M} 143-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 nethod of fabricating
m cro el ectronechani cal devices with protective structures. For the sake of
brevity, sughsa device shall be referred to below as a MEMS device.
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SUMVARY COF THE | NVENTI O\I According to a first aspect of the invention,
there is provi,g}eg.cg dof f bric? n? MEMS devi ?] t he net hod

i ncl udi ng the s¥ép OSSresa eﬁflcﬂﬁc mB?PB BHYF &8 PSP r§m OTESSTHEHE sur f ace of
a substrate on which a plurality of spaced MEMS structures is positioned,

the prot egiNVRRM ik nviMbRY @ body and a plurality of posts extending
fromthe body, the protective structure being %Blled so that a strut is

recei ved bet we¥FPTHEE Radht! 2pENRE the inveptipny thews. is Eféﬁ Aethgd ehbrcairg MEM® such
that eachdeMEVBherhethod indluding the $9@Soft | oned on a respectl ve discrete substrate;

appl yi ng a hol dllﬁ% Jreans. t qmahchk surface of Q substrat e; arating the

body such t hatTRHeE HPOFELT FVE ST {EPTH FE=Fsold Yheady oF v aﬁ’i’%’@%? ePHFot ecti ve

st r uct ur edEM{istrvigtuggs WEN@IOS‘EC]F the prafeetivp etiuptgre havirgiavedy @éa mleehty pposts expending

consecut i g RO, theMblectiftl sBANrdWhiry fasphb@&lﬁh@ygéuag Roolile@Bevil HReAliNiGgTRANS.
The step of separating the substrate may include the step of etching the

substrat "P#8fr a back surface to the front surface. The step of applying a
hol di ng means staratidgethdaubltras Wich alRe ek MEVS sudndé Isglogitidied/or NdbpadtRe tivgetst ep of
appl yi ng an gtghem ve tape to the back surface. The method may include the
step of appfryl nq a handling nmeans to the adhesive tape. The adhesive tape
may be rel eas@eplfiregholding mpame to adegkisertes dvhepybptath at i ng t he adhesive tape with

ultra-viol et lsif@hting h@olEthRdhafade prbedivéemiche 8t 8RIATinBt HhieRprbkddld
passages ttrmtu%égmm a}ﬁEﬁéJ:‘pu'Sugtﬁrg eemg rzci:wgg betweenti)al(r:skof consecutive posts; and

releasing the back surface from the holding means.

The step of separating the substrate may include the step of etching 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 io 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 carrving 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



surface, so that each MEMS structure is in fluid conmunication with a
respective fluid passage. According to a second aspect of the present
invention there is provided a nethod of fabricating MEMS devices, the

met hod including the steps of: providing a substrate and a MEMS | ayer, the
MEMS | ayer arranged on one side of the substrate; applying a further |ayer
arranged Lo, lotect the MEMS |ayer to faid one side of the substrate;
separati ng 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 5|de hayi. he h discrete art i ng at
I ggst one NMENEREEE ey “t“pl’gl k}ET\}BlE’/E’E’\f{E%SF‘? %‘%5 rfie2gs °rt“f?2:?v§l ﬂt?%a]g‘é%ar gti ng

the substmabe into discrete parts, applying a holding neans to said

opposed si de OI’I&F&B@[ i lgé]f gtgll tﬁﬂngqrﬁiwuﬂﬁl Qﬁpé 199&%}11%&1' Qflter EIQ Lt&)sof E%I}%h%r f11 ng at

| east one operation; inc ng an etchi hg operation on art Iayer
each of s‘é‘?%‘éﬂ’?ﬂ%‘s%?@l ng conposed of one of said discrete parts of the

Isubst rat eéI KI/}J t'ujgﬁthod Raumal ok wt e dg&l},ﬁgg 8y Bdldidd hkark t@%& §ub@1{atet hedf ]yrt her ]
ayer; an ausin I nNAl vl du to ereea romthe
ol di g eans FaPTEEROTATFL i DS DR A e SBPar oy Rery erabstep of
def i ni ng whidhi iv¢uchblz|by expopis: th slirpeelét v Ydihiodnd @rwhich ehegitethpd tifthen proluges ithg s@p hol di ng
means to $ihe, SHbRLAiiGesioll6r HELNRE ABYs ttwl { to ra&LMQ ctlps't Sl ubondi ng

t he hol ding nmeans to the substrate. In a Eb\"ﬁerre nbodi nent t he hol di ng
neans is 6k éﬂa‘ﬁ?@??ée?%g?%ﬁ%e‘%’ye%‘ﬁdé’%ﬁo&’ﬁh%ﬂééw which is curable
by exposure t oPretbralily v Gretbibd (uker ntcugattheasm df AppiigChhandlg rﬁehia@tdthfs uelther

i ncl udes the ST e .Of expgm rhgm[paren quggt Sgl E%Vgghttlpg scl %Le ns to W

light to Telease on nmean Y e each
chipto H@n¢1@mwﬁtopwdth9F‘ﬂt€§a'leP§/th€fh0@mm@shoI di ng nmeans. Preferably the

net hod furt herr isR@lameesus iR nlusPinQfdeR AP, IR EndvilAddd i GoMRRMSIdhOmE A

hol ding neans, the handling neans being transparent to W light so that W
light is PPIASRI eSS hr ough the handling means to cure the adhesive of

t he hol di ng neREstep bf reingvigthdcndhizgeautse hdldiigheeaterhdydskhide edciptbesing kueh sitiep of

r enovi ng Sﬁﬁ&aﬁﬂv@ras 195905’5’?#1?}8' ding means by a transporting means. The

step of renoving eac om t he hol di ng nmeans may i ncl ude reciprocating

each chip i ndheheldiag mﬂnbwbedms@é e fper by mepng of an aphesivh Fhigh sguEabs may be
bonded t axpdige toan@hoiey(maglﬁ B§ -'ca:rabladtlﬁgdnmat\tﬁalamsweao&ylt@htﬁvbympeﬁﬁpos ure

;[ ? S ma::l LS\S/V:JI{C?”% E%)P%:E\é{% Plkflégﬂt Thu.y the me{h?)' may m!:lgderg?q?‘orslﬁlg Eoca 1tsedtr2gelon§' (cj)p Sls 1ngI 0ses

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

mearns.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

the invention.



when exposed to UV light. Thus, the nmethod may include exposing |ocalised
regions of the holding neans to W light to rel ease one chip at a tine
fromthe holding neans to enable each chip to be renoved individually from
the holding neans. It will be appreciated that the handling nmeans is
transparent to W light so that UV light is transmtted through the
handl i ng pgpans to cure the adhesive of the hol ding neans. The handling
means may be I n the formof a glass, qﬂartz al um na or equival ent wafer.
The nethod may finally include renoving each chip fromthe hol di ng neans by

a transp OF THE DRAW NGS The invention is
nom/descré%@Qggg%&g§R855%55W5§ER%¢396§$erence to the acconpanyi ng

di agrammati c dnaminitgbstepn ilinktiacth at B igliiges Loft the Sasigofametpdsf Stbagesg 4 N a

net hod of El@f@ I;:iév?c@tlll Q(gorgﬁg@mglqp@ &%ﬁlon arlaygrcl%qg @ﬂ{éﬁ’ toVMet'i[t}lhc& tggﬁ}sfg\ﬂgﬂ% Ilpn
MJ143- SG 4 DETAI LED DESCRI PTI ON Inan 1nitial step,

i |1 ust r at@dsiigon sepstyafe orpaferrld 1 of the dravm ngs, of a method of fabricating a
MEMS devi ce, iThe a680140aRREa Wirfakt hdltRmadhikeN MEBS, la@r |EOMEke &S duffacP Vi Hed to be

appl i ed toe 1Ilir hEﬁgI rcl%cﬁa%nsesmdawﬁlﬁl%ﬁ%%bgﬁgate or wafer 14. The

wafer 14 carrles a surfsce eér 16 on the first surface
12 of the waflde inyehtionTime pivEdvBr kpplieation]i§ tieomprircies Oﬁ inidiew/prokthedds. VEdviSase loEment s

18. The inyenlidOhe %&tx@:@&ﬁl‘bﬁé%s@ﬁbe@@m kbR tﬂapapg{ﬁtlaﬁaﬁlﬁasaﬁlfe e 18fis 4 nk j et
printheads. For case of gl anation, the invention wll be déscri bed with

r ef er encOFF %ﬂﬁ&ﬂayaﬁmftra*ﬂ#c i 2prpRdie meﬁwcq 12\ the giipop substrate 44, Baclpindfyidyal | ayer
or waf er MBMS Rlement apR ih i fortn fhvencak hseadlyl Xac nd-he asﬁdn{blycmrboﬁlpﬂﬂ;si dnaitle 14.

Each i ndi Zécﬁ%l]%ozz eg'/ilf:[ a%\l)oclge c{.l actu%tgr I"l%e tua%oh ?ec.tsfo(le thrgI nozz}ee}’or eﬁﬁ: 10, emka es ec?lon ox}/ Each

nozzl e as conprlses an ink “ejection nozzl'e an SsSocI at ed
act uat or .demppd- act uator acts on the nozzle for effecting |nk ej ection, on

dﬁ_mand-on?g_ puthy @thﬂe%msaegfmt Hﬁ&{uﬁqﬁaﬂiﬁﬁfdﬂf&al !\@MSQmEQid(BigIEQB)VL dual MEMS
chi ps igure er e nozz a as been
applied to t hg‘reﬂﬁéf ti%““ﬁ%%‘“&d?yé?wlhds pegn i‘%l“’r‘i‘égg‘B\‘/"éﬁe’f‘?‘ S‘%%’b%‘s‘é Hpederse
side 22 asershowwse b rovirscgide 82 B siofn i Riguer i gewingiar i ous operations are then
carried out ORgfifg NSl ddued BrRRoh ShAfarr N MRL AL el Fur 36 ks bl ChEC,

fromthe surface toward e surface to se rate e silicon wafer
into di scicbtdelpmpe M@P.ﬂltwarda&’a Fyrfagal2 tq Wpﬂf%ﬁ‘? the %lpyﬁm Fetitodiscete refie24 Bvent i on,

i nk i nl etad@REY inUkieSHpRAtichl o8 the i hmeh, R0 GhrthBE 608 dichedfroughlihel 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
clements 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 io 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 gnards 48 are formed by etching to remove material as shown at 50 in Figure 7 of the drawings.



to be noted that each part 24 conprises a plurality of MEMS el enents 18 and
a bond pad 28. Also, as shown nore clearly in Figure 1 of the draw ngs,
the layer 10 has a plurality of struts 30 which support a body 32 of the

| ayer 10 in spaced rel ationship above the surface 12 of the wafer 14 such
that the MEMS elenents 18 and the bond pads 28 are protected by the body
32. The s}us 30 define chanbers 34 apd 36. The chanbers 34 overlie the
bond pads 28 while the chanbers 36 overlie the array of MEMS elenents 18
of each part 24. A holding means in the formof an adhesive tape 38 is

bonded to_t he s f the | aye 4 as_. i]l din ure 5 of the
drawi ngs. CFHE"TE céfa[g%qa “388}5?&83 ﬂteg%tl‘gtga F&@é’? eafg Cié 2&1’9&%@“ Eﬂmp ?atB‘Fe
adhesi ve. 0p$ltaeonaiﬁ¢ve®w¢lelqh8>5@marabmdj n the sense that it loses its adhesive
properties or muRckiRGSs: oym@iﬂvenﬁgﬁpgmmm b & bl 'oﬁttﬁw\é)emw in an

Dependi ng on_t he equi pnent used, a handl'i ng neans formof a glass,
quartz, al"@hioAEeddercont her transparent handle wafer 40 is secured to an

opposi te surf ame laginat: B2 istpRPR 03 8n xylderb@ieqfiot %wn)f \kilﬂ:htxﬁrlaﬁpr%ted tal Bludiaded CON

wafer 14 and t zz| ar e nat e, The, | .am nat e
42 i's theR TOF hsgdng F% OQ%J Cﬁawm“ﬁX %acl]—ilq\’é%?ge Chi‘p €‘¥hﬁ’é“dsr§e\7\h‘erqd% rm5¥elet er mi ned
oper at i onp@edto @é’rhght@dmémted@m atrdve S dycmeh di@ask Mp r'Thisperest thecadhaaive of thepas daiges 44
are et chgduf mraqm ﬁett@mloayﬁtuc;m N?u&l@m;}ﬁﬁ' ZG)HtaQﬁne %Jénfatﬁgﬁat%b&§¥@ﬂ 9@ obbe

chanbers 36. dition, individ nozzl e guards 48 are fornme

et chi ng trﬁn?vé‘?rﬁ%ﬂ’ﬁ'&?"e?% &ipe H’@N@WB\RJ@&H‘*I‘S‘U“} ’?iO“F?hQHP‘?S?’Y(ﬂ’tem’tSH%a ‘Hﬂ“ﬁ’\ﬂﬁ“ﬁ%s

M) 143- SG xﬁeaﬂishﬂ:hrdag@vahunoﬂwkhmzs materi al exposes the bond pads 28 of each
chip 20. Upon 0 ration, th i.vi.dua 0 are
formed. In th|Pf,~,‘£39ehLg%l‘:mrr%ir‘f%It tﬁle "%E%é)?itt!]%r? metéhé’gt?fr%%mau%lsﬁmme‘? ﬁ? ality
of MEMS epdlpestthe nogfoinpingagy variguy gReraftiens rt%ﬁibthq@rtbmlndwlﬁ‘hbwm chimt28 and Whlsh pl aced

on an xy mearfeés ratoag%f&mtsm tammb fMJ@t&tglﬂgSIt "wﬁpﬂe%&&ﬁk@ﬂm R¥ices b htSkidaat ed by

arrow 52 in Fiqure 8 of the ng when it is desired
o F v <Py s n piep AP o hicoRBe b i LRGP AR dsretFough a
mask 56. ckininglycfiagds THagroaidios of e naxkle kined Iamneo 4fd thd we af thy UVrtwable egé B
beneat h of&;R rﬂt'tﬁ.lg[w% NEVS, hip 20
to be rem)\lleﬁ rom t eS tapetgg%a@e%oqmg Eﬁﬁig%%?gi%glrr{)%g%k%@%%tﬁ%e t ape
38 by nedA€sofica transporting means including a vacuum pickup 58. Hence,

it is OIa 3 Sﬁvamt\ag 8 bretiltal dypeRi e if Rt Bat Hﬁﬁepdﬂgv@ifmom%%dﬂﬁﬁhoh§
pr ovi de I,C

facilitates the rformn f var ns.to
fabricaté atyheemfi?td? g’f’ﬂﬁ' IOWE)E’WEHF% ?ﬁlggeﬂgﬂﬁ‘f‘%‘ﬁm %t‘é??pf"fl 1% tﬁ%ﬁ’tﬂ}éﬂ of the
MEMS chi psop2 Of thoinvepiéwleslggpadly. dedotibedi The preenaguhodimbrt aggl thtrhfate, td éyéongderedfin t he

kind in gQuesiddindkfiiEasM&ticia M cron dimensions. Accordingly, the MEMS
el ements 18 on such devices are



extrenely fragile. The provision of the nozzle guard |ayer 10 and the use

of the UV curable tape 38 facilitates that the MEMS el enents 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 numerous

vari ations and/or nodifications may be nmade to the invention as shown in

t he speci&h&_{snbodi ments wthout departing fromthe spirit or scope of the

invention as broadly described. The pr@sent enbodi ments are, therefore, to

be considered in all respects as illustrative and not restrictive.

MI143- SG@ %/@SNB 1. A nethod of fabricating MEMS devices, the nethod

i ncl udi ng k teps of. applying a protective structure to a front surface

of a subst.r at eA oethadhef Bbricating MAMSH detives affie regad @dudiddiMdStepi sfuct ures i s

posi tioned, t ' [ a nl ural i f posts
uﬁpl%gg; grgfaeytf,@%tﬁlm G WG RAEDG Aoy o,gggch X Qurglff?g%wce@

extending from ~bod e protective structure ng So that a
strut i s VEMBistnsrep Birgulionedatip aresstive NENDe hg‘tlr}gudvp@ws@é?plg@btapgmqstﬁ@tqnﬁieg

subst r at efguiBlibddpate Ra&hvIVEMMrSbdind GhiktLsol that POSt & rQARH bARR aliEIRABINIY €

di screte S bcsst_rate; applying a holding nmeans to a back surface of the
substrate; Separating the body such that the protective structure is

di vided i nto desetiette pbobiectdvigt esh MEMSUstesyre Wi fokitiaed\VlrMBresiettive tiisar@e bei ng
recei ved fgiyeen pairs of consecutive posts; and rel easing the back surface
fromthe holdi nq means., 2. A nethod as clainmed in claim1, in which the
step of separ &PTYRE AMRWing e fogdackisprlepqrfds sibEftest ep of et ching the
substrate fromeparhacke Bddyf ack thd thehfrohdiOf binttifd RCEvided. in diREROgho@BGEIvE] ai ned

inclaim in i step.of a ing a halding. neans to the back
surf ace osgﬂl i %S"é%;“?‘%%?%ufuﬁrgpﬁn ergcettg%e%éswteeﬂ’mésf&%‘)% %ﬁvﬁbosiﬁ‘“%dhesi ve tape to
t he back surf adesingithe icltfivo Gomte b¢ldingmednd n cl ai m 3, which includes the

step of applying a handling neans to the adhesive tape. 5. A nethod as
clainmed in claimg3, i?q,vvhi,cl] the adhesive tape is rel eased fromthe back
surface bi/] i Fraded et Frmedieclam eiwbish the e AfrPrratie the aubstran taudey thriter o6, A
met hod asetabingihedistiae fiomaibak yrfavdtb el fromedrficbes t he step of etching fluid
passages through the substrate, fromthe back surface, so that each MENMS

structure is in fluid comunication with a respective fluid passage.
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.



