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i ncorporating mcroel ectronmechani cal systenms (MEMS). More particul arly,

the invention relates to a 5 nethod of fabricating MEVMS devices using W
curabl e tapes. For the sake of brevity,-kuch a device shall be referred to

bel ow as a MEMS device and the part of the device conprising the
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10 According to the invention, there is provided a method of fabricating MEMS

devices, the method including the steps of:-
providing a substrate with a MEMS layer arranged on one side of the substrate;
applying a first holding means to the MEMS layer;
performing at least one operation on the substrate from a side of the substrate
15  opposed to the side having the MEMS layer;
applying a second holding means to said opposed side of the substrate;
removing the first holding means;
performing at least one operation on the MEMS layer to define individual
MEMS chips, each chip being composed of a part of the substrate and at least one part
20  of the MEMS layer; and
causing the individual chips to be released from the second holding means for
removal from the second holding means. '
Preferably, the method includes bonding the first holding means to the substrate.
Optionally, a handling means may be applied to the first holding means. The handling
25  means may impart rigidity to the holding means and may facilitate manipulation of a
laminate, the laminate comprising the substrate and the MEMS layer.
The operations performed on the substrate may include at least one of thinning
the substrate and etching the substrate from the opposed side of the substrate to divide
the substrate into individual chips.



The operations perforned on the substrate may include at |east one of
thinning the substrate and etching the substrate fromthe opposed side of
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consi st of renoving sacrificial material fromthe layer to rel ease

i ndi vi dual MEMS chi ps. The MEMS chip ma¥%-conprise a part of the substrate
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each MEMS chip to be removed individually from the second holding means.

Optionally, the method may include applying a handling means to the second
holding means. The handling means may be transparent to the UV light so that the UV

15 light is transmitted through the handling means to cure the adhesive of the second

holding means.

Each handling means may be in the form of a glass, quartz, alumina or
equivalent wafer.

The method may finally include removing each chip from the second holding

20  means by a transporting means.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is now described by way of example with reference to the
accompanying diagrammatic drawings in which:-
25 Figures 1 to 10 show various stages in a method of fabricating MEMS devices,

in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION
In an initial step, illustrated at 10 in Figure 1 of the drawings, of a method of

30 fabricating a MEMS device, in accordance with the invention, a silicon substrate or



25 Figures 1 to 10 show various stages in a nethod of fabricating MENMS
devices, in accordance with the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI OwWoOni/ew06 nitial step, illustrated at 10 in Fi gur ePAT/AU01/60502

drawi ngs, of a nmethod of 30 fabricating a MEVS device, in accordance with
the invention, a silicon substrate or WO 01/85600 PCT/ AUOL/ 00502 -3 wafer
12 is provided. The wafer 12 carries a sufface nmacronachi ned MEMS | ayer 14
on a first surface 16 of the wafer 12. The MEMS | ayer 14 has a plurality of
MEMS el emrenwafeni? sshirpeiddd Tind wafeo$2 dartios a euréace masroreachaediMERISdhydrdyger s 20.
5 Afirst holdin ans, in the formof an adhesive tape 22, is bonded to
the MEVS |yRfirsiaurfaceiloof dhe walehl4-n Figure 2 of the drawings. The tape 22
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curable in the sensé tha esive proper I ness”

when exposeshetop nudre kavrificiad layetd\d0.1 i ght . Dependi ng on the equi prent used, a
handl i n% means in _the formof a glass, 10 quartz, alum na or other
transparent handt Brsppkdingmesns, indbe fase ef gniaghesivgiape22, ipbongds faithe 26,
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silicon wabgdr 142y rednk 08 b coRBlcaidhesive. STHeeIdhesi el caribldia the densomatiaf er 12
by back grinding the 15 surface 28 of the silicon wafer 12 to thin the
waf er 12 aslopas|itsdhesiexpropertipy i ‘dackingss”twien egpassidrig yltrayinlet (Fdadighs t he et ch

time of the sili [ S . 1n_FEigur f the draw ngs,
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the rever seqfitdeal®hidah® offh @fandpardht BndldWafspbeis skdurk@ to therapei22di vi dual
chips 30. In this figure, each Chltg 30 has one MEMS el enrent 18 20
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associ at ed wi t h A lanipate 26, egmprising the pilicen weted 12 Hhe MIZMS layer p4.3be tapal2d, | f
desired, Coaq{[d%ilen glagsnwa et 34 isoti)enlv%%%deolv%%néx%bse an opposed side 28 of the silicon
wafer 12.
A first operation is performed on the silicon wafer 12 by back grinding the
15 surface 28 of the silicon wafer 12 to thin the wafer 12 as illustrated in Figure 4 of the
drawings. This reduces the etch time of the silicon wafer 12.

Then, as shown in Figure 5 of the drawings, the silicon wafer 12 is deep silicon
etched right through the wafer from the reverse side of the wafer to dice the wafer 12 to
form individual chips 30. In this figure, each chip 30 has one MEMS element 18

20  associated with it but it will be appreciated that each chip 30 could, if desired, contain
an array of MEMS elements.

A second holding means in the form of a second tape 32 is applied to the surface
28.1 of the silicon wafer 12. Once again, optionally, a second transparent handle wafer
34 is applied to the tape 32, depending on the equipment being used. The tape 32 is

25  bonded to the surface 28.1 of the wafer 12 by means of an adhesive which is also
curable when exposed to UV light.

The first tape 22 and the glass wafer 24 are removed, as illustrated schematically
by arrow 36 in Figure 7 of the drawings, after application of the tape 32. The tape 22 is
removed by exposing it to UV light which is projected on to the tape 22 through the

30 glass layer 24 as illustrated by arrows 38. It will be appreciated that the glass wafer 24
is transparent to the UV light. In contrast, the silicon wafer 12 is opaque to the UV



A second holding neans in the formof a second tape 32 is applied to the
surface 28.1 of the silicon wafer 12. Once again, optionally, a second
transpar eno otrsgedd e wafer 34 is applied to the tape 32, depwadgibngsen the
equi pnment bei ng used. The tape 32 is 25 bonded to the surface 28.1 of the
wafer 12 by neans of an adhesive which is also curable when exposed to W
light. The first tape 22 and the glass whafer 24 are renoved, as illustrated
schematically by arrow 36 in Figure 7 of the drawi ngs, after application
of the tapdi@so Taetheapge 32on the ottenside df the veafpiokl Baot affécted by the GV lighti ch i s
rojected on to the tape 22 through the 30 glass layer 24 as illustrated by
grrlows 38. ‘f’]ﬂe‘\/ﬁhFFaﬁézdbﬁ%@?%@ége%{lgmhe gl ass wafer 24 is transparent
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18, and conpletes the separation of the chips 42. The lam nate 40 is

pl aced on aipsAdhe laminalgdOinpleced v XYpieh stage (nokshgyym vdtiduis as

illustrate r 44 | j.qure 1 fth i nqgs. .Eac ip. 10 42,
when i 1 o ser Rl HhaBudd Bl Qb S Fhyifed BaliNEngS shiohy
arrows #6 4 e i 8 desRM 16 moiif iTekpBsed BaRUBRSAs\ifidiedted B atraRe482
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15 printheads. In this example, the MEMS elements 18 comprise nozzle assemblies. Each
assembly comprises an ink ejection nozzle and an actuator for controlling ink ejection.
Hence, it is an advantage of the invention, that a method of fabrication is
provided which facilitates the performing of various operations to fabricate the
individual MEMS chips and which facilitates removal of the MEMS chips 42 for
20  packaging.
The manufacturing process facilitates that the MEMS devices 18 are not touched
by solids or liquids after they are released by the release etch.
It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
25  embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as

illustrative and not restrictive.



Hence, it is an advantage of the invention, that a nethod of fabrication is
provided which facilitates the perform ng of various operations to

fabri cat av@hesseédindi vi dual MEMS chi ps and which facilitat eBCT/Aawovalsonf the
MEMS chips 42 for 20 packagi ng. The manufacturing process facilitates that
the MEMS devices 18 are not touched by solids or liquids after they, are
rel eased by the release etch. It will beéappreciated by persons skilled in
the art that nunerous variations and/or nodifications may be nmade to the

i nvention dSLAMSN in the specific 25 enbodi nents without departing from

the spirit or scope, of i nvent | s .broadl described, The present
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1. A nethod of fabricating MEMS devices, the nethod including the steps
of : - providi ng applybgta fatseholding neeahEldBhe MiEVISdayeanged on one side of the

substrate; applying a first holding neans to the NMEMS | ayer; perform ng at
| east one oper aPF¥ Hgtah%a%tl%gpp%{ggorf PRy HHESURTLEHL %‘f’mtaf@es%/fﬁé? 'T"g?’gateoppos ed

to the si d@ﬁg{édpﬁtﬁg@%@%éeﬁgmmg e¥£ ng a second holding neans to said

opposed si e substrat removihg the first hol ding neans;

perform ng at | epplyingreescomet ladldiap nteans toesaldEdfipokad/dde vfthel edbstretet ndi vi dual
MEMS chi ps, each chip being conposed of a part of the substrate and at

| east one part ¥ROYIRE thopfiss holdisg meany causing the individual chips to be

rel eased fromt : ' Ef%l‘é r vi&ePnd hol di ng
nmeans. 2. The @?ﬁgﬁﬁggqg%g%t%hggﬁ@ﬁé?%ge%gs ogécfit{)]ggﬁ‘%aﬂ?}v?st hol di ng
means to tMEMSItsips, @héh chip being composed of a part of the substrate and at least one part
of the MEMS layer; and
causing the individual chips to be released from the second holding means for

removal from the second holding means.

2. The method of Claim 1 which includes bonding the first holding means to the

substrate.

3. The method of Claim 2 which includes applying a handling means to the first

holding means.

4. The method of Claim 1 in which the operations performed on the substrate
include at least one of thinning the substrate and etching the substrate from the opposed

side of the substrate to divide the substrate into individual chips.

5. The method of Claim 1 in which the operations performed on the MEMS layer
include removing sacrificial material from the MEMS layer to release individual
MEMS chips.

6. The method of Claim 1 which includes applying the second holding means to

the substrate before removal of the first holding means.



3. The method of C aim2 which includes applying a handling neans to the
first holding neans. 4. The nethod of Caim1l in which the operations

per f or mreavoni/83se0 substrate include at | east one of thi nnP@yAUhBOSMUDSE I at e
and etching the substrate fromthe opposed side of the substrate to divide
the substrate into individual chips. 5. The nmethod of CGaim1l in which the
operations perfornmed on the MEMS | ayer -@nclude renoving sacrificial
material fromthe MEMS | ayer to rel ease individual MEMS chips. 6. The

met hod of G.ai mtheuathord ohickimdsiigibingludes bondinaboserond heiding meanséoths  t he
substrate %%éorg removal of the first hol ding neans. WO 01/ 85600

PCT/ AUOL/ 005896 7. The method of daim 1 which includes bonding the
second holding nmeans to the substrate. 8. The nethod of Claim7 in which

t he second hol ding nmeans is bonded to the I|ayer by neans of an adhesive
whi ch i s cu¥-abl dheynathebeiCleim @ immthicvhe sesond blding méens is borded to thiki ch t he

t hod i nclud i | | i sed_r.eqi f th d. [ . t
the OV 11 gHEVE By ERas e HBcrF STat 1 SHPhE ARG CadEBHachar o Jgmeans o
enabl e eachyghh RHich the rr%e@rma"lﬁ&iuﬂ&délx‘bggﬂgidc){lisfeﬁqggi&kfk%fstﬁ&_Q:'&%d"ﬂél@n@g means.

9. The nethod of Claim8 which includes applying a handling neans to the
second holmeang torderisY lighttohraledse ong chipaais thee frgmtthasespad boldinganddds ke ght so

that UV light ijs transntted thro t he handlin ns to cure the
hihesi ve ofohls cad URR Tt trfinyed HIQuAIRGrom e SreonDiaRe Eeatn & wh ch
i ncl udes renoving each chip fromthe second holding neans by a

transporti ng neans.
9. The method of Claim 8 which includes applying a handling means to the second

holding means, the handling means being transparent to UV light so that UV light is
transmitted through the handling means to cure the adhesive of the second holding

means.

10.  The method of Claim 8 which includes removing each chip from the second

holding means by a transporting means.



