MJ143-SG 1 = METHOD OF FABRI CATI NG M CRO- ELECTROVECHANI CAL DEVI CES W TH
PROTECTI VE :STRUCTURES FI ELD OF THE | NVENTI ON This invention relates to the
‘fabrication of devices incorporating mcro-electronechanical systens
(MEMS). More particularly, the invention relates to a nmethod of fabricating
m cro- el ectronmechani cal devices with protective structures. For the sake
of brevity,,gdch a device shall be referred to below as a MEMS devi ce.

CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparatus relating to
t he present invention are di'sclosed in the follow ng co-pending
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of these co-pending applications are incorporated herein by
cross-refgreage. SUMMARY OF THE | NVENTI ON According to a first aspect of
the invention, there is provided a net’hod of fabricating MEMS devices, the
met hod including the steps of applying a protective structure to a front

surface of a substrate which.a plurality. of s ed . MENS structures is
posi ti oned, tﬁge %?C[S’f‘g‘i?t"?@ e%‘f’?eﬂ@?gtfg%hcﬁt?{ﬁ %%n%’mﬁr(%%gﬁeéerﬁbyzf "BYUrEty of posts
extending fromthe body, the protective structure being applied so that a
strut is guRATANEOFIVRSENGfHRCENt MEMS structures; separating the
substrate such that each MEMS structure is positioned on a respective

di screte subdeseuingto a5t $PpesholdhniByaigtgthere Srigovidsd & mehedcofdepripalingMEMS; he
Zubsérgt Qevies BR mathbdigelidag teadys cguch that the protective structure is

ivided into discrete protectiv tructures ith a MEMS structure bein
recei ved bet w&® ﬁﬁipf%fgées%éc eeg’uat?c{?{esuﬁ%csetos?k‘%’\é\%céeroéll“éhgésﬁiaﬁém%h e&ﬁpﬁg‘% surfgce
f r om t he MEMSstmgjurasia pesitionfl chesireigrtivef stractpakaaing mbody laed aspisality oftrestsepigndingc| ude
the step sf B, BY ploliiive WRRLALRe fop N8 mBAGkut iSHEhaE Berten SdHRent MBS
surface. The step mp applying a holding neans to the back surface of the
subst r at 8BS ncl ude the step of applying an adhesive tape to the back
surface. The gepirhng HXBWbstrA€ budkl Gat dach MERP s@ictudip bysitivgedaon hassgéctingdieeans t o

t he adhe%lilbv“eatet ape. The adhesive tape nay be rel eased fromthe back surface
by irradi"ating the adhesive tape with ultra-violet Iight. The nethod may

i ncl ude t he strelyingh heldingrheags th b bicsunfacs obesibsiteough t he substrate, fromthe
back surfacegepsfing M b&HCRHVEMOHS L&t Qrubtdre |8 dfviddd Gnis QRERIBIpEaciiRN W th a
respective fluid passage. According,to a second as_gect of the present

i nvent i oATERES-vith a MEMASHrate g Eeev b‘?ﬂ"e“flﬁ‘lﬁsl"&&{lﬁe‘ﬁ‘& *EREYevi ces, the

met hod i ncl udteregsidghie badkefrtacofam e pldirginRgnsa substrate and a MEMS | ayer, the

MEMS | ayer ar Ji“ﬁensge%%f ge%arg)tﬂxg tl?ei sgt?strgi mL)hﬁchiﬂ tEI?etsEegto?étching the substrate from a back

surface to the front surface.
The step of applying a holding means to the back surface of the substrate may include the step of

(¢

applying an adhesive tape to the back surface.

The method may include the step of applying a handling means to the adhesive tape.

The adhesive tape may be released from the back surface by irradiating the adhesive tape with
ultra-violet light.

The method may include the step of etching fluid passages through the substrate, from the back
surface, so that each MEMS structure is in fluid communication with a respective fluid passage.

According to a second aspect of the present invention there is provided a method of fabricating
MEMS devices, the method including the steps of:-

providing a substrate and a MEMS layer, the MEMS layer arranged on one side of the substrate;

applying a further layer arranged to protect the MEMS layer to said one side of the substrate;

separating the substrate into discrete parts by performing at least one operation including a back
etching operation from a side of the substrate opposed to the side having the MEMS layer, each discrete
part carrying at least one MEMS part of the MEMS layer;

subsequent to the step of separating the substrate into discrete parts, applying a holding means to
said opposed side of the substrate;

defining individual chips by performing at least one operation, including an etching operation on
the further layer, each of said chips being composed of one of said discrete parts of the substrate, at least
one part of the MEMS layer and a part of the further layer; énd



applying a further layer arranged to protect the MEMS | ayer to said one
side of the substrate; separating the substrate into discrete parts by
‘perform ng at | east one operation including a back etching operation froma
side of the substrate opposed to the side having the MEMS | ayer, each
discrete part carrying at |east one MEMS part of the MEMS | ayer;

subsequeny ﬁ% the step of separating the substrate into discrete parts,
applying a Pdlng nmeans to said opposed side of the substrate; defining

i ndi vi dual chips by perforning at | east one operation, including an etching

operation on the further ch, of chi ps bei n 0o of one
of said di scre°f“é§m5§’ret‘”éhv61flalt°ﬁ t%t’fb@? gt O,mtg‘tah ding &e SS%ée"Bgﬁlfmgﬁ] ?‘ﬁgm

| ayer andneanspart of the further layer; and MI143-SG 3 causing the

| ndi vi dual chi gelg tasst%p 4r9AREE ol R b RIS P AR Ser{oP Lo TR X Aind T OM L
hol di ng neans. fera the step o ef1ning i'ndi vi dua chips iIs
perfornedm%#ﬁe$c@h%m§tep of applying a holding neans to the substrate. The
met hod nmay furtfhb%mbd}ﬁdylﬁd@ertuh&deﬂleaepotb&emgimagatalﬂgenebelt&lw@bmans to the
substrate. In a Ffe{r d.enb d@’ nt t he ho neans, i s bonded. t.o the
substrate by rRAREEEH HRodERES? em%eia’t?hsqog B EXPES LT

ul travi olvetich (s sujable by brtposaredo ulfravidhet (BV)tlight amemmhihqmethed fuitire inglddes the ISta> step

of expOS'otngoaggatuaﬁ?%G Rl G }dutgheatt% @'vnghﬂewsetoqe L biaQfMe ot thee! €ase
one chip at time fromt means to enabl e each chip to be
renoved |1ﬁt§wpﬁeat°|eyabtere%ctlh@ bﬁmr%gndﬁ@&ﬂy.ﬁowﬁfefhelf*%wnt he met hod further

i ncl udes the str&&amgf th pethdyd ﬂgheanf&ﬁﬂléﬁhherh@prmaﬁbﬂiyn{gch Rahtﬂmﬁ’lﬁieﬂ:is mgthe maaﬁgs t he

handl i ng maanﬁ‘?g r%;]ergx?‘s ggﬁ%]stargn?to%l 19 S0 thaPU'{/qaﬁt 1s ansmlge %]ipu%hhe hol di ng

transmit t &3 reans £0 “cure Resrve

nmeans. Itmm@mEMManbagehu%m%ﬁ@bﬁeﬂnﬁhhodm$ncIudes the step of renovi ng each
chip from the (hol fhRQ.AERHS meth¥d lﬂcltde@tﬁéeéarotteagmtm%mp}bﬁ 12 b BinPheah& MOV NY
each Chlp fromthe holding neans nmay i nclude reciprocating each chip

i ndi vi dudVp{resResingzeds r ce of UV |ight. The hol di ng means may be bonded to
the | ayer by rmaBisp off redving GhdSchiyp EronhthClivldig mddiisatdy@nchide reeixjocusing éch chip
uItraV|oIe}I£}ﬁ90wxa%) eoﬁMVLquable is neant that the adhesive loses its
adhesi ve propert ed™Wien ex%osed to W light. Thus, the nethod nmay include
exposi ng | ocalThskadirgagansmmaydie boprsd krothellayrg by means of ancadbeyive whikh istceralleblease one
chip at gufdalfBto utuq%lthev?tgghdl B BBRANSs hOneha e edteeehos@htsradteev@eopeﬁemved

individually fromthe holding means. It will be appreciated a he
y g Pp
\Wﬁraﬁ:gosleg to UV light. Thus; the method may include exposing localised regions of the holdin

handl i ng

means to UV light to release one chip at a time from the holding means to enable each chip to be
removed individually from the holding means. It will be appreciated that the handling means is
transparent to UV light so that UV light is transmitted through the handling means to cure the adhesive of
the holding means.

The 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 holding 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:-

Figures 1 to 8 show various stages in a method of fabricating MEMS devices, in accordance with

the invention.



transparent to UV'Iight so that W light is transmtted through the
handl i ng neans to cure the adhesive of the holding neans. The handli ng
‘means nmaybe in the formof a glass, quartz, alum na or equival ent wafer.
The nethod may finally include renoving each chip fromthe hol di ng neans by
a transporting neans. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is
now descnjhed.by way of exanple with reference to the acconpanying

. . P 4 . .
di agrammati c %rawnngs in which: Figures 1 to 8 show various stages in a

nmet hod of fabricating MEVS devices, in accordance with the invention.

M) 143- SG INVENTION In an initial step,

illust rap@@%ﬁh%@?ﬁ%ﬁg¥mw ngs, of a nmethod of fabricating a
MEMS devi ce, Imamoitialrstianilestroted # 10he Fignre dndfitiendravangs.aof ermetiod jof fapricetitigcled t 0 be
appl i ed teeNgs fdvies tn a%&&éaﬁ&%&&e iRfntifn §'1aly$rCi@'i§ M@J&)@U{p Rdd (YRFiS surkdte 12The
wafer 14 carries a surface nacronachi néd MENS | ayer 8 on the first surface
12 of t hefasifigprubsimate omypleriENS | ayer 16 conpri ses individual MEMS el ements
18. The i nventrh@narias caﬁéstd ﬁuioaﬁnaaﬁmchﬁatMamsuzyeﬂ eonnnititacis & afthd Nk j et

print heads e xpl anati.0 on will be described with
r ef er encé® fBFt E&?@S‘S?ay%‘ég ‘Pr?nsei“ dw{a{latlhmf aeeclanren "is a nozzle guard |ayer
or waf er whi chhd igveatiynl iaephrticolat dpplicgtipnfim the mll@lf@furet dienkg¢t] prigherds Ufps easavle 14.

Each i ndieyﬂlzﬁtﬁf&l thévgwﬁtlﬁll vﬁﬁ%@ﬁes&ﬁe& Fitil fgfet'eh& b %mpgﬁcatﬁmnqg%l e B9 Q@%'ay Each
nozzl e assenb 18 conprises, an_ink ection nozzle and 1ts associ ated

act uat or nozrﬁéu%%{am?fdfrafeazybl%h i§ pPPgdo ﬁsﬁﬁa@ 12 a?thf'e%ﬂfC@tSPPSHgte F‘h iEagh ieffdBh, on

demand. R{ms)uémses Bfin thh @onielf B adzAxf asmalyf a?ﬁdhuro&ld 8setnblyf1® rcnmprrseimnﬂual VENVS
chips 20 afte nozz h en
appl i ed tOCtio ozl Taxld its 7 Lfocui(%?eg'i actuat(fr rl“he %Elator qefs I‘OII‘II glg %gzélg éorr e%{mé)](kg(o ée%éon, (%ever se
side 22 dsmagﬁom in Figure 3 of the drawi ngs. Various operations are then

carried out OffndfifoWRfBE méltﬂod omalﬂﬁa&ﬂe &b f%Fm malbﬁuamfiﬁs cHifk zoqmgﬁ&és et ched,
fromthe surface 2 towards the surface fat t%em i.con waf er
e t%*gg Vet B

i nto di scret eHpge-plershe nogzlp suard {pyer; 16 has qe?f“’tp Wt 1t PRV ent i on,
i Nk i nl ebovepekjoss xevedS sidd B agthotesl FigireCwhe &rveingarts 24. It is to be noted

that each p ar barﬁﬁwegp gns Sa?esthe% cﬁ\lngcf &lt IQIB Xhe%af%%{fs Iltg #a?tﬂglgll the Jugfeﬁ 'Mj ﬁaoaﬁ(o nd pad

28. Al so, nore cl ear gure raw ngs, ayer 10
has a pl lgqc@m &O}zn thé surface 42 towads %qucfppeggj mg;a{atedhe silicon wafer into discrete parts 24. In

addition, in this application of the invention, ink inlet apertures 26 are etched through the parts 24. It is

to be noted that each part 24 comprises a plurality of MEMS elements 18 and a bond pad 28. Also, as
shown more clearly in Figure 1 of the drawings, the layer 10 has a plurality of struts 30 which support a
body 32 of the layer 10 in spaced relationship above the surface 12 of the wafer 14 such that the MEMS
elements 18 and the bond pads 28 are protected by the body 32. The struts 30 define chambers 34 and
36. The chambers 34 overlie the bond pads 28 while the chambers 36 overlie the array of MEMS
elements 18 of each part 24.

A holding means in the form of an adhesive tape 38 is bonded to the surface 22 of the layer 14 as
illustrated in Figure 5 of the drawings. The tape 38 is bonded to the layer 14 by means of a curable
adhesive. The adhesive is curable in the sense that it loses its adhesive properties or "tackiness" when
exposed to ultraviolet (UV) light.

Depending on the equipment used, a handling means in the form of a glass, quartz, alumina or
other transparent handle wafer 40 is secured to an opposite surface of the tape 38.

The wafer 40, the tape 38, the silicon wafer 14 and the nozzle guard layer 10 define a laminate
42. The laminate 42 is then turned over, as shown in Figure 7 of the drawings.

Predetermined operations are carried out on the layer 10. More particularly, passages 44 are
etched through the layer 10 from an outer surface 46 towards the chambers 36. In addition, individual

nozzle guards 48 are formed by etching to remove material as shown at 50 in Figure 7 of the drawings.



body 32 of the layer 10 in spaced rel ati onship above the surface 12 of the
wafer 14 such that the MEM5S elenents 18 and the bond pads 28 are protected
by the body 32. The struts 30 define chanbers 34 and 36. The chanbers 34
overlie the bond pads 28 while the chanbers 36 overlie the array of MEMS

el ement s 18 of each part 24. A holding neans in the formof an adhesive
tape 38 5,0 ﬁded to the surface 22 of5 the layer 14 as illustrated in
Figure 50 e drawi ngs. The tape 38-is bonded to the |ayer 14 by neans of

a curabl e adhesive. The adhesive is curable in the sense that it loses its

Depand ndPOTAEIS G THERL SHEBH0S AN 700] FRSIE 10y DB PBORCDOr B asd

quartz, &banmmalemrdmiumhmpszoraarf@pad ent handl e vvafer 40 is secured to an
opposite surf Ceftis Q&lbotdﬁﬁntto@% tloJQgchvt\fﬁlE%f) n#G pl&rmﬁy $m§§6m&EQS§dM con
waf er 14 and the nozzl e guar Iayer O define a lamnate 42. The |am nate
42 is themniermaddereiter, as shown in F| gure 7 of the drawi ngs. Predeternined

operations ar ?hegﬁﬁlﬁdt@fb iOplhce® Bn inh@ wafty Qdge lxﬁt shMG:l’) @vhjbﬁfstréc(pbﬂcﬁéd ¥s, 1111[3&8618.968 44
owar ds. t he

are etchedthr u th yt e ce

chanber s PB&™Y ﬁ? ﬁ‘g‘gg‘f"i gﬁ} %%’/ﬁﬁwwsd ulgaalc %ﬂé’#‘a‘s@ glosr esmd ' ¥ SPREd” By

et chi ng texposed oW light bseindicated bssar@hs)ﬁmhlaughE(maSIqﬁF Thjeigvees the @ﬂheil‘ff@f the tavd ‘Wg S.
MI143- SGI&aIEhﬁa {'e%m? %&Ieaﬂpgnetpgrltu?ulmﬂﬂ @Mp RXUPOEES tole M1 glE@@Q\ﬁJﬁ%& P €ach

chip 20. Upon c | etion (ﬂer ation, the i nd| vi dual s 20 are

f or med. quomfso 3ﬁeﬁ’t‘e MFMF ﬁ‘éPF \%é‘i‘ﬁ"?"‘&rff°méhaf‘c‘ﬁ’eéﬁ P ?fééra“asl’ﬁ?"tﬁ ality
of MEMS edeaﬁﬁﬁﬁ;&nglﬁzabdmn@&kupmsr ay fornmed thereon. The lam nate 42 is placed
on an xy wafef sta h i.s rec ted by
arrow 52 in Fflﬁnﬁer e § of (aYaﬁaged(\rﬁ‘;%ﬁ lﬁw%n%onE he k?%i gﬁ%gcg%on%\%\/ﬁ}ow&s&]l&% desi red
t 0 renovdcilitates iths pedorpivg @b vatr@uweﬂail@h to falkyicite) ghie elaie‘e@alti‘fméﬁ 30 sl vhighough a

mask 56. glags e Fap oﬁﬂt&%lﬁ@@&@s ‘Q@fopgacﬁagﬁg tiepa béfﬁbprekx@t@@thlit)dedxdas & e ®GH AN
beneat h one particul ar

) tlmetoelna 3 $/EI\/Sch|
to be r @PRNBATIRGHTL Hbm'ffabém%“mmrh‘é“ﬁ\‘?@%y AiNGEMY) elpraens ?rﬁ%‘&h 5 he tape
38 by neansmely fidgitel ahs povitiomef theMadks guarddhydd gpd sheuae ofirha PV clrstie &8 38Hence,
it is an_a |nvntio
provi ded facqll}é% Ela‘%gc]%}FM% l]eiesmst é epné) r ‘(l)c%%lﬁ) solid Eﬁ I{/lg’?ﬁ%%%r% réar'? ?%%&;J}tdg
fabri cat eekta*?@tChndl vi dual MEMS chip 20 and Whl ch facilitates renoval of the

MEMS chi ps 201501 beRBskaang peréohs Wirked inRIR 22 RIRE ﬁﬁieﬂ;ﬁ@&initﬁﬂan&j%daﬂﬁatﬁﬁs t he
kind in questl on are neasured in m cronrng0 mensi 9 Accordin ‘g@]%’ﬁ“the VEMS

el enent s MEPOHAYE (Rcthe epiiquas shapp in thespectiggmhodimpegiy v °“t dRES TSR Bf the
nozzl e gu@pdofltiay®entibd aschnddly descriteé Tk pielveet ekﬂVodImntsbfeethera"pe, t@8e considered in

all respects as illustrative and not restrictive.




facilitates that the MEMS el enents 18 are not touched by solids or |iquids
after they are released by the release etch. It will be appreciated by
persons skilled in the art that nunerous variations and/or nodifications
may be nmade to the invention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as broadly descri bed.
The present enbodi nents are, therefore, to be considered in all respects
as illustrative and not restrictive. o Clains 1. A nethod of fabricating
MEMS devi ces, the nmethod including the steps of applying a protective
structure 49 a front surface of a substrate on which a plurality of spaced
MEMS structures is positioned, the protective structure having a body and a
plurality of struts extending fromthe body, the protective structure

bei ng apphi ed mnethhasff@onsatnﬁymms dE\ﬂ&Blth‘éﬁchmhM@ﬂ@ theaeébﬁffent MVEMS
structures; atlng)ét e substra

: P g ective struc C % %s owalh qelty csdtructure
is p03|t|oned YE FiPLEFE STuclip R g %?% 5°t T ORERE I8 VPR prYEE 5& PH

pr ot ect i vMEMY sfotturee js mopipéngd.nbe protedivel stngturelamigg dody braick plamakity aﬁeﬂr\@f t he
SUbst r at €., SRARA A thbok]) EheBROe v e cthrb Blingt 3BlicR SO HRCE LiBis SEMGIUdFwRen S
divided into discrete protective structures, with at |east one MEMS
structureaQ@Fﬁaﬁ9gE$WW§ﬁ bet ween pairs of consecutive struts; and

rel easi ng the kmmumg thefsalGeaté suolntbhie ldaoloda MgMSesainsure @ .positioneat d&lﬂddia&tecl ai med
in claim L, il gﬂmigghéﬁ)gm SR N9 t he substrate includes the
step of etcﬁ he su ron1a ack surface to the front surface. 3.
A net hod as cIﬂWhﬁﬂaPﬂd%g%Fﬁﬁwabﬂﬁﬁﬁﬁ%%ﬁm@ﬁ@“@?ep of applying a hol di ng
means to the b&gkatmg utef @ae seh tlﬁahﬁle&hkbéi:ﬁ‘feasfn&ctﬁra(id didiesl ibedisiee pradciappl yi ng
an adheSI Vt?u t;l atl onepJ?IE SurC aCCDCIIl eCelvi e@r?dalrg%fc%rllsgl IVCdStI'{ltp C al m 3
whi ch i ncPUGEs SR 0T —apply a- ha 5? ans to adhesi ve tape.
5. A net hod aSWGMagM@@mﬁﬁm@$9ﬁmm@wh¢¢mMM¥@h the adheS|ve tape is rel eased
fron1the back surface by irradiating the adhe5|ve tape with ultra- V|oIet
li ght. me |.ai med ln cla ncl de t he p, O

ot ohi ng 7 Pui - paedat B TRidn gh b kb i e el FrEtuE DS

t hat each smﬂf@cmgthcsubﬁueteﬁgmnahacklstmfact te therfront pucfadel on vm t h a respecti ve fI uid
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3. A method as claimed in claim 1, in which the step of applying a holding means to the back

surface of the substrate includes the step of applying an adhesive tape to the back surface.

4. A method as claimed in claim 3, which includes the step of applying a handling means to the

adhesive tape.

5. A method as claimed in claim 3, in which the adhesive tape is released from the back surface

by irradiating the adhesive tape with ultra-violet light.

6. A method as claimed in claim 1, which includes the step of etching fluid passages through
the substrate, from the back surface, so that each MEMS structure is in fluid communication with a

respective fluid passage.



