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I

OF THE | NVENTI mm‘mmu%wum‘mml on relates to the fabrication of devices

i ncor porating chani cal systens (MEMS). More particularly, the
invention rel ates tmwsigs* met hod of fabricating MEMS devi c.ez Eﬁyr‘%mpv curabl e
tapes. For the sake of brevity, such a device shall be ref ed to below as

a MEMS device and the part of the device conprising the

m cr oel ect r onechartMETHO OF'FABRICATINGDEVIEES INGORPORMPINGYer .  SUMVARY
OF THE | NVENTI ON 10 Accordi n%{to the invention, there is provided a nethod

of fabri cat iMICRO-EBetROMEGHANKE AR SREMBIUSEINGHEY STERABRE TAPES 'di ng a
substrate with a MEMS | ayer arranged on one side of the substrate; applying
a first holding nmeans to the MEMS | ayer; performng at |east one operation
on the subsFHIR QF THBRINVENDBIONhe substrate 15 opposed to the side having

t he MEMS | X | yi hol di n, tQ said opposed side of the
s_ug_st rate; a)rlg:mvﬂﬁg"%’hg&marre ee%ﬁgﬂ?ﬁ fgb“‘lf?gl ﬂg? 3%_3?%9%%&55! east one deep
silicon etchiQBeltfronelhit 3§ﬁ§eeﬁ1§gﬂﬁf\/lsg.telgogﬁbda\ﬂé C %}9’, %Wvémfoﬂ%laﬁg?%?cm P

bei ng conposed of a part o str |'east one par t he

MEMS | ayer ; matiddod fizbricgting el EMSI devicksaisingHl Y sutablehigpes eF @ahe shkk b birevitg, second

hol di ng nmeans _for re vi';\l fromthe second hol ding nmeans. Preferably, the
awagﬁfa by

met hod i ncl SHEES refarredde belomaasigMEindevies anddhespast i the device
Optional |y, i : . i | .St ek ans. The
andl | ng. 25CRORR R thiReRG TR BRP e ianht b Wil Gles AN
facilitate mani pulation of a lam nate, the |am nate conprising the
substrate and _the NEMS | The Oéel‘ ations perfornmed on the substrate nmay

i ncl ude at PMMMARY QFﬁE:{W@NH Nsubstrate andhetchi ng the substrate
f h dysi . £ Lvid trate, d
o PPl by AL L TV ENENENS, o v

i ndi vi dual chi ps. r,

on t he MEMSddwages] themetlesdriatlading@the gepavfng sacrificial material fromthe
| ayer to release individual MEMS chips. The MEMS chip may conprise a part
of the substrat ePrayvidingta subsieate with aNENSSelagereamangad lem(mérﬂf.thﬂ subatrggeef er r ed

enbodi ment of the jnventi the netho i.ncl ude appl ying the second
hol di ng nmeans t oY éngs%ﬁrssfg%lfig’gﬁ’é?agﬁéo &‘SMS’F‘W% he first hol di ng neans.

The second hol diﬁwfoﬁﬁﬁ%%t Ryt ohk Dpeldfion OR BRAubArdkd R0 WSdd AtiRe siBRirket he
first holding neans and the second hol ding neans may be in the form of

t apes whi choprosed tocdtheside baving thetMBEMS leyerabl e by exposure to ul travi ol et

ight. By " le" | hat . t he, adhesj ve_| i ts_adhesi
propert 'es whon BoRRehseehid AR R i o SERSRL e o BE S incl e

exposi ng | ocal i sehovidgitkdfrsbholiing s@aond hol ding neans to the UV light to
rel ease one MEMS chip at a time fromthe second hol ding means to enable
each MEMS chi p trsrieemingrbleast dnadieen siliedn siclf pwthetNMEMSdayardo Hefinti ng means.

Optionally, inhpv?du%?ms rég}f)s,' &ach ¢ 1% b%Pn%l imr}])%sead 0 anp%lrti or}gghensﬁx%gtsratg gné Qte second
20  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
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.
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~hol di ng neans. The handling neans may be transparent to the U light so
that the UV 15 light is transmtted through the handling neans to cure the
adhesi ve of the second hol di ng nmeans. Each handling nmeans nay be in the
formof a glass, quartz, alumna or equivalent wafer. The nethod may
finally include renoving each chip fromthe second hoIquph s by a
transporting neans. BRI EF DESCRI PTI ON OR2 THE DRAW NGS The invention i s now
descri bed by way of exanple with reference to the acconpanying di agrammti c
drawi ngs in whi clurthi2h the gperaiond pedorhtdonane VNS Ug/ep indg@6ndifl o refRbigs Of
fabricating MENS devices, in accordance with the invention. DETAILE

DESCRI PTI ONSasp fisiaEmaeuighromnhe layesrio release andivides MEMSughipsat Bt MEMScliip

Figure 1 of ] hod,of, 30 fabri.gatin MVENMS device, in
accor dance metd Eorghfgwi %g%n?fﬁé%?\lbgﬁéﬁela%%legﬁgﬂgf mhgg&’enge“%r PORPPEYL 200 -3
waf er 12 is provindestefelrbe emyBbdimerlofARE nveftich, e hAREd M H&l&&%'? MEMS
| ayer 14 on a first surface 16 of the wafer 12. The ME | ayer has a

plurality othenesnnddokdipgmeansito the sybstiate beforsrrpmeral of theofinst loldimgmecans.

ificial | first hol di in the f dhesi
Cape 22 s bondll Feorfhhibh ¥ny B BT nEBTR 10 fheisuistalf. T eB 5361t he
dr awi ngs. TH@dgxgﬂﬁeaag ah®theQEdad hbRlind¥edRYEdy bkdin Be fSRATE ties @h@éﬁrﬁghgsi e

adhesive. The adhesive is curable in the sense that it loses its a
properties athesivecwhishar cupbdnbesiposed te oltaviola UV dght, BS) "durapid”.is Dependi ng

th i t d handl i, in th f | as: 10 tz,
o Che oo poratodSEtag AN papene LRTE ot o B 9o, 18 qharts
| am nat gy 26the GRARSd Hhy heliae e§fgdﬁ56rfr‘%q1§cé4\@$c?fe§%s of fi SMENR Hoﬁﬁﬁ%mjeﬁns téqge tape

22 and the glass wafer 24 is urned oOver to expose an vpposed Side 28
of the siliddnlightterelease onk NMIEMS clopet atiine firons theaedond ottiog miches ichakion

wafer 12 by b i ndi a surface. |, 5 28.1 of the opposed side 28 of the
silicon waf WE%E% %hmﬁgqeﬁchgif‘&i@uégy ?ﬂ%@? F%‘Epéﬁgpﬁ“ﬁ BEIE 4 of the

drawi ngs. This r t i Si) as
shown in Figure (";ag?l a?ﬁéﬁﬁ?gghmggéﬂs%yqtﬁcﬁgées%# ?yélg%é \l}\%@ eP ﬁ?gﬁggg&gﬁﬁl con

et ched ri ghholdingaueghs.t e hanfling means mecbe warsparentso de BV lighe sovebaethetlov di ce

t he waf 2. to form.individual chips 30. In this figure, each chip 30 has
one MVE eﬁé&%ﬁ%trﬁn&%edgtb%‘gﬁglee@n ‘?WFQHSBHPuﬁetthW4heSIB% ofihsrseeandt ed t hat
each chip 3ghig@plnthand.f desired, contain an array of MEMS el enents. A second
hol ding neans in the formof a second tape 32 is applied to the surface
28.1 of the sil ikaoh hemdlmg nins Mayg be agthiefornopf a glass, hyartzaalweataner t r anspar ent
handl e wafer 34 is aﬁglied to the tape 32, depending on the equi pnent being
used. The tHpLV¥RMAISS honded to the surface 28.1 of the wafer 12 by neans
of an adhesive i } ; W,-@& | d . first
tape 22 and thevguleggesth%?gfﬁg%}%?gh?%mvel, agﬁ?ﬁpg&%ﬁeeégg&dh@%ﬁ Fcall y by
arrow 38 | nmfangye tlangportingmdamsni ngs, after application of the tape 32. The
tape 22 is renoved by exposing it to W light which is projected on to the
tape 22 through the 30 glass layer 24 as illustrated by arrows 38. It wll

be appr eci agReEF ISCREIPEIGROMAER DRAWING3NSParent to the W light. In

contrast, the silicon wafer 12 is opaque to the W
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



Zzraov zoos -4 light so that the tape 32 on the other side of the wafer
~12'is not affected by the UV |light when the tape 22 is exposed to the W
light. Once the tape 22 and gl ass wafer 24 have been renoved, a new

| am nate 40, conprising the silicon wafer 12, the MEMS | ayer 14, the tape
32 and the glass wafer 34 is turned over to expose the SazMGV 2084 | ayer 20
of the MEMS | ayer 14. The sacrificial layer 20 is then renoved by etching
or by oxygen plasma techniques. This rel eases the MEMS el enents 18, and
conpl et es tWwafes Eparmovided. ofhd wefec h2 paridPa suFfaee hidfo michint@ MEMY lag@d4on an
xy wafer stage gnot shown). which is reciprocated, as illustrated by arrow
44 in Fi gur@afrshpurface 1§0ithewaler Bach MEMS chip 10 42, when it is desired

to renmove it, i i Fudincated by arro 46 t hr ough a
sk 50, This conEOMEREabt s s Gl of RS ReR: A £ oieheet B
particul ar dyleMB nedie pactiflic ldeisioie, to enable that MEMS chip 42 to be

renoved fromthe tape 32 by nmeans of a transporting neans whi ch may incl ude
a vacuum pi ckup M8rst hpldinganesans, infthe feemapfph iadhetsiveriapef 22, febdnded it then, is in

the fabricath i k. .6t 15 orintheads. |n thi le, . the MEMB
el ment s 100 el Bharate e OF e el FRE e 2 4 e Y
ej ection nda)zdre4?2dn@ﬂs otk birhblle aliBesive0 e Qlhdsie ib BlfraBleSf HHeQRnsd#BAIGe, it s

an advant age of e invention, that a nethod of fabrication is provided
whi ch faci Ilpseatisadhesiveuppestied org'taskingss’ ivdws expeseditd dirsviptet (W) lightt e t he

i ndi vi dual MEMS¢hi and which facili,tates,.renoval, o he chi ps 42
for 20 packagi néfep‘?‘ﬁfﬁ“%%ﬂ}efaﬂi’mﬁ‘ U0k f_é”é”‘f’%&elai’% ‘é‘ttgg}qrﬁ’a‘il\ﬁtl\ﬁ%"‘swﬁ/s
devi ces|018 qafz Miminadés B8R BinpHehffan@le Wi AR sBf k&l tlgf[tl:l?ie/aggﬁg. rel eased by

the release etch. It will be appreciated by persons ski in the art that

nunmer ous var i at iAolsieatel 26rcompulisingabd sibem wafyr HE tieRIEM® 1dybel 4, nivetapé 2D as

shown in the ecific 25 enbodi ments w thout departing fromthe spirit or
At ehe e d

scope of tH¥ | K5RENdHined Quertp sEROse-RR OPPesed Side 28Aidke Sikisans are,
t herefore, wgeb. considered in all respects as illustrative and not
restrictive. -5- -2 NOV 2004 CLAIMS: 1. A nethod of fabricating MEMS

devi c;as, t he rreﬁhﬂtjt Operatich inggrtfbm;eslt(ﬁnhe si{)icorpwmfe'rdibglbaclsgrhﬁlﬁrgged ﬁ;rw‘ﬁé Ihda
VENVS er Qaryfs ed on one §j of .the suybstrate; applying a_ first hol ding
means talé t K& PBRP@F‘?S%E%S?FHW&‘CQPW de t_%Hé“(‘J}Ee‘_V%%T bﬁas()lfllluﬁtﬁ?ée%lﬁbst rate
from a si dejgire 4R e s e TRRROGREs {hg elc§inid %%g?%ﬁbg&?w%%glﬁfws | ayer;

appl ying a second hol di ng neans to sald oppose e Substrat e;
renovi ng the fiThen,askbiowyimiigme;s gfehd drawing, tht silieas vatona 2dedgpsilldgson et ch

on the MEMS, | ayer.to define individual MEMS chips, each chip being conposed
of a part gfch{:%(ggghtggqqg dhe y rgpnqtgggqvegﬁ@dggfﬁledyafgm Wé{ﬁég?t%nd

causi ng_t el hiardiguanphos It iballeaasath 30 §R SRVEREOBMR! £ ng means

for renoval fromthe second hol di ng neans. aim 1l which
i ncl udé8 basshiciaged: wigh ftibusit wiblIbdiappreciated shat eadhhuhis Bbsduldtiedestred, Idoataiet hod of

Claim2 which inc appl ying a handling neans to the first hol ding
nmeans. 4. fﬁé‘"ﬁ%f’hmﬁ e?ﬂ"%%’?ﬁ'l in which the operations performed on the

substrate incl udesegénd lﬁﬂ&ihg AMBnOin th tH A9 £BhaSHRSIT RLBpAAFoThENRge t NE

substrate fromthe oppose
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



side of the substrate to divide the substrate into individual chips. 5. The
" method of aim1l in which the operations performed on the MEMS | ayer
include renmoving sacrificial material fromthe MEMS | ayer to rel ease

i ndi vi dual MEMS chips. 6. The nethod of Claim1 which i,nchudes @Bpl-yl ng the
second hol ding nmeans to the substrate before renoval ofyt MY r hol di ng
means. ~ 2 NDV 2004 -6 7. The nethbd of Caiml which includes .
bondi ng the second hol ding neans to the substrate. 8. The nethod of Caim7
in which t hiéght ec thatithedhpl Jigomthanther sidbofithedvafer 12hie nbeafésctddybyntBe s/ Bghtan
adhesi ve which is curahle by exp stjjre,to ultraviolet (W) light, and in

whi ch the n’égﬂ‘o‘bei@?@l d%%x%&?fg‘é’ltﬁ@ Volghti sed regi ons of the second hol di ng

the WV dj i t ' romt he.secqpd hol di ng
means 1o enabl o Cenrefoe 22 P REABeEN Bnloclh bntRsb A PRREE 0N

hol di ng neaswnprBingTthe sitiesmodfenl2,ChaMBMS Whyiee 14, the tapel8s aa@ Heyd1 g vafdtagad! i ng
nmeans to the sec[i)nd hol di ng nmeans, the handling nmeans being transparent to
W |ight® soStwaed exer o grrose thersperiicial davsr 20 nf hedWEMSdlayerridl i ng neans ta}hcuLe
t he adhesive of i , Q. . The thod of Claim8 iC
i ncl udes renovi r?g@g%% %ﬂﬁ?}ﬁ?r&g}ﬁ g%ngx%gle%gg%hy ﬁtgf‘ﬁllgr?égeﬁé’é?‘%e“@asénat ransporting

neans. . A Agchiiqudy. TRisAbleased HHeNREN Seleém¥nt# 18, and completes the separation of the

\}xsni d_Z] ca] cal ca] c¥a] cRa] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajins] & jasmipeta PO 49 placedoum anpeafpr-gagenihrsshiownfvhadhds] ca] ca] ca ca
1 cal cal cal glakarh Al iheRka) FabeAl £ rbaehoRh ol Gal Gl BASAM RS g™ cal ©

TN (%Q#A@?%gﬁﬁ$$88@%’m>é$@is@x&éé@]t@@]\ﬁﬁ%}ﬁ%]s%ﬁii&ﬁﬁcp@)] sfdwddgal cal cal
ca] cal ca] caL{ca] ca] ca) ca] ca] ca] cg%ﬁc@a{] calca]calcaJcalc"alcalcalcal & """ f(r(()

))) ) k) *+ , throygk s peny dRBELYos ihggizep @Péfajec@;ozﬂlb?ae]niq;hg];za{ cg]lgoaf]) ga](;:
oo o) oo a5 ol AR b kS
LL0% () 5002 i g 4 e At
10% & () - +RPi K- Angixpompleol(the aprdiatgon 9f-tB¢ vedtdon; js M1k hbficRion)of ink jet
[10% & () - _p(%i]h%éa ;. (I)n_thifs ’e;('gr%l%: t%% MEKES 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.
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applymg 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.

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.
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Root Entr y‘%ﬁ‘i%&’&ﬂﬂ% %%thod! mﬁ%c%gs‘ eg(z)(’;s-fflg_ Io/cgliLség ?'eSg?gns of the second holding
means to the UV light to release one chip at a time from the second holding means to

enable each chip to be removed individually from the second holding means.

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.



