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w?2@3e0, NVO) zz{d{"|| 6] TN}" "METHOD OF FABRI CATI NG DEVI CES | NCORPORATI NG
M.CROELECTROVECHANI CAL SYST, ) CURABLE TAPES' FI ELD OF THE

| NVENTI ONw@ diflisgodl Nvent i on 'mwmm{mﬁw he fabrication of dpyiaes1/00502

i ncorporating mcroel ectromechani ca stens (MEMS). More particularly, the
invention relates to a nethod of’f%bricati ng MEMS devi ces using Wcurable
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 cxoel ect r onechan'MBETHOB.GFFABRICATING BEVECESINGCORPORATINGer .  SUMVARY
OF THE I NVENTI ON 10 15 20 According to the invention, there is provided a
met hod of faNHCROERECGEREOMIEC CARSYSEEMS USHYGW@URABHE&BAP "
providing a substrate with a MEMS | ayer arranged on one side of the
substrate; applying a first holding neans to the MEMS | ayer; perform ng at

| east one opFEID OF THE INVENAEONate from a side of the substrate opposed
to the side havinpg.the MEMS | ayer, [ yi.n second hol di.ng neans to said
opposed si de of és1§Wp§?lg§egr%%3%%lppgofﬂervgqes%qoapq{@n ans; perform ng
at | east on i : Mﬁ{\ﬁhm I § Gk i PS,
each chip b?‘ﬁﬁ%@%@%‘%@spam 0 t?iem grue strégi?aeﬂg?\“cf 12?&11?#832? Mg?\g&%art
of the MEMS rhethed of fabricating NEBMS dewides dsivg Al burablepapdsoFdrahe sdkeaf brkvityom t he
second hol di nglp means for renpval fromthe _second hol ding neans. Preferably,

the met hod iSHER dedchehallibsgetered 19 balow s pdVIENI S deyice and theparkpfithe dayvige
Optionally, mﬁ’?ﬂ i ] : ' ' M s. The
handl i ng 25 c?r’e nsmﬁ&;@g?ﬂn@%@’ ri g?cg?’flgﬁ? gﬁ?ﬂ@%&%%&éﬁ%@é%ﬂ%ﬂ%ﬁ%ﬁ &
facilitate mani pulation of a lam nate, the |am nate conprising the
substrate and the MEMS_ | a erations perfornmed on the substrate may

er. _The o
i nclude at IMMARY OF ¥ EWTHBNsubstrate and etching the substrate
fromthgnopposed sl de: . r 1)
PCT/ A TP00502 FAE er'f‘.gtt"tﬁgee%%’g‘?g‘%“r Hefe %&g&g?ﬁ%mg}m\@@g?#g@&gﬁM%y

consi st of rmug,ngeﬁgﬁmuﬁﬁ&m@hgﬂﬁtsegpg@h-fromthe | ayer to rel ease
i ndi vi dual MEMS chi ps. The MEMS chip nmay conprise a part of the substrate

"and at |east one PrEMidingasHestrateowitl 8 pyer|aprangest @i enerside efithosibyirate; of
the invention, the netho i ncl ude i 5 the second hol di ng neans
.to the substrateaBEWgeagré{%(églpgﬁeaf]ﬁgoaﬁgmﬁ%&?mrhg means. The second

hol di ng neans ”H)peffbﬁﬁnF@t RadY86 opSratibifod tHeSubatle frBY sidd6f the Ewdstra@! di ng
means and the second hol di ng neans maa/ be in the formof tapes which have

adhesi vé$ whipppsesite thagidbbayingthe layero ultraviolet (U~ light. By

L T et A SR o B 2 HEGRARGAI 5, 1
regi ons of the sqgﬁaqngg{ecﬁr@gldmggﬁlgags;t he
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
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the substrate into individual chips.



W light to release one MEMS chip at a time fromthe second hol di ng neans
to enabl e each MEMS chip to be renoved indi:vidually fromthe second hol di ng
means. Opwmaddskop, t he nmet hod may i nclude applying a handl pog/afeasses 0 t he
second hol di ng neans. The handling neans may be transparent to the UV |ight
so that the ITV 15 light is transmtted through the handling neans to cure
t he adhesive of the second hol di ng neans-2Each handling neans nay be in the
formof a glass, quartz, alum na or equivalent wafer. The method may
finally include Ferther, te aecdtioahpafdrmedonitike MENIS dayes hthyronsét ofeansviy a
transporting neans. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is now
_descri bed byagEicigmatzriakfrom fhe layerde elease indiydud MEMSehiany T hﬁd\@i\%ﬁ Pmatic

"dr aw ngs in mm‘ t hod of
fabricating WA@}%&% aeéagyltﬁﬁ%é“c}:%ﬁ é%gégﬂmy?s:ﬁ%@% In ei%ﬁd’ or %
, DESCRI PTI ON OF Tiffra iphéfEh&d ébbodimesi dfithd indbntfdre he raéthé iﬂa@tlﬁaucﬁat Xiag/mg
'Fi gure 1 of the draw ngs, of a nethod of 30 fabricating evi ce,

accor danfe \ihe second hpldingmeans to w@ub$tmb@g@§pm@w@ erthe flmdn@mmer

PCTI AU01100502 r arrres a f.ac

macr omachi ned ME sg&o&d r@l‘?‘gg g‘ﬁ 1fl‘@f § gg%deéé gtfe s[“hﬁtr%ﬁ"f gf’tli“ ﬁ’ﬁtle VEMS
layer 14 hasoilifg u{eahs 4nd @k sé@i@h@idﬂfg?xﬂéeﬁms%aﬁf& ﬂ%é%ﬂﬂﬁf%;ﬁh@%ﬁﬁkﬂ vgne or
more sacrificial |ayers 20. A first holding nmeans, in the formof an

adhesi ve t afdhesiyesiwhigl mecmlrabée DX IOEWE td ayewwiet (BB)ilightisBy Atusablé'ris Fi gure 2

f the d t 22 dt t 14 b
gur abFe gg\r’]\né’é Etha?ﬁ}g %ﬁ%‘ﬁ l?éesi 155 ”@3&%&? &OP 25%5% ﬁglgPSfo E&nﬁwlghbsrggusi’ ts
adhesi veopr apefielifod iy intREK eRfchg Mme@isgﬁﬁﬁ%fm éél:&ﬂcﬁ‘{dl&ilng:me% Fé ght.

Dependi ng on the equi prrent used, a handling neans in the ass,
10 quartz, dfVikighttooeleaschane MEM&q:fap eha titnerittine thesseeondtiblding seans md:nhhiet he
| i.con waf er .the MEMS Layer 14,

t 22. A| th
tﬁget ape 22 3 Wsdi?‘gé@ ISI e 2 % fom the secrng, ]h AngMeas an opposed
side 28 of the sidy tﬁﬁﬂll%ﬁ@ﬁl %1% 1h<51§&e 1ﬁ% hﬂgxédlﬁ}g%%éngrt&ﬁlg s@&bnighe

silicon wafer 12 by backK grin he 15 con waf er
'12' t o t hi m thoeddingafeans. 1’Pheahandhhgmteannmaly bmtrﬁlspmreatwthé Uhkightsathaogse UVhi s
reduces etch time of the silicon wafer 12. Then, as shown in Figure 5
of the d aw.lwbél 8 transmitiad t@wgaéheeban ding mearsdQ curq the gahesiveri dbe segend ¢ hr ough
the wafer flﬁ’ ggberaﬁcjerse side of the wafer to dice the wafer 12 to form
i ndi vi dual I ps n this figure, each chip 30 has one MEMS el enent 18
20 associ ated w tBachhaxbﬁlhglmeans laylbe imherferh af & gldsflajuaraciutinh pr 30 coul d,
if desired, cont g array of MEMS el enments. A second holding neans in
the form of S§U&; Wateipe 32 is applied to the surface 28.1 of the silicon
wafer 12. Once a 34 is
applied to the tggfg%efﬂ&%g%g?ih%mgl#ﬁ ?ﬁ%ﬂ%{ﬁ%@;ﬁ%@ﬁgﬁggg nd\ﬁr%l ntgape 32
i's 20  means by a transporting means.
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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 bonded to the surface 28.1 of the wafer 12 by neans of an adhesive which
I's al so curabl e when exposed to UV light. The first tape 22 and the gl ass
waf er 24 gigoridpgpved, as illustrated schematically by arropedRubiledshRure 7
of the draw ngs, after application of the tape 32. The tape 22 is renoved
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 11V light. In contrast, the
silicon waf | 1S DRRAGKE : S | i ght
so t hat the%{aafé%lz?}g pon t he Tc‘)l%h&eirfgrs%ceangggt %‘ya\%g?%rgml ac;ﬁﬁ?{iﬁ%&?}%@e?éﬁ by
the Wi ght ontafivst duefacepé oPtheiveafexxithsed to the WV light. Once the tape 22
and gl ass wafer %4 E/gé(e been renoved, a new | aminate 40, conprising the
silicon wafer 12rheENSYayardddas a plurgliy of NEMS ploments pc %E%mm@ﬁdgu i s
,turned over o?nQo?ﬁf&g%&cﬂﬁgﬁff’a%ﬂsfszi al layer 20 of the MEMS |ayer 14. The
sacrificial Tayer I'S then“renmoved by etching or by oxygen plasma

techni quss. Thi sArfidschslimgtheanb/Hithefopmmiian adfesividpEe2ns bokied tdithe
separation of the chips 42. The |am nate 40 is placed on an xg waf er stage
9

(not shown) MEMSHayer ldasiiBugvataddn Figise 2 (of thetdrawvimgs bFhe fapeR24abendedtethee 10
fOL ponann). . Babgt ot
exposed t o (R 14 b7 batbbEn llbBlc e, AREMabdoiis RIS ARscRBI BT £ 1 &

t he adhesi vgose§ its heéhdsBrrprogertieCat! "tackinesie aiten @RAPosRaNd uRkvsletNENG I%HLIO 42 at
atinme, to enable that MEMS chip 42 to be renoved fromthe ta 2 by means

e
of a transporti n&epmdi%gmthﬁﬁqnmqnh@sedd@hwd&iagmmpmmﬁomop #glassyanpl e of
t he appl;jcat | he invention, is . inthe faprication of ink.jet 15

or nt hoafs. apfie Blushilf ok SHER epfibarchRpande it ZPisseBihfe B wiizd ¢

assembl i es. Each Asffii 26 .Comprisipthegilicatwales €2 (A0 MIEVIB| 18yer N4, A tapsgat or
for controlling ink ejection. Hence, it is an advantage of the invention,
that a net hooddie glassrwafer 24is then tymediovettowkpese dncanposedtides28 ofthpesiliton ni ng
of various %a?rﬁﬁ/ons to fabricate the individual MEMS chi ps and which -
facilitates " @noval of the MEMS chips 42 for 20 packaging. The
manufacturing pr acAEEopdid fspeAbmidiFin b SIRENR 88 120 Dalk chf@ing e { OUChed

by solids or liquids after they are rel eased by the rél ease etc It wll
be appr d6i atsurfais,28wafithe sidicel waferd 2ito thiintheavafer 1ass illusteatedin Figure atdf dins

and/ or nodi fj cations, .may, be pade. tp the inyentio shown in the s ecifié
2S enbodi ne %W’Wgﬁ'mr%‘@ﬁﬁ?@?ﬁ&hft}%‘?ﬁftethﬁs’l‘ﬁ??P”lape(yaiscope of the in\F/)enti‘on
as broadly descririefl-as hewR i PRife SORRE RS, MeSiliddSh SELT Fis defp B%m

considered in all respects as |Ifeustrat|ve and not restrictive.
01/ 85600 - 5 e@had kight tRtighihd wafed Gdmitherdvierss side dfdhe vafer kondicd/HeSvafei s,

th thod i | I, he, st f: i di . bst i th VS | |
ar'r anged. on ol chigs e dn s B, cashyip. ek one MEMlS ket féans 1o
the MEMBo! avglocidbd yith T Bt itdhinl teapbrediifedtRE AL Oipd dolifl, RS A ESthinom 2

side of the substrate
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



‘opposed to the side having the MEMS | ayer; applying a second hol di ng neans
to said opposed side of the substrate; renoving the first hol di ng neans;
per f or m ngy§1/dsgg@st one operation on the MEMS | ayer to def i’@’?/AiUﬂm)ﬁgbijual
MEMS chi ps, each chip being conposed of a part of the substrate and at

| east one part of the MEMS | ayer; and causing the individual chips to be
rel eased fromthe second hol ding neans fgof_renoval fromthe second hol di ng
nmeans. 2. The nmethod of Claim 1 which includes bonding the first hol ding
means to the; 29T i i ¢ d,%fﬁ ving a
handl i ng rreglr%gy%bgﬁl? ﬁt{g‘ég ?pr%s?’tz 0 g:é %Hg%?%gg%g&ﬂe}b ﬁ%’ﬁlemn&%ﬁgfég%# aleﬂh%fr]]tn
,Whi ch t he opdratthotape @21d exposet! rthé U Bgiust rat e i ncl ude at | east one of

t hi nning the substrate and_etching the substrate fromthe opposed side of
the substrate toOWeshedaps&2 anhglassavates 24 bavieheen remeyedcaneik langnatedd, net hod

of Aaimi i . . . el
?ermv?lngrgn sai? I’BI [ (ts:{il:l Itﬁér:%%lgrl a?&k ?g’%hgﬁgé%&?@gf g@’eégfagyr% gls"ggs eeélﬁ%?@qigﬂ%
MEMS chi ps. iSturiiddeoveetdiexhosé thelsaériticlalWiyee DO oh tHeMBEMSIRLYi4)g t he second

hol di ng means to_t he substrate before renoval of the first holdi ng neans.
WO 011 85600 _6_ Porsxudicial dagp2¢is thenremaved 8y stchimgorhyoxygercplasme | udes

bondi ng the I rate. The net hod Claim
7 in which ftticglﬁ_s c%rr:gﬁjgé%}g%%mgﬁf %lg%gﬁtggg, %{Sﬁ%ﬁ?ﬁﬁ/@? § _ %boélnogjtg an
adhesi ve whichipsid2. The RigdifRatd M0 eXPlasedch dnlxyhfeRiiagd @lot SHo) wiighds, and in
whi ch the nethod includes exposing |ocalised regrons of the second hol ding

nmeans to t haedprocatghiastibusteatasdhyearmmed4in Figare 18 afithedfawingst Mack MEMS chig di ng

ot 01 ng Wean: VBERs SEBA ket CR ol oy HEht hdbdEHER BY a555E Bnal 1 ng
means to thehdegPathaRS0! ThisBadtthe AdMRsiva B tHetapd BRIRalBFbIBathiopBSpar ent to
TV light so that W light is transmtted through the handling neans to

cure the adipegionar MEMSechipd2 atia ik dioegable drat MEMS chiged 2rist brosimotvedfraim 8
e T, P BB ) e S e
'} xsni d_YU ea] c<a Ot & 1&%@2&?&% ﬁﬂleﬁg%q% fifth€ #urRbH SBhk ical cal

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRal
eewlzd. Upxs mpuinthepds] lndhis keaplec tie MENS] cleshent) dﬁ}:grfmgrise] m]ﬁhedsmr}tdib]sc Hheln] cal
. 'Y XbJ xsnhc’, cal cal)ca]c
o] o] ba] ba] CSFEITE SHDETES b At PR Ha Pl BE 25 DAPE LT CRN O T oepieticBal cal o
-!1.‘V ..IIIIII miimnn . . R . .
Z]: ;2&%?3/\/? ﬁhcxg] cae{:l% ’éiz}f gg]aggﬂnéa%eg@]eég ecna 03 g glgfhga ogg bca té%ﬂ 1csa] caJ ca] ca

] ca] ca] ca] cpreafiatihizh dadilitates afcpdrivafirg 3 onk tO (abicite tid) 1 ) ) > * . +++

[0, {v] wrnhcAy] . ) cal cal cal .
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L 10%& () -, %Sebéw(l)q‘v% aftey dheparg refeasesbipy éﬂ; réleggeeich.

It will be appreciated by persons skilled in the art that numerous variations

vy
¢

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.



() * 6 }siK9&33"10%&' ()- 109%& ()-101010910% ()-, 8z

10%&' () -, s6109& ()-4-10%& ()-6 : |  :iGsi K9&33" 109%& (!

| 109658 (Y yildF% () - f 1096& ()- 1096& ()- "S109& ()- 9p@¥hnihosib % }
dEsi K9&33"109&' S! 1095& ()- & #1096& ()-fs 1096& ()- f 109B& ()- S&
109%&' ()- 10%& ()- eewaBsi K9&33" 109 $10%&' ()-"10%&' () -

1, 91109658 ()-f!1096& ()- -109B& ()-fySKOBE ()-

wLzdEsi K9&33" 109R0" 1096& ()- fl.109%& ()-,: 109%6& ()-f +

10968 () -' QAYMRIS,) - & 1096& ()- dxnbC9&33"10% 109%& ()- 105 105

105&f 8! 1096& () - 610%& () -5 1096& ()-f11096& ()-. UJEMbCI&33" 10%SF

, 1096& () - 1096 &A nethgd Db f@deicatingSVIEMSY dpdces) the method including the steps of:-

18(}/80&6((&) f )Sélila%gg%%}éééé%d%nt%% @@6%%@% ag'x)aﬁged on one side of the substrate;
,1096& () - XbJ dE”bQ&? ; ';'g%%@t%ol&h?{g%&éahs &thd QENIS(hger; 31090& () - SF10%& () - S
1096& ()- " 1096& () - “JDIEMDCO&33" 1098+109B&. () -° S)

1096&' () -' " 109 &pérfeorBiiRg aolBast Ohe okt @RihE)substrate from a side of the substrate

1 10%& () -f %%Eons% tgL %h?éls%gg/ dv?églt?n%lg/gs_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
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.

3. 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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S3 1096& ()-  L!!!1'"dEbCO&33" 1098, 1096& () - , F1096& ()-S + 1096& () -

) 109%0& () - T10Y0&hé inethodldH%Giging 1 which includes bonding the second holdi%means to the
Lyt b 09833" 1094.9mL0%&! () - 10%&' ()- 105 105 105Ss3f 10%6& () - Sy
10968 () - &Gubsyoe () - ##

##: $e$SAEDCIR33" 100010%&’ () - SLO%&' () - L0%&' () - 10%<&' () - " S10%&’ () - S, 10%<&"
() - $$UPUEBEELCOR33" 10UB310%<& () - 10%<&' () - 1 10%<&' ()-S, 10%<& ()-
,109& () - 10%r& (Irndaedifald of 1k T8I chONY 2 oRd HoRirg m¥ans 1086 Ried Yo the

£ 110%8& ()-fy) 109%& ()-1$ 10%& ()-f-

10%<& () - yolaset by teen hesive whidheis chrable by@xppsurd @dirgyiolet (EV) hght] 0<y 6

Tooe ()21 eugn e thd Hetol includd exposing localised rogions df the sccond holiing

910%' () - LSQhLOYE: v 100 7y .

109%&! (§2S! 1(%}3/%?9 (5/()% Y}’ﬁ‘é%ﬁ‘ﬁ‘)"?" %%%%%?’)ﬂ%f%%@ t}\\%ré%ad holding eansfo, .
"Headi ng 23]enable brckdihiptods wincvb anfivigual] fesm Hhdeedombhddihg néaheadi ng 63] c”

"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font) %)) . 024686 USO, !Z:6 wl '"#3$%O((.+0O "#$%&' ()*+,-./0123456789: ; <6Ti nes

New RomanArigal Cog y L dli ,

T HSO@ () k] 0‘%121 g:geg%é%ﬁg@% wHIEH 3REHNIES h Mandling 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.



