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1 A Mcronechanical Structure And A Method O
Fabricating A M cronechanical Structure 5 FIELD OF

I NVENTI ON The present invention relates broadly
to a mcronechani cal structure and to a nmethod of
woimsmesaessng a m cronechani cal structure. 10 PCT/SG2007/600386
BACKGROUND . In current sem conduct or '

manuf acturi ng technol ogy, wyde bandgap nmaterials are
typically used in optoel ectronic and microel ectronic
devices. One such material is 16 GalliumNtride

o A rShe LS iRy RRE A MRS bresBithiifo A

nmodul us, hi gh pi giepdmetHanisalSahRtaresi stive
coeffi ci ents and chem cal .inertness. Thus, GaN is a

suitable material for mcro-el ectronechani cal systens
(MEMS) - applications, nore particularly in harsh
.conditions such as conditions requiring
FIEIIhOFINMBNZIGM e pi ezoel ectrics and high breakdown 20 -
voltages etc. Typically, due to the lack of GaN

single crystals, GaN heteroepitaxi.al rs, for
opi oBPLBERYHiVentgn elaRs breadl ig %m'%gme%ém?@‘ struciure and to a

nisiidd of ddbrieaingad Micioristhanidal stacirgn’ substrates such
as on sapphire (a-Al 203) substrates havi ng about 16%

|attice msnmatch, 25 or on silicon carbide (SIC
substrat es . having about 3.4% | attice msmatch. It
sAxkdies hovvn that these 'foreign substrates are
typi cal I y not desirabl e. For exanple, as-grown GaN
films on sapphire substrates have been shown to

cont jaichrrént Re@ltoslRidEdr hﬁn@f&cﬁﬁﬁ@f‘e&&d@ygmdmarﬁigap materials are
t hr ad| ng dIS| C tlons due .to the substa

t
op PO Bstione Tyt Sobp Yupt ppateral s
Gdu:mﬁeumm, esam;t Geterwmw tBes\prpérties/ such asradwith bandgap (e.g. £~

t 0 f &gé,g%;@
éﬂggt%tg? tshhtlaa'%e ar e o{'ﬂ&? subtﬁ?‘r orlagga ées'sme
c@ﬁmam chegmicak inefpess- aFﬁmsnﬁﬂNatsOa suiiaple maEET rf&t‘é@cfﬂ-
mmde ifn8 SRbleagritliagy M\hdisibonditions

iR sysidfs
l%tN Q%cgps requm&g h:gh-tem%e &tesubst S arrllgyhlgh breakdown .

voltages eﬁc

Typically, due to the lack of GaN single crystals, GaN hetervepitaxial layers for
optoelectronics and microelectronics device appiications are grown on “foreign”
substrates such as on sapphire {a-ALQO,) substrates having about 16% latlice mismatch,
or on silicon carbide (SIC) substrates-having about 3.4% lattice mismatch. It has been
shown ﬂiat these “foreign” substrates are typically not desirable. For example, as-grown
GaN fiims on sapphire substrates have been shown io contain a high density of defects
{e.g. mainly threading disiocations) due to the substantiat laftice mismatch and thermal
expansion coefficient difference between the GaN epilayers and the substrates.

Progressing from “foreign” substrates, there are other substrates, for example,
siicon (Si) or silicon-ondnsuiator (SOI) substrates that can be used for the
heteroepitaxial growih of GaN. Growm of GaN on SI (111) substrates may potentially.
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2 provide an option of using silicon as a |ess
expensi ve or nore accessible alternative to
tradltlonal substrates. Potentially, GaN based

devices may be integrated on well-establishe il
BPFBEST®2chnol ogy. However, due to the |a.rg3‘3%)555"““‘?’E""3'3‘5

differences in lattice const ants and thernal -
expansi on coefficients, goo& quality GaN films on Si
substrates 5 cannot be obtai ned by netal organic

Srhade Q@bpﬁbﬁﬂﬂﬁsnfb‘-‘ﬁ&htab%ﬂeéémve drtmd’iﬁ&c&hseible aitemnative to

%98@8%2%1’%‘%&%3 5)”3? e‘gﬂ*‘ Eu”er = ced nay B e RG] on wel-

dsinplisted sfficori m@sMhﬁO@ Nowewdri tdue b@%iamma?meg@ latfice

|
Sk i S b iy S 4 e
RPeR!ther pLERRes) Byt melafsBnK HP@ICRNIEPF FRFPSI0R (UBEHDY, e peen

piéiBed tto Alse a#ﬁ&eﬁtt;n BiiFbr | 1ayekd orBﬁfeﬁﬁédiat@fla@]?ﬁls}.ﬁih%s AIN and
on e ro er |
Ao ORN B 19 MietVe B (G4 Bty 7 B The garbS Bl the
i¢tBG0N] thesaal reisatelblcen Bie-aveided -Ue,iable igmveh |capdiianstape used.
t[.p@. %&g&ﬁ by Wend kiR
Aﬁﬂmb evi Ee:s&{tg %E eﬁ‘ei%@%ﬁ?cs can @%gr n
“Bients Bf perjodic finbardoning) @) the promerties iof Stk @m |953‘/er@1 Si(111)
W %ﬁ\/\ﬁm@nl_étl §5, G3k1 x00af) Lissd Suntabia IShsielt=Tiuped @teriayers

of . t he properties of GaN grown on

%m%wega% gonkﬁﬁsﬁres Apra Phys. Let, 86,

081912 2005, descri be &N grovvth on Sol (111) t hat

Is rey, ? %Drétfa P Bevield o l??% &ft% séﬁle if good
ca y el ng USG I'N MCrosca catlons
uagv wueziisl Gait eniavers cancbagrewn eh &1 p@rﬁé@%ﬁﬂ%’ﬁ@y@% % al. in

“CNRMRsof & el SropdiiésL ot GEN| dlova? ofildbibek Shibhbdiogn@ffes”, Appl.

offer advant ages _such as ocess contr
Sybiatin . B9 25 2005 Bty R (S Srwindt e (31) that s reiated o
imtegratior. SS$-bassdiechndiedsis typically pem@hkeﬁ ib enigrosalerapgliications that

'E%J(%g Ses aﬁ%‘d rﬁ‘é&se%c%g %%D%?f 8@%@} dé\hges where singie

Wﬁ ailicen icam offer emg@geq smma)a mqenwonmu awg moyiding reliable
ot 3ra SmeSRniBAIOMb Eared using

phi re or SIC sugs rat es. The advan e
mefiis:s usty 35 WIS PPRANG, STakr G PEICRESES aaé?f%a%%?qﬁ%gﬁpafﬂﬁﬂ by
linBlaktdlioh bf Oxgpdent (Sﬂﬂbx; Infeisod. Qﬂﬁﬁg SandubSike’! can provide some

integration W|th Si - based ctr.oni c
aRleR aYe (enolsShpite o) S, SR " Shimplddes Hiille me
aZhilahilitynof 19ge Fizs mbett;a;tes‘, Eahnipciat 12im), ofiatively dewatmdsthgnd easier
ﬁgg y i C. &&%&ures on Silicon-on- 30

n u'IMator gﬁgg%ar@?’lc ect rochem Solid-State Lett.

8, 75 2005 describe the gromh of GN- based

96| ayehSsH, émﬂmri_e@ wdngq APoKiRFdj f Al Fesmdi, enal fudoand S.

h Slli_pé_lcg% usm thefaéctlon

c?ﬁﬂ@p!aﬁ?&? on Sllicon-on-
h&tdatm-tSﬂbeisatm Eeeﬂﬁﬂ:h&h.a%dﬂdﬁtate&e& SVERTH 2005 destripatitiegrowth

ME%@%AL grtient P%%I?}as red the SIMOX
mu guan el F(s@uc res on of gn ed’y

nediptic (psing) (MQGVD and the fabrication processes to realize GaN based
micromechanical structures on a SOI piatform. L. S. Wang, S. Tripathy, S. J. Chua and
K. Y. Zang, "InGaN/GaN multi-quantum-weli structures on (111)-oriented bonded silicon-
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3 on-insulator substrates', Appl. Phys. Lett., 87
111908 2005 describe the growh of InGaN GaN nultiple
quantumwel I's (MM$) with sharp interfaces on

Lented bonded SO substrates. 50ne p@iXERT/000386
that may arise during devel opnment of GaN based MEMS
is alack O efficient sacrjficial etchants.
Publ i cati ons such as R P. Strittrnatter, R A
Beach, T. C. MG I!l, "Fabrication of GaN suspended
orFirsUislt rsuictratesy' APDAD?HYS Rty 87 11801808 2005 derdbe ¢el gwmwth of

fo- InfiéefacesSon 111)-oriented
h@se'ﬁ%aars ﬂ%ﬂﬁ'Phot el ec ?rochem cal unde??:t@t -oria

b@td?ﬁlsﬁ{!ﬁ‘ﬁtlﬁa%brl cation of GaN microel ectronechani cal
10 systens', J. Vac. Sat Technol., B 19 2838 2001 and

.één %qStgr%E%'n ﬂp@t KOZOdgﬁ:angd l\é%ﬁuenta&%al\ﬁbaseg MEM% is d lack
of B8aldet sateificidi letchianiat Rubliqsiotsomnich as IR &h 8witmattercR chiBegeh, T. C.
Vi £ Bl rEn) ldnfhocd AR S PO bt 0 7R
a\“htﬁ’m%aﬁ%ﬁs’pﬂo&s’é%‘?%m‘dvl K -lni Tinaers Sh R e Henians th“=
mh&mee%cnsmal dlerclibetching for fhﬁhcﬂtﬁﬂ unem ememaaaimehamcai |

sypteriR e Stip Teorbiral 18 2598, 205 iy, £ it HF Wobldoy, H

: thamd &\ Hird, 1P, dDériBaars, Hulls Mislwa and & L. Hu, "Backside-illuminated

B RERARIG! SRR Tor Bl HRHfE of BB yrBlG P hrotres”
Appl. PhysGast., 7A. 2610 2008\dsseribe fpbrigation d%@ssqs of ill-nitndes-based
MEME \RingRhemiéd stdidy. | cation of epita3dai ill-nitride

canti | évers one silicon (111) substrates', J. WMat.

Sci.., 15 705 2004, Z. Yang, R N MWang, S. Jia, D.

VAngin pBblicRtiong Badigas ¥K.Davles 'S, Huang, 4. Hl Gaghén J. Papworth, T. B.

e g
ﬂmﬂlmmmnw@meMymplLahvs Laig, 8{)2&@120%(% RavigszT- S.
R.RT \Oﬁﬂgy M. YaRges Ba. 4hany @oﬂﬁ\ M Bl agycel Rl R.Chalker,

N-on- patterred silicon

t h fo
e e i e i RN
705 208a¢ Zpiah, fRON. Rudng, satiiapD. wamgr 8sS) Zharanii Metawrapd K. J.

Pl Hoer iRl Y rea st RBRPardfh HFBE PR, REfdl

Gsm@mmﬁemmbmatte@nsqaema Physid-atti. $80 41913 ge0tanchZ. Yang.
| 3, A)@Erigé &1oR lK MOLagaer ). fdh%la a‘eagl&wmd%mbé-si&% (GPS)

rostructures must In a way SO as

tep@mee%ﬁbnqaﬂ@ ofi Gahrbesed MEMSs Seysers S AsiUplR
P&tmcéaanl aﬁ;siéssf) OE&ABIné® tdr)Ctdnan)Met chemical BitRingi Stepd rnave been

o e G b 98 Bl 110 e

Hmbeam Catle eitadvantage vt dsingf 2 ewett themital dort saceficialietdhing is the

UGARD bk s R e AR e L3P HE DR W btuctrs

mwmsamdwm@%| (stisomlown to the substrate by
the capillary force of water droplets in e.g. the
ai rgap. and may remain stuck,tq the substrate even .
ot STt o hP cBR! ERERRe 1 Sbta e, Pistros-Sihastined
sthids(PesSH @\inseied wétbcHamical auuﬁmmm ﬁ-@ the sﬁg:tm@wiﬂmmomzed

g 5 ok’ 5, 3] DR 3o e

naterlal that is SU|tabIe for use in photonic and
el ectronic applications is Zinc Oxide (Zn0). ZnOis
typically used in a wi de range of applications such
as in sem conducting, photoconducting, piezoelectnc
sensors and optical wavegui des. ZnO has a nunber of
uni que properties such as having a direct
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10 wi de band gap (e.g. Eg - 3.3
| arge exciton binding energy (-60 neV). Typically,
ZnO is used for sem conductor devices operating in

TR oo ohee

materials such as SI, GaAs, SIC,
ZnO for MEMS appl i cat i ons, "“bne probl emthat nmay arise

is easily etched by wet chem cal
mitrobiactuss thratbe spufled ym@ the awsttateoby drecrarilian force of water

c?‘gcfﬁ%iével '?l'élasgvé rel eas %&EQ

is ZnO materi al

mmgpefs semRiptely qriedn

eV at 300K) and a

such as in space and nuch&@géc, 7]009386
is nore radiation-resistive t

or Galt 15For usi ng

to tle_bShsGie! &vaR! diter the

e o et i o e

oNESR, e der ¥aakloicls Aty siduirestutid forte® Birbgivefdeltd 8tiction.
m crocrystalline and nanocrystalline dianond (NCD).

Such material s have significant nechani cal strength,
¢ hemincaddition cip t@aé ssnothiee mwnalstrabls i;uliybiarfdr use in photonic and

i QHIERIonD B FRE

structures are typl ca
agelisAionp ush 3 cij e3emiqyp

SbR4E vaveuddd® | Zhe hak £ QR

%‘aﬁ@d’ Sl B ad 1y il

2 ?(ELI'I cat USI rlélgg%r]%g% ga"f‘lbe of

jensars and
Mla& Kavihg. a direct

d%%%t%%ﬁ@"}%rg el (-60 mov.

Teipicaip hOnis ansa:tsbr mmmnmmsomm i harsiy ehﬂlanmst}ts such -

ah ?gecé%nﬁ”ﬁ

nrscus orces hIS I'S t e
suahascSi, Gafsy 8iCopeGaN.o real i ze e. g. w de bandgap

ul tra-nanocrystall i ne and mcrocrystalllne 30 di anond

m cr onechani_cal

sur f 5 eUsiA%

értglq%%ﬁh?% gl SClJSSEj‘ﬁateﬂa!s

S tures and/or for realizing .
P er MM HEriCates, fbs oriolegt it ) atse s ZnO

matdriaiig teasily edtied by st ahenica) redtHaatsrthataarel typically eseddor sacrificial

eggggnh‘gge beaf%‘éﬂc‘ti 5‘% ngﬁﬁsqer?'éa

has been used as a silicon etchant XeF2 is a nenber

of ap R} foXhdhbdvb E@{ bﬁ&%ﬁﬂv&hh&ﬁﬁ@f&ﬁ@%@ NMENIS For use

i ncludes Cl F3, Br

Br F6, and

Bl p BBt R

I'N, Hi
ina hRFsh @RWEANEIRNIS, Hest IMierpRystalling gad, @éﬁ%‘@?ﬂ\ff\? @%@?de (NCD).
sheu hraﬁmla&n hwf f%lfgnm masuaﬁicastswmdt tieenttal dyerﬁ'tessh ethermat
anl. s OT. uor 1 ne
By o fbeeimal perotiinsS, EFbeflihg 'Non Mbchiniif uciSs are

typicailylaliricaigd tusing (SiDe asi 2 $rotficialayet. dowsmeroheSiPesasdicial layer is

/388y s S&%& Lﬁ@g@@%%@ﬂgg&;eﬁi@ﬁé idhdvinib@e with
wetr@hﬁnv%mﬂ sacHicia) eiphing t&%ﬁ?asreakﬁ@ [FrOSHGWRY Mgt be -

dhet‘HQFﬁrle&h & vdyCil BYto \%éderﬂrﬂwlbﬂg&@-eg%m ébud;bevng QRCToi rdniscus:
etc 1S a | SOl 1
EF'gﬁfg‘(%s%ﬁqﬁn gipcupge "i’ebﬁﬁ%pher

vacuum envi ronnent solid XeF2 instantly sublinates

exci

material at room
ic pressure. In a

and 1flQR! B3dibe Bl BER 3hdd AP MrthEdRHleaiY Shi Alcrocrystatine

D structures

diginend m-mc&@nmh aﬁ@ctsi@ssas\d@ru far salizitg syrfacspjeromachined GaN

ard B4E
dV\br kshop (MEMS °

95) 288 1995 1

bifig)| a ySfeRESe technique is
descri be creating

‘mensi onal structures with piezoresistive sensors
in a standard CMOS process using XeF2 to bul k

m cromachi ne the chips. Further,

Us7041224E2,

US6942811132, US6960305 and US7027200B2 descri be

apparatus inprovenents (e.g. to accurately determ ne
the end-point of the etch step) and nethods used in
etching of sacrificial silicon

m cr onechani cal
for a

structure (e.qg.

| ayers for a
a mcromrror aftray
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20 projection display and silicon-based deflectable
"MEMS el enents) by the use of gas phase etchants,
particularly in the absence of plasna (such as XeF2
with one or nore diluents). Thus, silicon can be

b ially etched with respect to non-siHGIVSIB1007/000386
“E{at erFZﬁg, whi ch include titanium gold, alum num
and conpounds of these netals as well as silicon
carbide, silicon nitride, photoresists, polyinmdes,
and silicon oxides. Jang et al. in 25 US200 0193@%1
des cFarsichingrriicem @28 PhassrrWSEFiEning PSigYenen has

bb&fﬁé%%tééra éniat&i\@chémv Xag, 82 ra@hwaﬁ aGamiy efaﬂubmsﬁmed sijcon
W a € S n
ofets e BPHIRG BTy &1 R 2, Bl 0F B8 reaotion

peababilitics @t sloml tmyxpemmm wmwruwhemmﬁz iYgParives ﬁrst used to study
ﬂ?eaﬁlgérfahﬁiﬁ L‘l@éﬁﬁ%o éd}@tghs%? e Liftoh ORAENa%siiBh re%‘?@ﬁ e Ohas

I ncl udes formn

unuyeprome soeh a8 @ @a!w foetehawitoptgxcitatign BT Iigngray Sources

#6RQxhBling! =5 Rifh GEREMAT 3 ity SHblak| dleRctrios! Givd agohydidrs assd in
reso nce ,usl

je:!
OB e LR Re, SEovENy SqtBle e 2 providis gent
dfyom“am“g t X, Xio F& vehityy sxtiid finalgrial HBwoBY temperature and at
gg% gi V %d "ggm Jeﬁméﬁllesé‘]iﬂ(:)@{fz l&tﬁwlsﬂﬁlﬁﬁates and

|ncrease exity in the
lm@&nmsﬂiﬁ@t@@ %n addi ti onal cost.
Hence, there exists a need for a m cromechani cal
structure and_a _met hod of

ab t .
i 1 GRER AP 1 0, SR R RS Shiarg i, gendgrd OMOS,
Prea&dingansf Mitrot FlecoabMechapicaibbyatans BldHehEry (MEMS '95)) 288 1995
d th f . ' t.]
def%' G Soibogiind ABbeed yir SieBlrESEHE <chlérl 't Astancerd
QMO piosessgusing Xéffzi to dnlkomicremanhineche (Bioe Sulsr, UEW4122482,
rrat 5 I‘W?ﬂ‘%ﬁﬁ@dﬁﬂ@ lREERT0LZO0ES Sbdtaiby afritas dﬁb’iﬁvements (eg.

fornmed directly on the s at an
tq,prpurelslt deteTnecing RO PARLAT el |S@§Ee'a‘5 8'{?‘99 n F??S'"g of
s?ﬂrﬁ&ﬂ@ﬁ&ﬁ[&&@r@fnrﬁé}t mitrhechhhieal swticucae gm migrdnmeryrhagray for a
orm of. a reces rmed i -
pisveoRire teflpy 305D afvar s, e Peciibid, MEVS Bloaidhief 67 ha XES of ges
pbaserdtcysts, pﬁr'tsdulady SOhesbbencef lasgiadhivniicss Xefiz with one or more
dﬁﬁ%z)% WGt QM edrél‘gf'éﬁﬁ‘éﬁ y Shdh©d Yith RedpB& to non-silicon materiais,

m cr omecHani ca for in turn controllin

wijich draglydietarfem,r ggkzeae@amwaf 8n% FOHPOYHE %t%?sen@eﬁgn?w?" as
sficdh@Mide, silicon nithie pﬁbtol%aﬁ%dp Bfidespire $iitypn QRibeEd.iJang e al. in

(Robs 38R L R ¢ et oA B B e THEnRRL B4R

hafing dieacBiation ardaaysnaibfg withea ﬁ@ﬁe@uﬂne&d@wenmnd The method

rH D550 RS Bl et i R Bf s e
sevaificial ldysnusingyXeFadp iorma @ﬁewommamaat ThemethogRurnciudes

tdrmnly2in RlyeREde of dielectric riatEfidtSduh bk AN & Ird)loatal Séﬁuaﬂﬁductor'
the 501 substrate nmay be chosen for control |.i n%
ani ca

suisraies Sueh e liran @n SEdspls BPBRTRMS: 2 (ROTATEY HRER

chdrairiatic of thethitviyekal | i ne orientation may be (100) or
(111).

in the above publications, for using XeF, for dry etching, a sacrificial layer is
typically dapositad and patterned as additionai process steps so that an airgap may be



7 The Si based substrate nmay conprise a bulk S
substrate. The bul k Si substrate may conprise a
crystalline orientation of (100) or (111). } The
m cronmechani cal el enent nmay conprise one or nore

- materials selected froma group consisting ZnQ, .
Zn(M) 0, - Zn(Cd) 0, ZnS, GaN, AIN Al GaN, I n@&N, [|nN,
pol ycrystal |i ne di amond and®nhanocrystal | i ne di anond.
‘The recess may be forned in the Si based substrate
using a dry etch process. The dry etch process

f@mﬁﬁﬁlf@éth?s)@fe dof etsqine HowReernfleposirec ashiatigming) o rﬂ%%acr'fc'a'

. Ig?éf SRIRE RE 18 ThcARIs8E LERPIERR iR tHeMbAGtior PRocess and may incur
cronechani cal el enment nay conprise a :

aflditiopal aet r oni ¢ devi ce. The optoel ectronic device may

conprise a light emtting diode (LED). : The

m croel ectroni c device may conprise one or

Fi el dleare.dbereraxistisd Beest for @FEW"Q)“GChamCm St“I‘Cr"iUfﬁ(?é'é rBdasibed of

ftebrtdanﬁr\rj at Mgron?e%'ﬁsﬁtt:ar%ut:hu?e RS8R tb RUEREL AP ledsDBRE of the
pro a nethod of fabricating a m cronechanical

apore pfoteds- t he net hod conprising the steps of:

providing a silicon-on-insulator (SOD substrate;

form ng a m cronechani cal elenment conprising w de

PIMMARY material directly on the substrate; form ng

an undercut in the formof a recess underneath a

rel eased portion of the mcromechanical  elenment; the

~ 1 eces ¥ ansPrignERWitR N BAPSS Of tiedresent kverdiper hategs grovided a

%roﬁ@@rﬁr{ c%; %trHc\M]r%r %ﬁpr%lﬁdq'§%ﬂ€&§or‘?—fnsﬁﬁﬁnr%0i) substrate; a

overlayer o substtate is chosen

oueemethaning! gatemrﬁ FaraRIEing ide anpgan rreaterlal formed  directly

Bh G RAAAL. GRERACut Bimdd ufdéiecto Bl eRlabéd\Bofon of the
stress In e re ease ortion of the m cromechani cal
g’]r@'ﬁ@ﬁ@hanrcal elementThe mr@@é@g bairg rré;hpé‘ﬁran g GUE formed in an

%ﬁ@?e@%& b@érta artdend §or:l§urts%§ﬁ§teotvht9te¢n ShhiRHRES 8YBE Phverlayer
sub

s rate The thickness may be in a range of
abdhg S%mhs@'a@o@phq)@nfor controllinghgrowth-lpdueeg stress in the

%@hé@ﬁa‘ﬁ&g%ieﬁ%np MgV indgeh BShtRMinged §fre&?rﬁ/%§r§ Qeleasgadt ;?]ortlon

Separ ati on I'antation of Oxygen (S
ofﬂnhémwem@@hemwebmqnher conpri se choosing a
crystalline orientation of the 501 substrate for
controlling the stress in the rel eased portion of
them EhrenBe heaed asubstralge may TREERS s@ afiligopeon-insulator  (SOI)

%Se[g{eatr on nmay be (100) or (111). The Si based

strate may conprise a bulk Si substrate.

The recess may extend through substantially the thickness of the Si

overlayer of the SOI substrate.
The thickness may be in a range of about 10nm to about 10um.

_ The SOI substrate may be provided us-ing wafer bonding, Separation by
Implantation of Oxygen (SIMOX) or both.

A crystalline orientation of the SOI substrate may be chosen for 'controlling
the stress in the released portion of the micromechanical element.

The crystalline orientation may be (100) or (111).



The bulk Si substrate may conprise a crystalline
orientation of (100) or The m cronmechani cal

el enent may conprise one or nore nmaterials sel ected
froma group consi.sting ZnQO, Zn(My)O0O, Zn(Cd)O0O, ZnS,
@GN, AlH Al GN, In@GN, InN polycrystalline di anond
and nanocrystalline dianond.y The form ng an
undercut in the formof a recess nmay conprise using a
dry etch process. The dry etch process may conprise

-Usi ng ¥gE3; bkl sﬁb@tFa@@%@%Bh\?\%ﬁée gheReNtukastLOoNpri se
an optoel ectroni c device

2008/ 057055PCT/ SG007/ 000386 9 The mi cr omechani cai

el emenimd Bk STREHSE nfay ThiHpRL) ae&wtélmeﬂor%ﬁféh&%f (A6 or (111).
opt oel ectroni c device fmay: conprise a |ight emtting

di ode (LED) 5The m croel ectroni c device nay conprise

~ one or Tﬁ@ﬁ\?crgmgérgnﬁgxlf&&ﬁerﬁ W%oﬁ‘lpﬂéegoﬁé: El®bre rﬂaQtel%% gglected
DESCRI PTI ON OF di ments of

i fioreri geHp \ﬁpn?ﬂsﬂﬁlé ZB'Q t@(M@ﬁb@ﬂ@@@dzﬁﬁdG?@aﬂlN );\IGaN InGaN
?gﬂab&?&yé@h%rﬁ&gﬁ&ﬁ'd&ﬁééfyﬁé%r{é didrfloridhe art fromthe

ol Towi ng witten scription, by way of exanple
- only, and in conjunction with the drawi ngs, in which:

15 The FhQH4E Gndy BL thndd RCIRNBE bsscdl @sRMle using a dry etch
illustrating a sanple conprising a Gallium N tride

(1B@RpsY. ayer formed on a Separation by Inplantation of
Oxygen silicon-oninsulator (SINIOX SOD (100)
substrate in an exanpl e enbodi nent 20Fi gure 1(b) .

an i ntEfﬁ%dW)ﬁt%PrRﬁ@?éﬂﬂ%kﬁomp”g?&W%ﬂm ng a

m cr o- Raman :

The micromechanical element may compris'e'an optoelectronic dévice.
The micromechanical element may comprise a microeléctronjc device.
The'optoelectronic device may comprise a light emitting diode (LED).

The ~microelectronic device may comprise one or more Field-effect

transistors (FETs).

In accordance with ancther aspect of the present invention, there is
provided a method of fabricating a micromechanical structure, 't-he method
comprising the steps of: providing a silicon-on-insulator (SOI) substrate; forming a
micromechanical element comprising wide bandgap material directly on the
substrate; forming an undercut in the form of a recess underneath a released
portion of the micromechanical element; the recess being formed in an inherent Si
overlayer of the SOI substrate; wherein a thickness of the Si overlayer of the SOI

. substrate is chosen for controlling growth-induced stress in the micromechanical
element for in turn controling a stress in the released portion of the

micromechanical element.

The Si based substrate may comprise a silicon-on-insulator (SOI)

substrate.



spectrum nmeasured for the GaN | ayer. Fi gure
1(c) is a photolum nescence (Pt.) intensity vs

wavel engt h graph showing a Pi. spectrum nmeasured for
the GaN | ayer. 25 Figures 2(a) to (c) are

m croscope images showi ng the sanple after Xenon
O fluroide (XeF2) etching atg progressive tine
intervals of 45 delta T. . Figure 2(d) is
an intensity vs Raman shift graph show ng neasured
M cr o- i Re30 BRPExichdOthrél SassRArtialf thl AbiERhed6 Cof the Si
Figure 3(a) is .a mcroscope i mage of a sanple with a
| evedrver Qsebdigtee i n anot her exanpl e enbodi ment .
WO 2008/ 057055PCT/ SG2007/ 000386 10 Fi gure 3(b)
Is an intensity.vs Raman-shift graphs show ng a
neasur B thigkepes rrankein 8 e pkabewt TOR® iaabayt W8T Fi gure
3(a). Figure 3(c) is a Scanning Electron

M croscope (SEM inmmge showi ng an 5 ai r%ap under_ a

sanpl eT'eaf kaaed splsliale rgey B%PYWQ%HS'E‘%@’E epding Sepggfon by
SIH'RJ?&IrﬁQJoﬁ R OxGHEHHEMENG br both, Figure 3(d) is a SEM

i mage show ng an ai rgap under sanple GaN beans
attached to-freestandi ng nenbranes on a sanple S1MOX

501( 10f)e pLobiohd) fulPer compnse'zdh%‘ilﬁg 4 (cW)stalfneddridrtation of the
phonon peak i ntensi t?/ ﬂ di agram of the sanple

0$Ol:| gylpsisatg ( dgr. controlling  the s Sure Wep)yreleased F%ﬂ%\" of the

SMc?o?ﬁedPi ﬁlfcbﬂeqerﬂ@ﬁpl ng di agram of the sanple of 15
Figure 2 Figure 5(a) is a schematic

di agramlllustratlng a sanpl e conprising a GaN

el ) e ELIL Briblalint GapES gbuy@r @hym ni um nitride

l'ayer grown on a 51(111) substrate in an
exan‘pl e enbodi nent

The Si based substrate may comprise a bulk Si substrate.

The bulk Si substrate rhay comprise a crystalline orientation of (100) or
(111).

The micromechanical element may comprise one or more materials selected
from a group consisting ZnO, Zn(Mg)C, Zn(Cd)O, ZnS, GaN, AlH, AlGaN, InGaN, InN

polycrystalline diamond and nanocrystalline diamond. -

The forming an undercut in the form of a recess may comprise using a dry

etch process.
‘The dry etch process may comprise using XeF..

The micromechanical element may comprise an optoelectronic device.
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20 Figure 5(b) is a PL intensity vs bandgap
energy graph showi ng a PL spectrum of the sanpl e of
Figure 5(a). Figure 6(a) is a scanning
m croscope (SEM inmage of a rel easeg

“?t%szdrgg of the sanple of Figure 5(a). e&ﬁ%zgﬂ’r%‘e’m
6(b) is an intensity vs Ranan shift graph show ng a

m cr o- Raman spectrum measured for the GaN structure

of Figure 6(a). 30Figure 6(c) is an E phonon peak

i Nt eTisE migrameshanigal dienpnt may fcotmpaseGa Nicroelgctranicdsayice.
Figure 6(a). 11 Figure 7(a) is a SEM i mage

showi ng freestanding GaN cantil ever structures of the
sanpl e etosiegignis deyieg mayceEwRriee 3 (ight smiting diede gifefon

peak intensity mappi ng di agram of the GaN cantil ever
structures of the sanple of Fi.gure 5(a). Eiqur.

71 ) THamMEeRG CPAGR MY GPPEst AR i e g e Fier
(FERN).canti |l ever structures of the sanple of Figure

5(a). 10 Figure 8(a) is a schematic diagram
illustrating a sanple in another exanpl e enbodi nent
Figure 8(b) is. a PL intensity vs wavel ength graph

showi n enperature-15 ngdent mcro- Pt :
Bﬁﬁ%@ﬁ%ﬁ?ﬁrﬁoﬂeﬁ’?wwg%gn 77K and 350K on the

sanpl e of Figure 8(a). Figure 8(c) is a PL
intensity vs el enat. - '

t ermenedmeipitt £ G147l YCHE pafk tndérsis@ing seccily spparent
td eneeof ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

Figure 1(a) is a schematic diagram illustrating a sampie comprising a Gallium
Nitride (GaN) layer formed on a Separation by implantation of Oxygen silicon-on-
insulator {SIMOX_SOI) (100) substrate in an example embodiment.

Figure 1(b) is an intensity vs Raman shift graph showing a micro-Raman
spectrum measured for the GaN layer.

Figure 1(c) is a photoiuminescence (PL) intensity vs wavelength graph
showing a PL spectrum measured for the GaN layer.

Figures 2(a) to (¢) are microscope images showing the sample after Xenon
Difluroide (XeF,) etching at progressive time intervais of 45 delta T.

Figure 2(d) is an intensity vs Raman shift graph showing measured micro-Raman
spectra of the sample of Figure 2(c). :

Figure 3(a) is a microscope _image of a sampie with a larger membrane size
in ancther example embodiment.
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20 Figure 8(d) is a cross-sectional SEMimge of the
sanpl e of Figure 8(a). Figure 9(a) is a

m croscope i mage of a cantil ever structure of the

sanpl e of Figure 8(a) before XeF2 etching. 25
woanisRs®@dd) IS a mcroscope i mage of the cankCrsE207/0600386
structure of the sanple of Figure 8(a) after XeF2

et chi ng. Figure440(a) is a schematic
diagramillustrating a sanple in an exanple 30

enbodi nent 10 s a PL intensit S, .
o gD ) it YR RADLS B ST SHRUPE 4 P micro-
Ramph epatralef thersamply @ )Figurd\&a).

2008/ 057055PCT/ SG2007/ 000386 12 Figure 11(a) is

a mcroscope image showi ng a ZnO bridge structure. of
t he JasHIP &S(@fis A Feraning EectantMicrosedre &) ppoe showing an

awr&.dérlé Lampis CRNB=AIER QREcRPERE BIMOREE S@diate of
ruct%res of the 5-sanple of Figure 10(a) after XeF2 - .

Figure 12(a) is a SEMimage of a
rel eased ZnO bridge structure of the sanple of Figure

10( a) \

stroc res'(ag%g éé@% 8 sﬂ?@y é%aq}nsd‘éﬁg&nbé €N beams
siaghedtormestpniing memhw@mnt%/smplﬂ&mx SO0} platierm.

showi ng neasured m croanman spectra of the bridge

str uthigl{.:rrg#oaS isFalmglgzr gho%ulsrg %Aék intensity mapping diagram of the sample of

Figure 2(c).

Figure 4(b) is a Raman stress proﬁie mapping dlagram of the sample of
Figure 2(c)

Figure 5(a) is a schematic diagram illustrating a sample comprising a GaN
epilayer having a high-temperature aluminium nitride (AIN) buffer layer grown on a
Si(111) substrate in an example embodiment.

Figure 5(b) is a PL intensity vs bandgap energy graph showing a PL
spectrum of the sample of Figure B{a).

Figure 8(a) is a scanning electron microscope (SEM) image of a released
GaN structure of the sample of Figure 5(a).

Figure 6(b) is an intensity vs Raman shift graph showing a micro-Raman
spectrum measured for the GaN structure of Figure &(a).

Fi gure B{c) is .an E; phonon peak intensity mapping diagram of the GaN
structure of Figure 6(a).

Figure 6(d) is a Raman stress profile mapping diagram of the GaN structure
of Figure 6(a).
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15 Figure 13(b) is an intensity vs Raman shift

graph show ng neasured m cro-Ranman spectra of the

cantil ever structures of Figure 11(b).

W Siasises7d3(Cc) is a Raman mappi ng di agram of BRCEGR0EM000386

intensity in the ZnO 20 m cro-bridge structure of

Figure 11(a). Figure 44(a) is a SEMimge of a

rel eased ZnO bridge structure on bul k 81(111)

platforns in another exanple enbodi nent. 25Fi gure

14(b) is a SEMinmage of cantilever structures on a

bul k Flautel 2(E) ispd 8EMDage Bhdting dreastahding @abdidcantiisver structures
SBA i nage of freestanding

J;g%gggr ﬁéﬁqdésﬁa)amnd (NCl')) cantilever structures

in an exanpl e enbodi nent 30 Figure 15(b) is a

SEM 'Ff@&e'z'@.ﬁ i aﬁrsaeﬁmaﬂ ?zakl\iﬁ?@ngw RESpifd & Qf ithe GaN

t he exa Figure 16(a) is a
'@F?J?‘ée@ n‘%%ﬁlsﬁf?&&é’f 1955 A& cheni cal vapour

deposition (CVD)-grown m crocryst al l'ine di anond

rsml;::g hféa%(?ﬁ% a%éﬁgrg%ﬁsg ﬁage Eﬁée\ﬂﬁﬁ %@l’ﬁn SFRE GNP ntlever

sputtyes pi thalsampls ofifigue Bi@st al | i ne di anDnd cantil evers
in the exanpl e enbodi nent Fi gure 16(c) is a

SEM [hmage. show n crystal]ine/mcrocr sta ne
o or GO SELed FenEE dbrers HlsBigA g

embodiment.

Figure 8(b) is a PL intensity vs wavelength graph showing temperature-

" dependent micro-PL measurements performed between 77K and 350K on the

sample.of Figure 8(a).

Figure 8(c) is a PL intensily vs wavelength graph showing room temperature
PL spectrum measurements on the ZnO (ayer.

Figure 8(d) is a cross-sectional SEM image of the sampie of Figure 8(a).

Figure 9(a) is a microscope image of a cantilever structure of .ﬂ'ie-sg}npte_ of
Figure 8(a) before XeF; etching. ' A

Figure 9{(b) is a microscope image of the cantilever structure of the sampile of

. Figure 8(a) after XeF, etching.

Figure 10(a)} is a schematic diagram illustrating a sample in an example

“embodiment.

Figure 10(b) is a PL mtensity vs wavelength graph showmg PL spectra
measured from 1he sample of Figure 10(a). :
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Figure 17(a) is an optical mcroscope i nage show ng a
light emtting diode (LED) m crostructure on a bulk
silicon platformin another exanple enbodi nment

Figure 17(b) is an optical mcroscope i nage show ng
woebidnetisect transistor 15 (itl) cantil ever SPOTISG2007/000386
bul k silicon platformin the exanpl e enbodi nent

Figure 17(c) is an optical gbcroscope inmage showi ng a
LED microstructure on aS(] platforminthe exanpl e

T R0 el MRl B LA SRR o e

seinpiecofdfignire 10 aflernaft stching. ‘Figure 18(a) is an
optical mcroscopic image of mcrodisk LED st ruct ures

in yet another exanple enbodi ment 25 gure

18( byiguse 4 18NS | araossore Hmage cshowingk cantiigvet sﬁumara@@f the
dafhpld 6 FigiLAe BO@) 8&O@EFYBithin Figure 18(c) is

an ei ectrol um nescence (EL "intensity-vs wavel ength
graph 30 showi ng an EL spectrum neasured fromthe

m cr Giguek 12ED ista BEMUINGERIel of hheleasedZhe® brdpadsineatre of the

%ﬁ\ ,E,%] %@} PTI ON 5Exanpl e enbodi nents descri bed
el"ow C provi'de surface m cro-nachi ned wi de bandgap

" nano/ m cromechani cal structures (e.g. conprising ZnGQ,

GaN Fgﬂg f%BPiQ Iy SERIinbGE of EATRIVE) sBicRWEs &f the Ghmplet Figure
and/ or

01 substrates using a dry rel easing
hni que. The dry rel easing techni que enpl oyed in
t he exanpl e enbodi nents Is a controll ed gas phase

pul s 't X |_ur Qi . ' : .

o < cioBte el Y HiehER % bl Byt bd Shavd el cro-

-Rmtar@peqmjbﬁhe BOlgsssiyctureoESigunehidéa)under cut t i ng t he

wi de bandgap material. In the exanple enbodiments,

t he drﬁ rel easing technique is used to etch a

sacr o 13() &Y intsggitysys Gaman %ﬁ@ﬁ?éf‘@"‘ﬂﬁ [esasyed rgjero-

RavanSipeatidl 6fthe Shhtildvebsiitichires of Flaufe Lipat i ng an airgap

for any wi de bandgap materials grown on top of the Si

and/ or SClI. substrates. Thus, in exanple enbodi nents,

ther Eigire 18{c)iS armn'mﬁngfdiagm b & phonpnadntgnsity in the ZnO

%g.e Lo 01113%? dedi cated sacrificial

Iayer thu ot Eg control of the thickness of

t he ai rgap can be mai ntai ned in exanpl e enbodi nents

by pFiguzieduth) sks s@@fml agbtsﬁ raﬂt'ééasgﬁtb@ bﬁbg@hsmc&re on bulk .
r I C n_ot her words, in suc

S@X“E‘bcﬂ?ﬁﬁfigmﬂ g’ﬁf&ﬁ?’?ﬁ‘?e 8% ¢ gap t hi ckness s

advant ageously separated from the device buil dup

procgsses ar

ot c. FOEES 1B % o SERE lhadhd of Rt <HEHLE 0 Bk St

Platfern mﬁbepx@nmla@mwam of SO wafers by a sinple

control of silicon thlckness in e.g. well-established

2? g _ If-'lcg)trlrga %é{g}nbtaeggﬁ ues h a%dlvr%fngaoc??s?gllinggdlamony[(%cm

cantilever structures in an example embodiment.

Figure 15(b) is a SEM image of a freestanding NCD bridge structure in the

- exampile embodiment,
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For control of the silicon thickness using SIMOX

reference is made to 25 publications M Bruel,

"Silicon on insulator material technology', Electron.

Lett 1, 1201 1995, M Bruel, B. Asper, nﬂCﬁs‘f 3
HEpPGPE Herve, "Smart-Cut A New Silicon On |heu 2&;?760?086

l\/hterl al Technol ogy Based oy Hydr ogen | npl antati on

and Wafer Bonding', Jpn. J. ial. Phys., Part 1, 36,

1636 1997 and 0. W Holland, D. Fathy, and a K

Sadaffigure FBaioisi arcross sectiont BEM imege showingd ekenigal Syapour

J&gogﬂ'ol @VD)W'W i BlamohB YechafichiituctufS in Ghfther

the thickness of the silicon ovedayer
%mE@lﬁ"F’?ﬂdF‘é%‘ during substrate fabrication, the

t hi ckness of the airgap forned can be control | ed.

Thus Si st r ot b

can gtgbgeon IleoEl e'fs/ééeénﬂ mg%g @ﬁ%@vedﬁé@st&mm
diahenderantiieesrs Incthe egample batbodimest.bel ow t he wi de

bandgap materials. In such exanple enbodinents, as
XeF2_is highly selective to dielectrics, . the Xe Fﬁ'{‘

sel eE’SPKP&%C)e'F(?n%th‘Wég% iShPWIe WME‘P@“ e fRoro-
btiige strlefiireinale &xtanipghs smbodingapondi ng airgaps. . It wil |

be appreci ated that the XeF2 does not etch underlying
S102 bel ow the silicon overlayers of the 501

su bngumeﬁ(aﬂhLm opticel HickETRPE iege sowing G lliobt Briiting diode

foltl oW ng es?ﬁép%%%l | Eltr‘ gpar art?xgrrlr;fldor mat 1 on .

for the exanpl e enbodi nents and characteri zation

tec hH?gawee:sr(a)" B & bﬁﬁday nhtﬁ'bét&@ﬁqﬁﬂgb %hemgtﬁw et Alafsistor

O e ot e AR oS R SR S RPN o o1

COMMEr Ci aIIy obt ai ned (100) ‘and (111) oriented SO

N OcUBEeCHRPS LR ereaBog o, SR a3 fiegsrucure

°F§y9é?i Rﬁﬁaﬁ@mmmp@mhﬂcﬁﬁ%tkness and a Si overlay&
of about 50- 200nm In one sarrpl e, a GN | ayer with a
t hin fer is qr on 111) .su a

i o TBYRL ARl= A eERLRictrecoRe Mage Tadniey 87, Fiyfievs on 2
SO¢ platiogpin the exdradie eawbdiowntf GaN m cr onmechani cal
structures directly on bulk Si (111). In such exanple

enbodi nents, the GaN | ayers grown on buk silicon
( 111§ggmd18(a) is an optical microscopic image of microdisk LED structures in

yet another example embodiment.

Figure 18(b) is a SEM image of the microdisk LED structures in the example
embodiment.

Figure 18(c) is an electroiuminescence (EL) intensity vs wavelength graph
showing an EL spectrum measured from the micredisk LED structures in the example
embodiment.

Figure 18 is a schematic flowchart illustrating a method of fabricating 2
micromechanical structure.
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SO substrates are subjected to periodic delta doping

to reduce cracks and tensile stress. It will be

appreci ated that growing the layers on e.g. AN

buffers and using periodic delta doping steps durin
WORBOERF: axy can produce good GaN et ht axy oRCHG007/000386
51 (111). Such growth nethods can also be applied to

SI MOX 801(111) and 80l (100) 1dubstrates. In addition,

" for sone exanpl e embodi nents, to dempnstrate using

ot her wi de bandgap materials, ZnO material is

deposited/ grown e.g. by RE magnetron sputtering on

(111) oriented SO substrates fabricated by the SI MOX

DETAnEDNESCRIPMIGN T bonded 501 substrates. in sone

sanpl es, the buried oxide |ayers range from 25 about

370 nmto 2.0 pmthickness and the Si overl ayers

r angdExampien eniodimePt0 deseribed Below| qantprovide surface MiGO-manfined

Widd b%ﬁH@A eﬁaﬁfﬁn&hﬂcﬁm@aﬁ ARy Frfsﬁﬁ @§N and
L) an m Cr o-

such as_m cro- phot ol um nescence

-ff?éa%rxﬁ*%mn#@m@@ grown dieglly Qpgl Pel sHbat &ﬁeﬁ'?a*‘ss a dry
' rulehsmg m&m&y&ie&h? mmmﬁué kinsib)edfin tharexaipia Rebbdiments

R 5 oot HD PR P S BB e o
ae@cﬁmlm%s Si Fink 56! bv&rtweta dnhesérd\ip et Ploansiing SO substratesd thus

% ﬁ%&&a&ﬁéﬂéﬁ& ithé Bfanfple/SrthibalndHes, @Héﬁﬂr# feleasing

m cr o- Raman_ spect r os

{55 ket # LR Y o S0% S oreHBYsrs ihereng Jp the S
WB@SsubMeﬁ &R cRsating an Girgub ocany vido Iﬁnagé?g hBi@rials grown on

A RO i ks e Bl 0 S o
requiremett fofl terosifihg end phaitemisg Aol elitional, dedicsted sacrifier! layer. On
the other hand, control of the thickness of the airgap ‘can be maintained in example
embodiments by providing e.g. SOl substrates with a chosen Si overlayer thickness. In
cther words, in such embodimenis, the control of the airgap thickness is advantagesusiy
separated from the device buildup processes, e.g. depositing GaN, ZnO, NCD materisis

 etc. onto the substrates, and rather is incorporated into the pre-fabrication of SCI wafers

by a simpie controf of silicon thickness in-e.g. well-established SOI formation techniques
such as wafer bonding, SIMOX ete.

For control of the silicon thickness using SIMOX, reference s made to
publications M. Bruel, “Silicon on insulator material technology®, Slectron. Lett., 31, 1201
1095, M. Bruei, B. Aspar, and A. J. Auberton-Hervé, “Smart-Cut: A New Silicon On
Insulator Material Technology Based on Hydrogen Implantation and Wafer Bonding”,
Jon. J. Appl. Phys., Part 1, 36, 1636 1987 and O. W. Holland, D. Fathy, and D. K. ‘
Sadana, "Formation of uitrathin, buried oxides in Si'by O lon implantation *, Appl. Phys.
Letl., 68, 674 1996.

As the thickness of the silicon overiayer is controlled during subsirate fabrication,
the thickness of the airgap formed can be controlled. Thus, residual stress of the wide
bandgap materials can be conirolled by designing the sillcon overiayer inherent to the
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5 D water, blowdried with N2 gas and pre-baked in
an oven (e.g. Menmmert) at about .90C for about 10
m nutes. After heating, the sanples are spin-coated

“@si'ﬂ%s%épl ncoater (e.g. Mddel CEE 100 fromBnRi8her/e00386
cirence, INC.) with AZ4330 photoresi st (PR) at about

5000r pm for about 30 second% The sanples are then
pl aced in an oven for soft 'Baki ng at about 90C for
about 30 m nutes. Photolithography is then perfornmed

sutptraies brjow theavide Sndgammatrrisly. iinypuch exampy embediments. gspief: is
hidhtly %@I%ﬁ?%{ﬁg?lbib%ﬁ& ﬁ'%t)@ﬁ fﬁ%ﬂ et:“éé F‘lg%éicérﬂb@ﬂéjef‘é’mﬁérent
toght CRERPIERp APRPR Wl PR S S P eT: does
nétaddh d:rﬂeﬂgﬁngaﬁimz helodgothe diiicaansiedagra oithe SEH stibstrates. Thus, the
[ t s bef ore
E@%\{%{&aﬁ S&%ﬁ ofpgcgil %&tﬁ él%?n%sqse%g re neasured to
be dppﬂ\exfpm@ ydesgsiptioro rsapriple prapesEtinefprsatiep| &5 thg example

efiBSdiférid aftdeh auaeemmlt&ﬁn &b Bhe ihfodacddmdon: @feBdmple
Unael ds SLR 770 hj dﬁgtsltty pl asma etch system
empRiments #g d %B‘HE coupl ed plasma (1CP)

chan‘oer (operating at about 2 MHz) and an additi onal

S or
qél?% B&@% %gooq?%g@%‘{ﬁ nc%rnpoggc{rp%ﬁ‘?o al %‘8
cmmgenihrtqbta@wfﬁ 80)and 411) erentpdsitY subsirates Tebsicated hbﬂ"@ SW‘OX
m%é&%dgm%wkéﬁw% SRWBE 8 DuRbE 0TI & b Ao’ 150-
carrier Wi fh vacuum gase be reéqﬁl ,
350ne thigknestigeda Si gveriqeerst Ry g0 %?Peg} N 805 3P aN layer
will & ﬂiﬂ ANibdffer(iBgbah oardsi ¢hip emm(e@ﬁhxggmme @bteptial otme dry

reaiip Eehae Bl ERAFURT S el micrigtihiled spihdtl Bfton Houk s

‘ (101) i sueh edmpﬂladamtgdmentShﬂtetCy‘@é layersvsrq\m balbagespicon (111) and

6Eout sccm % ﬁ%\ibv%omscor n W 500\7\/&:;2&.Id tens!h
sirestelt wmztawpmea@teﬂ\ﬁeaq @awingtthe A@'emP'E)eqo rbufier s using
pdRiO8IE HEkL daHiG rmwxa epiirlyeda @oodEGﬁN epitaxy on

s 13?%%9#3 %w& W STt Sl ORI 5 he Yoo

suBstodted. dm ad&iﬁm cfnesmm em;ﬁe remiodithenfs) {B0ewmensigte using other
wit Yl P 200/ Aichalls 1BSasRbEOBANBLbY RF Hefgnetron
measur aln usin surtace pr Isisto
SRUEITL QA 6’11 heriesigsosyt subserias tfamﬁ%i:e%fbyljhﬁjéwl‘% fpthod and on
wéfaysrsn%e& ISt esfuﬁék}atw it R8mS %Gﬁutplét ) bRl Vidb h@yé:“é ffige from.

bandgap materials for a subsequent sacrificial
O 106 nmibicingas prdsthe rSéP\éeJ@V‘?{@ 3nee Wé&@&&%ﬂvﬁm 3.0

! de bandgap material |Is achieved by sacrificial
-etching of the respective substrate Si yeti:war using
X.F2 in a 17 custom zed Penta Vacuum System | mages

_Of tThe ane glﬁtﬁ kN \sdinplén By charadidrizet (byesptieal dochRolesy subh as
in conda tr e using a
oL e ER A e TR meatkndES (S}

equi pped with a resolution of about 3.5nm and

ACCLPEdthd Bihn¥é bABSiMEnts,Nitrs-ABSRryR1lite tiakfink YNCD) films of
about 2.0 pum thick are grown on Si-based substrates by microwave plasma chemical
vapor deposition techniques. These films can. show ultra smooth diamond morphoiogy
and the nature of the crystailine quality can be studied by micro-Raman spectroscopy.
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5 Further, the rel eased sanples are

characterized by spatially resol ved Raman ‘scatteri ng

in the back scattering geonetry at norn tenperature.
Wibeadrezsnm I ine of an argon. ion laser is usedsiedo7oe03ss
the Raman scattering neasurenent The scattered |ight

is dispersed through a JY-TG4000 triple nonochromat or
system attached to a liquid 10 nitrogen cool ed charge
coupl ed device (CCD) detector. The accuracy of the
Raman nmeasurenents is about 02 cre with a | ateral

spat i Hie szaples desaibeddbond eretdickd ind Aix.2 cﬂnears;ﬂml‘f‘as sam;ﬂes are

SR g ?ﬁ%@é?’h&ﬁ%‘%‘”{ﬁﬁq&e‘%a&%ﬁ# h &5 g et for

a ppriqdf abavid Bipjtes foraach sevent. dheeeley, @am@s @emiinsed under

bﬂﬁ@!@r | ol tiried L ki fga§ RRd Brd-dked H &P SW&T () MEmh&S at about
aration/formati on and characteri zati on

?@gﬁ q%@ ?Hé‘"&?%nﬁﬁ%’ A0S HEnPAmRIeS: R SPinrgeatad j ysing 2

Sﬁn@a&ewgJ Mbdel CFE 100! fromyBrgved] ss:eﬁmapmommﬁlmem goBJresist

(5 Af BB for SO RTispe I Pl o e e iRy an oven

(cwﬁg bakinlg sat mbaud S0 for abcath 3@ ndanpése Pdambﬂtﬂmgrww is Fee pSdddmed

e SRR s, (Tt B DI R e g o
!aienﬂu@@ Rrerred@ately 2cT-HmW; 4 the axample ermbodimm rPamasi plates with
fe&bl%@eaft ldiﬁe%ﬂﬁﬁérﬁﬁ&@ncahﬂaﬁéreﬁﬁd bﬁh?é’vcﬁﬁé:%}b% #@6ud for

ess n | nheren buri ed oxi de

2 hi ck
Faing: S8t e usihostash, Hefire EiBBG, e RRtGiRS) tpefsgeesere

pedsuRing be Wpdrbkim&tell Sainlnats Sdttefticlfsampias. menbr ane

si zes usi ng standard photolithography and is etched

for a period of about Ilmins to a depth of about 2 um
-usi ndror etehing,nthe pracples sarp astded tie rasloaﬂ-knlmu Un@@s SR 770 - high-

(%%\I\'g I;‘é%(&]'or r %Sr@erg]sur e %%Wg%% er at @%\% gﬁ%g@% %ber

Gparing et abpit @dMiR) end en aediianel BD bier Gabout 1364 Mbtp) for the sampie
chbitiC HRR&® bhiSksRE \caHHNg 3 PidSrbiirabRING 'afidv? thel eAiklaiife M S8mple

TN gt ont e ek e

ch(riey wafer avithivatms gtegse smmay she ftrodicap in tHeosttingy tHaenber.

] PR (S5 Tl (R T Yol o iy BB i for

 SEHEWEheclinG T sSelssarmeirbed i b IEBrchembordans [diabion of tme,

?@ndm'émethé %Eglo?wﬁg%ahégatpr}ﬁ&eﬁéi %ﬁﬁt &flsth %&‘5‘%@5 parflmeters of

|ng e over|ayer_ 106 using a sSi
HGeRsh W twﬁ‘?‘ﬁb@’ﬂ ﬂwq‘iﬂo&fcf( saewer L) %ﬁ%ve lon Eiching
(ms;pmpwﬂmmréﬁmmmgeﬁnb@aﬁmpl e 100 after XeF2 :
etching at progressive tine intervals of 45 delta T,
where T is tinme in seconds. From Figures 2(a) to (c),
it i 8fterbstehingd stchategiie of dhe reestainify avatariabrand ept2esist are

chidfnaaiTe) Sebl K28 SehaRoedy SUfhe Pt PHOBIBE s Yol on
UE‘B%@P%I%G 8rd £ige heighis & the sirhgd angteyiat pre W@d agAneysing the
strfacs OPFBere dTHIY i i laaédrRinMingD 4xdsufeh GodiivR of 1eHderying layers

|nd|r§at88{|1‘gaa fEee tﬁ?r‘dl n@eGYa’QP rane 02.0 rtgesubsequant

mﬁhalawer ﬁ&ﬁmg.fFoFtl@mampﬁSa)ale(ashg tl'aal teapelcﬂmemda):andsap material

spe{:t r aﬂ%ﬁﬁ?ﬂr eeg'ﬁosiﬁ}eW & %‘{eg%*fagr Eﬂ%ggﬁz ina

at the rel eased nmenbrane 202 and
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15 at a beam 206 are neasured. Figure 2(d) is a set

of intensity vs Raman shift graphs show ng the

nmeasured nmi cro- Raman spectra. For . the neasurenents of
Figure 2(d), the visible 514.5 nmof the argon ion
WAE2908/057055es t he whol e GaN | ayer 102 (Fi gur e PELEP003400386
well as the silicon overlayer 106 20 (Figure 1(a)) .

due to the | aser penetrati ontdepth. The pl atform 204

is nmeasured first followed by the msnbrane 202 and

'E%%’?%*%%at ARECRy BREES b8 lpgead e fuflep ghudiids are

FRRtERY Ny segendsnieiectiop mmm%)@podzm wh'EP JB scanning .
abamnnm&@as SEmpdquipnbl Gfith tahesditioh BpéﬂaueQéthana R6ceterating

kest at 56 (see nuneral 210). For the
g%lg'é'&e ?5‘2 ‘i% and the beam 206, the Ez 25

phonon intensifies are the strongestat 567.3 cm1

(o e fho (oaped Rimail are SfEfad 8y BY Wakitly Tbled Raman

spsfiening dndhe bagesoatisring geemetns abiem H!aaeratmﬁeﬂﬁﬁ oo fine of an
4r6ie] WRNEser traaﬁseaemttas RenfanRBitePE rd2Buehehl TRE s&tﬁ%ﬂatght is

Ui Sh ¢ oY TRthde e 2%3@%#”%5?@ e oS fouid

aipogendeoiet ehbgeacupled dgvics |(GGD)/\haecturo Tharzeclracy ¢ftthe Raman

@We o'ggg?@gd"breds |fatgl p%?oég"fgtﬁgénpresencezcﬁﬁr|1 The

- SaEPigs| @'estubmdvﬂne@ccwmapwmiahéo rief enbatratespéngntie back

iSARRERY 1 154 éﬁﬁé‘o@&?ﬁg o GO0 18 A e K I?:cade[zt I%?er light.

&Sﬁ&ingfﬁ ot
freestandi ng GaN. For rence phonon pea

After the . brief introduction of the sample preparationfformation and
characterization te¢_:hniques,- the ekample embodiments are described in more detail in
the following description. '

Figure 1(a) is a schematic diagram iilustrating a sampie 100 comprising a GaN
layer 102 formed on a SIMOX_SOI (100) substrate 104 in an example embodiment. The
GaN layer 102 of about 1.5 1o 1.7 um is formed directly on the substraie 104 without
deposiling an additional or "dedicated” sacrificial layer. The subsirate 104 inherently
comprises an “inherent” Si overfayer 106 of about 200nm thickness and an “inherent”
buried oxide layer 108 of about 350nm thickness. The sampie 100 is pattemed with
featres of different membrane sizes using standard photolithography and is etched fora
period of about 11mins to a depth of about 2 um using consiant process parameters of
about 20scem BCl; flow, 10scem Cl; flow, S00W ICP power, 200W RIE power, SmTorr
pressure and 6°C temperature.

Thus, it will be appreciated that the control of sirgap thickness is advantageously
separated from the device buildup processes and is provided by a control of the
“inherent” Si overiayer thickness.
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standard strain-free 400 pmthick freestandi ng GN,
pl ease refer to R Armtage, Q Yang, H Feick, J.
Gebauer, E. R Wber, S. Shinkai, and K Sasaki,
"Lattice-matched 19 Hi N buffer Iayers for epit

WS AppL Phys. Lett, 81, 1450 2002 ana'CL%Gé’“%mm
Wang, K Y. Zang, S. Tri pat hy, and S. J. Chua,
"Effects of periodic delta-d&ing on the properties
of GaN: S1 filnms grown on Si (111) substrate?, Appl.

Phys. rikisib t1(b)88 anSRihsi8O 0 Rahti §Hiff QR@h E?mvphgr‘tn@ micro-Raman

intenS| for t el ease ne. a be e
SPRAUHA rasas f%%é%'ﬂ %ﬁ s 6L BT o FRat i wvetengn
Oraph sitonig tﬂé)BL §decium enehéarpﬁi fwﬂhea@awtay@ﬂmn m t hi ckness

has been conpletely etched. This is shown using the
m cr o- Raman spectra of Figure 2(d) and the contrast

of t hBerganpieses Eéhﬁew@@cw tpXghr etchinacgf ey Siongriayer 106 using a
GiRGIE RSS! o RBMEAIE 1RArgs. ERANSTRAAb (4)fafe Riceddoti®s Mg showing

@gﬁgﬁlﬁgl: 0 a% g{#ée%la in elaﬁeértolglr\é%néelr %gelc%g}af%?%tag gglfa T, where T is

traepl secARfs. Hmmiﬂ-'gmrésaa(g)an (cjettisrabeerverd thet thencantrastod g membrane

SRRk Ve HiqSe Rbican forresit &1 a o) uncer the
and mcro ra neasurenents areta
menvbrane Boatin Exgmem, the mﬁeﬁ*aﬁ@e@wﬁfeaﬁﬂﬂlﬂﬂ% owich lighter

34 @oRbarbé NS 4 XV\’EiE@omXQM of She %&fnb%d‘iwlhdiﬁbﬁnb & fftéeﬁtam%ng GaN
e

e .72 i f o L g el 2

FBerec®) l(é& amsfo lhdae I e mmmmmmamMrum@tand the

B AL DR £ PER f 8v rfB Re r

802} beami 206 erchmeanuBY6 Figues gﬁdﬁnns arseﬁ of intepaity &S (Remantshift graphs

gkﬁ% médaktry S an intensity vs Raman
t” graph. show ng the nmeasured m cro- Ranan

spectr a. The platform 302 is neasured -first foll owed
by t heyr FRyThéRBemBAK oft Fiutd(d), ahecasislel 5he8 ran3dithe drgamion laser

T B, P 40 o e Al g

Fidiye Wa))l. duet tocth& 2aseh eueiration alepth hé slatorm\a8dk iss mgamred first
o MR R R
Srgrecoprerved bt the piatiem @ffzﬂ)aSaﬁwWﬁ Sl eagy st Sedeph 6ﬁ“"‘e’a'
PoH) Qlid tné B pheiidd AtenBiffei9caN of &@epiamnﬁ 204 is3hé weakest at 565.9

SR ortoR U 41D AT Fsoporh PR ] T 58P, . he Ex

;aﬁuaomm:sﬁbs Ske ihatstosgdsy ah 56B2(0nchist¢ semenalifi?)nd 567.1 cm™

i | 2.1
A ke 2 Bg0ARy e i SCAAMER, Sl M B0 om
hurpesais 216 land RH8)c BheclE: Bhanen JegLesy %ﬁe#&d %Otfﬁ@'tegme in-plane -

ARG el BEN Alm LA theN ES bRasa it bl GENRKaRE S8V 4ubsirate (ie. the
simlar to that of the r%%gc?ed beam 306,. i nd| cat| 3?*“9 E,

RIRERM; 204) Shas 3 SR Jewands WETERPEY, SIOB iR
;meO@ WS beamoé.g posprakmérabranasiag! 202. Bigigbsemed mm& is due o

i rabed 3 g SIRSCMAL cEISRECE b ek Shenon peak of 2

$tamdped sum-me m ;mi mmwaodhggsabbﬁom ﬁerenqe@onon peakofa

:55‘&&? ﬁ&s&a{ﬁi ﬁé&@pﬂgﬁrwa itage, Q
rrents CrOSSéd&|0n Can be use to Stl?g“ ge

Yam He Feick. okl GebarsrafeR aYVeber . Shinkair anst K Basakie Y-attice-m
respectively of the san‘pl e 100 shown in Figures 2(8)
to (c).
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5 Figure 3(c) is a SEMinmge show ng an airgap
under a sanple GaN cantilever structure on the SIMOX
301(100) substrate 104. Figure 3(d) is a SEMi mage
how n airgap under sanple GaN beans att

wﬁ%’@&{}g‘ﬁgl ng nenbranes on a sanple SIMOX 301I(100 obriboases
platform The SEM i nages ofﬁ:i gures 3(c) and (d) show
10 GaN free-standi ng structufes of about 1.7 um
t hi ckness with airgaps of about 200 nm ure

Hare By dayarecior eeoRl Gelhan St dnoi PRyamebi tlg mva@o gt S.
aw#;:;l@%a&ﬁﬂ GHIE J2ChYa, “Erskd & ghhidd :c istac gﬁ the

stress Ero |I% S% gd%?gram fS‘Fé@?Pgﬁ“ 5881

Zetlkan'dﬁr stronty I By ﬁ‘ld‘nbﬂeintéﬁﬁﬁytfﬁﬂﬂtﬁéﬁlr@kasw rﬁmuteamﬂ bgam (see

nﬁ%’élais 2‘12%1){ RRay OGS R8sy il i 1hé o 983 apout 200

ntnoﬁ'acﬂsequr baschesn oimpletely| %tﬂ'eedc Elrinisy Isesfzqmewg theemicro-Raman
sééﬁ%lrﬂf Fidurd ?hh@ﬂﬁt&%ﬁﬂ%@‘ﬁwé)%ﬁﬁﬁé ¢ it Fiolk8 A(b)of the
ex reSS|on aos = Ka, where Kis the proportlonallty

MeRieAeR 28% 4. 3 GPecre. Rarran measur enent s show
that the GaN reI eased by XeF2 dry etching is

ST Qe e ARG IE ST s b ARG 1 3R v JEperdent

Fighteg3(pk is24 migroscope frorge of P sampls aoﬁowim Tiagethaerakang gize in

' aﬁéiﬁer%ﬁ@%ﬁ%@%n@'ﬁ@fs%gez% fs it Gtk (k) and RRro-Raman

stress 1S about 0.45 erinents were

SRESHE ReAsFemeriS ArstaNeX oo PPPP"E@B 3 Jeadraer4 and a beam
396 ThieNicifihg Wit XeRy BY caritidCHROMIEE theOdanbtimihg 56, XeFD @tchind the

=i 300 PIGHE 39bf 5l STt T Sabdis ARE LA B e te

membramet 3 ham @edaniﬁeraMﬂtStZES GoBiga®d 40 BPadgerdegas08 of the

- n‘fgaﬂﬁ 3&%% ﬁﬂygag:gshé @g;ﬁ%% g?égs%?g?gﬁﬁnm%@fand the

fieisifgjias ipcAntRSS o the P %tress, the curl i ng

and bendi ng of mcrostructures after dry rel ease was

Ui 9S50 P, e L5285 i

Reinan apdotmal T g:iatfonnsaoec’a meashreﬂxﬁrst fotioveedGyNh<SEmMphd 304 and

| mgzgrf%%st r atzné Spﬁ% easi rﬂ’J ‘g{'cﬂﬁgcgbﬁ% gﬁ%mﬁﬁ?m has a

stEane ! imgneitd g §2%1ng a{w @tﬁ@ﬁ@hﬁﬂbgﬂ'ﬁlg flhq—_; Rhenay o ensrty has a
and Qiggd#tcélseaéer S -h(g%é/ngg&gf%{ g‘?ﬁ){ ﬁ'g@g?&@%lﬁ] n 5F|eg)3r he&ls 3
mapeptepweak S uensty &t SEOLGY A3Ee PiTEE 319 A e Jenkeebos
:nmw ofSEAN) atcEe6@tm g ramaraiaﬂe) hEwever, me released beam 306 has
er [ e £ r.Q
g HErIGT B BRSh ey 4 5615 Y Lot nialStef o b Welakest
:ntqosma}t@O W(shasmaetah Bzmnm Eppharion dine of Galyen SP| syhsteste (e

( d r
o5t 57 Rl D GHOCET O 3 B o i

Wﬁ%‘?&r‘gﬁ’r@nt’%‘"@ﬂ&'ﬁe gEthe upealeased (Galt PPBRRRY EX [§gimilar to that of
the Weiessed Hemrmm ﬁ&bﬁgl&tﬁéﬁbﬁ%@mmcﬁﬂﬂ@am but

g AR o e oI il 8 1ol ot riensec

fraro St Skovpdeybr drxtisbain)q tiawill bg appreciatedTihat aslongsir dustan ¢fsXer;

ateﬂﬁé :ﬂ%ﬁaﬁé fﬁ‘;’éﬁ of different menbrane sins
. usl gstan a{r'%'{') otol 1 thography and is etched for a

period of about 9 mins to a depth of about
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15 2.5 gmusing constant process paraneters of about
20sccm BCI 3 flow, 10scom d 2 flow, 500WIC? power,
200W RI E power, 5mlorr pressure and 6C tenperature.
Subsequently, the sanple 500 is subjected tag,

’é’ﬂ?’\%ﬁ f the Si handle wafer for a si ngle pu 007000386
progressive timngs. 20M croscope i mages of the
sanpl e 500 etched using XeF% or progressive tinngs
show a change in the contrast of a nmenbrane of the
sanpl e 500 i ndi cating the presence of an airgap

BT o Ul e 5 Sl o s % e

reléastid mmmemm\ees&mmmmmaf thesiamplec§0 shown in

F%%%grzae)% 606, 608 and a nenbrane 610. The structure
ié C g\'acterized usi ng the 25 m cro- Raman

technique. Figure 6(b) is an intensity vs Raman shift
gr aphHigale () it EEX ung‘dsmaam SiRRRtUNdeT seanpiedtaN cantilever

SR o Ml F, R S 55, ve

showing eaemrgsmandarcbatrm GeNNibeams ateched o mestanding. merpranes
oRl @%( thfin! THSSEMGhbsused FEMrés Rfe) and (d) show

mn beans 606, 608. 30

@N@ﬁmm S’GWJ'es pftabeﬁtrv e thighsesswith zilsgps ¢fiabout 200 nm.

pl atform 604 has a strong Si intensity at 520 cm
(see_nuneral 612) while the E2 phonon_.intensjty of
Ca FIgH ek TR Bs PORTRY BEoK TEnpiRRARLRORIT T i 100 of
F(g%e,&z(éyu PRl 4(1 13 Rafan sidss prmteeaamhgmagmmrmrejsemahdoo of

FbiR e Lpina e rosrons Soga PRarh A oy Sralfd e gk

fre@fandeRBaN, it\cah v cmtﬁnhed thiatreSishiftat phencn\pepiss &.4.e402 from GaN

O\Ng%ekg@{ |@é?é§ [ n(gluec ati n%‘g%tg %‘e&%%de?ﬁ%lsﬁg&sme am?t‘j'":t:

mmmssam bg@@ia&adeusw tbeF.egcnteéswm =h&e we@ﬁ K is
%hs&&s’ang} Sy 419 R LR G Re el dufkRientsSnGiv tith teGaN
t bser

vat i ons after etchin on the 5 MOX
releazeq by ufshe det RICHRG 1§ 3RBPACEING %’%’%S 51 ng
s@‘@& vERAHOh AN HB N fRickaSdédMemBiaie 1282 (mgureafc}hshbout +0.110 + 0.2

L SR I i 5 B o s o5

uicatcms IExyerifdmp ma by a.:singts:monzasommmemnstretea @il eying -

f Fi 6 6

ST Brrlen G UiEocii ot oy TIPS 5% Boider e
rés{ciupl strae infiBe mﬂmm SCNt‘lé ft)smb,mne wasdoundcih &g i thgdsige| of about
0%9) &) 588t VOGS ﬁuﬁe Féiiubétg?é aé&ﬁtot;.eGPB Gorchb @85 of GaN

man neasurenments show that the GaN rel easeﬁ Xstress,the

graw astthe BR g @&bﬁﬂ&&@ﬁ#g@&%‘&‘gé prowtr

cmgend RAKing T EmiBlos@EGuUME it idan risasshwadSdhind etoeimse heen
nenpr ane 610|s about +0.15 to -0.10 GPa whereas in
mim GaN'Si (111) platform 604, the stress is about

O 65 0.05 GPa. As this exanple enbodi nent relates to

a0 1 picRss
the ﬁl Icq:%ess ﬁ%%ﬁ%‘wn Hirrhl ;'S')?‘(?g the tht§lckness and
chefracterizations (cafyied odlier 3 Re ﬁ(%l 'b? @Eﬁml ons are used

to control the stress in the epilayer. Figure 7(a) is

a SEM i mage, 700 show st andi n cant.i |

St r LB B0ty BmgP RSTADSr: SPRES BRTTAEgY § prgied on =
Galdayer fobed Wﬂy on gdbulk0EK 14 N p substrate avithoust plepesiiing fan agdiinnal or
23 run thickness where a Si layer fromthe substrate
504 (Figure 5(a)) has been etched with XeF2. The
array of cantilevers seen fromthe SEM i nage 700
shows a change in contrast in the optical mcroscopic
I mages of the released structures e.g. 702, 704 and
the platform 708. However, w thout an etch-stop | ayer
(e.g. 8102), the entire Si 25 material fromthe
substrate 504 (Figure 5(a)) would be etched w thout
any maski ng st ep. Thus ~one reason for prefening 501
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30 Figure 7(b) is an E2 phonon peak intensity
mappi ng di agram of the GaN cantil ever structures e.g.
702, 704 of the sanple 500 (Figure 5(a)). Figure 7(c)

W 2e0shpafse stress profile mappi ng di agram of pthgciseiooosss
cantil ever structures e.g. 702, 704 of the sanple 500
(Figure 5(a)). Raman neasuregents show that the GN

rel ease by XeF2 WO 2008/ 057055PCT/ SG2007/ 000386 23

d oach| t owar dgs .a es

SRURERE JeRiana, P13t fre el b cry etching for

createa%'de eva;raps bed/eam !mtfnudteuinmgsmedgmlcé’l(ﬁabﬂﬁ)ﬂdf freestahding GaN
e LR8Stht Byt N S1 (111)

'B?'gtgég‘%%'ﬁ %gﬁt SRR e L N S S

thi s exanpl e enbodi nent rel ates to GaN nechani cal

St I UGtiglire §(aP & 2 siHémahid &%g&mamdsﬁﬁn@t?aesaﬁnﬂél 8o Bb.ﬁéfr&ﬁ@sa GaN

f. bul. 1(.111 f Kk f th
Rl 507 5a1ing B iekstembaiin ANChEe By ot P  SFAT bpabstate
504€in teregsmpie embdiimenti Tie)@N efiayertSi haes thidkfess of about 1.7 pm.

If“@frg 5@3%5? resﬁ%ﬁ%\ b‘t"d%%?tr a?%@%?%%%“’%w of the.

awr@ieo ARG hedstraments stchuase K-k iiffraction d'odgnm cunvegs, transmission

I
A48k, ey d e 30 s ot

fog RAbHarP i an byl S, awmsesymp%@uanw

materi al of about 500-600 nmthickness is sputtered

"5 b 0T B T e B et plbent e g

» ﬂaﬂtdalemmlﬁbommnmmch“éﬂ dorszapagiod oBﬁlﬁmta) minis ts @depth of about

Y che St roce e of e B B 7 ko e o

5QﬂW| ri'ﬁ%r power, S00Wy UE apewergOBn T aivessure?GOANE°C temperature,

S‘uBﬁ S l t
0855 R SN B e AP A6 gihr o

er 8 of a
sf‘@ f)""s§t?f8) EEUved®NgS s. on the Si 20 overlayer 806).
W t hout dep05| ti ng an addi tional or dedl cat ed

22" bl LR o o] BT i A 5 SRS
shaw @nthegoe us |ihe septrshivb d membrarteeofdmeusampumusnmupd:caﬁng the

pRGEARTE &R aﬁ{;‘éb dc&nPérQﬁg@%@ 24 B S(g)?'%% 6@} is %_EEM image 600 of

Inherent' S "overl ayer thicknhe
adpiggsedsGaN pirustyre S03; The SEucHiae &08 ﬁgmﬁﬂaﬁsaoﬁiam% released
bé#nee b 2808] easdawdembraﬁe 61 0-Thle SFBQGMIGONR rimrRedrzed G the

bet 7K and 50K the O.l ayer 808 uttered
e el B fignony: 1Y, Rere sl o, shaing the
MRpmdmrspefanUepﬁaesur@atar t(aé)AE%)N etuche B2 ( The speuterfa:lm four

bbb R Yol o eckol shilfls o3 od BRFLALHS felrbieil oto

anedngrsueeduTae platformic$ldqls mpasured ivst tiolbwe by Shermembrape 640 and
the i BeMnPeTh; 8stge free excitonic em ssion (FX) (see

nuner al 812) can be observed at 77 K fromthe PL

spectrum which broadens with |Increasing sanple

t enpomt Elgwre 6(b), it can be observed that the plaiform 604 has a strong Si
intensity at 520 cm™ (see numerai 612) while the E; phonon intensity of GaN for the
piatform G04 is the weakest at 584.9 cm™ (see numeral 614). For the released

membrane 610 and beams 606, 608, the E; phonon intensity of GaN is the strongest at
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24 Figure 8(c) is-a PL intensity vs wavel ength
graph show ng room tenperature PL spectrum
measurenents on the ZnO | ayer 808 sputtered on the Si

ove r 806. Figure 8(d) is a cross-section 71000386
Pz @hgh iy

5% he sanpl e 800. 5In the exanpl e enbodi nent,
the ZnO | ayer 808 is patterned with features of
varyi ng bridges and cantil e¥r |engths using
' standard photolithography and etched for a period of

88809 tm2 OEéd furheraft SRD1E18 0620 hapbciOQP) WilleUthibI®S intensity is the

??aﬁs%a%o@&m o PirmtiEs i Pt r s rsretiai) Riating that the

mﬂeﬁymg Shifldt y handiss waise sabwaﬁcs%mlraaﬁﬁai}d'lasmn sinhedethus

5 S%ﬁ,@de ﬁﬁl%{ ?&e% e@hl GaN. on the
overdlga er for ses of about 100 seconﬁds

&y@x SOl (100) mpg%tpé\rﬁbe‘é 2 {ie, camppre FialEL @l Gl megbrngs with

aﬁehamr ar8 Ui GrbetitendBR 2R tol the tiRa IpendBAR GFdteiticethe Si
8 bef ore XeF2 etching. Figure 9(b) is a

Tope i mage 904 of the cantilever structure 902
of the sanple 800 (Figure 8(a)) after XeF2 etching.

n oomreapre ?ﬁéﬁ%‘&? Piepu) oAl Blore 1 % 000 Sructure

02.pf Figyes ﬁ(ﬁy.Fmgma ol en FiersArgile, gaeging, diagramypl the GaN
&Qéu&d%u@taf Eigtke?B(h). MRS Epasmaﬁ angtshy &tltye etidtiesitiewails are slightly

%Pg%ga ects ar 8 vedr?%g%ﬁuanot :srﬁ'a%?%?%fe?m release
m;nméfhzedry @lmtml ie ﬁﬁmhin@mmmrmm@empmn meaknbe stress
t t
B L e 816 A 0K s
180 Baléi d1 1) platferm GR4irthe tsmsze @boti 0-RF HP OB S rfwrinis exampie
e H&f?ﬁ&&s 1¢ "8af¥Fm A e@%%&vg@m%d 2nce the

cni been use tO eva uate the resid

tbwtegg of GuikcBI(1HY iy ferdt e tthickneps 058?%/ @F@'s'ﬁmﬂ ¥R intariayer
&ﬁ&ﬁé&aar@uéee%%kﬂhlﬁbl’sﬁﬁéw .0. 15 GPa was

neas romp on_pe hift .an
rel at |’96‘F? ;(31:‘8 a_é% ’m# ?dé % tfﬁggﬁ'?ds%rg?r? g%nzﬂiev?r
4. @702y 70¢ict the sbyipie. S00dFigueS6a)). The SENCmeys G0 shows an anrgap 708

aﬁ%\'}ﬁg% g.l%ﬂ#l&g'%sg %ﬁ&% 3% %VEF ﬁ‘él%c oé]n%ﬁ:n@ﬁt;g@ FlHFSS Ras been

dichetihethnXefe, The amay oblseniiavers sérmt Tarmdhe SEM image 700 shows a
change in contrast in the opticai microscopic images of the releaseci structures e.g. 702,

704 and the platform 708, However, without an efch-stop layer (e.g. SiO,), the entire Si
materiai from 'the substrate 504 (Figure 5(a)) would be eiched without any masking step.
Thus, one reason for preferring SOI wafers aver bulk Si(111) substrates is that the
thickness of Si overlayers and underlying SiQ, layers can be precisely controlled an SOI
wafers during substrate fabrication to control airgap dimensions. Residual stress can
also be controlied using pre-defined SO! layer thickness.

Figure 7(b) is an E; phonon peak intensity mapping diagram of the GaN
cantilever structures e.g. 702, 704 of the sampie 500 (Figure 5(a)). Figure 7(c) is a
Raman sfress profile mapping diagram of the GaN cantilever structures e.g. 702, 704 of
the sampie 500 (Figure 5(a)). Raman measurements show that the GaN release by XefF;
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30 rel eased structure 902 may possess sone tensile
bendi ng stress of the order of 100 MPa and this

stress is nore likely controlled by the

cantil ever/bridge di nensions. The bendi ng stress has
waYsRdsasdi ti onal variation i'n the phonon pep&r/sG2007/000386
positions. Fix the ZnO buil dup processes, experinents
wer e conducted using $Q sugitrqtes with Si overl ayer

t hi cknesses varying fromabGut 100 nmto about 3.0 pm
Inherent to the 25 substrates. The growth-induced -
dre sichinglis appreashingdewardam gtress-Tagr ghongrp peaka Aie stress variation in

RS GANE rdidasdd BarifiVEre stlciddiobly, 788, 102 Bbsbsut 00.45 16328.28SGPa
the thickness of the Si overiayers varied, A Vg;(%é Cg«lsth'
O3S gs tis

whereasdn the GaNES) (1 41) piatformh 08, tha,ftress israbovi BP 7.4
dxBrmpie ntbetirehe roldhssl 1BUSHN fetiRmicapithetureteat bk SE ©aaRd since

pie

dry etchi .resi,dyal . stress . ease
oo b Bl B0 R, RGBS o e TR bl hefever
cahditions -20¢ 0$dGPacontol the atress . i9 thet érflayesn FeOtheptesuiisorefisence is
e Aoty OF a0 "MIERINR, prdbihG 3P rdsRubICHREY R recRfindifg GaN-
geonetrical dinensions of the mechani cal strugtures,

Frd icTmasbanicnl Staigtuses falricated by a gy relense terdaiguR  J- ARRL Phys.

16n@ekeameecgn SOL 101 n anot her exanpl e enbodi nent,
ZnO is sputtered on bonded SO substrates. The
substrates can be 2 or 9-in.-thaneter comerci al
gr adin &rmiike x86ble Embodiment sising g corwentipnal R Magnabion system,

V] . &a@gg OirRuciBs i1 é{é@&p {e‘ﬁﬁ t
ﬂ% Jtn%iégi'a%%bf}ed 1 %63Plgyﬂe?r, ancfng‘3 [ (1?) .gﬁtglgm@ésm
(E\idpetersal e (about 400 25 pin thickness): The
orientation of the SO (111) layers are tilted by 0.5

- 40_off axis. Using . i onal 15 RF
Ly OLBL B)§.0 SR S W, 2 e

egiboditnedit. OThgnsanese SO0 | aomipyisess as SIMOX 3D (i1l pstbsjralend@ that
_ | _ . ; _
oHifeb 3 o OB Bk g o Y rd e
custietp 806 o Bkt AT thiskness e Samm EQ0 S SePases a 20O layer
8bd G4 ddout lBOne & 50 te’ SO BB (8 19 tsuB&rdtd 802106 SonMe Si

i nherent. 8102 [ayer 1004 . of aboyt 2.0l un thi.ckness
CAREVSI PP h ERER CoRS Y & i o o eth S M

t hi ckness. The sanple 1000 further conprises a ZnO

"l aye 008...Qf . | ' s

s oy R Bt s o LAHLEL At Rkl R dihpdtusl
separgfedifoat d¢ denigs buiidium | procepees and Thowmvided by #|copteot of the
“iﬂ@érﬁcéi%%y%m&kﬁé&& control of airgap thickness is

advant ageously separated fromthe device buil dup
processes and is provided by a control of the

| nheFigire Sib) Qv ef | ALY Gritedsity ObeN @&Felength graph showing temperature-
dependent micro-PL measurements performed between 77K and 350K on the ZnO layer
808 sputtered on the SIMOX_SOI substrate 802. From Figure 8(b), a sharp donor-
acceptor-pair (DAP) emission (see numeral 810) can be observed at the low--
temperature (77K} PL spectrum. The DAP emission fades away when the temperature is
increased to about 350K, Simiiarly, a narrow band-edge free excitonic emission (FX)
(see numeral 812) can be observed at 77 K from the PL spectrum, which broadens with

increasing samipie temperature.
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A 77 K PL neasurenent is conducted using a mcro-PL
setup. Figure 10(b) is a 30 PL intensity vs

wavel engt h graph showi ng the spectra neasured from
womesisdssayer 1008 sputtered on the Si over | HMyESG2007/060386
1006. From Figure 10(b), the spectra show a

near band- edge free excitonigg em ssion (FX) (see

nuneral 1010) and the presence of donor - bound

exck t . lowte [, at D
Gonof olE REFS PEin Rl 1 UREIERM S Siowink S semearatre PL
saectmm rreasugaIents 98 the an)lmzer 808 3puttered on the Si onerizves AR Eigure

- RSB lockdil NP oF 1l WihpicsoBat e ned wi th

atures of varying bridges and cantil ever |engths
usi ng standard photolithography and etched for a 7
per i mdhe fexarnpid temtddifients the ZROAYWEr 8081 Is Paterhed wilth [fufitures of

AR 3R 8 R B R Sl By St =

peiingeat abautT Gmins o @ slepthet abelit G20 menéngatansiant n'msawpmeters

t t@%ﬁ nWoic panr@ﬁ/
ofgl?&glz?f%gfgeg ifag’e of a oélifteﬁ‘%gl secoadﬁS Fi gEngW&& E
Smd o PrESEYS 889 of

thelSi dedniaye SM%?.Mptﬁéesbhmm &d}ﬁﬁﬂadpﬁl gure 10( a))
after. XeF2 etching. Figure 11(b) is a m croscope
i mage 1104 showi ng cantilever structures e.g. 1106 of
t he Emmp Réz) mmﬁc@@meagmeg of axntievexetrigciuse 807 of dhe dample

ob g eg@%’%@gg?@gﬁ roef‘]é ?ﬁﬁt%gﬁcﬁ%‘.‘g%ednﬁge 904 of the

catiener rpotyte: 902, 9 the semple ﬁ@t? (Fgie B FHaKef1 gehing Lomparing
FiglireCom) be Fhpe aSd e shardBeinC abttbasSin &e he Mﬂoﬁﬂeeee and

s ?-rgi?@%e%ﬁts%ﬂ"éﬁ%%%f heeravet AR Baiite PR gas been

caphpletbig etshéd.re bridge structure is shown in Insets, In
Figure 11(b), the ZnO cantil ever structures e.g. 1106
are observed to be free-standing on the bonded 801
waf e¥imijgrieffests arecebservpdips anathel Rrempleserebagiment oBnatising & Zn0
brﬂfgeaéhdeﬁd vet Andthert exdnipie” aMpRAINRIAB @6MBikkirighat 5d0h@n ZnO layer
ntrast1$é ngg antilever structures e.g. 1106 is
9ﬁdFF§h & °$ﬂﬁ%%ﬁed to a support structure 1116.
The 20 m croscope image of the entire cantilever
str b
> o FRAIRL bl B 6 o 0N e farner
charagtesiged Using mme&gad spectros¢apybiiid E: mqnets of 310 pbrened @ear

43E0LRT 1n84 bebi) Wb tol Shdilatd thelresilthl SRES diRAD el Zd struchure is
released ZnO bridge structure 1202 of 25 the sanple

Polyspsialing gy reture &)residyd Gpes £b@BoUt & 15, Giay RS RREsYeY from
pﬁéﬁoﬁ aémd driiVad Seifiguht PiiionCAS = &2 0fherel RGStRfpréddfionaiity factor
T A2t e b o eeb o S 09 o

snubmmm tshiuerto #iersybptrat ddinpifanat Furth&mors, it Wes oBfEied that the

o RBCicufe G Rl #op Yl Vit ol tefiny e3P U e of 100

Miga gnd mmsﬂ@ gom Bkebhenpfrolled by thenesptileverbridge dimepsions. The
berbing sBBss’Rusftd 8P addifichal WifatioR i P pidnbn %Eéi?%ésrﬁbﬁs LHMR the

Z"éggﬁ@ibe“al t he can%%%é;%tructures %Pqt é ﬁﬂ?"g'S’

overddyer IMrmw eromsabdmwnu | 10 StouB 3.0\ Cthesdrt do the
shows the cantil ever structures curling upwards (see
e.g. 1214). 27 In the exanpl e enbodi nent, the
rel eased ZnO m cro-bridge structure 1102 (Figure
11(a)) and the cantil ever structures e.g. 1106
(Figure 11(b)) are further characterized by the
spatially resolved m cro-Raman techni que. Figure
13(a) is aintensity vs Raman shift graph show ng the
nmeasured mi cro- Raman spectra of the
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5 bridge structure 1102 (Figure 11(a)). Figure 13(b)

is aintensity vs Raman shift graph show ng the
nmeasured M cro- Raman spectra of the cantilever
structures e.g.. 1106 (Figure 11(b)). From Figure
wiobdnsids can be observed that the two SuppoPET/SG2007/000385
structures or platforns 1110 and 1112 have a strong

Si intensity at 520 ce (seepg.g. nuneral 1302) while
the E2 phonon intensity of ZnO i S the vveakest at 437

stﬁtpésee _nuner al 6"535?%5:5 ﬁ'-[n to t presergasampie

ip they BihyS toﬁlabom emtto lebbulr @45 65Rp ad ﬁ'@m'ucknsb iofj e Si overiayers

gﬁéde?%/g fstrésg ar e%&rﬂg%gwgﬁ%&gr \%ﬁ db‘s coniral the
residual stresseﬁe)r deupe teigase &y dry eiphing. %meweesgt Znﬁ(%eased

caffligierLarkilfldiobridgd ﬁﬁéf&ﬁa&btva aBAR NS mk:o about 0.40
shifts_can_be used to es he stress rof

®fA oy SPhRIatERS T8 YerAtEn i3 P0apd e GRometricl

dimeshs bbmlmdcyarfc&t t;tmmgwetm bgow&n—:?tdutﬁd Ghesz; and Tisi thickness
ﬁ-nl aénb %as been derived using the Raman data

021 app opr| e phonon deformation potentials. The
-elastic stiffness constants of ZnOwere used to

det € {Thffher laﬁarﬁﬁi@ BRbbAREAL, iz & ?&tﬁé‘i'ed &iPborda@ SO! substrates.

cal cul ations, ref erendg i S made
i

dcnesh
30 A i B TRmEtes CommeIRR 'ir%gfnw%% ?ﬁ& Jiuctures
comgrgiind st eqey d@tcéuasfteﬂ ae:aupa +3K5 Lin)thiskHess) 82a510,2.5 um thick .

ouboe S B A0 SHTIAY el 9isR Uttt M0 4 ) AR e

oﬁér%ﬁﬁnlcbf mdasmuget)s%ybgbmhremed bgz .5 R 47 wiffeaxis] Uaing 2 c'ﬁh'aenbonal
ra ortion_l S . mum _Ra in i
Fﬁ'ﬁ%gﬁ’e&’ |"'V§t e Eﬁédpa%ﬁgvﬁ@@ﬁslo?oﬁkoﬁa%%%@%m 18 pm
réspiaghiveig islépitigrpd difidetly ords teindsd BOEsubstratéshe

pol ycrystalline ZnO varies in the range of about 0.22

to 0.11 25 GPa in the support structures or &qatforrrs
1110Figure110(7)i$ gschematicadiaoramdiiusiatinga sHeRiR 1609 ingthe prample

enbSditeRMIhé ishiipie 1008 %mbﬁséshs Sﬂﬁ?%ﬁééd&‘sbl BEbsHRR). 1ob2 that

was found that the str m
inchiges afranaareeth i avgF JRPH 4" Deiate (3 s hdrent S
ovérRQSt 1081 G GbbRY. mts mesé oneohah@;ehmoe folitiek @omplises a ZnO

stress val ues. measur enents show_t hat, t he

iatyéhépﬂse Uf)é‘ﬁ@mn%ﬂgl‘ rt@’é’é"e\?ﬁr?tpé@e"eﬁ ahive, Jngeerigyer 1feg, without

deeb'i_tm%@n afdifinaldraddditatdde sddrifieal iaveeli ng 30 cantil evers
1106 (Figure 11(b)). Geonetrical effects and

growt h-i nduced mechani cal properti.es may have caused
suc hThusy i willdiel apprecktetiitbatdne domtrul ofraingamithickness isadyantageously

ol 5, BB 580l U & oRMISBa o R) oo e

u roces
"inherent” Si overlayer ess.

A 77 K PL. measurement is conducted using a micro-PL setup. Figure 10(b) is a
PL intensity vs wavelength graph showing the spectra measured from the ZnO layer
1008 sputtered en the Sl overiayer 1006. From Figure 10(b)}, the spectra show a near-
band-edge free excitonic emission (FX) (see numeral 1010) and the presence of donor-
bound excitonic peaks at low-temperature (DX). The donor-acceptor pair emissions
(DAP) are much stronger at 77 K (see numeral 1012).
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experi ments were conducted using $O substrates with
SI ovedayer thicknesses varying fromabout 100 run to
about 3.0 pminherent to the substrates. The
rowt h-i nduced 28 residual stress was found_to var
Hﬁ?e to sanple in the range of about EC2HG¢
about 0.45 GPa as the thickness of the Si cwerl ayers
varied. A vertical stress g28di ent along the growh
direction was found to control the residual stress
after device release by dry etching. The residua

stress nZnOreIe sed. cant]j | evers d mcro brld es
was 5P ﬁ’&’mtp!f’ ’T?”&rﬂe%\g(‘}& faygy. @gg res of
Garvifg mwmm’uﬂwmiéngmmsanﬁhmmaﬁlmmm@pmm dichbd for a

BisE ¥ st PRI bl ot B B s ok B atamoters

a’n@bquhéoschmcﬁfﬁeﬁsw ofﬂsmm Up @oivapdd¥ I10R ®@er, 28Wh RIE power,

@éHa'eﬁci’éHBégé nfhe%h% n)‘g Y infletd 99 xL é‘ichmgof

Sl (1113 substrat es. e exampl e | ment,
Omwﬁp%wfem é?“é}“%truct ures before and

after subj ecting to XeF2 dry rel easel etching confirm

t he t,.etchin opt | mcro . L mage '
(not TRETAD § Ravefskese Trabk LER SRR LR Pt aghaue 1102
afdhe sem@a 000 4Fibwre rmt)@)bl aleri ¥efex stohiing :Hiw e} is Aanicroscope
:%Sﬁﬁ‘noa! SHdwing cg'ﬁ_t’@}e}'u éémgg Qf@sﬁgfbsﬁ @aﬁnﬁi@io&ﬁﬁgdém(a))
Fher Lefosichingdn ﬁquwé (@) han(y bridge spucire E)Iﬂ%RS ohserved yo be free-
Hnfirign/the Bohadd Sdribrer \Eﬂgﬂé Strdtire 11 105 held S émse‘:oe 1108.

G0 8 o A i e e R

@hpirtiGo anppod Isthutthirds 31 m; rH tmamaeamckokdmee imzherof thet entire bridge

. . |
FyEt0shdinin fikeal|nfaind 1 7o) tho 76 oileVdisyBlHE W, 106 are
cbrervegiede feastapding on ﬂle ﬁ@dﬁ@ﬁ%wﬁfﬁa‘mﬂ" the cenievessimgiuges e.g.
A U@Q@Hr@rﬁn erd€g.36140 ruom 5 Gobdrdd hab®b lcodirabt RMhe cantilever

hi f buI Kk shows a residual tensil
potieh <1 L6 i e JoMgT 5% RPBarad 51 BHPOR) U116, The
raicrescopé Afddge b1 G, erirﬂéz:amﬁesténerhpmhteeisnaﬁwatm Unsatrgest can be

bRstva S ool Bahdrebe B 380 |t ok oty R gue 1o
bl sieess of thp ZnQinestegial. he 50 prn | ong freest andi ng

m cro-bridge structure 1402, a variation of the
residual stress in the range of about_0.33 0.03 to

bouFlagres g 5 Sabbinase: 1100 @R BRI Boe AR 202 of
the Btﬁrlnlﬁig \%eoo Rﬁgmﬂ tg{g)g £ gibé.(ebhz(bal i9 ggsemgﬁge nwéa? df oR@htilever
<Fiinen §6° Lob, 1208 of o, ol 000 drigfle Bl s BB e 200

btidgeasioture01202 is Shodd tGIBa abaut 78 pesthickedtedn éirgzp 121 of about 3

5 B <o e, O e BlrscHBag SRR oo f e} °me 1200,

theOGantilsyerastsibimgist d.4. mghmoavammwh ib dwesdbloat 25predhick with an

ﬁ% edﬁebge?‘p ?'h'éeu'@a lo&\/t@% és‘} r ucfeﬁglggg e. %S%I\llsqu% &8
1296, y1@ﬂ8 arroturing enveangs éfherﬂiﬂdu image of Hur&meﬁanﬁmwmucture is
sﬁ&% i 1REeR %f WhikiR alsh 3Rowk HERGIES Smﬁbﬁ@s cafiihg’ ﬁbﬂér@é (see e.g.

prow ded on Mbon. The nanocrystalline di anon
m crostructures are patterned by |ICP etchi ng

prlor to XeF2 etching. For the ICP

/000386
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5. etching, Al hard masks are used for dry etching of

di anond with Ar/02 pl asma. Figure 15(a) is a

SEM i nage 1500 of freestandi ng NCD cantil ever

structures e.g. 1502 in the exanple enbodi nent. The
WoDossaRtdss ever structures e.g. 1502 have beemrCt/5G2007/000386
subjected to about 2 mns of XeF2 etching. A change

in the contrast within the agea of 10 the cantil ever
structures e.g. 1502 can be observed in the

O BB PR US et 2hO B g o2

1590e Fiajlmad 116¢ biantiisven BiMiesngg. 1306 (Blgum 11(b)) are further

ﬁﬁﬁ%gﬂ#ﬁgﬁ%ﬁ?é#ﬁ%%@s kT s?‘*éz'ﬂ" " TS 1340 = =

RS Vi Fapee ehiflo g shovingrithes Mepsyted migrpdiamag . spectra of the
ﬁfnrgegtﬂ*ubtgmtl )2'8% C{gig%zbaﬁ(a))é\ﬂﬁeghrdﬁ@(h? is2d g@er;]@g Ighﬂa:héd 89 graph
Stru S | '
BhciTG e e AP e leTe. Sftbe T, Frongs o0 1108

(Figurer ﬁl{b)} Caom diggige h#(a)p ijsan be dosaervadibatSEd/twamgeoril &Q6Giures or

| £ 18hasl DR
!r]n cromac ani c@l §st r u%:t urgSt&%ﬁyW% (aeee’g Aumeral 1302)
Wallerthe-Fcrtiongn istensityeot ZnQ) isdhe WaalresbalA#F Icm” dpRseg- mumeral 1304).

Budrid He prabérice adfl B8 S4iRRF bahdn é@%&vmﬁb%m@w Béycrystalline

RSy 305 1 0O Ve St Fabarkr PER pfigps.con be cbserved.

Eslgniaraﬁ’b&(ca)) b bseresdiam Bewrti18(b) SiEthe cantilever 6d@:tures e.g. 1106

FRRM Al S BB, Ao SR SHHELE bt e BERAR o srss
w@w@m@@emmzwﬂ K ybersdOB tbhgwpmrgonaiity factor given by 6.7
B8l mhY §hid Irdil b PaO Bﬁée(nsgﬁbrggl sir t H\ b %Q%G%nﬂ a%[:n%pnate

e.g. 1604 in the exa I gure
%\"OSEI\F?«fﬁﬁ!@?@Oq@?@@ mgge lastic stifiness constants of ZnO were used to

GRRnniinG Y198 SroporiiGalily Ghdisr! Fertind bAiELRatibhs, refekinké!@nade to Vicknesh
L A X p—-
am§if 1) sybstiates® AppEBhysahelt 80,c0919¢8 {2807). t r ansi st or |

(FET) m cronechani cal structures are provided. To

fabri catefghotom ¢ and nechani cal sensors, - .
f r eeFlouivdi3(e) i EDRamAR) Mapeing didgram tof (5. AAonant Blessiyrie the ZnO

rﬁla‘Bth?ée‘g”dlgﬂjcﬁﬁ‘? ahgzn Gﬁé‘;r?g'"ﬁa%ﬁ?g??g@gﬁ gﬁﬁ?g 1§@a shows maximum
i e L LR T B R N T TS
malrasmmat giheat frothen poryciyblausmanolvariesmqﬂdi ;ﬁg@é of Eﬂxgun 2[2: [tEOTO 11

G kel Sl Sh:L olbghcARE 0| (118 g8 ANtk o
ﬁinwe‘rbe(awmneﬁm defaciatthe [Rilypayssallird Z0. |It9Masaiwnd|tH1at thelstress in

i %ﬁ‘é’“ﬁ%ﬁf‘léﬁ%ﬁ‘ig’é% 8 P P B e T 97 g/l fiestancing

RGNS derf fpundfodiave differsas sﬂregs yalugphtRaman WP@%&‘E ghow that the
tangioiending 4tréstoxsiriBginfthel raf g bF A 035 & 90.09 G2 indRe fedsfihding

cgllh?etvgrg'rm&sn(ﬁgr&?e %((%WJ lc.%o%%%gf 2%1&3 snd growth-induced mechanical
properties tay have caused such a variation of the gradient residual stress in the
freestanding cantiievers 1108 (Figure 11(b)). For the Zn0O buidup processes,
experiments were conducted using SOI substrates with S overlayer thicknesses varying
from about 100 nm to about 3.0 pm inherent to the substrates. The growth-induced
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10l n the exanpl e enbodi nent, the underetched

structures are created by the XeF2 dry rel ease

techni que. Such mechani cal structures are suitable
WOhodaRefesi C sensing. Apart from using | nGaNpGasiz2007/000386
Al GaN GaN FE cantil evers can be fabricated on both

bul k silicon and SO pl atforgs. The undercut etching

of the nechanical structures is highly selective and

h. o] by, X d
08 0 5 B8 4 P b o0
aboahpie Ciﬁaba;dh Seavetiavtey wedm\ yedel |sg'ass|_ﬁg;iient
Sbid 'tk Yrdwin Aircetid Qélé ﬂﬁﬁd to bHtOEhe $é5‘?&.lal StredB 2R delits release

m CI‘OSCOpI C, | 0 .of. m crodl LED structures

B, G Sy The Bl STRR% 0 O BISaReRL PR TETRyR 2B T piass was

urtt-d uargamno ashuiams @sﬁ? to’lébdﬁtnb gmah%d.ﬁm ﬁ!ﬁtfdual (t; UThe Yvatiation
e embodi I

& ol Frpt, s HeRTHRTLeT S P e Frdidi B B gpdonanica

HYrugiyressihe M—*&W@d siresspwu the ﬂ\!qkawmf the 4nColayarsen SOL.

m crodi sk LED structures e.g. 1806. In the exanple

enbodi ment, the vertical mcrodisk LED structures are

processed 25 with top p-bond pad and p-contact

met alin bediidr @Ramplé embﬁiﬁé&?ﬂh@ﬁé Mﬁvs&écﬁéﬂ bialk Si{111) substrates. in

e FeB€ BB sl irnent o0 it S Baflgref e atre anc
afuaammmﬂ doiXeEEBy mwmgvmmmset undetssth etghingveln| eptical
ot %ﬁrﬁf‘ bﬁh eUifi tﬁé‘@orﬂfa@?@rgﬂ?&w to the ZnO

[ nt enS| t en conpar e craostructur
‘@“éﬂtﬁsﬁbﬁéﬁe U’l‘ﬁ%‘ﬂ‘9 i g‘aﬁﬂa‘ of fge substrates has been

@yﬁa_tantl al inprovenent in the visible light 30

extraction efficiency due to selective renpval of Si

by Xer2 etching shows potential applications of such

m cr Gijusk14(&Ds afSEM (pEger1A#00i df launaieasdd D@ biidyessirotture 1402 on

Hﬁl&gﬁ fﬁLS{Aﬁanéltrgpg: > gﬁ:}’@ 1%@&@% ééﬁﬁ Q%{ﬂd“s b &nitever

vty ieedy 143homa bulk FitA helatferm M"@hé’hﬁ emqnsﬁg of airgaps 1414,
1346 GRAbbuf 2% MDA driddhd ARG duf 3lchiRB % ciddly visible for the bridge

structure 1402 and the cantilever structures e.g. 1410. From the Raman analysis, it is
found that, in the exampie embodiment, the as-grown ZnO film (about 1.7 pm thick) on
the buik Si(111) shows a residual tensile stress of about 0.55 + 0.03 GPa. From the
platform areas 1404, 1408, 1412 of the patterned structures, the stress vaiues remain
substantially the same and are of the order of about 0.52 to 0.55 GPa.' From Figure
14{a), along the £0 um long freestanding micro-bridge structure 1402, a variation of the
residual siress in the range of about 0.33 + 0.03 to about 0.42 + 0.03 GPa can be
estimated from the Raman line scan. From Figure 14(b), along the 50 am long cantilever
sfructures e.g. 1410, 2 variafion of the residual stress in the range of about 0.29 = 0.03
to about 0.40 + 0.03 GPa can be estimated from the Raman line scan. For the cantilever
structures e.g. 1410, with an increased beam !éngm of up_to about 400 um, a sﬁthIy
higher value of tensile stress (ie. up to about 0.43 + 0.03 GPa) can be ohserved at the
edges of the cantilever structures e.g. 1410.
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process of such LEDs can al so be useful for
m cr o- opt omechani cal systens and resonators. Figure

v},gzmgmsé:henati c flowchart 1900 il ustrati ngegisG007/000386
tho

fabricating a 5 mcronechani cal structure.
At step 1902, a silicon (Si), based substrate is
provi ded. At step 1904, a m%r Onechani cal el enent is
formed directly on the substrate. At step 1906, an
undercut is formed in the formof a recess underneath

a relgaged palt! 8o cA-RMRHrodstall
step 'Tg%g g}r ecegfs %%?g?r"‘r‘?ég I'n taﬂ%%e base staline
damend meehanipgl stiuctures arg proMidesher aificona 1he é\anocrysgalrme diamond

fhudtured dré pafteriddisy T egiiRg pauTte «eayemng. For the ICP

s i
Q@%@ﬁ%@%ﬁ%ﬁ%ﬁ&% ik PBro 2t gamon kAo er

realized on SO substrates. The SOl substrates can be

re i
e M4 S R A St e
4507 1 dnecasolipribpdtnh e (N2 Falver RS 0TI 34 been

Subjeeteiab 86oR 2 rihi Eﬁkﬁqtetamgemt Hahgs 1 taaaomumm thearea of

@E?%h@%fer“ e B HORE e e optensif g kg g, 1504

$hopadn tie M\‘!‘heuhshgekiaﬂﬁwpﬂaﬁtrcam alee o8 ohwvadrm thed¥EM image
iébﬁ Zn(My) 0, Zra(Cd)O, ZnS related material s of

gl e and heterostructure configurations with
varyi ng thickness. The types of 111-V w de bandgap

R A t'm?*ﬂfgmﬁ*‘“%a“ﬁ”m“”?mmm
n rel ate materi alL,s o I N e ruct ur.e
Bohe isgamele iegieedimient, Wsﬂ%‘ﬁ s 5%3“8 Sybjected to
Mﬂd QlﬁB@bﬁXGlee?t&ln@ Aapipdnige db e éomtraq‘.iodrw t)-otma pfrtbe bridge
n nan rysta | N 1
SRPRE Tt o5 Rk Fedin R ey IR84216 3hgum in the ncet. The
ciiang in\the contradt tan aisqvbel obspavasiia thel %Mmagasﬁéeﬁ to

real i %P&\é%:haa% dRidri CihlT SiBmER mikirShibdhanieanitiuekteed1502,

reS| stress after sacrificial etching of 25
ﬁqalﬁf%ﬁ‘“hﬁﬁ@a@’%%n of the substrates for dry
etching are exposed via st andard l'i t hography

i o DR, “2enR HRRRae, B EbaCrags P ¥pE

ssaltds cremics! sapaue ldepesitinr @N@qum wigrasryistsilling dismostd ff!ﬂcha"m

i I:E FEP% éé %%ﬁ% LE%SOE bui% Si and S thet rown
pmmmﬁ@e m@xaﬁﬁm@@mﬂ% the, x2NRIg EFWE?GFB*@L Figure
YEeis Rl ﬁfibgaqwﬁwwﬁstﬂhr@rﬁiﬂmﬂ?ﬁﬁlhﬁaﬂtamond cantilevers

%%LE%@&nﬁ@e%%@ﬁp@%?&ﬂ@fﬁiW 0 Cis U KR meoe 1608 showing

WMN{mI&BWMEb&BG@—WDEI thﬁqwésj ®f.f 9608 in the example
g%%lmstors (FETs) and high electron nobility
for s (I-1EMIs). WO
2008_1057055PCI / SG2007/ 000386 32 I'n the
descrihhRsherSaRbR PREMAMERGEN-vabe %apémﬁag idikde (LED) and field

rel ease of S| and SO fter. the 0sj tJ an
iRt PRI b Berort PSS 78, PO, T§, ftretie fhonic
hﬁ@hﬁcﬁdﬁﬁi sefbues, freestanding DEDS and deid effecs tramsistors aredalirieated on

tti Hﬂhermal m smat ched naterials grown on top
Biﬁwgd"g;?] ®®sI After device rel ease, a bendi ng
stress conponent
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5 appears and is dependent on the |ayer thickness and
geonetrical dinensions. Such stress can al so be
significantly influenced by. pre-designed

growt h-i nduced stress. Thus, by controlling these
wohaRt@ss, nmechanical structures with predi ste8G2007/000386
stress values nmay be designed using sacrificial dry

rel ease. 10It will be appregpated by -a person skilled

in the art that nunerous variations and/or

nodi fications may be nmade to the present invention as
shown in the specific enbodi nents wi thout departing

f r oOmFigam 0a)Nis &n opticaionipresaipetifage 1702 showing a4 Ebrmiaistyucture

GRS PR b F vl SR, B0 T Ml il Pl e

gHorplical gigrpseppey image 51 706 showing mewmd@% ena buik silicon
difofh ofle 3PP bebbtimhet OBGurlyidYR 2h o‘bﬁ .&a%b@nhggel 1710

tructure conprisin S|I|con on- ulator
0 2 LED ot R cmerahre 1758 S SOL RIS i, rauergemple
dpabadipRpt. F@tn&ﬁl?&l) ls‘ an cﬁmdalimd‘oé@pé linyagerf mhmmrtgsmw:ﬂlevers

S%qg %&J%gs mcr %x%g‘?]ll W@F@nén[eltﬁgsﬁgdercut

being-in the form of a recess formed in an inherent

S - P68 ke efbodifisiy tStGE uRHRShe Sructuid A irBatdd by the XeF

t hi ckness of the Si oVedayer of the 301 f‘?d%fstté’hm

dry seleasp JeBpioye rSuEh 'E?ﬁ‘?? | StgRures BRheHiaD QRi¢ SESING.

Apﬁrttfhﬁal ltm'm‘g mebmimahw@aﬂnwil' caritiavers reah Wsrfabricated on both
ntrollin ess r sed rti th .
C?"}ES’RE @ﬂ%%oi‘ B 'l'r'pF rout eﬁ%n& o By mec%gn&gl StiGtures is

highly selective and the ﬁnai device release is achieved by XeF, dry eteching of silicon

and SOL..

In vet another exampie embodiment, GaN-based undercut microdisk LED
sfructures are provided. Figure 18(g) is an opiical microscopic image 1800 of microdisk
LED structures e.g. 1802 in the exampie embediment. Figure 18(b) is a SEM image
1804 of the microdisk LED structures e.g. 1806 in the exampie embodiment. Figure
18(c) is an electroluminescence (EL) intensity vs wavelength graph showing an EL

. spectrum measured from the microdisk LED structures e.g. 1808.

In the example embodiment, the vertical microdisk LED structures are- processed
with fop p-bond pad and p-coniact metallization. The representative electro-
luminescence (EL) spectrum from such microdisk LED devices is shown in Figure 18(c).
it can be observed that undercut LEDs with InGaiN/GaN mutii-quantum wells can léad to
an increase in blue and green EL intensity when compared fo microstructured LEDs
without XeF; efching of underiying Si. The substantiai improvement in the visibie light
extraction efficiency due to selective removal of Si by XeF; etching shows potential
applications of such microdisk LEDs for general llumination. In such under-etched
structures, due o the increase in the junction {emperature at the edges, wavelength
stability can be maintained at higher driving cumrents for white light appiications. The
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2. The structure as clained in claim1l, wherein the
recess extends through substantially the thickness of
the 'Si overlayer of the SO substrate. 15 3.
Wwhookfok7Ed ure as clained in clains 1 or 2, WaefS&07/000386
the thickness is in a range of about 10nmto about

41zm 4. The structye as clainmed in any one

of clains Ito 3, wherein a Crystalline 20 orientation

of the 801 substrate is chosen for controlling the
(gPUrRti9n. rrerese alsush LERS camn alep be ypefkidarmisemertiemecbprial systems
it redofatbisl N controlling the stress in the rel eased
portion of the m cronechanical el enent. 5.

"The structure as-clained in claim4, wherein the

crystFagure ﬁ&isca '{adfmmﬁh Gowerar2H00 Tibstratihig T sedhaduat h'ahrmﬁng a
rﬂﬁr&ﬁé&h &Fﬁll?b%sap %aﬁééﬁ S Babd sBsr=ltNE,
m cr orrec ani ca

%rsa aigrepeegnicaligrasy ﬂ%@pﬂ@bﬂéé’? ;ﬁg‘rrlém?tztme At step

@8161\@? nﬁhde&ﬂﬁ i@d?r%edZﬂg&e f&iﬁan ﬂe&ss%r@%%eta&n%basba Nortion of
0 stall,lne | nanocrys

P NG aRicah oetoch AS PRI recses 8 Rrmed R the Si based

FoB3U=®:2007/ 000386 Recei ved 30 Sept enber 2008 34

In the above.example embodiments, a -Vl wide bandgap semiconductor
micromechanical structure or a iV wide bandgap semiconductor micromechanical
structure can be realized on SOI substrates. The SOl substrates can be prepared by
wafer bonding and/or separation by implantation of oxygen {(SIMCX). The SOL piatforms
may be of both (100) and {111) orientations. The SOI substrates of different orientations
can result in a specific stress which can be tailored by precisely controlling the thickness
of silicon over layers. The types of li-Vi wide bandgap structures may inciude ZnQ,
Zn{Mg)O, Zn(Cd)O, ZnS related materials of single and heterostructure configurations
with varying thickness. The typss of lll-V wide bandgap structures may include Gan,
AIN, AlGaN, InGaN, and InN related materials of single and heterostruciure
cohﬁgurationé with varying thickness. The example embodiments are aiso appiicable for
poiyciystaiﬁne and nanocrystalline diamond micromechanical structures on bulk Si and
SO1 substrates. The types of -Vl and IIl-V wide bandgep layers used o reaiize
overhanging structures can provide controlled residual stress after sacrificial etching of -
silicon. The silicon of the substrates for dry etching are exposed via standard lithography
technigues. The example embodiments can also provide wide bandgap semiconductor
micromechanicat structures such as an optoelectronic device comprising material such
as e.g. InGaN/GaN-, AiGaN/GaN-, ZnMgO/ZnO-based light emitting diodes (LEDs) on
bulk Si and SOl piatforms. The exampie embodiments can aiso provide wide bandgap -
semiconductor micromechanical structures such as a microelectronic devics comprising
material such as e.g. AlGaN/GaN-, InAIN/GaN, ZnO/GaN-based hybrid field effect
transistors (FETs) and high electron mobility transistors (HEMTs).
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7. The structure as clained in any one of the

precedi ng clains, wherein the m cronmechani cal el enent

conprises a light emtting diode (LED) structure; and

the underc:ut in the formof a recess forned in the

?Wﬁger of the SO substrate is formed wehRe@7/000386
ry etch. process. S .8:The structure as cl ai ned

in any One of the precedingggl aims, wherein the

m cromechani cal el ement conprises one-or nore

Field-effect transister (EET) atructlUes, and t

inder B Frectg e G aimebise e SPTHsH HRESRELS: and SO i
ammheas@bsm: df bg. ibEwidehirail gadtstudttre QEINE dhriots iYwin téfﬂﬁﬂ;ues

h r
iﬁ%'?orr%c ani c %eci ruc uPeSLéP E%ﬁ%eg%qog]%ondﬁ%éﬁcﬁ%
Sepsonotep of SOend ibuly S Aftari dayice geledses @l bending stress component
bppdarsSath ro@b&&dem on the layer thickrits§aRd gom etncal dimensions. Such

m cronmechani cel el emept conpri si ng W de band g :
ﬁfﬁﬁﬁ lsq 85 wvwwﬂwﬁ prigned- g;owﬂwn o%oﬁa—ﬁl%dm
cantraifmeitibsel pardristert,aneoha strastares with gedickdishess vaiues may
B@h&@g&' %%Ac%ag&ry rn| cromechani cal el enment the
erng. Torne

rece SR i nherent Si ovedayer of |,
the 801 substrate, wherein a thickness of the Si
over Iyl beogparegistshby g nessanasidliedsn dhe gt thatpuregous variations

Sridr TRddificBbng i)t K hﬁd@@@ﬁaesbregéﬁ idvBntiont d¥€shown in the specific
m croni ech nlct eIe far.in . tur controlllgsg
%‘i"f“é%’% “E)%rsPﬁ”BHf SERPE ‘%ethe invention as” broadly
dasc:muetﬁmmemt embm:ﬁfemts are, therefdre, to Baeccommsitiéred iresil respects to
%‘ﬁ;ﬁ%ﬂéaﬂgﬁlﬁ' %Qc%f/ wherein the recess extends
rough 'substanti a ?‘y the thickness of the Si
overl ayer of the SO substrate. 25 11. The 'nethod

as Cained innf dains O 10, wherein the thickness is
in a range of about 10nmto about 4pm



12The method as clained in any one of clains 9 to
11, further conprising 30 choosing a crystalline X
orientation of the SO substrate for controlling t IRCT/SG2007/006336
~growth' induced stress in the rnicronechani caReceived 30 September 2008

" I'nGaN?2 FgropRneica) spement

element, for in turn controlling the stress in the

“rel eased portion of the m crornechanical el enent

Amended ‘Sheet | PEA/ A1l . PCT/ SGQ007/ 000386
Recei ved-30 Septenber 2003 - .. 13, The
method as clainmed in claim®2, wherein the

crystalline orient%ion is : : 14. The

notABS as claimed in any one of claims 9 to 13, . =
wher €iin - t N mrdihsshaiRL Siuthedtongkigngent conprises One-

or nore feroma gr oup , consi sting -
of ZnC?“@.L% ?ﬂioég?%f iiganmnﬁﬂ%%c!l\l Ig’an gap maq-eanail formed
nairestly grsthakutishrateghirdnond. .~ . 15. The method as

cl ai mgg |nBerdiVionie Aliedbath AtreRaded ribdtion \oh theanitrothberaiial

- Rskere han'd%ﬁn g)ésgww Sorch Y TP Rcedd ol % SNinhdient si -
su l'o

10

ik

& us rgani c.chem cal vapour _
d'é‘ﬁi@qfiﬂf)ﬁe 16. The method as clai nmed
i n anwheren @fthlwleasma‘ the Spovetiayer whiip Q| subrirate is chosen for
ML GkONRE Buc%lde% i GAP IN'hisieMechahitg) hdlersanit t for rig tum
dio théht The

'6'?9( al;ﬁr%%g‘sté m oFﬁg ﬁoﬁﬁgﬁ? of "t he

SOl substrate is forrred u3| ng a Xer2 dry etch '
process. The stucturel As- cRfireedrin Hah AdswodralD g recRss, Ayfends

‘ O{ﬁ?ouefn -s@sBiniBiy thel tRickkRss WHiRS Siiclerlahier ofiine SOMbaeate.cal |,

.1

20

25

el ement , conprisés one- or nore Fielcieffect :
transistor (FT)- 20 struectures, the -u

e T G m GTepeiEaS FBITRR PR & WIS ﬁs&ﬁt}?ﬁﬁf" )
SMg&ItsmbmaDemn(saﬁwtm using a XeF2 dry etch

process.

4. - The structure as daim_ed in any one of claims 1 to 3, wherein a crystalline
orientation of the SO substrate s chosen for controliing the growth-induced stress in
the mlcrornechamcal element, for in tum- controlling the stress in the released
porfion of the m:cromechamcal element. :

5. The.structmé as dlaimed in claim 4, wherein the crystalline orientation is
(111). ' : ‘

6.  The structure as claimed in any one of the preceding claims, wherein the
micromechanical element comprises one. of more materials selected from a group
eonsisting of ZnO Zn(Mg)O Zn(CAY0, ZnS, GaN, AJN AlGaN, InGaN, .

- polycrystallme diamond and nanocrystalline diamond.

Amended Sheet
" IPEA/AU
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'7.. The shucture as claimed in any one-of the preceding claims, wherein’
the micromechanical element comprises a light emitting diode (LED) structure; and
the underiut in the form of a recess formed in the $i overlayer of the SO substrate

" is formed using a- XeF dry etch process. o I

" '8 The structure as claimed in any one of the preceding claims, wherein
the rnncromechanu::aI element ccmpnses one’or rnore Field-effect transistor (FET)

strucmres and the undercut in thie form of a recess formed in-the Si overlayer of the

SOl substrate is forrn_ed using a XeF, dry etch process.

6 A method of fabricating a micromechanical structure, the method
comprising the steps of: ' 4 '
: pmwdmg a smcon-on—msulator (SO1) substrate

fonmng a mlcromedlamcal eiement compnsmg wide bandgap matersal'

directly on the SUbstrate,
formmg an undercut in the form of a recess underneath a released portion of

the m;cromedmamlll element, the recess ‘béing formed inan lnherent Si overlayer of ;

the SOI substrate
whereln a thickness of the Si overlayer of the S0l substrate is chosen for

controlling groanduoed stress in the mucmmechanlcal element, for in fum

conitroffing a stress in the released portion of the mlcmmechamcal element.

._ 10. The method as claimed in claim 9, wherein the recess extends
through substantially the thickness of the 5i overiayer of the SO0 substrate. .

11.  The method as claimed in claims 8 or 10, wherein the thickness is ina
range of about 10nm to about 4pm.
12.. The method as claimed in any one of claims 9 to 11, fusther comprising

choosing a crystaline orieptation of the SOI. substrate for controliing the growth-
induced stress in the micromechanical element, for in fum controling the stress in

" the released portion of the micromechanical element

Amended Sheet’
IPEA/AU
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(3. The method as claimed in claim 12, wherein the crystalline orientation is
a1y . S o ;

i4. The method as daimed in any one of claims 8 to 13, wherein the
mlcromechamwl element comprises one or more matenals selected fiom a group

‘con5|shng of ZnO, Zn(Mg)O, Zn(Cd)O, ZnS, GaN AlN, AlGaN, InGaN, InN.

polycrystall:ne diamond and nanocrystallma diamond.

. 15. - The method as cla:med in any one of claims @ to 14 wherem the

rmcromechamca{ element is fonned directly on the substrate using metalorganlc
- chemical vapo_ur deposition (MDCVD)

16. The method as ctalmed in any one of claims 9 to- 15, wherem the
mlcromechanlcal element compnses a light emitiing dlode (LED} structure, and the
undercut in the form of a recess formed in-the Si overiayer of the SO substrate is

formed using a XeF; diy eich process.

| 17. .The method as claimed in any one of claims 9 to 16, wherein the
mimechanicéld element comprises one- or more. Field-effect transistor (FET)

structu res, and the undercut in the form of a rec_:esé. formed in the Si overlayer of the

SOl subsfrate is formed using a XeF dry etch process.

Amended Sheet
IPEA/AU



