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THE WAFER SCALE Technical Field This |nvent|on relates to the nol di %
dpplication of protective caps to 5 microel ectronic sem conductor chips on
a wafer scale as opposed to application on an individual chip basis. Mre
particul ar lwobhessieovention relates to the nolding and apgdreaiohmdis Of
protective caps to sem conductor chips incorporating Mcro Electro

Mechani cal Systenms (MEMS). However the invention is not limted to MEMS
applications. 10 Backgr ound Art Seni condhrtt or chips are nornally packaged
in a protective |aye | ayers -to protect the chip and its wire bonds
from at nospheri N Ki/’ E&ENC U.LA—IEQAH'gTbﬁMFIEBS@ALETB
typically use epoxy nolding and thermal curing to create a solid protective
| ayer around the chip. This is normally carried out on individually diced
chi ps bondeqleéﬁni&qq:,é frames and so nust be done nmany tinmes for each

wafer. Alternative ods of packaging include hernetically seal ed netal
or ceram c packaﬂasmvar@nwlﬁ%mﬁmatdgmga&dueﬂplmaldnaifbrogfcmlecapﬁfoay (BGA) and
pin gri Recent | r scale has
started ?Je(slégg%igg}ém@%%&o RS PRS %ﬁ@SW@etd fg'foé‘raé t he chips

are separ at m&wduﬂ@pjbﬁlscﬁdomﬂaﬂicﬂgﬂﬁﬂﬂ 1ﬁtdnnﬂgrelaessh@th€hﬁﬂ difgidepbBeatibe Vaf er
to both mac&anltc and .20 thecinal%q%;c‘resses I n_addition _the protective cap
so formed i% PAUEEVe s 1R AEmgE B RCorRPr 1‘%5?%%?"“19@@@@6"@5?“%/5

devi ces, siMEMSHEvEME thieiaon@ulotiihged ®MEMBhppiARSKAbl € by the pol yner
mat er i aI Exi sting packagi ng systens for MEMS devices include thematically

seal ed packages for individual devices, or use silicon or glass wafer scale

packagiqftg. BatRgrSundisgk are rel atlvely hi gh cost operation. 25 Disclosure
,of the Inventlgn I'n one broad formthe invention provides a package

: ncl ;.Idl ng a) a cﬂwpcmduqtqrg:g@s amposnmyanadcagedhnammﬂ@wdraﬂmaﬂﬁrggagl) ng at
east one a
first nol de@éﬁﬂl fufl)w cap %ogln%i% aﬁg?shﬁ&{gea%dg%‘f%&&@{] CEIXI’%h P%ﬁ?fa

overl ays paystemms q@ichﬂpﬁsesmﬂwﬂdlhgammamal dﬂ‘iﬂgﬁﬁcreﬂb&&ﬁid‘!prbﬂam\fellﬁﬁf cap has
been_Donde db IS el U ndefdiny B it 395ty e ferdlpd bim@ats 1eag 'O

15  frames and so must be done many times for each wafer, Alternative methods of packaging

include hermetically sealed metal or ceramic packages, and array packages such as ball grid
array (BGA) and pin grid array (PGA) packages. Recently wafer scale packaging (WSP)
has started to be used. This is carried out at the wafer stage before the chips are separated.
The use of molding and curing techniques subjects the wafer to both mechanical and
20  thermal stresses. In addition the protective cap so formed is a solid piece of material and so
cannot be vsed for MEMS devices, since the MEMS device would be rendered inoperable
by the polymer material. Existing packaging systems for MEMS devices include |
thematically sealed packages for individual devices, or use siticon or glass wafer scale
packaging, both of which are relatively high cost operation.
25
Disclosure of the Invention
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




-2- separation of the wafer into individual packages. The bond pad?ﬁﬁdex, 05
preferably formed on or in the top surface but may be fornmed on or i Fi%
bottom surface. The package may further include a second nol ded cap bonded
to the bottomsurface 5 of the chip. The second cap may, in plan view,
over | ay parWOJR/056350 of the at least one device. The devipesap@peach be an
i nk jet device, -an acceleroneter, a light emtting device, a laser, other

MEMS or MOEMS devices or other mcro elegtrical or ‘el ectro- nechani cal
devices or other micro-fabricated devices™ The first cap may include a

portion sub i al l.y -transparept .to el ectronmagnetic 10 radiation at one
or nore Wayg{aéirﬂéﬁoﬁsqfﬁfhvég?ri tgﬂn‘ﬁ‘ﬁﬁmﬁrﬁ?kﬁg?él ude one or nore portions capable
of refracting eﬂhebﬁmm@&bpﬁeférﬂﬂyﬁm@orpaﬁﬁ'tﬁ&ofQﬁfa@éﬁﬁt%?%ef&%%flfI rst
cap may i nclude oge or . npre apertures in a central portion.-In anotier
broad form Ch& PHYSHIR 8H46F-ovi des an ink jet print head package 15
i ncluding: a chi ThbpakAgk May R Wchae jﬂgh and havi ng at
| east on i\r,%lf ej ectjon dev){ ce ch?at e%sgdr%ﬂg?na J%%@%%%E%eboﬁ%l face; a
first hoPl off MsIcaiPd Thessconsiran tay.dn plae viepp ovarial pare oraitbf el ot Reastione Bbvise, Vi eW,
overlays part or TR fevitos b3 .QNe .| jection device;. and 20
wherein the first cap has gg%%bhgﬁgg{d&%wf%gnc *%%@1‘?2“%?’@@% age prior
to separ at Avice  laspi othef MEMSerdMOBMSeviced orpttek ages eledkiel bi d1&iwocap of the
ink jet priplechafdl ARTEAIEHBiBE A 2R8I Ure in a central portion for
each ink ej ecgi on devi ce&gr g)ré%éu}g\fo F‘tﬁgg%‘?%eé‘tion devices and aligned to
al low ink ej ect8ep fiyt cepmeyimide ugoitiok sehsemtibinrAepirdeto decBsmaaRuL 0 t he
envi r onf@nt wa8dod B, ie%ﬁu%}e‘p‘we%tgpead package may further include one or
nore ink supply apernt ures - exten §1g t hrough the chip to communicate the
one or nore the Thekfire] cap tiag inctiele baeer mbrt Portiochecp@siondesatihgce. The ink jet
print head @ﬁh - urther.include second hol | ow cap bonded to the
bottom surf%ce o% Ef-ﬁe :“C#étbonﬁassfnﬁgﬁ‘?ﬁgﬂ@“glkt age to define a second cavity.
The second cap T&&ﬁrstycaphﬂyhichﬂeuﬁw,mﬁyg?ﬁdr@ksﬂﬁééenﬁﬁlp%}&onm the one or
cap may have at [east one

nore ink jet ejrrﬁn%tna‘\.]qg evi ges. The second, '~ ha
aperture to co Rl bryad JorL e fRyentinp prqvidgs 2 inljet prigthest] peckagayi r onment .
Each setondnclagingny have one or nore walls extending fromthe central

. portion to 8 JULY 2005,, .
7 a chip having a top surface and a bottom surface and having at least one ink

ejection device located on or adjaceht to the tdp surfaée;

2 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 whel‘:'ein 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 ejéct:ion 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 jnk 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




WO 02/ 056360 PCT/ AU02/00014 3_ bond with the chip to divide the sgm@,zuos
cavity into two or nore channels. The second cap may have one or fore
apertures extending through the central portion to communicate a

respective channel with the outside environnment. The chip may have one or
mor e sl ot s wo ozpsssdour es ext endi ng through the thickness g@fublRiship to
conmuni cate the devices with the channels. .There nmay be one slot for each
channel or there may be nmultiple slots per channel. Brief Descri ptlon of
the Drawi ngs Figure 1 shovvs a prior art- 3met hod of forni ng protective 'caps
on seni conduct or, 0 chi ps. gure 2 shows a cross section of a prior art
packagi ng vhdhs R Cl“ﬂdﬂl?éSNOQ@P@’ltYMWWOIFFWeIS%mmdaaEr 0SS

secti on of RaPhivebnddtmdd R h@@h a Cross
section thr ough a I\/El\r/éndew ce pa’éﬁggﬁ% ac o{ragldﬁg&%lgoﬁog%%fﬁnnve it on.

Fi gure 5 shissciavesbampbvish te eiisisieeoyirdnmenti ng nol ded caps; Figure 6 shows
wafers H 9332' ¥'“"ﬁ%°@§%¥2ﬁ% 8 SRR E SRt el i Ren e aiofeet 20
Fi guré Ps ¢b@aﬂolcymsiummedner:bmwwﬁloﬁ1eamwls ITheranhahebk @h2Rkt fdr@ach Si I i con
waf er acco, i shows the wafer and caps of
figure 8 bo%gh%g?%tgeer%ﬁig?(; E?&Feesq‘it@l‘%r%ﬁ n expl oded cross sectional view

of a device for forming the protective caps. 25 Figure 11 shows an

expl oded p ve view of the device of figure 10. Figure 12 shows a
cross sect %HEFB??EWBPWW%W%‘@'WSH gure 10 at the comrencerrent of

nol di ng. Fi gurngg%msf@] ng has finished
and just before "one si gﬁ pﬁgﬁ%?ggﬁ%%éggie%g@%éa So’tiﬁemlﬁf %} %ide. 30
Fi gur e H3a dsws an expanded view of part of fi gure 13. Fi gure 14 shows a
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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
15 invention.

|-

Figure 5 shows a possible device for forming molded caps;

Figure 6 shows method of applying caps formed using the device of figure Sato a
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 figrwe 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 fignre
13.




.4 Figure 15 shows a cross sectional side view of the device aft%rﬂﬁ_énfz&js
tkhe nolds has been partially renpoved. Figure 16 shows a cross secti o

side view of the device after one of the nolds has been fully renoved. 5
Figure 17 shows :a cross sectional side view of the device undergoing an

€tch. Fi gum® ®8568hbws a cross 'sectional side view of thecgavinsoealter
undergoi ng an etch. Figure 19 shows a cross sectional side view of the

devi ce at the comrencenent. of application to a wafer and renoval of the

second nol d. Figure 20 shows a cross sectional side view of a wafer after

application of t ; cagf. 10 Fi ?ur QZ# hows crdos_s sectional side view of
a series of chips &Y &1 OV GIOLR PBHOmHMY sidg KigW ol fheydevies gligr enoof themaldsdaer oss

sectional siteen parduityokemavedaf er wWith caps applied to both sides, before

si ngul ati on of t%x‘e wa gr. . Figure 23 shows an expl oded perspective view of
a device for for g’lﬁeL Frowis piciass seponahside Fisw of theidskics after das/didhe mpldghee 24
shows a per seecfullyeenibwy, of the device of figure 23 as assenbled. Figure
25 shows _the device of figure 23 at the commencenent of nolding. Figure 26.
shows thé devi ceFigurg 1ghows agross seetionsbsidy vigwofi theslevios undergninghidemhal of a

first one of thel:‘f%ﬁlmd ' : l.ce0f figure 23 after

w t hdrawal of the Ti rg%shﬁg/r, 5 bﬂ)‘g_Jl.:l g%?ngf %gg\%ﬁ%&gﬂ}g@éhgeeﬁ%ﬁgmﬁgoﬂ%eé%3

after renoval of Figuee ¥4 shows potods secifinglside vew sfthaslevicea decopmehianak ofi de

view of the e WIlRLOIORA%ARGPHGHe secbi B 30 Shovs a cross sect ional
e de un Hoett

si de vi ew of vice. after ergoi ng h. Figure 31 shows a cross
sectional side vFinred0 shhws dewsoectinal dide Gowwbnwalee fter afplikbicaR@heapi.on to

a waf er 1af MEMB ighki ' .removal. of .the. second | d. Figure 32
shows algr 0SS Segﬁﬁ?ﬁ%ﬂ@%g&%@%@%ﬂ?s oL§ pegips PF@E?‘TS ORRE caps.

Fi gure 33 sHamwafer. cr oss sectional side view of the wafer with upper and

| ower handl e wafer hed. Fiqure, 34 sho a cross sectional_ side view

of the wafer w tE%.uﬁeeﬁlt%é\l}e%sra?fé’%cfﬁ%‘“%’é‘%a‘f‘%‘?&?@%@ﬁ@ caps geplied txbathows a

cross sect i eided, bsfodesinguiation bf theevafenf er with a series of |ower caps being

appl i ed. Figure a cross .sectional side view of the wafer with the

ngi ed of Igvver g&ﬂ%@vgg% zme:i:pﬁ)decia perspective view of a device for forming protective ;
15  caps for an ink jet device.

Figure 24 shows a perspectivé view of the device of figure 23 as assembled.
Figure 25 shows the device of figure 23 at the commencement of molding.
. Figure 26 shows the device of figure 23 after molding and prior to withdrawal of a
first one of the molds.
20 Figure 27 shows the device of figure 23 after withdrawal of the first mold.
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 eich. -
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
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Frgure 37 shows a cross sectional side view of the wafer after ?

t he upper handle wafer. Figure 38 shows a cross sectional si de vi ew of one
of the packaged MEMS chips of 5 figures 26 to 32 in its final packaged
Sstate afterwoioggiBex i on. Figure 39 shows a perspective Ci@Fgu@RedyONal

vi ew of one of packaged MEMS chips of figures 26 to 32 after singulation.
Best Mbde of Carrying out the Invention 10 Referring to figures 1 and 2
there is show a prior art method of fornPrig protective caps on

sem conduct or waEf \A@:‘qee scal e. A sem conductor wafer 10 is cl anped

agai nst a SR} % efé%ﬂ% vicgremevedyr med t herein and a l i quid pol ymer

material 16 is Figu&c:s'mtaweherdsb&cﬁﬁ\ﬂé&@ﬁg&%fﬁ?%&%;{@@mﬁ{)ﬁﬁ' al gets to
en singula

formsolid ect|ve caps 18 The wafer 1s t %appgwafer
saw. This t Ht?rférl s not applicable to wafers 15 havi ng MEMS devi ces .

forned thereon aplahfee.zslghewggc&%@é%n% Sfidbe. eofﬂfeﬁagagqb s, F

dévi ces and stop th f rom wor ki ng owWs rOlar t
t echni qué fggmﬁ%@tftﬂlﬁgtsmmad@zettmmemgm& chip 20 including the MEMB

devi ces 24, showg b ed.to sidico 26. This may
be carried out at gﬁ[ﬁe@ f&%g&?éhéégqeké% 09089 8“%P’la§’i°ft°ﬂ§ %2%@@ > ciips The
waf er 26 i soffgiresdlato 38 albrsihguiating a crystal | ographi ¢ ani sotropic etch

using an etchant such as KOH to forma series of recesses 28 which
correspond to the locations of the MEMS devices. The wafers 26 are

careful Iy aBegtffodé of Caeyiig\Ountieinvdihtigif bonded thereto. Wile this
can be 6' ef fective rreans of {)acka I ng MEMS devices, it is expensive as it

requi res¥an ext rBefewing s figyey ¢rm§§tha1$J51)or mmﬂapdw.\ﬁfomh:ngpﬁdtedﬁee et ched
to form theoapdsn sahivbdheior oot o watliRiie 2 MnB,MRLE w0 YLy 3 sf1face

MEMS 32 forrred t her eon. | ow pr ot eCt |ve cap
mat eri al %@n&?ﬁnﬁ@ﬂ%ﬂnﬁ C@ﬁéewldffelm@(ﬂherananﬂdhqlgd palyinbremateric 16 ison i S

provi ded sqnﬁgwagﬁgg{erga@mg@W?g%ﬁ@hmt&ﬂ%%%l qul-ﬁr ot ectl?é}epébgr rier for

t he MEMS devi ces a cavi 30 al |l ow
t he MEMB de ed’é%fgf)ls t@ﬂ@@gﬂ]awéumimewa&esm MItquhﬁrmiﬁpﬂsdblﬂoWérQW caps

e et Al e
PCTI AUO2/ 0 (MEMS dev1ces and stop them from worlqng
Figure 3 shows the present prior art technique for protecting MEMS devices. The
MEMS chip 20 including the MEMS devices 24, shown symbiolically, is bonded to a
silicon wafer 26. This may be carried out at the individual chip stage or at the wafer stage.
20  The wafer 26 is typically etched using a crystallographic anisotropic etch using an etchant
such as KOH to form a series of recesses 28 which correspond to the locations of the
MEMS devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and bonded
thereto. While this can be an effective means of packaging MEMS devices, it is expensive

as it requires an extra silicon (or sometimes glass) wafer, which must be etched to form the
25 cavities.

Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thereon. A
) hollow protective cap 34 of thermoplastic material made and bonded to the wafer 30
according to the invention is provided so as to form a mechanical and atmospheric
protective barrier for the MEMS devices. The cap 34 forms a cavity 36 with the wafer to
30  allow the MEMS device(s) to operate.
The use of molded thermoplastic hollow caps offers the possibility of providing
inexpensive packaging. However, conventional techniques do not provide the required
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mcro fabricated devices. Figures 5 to 7 show a possi bl e techni que for
packagi ng a senm conductor wafer 40 having a nunber of groups PXZI/AL0RI00P
fabricated devices 44, shown synbolically, formed on or i Reesivad2@eipril 2003
surface 46. 5 An array of caps 48 is fornmed using conventional iyjection
mol di ng met hods and' steel nold tools 50,.& 52. The caps are supported on a
sprul e 54 at the sane nomi nal spacing as the groups 42. Using this nethod

will alnmost in Labl v .l ead t.a.mm sal i gnnent ith.resulting destruction of
MEMS devi ces, és s%ga\%ﬂ}eﬁnﬁ?tgﬂlﬁgr . °¥1P1§f?r%mfaﬂg°"é°§ﬁ 48a has been
aligned correctly \Higdnesistts 7 ghiomteposdible/febfihiqhe Yorpackadinga schidovpdRtor Waker &paci ng
10 between the s is,greater than.thg s i,ng of the groups so_that cap
28b s mot al | BV ® oERPHSE Bonps BT Birru BTl 4% & U RO ey bes
of its respect biver igaonperkiface 46lowever, the caps 44c & d are suffciently -

m sal i gned that the peri nﬁter .aqverlay one or nore of the

| | f.th
MEMVS devi ces 44, déSt¥ByP ﬁﬁﬁ‘é@@ﬁﬁﬁwaﬁgﬁ@@wﬂﬂw@%%@%an be

the result of geddthatdaoolo50 862.0MS caps BRlsihchoRel @i o spRlETUM st o sde doRBralal
expansion of the sprule material conpared to the si|licon wafer, non

rigidity of th¥Pacibisiaempsfs tistehismethod il almst inyarishly dead tn wisdigawetied f or
accurate al i gnyRifes@ith deRRIEHNE MEMP MNRE beshbRu Wik, USfidiee T 06 S 48z

techni ques. A solution is to use tools which have the sane coefficient of

thermal  expansh®feRslisted gorpstievit i moppad MEMS daireutia- Howmyentde pedng

symbol i cal | 3 Shaéed tHeRapdHd SHekiorih At sBaciiplok Qﬁmugé)sott%@bap%bfsﬁmpﬁiggedan array
of thernoplastics caps 62 as the caps are bonded to the silicon wafer 40.

Si nce the t ool “sctysbut dperaat dssiroy laey ef AeMBMP deviegs ofks reypsctivatwip 420, changes

in tenperat urgowdver 118 @hps 4858 latard AARRANGH ;'gﬁe@,ggm feD SRR AR df the
caps 60 wll ch?ange b%sheéggtr?e# anmount a%dt e spaci‘ng gf themgﬁ%g%g 42 of
MEMS devi ces 4evetatime of mpre At tho MM devieky 4pdestroping thgivfungtiopalite correctly

aligned, as shown ifichii; et cAh B i rQRRbY VaulhES oF akt ,ggg;ghﬂﬁé.gﬁ j ence in
wor ki-ng silicon tobrtﬁﬁe r e%w reﬁqﬁaccur_acy. %} gur es a_lgﬁ’t%gdl SC erratréil cally
show a first stiemelrxpasion ofthe fprge matrid ppmyereddo thelsitioon waferonamaigidity ofthps to
waf ers, preferghhy SEil dued; | mﬁ{ﬁ@ﬂ@ fng system
100 for formng the ﬁgﬂ ow pr O?&%@c@gﬁh&?ﬁ%iﬁp?n I gure !a(}_'. ich may be
used with MENVDogding eknolymrersde yafsrsiveing thessrteshfigbssi cated 30 device. The
nol di ng system 100 ,i : I el SEE : : yRner waf er
102 has been proceéssg B%ﬁ%og&ggoﬁ§en ‘%(%frgig %I ooé‘%%%%t/&gd}gmgg%ﬁ £ *Eon
et chi ng t echniewsfer, fush hsilicon anligues 8& 9 sebolialy sibdc: tedniqhsudirgesilicour f ace
108. The | r L4 |.ar oces that..its upper
surface 110 h atg&?) g%trmljhgél %’@ 8&@%@8%1%‘3&@%%%&% c%gsnéggonﬁ% © Gne slfode
wafer 40. Since the tool 60 is formed of the same material as the wafer 40, changes in
temperature will not result in changes in alignment;the spacing of the caps 60 will change
by the same amount s the spacing of the groups 42 of MEMS devices 44, Thus, when
bonded, all of the caps will be correctly aligned, as shown in figure 9. Additionally there is
25 much experience in working silicon to the required accuracy.
Figures 10 to 16 schematically show & 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 efching 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

AMENDED SHE:
IPEA/AU




AMENDED SHE' : | PEA/ AU 8 JULY 2005 WD 02/ 056360 PCT/ AU02/ 00014 7_ swgﬁ$Y2005
edges of the recesses 106. The recesses 106 and grooves 112 are siZe or
the chip size of the wafer to be processed and repeat at centers
corresponding to the repeat spacing on the wafer. In the enbodi nent shown
t"he prot ectwWo®@2/03ps® are designed for a MEMS inkjet. printhaadsaiaghi$0 are
very long relative to their wwdth in plan view The recesses are 5
rectangul ar, although the ends of the recesses are not shown. The ends of
the grooves 112 are not shown but it i s7ro be understood that the grooves
112 at each si,de, of %gfh recess are in fact _one groove which has a.

rect angul ar L8 9 T5ppsies d(P- ThedecgissbiWond grooves 113 afesizsd forsbpehipiéits ne a
portion 114 ogihgmf@rbgépﬂyeé's ; Sl lar | .acent
recesses 106 defjne 1:a porti_gér?a?%geﬂg?‘ta}rg?gﬁ]%oﬁe :ﬁgﬁgﬁia@hk%éﬁg%%g’én

et ched. Thedk® Wefer fiothe ergbodiment sholn the protecti 16caph xgrdesigned feredEMSiakjeand when

the two waf ekgmasEmBs6 5% e r tact each other at
t hese porti (?Er?g 114 &8116. t%g(’%boﬁtﬁgﬁes %@g&b@%ﬁ'@%ﬁgﬁess%et hat the
groove 1%2 mentangplar, pidhrdugle therendsf oftthrerecassss atesionsHovinnTheands ofe cioafeen(1404 and

s ot ol oo £ 668 un Rl el e Soover D1 Al enctiielor i Boisindiv o
have not beénfackaneigesbve Whichhss a tectasgdarishape i plak viewe central portion is-
dof 1 ned by a gr osneegivel LR a0 Gepf oo ARpeton TR CLPREEE NN happety | i ne
bet ween t he beanl aichedebimiiarlyl adfzabretdecaise@ 196 defifié & ptionl €Fd srahrandwiREdadiRt be
Pabr § catPon S el TAPR PotdsS erioaSudlisg e Lot crabiariraand when piro

rel ease or wjafert arepogsed lob8than theawb WORHs conBkRABILoREr £ HRES potde 1148016 These

upper and | ower | ease wafers are silicon wafers which ™ have been
processed utili ziﬁegt_wem@ﬁﬁ g?YﬁeS’Feq stehvd gp thathe smaveibleforthe perimetenc fieng -

t echni ques :captis BRitethelower wafer D4 4l RAREesP | Mol Bd cafid oﬂﬁ%ﬂﬁ%wﬁﬂe}‘- The
upper and |O\§%I‘ éérﬁpl d wafers 102 & 104 are fornmed wth correspondifig hol es

126 & 128"t &&5EL¥4 vel y which receive the 25 'pins 122 & 124. The upper

hol es 12§ are | OR&tnetlesB@Mmar Bhtie OB Hert BRly E6E bn rfR8 whi b8 cess
106 whilst the Iﬁwe_r,hol es 128 are Iocgt edyi n thengr oovevzhl% . ﬁl%v\%\%rgr t he

| ocation oftc PIgP Bssseoigal thegthe pentyal pergien isdpfiraddiviayrecess inicakylonamyld drey
maybe pl aceghabfie b@aHdrEhE ' | I | ease pins
122 & 124 ha\alt,e _gﬁl engt h grgg%@eﬁﬁ%%%ﬁgggg%ﬁ%ﬁ%ﬁ%%?%gﬁ?g%%g di ng

hol es. WienShlif ling beieeea thpmelds mag bplogated atanyposifiondesitedtanénéadmet beeplatar.of  t he

' However, planarity of the split line will typically simplify fabrication of the molds.
20 The assembly 100 also includes an upper release or eject wafer 118 and a lower
-release or eject wafer 120. These upper and lower release wafers are silicon wafers which
bave been processed utilizing conventional lithography and deep silicon etching techniques
to have a series of release pins 122 and 124 respectively. The upper and lower mold wafers
102 & 104 are formed with corresponding holes 126 & 128 respectively which receive the
25 pins 122 & 124. The upper holes 126 are located generaily toward the center or axis of each
recess 106 whilst the lower holes 128 are located in the grooves 112. However the lobation
of the holes 126 and 128 is not especially critical and they may be placed as required for
ejection of the molded caps. )
The release pins 122 & 124 have a length greater than the depth of the
30 comesponding holes. When the free ends of the pins 122 align with the inner ends of the
‘holes 126, there is a gap 130 between the upper mold wafer 102 and the upper release wafer
118. In this embodiment the length of the lower pins 124 is the same as the thickness of the
lower mold wafer 104. However the length of the pins 124 may be greater than the




hol es 126, there is a gap 130 between the upper nold wafer 102 and tﬂﬁ1 2005
upper release wafer 118. In this enbodinent the | ength of the Iowgr ¥1s

124 is the sane as the thickness of the |ower nold wafer 104. However the

| ength of the pins 124 may be greater than the 8 JULY 2005 WD 02/ 056360
PCT/ AUO2/ OOwdo2tobssekness of the wafer or it may be | ess. YhgRuitigekenat h of
the pins 124 is less than the - maxi mumthi ckness of the |ower 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 th§“grooves 112. The |l ower wafers
104 and 120 rggego%}hi oned with the pins 124 part way inserted in the holes
128 but 5 ndECEEsLAdINYI8ERrdHAaY brolessoPisn thedengfly of thepinygi24dy less thapthand wi t h

a gap 132 behi@emm ' ' : 't o be
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et ching as . r.etch, C t chi_n roduces scal |l oping o
ot ched s de "o PRRS. Tie ins B lielenflickitng ROSEhef i bl 6 e Boletods ke, | The

scal | opi ng fekessubsthntially phasdagf totliveoromledd2f rom t he nol ded naterial nore

difficult. I'n compaklson i n cryogeni.c etch results in_nuch snother

etched wall's, wi Elbickpess of Bp BRI Teibes? cﬁ?’éﬁ‘é‘%‘ﬁ%@@&?ﬁt‘%ﬁ%@mtic

material of 13bad 13206 sfahdddBeriof ¢0 GNE0 hicidak GlkhRRfRsd. Sowlaeae iRt %‘iﬁ:ﬁ:ﬁl. ]E he
war er

two wafers 102 04 and . the assenbly is placed in_a conventiona
bondi ng? chi ne%é%’@ﬂﬁzg‘ﬂ%ﬂeE‘i?%@gﬂ?e%/k%‘iqs%lcgf%%ﬁ@ silieommicinggadienns & oup
of  Shar di nehan Bosdh dichingTago g@awaialsmobﬁwm@m@B&&%&hﬁ%&@&é&%&ﬁ@ﬁ%@r in the

machi ne but i{l vmclk{ Blg g[;) appreci ated that the nol d wafers may ur ged

toward each®Gheeide gallfete ?‘ﬂtﬁ‘ﬁﬁdeWﬂ’&%ﬂﬂ%?ﬁ@aﬂ%’é&seﬁaﬁh@mﬂﬂwma}msabove

anbi ent pr edruElieast Of thd encliBFomlBE nfelded ZnaterM fnBfe M ELYE Y ¢y Eoﬂgggﬂﬁ%”ay be
2

used. The sheet 134 nmay_be heated by conduction but 1s prefe eat ed by

radi ation SHBEHICAth ity ngpuchsmegher piches walls, wigh essieomoldaelesadi cat ed by

arrows 186 in figyh&et 134 lyhdd gj‘%i Lant heating
may be used., The nold anodflﬁ}%lﬁg%geﬁgwaf eraj;&élagﬁ? 4 a%ﬁ?ﬁg%ﬁ%%ssm ’
respect i Ve!-yla%eﬂé’e?vmem tye wafery KBnk 1hingihe ssseisisplrcedin aconventiosgdar ent t o
infrared |i gggerggndﬁl%ﬁ\égjng,rgg‘gﬂ'uas! B\ 501 A6 lgérﬁiﬁé%o%l%qpsi” out 5000

t 0
rim The material 134 chosen either Tn{rinsic Sor bS* PRt BPt hin this
wavel ength Phasdes, Adistrias doped so as to absorb light within this wavel ength

I e e e

20  appreciated that the mold wafers may be urged toward each other to deform the
thermoplastic sheet by applying an above ambient pressure to the gaps 130 & 132,
Alternatively other means may be used.

The sheet 134 may be heated by conduction bt is preferably heated by radiation

and preferably by using infrared radiation, as indicated by arrows 136 in figure 12. A

25  combination of conductive and radiant heating may be used. The mold and release wafers
102 &104 and 118 & 120 respectively are formed of silicon, which is substantially
transparent to infrared light of a wavelength in the range of about 1000 nm to about 5000
nm. The material 134 chosen either intrinsically absorbs light within this wavelength range
or is doped so as to absorb light within this wavelength range. If the material 134 does not

30  intrinsically absorb within this range, a suitable dopant is “carbon black” (amorphous
~carbon particles) which absorbs light at these wavelengths. Other suitable dopants may be
used,




carbon particles) which absorbs light at these wavel engths. Q her §m¢5&)5
depants may be wused. 8 JULY 2005 WD 02/056360 PCT/ AU02/00014 -9-
sheet 134 is placed between the two nold wafers and exposed to infrared
light at a suitable wavelength, as indicated by arrows 136. The infrared
radi ati on | WOR@$&6lably supplied fromboth sides of the maieoengd t he
sheet 134 to provide symetrical ‘heating, but this is not essential and
the infrared radiati on nay be supplied 'f-Fom only one side. 5 Because the
silicon wafers are transparent to the infrared radiation, the infrared
radi ati on passe th]{‘ﬁ%tjg%'t hle fers ﬁ{éd IS ?bsorbed by the sheet 134.
After heating to*3°8 BPraGeg D5 ERER HedW e O waters wed @ingsaddy infrpesd light ur ged
t oget her t o atlefwitabletviclRheig as iditated B9 arrid SI6S THEMTRGA Hd%%?ﬁ% ﬂr&ﬁﬁﬁ@er
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whi | st the sheet i ng _heated rather than waiting fo

34 is b
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mat er i al »us &§c3use Hhgsticem weiatsiaye transpenent s theinfiaed madiative b indraied radistivher

bondi ng nmachi &A% Is h of.. the cavity defined
by the receggﬁ%% ar%gE{%ﬁéﬂ%%%ng\g%%g&%%gﬁ%%g%%%a?‘&?rsh%m&fﬂ@ﬁ tially
15 squeezedesuneraire theanojd wafses masethert breurpadatogathiet toodeforfnltde ShedtlB4. Tse i ndi cat ed

by arrows 1 ' ' aSerd.es 0of caps.138 As previqusly
nent i oned, té'ﬁi:a o] %?%Eﬁaeﬁ%sth%%’i& lgtﬁr%@%gtrléﬁ R egtgﬁl e g@ﬂ&é‘mﬂggﬂ%l
| i t hogr aphy thershiead d 3 todiel filiycheated qlattivglatle ifvohdjiedee heltigy s Geids a5t Wh t hi s
processyai s depen i he. | ithogra and resi st . used. The etch
sel ect | \ll?tymgf &%g%g%e%\r}g}rcgﬁguﬁﬁﬁeg@g%%s%ggggw BB‘%‘W(E H3%hout 40:1 and
about 150: 1¢lesteruagnetivyadiationsi sthert wivelengthstofsaictath® Bteria dsbi 18 luisitABal0f
bet ween abo%%s%%eé[n and 4 mrespectively. Using a contact or proximty

I nen

mask, critica sions of around, 2 mcan be achi eved. Using steppers,
el ectron beam oWha payeshddtiie gafpbynditiemsdhireititdhed i1 BRRThENT 6 ¥ shgqer‘ﬁduced
otally

toless th a . mcran. .. Thus the terial 13 y be squeezed out
from bet \/\/e(éalﬁletc ﬁﬁbpdéﬁ??dowggelw&quag‘d W&?‘ﬁﬁ %5@@2?5‘?"&! isplposplestantiplhic ent
caps 1386 - Aldueszedbinielte gap bitivaed @Y Bo Jetlondl 14 & ABOMin@cdlbdb: R *1'55 Ry
be | eft betueen ih? ]g‘ortlons t114 116 between adj acent caps 136 due to the
variation {0 BHmareeRel ¢apF 138 ve surfaces due to manufacturing

tolerances. |t ifspeiioatpatidonld, thHolbiagvaREA00R! B arblorkBPulid case waf er's

be nmade of sem _coa uctor materials or that they be processed Using

convent i onaf*FFH98 phyendeapsilicn elghingdenhmisivesh Thapcrwaeioofdhis Grdeess
materials &9desoRtiRdn HEBXhdIpHP &I th redBHIsEE Tne HRNEN&ivit} Bfsiticon versus

20 resistis typically between about 40:1 and about 150:1, requiring a resist thickness for a 500

pm thick etch of between about 15 gm and 4 pm respectively. Using a contact or proximity
mask, critical dimensions of around 2 pim can be achieved. Using steppess, electron beam
or X-ray lithography the critical dimensions can be reduced to less than a micron. Thus the
material 134 may be squeezed out totally from between the portions 114 & 116, totalty
25  separating the adjacent caps 136. Alternatively a thin layer 140 up to about 2 microns thick
may be left between the portions 114 & 116 between adjacent caps 136 due to the variation
in position of the relative surfaces due to manufacturing tolerances.
It is not essential that the mold wafers or the release wafers be made of
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




use of simlar materials to the sem conductor wafers provides bett 005
<ecuracy since tenperature changes have | ess effect. Al so I|thogra§r1{/ma¥a
deep silicon etching nethods are well understood and provide the degree of
accuracy required In addition, the one ... 8 JULY 2005 WD 02/056360

PCT/ AU02/ 00WtM02/03§360 f abri cati on pl ant may be used for pro@g@w[]@ﬂog@ﬂ bot h
the sem conduct or devices and the nolding apparatus. It wl

appreciated that the two nold wafers 102, & 104 will. need to be shaped SO
that there is space for the material to” Wove into as it-is squeezed out
from bet ween .t he,.t 5 fer After formng of the protective caps 138 it
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t he
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134 in position and prevént | WO wafer
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figure 15. cont cts t mat eri al
134 by pi nsh%12d4wg%€ﬂ)sdog%{m¢§m% E&?l%@?&gg‘g Q%J]P dt“]‘i’ér? %Er
rel ease waf wefer2@hé retlﬁa‘sa:mfmadls&IZBardmwﬂmIﬁrthaadsselﬁﬁymish@Bé uﬂin%bz@ﬁ!egl ng
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o eten " pi2E TheRRs ol S o ieRRTe B Bonly ek Gini fhoateral A Sfawbsa thf’n
| ayer 140 ofetaimthe magdrial mmgmam dnd pfevgmemwmc I@ﬁnﬂr@wﬂﬁﬁ:{ellb\%ljrﬁolgf fect f
ness o

on the rest t er al ni fi cant reater in thic
the rest ofw%’éi%h?ga?%ﬁm‘?‘iﬁ%“gtﬂéﬂrﬁé T fhgs %%ghswvnfmégmlﬁs The
assembl¥5is t herﬂ*mllmadeleaseww!\@dﬁfw &xﬁﬂc&ﬁé{d@ﬁe ?nafbﬁﬁpf%llﬁrénﬂs%ﬁ%n& gy med on

25 the wafer, s a plurality of MEMS devi ces e conponents

are aligned: Sé"r?&’ff’ Igf’aéﬁgﬂeﬁnﬁ"eatheEﬂWFéﬁﬁth’%ﬁﬁ’waféﬁomémﬂgﬂﬁﬁbﬂ| ne, such
as an EV 5Qiaxb1@a1h9m€b1ﬂ1&ﬁ; disteipmg kBmiieridi BRnY@RE %fq?ermfd \Qﬁeﬁi’t)zo‘f[‘lﬁ%% c@v: (S:es

positioned sq _t hat eeich cap overI ays part or a
are shown S3Sy %ﬁ?cﬁ’éﬁmn@mgsﬁmﬂhmm 188her nicro
fabricat ed etgyied er fuilhe plotssil 8hd sRBhGREIRAks OF conventi onal

20 - Whilst still aftached to the upper mold, the sheet 134 is then subject to an etch,

preferably an oxygen plasma etch, from below, to remove the thin layer 140 of material, as
shown in figare 17. The etch has little effect on the rest of the material due to the significant
greater in thickness of the rest of the material. The etched assembly is shown in figure 18.
The assembly is then placed over a wafer 144 having a namber of chibs 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 amay of chips is positioned so that each cap overlays part or all
of 2 chip. The devices are shown symbolically and may be MEMS devices, MOEMS
devices, 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 50 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 ate held in




30 sem conduct or devi ces. The assenbly is renoved fromthe wafer bgr}g_, 918\/2005
machi ne and a vacuumis then applied to the upper gap 130 so as t rla

t he upper nold wafer 102 up toward the upper release wafer 118. Simlar to
the rel ease of the |lower nold wafer, the caps 138 are held in S JULY 2005
VIO 02/ 0563080PZ924002/ 00014 - 11- place by the pins 122 ofpdtguitemai rel ease
waf er. Thus the chance of accidental detachnent of any of the caps from -
the wafer due to the act of renoving the upper nold wafer is reduced, if
not totally prevented The wafer 144 is r]rgw in a state where each chrp S
protected by r 5 The can then be singulated into
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d sil
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upper c%s and using the | ower caps as hasks f
processing. If the etch is applied from below, a separate mask will need to be applied to the

bottom surface of the wafer,

...(U

Ay silicon exposed to the direction of the deep etch at the separation stage will be
etched away. Thus if the eich 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

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 Jower 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 inchudes one or more




the etch. By providing both upper and | ower caps at the wafer stagg, 2005
chip is 30 substantially conpletely packaged prior to singul ation. r-ﬁﬂgaf

22 shows a technique for providing protective caps for both the upper and

| ower surfaces. The figure shows a wafer 150 upon which have been formed a
Series of WBNB0#8 ce chips 153 on an upper surface 154. pEpghobdp 153

i ncl udes one or nore 8 JULY 2005 WD 02/056360 PCT/ AU02/ 00014 12- MEMS

devi ces 152 and optionally other mcro fabricated el ements. A first set of
protective caps 156 have been forned ont%he upper surface 154 as per the.
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ink jet .deﬁéﬁg ﬁ(l},é Jor rregl in or oﬁ I{%he u%%ét}ﬂ%g%r acetg‘gagt.hg%éa?%?jet
devi ces 24 Bid2patinot bedumpgadin the ettt | ongi tudi nal |y al ong the waf er
242. -1 n this enpeginmRRbntb - pal each 25 of . ink jet
devi ces 244 extendi ng g%r_o?%@fﬁﬁfe@gﬁfgg{sgﬁ?ft es%teon%%/t%gggpaése?fw?)Pecaﬁsfqer‘ent
col ors of YR 2 hollow spaceris sruirade ifaceennd setaff copsds anmecgsety camilesaabliedd has an
i nk suppl y 15 iae e coRRES | Lube 262 extending fully though the
t hi ckness of . theﬁwa%:%r, t%?lgﬁé%vwrvﬁl C%E“Atﬂ%gn Pt TRV 2ot otvden e

. 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 Jjet devices 244
formed in or on the upper surface 246. The ink jet devices 244 extend hoth transversely and
longitudinally along the wafer 242. ¥n this embodiment there are four pairs of cohumns each
25  ofink jet devices 244 extending across the chip and these may be used for different colors
Qf ink. Bach 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




ink is supplied. For each colum pair, in the |longitudinal directi QQUINQfOOS
I mk jet devices 244 are arranged in two columms wi th 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

pr ef er abl y wonmestssesi ng the techni ques described with ref@hagfigodees 1 gures
1 to 17. The preferred techni que for packagi hg the wafer will be descri bed
with reference to 8 JULY 2005 WO 02/056360 PCUAU02/ 00014 -13- figures 18
to 33. The cap 231 has an aperture 238 -f®r each of the ink jet devices 244,
to allow igk to be ejected onto a substrate, such as paper. Electrical

connect i onstigges 1o &i Bregan 23 hhasan gpertums 23§ Sareaphatthe ik jetdgvionsi2és, ta 72,
| d ' d
ocated on iy MRRSSe e?éb”tid%?o zﬁ@m&g%umg Ba%?ﬁil@cﬁ a?@ezﬁ%ﬁitﬁgtﬁuc%?e gd to

its lower surface 256° This cap is Torme -sim cap
but is forne@vided byband pads/270and sitee 872 tocatbdiom the 9pRBGuniace 84li ng

| ongi tudinally . b ' that whepn bonded to
the chip.the C%%%%PSHES%B&Q?%J#?OS? %p %%é??%%og’%%%%rﬁ * bt “24 F@at e
wi th thé i ntimdesysoyheapoet aapdst is #Ged Fhas to hpve2bBriesofzhamel A60@akndingh a

nunber of . 24 which.co .cate wt t he channel 60,

Pr ef er abl ya’?ﬁé@g&gﬁp}ééfz’n %ca rgﬁ%%é&a%f%%wgh%@@ﬁw@?ﬂf eéﬂéﬂ’@ap 258.
10 Thi s al | dhasnelsR60anrinelatd fomahch olierdba@nymirtanswiin ifkepsy aRxheedi n
transversel%t the2 ap, 258. .msnti nedfsa%bove, there are four sets gf
ink jet devi 8e§"ea°ﬁa é%f'sraé?%gw&qﬁsﬁﬂ ac:‘f'@ﬁ’ﬁ’é? SHges gzﬁ‘ﬁﬁé GoEgenicRE Sthmy be
suppl i ed wi thiicltinfidle260 Prefeahlily thest@pertiteOdel SthydefedAonk iR 1HMIEST thdhp 238,
comenc _%%dl a_t her nop| Stlf sheet as s?ovvn in figure 53 usi ng the
Cechni giibs HECEIONSER piorap Pk RArsBER (ot SiovD) pEongias Tantisply R HEN) S

i nkj et pri ndapesgl Assnenioned dbyve) tierd dre RASEN ikl f dovidaead RREkpasdsy di ngly

t he printhead V\1|| h Xe_a simal | nunber_of rows of inlcjet devi ces extending
across the GIFJ}GSRBQEQE SRiverh thesqay B shpaliad with diffprentoqlps kv es rel ati vel y

smal | wi dth and Paodudiciof Br cap281 céiRscal By SHe) %ﬁ‘&hb@ﬁk%@ fef f5S the
width with {he | epngth_extendin ?nto and outﬁyof t%a sheet . 28 R{e?irring to

figure 23, “SPRABR: Hoystpetboteciyrignes desgralepd ayithrefsrenresofisurey 169 1pert ur e
form ngscol unm. L&hli\@EI&Ciﬁlg' ; h@ﬂfg ; XeTalTe I ¢ sets of
two colums  .each and ex%%ﬁ%%%ﬁohe g?gﬁg%%?ﬂg receéai%&%c%%&&'%‘%s
recess 210 theprinticaqd wilhhaye grsmaH eumbes of rovesend inkivi deticesextending aioss the fuldds ar e
in the sa I 1 2 he rods
Mafd Wi, The pldk p&hub AR ﬁ&ieﬁﬁnaﬁﬁﬁgtg%?ﬁ%ggﬂﬁ* ;%f’ 25 by

of each col'um have a'regular“spacing wth thhe a
hal f this $pRfAThYowRsEaionsd emess theevidthovitidhelength eftendingdintrand puttef thee  spaded
cl oser -t haRpet herw se.

20 Referring to figure 23, the upper mold 202 is provided with a plurality of aperturc
forming column like rods 206. These rods 206 are arranged into four sets of two columns
-each and extend from the base 208 of a recess 210. This recess 210 is the length of the
printhead. The free ends of the rods are in the same plane as the general lower surface 212
of the mold. The rods of each column have a regular spacing with the adjacent rods offset .
25 by half this spacing. This allows the two columns of each group to be spaced closer than
otherwise. '
The upper mold 202 is provided with a series of release pin apertures 214 at regular
intervals along its length and an upper release wafer 216 is provided with upper release pins
218 to be slidably inserted into these apertures 214. The apertures are preferably at the
30 transverse edges of the recess 210,
The lower mold 204 is provided with two longitudinally extending slots 220, the
transvesse 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




The upper nold 202 is provided with a series of release pin apertugﬁzm%flﬁms
at regular intervals along its |length and an upper rel ease wafer S
provi ded with upper release pins 218 to be slidably inserted into these
apertures 214. The apertures are preferably at the 30 transverse edges of
t*he..recess WOON2/034360 | ower nold 204 is provided with two | pegiiesosial | Y
extendi ng slots 220, the transverse .edges of which align with the
transverse edges of the recesses 210. Th§ | ower nold 204 has a series of

| ower rel ease pin apertures 224 at- regufl %" intervals al ong its length 8

JULY 2005 WO Oﬁ/ 05\(}5@60 P%/@g:ﬁ/ Ooodg éﬁ and a | ower rel ease. wafer 226

i's provi ded SEAROTGRIPas Filen, 240 5 providsd avith Jower releasei pigs ¥28 taheeslidahly i nt o t hese

apertures. Tﬂ&rtad)ﬁitéﬂlé&%pé’xﬁﬁesam%@E@%%f&éﬁ@ét%ﬁé%eﬁ%%? f the
rods are s

slots 220. - Fo& clarity the two colums of each group o own as
a single col® 7% s figures 19 to 26. - A sheet 231 of thernoplastic

material is pres%ﬂdﬁ%%hE&ﬁmhm%%gﬁagﬁéffgg{ﬂé% ‘%ﬁﬁ‘gmﬁﬁf%ﬁ’& escri bed

in general and heate y infrared ra as s arev24 to
forma séri &ups 184926.233. This | eads to the-configuration shown in figure

26. As seen in fao . al inst the u r surface 234
of the | ower nol E? %ﬁé}%grggfs%&%ﬁéﬁ%% %%g?%égpﬁgsssgcﬁ%kwn%fiéﬁ?tgplﬁﬁﬁs FESH e he
space bet wedsehuigae desabeddbgenond] arddiehtodiby infimted ralition 2BBies ko fzaRIML | Ng

( Paching. 2ol TopaSp Bk 8 TR o R YoR Gty MRS Bl A A s seR i |
mat eri al by figprs/26dhe jodn20sfaligmagaimstihenmpyper sinacs pRLef tREBwaLoRRMd pkgs fhever
nol d 204 an : r 6. T 15: | ower | ease pins 228 have a
"ongt i 1o heiEnhie SR, Hom 60 tpdd Foicin TPeh 20570 o ToRer mplg Bt. ol
202 remai ns Dt temimdadiwingsicranade theahdrmoplbstichexdiibrnappbidrbBovaialy 8l . as

shown in fiqus 7...The, |l ower nold 202 and rel ease wafer 246 areée then
wi t hdr awn, gésa%él 3@%%I gure-28. Wilst still attached to the upper nold,

the thernopl ast i Thetbtver molld 2081k withdtdvai fratf) tieRir@6h1adte nidlerfl 6P appRbRlg R0y an
oxygen pl aspe_etc b from g_géﬁew to rg)rmve the flashing material 236, as
shown in fiJuPeioyd tefpee &3 Retigsydhe lovermold 294 and thepglesse yafer 886. The seen i n

figure B alutheerdsmepint I08haid 4 1eh £ 1630 Biah WHelBiciRdS JrUhd B ePWarbin fis 206 do
the thernoplastic materral 231.

The. of ch naloer FERLALIPREE Bielshdd Pesids el ohbe SREmmsRoTeIcgaatsboval due
to the signinffigeer7, qheRner mblaizol AR® Slddle Witer 485k Aln W ifardnn W GIdMRL ast i
mat eri al . 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 thermeplastic 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 fignre 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




The caps 233 are then bonded to a mnicro-fabricated device wafer 24%@\@9@05
I nkj et devices 244 formed on or in the upper surface 246, as seen’i

figure 31. The bond pads 270 for each set of inkjet devices are |ocated
outside of the footprint of the respective cap 233. Wilst only one cap
733 is showWQ®/0s@stnder st ood that there will be many capecuAv®aby4si de. 30
The: devi ce wafer 243 has a handling wafer 248 bonded to its | ower surface.
A WV activated release coating 250 is d so that on application of W
light the coating will release the handl"ing wafer 248 fromthe device

waf er 243. re ed to the device wafer as previous|y
descri bed a}gafl %g@ﬁspr%%irgve “?‘6?@‘@36%‘%%"‘6%6%‘%@ ug PRYSUsiydeseribed ol d
202 is renpvedrausthagevibewsfencapiedgn SO G Al hanQRly W& DLEMEOUS| Y
descri bed tb%nﬁe?%\’%fet he dgvi cg waf e ca?l%p%g,. as%zhown Iin figure 32. A
handl i ng wafer 252 TSP SN Hgyre He Ag2ipe DB activated selepsmcqating Riftise 33.
Agai n a UV astd soahstdnreppivaien of O §igd tR2dati: 254580 aﬁH%E ' ion of
W. | i_ght5 tﬁ% C@gt@i n%§§%4 will release t?ler%handl i rﬁ%&smg?%trh 2 g%kéf?gén t he
caps 2337 THE™ SREMPSHrdl i ng wafer 248 is then renoved after application of
W 1ight, as shumbldwes hinal@walth 24Beeibbibuldiea MMSEIBMG AR RGOS L he

of | S or med |

devi ce wafer, 243 exposed. A series ower cap ‘rﬁj simlar

techni ques SROYHE guresH. leayingthe loves aurfien a3Giofi the device wafanddB exposddadesedBd Of
t he devi ce,. ofoweLEi»s 283 fd Simimi - e four .10

| ongi t udi naIOI y exfﬁg’rsldi nglﬂ%oy&%%%%\ﬁkgﬁﬁésaﬁi?%M%?%Q?%Pgoﬁ%g%? et he
devi ce waf eflovssuriacyRa6 pishpdevicarns seman Sgere36Hedower aaps 298hakofvar ol d 264

and- | owgp rﬁjn%ﬁ&ﬁn f he |ld is re]leased in

a simlar nanner t%@}%{ag%@%g‘é?&g %gé 8’8%@% a‘gﬁ?%lg@%g%%m? “@s“é”é?ﬁ#ﬁ\?' with

the upper hahejloviegcansR8¥ arp bondad nsingthe lover swdd264antlilguereeldbe whith 366 tieper

handl i ng wa | licatio W.|.ight (see figure
fcPfor Benl aﬁld]tctﬁl%ﬂolﬁ?ﬂgl\égsgd %P? SR at miner {h{glfegmf gzp%pger

37) to 15 leave the wafer as seen In Tigure Rt
si ngul at ed leave the assemblywidibd uppprlisndingarehfet 150 sttabud bedenndipaBeerhad t o

package con : | | es 33 and. . . The | gwer caps are
al so forned @ tﬁ | n&é suppi y 1%%8%38#’&%3%?9%& oﬂé’f?ﬁ’olfg;[‘t%g ©3Bdabl e i nk
to be stpllear thowelteas soen indigari33] Theavafarie teh sinpiletel BAEMERMIAA] POI Nt S
al ong the . f th ap. rnatively 1nk may be supplied from one
or both endé@%#egpggﬂ% 8?‘%@%’@."8“(’}?%%@% B 5 5t fndigures 8B apdnce i s
made to senmdkonductors and nore particularly silicon sem conductors. It is
to be understoodrhtegat t he ina\ée(r}t]ig%?% is not limted to use on
sem conduct ors or osT T FEoHT BHE VL OLRaH SYRRLS2PSTIEren 468 iaths sleta26tie t o non
s ﬁ nic OB duct suabld énk 108 sagplied © tiofdusdHahfe bt BAS SIS MEARHME! T alSii e 25
t hose ed o N
viig dlengrlh 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. ¥ 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 moedifications and

30  variations may be made to the embodiments described herein without departing from the
spirit or scope of the invention,

[i
B



, 25 'gallium arsenide sem conductors. Wilst the invention has been %eﬁgl;#?ﬁ&
with particular reference to MEMS devices, it is to be understoodt e
invention is not limted to MEMS or MOEMS devi ces and has ap@dTaupznodis
any devices which are or nay be bul k fabricated on a waf er Redetvedi2 IApkb2003
apparent to those skilled-in the art that many obvi ous nodifications and
30 variations may be nmade to the enbodi nents described herein w thout
departing fromthe spirit or scope of the invention. 8 JULY 2005
PCT/ AU02/ 00014 Received 22 April 2003 -16 Clains: 1. An ink jet print
head package including; a) a chip having-détop surface and a bottom surface
and having at |east one s mcrofabricated device forned in or on the chip,
b) a first nol ded, holl ow cap bonded to the top surface which, in plan view,
overl ays part Or3HR$: of said at | east one device, and c) a second nol ded
hol | ow cap bonded to the bottom surface of the chip, wherein the first cap

and the secondjcap @?fﬁ' bonded tp the chip at the wafer 10 stage

prior to separation o ffﬁg%%wpa%ﬁ%mf’%g‘?%i dual packages. 2. The ink jet

print head package ®f chaﬁilxh&r,ingubj:h&ﬁséﬂﬁlam&dmsﬁmggg%ﬁgﬁél nd_ pad

| ocated outgide the foofprint. of @hefirst.cap. 15 3. The ThK Jethrint

head package of claim 1, T iaricatsd fyiee Samss in oren @sehipap bonded to the

bottom surface of thhe chfipt moldedhoNow\eheHy nd&y@me@{psﬁm&twh?ﬁgha%lﬁl of. the at
c

| east one device. 4. The,ink jet g{gi nt head package of R iher ei n
the at |east one microf ASPPERELAr 2l sgd ¢4 least s devier, imdk j et print head

package is an ink e} ecti@pomdenddd hoffow JdpDohdld int head package of
claim4, frther i ngv!hudj Eg hat a m cro%%brl cagiﬁabﬁ{eo\lﬁ c fogflﬁé nk jet
print head package 1 & % SPR 1Rt rond2ep Igwve tive bomied foattic ¢hip tithd vade

package of 1€l ai m 4stageprioPRrsepaiidiol f MO whidfihto ﬁ;j,_-g fabricated device of the
ink jet print head package is a |ight emtt?%g ‘Eea\ﬁ/)P .~ 7. The ink jet print
head package of claim4, further including that a mcrotabricated device

of the ink je?. priThe tlefethankagecade ¥ clod ! surci AR ot S5 nd pad
located outside the footprint of the first cap. '
'8 3. Theink ot print head package of olaim 1, wherein the second molded ogp bonded

to the bottom surface of the chip, in plan vieﬁv, overlays part or all of the at least
one device,

4.  Theink Jet print head package of claim 1, wherein the at least one microfabricated
20 device of the ink jet print head Ppackage is an ink ejection device.

5. The fuk jet print head package of claim 4, further including that a microfabricated
device of the ink jet print head Ppackage is an accelerometer.

25 6. The ink jet print head package of claim 4, fixrther including that a microfabricated
device of the ink jet print heac@ package is a light emitting device,

7. The iak jet print head package of claim 4, further including that a microfabricated
d.cvioe of the ink jet print head package is & laser. |
ao
) I

AMENDED SHEE!
IPEA/AY




| PEAJAU 8 JULY 2005 PCT/ AU02100014 Received 22 April 2003 -17 8. Tj ) |?®§
jet Print head package of claim1l, wherein the first cap includes § r¥
at least partially transparent or translucent to el ectronagnePCT/ATRGZI0B0IHN
at one or nope wavelengths. 5 9. The ink jet print head p&ekagd 2fAmilaorm
1, wherein the first cap includes at |east one sub portion in the central
portion of the fast cap capable of refracting electromagnetic radiation
passi ng therethrough. 10. The ink jet print head package of claim 4,
wherein the fast cap has at | east one 10 erture to allow ink ejected by
the at | east one ink ejection device to esddpe to the environment. 11. The
ink jet Print head package of claim 10, further including at |east one ink

supply apertur® exThek Rndd t he i{p.to transport ink to the at
| east one ink ej ectjg‘(i)%n jfgpde&%g’.g"kf%?“f%ﬁégﬂm@%qmpmpmwm%f of

claim1, wherein thE*SEEEHY taniperent dn rhrlshioers Asloc .to..the bottom surface
of the chip defi neswale t one bottom regi on cg’@?%%g‘.‘°’a%ﬂ’f§@n\=wéme¢k j et

print head package of claim 12, wherein the at Least one bottom region
cavity stores ink, 14. The ink jet print head package of claim 13. wherein

t he second @apghas ‘@ i : | | extending fromthe central portion of

t he second cap bonded%ﬁ%%%ﬁPF%-meMth@ﬁaﬁ&ggﬂcﬂa%de t he

bottom regi on cavi ﬁ?b'm@inmceﬁnﬂrpdrsgd t%?&%aq%%&énk jet print head
cap has" @ shnRe

package of claim 14 reln _the secon aperture
ext endi ng through the ce F%mﬁfadﬁfg‘f”w‘ﬁ?f%ﬂwﬁﬂwushcond cap to transport ink to
a respective channel fromthe outside environnment. so AMENDED SHE' :

(PEA/AU 3 8 JUgY 200y RETLA /00014 Received 22 Apiil 2003
%H&%pac geofcla:m4,whereintheﬁmtcaphasaﬂeasfme

aperture to allow ink ejected by the at lest one ink gjection device to
environment.

10
escape to the

11, ink § i |
1. Theink jet print head Ppackage of claim 10, further including at least one ink supply
aperture extending through the chip to tr ink {¢ i
) - hip to transport ink {0 the at least one mk ejection
12

lm * L L} ) ) -
N e ink jet print head Ppackage of olaim 1, wherein the second molded hollow cap
nded to the bottom sutface of the chip defines at least one bottom region cavity,

1 4‘ .s « a
The'ink jet print head package of claim 13, wherein the second cap has at least one

wall extending from the cengral portion of the second cap bonded with the bottom

25 i ivi
surface of the chip to divide the bottom region cavity into two or more chantels

15, The ink jef we
e ink jet print head package of claim 14, wherein the second cap has at least obe

aperture extending through the central portion of the second cap to transport ink to

a respective chanuel from the outside environment.
30
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-18 16. The inlc jet print head package of claim 11, wherein theresi C[g\p 005
aperture for each ink ejection device. 17. The ink jet print head p@ age

of claim1l,” wherein there is one aperture for a 5 plurality ?‘;C%g@gﬁ/ﬁm{
ved

ej ection devices. 18. The wk jet print head package of cl ai 003
there is provided a plurality of ink ejection devices, the p
ink ejection devices arranged into two or nore groups of longitudinally
extending lines of ink ejection devices, and wherein the to aperture is a
| ongitudinally extending slot in the chip conmunicating with the ink
ej ection devices of at |east one group. 1918-The ink jet print head package
of claim 18, wherein each slot comrunicated with two groups of ink
ej ection devicds. 9% : Lnk jet print head package of claim 14,
wherein the two or nﬁ%@kgﬁﬁﬁﬁéﬁéﬂgﬁ%ﬁﬁfﬂﬁmﬂEmﬂﬁﬁmﬂﬁ&QE%ﬁgﬂ KSs.20, 21. The
ink jet print head Bkeiestipa doficc| ai m 14, wherein the two or r?g'fr@ Zfehnel s
store the sane coloured i nk. AMENDED SHEET | PEAI AU :

17. Theﬁ]kjetpﬂnthead a e . . ;

: of ¢laj .
5 Plu,ralitYOfininectiop ckag cleim 11, wherein there is one apertiire for a
n devices.

18.  Theigk Jet print head backage of claz
eJection devices, the plurality of ink ejection devices arranged into two or m
' : ore
&roups of longitudinally extendmg lines of ink ejection devices, and whereip the |

10 . _
| a?cri:ure 1s a longitudipally extending slot in the chip communicating with th ink
gjection dev_iceg of at least ane group, .

19. ink j i .
The iok jet print head package of claim 18, wherein

156

20. Theigk Jet print head package of claim 14,
different coloured igks, :

21. The ink jet print head package of claim 14,

wherein th
] o - ¢ two or more channels store
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