20 greipdsitivael with ehesihe 1241844t way inertedSt bhelidled I28&budleep
silicon etch in an etching system such as an Alcatel 60l E or a Surface

TechnoPogynotpstending hexpad deeghdley 1285atothe grapyent Heandiwithse pan biZbatweendheer 144

into indiy Thi i j t 2to
5 mcrons t%%%rﬁeﬁﬁ?@ﬁﬁ 1%&’596 g?%%%fqe%%&%#}n&gi@ﬁetp g'té?fgs Jfgﬁgé}é%g%?obd%qéf t he
\(Ngf er or ttblﬁ?la@tlbaﬁmﬁdlsd@laﬁﬁr ‘rlidsetol\Qiégr?othlez.et chhi s hi ]ghl yI ani sot rgpi c f
irectional) so there is relatively litt etchin silican sideways o
the direction ofhqHickatse Al themqld andelepsy walspis a@_aut%ﬁ’ﬁrﬂn@wseﬂwét ‘6P &aPS t he
caps 138 ajp Ad 158 MSofAoraBl o ltdl_%l I@D:rliﬁi%%s TRIhEdkneds. HElERE ik Readi RABCAIS

etched. The etching continues until a the silicon material between
i ndi vildual chi pEhd molddealy axt, preflarabbibstchedpsimgtoryageniaaleethsiison etéhihg xather

subsequent, 20 _processi ng. | f the etch,is i ed fr.om bel ow, separate
ok w11 HEREOE S ptpdufSe ReoRet o e rhe R SR bR Bpothi o
silicon exqarea@ideovilREsudh betHel sid WallsidTeheigia RN tapreddssés) Thé Shdlopink Miakes age
will be etched awa¥. Thus if the etch is fromthe top_ (cap) side any
exposed sithg sdeasoml Be maldusomshepmolded apateripl maye Hifienle [reeqamparisPn.Jing gads,
on the uppgl, surfage t. i 5 Q as by a
resi st, m‘-ﬁ'g% mcsetq Igailtesﬁlg\glélgﬁﬁﬁﬁogj% gg%pgﬁ gﬁ{ietﬁglgrﬁﬁldar?t%%hati ve is to
apply 18 mask t oAtsheet 13Wef thetiidpiadc datéring of\abiok 200nth 300 roiefns $h thick@Bsssik ch
fromthe rear. Alternatively secaond caps nay be provided for the_ | ower

surf ace’ of Pla¢d biraween the o walersd 0215 104ARd the sstembiLis Pagedin #eRRyeadonabr  he
upper  capsy, @, ifl0mhdin, QM&raﬁ%ﬂ@?\f 361, Waitbid ﬁ‘5mtliﬁgcu%hﬁh\fis§és @r@gﬂ & ng
OWET g S substantial ly

bot h upper and caps at the wafer 'stage, each chip i
conpl et el yStpadikgogduastye.i or to singul ati on. Figure 22 shows a techni que for

providing protegtive s for both the er_and | ower. surface The figure
shows a wafer 1 lﬁf’?f‘f)%ﬁbalgﬁlﬁ @ﬁcmﬁ\?@ﬁb%ﬁseag&?mrg @Elni‘aéém(? “f\/’él%ﬁgfgvi ce chips
153 ompgan fatSdthbEhE mbRftwaferCiaf bé ﬁrléé%wa&a eahth@Ne deform@he ~'1° O
(12/ CS631~ -12_ PCT/ ALO2/ (1OFI'lT ™~ devi ces 152 and optional ly other

m cro f abrthempandaséic shashby applying pe abeverandvien prasewre it/ the gaps1 133ve been

formed on er the techni ques of the invention
previouslykgégcrﬁ%%gi&¥ﬁ%&§8#§ 5§§g£158 of the individual chips 153 are on
the upper surf aTke shedt 134 heated BY\cOndttion buhie prfatblgthexied daplidim. A
second set of protective caps 5 160 have been formed on the | ower surface
162 of t heangareterably heysingigiraed mrgigfions apndiqgted;hyasiews A6 pp Bgris 2t §
descrifed. 1S P ' i.ed to
the weior SENTNds iR SE AEraahenalinP hO BELMAE TRERTIAE RRaBP MRS | 2
order of ap(f &t@4 amhli8s& A20 resppovivelyrdre foFimed o€ sitioeh, sdiichaf sokstemtiaBp ar e

| ocat ed under each chj but are larger. than the fir set 156

ext end und@?“s_aﬂﬂmbt&}{fﬁ%e‘f ﬁé‘tt?gﬂdv aﬁglgggtgl_g%_thefengﬁfg ‘fteltO8§§61 ﬁosa_%f’ﬁeﬂ)_ IaSubj ect
to a deep ghl TROMaRHEM MU RBRRREANRInsRUNY B6:RriRlighhRithRtBIs videlelginGaiRd by
arrows 164, rather than fromthe upper surface, to separate the 1 ndividual

chi ps. Theolisdepedsars ta ggorthlight suthimthiswaveddngthorange liyos ihaterd 134 8oesmot
becausg, t he, et chi.n r.ocess .is very di. tional. .onl L lJCQn between .t he
vt Dapeinigisiany SnBHe TG b s putebl A Hesh Bk BlelipiEc" 156
and ot her expassLtiflas)whichabsbds M?ﬂee[t tHeRe SMbélaR@hMCterRuiidtge Qopantsigahe t he
| ower caps are substantially unaffected by the etch and so the chips 152
wi |l not besedamaged by the etch. It will be appreciated that the provision
of the second set of caps is only a necessity v~rhere a holl ow space is
required; if a second set of caps is unnecessary or undesirable, a resist

may be coated onto the | ower surface with a grid pattern to | eave areas
bet ween t he



20 chi ps exposed for deep etching. Figure 38 and 34 show a packaged MEMS
ink jet print head 220. The print head 220 i ncludes a MEMS ink jet wafer
242 havi ngoanpsissesS of MEMS ink jet devices 244 formed i npeiaQ2bhiigs Uupper
surface 246. The 1nk jet devices 244 extend both transversely and

| ongi tudinally along the wafer 242. In this enbodi nent there are Four pairs
of colums each 25 of ink jet devices 28 extending across the chip and
these may be used for different colors of ink. Each pair of the colums of
the ink jet deviyeahect444iAfiaca beftechtRPiwo MBRIMALIS 28R 8%HALEE to RiffAfdAght Ube
262 extending fully though the thickness of the wafer, through which ink is
~suppl i ed. aFesuitetdwewdlength, paindicated byhastavenlgiot Whe indiaredi radistiorois prefarablynk j et

devi ces 244 ar rranged.in.two col u Wi, t j.acent . inkjet .devyices
ocat o acuRae R RRA e Br b3y S AT e Y AR BV PP Wi
. waf er has vt HiPiseoh bséented BnPihd iR thdidtioh 9hd): beSigplec@Trainr bnlysorlsefeer abl y
formed using the techni ques described with reference to figures 1 to 17.

The pr é&f erdesausedbh pifieerewaiors asabresghieyt torthe ndfagad fafliptions ghejadreradiyadiatipn h
f V1! / P LI - ' . 1.9 33. Th
Cap’ o3n°ndeSies ibuth BE ATl SR bREN e shick 131 b hERUESS o ek 52, | TUF

ink to be tehpauete hetiold wafdsinagtien teuefedasgshgas defohaclio dhead 1l0THect | ons
to the chip are provided by bond pads 270 and g/i_res 272, located on the
o 198

upper sur fferssagy bempessediogetheiwhils thesihge ng Beairetrathss fhag waitpg for
surface 2 i i S : : i s fornmed
S0 a6 to ok neat by SdbR pruBR) B cokaltind Bba iR eI ] St he
cap. TBe cagie2ddthes thienrsitedn s$ouset dtatingof thoshded! Mdomayhtee achigyed heinghannel s 260

are isolated fromeach other hut co nicate wth the.i.nk sup apertures
262. The CHSuPmBERGIRdaNeToR A N FeRE B DRI b he P el e BBy
comuni catign¥hdréntt he channel s 260. Preferably these apertures are staggered

along the length of the cap 258. 10 This allows for connection of ink
supply neans ( nWhes hogessedintacmafenppndingroechingthy shest 1 3kiscaplded®. theshape of

i oned ab f f ink j ' di
channel s Aoty deBSHe uhE B R s eofly | Bh ThEViEa R RbRERBI, hie
Pr odugsi orsgedezb SutidmBe gdpetweeh (ROTWEPGEENIDY14®RI 1463 inditdied bR phraws 142 mheet

as shown in figure 23 using the techniques described with reference to
figures 1 figgra3a, isformmseneaes Gapkid® printhead is nornally a ful |- pagewi dth

printhead and j I | y r, of rows of
i nkj et devi cesazgiﬁlreegfgp%g&gé{r}g%e?’ ttﬁéﬁ@ﬁﬁg‘%ﬁ%rgﬁ%% ﬁ?f#ﬁgén#g{%@ﬁ ve caps

t hus have cenvaitivhaMithygraphy and\deelt dilicordetehih@tegbnijessgThe actheacy ap thigprecebown
sectioned across the width with the |ength extending into and out of the
sheet . 20 iRAFREARRPIEC Hihggraghy,and tmes&gm- eioh ity ofBhagivth o

pl ur abpt y_resistqgg,@mhg bhWelh MSbu 204 dlabk& 15898 re%ﬁﬁmegm@ﬁ@c thR¥fess 9& A5
arranged into r séts of two columms each and ‘extend fromthe base 208 of
a recess 0 thighetchoébetwserpdmui $5 pimeandehgnitespectivedy. hlsingtahesmtact dhprokimgty ends
of the rods_are.in.the sane plane as_the,general wer surfage 212 of the
ol 0 The Testecrf AL Rer S B PR im0 S A i DR R BBl e edh, 1 oas
of fset 25 QK-Ral lithbgraphysthe6ritidl dibinSionk b&Ge feligcedu® lesthdmasmiefoneThdk e oup
to be spaced closer than otherw se. The upper nold 202 is provided with a

series of PAPEHSIS4gNeY berapecgedautiogily fromebaivaen the peripas §1450HE, 1atdlly engt h
and anzu e r i ' ' ' 18 to
e st Hap rahne AR Gatibe bR ade’ ABhRATe sl el BRAL GRLSEL IR G181, |
at the 30 mhiaypirsletteewengispationsH4r& €6 betain adjacent capsrl36wuel tithd vasation

provided with two | ongitudinally extending slots 220, the transverse edges
of whi ch dRipghitign of thepelag gssslue s peauigeturing tolerapeeses 210. The | ower

mol d 204 has a I%Fsrﬂcﬁléss%ﬁtiérl]%fheﬁﬁ&lﬂ%?ex@BPth%H@lESéérvﬁ‘a?erg%én?atde'b?gl“ ar

intervals along 1ts Iengt
semiconductor materials or that they be processed using conventional lithography and deep

30 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



WO 02/ Csl >31 0 PCT/ AU02/ 011(11~ -14 and a | ower rel ease wafer 226 is
provided with lower release pins 228 to be slidably inserted into these

aperturesyolBfRs@pertures 224 are preferably at the transvegeﬂlﬁgm4 of the
slots 220. For clarity the two colums of each group of s are shown as a

single colum in 5 figures 19 to 26. A sheet 23| of thernoplastic materi al
is pressed between the two nol ds as per-10he techni que descri bed in general
and heated by infrared radiation 239, as shown in figure 24, to forma

series of taaR3tidR Blanthybd @@a%ﬂQoa&&oﬁwfbbga%@séﬂeomm deVicdd GidrtBe 26. As
seen in figure 26 the rods 206 i gn agai nst the upper surface 234 of the

~lower nol dncddicdg@pparstushe 10 t hernopl astic material out from t he space

Lol or ances. t ho i ol Rttt Gt B 5 mioad Vatsr 1B bl BO0H B K et

. flashing 2184 thetb & dpavefor Ml Bate®d té ok imtd haiis duesictdat frbriEBptaasht Bvo
mat eri al by application of a vacuumto the space 258 between the | ower nold

204 and t heafere] ease wafer 226. The 15 | ower reI ease pins 228 have a Iength

l'ess than the t éégﬁetrgnﬁfﬁgg §I‘ tél% p?ot?qq%rceﬁ?Lﬁlg et%?r 4 Rl 08 herfgwg A

remai ns attach astlc ma €rra as sho vvn

in figure add relddye wadve 1048 mozﬂalsalvdvingltﬁametenalf ES4 s&ﬂ&uaéledttbm uppehdr awn,
as shown in flgure 28. Wiilst still attached to the ui) mol.d, .t he
t her mopl ag®qle wakereh2aA vaguum is aprler tegthe gap L33 batweairthe rmléﬁeqi EQ¢a5e an

oxygen pl asmg. %@el%ﬁ%ﬂ&ﬁ' Qg 4590 LR Lﬁ‘ltécﬁg ?s%&h rggs & beAmAgableAS

shown in figure IS etc exposes t e en 6, as seen in
fi gur 4030 veildt thesueld svafera 08 104taee mpeable pepedBeulacio gy d:npreﬂ pkanc ofithe206 do

in fact ext nd hr o t he t hi ckness .of. the. ther | astic material 231. The
etch has M&% @39%&# g%rf%é]gwﬂertqué 1§ %Wﬁdﬁo“% thfedrieate WHE t o t he
si gni fi caritzogrﬁéﬁleg 12DbthB 836as® tvafd? @ 20 Stinl Phredstarhat thd elafRiM 884 hed gpt eri al .

The caps 233 are then bonded to a nicro-fabricated device wafer 243 having

i nkj et dewveteisthe matdript Addingesisioniand preyentip movingrdoame agisoyittathe dewer eldf i gur e

31. The b 0 f h.set of | d qut si de of
thef oot prTalee G- TheoruGhefRf oL Heas ey f ety §ife Bl Bou 35BS Shown'
it isjgnderst ooghetib@tr Iereegeewwexl 12008w1Bhly coniasts teatenalSizdey phid mqemdew ce

waf er 243 has a handling wafer 248 bonded to its |ower surface.
act i vat ed ifismewsslasinglyicayy tosemeve the lawergeleasgiwaler 120 1o sentagt vith lbv li ght

the coat | N1 A ShARGFabBRHE I HAGNALSH (R4 fbobt BB DACPRY RS 243,

The caps are bon er as previous cribed and the
upper ~-ahd @@e&ééﬂﬁﬂ&ﬁi then ixﬁthE’GEFviflﬁdrht(oh?s’hﬂ:%lﬁ figireri6l WitB @i msterielntdded usi ng
the two sta mrermval reV|o sly described to | eave the
devi ce waf® °§?§§ rth S%Prg?ﬁimg? %HWS Qa‘ﬁ? fandl i ng wafer 252 is then

bondedyt 0.t he S\@gﬁst%ﬁﬁ’attﬁ& AR dgpeﬁ‘msw Q‘eziﬁeet{fgﬁisrl & éuyacafotanvewd

release coatin 54 1's use on application o ht the coaflng
254 wil | rpeéfernbly am@cygamn]asmgemh,ffmm DEIZNS tdi reomve ttiee thanpeay330 OThmterm}vas

handl i ng fer 8 then re af.ter lication of. V. |ight hown
T gur e vk e o RS rERER 10 Pt R isr tih Babrabovip U Spifourt
exposed. Amédtér ift $hibknds®¥the E3DSE RS Sate@iallEFheedh8g asseiiblydik sh@ehi fixtes 18.0 t he
first cap are then bonded to the
The assembly is then placed over a wafer 144 having a number of chlps formed on
25  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
dévices, other micro fabricated devices, passive electronic elements or conventional
30 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



| ower surface 256 of the device, as seen in figure 35. The | ower caps 258
have four 10 |ongitudinally extending grooves 260 which align with slots
262 in thgodexk&ge waf er 260. The | ower caps 258 are bonde@cysidgosdie | oner
nold 264 and | ower rel ease wafer 266 used to formthemand the nold is
released in a simlar manner to rel ease of the upper cap to | eave the
assenbly with the upper handling wafer 232-attached as seen in figure 36.
Thi s upper handling wafer 252 is then renoved on application of LTV |ight
(see figurgi3lyitRe pias 1 2BYLE NfptaéBlscarate Ehud e ChAE Bf AtidehB® d¥@itiherit S
then singulated”and the i ndividual printhead chips nounted and connected to
~ package comfieny of the caps emrthd wafei due toshaact afcengvingTthe upperanold syaderas e al so
formed with jnk,s I ertures 268 in the slots 260 to enable ink to be
suppl i ed t6a¥ﬁsdﬂgggﬂﬁﬁggﬁgwgmﬁ‘ one or nore internediate points along the
. 20 length of therrzapafe 446k AaW il & sdard WherdBYchiSidpRdtbRed by ad@sorRe: @b 138t h
ends of the slots 260. Throughout the specification, reference is nade to
sen confuctidesvafprcandhen hrwingudaiedinty individeavie dhine ships ateirenged injagegyan e
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be retained, such as electrical bond pads, on the upper surface of the chip should be

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

30  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
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19. The package of claim 11 wherein there is one aperture for a plurality
of ink ej ahe étohingpvoasssis verylirectivmal, patyksiligondfetweenithe lovenhapsdliofl of er e are a
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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
20  chips exposed for deep etching.
Figure 38 and 34 show a packaged MEMS ink jet print head 220. The print head
220 includes a MEMS ink jet wafer 242 having a series of MEMS ink jet devices 244
formed in or on the upper surface 246. The ink jet devices 244 extend both transversely and
longitudinally along the wafer 242. In this embodiment there are four pairs of columns each
25 ofink jet devices 244 extending across the chip and these may be used for different colors
of ink. Each pair of the columns of the ink jet devices 244 has an ink supply channel,
aperture, pipe or tube 262 extending fully though the thickness of the wafer, through which
ink is supplied. For each column pair, in the longitudinal direction, the ink jet devices 244
are arranged in two columns with adjacent inkjet devices located at half their in line
30 spacing.
The upper surface 246 of the wafer has a protective cap 231 bonded thereto. The
cap 231 is preferably formed using the techniques described with reference to figures 1 to

17. The preferred technique for packaging the wafer will be described with reference to
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218 to be slidably inserted into these apertures 214. The apertures are preferably at thé h

30 transverse edges of the recess 210.
The lower mold 204 is provided with two longitudinally extending slots 220, the
transverse edges of which align with the transverse edges of the recesses 210. The lower

mold 204 has a series of lower release pin apertures 224 at regular intervals along its length
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to form a series of caps 233. This leads to the configuration shown in figure 26. As seen in

figure 26 the rods 206 align against the upper surface 234 of the lower mold and press the
10  thermoplastic material out from the space between the rods 206 and the lower mold 204.
Due to manufacturing tolerances the thermoplastic material may not be removed fully,
leaving a flashing 236.
The lower mold 204 is withdrawn from the thermoplastic material by application of
a vacuum to the space 258 between the lower mold 204 and the release wafer 226. The
15  lower release pins 228 have a length less than the thickness of the lower wafer 202 so the
lower mold 202 remains attached to the side walls of the thermoplastic material, as shown
in figure 27. The lower mold 202 and release wafer 246 are then withdrawn, as shown in
figure 28.
Whilst still attached to the upper mold, the thermoplastic material 231 is then
20  subject to an etch, preferably an oxygen plasma etch, from below, to remove the flashing
material 236, as shown in figure 24. This etch exposes the ends of the rods 206, as seen in
figure 30 and ensures that all the apertures 238 formed by the rods 206 do in fact extend
through the thickness of the thermoplastic material 231. The etch has little effect on the rest
of the thermoplastic material due to the significant greater thickness of the rest of the
25  thermoplastic material.
The caps 233 are then bonded to a micro-fabricated device wafer 243 having inkjet
devices 244 formed on or in the upper surface 246, as seen in figure 31. The bond pads 270
for each set of inkjet devices are located outside of the footprint of the respective cap 233.
‘Whilst only one cap 233 is shown it is understood that there will be many caps side by side.
30  The device wafer 243 has a handling wafer 248 bonded to its lower surface. A UV activated
release coating 250 is used so that on application of UV light the coating will release the
handling wafer 248 from the device wafer 243.

The caps 233 are bonded to the device wafer as previously described and the upper



3,10% & ()-210% & ()- 0310% & ()-,.10% & ()- 67n7777777bC 10
h&z109B& ()-1098& ()- 10/ 10/ 10/; 10% & ()- 3:

10% & () -Rol@keish ) - 77V99: O : dEBC 10 h PCT/AUNZ0014
L109B& () - F@LOYB&' () - Y! 1098B& () - y- #109B& () - F@" 109B& () - ' s109& () -
. <g<r <dEbC 10 hYS10%B& ()- Y3"1098& ()- 109B& ()-Y! 109B& ()- $109B& ()- YL

"109B& () - r <<9>>?Q@AIELC 10 hl 0! 109B&' (J15/-s$10%B& () - Y(
"109B& ()-'"109B& ()-Y ! 109B& ()- Mp109YB& () - @GA$AKAA" BBAELC 10

hy: ! 10‘%8&'rﬁaldlzaﬁlé&?ﬁ&eﬂhsmg e QUREace vabuniP 12ERE&] {ekhii ghedcﬁBed
1098& () - BBBBBBBB_DbC 10 h @ 10%a& ()- "s10%a& ()- 10%a& ()-s10%a& ()- 10B
~ 10B 108Bl; 1.9@@8@ ebadmmqaamcamimm@ie( 32. Pghqr@ﬁ@\V(afer 26%dasther -

yoo/g%(y& ( %}%}}Ségg. QS%}? k( FGG%'HKL%%%% acé1 vated release coating 254 is
- 109 () - 'ﬁ&d&%hla&oﬁ ApplizhilSVEBUV )lrthihb Icammccvmqenégﬂmdmg bvafek OBEE () -

+109%@% () - F&* 10%@&' &% F(10%@&' () - &10%@& () - JALLLLLLMWbC 1
h&ml09%d| & from figoeppe283.- 10@ 10@

109 & () ot LGRS ot e! R, ot AV MO en b o EREREN B 1o
hS! 10%| & shpwit Vdigdte(34; @0 |t lbWer surface 256 of the device wafer 243 exposed. A series
l 10%4| & ( -c!)10%1 & ( -1 :é %l | &I}éﬁ-‘ E{rlRR) SSdEbf? %ga are then bond
h' $1096| & Y)WV s/a? PN sEiler (achniqngsioullhe {iyst cap are then bonded to the
1078 2 () 0B o TRHAIENG,ih s A G BB
h! t $10% " doxgitudirtlly [extending grooves 260 Wthh align with slots 262 in the device wafer 260,
The lower caps 258 are bonded using the lower mold 264 and lower release wafer 266 used -
to form them and the mold is released in a similar manner to release of the upper cap to
leave the assembly with the upper handling wafer 252 attached as seen in figure 36. This
upper handling wafer 252 is then removed on application of UV light (see figure 37) to
15 leave the wafer as seen in figure 37. The wafer is then singulated and the individual
printhead chips mounted and connected to package connectors, as seen in figures 33 and
' 34,
The lower caps are also formed with ink supply apertures 268 in the slots 260 to
enable ink to be supplied to the four channels at one or more intermediate points along the
20 length of the cap. Alternatively ink may be supplied from one or both ends of the slots 260.
Throughout the specification, reference is made to semiconductors and more
particularly silicon semiconductors. It is to be understood that the invention is not limited to
use on semiconductors or silicon based semiconductors and has application to non
semiconductor devices and to non silicon based semiconductors, such as those based on
25  gallium arsenide semiconductors.
Whilst the invention has been described with particular reference to MEMS devices, -
it is to be understood that the invention is not limited to MEMS or MOEMS devices and
has application to any devices which are or may be bulk fabricated on a wafer.
It will be apparent to those skilled-in the art that many obvious modifications and
30  variations may be made to the embodiments described herein without departing from the

spirit or scope of the invention.
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‘separation of the wafer into individual packages.
10
2. The package of claim 1 further including a second molded hollow cap bonded to the

bottom surface of the chip.

3. The package of claim 1 further including a second molded cap bonded to the bottom

15  surface of the chip, which, in plan view, overlays part or all the at least one device .

4, The package of claim 1 wherein the at least one device include an ink jet device.
5. The package of claim 1 wherein the at least one device include an accelerometer.
20
6. The package of claim 1 wherein the at least one device include a light emitting
device.
7. The package of claim 1 wherein the at least one device include a laser.
25
8. The package of claim 1 wherein each of the first caps includes a portion at least

partially transparent or translucent to electromagnetic radiation at one or more wavelengths.

9. The package of claim 1 wherein each of the first caps includes at least one sub-
30 portion in the central portion capable of refracting electromagnetic radiation passing
therethrough.
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12.  The package of claim 8 further including at least one ink supply aperture extending

through the chip to communicate the least one ink ejection device with the second surface.

15 13.  The package of claim 8 further including a second molded hollow cap bonded to the

bottom surface of the chip at the wafer stage to define a second cavity.

14,  The package of claim 8 further including a second molded hollow cap bonded to the
bottom surface of the chip at the wafer stage to define a second cavity, said second cap in

20  plan view, overlaying part or all of the least one ink ejection device.

15.  The package of claim 13 wherein the second cap has at least one aperture to

communicate the second cavity with the outside environment.

25 16.  The package of claim 15 wherein each second cap has at least one wall extending
from the central portion to bond with the chip to divide the second cavity into two or more

channels.
17.  The package of claim 15 wherein the second cap has at least one ‘aperture extending
30 through the central portion to communicate a respective channel with the outside

environment.

18.  The package of claim 11 wherein there is one aperture for each ink ejection device.
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plurality arranged into two or more groups of longitudinally extending lines of devices and
wherein the aperture is a longitudinally extending slot in the chip communicating with

devices of at least one group.

10 21.  The package of claim 18 wherein each slot communicates with two groups.



