METHODS AND STRUCTURES FOR ALTERI NG STRAIN I N
[11-NTRIDE MATERI ALS FI ELD OF THE | NVENTI ON [ 001] The
vari ous enbodi ments of the present invention generally
relate to the fabrication of sem conductor structures
and devi ces. The various enbodi nents provi de- nethod
and structures for produci ng sem conductor nmaterials,
substrates and devices with inproved characteristics.
BACKGROUND OF THE | NVENTI ON [ 002] Strained | ayers of
sem conductor materials can be undesirable for a
nunber of reasons. Strain in the sem conductor |ayers
METHODSANDISTRUCTURESEOR AETERINGETRAEN ¢NtIEI-NETRIBE
formati on and phase separation, in broad terns, a
possi bl e reduction i n MARERIALS quality. [003] Strain

ef fects can be di sadvantageous in fabricating Il1-V
sem conduct or nEIRLD ASTHEINVENTION 111-nitrides. For
exanpl e, consider Ill-nitride based light emtting
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imprb@titché?r@cterﬁﬁtismt ch with adjoining |ayers. The strained
| ayers conmonly have restricted thicknesses and |ow

i ndiumcontent in an attenpt to prevent material phase

separation an - MRJ i ndi um
di stribution. QW‘ﬁﬁﬁﬂ»%?Fe%g‘@twgﬂ@ conponents of
t hﬁeoni Nagiyai RRARRIKSE skinfeaiuctbafRiteyials cAbeundesmabledbea not
fully mscible and therefore under a 9|ven set of

t

numbgr efversos® nBirain rike sericontlidion layerscdan eesult irhasriacreased derisieell

ran f energetjcally favorable |nGN ¢ 0si t.ions.
defeciane9Ck formaliia ohess penbust B o BOp 5> 2mgHar BRbEIRIT o
matefi{lQuilifzaN system can result in thicker InGN |ayers

grown at energetically unfavorabl e conpositions tending

t d0PHas eStsapefiestscan be disadventagagueini fabhricangid!-V o ispndictos

T BT A B R R B ™
devicROEonBMRTRE RIARIN Yalliwn hiedd (B%N-xmﬁti?rs}giaiflcﬁ.{&p?ciﬁ?gwgtggﬂgge.g X
> 0.1 BoVineGsreat BN OCSIeThwFlefcs 8 Suisvises Mounging deamision
waveﬁe‘r)lgtrhorérflncgg,e (:Sf)mcrr?gnl)p lentriogpcres‘r,jl itseild%glrlltagfegﬂs levels of strain due to lattice
mismatch with adjoining layers. The strained layers commonly have restricted thicknesses
and low indium content in an attempt to prevent material phase separation and subsequent
non-uniform indium distribution.

[004]  In more detail, the components of the binary compound InGaN, namely
InN and GaN are not fully miscible and therefore under a given set of growth conditions and
film thickness there is a fixed range of energetically favorable InGaN compositions. The
introduction of lattice strain and defects into the InGaN system can result in thicker InGaN
layers grown at energetically unfavorable compositions tending to phase separate i.c. the
material is no longer of a single composition and the In and Ga atoms will not be

homogenously distributed throughout the layer. The non-homogeneity in the InGaN

material can result in a deterioration of the efficiency of l1l-nitride based devices.
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achieving material goals relating to substantially
singl e phase, strain relaxed materials with desired
conpositions. As a result, nethods and structures are
desired for producing | ow defect density, strain
rel axed sem conductor |ayers. [006] U S. Patent
Application Serial No. 10 /460,628, which was filed
June 13, 2003 by Moshe et at. (US Patent Application
NO. 2004/ 0253792), discloses the epitaxial deposition
of[065]si | Tlmnefo@emmpreivmmslysmﬁead dppycaches ambauingheackival rﬁg
sjlicon-on-insul ator e and the introduct |
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base giddthe igodiesosey stigiingiorthag epperyilicon ppftigp ofithe %@ase through the
relax%%n%?ﬁ‘té%gy?%t tje'akgt%q pg(?c %i @%&%9 5¥ Etﬁécttl@fﬂg ng the

egposition o ayer ere n of

insuldting c&i fenehal®e0,) of (he 81 Savrite produtetagiedésay afidresanding
heteroepitaxially to an underlying substrate nmay be
semiqenglcdqr s Hﬁwestralned due to lattice nismatch between

t I ssjg Layes I
ggwﬂonduc gy@rgﬁ%%% ?%eregagﬁ gg$gg%hn%§{ﬁ/and
structufes” Qupplied yhysmpaeﬂt@084(7)l\@t|b9@l$zoa4)d1|sato@¢sqh¢1foaﬁatfdmrofa SiO;
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Methegsisgd stashires for ProNidingsgBisondistor yprs il rfﬁ%wvyd Ftéa”h%ﬁd
prefer}'gea ﬂ‘?p gitlBr?s drﬁfﬁ@tte Jré(dé% YpiL eatures or essent ! al

alne subject matter, nor is it
intended to be used to limt the scope of the clained
subject matter. 2/3 I .
SUMMARY OF THE INVENTION
[009]  The various embodiments of the present invention generally provide

methods and structures for fabricating semiconductor layers with reduced levels of strain,
substantially free of phase separation. The methods are now briefly described in terms of
certain embodiments of the invention. This summary is provided to introduce a selection of
concepts in a simplified form that are further described in the detailed description of the
embodiments of the invention. This summary is not intended to identify key features or

essential features of the claimed subject matter, nor is it intended to be used to limit the

scope of the claimed subject matter.
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[010] The enbodi nents of the invention provide nethods

for formng a seniconductor structure; the nethods

i nclude formng a bonding interface between a bonding

surface of a strained sem conductor |ayer and a bondi ng

surface of a support structure. The sem conduct or

| ayer and the bonding surface of the support structure

are selectively etched resulting in the exposure of

the adjoining areas of the bonding surface of the

s gl @ondTiet ammbadanyents of Exepiowdintign priogido orettiods) fos derfraga of

.the sem conductor |ayer produces, a plurality of the
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renovi ng sel ected areas of the bondin urface of .the
Se'eCEYF&b%}f*ie%é?%“ B e gr e b PRI EsH pf 1 PRI TG of
the sdRE&HdL@br b fert Eﬁp&wrgftﬁé: ndflg sérfdce %?thfe"i‘?rﬁicgﬁdutc{&? layer produces
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st f)i"fét ur s sthi@d 2he PrBoeRE | P%%ng Rlecleld Sreh NYRRE bMin
devi ornmed o

e structures can be the sem conducto
surfa¢esdfalrecks ppart $tirucecinekeidh t@w@isss applyditg amaskargnaerizs tathe suafacy

hase- separati o free. vi ce structures can ingl ude,
of a fige dace Piﬁueé?mweﬁfﬂ@r% AP ew%}m%@m@@n%ﬁwﬁm&lﬁ!@ﬁ areas of
v s AP TPRIAIMCE ok 8 Bl kol o s
perfoseat to oeanalwetportions b&thel suppott kirucadeiced | evel s of strain

( tantially free of phase separation for form a

sﬁﬁﬁ?ﬁam P&n 9%9@4\&“?@{&6&@ uEpen. B Vit Eia Gt s formed of
the séf‘?ﬁ&&@h&gr islmrvﬁif{'rea&gf Ie%’lEBf QURUR BBty phase-se]paraii]on

sem conductor material i nherits the properties of the
free. Dediee btyucnges e ncbhaaglatonicj aptaeiedsonid/phbiodsltaiooptical, m ng

. the sub%t antially continuous |ayer of sem conductor
microgeEemepnanical SYRFESSET-f orming | ateral growth from the

fr sur al it I ] or
PGS R ermndn G B BB e R
semioendhedir dantds withlretncedeVade strive (abpagially dag of @faboseparaiion)
| anarizati.on of .a |layer of refl owable gl assy material.
for ofryRA Sy 5 OISRt B D et o ComBCICE RAEE BB the
contir\i[?iélllﬁay@of b EARIUBPRERASInhePlthd &Sﬁrﬁ&%‘fﬁqe%ﬂmyiﬁges a

-nitride material, 1 ncluding galliumnitridée, 1ndium
semicanduciad éslandal Miethodsion farmingeheasutistantietlycaginubesraef of [ 015]

i S o0l [eLhods. ol Lhe, erbodl ents ave, Lntendedy o
pluralitD & ssHihdRQBCsRdsAvigt redice@ fvdid & dial. | ARl AN RIMBoRinfents
also ir?clft?cﬁc:lrlet deposition, reflow and planarization of a layer of reflowable glassy material.

[014]  In certain embodiments, the semiconductor material in the processes
outlined above comprises a IlI-nitride material, including gallium nitride, indium nitride,
aluminum nitride and mixtures thereof.

[015]  Additional methods of the embodiments are intended to reduce the amount
of strain in IlI-nitride structures including bonding a strained I1I-nitride layer to a support

structure. In particular embodiments of the invention, the support structure may include an
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structure. In particular enbodi ments of the invention,
t he support structure may include an 3/31 etch stop
| ayer. The etch stop layer may conprise a dielectric
material which is capable of substantially preventing
the nucleation of Ill-nitride materials. 10161 The
I[1l-nitride material is selectively etched to expose
the support structure and further selective |latera
etching is perforned into the support structure. The
etch sep lagdri The eteh stop fayeahayt dw]plrllsé a dielettrid enakeipbwhini s dagable of
performed utilizing.a ﬁ et.ch process conprising
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perfoRh@C@HIERS a0l chdhgibalPeockRe deposition, reflow and
pl anari zation of a reflowable glassy material. [0181
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mﬂo&%g gg%gg{ﬂﬁq have previously been outlined. In other

S o the invention a portion of the

cqoi8]|nuokigtheBateodafients df tihe intdntioh dieliAABkesdohahuous datadhed
such detachment can be produced utilizing ion

layer NﬁﬁblrW@& lewels of straig) subptaitally &g oaofwﬁwmrm%n ipf nygbered
ways e‘r’tQ.Sn et H?rf;oﬁuéiévrl% sfr!]‘c%[;re %S% alhed BQ%QOH n%SSs lﬁ%qu)%P]

€ varll ous Od I ment nvention a

nitrids hfatgial et claesenfidevilidsirf@uredRaitan 6€ fsMmed Bﬁ\%\plr@llkﬁlsby been
.outlined. A certain enbodinment of the invention
outlinedc [niles egbodigenic ohtha drventiant a pectianred tharentieHong lager of 111-

mtrld‘a Hate?laf 1% 'dggchelgf | @%&Wcﬁrﬁer{t ?Q]Lg:eep(aociu%%aetlltﬁlz%gflgﬁ {T%le!ht %R%r

O I'nc sur

alternédividly @pl&taﬂlf}&ﬁﬁlo&fe@aegﬂfns Rk Yiririted Mtekaﬁgfowth Pdess. 5 X
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pHEEH i nHlelM"H'@‘aﬂ gmbedimantstaf thgdnyention dsp inpluddisiusres dormede
durmgﬁ%g? @Je%ohsqigut e?jn 2<,5e4’a|n e%glhmen{sof%er H%nltlloﬁ m%ﬂf?ies a
soin por S re

ructure conp

semlcﬁhammudtme linetlidivg 2001l 6 2le ighdngl i chl redL&Bd I&t/@lh oSstnep] Imy éin-
and a sacrificial |ayer, wherein one elenent can have

mtrldwiatnfi B1ay afsarrdlydines fresspefagenvidymveretieaol@ppronignately less
than 2.5‘%?@&%n‘d%&1y%%oﬁlposed of substantially single phase indium gallium

nitride with an indium percentage approximately less than 25%.

[020]  The structure can also include a support structure comprising one or more
elements including a base material, an etch stop layer and a sacrificial layer, wherein one
element can have multiple functions. Certain embodiments of the invention include a
bonding interface between a bonding surface of the Ill-nitride island and a bonding surface

of the support structure, wherein the surface area of the bond surface of the IlI-nitride
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bondi ng i nterface between a bondi ng surface of the
111-nitride island and a bonding surface of the
support structure, wherein the surface area of the bond
surface of the 111-nitride 4/31 islands is
approxi mately greater than the surface area of the
bondi ng surface of the support structure. [021] The
enbodi nents of the invention include further structures
produced fromthose previously outlined. The further
islangstip apeproprimgtelyrgréatetéhan tE@ surfatd arga affthe brading snifase ol thetsepport
Structures previously outlined wherein the free surface
SIUCHf® t he 111-nitride islands are substantially within
t 2 FRMETROEh BRIt Hts B tRORvEMAEn HcRidS BRAeAdRLAL ptdatdd
peri phery by a distance of approxinmately |ess than 30
from thosd heeviously hettingk nfihe diarthec storctusesrinduderaep ety of thecl udes
.addi tional 111-nitride .material ,adjacent to the free
semi G LIS BFUER B opy REUPRHE NG ARdtee Sese ebgred By o
islan@ RS LS h Il YvithHtht HARUSrZEME PIRE ard dre Aegafdi&ar FRIStiBrlery
I'n particular enbodi nents thg substantial 'y conti nuous
by a distgere obBpproxinmiely lesbehanet0am.aT hecfortiuriseresondsatos starturahlsy

et e B P St o Sl S B e
thereﬁgt‘ohhﬁ{g 23P8& R PO IR dyer M- AkHEFARNGI. AR PRYBARI ONS
of the“elenents of this I'nvention wll be apparent

embddimnts the sibsiahiabiyregnicreipad lagat ol B oitridetrnaerianempnises al so
wihin the scope of .the.inventor:s. invention. BRILEF
subst el hep P ORGP SIS [/Bh] ISEY Brredoiagr apRrodmetei
greatéf¥ariBopinder stood nore fully by reference to the
follow ng detail ed description of the preferred
eni22]i mehtrgheodspediearprdemdnand alieeateicompinaiidrswd theatdamests of

o SRS g P TRSATERLS Bl R PP 20

the Séﬁ@gmg iahibys ihldust rat es specific enbodi nents of the
I nvention for reducing the level of strain in

sem conductor structures. [025] Fig. 2 Schematically

erboai mont <BiEk AESE BN 6 AbyBisg oo

Sqhgspat i el ﬂré’s_erﬂ ihitibRMES b@gﬁﬁ%@doﬁinﬁ‘or@ﬁm?@ymkn&f to tHee

invention ‘utilizing the reduced strain layers produced
followimg detniledafesdriptiof of thepietamred £mbadimients ofithe beegant snvefition,
il[ustrsatel\rlrei gx%%% e(s:to? srpeci ltC eerrnib(zilcsirsn'ents of the invention and the appended figures in
which:

[024]  Figs. 1 A-G Schematically illustrates specific embodiments of the
invention for reducing the level of strain in semiconductor structures.

[025]  Fig. 2 Schematically illustrates a plan view of a structure produced by
embodiments of the invention.

[026]  Fig. 3 Schematically illustrates a specific embodiment of the invention
utilizing the reduced strain layers produced as part of the formation of continuous layers of
semiconductor materials.

[027]  Fig. 4 Schematically illustrates an alternative embodiment of the invention

utilizing the reduced strain layers produced as part of the formation of continuous layers of

semiconductor materials.
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[027] Fig. 4 Schematically illustrates an alternative
enbodi nent of the invention wutilizing the reduced
strain |l ayers produced as part of the formation of
conti nuous |l ayers of sem conductor materials. 5/31
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 028]
The enbodi nents of the invention conprise nethods and
structures for reducing the level of strain and
substantially preventing phase separation in

het eroepitaxially grown sem conductor |ayers and the
formati on of structures, substrates and devices from

SuciliEybED DENGRIGIOb OB EE BRIV i h
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reducnfgubéleﬁﬂtolfadrdnyﬁnd @bu@ﬂﬁlmgﬁ e@nfing Phdse feparation & He@Bddpitaxially
that is conplete except for the deficiencies nornally
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or completedy aftone giystebprlariuior cemspletely of wgmpmamnnbphaéﬁ) across
boun resent, are n . the
macr§ghiic Bmetnity MR RESHERA RYeul BB FACEPRER sl 1T,
“substAtiAl T}Ioon@rﬂfbugo(or ‘f‘s‘abitﬁhtla[lﬁﬁl@]]ocﬂ‘sﬁlﬁrféf’ 19r“Gubisfah@aly of one
thlckness" refers to a thickness at mhlch strainis

crystaé golﬂnm ,@mt ‘substaatinllyof @ ainglaicompgaitionglpheselisacress magtoscopic

dlmen.smna 8r(§: q?xs ofti ulgt?ess:(%]raclr)hs?z}f ?%IP%IEI%%‘FI‘ 3l tigl bo{uoc?aér]eT)Trr]eesFrtltea]Eem

those 8k edied in fh@fartdor tBd MBEesSIRGRMSitioh the rhitaal gballtessughhany dohe
| evel of strain present at the critical thickness for

fortht he formation of crystal def ects duri ng

oe x1 al odlnent
i S et s Michnet 0 S GRS S BRY
suffcseafnn@aﬁgw@&@nayenb%ﬁmsaldsfeaﬁslrnca@iabtd}eauc@rﬁﬁe eVt bLqfain. bot h
el enental sem conductors and onmpound semni conduct ors.

Fd931dx anfdiedern treduiged loee!spfstraiad retffas b@fpm ithatevelrnd sedindpr a
n 0 gan. m
given Qémposnt? n% tohag I géss {ha?GFh \)%%a?r%ﬂam(?r %nt a egltécg n_%lcl?(ﬁ%ss for the
form@n@%ﬁ@yﬁu@e%ts e @ h@érsepnaamtgrwﬂhar applications are to
rowi ng pure or mxed nitrides of
[032] he embodiments have applications to epitaxially growing a wide range of

semiconductor materials and combinations thereof, both elemental semiconductors and
compound semiconductors. For example, it can be applied to combinations of Si (silicon)
and/or Ge (germanium). It can also be applied to groups I1-VI and groups I11-V compound
semiconductor materials. Particular applications are to growing pure or mixed nitrides of
the group III metals (III nitrides) (e.g. GaN, InGaN, AlGaN etc) with reduced levels of
strain.

[033]  However, for conciseness and convenience of the following description

and without intended limitation, the invention is described herein primarily in embodiments
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the group I'll nmetals (11l nitrides) (e.g. GN, InGaN

Al GaN etc) with reduced |evels of strain. [033]

However, for conciseness and conveni ence of the

foll owi ng description and without intended limtation,

the invention is described herein primarily in

enbodi nrents 6/31 directed to growing 111-nitrides, and

particularly in enbodinents directed to form ng | nGaN

and GaN materials. This descriptive focus is only for
direcest ampbwjngdHehiirides hadipaiticudarly e e bddimerdts dirdciadito famgintgleGaN

' ti.gn.l.n fact, ill b t f h
ond B EgE: THLFT B U RS BRIEL Rt BUId fop e taken as
nmitiggmaq%nﬁ&n.tm eac@,rs?q@/m BEdHoSreffrk BRALbxKqRGt &RBYARH ah®

ow ng group 111-V c ound sem conductors general |y,
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n-v aﬂrap&nﬂéemw%qﬂ%%mfae%%ég P HATEOBIPBUN] FTROngiaPTS Ut
Limi . ; Sor i i i
belonglrnlg]rtr%?[?qlb‘%}%wgg%%bgﬁﬁgt\gﬁ’oaﬁaIt“ﬂ@’?ﬁ@?@?%nq:di r elgty ed to
semicbhduatirs.r Titbesfonid istvaithéaNim ft0id4 thaHkha degegpti@r lerais &dusesr ei n
. for clarity only and w thout any intende imtation.
Prlm%&?hm?odare%?%h%wa@gloagée@dtteﬁ” ﬁéﬁ@sang f%éa%nt ire
di 0s ; [ - IAG ' i nqt heir
Pt IR s G for LORRY Y RO ek 0,
limitapibn t Aeumbet edeferhessarcesd heregathel biess diotlodumey of which are

. Characterized above, is admtted as priqor to the
incorpaTyE b e indiein qadrely; By exdferenpstiorel! RUMRESTRe d URBFTeRGRE Of the

cited P@!fér@ﬁéeé’, ’re%ﬁlﬁggﬁ%&% cﬁapa%teﬁggpéﬂo@ N sinflfted %%riiop%qm iig%htion

commence ormati on of & strained sem conduct or
of thd saject matteaclsined deteirs tBriedly Lmethodstof tHezintbgd iv@ndiofi heamekntion
separat i or} of ,str{s\i ned terial] froma suitable donor
commengg,with phe forgpatign AT a stiginef seraisRUEIREIFRE O 3 SypRA strycture
utniziﬁgBHﬁHi';ig[\%n‘afsg GRA P difle LB ﬂsm!atsﬁﬁéb@%d%%m chdr@Ms iR
tRe s ched s

conductor on a lattice m snat ubstrat e.
in theFhraicehdueion éayesie omodiypraiuceldy thehetetegrimkinbdbpdsitiecdfltye

.on a substrate and supsequent|y baonded to support
semicopquyFiar op & lgice '51591@&63%{] e d AT RO Por
deposf@d diRETHR IR M%@%g@%ﬁam&% @i sEHQEeGuent Iy

ransterred to an i1 nter te support ‘prior to bonding
alterntiivet theestsairpd cerhicstiduaot tanehe groMreorsd sudtable dutseat amhduct or

| ayer may be deposited below the criti.cal fhickness to
SUbseﬁﬁ'%aéH?”%?rﬁg te 6’? IR EH2IE FURRQH PFIP IR &N @%@éF%SHPHO‘I‘ pgicture.
The sFRh&S deficonBtkid! l%‘%r Rdpsl ?(gb%i?édlb\él R (RY EftcaPiRR fess to prevent
separation. [03 A surface of donor structure
the focoatjoniod addjti@nas dafedtnie dheseatecad antlid saosubstantiatly pievere pbasadi ng
surface of the strained sem conductor) is brought into
separi®fit act and adhered to a

[035] A surface of donor structure comprising a strained semiconductor layer
(the bonding surface of the strained semiconductor) is brought into contact and adhered to a
surface of the support structure (the bonding surface of the support structure), forming a
bonding interface between the two articles. Upon bonding of the semiconductor layer to the
support structure, the lattice mismatched growth substrate (or alternatively the intermediate
support) can be removed using techniques known in the art.

[036]  The surface of the strained semiconductor layer opposed to the bonding

surface (referred to as the “free” surface) is patterned with a masking material such that
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surface of the support structure (the bonding surface

of the support structure), formng a bonding interface

between the two articles. Upon bonding of the

sem conductor layer to the support structure, the

| attice msmatched growth substrate (or alternatively

the internediate support) can be renoved using

techni ques known in the art. [0361 The surface of the

strai ned sem conductor |ayer opposed to the bonding
areas sfithe dice sfrfaet ercregtierteap@sd bhmveiked bphasung metediali Exposed

.patterned 'th.a sking materi al ch that

porti ﬁ e SiaipHLsery adusiHaERars AR pisaly %8&%6&9(16%8\9&%
| ed

Pf°ce@§é%@§%ﬁ%ﬁ§t“2?&@2’yg?€"‘35%“2@3?2%??85%%@?%;9&0&?E@?f'%‘gf“"f“

suppat stiuewre, theeebg famingw ploebty of xpbsidrsgmichedustid eedignsng

b i erf ce bet ween t hy m conduct or and the

oIBhrY AMERLRE: P&OﬁeéFeéagﬁ RSSO NE G e ot aRS of the
suppdrfssqllue{u%o%% w&q}agéd .5&%95@0 m[nQa%ZJd #\g.eh;c. en@éloﬁst ch

processes ar ut il |ze to selectivel y renove po tions

beneanlf the kemicsnuijipor tayar), rtherehyrimderotttiogithy semncemhno&ed)areegll ands

but al so.in nasked regi ons (i egi ons neat
produs giecRialR O6F evaéiﬂe%eyﬂcwﬁl&t%waf@ﬁd@ o ﬁf‘gﬂrﬁﬂé Smbodiments,
I 1
e G SO T8 it BB A B, PR Bl
alternetinegutinneeity Sotrofihi@aterdietchinpal et ch processes conpri se

A0SR PR P HRF PPy Ralaie o B0 By g Hgorducio
Islanc[s(%l?fés @%Ftts'trg&ut%fls ﬁngﬁtal%ﬂ% Mvnﬁ@éﬁl}ﬁaﬂ al %EE%&F&&F@
e sem conductor  islands and the support

Fheresfdire Ln:plumbtyloef stneecturesedre picbd baed porapriiisires eleatedns|aalk o uppor t
structure.. Therefore, ? plurality of structures are

semicOPAREERE ST BhPPRTSdgiPan évoawe%ilor@r%fﬁwsof Y PPOY SHHCWR A3
Remd¥ai &t eXrafRRARG M ?r% SHB;%’?I s@ruﬁ@w}gﬁﬁ lﬁeﬁls SR Shd FRREds

structure materia enoval stral n mai ntal ni ng
resultsmpqdoa:eki Ie.mtetsucﬂslnm&nftlhemnaccmisctorhstahﬂs sem conduct or

Bl on i ersn e of oy hen e SHGH heRlpSeh sews

of serh IQUrﬁﬁEt'oPH]afeﬂglls Hsortel 'u‘uénzd f38ndafi6n %I@Mﬁ‘%?@fob&k ARFial 1Bf the

sem conduct or terial supported upon a foundation
formatioh afiwpndfiusig pryerstof st iesridattof matetidl avithfredused iewels of strain,

subs AN BeF 3t GYerc e @y, Si Lt R Pl RS P PELDIGRe phase
sem1c%ﬁdlﬁf<ﬁ'i§lé?1@s as%é&lpcﬁﬁﬁlg O Sarbth dv'eég?ov@th?r&@%@ %Hﬁefr@v‘?tﬁ opf

sem conduct of I sl ands as rysta for |ateral
wnthootmild giooaltdepitonesd planareznmmowssteh baterabgrowdhudf additional
. ad¥i tional. &EDOSI t |(gg n'?fdg zation roclesses
semicpadugfon mafgriglis Forinugd ot % P HE R SPAIREERGEIOSEUTS 5
formlﬁgﬁlgub@@%myrc@mubﬁs filt] S dBeR sGhi¥SidRL®Sr Madehibl. Growth of

coal escencé oCccurs,
additional semiconductor material is then continued until a desired thickness is attained.

The continuous film of substantially strain free material is also substantially of a single
compositional phase (i.e. free of phase separation). Since the additional semiconductor
material is seeded from islands with reduced levels of strain, the additional semiconductor
material can have increased thickness or more desirable compositions with reduced
likelihood of phase separation. The semiconductor material produced by embodiments of

the invention can be utilized in its current condition, or portions can be detached and
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form ng a substantially continuous film of additional
sem conductor material. Gowh of additional
sem conductor material is then continued until a
desired thickness is attained. The conti nuous fil m of
substantially strain free material is also
substantially of a single conpositional phase (i.e.
free of phase separation). Since the additional
sem conductor nmaterial is seeded fromislands with
transfegreldifoe thel femnedtion of algrmativasentitomdedali stiuatnak, fseaxamp raooiposite
mat eri al can have increased thickness or nore desirable
substifinosi tions with reduced |ikelihood of phase
S§P#g|at | BibodIMEntS EthE AREHh QEladlE brodliciRg QAMESHUbY
eﬁboc!i ment s0 o{ﬁ ntﬁe ienventlhona!:@n ge u(t”iélggzﬁrgd iH irts
mategals wiih tedacmidevelsoof strain, spbstdntieihsfreast phasedetaaatvecaranavy 8/ 31
transferred for. the formati on _of alternative O
descr e RIS S g grengedp Figtaliy el ttiaing 4 flgnitride
materF4H {eg\ta%%-noh-%%nﬁfg&ghm% SmBdifBs bKe ﬂ{vbﬂg)nrc%lnﬁ{ehw
to producing sem conductor nateritals wth reduced
with ineviebdiatestristurail 0 jllustubat iarkig. dAly free of phase
se ation, are now described in greater detajl wth
de? er H“@F’E?%ﬁéétr%cé‘fiti?@%(?mﬁrﬁ-e@“lﬁf"?rf FMCHEE F Ff“éja ‘iqnor structure
. Suppdtt btk & (BORMbA T el XGHR8-
> SRR A | B, YOI RO sl
layer il htegrhrsenghi layee 9ahd bast wupgoit Dayet 7.uls shicatdetet riotedfhag bothAhe ¢t 1]
I nterpedi ate structure iLO,conpri ses support structure |

Stop layr apfothe PAsStSHRRATUAYST arg elegfiysfomporgiiy Rilhfy wipRor Yructure and
therefokd tRtok BbRdle n&%gpgéi%ﬁgd.nﬁla%iﬂbr? a%kr%f%erl‘%rﬁe k Pﬂhygﬁﬂﬂgn

sacri ficial ayer etch stop l'aye ase
structareppegrife rhayifuhctronal (i.e. gl ck|deenn obddl cdrarise ko tlah stop laytcand
ase, support_|ayer are el ective

sto ayer and the
base %laﬂ‘g'b!%éﬂteéc-)of%f ﬁ’@”&’?ﬁpﬁé%ﬂgle BRUTHE 2 Ao esHRIediod one
O e Lt ik : i-ngl e
sacrlfg:lrlael ﬁa&%{‘l 1O 9{6&%% B[g(g'glrafe? 73?‘; uth?%cr;ré étﬁ%)f’;ggreb‘eln%%mlﬁleoednﬁg
silicomokide substate proaldig hogh tha s&rifighElaydr andbthe beseushipbocidayer). s€so
| ayer and base support |ayer etc. For

. n etgh sto .
a S'ngi‘?xfaﬁtﬁwg,cogldgwap%aa boffestethtonlaye i 2 ba%&vep%m%ﬁ%g-@
sifeefRile SFAREAL A e SRSV PRRE PPN LBl o
suppaditrdetuseudas tomaprsepd divibutl tayerts defenting os #erdesiredi propettiey f the

and the base support yer). so a single mater|al
Supp%imusﬂ%%@f@%lﬁF layerpenu 'E?IE%F @'%‘iﬁ efchyiap '@%aﬁaaﬁca gial fayers,

bondiﬁggg%teté_ayer 7 (e.g. a silicon oxide sacrificial
| ayer and a sapphire etch stop / base support |ayer).

| f0€idi tlh oerfain Brebodmppooftthsinvertiooysecrifenmal tayapl licemprises a
addi tjonal .|ayers dependi.ng on the desired propertie
materg S O bepb By eTE RO U Giihed G eitcigy s8Rt te ot

the ettHHGhMRR i WbStARMI1IGhENdRLBBN AN SotchBRGh lall ldfk@lond ayer s,
bondi ng | ayers, etc

simultaneously), and may comprise materials which are commonly etched with liquid
etchants, including oxides (SiO,, ZnO), nitrides (Si,Ny), I1I-Vs (GaAs, InP), metals,
polymers etc. Bonding surface 19 of support structure 1 (i.e. of sacrificial layer 11)
preferably has characteristics (i.e. surface roughness and surface chemistry to provide a high
quality bonding interface with donor structure 3). In a certain embodiment, the bonding

surface of the support structure has a surface roughness of approximately less than |5 A.
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[042] In certain enbodinents of the invention,
sacrificial layer | lconprises a material capable of
bei ng selectively isotropically etched (i.e. etching in
which the rate of the etch reaction is substantially
non-directional, that is etching in all directions

si mul t aneously), and may conprise materials which are
comonly etched with liquid etchants, including oxides
(Si2, ZnO, nitrides (Si,N), Ill-Vs (GAs, |InP),
nmef0dldls, Ewpbltpptaysr SétomprBesmdmatgmﬁ whichdas 4 9ergflows atppor t

t t I I f bl
T St S S, i i Bt LAV
I
e AR R PEOY e U LR g

stop lasmdarngom;smeﬁ&teetrmfmetté‘rellss&mpmﬁplesimmtaxrdes hiasilécos mrtﬁdnse
hness of appr oxi mately | ess than 15 A 9/31.10431

In adé@leh ths IBPIrHSP thy cichrim lates may Alae Bievelt nudFRtien RABIMGe er y
seml%oﬂt%&‘&‘%ﬁ teﬁa@kneﬁj%%éhér%f Lo@esfs“s‘ gés Phhelifehligy sacrifici al
ayer, V\%ere g tivity 1's given as the

et[oid] r aTlee ke suppoebtelttisé aam compese d hcmﬁaghnmaﬁ)eseoﬁcludmg
sacrjficiial layer. In certain errbodlrrents fl) et ch
Sapp@feofﬂ"Foay‘@hcoaml%rﬁﬂwp%emeneéﬂlelc\( § PE heigragsngpus, baseincluding
£\ on nitrides. 1In
snlncoﬁﬁ%ﬁﬁ%uﬁaﬁc’ﬁ](tb Qe) §Co&e?]t§l|§laet§p§gé?hg&etch stop | ayer nmay

al [945]pr eDerdr Sfﬂlltﬁlllre 8tcompriseb coipdshesubssaerd andal stedinad
mat eri al in_subsequent process stages of the invent,ion.
semicopduetoriigyer hh s a SaRHBYHNZSKATIRIE Lheétrelaﬁd woHpdegorcomprises
n ;
b e e T ST

interrh@fiste laged lljdasngnonSIilmlitlﬁQEbcanfp{é the bzhsat:&hpt(lﬁ@ s)apphlre and elective
Si G on i nsul at or etc 451 Donor structure 3
interpeshig [ay@rcorpHpag g@laurﬁ @5@@? (:ﬁa@) 5ltawl%b%%npsﬁcwaeé that base 17

can célﬁp?as% ’}g»%g%ouls ?%a%{:r%téf %g}% opgﬁetérbggé&é&%uﬁﬁ)f@%loﬁ]pF'Qﬁg

m condu I Ses

two dfinforrd Bl&tefihln (aag\mammwlmecsmosx (ﬁN@nsnwmr(GsEQI)base
17 and an elective internediate |ayer 15, as a

Straingd semicaidquctey lasialdnae be FEmpderthe @%W%tp ﬁwjvsgassmqr by diigft

depofdige Higari il bR T B REPGH I dRGLAHTL T 11 de
cqogs]i seDacddepogieinn ubths ssisdat@icordugior GIb) may maolve

het er ogeneous substrate conp risi ng two or nore
intermgeiale faxgrsl 5¢ tor gxampinthe Wt@g}gélﬁ‘eﬂ@/e( @a}\mpm@wﬁmal to aid in

13

e SR LENG o B WG S0 SAOUNSH O B,

probldhat'euctl?or ehepipdd, theomemﬁedwmalajzdrmsfcemprﬁsrecgmlam nittide bmbadea e
por t sqﬁruct ure (.not shown). 10461 Direct deposition

(e.2. GPPRRR ot i e denoai re;@ﬂh%famsemagpéﬁuwyaxehv@%
embo'd MR iRk el %Ye%%);lb% onﬁlﬁéd i# rBQéeepr&Q@es T & By Face

ayer may conpri se mat el'l to al
for direct deposition of the strained semiconductor layer. For example, a free-standing (FS)

gallium nitride wafer could comprise the base, in which case a strained InGaN layer could
be directly deposited on the base without the need for an intermediate layer.

[047]  In alternative embodiments, the strained semiconductor layer is deposited
on an intermediate support structure (not shown) and then transferred to composite substrate
5 utilizing methods of bonding and layer transfer, as known in the art. Such transfer

processes substantially maintain the strain in the semiconductor material but are capable of
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the deposition of the strained sem conductor |ayer if
direct deposition on base 17 is problematic. For
exanple, the internedi ate |ayer may conprise gal liurn
nitride on base 17 (e.g. sapphire) to aid in the
deposition of the strain senm conductor |ayer. In other
enbodi nents, the internediate may be onmitted if the
base provides a high quality surface for direct
deposition of the strained sem conductor |ayer. For
alteriextherpblesitya For eanmpteahdiahpis (:cﬁﬁhonlg ahdvnumitin inbtai -pelantg f(ie. Ga-
cguld conF Ese the base, in L‘E case a i ned I nGaN
polar), BgrufveE B GRPC 5 anifgegts 1pouip BB PIURS TRt oe Bl Aout
1 |
i RS B R e Bty oA Uyt o
be inVeatyeto isogte pokritygN-paar) dure to tiicatatreclofahetransfip prdcess, as known

str (not shown nd then transferred to .conposite
in thesa&bi %L@xarspaﬂnrer@?%@e AEEhoden 6@%%%%&.%@9 Astting pegr o aid

in the a@@&ﬁjneorf the a#ﬁ@@\'ﬂﬂerl t0 tﬁer&%m%glre stbire! ? hifble, MEOCESSES

tantially maintain the strain int sem tonduct or

lnterrﬁmﬂizﬁd‘ iaydr cbultd camprlfea{@lhio& oRide d0dilBcbnailittiee ma@rlhlhe assist in the
ity. For exanple, InGN is_ conmonly grown wth
bond'ﬁépfé@ tratsfesed {RCY 'aéer fram anigtegpgdiate sHppo " |Str't“‘tt”r€an be
ta
© AR, SR ARl B T PREMERRL o RutRR R opor
structm@mmmatnen shexginiaheéuchor layer mﬁaomh]oﬁb/speoduhai dette thedhttivwoul d

be inverted to nitrogen polarity pol arg due to the
mismafgh Hetyeet the pranicongysipelaygrag é§§’““'31§’b§‘rﬁ%9mT G R art .

semuc'oﬂd%’tb‘? iy E%i@%@%ﬁﬁ%nly%@ﬂ@@bég&? of eﬁ%ﬁ{ thd 2 lt&qpthﬂ:(l%g%% lf(ﬁ’efhea

ayer heS|on

forma‘slbﬁ af dhedfettd diy:eas stidin tdhﬁami‘rﬂﬁ&lby 9rew’msug aaignifichtrin@xaai the
% i nternedi ate | ayer could conprise a silicon oxide
de”S”drO é?fre?t& mhﬁmw@uw Batergl aﬁ%ths§§18§ttof iPhase aeparayemdiong

examgl]; f%r sacttﬁ?gﬂ't&%ﬁlwg Eé'gg;?%g?*ec gggéég%sti on or

Ing. 25(Garoa_cm§ftmrvafweom@ectedwto&ferﬁemeamge sfipfeor tanomtterscThy € t he
strain in the sem conductor |ayer is connDnIy pr oduced
semicgiductos laypie fargxample a IMindries Batehdlt oe b dernsiteddhy oRduct or

techn’q@é’s%o@/g ?16%&%@1&1 91% all@*xt gnlf;Tgkg) BMS@' @%9(\6 éMOVPEI) halide

or la er oSl t

(or hydbd&)tvapdfrq)hasrelebltm@l (I-EVHHE() kﬁkﬂé@]a‘r béanﬁ E}ﬁtaxf/ oviBa).i anwih
defects due to strain rel axati on, reby preventi ncgj a
ﬁ r

bondigg giifaee EApk suppRit BEERIG h bppting HEIaes %lyofdhe Hefnse semicpn

layer gag%gﬁg{%ﬂggh&[} gﬂmg a&tgﬂﬂ:@g%éh%&%ﬁé% thaH g@al?l\@&%ﬁtely IS5A).
cﬂ@&ﬂcaunmhnakmeﬁﬂmumeﬂp@hprhamahwd%@bnnpngMEmémstfor
I n025Gao. 75N, Qe val ue i s _expect eéi] (P in_ the {]ange

contagiSURPOF i FiMiTdrABE dPBor srhgure desick Bratitie bordinggaiace ¢fgpe

suppoftsHIRLE 13 lél%u |t §iftd B6h AR WRR tR! bon & SLp%cg?PQfSt'hE Sithihy

various technfques known in the art includi ng,
semicomduator biygathieceby apaucipg bomhr@pmbefxqc 26 MBYREampleiondiag

interface 25 can be produced by anodic, direct or adhesive bonding. The quality of bonding
interface 25 can be further improved via methods known in the art, such as high
temperature, high pressure bonding as well as pre-bond cleaning techniques such as we
chemical and reactive plasma cleaning.

[050]  Upon formation of bonding interface 25, the composite substrate portion of

the donor structure is removed from intermediate structure 20 of Fig. 1B. Composite
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(or hydride) vapor phase epitaxy (HYPE), nol ecul ar beam

epitaxy (MBE). As with bonding surface 19 of support

structure 1, bonding surface 21 of the strained

sem conductor |layer has sufficiently high quality

(i.e. atom c roughness of |ess than approxi mtely 15A).

[049] Internediate structure 20 (Fig. | B) is forned by

bringing into direct contact support structure | and

donor structure 3, such that the bonding surface of the
subst@tqcfpl@ remasted tralloveact s ncsfrmsocfgwmlmﬁm Str@m@ssﬁumwnﬁhctome

ag g surff ace 21 of th [f? sem conduq |

matefiay b teF QWaBFB’BB%ﬁeﬁ@ﬁ N&rqgﬁ? BPIAG AN oR) arr%P"” potar

mate/@ ARk ShdARNSH ed thmﬁerﬁo%@y SRhERS Qﬁaw@wmpem to that of
anodi c, direct or adhesive bonding. The duality of

the bdyaimg;i sng“acel fot i frdd enitPBesc Rentoealfod pd:rhpn*snc sqhstmaxed (asiibustrated

E mfé{:qu knovvnhi g the art, such asf 3.5 erature,

in Figy TG halsn ROYsseh e BHtise mjseaichrd plemaet T 6%‘“ ARGoRguctor

materliaq’%We%’reﬁn §l‘t‘£ﬁ‘|r?tﬁe Wﬁterlalqpﬁfﬁtﬁﬁtka#@%lrﬁﬁﬁ&f B})’tﬁ)nﬂln iTl"rff@rface
cl’eani ng: f Upon formation of “bonding i'nterf 25,

25. Ctohwosnmmubstatees &nkbslresrm\ed b & hiumberaf techiiqueddnawn mrhej arlt such

i s d fro |nterrred|ate strycture 20 of Fi
as 'asedfﬁaego g PATYI RGO ATBAEEHE FORBVEFER S S ATALE aSs
sMARG dug®t surface 23 of the strained sem conduct or
material. The free surface can conprise netal -polar,
ni [ﬁilc}g enJpmml rampva efrihe pahpasite subsioate fronlnamternnmiiaﬂaar stmlctuaenZO

ould be noted that th oIarlt of the
the reéluwﬁ%x%factﬁﬁy NREmedaE st rk'fé“fFéS E%ﬁlecave Fﬁgwsaﬂmfﬁ%j%arface

materﬁaq) ?7 Rk strz!ltlsc!l "M %rl'ﬁjt%sfc)mﬁﬁlfgﬂﬁ latf’gtr&ﬁ@@@' TiR bR 8F e

as 11l ust rate in Fig so renoves the lattice
maskmgmmhkﬂatebleaemtocdtroom)rt the fist suifanedf thesdnoconductbolayer can
the strain int

terial; however rial is ..
be Pf@!@ﬁ%f{l&mgi‘ﬁqqﬁ KPoNRiRFRCSTSHet R ATLYIRAY Ofieﬁ’tt LF'P&E otosggsitive
chem@Ql@'Bﬁ’dS%1 o@olﬁlﬁ%ﬁ%??tﬁhﬁﬂﬁénas%llrﬁH@ﬁ’o@ﬁilo ¥f Ra tﬁ{ltg %I ’and

t echni ques e art such aser
patteretd:ehcm@ ofgh¢ mdskirgg materidl. oMaskipd mateasls cam meludlnpl@wemskiye h
as those kno a SI\/AFﬁT CUTTM 10511 Upon renoval of
polymegs, die G%F“E %tﬁﬁﬁ @'Sfrom i nternedi ate structure 20,

tE?SZEGSLN/I & rﬁétéréh%?‘fs%lnké&iﬁ&h%&k?eﬁe%te%taréd%P{e?rnc"deudt&

t|ve w th maskihg materia ,
layer |I$ Hmrstgrsab&eduennetan procdssds, whilst aving extpesedeiéaa toperstoretohtngrec.

The r on of maski ng er al t se|ected
areas r’a@%m G I+ ‘,gge FIPRRI OGS AEcen i xwélzg%mse@%ﬁwehbr

amsotltr &lly ¢&4¢hind Mn?ﬂﬂ(‘)l@@tgh Hed A9 ekﬁq&ﬁ%mal% HeSarthce it Much

e art suc se ut| 'zl ng ot osensitive
highecﬂhennrnbé direztion pdvalledlo mhagfaa@hg/rnd)\@aitnmasiwdseglm ofel | as

05| i on of kin terial, and patferned etc
Sem'cs?fwcm Es Wﬂgrq@%«sga@ SRS RIdHEOnREBIaRs biass shayn i v%gé

An anX3Bbs8 8RR bF th¥8emiconductor material is preferable in certain embodiments to
substantially prevent the strained semiconductor material from being laterally etched thereby
increasing the subsequent lateral growth distance between seed crystals required for
coalescence, this distance d between growth fronts will be discussed later in further detail.
[053]  In the embodiment illustrated in Fig. 1E, the anisotropic etch process is
illustrated as having etched through the strained semiconductor layer to expose sacrificial
layer 11of support structure 1. The anisotropic etch of the strained semiconductor material

(i.e. a Ill-nitride material) maintains the bonding interface 25 between isolated
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pol ymers, dielectrics and netallic materials. [052]
Masking material 27 is utilized to protect sel ected
areas of sem conductor |ayer 13 during subsequent etch
processes, whil st |eaving exposed areas open to etching
(i.e. areas dshown in Fig. ID). The etch processes are
initially utilized to substantially anisotropically
(etching in which the etch rate in the direction nornal
to the surface is much higher than in the direction
semiqoadakdre¢gitra lBh]encSampptatﬁbuctuembinehmmm&eagndnegbmpormiﬁng to

sem conductor layer 13 to rod ce i olat
the '%@M”EBWEF&E%@V mas %H@teils'a% ﬁbFlP ng jurace ofpe

t I
semlc‘r'émil%errarl en%|2ﬁ a@@?%l@ﬁ%&[jﬂfﬁem Wﬁru%tsﬁaﬁ% {ng ained in
the mps‘ked esgions hin wintaakgdadgisesrbanimilntdicerZatae wehlas bcﬁrrdmgkserfatg

terally etched thereby increasing the subsequent
]9a“p§t1 aredPmpyesiyrheisteh RiRessS-bet ween seed crystal s required

f.c[P?4] ajrdﬁ%ﬁﬁlﬁsse [fegfioz?lqg ?hte? ?S?%tlg’l?}ldﬁéfsg P&E?%grofc s@'&&ie

includvoadhemeiodl etdhingsir pataaletching teghniquek., 1r deraidribotimepisof the
etch process is illustrated as having etched through

inventipy pgaﬁmaﬁwa@gé@hﬂ@w&ﬁcwt&zed t&)Pé?forﬂTbthéﬁﬁ'é%‘@PsceFé“rh RFP‘&S%I
lnclu% ?é/ %Ecetlvgl éﬂ; ?tﬁglggo@gﬁ}, il%i%gl C%uéra iolag_rgg F@Hlbg ?l@P? Ri& 6 ch

cyc]olrd)rl remrfahcted@cHM @CR3 lapnon@othersi Per ekraplbahel ilngltmcrets eudhase
bet ween |solated 12/ 31 sen1conductor regions | 3a
lnGaT?iﬁE? knapp ot the st toetelpflicientininchloringaisediplagpasons

c spo ki ng
P ST B PR SO ot Br L 6RD pUEs RAPREELE N VAT | 1
embosmtsmﬁdwo haintioe gTenabsijuanetcibpocdsng rams\feam@s of thb Ibend ing
port structure 19 are maintained in  the nas

Surfaqe@é ﬂ@ﬁgppqrwtruﬁﬁﬁs lestingigiclyated ERds ofgemiroadyciy @aﬁlabvy'th
reducg\ﬂebelé& é?ﬁmddnaﬁﬁt%%n ? s%%le%&q gsklcﬁ[éle;%l{a?e”mﬁ%%b@fm}'ehﬂo

process Ges For perftormn
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chem cal et chi lgg pl asma_etching techniques. In

an altergativgiembadinsat ﬁR‘%te%fn kigdF.i nvention, plasma etching
h
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nitride / oxide sacrificial layers maybe plasma etched utilizing fluorine based chemistries as
opposed to chlorine chemistries commonly utilized for I1I-nitride materials.

[058]  Ifetch stop layer 9 is employed the chemistry utilized to anisotropically
etch the sacrificial layer should not significantly etch the etch stop layer. For example if the
sacrificial layer comprises silicon dioxide and the base substrate (acting as an etch stop
layer) comprises sapphire, then a fluorine based etch chemistry utilized to etch the silicon

dioxide layer will not significantly etch the sapphire layer. Intermediate structure 60 (Fig.

13/31



reduced |l evels of strain and substantial of a single
conposi tional phase. An enbodinent to realize partia
renmoval of support structure bonding surface is
depicted in Figs. | F-G whilst an alternative
enbodi nent is depicted in Fig. 1 F. 10561 In the
enbodi ment illustrated in Fig. | F-G sacrificial |ayer
I I isinitially anisotropic etched (Fig. I F)
followed by a further isotropic etch (Fig. | G. 10571
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tefed to substantially laterally etch saérificial
lmemlaﬁnngl 1 (of the support structure 1), as illustrated

[ ig. 1G Lat I i ni o

Q01 T Rt I P Lo e BB Lepeicit yPrels
shoul@be RRANIsBIICtHItH BRSackdichf 1aymm%m¢gnﬁﬁ§ahw@t&m5§th%her eby

exposing the adjoining areas of bonding surface 21 of

semigoh@uctns magasiatl Lt exanpe, @rsherlfic(al lager comprisinge ylllmn @xidd would

f th b f
sonogicfic o iia AT Gl el e B PSRt e et of
would @ sERTiceRIydid O - fendinkgralr f ace is exposed). [060]

Lateral etching of the sacrificial |ayer can be

pd962dr nelhedaserabetoliels coktingeshuntil a column 11a of the sacrificial layer

remains beneath the semiconductor material, the column being sized sufficiently to support
the elevated semiconductor island, as illustrated in Fig. 1G. In embodiments in which an
etch stop layer is utilized, the height of the support column is substantially the same as the
thickness of the sacrificial layer. In embodiments wherein a etch stop layer is not utilized,
the height of the support column can be substantially different to the thickness of the

sacrificial layer.
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nmet hods in the art and can be achi eved, for exanple, by
dry plasma etching, wet chenmical etching, etc. For
exanpl e, plasma etching paraneters can be optim zed to
reduce directionality of the etch process to produce a
nore isotropic etch characteristic, (e.g. higher
pressures, |ower powers etc.). In addition, latera
etching can be increased by utilizing an etch stop
| ayer to substantially prevent vertical etching and
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as Illustrated in In
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_ 4he support colunn is substantially the sa as the
islangsgpeRpEstEcesiriagse 24 wbich prec Bstantiglhevithip thessapis dipreantad plane.
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The processes outlined, therefore, produce plurality
suppast stiyietuFeand thessemiorpviinrierl cbeusiscted r%wam%tbon@ﬁ%r i al

_ _ ol . .
e ] A e LSRR R TR e ot
of thertnding surdacp of the eersicoidubonciargalf dteselecidd laaal 2inoval of the
resulting in remai ning bondin inte[f%ce 25, the
SUPPEESHUEHIFIERPYSS theag ePeni Magyaiping theisepin ithp s&MiReNdycioeiglredy
] . i . i ngl e
Y Shohlhe ST SRC RO e WS, 1
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during the precedi ng, processes whereas a significant

pﬁﬁéﬁ on Iafthetqﬁlébosm?r@st&ﬁdr BEE o8 1R é'%@fﬁﬁ%ﬁ@s of

: T rf area
Al S S LR M R e
selectmatremonal of the suppart tthicture.t Ini thlie noslimfitche ek smplppyrembodimteat, yhe

s R R4 TSRS PR STHRS PSR T eBi el taiied T

galliuﬁﬁmrﬁig@g{%iman indium percentage of 25% Ing25Gag 7sN), which, upon removal
of a portion of the strain maintaining support structure, is able to release a degree of the
compressive strain and expand towards an equilibrium strain value. In embodiments of the
invention in which the bonded semiconductor layer structure is under tensile strain (e.g.
tensile strained AlGaN on GaN), the semiconductor will contract upon the selective removal
of portions of the support structure material towards an equilibrium strain value.

[066]  An alternative embodiment for the removal of the sacrificial layer of the

support structure 1 is illustrated in Fig. [F". In this embodiment, the sacrificial layer is

15/31



i sl ands conprise free surfaces 23 which are
substantially within the same horizontal plane. [064]
Sem conductor islands 13b of internediate structure 70
are capable of strain relaxation due to the sel ected
renoval of areas of the bonding interface between the
support structure and the sem conductor material. The
sel ected renoval of bonding interface 25 by the
renoval of the bonding surface of the support structure
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f the substantiall|y.single phase sem conductor islands
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x 10° Hhe\é'lt@tlﬁﬁﬂl\)él)dtﬁ§@fe sPRdaEL 1oftSorddF! ogap;%oillnlaﬂéﬁllﬁéttl% g% 10°
sem conduct’or islands upon conpl etion of the etchi ng of
um’, orradersatinetyothel distsize cambeeafitlsd order ofeppiroximately less than 1 x 10° pm”.
As a non-limiting example for laser diode fabrication, the size of the islands can be designed
to correspond to the width and length of the desired cavity structure.
[069]  The separation of the islands d is also an important parameter. If the
strained semiconductor layer overlying the support structure is under compressive strain, for

example transferred InGaN grown initially on GaN, then upon reduction in the level of

strain, the IlI-nitride material will expand and, therefore, some degree of separation is
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as etching of a portion of the support structure (i.e.
a plan view depiction of the structure of Fig. | Gor
Fig. I F). In the depicted enbodi nent, the
sem conductor islands (i.e. 111-nitride islands) wth
reduced |l evels of strain 203 overlay remai ning support
structure 201. In addition view 207 illustrates an
expanded vi ew of region 205 giving a closer exam nation
of a single isolated sem conductor island structure,
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conponents, the die size, can be of the order of
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of i i YA a1 PP R R R Bl AR b 08 s
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. required between islands to allow for this expansion.
illustragaithiig. fFact or deternmining the separation of the
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initiated from the island structures in a more vertical growth mode and, upon obtaining a
desired vertical height, switched to a more lateral growth mode, alternatively a lateral
growth mode can be utilized from the off set. In certain embodiments, an initial vertical
growth mode may be employed to provide side facets 31 from which lateral growth can be

initiated. In addition, growth conditions can be selected to yield a growth mode
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the separation of the sem conductor islands is
approximately less than 100 m or alternative
approximately less than 30 m or alternative
approximately less than 10 m 10701 Enbodi ments of the
invention outlined thus far have described nmethods for
producing a plurality of structures conprising colums
of support structure material elevating sem conductor
island of material. For exanple, the sem conductor
incorperht@rg baith latrcairpnd satcahcdndgonaits.r Catelitane switable donpbtaveng
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matetfial wthsedubatkesel?@f strain, it hen tetaxpéotedrtbdt éheedd giemal ¢kdmdtride or

ds, 13b. In certajn errbo nts, the rova can
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hei ght, switched to a nore ral growth node,
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of depdhition on other surfaces of the semiconductor islands of Fig. 3A may occur due to the
lack of a masking material to conceal the additional surfaces of the semiconductor islands.
However, in certain embodiments incorporating an etch stop layer 9, the etch stop is selected
to substantially prevent the nucleation of additional semiconductor materials, such
nucleation impeding materials are commonly referred to as anti-surfactants and dielectric
materials such as silicon dioxides and silicon nitrides are known in the art to possess such

anti-surfactant properties for the IlI-nitride materials system.
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Addi ti onal sem conductor material 29 deposited during
the lateral growth process can be expected to inherit
properties of the material on which it nucl eates. [074]
As a non-limting exanple and to further devel op the
concept of inhering crystal properties, laterally
grown additional Ill-nitride material which is seeded
fromlll- nitride islands (i.e. InGN seed crystals)
can be expected to have a reduced |l evel of strain and
suB#i]ant Tixl degrea of depgbidoranpuissitablerradas pireafeet¢ pther: than free

oL P S RS RR R ) ST
matet{i?ﬂ Q'q)ttnﬁﬁ ftom the et Sirfe bﬁh%@nic&ﬁ%h&& i@lhr#}d’é". tAtri ﬁléﬁ%é&@%owth

evels of strain, It can be expected that
proceagichintingnzhe hdditiamat semitenduatdrematalal catinixs tdgposkteedy tod a

reater. thickness and with a hi gh ercent a f .
grOW\%rf n momﬁergerf@d@&wﬁm%ﬁ%ﬁ%aﬁrur@ﬁ%t%qc 'a{?ﬁ'&qgﬁt ﬁ%"mg

- i . i | 4 he
conRREL B AR FoREAAL BLAoBpihtn L AIRRYNROL S
the viphiég ef thadupportgahdtinaamdihe sidd Eaceds tihe @rthe inald lityrof pecosot gasps

approxi nptely | ess than 25% whereas the, additi onpal
to effpdiivelycpmping adicart faﬁregwﬁaw§ét§ntsq5qy§9fa}&fpahqrﬁegqswn of

semidd ﬁ%rin?ﬂér}é@iﬂﬂo'sé ymaitride with an indi um percentage
0 approximately greater than 25% The additi onal

[ 1[07Ri t rHige BidlustratealthedSterahgrolveh pleqeos atttkdistagetof koatésognee of

.. D or alternatively by HVPE depending on. the rate of

add‘“ﬁ?%ﬁﬁfH'CPféE‘ﬁﬁof BHEEAED DR AT léFO'F'HS%LI?RE@s"?desi red.
semidofdR4or It te?llﬁ%rqexgﬂ?l:égélo rri'('s)i\lﬂ?h [hiheugln addicaNoRAbaN ft)c/

sem conduct or mate ori gi nat es extensive
Semi¢cmdwmetdrgeovtheeonsslit 1f caoeesgeodnd ineegesa acatderdibotb dormi séivglels, in

real.jty.a, degree . of  depositi on ot her surfaces of
cosletagd il i %d&ﬁw?}ekssmogﬁi%ff@éna&ﬂaﬁin&e Se%*aﬂ%wans@e% Wt o
structglg(?if tHedHrek sQJf&e?ﬁ@%?ﬂ%{]H@&&ﬁélﬂds E?arﬁ%@{fﬁ?&lré?@g&gq such as to

tironal sur the sem con
proméiowighrquality laemt gowtheminest (aeprtsioushcout jrxdatei gn gladormethake a

. top layer 9, the etch stop is selected to
size, @aa@%n& jteifytion ,5%3\?@%& PreYFat ﬁu%?léiftw PEYT 19 AoRlgsPge fhereby

subst B RSB Furtill RlcRtimagch nuct eation inpeding
materitals are comonly referred to as anti-surfactants

an@78di ellegtonidde noted elidt eesneshoclk obihie simbodimantdiobsn Iy eesulamd
silicon nitrides are_known in the art tgo possess such
the fOHH"l‘tIO-“_sOE P PARIYRES [B1R5 AL dycor mierial oot glpd v*itbfef%rmétw_n ofa
pluram%evaiaéqsaréa\g%%%matéd%g&eeh teQbaillied 8AESRLAEr AERQA! TThon
oh undesirable areas (i.e. facets other than tree
spatias entéra o€the 28ided regionalssispehdenteasie disttibutiohand densisasf the

.ampunt . of addjtiqnal sem conduct or terial .1 fo neais
semicRGIHAY AN e i BRRdd RO cE| & S B ORI OB eTSPaYaele
growtgta]gri,llga\{qj%%esgg&%rbmm@g@ss_ continues, the additional

sem conductor maferial cTontinues to grow |aterally and
[079]  Upon coalescence of the semiconductor film, the growth mode can be
altered, if desired, to more a vertical extent to produce a continuous film to a desired
thickness, as shown in Fig. 3C. The thickness of the resulting layer | can be less than
approximately 1 um, or to approximately 100 um, or to approximately 500 um, , or to
approximately 1000 pum.
[080]  Resulting continuous semiconductor layer 37 maybe employed for the

fabrication of electronic components, photovoltaic components, optic components, or opto-
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grow h fronts 33 converge to the point of coal escence,
as illustrated in Fig. 3B. During convergence of the
grom h fronts, gas phase depletion may be experienced
in the areas in the vicinity of the support structure
and the side facets due to the inability of precursor
gases to effectively conbine and react, thereby to
sone extent preventing further deposition of
sem conductor materials in those areas, [077] Fig. 3B
electrohic gemperteats etchn 4ligtnativg erghrogdimedntssr dedgwension eikhsr 8 pergien of

oal escence of ddi tional  sem conductor material 29
the e PG Se Risendf Y 1Bt aE BRTART T BB Rirslie | B
for pm&&{lg fde stdn@Ing X BoRpRite HRERULsEAEY TRarsker prickdséstn ?Hﬁ:&dﬂs
_In@N, Al GaN etc. Sem conductor growth fronts 3
with desavheregieofamdrtionog theapntinvoes layen agBmapalsoinglude bondgige
tech coal esced filmof additional sem conductor nmaterial.
CMNE> spati al arrangement, size and structure of the
f r[@81]S Ur haeRSin @bSEMEMORPIRIAOf s&rhiROIBCEBIafIB7 can be
preferably optim zed such as to pronote a high quality
detachet feora intgymediate spnderedd0 (rmeugbriavimplmtagionand sepandiion e. g.
| at f.orns have a i.ze, shape an i i heii on, such as
chnfiy S, T SRRTPE 58 AT G B SUARIoC L gal e SRaRERsES
are de%sar%e@ BY detgit Plgf%ogi@iz%n%lé,XJ.S’.VF%%%PN!)TIQE@EKSQ R BrlefLes tratent No.

ormati on. t should be noted that the nmethods of

6,303t468 teAbpd erant). S BateoiNy 6335,058 toi Aspatt diel. fT36e286 6 Moficeau

et ol GO Rk rrshe - 14 GTRGR L ot evsb tidisap s ojgien et |
whiciShrk UHRbGRr REE RSN i tREr SRR BE 85k SRMENEORIHE h@posat eri al .
The spatial extent of the Vvoided regions is dependent

orl082e dBraflyi bufacodd afidniieiess sepniahdudier laedT sompdosed or

o S0 BREor HblF e 3 FRrbRe) BL s AR haEL BB R soneor
weakfQaheST tHU TR 708 bAYEKnds9 490 w@%ntﬂ%hiﬁw@sﬁb@tarkae

sem conductor film the growh node can b altered, if

and igktependeat, ontthe pavaraeters wéihe iimplantatiangmocessn Thedapleeted intermediate
continuous filmto a,desired thjcknpess, as,shown in

structise ) 10 subsuentfiiexased © 15N Reereeled MG SR > 05 B

to deth&ﬁasp&rﬁé}ﬂof tﬁ@ﬂs‘b%ﬁt[ﬁﬁ% @J)n){inbodﬂlayéf of s@m@dbﬂﬂ%r'?ﬁét@r\ay 318Qhe
m or to approximately 500 m °, or to approxinmtely

zone 4f0@@kness.[ BEBEMResudniod gnanesn thie detecsnene priocesn thag take plagg ar

. 37. may. enpl oyed f.or the abricatjon of electronic
coniu3eBoN rieBa At BT of ks dhhidadgaicc SeBfponent s,
018t 0-1n b iBeHad RSl Co fEIRTRANE A, Sheedd@itioh semiconductor
alternative enbodi nrents of the invention either a

materpd BT isalepanited torrsudlimtiént thiakoess itmbeosel sspnortogntbnexamplé ayer
appro(>:<lamnateﬁ)(fa grtezrit%rn t?]l;ne 5(50e gm ffcgrqmniit%%gsr, lrrrlesctjli:l?gn?bo%tl&gn%, lz’irsg"co%cjj’ac%y
carrier wafer may not be required. In an alternative embodiment of the invention wherein
the portion of additional semiconductor material to be removed from the substantially
continuous layer of semiconductor material is not of a sufficient thickness to be self
supporting, then surface 39 of the continuous layer can be bonded to a secondary carrier for
mechanic support. In either embodiment and by non-limiting example, a [11-nitride
substrate (either free standing or composite) can be produced, which can comprise an upper
exposed surface comprising Ga-polar, N-polar, semi-polar or non-polar, depending on the

polarity of the material initial bonded to the support structure of Fig. 1A.
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for producing free standing or conposite type
substrates. Transfer processes can proceed wth
detachnent of a portion of the continuous |ayer and nmay
al so include bonding techniques. [081] In certain
enbodi nents, a portion of sem conductor |ayer 37 can be
detached frominternediate structure 110 through ion
i npl antation and separation techniques, for exanple
usi ng techniques referred to as SMART- CUTTM Such
priog4}ssein altavhetivdastbot iedtsiof thdedvahlion, ﬂetadlﬂfen&pﬁﬁtﬁ@k& for
U S. Patent No. RE39, 484 to Bruel, U.S. Patent .
transf@rrglgghq(@gtlp@u%grrofé@mgpnducl{gr gatepg{tegmloy[@e a gregygtlg@g to

pluraftg%ig%lgéd r%%thT §s %ﬁﬁg%ﬁe@&&&st%@ lq@xs Ea ‘;llt"l“hgl lvg’ldgc?%g%ﬁs

may bt sszlbeﬂluéceweerkfen@a&hesefuthnwwe Gfuchire whareby the appledtidresfei n
in their entirety by this reference for all purposes.
externah g gyEoithe Yajdedgegipnscan gaulbin thodrtachmeniof seringesduct or
I
semicofRiorThyel $7 EXRIRERTARLONTAE: oI pREEmER] bum

represent arr ows

separ@tn@qgﬁerﬂfrme&\/@yﬂi{mﬂs@ é{&rnaTlﬂﬁcdjﬁﬁ%@ obrmidehéane O
ous

weakness d into the continu ayer can be varied and
mechatycaﬂ)etpem@r@mamtquﬁt@repldpmwb Mgy 6§ fOtSHIéaf@tﬁﬁq’rﬁlﬁt“&tsl on
semiddh et Taye ?‘F Agpotﬁla(ﬁ% Irn\}l srrﬁ\%loﬁnent cte%rc?d%t%aml\e%t
subsequ At y ‘expose iYer energ @
may iREsp@Ble GondiREHT stithde 39tdftrcéeioat¢mas &ﬁﬁédn@ﬁbt@fla)tehﬁ) a
substantially continuous | ayer of sem conductor
second@y prigl- 37 at the zone of weakness. In exenplary

'Jﬁé%jl meﬂi g‘lten%aitlveg ?M%%ili? o&esgmlgal}/ ﬁ%k%laﬁd%\%ﬁh' n

nct’ron w 1 on O ayer to a

reducS@léOﬂﬁiaf Strathafor produoivef s@bstar{t@&ﬁﬂ;onltlﬁucﬂﬁﬂdye@df 8¢miconductor
enbodi nents of the invention, the additiona

materigdsis eondateribed witktedrense (@higs. $AdapAs MiE dreveus eaipdimentent
the i ln tm s%rﬂﬁgrglfl}cﬁjrg%aig% deﬁt Pt%rti%aéggl‘str%tgarm r?lh a%tgagafnnlt

I oxi

shou16 b@ Ep;ﬁemmw tARIMH&hodd osme f@adon cak adual ¢ bveW@fe @pplikdyo thet be
required. In an alternative enbodi nent of the invention
structygablusirated fmiEgpldi t i on of addi ti onal seni conduct or

gﬂ%ﬁjl alThteoalthr%atr\%m?“%ql WP é}?lcg%gg) is ani‘?g \!\/Xh red%lcedflevels

nuous Il ayer SGH]COH eria

of strain Hiffesd feomh tHoEH srsviegssy dedcrited $rethht ansid@ipion baokg@|l ahchen
surface 39 of the continuous |ayer can be bonded to a

planagzation geeess @Wraﬂserbeﬁmploy%cﬂ@rha@félums@w is selgcted pusdthat it
substa‘?lwglg)?ﬂ)rg?eg{s tﬁ@&ciééﬂ?r?@f add{tno DhnicsRHTB o?maén% ghe efo'?é {13;5 ' de

ree stan |ng or co

pianaﬂia@dm ofitle bmﬂu flhmatarmal ClenemicoRd R Tor UMPES (i. eeseB@S@dalswtﬂ a6k
nprisin pol ar, N polar, sem -polar or non-polar,
for fua@’;séﬁm% ugter ﬂﬁ[@“akf@FTwrliSQSWnb‘fth‘i fiee waf@@rqféhle senticongyctor

slandlg,otﬂéj&ﬂer p%sstlln@ Ie§§'8r@1%¥atble dFHGS UF e Qefmllc:&giuetl)ﬁsla%)s/ a1 masked
and are therefore unavailable for initiating growth.

[087]  The embodiment commences as illustrated in Fig. 4A with the deposition
and reflow of a backfill material 47 over intermediate structure 120 (Fig. |G). Due to the
geometric shape of intermediate structure 120 it is difficult using standard deposition
techniques to completely fill the etched portions of the intermediate structure without
forming a plurality of undesirable voids 49 due to the shadowing nature of the elevated

semiconductor islands over the underlying support structure. [n addition, due to the
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[0841 In alternative enbodi nents of the invention

detachnment processes for transferring the continuous

| ayer of sem conductor material enploy the

af orenentioned plurality of voided regions 35 in

i nternmedi ate structure 110 (Fig. 3C). The voi ded

regions nmay act as localized weakened zones within the

structure whereby the application of external energy

to the voided regions can result in the detachnent of
substarsiat ¢onismelity o noromad dmoeintiom ﬁy@rith ther pifachef inlemeddintin g

structure. In certai S, aral
srucffit 305 il F P o Y PR Mo P R RN R s Biior
subse e dlth. a‘[‘l%refﬁi%cﬁmlaﬁiaie%)osﬁtﬂ)n' tehRIqIRKusk & FHCVDLIRV D, Q@r@

in such way as to separate conti nuous sem COﬂdUCt or
may od pe pdegiate Ard tithr@qyes WhtCh atifireaigpasitionetp ocflavehte,glashematerial

oce s of i nc orate bo d
ond iR 95 G AR Brpnins ot RO RITLE R, PhgEgnyS
patenSREO BAPIEYS GAT 52281358 [ 0851 An alternative enbodl ment
utilizing the sem conductor islands with reduced

| d088]s oBrieftys eeiflawhile gbswdmatﬂm@%uldsp(&ﬁcd ener 916®0hne| nuous

rs of sem conducto rials i s now, des ed
e SRR ereg gbovg RS kol (P P EGEe oS

transifBPRApERAKS at wHiblethk F]aEs‘ Bekorddsahdrk N un§‘l1ké§%t%lﬁclﬂﬁﬂntkﬂ%
|dent|cal to that lustrated in Fig. al t hough

majoraiy & moids are s¢maared, aselltamic@ml Fag. deh whea¢in ﬂ@tdm@d@ncdrrmhél

e Y b B TGy oL el et €
Such gtagéyl Rdériatafl o PBseIOWhRUAGE OkidesSILT0Y Sphwhbs.rl@ﬁ@g@sqes

evéls of strain differs fromthose previously
(PSGy bsssilibae (BSOG), h@mnmsmmhtat@gﬂabat(lHPiSGI) phydmides, Quasi-

noreuEROD s P« cuil e 2iitn PR Uidoved Furey

inorg@HOSOB8 kA RdilidateR r(@db@@%ﬁuﬁd@ﬁed‘j‘”ﬁll &&hpRR Pbrafskntd PP is

sem conduct or materi al erefore upon planarization
utilizasfastivereBew lglaks due tordesnpeaior hherisle parmtrdisttsand oplimalds

i, e. d tal tili f .
emp s, S hateR PF APosksaffzins Sy meltadh Fraunyi st
includthg €U, PEAVEDBIICb A tdchhigiddtc. t he ot her possible |ess

preferabl e surfaces of the sem conductor islands are

mde8%d lateomediate seneandoeter metvesi 1280 keafed (e. g raven, deinags,

deposlqwnr_rFaétor{ E%%\%Lrﬁ#g ev?%gﬁb {t\? &iass%watepéf SV\? :wutg%geratu(rje

bemgl@lgﬁéﬁﬁéﬂt lon %&Hp@kltl&?oﬂ}(@glas!sm@feﬂﬁﬂ | Rk Bxaipld) eHeteBowt 20

to the geonetric shape of 'internedi ate
tempmtw@@tf BtPéGllszoeneﬂdansordihfe pereeritagegsitang of baned and:lpfm@plmmtm BN
etely the etch
a nony Y APl PR Bu Prre o Bnd RSB RE B BTGNS 1 ¢y
tempe@dtuldngiesbdalgbe@oi ds 49 due to the shadow ng nature of

the el evated
[090] A number of methods can be utilized to remove the excess glassy material

in order to planarize intermediate structure 130 (Fig. 4B) and to produce intermediate
structure 140, as illustrated in Fig. 4C. In certain methods, an etch back process can be
utilized employing wet or dry chemical etching. However, a planarization etch process may
be complex due to the possible dissimilarity in etch resistances between the semiconductor
islands and the glassy material. In alternative methods, chemical mechanical polishing

(CMP) is employed; such a technique may be desirable, for example, in embodiments
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sem conductor islands over the underlying support
structure. In addition, due to the 21/31 substantia
conformal ity of common deposition techniques, the
surface of internmediate structure 120 is non-planar
requiring further process stages to produce a desired
surface for subsequent growth. Therefore, standard
deposi tion techni ques such as PECVD, PVD, alone nay
not be adequate and techni ques which utilize deposition
involoihg thieaflindvidéd sineg ltteesisiynimmiat efatedibl caabel cqisaleeablyzty sicallydagler

utilized, such techniques. are well known in the art
than the glagsy masreali Rhersfere, thﬁH!-amldemaeen%mxe@@taaﬂa'yaa%@s%rther

I f I
ek Bt b B BBl By
thﬁhen heat ed above refl ow tenperature (i.e. above the
glass transition tenperature at. which the gl ass

bdf¥es Weanghe sseplefianiok e, pla@@r%%nrowﬁ,ﬂﬂte'tnpf‘éi'at%j%wq y
140 GhgH G RRId SRt Ky SLRahed o SRR at ALy

(e.g. ltntEeNgbvaB sadubat serainaind adistaatidl lyephadeassparitionrfede tmatdtial.
nperature. Such Iassy materjals can conprise | ow
as
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asl - 1 norganic SOGs Sil oxanes

( eyl Inteﬁﬁdftyéte stryehe® Y40-(FidotCydan be doﬁm:d,m wﬁdﬁba&d&ays In
purely- inorganic SO and silicates

one emﬁa@wéar) a d?%CEékféﬁ%tGa%%iS@Wd@ PhABHRANY) rmyée sz:gos'te@ P thedige as
surfaéeng trhgyu?éﬂt e%ﬁlc%ﬂ(?uc{ 1511 ds. l;mha’é’ AL MBEEAS

aracteri |cs an enpera ure avi or. BPSG

semiocoAduches @ifEmtzﬁlllﬂe.dndﬂslthe tZd:engrﬁmrcamc@npm;b IGads 4 pONpoldn t he
art including CVD, PECVD, spin-coating techniques et
materfah gepending en HhecpoleiEy of i Eromiaed BAeathogtkul & 1bereioe device

structgx%é‘&aﬁ%e(a% %mte@‘é%@eOSI g gtfeqaﬁncgﬁfg@lfcét%ﬂ récﬁf'f}%?,f%ﬁtb?{g@polar

ecrease Vi s sy mat
or Garpaldr due fogrofeeitaintbi¢rizanch éﬂol‘ighd&mé l@euat The deviee saessani on
of the |aSSé mat eri al . For exanpl e, the refl ow
¥

compiggsaiuielify ef Byerppmanateriiepurar FNCinn asparinsdewiae elawses

f

i S8 ! SHEL 000 RFSPF A 48 DR g
selected® aeeésl an\wntiserfipeing ther gasks matedsl eue sude@nt@l |y [pe0ht the

nunber, of nmet hods can be utilized to renove {he exc
dePOS&I"QﬁQ’WEE wfmigandugter rapterial op Beglagsyapatsiéal dHiing ioppation @ the

re 130 (Fig. 4B) and to produce internedi ate

dewcégpﬁg%%}e 140, as illustrated in Fig. 4C. In certain

ngd93pds,In ahersitoh eimdodimpnts oéths lrwamldnfsurfatIeISISIOI mﬂermedlate

[ wet or dry chem et chi ng

structgqre[g:élig%;/q!)rg%rﬁeg)ﬁte&l@Mergqo%légegg ﬁ:gipns compnsmg e free surface of the

island materials, and masked regions comprising the glassy material., i.e. a surface
equivalent to that commonly utilized in the prior art for high quality lateral overgrowth
techniques.

[094]  Fig. 4D illustrates an early stage in the lateral overgrowth process from
free surfaces 23 of the semiconductor islands, Additional overgrown semiconductor
material 29 nucleates from free surfaces 23 with lateral crystal growth fronts 31. Additional

semiconductor material 29 deposited during the lateral growth process can be expected to
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be conplex due to the possible dissimlarity in etch
resi stances between the semni conductor islands and the
glassy material. In alternative nethods, chem ca
mechani cal polishing (CMP) is enployed; such a

techni que may be desirable, for exanple, in enbodi nents

22/ 31 involving the Ill-nitrides since the 111-nitride
mat eri al can be consi derably physically harder than
the glassy material. Therefore, the Ill-nitride

inherimtdpemnai ofithy mawekisitaanthie ik wudddaes e tordvivukipetatediiitesviseal
enoval , upon exposure of free surfaces 23 fromthe
addlt@n%{wrmég@rhea#epowd by depstition wethpds previgysiyatlinedg 11 Upon
t H§9$ongﬂ,eﬁ rblo%}?\%h c%p Be Fh'n gegirﬂoﬁl h %}nfg{n%‘ﬁgt’%ﬁsland atructures in
I nterme |a e ructure rises an exp

a moRUEfti2alerO\INNddeion gite‘rdil%@ov&b rnfoale esm&iBureihetM dependmg on the
sen conduct or i sl ands Wi th reduced strain

desirggrpiocesh 8¢ kippynan the q@hé&&wﬂwlwembwm@et ifusteafadgn Fig. 4D
addn§H{1 sQMﬁﬁhcﬂgt& D& lﬁf;gr&?mglﬁ@é ﬁ&% &3'% d Sl Pagﬂn a§ shown

capa y preventi ng
by arfomg|se Ndl@ﬂngfhefgﬂf\ftfth dire@ @A) trhmgimy afatefal twedn.thd @8wth fronts
I nternmedi ate structure 140 (Fig. 4C) can be utilized in

can sbsiy Y brprowepsthe nwlea@ﬁéoféaﬁéa@nﬁ@wena igjedditiqn the lecfrtiqueanay
result5l§ ?%&m b@{)@ﬁ? 90@1 @mggnaqg%‘aﬁéetdeg\sqﬁ]thtelﬂ?ﬁv du§®
aces o he plura m conductor I's

embotﬂmﬁanl’sothe ls¢ricbhdugtoe &&ﬂd@iﬁ/lth fod ded ONVE SO eXfSn arid @lbbtaftlally
I1l-nitrides the free surface can conpri se Ga-pol ar or
phaser@ea%ﬂi%en frepepreeyizediand spnsediiosgswsna high qmiltmy@tyl Uppn epadescence
terial of Fig. A Therefore device
Oﬁhe&gﬂﬁgﬁ$@§ cgﬁ be deposited, depending on the

p6[096] c ul @gonagpplesendel diither seditond@@tor Girh ltergrowhoh@le cavbe
|ar due to oIarlty i nheritance fromthe seed
altereéf%%sapd tol'ﬁ‘é’reoPe‘(ﬁ”&é' &g o Ripdice aﬁont@amfrﬁl@ég agesired

thlckr\?slsé'J E%Howﬁ |ﬁ’§: (,é @Eerl“ﬁe I%Elﬁuﬁ‘u%mﬂa oulpﬁfmr% es%ﬂﬂﬁétﬁdﬁlgg)r eer

ous dev evi ous

37 cagy ha&smclﬁr&ms asadiesaweti Gruthe lpfegnohheutmeeraﬁ ano hakued wred istnds
selected to act as an anti-surfactant, the

Stramé?g@ﬁe%flbﬁdépr afawhsceB@fléﬁétrﬁ%cpd/stfﬁrrewlewtnd@he
i perno M?ﬁﬁed%?emeﬁﬁ %Bs%nngﬁ)g ?cfn'&ﬁhou@thn%?

asyrraerla durin ormati

semnc@hdusttdr uagsial da(a%lltlhibdah b atmbdriof agymetidimgriesicofnd dubstrate
i nvention surface 55 of internediate structure 140

(eitheg Bpgstandiag of wrmoane)é‘@rma@%mhnwr@@éeai embgr reaLs. BRI Aty
semlct)n&ctorr Gfaterid] éré‘a@[a&feij e?n gIP g@ﬁé&%{[@%@ﬁ ?%O%fqr%?%ﬁ@ﬁmfzqncge

ons conprisin a sur
ion mqﬂantamh)afmt tltedodrﬂ’aabn obompokie substlatezs gravivutlyelegeribed aralr t
muﬂégahpgéhﬂguality | ateral overgrowth techniques.
[098] A number of examples are now described to illustrate further embodiments
of the invention. It should be understood that the in the following examples, physical
parameters (e.g. times, temperatures etc.) are for illustrative purposes only and are not to be

taken as limiting.

EXAMPLE 1
[099]  With reference to Fig. 1A, a composite substrate 5 comprising a (“0001”

orientation) sapphire base 17 with a 2 pm surface layer of Ga-polar gallium nitride 15 is
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10941 Fig. 4D illustrates an early stage in the |ateral

overgrow h process from free surfaces 23 of the

sem conduct or islands. Additional overgrown

sem conductor material 29 nucleates fromfree surfaces

23 wth lateral crystal growth fronts 31. Additi onal

sem conductor material 29 deposited during the |ateral

growm h process can be expected to 23/31 inherit

properties of the material on which it nucl eates, as
emplqmeé\ai; mlesileposﬁ’toatbest fot thk ebisgientatiained ssmadondedtterlayer. Staandde

iSRRI ISP SSBERL L ST, LGS, LR

°C toamm&q}fgb%x.hﬁake@m r% Pt Hthﬁé‘Ia latfcd TRlsateR bEiweaH the
gro node or |ateral growmh node or m xture there of

underdi;emgﬁaﬁﬂ nfthemomhesite detsirate dngihe te ssjag gl Haowoximhlglhrhevteh@C art.
In the exenpl ary odi pen | lustrated in

COMPLGSRHY ¢ $LEHTAYS P ?ﬁté’bﬁ‘gﬁl@t‘iﬁg ﬁgt WEFT %@%th‘nm a%ciN 'S

mamtgﬁh@f)@}b\w% dr 1c§ tllnélgn%ﬁsq cdnBy aqgasa§ bT’)hI%W]eve*PXf @erféc% the

I'n |cat|n‘?l rom h direction. egassy mat er 1 al
orderléf weehcrhhe ar ovvth fronts can substantially prevent
mat er i i n_addi

| f | l
_E g@@faé%% Seieiastl (HE H%Qﬁp@auas Yol hsapply e Gt s
nm si!ei%lgrhﬁldgﬁﬁs%ﬂ 'e@h stBE @aﬁ:lg eﬁswh RadiifRiaPla§! Iqléﬁmgdﬂgézasnlicon

ment s con uctor Islands"with r
dioxideevatbisal ofThe boraling sarfaicesuﬁldfetsambm diokifde sghifisiet lapgpdp &hs on
free are gl zed .and s ensure a hi

surfage,rgughyess @ W%@P@% @fﬁ! 'té?\ tp ﬁfésueray@g*aﬂgaéiwgéjﬁhicw Bt s.
prod%?og\?wﬂi}] %ﬁmng Q@ka%gee'ﬂsgheén diBEIS SR QAL 0 add thérbada%g

nmode~ can ere i fdesired,” to nore
surfaceenftheda] |s@ah dlaydr@ | preotwocght mta:d:rdct cmnt:aasarfdlthmugrotha
desir as .shown j_n resultlng

k i E.
aPP'lfs’lUB%?fﬁmﬂﬁ %pip%sgfxfi nﬁiutgugtegf%%dfnghg?do?etwwé e twpsepargfe

articld3@%S 15l ]3%3@ as described in the previous outlined
dg Las reducéd Tevels of strain as the seeds utilized

f dﬁl()g] ovit fondenibing e Ettie sigghac siaucsire andthé g+ diat, gsNdeyer 10971

preV|o sly outli ed t e res ting bst nt|
compaSs BB # armived ol %H%ﬁrafefi fa gf the
[ [
sapplifeioppsEid e ol hers?ff“J%’%ﬁ%ﬁ?”a%”@%@q‘“ﬁipéﬂﬁ“é“"ﬁ‘% 15
the conguositet substratd is rgmefee nnledn@aMm&easesl (1 1dn octs thok expgosing

sem ctor are det.ached f .ominternedi ate
the @ AGAN Shel g ERor LB Bradpeing rougediRBA st dTeese | o)
1llustrfa@8 ”“hg feormation of conposite substrate as previously

described and illustrated in Fig. 4E. [098] A nunber

ofl02hnA photaseasimarvhd@sal is Dispensal dnldispistaoatee ofanthefere
f the. invention, |t shoul be, under st ood

surta€ L he e ko s va g Brioee e bt e Sog ks Breln &

photolithographic mask, as is well known in the art. Upon exposure to light the
photosensitive chemical is developed in the appropriate chemicals thus forming masking
layer 27 and producing intermediate structure 40 (Fig. 1D).

[0103] A chlorine based (e.g. BCl3, Cl,, SiCly) ICP ion etch is utilized to remove
the portions of the Ing ;5Gag gsN layer which are exposed through masking layer 1, thereby
removing Ing5Gag gsN layer in unmasked regions to produced isolated Ing ;sGagssN regions
13a and intermediate structure 50 (Fig. 1E). A further fluorine based plasma (e.g. utilizing a

heavy perfluorocarbon, for example, hexafluorobutadiene (C4Fs) or hexafluorobenzene
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paranmeters (e.g. times, tenperatures etc.) are for
illustrative purposes only and are not to be taken as
[imting. EXAMPLE 1 [099] Wth reference to Fig. IA a
conposite substrate 5 conprising a ("0001"
orientation) sapphire base 17 with a2 msurface | ayer
of Ga-polar galliumnitride 15 is 24/31 enployed as
the deposition base for the subsequent strained
sem conductor |ayer. Strained sem conductor |ayer 13
(CsF@omptilizzed so dmstropiCalty r8mblye ;gmixvms obthe MOCMIDdiakide based sacrificial
t rature of 70Q. Ctq, a ess of rooxi mat el ;
layer 3§ Vit rﬁi@awwgﬂh&’es'i'%qn@g”ﬁ%?w 46T aniaters TBBY BT e
GaN of the conposite substrate and the
ganRQﬁﬂEég 85N |l ayer a high level of conpressive strain
[ S[Olﬁ4¢3emwe|t chehtieal hyproflicaacid SNF) besedateransisnobzedhe [ no
o 85N |? |ntalged below'the critical thlc eEs
sotrapealigpie st heia} B3E G rgby rsw)w@%éq lectid agres aEths segificiRblayer
I Fig.
and tlﬁ’er %m n%l?éllcéé)gglg f(ﬁg?é)gtf r[x@i‘tgg%i Y th%{cH&ggsrlﬁalhtaﬁw ih
contaeu \IvntICKhB satirifi tnadleyd:valaelobn@t Léolahopf sluﬁ[y(ﬁf st@cang] la ratgrian

sacr|f|C|aI | ayer r|S|ng a silicon dioxide
remaing ey igh pointrae %ﬂﬁ@lﬁda%wfr%%ves rofrhige gtchant and disgdinde

delon‘?‘z%ﬁ Wafek 6 @ ok/é‘%(rgf rel:l"lgl %sé 2ﬁ1tstH5rfe Btod w&ﬁrﬁh@fﬂf elevated

pr oxi mat e to e sure
semndmmd:taraﬂar{aie strlmttﬂmeﬂhstra'th@ inditipdiQ) dntertred atbestmétu tel 7.
silicon dioxide sacrificial |ayer 19 and the bondi ng

Ing lsgﬁmﬂ\é@@né% 1 ?fﬁ@blpﬁ%exp@c%@eﬁg ke r%rp@\fal ohipostiensif Bi§gheini nt o

pld.ca and
mainlr B ROt 1P 480 BRed PRRICAGEN AR Bl Rl BU0
substamlpkiy atnegle aomp@dlt&m I@SsGd, bsNsitlaradsedb with Féc@ncécﬁeve{l@di&ﬂr]am
on bondi ng of the_ support structure and the Ino 15Gao
and Set@ranrl%wetrhase %?Bi"fﬁ%% free of bk BN Dojas inngHisg e 19tha i zi ng,
aser-off through the face of the
“““kﬁé%ﬁ|re gggged to the I no.15Gao. 85N | ayer. The
remai ning GaN (i nternedi ate | ayer 15) of the conposite
substrate is renoved ut|I|Z|ng4a chl ori ne based (1CP)
ion etch, thus exp03| ee surface of the

'Sg’ﬁldgi%% s k)&‘)(seé E‘gx@{p‘i’éjéf? %‘E}Qlla 0{16(5% @ﬁgﬂhﬂécﬁm%é BEYibEse

rate otosensitive

exampleend thetefors thei depeips emlwambn Sqhitrate © aﬁeﬁﬂemwhlhlearé dednct
surface of the I no 15Gao85N | ayer and exposed to a
from thg.previvg e¥¥'ee t hrough a phot ol i t hogr aphi ¢ mask, as

L SoMiR) ! ADRA bIdwhiN§ibadte is URRSEATEMRS YL BsitiOn bt eng‘hmttrtﬁ@k
layer of Ga-polar GaN by well know methods in art, utilizing MOCVD deposition

techniques. The exposed upper Ga-polar surface of the GaN layer is then brought into
contact with an intermediate support structure to produce a bonding interface between the
Ga-polar surface of the GaN layer and the intermediate support structure. The original
growth substrate is subsequently removed utilized laser-liftoff to produce composite
substrate 5 comprising the now N-polar surface GaN intermediate layer 15.

[0107] The composite substrate S is utilized as outlined in example 1 for the
growth of Ing 15Gag gsIN and formation of a plurality of elevated semiconductor islands as

illustrated in Fig. 1G. However, in this example Ing5GaggsN islands | are not only strain
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phot osensitive chem cal is developed in the appropriate
chem cal s thus form ng masking |ayer 27 and produci ng
internedi ate structure 40 (Fig. I D). [0103] A chlorine
based (e.g. BCl13i Cl2, Sid4) ICPion etch is utilized
to renove the portions of the Tno.15Gao85N | ayer which
are exposed through masking | ayer 1, thereby renoving
Ino 15Gao. 85N | ayer in unmasked regions to produced
i sol ated [no 15Gao 85N regions 13a and internediate
relaxest wmsubstentsadiy(asngle domigpsitigh tiug prreradso Ga-padariim patbigsleelto the

h fl b f
formfio e PPt sttt e (safe) or oo

hexaf | uor obenzene 25/31 (C6F6)) is utilized to
ani sotropically renove portions of the silicon dioxide
based sacrificial | ayIéXAMPhE/rﬁ | st maintaining the

i d h i |
DL e e tasbeis Tk reane koGer oy hop orBr A lggrevious
examﬁi&?ﬁﬂ@tﬁérefb\‘@l’h@ﬁé%%t’l&l VaficEndehtrate Wﬁ%@leﬂeﬁﬁ@ﬂﬁch‘ are dlitlr}ct

lized to isotropically etch sacrificial |ayer
frothwlr@/mpsreemMemg sel ected areas of the sacrificial

1 Ve o T Wit Bt G it By IR S Sh b
utiliztd B séébcarysftél§ @11 EHES schilFhdilealffth eI HRERSQF FRHAROE LA

structure | la material rendins at which point the
boromamhoﬁllnmteagladszﬁBESéG) 47 is depmsita Hyrobemichlevaporcdeanditiartd

ed in ni zed water.to re any, r.emai nin
Confoat@ Aver 'm‘?am ge f:}f%m:f%j Ftagdﬁf@rq%wr%ﬂmag g\m‘s@'aw
structﬁ%WZ@ QPHCE QT 1ishRAER sﬁh&b&%t] 96 %%uﬁéctéd olaa%ewﬁeaode@s Vih g

i nternedi ate structure ) sl ands |
high ameeratteflutrmcexparcdenpaatie of I8é0 W& mbwhich sthggueflow ohthe d¥PSG

s e TR, sopper) et ng teeul 0
su1tab$é1§?§rrr)an§ L!ltﬁizlﬂ:d’ tofeRbtHxBess BPROTH tdves) -thd AR s@nﬁ‘ﬁ%§’§§ b the

i sl and b wth reduced levels of strain
Ing sGaplagY ahndsa]]bythpma;s gmdecplag @terroedidte steucofre H(g(an 4G) afmtaxial

|nnat to the roee'ngtan

eralp Sl o [ 58 P 9T e Bletco O TS 2ot o
addntn@ﬁeﬁ IHJnmlhé‘ﬁ]atfeﬁaltZ@%%pﬁHﬁé i56a) 7§‘N "(ll‘lg A15)e\UpBH S 0al GXETER b

and therefore the description wll cConcentrate on the
the subbtemtiatly sominiugis lagsGabirst ﬂm;tthe g‘rommcohmnqmsem dusdex arogdlie.

%010.6% An lhn tdl al rowtlh substr at e util ZZFEd r the
a morg XEiEq gr ¥ grods iepridya; %1%5 e'?yeéf’ WBPATEd

Ve0110K N AW MBANQE®n iiMthd ht utnh‘ilhé SﬂAng" @Wﬂegﬁ%ﬂﬁ'@s'aﬁ@

techni ques. The exposed upper  Ga-pol ar surface of the
bondi@a 4 swppoert staictunesrardutdughto separaie a portion of the Ing25Gag 75N film for
use as further composite substrates. lons 41 are implanted into surface 39 of the
substantially continuous layer of semiconductor material 37 to produce a zone of weakness
43. An addition support substrate (not shown) is attached to surface 39 through wafer
bonding techniques and thermal energy is applied to separate a portion of the continuous
layer of semiconductor material at the zone of weakness 43.

[0111] The exemplary embodiments of the invention described above do not limit

the scope of the invention, since these embodiments are illustrations of several aspects of the
invention. Any equivalent embodiments are intended to be within the scope of this

invention. Indeed, various modifications of the invention in addition to those shown and
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contact with an internedi ate support structure to
produce a bonding interface between the Ga-polar
surface of the GaN | ayer and the internedi ate support
structure. The original growh substrate is
subsequently renoved utilized laser-liftoff to produce
conposite substrate 5 conprising the now N pol ar
surface GaN i nternedi ate | ayer 15. [0107] The conposite
substrate 5 is utilized as outlined in exanple | for
descritieé herginowich aoélterine ussfBhoorBmMit@ngof the elamemandatrilsed, will
plurality of e|evated sep1conductor i sl ands as
becon'nF Pm@ferna%éaose ﬁk'lHFfb'” the & Trp s APseapent dercPiRamptie | no
modniliéa(;lﬁﬁ g%’lsb ?ﬂtép’rﬂ? to fal‘?(ﬁthﬂ%e 28 eyof“:tEJ ndga@ faftds. rlﬁltf?exed
W t stantla y a single comnposit are also
followamg garidain tHerapplédatioreasciiiehdle), lidadingd mdr‘mgendrmreﬁseti Her clarity and
proceedlng conposite substrate. EXAMPLE 3 [0108] Many
“mvﬁgﬁ@%P%yof this exanple are sinlar to those outlined
in the previous exanples and therefore the description
will concentrate on the el ements which are distinct
fromthe previous exanples. [0109] The plurality of
N- pol ar structures produced by nethods of exanple |I are
utilized as seed crystals, as illustrated schematically
in the enmbodi nents of Fig. 4A-E. A borophosphosilicate
gl ass (BPSG) 47 is deposited by chem cal vapor
deposition to conformally cover internedi ate structure
70 of Fig. 1G thereby producing internediate
structure 120 of Fig. 4A. Internmediate structure 120 is
subjected to a heating process via a high tenperature
furnace up to a tenperature of 850 C, at which stage
refl ow of the BPSG gl ass takes place filing voided
regions 49. A chemi cal mechani cal polishing process
with a suitable slurry, is utilized to renove excess
BPSG to reveal the free surfaces 23 of the
I no. 15Gao. 85N i sl ands 13b, thereby producing
internedi ate structure 140 (Fig. 4C). Epitaxia
| ateral overgrowth is initiated fromthe free surface
of the Ino, 15Gao 85N islands 23, the additiona
[1l-nitride material 29 conprising | no25Gao. 75N (Fi g.
4D). Upon coal escence of the substantially continuous
| Nn025Ga0. 75N film the growh conditions are altered to
produce a nore vertical growh node to produce
| n025Ga0, 75N [ ayer of 200 m 37 (Fig. 4E). [01101
Met hods known in the art utilizing SMART CUT TM
technol ogies and bonding to a support structures are
utilized to separate a portion of the ]no.25Gao. 75N
filmfor wuse as further conposite substrates. lons 41
are inplanted into surface 39 of the
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substantially continuous |ayer of sem conductor
material 37 to produce a zone of weakness 43. An
addi tion support substrate (not shown) is attached to
surface 39 through wafer bonding techni ques and
thermal energy is applied to separate a portion of the
continuous |ayer of sem conductor material at the zone
of weakness 43. [01111 The exenpl ary enbodi nents of the
i nvention described above do not Iimt the scope of
the invention, since thEsalMSbodi nents are
illustrations of several aspects of the invention. Any
Whatggdlairaddeigt enbodi nents are intended to be within the
scope of this invention. Indeed, various nodifications

. A%ethb@fdr'?é’(ﬁfamg%ﬂalnnnWQ)'ItF!H@ﬂrJCQJrEM’?pr%nI%V‘“ and 27/3 |
descrlbed heréin, such as alternate useful combinations

thbgggﬂg ﬁrq%gam AL 2980 2 Wikdor diGGARE apparent to

e su séquent
i. ption ificatipns are a i nten

o e@wtﬁhlpﬁﬁ“essgawsg S-nitide %esﬁéﬂaé%oss PSRk
fO||OMAngH§ and in the application as a whole), headings
arf@lerteydn r%ﬂ)/eetﬁtl@%thﬁéFPF@FtasfmftW%ﬁ'bd conveni ence only.
28/ 31 CLAIMS What is clainmed is: 1. A nethod for
r dducing@ centirtions lih-nitkife fiyenr wide reslueadcleval eel gmimpby pérfigming
b ndi a raine 1-nitri 0 a support

oGl gk LRRBERped Bt i MRNEhe Brdteq T hi 11 de
Layer to expose the support structure; selectlvel
Theimethad §f deighi rf@rtbe%ecogmﬁaag,t eppsitieguFBowRg L Y %ﬁaﬁl@mg a

r%%b@“%i@{)ﬁerml toﬁ'tﬁ@ﬁtlrl?cY@rE b8tk d) feCd Sfjfdrﬁ\e’r%lcﬁ ﬁxtmuous

strarn ormn ateral romﬁh m u
[Ipaittidolgerof t he III-n|tr|de Iayer 2. The nmet hod of
claim1 further conprising, depositing, reflow ng and

3. TR¢ an@fddzéMPain 1M ehdrenabletti @@ e&NingBhe kir@he®NIhitede layer is
structure before the step of' formng a continuous

parformail uiiliziag paietropi@plasnirectebieiod of claim | wherein
selectively etching the strained Ill-nitride [ayer is
4. Tpenfedron‘mf adiml 1 mhecpirakdlsoivelgpateraflly @somngethe supgprt gtructhe is

claim n selectively laterally etching
Pf?ﬁg gﬁbﬁwgwﬁ@mﬁeﬁ%mgperfomed utilizing wet

chem cal etching. . '
5. The method of claim 1 wherein the support structure includes an etch stop layer

comprising a dielectric material capable of substantially preventing nucleation of I11-

nitride material.

6. The method of claim 1 further comprising the deposition of a device structure on the

continuous Ill-nitride layer.

7. The method of claim 1 wherein a portion of the continuous layer of HI-nitride

material is detached utilizing ion implantation.

8. The method of claim 1 wherein a portion of the continuous layer of Ill-nitride
material is detached utilizing application of external energy on a plurality of voided

regions.

9. A further semiconductor structure comprising a plurality of semiconductor structures

including:
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10.

5. The nethod of claimI| wherein the support structure
i ncludes an etch stop layer conprising a dielectric
mat eri al capabl e of substantially preventing nucl eation
of H- nitride material. 6. The nethod of claim!]l
further conprising the deposition of a device structure
on the continuous 111-nitride layer. 7. The nmethod of
claim1l wherein a portion of the continuous |ayer of
I[1l-nitride naterial is detached utilizing ion
ailrplitaide a&tandrwithBredided levetshoddtraih,; cl aim 1 wherein a
portion of the continuous [ayer of Ill-nitride

aMRE Slidfak of hedBtAGRIRGsIatd,| | zi ng application of external
energy on a plurality of voided regions. 9. A further

a%@ﬁ[}&pﬁq}éﬁ}rs’rco% FiHﬁ% WhE of MERE 'ef%'g{%gtsainah;l‘iﬁ%la' bake Haterial, an
sem conduct or structures 1ncluding: 29/31 a
etch ktopildyer ded a sdcafidialiaydr, y edliced | evel s of strain,; a
free surface of the 111-nitride island,; a support
aBbhdigd i@ 20 BBfWesh BGoRdIBg SirfABbEtHR! BRI idlnd ol (8 the
base material, an etch stop layer and a sacrificial
freqigusface andymbondingpsvdtapgyof the syppad strsdiigeen a bondi ng
surface of the Ill-nitride island opposed to the free
ais adtdigom| Hhditaddondirinbadacehtdo eheofred fuefasesppond [ shitude wkaeds
an.addi tional 11l-nitride ’eni | adjacent to the free
g R WS BRUA O puois el IS IERAS i ng.
substantially continuous layer of 111-nitride mterial.
wWhprsineihg syrface argered dlee Randmgstrfagseof bomidi-nigrideusipad is gseaterrian
1l-nitride d i reat f
Bk g o ARG ¥R G oPoad SRudtlee PRGRE B,
sirlRed bEthe ISlUfifrateeisiands drbgubstdntinily Wi ihelsamedhodizéntal plane
substantially within the sane horizontal plane and are
angbaye sepaetiedsat thaveparipperyibyetisiansy of legs dipmA emof | ess t han
30 m 10. The further sem conductor structure of claim
9 wherein the substantially continuous |ayer of
[1l-nitride material conprises substantially single
Thh g thet Bshigoadyalor isttndturei df relaih@ IMvhéremnthe Rabstatipky ceMinages

greater than 25% 30/3 1 i . oo .
layer of Ill-nitride material comprises substantially single phase indium gallium

nitride with an indium percentage greater than 25%.
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