1 24 August 2005 METHOD FOR FORM NG A RELEASED M CROSTRUCTURE SUl TABLE FOR
A M CROELECTROVECHANI CAL DEVI CE Technical Field 5 The present invention
relates to mcrostructures for mcroel ectronechani cal (MEMS) devices and,
in particular, relates to a method for formng a rel eased gh%g&ttrz%gure
suitable for a MEMS device. Background Ajt 10 MEMS devices are Fntegrated
mcro devices or systens conmbining electrical and mechanical conmponents.

They are nornmally made using integrated circuit (1C) batch processing

t echni ques arMEEéQD QR FORMING A RELEASEDIHEROSTRUCTURESYITABLEhese
devi ces can sense, con Ja ( | and can
function individually EbﬂAq@&@ﬁE L"'h:.w:'féEA(E, ﬁ 15 the macro
scal e. M cronachi nes consist of sensors and actuators. Sensors provide an
el ectrical output in response to a signal. For exanple, sensors may be
used to measune; a el eration, pressure, speed, flow, density, |ight
intensity, m&@&e or chenical content. Actuators convert an

el ectrlcal sign into an .action. For exa | e, an actuator may take the

f orm of ®an el gctq‘lrhﬁstatﬂrés‘?’ﬂt ar JWVEIHORDt orelalgs el dbt r oPISKASEUCIURSr nfor or
a supersoni r C tures
For MV, | doT o b B R STRE T perfcul TolBfeeocs MebHe " s
stiction, fohtorpingrameletsed inukiastruofure lsmtalblerfmsa MENMSrdes/ide0 t he substrate.
As the mcrostructures are designed to be novable, stiction can induce

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-rBad@resundcArton” when sacrificial wet etching is used to rel ease
the mcrostructures. It may al so occur when the MEMS device is in use.
This "i1o use stMEM&bnde\nms terec integehtdry micpd ebwdcés amt aystenfsorceatiningl ar ge
shocks. 2 2eectn%al and mechanlcal components. They are normally made using

integrated circuit (IC) batch processing techniques and can range in size from
micrometres to millimetres. These devices can sense, control and actuate on
the micro scale, and can function individuaily or in arrays to generate effects on
15 the macro scale. Micromachines consist of sensors and actuators. Sensors
provide an electrical output in response to a signal. For example, sensors may
be used to measure acceleration, pressure, speed, flow, density, light intensity,
temperature or chemical content. Actuators convert an electrical signal into an
action. For example, an actuator may take the form of an electrostatic rotary

20  motor, an electrostatic linear motor or a supersonic motor.

Known manufacturing methods for forming 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.



In known mcrostructure rel easing techniques, the released mcrostructure
al ways remains a short distance fromthe substrate, so it is very difficult
to conpletely ensure that the mcrostructure and the substrate never cone
into contact with one another. Such known m crostructure r%'4%§ﬁst2005
techni ques can 5 never conpletely overcegne the problem of stiction.

Anot her probl em of known m crostructure manufacturing nethods is the

darmage caused by, probe testing. In such thods, ip order to tell if the
movani e m or ost PR LETEYEk st refehd BetRidies, e sstitniotstplstil o be
physi cal l'y alipagea@niding e shbrtt fistant®VRomStHe sRhstpated seai iglaf@?euiﬁi&an to
delicate structures, 10 may create undetectable stiction points and nmay
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| nventi an 28ever caniplétely Gadresine th8roblegedisticigent i on provi des a met hod for
formng a released mcrostructure suitable for a m croel ectromechani cal

device, the netAasthepREBIEMNST kiiGwa trilefoRfuictire) mBhafdctlintg meddd is! fger ed
waf er conprising: a device |layer having an outer surface;

| 11 a
substrate |43mpdagarsed By pseketestings desuckmetheds,)in arderde éélh)ém(@m)@vaa@er

it or medl at B e s TeleARRa 1 mictBRk@hies, RS o L phvsival

t echni que; Rlabeld)tof seenif tigeyamover oStchi probiiag icant demaey itive dehoate SiuctEgdyvi ng
portions of the device |a

er using a first renoval techni que;mqg;%_I )
rel easi y t M@Ynfrealss Undetasadie sligiom Pointseanh dnax dRieduaeeelestr grting
sel ectivel yhRFBMRsctSdthe performance of the MEMS device.
The present 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:



(i) 24 August 2005 portions of the substrate |layer which lie below the
m crostructure, the renoval process beginning at the substrate |ayer
surface and noving towards the internediate |ayer; and (ii) portions of
the internediate | ayer which lie below the 5 mcrostructur Sy A-[lgﬁstféﬁ)lbgt
renmoval technique conprises: (a) formngga first masking |ayer on e outer
surface of the device layer, the first nasking |ayer being patterned to

reveal those porgty ons_of the.quter surface of.the device |ayer | diately
surroundi ng t he M cr JRAFRRE ﬁ’fihef gub%a%gelay%rr !.’Pfh I%gewﬁ@ -rg@tr&%@pe,t he
reveal ed portions of thbereﬂﬁwaq:@ré@é@rbediﬁkﬂngta%hh@%ub%ﬁé@!a?éﬁsaﬁﬁéé'ahg_g at
the outer surface of the device layer and nbving towards the Internediate
| ayer to formthe m dnevingdewards therategimediate laygerantbnpri ses at | east one
silicon wafer and the step of 15 etching away the reveal ed portions of the
devi ce layer confi}i seporensi f ubengintetewdiatel ilager wahioh etie hibejow DRhE) .
The step of formng the fitrst maski ng | ayer on the outer surface of the
devi ce lTayer conpri se'é‘!c"?%f“%w&m ng a first |ayer of oxide on the outer

surface of the vice |layer; and. 20 (b) etching away portions of the first
oxi de | ayer to ?-EhveeﬁTSt{W)é%aIﬁSFI?ri"ﬂH% Ci(:]f"?pf'ﬁss'outer surface of the device
| ayer that jnmedi atel urround the mcrostructure to _be fornmed. The step
of et chi ng @/ay HBHP{W%ﬂj'rﬁfm?ﬁ ng ilqyer %k{h@eoqtﬁgléﬁ"rf%%'rﬁﬂ \ics, layet.dheng

techni ques to f o ﬁ#&é%ir@j‘tdy?P Ibgirkf ?th%bd%d@vége{rﬁgb%dm&@bf:lﬂ?é’b@l\'@'y 25

portions of the first oxide’layer.” The first oxi yer conprises a layer
of silicon di oxig#facehef theegevige kyeebnimediafely ssunoiungingothei roicsosifucture to

substra | ayer ' | 4. bel ow the m crostructure conprises: (a) formng
a secontoerraski ngwg({jﬁ}edo%nfjhe outer surface of the substrate

(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.

The device layer comprises at least one silicon wafer and the step of
15 etching away the revealed portions of the device layer comprises etching using
deep silicon wafer etching (DRIE).

The step of forming the first masking layer on the outer surface of the
device layer comprises:

(@)  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.

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

25  portions of the first oxide layer.
The first oxide layer comprises a layer of silicon dioxide.

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



30 layer, the second masking | ayer being patterned to reveal those portions
4 24 August 2005 of the outer surface of the substrate |ayer which lie

bel ow the mcrostructure; and (b) etching away the reveal ed portions of
the substrate |ayer, beginning at the outer surface of the BUQRjsedcRs! ayer
and noving towards the internediate 5 |lgyer to provide a partial release
hol e bel ow the m crostructure which reveals those portions of the

comr 1 ses at | oodt W OUteri o8GR el "her hBFele fhe™ wieh BB cine™ "

reveal ed porti ongicpdstiltueybatr ate | ayer conprises etching 1o using deep
silicon wafer etching (DRIE). The step of form ng the second masking | ayer

on the out efb)suréRBmgEwaythe rRVBEUFIGibRY 6f theXTbstraRSlayER begirMhd 8t e
second | ayer of oxide on the outer surface of the substrate 1ayer; and 15

(b) etching awayoer sudace of thenaulssieaiadaysii and meying owards &g intgrpardiate
portions5 of the ﬁg}er surface of the substrate |ayer which |ie bel ow the
m crostructure. I? € step of etching away portions of the second oxide |ayer

conpri ses r hi_ng t.echni que o, faorm,substantial | tpai ght  si,de walls
T The et chQubroEaorBr (A Bole heBlCliEh B SRt w e RaS Mt e
| ayer conpr pe@isns iof tidintshhadiste. layidraviioh e Ribvatite morestriiaered first surface
touching the substrate layer, and a second surface touching the device

l'ayer and wher ei Th¢ Rebstrafe Byer 86MmpRiy &k YedtBNE ScdPWaf@nand®thd BRp of |
intermedi ate | ayer which lie below the 25 m crostructure conprises etching

away the re@&hingd apwyt thentevsrlach@ortians: at dhetseibsiratee layep caginmpiiseg atchinge
first S%faﬁﬁggfdete es‘“k@%g{,ge@fjg%ﬁq @jlglﬂ%and novi ng towards the second

surface of interne _ Vide a conplete rel ease hole below
the m crostruct Y5fe s&éb%? R)\Fmrn% %%Sg&%ntdhrenagki%qg)t/éru&r% e outer surface of the

substrate layer comprises:

(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.

The step of etching away portions of the second oxide layer comprises
dry etching techniques to form substantially straight side walls in the etched-
20 away portions of the second oxide layer.

The second oxide layer comprises silicon dioxide.

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.



5 24 August 2005 The step of etching away the reveal ed portions of the
internmedi ate | ayer conprises dry etching techniques to form substantially
straight side walls in the etched-away portions of the internediate |ayer.
The device | ayer conprises a silicon wafer which is about 20Q,t

thick. The substrate |ayer conprises a sglicon wafer which %éAgﬁggttﬁggo to
400 mthick. The internediate | ayer conprises a |layer of thernal oxide

mcrostructare | SbSIshPh B ahey o cSifHla poriset e hiered e AT ur o,

i.e. the m cdmpﬁges:@% StchmgPRthhijukY t6 $69R38BstaRBAIRS Straifkt SHERvAls ihoh'l Ng
the m crostructure. ternatively, the step of releasing the mcrostructure

i s per f or meetched-awayimrtioes of ke ibtermediatedpyene ni crostructure. In a second
aspect the present invention provides a released mcrostructure suitable

for a nicroel ect Tiereehizel logbr deprisesvaesiliésn Wefer WRRAIYI dbbut 20t Re4biiGt
aspect of the present invention. 20 In a third aspect the present invention

provi desh a thigkti -1 ayered wafer incorporating a released m crostructure
suitable for a mcroel ectronechani cal device when formed according to the
first aspect of The spbekatetlayaneompidses ASsilidonowgfer whithiis abpeic860 ¢aioon,

unl ess the context requires otherwi se, the phrase "portions ... which lie
bel ow t he nilBYédt ucture” will be understood to i nply those portions which
lie below the mcrostructure when the multi-layered wafer is oriented in a

hori zontal pl aneThe irtetrhedideylayer cayeriseo ai layemefdthabnseotibe with &8 a8
| ayer. 6 24 August 2005 Throughout this specification, unless the context
requires ot Ade wilbe thicke
10 Preferably, the step of releasing the microstructure is performed before
the step of forming the microstructure, i.e. the microstructure is partially released

before the step of forming the microstructure.

Alternatively, the step of releasing the microstructure is performed after
15 the step of forming the microstructure.

In a second aspect the present invention provides a released
microstructure suitable for a microelectromechanical device when formed
according to the first aspect of the present invention.

20
In a third aspect the present invention provides a multi-layered wafer
incorporating a released microstructure suitable for a microelectromechanical
device when formed according to the first aspect of the present invention.
25 Throughout this specification, unless the context requires otherwise, the

phrase "portions ... which lie below the microstructure” will be understood to
imply those portions which lie below the microstructure when the multi-layered
wafer is oriented in a horizontal plane with the device layer positioned above the
substrate layer.



word "conprise", or variations such as "conprises" or "conprising", will be
understood to inply the inclusion of a stated elenent, integer or step, or
group of elenents, integers or steps, but not the exclusion of any other

el ement, integer 5 or step, or group of elenents, integerszgmuﬁhggﬁo Any
di scussi on of docunents, acts, materialsg devices, articles or e iﬁe
whi ch has been included in the present specification is solely for the

pur pose of providing a.context .for. the present invention. |t is.not,to be
Paken as an " adreeyahstiBl Shgeaioh; SpRsEBe canlfideathes olhariskiinbhe
prior art hge® otorBrige"] Lre PaMBIONECEEERask NEhBAGS" Or tEemplighg', M Rillesant to
the present invention as it existed before the priority date of each claim
of this appindssstoed toiimplyrthernelugioniofa siatesesiement dntegehonsigpber aisue of

the ol | ow HE o migBel & SEpsnBhEBote exfufGREE anF et Ssh i FBkERL nos
Fi gure ¥ i sorastépoov groaplof eldnisitts dintetfers be sidpeps i nvol ved in the nethod for
formng a released mcrostructure suitable for a mcroel ectronechani cal

device accordi pthyt @istlissidt ©F ebtumerey) ) materifisgdegices, - frtioles drethanwet i ve

views of nmulti-layered wafers used in the preferred nmethod of the present

i nvent i on; Whighrhas reen includeshiartbe presepeanecificatior s selelynfior the prirasedf

waf ers used_j.n. .. dj . nr.es i tion., Ei 10 is
o spact RVd, %, PBLRY, BFREhRIeC ANERBEES R HRY TBL6E T 8

met hod of tadmpskeethiat any ontallwf,thessl nfatigrs &l pad 9f die pAooas baeetdramere si de
views of nmulti-layered wafers used to forma released mcrostructure,

accor di Hy tPRMOSCaPRETAF knewiesgedhnbei fiidireleyant ke the esesantjinvantionoss ity
Detai | ed Deéﬁéﬂeﬁ%é?&rgﬁtﬁe%%‘r‘iﬁ 440 R AifT6Mthid AARktigh Provides a method

for formng a releas
In order that the present invention may be more clearly understood,

preferred forms will be described with reference to the following drawings and

examples.
15
Brief Description of the Drawings
Figure 1 is a flow chart illustrating the steps involved in the method for
forming a released microstructure suitable for a microelectromechanical device
according to the present invention;
20 Figures 2-6 are perspective views of multi-layered wafers used in the

preferred method of the present invention;

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

the method according to the present invention;

Figure 10 is a perspective view of a multi-layered wafer used in the

25 preferred method of the present invention; and

Figures 11-19 are cross-sectional side views of multi-layered wafers used
to form a released microstructure according to a second preferred embodiment

of the present invention.



m crostructure suitable for a m croel ectronechani cal device. The first
preferred nethod involves a nunber of steps. As shown in Figures 1 and 2,
the first step 5 involves providing 1 a multi-layered wafer 2. The wafer
has a device layer 3 having an outer surface 4, a substrate, A@éﬁg 0gavmg
an outer surface 6, and an internediate,l ayer 7. The internmed ayer

I s di sposed between the device layer 3 and the substrate layer 5 and is

adapted to b vfal by a first renoval technique. The device |ayer 3
and the subggﬁaégg—qgégﬁp—qﬁare both silicon 1o wafers, the substrate |layer 5
bei ng significa thlckrthnthe device layer 3.. Turnjng to ures 1
and 3, the next ntl?%p |er§\§8 VBYERUQN PIgVisles  anrp @‘Q r dR% fPEMHY; @ trﬁgagégl ce

layer 3. Theigrbstudiird SUitAble fét é‘rﬁTbt%re%?ftfo%?édHaﬁlc%l dbOlcéheTHEﬁr‘s?%réf@Vrgor i ng

i nvol ves a nunber of subsidiary steps. The first of these 1nvolves
a first maskietpd wyelvesa aumbaeobstieps. A shawn in bigurés 1dand 2 etheSirkstep 3

the:out & SIPAER Proued T o B lASRug SABP 20 The Ratol B afice Buet 3,

| ayer of Shévlﬁ@@anLQéﬂ S@facehg, él%&bstﬁét@na*]ér 5 REWhE Bt 6&tef sUFAcd®Skhdhan! ayer
23 is shown in ure 4 and_ involves etc away portions of the first

oxi de | ayer'niQf"t iateVayer {.hdde Q‘@Brﬂlﬁdﬁlt@riqurﬂcb?p dtsp@ssdtt@rtweem tthe dexicef t he
formea. b vy 868 hgRlsRAE Yayel RIS, A SOORSIS b b Pl st gn

side walls ﬂe?na)\raltmmmeﬁha%ymadayeman@ﬁhé Bebstfdte 34yens g bENailich.
Turning to Figure 5, the next step. involyes etching away the reveal ed 25

por t i on®0 11Wafersribefubskrate layesd §e'n9kﬁ'gn'ﬁ?i‘m|Yrtb'q<§Emﬁnd g denisel lay®ledi n at

the outer surface 4 of the device Iayer 3 and nove towards the internediate
layer 7, to for Mg ntPchd&L!rﬁactuuae 93, Thies next hstap dwvelvess fyreringr fea

usi ng deep ﬁil%rbgﬁﬁ'ct!.}y@g% tfd GQ{AE £ 1R lst%;?% Yhhi Q%Oé‘ﬂ{]%rtro%%rggtgl{e 9

i nternedi ate Tayer ecause nt'er me ayer
material, sinctheadedéd layen 31I|rwmlvvée a whintfericd stbsailaptstepd.o Thesfirst of eayeal by

DRIEthelnter tela 7 re s supstanti al | act throughout t he
DRI E proces¥V® % H“H‘ﬁegﬁﬁt gﬁgn@y‘ffr ggé)s%thec ﬁlﬂ!t&érrﬁuéft 814 QE e dleyicgas
subst ants al [ayep B 3AHIBhowh 4 F‘@lrbs& this involves growing a first layer of oxide 10 on

the outer surface 4 of the device layer 3. The first oxide layer 10 is a layer of

silicon dioxide.

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
20 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 performed
using dry etching to form straight side walls 12 in the etched-away portions of the

first oxide layer 10.

Tuming to Figure 5, the next step involves etching away the revealed

25 portions 11 of the device layer 3. This etching technique should begin at the

outer surface 4 of the device layer 3 and move towards the intermediate layer 7,

to form the microstructure 9. This etching step is performed using deep silicon

wafer etching (DRIE) all the way through to the intermediate layer 7. Because

the intermediate layer 7 is formed of a material, such as silicon dioxide, which is

30 adapted to resist removal by DRIE the intermediate layer 7 remains substantiaily

intact throughout the DRIE process. Due to the DRIE etching process, the
microstructure 9 has substantially straight side walls.



24 August 2005 As shown in Figure 1, the next step involves releasing 13
the mcrostructure 9 using a second renoval technique. This second renoval
techni que usually involves a nunber of steps. Turning to Figure 6, the
first step involves formng a second masking layer 24 on 5 bhe\guseioos
surface 6 of the substrate |ayer 5. Thisginvolves growi ng a second |ayer
of oxide 14 on the outer surface 6 of the substrate layer. Figure 7 is a

per spective vie f .- ere | h f Lnyert.e SO
that the substr\%ée) ?@@@?"@4 n%ﬁpg%/optaggggbggte%%g tﬂ%’@l\%% ?é'ﬁ@%‘%_ 1;sd[hghown
in Figure "micréstruttuie $USiRgidwedoresrefici/al tethAipye. portions of the second 10
oxide layer 14 to reveal those portions 15 of the outer surface 6 of the

substrate | ayerThisWédsdhd rémbalovedhnfque isaally Uaicilés S nlitsbet ehisigpavay
of the portions of _the second oxide |ayer 14 s done u3|n% dry etching

t echni ques Twningr e Figures6 otheifiist stepinvalygs fofingsa second maskingdager 2dan

portions of ' . C h. Lng |ayer 24
has beef‘;’ pe{(p %%ég%ﬁﬁg?‘%ﬁs gﬁg}é gpﬁétr&t%e@érs%p?hﬁv@@@égg’? gmba%é&?ﬁﬁhe
reveal ed pdayéosfoxide 08 onthe st surfatel ByPtheTubstral Iaaérng_ at the outer
surface 6 of the substrate |ayer and noving towards the internediate |ayer

7. This etching Bigage 7Sistperspiiciige WRVE AHREIMdItiaggeregrwarer With {HY Wafer
partial release hole 17 in the substrate layer 5, as shown in Figure 8. 20

| f the nul tinvedgdrethahthe substate laven Bapw apaeasrabayetthe devigedayeudhAss
A " A i oo _ A
Subst rare. gt kP HGE 7 b he? SCHEHVER e Bhing, 2R5) b RER Y esseiee

m cr ostrouct exide SayeByl 4 tor revagl thbee partidral 15 ef tseutepkarfade broftthe sabbisateat e
| ayer 5, this reveals, gorti ns of the internediate layer 7 which also lie
bel ow t he nP¥pL3MWIIEH lip W the mitgosiaystutg @p Theriahing Rwaygfrthe porionsdl es

dry etchin WX sd 8 ord i ; |, n di ; ern. 7.

begi nni ng gtth%t hecsﬁtgsé rg(tggll"a?gryg% éé Sl ge S{S"J{d;gid’i %@émﬁméd%yé? fgrr]rél
novi ng t owasulstamt@aligestraightl wgks 18 initHe. ettthedratvag parboresbétheeetomhoxiti® of
the inter rreldi ati | ayer 7 are dry-etched away, the partial release hole 17
becomes a co¥pli tte rel ease hole 17 and the microstructure 9 is 30

rel ease1ds. Once the second masking layer 24 has been patterned in this way, the
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 done using DRIE etching and serves to

form a partial release hole 17 in the substrate layer 5, as shown in Figure 8.

20 If the multi-layered wafer 2 is oriented in a horizontal plane, such as that
shown in Figure 6, with the device layer 3 positioned above the substrate layer 5,

the partial release hole 17 is positioned below the microstructure 9.

By forming the partial release hole 17 in the substrate layer 5, this reveals

portions of the intermediate layer 7 which also lie below the microstructure 9.

25 The next step, shown in Figure 9, involves dry etching away the revealed
portions of the intermediate layer 7, beginning at the substrate layer 5 side of the
intermediate layer and moving towards the device layer 3 side. When the
revealed portions 18 of the intermediate layer 7 are dry-etched away, the partial
release hole 17 becomes a complete release hole 17 and the microstructure 9 is

30 released.



9 24 August 2005 In this way, the mcrostructure 9 is fornmed in the device
| ayer 3 by DRIE etching fromone side of the multi-layered wafer 2 and
then, fromthe other side of the wafer 2, formng a rel ease hole 17 bel ow
the microstructure 9 by DRIE etching away those portions obstfigustlestrate
| ayer 5 which lie belowthe 5 mcrostrucgure 9, and dry etching the
correspondi ng reveal ed portions 18 of the internediate |ayer 7, thereby
produci ng a rel g F h not
shown in Figure Tsm oncg ?ﬁeﬁrrtiqé%@?traﬁec E?Z fn hgedn(ﬂ}r'cfeda& L QN pﬁggfl rst

10 and secoatnthihg fm:mctmel aylercff themmhlti-layumd lwafélema\rﬂdhaﬁl frgm th@ <ﬁher side
appropri at e t echni %Iae. shown in Figure 10, th endRproduct
is amlti- {E@r Qfmmc%rrs é?ihﬂjea”r belowsihe MicrpsisuGture ﬂrté/ BRI

suitablefo I Je0 I 6@l thed r r has

a device | a‘%/tgﬁlr? \%théﬁ ﬁﬁe mlﬁgir;tct@t% r S’gttntraeggbﬁfact)? rrlggew;“éqlér:\ﬁwge s?u th%

| ayer 5 havinigostructlrealcamdidey eitchirg the toreesionading ms/ealud pordiofs 18rmf the

i nternedi ate I a 7 ,abut |y di s osed betwe the devi ce | ay 3 .and
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materi al anfigaps1e. rel ease hol e bel ow the mcrostructure 9. A second

preferred enbodl ment will now be described with reference to Figures 11 to

19 which are cf ORRNGRIH hBhhoWhlf FIgRE 0], dhddUie! mic¥ElEdulRbehad belin

having a mcrostructure 9 forned érein according to a second prefe

enbodi nent tgleased, thefiesht1 O am;daaea:cuni 14 oxider lagerisdshoid theth bé rémovectusing

referenidesRéﬁgan to thoae of Fi ﬁs 1-9 are intended to refer to conmon
e

feature forPé' %OF 8[5?@01’? B'YPr st step in the second preferred
met hod 25 invol RLO di It -l ayered r of a_silicon
devi ce | ayelr \?/> wr\{: @IOE'{?%‘UG paltté‘el )é{/‘ r p?%ﬁg '§nﬁe8&§@#§y eVREi &t e
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| ayers. As shown i igure 11, the first step In the second preferred
met hod i nveevies. grhewmudii-layes wafer armnssacisvitellayexdduith thyemicroatrbciute §i des

of the waf ®formed therein, a substrate layer 5 having a release hole 17 below the
15 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

Figures 11 to 19 which are cross-sectional side views of a multi-layered wafer 2

20 having a microstructure 9 formed therein according to a second preferred
embodiment of the present invention. Features identified with numeral

references common to those of Figures 1-9 are intended to refer to common
features.

Referring to Figure 11, the first step in the second preferred method
25  involves providing a multi-layered wafer 2 made up of a silicon device layer 3
and a silicon substrate layer 5. An embedded intermediate layer 7 made of

thermal oxide, isolates the device 3 and substrate 5 layers.

As shown in Figure 11, the first step in the second preferred method
involves growing first 10 and second 14 oxide layers on both sides of the wafer
30 2. These oxide layers serve as masks during deep silicon wafer etching (DRIE).

On the device layer 3 side of the wafer 2, DRIE is used to etch



30 2. These oxide | ayers serve as masks during deep silicon wafer etching
(DRIE). On the device |layer 3 side of the wafer 2, DRIE is used to etch 10
24 August 2005 microel ectrical mechani cal structures 9 (not shown). On the
substrate layer 5 side of the wafer 2, DRIE is used to etchargigaasmosol es
17 (not shown). The m ni mum t hi ckness ofuﬁhe first 10 and second 14 oxide
| ayers is determned by the selectivity of silicon and oxide during the
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i nvent or s hside of themiafdweﬂ, DRIEZAS @sedtd Ietctkreﬂearsethows de (helystowlrf). i s sui tabl e
to all ow deep silicon wafer etching through the device |ayer 3. The device

| ayer is 20-40 nThdimikimdimethickiskosfstHeafisst f 1ummdt Sedormubat sxade lhporsris 5 of
300-400 R mare 10 suitable. The internediate thermal oxjde |ayer 7 shoul d
be about 2-4etgrminediby the ﬁﬁtegtl\@wa%ﬁlacomazdm@eﬂmma.tbﬁ deepr stigoro el |
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| ayers. oxl de Tayer 'S used rst nmasking
pat t er n t hethitker dlearh zblycenre@iremhmmmmkrthngknéssyeil’héfinvat@nsemweaﬁimdrthlaaiai vel y

thin so tha mal | e be e a lithography. Jn this
way, preci sé5($é‘§? J?'%lé?gﬁ 4@1‘?%0%3%‘%9 ye O‘Q e@§n3|h@n W %@t@h@@ in a
short perio t | | sh wn_in. sub ures, the second
oxi de | ayerfP’{(i QQ{h%e%%%%gge h§ %w%q(laygyis;ﬁﬂ%fg ' to forma second
maski ng | ayer 24 to all ow deep silicon etching of the substrate | ayer 5.
By addi ng a resi §helinyentodd hgve dfioend 2hat tsabstttenayers 16, of 18O0-4Kig amyer
14 is durable enough to allow etching through the entire substrate |ayer

5. The @l esuitable.y Thé imteansdiateotieirnatoxide $aygr adheruld baabolit 2B wimthaskder to
I ncrease this selectivity, the resist should be baked for a sufficient

Substrate | ayer & Qi ebanies S0 i B PRI okP8 gk ain BHERh Sghsor ' 1®
resist. If gk WBRGKS 18FMRhE flfr"éﬂﬁﬁaﬁ@rs'ébbﬁd taeoXig@s idfers t MheStivst 85&@@' Iﬂger
portions of the resist flake away, resulting in rapid renoval of

substrate | 4Qds usedanedirht mpskiag dayer @3, totpastern thekdevipo tayiesds 1dfis mee%krrm st
layer 19 miVangr% |Etp?efer?§bl r%mt Ugly%h%asgq\gatas%al?ghapes may be easily formed

15  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
combined with a thick resist layer 19 to form a second masking layer 24 to allow

deep silicon etching of the substrate layer 5. By adding a resist layer 19 greater
20 than 10 um thick, the masking layer 14 is durable enough to allow etching

through the entire substrate layer 5. The selectivity of resist to silicon is greater
than 1:70. In order to increase this selectivity, the resist should be baked for a
sufficient period of time before DRIE. If it is not baked, the outer surface 6 of the
substrate layer 5 can be exposed to the plasma through cracks in the resist. If
25  cracks or pin holes form in the resist, the surrounding portions of the resist flake
away, resulting in rapid removal of the substrate layer 5 beneath. In addition, the
flaked portions of the resist layer 19 may get into the etching area and act as
micro-masks. If this occurs, the wafer surface could become rough and turn

black. The resist should therefore be baked in order to avoid such problems.



m cro-nmasks. |If this occurs, the wafer surface could becone rough and turn
bl ack. The resist should therefore be baked in order to avoid such

probl enms. 11 24 August 2005 Turning to Figure 12, the next step is a

metal lisation step in which electrodes and alignnent narkszgr%gﬁ&%%bsd on
the device layer side of the wafer 2. Aljum niumor gold may é% use or
the el ectrodes. Alumniumis commonly wused in integrated circuit and MEMS
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first oxide layer 10. The next step involves vapour primng the wafer and
spi nni ng anehaseR; dide ta dfsdophdis cindact gasistansen itsidran strfaes whigheresistae |

hot I St i : f.t.he, ph [ on, & secon
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when wet etitiei plgsma misedatise centarenation inexdeep siliben ttoheknBesaasslof theeeof
photoresist is not g@ﬁrt i cul ar ) \é critical as the selectivity between resist

and oxi de i $PREEMNB19Hd Ryaperatiogrmay derparforagd asdhe dagt step 4t thipaeferrgder 10

I's expoged, me oped and descuned wusing lithographic processes. This
step is relatively sinple due to the |arge bond pad shapes and al i gnnent

mar ks. The next Isib%b E?Vﬁdggﬁs%ﬁg@%ﬁ"ﬁw?é 39 fo%feg)rg@ﬁlg%)[ﬁ&r gg'rlr?é]ée gfoftthg

first oxide |ayer e entire wa 0 buifere _
hydr of | uor i device dayerFput dbes pobshowsthet algmatémgnarkstdreaizd inethenfitspsiide
| ayer 14 pr tecm that | ayer and the exposed regions of the first oxide
| ayer 10 ar@YPehdved by the wet etching process. After this oxide etching
in | f al um ni ym (about 100-200n
step, a thin ay‘?lllue %extastlérgirr\]\llavesg vapclJJur priming the r@afer and spinning and baking
15  a photoresist onto both sides of the wafer. The photoresist is then baked on.
The purpose of the photoresist on the second oxide layer 14 side of the wafer 2
is to protect that oxide from etching when wet etching is used to remove the
oxide. The thickness and type of photoresist is not particularly critical as the

selectivity between resist and oxide in wet etching is high.

20 The resist on the first oxide layer 10 is exposed, developed and
descumed using lithographic processes. This step is relatively simple due to the
large bond pad shapes and alignment marks. The next step involves wet
etching the exposed portions of the first oxide layer 10 by dipping the entire
wafer 2 into buffered hydrofluoric acid (HF). The photoresist coating of the

25 second oxide layer 14 protects that layer and the exposed regions of the first

oxide layer 10 are removed by the wet etching process.

After this oxide etching step, a thin layer of aluminium (about 100-200nm)
is evaporated onto the entire surface of the wafer 2. The wafer 2 is then
immersed in acetone for seven hours or more in order to dissolve the

30 photoresist. In this way, the photoresist, and the layer of aluminium which coats
it, is removed, but the layer of aluminium on the exposed regions of the outer

surface 4 of the silicon device layer 3 remains.



I's evaporated onto the entire surface of the wafer 2. The wafer 2 is then

I nmersed in acetone for seven hours or nore in order to dissolve the 30
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 expg ukestiggns of
the outer surface 4 of the silicon devige layer 3 remains. 12 24 August
2005 The next step involves ultrasonically cleaning the wafer in order to
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the device |layer side of the wafer 2 in order to cover the bondi ng pads and
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16 oxide is sufficient to protect the metal layer when etching the silicon up to 40 um

thick. The thickness of this third oxide layer 21 should be kept to a minimum
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
layer 21 is both smooth and thin, this can make it easier in the lithography and

20  eftching steps.

Turning to Figure 14, the next step involves patterning the first masking
layer 10 in the shape of the microstructure to be formed. This patterning step is
done using standard lithography and etching processes. If lithography is used,
the wafer 2 is aligned to the alignment marks formed from the aluminium. In this

25 step, the metal should be aligned with the trenches that define the bonding pad
area. If etching is used, dry etching should be used to create straight side walls
12 in the first oxide layer 10. The resulting patterned first masking layer 23 is
used as a mask for DRIE in the next step.

As seen in Figure 14, this patterning step reveals exposed portions 11 of
30 the outer surface 4 of the device layer 3. These exposed portions 11 are those

portions immediately surrounding the microstructure 9 to be formed.



25 step, the metal should be aligned with the trenches that define the
bonding pad area. If etching is used, dry etching should be used to create
straight side walls 12 in the first oxide |ayer 10. The resulting
patterned first nmasking |layer 23 is used as a mask for DRI B4ianglidt®opsXt
step. As seen in Figure 14, this patternigng step reveals exposeg portions
11 of 30 the outer surface 4 of the device |ayer 3. These exposed portions
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t echni ques @t@ﬁm@ngﬂ@dhg% phéEn corrpar ed with msalignnment allowance in the
designs. The resist is then baked hard. The exposed portions of the second
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wi t hout polishing the subStrat ayer 20 si 2,
difficult taligrenenteandelithbogaptiyoxiThe laligament. |sTummdumged wlemgguI estaﬁdardhe

|t2|yglr( resi %Iégngﬁ 'E;‘ t&oh:%csﬁggg gag%lgﬁme ?ﬁrﬁ%r S:Qp §he dewce Ig;(/aecroggenef the
15 wafer may have large dimensions, either digital alignment or infrared alignment

may be used. The alignment errors used in these techniques are negligible

when compared with misalignment allowance in the designs. The resist is then

baked hard. The exposed portions of the second oxide layer 14 are removed

using dry etching. If wet etching is used, without polishing the substrate layer

20 side of the wafer 2, it is difficult to remove the second oxide layer 14.

Turning to Figure 16, the thick resist layer 19 and second oxide layer 14
act as a second masking layer 24. The second masking layer 24 is used to
selectively remove those portions of the substrate layer 5 which lie below the
microstructure to be formed, thereby creating a release hole 17 in the substrate

25 layer 5. Because the selectivity between resist 19 and silicon is greater than
1:70 and the selectivity between the second oxide layer 14 and silicon is around
1:200, the silicon in the substrate layer 5 can be removed to a depth of several
hundred microns using DRIE. The DRIE process begins at the outer surface 6
of the substrate layer 5 and continues until it reaches the intermediate thermal

30 oxide layer 7.



sel ectively renove those portions of the substrate layer 5 which |ie bel ow
the mcrostructure to be forned, thereby creating a release hole 17 in the
substrate 25 |l ayer 5. Because the selectivity between resist 19 and silicon
is greater than 1:70 and the selectivity between the secong4gyigdst dogger 14
and silicon is around 1:200, the silicom in the substrate |ayer 5 can be

renoved to a depth of several hundred mcrons using DRIE. The DRI E process
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been used. ce the DRIE step has been perforned, a partial rel’easé hole

17 is for neffedtrwifee ciadvageatia thaxﬁéséwtvéueﬁhplexaﬂcsgés bhassurP60ianhale of
the internediate |layer 17 which lie below the mcrostructure 9 to be

formed. Turbéemused.Fi gure 17, the next step involves renoving those exposed
portions 18 of the internediate |layer 7 which |ie below the mcrostructure
9 to betd5 forme@ncéithe BRHp step rlrrasf beem@eulb'rmgddaypmkibdeeletas@ihm@p I7f isnvet

etching is used, cial, care s ed when handling and.cle

waf er duri ngj s "%Itqtﬁﬁesu @iﬁs y?ﬁ B'Pﬁh%ﬁ’%ﬁes' §h‘?/%r P%‘I’”Sc%t%e & e
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wat er cleaning, air blowing or handling may easily produce cracks in the

wafer. 20 As showrriify Eb%?@reﬂ? the r{@%tsté;%ﬁHvdIVé@'r fovind ﬂ#ds\éeek
etching (RIE) the resist layer from bot des of the | E ox | de
et chi ng f or portionsyl8 of the lntermedlate layer 7 which lie below the microstructure 9 to be
15 formed. This step is performed using dry oxide etching. [f wet etching is used,
special care is needed when handling and cleaning the wafer during this stage
because the whole wafer is very delicate, particularly once the intermediate layer
has been removed. Subsequent water cleaning, air blowing or handling may

easily produce cracks in the wafer.

20 As shown in Figure 17, the next step involves reactive ion etching (RIE)
the resist layer 19 from both sides of the wafer. RIE oxide etching for twenty
seconds should be sufficient. This RIE etching process also serves to remove
any native oxide on the exposed portions 11 of the device layer 3 which
immediately surround the microstructure 9 to be formed. If native oxide is

25 present, this can cause unwanted masking 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.

The next step involves forming the microstructure 9 in the device layer 3
30 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



seconds shoul d be sufficient. This RIE etching process al so serves to
renove any native oxide on the exposed portions 11 of the device |ayer 3
which imediately surround the mcrostructure 9 to be fornmed. If native
oxide is 25 present, this can cause unwanted naski ng due tothlegﬁxmglgh
selectivity of the DRIE etching (arounds100:1 for silicon/sil
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met hod did not roduce s, and a |l ot of springs were broken during
the proces¥aNaHANS g eﬁe@é‘a ‘%Uecctttl%ut hel i um cooling, the etch rate

| ncreas1e55 and thi number of techniques were tried in order to remove the final silicon
bridges 25 between 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

process. This is because without helium cooling, the etch rate increases and the

20 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.

An alternative method was used which served the purpose of recreating

25  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
performed and a blank mask is used to remove most of the resist on the wafer,

30 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



20 direction of the etching beconmes hard to control. In addition, wthout
hel ium cooling, the tenperature in the chanber increases significantly,
el ectrical charge accunulates, and the resulting heat and el ectrical
charge may damage the released mcrostructures 9. An alter patdyast®iosod
was used which served the purpose of regpeating 25 the vacuum seal to
allow the DRIE process to be perforned with heliumcooling. As shown in
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performed and a blank nask is used to_renpbve nost of the resist on the

waf er, 30 jsMistiaéedy ig the §Hﬁ$ﬂrat§day¢ro$+ o thig ey, Ve peakrforming supsirae @dge of

t he substr V. e 27
IS then prgésﬁ)wdé ga\gag'uﬁgﬁ ?(Ehe gbgh{ebgil ve ﬁg\&e@ |IU§2%O§R§¢|§6§C{J 5 rat‘J"emfiaijé(;:“rE 5
and t he sntetchingt cacther ased t4 treffbvbuthes &ilizoR Drivgess2sl thegetbheeleading the
conbined struycture is then put on a hot plate for one minute and force is
appl i ed. ThCrRBUGIESS-t r eat ment sticks the seal-forming substrate 27 to

the substrate Ia%gr 5. In this way, the seal-form ng substrate 27 allows a
vacuumto be forfeghewndn fighnee!9, Lﬁ’ﬁ(‘(ﬁ)mel mipregire@rias arerelepred thedirethi ng

can be Usedmtagkuhgmé)@ ég%fse»ha&gg rQHo@%gsus%ﬁ% Fil?ertﬁé’ﬁéb @Ecﬁtﬁé“ﬁbetare

m crostructures e the mc res
rel eased, tbendingpads@8ski ng Iayer 23 of oxide is renoved using RIE,
t hereby exposing the netal bonding pads 20. 10 The above nethod therefore

produces a nul ti Thepbovavaiethod thmﬁrrpmradhm aanmlﬁlley’ﬁranbf&'r Qrmecbnpucatlnfge 9
suitable for a m croe] ectromechani c%?{ devi ce, The waf formed in this
way can thef "Bieaged dnicragtiusiusg 1y sitablg f%@t@tPFOQ*ﬁG"O'@PEF?@C%'aﬁe\B%e pérrheorrred

by gently ppgagi 99, ?r?rthlﬁ'\ﬂ CIaH%EH e Widdd, REir&BBRESH Hrdlidstéyn t

f oregoi ng di scussion t e present 15 invention overcones, or at |east
anel i or at esdizinguecdrebe perfomeg bylgeatty poéssimgether saribirag inesThe pr obI em of
stiction is renoved, as the release hole extends right

It will be appreciated from the foregoing discussion that the present

15 invention overcomes, or at least ameliorates a number of the problems of the
prior art. The problem of stiction is removed, as the release hole extends right
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

20 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

25 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

30 processes.



through the internediate and substrate |ayers and there is no substrate
below the mcrostructure to which it could stick. In addition, physical
probing is not needed to tell if the mcrostructure has been released. In
this method, the 20 releasing step may be visually nnnitore@4§%@993kk@
portion of the substrate below the mcrgstructure has been rentved and is
therefore transparent. Another way to test if the mcrostructure has been
rel eased is to check the resistance between the bondi ng pads between

m crostruct ures Wmilthe apprenigied dydarsomseskillebinathedart that nbmereys varationsi s

b th . t hi I I i i { .25 that th ] t t
has. been.r ot Ao Rns: Blal e Fdd o dBk TRVER Abnshayd & i€ 'Priihc™! ¢
advant age oémpbaifistits dwithdlitofleparihg fbrhhthd B Brc 8B tthe iMDENtIH RGESS

allows ready portability to other foundries. Al process steps have a high
et ch sel ectPrepdly dgfcehes The present erahodimemts ate. ithergiere, tobe censidersd in

1 1 hogr doh; 2 FRReRle A B AN b bBITE0S" ) i 11 be appr eci at ed by

persons skilled in the art that nunmerous variations and/or nodifications
may be made to the invention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as broadly described.
The present enbodi nents are, therefore, to be considered in 5 all respects
as illustrative and not restrictive. 18 Cains: 24 August 2005 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 nmulti-layered wafer conprising: 5 (i) (ii) a substrate |ayer
conprising a silicon wafer which is about 300 to 400 pmthick having an
outer surface; and



10 15 20 25 30 (iii) a device layer which is about 20 to 40 pmthick
conprising at least a single crystal silicon wafer having an outer
surface; an internediate |ayer which is about 2 to 3 pmthick conprising a
l'ayer of thermal oxide disposed between the device layer andst{igusSestrate
| ayer, the internedi ate |ayer being adapfged to resist renoval By a first
renmoval technique; (b) formng a mcrostructure in the device |ayer by
renoving portions of the device layer using a first renoval technique
consisting @RiM8i) forming a first masking layer on the outer surface of
the device layer, the first masking | ayer being patterned to reveal those
portions of1the Autreethedr flac efasmingeadaeleaset aymvicrastmvetiirat eujtableurfoouadi ng

' , d; i hi ng. h | ed
por t1 ons. of MieeREybReeRayh Ted e hisihod LRI EGERB Sl Tng at the out er
surface of the devi (%ﬁ?ig%ar towards the internediate | ayer to

.an HDVi ng ) e

form the ni'@ostPRM WdR¥arRd WRlCLEUAPHYINGSes deep sili con waf er )
t chi DRI E), in the st f  form he first .masking | t
AT RSO e A e AR NS g SRS T
oxi de on the outer sugkiffe BlysidlQilicERW8r hAXA an\(/glalﬁ?,e%ﬂ%@e first oxide

| ayer conprises a |ayer “of silicon dioxide; and i hg away portions

of the first OXi(ﬁ?th‘é{%thfPatreel‘é%rl cORPASIngRY SHibBRVAEr WRRKOKI ot WolkAke Of

t he device | ayer
400 um thick having an outer surface; and

(i)  an intermediate layer which is about 2 to 3 ym thick comprising a
10 layer of thermali oxide disposed between the device layer and the
substrate layer, the intermediate layer being adapted to resist

removal by a first removal technique;

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

device layer using a first removal technique consisting of:

15 (i) 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 be formed; and

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

wherein the etching uses deep silicon wafer etching (DRIE),

wherein the step of forming the first masking layer on the outer

surface of the device layer comprises:

25 )] growing a first layer of oxide on the outer surface of the
device layer, wherein the first oxide layer comprises a layer

of silicon dioxide; and

(1) etching away portions of the first oxide layer to reveal those
portions of the outer surface of the device layer that

30 immediately surround the microstructure to be formed,



I mmedi ately surround the mcrostructure to be forned, 19 to selectively
renmpove portions of the substrate layer which Iie below the mcrostructure
by: 5 (c) releasing the mcrostructure by using a second renoval technique:

(1) 10 15 20 25 (1) 24 August 2005 wherein the step of etchi \V
portions of the first oxide |ayer conprj.,ses dry etching te@ﬁrgﬁ\.‘@\ﬁ%szotoé form

substantially straight side walls in thé etched-away portions of the first
oxi de layer; and formng a second naskin Ig%er on the outer surface of the

substrate |ayer, the secontnergik g steryQirets Sga‘ﬁ%l(tpém?é& Qfoth_erf!ﬁteﬁ’l‘id?hose
portions of the outer surf|§9 -&fm5'k‘@ess?"ﬁzétﬁﬁ“‘@JFE'?“Q%‘?%“’FBO?S?""()%‘?%@Wyt he

m crostructure; and (I1) etthi ng away rev

substrate | ayer using deegiraghti side walfsein the letchpdc@RbE)portiew ohithie fiedt t he
outer surface of the substrate |layer and noving towards the internediate
| ayer, to provide a partia™ %Iaé(ﬁg@ | e bel ow the nicrostructure which

reveal s tho ortions of the internediate |ayer ich |je pbelowthe

m crost rqjctcsfsel,o ) '%?%B‘CSW%W'H%% og dﬁﬂ@vﬁg@ﬁﬁwﬁuﬁéyer on t]tle
outer surface of the substrate | ayer conprises: growing a second |layer o
oxi de conpri si ngisi | iteo???%qt@/?fydgm%’ﬁ R%g&@é e Hate lgyet whichishelawe

llayer; and the microstructure by:
)] forming a second masking layer on the outer surface of the
substrate layer, the second masking layer being patterned to
10 reveal those portions of the outer surface of the substrate

layer which lie below the microstructure; and

(I1)  etching away the revealed portions of the substrate layer
using deep silicon wafer etching (DRIE), beginning at the
outer surface of the substrate layer and moving towards the

15 intermediate layer,

to provide a partial release hole below the microstructure which
reveals those portions of the intermediate layer which lie below the

microstructure,

wherein the step of forming the second masking layer on the outer

20 surface of the substrate layer comprises:

- growing a second layer of oxide comprising silicon dioxide

on the outer surface of the substrate layer; and

- etching away portions of the second oxide layer to reveal
those portions of the outer surface of the substrate layer

25 which lie below the microstructure,

wherein the step of etching away portions 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; and



etching away portions of the second oxide |layer to reveal those portions
of the outer surface of the substrate |layer which |ie belowthe
m crostructure, wherein the step of etching away portions of the second

oxi de |l ayer conprises dry etching techniques to form substaptjiall
straight side walls in the etched-away tions of the sec?r%dA@’F’édlzeo%ayer;

and 20 24 August 2005 (ii) to selectively renove portions of the
intermedi ate | ayer which.lie below the mcrostructuyre et chi a t he
reveal ed portibns &9 S?‘%&“"?'Htr%m%ﬁinft@nsa?/féLed%t?HBea'ﬁya %@Fﬂ” !j’htq%cl?ﬁ\qg{‘/fues
to form substanti al HeHIG eS| i i e : i j of
the internedi ate Stq]éz;yrgrﬁ%réﬁgg?wrﬁs r?g/e S"E@gﬁiié@?& gﬁ(ref géé)é}%%‘@ml?ﬁ tgrf ?e?%i ate
| ayer touching the intsubediate dayeayusingadoy etching) techmigques o forooedbstantiallye of

th i nt diate | t hi t he, devi | t i et
ol ease hol e bel owSHENH sl es Strisenpaepaofngh fle Memmidie’
m crostrgicture. 10 |Zerfb&@hhRg REHsHsMFadOofing iflelmed2@s Riyer tdiRching the

mcrostructure is partially released before the step of formng the
m crostructure. 3. sMbgwateodayercand myoviogcitewards, avhesceind tsuiefase epf othe

rel easing the 15 nj.cr ructure is performed after the steg of formng the
mcrostructure. 4. w(é”ﬁéﬁlgge i%%egréﬁuﬁﬁ'npoﬁﬁngﬂﬂci Iam%lt%iqﬁoﬂgge?:&?@‘g]ﬁ{éde

| ayer is conbined rélchBea Hotsi Bkldvy tHe t mitrestruétafe, S anerbyaeldaathd apRr to
all ow deep silicon etching of the substrate layer. 20 5. "A netho

according to clai mMICrOGICHIrA. t he second oxide layer is 0.2 - 0.3 pmthick
and the resist layer is greater than 10 pmthick. 6. A nethod according to
any of 8dains 1 to 5, wherein a further step is a 25 netallization step in
whi ch el ectrodes and alignnent marks are created on the

A method according to claim 1, wherein the microstructure is partially

released before the step of forming the microstructure.

3. A method according to claim 1, wherein the step of releasing the

15  microstructure is performed after the step of forming the microstructure.

4, A method according to claim 2, wherein a second oxide layer is combined
with a resist layer to form the second masking layer to allow deep silicon etching

of the substrate layer.

20

5. A method according to claim 4, wherein the second oxide layer is 0.2 —

0.3 um thick and the resist layer is greater than 10 um thick.

6. A method according to any of claims 1 to 5, wherein a further step is a
25 metallization step in which electrodes and alignment marks are created on the

device layer of the wafer.

7. A method according to claim 6, wherein aluminium or gold are used for
the electrodes.

30



device |l ayer of the wafer. 7. A nethod according to claim®6, wherein

alum niumor gold are used for the electrodes. 30 21 24 August 2005 8. A
rel eased mcrostructure suitable for a mcroel ectronechani cal device when
formed according to the nethod defined in any one of clai rrszgi&@u%.zo% A
mul ti-layered wafer incorporating a relegsed m crostructure sul atle For 5
a m croel ectronechani cal device when fornmed according to the nmethod defined

in any one of clai 1 to 7. , , . .
y Q. & rré?eased microstructure suitable for a microelectromechanical device

when formed according to the method defined in any one of claims 1 to 7.

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

in any one of claims 1 to 7.



