10

15

20

25

30

A M cronechani cal Structure And A Method O
Fabricating A M cronechani cal Structure FIELD OF

wo BMBRNF108N The present invention rel ates broadP@T/86207/000386
m cromechani cal structure and to a nethod of
fabricating a m cronmechani cgl structure. BACKGROUND I n
current sem conductor manufacturing technol ogy, w de
bandgap materials are typically used i n optoel ectronic

SR THEASEAGR s ST o
such as a w de P e{fﬂ‘%‘ cgl-stg l?ye at 300K), a
g

| arge el astic nD p|ezoe ectric and

pi ezoresistive coeff|C|ents and chem cal inertness.
Thus, GaN is a suitable material for

m cr oel ectronechani cal systens (MEMS) applications,

FIEDD OPMNVENHON | Y i n harsh conditions such as
conditions requiring high-tenperature piezoelectrics

and hi gh breakdown voltages etc. Typically, due to the

| acKhefpréseNt fivestich relatsd Bloadly @ N rhi%Fcﬁﬁ&@@hfc@P(étﬁ]"ture and to a
% Eor opt oel ect ronl cs and m croel ectroni cs device
maifi b

fIE9 Zraickperhagicat $tHH§n" substrates such as

on sapphire (a-Al 203) substrates having about 16%

lattice msmatch, or on silicon carbide (SiC

substrates having about 3.4% | attice m smatch. It has
BAICEGROUNI t hat these "foreign" substrates are

typically not desirable. For exanple, as-grown GaN

films on sapphire substrates have been shown to

contreg¢unreat $ergihordienr manofacdidhe tdcbndlegyy widmbaﬂd}gap materials are

typ"*gﬁ)ﬁ %géﬂ 9n dd(ﬁé ‘?e%%h?ng’gd %&oélgctk!?\? ?:Ig\? %sa%}a@ fs]u(é‘ rFll%térefal is

ansi on coe I'CIl ent
Gawemthrrqiet(ﬁiethé EMpiQayﬁeh@ progettihe sgethas aatids bandgap (e.g. E; ~

3.4PeQoLe Sﬁ)’ORQ ?r RFe e?é'sﬁé Hod ﬁ’éosﬁ@? Sﬁ?zoe‘é@ﬁrc afid eplgﬂ?g&stlve

substrate or ex
coaffigignty rﬁf@n Ch%m'atn@ﬁn%ssaﬁhugu@l\# a3 es sultabie onatetid fesemicro-

eleét%méd?l%nleﬁts%l%fé%' ). a&fh@?ﬁdﬁsoﬁlof@f}%m@lé}y@ @rst‘g@%dltlons

on Si (11 1) substrates nma otentl a
suchn 5 ofPrgftions i rrgUiIdng |ft’§lfhteﬁ§eé?t‘llfés§'eé9@}%ﬂ’$qsv ang rh'@ib riseakdown
voltdgeestei bl e alternative to traditional substrates.
Potentially, GaN-based devices may be integrated on
wel | est abl i shed
Typically, due to the lack of GaN single crystals, GaN heteroepitaxial layers for

optoelectronics and microelectronics device applications are grown on “foreign”
substrates such as on sapphire (c-Al,O3) substrates having about 16% lattice mismatch,
or on silicon carbide (SiC) substrates -having about 3.4% lattice mismatch. It has been
shown that these “foreign” substrates are typically not desirable. For example, as-grown
GaN films on sapphire substrates have been shown to contain a high density of defects
(e.g. mainly threading dislocations) due to the substantial lattice mismatch and thermal

expansion coefficient difference between the GaN epilayers and the substrates.

Progressing from “foreign” substrates, there are other substrates, for example,
silicon (Si) or silicon-on-insulator (SOI) substrates that can be used for the
heteroepitaxial growth of GaN. Growth of GaN on Si (111) substrates may potentially
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silicon process technol ogy. However, due to the |arge
differences in lattice constants and thermal expansion
waeoeo@Bfsmwsent s, good quality GaN filns on Si subST/A@L®%/000386
cannot be obtai ned by netal organi c cheni cal vapor
deposition (MOCVD). It has been proposed to use
different buffer layers or internediate |ayers, such
as AIN and Al 0.27CGao. 73N AIN | ayers, to inprove
Preyidq %{h%ﬁ’tloﬂffé‘ﬁ'“gls"'c% &8s PP BPRTGT eneers ?PCF?%b'? é{t?r ngidve to

tra@ifiéndl heubsBates] PERNEAIYC BuNdBasadotélastsi fagUbd ahxlegramdom hwell-
es%ﬁ?%%éqgﬁrhgﬁ%%g%ghw h@\tvrg{()erp Hueggu @18'%’6" gjtfreﬁences in lattice
condtarte ahd tl@drmaeexpads;mn deéflicerds pgord qmmtyttearpmmmoﬁ Sesutstrates
GAN, Si . an _.Si 111 ubstr at Phys.
cafmgt e ‘%f%a'”"g%%’? ?T&?”’C ﬁs%’g"%'u RS '°8 M‘@pﬂﬁ‘as been
promtz@d |tayweses different duiéfer tdyersc padkiermeniate elagerse seth essAIN and

A8 VAR Bl RS, UPAEER S 018 B0
latm‘&narbbtf@fmamm@ma&h Qembc} ageidgif suitbblergrowth Ctmd@n%tare used.

Ap@k fr i hl%@ 8 AN B%r@rtﬂg%é hed tﬁyf V\f‘é?\%l & QIWQieQ&lbed in

St ructures’
Efmﬁgqupg@@w d%i@sftqmr@eoneﬂw gmﬁﬂlﬁsaﬁ %@3/ S{ mlm) gqowatori 8§i(111)

sutﬁs@r‘a%seﬁpblo PhX. @.gftat%o Bss SP00 P2 865 @EBROSICEMalddped interlayers
i cal bel nqg) used in mcroscale applications that

to reﬁE‘F%?H‘é C@CE%F'P {eNeilesi@sHi cr oel ect r onechani cal system
(MEMS) devices where single crystal silicon can offer
adv t ages suc rocess. cont rol roviding .. .
) e FlEaucd S D aichar S pepRemY fan,66 ggivle if good
qu&%ff \Qﬂﬁztl)t@&ﬁaN y;mlaszalslcyn Ibe grdvD@s SO(108) i aTelLbsttRess Zhbu elSaI, in
waf er bo processes a .
“CUBsioat e oA S BEF o JUERE S BRS RluES v
Physmgt A, Bubs2 Pa0E sdazaribep Ga dn@wsloma Sav et pdfes ioveated to
R I A
incluge @lequpnboarmmr()eleot@hm:hMay dystear (MiOME) davideseaberr single
orye SAERE G ffof Bo{RRRCHL i DIBEL BRI and bfovigiitSfbtiabie
elecimnic @nd BechanicphpropertissalsiQl caeletn cart eyt bt dreRgreaNsing
meogs QUET QQWa bo%lﬁg %MER—%%%O%SI&E%QQGE@% tsé-@&%h%é%rg\tion by

Substrat es’ l'ectr ., 8,
lm@@ﬁglqmegf;ﬂxb@ert RIMgPowinathod. Using SOI substrates can provide some

advantages over using sapphire or SiC substrates. The advantages include the
availability of large size substrates (e.g. up to 12in.), relatively lower cost, and easier

integration with Si-based microelectronics.

M.A. Shah, S.Vicknesh, L. S. Wang, J. Arokiaraj, A. Ramam, S. J. Chua and S.
Tripathy, “Fabrication of Freestanding GaN Micromechanical Structures on Silicon-on-
Insulator Substrates”, Electrochem. Solid-State Lett., 8, G275 2005 describe the growth
of GaN-based epilayers on (100) oriented SO! substrates prepared by the SIMOX
method using MOCVD and the fabrication processes to realize GaN based
micromechanical structures on a SOI platform. L. S. Wang, S. Tripathy, S. J. Chua and
K. Y. Zang, "InGaN/GaN multi-quantum-well structures on (111)-oriented bonded silicon-
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of GaN- based epilayers on (100) oriented SO
substrates prepared by the SIMOX net hod using MOCVD
w@r@sihm®s3 abri cati on processes to realize GaN PeE8G2007/000386
m cronmechani cal structures on a SO platform L. S
Wang, S. Tripathy, S. J. Chya and K Y. Zang,
“InGN GaN mul ti-quantumwel | structures on (
oni%%?lato” ented bonded_siliconaon-insul at or substrate

Orpﬁ%?tfaf@ér tAPpl.ghhysq 1eihg 87 0hb! W98 s¢40Phdescrie g%\srwﬂh of
In@aN/CaauBaR quantunp weits) YRIvWEN Wi lsharpMRM$Ehcad bR ($1YBLdRiented

nt s, an (11 1)-oriented bonded SO substrates.
bo%ede%{)?%ﬁ ?ﬁqﬁat may arise during devel opnent of

GaN-based MEMS is a |lack of efficient sacrificial

. R sPoniGH B SRR RGP Teudimests ob Pt et MR B tock
of ﬁff cenistacifcial pebants A@l{bllcat@hg/suchl_astm P.78rit8A&6r2R.04. Buadh, T. C.
Mcéuu F’Fabﬁké’tfb@sof G%INI_?GSpé\%%O iab crlﬁlor%%'é Car?r%fs 13 C}D 3226 2001
an‘ét/éhRng&ﬂ@&S fNibEi d¥adDenaldf *"GalN Fumeneb e . r DamRdaeni Eall. Hu,
Piﬁ)‘t’@él&ﬁ’écherrﬁcal\(ﬁ@ercgpétchlﬁ (f&nﬁbhcangh R G%ﬁ?ﬁu&ggéct%%cﬁ‘amcal

R St onas P. Kozo
systRmBadr ¥ac-(Sci. KTefmnghr% 192838, 2001 apg /-\ . Stonas, P. Kozodoy, H.

~ Mardﬁéﬁ&fslb deini, 1. wripBasksP oK fligeh ra‘hﬁr@rﬂ CF'M EE%id%QIIJnQiHated

fab i cation of deep I]y under cut GaN structures”

Ph%géﬁctfqg grical giehing for7thsefpbrioalign ol elseplypendesmit iGalY siwctures”,
Apir PBeS suaat 0?7 1261 6 o0 | 8t fedpcAfoNSHidsd S38s Cd?amnﬁﬁdses based

hi.n jcations such as S. Davies, T.
ME 'I’ﬁﬁ"ggﬁﬁ ﬁ@@b@ A. J. Papworth, T. B. Joyce, P.
R Chal ker, "Fabrication of GaN canti | evers on silicon
sub for i croel ectr a I vi ces", I
PryL. BlEohoh S 085 PL AN 58! 95 R R RGO, T B.
JoyTe, Iﬂ.lr RaYhalkdr, FFat@astion Af GaNPapgntteviehs oh. sBicord dosubetratBs for
. ¥ tol of,,.epi [ -njtri .
mlcgje?%@%é’%g?asm%ﬁ%s%??sco%pfllfmgs%%g‘t glétégééébl 4 &?awes’ T S.
Husg, .R. 15 M@Bay2004 H. ZGastandy, JRPahwoiiang, BS. Jalica, PD.R.Chalker,

Febiiete ] el e o B MEnd i sul By - M. sot, 15
7020 <t Yaog.uR eN. Yabpi S,adledDbWaBaNBoﬁ Bhangerfhdd-Isau, ipodrK. J.

Chéne@mbﬁé%vaé cﬁé’r@l’:tengi%ﬁ ofLﬁfs%%nde%SGQqélrm%r]o%traggr% qﬁgrléted by

Gaf@eewaﬁereamstbﬁprpﬁch@wéd%pu Pbmﬂ(ety:@ﬁ PELHIGI 20196 angrZ. Yang,

R. \fvahgllﬁé\hlbﬁ’@ B?thQﬁ&Hb%eE’adVﬁV@ Chef NERSorRPsieRtdduaicBh SaPs)
tecfﬁnquécfgre Pabncatton of GaN-based MEMS”, Sensors and Actuators A, Accepted for
Publication (Inpress), combined dry and wet chemical etching steps have been
described to realize GaN surface micromachined microstructures on Si(111) substrates.
However, one disadvantage with using a wet chemical for sacrificial etching is the
released microstructures must be dried in a way so as to prevent the microstructures

from collapsing due to meniscus forces (stiction).

That is, the typical process to obtain free-standing surface-micromachined
structures is to rinse the wet chemical etchant used to free the structures with deionized
(D) water and dry the structures using evaporation. Using this process, a flexible
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Publ i cation (Inpress), conbined dry and wet chem cal
et chi ng steps have been described to realize GaN

W@ awoBasm®s3ri cr omachi ned mi crostructures on Si ( 1BCWHG2007/000386
substrates. However, one di sadvantage with using a wet
chem cal for sacrificial etghing is the rel eased
m crostructures nust be dried in a way so as to

t th i Cr ruct ol | apsi ng.due t
miichrague 5 Fedufel FHED dhyhe wBRIS oy, fe ppFRaforce of water
drpplets eiase.p o tebbisgap & enayt mlmgtu&urﬁ‘oame sobstratenelenngter the

iSRS el 988 SRS hrBDTo0 of) BT B0 sob
bridgipgt vee det Waatsforess arsd electmstatio fartdsaran gu@ rsg to kiiction.
process, a flexiblemcrostructure can be pulled down
to.the substrate by the capillary force .of water
dr oph @ddition te G@N tamether mpéeyich bt rimysutaiiaifor ssaugkphagonic and

eletch"énlé %ﬁﬁc,ra% ﬁ‘c Al (ZB?Z batled f&%wﬁ}a ISa wide range of

n‘g etely Stu ve sho ctors suc
apal NS Uy aﬁgn ﬁgmw@aﬁum@ Mizaipconfiggtine s pigreelectric sensors and

p@ia@%ﬂl@@dn@és‘ (Znt)oﬁéée§ n@ﬁiﬂetgbf/ Gm&ueS%rotp@rt%E's%Eh Q- halvfr\g a dlrect
anot her material that is suitable fo

ddition to
widgaend rgaﬁr(e-soﬁs ¢ 3a°>rﬁ¥ CESSEE '%%Pwa@ bgF@Giegery (B0 mev).
TySXsalyeZE M AsedZrQenficdnyRétsicddvitet 96ratify i WirsleemaB8Re®E, such

applications, such s |n sem onduct
as B SO AL, <95t B et § & Ders BREtaReesitive g matertals
suskeayegiUGdAS,. slzmaam a nunber of uni que properties such
as having a direct wide band gap (e.g. E ~ 3.3 eV at
300K) and a | arge exciton binding energy (-60 neV).
TypFerbsing ZA@0forsMEbSd appicaties) coaditchlen et inegysarise |s ZnO

ma?eqpa? gtéagﬁb E{EP&?E? U/e? Qﬂénﬁlgg rgffma%ts tﬁgtc Qree})slpléaﬂlysl.%ag ?or sacnﬂcnal

ear reactors], because
eichindi Bhusoto-redize INOWEEMBaih lsmseablattsd@/&bh sary-Beleasgtschnique.
SiC, or GaN. For using ZnO for MEMS applications, one
problemthat may arise is ZnO material is easily
et chethebio herbevss yelatheralteirativesmatesials doredevelopiog IMBMS for use

in Haﬁ@wg Jn?frorﬁﬁé}gé fih il m%r&!?y :theTQHé' éﬁ\gcr&ﬁﬁlhhé%&ﬁ‘&‘d (NCD).

esirable to develo easl ng
Sughe dPaieiRle . hawe r sigrificant rerbanisal & rerg@*n éb?fé‘pabl"teétﬂﬁ%ﬂ i thermal

stamyeédoakrﬂ)ofdé\'caﬂ%\éﬁbrﬁﬂinﬁg N@l@taﬁ&ﬁ? Uﬁ@DLrﬂed?%FlﬁQI structures are
i ronments |nCIu e mcrocr i ne and

t
typ'ﬁ%ﬂ%/d‘é'i’fgﬂ‘éf%’l Y5ingeSiPe gRErRRCHfieEd yasilegmeﬁart e 90 sperifisial layer is

typISQIWeHOOQJWSIH’?W%fIG&lc W&fahd/oﬁ Bﬁé'”efcﬁ' OnB&iddaestage with
thermal stability and tr | ogi cal _performance.

ot el 13 ST SHEmRG 8 TG [ {TBand) rUosirictures must be

dried in such a way so as to prevent the structures from collapsing due to meniscus

forces. This is the stiction discussed above.

Therefore, to realize e.g. wide bandgap ultra-nanocrystalline and microcrystalline
diamond micromechanical structures and/or for realizing surface micromachined GaN

and ZnO microstructures without stiction related problems, a dry release technique is

desired.
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typically fabricated using SiQ2 as a sacrificial
| ayer. However, the SiQ2 sacrificial |ayer is

w0 y@Bosiosy renoved using hydrofluoric (HF) wetPEREGLI07/000386
gas etch. One disadvantage with wet chem cal for
sacrificial etching is the gel eased di anond
m crostructures nust be dried in such a way so as to
preyen tructur s from col | apsi ng_due to neni scu

for 8§th°£|"|99§ ilican,19as F%PP'@?} SHRhEgUSENg e\ ifluroide (XeF?_) has
beEhlﬁE@i es a,silicon b&)&bhtz e(ergs a meﬁ&)eb@ﬂég&ﬂlly of fluorine-based silicon
etclﬁat Ig gﬁ%‘ éijtllé aﬁér? r é]gbg(gtre:p glafa%oand reaction
pr@abﬂn@&seatn‘ocmdmapﬂamd \A@ed\foanw wZeﬁ)XéFg wa;sdrrwast firstassed to study

thMEﬁéﬂlsrﬁé bf:ﬁu Qﬂe e‘? em| ﬁljl‘l nsg%%rll I'?‘ gr¥ lhrcgaee?%wgg g<eF2 has

ue I's desire
unjgue pr@tﬂ@h sheh a&samgblbte tmetchNﬂihom’t ekclati¢rXeFterhalserieegrsources

thdés%lﬁlﬁﬂngaaﬂ%ﬁ ‘égl'éctwit Q‘F\Snf(ﬁfe?alé S lgiﬁgiﬁ %h Ogc}ﬁners used in

orlneb i'l'con e?
traglifienal, d?é@r@W@erlErﬂagﬂcaBﬁm;aorommg ISPBODIHIGQCHWQI; ehd pevisiing gentle

dryaPéiacﬂ@@Cetté PXaRi & ifiies ?d% Fr%%ﬁat NRBLAL garn‘?peY\ﬁﬂl% and at

f ound eF2 vapor was first used to stu
at“'r‘n%S@H%ﬂﬁ Brﬁﬁs%‘f" Nl 3 oPPHE epvdnERehiseti¢ yebn '@Tﬂﬂﬂt Ghblimaey; and

lsoﬁb¢|¢£19@t&b§Bﬂéﬁnwnfﬁ%ﬁ?pﬂﬁféaw&bl@ﬁ!i@nprOpert' es such as an
ability to etch without excitation or external energy

sources thus exhibiting a high selectivity to many
met Hbffmarleehiemt 'Bbcﬁruam%sﬂﬁtwm&eﬂﬁﬁé seRsdrs atlstbh@drdlcmos,”

ProgPeiNig o HIFEe P AR PEtary WarktaroMads rfflg 2se 1005

des¢eb@ cremtiag \@hditnensiohal cstiieuedsi with dlezb@BItiVE RPRIoA W @ aBftard
I n acyum.envit onne

ol PIORRSEDSHE S i WUl R HERR rPeS Ugrost 22482,

USE942643B2i U$6A60306 aid US?WDBEIdewmet@bamms ihptdverienst(e.g.

o éaécuragﬂ/ gé%@é H%Péﬂoeﬁ‘m otfl?heoé ?ﬁ%{ g‘? éme hot nusé‘,%trj Sln e&:hmg of

rocee Ings O
sacyfigidl aadlccallaySy%foe mmmm@ﬂnepc@l NEBIUt® §).g. Qﬂﬁcrﬁzﬁtﬁﬁ)r array for a
: i ; .
o5 188G LA 0Ld RERLARL NEARS R e, oo of e
Dha§§|e|¢@am§l:eav1tl@ulw R the @bernge 1of Plastiae(suth ps XeruM’th@n? or more

dllubﬁ‘tzpﬂiagds%on %Qé%&&@%a"&@@ﬁ@@ ?ﬂﬁ r@srb%cHg7r%%7s%fggt$%1atenals

descri be apparatus |nprovenents to accurat
whigfp inefudieniéanivg, gald. glintipuraf a"!d‘lé"@?@wd§t@p‘ﬁe%€nm9ﬁ%$ W@d&e" as

silicaf @8rbidd, §ﬁl@3ﬂ Rgigef pl%ﬁ&{aélgt'scb@lmﬁiels' S sili@Y ek O%ar et al. in
onechani ca structuref( a mcromrror array
US#nQS)%OEQB%QM describe a method of ormlng a film bulk acoustic resonator (FBAR)
having an activation area resonating with a predetermined frequency signal. The method
includes forming a poly silicon layer as the sacrificial layer followed by removing the
sacrificial layer using XeF, to form a corresponding air-gap. The method further includes
forming a thin layer made of dielectric material, such as AIN or ZnO, on a semiconductor
substrate, such as silicon or GaAs, to generate a resonance using a piezoelectric

characteristic of the thin layer.

in the above publications, for using XeF, for dry etching, a sacrificial layer is
typically deposited and patterned as additional process steps so that an airgap may be
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projection display and silicon-based defl ectabl e NMEMS
el ements) by the use of gas phase etchants,

w@arosioswsarly in the absence of plasma (such aBCKeGER07/000386
with one or nore diluents). Thus, silicon can be
preferentially etched wth gespect to non-silicon
materials, which incl ude titani um gol d, alum num and

co nds of .thes as on. carhb
foGigt S T K4ty SlpnBBopLs & <IohssHGs Aruecioing s Hswioa
layex icde ive] dstg teeinci@lased borki3246)3i0 1188 26k bticte prscedeamd may incur
t h f formng a filmbulk acoustic resonator
ad?‘éég\a&%o%avi ng an activation area resonating with a
predeterm ned frequency signal. The method includes

for rﬂeﬂge QB%' s Lin%&{i‘ F]Araay felicr Fgrit.‘%lié{t%@u&u?é 3hd la?ﬁgg\od of

follo y renovi ng e sacr ayer usi
fal?rts:afl@@  naictopngabapicaldiinigtung thag sgek Dladdrass lab @asmrtemfrthe above
prédighgides formng a thin layer made of dielectric
material, such as AIN or ZnO, on a sem conduct or
substrate such as silicon or GaAs, to generate a
resonance using a piezoelectric characteristic of the
thin |ayer. In the above publications, for using XeF2

SUMMARY, et ching, a sacrificial layer is typically
deposited and patterned as additional process steps so

that an airgap nmay beforned after the XeF2 dry
et cH AECOTHRNGEWIN ReFPErt Phiteabigspait iNueHioRg thsire iim erovided a

mn&@ﬁfécftérﬁibél' dtAkBIre CRBPr¥Rg" | € slhitoh N¢SHaHREed substrate a
E‘F ﬁXIt¥ n the fabrl catl on ‘Erocess and rm%
m'%(& eehanice! sleyeent fppprdirggiy qn Brisypsiratenanda dt"dﬁrC”t formed
untieraeathie ahasleasdd qabﬁwht OF ethendu@omeblhmﬂck A elbateint,caherdn the
chani c stru t_see ress at
unﬁ%rggttlsbrhngw gf’mt'ﬂ aé‘Eﬁ?\?é |'%Htes' b%ﬁaqﬁccor dance
vvith an aspect of the present invention, there is
Ccro hani cal struct.ure co
B PYhe S & S ERE AL e de Sl PafaTIa G substrate.
el emrent forned directly on the substrate; and an

undgr g d leas [ f
or 98, BlnLEl s SRR o8 8 ST EhAR LR o oo o
contrcéllrfgm stresfs in theemisaset portiod of rhhet mécr@neblaarichl sldpsantat e.

The Si based substrate nay conprise a

silicon-on-insulator (SO ) 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 using 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).
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A thickness of a Si overlayer of the SO substrate may

be chosen for controlling a stress in the rel eased
w@oeoosiosresdf the m cromechani cal el enent. The rRCESG2008900386

extend through substantially the thickness of the Si

over| ayer of the SO substrate. The thickness may be

in a range of about 10nmto about 10mm The SO

substrate nay be provided using wafer bondi ng,

Separation by Inplantation of Oxygen (SIMOX) or both.

A crystalline orientation of the SO substrate may be

cho - i the stress, il _the rel eased

por 118 Spseh lteale Ay hafpled Bl st bSHdiE

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

bas 1 I I t T

pai RGPPSR GRS adnittitho siefidiL 621 of ff 1)

orientation of (100) or (11 1). The m cromechani cal

el em@hi%Meﬁﬁm&él%rﬁ&ﬁzﬁ% E@ﬁ r’{g%% Eﬁ r gﬁ%ﬁa%dselected

froma group consistin

frofgafy 9riNCconRiing, ZNHCENMAANZBEIDE) YabalGatheAlty Atpahy, InGaN,
(NN lyRARGAINESdidhbhA and naABiiktalfiRe dlgfs My be forned

in the Si based substrate using a dry etch process.
The dry etch process may conpri se usage of XeF2. The

m cTioaaebasi nrl B¢ GORASH MYhE BTEdsed SUbsHREOYUsRG! & O Cetch
pro%ggsl ce. The m cromechani cal el enent may conprise a

m croel ectroni c device. The optoel ectroni c device may

conprise a light emtting diode (LED). The

m c C ' evi_ce may. conpris e or nore

Fi eTrg;é'S'féé%?B'to%ggssfngyc?P? 'BEYRY9C ?‘ﬁ(ejﬁécor dance with
anot her aspect of the present invention, there is
pr oy [.cating. a_mcro hani cal.
St 1 RfcimBRSH R b el olf i GRS 6&¥ice.
providing a silicon (Si) based substrate; formng a

i C‘f%ﬁ:‘?'&ﬁé ni@Jl Efé?ﬁgnt ﬂgy]?%ﬁﬁﬁgg %gh'&?oe‘?é@:%%%ﬁe%ce.

formng an undercut 1nt recess under neat h
a

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 another aspect of the present invention, there is provided
a method of fabricating a micromechanical structure, the method comprising the
steps of providing a silicon (Si) based substrate; forming a micromechanical element
directly on the substrate; forming an undercut in the form of a recess underneath a
released portion of the micromechanical element; and forming the recess in the Si
based substrate.

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



rel eased portion of the m cronechanical elenment; and
formng .the recess in the Si based substrate. The Si
whawsds®ebst rate may conprise a silicon-on-i NSECEEG2007/000386
(SA) substrate. The nethod may further conprise
choosing a thickness of a Sg overlayer of the SO
substrate for controlli ng a stress in the rel eased
por the omechani cal el enment. The rec
bt a8 TrRPgt i S EEBARITANS, SarsnErn DiSHebss of S Heovgiaver of
theve0Ol aguhstrefe tfhie SOkrolingstr atress Thetﬁdﬁlreletaess poitiohe of the
out 10nmto about 10mm The Si based
m'bﬂag?etcbgﬁlg& e‘?ém%g provi ded usi ng wafer bondi ng,
Separ ati on by Inpl antation of Oxygen (SIMOX) or both.
The t [ a I
5 oriaREafResral o] EOHD SRAINEN M TufiRE gt ©
°V§'t'?y@§§fih¢$(ﬁlesub§1@§sed portl on of the ni crorrecham cal
elenent. The crystalline orientation may be (100) or
(111% The Si based substrate may conprise a bulk Si
subd e Htigknesn may ledin 9 raggd of akaus 1pay to ehput ‘éhma
crystalline orientation of (100) or ( 111). The
m cronmechani cal el ement may conprise one or nore
10 mat P¢ S §238d shsFaty mginbs @quﬁd E8iRg i veafemierliny, Separation by
ImptatMiDnCf i(;é;d()smo& NS bd@aN, AN, AlGaN, InGaN, InN
pol ycrystal l'i ne di anond and nanocrystalline di anond.
The formng an undercut in the formof a recess may

conpiié ﬁ%tmﬁl gy ﬁ:rﬁﬂnéb’c@ﬁﬁﬁée%@@ﬁﬁ@a FRalfieY odritdtion of the SOI
sutPFr f‘?e c olﬁ i see usi n r Jhe m cr onechani caIh
Slavell hl r&ﬂqg}% slesthinoPedeteases dortiondel fheemigiemechanical

15 element.onmechani cal el ement nmay conprl se a mcroelectronic
devi ce. The optoel ectronic device may conprise a |ight
emtting diode (LED). The m croel ectroni c device nay
c onfhe gstaliie atentatios nieydded4@0)foe¢t11).r ansi stors ( FETS).

20 The Si based substrate may comprise a bulk Si substrate.
The bulk Si substrate may comprise a crystalline orientation of (100) or (111).

The micromechanical element may comprise one or more materials selected
25 from a group consisting ZnO, Zn(Mg)O, Zn(Cd)O, ZnS, GaN, AIN, 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.
30
The dry etch process may comprise using XeF,.

The micromechanical element may comprise an optoelectronic device.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the
invention will be better understood and readily
wappansemnssto one of ordinary skill in the art PCDRG02000386

following witten description, by way of exanple only,
and in conjunction with thegdraw ngs, in which: Figure
1(a) is a schematic diagramillustrating a sanple

r|S|n a GlliumNtride (&GN |ayer fornmed on a
Sep gmngﬁwhgwlﬂﬁ@@ntwy&omﬁéqmxcroelectromc device.
silicon-oninsulator (SIMOX _SO) (100) subst rate in an

Ramahe ORI PRE LB e e R e YD)

nmeasured for the GaN | ayer. Figure 1(c) |s a

pho um ne i nt ensi t g have th.graph .

ol §TGORREEHEE eblirt A OIEtSF of® e Gt papb Peheistors
(FETgures 2(a) to (c) are mcroscope i nages show ng the

sanpl e after Xenon Difluroide (XeF2) etching at

progressive tine intervals of 45 delta T. Figure 2(d)

is an intensity vs Raman shift graph show ng neasured

m cro- Raman spectra of the sanple of Figure 2(c).
BW@@@@@EF'QS%‘W@@B&%U%% of a sanple with a

| ar ger nmenbrane size in another exanple

enbodi nent. Figure 3(b) is an intensity vs Raman '

gr apAPodiRth gf theravrnticavifvbe P@ﬁe%?ﬁﬁﬁs@ﬁé e ae%"ytarpé’arent

to %ﬁé@ %r&lﬁ?\il Kl & Beadrt fr’ahgweefoa&wmglwnteerﬁa@émbﬂgn by way of
ectr

Crosco an airgap
eX3AdECny: 88l %O'Uéél%t@éﬁ‘t“ihlt@%?a%‘é%% F‘%hon t he SI MOX
SO(I@) substrate of Figure 1(a). Figure 3(d) is a

I e GaN

h
¢ GEHER b &7 Sa o SinctaB oS 3 e e e R Gatium
Nitd(d (G&K) Igyeatfboned ofi @Lﬂ:@agﬁb\ hbySlrm\ar;d_ﬁthnhOmQRygm\akmcon-on-
t the sa e ure
nslyplef (SIboh R0 | b SUBEr b E2nE T e ot ng
di agram of the sanple of
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 photoluminescence (PL) intensity vs wavelength graph

showing a PL spectrum measured for the GaN layer.

Figures 2(a) to (c) are microscope images showing the sample after Xenon

Difluroide (XeF,) etching at progressive time intervals 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 sample with a larger membrane size

in another example embodiment.
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Figure 2(c). Figure 5(a) is a schematic diagram

illustrating a sanple conprising a GaN epil ayer havi ng
wa@2mgsrosenperature alum niumnitride (AN bubP€BB8G2007/000386

| ayer grown on a Si(1 11) substrate in an exanple

enbodi ment. Figure 5(b) is ggPL intensity vs bandgap

energy graph show ng a PL spectrum of the sanpl e of

[ anni ng el ectron

gure 5 .. Figure 6(a)_ is a s
OB any R YR o o B e St o Stsasurest micro-
Rarhan spanptacoftifie $argpleef S(g@je 3@)gure 6(b) is an intensity
vs Raman shift graph showi ng a m cro-Ranman spectrum
measured for the GaN structure of Figure 6(a). Figure
6( c)FigweaicER phdcrmminge&lectroh evisrdsgopm$PENY idiaagrshomofig an

airgaﬁgﬁ’a&l a EéIHBIElé lggntl:é\%ll’ Eﬁu&é?e) on Ele%i@)ﬁg%kﬁ) &ibstrate qf |

tress e .mapp i-agram o
Figitre Jé@ur e of F| gure 6(a).Figure 7(a) is a SEM i mage
showi ng freestandi ng GaN cantil ever structures of the
sanmpl e of Figure 5(a). Figure 7(b) is an E2 phonon
pealkiguie S igya ieosl Shgviat a5 airgep @dercamnle &al¥ beams

atta&mémbtfre%%ta%mtghﬁeﬁamleg ofifa &Argsle %II@@&)SOEH O Ratfrr)
is a Raman stress profile mapping diagramof the GaN

cantil ever structures of the sanple of Figure 5(a).

Fi g#iRr84a) id sn &, %ﬁbﬁmifé&( lﬂteaﬁﬁ)amabbingiﬁég#hmr@ tRe sample of
e enbodi nment igure 8(b) is a

i n anot her exanp
qu n?h{?ensn ty vs wavel ength graph show ng
tenperaturedependent m cro- PL rreasurerrents per f or med
bet reen 7Z |s 90K 0 the l e of FI ure §( % le of
oL Al RS Rt Bhehe Pro traastia g gt ubh samle o
Figsne2{arg roomtenper ature PL spectrum msasur enments on
the ZnO | ayer.

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 5(a).

Figure 6(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 6(a).

Figure 6(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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Figure 8(d) is a cross-sectional SEMinmage of the
sanple of Figure 8(a). Figure 9(a) is a mcroscope
w0 pwges6s a cantil ever structure of the sanpl ePGf/SG2007/000386
Figure 8(a) before XeF2 etching. Figure 9(b) is a
m croscope i mage of the canyil ever structure of the
sanple of Figure 8(a) after XeF2 etching. Figure 10(a)
is a schematic diagramillustrating a sanple in an
exanpl e enbodi ment. Figure 10(b) is a PL intensity vs
wav dligurg t7|(1a)g's &p8E Mhi?wi)ge g;hBWirgoﬁeentslta)mdrr@S)al\leciarftilsvm stngctures
O(a).Figure 11(a) is a mcroscope
Ofﬁfréa@e %I fE'ﬁ;%gg(f 10 bridge structure of the sanple of
Figure 10(a) after XeF2 etchi ng Fi gure 11(b) is a

m | CARORRL) LRGE & W&L SRR LG B4 gé léi[_a%‘?arﬂfofttng GaN

gure

camﬂewer StfleE\IF@BMthﬁﬁg@PEfOfﬁlgt@ﬁi ééaéed ZnO bri dge
structure of the sanple of Figure 10(a). Figure 12(b)
Is a  SEMinmage of cantilever structures of the sanple

of Figy¥e &(Cl i aRanmgnygirass Paefls mappig diagrenset thesaNRaartiever

str8dtufds FraPSaripewr Pyures@Yr ed micro- Raman spectra of
the bridge structure of Figure 11(a). Figure 13(b) is

an intensity vs Raman shift graph show ng neasured

M CFigurdR8 (@ is apRabmatio tisghen GRRErbLIRY Blsapipid &t Hh&tRerOféxample

g gure 11(b). Figure 13(c) is a Raman napping di agram
honon intensity in the ZnO m cro-bridge

structure of Figure 11(a). Figure 14(a) is a SEM i mage

rid t t b k. S
i S A L e
dep@o@nSlﬁanmlabeneéswanehﬂsew@forstedubéweea OTK aarfaliI3B0ISI 6 the
sarﬂr&l% OqIF%}Jr@%[g)_i n the exanpl e enbodi nment.

Figure 8(c) is a PL intensity vs wavelength graph showing room temperature

PL spectrum measurements on the ZnO layer.
Figure 8(d) is a cross-sectional SEM image of the sample of Figure 8(a).

Figure 9(a) is a microscope image of a cantilever structure of the sample of

Figure 8(a) before XeF, etching.

Figure 9(b) is a microscope image of the cantilever structure of the sample 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 intensity vs wavelength graph showing PL spectra

measured from the sample of Figure 10(a).
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Figure 15(a) is a SEMimage of freestanding

nanocrystalline dianond (NCD) cantil ever structures in
w@roosxsnops e enbodi ment. Figure 15(b) is a SEM POEE§E2007/000386

a freestanding NCD bridge structure in the exanple

enbodi nent . Figure 16(a) is axcross section SEM i mage

showi ng chem cal vapour deposition (CVD)-grown

m cr, cré/st I.l.i ne_di anond .nechani cal structures in

anot Fee i kitdP & EESHRE AT 9RiSHRVINS B @° PEIge sieggture of the
sampiegef Rhaei 10¢a )Edley XeFsetehingne/ m crocrystal | i ne di anond

cantilevers in the exanple enbodi nent. Figure 16(c) is

a SEM i nage show ng pol ycrystalline/mcrocrystalline

m cFigwre digéb)sisr achisrassopa imhge estemie cantiledsrnstnictures of the

' : ' tieal _mcroscope i mage show ng a
Saﬁpgﬁ(%ﬁ:e'#%?méfaé%gégpi%%%gm crostructure on a bul k
silicon platformin another exanple enbodi nment. Figure

17( Piguks 12&20@5 M ThigeSE6PR & elXRAE m%@gﬁf%ﬂc&m of the

effect_tr i stor (FET) "cantilevers on a I con
sampe 9t igHred0fae exanpl e enbodi ment. Figure 17(c) is an

optical mcroscope inage showi ng a LED m crostructure

on g SO platformin the exanple enbodi nent. Figure

17( BPUrS 14R) e SEM mees elseaievenslgectass f tye sgmple of Figure
10@antilevers on a SO platformin the exanple

enbodi ment. Figure 18(a) is an optical mcroscopic

i mge of mcrodi sk LED structures in yet another

exaRigliss ﬁ&(am[!); ﬁremitend?ﬂygmrl_QaIﬁS(;] lhifi §ra§||1 %ﬁ%ﬂ’@a@éaﬁfrea gicro-
r odi structures in.the npl e enbodi ment .
Ra@laguslp %Ci%() t‘%eibgdgﬁ ng%tgfer?ﬁ]:dwrﬁé%%nce (EL) intensity

vs wavel ength graph show ng an EL spectrum neasured

erbaar oy g Hiorkd, & e sfil oob BB Pofoured mioro-

Ramanispectsa phihe aaniieverdtuttureshol Rigurierid ().

Figure 13(c) is a-Raman mapping diagram of E, phonon intensity in the ZnO

micro-bridge structure of Figure 11(a).

Figure 14(a) is a SEM image of a released ZnO bridge structure on bulk

Si(111) platforms in another example embodiment.

Figure 14(b) is a SEM image of cantilever structures on a bulk Si(111)

platform in the example embodiment.

Figure 15(a) is a SEM image of freestanding nanocrystalline diamond (NCD)

cantilever structures in an example embodiment.

Figure 15(b) is a SEM image of a freestanding NCD bridge structure in the
example embodiment.
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m cronmechani cal structure. DETAI LED DESCRI PTI ON Exanpl e

enbodi nents descri bed bel ow can provi de surface
work@sos51eE hi ned wi de bandgap nano/ m cr onmechani Beil/SG2007/000386

structures (e.g. conprising ZnO &N, and

nanocrystal |l i ne di anond) gragn directly on Si and/or

SO substrates using a dry releasing techni que The

d h t he
erbdRENTAAR 8 S5 ORI SR R bl SnPU L pming vapour
danpslhomé(ﬁ\éﬁ) th\/\rmmrd@yf(ta@ﬁ@)ilaMDndhmeamarscml etrutiuedsyin another

ex8hiplt sthbédithen@ overlayers inherent to the Si and/or
F&% substratees t hus undercutting the wi de bandgap

material. In the exanpl e enbodi nents, the dry

rel &g hgi t
FS0TEBIN YISER Stk (NIED oy SPREHRGberstaiine
d'%%?do‘fa”@@e@uﬂé'ﬁ@f%ﬁple?md@ﬂ%ﬁh ng an airgap for any
wi de bandgap materials grovvn on top of the Si and/or
SO _subst there is

. Thu | e enbodi nent s,
no FEYE é&t&;r‘ﬁ af%&“d@ﬁ@%l PW@‘Qa?ﬂiV%t?'@P‘?{VH"g’O%Sta”me micro-

brldgieistrwdnmbm thed@aiptslembedindanci al 1 ayer. On the other
hand, control of the thickness of the airgap can be

mai ntai ned in exanpl e enbodi ments by providing e.g.
SO Figules 17 @) és ani dittical eivosenpSimayeshayg & mgﬁﬂ(@ﬁﬁﬁwg diode

h
(L PERRuBR B e SRR G ab it S BaP e
the deV| ce bUI I dup processes, e.g. dep03|t| ng GaN,

‘ at igl Vqﬁ?ﬁé I éptEEleé?ﬁéc%{aEn%a?; Wi??ldaé]% f trapsistor

corporated 1n 'oh O
(FEfUafC@ﬂglews @ns bk silicompletiormain tbelexemplet ¢nbadimest. i n
e.g. well-established SO formation techni ques such as
waf er bonding, SIMOX etc. For control of the silicon
t hi EiRHEs $7(G5 isnan opilieat miekiseprs eagss shawiegta LED microstructure

on BWEDI AN th eBIHSE embeidih&gn on i nsul ator materi al
technol ogy", Electron. Lett, 31, 1201 1995, M Bruel,

B. Aspar, and A J. Auberton Herve, "Smart-Cut: ANeW
Si Imgmﬁ 1Nd) Rssh dpaEal VRiERIstape 1 Qj@@hé\ﬂb‘\gaﬂ?ﬁ@aﬁ’tﬂevers on a

0 npl ant at i on nd V\&fer Bondi ng",
SO%’ ffo 'gfbﬁvlg % iMeit36 1997 and O W HoI | and,
D. Fat hy, and D. K Sadana "Formation of ultrathin,

gﬁr ggurﬁeﬁ(g)elS@ ogéy:@?){rgggscoplc lm@geagg %ﬁérgc?lsk ’I_Eéogtructures 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 electroluminescence (EL) intensity vs wavelength graph
showing an EL spectrum measured from the microdisk LED structures in the example

embodiment.

Figure 19 is a schematic flowchart illustrating a method of fabricating a

micromechanical structure.
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As the thickness of the silicon overlayer is

controll ed during substrate fabrication, the thickness
wo@tooslos7085 r gap formed can be control |l ed. Thus, PCESGZOAD003S6

stress of the wi de bandgap nmaterials can be controlled

by designing the silicon ovegyl ayer inherent to

t hesubstrates bel ow the wi de bandgap materials. In

such exanpl e enbodi nents, as XeF2 is highly selective

to dielectrics, the XeF2 selectively etches the

silicon overlayers inherent to the substrates to form

@pﬁé@ ap It will be appreciated that the
D@U&E oes no&ﬁbkﬁ under | ying Si Q2 bel ow the silicon
overI ayers of the SO substrates. Thus, the S| 2 | ayer

ejrpt%J rﬁe fc}eggrgbtegng'elg\/‘? canlprO\rlllge surface mlcrgtrr?é)chmed

SCrI
Wl(tﬁ é}@admpl Oﬁmluvmmnedmnfcek strh@umxatmj ecenbrisiigréinDs @all, and

naﬁ&@ﬁs@éﬁﬁr@r Hé%'nﬁj; gt'(ﬁfﬁh'a'ir%&ﬁeoﬁrsﬁ gﬂd/&?f SOF utbétQ ye %gmg a dry

before the exa nts are descri
releraing techniye. Somdry sxlanpneteshnia eroploxsd icie mwdp embodiments

is @pbérﬁbbﬁécﬁ B Epis@ LIS SFATHIE With kdnbnO bﬁf@w&@ (ké@g)vx%gd

111) oriented SO substrates fabricate

selRgVRY Plels PhgnSQImvetruers hhpwnt & te %'aﬁnwo%@ueut@trates thus
undBredtaeh 0 wakee baaghp ﬂfatélﬁp Wh th%@am%@oémb&ﬂhéﬂftg lQﬁé d%ﬂ@le@smg

ﬁ over | ayer of about - 200nm I n one sanple
teenRIgET S 19 T A RFOITBRH U oL S Pbeh OIayers; '”'(@’efltlt}) the
and/olbSOr substrates, hh@hdregig dnhergap F& Ry dlidedbarldggp faserials grown on

ati f N . )
o S B SO Kokl I B bR, ks e, o
reqll;mememrfonedepqsltugg en‘aqﬂttgmgt(%San bgrﬁttidﬁatl\l dedicates @E_ﬂwnatl @ager. On
Strates re s e e
thopdihis Sand, S8Rl o} e, uiineshr BB R B PRk Bramote
embedimsats bytprewiding be. §|®pb|sebstmtwltmabhgmm/\$lng/etldi}@ ltragkeiess. In

o Al >
o, 0 L5 Yo SR 56 GBI B P,
sepafatedftgm dre @aﬁqelugildumme@eem b. dmphl@dg Gcaaln ZaDsNCPeanaterials

etc 3&% H\%CguBQt{a?eév%d %g?nér]é r'u)r;ig)ﬁﬂec§%o( tlhg?re-féﬁpgétroﬂto? 30| wgfers

t1on or sone exanpl e di ment enonstrate
by fa§'|nwée et ofiligen Bickagepinmg.avaligstablished $@k fermationitechniques

sucﬂ%@@&fér%ﬁ&hgmr\/@ﬂmcby RF magnetron sputtering on (
111) oriented SO- substrates fabricated by the SI MOX

met hod and on wafer bonded SO substrates. | n some
Saf'ﬁﬂre&nttbh%fbthé' §iﬂcd?9('tﬁ*@kr{e§¥ elisind DX " RBraRQULs 3fle to

Q0 mm thickness and the Si~ overl ayers range
pubp(l‘.%lﬁp% gfueéogmﬁqﬂ ¢ryingulgtor material technology®,” Electron. Létt., 31, 1201
1995, M. Bruel, B. Aspar, and A. J. Auberton-Hervé, “Smart-Cut: A New Silicon On

Insulator Material Technology Based on Hydrogen Implantation and Wafer Bonding”,
Jpn. J. Appl. Phys., Part 1, 36, 1636 1997 and O. W. Holland, D. Fathy, and D. K.
Sadana, “Formation of ultrathin, buried oxides in Si by O" ion implantation ”, Appl. Phys.
Lett., 69, 674 1996.

As the thickness of the silicon overlayer is controlled during substrate fabrication,
the thickness of the airgap formed can be controlled. Thus, residual stress of the wide

bandgap materials can be controlled by designing the silicon overlayer inherent to the
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mm The ZnO and GaN sanpl es are characterized by
optical techniques such as m cro-photol um nescence
W@ Bop/057065 m cr o- Raman neasurenents. For sone eRENPGH07/000386
enbodi nents, ultra-nanocrystalline di anond (UNCD)
films of about 2.0 mmthickigre grown on Si-based

substrates by m crowave plasma chem cal vapor
can show

s PG AR50 BB aRa ER RSP SOpoghents, as XeF i
hightyyslemtive toediglaattics, yhecdeF xelestivetl eidhdythaisticon Badragers inherent
to FRREbYARENBYorkl CorBRIRIAR, JRRES 1RGH 2 RRN R BleR i S o, doos
noCetak yindextying 8ida rb@tmm themﬂgoﬁ\oeda@yersamfdh&/éi@aubbtrétes atus, the
Sié’zl lé}?}e‘?‘ 'S‘bl g%#rate%n oﬂg Eé ?ﬁ m?\];re‘%P? ch a m nutes for

vent her ea Pe rinsed under
D| Watﬂ@? follsming @es@thMtﬁammega@parﬁtjorpﬁoenmﬂﬂon theapxample
emBY&imeh: $hd MaFY err&atlﬁtteémﬁz}% idff§intRRALd ﬂerore the example
m nutes. After heatin sanpl es are spi n-coat
empgdigignis atp percohedin f(‘%feg’eta%del CEE 100 from Br evver
Science, INC.) with AZ4330 photoresist (PR) at about
500% m for about 30 seconds. The sanples are then
pl a @p e rPGUEIe rIPbatipentyaGalibatedariileyespoarer grown on

coradettiallp Gbiined t( €30) aRb @110l blidNed 8PNYubsEatl %bri@&feﬁ%rmdsmox

melf BB GEVP; Hith tuats S88 Focs PHIS D198 e oot 150-

350mppthicknesd aid/a $i bverlay¥l ofl abotih®0 €>2a0mh elnesreasdinipdd t-SGal layer

5l RS S 50557 BT P oo ot
relgaaing deatiniuye féffalericativre ofpGalt MIarbdnegimmlaystrdmﬂfreH éirectly on bulk Si
(1 1?} 9# '59&1 e{(éﬁ_ﬁ%lg Qﬂxtbgﬁlﬁ‘lsen?s tl'L hégh q%fe‘?se i ra?e}np F@gs’sﬂlrﬁ%? (1t 1(-] ) and

SOlatsubﬁtr@ges aﬁesm@@ aedodig dhl@j dte)lrnggt tb gadudeocraekb and tensile
strédB Ak il %eRagJ Qciked qg ?Hoal}ﬁgp!haslﬁz%gtﬂ%h ?}aiﬁl\f gbx)ﬁers and using

conS|st|n an 1 n Ive Ccou
perighigrsda qoem@r%@nswr@g MBeWP @ltme&zgearan@dm gertl Sabreplitaxy on

s|(1RFr %&‘E éréxb@\%eéaédééaﬁ/'a‘f’s}) dePhpdii Q& té%”w)?( %KH‘I) #8!ddioo)

ac si de” cool Ing 1s |ncorporate
subgisaiper Iat afditiogs fQrheome, eiserapie asahodinends.t e drmonsirate using other

wnd@flﬁaﬁ@b%ﬁi Qhé{teﬁélé‘t Zﬁb' ﬁﬁterf'éh@s %B@élt@@/g%vﬁw nltayeq:lforﬂnéﬁ?letron
vacuum gr ease pefore

spulieant o KBHHAQHATER Sl BEEHPR JA T REE G, DBIAPX method and on

wafdil b&iktledr SOP stk ﬂn@o@'s@mdﬂ% tid Blricirs08e MyeRHFdnb¥ from

99, 999% are i ntroduced fo
about 370 nm to 2.0 pm thickness and the Si overlayers range from about 200 nm to 3.0

pm.

The ZnO and GaN samples are characterized by optical techniques such as

micro-photoluminescence (PL) and micro-Raman measurements.

For some example embodiments, ultra-nanocrystalline diamond (UNCD) films of
about 2.0 pm thick are grown on Si-based substrates by microwave plasma chemical
vapor deposition techniques. These films can show ultra smooth diamond morphology
and the nature of the crystalline quality can be studied by micro-Raman spectroscopy.
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structural etching. The sanples are etched in the ICP

chanber for a duration of tine, depending on the type
woRoosios®sbandgap material, using constant procBEESG2007/000386

paranmeters of about 20sccm BCI3 flow, 1Gsccm d 2 flow,

500W I CP power, 200W Reactive lon Etching (RIE) power,

5niforr pressure and 60C tenperature. After etching,

etch depths of the remaining material and photoresi st

are determ ned by using a KLA Tencor P-10 Surface

Pr ofThe éampeRgdeenriesd gbovesare diced fréel 2f X cro samgleac Bieosamples are
cleaiéy i £81438 1 g@El%al‘PrE mNRi r@t%ﬁﬁe%'d%étﬁénoﬂn arm?lﬁgéﬁnfcdbath for

agaln usi n he SUT ace profi to ascer

a petied &% pbayf @Hmlf@ﬁ Y S@f\/euﬁwaé@neyﬁﬁgtheaﬁﬁmpé%( amivissethtnder
Dltv@térhﬁlo&u&ﬁdrmlﬁﬂ)z Rl M SR Bardgrn W@ﬁwh%ﬁtz at about

a subsequent sacrificial |ayer.etching. For

90%&6! @8outy av caBHieg. vHier restig tthe esamrles I dypiipeoated using a

Spﬁi@bﬁéﬁ &l.g.i Mo OEEY f5b RymSBehbl S6bRde, %@h'mﬁtg @Z43‘t369photoremst
spective substrate Si overlayer using X

(PREGI6H 509Pe far #bouicilisrog)ds: ﬂamgeésar%ﬁhqrh@aced in an oven

forlseft @ARIAG ahBGut BBATl GRRALSLT WEWU%% @h@toﬁtﬁ@ér%i%ﬂm'tﬂer@performed
secondar % el ectron |ma in node usi SM

SR § RS s s Aot U Bres 8l e Sk HORS Gahash 36b ol with an

mtealsﬁ)eﬁﬂépiﬂrd»@rﬁat@fy 2D BB 15 tHE é)@ﬁhpﬂﬁé‘«ﬁlb&ﬁrﬁéﬂ\tﬂ% Vrﬁéstkagg@ces with
kV- 10 kV._ Further, the rel eased

e
foalute 14 RPN Hag BrAER SR capd: DAFGS, FBEOT S cFeurkged for
pattetainhg.eAftandhd thtdﬂ%d@%ﬂhySB@‘bie%tbfﬂ@g 3RO BRbtObesRE tHidkABYses were

te ure. Ilne of an argon ion | aser
me?i‘,ur'tggg’aﬁ%‘?’pr?’?@aﬁg tp@ft?rﬁﬁd §88RGF-enent . The
scattered light is di spersed t hrough a JY-T64000

t I t ste ttached to a |iquid .
i t PEGRBS PR FoBihtis B e ML Adorciooted Hpate s 370 hioh
derTBite plasmar etcly sysfterh hﬁnﬁaﬂ@mf@aﬁadm&m bapled pRRAAL (IOPciMber

(Op%rh éan‘p egEﬁﬁz)?u atre‘lcaf glao?aj% gﬁ’f’?’&h@@%‘éﬁbﬁéﬁ}%ﬁmp'&

chugcly Hﬁ@nsumnatceshr@nel indoepdoated ts alfdvt thei tagipbiaglte of the sample

subgﬁétggttc? geh‘){orgha%egﬁféfy &%{;r%ﬁéd \ﬁ%euso‘flgpétsoar{g?rgmgtzndg? 0B &N ?-ln -Si

i nci dent | aser the
cartigievafeiyite vpeusya oreese hefae ey @ lamﬂwa@nrameeeucmag ichamber.

Borbf 1Bk &lt{feszébE %nﬁ@@h@ ﬁi’;ﬁ gg OF Surff §o. g&i‘f 48 ?rﬂrfg[kj‘ed for

nor e etal escri tlon

- struclirg] esehingrdihp satipiegratemeit¢hedde ithe IGRY cmmmrp‘bea mﬁatlon of time,

depeRMRYG bf tStyBe GANide bandgap material, using constant process parameters of
about 20sccm BCl; flow, 10scecm Cl, flow, 500W ICP power, 200W Reactive lon Etching

(RIE) power, 5mTorr pressure and 6°C temperature.

After etching, etch depths of the remaining material and photoresist are
determined by using a KLA Tencor P-10 Surface Profiler. Photoresist is stripped off
using acetone and step heights of the etched material are measured again using the
surface profiler. This is to ascertain the exposure conditions of underlying layers
(inherent to the substrates) below the wide bandgap materials for a subsequent
sacrificial layer etching. For the samples, releasing the respective wide bandgap material
is achieved by sacrificial etching of the respective substrate Si overlayer using XeF, in a
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| ayer 102 formed on a SIMOX SO (100) substrate 104 in
an exanpl e enbodi nent. The GaN | ayer 102 of about 1.5
wo 0008/07708sn i s forned directly on the substrat ePdD8G2007/000386
wi t hout depositing an additional or "dedi cated"
sacrificial |layer. The subsyrate 104 inherently
conprises an "inherent" Si overlayer 106 of about
‘i nherent" buried oxide |ayer

00nm.thi ess d an
cu BB ALY s SO T AR helesgRp Milehgodpdp structures are
capiatddan aesdcondaby éleaianrigagiaf (QEID frkie NkingRIUECANES N3 158685 scanning

r ot al i thograp nd ed fo
oo B SRR K S VLS BEDROR of BBt £ B e g
Vomsm thetrapgeoG k¥ s 1P&MVanet ers of about 20sccm BCl 3 fl ow,

|CGsccm A 2 flow, 500WI1CP power, 200WRI E power,
5niforr. pressure and 60C tenperature. Thus, it wll be
appFudhert e teteased lsempleatare| chefacteirizgrh by tepatidigerssolvet Raman

scRLYiAG irABE Y sk é’ca%t@tmﬂ @éoﬁﬁjeélfyraq %M?enﬂ) %tﬁ%f ?ﬁf‘%k%‘@ nm line of an

processes and 1's a con
argonipie IasAf is l&ﬁeddo"e alfjeman ﬁq?%#en@@anasg@n@nn(fb)a sostterad light is

dish&¥eB8d thicYigh Sa B&mediﬂtﬁ&e %Mhﬁmmgﬁém égﬂa%F\Qd (Ft‘)@rgir\qund

ctrum neasured for

“'tfPsefé cepled ¢haiggi qoypipd ‘Wd\?@l (Qﬁ?é}weé?oa@h THRARPHGCY BE trra_Raman
meaP@eineHid) ifBBeUr®sl chor withs 158i %@é’[@il’ re"sQ%tlor;r Bﬁa@&lml £um. The

100 i s then subj ected to XeF2 etch mg
sangRies | 255 sUPIEGISd U Axpitatien Rgrendicriae to h?)rsﬁeﬁft@é%ﬁ wed the back

scatteThd it isfdedbtfby2h8same obfebtivd Belt&foRas PRdidERIRSer light.
showi ng the sanple 100 after XeF2 etching at

progressive time intervals of 45 delta T, where T is

ti nAaftérn thecC ends . infroduBtion gF e$hez(§émﬂ$l@ (o?éparétbnlf@rmatlon and
0 rane 202 of

hat. t he contrast t he
o o8 bR Aig e Ak PTG FEP R oA Relerebog n apers deail i
thedollogény desddptionhe nmenbrane 202. In Figure 2(c), the
contrast of the entire nmenbrane 202 is nuch lighter as

conpared to a platform 204 of the sanple 100
i ndrigerei t(g) ia a‘ scmemaamdlag@n@ﬂlbdsmmfgraasmn;ﬁézwmotﬂnﬂs'@e GaN

| eased

|

ayecfulléétf&’me% ﬁ\{: )glg&l @6@%@8}&%152 narexa gﬁ e?mggtgment The
Gal dayey 102 eof mbomtm Raord (7 tuacib iorenee ﬁmdtl;t be tispautistratel t@NWithout

I OS] &.i at. the plat e .

derbB0E T RIEn Bl P 208 st pporony
COnfririges en 2"(nd93r_eh§ Si oyetiayef 1061tof rbouty200smRAidinessharfd an “inherent”
burBG R BPAM Eof DS TBBBHN &GRS T@@%p%p% [e3patterned with
features of different membrane sizes using standard photolithography and is etched for a
period of about 11mins to a depth of about 2 pm using constant process parameters of
about 20sccm BCl; flow, 10scem Cl, flow, 500W ICP power, 200W RIE power, SmTorr

pressure and 6°C temperature.

Thus, it will be appreciated that the control of airgap thickness is advantageously
separated from the device buildup processes and is provided by a control of the

“inherent” Si overlayer thickness.
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For the measurenents of Figure 2(d), the visible 514.5

nm of the argon ion | aser probes the whole GaN | ayer
waemspFiogure 1(a)) as well as the silicon overPels62000600386

(Figure 1(a)) due to the |laser penetration depth. The

platform 204 is neasured fingt followed by the

menbr ane 202 and t he beam 206. Fromthe spectra of

Figure 2( be observed, t h atform 20

e Figtcd ri@heissin Sl By REPAG AT, fioph( ol ey Hcro-Raman
spa&fm whaials&redi i th2 Gaiolagsr 102t Figafed y(c):)fs £RNimkndithes wavelength

lL.atform he weake (see nuner al
o8By o e PSP LRy LR B e SRR e " beam 206

the E2 phonon intensities are the strongest at 567.3

cm JT hé 354 I@ul%rﬁalheg%gl%]eagﬂto szetc‘t}]rnﬁl?f(tlﬁ’eelgisa}téﬂgyre?HOG l{sing a

214) resp BCtiv
singteaiuisst ofazromssnse omingd. Rigwres Alaintr &) gr@mr@ﬂmw Ir8ygesHewing

theEgarppptg HeH aftér@@l‘:e @&%ln%aé? &a%l% (%‘s'éﬁg tﬁn% E)gﬁs%ff 4“5'1)%!’(3 T, Yvhere Tis

ne stress’in n1an phonon'l'i ne

timgfin @ﬂqn@ﬁ hrpe Fapressglgs tor () é ig P‘ésef‘teﬁiéh?ﬂ the FortrasPoip membrane

208 "eWe assiiid t1obOM\@sf dRatdee in@?ﬁ@t‘fngeﬂﬁﬁgﬂo@'o@ean"\'ﬁﬁ%hp under the
. conpared to th phonon | ine of beans e

membaIAes F@Ufez%)@ "'1%60%'6‘%‘?”@% epirg é‘l‘ﬁff"?fa'i‘% 200)is 'PBCh lighter
ast&lﬁn;ﬂfﬁﬁ‘w(‘aepl@ffoﬁ'rﬁ@&ﬂcﬁ HE! &HHINVNIBD nﬁ@nﬁ@tﬂ’fged ﬁézastalhamg GaN

fere ak of a stand tra
meHIIE PO R R 180 (OB T oie (el 2 of
Figofe 2cplsaba@bdnsit I’lﬁlsrbhéfae@rlﬂ@ﬂumig thai rﬁllsrof-FRﬁﬁsﬁ wﬁdrma@e and the
o S, TS A ) T ARSI o Y8l gl 02 o
at 4 lbeaii 206 aet mbadiéd\ Riguré e(d)l nayaesres of intereyity tvaX®anedn &efil graphs
. | , 1450 2002 and L. S.
Sh%ﬂgjfheﬁg%erefa'ﬂw%- ﬁﬁ% C{r% y, and S. J. Chua,

"Effects of periodic delta dopi ng on the properties of

GaN " .
o bR B i 0 BB SHER B o e
prOibﬁs dines Mtwlef oeNt lagerr 802 fdgute néad rasnwelbpd the sificos ewerlayer 106

(Fl@h‘gelr(é) %u%]té h%:‘a r Pefi ét?){i dl%'tfpalt pl%@cgrh Eb‘@ |sS easured first

over | ure ness

follpiyed béé'?ﬁ @@mbraéle 02 enctheddeaTh?@P. .%O@wap@@w@f Rigige 2(d), it
carm)& B&emﬁﬂaﬁﬁ)@&%{f@rnﬁoﬂﬁﬁ ?trc%gcﬁl Irﬁé}%ltﬁl BesSPGhT ale Rineral

he m croscope | nage ur e he rel eased

208 lF e DbONOR IR0k BN & &1 Mgl 294 aithe weahast o 565.9

cmhl(séd HurpiBt£ 21 0) For ke Pe?eébé%émﬁf@néi%ﬂmﬂhe tFe'aGHQ@G the E2
IS .a mcroscope inma l e 300 wi

phqn&pdgﬁnmf]rgr{ge Siropgest a 567 3 cm ™ ek (see numeral 212) hand 567.1 cm’

(see numeral 214) respectively while the Si intensity is the weakest at 520.5 cm™ (see
numerals 216 and 218). The E, phonon frequency can be used to monitor the in-plane
stress in the GaN film and the E, phonon line of GaN on the SOl substrate (ie. the
platform 204) shows a shift towards the lower-energy side when compared to the E,
phonon line of beams e.g. 206 and membranes e.g. 202. The observed redshift is due to
the presence of tensile stress when compared to the reference phonon peak of a
standard strain-free 400 pm thick freestanding GaN. For the reference phonon peak of a
standard strain-free 400 pm thick freestanding GaN, please refer to R. Armitage, Q.
Yang, H. Feick, J. Gebauer, E. R. Weber, S. Shinkai, and K. Sasaki, “Lattice-matched
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anot her exanpl e enbodi nent. The sanple 300 is etched
with XeF 2 and m cro-Ranan spectra neasurenents are

wo adosfnsfosom a pl atform 302, a nmenbrane 304 andPEI/Rezn07/000386
306. The etching with XeF2 is carried out with the
same timng for XeF2 etchinggthe sanple 100 of Figures
2(a) to (c). FromFigure 3(a), it is observed that the

el 304..h ar ker r S
HROREE efors OB R SaaR D e et 4D 208 it
Wang: Ko da#aGdes. Trhethed@eiss al. @huaossfmbtstdwemmnelwedo’w@ on the

a1 998 A8 AEAngHTH ol BuBRAIEEA o % et o5, s
208 Tee girapm fizhmmnng infeasityetes Lthe delensad- meRimame spd deam. (see

nuﬂé@al@b@é fﬂﬁmlg’é}@r n‘uﬁcé‘fgszﬁulalf fd éifl o(/ec’ﬁayég@@@fgg{n@%(ﬁz)%‘? about 200

mbr ane 30 eased beam
""sﬂ?é@was heg Q%ﬂ wmﬁgm gleled. hEs tihshpatdsmonti@omidiaikaman

spéctht éfoﬂﬁurgl HNARNBSt dbnBhstANE Ridroé 58 u‘ﬂ%@ rrﬁhlggh%oé(c ) of the

lwh| Ide t &honon intensity has a weak Signa
relgggddn rﬁ?"s% nunmeral 312). The unrel eased nenbrane
304 has a noderately weak Si intensity at 520 cm 1

e r 314 weakest E2 phonon intensity
(S t@%%mé éﬁ? %w@ﬁ%&hg ‘yssf@fP VGHS\}\%@'Ié? t'mefs"@pendent
Flgu&! ééas)esi ab@Ers3fe hasyet dfea Stam@@gm WER PREJE Mmembrane size in
e, qume
anfrDiriete SnepSfert P sabdf i Hidde nwﬁ?e%%rF s ficrerRgman
spgEraphesswerhénte acf taalNfrom SQ@latferhsI0Rabenémirahb 304 and a beam
I ). S| . as_conpared to E2.phpn i pe.
306 P Bl At 5 8 Bl o RO 1B S T R el the
sargple {166 mﬁigereea%e)do@)NFrmnﬁugaraes(aM is obsarvad that the cthiad of the

meﬁfbrér’ée36?'h%§s§qian<%?r@oﬁggst :#é@i)t‘ﬁ njeB tnn%te %ﬁ’cg‘sg}%% S the

approaching stra
meB@éﬁOe( %Wert@amiaﬁ} Thﬁdadge@ eg. t3ﬁ&tof rtlte memhcne 304 and the

bedtR 306 SﬁeeshMqu% Ecwradt b é@‘ﬂé{?&ﬂozove” ayer (not shown).

It wll be appreciate onger duration of XeF2
et chi ng can rel ease the nenbrane 304.1n the above

ex aﬁ@ur@ S{BP@CBriTﬁféfn%rty ¢4 RemanaHid 8&p§§%\9\‘1ﬁ\8 thE n'té%@ﬁ#eﬁ%lcm-

el eased _nenbrane and cantil ever structures
Ra‘?‘@% ﬁé%%t Ef‘? plfofH éo% srpeasuterbiirshislipvechbyihgupergbrapg 304 and
thetréleésfé)i beahgweeF%(rcﬂwelsge@raSEMbh Beeesérb@d%a&hérﬂ)la%ﬁﬂ @92 has a

stroggj 1 u&ysn@[%ép i@gtr{up?e%@e}:g%%é ,ltjlieegg %qunnagt@gsuty has a

weak signal at 565.9 cm™(see numeral 312). The unreleased membrane 304 has a
moderately weak Si intensity at 520 cm™ (see numeral 314) and the weakest E, phonon
intensity of GaN at 566.9 cm™(see numeral 31 6). However, the released beam 306 has
the strongest E, phonon intensity at 567.3 cm™ (see numeral 318) and the weakest Si
intensity at 520 cm™(see numeral 320). The E; phonon line of GaN on SOl substrate (ie
the platform 302) is lower as compared to E; phonon line of the released beam 306.
However, the E, phonon line of the unreleased GaN membrane 304 is similar to that of
the released beam 306, indicating that the membrane 304 is approaching strain free but
the presence of Si peak (see numeral 314) indicates that it is not completely released
from the Si overlayer (not shown). It will be appreciated that a longer duration of XeF,

etching can release the membrane 304.



10

15

20

25

30

showi ng an airgap under sanple GaN beans attached to

freestandi ng nmenbranes on a sanple SIMOX SO (I QO
w@b@sosmons The SEM i mages of Figures 3(c) and Pdi/S6€Howo00336

GaN free-standi ng structures of about 1.7 mmthickness

with airgaps of about 200 npy Figure 4(a) is a E2

phonon peak intensity mappi ng di agram of the sanple

100 of Figure 2(c). Figure 4(b) is a Raman stress

profil e mappi ng di agram of the sanple 100 of Figure

2(C)n thbl?dbe@e %mm@émﬁ@m@?@m -sk&ﬂ&i@d_ SEMandesisad epstddy the

stragin-free -mmt hi c r eest andj. n , it ca .
ol PrHBlreR 20 BRI AL UGUER SN BB SamEsH 90 Siqwn in
Fidoads 2(a) tolfe). SO substrate are due to the presence of

i n-plane tensile stress. The anobunt of tensile stress

can be cal cul ated using the expression Dw = Ks, where
K i Biguree3(py is@oBEM dmage showieg apnrirgay endérya darBpiéRaaN cemtilever

str&ct@%n'%ﬂ f1gas 85(e§b?(158)0@’u6%%tte 1%% %ér[egé@?sigda k%firl\é image

ry etc I'ng I'S ‘approaching towar ress
shpwm@n piegep. urdes sempéss Salldrdams attaghedtthdre@atindiniggasmbiranes

era0SIOR SOIMD TN The SERPHingte 1 folits 5(¢) afd 3now
Gazl(fce;e)stamm situchuises ofabaiolt Lo, thskne@s 94th @PgapsfEeputAdAtne.

were conducted using SIMOX SO (1 11) substrates with

V&Fgl ng Si overlayer thicknesses of about 50, 100 and
200Fighie HAkisenk. Rhynph eeauiviansia weppiTy diages aliie sgmplsstPo of

FlduFb 3(BE FfdRe !il('E) §q Ifiéméﬂr);tr@éé 6ﬁlé‘h%pwﬁ§ dfa@,kmﬁ* of mel%%nipré 100 of

rag}ge of bout . GPa and f ound

oL RICL oS 15 Stlerono R Peaks hn Susendard @aamﬂe@\ﬂ;ﬁow-thlck
freééi’ﬁ’no@% BaN Sgénlgeléorﬁliﬂl'ﬁéa frat Rd- éﬁ]ﬂe@cﬂ%ﬁc% béaﬂ@ eSQJQﬂOZ from GaN

rowt N-1nduced stress, the curling and bendi ng
on fheP@L yhseierase d&?ﬂ%ﬁ“%?@%’@?@é%dﬂﬁ%tﬁffﬁLﬁhatf?S@ F{g@@mount of

ten@ﬁ’eegtrgég”cgh thedcalbﬁlaéaohglﬁé tRX AYPIRsBALRLI MBS, wRere K is the
simlar XeF2 dry-etching &jocess and characterization

propgrtirality tagtop StVe'P bV 43 GRN/ Raman mepsusementmshow thasfhe GaN

relé’el%@& %?rX&-‘é HHp b&hﬁﬁqg Cﬁpﬁﬁﬁkhmé WS 2Ntk OrBE thBh&g péa‘-k The
performed on a ayer formed directl

sir eﬁs(‘@r igtion ig g ERl %'e%qdﬁﬁ%ﬁ‘b@@%@g?{F'ﬂ‘éfea‘yﬁc)btfoqqof‘bﬁ Qito+0.2

GPawhdRHsGRIRAG N8O (00§ bRtfolPYES (F.Q,TJaé 9 ct;)anwe%@e@%terb@hﬁo 45 +
the feasibility of using dry etchin or creatin

0.05 41Fe EaPSHBRIYS HAEP U880 st SHUIERS %aumee PHRSLEFS with varying

Si &leAdri thitkitlsséd 6ES8N G0 n%(ﬁ&N{ Q@O"’ﬁfnaaﬂﬁéreﬁtn@ the substrates. The
canti |l evers formed after the dry etching.

residual stress in the 200 nm SOI(11 1) substrate was found {0 be in the range of about

0.32-0.40 GPa and was found to be reduced to about 0.2 GPa for the case of GaN

grown on the 50 nm SOI(111) substrate. By controlling such growth-induced stress, the

curling and bending of microstructures after dry release was found to have been

minimized.

In another example embodiment, a similar XeF, dry-etching' process and

characterization is carried out for a GaN/SOI (111) platform.

In yet another example embodiment, surface micromachining is performed on a
GaN layer formed directly on a bulk Si(111) substrate without depositing an additional or
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Figure 5(a) is a schematic diagramillustrating a

sanpl e 500 conprising a GaN epilayer 502 having a
whie@hoswaper ature AIN buffer |ayer grown on a B /8G200)/000386

substrate 504 in the exanple enbodi nent. The GaN

epil ayer 502 has a thicknesgiof about 1.7 mm Figure

5(b) is a PL intensity vs bandgap energy graph show ng

b5yl SR ML o e RS i PSEP SRR 5 g or
cr@atlegtlarg@ aingaps @ed oy beT@Wednmb Reofeamicak sta bifiyras fiesstamiiig GaN

méﬂ&‘éﬂ%ﬁ(éﬂ%{jéfil?%ferg Rithed gﬁel‘%hgglé/eeé&{ Fﬁﬁ al I gﬁaIGia{\lygr _?_\r’]\’g

on bu can possess i cal _
sanple 500 is patterned with features of different

h S
gtemggﬂfe gér’d) i£8 ggrﬁ%mlc%édgou%sﬂ'a‘tﬂ{rgoé sgmg@ dg?b%t%: n%?gmb 2 GaN
epiays 02 hEV'ﬁﬁnadﬁghrbeﬁdQ@f%wrﬁrﬁlN d?l{ﬁ‘@é@yelpaﬁowne@rea $i(@3fi 1) substrate
508k0ME e%&ﬁﬁl@'@n%%rﬁmén Te da@&&lﬁ}xéﬁ%ﬂhﬁ@‘é’tmg@%\@%out 1.7 pm.

ower ower, 5mrorr pressure an
F'@&]ﬁ@ & %Pé '“tSﬂﬁigé’ql}@ﬁﬁSB%P energy ganbisbowiog the Phisbpennedf the
sarfnple>%d)_ﬂ'2 I@é@iuré}ﬂerﬁé dub® o2 Xt}é@(ﬂnﬁac\,‘%el:ochﬁb &Jr\?ésng}a?\smlssmn

ot FuTauBous SO 4 o P PUPB eSS nrsigdhat the

smghm%"tﬂ&c’ﬁtﬂegﬂoWth%uMElﬁﬂ&}%arﬂfos@eéHﬁﬂéﬁ%ﬁceﬂﬁu&lﬁﬁ
sanpl e 500, indicating the presence an airgap
(conpare Figures 2(a) to (c)). Figure 6(a) is a SEM
i magie 68Rpef 5@ ksepeard VEH\featurel bl HffeRPR mehit®ane sizes usmg

o BT 3R R 5 B B o B g e o Boou

2. 5qhnauaog eonstard pugiesy pzﬁr’amemrsbﬁhﬁﬁaﬂfamscbmcﬁtﬁg AV, 10‘§b<§m f% flow,
Ra t gra n

ot 1o ailor BT ¢ G R Gl R ALy threpsrature.

Sulgeauerklycthsmaotplea500 issubjected o XeF] etoling ioEthet $Sichaptiatiadsmeor a

sin@%@ulg%gﬁ%@ egg%egm?ﬁgms e.g. 606, 608 and the nenbrane

sured € platform 604 is neasured first
foll owed by the nmenbrane 610 and the two beans 606,

608M| ﬁs%%%wgg ogﬁwgzsamﬁ @netglfegg\gsﬁr‘fg{/xag fégla%%rtﬁ]sive timings
Sho(’\’séechﬁﬂ‘ﬁérlal the 1cRntragti lbfeatmemEZmp honibe $ampEasiOly ificaBaN the
pre%éj{rcr:gﬁoggn Bﬁr%g &erpé%“ﬁbére% Bgag\f@%)eﬁgu?é 6@5% 2 sEM l?'na(gg%%o of
a released GaN structure 602. The structure 602 comprises a platform 604, released
beams e.g. 606, 608 and a membrane 610. The structure 602 is characterized using the
micro-Raman technique. Figure 6(b) is an intensity vs Raman shift graph showing the
micro-Raman spectrum measured for the GaN structure 602. The spectra from four
positions, ie. the platform 604, the released beams e.g. 606, 608 and the membrane 610
are measured. The platform 604 is measured first followed by the membrane 610 and

the two beams 606, 608.

From Figure 6(b), it can be observed that the platform 604 has a strong Si
intensity at 520 cm™ (see numeral 612) while the E, phonon intensity of GaN for the
platform 604 is the weakest at 564.9 c¢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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menbrane 610 and beans 606, 608, the E2 phonon
intensity of GaN is the strongest at566.9 cm 1 (see

WO ms/0510s5 616, 618, 620 respectively) while theCB8G2007/000386
intensity is the weakest at 520 cm 1 (see nuneral s
622, 624, 626 respectively)o,ndicating that the
underlying Si (1 11) handl e wafer substrate 504
éFI gure 5(a)) has been etched, thus creating

560:9UET| EeF alfgats 646nP1%ir620rashectiveiyk while |t%§lantﬁ@?ﬁy is the

we%kéél'éi%ﬁak}non(séé‘%uﬂeWG@ 6M—0@)6 ?ééBéétfv@Fyf n’(&néalﬂnﬁ@tﬁgt the

ar e nmbranes w

“na?r%}gsﬁgﬁg%Penﬁ%twafffre%@%ﬁ&ﬁ?ﬁ (rigsirg $(@)hébag |bﬁ§” ‘etohed, thus
creh@ing AenRfifdd @lrgdl. ImildretoSthe USEERBNRY aftdrl Gldhifg @ on the

S'@ﬁagi)lz ﬁ@ggg g’@% h"%—‘? nSI‘t@%%m%U@%?&))@ngmQran% with

IarMmeSstldil&Sremmfﬂeleetaﬁ&ﬁ@ dog telittegtime debetdudic&ail etching the Si
ung,trwcture 602 of Figure 6(a). The E2 Raman intensity

& Phe etched sidewalls are sli ghtly higher due to

light scattering effects. Raman neasurenents show t hat

t hnggM 6&8; Fr R §%r o eﬁakq{tan g‘t“rgpg%ﬁld?a rogﬁ%%gwstructure

onon pea
60% af Figuieo®(a). irigune 6(HNs aé:kmesirm mmfdmmaemt)g idiagsdyo of the GaN

strd’&ur%%OE i F%}fﬂé)&ﬁ‘g RS eATar RichBE JFaRk §!c8é%%|&ég%ns aje slightly

B form®6 stress 1 s about 0.65
h|g 121 @Jeetféé'ﬁbﬂ @aﬁﬁ'ﬂnﬂd@ff?étﬁ RegphimeasuieMenls shownnaal baiGaN release

lPEQﬁS')H%%l nlsbéﬂdf‘oa%h% tga\%ro%néj sﬁé%ﬁ‘eé :@ﬁoﬁcm Sl‘\l"leo;t,’cress

fixed hi ckness o a er

va"éatfan .lrhth@r%N é‘?'e%%*ﬁdﬁ?m%fﬁﬁe B8 Iy gt 0. 1éotﬁnoo10 8Re whereas in

theSGéﬁ@ (117) blREroRRIC0AY Bk stEb YW Sbolt 8)es 5 05SEMAT ARERs E¥nple
how ng freestanding GaN cantil ever structures
em'?@me'ﬁol’?'%iﬁs ttﬂeGgf?in@P@has'@@' chugiuies oy Ak ST(IHE)SEM' since the

th.dkm,a&eoﬁ BQishipve ) a8 ks Jaie 7R KAEssABOHe EINTEYENAAK N8 Aayer
where a Si layer fromthe substrate 504 (Fi gure 5(a))

condiionp asrsef é%%‘a"‘t(ﬂ' the sieein thgePilg¥eray of cantil evers
seeRghieamatibe @Mlma@g eo&g{bvﬁrkw@es@ar@h@wm Icanméuét B@Sdtures

oL 154 0k S S5 R500 l BAS e TR cep o

of dHVEAEYim iMEHrRSs hare £810kyes From thagetstiats 804 Gidde 5¢a))tHe been
from.the subst rat

ire teri al O4(F| ure

ctoeh i 5 2 REEaTIRRER Boh ol REMSMERe P, hows a
chagge if @wwast ih te Giteblanictosgopiimates ef meOél%éséliJétKJcﬁJrés]e.g. 702,
t hat tp@ hic{;} ess of gi 0 m ers. ..

70478 BRAEPON 55 ebO sy ulteut dh B SFpeBrerdby” S i PRtre
material3fdm the substrate 504 (Figure 5(a)) would be etched without any masking step.
Thus, one reason for preferring SOl wafers over bulk Si(111) substrates is that the
thickness of Si overlayers and underlying SiO, layers can be precisely controlled on SOl
wafers during substrate fabrication to control airgap dimensions. Residual stress can

also be controlled using pre-defined SOl layer thickness.

Figure 7(b) is an E, phonon peak intensity mapping diagram of the GaN
cantilever structures e.g. 702, 704 of the sample 500 (Figure 5(a)). Figure 7(c) is a
Raman stress profile mapping diagram of the GaN cantilever structures e.g. 702, 704 of
the sample 500 (Figure 5(a)). Raman measurements show that the GaN release by XeF,
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waf ers during substrate fabrication to control airgap

di mensi ons. Residual stress can also be controlled
wagimyspse- defi ned SO | ayer thickness. Fi gur eP@(/B§200%/000386

an E2 phonon peak intensity mappi ng di agram of the GaN

cantilever structures e.g. 492, 704 of the sanple 500

(Fi gure 5(a)). Figure 7(c) Is a Raman stress profile

ﬁ di agram of the GaN cantil ever structures e.qg.

drY?@é '”QOﬁaWFO?W%@WEF® & gessHTaguRoNgN ARk, Fagmlress variation in

theTeRsU Feﬁé@@& TahtieVeért sﬁn%?ctu?é%eegawoﬂ el eARe aByutXed: @5’ "td’ +0 20 GPa
etchin /%pr oaching towards a stress-free

wheEezR in a/Peld 1) elptterm 618, the strgss @aw%pe%eg 05 GPa. As this

ex@rﬁﬂlb'én%b@fmeﬁ rrél%’s' rt@%a‘N Siecl?aQ\?oal Bdtdrss %H%ﬁk SQﬂqg ah@ since
Si (11 1) platform?7

the %@%5?%@‘ Dyl S{BB. 'Sdlxe@ tbe ﬁsc@%ﬁ ofather GpY layes Anddnteriayer

con&n‘fﬂméla’l@ml%ed e abre®l e Msfﬁ\?ﬂ’(@ﬂr{(@%r SF(?rLtﬁé W& hits Ofdference is
ness, o

qug t? |T>%8é te% a gqg«i e gqt}gl?qt)r(g Io |d|u3&, gtlresada l%reglst%rlxdi%g:} )GaN-
baseut raicfcmyﬁbharﬂ(m d;trtmtom fabrigaed &y d dry celgdgeOectimiquedt ). @pl. Phys.

10#%655&@%% yaver. For the results, reference is mde to

"M cro- Raman probi ng of residual
stress in freest andi ng GaNbased m cr onechani cal

st rﬁcaagﬁﬁ& ngg{fae g@ggﬂ@x?%g@y 4 BRBAe gg&gl\ﬂgﬁ,p%tl‘é)n‘]system,

Zn@ nﬁ'n@termhsrft gboyt 5AG-GP0cm vibickiesads sRAttavag mireetynorty STIMAX_SOI
(1140kafgrt erial of about 500-600 nmthickness is
sputtered directly onto SIMOX_SO (111) wafers. Figure

8(a) is a schematic diagrami Ilustrating a sanple 800
' n FI?( ee5@m?s| 8 s‘éﬂ’@ﬁlgilé'"él'étgrarﬂ_ hﬁjsﬁﬁﬂﬁl & s%%lecgﬁ@ruﬁ ¥ efample
substrate 802 t I ncl ude

{
emibpimeRiorthe. simple| Jfb comasast aaBNIOX S0k 1 Tihi wblste 807 that

inclafes’ bﬁlhﬂh&’@ht Sih, yer BaY oF aBO& FonabMitkned0RA an mherent Si
he sanpl e 800 further COﬁBI‘ISGS a

over iy 085% 2bAN 2OTT W S EIRS OOR S SREReiSRnO layer
809 dflahous WS alpett&ed dni mg S]{Wd)he(ﬁlmﬂ\)@db@tiﬁé #060s. on the Si
ing.an a i onal
oveflavet b PRSI sl shrg prtsclong] ol sab el b eha
the control of airgap thickness is advantageously
ted. f t he .d d
or o0 iy pecHlatE st eribnisbliR PRty Frifost8 Prigftqoeousty
septtatek fress the device buildup processes and is provided by a control of the

“inherent” Si overlayer thickness.

Figure 8(b) is a PL intensity vs wavelength 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. Similarly, 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 sample temperature.
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Figure 8(b) is a PL intensity vs wavel ength graph

showi ng tenperat uredependent m cro-PL neasurenents
weenBos1wedl bet ween 77K and 350K on the ZnO | ayR€T/868)07/000386

sputtered on the SIMOX SO substrate 802. From Fi gure

8(b), a sharp donoracceptorogpair (DAP) em ssion (see

numeral 810) can be observed at the | ow errperature

77 P T DAP f
{ he ek aRRR Bt hertE yEabudohaR i 98 oG R a R PL
spactrar measunemelnte dg ehef Zré2 lagrcd(8osputteretionth® 8i ¢veXhydrse8. Figure

, 8({)%5@33@ v\zﬁ)ngl gqved a %gqu fromthe PL

ectrum |ch roa ens "W asi ng sanpl e
tenperature. Figure 8(c) is a PL intensity vs

vav g ﬁ@éﬁn%l@%%b%gﬂ%inpqr\é B %gg?p g{)@ﬁ g’tté:> |l‘|'edS R/ﬁﬁt%%ures of

neasurenents on ayer
vagyipgrarigges ambeantievgripegtisy d&)lng stapdard @i;gtosteognagmaanosamd fora

petidtR&reatRlt 1diRinS &R agpB YR abbit éz?‘m‘??ﬁﬂg cgnﬁm%bégggtparameters

e ZnO layer 808 is patterne eatures o
of \?B?% CHT‘l%'eé oWnd Oseent iGle faw. PRAYYLIRS pwerg 260\WniEF gower,
Snﬂb@tp@éslshwwmfteﬁﬁﬁraﬁlréhﬁ% $ipl@ 3@ Q@Jé&(edqg%ﬁ:z etching of
fd &‘@r ? gout 620 nm usi (% const ant
the ﬁ&%r %\cfsaﬁ{e RU BiRHt 19D 8RcoRiBER- £ | ow, | Osccm
CI 2 flow, 500WICP power, 200WRIE povver 5nilor r
d 60C t t The e 800 is
P bTENESUS = Rio GBI Ags S0 arieeiRiT T ages Yl trgpample
80Q Vitoyre | &a)s beforab(eE; efbﬁiags Eigoreds(be ach .mikiogedp uﬁfagé 90& & the

corEEERERE SERUF Rl B P B b ML Rl

Figfmieg Bbe tQ(B}Junesg(al) niter dsrgpein mmglelsgﬁm tied Zrie platform 906 and

carﬁu%\'}%u’sl eg%’?fe)frs W dégésut[mgtﬁ%) an&g&ﬁr?_g ?rl ?Sn ] ?rg %%e F&(Jfﬁ%’(ﬁ@ has been

CO"FR'@*@ etaed) , the change in contrast in the zZnO
pl atform 906 and cantil evers e.g. 908 indicates that
the underlying Si overlayer 806 (Figure 8(a)) has been
compiniarefigcistarp ebsergdifor apotber exempleagmbesiment,aspfising a ZnO

bnd 8 Oér’(die for )62 Nhothe® '"@(@ﬁ’\'pl@e Binb6@RA %bﬁgnﬁn%rboﬁé | r@g gg@n ﬁ]ayer

yet anot her exanpl e enbodi nent conprising a
Sp”ﬁ?@dl"ﬁfew Bt ¥eEBYSBNn a 100 nm Si over | ayer.

Returning to Figures 9( a) and (b), the rel eased ZnO
e urth
st rl%je%rleng to %gures g(ag and (b) the released ZnO structure 902 were further

characterized using micro-Raman spectroscopy. The E, phonon of ZnO observed near
438 cm™ has been used to evaluate the residual stress. Since the ZnO structure is
polycrystalline in nature, a residual stress of about 0.15 GPa was measured from
phonon peak shift and using the relation, Aw = Ko, where K is the proportionality factor
given by 6.7 GPa'cm™. The reduction in initial growth-induced residual stress in the ZnO
structure films is due to the substrate compliance. Furthermore, it was observed that the
released structure 902 may possess some tensile bending stress of the order of 100
MPa and this stress is more likely controlled by the cantilever/bridge dimensions. The
bending stress has caused additional variation in the phonon peak positions. For the
ZnO buildup processes, experiments were conducted using SOI substrates with Si
overlayer thicknesses varying from about 100 nm to about 3.0 pm inherent to the



10

15

20

25

30

characterized using m cro-Raman spectroscopy. The E2

phonon of ZnO observed near 438 cnf'1l has been used to
wWe@raB0sMss t he residual stress. Since the ZnO sPETISGR02000386

is polycrystalline in nature, a residual stress of

about 0.15 GPa was neasuredggron1phonon peak shift and

usingthe relation, Dw = Ks, where Kis the

suBREieE ThR ot e R BRleess Hescleind area o semado e

in tthee rilg@ oftabigat 0re tbidboat 050 & thdghickness oatie Si overlayers

h b d that th
v TP VBRER, ol EPRER e, b REuE FREE AER B convor e
residuad sinepssafiee device refdase by diey etohind.OtheMeaidaaldstiehs & 2@ eslsased

cagtﬁemg gné inJﬁ Lﬂmﬁg&t 8£ #&Ed% Ja@efrgrﬂnédoll.:? CPE é ngjadt%eaQOut 0.40

I Mensi ons. stress "has ca
GReaen 801 blatformst fibe pmﬁﬁl@n op eesiduplogtiess m@epeﬁdenttmnethzg@ometncal

dmgéGHslidﬁQ [of AP hESRcal &Wréﬁﬁ%ﬁrow E’ndﬁgém’s't?ésgdaﬂf@ﬂ@gthlckness

substrates wth S overlayer t nesses’ varyi ng
of e AACIBYRIE 01 §@lnm t o about 3.0 nminherent to
t hesubstrates. The growt h-i nduced residual stress was

found to va)% fromsanple to sanple in the ran

e of
abotlt 2Ry & m@!?o‘amb@ﬂ'wsmezaods spHiteref opKhraged %Oltsw@strates

Théi subM&ités’iyf@’ﬂ e VAL adn, d}emgt@t lc6@epdidi efrBdd) baRdRNEORIsG0&tures
ound to control the resjdual

CO'EP?%&:, 5 1‘%19 E'EY%% ??9?'2?6@8%3 By PP BICkRPSTY. 2 FHo 2.5 pm thick

burl eﬁﬁSi@J@dyeﬁtdnGSaSSi ('111)”@1%@ ﬁﬁ)%ﬁ‘éieq%ﬁdt |4@UQI§5 %thckness) The
was found t varé rom about -0. GPa

orign R RN SO (UBX AYTSSp iiechbY Ui 4 roEoN B Vslig orsoprentional

RF' Ragsidh SktefSSzAc rtfedRigknRS &‘%OQ?Q@PH §Rd about 1.0 pm
di nensi ons of the nmechanical structures

resgeelixel s srutieed direstlyanto ﬁﬁd)onﬂ@ $Rl gubstiatesof the znO
| ayers on SO . In another exanple enbodi nent, ZnOis
spuitered on bonded SO, substrates. The substrates can

be 9% @S aschivmalic diagram luskatingr 2 8amBsntidg indhe example

emB(b(hM@htu TRS safpRy nmmgorapr%es (a 31(11111)) Uaba@xecc ed as)aaﬁtra(t@houz that
mm t hi ck buri ed

ness
inolden i SpReront,on s 105 4 heshatums fores &4 boaperent S
ovefBfert1088 dmapbhi Qbﬂﬁlstﬁ)cknérsfse TRE 'sSMb%t *IGU@) ﬁ’:fthérhé‘oﬁgses a ZnO
| ayers are tilted by of f axi s. 8
layf?foﬂ]Q/(g—:\%nPf GRavt REL Brdnesh ssytar%dnonztﬁ@ ﬁapwdader 1006, without
depoBitif BE 88difkdnaRbioWbdidated BRcARG AUt 1.0 mm

respectively is sputtered directly onto the bonded SO
substrates. Figure 10(a) is a schematic di agram

|11 oide! il sbpPeimb@thbO e doRtrbie aRAMPiRness is advantageously
separated from the device buildup processes and is provided by a control of the

“inherent” Si overlayer thickness.

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 on the Si overlayer 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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enbodi nent. The sanple 1000 conprises a Si(111) bonded
SO substrate 1002 that includes an "inherent" Si Q2
wo 2308105708904 of about 2. 0nm t hi ckness and an " i POIEBEINT/000386

Si overlayer 1006 of about 3.0nmmthickness. The sanple
1000 further conprises a Zngylayer 1008 of about 2.5nmm

t hi ckness sputtered on the SI overlayer 1006, w thout
depositing an additional or "dedicated" sacrificial

| ayer. Thus, it will be appreciated that the contro

of mdtr@awamw@ kmBSdimeht, ALY ZROABSRIUR0Y |§%Bﬁérﬁé@%tf1 rf@fures of
evi ce rocesses an
R RS G B R oS sGogas pBlohrgrarmeda ethegrior
peh’od:’bf am?sg% R d @epﬂ@ﬁdé&het t@ .OUsh ging oﬁhﬁéﬁt d?bce%@tpkdﬁémeters
r S i nt ensi vs wavel e

of Ghill SartemeBChdons AN ooV ST HET RSy DP T g power.
5rrﬂ‘ptrtd]'&’seda am 6°0aerBheratieds. |m¢%bmb@ﬁ)00f7r§ euB it foex o) (ohing of
Sl; rﬁﬁgﬁ(t)rra st]ow & fﬁi}? g}%j e free excitonic

enf'ssi (%ﬂgg?gga RuaneH Tﬁfﬂ ‘and the presence of

donor bound excitoni c peaks at | owt enperat ure (DX)

Th ] DAP)

ot r SRS AP E PR 1 ERlSFIoBGhopRE 78 P Srupture 1102
of é’lﬁb@@ﬂﬂénﬁooot(ﬁiguzn@(laﬁmr ZP(EGB dtchingatHiguraeld (Wi ishe microscope
lmggeeaﬂbﬁessho n}ﬂhot g rrub fEsSe gﬂﬁdéa(éan Itth% %ﬁrﬁélelﬁﬁggpi@ure 10(a))

usi ng stan ogra

aﬂqsequ@ QtCBmgalbdmure 1, ril@,e z@o Hridesstructire AH0Ais obs@verhio be free-
staH&h{;‘ On wﬁ%@e& s@n %F‘e?*%ntﬁ%é‘gfﬁkﬁfré 1962 ﬁae % tv%?éﬁ&m 8! 310s.

Gscecm d power, OV\BI‘

It O@Hﬂ*aﬁ Pbiﬁr\éeéﬂshhaé ”‘&n@P"G’@@ Pfe%el?raiger%rucmr% 1%%1;1 @usﬂwghter as
comﬁarééﬂﬂi 8GR irctiREX 1Qb ch 1@9Tﬁ$ nﬁéro&c%)ﬁ@ nma&Qér #he renﬁre bridge

sin ul se of about 30 seconds.

strygiyr b% B In 1asgkd- 1n BiguenbiUPhireLngh eﬁrgalqvag%r@qu%@ dr 106 are
obskh@dd tobetffae- W%nkﬂ@@oﬁ@d@lﬁmﬁ@(@)ﬂ th@fcb@tﬂe\)é@ ttuctures e.g.

1B 8 et P o e o s %9 PAog et damppatiever
strubQ06s @l@ g‘unoe i Ghwch) hgl'ﬁéredis gehparet abi axguppont Str@htire 1116 The
mnc%o (083 tma"ﬁ%ﬁ Hg%% e{‘nﬂ% ggrt ect&é? %rél}sﬂm{%ﬁﬁle gtht 9( can be
obsstveddbatrsembld Zhdiphgeraantilenere eds 1118)61201d8&urlihy upaardsaiue to
i”'b%ﬁg’gge}égg%'g%;‘Pit”g‘%?”é}m rast of the bridge structure

er’ as conpared to support structures
1 1 10, 1112. The microscope image of the entire

bri qu@re 12(a) is a SEM image 1200 of a released ZnO bridge structure 1202 of
the sample 1000 (Figure 10(a)). Figure 12(b) is a SEM image 1204 of cantilever
structures e.g. 1206, 1208 of the sample 1000 (Figure 10(a)). In Figure 12(a), the ZnO
bridge structure 1202 is shown to be about 2.5 um thick with an airgap 1210 of about 3
pm. The SEM image of the entire bridge structure is shown in Inset 7. In Figure 12(b),
the cantilever structures e.g. 1206, 1208 are shown to be about 2.5pm thick with an
airgap 1212. Due to in-built stress of the ZnO material, the cantilever structures e.g.
1206, 1208 are curling upwards. The SEM image of the entire cantilever structure is
shown in Inset 8, which also shows the cantilever structures curling upwards (see e.g.
1214).
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structure is shown in Inset 5. In Figure 11(b), the
ZnO cantilever structures e.g. 1106 are observed to be

wo e@8/0st0andi ng on the bonded SO wafer w th thECT/SG2007/000386
cantil ever structures e.g. 1106 held at an end
e.g.1114. It can be observegythat the contrast of the
cantilever structures e.g. 1106 is much lighter as

d t 116. Th
o 5 mPien PP inaRh et 20 b B Ehostie 1102
(Fognsetl 1@)) btd cthe dmtiebere stradurbé ad. gsq:rtees oFigufe 11@pese further
L 0] I,n
ol BTG Shadhy FesbybnBleErttin ' BRhitRA® Fafus “ahiis 2
intgmNty | vea Geman @(lebgra@hrsmowa@etﬂmeme)ammj gacretRancdruseclra0F the

bn@ E @ct%mqgngﬂ;gp ﬁ uréokﬁg)) i o InERHs R %3%8 St graph

M1 nage 1 er structures
Shfmlos toe mwugiml%O-B@wn(wegm ef 110¢ ap)aptnevar fiugtures e.g. 1106

(Flé@r@am(b ), @orgrl"-%l}?é Hgﬁ? |t5<§afnl'i§et (%s%rv%aqgat' the W%ﬂ(})p%ﬂ 3§tt)rﬁctures or

an alr

P'WH@“%EMQ g 18fhat'¢1é Séfﬁ@g Sbln'@ﬂﬁla'g@ 520 rcm:} ($ee eigs nyheiwh1302)
whil@thb@%oﬂon lhténEitygéfrZ?lOLg () wediBSt é%&@? 'c}ne'g(gée §%;rM§\’ié|‘5|el%O4)

1208 are shown to be about

D”ﬁn 'ghthﬁnpr§§‘?rﬁﬁp°f1t§‘i2res‘ﬁtj@ bepding. siisst instheedlcaged trlycrypigline

strmamres eeg 116he sllgmtviahﬂmrofmé%miheﬁ pf@al@ osk%até cad-BO8bserved.
e 0 the en

A b Be P oF PS8 Fiaine PhT Hewen§ovaieiosge qp. 1106
(Figurews (k) Stressrddnkiive E, sﬁdnbﬁtpaaleshnftmén lftgusad\ftﬂlbétﬁndtéﬂﬁa sct)ress
il P e R S R Bl 15 .
GPaémll | Bhie relattonsicip LlfaeSbeﬁn gienﬂekﬂﬁsl(@ltllﬂ;m@méﬂ (dla)é aid 8ppropriate
atia resol ye
o Searl BElering o ne Bl sffea FondiatSyth L imepe yised o
detRamive thehirbporiprafty fsdtonFogthelvalcoiaéisny, esferencs &-lﬁ@dlﬁaib Vicknesh
, i I llO Fi e 1. a)) .
o 3PS5 e MBI 16 ALBRAR R Byt e
on 8B\ Aubsttatesiédme L Pls. hettr @0, RATENS (2@t ra of the
"cantilever structures e.g. 1106 (Figure 11(b)). From

Figure 13(a), it can be observed that the two support
st ritig4rer &¥c)ds apRampormappinul dagrath ofl E2 phence @tessiomgthsi ZnO

i P8RS el 39, e (189 18 MEED 198 o pamur
Ramgap intgnsgdy dge do Sﬂ'@ﬁ*éflealeﬂmsamf thepgiticeroovdilayer E8nE@upt 10(a)).
Thet r@@ndﬂﬁ%tr@b‘@in PEHRE sBHINE ST Parlcl8n R RRASE bf about 0.22 to 0.11
GP&J t¥18 rsugs);taoart stlrunc?ures or platforms 1110, 1112 (Figure 11(a)) and the as-grown
films. The ‘as-grown films’ refer to the polycrystalline ZnO. It was found that the stress in
platform regions can be the same as the as-grown films. The dry released freestanding
regions were found to have different stress values. Raman measurements show that the
tensile bending stress varies in the range of about 0.15 to —0.05 GPa in the freestanding
cantilevers 1106 (Figure 11(b)). Geometrical effects and growth-induced mechanical
properties may have caused such a variation of the gradient residual stress in the
freestanding cantilevers 1106 (Figure 11(b)). For the ZnO buildup processes,
experiments were conducted using SOI substrates with Si overlayer thicknesses varying
from about 100 nm to about 3.0 ym inherent to the substrates. The growth-induced
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Sstructures e.g. 1102, a slight variation of the E2

phonon peak positions can be observed. A simlar
wetdosos706an be observed from Figure 13(b) for PEESG2007/000386

cantil ever structures e.g. 1106 (Figure 11(b)).

Stress-sensitive E2 phonon peak shifts can be used to

estimate the stress profiles using the relationship,

o IO 5 PSR B2 g0
abQEﬂi P45 GRe Raiharihidkitess @h theaPipvepayeas gansdo Aovertical stress gradient
aldief RE TRAViA @nr@&ﬁ)ﬁ %dsqbénd t-gzc%n%lglﬁé 'r&sn&da'l E{ ﬁs:ssa?ter device release

const ants of O were use .
by gt gishingo g Fﬁtsjﬁuﬁb%tf%ﬁ in 2@ rﬁﬁéseﬁacwlleueﬁsm micro-bridges was

fodr@{f 8VBRCRorh BbHRAE.05 BP4 t%kéb%ﬁho 2b GPa on §@r fp%?f@rms The variation

m cronmachi ned freestanding ZnO m crobridge and

of T8FIEHA TIPS ot rAFPERAEEL Qi eqqn?tﬂ%aj bdieasiens' of Alpgpimechanical
strifftM@s, thegrowt@hdub&k3s, (a4 AH9 thidkh&sd & tHe3X%0 Ia'yérs%n%@an

mappi ng di agram of E2 phonon intensity in the ZnO
mcro-bridge structure 1102 (Figure 11(a)). The
central portion 1306 shows naxi mrum Raman intensity due

E gl EU rr&o‘it&%‘é&%@%l@"%op@%rﬁ,%& glt ¢r§§§ c? ﬁr? %hlgys‘?( 11 J( )ogu%strates. In
thepotaynply stnabdimest, BED! insages of ibridgd end a;agt&ev@fr sabetutes beliize and

h I f
aﬁé’ﬁ%lécﬁ%gg?@z lj]trrye ‘?@fé%pe%hm %{)Hf&t u 3 gr}Jg V\ﬁ.l a o mﬁl:h%)tlcal
micregrogy dwagds (nat Shovef)ethet chanbe i dhey conytststith rresﬁmOto tite ZnO

pIaWﬁ?n Ly Bﬁdgtehﬁt?{cétg&r& e bfkﬁ@é g[r{?g{é;nalr &4 ?gébs‘frgﬂast}w%s been

same as e as gromn
etche@est andi ng regi ons were found to have dlfferent
stress val ues. Raman neasurenents show that the
tensil e bending stress varies in the range of about

0. 15i9¢is 146)0s acEiaMiimage d49¢ eba relprredZnéhhtidaecstactirg 1062 on
bulk @lﬁ Y Ppl&%rms) 14(@30!'3;@6‘ r Fl@@tle elbeet 8 @W nﬂé&é"ﬁ Ros 1 léﬁﬁtﬂever

ani ca aused such™a variation

ST g G A4 1 BRE plk SHAET RAtREES 414, 1 e dPreRsBDatiagps 1414,
1416o4tei doeves.3 ik 88cH FhdtHeturkibt bl etchiRg id aéar@\%ublelfbrdmg bridge

rocesses, .experinments were conducted usin

strugtyre 43¢ @ad \T\h‘et sngfever, slryciyias eonildkhdyemsthe g%%maigarfah@m it is
fou@ﬂiéi id & St 8RebdimdnO (1Ed-GRGHhSHO fiky LB6ut 1.7 pm thick) on

substrates. The growt h-i nducedrf esi dual stress wa
the ioglingi(11d) ehpys ﬁr@ﬁ*ﬁ%ﬁfﬁh%’et%@awﬁIaéomtnO bhe 0.6n¢FPaofFrom the

platﬁ)th‘?nUéreQS 4904, °|49@°’f‘412 f‘H:_?e ﬁ'erﬁé ShGctilak Ctlﬁ@ enE/alh(%e remain

over | ayers varle rt |ca stress
Subﬁfﬁet'ajlwdm I§apierasnet ar@rpfvtag orféﬁmi abeuc 852 rt@|0 $fh @Hae§rtd1m aﬁlgure

14(Dt é%ﬁ& tif 5@ Lmdsnd ﬁ@eéfﬂoﬁ%ﬁ’ﬁlcmbﬁﬁgﬁ &Fueiaké“ 9402T|3%arlatlon of the
residual stress 1n ZnO rel eased cantil evers and
resigiyal rsyep$ it §resrange 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 um long cantilever
structures e.g. 1410, a variation 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 length of up to about 400 um, a slightly
higher value of tensile stress (ie. up to about 0.43 + 0.03 GPa) can be observed at the

edges of the cantilever structures e.g. 1410.
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found to vary fromabout -0.05 GPa to about 0.40 GPa

on SO platforns. The variation of residual stress is
wale@sns®at on the geonetrical dinmensions of theCT/SG2007/000386

mechani cal structures, the grow h-induced stress, and

the thickness of the ZnO |l aggrs on SO . |n another

exanpl e enbodi nent, ZnO is provided on bulk Si(111)

substrates. In the exanple enbodi nent, SEM i mages of

bri dge and cantil ever structures before and after

subjie Gjiet NgndtiferXekanslé Y emBdBMERY, eﬂiéh'@brﬁ}'gtaﬂlﬁéf afidN hid@crystalline

under cut, etc [ r.0sSco

| ,
A ohEaL RS % RievRg radican e, Bepgse ol dhmond
(NZDDnﬁ&r&étf@}’Uﬂéﬁmtdhﬂaﬁed@G b’yn?'Pcatrmg tt))rhﬁttotxwz tetnﬂleg! Fomihe ICP
§ e es ee | gure
el ot el et B RS E AR e
structure 1402 on bulk Si(111) platfornms 1404, 1406.
-
Gt O e T8 sy Tdd TRl RBD) celiBlor siygpyrps e
150 tﬂuerm(amplsremlﬁocmmrgame NEDicanliete wrustustoey- 45@ have been
susag&@%%‘gbéd?% MR x%#% jggmgl g%hﬁgecinqaé | ¥nt¥dst Wrh® thdbrea of

ge structure e canti |l ever
thes panitiever syuguigs &a1 K02 pasbe bsRaAR NN dhaInygioscopet image 1504

shbvy! ﬂ'ﬂth& fdet. 'ﬂh@ &Q@@%%ﬁ@b&nt%’@@éﬂ AN be obSGvAPMAROBEM image
ZnO film (about 1 mm thick) on the bulk Si(1 11)

15@%om5 a residual tensile stress of about 0.55 + 0.03
GPa. Fromthe platformareas 1404, 1406, 1412 of the
patterned structures, the st

D bt 1P b & hEMSRkge 150 o S P apstenivenGEgBe siuetyre 1508

in l&weSaxa]tcnﬁpl& etﬁﬁogﬁﬁant FTWNEggMc@eléth@ﬁure akboa g1ats heehGubcted to
Q ree | mcrop-por Struc

ab%??ﬂ’c"?soﬁﬁ%‘l?'p"‘t ‘ﬁg'%?%éﬁg 88%“93 qE%§°?tﬁaS§ t?‘lnaWSed"S? of {5 pridge

strict®@ 1508 @3ntbe abserved th e nticldsCpeGiiage dB1bshaen innthé ddet. The

f h I h
chaglg®Th ket neh 36 4B B (ThE SEM fapg f5te. 2 ON9 the
var irathieoexarfiple henbeimehiathes tingwsdi mlctdmeqhamgd stfuchipesut1502,

15&?0 %Chgéa%&nq,%qgt 0.40 0.03 GPa can be estimted

e scan. For the cantil ever
structures e.g. 1410, with an. increased beam | ength

of Hpah&h %%m@goe.zmdlﬁeﬁtl 'sglnﬁalryfaglg&lﬁgla éf%géé%a%) employed to

tensile s up to abou can
redijze @b@@\cebwamur depositieetC\d)-arpwn crgresyeialine diamepd yneskanical

strictdes. 1&%19'9' (s ?Br%tsg%Ect%aé'ﬁﬁm%HQQQbﬂ%ﬂmeg the CVD-grown
nanocr I'ne and m crocrystalline

mlcrocrysta ine diamond mechanical structures in the example embodiment. Figure

16(b) is a SEM image 1602 showing polycrystalline/microcrystalline diamond cantilevers

e.g. 1604 in the example embodiment. Figure 16(c) is a SEM image 1606 showing

polycrystalline/microcrystalline micro-bridge structures e.g. 1608 in the example

embodiment.

In another example embodiment, GaN-based light emitting diode (LED) and field
effect transistor (FET) micromechanical structures are provided. To fabricate photonic
and mechanical sensors, freestanding LEDs and field effect transistors are fabricated on

silicon and SOI platforms.
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di anond nechani cal structures are provided on silicon.

The nanocrystal line dianond (NCD) m crostructures are
w@adosesTeesl by | CP etching prior to XeF2 et chi nBCT/F62007/000386

the 1CP etching, Al hard nmasks are used for dry

etching of dianmond with Arlg® plasma. Figure 15(a) is

a SEM i mage 1500 of freestanding NCD cantil ever

structures e.g. 1502 in the exanple enbodi ment. The

NCD cantil ever structures e.g. 1502 have been

subFmoteetlf(2)ds ab@ptica? mﬁrnscopé M@Q‘e’ﬂ mzcﬁniom@g ALED afigestrutture

th {
el P T e Yuhctifoh DEBHER Bs b oo Gt Fiaureopien) i
an joptiesd rrﬁ@ospoahcwmge h7(16|~ﬂino~wngeleT Theilavbengg. 1708 drea bulk silicon

pla?er'M rnatﬁé g?ﬂ?pl@le%o @ﬁ%pqﬁ%‘}@?%@ 4}! ﬁr eegﬁ%% cfgé 710

Shcwv'ngj@e LEDr nstestrectugo grempranse 1€1209p| @ SEHbpldiferamin th'léh example
emmh! #g;@resﬁgéiflg 4h %pﬂé@ﬁné?@s%opg ﬁ]‘i‘ag%l'ﬁbﬁﬁ(‘shg\glng%é B filevers
mns o et chi ng. change 1n the contr
e. gwﬂ 15 on ¢ RE! elplirmyn t@%@‘%ﬂ"%ﬂ@@b%@'ma@t ure 1508 can be
observed in the m croscope image 1510 shown in the
i nset, The chan in the contrast can al so be observed
n_ Frbe EapRinggLodingst theungeeetenedaetusarRsaicrratrd byt the XeF;
drydiease dediihigueMBadramctidnict BtiGdtures Sard 80Rabld 7S rfdhic sensing.

ol SR L BN By BB SRR STROTIERL o o

bulle Iséindrc ahd \&EP qulatfatl@p.oThd underC@E\ERhigy ofvthe mechamcal structures is

1 S L anond, mechani cal  str u
i SEE 4R b ARl AR B LT g Son
andG¥@k gr own ni crocrystal li ne di anond nechani cal

structures in the exanpl e enbodi nent. Figure 16(b) is

a SEM i mage 1602 show ng
pol pcystsardthern exarmple oembadimebt, éaNibasasndindencti Indsredisk LED

stru%tu@es énrgcbiodidéé(% u?e?(%fgi s a‘?lné)d? gélrFﬁlgltoscd:dmg Hﬁa%el%ﬁ)of micrBdisk
'—Efbét'"y‘étk'%t%g | 18@@/ Imtbe %arysltewmbqwnmtcmum 8@k is a SEM image
18091 SURb UhiBRdRKk L-EDL 80& s I ﬁ?@@niﬁltﬁe Qﬁﬁgﬁ”&ﬂﬁodl&lgm Figure

anot her exanpl e enbodi nent; base
18(q)i is RN eleetylummgssanse dEEY f'&@‘iS'W r@n\ga@ﬂemgﬂ( BEph showmg an EL

. spebirdh AERSHRBAIGA ths hWidtedisi BSD afrctie¥idedos To fabricate

phot oni ¢

In the example embodiment, the vertical microdisk LED structures are processed
with top p-bond pad and p-contact 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 InGaN/GaN multi-quantum wells can lead to
an increase in blue and green EL intensity when compared to microstructured LEDs
without XeF, etching of underlying Si. The substantial improvement in the visible light
extraction efficiency due to selective removal of Si by XeF, etching shows potential
applications of such microdisk LEDs for general illumination. In such under-etched
structures, due to the increase in the junction temperature at the edges, wavelength

stability can be maintained at higher driving currents for white light applications. The
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and nechani cal sensors, freestanding LEDs and field

effect transistors are fabricated on silicon and SO
wWQ@b@BOsT08s. Fi gure 17(a) is an optical n croscoper/sary@000386

1702 showi ng a LED microstructure nenbrane 1704 on a

bulk silicon platformin thgjexanple enbodi nment.

Figure 17(b) is an optical mcroscope i mage 1706

showi n FET anti| evers e 170 bul k silicon
R R o AT Sl et o e garaptoraey e sypfems
andpédooatorsri cr oscope i mage 1710 showi ng a LED

m crostructure nenbrane 1712 on a SO platformin the

exanpl e enbodi nent. Figure 17(d) is an optical
m cFeseepe is amgberd@licl fiehahsrntpOPETust@ting laavethed &f mbrlcatmg a

ik Rchin ek 8 ACHED Y0L oG AR o S R Hlpuoea
At éte@a‘tQ@é ayniciemexb@lical elementtdnened diractyuen theustibstrate. At step

1D CIRGLEAL ) ALYt A LS B g oo

the, m‘&eré%?%C?é Sierrnts Abpiepal WS; de rnels efarmsid indbe Sirkdsed
sulS$dhate! at forms. The undercut etching of the nechani cal
structures is highly selective and the final device
rel ease is achieved by XeF2 dry etching of silicon and
SOdln ke )éﬁbvea@gérh L@Pﬁ@&?h’n@n@”@ﬂl\ﬂeiﬂﬁde Gahk dS&—%mconductor
muc%@;(lgc;h%ﬁtgzalmﬁt(rzlbcgtfrlgi%ﬂ E[F e/S &g(geobg%d%%ﬁg%%mgé%lc@( mlcro%%%{laemcal
strtmtmre@dnsﬁe @EﬁieﬁtdrUSDlﬂéﬁistr%t@ Tﬂ@@bllsmlbﬁtf&teﬁﬁé\rﬂ'ﬁé ®repared by
ment SEM i mag
wafl BORHTE R errsedeefied B Blptatgfon e GHECRE piad platiorms

mag iivb @fl botb {1 00) laind t 1 ) b8émations. Tine BOEsUbsOhiegion @ffeRACSrientations

AN v —
of %ll@n avgodayers Whetyaasanblléllemm)dbanmap strdvturee ntdyciatiude ZnO,
Zn(mgz{r) Oﬂ:)](&la_ COQ}SZ t%léfgé %ﬂ?%na?sr ?f Bﬁgﬂg %1215 Seib L, & g tcgﬁfgq%quaqions

€ represe
W'tha Valying dh'IClsnﬁSﬁeE@Qa hoes OEL-Vspide tblaud@afpr simcm:esh meEydndddes [GaN,

AINLERGHRY T fRBIN, S 2RO 'rQ!a %ﬁeﬂa&{ %gaﬁ’réaﬁc\la%obeheterostructure

observeéd that under cut
Conﬁwfﬂmﬁu'ﬂﬁ‘tw'wm@n%%nTh% agarpRle gmbodipreatssareiatsotapplicable for

polﬁ%tﬂfn@%dﬂado@&@ﬁﬁlhé HlaMb%ﬂ rﬁi@WcﬁQmﬁ:Q struct]yres on bulk Si and

m crostructured w t hout XeF2 etc

SOl seRsteipsnd hs; typ%@féhﬁbﬁ%tw vwnqmp@wig@entayerﬁ uied to realize
ovemaﬁghb &truttdils can provide controlled residual stress after sacrificial etching of

silicon. The silicon of the substrates for dry etching are exposed via standard lithography
techniques. The example embodiments can also provide wide bandgap semiconductor

micromechanical structures such as an optoelectronic device comprising material such
as e.g. InGaN/GaN-, AlGaN/GaN-, ZnMgO/ZnO-based light emitting diodes (LEDs) on
bulk Si and SOI platforms. The example embodiments can also provide wide bandgap
semiconductor micromechanical structures such as a microelectronic device 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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extraction efficiency due to selective renoval of S

by XeF2 etching shows potential applications of such
wore@sostiosk LEDs for general illumnation. |In sPCISG2007/000386

under - et ched structures, due to the increase in the

junction tenperature at the3gdges, wavel ength

stability can be maintained at higher driving currents

f or Sl’m {eébs%t eﬂn‘wléogr@éb(ﬁé}% tsT%efsr%grrlfl CIa?trélggsep 5fo§easr1% SOl is
aftm e depgsition®t Raniheatidebasd gas stﬂlﬂtdureeasin@t/aﬁws gFivgtitechh@ues.
The® B 8 peMRlLihductd Qebai] sJ3PRiide! 4Rt El’%‘fﬂ”nglgm?sn{g?éﬂgz? g{erlals

fabricating a mcrorrechan fcal  Structure S Arg 90
groyvns pp ity Af PSI rne Dyl Sis et daties relegseo i l@@dlngﬁatr%s @omponent
appsIé anad umdébé}%ﬁh@ﬁ“tﬁ@ll f@} fERbsd Snd %@H&ﬁgtnéélf&%hééoﬁw Such

the substrate. At step 6,. an undercu

streg5caN YIS Ry Significapiby @ﬂuﬁméﬁ B Rfendesigned asewdt-insiced eifesst Thus,

by thtrailing rtied¥e Glaadihéials, Eh'e@ﬁ'ﬂ?mal stilctFELRItH BRA nctéd"&re%@ &8s may
sed substrate. In the above

r
begﬁg%ﬁﬁ&qﬁ@ﬁ“ﬂﬁ@g re®3ge-\I wi de bandgap seni conduct or
m cronechani cal structure or a iil-V wi de bandgap
s enit oolh da cAppredidted dpec babe akillsd i eidlar th&NndBerous variations

[ ) ubstr t substrates cap be
ancf/grahwoé”ﬁgatﬁﬂs %1 81&986} Sﬁ%r%e;sgpts Qéﬁ’cﬂpﬁtq %’IW in 916 specific
embm)mamsafltmnt dépamyggénm( BeMPt. orTiepS@f thé am\feggm agebyroadly

e .
destfip. ThE presehPhp Aitehit Bhd. 1B8oB0. 34 8N InsidtEA T Y pesgocts to
be Yyudegtive éndslthté%%*,NWECh can be tailored by precisely

controlling the thickness of silicon over |ayers. The
types of MVI w de bandgap structures may include ZnQO
Zn(My) O, Zn(Cd)QO, ZnS related materials of single and
heterostructure configurations wth varying thickness.
The types of H -V w de bandgap structures may include
&N, AIN, Al&N, In&N, and InN related materi al s of
singl e and heterostructure configurations wth varying
t hi ckness. The exanpl e enbodi nents are al so applicable
for polycrystalline and nanocrystalline di anond

m cromechani cal structures on bulk Si and SO
substrates. The types of HW and H -V w de bandgap

| ayers used to realize overhanging structures can
provi de controlled residual stress after sacrificial
etching of silicon. The silicon of the substrates for
dry etching are exposed via standard |ithography
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techni ques. The exanpl e enbodi nents can al so provi de

w de bandgap sem conduct or m cronechani cal structures
WG a@k/05®58aNn opt oel ectroni c device conprising NeCESGAI07/000386

such as e.g. InGN GaN-, AlGN &GN, ZnMyQ ZnO based

l'ight emtting diodes (LEDshson bulk Si and SO

pl atforns. The exanpl e enbodi nents can al so provide

wi de bandgap sem conduct or m cronechani cal structures
ClAMMS as a m croel ectronic device conprising nmateri al

such as %rﬁlcr&héaunﬁél\étrudtd}édc%@ﬁglngznd GaN- based

hybrid field effect transistors (FETs) and high

el e@§lEPniebiberedsthsiaS st ors (HEMTs). In the descri bed

exarmher@ﬁ@@dlnhmnélemehhrarme@airéctt@loanlthéeuaase&eoéndsl and

er. the

ot G s Pt EPranea s fenrsel poan L e pare Rgngnical

el@ﬁemth i nduced stress in such Iatt| ce and thernal
tche nate I al S
A ¢ aegeatitog e s % WS i o PeSLisTgi dffle i bases
subpipaar s and |s dependent on the | ayer tHhickness and
geonetri cal di mensions. Such stress can al so be
significantly influenced by pre-designed
gr oW h- i Aeciuchire @sslaimiddn dgimcbrvierein thg $ihkased substrate

REEHSliBon BRGAGRIGAISTH] Suigiifes ui th predi ct ed

ress val ues esi gned using sacrificial dry
release It will be appreciated by a person skilled in

thezart t’l’hétstﬂléf[ﬁ'éoaés cfthédlih WEmanderdiR fthl@l@*és@”&f a Si
may be nmade to present invention as shown in

ovgﬂe@rqucther%uﬁ%%ttage Vi FReRAN B rentreigg & shethe tttﬁ Feigased

poffonSMRenromBenarioct Blehfhtas broadly described. The
present enbodi ments are, therefore, to be considered

in all respects to be illustrative and not
r est4r i ct e sﬁbétb}\ésaé.claﬁnéﬂ' B QARGIRLE Bavhakinibeuecess extends

thrﬁpg LS ﬂ%}:ﬁllg er tgf on (o ft%? %@g&%a@ggsg t{)agg)ltshlgstrate
substrate and an undercut fornmed underneath a

rel ased BW& %{ﬁst n{nﬁf{% fr%?n&aélalﬁ* egunt, 4, W here EPthe

wherei n t fecess
thickneishés iBia ntaagedf shbidngti0ateto about 10um.

6. The structure as claimed in any one of claims 2 to 5, wherein the SOI
substrate is provided using wafer bonding, Separation by Implantation of Oxygen
(SIMOX) or both.

7. The structure as claimed in any one of claims 2 to 6, wherein a crystalline
orientation of the SOl substrate is chosen for controlling the stress in the released

portion of the micromechanical element.

8. The structure as claimed in claim 7, wherein the crystalline orientation is
(100) or (111).
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2. The structure as clainmed in claim1, wherein the Si

based substrate conprises a silicon-on-insulator (SO)
weumshsAase. 3. The structure as clained in claP@T/2G2007/000386

wherein a thickness of a Si overlayer of the SO

substrate is chosen for congjolling a stress in the

rel eased portion of the m cronmechanical elenent. 4.

The structure as clained in clains 2 or. 3, wherein the

recss exhemyclurs anghinasdn sIAimal. mheareie theiSikesed sypstrate

cohipfis&d 2 BURIi@YBstpE. the SO substrate. 5. The
structure as claimed in any one of claims 3 to 4,

wherein the thickness is in a range of about 10nmto

aboud. 10mRe dhrucilife ast dlaifiadr & @sint baiwmRdeih thamuilo 1% svbstrate
ubstrate is provided

Lai
00’38%?55 Wség“"]?o‘?ﬂ?f’%ﬂon %‘é{]gﬁ) %)hﬁby | mpl ant ation of
O<ygen (SI MOX) or both. 7. The structure as clainmed in

any s wher ei ryst.al line .
ori e tat [ %e S(k)%m%"ﬁe fﬁ ngéudog't Pt eplth% é'i%é%ﬁg fclglr‘ms’ wherein the
migromecbanical geléhentseanasrises roneher mefeetrsdatigho s¢lecrd gfont haegroup

coﬁ@étf a i ”'zmln?)% erﬁ\ﬂ%d)cﬁ h8e ELIUCAW e(\?(?aﬁl FhEER,

incl el’'n crsarllneorlén roh 1s
polycnsialime dqamqr)d and rrafposstatalmm@emaed clainmed in claimai,

wherein the Si based substrate conprises a bulk Si

substrate. 10. The structure as claimed in claim?9,

whel2i n Theeshustkreses slaisaed i anvohieirieeeding Flaips | Wherein the

rec@Es W¥orhéd® BE S bASKY s Wstrbteldslig a dﬂ,ﬂetcﬂ_fbﬁao%tsé ucture as

claimed in any of the preceding clainms, wherein the
m cronechani cal el ement conprises one or nore

mat ¢8.i al she etreliRdas ciiindd Ih VIHIMC L) SWiIsdreMTthéNddy etch process
0] Zn %Cﬁ! O ZnS, @GN, AIN, AlGN, In@&N, |[nN,

°°’B81( 45808 f X&E> di anond and nanocrystal | i ne di anond.
12. The structure as clainmed in any of the preceding

Subi‘?nrs at {3 y]cgurtgh%sr %lg(g‘r?% lrijgra{:géggdpr!ageéirbgeclg%msga}/vsheedrein the

mlcromechanlcal element comprises an optoelectronic device.

15. The structure as claimed in any of the preceding claims, wherein the

micromechanical element comprises a microelectronic device.

16. The structure as claimed in claim 14, wherein the optoelectronic

device comprises a light emitting diode (LED).

17. The structure as claimed in claim 15, wherein the microelectronic

device comprises one or more Field-effect transistors (FETSs).

18. A method of fabricating a micromechanical structure, the method
comprising the steps of:

providing a silicon (Si) based substraie;

forming a micromechanical element directly on the substrate;
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13. The structure as clained in claim12, wherein the

dry etch process conprises usage O XeF 2. 14. The
wareeoswse as clainmed in any of the precedi ng BCEHEGH07/000386

wherei n the m cronechani cal el enment conprises an

opt oel ectroni c device. 15. Bge structure as clained in

any of the preceding cl ains, vvherei n the

oo BIRR R 8e) FIRD PP [288, Db afL P A borion o
than‘é@r@mchh@c@@ﬂmwcancbm c device conprises a light

e il Heideedd Fle sidacclitepstdyct ure as claimed in

cl ai m 15 wherein the mcroe roni c device conprises
one or nore Field-effect tranS|stors (FETs). 18. A

met Read Of'rhfearﬁéﬂh6§tdsr@alﬁﬂe@ lﬁf&ﬁﬁﬁh@% %"élnstthfeuﬁt s%d gJB@trate

nmet hod conprising the steps of: prow Ing a SI
CO(‘"QF')SG%Q%'HO%”GBﬁ'P?UAQ'f@r (SQ)} sis§ate- ni cr omechani cal

el enment directly on the substrate;form ng an under cut

n {Zﬁe f m of a recess underneath a rel eased portion

?dﬁ%@ﬁarﬁsc%!?méﬁde%ﬁkalm e Tedher SRINRTiSING eleeasing a

thlcknetsheofSa $1a6\ﬁ=_dla5}'élb3>f rttaé SOI18ubsle: fat beralmgCh adthRE in the
based substrate conprises

relgasselc{ poe'g%n %ther%'ﬁmﬁeé“ %%I%Ie”gﬁ%tst rate. 20. The nethod

as clainmed in claim19, further corrpri sing choosing a

t hi nes f VEer r. of, the strate for
con? lffol I ?Wg na}gtst]tg lrjeé,)ss czllgrf%fgﬁ Slﬁé% 86 b ofneipin, recess
exignds threugtaslihstantialetherthickidss of e E’em\mnldyasofdhasmb dubstrate.

clains 19 or 20, wherein the recess extends through
substantially the thickness of the Si overlayer of the
SO 23ubsThetrethod as Tiaimedtih ahyasne backings 20 tard/, oviereih the

thidnk gg g}%ﬁ (ﬁwess is in a range
|ofn a ' 1%9%1gafaa ou?h@(}{)r%goég ie net hod as cl ai ned
in any one of clains 19 to 22, wherein the Si
23.  The method as claimed in any one of claims 19 to 22, wherein the Si

based substrate is provided using wafer bonding, Separation by Implantation of
Oxygen (SIMOX) or both.

24, The method as claimed in any one of claims 19 to 23, further comprising
choosing a crystalline orientation of the SOI substrate for controlling the stress in the

released portion of the micromechanical element.

25.  The method as claimed in claim 24, wherein the crystalline orientation is
(100) or (111).

26. The method as claimed in claim 18, wherein the Si based substrate

comprises a bulk Si substrate.

27. The method as claimed in claim 26, wherein the bulk Si substrate

comprises a crystalline orientation of (100) or (111).
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Separation by Inplantation of Oxygen (SIMOX) or both.
WQ@2008/0hm55et hod as cl ai med in any one of cl ai "TBCT/SG2007/000386

23, further conprising choosing a crystalline

orientation of the SO subsiggate for controlling the

stress in the rel eased portion of the m cronmechanica

el ement. 25. The nmethod as clainmed in claim 24,

wherein the crystalline orientation is (100) or (11

1). 286. The methboddisadaimiedi iNeghyi One loflicinkS,18WMELRI WhérBR the

mighorAREeSBSHERL EaBBARL' SRSpmbbl iRl REBERUS art scgrous
cogaibting afrOcofiMa}@s 2an(CdyRt aAnd, n&ai,i edilat AlGanyf I{3G40) InN
pchr}/sgahMe &&noi@gnﬁé}ﬂ%ﬁ%&@hﬁé &a%ﬂd' n any one of

clains 18 t m cronechani cal el enent
conprises one or nore materials selected froma group

t ! i
,Z?gggNs II ‘gﬁe Zﬂ%o@%“@%ﬁeﬁ{ﬁgﬁﬂe o §?§%’%% B2 wherein the

forming,an yadelrytin @%ﬁoaﬁmﬁa receEss CPRWriges Hoidg aginy Iemimmcess
any one of claims 18 to 28, wherein the form ng an
undﬁécut én the formof a recess conprises using a dry

et cHOpr ot dnethed aphelaimachyclaisn @Caivwhegein rihe| div ritoty process

comprsedi usindBefyy etch process conprises using XeF2. 31.
The nethod as clainmed in any one of clains 18 to 30,

wherei n the m cronechani cal el enment conprises an
opt &kl ecThomeathete vk caimaad. mTé't@ od B diamss ¢8 ab mRd wHarein the

18 to t he
mlé}g%? %cﬁéﬁ%&?n?gf)@%ﬁs %%@?'@8@0&0 H?E'F%el ectronic
dewce 33. The nethod as clained in claim3 1,

em tt | ngﬁﬂae n%%c%fé%félé %%Id "]‘-ﬁ%\)/’:.éqe%g rl S %tﬁé& %ﬁ.erem the

mictprpehagpcal glesresit nompdses & migbaetranic de\dee'.l ce conprises
one or nore Field-effect transistors (FETs).

33. The method as claimed in claim 31, wherein the optoelectronic device

comprises a light emitting diode (LED).

34. The method as claimed in claim 32, wherein the microelectronic

device comprises one or more Field-effect transistors (FETSs).



