; e3eZmhhi t k@kl 6nmTZnmt @1 METHOD FOR FORM NG A RELEASED M CROSTRUCTURE

SUl TABLE FOR LECTROVECHANI CAL DEVI CE Technical Field 5 The present
i nvention red JWZWW’WM&OSHUM ures for mcroel ectronechani cal (MEMS )
devi ces and, I ar, relates to a nethod for formng a rel eased

m crostructure s¥wable for a MEMS devi ci. Background Art ~o MEMS devi ces
are integrated mcro devices or systens conbining electrical and nechani cal
conponents. They are normally made using integrated circuit (1C batch

Pn.r l"f?fr:'t Pgst ﬁﬁm%@ﬁ‘#mm@ﬂ@é&ﬁéé@ gneggg‘mamﬂwé SlgﬂTABLE o
scal e, and can functi oRQRA MIGIHQEQEQ)TRQME@HMCN. DEMICEt e effects on 15

the macro scale. M cromachi nes consist of sensors and actuators. Sensors
provi de an electrical output in response to a signal. For exanple, sensors
may be used to neasure accel eration, pressure, speed, flow, density, |ight
intensity, TechyicaltHield or chemical content. Actuators convert an electrical
signal into an action. For exanple, an actuator may take the form of an
electrogtatic rothery 2Zeresehbor, iavertiosct r aeladés ¢ | tohearmiovdstructures  for
supersoni ¢ nptor. Known nanuf ring nethods for formng mcrostructures
for MEMS dé@i%@%‘eﬁ‘éQ@eﬁhﬁﬁ'ﬁﬁbm% rngM‘Peér albé,elﬁspar&m@abfre!qtggéoiﬁmtm is
stiction, t : HGKi ! Rt he substrate.
As the m Crﬁggg@ﬁ@ﬁ%@g@bﬁgh%?f%%@gtérg%gjgh%ﬁt?;@EM&?(&;?\?@% can i nduce

noi se and 25 unwanted non-linear notion when the MEMS device is used.
Stiction may occur during the manufacture of the m crostructures, such as
in "after-risgggrélg,i]&ziq)n" when sacrificial wet etching is used to rel ease
the m crost 3 may al so occur when the MEMS device is in use. This
"inuse gtiction" b ed b J | ect r 0S8t r :
shocks.ﬁ) 2 1n M% %@?%%t%&c%{r&?g%% egﬁrﬁga{eg‘%h%i éﬁe@gﬁfrﬁé ‘#‘Z’F‘gg‘é“é‘d

m crost r ucteleetrichivearsd rrmeehasical doongordingd.ancEhdy camet morisialigt nedde, uwsingt i s
very difficult to conple sure that the mcrostyucture and the
subat r at e rBURGIEOETRII LY DR PraRasAnr(CHABLIGE aNdSGeR TergaM Si2e from

M Cr oSt r uCt i Gof@tredse ﬁmﬁﬁ?ﬂ@tr@é‘.es‘ll'r%é eﬂ@é@"caﬁ% BNs8l @bMtrOlVShG dt8%n
probl em of stiction. Another problemo nown mi crostructure manufacturing
met hods i s theenitaensgalec andasarbfunptian indivdualhgor imarsayshtargenerdde effactsrater to
tell if1 t he, novabl e ni ro%r uct ures have .b eﬂérsel easedd t he tm’ crQstructures
need t o %e PiyDPCH 575 oBUEAMPLURRT FOTREY ChSFRSOTSEHY HUHRE c AP FaHge
the del i catgrosidelgh leSricdTRBULSItEAresHOIRE REH afidrfal S tRdH dx@mne! %@@ﬁﬁﬁy

i ntroduce el ectrical shorting which affects the performance of the ME

devi ce. Thebpusedip megeuresicselaratiomdregswies saead ndawneensity. fisht intengityg

rel eased m ﬁﬁr j or i . lrf,ég :

| nventi on It(r\? %@g% lbgg%gw{:élt erﬁ%étésé%%ﬁgg&rﬁnﬁgﬁ %’%g{?& es I%%#k‘l@é For
form ng a radtiemsedomexangile,uath wctuator hedy kieotheafommec o ah esléctovstaticinotasy

devi ce, the t hod conpri si the steps of: (a).proyiding a nulti-Iayered

waf er c%?n‘prringfq{g?n?&%@ka&'cgg\ﬂaé@qtag/&?aﬁHf??é?Q)n&ﬁmB&rer surface; (ii) a
bstrate | [ f ;

substrate 1ayer IQr?c\)/\:vrr]]gm%HuPa%ttUGrEngs%etﬁggé %Pdforming microstructures for MEMS

devices have a number of known problems. One of these problems is stiction,

the permanent sticking of the microstructures to the substrate. As the

microstructures are designed to be movable, stiction can induce noise and
25 unwanted non-linear motion when the MEMS device is used.

Stiction may occur during the manufacture of the microstructures, such as
in "after-rinse stiction" when sacrificial wet etching is used to release the
microstructures. It may also occur when the MEMS device is in use. This "in-
use stiction" may be caused by high electrostatic forces or large shocks.
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(i) an internedi ate | ayer disposed between the device | ayer and the
substrate layer, the internediate | ayer being adapted to resist renoval by
a first renoval technique; 25 (b) forming a mcrostructure in the device

| ayer by renoving portions of the device layer using a first renoval

techni que; (c) releasing the nicrostructgre by using a second renoval
techni que to selectively renove: 3 (i) “portions of the substrate | ayer
which Iie below the mcrostructure, the renmoval process begi nning at the
substrate |ayer kukriovaemicrostrooturg releaginddechniques, éhenreleased migrostructiice (i)

portions of _the internediate |gyer which Lie bel t he m crostructure.
br ef er abl y, AT GENS chavart QBRGNS LD 50 Aol AT ES
masking | ay@clsm?mélveermur@rthéu tHer eficRistrubRiIrd A the aYiBstrafehAedér EbmeBmid NY

| ayer being patterned to reveal those portions of the outer surface of the

dgvi ce | ayeeontagewitatans asaiesundualy knewn nmiﬂr@sjfuqhwﬁjvlr@easse E%Pr:MiﬂWéﬁ?amnd

tconm i ooV e R BB POeR of SRt eV s anamovi ng
. ; . Ve,

dovi ce 1 ayer. conbprtist rebPHEGr kbR RrdSrili e RebBS TR ghe

et chi ng awayamBgecavuead &§ grobé 'témmg%flntsbeh @eatheds,| inyederctorel iftRe nedvaiblég
usi ng deep silicon wafer etching |E). Preferably, the step of formng

the first nEMEPaGUstHas: haye beendglaasedy the cicostrupiiresneed toahehysieplly ses:
. N 7 _ .

ayer: “ana Boet) Bised thed mdVd. Cou8R brofing Lo gamabe ife seiipdle ARGGfes,

t hose puartimay ckeatdendeteztatsarstimtion gioibiseand whag ihtryduced lebdctiicareshonting v

surround the mcrostrycture to be f Preferably, the step of etching
away porti oWE'rEbfaf?er?is kﬁer%%f?%m%emﬁéﬁgﬁmﬁ%%&dry etching techniques to
form substanti aIJ'_ straiﬂht si de I1s in the 25 etched-aw%y p?rt%ons_ of
the first oxide %epr_ese t inventors have now devised a new method’ for forming

released microstructures suitable for MEMS devices.

15  Disclosure of Invention

In a first aspect, the present invention provides a method for forming a
released microstructure suitable for a microelectromechanical device, the
method comprising the steps of:

(a) providing a multi-layered wafer comprising:
20 (i) a device layer having an outer surface;
(ii) a substrate layer having an outer surface; and

(i)  an intermediate layer disposed between the device layer and the
substrate layer, the intermediate layer being adapted to resist
removal by a first removal technique;

25 (b) forming a microstructure in the device layer by removing portions of the
device layer using a first removal technique;

(c) releasing the microstructure by using a second removal technique to

selectively remove:



Preferably, the first oxide |layer conprises a |layer of silicon dioxide.
Preferably, the step of selectively renoving portions of the substrate
| ayer which lie below the mcrostructure conprises: (a) formng a second
maski ng | ayer on the outer surface of the substrate 30 | ayer, the second
maski ng | ayer being patterned to reveal t3hose portions 4 of the outer
surface of the substrate |ayer which |ie“below the mcrostructure; and (Db)
etching away the reveal ed portions of the substrate |ayer, beginning at the
outer surface of(ix he partions af dhé sybstratediayer wiich tevdredsw tthe mictastretliret e 5
| ayer to provide a partial release hol e .bel ow tt?‘e m cro?tructure whi ch

|

reveal s those porti ondedEMAE! PRCESTRFUDRING Alathe, sHRSrate layss yiFfacgand

mcrostructure. Pref emaling toldfdSiHeshicthRrdia¥ ¢yerogmd | ses at | east one
silicon wafer and the step of etching away the reveal ed portions of the

substrate layer GomprpGagnet il NheUshidiniafiteS IR wREIP! 18! CBélot (1Y E)
Preferably, the step of form ng the second masking | ayer on the outer
surface %f the subst raictostayadureconpri ses: (a) growi ng a second | ayer of

oxi de on the outer surface of the substrate layer; and ~ 5 (b) etching away
portions of the Breferahlytheléirdt agmovaldeckhniqaé cohpaiseporti ons of the outer
surface of the substrate |ayer which |ie below the mcrostructure.

Pr ef er abl y, (a)he formmga fiestahaskjinguayerpor theoosteosutfhee o€ tlen device dayéra e

[ d hj hpi . f b i al l ai gh id |1
n the 20 et Ched RhAPSSBIA it oping RaRSBied 0 tPak trospepOtPREal BBIGHISt he

second oxide | ayQirf4c@ef thetfevicd 58P irfddiliely StrRfupdity the MiGtoslGUREH at e
| ayer has a first surface touching the substrate |ayer, and a second

sur f acel® ouchi ngoe farmesyiaod | ayer and wherein the step of selectively
removing portions of the internediate |ayer which lie belowthe 25
m crostructime celgpings ewayt the mgvealed porionsvehltkel qryvice dagerofthehetching

i nternedi ate | aygr, beqinni. t_.t fiLrs ur f of _t-he . internediate

| ayer and- movi neeEBUEESRod et 8 cbeibutie BF B teuPRiom ety iy o
provide a conpl efovardd GRsiptdricriifelayerttd forth i Rlicrastructare.t her eby rel easing
the m crostructure. 5 Preferably, the step of etching away the reveal ed

portions of the PriferatBeitAé *evieelayEP8BIbRSEs &t Yot Ghendllidst Wafstugsd tie form
substantially straight side walls in the etched-away portions of the

i nt er meth at #ep &y eiching anaydbe yeveaied pertians oftperdevidepiayeeeompeses etahingf er
which is ab@%,f,g %geh%\i/@lpé&'% %{?hﬁ? (a[g%g)_erabl y, the substrate | ayer

conprises a I'CO
Preferably, the step of forming the first masking layer on the outer surface

of the device layer comprises:
(a) growing a first layer of oxide on the outer surface of the device layer; and

20 (b) etching away portions of the first oxide layer to reveal those portions of
the outer surface of the device layer that immediately surround the

microstructure to be formed.

Preferably, the step of etching away portions of the first oxide layer
comprises dry etching techniques to form substantially straight side walls in the
25 etched-away portions of the first oxide layer.

Preferably, the first oxide layer comprises a layer of silicon dioxide.

Preferably, the step of selectively removing portions of the substrate layer

which lie below the microstructure comprises:

(a) forming a second masking layer on the outer surface of the substrate
30 layer, the second masking layer being patterned to reveal those portions



300 to 400 lumthick. Preferably, the internediate | ayer conprises a |ayer
of oxide. More preferably, the internediate | ayer conprises a |ayer of
thermal oxide which is 1 o about 2 to 3 ~mthick. Preferably, the step of
rel easing the mcrostructure is perforned before the step of form ng the
m crostructure. Alternatively, the step %:‘ rel easing the mcrostructure is
performed after the step of formng the mcrostructure. 15 In a second
aspect the present invention provides a released mcrostructure suitable
for a m croel ect obrthehaniteralsutface c of when dubstrate alayer dwhight diet Heldwr $he
aspect of the present invention. 20 In a third aspect the present invention
provides a mul ti U\'%é%‘&“(ﬁafaé‘ﬂ i ncorporating a rel eased microstructure
sui tabl e fO{ a mcroelectr machan'hcal rflevi o forned according to the
AP

wh .
first aspectblor EROIMG@NRNING FRYERISCRRIPRS ST N6 subetiais Euver. hroinpBd atfhe
nventi on pr ovi diof sfiHhib of BEEEGSHAE A5y AoanRRAAY RS nG ShsAREHiate

m crostructure suitable for a mcroel ectronechani cal device conprising: (a)
a device | ayer hlayeng a microstructure fornmed therein; (b) a substrate

| ayer having a rel ease hole below the mcrostructure; and 6 (c) an

i nt er redi at® proMide di partisktlbasavbole balowlthe cwclosiractuae vhitle reveals those

| ayer, the internediate. laver fqorned froma material. different fromthat of
the substraP® 'PQ?Q? &%ﬁ't?‘rﬁﬁi‘n@tejﬂ%ﬂ vg@gﬁ "ﬁ@%eéO‘ﬁg'P%W'?fﬁé{fHF@r%st ructure.

R T L o S R e T
phrase "portions' =% rchrl ! e t ood
to inply t hﬂ@st@?ﬁf'é}@ﬁn@’{ﬁv@é}/ tHePreveby H&rioRS Of 98é SuBbiae Wgéﬁcéﬁhﬁrises

multi-layered water 1s ofient'ed in a horizontal plane wth the device |ayer
posi ti otfed elsbing wsieg deeptsilicon wafeeetching GRYIut this specification, unless

the context requires otherwi se, the word "conprise", or variations such as
"conprises" or "Braferably,rilpe, stepl of fsemingldhne tsesdnd onasking layer ondhesoutar of a

stated ele i er t roup of elenents, integers or steps,
but ot t nesaas & B SpSlias Bl it 7 N eger
(a) growing a second layer of oxide on the outer surface of the substrate
layer; and

15 (b) etching away portions of the second oxide layer to reveal those portions
of the outer surface of the substrate layer which lie below the

microstructure.

Preferably, the step of etching away portions of the second oxide layer
comprises dry etching techniques to form substantially straight side walls in the

20 etched-away portions of the second oxide layer.
Preferably, the second oxide layer comprises silicon dioxide.

Preferably, the intermediate layer has a first surface touching the
substrate layer, and a second surface touching the device layer and wherein the
step of selectively removing portions of the intermediate layer which lie below the

25 microstructure comprises etching away the revealed portions of the intermediate
layer, beginning at the first surface of the intermediate layer and moving towards
the second surface of the intermediate layer to provide a complete release hole
below the microstructure, thereby releasing the microstructure.



or step, or group of elenents, integers or steps. Any discussion of
docunents, acts, materials, devices, articles or the like ~ 5 which has
been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
adm ssion that any or all of these matters formpart of the prior art base
or were common general know edge in the F’i eld relevant to the present
invention as it existed before the priority date of each claimof this

appl i cation. 20 Preferably, theatstepeobreteking awaynthenreveglede posiiensciafaihe
under st ood,. preferr fornmse will be scribed.with refer , he .

ol o ng. dPEITIRGLA faved cammptise’ By eliinnd Lt o B EBERa ANy SFaight
Figure 1 issjgeMyis fitee btohebLepddyppoiont b tisd miBsrmdtiigleMagerd. n t he met hod for
formng a released mcrostructure suitable for a mcroel ectronechani cal

devi ce accor di ngpfdelabfy, & a8MWke IR HoniBHisesl HYi6Sn draferdlKicRes aB8GE 20/ B
views of nmulti-layered wafers used in the preferred nethod of the present
inventi @n;, £y thicles 7-9 are inverse perspective views of nulti-Iayered
wafers used in the nmethod according to the present invention; 7 Figure 10
i's a perspectiveppieMbh/, the "Bilblsirate s GoniirResUs aflicbR WhRr RIER 'S eBoliet hod
of the present invention; and Figures 11-19 are cross-sectional side views
of rmulti-I ag@z(uQMg@pmmiu@ed to forma released mcrostructure according to
a second preferred enbodinent 5 of the present invention. Detail ed

Descri ption The (PO \VACTah A Vi : Ok 4M r sed
m crostructure slgfeﬁg%l%jayf@é g{t %1&2?@% eééti}:egng%rﬁgﬂ%%laf ?g/vé;rcgﬂo%lﬂiee‘?‘ f ||?Iéf@
pref erred neteferdblyntoé ietermediatd dayerf canprises Aslagéooh thernial gaxides whichnds 2,
the first step involves providing 1 a multi-layered wafer 2. The wafer has
a devi c® | aglout? ey nythiek-out er surface 4, a substrate layer 5 having a
outer surface 6, and an internediate |layer 7. The internediate layer 7 is
di sposed bet weenPtdieratbtyithe dtey af rdlemsihg thee miboistratire dy grerformed before
adapted to resist renoval by a first ~ 5 renoval technique. The device

| ayer 3 andthﬁﬁegﬁf)&r T%théwogt"é‘?t@r%oth silicon wafers, the substrate

| ayer 5 preferabé& bei.ng significa tlé t hi cker thar{ the devic Iaé/éar 3.
Turning to Fi gurfernaliuelygthe giem ek releasing;the gnirEestrugtiyrents perdormed after

m crostruct i i The step of formng 8 a

m cr ostructtltﬂhrlégStgpngqrﬁﬁ?ﬂgédgﬁrégﬂﬂgé' 3 invol ves a nunber of subsidiary
steps. she first of these involves formng a first masking |ayer 23 on the
outer surface 4 of the device layer 3. As shown in Figure 3, this involves
growing a first j.ayer [ t er; e t j

| ayer 3. In thi slngnioglefr:r%ﬁ(, g?ﬂ%&f iqﬁ(sat mc?ﬁ?%ﬁat Ilggéeﬁtfoiﬂg ?@ngelsa;%r @)%égﬁ icon
di oxi de. 25midrestngcturestsytable ffor nanmicroeleddtiomeananicahgdéviger wheni formmedwn i n
Figure 4 and inyolves, et.chin v..portions of the first oxide |ayer 10 to
reveal thos%c‘i?éa'fquﬂihﬂ ws&asgﬁgtvﬁdpgrprgﬁrﬁér&\éenj)oaf the device layer 3 which
i mredi ately surround the mcrostructure 9 to be forned. This etching step
is preferably performed using dry etching to formstraight side walls 12 in

the etched-away 30 pgrtions qof, the first. oxide |ayer 10. 8, Turning to
Figure 8 the neld 25tUy AReatViBe BreaserhdmEiP™ APVARRe2 BWHBIYErehdvarer of
the device ne¥fiorgting it felehsdt MeickcxttuRtfteessitdig doPadhricrakldchenfddhahical
surface 4 of the device layer 3 and nove towards the internedi ate |ayer 7,

to form t hed@yiee whendferred agcordingtocihetfirslgasnasp of theppresentibventias-f or med

usi ng

In a fourth aspect the present invention provides a multi-layered wafer
25 incorporating a released microstructure suitable for a microelectromechanical

device comprising:
(a) adevice layer having a microstructure formed therein;

(b)  a substrate layer having a release hole below the microstructure; and



5 deep silicon wafer etching (DRIE) all the way through to the internediate
| ayer 7. Because the internediate layer 7 is forned of a material, such as
silicon dioxide, which is adapted to resist renoval by DRIE the
internediate |layer 7 remains substantially intact throughout the DRI E
process. Due to the DRIE etching process the mcrostructure 9 has
substantially straight side walls. 10 As“shown in Figure 1, the next step

i nvol ves releasing 13 the mcrostructure 9 using a second renoval

t echni que. (M s arecmwmedi@teallayeécldiﬁp@ﬁedubaweqn i theoldericea layerbandothe

steps. Turnj ur the fir st ipvol ves formng. a n
ek ng | ayeybsstete AN Petinism g4t vl Bimp ol Bt e RERS R et

i nvol ves gr@l‘/ﬂ'n@%u@sﬁrﬁf@lﬁ%rléndl ARGIhgQf refdstendlé balow fiige AiidreBtrastufgice 6 of
the substrate layer. Figure 7 is a perspective view of the nulti-I|ayered

wafer with the V‘Fﬂﬁr@ElgIhdS‘L‘:‘tet'h‘isﬁQpe@ﬁcéﬂl)ﬂ'ﬁt lIHﬂ@ssSﬂ*éSbéﬂbﬁt Fé&%tﬁfes%t’h@Wv@@Pﬁ?é S
above the device Iayer . As shown in Figure 7, the next step involves

et chi ng Sawaghlgset iperionst . + hehisk disnbelow de Imigestrugture” wal bl understogsbia i ons

15 of the o ich l he
m crostr uct'ﬁﬁpﬁ{' éﬁé’%@%@ ?\ff \&B'Cﬁ\/\beyggﬁ)w ﬁfee Bﬁﬁgrtolsgﬁgtru&? %@ ghe hﬁﬁ' E%ygﬁééé
llayer 14 i sweftrds afienteddhya RoGFOMEl plandwithupe devidedlayes gbsitiongd abbye the
straight walls 16 in the etched-away portions of the second oxide |ayer 14.
Once the setéhflrat@ideig | ayer 24 has been patterned in this way, the 25
next step involves etching away the reveal ed portions 15 of the substrate

| ayer 5, beg| nni Hyorgheytethisuspecifieations dinbesst theneorigrt reqities aljerwigad thovi ng
t owar ds e Le T et chi o i ny

usi ng oM £ PRl EOREHEbS o Yahiptone SuBn 5 MoOprER: of Rofietisfit vifi5e
substrate I a:y@ersﬁnodats |Bip¢y/\ﬂnel mclEsgmrca‘ aBstatecBeIlefnémﬁmtagdrlorlsa@mroerql;r(mm ef 2
i's orlentedlnahortzontal Ianm asthat shown i

devi ce | ayefl@BIGEES; IN[EGFER| OLIS eXelustogy el amy 0{?}% eg%m?nhunt@s%ase
hole 17 is i I 9. By formng the parti al
rel ease hol @O%bl ﬁ'n ngdJ%\%@gﬁtg”]rgégé% d#%‘tﬁsg r evegl s 5 po?ti onspof t he
intermedi ate | axgsgﬁ \é@é&Bn%Jf%%chh%n@se'éH%tMstéﬁaﬁ dist ft eqs ol te et

ur

step, shown in Involves dry etching away the revea ed portions of
t he i nt &8 nedhizhehdsabeen hcllbagd mnihe@rasenmpmlﬂuzatlnatle slo!aquelforStha plepose t)he

internmedi ate | ayer and i owar ds vi ce | ayer 3 s When th

| ovenlod aoPTAVENES & Yarte ofoF dher Rsrent dSvien”S t Tiat o bEriakoheds A1 ne
partial rel g@wessith that Gnh et UIEST tRe &S FUtRIrS férdh gaﬁ%fhﬁéepnb? aftadd6r were

m crostructure 9 is released. In this way, the mcrostructure 9 is forned
in the devie@mmapegeneng) kppwiedgecin g fl@lénﬁalﬁwané|t@éh@fpreﬁ@ntnwwentl¢ra;a§rléd
wafer 2 andgf; béf&ﬂa”%hte*]:?r.o‘?{%ﬁéte%fdé‘acm @ﬂ?o@ﬁisﬁégﬁhcaﬁﬁhm ng a rel ease

hol e 17 bel ow m crostructure 9 b ng away those portions
of the bstratq,l h e s t

et chi ngzctfhe corﬁesgﬁﬁlﬁgm}éée §”E§Jr“?é|!¥‘c§fr?® Tgffb% d}:é Iegnzdlrgq%fé’ayér 7,
t her eby proprefémgd dormes edls &g desoribetirwith weferénceato st fallowingd-idyawimgsOand

Al t hough not shown in Figure 10, once the mcrostructure 9 has been 20

rel eased, t®%3MPe§t 10 and second 14 oxide |ayers should then be renmoved
usi ng an appropriate oxi de renoval technique. As shown in Figure 10, the
end product is a nulti-layer wafer 2 incorporating a rel eased

m crostructure 9 sui tabl e for_a mcroel ectronechani cal device. The
rrultl-layerB A £ of thaldrawindsyer 3 with the mcrostructure 9 25

f ormed there| ) substratel ayer having a release hole 17 bel ow
mi crost #uct ur e d:'QH'Fﬁ:I dg 8 ﬁ'@é’rﬁ%@ﬂé’!l@tﬂa%?& the sigps dnYRjYsd dn dhR Juet E"Bétf@éen

t he devi ce Y, is
a1 oAl 3 AR RISELIALR bt Tor TR ougEmatlhanbarseuce

m cr ost r uct aceorfingAoske present éveantied; enrbodi nent wi | | now be described with
reference to 30 Figures 11 to 19 which are cross-sectional side views of a
mul ti-|ayered wefigured Bef/iang @erspectivet vieetsun€ rbultidayerddt Wafers nusecc or diveng t o

f
a second pr Sre errec? method of the present invention;

30 Figures 7-9 are inverse perspective views of multi-layered wafers used in

the method according to the present invention;



10 enbodi nent of the present invention. Features identified with nuneral
references comon to those of Figures 1-9 are intended to refer to conmon
features. Referring to Figure 11, the first step in the second preferred
met hod s involves providing a multi-layered |ayer 2 made up of a silicon
device layer 3 and a silicon substrate I?yer 5. An enbedded internediate

| ayer 7 made of thermal oxide, isolates the device 3 and substrate 5

| ayers. As shown in Figure 11, the first step in the second preferred

met hod i nvol ves Fjgure Af isi asperspeative séayoref admoli-dyered, avafeoisedt in theales
of the wafer 2. These oxi | ayers, .serve as masks during deep silicon wafer
et chi ng (D@rgfe_rr%ﬂn{eglaocggﬁﬁwgepré%@trmgegtf%a51p the wafer 2, DRIE is used to
etch m croel ect rl_i.cal meﬁ;ial cal structureE 9 (not so?omlﬂﬁ. On the substrate
layer 5 side of TBWERaY !9 Are sRpss-pectipnglsids iewn of apuitidaysigd wafers y
shown) . Thetghon ! FeleBs&d MRS stucte ddcbiding %o ANSe&fRPPrfdie®Entiodiment s i s
~ 5 determined by the selectivity of silicon and oxide during the deep

si | i con Snaf efrthetprasent.inv@dionhi ckness of these oxide layers is not critical
and they may be thicker than the required m ni mumthickness. The inventors
have found that a 250 nmthick first oxide layer 10 is suitable to allow
deep silicon wafer etching through the device |ayer 3. The device |layer is
typi cal | y 2DetrliedDedeription 20 The substrate 5 may be of any appropriate

t hi ckness. The inventors have found that substrate |layers 5 of 300-400 ~m
are suitabl e. ThEhé nprsentli imventidrer pmlvides de methexd 7os hforinihd ea abeleasett 3 ~m
thick. In this exanple, 0..2-0.3 ~ mthigk thermal oxide i r.own on both
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24 to all ow 11 deep silicon etching of the substrate |ayer 5. By adding a
l e

resist |ayel@yen 39?‘@‘3;"5? Jubstrate layen rﬂﬂ_@ki,s geartedsto FRpistaigsnovel hysadfifshp
enough 0 alleln?(‘f‘(/a‘?tt&éﬂ G, hTﬁé'gjlévfc!éelag&tﬁ "aﬁd?H?%ﬁB?ﬁ%tgl IQYé'rr 5 Are bBfh silicon
selectivity of resist to silicon i1s greater than 1:70. 1n order to Increase
t hi s sel ect wafery, thelrseibstrateslhyshd prefebablp bkind dignifiearitlysthidkec trean theedevick of
time before, DRIE. If it is not baked, the outer surface 6 of the substrate
| ayer 5 can'_abf@r xposed to the plasma through cracks in the resist. If
cracks or bin b3 iWdds 1ot 5, ' B SHEEOURE MLARLS 8RR & e

microstructure 9 in the device layer 3. The step of forming 8 a microstructure 9

20 in the device layer 3 involves a number of subsidiary steps. The first of these

involves forming a first masking layer 23 on the outer surface 4 of the device

layer 3. As shown in Figure 3, this involves growing a first layer of oxide 10 on

the outer surface 4 of the device layer 3. In this embodiment, the first oxide layer

10 is a layer of silicon dioxide.

25 The next step in forming the first masking layer 23 is shown in Figure 4
and involves etching away portions of the first oxide layer 10 to reveal those
portions 11 of the outer surface 4 of the device layer 3 which immediately
surround the microstructure 9 to be formed. This etching step is preferably
performed using dry etching to form straight side walls 12 in the etched-away

30 portions of the first oxide layer 10.



away, resulting in rapid renoval of the substrate |ayer 5 beneath. In
addition, the flaked portions of the resist |layer 19 may get into the
etching area and act as mcro-masks. If this occurs, the wafer surface

coul d becone rough and turn black. The resist should therefore be baked in
order to avoid such problens. Turning to_Figure 12, the next step is a
netallisation step in which el ectrodes afld al i gnnment marks are created on

t he device layer side of the wafer 2. Al um niumor gold nmay be used for the
el ectrodes. Al unfwining ite Figuneoh) the- nextustap invalvese gtchingl awaycthet revealed-Ns

applications,. ..Al um,ni I g.ane of the few filns which is readily.ac ted
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devi ce | ayeBecdude hedhteniedieVaydhd iglfomnedt of ampatesial; lstahe@ diftonhgiokidest
oxi de layer 10. 2s The next step involves vapour primng the wafer and
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when wet et proicess, the usietbstructure®irag bebstantibdly stratghtisidkwalls. and t ype of
photoresist is not particularly critical as the 30 selectivity between

resi st #nd oxi deAs nshewnefrchFiggré s1hithe. nexi2stépe inedved @hedding f 18 stheoxi de
| ayer 10 is exposed, deve] oped and descuned using |ithographic processes.
This step i'%"'qrg?té"ﬂqt\}@§“§m9pﬁ' geernd femeval techni@léond pad shapes and

al i gnnment marks._The next step involves wet etchjng the exposed portions of

th f}lrst oxi de Tfa'§e§eq@dﬁyem%yal fechniaue fisyatly sinkglves 2 numaep it steps-
yor o1 oo o]l BT S s R o e

protects that ose e Tirst oxi ayer 10 are
renoved by thieeoutet seirfabé r) optbe essibstrafet lyer 5. s Thid thwobteshgrogving ep seeonchi n

o the it ePerohauddddn B8 aierEac e LB TIPSR B or seven hours or
more in order tC)Fi(g];“u?eS 9' i\éea tpré(:f‘spective view of the multi-layered wafer with the wafer
inverted, so that the substrate layer 5 now appears above the device layer 3. As

shown in Figure 7, the next step involves etching away portions of the second

oxide layer 14 to reveal those portions 15 of the outer surface 6 of the substrate

20 layer 5 which lie below the microstructure 9. The etching away of the portions of

the second oxide layer 14 is done using dry etching techniques to form

substantially straight walls 16 in the etched-away portions of the second oxide

layer 14.

Once the second masking layer 24 has been patterned in this way, the

25 next step involves etching away the revealed portions 15 of the substrate layer 5,
beginning at the outer surface 6 of the substrate layer and moving towards the
intermediate layer 7. This etching step is preferably done using DRIE etching

and serves to form a partial release hole 17 in the substrate layer 5, as shown in

Figure 8.



photoresist. In this way, the photoresist, and the |ayer of al um nium which
coats it, is renoved, but the layer of alum niumon the exposed regions of
the outer surface 4 of the silicon device |layer 3 renmains. The next step

i nvol ves ultrasonically cleaning the wafer in order to renove 15 unwanted
residual netal and resist particles. The _next step involves inserting the
wafer into an annealing furnace having aghydrogen environnent in order to
form ohm c contacts between the alum niumand the silicon. This annealing
step shoul d onl ylf thé&multidapered vafar Bds orieptedTi m\ranihog'zontalrp@.nm stgh asrtbahext
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vapour deposition (PECVD). This step is perfornmed in order to cover the
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t hi ckness to which this third oxide |ayer 21 should be applied i1s

det er m ried pgrtiohe of hiecintermeadjateflayen 7 whichaaigo die Ibiedaw theximierodivétnee 8he deep
silicon etching to be performed. As an exanple, in a basic process flow,
150- 200 nm t hi ckTREQERL stepdehowndnifFigurechtinvalves dneetchirigeaway Hie reyealedvhen

etching the_si.lico .m.thi The th ness .of this _third,oxide
Cayer 31 shRSaNGS! Kb itetgaticielpytnt Hipaliiod o fiF Suata imven 4 oHp Ai TR
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fine features in the device layer 3. If the third OXIde 13 layer 21 is
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This patterrdiegsert.ep is 5 done using standard |ithography and etching
processes. |If lithography is used, the wafer 2 is aligned to the alignnent

mar ks fornmed from thiewalyythemicrostracture 9 istfepmed hethéétiéhcéhgydrcb by PIRIENed
with the trenches that define the bonding pad area. etching is used, dry

et chi ng sho8ichingsre@eeneg siderefihe @F'ﬁ'dﬁ%@ds\i"@f@r@aqim%t@ ,fr,@n@ the pthessidsi de
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for DRIE in the next seen 1n ure I's patterning
reveal s1&®x peis:hmgocaIWayomosm pmfrtlctr‘rse ob uther sabstfateelad,/eofS t Whictielie cleelbay ¢hie 3.
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patterning ff&maRisRedager A&hareby ;%Gﬂcnﬁg g Fblé@ééﬁ%no?@ét?u&ﬁn% d.5aPEhdvg iput er
surface 6 of the substrate layer 5 which |lie below the mcrostructure 9 to

be formed. Figuse pltterning step is performed using lithography, alignnent,
pattern transfer and renoval of the silicon dioxide in the second oxide
| ayer 14. This pAbideisgh nehsbownhin Eigivedi bxonke the eniciosinuature thdasnbeen | y
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devi ce | ayean 3ppratiaté okide renfcal teshhiRlee to protect the outer surface 4 of
the device layer 3, helping to keep it free of contam nation. It is also

used to protect AbeshowAt inTeRigineg 10aythie 2hd fpredwett isetes thog-lapémh adhfes 2
appl i ed.

incorporating a released microstructure 9 suitable for a microelectromechanical

device. The multi-layer wafer 2 has a device layer 3 with the microstructure 9

25 formed therein, a substrate layer having a release hole 17 below the

microstructure 9, and an intermediate layer 7 abuttingly disposed between the

device layer 3 and the substrate layer 5. The intermediate layer 7 is formed from

an oxide material and has a release hole below the microstructure 9.

A second preferred embodiment will now be described with reference to
30 Figures 11 to 19 which are cross-sectional side views of a multi-layered wafer 2

having a microstructure 9 formed therein according to a second preferred



25 The resist layer 19 on the substrate |ayer side of the wafer 2 is used
for alignment and |ithography. The alignnment is conducted using a standard
al i gnnent tool. Because the alignment narks on the device | ayer side of the
waf er may have | arge dinensions, either digital alignnment or infrared

al i gnment may be used. The alignnent errﬂ%; used in these techniques are
negligi ble 30 when conpared with msalig nt all owance in the designs. The
resist is then baked hard and the wafer is then subnerged in buffered

hydr of | our i embhodimegrsHES thelgresentr devention: embeaturee identifed pitht insmseral t he
second oxide.l aver 24 for pattern transfer t. 1s.not necessary to

recisel y cotebEes remmnn BrhBRE o PR 1 o dnPBe 35 et ty pgmon

di st ance i sfeaqgksgi bl e when conpared to m salignnent allowances in the
design. The exposed portions of the second oxide layer 14 5 are preferably
renoved using drRe@rﬁrﬁ? 8. Figlrevet1, ehehfirag slt%_) Ysafle ¥eddRlprétlredhidthdde
substrate | ayer side of the wafer 2, it is difficult to renove the second
oxi de | dyerinvalvegprovidiggtaontiltylayeradslayend made Mprafa siticarageyice ayend anstond

oxi de | ayer . act S n i er.24. T C ski | ayer

24 15 uosd 3 5nEGh suBSEACBEEN D TR Stk s EtE BT BB SRR cr
which lie betigw isblates theaddvide8 whd dubstratd Sidirels. t hereby creating a rel ease
hole 17 in the substrate |layer 5. Because the selectivity between resist 19

and silicon is gasalwr aFiduré01anehd figstsstepcini thel ¥ebsidVprstetred AreY
oxi de layer 14 and silicon is around 1:200, the silicon in the substrate
| ayer 5 canin¥elves asawing: first 16 andhsegonskel4 oxidelayaisnen dathsigesf theiwajeDRI E.

The DRI rec | t - 5 and
cont i nuls" (i e Crdeadbes s dshadk 4 fedh sieBnufst i MR g
the DRI E prOneghei deviseallayerus®f sidet of f ¢thien safeérbi2)g DRIEeSisofusddegoi reteh der
to facilitate chip dicing and to mnimse conéan‘i natd)on. B%%)addi n? scri bi ng
20 |ines tHACraplECHiGAlPE ’B?a|rﬁtﬂi%‘!‘1’§§r§5(n%s Rpeh, On the sibsirate layvehi%ve
die to die Sa8affd RN TRIE HAIRY OGLRIEREASRY 1T EhPshowpLures 9. In

addi tion, I's also mnimses the particles generate uring the chip

separati on procepge rﬁbrhierggﬁi Mo oPFHéjgr?é, i@ aggpgﬁgéﬁdi 13C bkide iaiygfs?i he

potential for wafer age Is greatly mnim wever, these ges
shoul d 5ot deterroimedi bie the selectivityngf giicai famct oxidé eluringetheadgep biicomavaieesent

exanpl e, bridges of_ arpund 50 ~m have been used. ce.the DRIE step has
beon per f orHElnea TP TUKNESP Al oloRE @Xge pSTS ds Rl ieah and, ipeV rBRY Hesyer
5 whi ch exmﬂﬁmm&%@ui%nﬂﬁn%tthi@khé%@rrrﬁeliﬁ{:éhtbas/ﬁével?om«u fHutld e
bel ow the microstructure 9 to be fornmed. 30 Turning to Figure 17, the next

st ep i nvol v4&0 nenmiick irstrodde dgysosispanitabig so allowfdeeare siliger wafer atahingyer
7 which lie belqw the mcrostructure 9 to be, . 15 for . This step is
et er abl y HENE TR GVaF 3. G dee RYRG s PRAN G ARG g coul d be

used, special care is needed when handling and cl eaning the wafer during
this st¥dge becauble sHestiatelemaxrhe of anyapgropaptecthicknegsyr tThednventorsohave t he

internedi ate | gyer ha een renoved bseguent wate | eapi ng,, air .5

bl owi ng or f??éﬂﬁal ‘i%ﬁb *E?B%téslqyﬁrﬁ):éoeﬁégaé‘f%lk@iq{et%{a\%-e?ﬂ‘%g”@mﬁﬂ'af%
Figure 17, the next ,step i_nvoly reactive ion etching (RIE) the resist

| ayer 19 fr ﬁf’BBiW'g?ﬁa%%rgfshM;ﬁf ut ﬁrqzuﬂk“’tﬁ‘-etchi ng for twenty seconds
shoul d be sufficient. This RIE etching process al so serves to renove any

native oxide on InhgisEpanp, PR-0iDNMm thiclothenmal drideds dgraye on3pothi sidles of
i mredi ately surround the mcrostructure 19 to be fornmed. If native oxide is
the wafer to form the first 10 and second 14 oxide layers. The first oxide layer

25 10 is used as a first masking layer 23 to pattern the device layer 3. This masking
layer 23 is preferably relatively thin so that small shapes may be easily formed
via lithography. In this way, precise features on the first masking layer 23 can be
dry-etched in a short period of time.

As will be shown in subsequent figures, the second oxide layer 14 is
30 combined with a thick resist layer 19 to form a second masking layer 24 to allow



present, this can cause unwanted nmasking due to the very high selectivity
of the DRIE etching (around 100:1 for silicon/silicon dioxide). In this
way, any small pieces of oxide on the exposed portions 11 of the outer
surface of the device layer 3 would act as masks. 15 The next step invol ves
formng the mcrostructure 9 in the dEViﬁf | ayer 3 by renoving those
portions 11 of the device layer 3 immediately surroundi ng the

m crostructure to be forned. This step is perfornmed by DRIE using the first
oxi de | ayerdeaep aiican fetehing nhithd supdteaje tayzs 5. Dby addingna sesistdpyaii 19 gogatet ch
the pattern in the first masking layer 23 is transferred into the silicon

of the devi %@nzmoualy!ethi@.bty\ean‘@géb\,g et i s svgablecenajah o @llew. efahing

ded,t hat i th E, et chi t i S.not ken.
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severely affect the etching quality. Helium cooling should be used during

t he DRI B prauffisient perodvaf/time hafole RBRIERhHrit istwt brked etheroutas syface 6 lof theyh

t he device | r.3.is to detect when .t hel i um.pressure dro bel o
cortarn pr oA idbramedE b8 emlke b e Hesa iR fBcks P B sttt o

i s at | eastcm@aksé opbiyhéRkgasR M tHS rédistithd Surd@hding bBrtidn3i oF thlresisnflgkd dges
25 (about 10 ~mthick) may still connect the mcrostructures 9 which,
natural |y, awaydesuiingdn rapidsemeyahef thesubstratedaysi & beneathofintaddiiongthe

bri dges 25 Ik f | I nipformty
vari ations f(lzagﬁﬁzggﬁi Og%ﬁ&%&ﬁﬁ%&l@[&”@%)&g%mrtﬁ%%?cf'rgﬁ r??é%%snldw%éteéénri ed
i nbor de'r()]c t omicgmmaskshe |1I1 thimlocsiojlts', ctbel\/mafgdgmsfaaé dmndmnh origerough and rtunt UL es
9 being forne e such net i nvol ved continying the DRI E prqQcess wit
Che: hori um BBGKi HReraSRbaNHIN Terfarorhe SRKEANTHEY (oA ik SC BRRbIFSY 1 & and
a lot of springs_were broken duri n&@tshe 5 geroc_ess. This 1.s because w.t hout
hel i um cool i ng, TW&IRG da Figuee itor Bexsten e qiretallisghons stereinetichg

becomes har Qlekﬁoﬁé’é‘ﬁﬁﬂ’ :?g%ﬁr'ﬁeﬁfi Hidrk®Gre We%ﬁ%’&n ﬂ‘?ﬁ} Hé’v%? er .@Qie] ct)ﬂﬁe wafer
tenperature I n the chanber i1 ncreases significantly, electrical charge
accunul at es2. dldmiriemr esgdldi mgy heatisexhfbrdhe aledtralesc halugdnivay isdeomgeriyhe

rel eased mcrostructures 9. An al tive. met hod s.used which served the
bt posel SRt naiieayait Sl MEMR, aPGlicRBRNE h AlRINS: s anecof B te™
performed Wiy AAldHE Fiily NdbcepPed PWe ishicbha8ed &fohethi SoldSniagr AIgh el by
attaching a seal-formng substrate 27 to the substrate layer 5. "This is

done by spi®hsen due dadtissione AusSii eantad wsistancss itsuelean ausfacgywhich. resisisdar d

exposure ang . o) S: : ~ Qr I IS
Gsed o engyasu R Blsedhe By @pficd ¥ huiagk B, SHOWALE, BiBoBRY JEF
portion of thehslasme meagcausetontaniihetiatipea diephfliconlsithieart Béanre df these
bondi ng_purposes. The ;seal -form ng substrate 27 is then pressed agai nst the
adhesi v€ r eSPRGeMY ﬁdt%pgmfm beyperfosmg @Stﬁi‘@ 85t step By thgch ?%"@
pressed togﬁ%ﬂ?;d_ The conbi ned structure is then put on a hot plate for one
20 m nute an orce is applied. This hot plate treatnent sticks the

seal -form ng sub, Rsheat Ll

seal -form ng subgippgét 223%166\{% gﬁm%ea vatcjégn%%t tcﬁﬁgdf%tr%ego%%'rglur%\l;ve h‘FePﬁﬂhrﬁ

cool i ng t o dericé tayerabdt DReE net showgtheaaligrmentenarks creabad in e §irdti axide
bridges 25,, thereby releasing the mcrostructures 9. 25 As shown in Figure
19, once thléyﬁ{ i&'ostructures 9 are released, the first masking |ayer 23 of

oxi de i s renove sin | E,. thereby exposin he netal ,bondi.n s 20. The
above 1t hod ¢ heFBs GR8 BEBONeS TRy Bt ey aTer 3nd RRIBY aPR Rpkng
rel eased m grphptérasistiontd both srfdlseofl e WaférCr PR @hbiSHESISh &NtHEN bakdd 6. The
30 wafer 2 forned in this way can then be diced, wre-bonded and tested.

The di ci ng thé puepqser olotherhaigregist ontherassondpxidee layer i18i side of theswaferi | t

Fvent o’ ooapepiaieet AT ae, KBHF SR MRELHE! Hoidd s nBBRor R s they
the prior apkideThehethickeegstingttypé iofrphdtoresisdve thot gartiditamelcaticsl dwltiee
extends right throu the internedi ate and substrate layers and there is no

r ough | . )strat,
subst rat® beplegidtytipiween resist ard axideria walietehing islighd stick. 1n addition,
physi cal probing is not needed to tell if the mcrostructure has been
rel eased. In this nethod, the releasing step may be visually nonitored
since the portion of the substrate below the m crostructure has been
renoved and is therefore transparent. Another way to test if the
m crostructure has been released is to check the resistance between the
bondi ng pads between m crostructures which are supposed to be isolated. I|f
the resistance is above the nega ohmrange, this clearly indicates that the
m crostructure has been rel eased. The nethod of the present invention also

o " e Y N o —




18 Cains: 1. A nethod for formng a released mcrostructure suitable for a
m cr oel ect ronechani cal device, the nethod conprising the steps of: (a)
providing a nulti-layered wafer conprising: 5 (i) a device |layer having an
outer surface; (ii) a substrate |ayer having an outer surface; and (iii) an
I nternmedi ate | ayer di sposed between the vice layer and the substrate

| ayer, the internediate | ayer being adapt®d to resist renoval by a first

renoval technique; (b) formng a mcrostructure in the device |ayer by
renovi ng porti onkhefresiat devihee firsly @xidesilagera 10i rist expasedal developadyuand and

Sel et i vor yireadled UEBETINTOHOR attotSisty TS SR SRR ST A I i
m crostructiaige bond bhe sRIpReabnar QliffeMeriatke.NgTHE hd)@ Stapsinvalves! weer
surface and novi n%towards the internmediate | ayer; and (ii) portions of the

i nt er medi at @chingethenpxeesad popianswot e firstraxddé avair t0 byodipping the eoire
mea e ! ity h . L]
form ng % +Waler 2 i biered] fydrifiodld B4 BFS. Fhe SOG4t SS90 iEBecol (o

first maskiogdé dyer ldeproteqiathiatiagst drd theveglostd aegiopsrof itiee firstfoxideciaget er
surface of the device igyﬁ?r I nedi at eI@y surrounding the mcrostructure to
25 be for met) AaEHEENBYeGPY Mg WehalehinhRIace§®al ed portions of the device

| ayer, the etchin technigue begi nning at the outer surface of the device

| ayer and novi ng teRiiexida etehing strriiaathin fayee of alimipium (#Rout 1900490nm} ur e.
19 3. A ti ' | s ' [ ' t
me |Q°Qvég§;]o?§,t;egl; rBH?n 3’1? hé(;i‘itlg%-f Z%Wé?@g{"n R BV 1€ Y WarSPBPId a

| east one silic ching away the reveal ed portions
of the theviioemémsedr itoagetonesfoet sbvery hmirsgodempresi ini oodendd edisstlobi thp
(DRIE). 5 4., A netho ccor di t | aim 2 or, claim3 wherein the step of
form h ¢ heotPESstadR s e die hofaresish st W Rrt A BeyEs Fok,
conprises: it ak /@hWerdd bt the SdydrafealumiiniGrr 68 tRE xPBsed r8§iopd dfang Qltef he
device layer; and (b) etchi ng e}vvai/ portions of the first Oxide layer to
reveal thossurfane: 4 ohthessilicaredevice laysndfreowins. t he devi ce | ayer that

I medi ately surround the 1o m crostructure to be formed. 5. A nethod
according to cl alhe saexhstiepiimvalves glitraponitaliy cleanipgdheywaser ini adsr tif ranheve | r st

oxi de | gyer conprisses. dry etchi technigues to formsubstantially straight

ol de wal < vivomeoTESrlal mily Hodteb Bl OB 71 r ot "oxi de I ayer. 156 A

met hod accordingto claim4 or claim5 . whepein the.first oxide |ayer

Conpr i ses a | ayelMemet] eBnuplep JIsSHindate, Waldl” intoosty Fneling irage of

the precediavieg & Fydideeheenvitdhnentein Sfie?ftoSRHACOAMA ¥ohtaBRY bBEvdEN thens

of the substrate |layer which |lie_below the m crostructure conpri ses:
aluminium and the silicon. This annealing step should only take about %2 an

hour.

20 Turning to Figure 13, the next step involves depositing a third oxide layer
21 on the device layer side of the wafer 2 in order to cover the bonding pads and
alignment marks. This deposition step is preferably performed using plasma-
enhanced chemical vapour deposition (PECVD). This step is performed in order
to cover the metal layer to prevent it from contamination when in the plasma.

25 The thickness to which this third oxide layer 21 should be applied is determined
by the selectivity of silicon and silicon oxide during the deep silicon etching to be
performed. As an example, in a basic process flow, 150-200 nm thick PECVD

oxide is sufficient to protect the metal layer when etching the silicon up to 40 pm

thick. The thickness of this third oxide layer 21 should be kept to a minimum
30 since the first 10 and third 21 oxide layers combine for use as a first masking
layer 23 in order to form fine features in the device layer 3. If the third oxide
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oxide layer having substantially straight inner walls 16.

20 The wafer 2 is then primed and a resist layer 19 is spun and baked onto
both sides of the wafer 2. The resist on the device layer 3 side of the wafer is
there to protect the outer surface 4 of the device layer 3, helping to keep it free of
contamination. It is also used to protect the first masking layer 23 if a wet

etching method is applied.

25 The resist layer 19 on the substrate layer side of the wafer 2 is used for
alignment and lithography. The alignment is conducted using a standard
alignment tool. Because the alignment marks on the device layer side of the
wafer may have large dimensions, either digital alignment or infrared alignment
may be used. The alignment errors used in these techniques are negligible

30 when compared with misalignment allowance in the designs. The resist is then
baked hard and the wafer is then submerged in buffered hydroflouric acid (BHF)
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of the substrate layer 5 and continues until it reaches the intermediate thermal

oxide layer 7.

During the DRIE process it is also useful to form scribing lines of dies in

order to facilitate chip dicing and to minimise contamination. By adding scribing

20 lines that are hundreds of micrometres in depth, it is easy to achieve die to die
separation without damaging the released microstructures 9. In addition, this

also minimises the particles generated during the chip separation process. By
adding small bridges to separated scribe lines the potential for wafer breakage is
greatly minimised. However, these bridges should not be too wide or they may

25 affect wafer cleavage. In the present example, bridges of around 50 pum have
been used.
Once the DRIE step has been performed, a partial release hole 17 is

formed in the substrate layer 5 which exposes those portions 18 of the
intermediate layer 17 which lie below the microstructure 9 to be formed.

30 Turning to Figure 17, the next step involves removing those exposed
portions 18 of the intermediate layer 7 which lie below the microstructure 9 to be
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10° <10‘V & (DRIB! etBfthg&atdurid®180:1 for silicon/silicon d|0X|de). In this way, any small
pieces of oxide on the exposed portions 11 of the outer surface of the device
layer 3 would act as masks.

15 The next step involves forming the microstructure 9 in the device layer 3
by removing those portions 11 of the device layer 3 immediately surrounding the
microstructure to be formed. This step is performed by DRIE using the first
oxide layer 10 as a first masking layer 23. During this deep silicon etch the
pattern in the first masking layer 23 is transferred into the silicon of the device

20 layer 3 by a deep, vertical and isotrophic etch. It is recommended that during the
DRIE etching process, the vacuum is not broken. If a vacuum is broken, native
oxide may quickly form on the portions of the silicon device layer 3 which are
exposed to air. If this occurs, it may severely affect the etching quality.

Helium cooling should be used during the DRIE process. One way to tell

25 when the DRIE etch has gone through the device layer 3 is to detect when the
helium pressure drops below a certain predetermined value. This will indicate

that the microstructure 9 is at least partially released. As shown in Figure 18,

thin silicon bridges 25 (about 10 um thick) may still connect the microstructures

9 which, naturally, are designed to be moving parts. The existence of these
30 bridges 25 is usually due to differences in etch rates and etch uniformity

variations called “loading effects”.
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10" ! 89#10(3/?‘)&56& 2?518%/%99 the microstructures 9 being formed. One such method
involved continuing the DRIE process with the helium cooling turned off. This
method did not produce good results and a lot of springs were broken during the

5 process. This is because without helium cooling, the etch rate increases and the
direction of the etching becomes hard to control. In addition, without helium
cooling, the temperature in the chamber increases significantly, electrical charge
accumulates, and the resulting heat and electrical charge may damage the
released microstructures 9.

10 An alternative method was used which served the purpose of recreating
the vacuum seal to allow the DRIE process to be performed with helium cooling.
As shown in Figure 18, this is performed by attaching a seal-forming substrate
27 to the substrate layer 5. This is done by spinning an adhesive resist 26 onto
the substrate layer 5. Standard exposure and development steps are then
15  performed and a blank mask is used to remove most of the resist on the wafer,
just leaving a small portion of adhesive resist 26 on the edge of the substrate
layer 3 for bonding purposes. The seal-forming substrate 27 is then pressed
against the adhesive resist 26 on the substrate layer 5 and the entire structure is
pressed together. The combined structure is then put on a hot plate for one
20 minute and force is applied. This hot plate treatment sticks the seal-forming
substrate 27 to the substrate layer 5. In this way, the seal-forming substrate 27
allows a vacuum to be formed to allow helium cooling to continue and DRIE
etching can be used to remove the silicon bridges 25, thereby releasing the

microstructures 9.

25 As shown in Figure 19, once the microstructures 9 are released, the first
masking layer 23 of oxide is removed using RIE, thereby exposing the metal
bonding pads 20.

The above method therefore produces a multi-layer wafer 2 incorporating

a released microstructure 9 suitable for a microelectromechanical device. The

30 wafer 2 formed in this way can then be diced, wire-bonded and tested. The
dicing can be performed by gently pressing the scribing lines.



9610% & ()- 3410% & ()-,210% & () -, fa?SE7 10

10" 11 1090VVE () -! 109VE () -! & #109WVE ()-3 109%VE () -

109V& () - 10%VE () - OOWX6SE7 10! @' 109V () -

9$' 10988 ()-! ! #109KX& ()-!, 1109 ! & ()-!! 109N ()-! @ 10%& () - Oc}oaS4
10sS109%VE ()- 10 10 10! Ns-#109& ()- !Ss-#109%& ()- |+ 109V ()-Y)

109V& ()

-2 U a?aS4 10s!L! 109008 ()-y10%& ()- @LO%E ()-10%& ()- 3

10948 ()-!!109vW& ()-3 !LIt!II"""~?2aS4
10sF+#10%v&' () - ! txwitlhke appreeiated frgm1tmavEorepoing discussion that the present

109V () - @
y210%v& () -

T R LR L

10%v& () - @ pAGHEL( JFHel preuiern)of stiotid i€ remd0dd, as the release hole extends right

10

15

20

through the intermediate and substrate layers and there is no substrate below
the microstructure to which it could stick. In addition, physical probing is not
needed to tell if the microstructure has been released. In this method, the
releasing step may be visually monitored since the portion of the substrate below
the microstructure has been removed and is therefore transparent. Another way
to test if the microstructure has been released is to check the resistance
between the bonding pads between microstructures which are supposed to be
isolated. If the resistance is above the mega ohm range, this clearly indicates
that the microstructure has been released. The method of the present invention
also has the advantage of producing a high yield with minimum complexity. The
process allows ready portability to other foundries. All process steps have a high
etch selectivity which is no less than 1:70 and it does not require critical
alignment and precision in the exposure techniques during lithographic
processes.

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.
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5 (i a device layer having an outer surface;
(ii)  a substrate layer having an outer surface; and

(iii)  an intermediate layer disposed between the device layer and the
substrate layer, the intermediate layer being adapted to resist
removal by a first removal technique;

10 (b) forming a microstructure in the device layer by removing portions of the

device layer using a first removal technique; and

(c) releasing the microstructure by using a second removal technique to
selectively remove:

(i) portions of the substrate layer which lie below the microstructure,
15 the removal process beginning at the substrate layer surface and
moving towards the intermediate layer; and

(ii) portions of the intermediate layer which lie below the

microstructure.

20 2. A method according to claim 1 wherein the first removal technique

comprises:

(a) forming a first masking layer on the outer surface of the device layer, the
first masking layer being patterned to reveal those portions of the outer
surface of the device layer immediately surrounding the microstructure to

25 be formed; and

(b)  etching away the revealed portions of the device layer, the etching
technique beginning at the outer surface of the device layer and moving
towards the intermediate layer to form the microstructure.




7109%V&' () - y5Z10%VE' () -! SO#10%&' ()-3/! 10%v& ()-!+! 109%WNE&' ()-) 10%E&' () - DDEEEE
"EEEbC 10! @0% & ()-!10% & ()-L10% & ()- 10M 10M
10M ! 109%V&' () - 9#109%V&' () - EWFFFGHHz[ <bC 10!
910% & ()-!10% & ()-! @10%& ()-&10% & ()-!F f#10%0D& ()-3!F
f#10% " & ()-3H JbJJJ, KaBbC 10! f, “10% & (3{9
“*110% & () - (#10% & () - y&1o%&' ()-$!10% & () -1 : #109%&' () - 4, KKLMVMVVM oP1
11 1098’ () - LLO%: () - 10°
10" "1 9#10% 3&' ()AI memm/@ceqmlng\ltwm @) whigsaiin Ne GleddeEd®ier comprises at

é::lO%&I 13 SN% é%%%f&ﬁﬂfg% Ee})p 5 et Ridandy @R aldd pdiEhE Jrind

10%V& () - 10&Wcé)aye‘ﬁcﬁirﬁﬂ'?§eé)etél'ﬁ n(g)déa orbwaféglching (DRI E}

11 10) MLO%VE, () - | DYB109VVE. () - L$! TO%VE' () - 110%\/& ()- ! T109VE ()-1#10%E& ()-S
TdTnTTUSVBV7VAE: /|  10M

10MS8- 109VE () - 1! 1094VE () - LO#109%VE () - F. 109%VE () -, ! 109%VE () -

+10%V& (5 - 7Y8VY, W%mﬂécoréﬂyto claim 2 or clalm 3 whereln the ste/p of forming the
110% & ()-yi#10% & () -1 1006 & (}- @ 10% & () -1 1109 & ()- 3"
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10MB10% & (2 110% & ()-!10% & (t)-l|#100/& ()-1110% " & ()-&10% & ()-Y, Z] 2z2Z?
[ [ dE7/ a) growing a first layer of oxide on the outer surface of the device layer; and

(b)  etching away portions of the first oxide layer to reveal those portions of
the outer surface of the device layer that immediately surround the
10 microstructure to be formed.

5. A method according to claim 4 wherein the step of etching away portions
of the first oxide layer comprises dry etching techniques to form substantially
straight side walls in the etched-away portions of the first oxide layer.

15

0. A method according to claim 4 or claim 5 wherein the first oxide layer

comprises a layer of silicon dioxide.

7. A method according to any one of the preceding claims wherein the step
20 of selectively removing portions of the substrate layer which lie below the

microstructure comprises:

(a) forming a second masking layer on the outer surface of the substrate
layer, the second masking layer being patterned to reveal those portions
of the outer surface of the substrate layer which lie below the

25 microstructure; and

(b)  etching away the revealed portions of the substrate layer, beginning at the
outer surface of the substrate layer and moving towards the intermediate
layer

to provide a partial release hole below the microstructure which reveals those

30 portions of the intermediate layer which lie below the microstructure.
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substrate layer comprises etching using deep silicon wafer etching (DRIE).

9. A method according to claim 7 or claim 8 wherein the step of forming the

second masking layer on the outer surface of the substrate layer comprises:

(a) growing a second layer of oxide on the outer surface of the substrate
layer; and

10 (b) etching away portions of the second oxide layer to reveal those portions
of the outer surface of the substrate layer which lie below the
microstructure.

10. A method according to claim 9 wherein the step of etching away portions
15  of the second oxide layer comprises dry etching techniques to form substantially

straight side walls in the etched-away portions of the second oxide layer.

11. A method according to claim 9 or claim 10 wherein the second oxide layer
comprises silicon dioxide.

20

12. A method according to any one of claims 7 to 11 wherein the intermediate
layer has a first surface touching the substrate layer, and a second surface
touching the device layer and wherein the step of selectively removing portions
of the intermediate layer which lie below the microstructure comprises etching
25 away the revealed portions of the intermediate layer, beginning at the first
surface of the intermediate layer and moving towards the second surface of the
intermediate layer to provide a complete release hole below the microstructure,

thereby releasing the microstructure.
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revealed portions of the intermediate layer comprises dry etching techniques to
form substantially straight side walls in the etched-away portions of the

intermediate layer.

5
14. A method according to any one of the preceding claims wherein the
device layer comprises a silicon wafer.
15. A method according to claim 14 wherein the device layer is about 20 to 40
10  um thick.

16. A method according to any one of the preceding claims wherein the
substrate layer comprises a silicon wafer.

15 17. A method according to claim 16 wherein the substrate layer is about 300

to 400 pm thick.

18. A method according to any one of the preceding claims wherein the

intermediate layer comprises a layer of oxide.
20

19. A method according to claim 18 wherein the intermediate layer comprises
a layer of thermal oxide.

20. A method according to claim 18 or claim 19 wherein the intermediate

25 layeris about 2 to 3 um thick.
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5 22. A method according to any one of claims 1 to 20 wherein the step of
releasing the microstructure is performed after the step of forming the

microstructure.

23. A released microstructure suitable for a microelectromechanical device

10  when formed according to the method defined in any one of claims 1 to 22.

24. A multi-layered wafer incorporating a released microstructure suitable for
a microelectromechanical device when formed according to the method defined

in any one of claims 1 to 22.
15

25. A multi-layered wafer incorporating a released microstructure suitable for
a microelectromechanical device comprising:

(a) adevice layer having a microstructure formed therein;
(b)  asubstrate layer having a release hole below the microstructure; and

20 (c) an intermediate layer disposed between the device layer and the
substrate layer, the intermediate layer formed from a material different from that

of the substrate layer and having a release hole below the microstructure.

26. A method for forming a released microstructure suitable for a
25 microelectromechanical device substantially as described herein with reference
to the accompanying drawings.

27. A released microstructure suitable for a microelectromechanical device

substantially as described herein with reference to the accompanying drawings.
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