M) 150-SG | METHOD OF FABRI CATI NG MEMS DEVI CES ON A Sl LI CON WAFER FI ELD OF
THE I NVENTION This invention relates to the fabrication of devices
incorporating mcro el ectronmechanical systens (MEMS). More particul arly,
the invention relates to a nethod of fabricating MEVS devices using W
curabl e tapes. For the sake of brevity, such a device shall be referred to
bel ow as a MEMS device and the part of the device conprising the

m cr oel edtighr@eéhani cal system shall be referred to as a MEMS | ayer. SUMVARY
OF THE | NVENTI ON According to the invehtion, there is provided a nethod of
fabricating MEMS devices, the nethod including the steps of providing a
substrat e WIHTTROVEDE FABRICATINGEMENMS DEEIGES ©NA SRICONWARER

applying a first holding neans to the MEMS | ayer; perform ng at |east one
operation on the substrate froma side of the substrate opposed to the

si de havipgritheMeME IVENTI®NR! Yi ng a second hol ding means to said opposed
side of the substrate; renoving the first hol ding neans; perform ng at

| east one deeflss | imentiet chelotes t he NEY/E fhlajoation 0 odefdemtzes | nokdorpatatdg VEVS
chi ps, each chip beipg.c osed of part of the substrate and at | east
one part Bicreghesty ﬂ%é‘if"gg?“%(@gygﬁ)n OF?IB&WIH‘QF‘W’& %PW@H?%“E%GSO@ % el eased
fromthe lPa%ln% g p@lfm I means.
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subst r at esuch @picvmrahbly be aefhaaditd dowmansMEMS Beviappid thd pan dfiike devisd

hol di ng nmeans, . The handl i ng ans may inpart rigidity to the holding neans
and may fERTIsEgt e%ﬂpﬂa%m%ﬁmaﬁaléystfﬁ% ahpereferred tp app MEMSIaysr i sing t he
substrate and the MEMS | ayer. The operations perforned on the substrate may

i nclude at | east one of thinning
SUMMARY OF THE INVENTION

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
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 deep silicon etch on the MEMS layer to define
individual MEMS chips, each 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.

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
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 substrate and etching the substrate fromthe opposed side of the
substrate to divide the substrate into individual chips. MI150-SG 2
Further, the operations performed on the MEMS | ayer may consi st of renoving
sacrificial material fromthe layer to rel ease individual MEMS chips. The
MEMS chip may conprise a part of the substrate and at | east one MEMS

el ement or conponent. In a preferred enbodi nent of the invention, the

met hod nmeMdPhEPude appl ying the second hol ding nmeans to the substrate
before renoval of the first holding nmedans. The second hol di ng nmeans may

al so be bonded to the substrate. Both the first hol ding nmeans and the
second hol di ngFuran shevegerigéonis rpetfhﬂnff(btpmﬂ‘@fMEéftﬂaktymmw chresise of aﬂim&iilg/ es
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second hol ding neans to the light to rel ease one
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individually fr ne second _ho al t he nmet hod may
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transmtted through the handling cure the a t he second
hol di ng nieddisg m«m ahd ol sengldmddmgnnganbmayrbmhethé torm of tapesghvhisk haggiar t z,

al um na or ui v nt waf er. The met hod nal |y .include renpving each
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exanple with reference to the acconpanyi ng di agranmati ¢ draw ngs |h whi ch:
Fi gur es 1tht metlibdsineyvinchrdecupost@ipeslised rogiomt dititle oécobhd holdigt imvghsNEMRE:
devi ]
evices, UV light to release one MEMS chip at a time from the second holding means to enable
~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
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

means by a transporting means.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described by way of cxample with reference to the
accompanying diagrammatic drawings in which:-

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

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




in accordance with the invention. DETAILED DESCRI PTION OF THE I NVENTION I n
an initial step, illustrated at 10 in Figure 1 of the draw ngs, of a nethod
of fabricating a MEMS device, in accordance with the invention, a silicon
substrate or MJ 150-SG 3 wafer 12 is provided. The wafer 12 carries a
surface m cromachi ned MEMS | ayer 14 on a first surface 16 of the wafer 12.
The MEMS | ayer 14 has a plurality of MEMS el enents or chips 18 interposed
in one oWidpe sacrificial layers 20. A first holding nmeans, in the form
of an adhesive tape 22, is bonded to the MEMS layer 14 as illustrated in
Figure 2 of the drawings. The tape 22 is bonded to the Ilayer 14 by neans
of a cur abvhter ddhe grovadedTHEheasifes 1 ¥ eaririss @ snehdeemianorhivhimddEM D bdyei 14 | oses

its adhesive_.properties or "tack|ness" when exposed to ultraviolet (LTV)
| i ght. De?}éﬁggﬁﬁé‘%g%e_tlﬁé’fé%‘%%ém- used, a handling means in the formof a
glass, —_auart zpAlmmdey g ARG IGARSRMENS daRdie o alifd 1 ShidBog ed ! 0

the tape 22. A lam nate” 26, rising the silicon wafe | ayer

14, the tapeoriforeandifidid lglessX). waf er 24 is then turned over to expose an
opposed side 28 of .silicon, fer 12, Afirst operation is perfornmed on
the silicon m‘ﬁefﬁsfléoqﬁwgb@ewgm ﬁ%ﬁ ﬁ’ﬁ“"ao%%ﬁ pdhesiventapa 245 15t bendgd do dbe si de
28 of thepmiNgt s TRt . i i igure 4
of the dravml\hnggg&l' |g§{llgd}gu%t%€1r%ﬁgﬁr gt%ﬁ“??&%% fﬁlgleétl é%ﬁ%&g&gﬁﬁ? Then,

as shown laperFi4gby encan06f 4 eratitcamihagise. The adhdsivean cusbhr inlthe issnsdakft i6i | i con
ugh the wafer fromthe reverse side of the wafer to dice

te Lgh\?\gf (ralrl%géﬁ iisgdgwmoa%ﬁﬂ_w oL Arckinepp Vi, exposedile sltravipletdUVadight-chi p 30 has
one, VEVS o T iRgssaael kUil s il g BB 3 g 1o
second hodudirtagalmeémsoriothedr andparemt bindte weteo 4 id @p@red ihs tgpe@2i ed to the
surface A laminate 26, comprising the silicon wafer 12, the MEMS layer 14, the tape 22
and the glass wafer 24 is then turned over to expose an opposed side 28 of the silicon
wafer 12.
A first operation is performed on the silicon wafer 12 by back grinding a surface
28.1 of the opposed side 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
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
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

glass layer 24 as illustrated by arrows 38. It will be appreciated that the glass wafer 24



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 equi pnent

bei ng used. The tape 32 is bonded to the surface 28.1 of the wafer 12 by
means of an adhesive which is also curable when exposed to UV |ight. The
first tape 22 and the glass wafer 24 are renoved, as illustrated
schematically by arrow 36 in Figure 7 of the drawi ngs, after application
of the t 589G The tape 22 is renoved by exposing it to U/ light which is
projected on to the tape 22 through thé glass layer 24 as illustrated by
arrows 3 8. It will be appreciated that the glass wafer 24 MJ150-SG 4 is

t r anspar eidttrangparénd toNhe US/Eiightl nincamtrests the siheonswhfer 3 isvapaue 18 the Udpaque t o

the W Iight so that t tape 32 on t ot her ,si d t f 12 is not
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the tape wWherpihe t4e32Ss WRfREd ALBaMelipgen removed, a new | am nate 40,
conprising the silicon wafer 12, the MEMS | ayer 14, the tape 32 and the

gl ass waf er 34ndeshe ansel owk glaso wetqddchaveebesnemnbvar, alncvalaering® 46f t he
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xy wafer stage (not shown) wh reci procated, as illustrated by arrow
44 in Figure 1heofactifieiati layeir itk is Heaphrdvkeved cly ptchai, onfbenoxytgen splakmsd red t o
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50, Thi s BEIELEhd Hacheierdhs M Serpii 8 58 aptp o G orPRBEn AR i cul ar
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tape 32 by nmeans of a transporting neans i ch may cl ude a vacuum pi ckup
48. An exmnpleaefl, ashdusmdd aarron 46fin Figerd Hvelithe drawings. iBach MENShipcat i on
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invention, that a nethod of fabrication is

particular MEMS chip 42 at a time, to cnable that MEMS chip 42 to be removed from

the tape 32 by means of a transporting means which may include a vacuum pickup 48.

An example of the application of the invention, is in the fabrication of ink jet
printheads. In this example, the MEMS elements 18 comprise nozzle assemblies. Each
assembly comprises an ink gjection 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
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
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.



provi ded which facilitates the perform ng of various operations to
fabricate the individual MEMS chips and which facilitates renoval of the
MEMS chips 42 for packaging. 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 be appreciated by persons skilled in
the art that nunerous variations and/or nodifications may be nade to the
i nvent i onM#&0-8Rown in the specific enbodiments without departing fromthe
spirit or scope of the invention as brdadly described. The present

enbodi nents are, therefore, to be considered in all respects as
illustratcy@aismel not restrictive. MJI150-SG CLAIMS 5 1. A nethod of
fabricating MEMS devices, the nethod including the steps of-- providing a
silicon wafer having a MEMS | ayer arranged on one side of the wafer;
applying & fi rﬁtndﬂmmbfrfgaﬂmangMEl\dShlevWEty&dmthbd ineRidigy the Bigpabfid east one

operation on t e.of t d.to i.de havi ng
the MEMS | a erﬂil Vl érstglcgps“%fér ga\’ll’(lﬁal\ﬁﬁl\/}l?i f“%) 8 " oglga 3t of the
waf er; remsvi ng the first hol di ng neans; perform ng at Ieast one deep

silicon etch r i dual MEMS chi ps, each chi
il yﬁgg A@é@h&a}f@ mlAs ?cgih'ert\ﬁEMsrlQ of! p p

bei ng conposed 8 part of the wa east one part of the MEMS
| ayer: and ca@tﬁqgntnset 1538 Qnecpsrationiogdhe yafss fiog & side @ fheowieherrosednd

hol di ng n@anssitiehavihgMWIEMY Rt he second hol ding means. 2. The nethod of
Qaiml which ) nﬁzluygdz? ésecgrcl) Holﬁl%g nE]eean]; Itor ssat1d (r)llg)plogflch scld ﬁﬁe Wa?ert he wafer.
removing the first holding means;
performing at least one deep silicon etch on the MEMS layer to define
individual MEMS chips, each chip being composed of a part of the wafer 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
wafer.

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 wafer include
at least one of thinning the wafer and etching the wafer from the opposed side of the
water to divide it 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.

0. The method of Claim 1 which includes applying the second holding means to
the wafer before removal of the first holding means.

7. The method of Claim 1 which includes bonding the second holding means to the
wafer.



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
performed on the wafer include at |east one of thinning the wafer and
etching the wafer fromthe opposed side of the wafer to divide it into

i ndi vidual chips. 5. The nethod of Caim2l in which the operations
performed on the MEMS | ayer include renoving sacrificial material fromthe
MEMS | aye¥158SEel ease i ndividual MEMS chips. 6. The method of laimi1

whi ch incl udes applying the second hol fling neans to the wafer before
removal of the first holding neans. 7. The nethod of Caim1 which includes

bondi ng t&e senpnglethol difMTai@ans: whichhBe s%ﬁ@rhold\/ﬂ %&Qnéﬁﬁ ﬁorﬁied-lf@%hémt hod

f d 7 whi ch t d l.d
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t he secon e renove ally
fromthe @@blﬁmclh@nlﬁltmbe resznYved lrgllvwhdly@m@bb wbortd lzolding nwhineh i ncl udes
appl ying a handling nmeans to the second holdlng means, the handling neans

being tra sparﬁpt %g(gv Eﬂht so that W lig IS transnltted t hrough the
handl i ng ans duethpe of Hiaim Phwhich dnchydes Hﬁplé”é’é@r?&nﬁbﬂl&lmﬁﬂls tadlghiecond) . The
met hod of hdlliag Mé&nwhihe hlahcﬁlﬁigJﬂE&srl&fﬁKg/tr@ﬂ;p@@ﬁhtcﬁbwphéﬂtQ;ﬁl thiteU velEshn gs

hol di ng rrt?a?n%?mt?é’d glr g%nﬁlpol{ df]rcﬂg 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.



