TI TLE OF THE | NVENTI ON STRAI N ENG NEERED COVPOSI TE SEM CONDUCTOR SUBSTRATES
AND METHODS OF FORM NG SAME FI ELD OF THE | NVENTI ON [ 0001] The present

i nventi onwgenav@bi7ry rel ates to the fabrication of engi neerasms/bssyat es for
use in the fabrication of sem conductor structures or devices, internediate
structures fornmed during the fabrication of sem conductor structures or

devi ces, and to sem conductor structures or devices using engi neered
substrates. BACKGROUND OF THE | NVENTI ON [ 0002] Substrates that include one
or nore |ayers of sem conduct qirmeberirg navieNtesd to forma w de variety of
sem conductor structures and devices .includin for exanple, integrated

circuit (I OTREIN ENGINEERED C@WB%IH&@EQ’HC@ HCWQ%SVMERAG&S)A Dadi at i on

emtting devices (e.g., lig wﬁ!ﬁ&; resonant cavity |ight
emtting di odes (RCLEDs), m verpl cal cavity sur ace emtting | asers

(VCSELs)), and radiation sen5| ng devices (e.g., optical sensors). Such

sem conduct or devi ces are con td in a |layer-by-layer manner
(i.e., lithographically) on a)éﬁ‘ﬂd# 8??@@%&#@@]% a sem conduct or
substrate. [QR03] HhhsprEdm MveNtiordgehBialy kdlteb 15 ifabrisich @PBkIcdeasd Substrat es
t hat have been used in the sem conductor device manufacturing industry have

conpri séEPStfh‘ieﬁ qgjueci® the fabjiggtion ot sepicandurioppirysiitres erajevicsy dnermeridies of

siI'icong H@(%l rmed Gur @hp& etied omyoffsérmn&ue{o%mt@eé grasiaensid |y
cylindrical silicon si e crystal ingot and subsequently sI|C|ng t he

single scryisoraiuctongmcttpexpmwlccuuamg gngingeiet subsoaght udi nal axis to forma
plurality of silicon wafers. Such silicon wafers nay have di aneters as

| arge as about thirty centinmeters (30 cn) or nore (about twelve inches (12
in) or nore). Although si |BAQKGMT@NB(Q¥HQE$NVENFH®E t hi cknesses of several
hundred mcrons_(e.qg., ab m crons a very thi n | ayer

nl
(e.g., less (W47 S BBhstraten g ng SPE%IOHH S Se@mnﬂ@(ﬁt?r Bateriahare used o

sen Conwﬁ{( é){wdg%ﬁét&%lfs@ﬁﬁc@nﬁ@lo@gtrtﬁ:‘turésa&@ o@tuc&shl‘ﬁd%ﬂilngcﬁﬂem;ﬂé imtsgraeliual |y
used to formactive devices on the silicon wafer It has been

di scoveriehit @l davives e el@gigridoqsoes andfnfdnedre deyicesd, réféhﬁl%tﬁwnmgd#ewces (eg,
light emitting diodes (LEDs), resonant cavity light emitting diodes (RCLEDs), and vertical

cavity surface emitting lasers (VCSELSs)), and radiation sensing devices (e.g., optical sensors).
Such semiconductor devices are conventionally formed in a layer-by-layer manner (i.e.,
lithographically) on and/or in a surface of a semiconductor substrate.

[0003] Historically, a majority of such semiconductor substrates that have been used in |
the semiconductor device manufacturing industry have comprised thin discs or “wafers” of
silicon material. Such wafers of silicon material are fabricated by first forming a large generally
cylindrical silicon single crystal ingot and subsequently slicing the single crystal ingot |
perpendicularly to its longitudinal axis to form a plurality of silicon wafers. Such silicon wafers
may have diameters as large as about thirty centimeters (30 cm) or more (about twelve inches
(12 in) or ﬁ10re). Although silicon wafers generally have thicknesses of several hundred microns
(e.g., about 700 microns) or more, only a very thin layer (e.g., less than about three hundred
nanometers (300 nm)) of the semiconductor material on a major surface of the silicon wafer is
actually used to form active devices on the silicon wafer. |

[0004] It has been discovered that the speed and power efficiency of semiconductor
devices can be improved by electrically insulating the portion of the semiconductor material on a

semiconductor substrate that is actually used to form the semiconductor devices from the



devices can be inproved by electrically insulating the portion of the
sem conductor material on a sem conductor substrate that is actually used

to form t\ge 28fMi76HRduct or devi ces from t heremai ni ng bul bcsRBIGHNEESL OF
material of the substrate. As a result, so-called "engi neered substrates”

have been devel oped that include a relatively thin |ayer of sem conductor
material (e.g., a layer having a thickness of |ess than about three hundred
nanoneters (300 nm) disposed on a | ayer of dielectric naterial (e.g

sili Conr%gﬁlng%uﬁk% Qfaondl%tér' agl i .loiqubs(rge IXS) regmt Uz{ne'augﬁ ﬁ(ée (Ai 20

)). Optiona , the Tayer of ectric materia e relatively thin
(e.g., tosiakshhdve bemednlvelohexhuﬂhu ingudiya mdmweiytthmrialer sémmmlducit)onnatde'wli ce

manuf acturl n and.t he, se or, terl | ayer
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subst r abof atlgyet aﬂalbue&tat Enafiabl{el ¢ Gsileontdicex i ST silevdginiaes €81;M) s bratiguhy

manufacturlng As a result, the base substrate is often referred
2

to in tR8dg(Rl Bph%m'éwethe Byerofigeqtrigmatsripspanberelatinely pha de sutseithint e may
al so Co'ircp%da%% }%nélﬂgeﬂé%qu&ﬁigﬁal@@ﬁ]ﬁ'ﬁ)h@ﬂctd?tdla%'&e Bﬂﬁur\“a&bxllhg3%lpr£9)@ﬁ§11d fhewi de

variety of enginee substrates are known in the art and may 1 ncl ude
seni condenicondustr eratalabarsitb layer, Offdmfrle@bmmplleeal ¢yl hecdispos @l 9n a rpdatiyalyilenger Ge) ,

lUV ty@gst Conf)js?ra eq fam% tgt hgn(ﬁfng%@ ver\éﬁ e‘mglﬂgerafmé)gt?ﬂgUgﬁw%gué%?‘ttgﬁﬁ al's.

[ 0006] an eng eer e rate e an ayer
of bHI - Veqmpmeﬁe mscacredunctlﬁrbameftraaé isfodiemederadd ta irs the faetaae aGharalldas e
substrat e, suc for exa ealumn m oxi de (Al 20 ) (which. b

r ef er r edhanglag’ Suggfﬁﬁ i Phebase %W@e B3RS aﬁo@ﬁﬁ?er?e%’f"é"c?ngﬁ‘%grt?’étf’@frﬁaoi'&dﬁ?ai"onal
| ayers Qfiicpmterial may be formed and processed (e.g., patterned) over the
epitaxial layer of H -V type sem conductor material to formone or nore
devi ces on t HW08hgiAnwide variesy pEensanesred[sobrrajes Srer kaiown;in theeawi and ierrcinelpds ayer s,

for exagajg%oﬁcnlclor Ln]a&:'rltars 599\ gga[“o?r }\?rjn?le S(f%nt@l) ;g%ﬂﬁﬁlﬁtﬁtfhghﬁ@ ?ngunber of

reasons t ral ned ers genér aI esul t I NCrease
def ect s/sdhsbmmatdrm&rarsdanddy Vdvgre samwhduqtcur matauﬂ{s formation in f| | 6. For

STURREE T R T AT N el e
devi ces (ypatstARUR@EI R Infi@ a8 Gored 8h B shigR]os a bAsasBstiaty slich asafor exmplde gr own
at extrenely small thicknesses and | ow indi um %lont ent Int c; pr eventmeterhe(?l onset
of aluminum oxide (Al;03) (which may be referred to as “sapphire”). Using such an eng
substrate, additional layers of material may be formed and processed (e.g., patterned) over the
epitaxial layer of l11-V type semiconductor material to form one or more devices on the
engineered substrate.
[0007] Strain in semiconductor layers, for example in Ill-nitride materials, can be
* undesirable for a number of reasons. Strained layers generally result in an increased density of
defects/dislocations and may even result in crack formation in films. For example, strain effects
are a major detriment to high indium content InGaN light emitting devices as the increased
indium percentage required for such devices introduces elevated strain levels. These layers can
only be grown at extremely small thicknesses and low indium content to prevent the onset of
phase separated material and the resulting non-uniform distribution of indium through the layer,
making for an impractical approach for achieving material goals.
[0008] One‘ way strain is induced is through the temperature changes that

semiconductor layers may experience during processing. When a layer of semiconductor

material is formed (e.g., epitaxially grown) over a heterogeneous substrate or composite



phase separated material and the resulting non-uniformdistribution of

i ndi um through the layer, making for an inpractical approach for achieving

materi al Weahfiyo7hH908] One way strain is induced is thregghsidgodsesmer ature
changes that sem conductor |ayers may experience during processing. Wen a

| ayer of sem conductor material is fornmed (e.g., epitaxially grown) over a

het er ogeneous substrate or conpositestructure at el evated tenperatures, as

the resulting structure cools to roomtenperature lattice strain nay be

i nduced due
Lo slrlschBS: GVl AembBabdr&Padthe IR 2¥PleLt ¢ §amoc%m%9§&@ ifcf!

erence 1nt coefficients o ermal expansi on = i bited
by t he sesip @ctyibeandudpdoethe crystElitat of the flayehef sendembdydtorgmatatia dualo mym bits a
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seni congiedrials. MAtheuhadrlyimymberisliexpered chdfficicmtodtierabl apmmi@staivehighdai n
upon cooling the resulting structure. In contrast, if the underlying

mat er i althagxhe enefficient ebRefmalicspansion exhbitsdhy s semisprivcion aterial thess t han t he
coef fi cisantooRuctdd S al %P@Qﬁlsﬁ&egﬁm Qb 08 cOplebdy SERIORA eI AR er i al

the sem conductor materi a di sposed in a state of tensi I e strain
upon coodsuhipgtstrectures dih wmgss tfnlm:lmsllr:éymg mategiahexhititsra aoafficiandictbertatt or

devi ces and proc trai S on
the dovoeesBh I BIRSubA T RINCHE O hBbbYTmakRelnloBES e st bALL?
unstrai RedriaGalN @micondeadr haeridleaydrealidpdseaf in larsGadNb ik €saldl sfraih pon Soollihgiheed to
extrenely small thicknesses and | ow i rgjdl um al. um num cont ent t ent, in

the casésgiingstmabre; HACERERYrps TSN ann Aeyiced 2R PROLFSSFs AN ¢ *e Wit i ng

non uni fsﬁé.m.mbéstegl.mse.&ﬂ offthd Mdémﬁah&éaqﬁhasrn@tehayer or, in the case of
Al GaN, the possible cracking o | ms. As an exanpl e, fI|ITB W th an indium

content |ar gé‘}OOPharThWYéﬁafvféeldkéfdf(v émnﬁtrqlbef@ﬁ?w asti seRd fdr the erewod nny as t he

filmcan @%@@%;ﬁgg{igfﬁ R0, tg'g{'toe?neli))ﬁsrgﬁ {h?éiﬁgssgsvaddqw.&ﬁumawm chidiced

strain o} I"nVi ew ove ere I's a need for a
subst r at@piceah, noltrmggasmfdandejpe bheet abnﬂfasq)sselpaxtae:dlmatediai enptcacrmmitog noo- r educe

or cancel thelatlce i epi t axi Wh
deposi t spifermudispihutiong Ii‘?'g’ﬁ]l\%&ﬁy‘ (@J%I OFFHE%S%S&) r‘?‘éﬁ? tﬁn? p?ﬁtez’?%%géé(em
inventi @nf fifhe AOHLSLAPIE, WMrhw Ik @lduﬁidhgccﬁnent larger than 7% are difficult to grow thick

(i.e. > 500 nm) as the film can phase separate and hence be degraded by lattice mismatch

induced strain effects.
[0010] In view of the above, there is a need for a substrate technology providing the
appropriate lattice parameter to reduce or cancel the lattice mismatch with epitaxial film that will

be grown or deposited thereon.

BRIEF SUMMARY
[0011] The embodiments of the present invention are concerned with producing a
composite substrate comprising a strained IlI-nitride material seed layer (¢.g. GaN, etc) on a
support substrate (e.g. GaN-on-sa'pphire GANOS or GaN-on-insulator GANOI, etc) with a lattice
parameter substantially matching a device structure (e.g. an InGaN based light emitter) to be
formed on the composite substrate.
- [0012] In some embodiments, a method of fabricating a semiconductor substrate
iﬁcludes forming a strained donor structure by forming a Ill-nitride material on a first substrate

with a desired lattice strain and a Ga-face on a first surface of the Ill-nitride material and an N-



conposite substrate conprising a strained Ill-nitride material seed |ayer
(e.g. GaN, etc) on a support substrate (e.g. GaN-on-sapphire GANCS or

GaN- on- i nyol2atopr70BANO , etc) with a lattice paraneter swostBrigaissy

mat ching a device structure (e.g. an InGN based light emtter) ‘to be
formed on the conposite substrate. [0012] In some enbodi nents, a nethod of
fabricating a sem conductor substrate includes formng a strai ned donor.
structure by forming a lll-nitride material on a first substrate with a
desi r ed glcabh laGEeopll s@irite AN thea l1FrfdR M@ AA F bfithmeHf fupage Rfselebi8d, MHerdth t i de
materi al and an Nface on a second surface of the Il[-nitride material. An
at t achmihstattgehnient surfase isghebrseeurfagh b form atheolar ecamnosnsubsiiate geiciseconle fir st
surface ' b : : to form
=G por ifect 8 B PR e ABRRAY el R Bk clboddlE REAMIBINALE L0 L0
donor stonetsunauatat apedeadetiecddapediodiefihda stenintelf seedblagerdterva¢enabe gmelnérayer

bet ween tgeg at(}@ghme?t aurfac and tr|1e weakened zone and a resi dual

ot t ai nodTiSRARY B NTAkEES ZBns S0 eToT THAT SRR HSRoL e e BN thE ReakeBbosi 1t e
the attaghmmot ssHideapBositthre sRthaehtalSael Mt HEendReBdhNIGIe3 bSHFIRLE bupport
substrate to the attachnent surface of the Ill-nitride material an

separ at PiigUeRe thegitehaiensiwrneidheJisitrids mactizaad seraratingdhstepidha shaiagbd
| ayer. aBoﬁcJ?@ﬂM@@r]éeﬁ%‘ﬁpth%%'%n&?sefs@f gat%ﬁer@éa&eﬁed%nmfom aSHBSLA @érﬁ%—o?fite o

conprising the support substrate and the strained seed layer. [00
ot her entistatenngrisiag tetshpbrichubstedte dnddhé sigpiredsesd leparduct or substrat e

i ncludes f ] i ned .d hy. f ' | l-nitrid
material on HOGTowtoedelEParaRE: p Rl ikl Ml aBpabt S G, 1 ace

on a fi ietudssfob@ig adtratnbe dbhdrsitidtiieds fomiiag b dll-nitAdsveateeinbeh z gneth s f or med
in the strained donor structure at a predetermnne d@p&g Lo. defi ne
Al ek
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substrate. The nethod al so i ncludes bonding a support substrate to the

first ssirdivasksced layerdenydentha firscwriser andithe warkgnabgrae and agesidve! gxaingd deerrdonor
structupe &1.0MLAE §LLA Qe%[gd §8r$edan|d§9(ee%ro%lh§u@§tra\{\§a’i‘%%%@ 080 ﬁn%angg m a

strai ned conposite substrate conprising e support substrate and the

st r ai nedomthega uppen sufsGok4g therfirytatrfiaerdf kier [llemlraldinaeria andsapatahiogl thef

St ot uPECAHSROGRLES FUBULR §aTEIPLE Ao BEARREY 2015 AT e MCor 121 on

a growt RBospdant E@s@adichipAsifefelseshbdrtdubitite Sidrad fraid saeddayérace on a first

surface [0014] In yet further embodiments, a method of fabricating a semiconductor substrate
includes forming a strained donor structure. The donor structure is formed by forming a [1I-
nitride material on a growth substrate with a desired lattice strain and a Ga-face on a first surface |
of the II-nitride material, bonding a carrier substrate to the first surface, and removing the
growth substrate to expose a second surface of the Ill-nitride material with an N-face. The
method also includes forming a weakened zone in the strained donor structure at a predetermined
depth to define a strained seed layer between the second surface and the weakened zone and a
residual strained donor structure between the weakened zone and the first surface. The method
also includes bonding a support substrate to the second surface of the 1ll-nitride material and
separating the strained donor structure from the strained seed layer at the weakened zone to form
a strained composite substrate comprising the support substrate and the strained seed layer.

[0015]) In yet further embodiments, a strained composite substrate includes a support

substrate and a strained seed layer including a llI-nitride material disposed on the support



of the Ill-nitride material, bonding a carrier substrate to the first
surface, and renoving the growh substrate to expose a second surface of
the Il -nybhofi7gaberial with an | Mface. The nethod al serhBsloseEsos or m ng
a weakened zone in the strained donor structure at a predeterm ned depth to
define a strained seed | ayer between the second surface and t he weakened
zone and a residual strained donor structure between the weakened zone and
the first surface. The nethod al so includes bonding a support substrate to
the secqpl,gur fﬁ?@trﬁﬁe&&@d‘ Iylar IQHEIE&IQ@ ﬁrBWE ?gtlrd?rl\edad%qmsﬁﬂl@lru% é(ﬂﬂ)rtsh% il [1gi ned
donor structure fromt ai ned seed layer at the weakened zone to forma
st r ai neditodepesiinkevighubdesirad éatiamrsprindpmed drea Ea‘pmtﬁupp@um!rr@ttze and the

strai ned see er. 015] I et further

conposi te sug%dtlggt & V%gVé}fksemgoasl'Wﬁﬁ%’r?sem' nbt rdevh°§ ey erS§| %%'ae(geed | ayer
i ncl udi REmpoditelsutktratel i@ sermicenduator dedpokgéts dhpcbdae osufermﬁtnsdubsmpmte The
strai ned seed lﬁ%{f‘hﬁils detached froma strained donor structure conprising

the |11 APRsHrRgdo ileapt QReclscuonie slepsht pLlEast eee RhONIGEIPHF MRl PP IRdio8nd

SUppor t ysudsoh MesemiQRdfdtod dvieet Thlstdigd @rpesid®Bimte AcHBME £apPset o
device includes a strained conposite substrate and semn conductor device

| ayers dibspesadd antrained sped énm@dcl@@mg@sﬂltretrsiemwm dispased on Heaguppashst one
el ectr Ogu&tr‘gdeegﬁg%mnﬁ% Jem&erfgaetg{h% *0LEa §HEMRY orogtmgwpeomea? gqne fiper eof
uc St | ud

on the Sem con rai ned conp osit r at es a
suppor t nitibsinatiel \aitda desired &ittivedtraiaefdrnhealyoara sen@d&dpprgt subkirdte.ni tri de

mat eri al di sposed on the support substrate. The strained seed |ayer is
detached froma strai ned donor structure conprising the IlInitride material

with a desired BREFIDESCRIPRION DSITHEISEVERASSOEWE OB IR DRAWISIGSAt e. BRI EF
DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS [0017] While the

speci fi cat i of00d3hcWhiteshampesifieatian senchudes ehirlaimspagislatly Rginbug oW aed
di sti nCtd'sYn&’ny:'lzﬂ%m% thdd @it (%?rghéj dsERAL e |ﬁ§en§ B oY £S5 gel GMﬁBtutheﬂnor; he

advant ages o I'sTinvention nore readily ascertai ned romthe
descri ptma@rbeoforet Ihrednlyrazmtamdmfmmehe de@q@btlon OEdmjmynctuqnovhemr@dd i henjensbompanyi ng
drawi ngs,.,.i.n whi ¢ 018 A-1D are sinplified cross-sectional views

ith the ac ! ha:n%h\gd avll s whic ,
of stru erés tHiar Ke"'for Wed1 uring various actions of devel oping a
strai ned conpudBf e FEGHSIA-AD areasittplifled atdiesecdomd viest bilaiuvtuess tlﬁaﬁ)GﬂaQ]ae FI GS.

oA 2E arfc?nn%h rdrBrln!ngf vla?lgusc a[c(agr?s osfed%t\/flalgpl;llgflg a \s{tlra?r\{e\sd c%%pgstltzelélglgsggtgséné sr,]t%\tme onor
structure; ‘

[0019] FIGS. 2A-2E are simplified cross-sectional views of structures that may be
formed during various actions of developing a N-polar strained composite substrate and a GA-polar
strained donor structure; and

[0020]  FIGS. 3A-3G are simplified cross-sectional views of structures that may be
formed durihg various actions of developing a Ga-polar composite substrate and a N-polar strained

donor structure.

DETAILED DESCRIPTION OF THE INVENTION
[0021] The illustrations presented herein are not meant to bé actual views of any
particular material, apparatus, system, or method, but are merely idealized representations, which
are employed to describe the present invention. Additionally, elements common between figures

may retain the same numerical designation.



formed during various actions of developing a N-polar strained conposite
substrate and a GA-polar strained donor structure; and [0020] FIGS. 3A-3G
are si nplwbizet/zoxrss- sectional views of structures that poayshesdassed
during various actions of developing a Ga-pol ar conposite substrate and a
N- pol ar strained donor structure. DETAILED DESCRI PTI ON OF THE | NVENTI ON
[0021] The illustrations presented herein are not nmeant to be actual views
of any particular material, apparatus, system or method, but are nerely

i deal i zed r eoesEe N b tzreiMiabmATIE- 2 Bk eMRidodducRe mafeibe niehfs 4t esanes
invention. Additionally, elenments comon between_ figures ma¥ retain the
same nu@®y Magrial pessominepilnrernedef s opgar Srapesisfron grup 8ot thepgriqdise

sem congugt @ ARl Ald TR bhe 3P Fotd VdMAESH AR YrolB VA bfBthe pirR H\?{i‘i"
conpri se O(P’orie or fore’ el ement s from gr Oter rIE)L‘.A]\Bof ét)tﬁee %rér?ggaiclz éllo)?/e (B,
Al ¥ Ga, AlsySb,amtiBiYi ) and one or nore el enents fromgroup VA of the periodic
table (N, P, Sh, and Bi.) ., [.002: . us herein, the y fficient
of thermal e@gﬁsi g‘ﬁ,use%reeﬁ')’ﬁhse[ete m%ﬁfﬁﬁggtpogg?enﬁél 3P %fogri\%n%l%g%edgﬁﬁ‘ucture,
means t k8p&y eraagsiedid bearncaes hichns tkhivetige lihear oadffidxpanticninl efpahtien ofther i al
or structure over a tenperature interval (e.g : ¢ooling or heating process
st ages Jnateriplpysuyctyeg YUY dICHBFEIUY, ‘"{eﬁ"é’Y&e‘n’r:rﬁo‘”@f?g‘?rﬁ*é‘é‘f"@d’g‘?ﬁﬁssﬁga)e, "inits
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| ayers of material and that is intended to be used as a substrate for the
f abr i cairicbdednysnlestrate campasisghiocs miie tagers dempledal anghthakis interdad)iorhsaisedys a
substrat I 0 Lmti 1 u 2 i tor
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mat er i alincludeeansn-timlitangexaraplesyatreicormluctbhrat-irissla@t typeadtstrgehst antial ly a
single crystgl of the mgterial and,that has been fornmed such that the
singl e cryst&02 khiSitee r%gh\ﬁ‘fe@} yoraa! dyergpaienly gﬁf’%ﬁ“%.”ﬁ@ﬁ%? As
used heggt Rt fehte sdtBtanfially Atstrgheerd 8MBE Hateri@RMAShaA Rgs Bebe fonslessuchehadingt ance
between atons of a unit cell neasured in the plane of the surface. [0027]

As usedsheleenysial phibi akpowgersielipgraphicienaitranet er, * when used with respect
to an epl taXL(fbgsl't a%ghs flﬁﬁeqrfptl%qgt%"%tﬂée PR B neadBAR Sl AME HRMAC at ti ce
I DI the l'ayer

par amet er ex ed by
between atoms of a unit cell measured in the plane of the surface.

[0027]  As used herein, the term “growth lattice parameter,” when used with respect to an
epitaxial layer of semiconductor material, means an average lattice parameter exhibited by the layer
of semiconductor material as the layer of semiconductor material is epitaxially grown at an elevated
temperature.

[0028]  As used herein, the term “lattice strain,” when used with respect to a layer of
material, means strain of the crystal lattice in directions at least substantially-parallel to the plane of
the layer of material. Similarly, the term “average lattice parameter,” when used with respect to a
layer of material, means the average lattice parameters in dimensions at least substantially parallel to
the plane of the layer of material. Lattice strain may be a compressive strain or a tensile strain.

[0029]  Similarly, the term “strained” is used to indicate that the crystal lattice has been
deformed (e.g., stretched or compressed) from the normal spacing for such material so that its lattice
spacing is different than what would normally be encountered for such material in a homogeneous
relaxed crystal.

[0030]) Each of the terms “relax” or “relaxed” as used herein means and includes any

layer of semiconductor material which has an unstrained crystallographic structure comprising



of sem conductor material as the |layer of sem conductor material is
epitaxially grown at an el evated tenperature. [0028] As used herein, the
term " | atwoeelsatzo&zn, " when used with respect to a | ayercufiBroag/ersssd , nmeans
strain of the crystal lattice in directions at |east substantially parallel
to.the plane of the layer of material. Simlarly, the term"average |attice
paraneter, " when used with respect to a | ayer of material, neans the
average lattice paranmeters in dinensions at |east substantially parallel to

the pl arA@ymetE.bﬁn.ksqy&h a9£toﬁ§b?ﬁ1b%l:ule§}@h&rlt&ﬁn%Fl ERdrgeti?RYy fACordblE AHAREE@S Phe/ e
strain or a tensile strain. [0029] Simlarly, the term"strained" is used
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conpr es%ﬁﬁpp&gi? ?I@ Mﬁatﬂﬁﬁé’fﬁ& S Ih@ha?e“ﬁp g@%ﬁf ag'léﬂ ?gﬁegvg baddde ! attice

spacing 1s erent an wha vvou d norna f'5r such
mat er i almatmuaandamrmg@nmuls eqeliarued lagicy soratant. [0030] Each of the terns "rel ax"

ARG TR RN T NN R

conpri sid@ﬁ:@fummeqmeumh&s%hému@bt RS0 QURE t@ﬂmﬂiﬁh@%db@&f)th@édrﬁﬂjtﬁ&iestribedn
energetically favaorabl e manner. The term "rel axi ng" neans and i ncl udes

changi ngnéaranpensrific Seadste. AvBREMOR. gorwertedesenibed iy ay speqifi hepding grerasaeraily k
posi tiog ApoiRgp bik fifinde: loﬁiﬁl'%ghoﬁﬁ'&ﬁ'eﬂtlﬁé‘sk&ﬁmaﬂ&? material is at |east

partial l I eve terial nears or reaches its equilibrium
lattice cons{&3g] [E®1b®ﬂlﬂmdﬂesad' tlrrﬂglsremnemwﬂnlondwcqnwreedwﬂb pedddeingal ocat i ng
certain secti e det ai

consi dercgrﬂp?sdte SP?ﬁ?r?tetcﬂ@pg Sg?mfcﬁe ct e S%?d laﬁpr 2% RERHIX Sonsa@%&(;t not be

once escri’bed > under specific
headi ng (e. Euﬁhharnn@pmreo@maﬂcs Gleseni-iedtor n;/saml sROOYith £lateagangmesar

general ly applicable in other sections he entir ecification.
[ 0032] EHWI"H%{“@CB'F‘%@W@V'[S? é‘é‘@ﬁ'ireﬁ‘i'&éﬁt[i‘éﬁhlg i‘@ b"é‘?'ﬁ%ré IQI\F‘E E’%F‘i}duci ng a
conposi g sdpbostrate conprising a strained Il1-nitride seed | ayer (e.g.,
GaN, etc.) on a support (e.g., GaN on-sapphire GANOCS or GaN on-i nsul at or
GANO , etc.) [038h dht datidegeatgramanbe eonfiguisditamoraslpsehnaaichishyeavdevi ce

struct urg Pt hw@@& Raatks! QB felc rtapgé%w RhiRoehean. [ 0033]

The | at {708 econlgure at a growt

t enper atetigleee‘rar mtdﬁﬁerehawvaye She ucthodesto iyl the tniitca stpess andhace dte lgttlgtwt h

temper atplélrra%e?e??L) in the seed layer at To, i.e. pre-stressing the material L(To) Another method is to
engineer the substrate/seed to attain a preferred degree of strain and hence a preferred lattice
parameter at growth temperature L(AT, ACTE), i.e. the lattice parameter is a function of the
growth temperature and CTE. In other words, the total stress and therefore the resultant lattice
parameter can be represented as a function of temperature as L(T) = L(To) + L(AT, ACTE). The
present application is primarily concerned with engineering a pre-stress level in the seed layer,
i.e. L(To). ‘

[0034] Thus, embodiments of the invention encompass methods and structures for the
formation of a strain engineered Ill-nitride composite substrate including a strained seed layer
donated from a strained donor structure. The embodiments of the invention may be optimized to
produce large area strained donors with selected crystalline properties including composition and
polarity. Embodiments of the invention manage the degree of strain (compressive or tensile) in
the I1I-nitride donor structure by engineering the in-plane lattice parameter.

[0035] In addition, the lattice parameter and strain in the seed layer of the composite

substrate are engineered so as to improve the lattice mismatch between the seed layer and a
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engineered in different ways. One nethod is to nodify the initial stress
and hence the lattice parameter (L) in the seed |ayer at TO, i.e.
pre-stresgongidigsraterial L(To). Another method is to epghBaRs0zRe
substrate/seed to attain a preferred degree of strain and hence a preferred
| attice paranmeter at growh tenperature L(DT, DCTE), i.e. the lattice
paraneter is a function of the growh tenperature and CTE. |In other words,
the total stress and therefore the resultant lattice paraneter can be

(b eseBbatk Al WIR!deBRith ulRIRC AL Eofodrh e TudbdiHlal gl DCTE) The
present Ication 1's primari concerned with €ngineering a pre-stress

| evel i nodfﬁelelstmfdhd AUPROIT stiucgure b(tﬁoﬁom[)maasqnbsn'rm@ss sedgrtroichorae tt snpwbve the

i nventi enco met hods d structu or the fo rmation of rain
engi nee PRFTTRIRIE PrAEE Gingsel e Biedit Be rRistbErnE e 5 R Wit Qs Ry er
donat eddé\rl@g@tﬁ.cﬁﬁé ai ned donor structure. The enbodi ments of the invention

may be optim zed to produce |arge area strained nor s | ect ed
crystal line Hi0dpkr Mudple seed dapieriFae SRdelaminagid fé?fﬁlq'ﬁcﬁ”é}"ie%my Hg?)ﬁ‘iaﬁ'é'ﬁ't%f of

the i nveptj,aor FRRAIEHNENIRAEER Llundlcr 8 Mipp6RIPHE@HE! SHroduck GRFipIe) in the
Il1l-nitride donor structure by engineering the in-plane lattice paraneter.

[ 0035] Emgimetréd Gommpositesabbtegiesi fean panglestrained denosisirudterei n t he seed | ayer of
the conposi tﬁ%)é'?']b r{g(;[nﬂ?e ¢ odﬁﬂg{tsgﬁ%r&)q rﬁ?o?‘t?\etst(?alh ﬁP}{,‘?r c}ehﬁaté 1o fR

m smat ch bet t he™s ce struc eposited
t her eonstrdifledsduimer ﬁnhcmle aze\rtte&nhér’r(ea pdsﬂeramam pekpansi on coef fici ent of the

support structure the CO osi.te ate | | ected so as to inprove
the latti ce MO9SRkt %Iie e et fﬁaé“eéjel "'f%{?é?a‘%ﬁ% fﬁ'& %ins&réagfercl%?’ﬁre at the
gr owt h hRIRE Al RimbeP8f Mebdorebmbfifatibeof hOASE] AM fidsPd@mpaethe semr s can
be delam nated fromthe strained Ill-nitride material of the daonor

st r uct uirethg gdiainghikpidnideaateidrl sambmpreducst by @spefficicat ofbernebexneasiph oduce
mul tipl g, ﬁmﬁggg%se tﬁQﬁ?gﬁh%mgfénﬁtarnatﬂ%sﬂ tla owmgﬂr e fbdiPiAE idoor

structure ome e iments l'arit e strained
Il -nitgtaen. mat erial of the strained donor structure can be either Ga-polar

or N-pol ar. h}gﬁ] The strain in the strained r mat er i I of the
donor struct 3 aftsBe efﬂ"gﬁfﬁ%@eﬁbf A '?;1 ﬁﬁté?‘m%d:‘mn%'gr dedgate”al E8hbi nati on of
met hods profiscall Byl 4 Bitice xasivdteh bdtReensthé Hil-Ritiide nbRrisitandiarbaciet Iab/errfbimddiﬁpon
mat er i aIp can be produced by a coefficient of thermal expansion

the initial growth substrate.

[0040] As a third example, the growth substrate, or the buffer layer upon which the II-
nitride material is grown may be subjected to impurity or dopant incorporation to alter the lattice
parameter leading to a subsequent strain in the IlI-nitride material.

[0041] First, the process of forming the strained donor structure, the composite
substrate, and the device structure is discussed. Next, additional details for each of these three
methods of inducing a strain in the donor structure are discussed below.

[0042] Element numbering used herein may refer to an element generically with a

number (e.g., 110) and specifically to certain embodiments of the element with a number

followed by an alpha prefix (e.g., 110A, 110B, etc.).

Strain Engineered Donor Structures

[0043]) FIGS. 1A-1D are simplified cross-sectional views of structures that may be

formed during various actions of developing a strained composite substrate and strained donor



m smatch between the Ill-nitride material and the initial growh substrate
upon which it was grown. [0039] As a second exanple, the strain in the

strai ned wbliyidnide material can be produced by a | attipegBieegBisesy bet ween

the Ill-nitride material and a buffer layer fornmed upon the initial growh
substrate. [0040] As a third exanple, the growth substrate, or the buffer
| ayer upon which the Illnitride material is growm may be subjected to

inmpurity or dopant incorporation to alter the lattice paraneter leading to

a s Ubse%ﬁcﬂhﬁsl‘iﬁﬁhf% Qéltr%]ﬁedl dohoriiEdRe 36%Brﬁgl'l CO%T’phprHde zibérﬁaii is formfedRy (acess

of formng the straine onor structure osite substrate, an he
devi ce sitsuatelit® i s di scussed. Next, additional details for each of these

th t hod d t d

bel ove [ 00421 Hlemthe FRUBUMEG A HaRet Frtebreaig erakar el R arufeng

generi caMAyRWVCUTTa td&Hﬁﬁ]@gy (saclgpr,océsa&)areadwcrﬂapem ddtamahl fisr &xampRy UeS. Ratent ‘

enbodlrrents of the el nmber f ol Pe%lpan al pha . E%eflx (eg
u

HOA, 1188 RE$%484 t°§tr‘|‘eém%slipr'?@‘i“h§8r%%p3ﬁ§ﬁé(? ASR"‘FG'(?{' plOBAY) OFp

are si malshdrleed. 61796538 NbRRA er'h) 609V4434 ANGE B £ Sarld E461RY 1K sfaPEMHRD
during var| ous’actions of developing a strained conposite substrate and

st r ai nedndddiSoPasent dpplication Prblicpi@n WA\ 280604997 e Rumeot thstdisalesureseof £3¢h of
conpri SI %haarellhéon%%rgt% ger |n nli Fhr fr%!n r%tg b %Iy%g Qr{leaHé&/g%&rl%h%ul%po unéeQQ OA&] As a

non-1imtin cess YesEr |

SMART - CHHE( 6th3r preetsaosuigyle fcﬁummmoegsasnmued dastinl Jafer that nmhalcmulnhzmg for
exanpl e, g S. P tenkﬁ_t RE39,484 to Bruel, U S. Patent No. 6,303,468 to
Aspar ePredftermiggdgvea dreanepuldsalpdie used '+ o' Aspar et al., 6,756,286 to

Moriceau et flods) 618 PEEMhisQleAsHRNt Blocdb, a préddetrfiindd Ged@Red BndIp@Magbe al .
and U.S. Patent Appl i cation Publication NO. 2006/ 0099776 to Dupont, the

di scl osfaresd ifthesteineddongriseactared 39-nEl6r ho shesguss Of éﬁﬁMﬁqRWéWMéWW'egx/ by
this refg r%ﬂ%?()mllc_‘? NEYS 170 sEchsﬁﬂzprg%éﬁgowg)E@P fbﬁg, ¥' %IG{B'ECGQ}FFO %h%esses
u oun er 't

wtable or man urlri a co materi a incfude utilizing
pr edet eautachmd\t\mrzﬂoenéd wath@atesecand ledergy wardate arseakenddods] 60Tio heetrhiorddarter s

det aChmsatpl}ct re %:Oesﬁwe weaEene %neérlrgb ri]ses(lzllbstan(?i ﬁngaqalFe?Poethg' ggmmaXchment surface 135
and at a predetermined depth based on parameters of the atomic species implant process.

[0046] As shown in FIG. 1B, a strained seed layer 190 is thus formed between the
attachment surface 135 and the Weakened zone 160. In addition, a residual strained donor structure
290 is formed between the weakened zone 160 and an opposite surface from the attachment surface
135. A support substrate 210 is bonded to the attachment surface 135. The attachment surface 135

~ and an opposing surface of the support substrate 210 may be prepared prior to bonding to ensure
adequate bonding. The entire structure of the strained donor substrate 130 and the support substrate
210 may be placed into a furnace (not shown) and heated so that the weakened zone 160 is further
weakened. Instead of providing thermal energy, additional energy in other forms, for example,
mechanical energy, chemical energy, or a combination of thermal, mechanical energy, and chemical
energies could be used during the weakening and detachment steps.

[0047] The structures thus formed after the separation are a residual strained donor
structure 290 capable of donatmg further thin layers of strained Ill-nitride material, as shown in
FIG. 1D and a strained composnte structure 230, as shown in FIG. 1C. The strained composite

structure 230 includes the strained seed layer 190 and the support substrate 210.



fornmed in the strained donor structure 130. FIG |A shows use of the
SMART- CUT(tm technol ogy wherein atom c species 170, such as hydrogen ions
or ot her wens/@he7 npl anted through an attachnent surf agedaaswiskéy a dose
and energy to create a weakened zone 160 in the strained donor structure
130. The weakened zone 160 is substantially parallel to the main attachnent
surface 135 and at a predeterm ned depth based on paranmeters of the atonic
species inplant process. [0046] As shown in FIG '1B, a strained seed |ayer
190 is thus f d t [gﬁg]@ zone
160. In addi t[%‘gw afg %@é\?ﬁ&aﬁ@gg ?atl}]%g ofrtl%%%gu?eﬁlﬁ%%%gﬂ gg’% &vlgﬁﬁ‘()ﬁ?%ggmggt ween
t he vveal@ecpnedsnrgorlPeorltﬁcpea"mmlag]arofppnbarmeacsssrngatces ﬁhemuamhdeccanmcachmmatesm ace

A su¥port sub trat e 1g zl onded t% tZe att chne & ace té
attachné'ﬁyrgifmea?csg 55T aR AN pﬁB’og'i‘?i‘amB ¥ '8%‘"%f 'é?g’s‘HﬁB% ARty ?r?ate 210
My be prRitwheihr@ehsig hay inO0E, Bga hen-BnBiaf exantie uadieg Bone sagcurth 2408t the e

structure of .the strajned donor substrate 130 and the suq;%port subs%{ygte 210
may be prEeeUCsHIGUre fhE ey sirydyresHOray iaHedeiautiely lagrsioh depedisemizeadisioad
zone 16Qndi&ial Whiddpsd MRASRARSr A& 8 aRd 5{ft1v951‘2¥§ AiaRGANRiABle 2RANEpBYuce

addi tional energy in-other forms, for exanple, nechanical energy, chenical
ener gy, edﬁctr@nlcdnlbﬁmamh@nmgfeletrﬁeﬁsmldCOm’emNms&meOénergy and cheni cal
ener gi es coul i o 47]
The. atruct ur PR, RS kTSRS SR, SRLREUREfogh kgl
donor ststrhigédicoenpdSit: scapatet by fEfpezd'mlgalﬁd mgcefsswrsn IhetratedinF1G8y éA d DofOfsbuae,ned
[1l-nitride materi.al shown in and a strained co ite

st r uct urPEopBperf %‘?"%&%\Mﬁ.“?}l"?rPf‘ﬁessT@Ste%éheerSr’&iiahﬁﬁ’ '@8313%%5Ef%°‘g’??§@t“6¥ e 230

i ncl udegedeRR ashitat RestmeReshichay 8br ck8RpRNsbIikKIRe, SHBMAL, tor@blh&hétﬁin@he?eoroln [0048]
As shown in FIG 1C, the corrp05|te structure may be flipped over for

addi t i orpdditipm, é@ﬁwsﬂr@@ed P ingride majseiplirenyiedgpashsd %ﬁeﬁlﬁw StHRRACOBP T U Eps
t he Str%@ﬁﬂreﬁ@ F @W aftéFl-fa‘Ffo?%Qndmx receive a surface treatnment, such
I'ng,

as, for exanple eani ng, or conbination thereof. Additi onal
processi ng nﬂt@OSﬂhcllmstane asbaliments,|thewpdlarity Oébharsphle‘;d Hbditrige Rﬂetvrl@ﬂ@fmer uct ures

240 on the ¢ osite struyucture. he.de V|ce ctyres

nul ti pl é"i"ﬁ@‘g%%ftr &B%&y@%‘?ﬁ% ot ﬁrc?%POIﬁ’é?erl F‘r ﬁre"lcaaseztfr téae'pr%dlccgrrp daetor
mat er i alsubsag i8A1IppYE 1R RAS RS S trkinedMI] hmndeheatar.m dfmep-areedﬂlagza Boeetheoni c
el enents, photonic elenments, and conhi na s ther eo erﬂj"CEtOO 9% The resi dual

strai ned”éi'ﬁ?ﬂ)?on?ﬁqs%%‘{?ﬁféaIQ%O Ireljvasied fram F}Efr Tegjpr thERLPIngd r ai ned

([:)0”1695' lonStSHEhL N ©8. Wu&%%lér%n&hﬁal@ﬁé?qgs%ﬁs ASan N /YRt sdifgd debd RV &S90! A- |
. course,
and the N-polar donor material results in a Ga-polar strained seed layer 190. In.some device

applications, it may be preferable to have a Ga-polar strained seed.

Ga-polar strained donor structure

[0051] FIGS. 2A-2E are simplified cross-sectional views of structures that may be formed
during various actions of developing a N-polar strained composite substrate from a Ga-polar
strained donor structure. In FIG. ZA, an initial growth substrate 110 is provided as either a
homogenous or heterogeneous substrate. The growth substrate 110 includes a CTE selected to
impart a desired strain level in a IlI-nitride material 130A, which is subsequently added to the
growth substrate 110.

[0052] In some embodiments, a buffer layer 120 may be deposited on the growth
substrate 110. The buffer layer 120 is described more fully below. Other embodiments may not use

a buffer layer 120. A layer of Ill-nitride material 130A is deposited, optionally including further
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prior to performng any further processing steps, the residual strained
donor structure 290 nmay receive a surface treatnent, such as, for exanple,
pol i shi ngwocbeanisvg, or conbi nation thereof. |n additiorcTfiBdoesssstrai ned
[Il-nitride material may be deposited on residual strained donor structure
290 to replenish the supply of material for donation. [0050] In sone

enbodi nents, the polarity of the strained Ill-nitride material of the

strai ned donor structure 130 can be either Ga-polar or N-polar. Because the

st r ai nedy&ARRARERg SURFUdyetsa 20 SThd lIPRade ndi@iaP P3N isd¥pdfted GL psibF RildiRd
[Il-nitride material of the seed |layer 190 in the strained conposite

subst r at(@ag8lr jssommpalytod Highersrakiti shandy-pelagand|is commenlyprefeaiee foraleviss t he

strai newf&&% té\%%mfngftﬁaﬁgb apt?ﬁrnﬁb eqt(?zﬂ Fal ”?é/@tteﬁraq%wgts in an

N- pol ar stralndsee onor mat e sults in a
Ga- pol antrsinedadanedstsiemct 188@perithlDPrairied C&QJWMM-‘MHU@ rafnprhaldét)zt\ onghe grttwthay be

Gt 7 et urtbyosd1f o BessBufibo Blrgun s FAY R Btn o LalPe BonT b T e

St ruct umgseldndic NBte D) 6QhETBE-palF ina@rivas inwdmaac\tdmnegrewd@%atml rpra
N-pol ar strained conposite substrate froma Ga-polar strai ned donor

struct uméss'h'h‘WIbéfefﬂwer 440- ilppddigen, @}}ed\%t“ﬁ‘"?ﬂb%‘ffla%ﬁ B51390r42%r ovi ded as

either a hog;mepueh@tem.ﬁgagl%n@%%traapet NRkPaed TN E1GS VM IE abRt Rk &s 110
i ncl udes a elected to Tnpart a desired strain level in a lll-nitride

mat er i alforliB@se dispkssetabose withseppseiotHGS adté B, teepeph\eelgrBws,Hhcs"ebstOrrmxewllo..
0052] | dij t buf th
[ ] SE}BE{Q :IT}?et(Femo b lﬂ?’rﬁef% 2§fexyepF & th!:)ﬁl I}Jé.%{) tojtgg eSC %gthg %Qr?(?ds S t!?rjgs. €

growt h ayer nor e y ‘bel ow.
Ot her enbodi mmstt]s TR, mtndmllasthw‘sftlent tHeaualttnde?mateAalllagens m‘nﬁgdurled a8 Ga-i de

material 130A is pti onal cl udi furt her a| n i neering
Dot for - lpalir il e fisaibragie seadeial Gothed Bohor SielEt 8008l Lobiia

pol ari t Y5 farP® AIG. 0B, @\@mﬁgdyse&f laftdr 9DEX iSCHBcdtoyert rBRfiveNo iR shinad Skell Sayer
commonly preferred for device fabricati on). The resulting structure is a

Ga- pol arl994 fas Htumrat@enﬂ%b@&q Aihug, Bgstrajned soppastie s baiRte 2 3 iicARfiBuRsAs N-
SUTUCE Ul8laf SRRk cRufld §§‘<ﬁ)darﬁ% 84 8 b h-faBE S th¢IR-gipk RlgPh. 130A on the

growt h & p055| ayer 120. The nmaterial on
the growth substrate is Ga-polar, however the N-face 131 of the Ga-polar

material_ i sl | n contact m thrthe growth substrate 110 or possibly the buffer
| ayer 1 > ment surface 135 is a (@a-face.

[0055] FIGS. 3A-3H are simplified cross-sectional views of structures that may be
formed during various actions of developing a Ga-polar composite substrate from a N-polar strained
donor structure. In FIG. 3A, an initial growth substrate 110 is provided as either a homogenous or
heterogeneous substrate. The growth substrate 110 includes a CTE selected to impart a desired
strain level in a lIl-nitride material 130B, which is subsequently added to the growth substrate 110.

[0056] In some embodiments, a buffer layer 120 may be deposited on the growth
substrate 110. Other embodiments may not use a buffer layer 120.

[0057] A layer of I1l-nitride material 130B is deposited, optionally including further strain
engineering buffer layers 120. The Ill-nitride material 130B is deposited Ga-polar polarity (Ga-
polar is commonly of higher quality than N-polar and is commonly preferred for device
fabrication). The material on the growth substrate is Ga-polar, however the N-face 131 of the Ga-
polar material is in contact with the growth substrate 110 or possibly the buffer layer 120. In

addition, the top surface is a Ga-face 132.
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[ 0053] The remaining actions and structures illustrated in FIGS. 2B-2E are
the sanme as for those di scussed above with respect to FIGS. 1A-1 D,
respect i webyotoldtogyy there is no need to di scuss the det aclrapmis/bis&s. 2B- 2E
except as they refer to the polarity of the various structures. [0054] FIG
2B and 2C illustrates that the Ill-nitride material 130A is configured as
Gapolar. Simlarly, FIG 2E illustrates that the residual strained donor
structure 290A is configured as Ga-polar. In FIG 2D, the strained seed

| ayer 190A i $0dss pQﬁ’@l@‘B@raEaﬁJn@«IshU@raieQSDhﬁoo‘i\Hé@doﬁl%dex%@@d daoy&y 132 P hean-
illustrated in FIG 2C._Thus, the strained conposite substrate 230A is

conf i gunitddemalcpia 13PB ahbe Ehb ofiby ceraesubsitaial09nayAs cithe spkstansaloraueiie tat f ace
of the %@H'g%mn@&b%& @110 0 R Rdre RibA|RiR &lcngr%g%g@m Ie%&ur.u%qLen.tL.QQSSI

FI GS. 3A- are S|rrp fied cross-sectiona structures at may be
f ormed dhatdriafy | 308, boalermatvélpths cm’rledsenbsramqolwgmay l@ae pdlf&rencﬁﬁﬁ@@thtmleajbst rate

froma N str e onor str u i.tial owt h
subst r adiotn avysgels A0 i Shaifeh B SR g up o Pup eV BB R
subst r ati@parfilestirotiie 1$1ubﬁtdeataesn&moeraeé disiSsed nﬁTEﬁmglbemed to inpart a
desired strain | evel in -nitride materi al S subsequently

added to the {58 Hp Elﬁ)épﬁ ﬁ‘?éroﬂhsubm@%]o pd %Wealé/ﬁhwf?ﬁ’éﬂﬁygr 129, Suf.f er
layer 120,45RY. BRe g%Qﬁia& 8 red oVt Sy @mgheémpétl&ﬁ%la%w on %Qﬁﬁﬁ%ﬁb&‘ﬂtﬁ@nt S

may not use a buffer layer 120. [0057] | ayer of |-nitride material 130B
i s deposuitable, progsss. oTHaIrdrSyltmg@llrmrﬂg ﬁlmesil@w rssurltmgnn englramem\iengd Hlnitrede | ayer s

120, ommsatetal P 5 ARCR bnch QR 80 S A BRLAK DAL A hltad Capo | ar

qua n erred for
devi ce frraiberrlaCB}OB)(ma cafhe sutatrae il 50 ls(prbduba&j witloaGh-faa 32 ata’tcbed ts tlféac-apmlr ar,
however the N-f ce 131 of i\&e olar material is in contact with the
gr owt h §\£R§§?Ith5 andian PossBsiPet {Plthe buffer layer 120. In addition, the top

surface i s aifggof a0ie ldaihiRPREbnd hdhlrRuBilludrfd ih FEES SWOSE bRt tRe kafd dss
bonded to the exposed Ga-face 132 of the I[llnitride material 130B, The CTE

of the derrthgsedissupsest abawwmwsmytoﬁéG& kAP, weepsstivaht i Biusyhagisde negd hat  of
the growh, §ltmasc}e aﬂg 8" €1| ] nl %&E?%Q?{hgy e?ejl_'gggn%'pgfrahgo(?%tvaHBMCthﬁe.t he

strain level terla lternatively t carrier
substrate 15@006&1/ P48, 3D mdf&fetltmtateﬂfﬁt lholltIJmErldmmatieraal 1g0BvstdonBglret asd¥e 110

to furthe the strain in lﬁf tride mater] al met hods
for i np&?'%fﬁ %\if"}‘?e ]gl i al“la?h"?'ﬁ"[ ‘ir@?:e nflgF hSF“Pfgﬁé&é@e&‘ 35/3%'?2%" Y'nor e
fully bel@Wg illustrates that the residual strained donor structure 290B is configured as N-polar. In FIG.

3F, the strained seed layer 190B is flipped over relative to the strained seed layer 190B as illustrated

in FIG. 3E. Thus, the strained composite substrate 230B is configured as Ga-polar and the device

¢

structures 240 are formed on the Ga-face of the Ga-polar material.

Inducing strain in Il1I-nitride donor structures

[0062] In any of the embodiments discussed above, strain may be induced in the strained
donor structure in a number of methods. Three specific methods discussed in detail herein are strain
through CTE mismatches, strain through buffer layer methods, and strain through impurity or
dopant incorporation methods (e.g. : diffusion, ion implantation, combination of both). In addition,
some embodiments méy include a combination of two or more different methods for inducing
strain. First, each of the strain inducing methods is discussed in detail. Second, non-limiting

examples of each of the strain inducing methods are discussed.



[0059] In FIG 3C, the growh substrate 110, and optionally the buffer
| ayer 120, is renoved. The |ayers may be renoved by grinding, etching, ion

i mpl ant atywgnod@ser-11ft off, or other suitable processpcthig200866ské7 N9

structure is flipped over resulting in a polarity inverted Ill-nitride
material 130B. As a result, a strained donor structure 180B with a strained
N-polar Ill-nitride material 130B on a carrier substrate 150 is produced

with a Ga-face 132 attached to the carrier substrate 150 and an exposed

N-face 131. 1 M2 WeRRb{h BebcBGLd BASHARE FbHEhY bRbremblig tHe@kfghs N
FI GS. 3D 3G §fhe S rvrvg as ?Vo:ﬂ tcgs‘cg)s é}sscussed ab'o%e V\;et '%sp?ect tso Fl GS.
1A-1 D, ﬂas/srpdcscrlb@l hereifhbene offthese piosesses ane ddetalorgdinis capmr plinee efetany | s of FI GS.

3D-3G e t efer,to i.QuUS

Coooe  FTERPERHREY yaboR b ArlBe PhEE  MaRiy b el iR e B8R s
confi guiacEasindNRIERr (i.e., the N-face 131 is the attachnment surface ‘135
for the support substrate 210. Simlarly, FIG 3Gillustrates that the
resi dual strained donor structure 290B is configured as N-polar. In FIG
3F, theshhialdwhos8RMtAYEH hiBBhduSed frdRREE RXMAich BleBlodye to the strained
seed layer 190B as i1lTustrated in FIG 3E Thus, the strained conposite
substrate 23[3]96413 Joalevegand theastumiensilenr camaressive) @& (e siais in weingd HEnivide ar e
f or med n
1 PRk R B A R A0 ARRE bMlecied e BMGHERIBIORMG 0o o
above, #fitidigrowrmyutheate htl evhdthenthe prewst sruastrawll Idonayr best honoigemods mategialnurraber  of
met hods. Three Lﬁﬁgecifig metth pﬂs ldls sse |ln detail herein are strain

t hr ough “CHESHT SHATERBECC 4R ' ‘"?IW(? F'BUFF RS ayer nethods, and strain

t hrough i mpugok3) 0'F01d@<@ﬁh'ﬂ1e EINGIAEMRE %mm&&j@sdpﬁh@- growtﬂlsfjlﬁdﬁ‘éleorfhel on

i npl ant ati on, combination of bot hg I n addi ti on, enbodi nen

i ncl ude ceefBeiemion Hiermea) elﬂ?anﬁ%f%ﬁhe laygrig %@éﬁ?a"hﬁ?%kﬁﬂg‘aﬂ Bt Qfﬁ%ﬂﬁépmrest rain.
First, ?‘%C@ f Ié*h% Sthf 8 T@c&rﬁﬁa‘r’ %Rh@dsﬂl ?orgﬁ pHSSaflclcRrdebai | - Second,
nonllmtlng exanp eso eac estralnln met hods are

di scusseampledsaif aMﬁaanrwth Gykho(wg pr olde8 §@Bthcrd5ffeb€®0tlme@ﬂ & wpdneoad degyndad

renovi ng the var ous ri hed herei n rre of, .th r are:

vot ol or el Erpaahes Sl S B O Rt REREr P R QU A FRRRISRERRES °

(HVPE) , tdMbileatidinar Beam Epit axy (MBE), and Reacti ve | on Et ching (RJE)

[1l-nitride donor structures with siiral n. i nduce[c]i 6rom CTE m SH‘E t ch, net hods
[0066 3 e

In other embodiments, the [1]-nitride materi may engineered t under
tensile strain, thereby “stretching” the in-plane lattice parameter of the Ill-nitride material 130.
Tensile strain may be preferable for the stretching of GaN lattice parameters to reduce lattice
mismatch with an InGaN based device structure 240. To achieve the transfer of tensile strain to the
[H-nitride material 130 of the strained donor structure 180 it is preferable to grow the Ill-nitride
material on an initial growth substrate 110 with an average thermal expansion coefficient, which is
less than that of the I1l-nitride material 130. As non-limiting examples, CTEs for some possible
growth substrates 110 are; SiC (4.5 x 10°°C™), Si (3.5 x 10°°C™"), GaAs (5.4 x 10°°C™"), and AlAs
(3.5 x 10°°C™"). CTE values are given for standard processing temperature range [25°C - 1000°C].
As stated earlier, it should also be appreciated that the use of substrates with a CTE value greater
than those of the I11-V nitrides can be utilized in alternative embodiments for introducing a
compressive strain into the lI-nitride donor material; these structures are desirable for obtaining

AlGaN films with reduced levels of strain.

I11-nitride donor structure with strain induced through buffer layer methods
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[0064] The | evel and the nature (tensile or conpressive) of the strain in
strained Ill-nitride material 130 of the strained donor structure 180 can
be engi newoediddozugh the sel ection of the initial growpbTaphesnase 110,
whet her the growth substrate 110 nay be a honbgenous material or a
conposite substrate made up of a plurality of dissimlar |ayers. [0065] For
exanpl e, consider the growh of GaN on a sapphire growth substrate. The
coefficient of thermal expansion for the GaN | ayer is significant snaller
than that of *(f{)bﬁ Saﬁpmaﬂ@m(the Sraine@ 110niridelnfeMPcdn BQfaulANy @R BRdmuichh 8. 6
X 10 6 0OC 1 tor sapphire). Therefore, upon conpletion of a GaN growth

cycl e, @éthgne oranorwodﬁrty@)g layees i ysingrsispin enduping P ferdonerscidll Tiabawycrage fadise

t emper a

appni - el 8 BRFfiydr 13 B NER (GRLL AR SO ML GRUR 183

L1 -ni tmad:ealma?l()euherada teh SR straip ieprgduved imable stubsdqeermddmcrr maserid.| Gorserselynif theher eby

"stretchin the in-plan ter t he,. ptri terial
130, Tomihs 1 pefis oF e bk SRa PART B bR el itivn Bl G RL b
par amet e-itfid ekl 830, dhdn LDMPrEITHE SNk bﬁdﬁd’bdhﬂﬂﬁ@&h&a@&dt dtevi Betesdlr uct ur e
240. To achi eve the transfer of tensile strain to the Ill-nitride materi al

130 of the st0088Ihed tersiestraip may beiprsferably for stieichyieef éfrealHr'é"'lde matehigl k3Rdo
LT -ni tdyde ARbSich %Jlthqg'(]m bhddh bbdde sgrﬁ&\’x\ﬁehay%l'%bﬁlbr\%ﬁe a]élo%ﬁ%sglbe ?thl@M§§ gge

t hermal expansion coefficient, which i1s I eéss than that of | -nitride
mat er i aprefe3gble %)s cmpre$smg1<1f ﬁhwgllswaldph@t@rlalcl'm@ feducesolﬁmatpbwh lé‘U@ahj basge h
substrat,es 1%{ K| 7g(45x 10 0C1), S (3.5x 106 0C1l), GAs (5.4
X 6 0C fﬁv'ceaf’ Hcﬂﬁe B8 x 10 6 OC 1) . CTE values are given for standard
processing t @opgyr atFHé Matcaflgef (h2 bufclayeds0Q0SKJuld Hssubstartiatly etalslk 'umder giowtls houl d
al so be appreciated, that the use of sgbstrate v\nth a.CTE val u at er

t han t heawlitions fardllnjtridesnthps enablngins iy dengpifipn 9lsayitplle sfrainin éct“i‘glléyeé di ment s

for int gadugei BouR dEBJERfo‘ﬁ%fFlh\é%re%rFe%'ln HitiHOmaldBialk |1 Bo. Nif el dBoHARNQI tHEBLEE al |
these structures are desirable for obtaining AlGaN filns with reduced

level s &byerss rl@nmSSlblt by sianderdl-eiside C VAR techntianes thi whinsinduging laveautdandirough
buf fer Ida OSIIE A s1 uq‘?t[ Q(?Q}é]e b%%ét%ﬁﬁ%d%@sfu%ﬁ gipvgyned 111-nitride material

can be ¢ use smat one or nore underlying |ayers by
using strai n[(lomm]ucirhgtrhnkhéssmf thaykkmaridBateridl 186 eubacqpeatiecrbwt bi de spainanet er
aramet er of

SN AT AR e TN T A o

subsequesMxadenah dereti g indkion, GaMBIeRdsYrvinfthd de@ree of strain introduced into the I11-
nitride material 130 while maintaining a reasonably low defect density. As non-limiting examples,
some suitable materials for the buffer layers 120 to increase the lattice parameters of the I1l-nitride
material 130 include but are not limited to, suitable alloy compositions of aluminum gallium indium

nitride (AlGalnN), zinc oxide (ZnO), and suitable nitrides or oxides of the transition metals, such as,

hafnium nitride (HfN), scandium nitride (ScN).

111-nitride donor structure with strain induced through impurity or dopant incorporation

[0071] By doping the Ill-nitride material with suitable species it is possible to expand or
contract the lattice constant to more suitably match a subsequent growth layer. Conventionally, it is
known that silicon, a common n-type dopant for GaN, can perturb the Ill-nitride lattice due to the |
snbstitution of the smaller Si ion on the column 111 lattice site. For example, see Chine et al
(Physica Status Solidi A 203 1954), wherein the in-plane lattice parameter of GaN was found to

increase to 3.1918 A for a Si doping concentration of 9 x 10'® cm™, from the unstrained value of
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average lattice paranmeter of the buffer layer 120 is |l ess than the
equilibriumlattice paraneter of the Ill-nitride material 130, then a
conpr essiwe 28twEd3v7i s produced in the subsequent donor wreraB2m@$/003EL068] A
tensile strain may be preferable for stretching of the Ill-nitride materi al
130 to reduce msmatch with InGaN based device structure |ayers 240, while
a conpressive strain may be preferable for conpressing of the Ill-nitride
material 130 to reduce misnmatch with Al GaN based device structure | ayers

240. [0G68Y AThR ad@ti&, k@l ISavidhata&a RULI (R urabyRISstd 20 o510 80 K4 2 0 UPshadihi al |y
stabl e under dgrowth conditions for IlIl-nitrides, thus enabling in-situ
u

deposi t itherinerdustign of Beand Medapants i iha FaNdgtEeasintrodyiceda FANRIESSHY Str3e
deposition o g i =Nt K : i | f.qt itJ on of
the buffer | (i/otg?]ei E‘ Sﬁ%ﬁllposg%{%gpﬁi tﬁs%gwggée fe% ﬁa-§ R%?‘?ﬁog‘égeg'/%g{%gﬁﬁ%‘q%es,

t he st r diffusiongueksses, ioaymprnhaan, vay chyebivkioodicted xsosietembodioreniexethipl baffoy

MBE, sputter. depositi.gn r PVD. [0070 he i ckness of t Ll -nktride
ot er | Aty OB Bty Y B ishon wewtireptht R St I bl 120
can be m@in #Heneobjeddovith inikding dopant spdtics kneps-designdidéeptiansielenditdy. Skacdi n

rel axation via defect formation, therefore pr egﬁ;vi nglat he degree of st{ai n
i nt r odu€@Hral Y therengityjof thejiptradyged Aopai iseacies v ghly fesirARIF it conhiplife gnount o

r easonabiyy | dtel GRS rdSRRdrkY - AASorDRRitihg Blahiphg, cﬁ?b@ﬁmr)%s_im S3Uid 8k e
material's for the buffer | ayers 120 to increase the lattice paraneters of
the 111 Mg, Bei BreandeiderAltiougiBtheilisicif inéc spetiessmabiofor fingrakadirpent skoyldnabbe al | oy
conposi t.ions. of al um num i i_ndi Ltri : a2 OXI de
(ZnO), :j;l'P? ' e@bol tE'%lsf):I'Déevholuts l|y il%%élbgt%ﬂgxﬁque"@%& [Oﬁiecdsﬁ ?&aér?lsﬁicﬁﬁper%éﬁ){pes?fosuch as,
haf ni uminttpotatien (nHhé&\artics ofuhd il mirtde intheeria SeN)e. induclingrantatterdgordafiioy ingtlangct ur e
with strain induced through inpurity or dopant incorporation [0071] By
dopi ng 13PNt ri de material with suitable species it is possible to
expand or contract the lattice constant to nore suitably match a subsequent

grow h layer. Conventionally, it is known that silicon, a conmmon n-type
dopant @m@aﬁﬂawﬂeh&mﬁm&@él |l1-nitride lattice due to the substitution
of the small i | e i ldof& slilibre 180%s BAAIING ui§R8
Chine et a | ﬁf(ﬂlgﬁ/sfqgg f@%lae%(%]{s?p@gﬁ Ilﬂmﬁnkla %&&%954 ,S V\%ereei nlst he | n-npluelme

| atti ce tpformmstraineddonGabitesabstfag23@. Tbe strained dgrortsou@ure dcBidas stined Ngpolefopi ng

concent (AN B ehuil PR T gko{ B0 DR GO SO SanE. o
wher ei n chrigr JubitFa@dis0t ITAR eRimBe sa’tniillydeipantise dibes dndatriaNet atdutlped in
i ntroduced a conpressive strain.
FIGS. 3A-3G.
[0074] In this example, a silicon growth substrate 110 is used. Buffer layers 120, for
example AIN, AlGaN, or other suitable materials are disposed on the silicon growth substrate 110,
followed by subsequent deposition of Ga-bolar GaN material 130. The resulting stress in the GaN
material 130 is in a -100 to 200 MPa range depending on the growth conditions and the film
- thickness. The expected threéding dislocation density (TDD)isinal x10°= 5 x 10%/ cm? rahge (Fig.
3A).
[0075] A sapphire carrier substrate 150 is bonded to the exposed Ga-face of the Ga-polar
GaN material 130 opposite the silicon growth substrate 110 using a combination of Si;N#/SiO; asa
bonding layer. The bonded structure may be strengthened by means of thermal annealing and/or the -
use of plasma activation as a pre bonding surface treatment (Fig. 3B). .,
[0076] A rear surface of the buffer layers 120 may be exposed by eliminating the silicon

growth substrate 110 by means of mechanical grinding, lapping, polishing, and etching with a
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(0072] As non-limting exanples, the ionic species nmay be introduced into
the lattice by diffusion processes, ion inplantation, or a conbination

t her eof . wo 2mmEogmbodi ments, a thin buffer |ayer of nitcirde2emoesssal nmay
be deposited on the surface of the growh substrate 110. The buffer |ayer
is then subjected with inpinging dopant species to a pre-designhate depth
and density. Exact control over the density of the introduced dopant
species is highly desirable to control the anmount of strain introduced into

the mat gkled@lve eRfard @tddingl But REt I@idRb KDH,dDRAAT mBMPEE bEHF | ABlA4dehSbuffdse, Sn,
My, Be, Zn and Cd. Although the |ist of iagnic sBeC|es suitable for this

embodi né#rerssR8may bﬁeﬁmqyéd q srppEedhs wrderiisof e el | 13 b prepstof Rllso
enconpa%@ng&.vw{ahmg i t.f%sgr mmt@h@th%eﬂblgeaei IF BGRER HAhicRRest OF thd8aN

| attice o e material whilednducing an alteration of the

i n- pl anendtatat | Ponayohresadpusted bEn@mpb@ S(D‘ﬂEirmtbmtefoldhmewb@merbsff?rslaf@@l@} As a
first exanpl [ -nitri i ned. donar f orned and
utilized to ?%Orﬁl aqjgflreéf'lﬁangﬁra %on reirdq r'alrga 8 g%gans rre raa’lsﬁp rE‘Ionor

st r uct urgpgoRshbiias 230, rtalfdmch slN‘ap\@cﬂ amm;mhsb slbseete POHX enhleaians’faenzw Helackietddi ckness

f (0.1 - 1000 nm) wh de hi '
O o apraoaualanmt e ovePared ShB o e SEAT SR Bheed o0y

in Fl GS.or Bher3i@ off. Ofhé4dsultahe gtmoau@isaarm.lnmlm@tr&héd GRPolar O Beeauhist It dh 183 6f i S
used. Buffer layers 120, for exanple AIN, Al GaN,_ or other_ suitable

mat er i alasapphire dipppt seltrain 21 heiaghel Use ehbagdmatay s BN/ S N4 Bhe GaY filnisd by
subse Uil dAB AR daLORe B pIEE 1AL ATar M TR Maich Ak ofrllﬂéalgeaéﬁ’vetdeog [Egss in

the GaN'naterra rsina a range dependi ng on th e"growth
condi t i QA8 (e dingt; iy §5ND ro lierdepdmed; &erewmeNewmditemam\hrtedﬂs axgmghlesik thaethe on

density a 09/ c 3 0075

sapphi rét i":'a‘?i‘?oé‘f’r rﬁﬁtgfer@fy)éo'fgﬂse?? éldﬂ?i%r(fn?%d gede%%gé%t%% af'giééUbS}ratf A0

Ga- pol arratﬁ“@%mts@,s;;h%caﬁer@m% te the silicon gromh substrate 110 using a
conbination OSi NVSIi Q2 as a bondi ng | ayer., The bonded structurgg&g be

strengt hened lwsheéfhé sqsPnd aples a HirABEde %‘f@'“ﬁ%@ﬂrﬁf styghirg 480 s forpe
acti vat 'uﬂPze"aﬁo eStrQﬂF@éd?l%O§W£u@§t?dté S%at"[%E't?an(eﬁ'cﬁnor%ﬁ‘)lctur[eqwmes ArdiRQr

surface of the buffer layers e exposed by el |n1nat|n§ the silicon
N-polar GaN donor materlal 130 with a thlckness of (0.1 — 1000 um) WhICh is bonded onto a
sapphire carrier substrate 150. This example substantially follows the actions and structures as
outlined in FIGS. 3A-3G.

[0079] In this example, a silicon carbide growth substrate 110 is used. Buffer layers 120,
for example AIN, AIGaN, or other suitable materials are disposed on the silicon carbide growth
substrate 110, followed by subsequent deposition of Ga-polar GaN material 130. The resulting
stress in the GaN material 130 is in a -100 to 200 MPa range depending on the growth conditions
and the film thickness. The expected TDDisinal x 10°- 5 x 10°/ cm® range.

[0080] A sapphire carrier substrate 150 is bonded to the exposed Ga-face of the Ga-polér
GaN material 130 opposite the silicon carbide growth substrate 110 using a using SiO; as a bonding
layer. The bonded structure may be strengthened by means of thermal annealing and/or the use of
plasma activation as a pre bonding surface treatment. |

[0081] A rear surface of the buffer layers 120 may be exposed by eliminating the silicon

carbide growth substrate 110 by means of mechanical grinding, lapping, polishing, and selective

etching.



growm h substrate 110 by neans of nechanical grinding, |apping, polishing,
and etching with asel ective etchant including, but not limted to KOH,
TVAH, m xyehe10af0ddr / HNGB. The buffer |layers 120 may becraBRNME6hEe €xpose
t he underside of the GaN material 130 by nmeans of RIE, selective etching,
pol i shing, or conbinations thereof (Fig. 3C). If desired, the thickness of
the GaN material 130 may be adjusted by a process simlar to that for
removing the buffer layers 120. [0077] The resultant strained donor
structure 18 e@ﬁp [ r to
forma strai 2%@%02’38%%%@%%%%??%@%%@1 T eRtbr%gﬁgFR] k |§db§§ggﬁ%§3§g@w h
a conbi izt §iGsing theeiMARBEHAT gechnalogy bmminga}nsmmww thetSIr@SW CUT (tm

t echnol . 10 lift of r tur
strai neg"g%%ghptg? é%@'ﬂl ﬂgégﬁs &yrg-r[ ?ﬁg Sgﬁ lf)efrt[han(i ppﬁli'erezmﬂgﬁat'on 0{ subst rate
210 vi achhee atdrved bybiaipthintigg thaysy GaN Sibslaté ar& idiN&)ng sEheaticalbdvel the buffest r essed

to increase the in-place Iattlce par anet er to better match that of |InGaN
active dygiscén thiscases theegs pangsd 19 ismoveisSuNsT 1B¥S™he deposited thereon. Note,
an al ternati K?"SBF M SGwRY aNPhIre BytRabo tAg bs tehRiveeR SPRLtheSIntbigid bEthd 80
conprises Ga erial 130 bonded onto a silicon carrier substrate 150
rat her tGadhmateadpphby meawrof REE. seledive etehing, fabigivisg, or eorebisdiesndesrartpl e, a
[1l-nitrjide,s i ne t forma
st ai ned-asrnb e BERe Gl bE Y b RUAEIER PG bl E ol By | 00
strai nederﬁb»mcgmébaﬁdwlajendmrmt erial 130 with a thickness of (0.1 - 1000 nmm)
whi ch is bonde on asa hire carrier su rate 150 S_exa

subst anti al | i]mgé relsﬁlédp ggfain}gﬂglo%q{atrgqt?rag%p@%E%garg[f;{re A s r@'l'rés

3A- 3G k%%&)sumatem@ (6 ¥R Braindd SorhpBROsUBXELN: 25D, gmemmf@mttfeatmeaeho i's
used. Buffer |ayers 120, for example AIN, Al GaN, or other suita

mat er i alVgthareembinahierselgvaler hopdingiwaterarechamenl e ayplothe SMAREGUL'Y &10@00103%
fol | owed, e, SRR AR Mo SR ORIk Ghin FRALAES SBMNaTBUOD bR is Kol top

resul ting Yress int materi a a range
dependi m@a sapphihesmdebstammZIiot\nmh\s usmnal bohding lalyers (&D@Kﬁé@\%‘) Thiedadkiplatised TDD
isinalxl®- 5 x 109/ c n 8 arier e 150
i s bondéfesty! ?H’gre@ﬁ%‘éggﬁpl@?ﬁﬁeﬁéﬁm'{tﬁg gé{tef)o gcﬁ n& 1gralaél ec%%? aﬁ%{%m te
the sil ngoE. £ Hiche ;s8I @Micpornsd thatedn. 1N0te ki algrnatiwstb Iﬂgs &a@p&:&s thatxbadi ng

| ayer. The bonded structure may bhe strgngt hened by rregsnug of t

anneal i sHaiagfdaner %‘Wé‘“[ﬁs'@oé’f’mﬁ'{'ﬁé FaNaop fifiaf’c"it%%s"é‘é’né"ra'ﬁ‘re SHT 13 CE{E‘H'? AP 4ce

treat MeR’byshire carrier substrate.

Example buffer layer embodiments

[0085]  As a first example, a InGaN (or GaN) donor structure is formed. This example
substantially follows the actions and structures as outlined in FIGS. 3A-3G. In this example, a
sapphire growth substrate 110 is used. ZnO is deposited as a buffer layer 120 on the sapphire
growth substrate 110 by means of, for example, MOVPE, HVPE, or MBE.

[0086] Lattice matched Ing ;sGao s2N or strained GaN is grown on the surface of the ZnO
buffer layer 120 via, for example, HVPE, MBE or MOCVD. The thickness of the nitride material ‘
may be maintained below the critical thickness to prevent the on-set of defect formation in the case
of strained llf-nitride materials growth.

[0087] A sapphire carrier substrate 150 is bonded to a surface of the strained Ill-nitride

material 130 opposite the sapphire growth substrate 110 using SiO; as a bonding layer. The bonded



[0081] A rear surface of the buffer layers 120 may be exposed by
elimnating the silicon carbide growh substrate 110 by neans of nechani cal

gri ndi ng,wbapfig¥ez77pol i shing, and sel ective etching. [ 008l Biogaces; Wher e
the thickness of the GaNis below < 1 mm it is possible to renove the SiC

usi ng the SMART-CUT(tm technology by inplanting ions directly in the SiC
substrate, through the GaN film In cases where the GaN filmis thicker
than 1 mm the elimnation of the SiC can be achieved by inplanting the top

Can subst[alenaDe LAJULAG 1 RAREN A0ADAKE b S DU el AURLGs ad el 8, |

case, ere I's no nee nove ers erw se
buf f er bhaweroadibGurfmy trb@me@noved t o expose the underS| de of the GaN
material 130 ns of R E, tive chi | n onbi nati ons
Thereor. It WOETca RymurtinehauBoe s Eoin W BBy B8 e BESRPT o
by a prgrees bkttt 10 Epn&dmabf\fv@trchérﬁmm@ffbgetcbmgtr@mnbay@rnslnmg 1h¥2984] The
resul tant strained donor structure 180 3( e transferred onto a sapﬁhl re

suppor t 13UistilpetiClo frdesire, ths thicleressial fhedealN watepelslidh eaybp adipgedbrmeansy
transf eg) meaﬁve%fcmn W,ém%&@orﬁsm;on%mafof wafer bonding, wafer

mechani ca rermva technol ogy, or laser lift off. The
resul tant st [0089Jur @nDdhaga tattica piinammes@frmin/&dnd;é\eafdrayéatthegﬁatchedtto In§;aa- pol ar

on top (\?vfgpg S%plphl ! ngléf#)%?(}mrﬁ% ?eggg%zi%r%q%ryl ue lnefnzedskn tﬁ)e fagncr}ﬂlorpgfl ers

(s / et eage ace t| ce

par anmet emidig: db@tcfeﬁ(alsﬁﬁ&f@ﬂﬂedtb&érebnfas IpH&EalNc akéfnlem@) ddyrcoer,| Zageis an 218 riRertpl | No
i sGaossN) to be deposited thereon. lte nativetoﬁ.thls exanp {1e|s
&

t hat théc)réi?woaltwa@n@éﬁraﬂh'rg@Pwtthﬁ%wi' “E?é‘ﬁ'bf'i HOAEERARYTROAIS I PRV e e on

carrier (SURSkHAL & el %Jn%vé OB 0P8 SINPIPE es&afrable@rbem»ab)stm adBiorExAONRY &cthuf f er
| ayer enbodi nents [0 s a first exanple, a InGaN (or GaN) donor

struct ur@atwslyfstmngbtofo ls tOe%aEprile hesstrpesurgnthisdias heenshownky Regersat vl dwpliethd

structugpges.. a GS. 3A-3G In this exanple, a sapphire growth
substrat & ﬁsicfﬁfegaghisggﬂzgagﬁl s deposited as a buffer layer. 120 on the

sapphl re grojohojsuliiaé realeantdst@indy doreasisuctire lsmmaﬁkammisérrem?&,sanﬁv% or
MBE. [0086] Latti ce tched I Ga082N_or str.ainped 3 the
sur f aceSYPORA SZ?F@) of ather %{9&196 bEralg Lo forg A sugy ?OQPOIS-R?IﬁE St%@lggr
The t hi gk@s na9foctabifeveld tWithdeofimtibBdf wafer bonding, wafer mechanical removal, the
SMART-CUT™ technology, or laser lift off. The resultant structure is a thin film strained seed
layer 190 that is Ga face terminated on top of a sapphire su.ppon substrate 210 via the use of
bonding layers (SiO2 / Si3N4), ‘
| [0091] As asecond example, an InGaN (or GaN) donor structure is formed. This
example substantially follows the actions and structures as outlined in FIGS. 3A-3G. In this
example, a SiC growth substrate 110 is used. Aluminum Indium Nitride (AlIn;«N) with an indium
content > 18% is deposited as a buffer layer 120 on the SiC growth substrate 110 by means of, for
example, MOVPE, HVPE, or MBE. ' |
[0092] InGaN (or GaN) is grown on the surface of the AlInN buffer layer 120 via, for
example, HVPE or MOVPE. The thickness of the nitride material may be maintained below the
critical thickness to prevent the on-set of defect formation in the case of strained I11-V nitride
materials growth. |
[0093] A sapphire carrier substrate 150 is bonded to a surface of the strained IIl-nitride

material 130 opposite the sapphire growth substrate 110 using SiO; as a bonding layer. The bonded
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may be maintai ned below the critical thickness to prevent the on-set of

defect formation in the case of strained Ill-nitride materials grow h.
[0087] A wepptuwares7garrier substrate 150 is bonded to a surfiBmesof3séhe
strained Ill-nitride material 130 opposite the sapphire growmh substrate

110 using SiG s a bonding layer. The bondedstructure nmay be strengthened
by neans of thernal annealing and/or the use of plasma activation as a pre
bondi ng surface treatnment. [0088] A rear surface of the buffer |layers 120

nmay be eef@aa‘ae% P)be@drér@waaéd BYnéAE o SRBRNAI AR eANRWhlVoP B Std GHpRastha Acth¥tiseans  of
wet chem cal t-of f by etching the ZnO strain-inducing llayer 120 in :

dil ute K@re bqnﬂlf’désﬁf¢cédfeatmét t hi ckness of the GaN material 130 may be

adj usted by. g@eagn%f .heﬁ%rfa SRRt du¥er @%&Mﬂm 85943@@;&:9\%5”3&. Qgrd ons

thereof. [00 as a attlce par amet er ere ore is
| at ti ce gnpith kadtrate | Imbsamewstoﬁnmhanmdh anmdipgibpming, pblishpigr md| salecteleytch®® a

I il f b [
ot orr ed e oenbPupie S pR iR el efR N TiaulenS i 1 T ERN (& °°

nat er i alGalNy il ep ashkd STRedRiVios APMAL, RIishite, boa Edmebisxiop iietddl. ITatsdd]the t her mal
expansi on coefficient between the two materials pot h have CTE of 8.6

x 10 6 Oucknessed thefpaNemateqa) IgRmay be adiygied by rarsanszﬁBFr selggtvp stghing) pefishjng. o

strai ghtco&P W?jcfngll%réo‘? separate the structure, this has been shown by Rogers
et al Physics Letters 9 1 071 120 2007. k? The resul tant
strai ned dont[ﬁ09§t ru’dtnﬂNlmld_ﬁgrmﬁedbefmmmld%rdneﬂo)o oitedeszapisthias &s Bijsp o t

substrate r.suitable bstrate tr d site
subst ratngw%@%.% qéﬁ\ewg aﬁs nd'um By 0e5§§cf§1 acgeméimat@% 1g}%t:o Or'?e{ﬁ(i'% T?e‘?@iﬂ
bondi ng thewhidrin Bﬁﬁmmyéﬁgromrﬁf‘QEN onttheASMQ\HﬁEﬁeﬂd'ﬁ(bteW)mécbﬁ kimeigdoand d«rectloaser

lift off Theresul S u nflmt d. d | 90
that isb%& }I“%{E‘é“‘taé? bgg/rg ely Eﬂ)"th?r Vg IﬁrbH’iclPeése r aHg §$W§Pg‘y?‘1‘ﬁ'ﬁw a’
the usegf t(pgniqbr@%e lﬁléglﬁlﬁreésﬂe@ra/n whl3 Bikeredse B8IbIv 1/3% @llﬁr@ﬁﬂmﬁl a@hdrRcan an
InGaN (or GaN) donor structure is formed. This exanple substantially

f ol | ows taniside gratn. ckdslitionallys thededivin eantery imie A Inddlayes cm @sncrsaﬁceb;yonwwﬁ%
cxoTB! o B SR SR 03 AT PRI (A
t he Sl C gr owj(09sLiburtbdrmote] Oe loyilizatamsf a)s‘ll?cch@arbfeicanlpﬂtrege vvxrﬂ)?la’éﬂugd\eﬂr:@nh@r oRBE.

degree of tensile strain into the lattice of the I1l-nitride donor material due to the CTE of SiC having

a lesser value than that of GaN (i.e., 4.5 x 10%°C’ compared with 5.6 x 10 °C"). Therefore, upon

wafer cool down after the [1l-nitride growth, the GaN layer wishes to contract more than the SiC

layer but is unable to do so due to the lower CTE of the SiC layer, resulting in a tensiie strain in the

GaN film.

[0097]  As with the other examples, a support substrate 210 may be bonded to the strained
donor structure 180 and the strained composite substrate 230 may be separated from the residual
strained donor structure 290.

[0098]  As a third example, an InGaN (or GaN) donor structure is formed. This example
substantially follows the actions and structures as outlined in FIGS. 3A-3G. In this example, a SiC
growth substrate 110 is used. A thin strain layer of HfN (or ScN) is deposited as the buffer layer
120 onto the SiC growth substrate 110 by means of, for example, MOVPE, HVPE, or MBE.

[0099] InGaN (or GaN) is grown on the surface of the HfN (or ScN) buffer layer 120 via,

for example, HVPE or MOVPE. The thickness of the Ill-nitride material may be maintained below



[0092] InGaN (or GaN) is grown on the surface of the Al InN buffer |ayer 120
via, for exanple, HVPE or MOVPE. The thickness of the nitride material may
be nmai nt avoedidngbziw the critical thickness to prevent tlpeTaB2e8b03897 def ect
formation in the case of strained IHV nitride materials growh. [0093] A
sapphire carrier substrate 150 is bonded to a surface of the strained
[1l-nitride material 130 opposite the sapphire growh substrate 110 using
Si2 as a bonding | ayer. The bondedstructure may be strengthened by neans
of ther nRd crARARRERARS tageia’v@m thd 6h-4486f RfecPloARARINAE tHe \badel TR ASedalIRTi@idPONdi ng
surface treatnent. rear surface of the buffer |ayers 120 nmay be
exposed nﬁﬂ}eréislgﬁﬁ‘ﬁtétl ng the Si C growt h substrate 110 by neans of nechani cal
gri ndi ng, I i i ng
A1 N bt £ er U8 ASEHR Qe SR8 R LYK M fee SR LAY MR IAE o
(or GaNmdtériaim ﬁyoppseaweshajsfappmacgm\mb submatetl thising Sipohs sMndmg layer. aTlmdmbiiﬂht ion
thereof. If de e r]] t knessf tre Cﬂ %F{? jol é e fJiAousted
by neané‘%?‘“’ﬁl”lé‘y §éf t'E‘Fﬁ“ﬁ& RFHYEE 2BF VRPN AT e 2 hérY

[ 0095] Alﬁramnlamgdsrf@egﬁega{endeal of .potential as an alloy for nitride growh
as its lattice is matched to GaN when the_indi um conposition is

appr oxi mat el J0048¥}, 4 rear sunfra%fs%ﬂthﬁﬁwf@n\layemb%oé?m@ Reseddy gliminaingthe Sifer | ayer
growt h »@ﬁ%maéhﬁoe ) Jn@zms o@méhaﬁmgﬁd\ﬁgnbﬁﬁng BofidhirgngHdeRE Qich %t i on by

adj ust ment around t level. In her “words, an increase above I8%in
i ndi um dbasent indi¢ing H@&ébrtS@Nahuﬁfqnd:ayelab?@ i$ wnmwﬂaﬁoc@ge@seéheshortammamﬂhe a

decreas ﬁ%(? EN Por d@ﬁ{?%h' mregnssUI reaI N0y I%tc Clﬁé? I%%ﬁfhl A;éy&eycso'nlnb?na%%ﬂ ﬂ]'e[%of If

Additio Mot Int an be 1 ncreased beyond
t he 18%d|3§héﬂ|the tsckoes of thb €N rﬁatéﬂﬂﬂ | AboEEbeadumpdeny rhaanpoiFd el @tiladithing

mat ched base for InGaN g rowthf [ 0096] Furthernore, the utilization of a

si | i con PeHHI2HRr OMPERHATSENIE| i ntroduce a further degree of tensile strain

into the |at{jmez0ofa ﬁJ?m%elrbfm{Hanbh %tadmoun@staeéua&emmem& alch&l T It Si C

having a | esser vaI ue than that of N (/ , 6 0C 1 conpared with
5.6 X mntade@@nd_yre relmn@iwweqnderp%hmmgrwbmnd@m éfPPG&CU'PHb'"FqW’SI'hgtrl de

growt h, n]i m%'ﬂllﬁ%ﬁlch i@gﬁicé RIIS?I‘%E}}E o@gg)gﬁ@r@r %MO& pﬁ-lfﬁ'éﬁ IP %X@fheg'f'(;re I's

unabl e £'6" oso ue to ower | 'aye suf’ting in a

t ensi | e vall irgluce a degtdeef Gabid straimin [RGOREquast Mi-itvide heyent Alee, HRdmpbess, a

support dgnl%(?r?sttrgtaeg gs ejfr(l)g srlrj?igbl??or%?orwtﬁgft’i‘ngllli-nﬁrigetr{"lgtierri]eﬁg for example see Armitage ef
al Applied Physics Letter 81, 1450, 2002. In addition, ScN has been shown to be likewise
compatible with Ill-nitride growth whilst inducing a tensile strain, for example see Moram er al
Journal of Crystal Growth 298 268 2007. As described previously the SiC substrate will also
introduce an addition degree of tensile strain in the InGaN (GaN) layer.

[00103] As with the other examples, a support substrate 210 may be bonded to the strained

donor structure 180 and the strained composite substrate 230 may be separated from the residual

strained donor structure 290.

Example ion implantation embodiments

[00104] As a first example, a InGaN (or GaN) donor structure is formed via the
introduction of strain inducing ionic species. This example substantially follows the actions and
structures a§ outlined in FIGS. 3A-3G. In this example, a sapphire growth substrate 110 is used. A
thin GaN layer 130 is deposited onto a sapphire growth substrate 110 by means of, for example,
MOVPE, HVPE, or MBE.
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donor structure 180 and the strained conposite substrate 230 may be
separated fromthe residual strained donor structure 290. [0098] As a third
exanpl e, wo 2bn@Eads7Gor GaN) donor structure is fornmed. Tircs/IB2XBSPI3EY7
substantially follows the actions and structures as outlined in FIGS.

3A-3G In this exanple, a SiC growmh substrate 110 is used. Athin strain

| ayer of HfN (or ScN) is deposited as the buffer |layer 120 onto the Si C
growt h substrate 110 by neans of, for exanple, MOVPE, HVPE, or MBE. [0099]
InGaN (or Galjo10§] gmhewin GaNtARr BWopacSitOdilidoR®r bthdt LuRiblSedPanbipbdi@rohayer 120
via, for exanple, HVPE or MOVPE. The thickness of the I|l-nitride material
may be WapPaN dsnsibysuiiable it ehiaie aidesited straimindhheal of epoyt by dAt cihe Thndapant regy
defect f .00 : ' |z 0kt L er | -
[00100] " Sl sndeiy GERE s o bENGHbie 1 Bl U7 IBRAEE b Arc U WL
st r ai nedmpiritieninte subtetitivaaldpi iatersigd) epposi te the sapphire growth substrate

110 using Si bondi ng,l a . ~Lh ed structure may .be strengt hened
by neans of E@e‘ﬁﬁa?‘ %lﬁﬁegg?rﬁﬁade%ﬁgp%%\l F(ﬂe ALk %?W'bP%b}?ﬁu%(%cteio\gg}eid%edgéga pre
bondi ng sgalhdd et vig HVPERS MOV DO The fitk@ads of thefnittide Mbtetilids Mintaited lbalgarise 120
may be ex,{,)osed by elimnating the SiC growh substrate 110 by neans of
mechani €licayhigkagss dor thexpihieh gl defist fosmpting in s gasal sxaingdd sy er{w%fﬁg.matwés strain
i nduci n%rd;{tt},\j (or ScN) buffer layer 120 is renoved to expose the bottom part
of the 'nGN (or GaN) film by neans of reactiwve ion etching, polishing, or
a conbi nat i ofP0dAdr dofapphife cdesisr pubdtrate h¥) is hongkes eosasupface efdhzinined d dmiteade 130
may be adju ] ) Rl j L chd. s hi
combi nat e CRPlee WeSadtar dovf sy R P o PRLUTE 0 Bl bonaeg,
cl osel y siradnire ary e tedngtheiica Hyhweahs bfithérmabemeding and/or the Lstdf\pidsya sttabliar asnder
[Il-nitride %r,owth conditions. A particularly interesting material is H N,
whi ch hd& LPAMESELCRISHEFEh of +0.35% for GaN(COO )/ H N(I 11), and
t heref ore w [do108)duC@arduftB@ dFeheaf1-1i@ias haRrigtmha bt dxPoded By SlRFRAMERE
IIl-nitride [ayer. Al so, Hf N has been denpnstrated as bejng suitable for
gr owt h 6#pphiseemopth sybstraie k! Orytraqapaplomechayricad gepding lappweApalishiggendiasgrlifinppl i ed
Physi cs il - ity 088 DERBans RPRIE, k98
| i kew sghgt(l)%g'{%bihg%h\i}mé%ﬁssﬁq%ncl}dtl\ﬁn eﬁgrlgg\ﬂnﬁy\%%\ﬁijs? (}%ug? ng a t’eng(?ll ee
strain, efcbingepodinphg osemmithbatans itread. Journal of Crystal Gowth 298 268 2007.
As descri bed [(R)rlﬁyll %lesﬁlu tﬁehg"thesrl ecx:an%bjlgss,ta@t?‘ép%nvgnull)sltrat%l2§8 may be bonded to the strained

donor structure 180 and the strained composite substrate 230 may be separated from the residual

strained donor structure 290. |

[00110] Lattice constants and CTEs for various materials described herein are shown in

Table | and Table 2, respectively.

Material Lattice Constant (A)
AN 311
GaN 3.19
InN 3.53
AlLO; 4,79
SiC ‘ 3.08
Zno 325

Table 1. Lattice Constants for relevant materials.
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i ntroduce an addition degree of tensile strain in the InGN (&GN) | ayer.
[00103] As with the other exanples, a support substrate 210 nay be bonded
to the stweioag7oomor structure 180 and the strai ned compwaBiops/sassst r at e
230 may be separated fromthe residual strained donor structure 290.
Exanpl e ion inplantation enbodi nents [00104] As a first exanple, a I nGN
(or GaN) donor structure is forned via the introduction of strain inducing
ionic species. This exanple substantially follows the actions and
structures as outlined in FIGS. 3A-3G In this exanple, a sapphire growh
substrate 110 is used._A thin GaN layer 130 is depgsited onto a sapphire

growth substrate 110 |by medMaterigf | f or exaﬁﬁﬁéY“NEWﬁE E, or MBE.(00105)
The thin GaN | ayer i OPSH k% stHjconor—other—suitabl e dopant species
to a dopant density SUItabF£$1O obtailn a desifed strain jn the GaN of about

1 x 10 19 cm 3 The dqgpant neyObe actijvated vi 8.6anneal i ngl of the

sem conduct or struct yretoapneal outt radiatign-damage-—and drive inpurities
into substitional (or interé%?tial) gites. [06?06] A subsequent | ayer of
InGN (or GaN) is grqwnm on Lfjg surfage of theggoped (i.€ strained) |ayer
via HVPE or MOCVD. The thickness of the n|tr|de material| is maintai ned

bel ow the critical thicknessSfor thej{on-set oB.defect formation in the case
of strained | HV nitride—+ra i-at-s u.owﬁhf—fegﬁe?%—ﬁ—saaphire carrier
substrate 150 is bonded to éﬁgtrface of the strained Ill}nitride materi al

130 opposite the sapphire ga@M h subsgtrate 11Qsusing SI Q as a bondi ng

| ayer. The bonded striucture may he stirengthened by neans| of thernal

anneal i ng and/ or the |use ofG@$asna a¢tivationsds a pre bjondi ng surface

treatnment. [00108] A rear—surface of thetHt=mirtride aterial may be

exposed by elimnating the sapphire growth substrate 110 by nmeans of

mechani cal gri ndi ngTabled@ioafficicpodfitsdrinalggxpanonlfaselevdnt friateohls. | f desired,

the thickness of the GaN material 130 may be adjusted by neans of RIE,

sel ective etchlng, pol i shing, or conbinations thereof. [00109] As with the

ot her exanpl g SMRRARE prestasintédiien RdsbetMitesBiebed DoRatwiresfert Siceadimed donor
an

structure 18 the strained conposite substrate 230 may be separated
from t herafersgdgmpodiments, those of ordinary skill in the art will recognize and appreciate that it is not

so limited. Rather, many additions, deletions, and modifications to the preferred embodiments may
be made without departing from the scope of the invention as hereinafter claimed. In addition,
features from one embodiment may be combined with features of another embodiment while still

being encompassed within the scope of the invention as contemplated by the inventors.
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strained donor structure 290. [00110] Lattice constants and CTEs for
various materials described herein are shown in Table land Table 2,
respecti wgbyotoJ@hd® 1. Lattice Constants for rel evant nppehbalsoosadl e 2.
Coefficient of thermal expansion for relevant materials. [001 11] Wile the
present invention has been described herein with respect to certain
preferred enbodi nents, those of ordinary skill in the art will recognize
and appreciate that it is not so limted. Rather, many additions,

del etions, and nodifications to thecﬁﬁﬁﬂﬁgred enbodi nents nay be nade

wi t hout departing fromthe scope of the invention as hereinafter clained.
In addition, features from one enbodi nent may be conbined wth features of
anot her nboqine t while still being enconpassed within the scope of the

i nvent i OR*HS '8 Giftetpl ated by the inventors. CLAIMS What is clained is: 1. A
met hod of fapri caf indod oBRBHGANEHN EhAEonAUAST SiBduie, EMPRRIngl Ng: fopning a
strai ned donor structure by forming a |Il|l-nitride material on a first

subst r afoaniag e traingkdonpiesruptitetty fernyng allhnigids reatesial pme Brsbsvbatrate wish a depiedice of
the | l - ni t rl!atqge agf ean%'qa@QE’e &Hh %Js@ﬁ?ce% i Iﬁ%%ﬂ?mﬁféﬁ&%g ar?f\l—itaanﬁon a
[Il-nitride naterléﬁ; selecting an attachnent surface, erein the

att achnent sacdndcerfacs of the Ili-initgde matefiddlce to form a N-pol ar conposite

substrate or th econd surface. to forma, Gazpol ar co ite.substrate;

£ opni ng e liadTat Soha R pREC Pt AUt G TEPRRE M fRIrEae 6 (EPISPRPEd ned
depth to, dedohipesit sebsiratedetheSeRdd hayet reine 6a-pbhecahjarhapatagur f ace and
t he weakened zone and a residual strained donor structure between the
weakenel@Migaa WeAkened 2qie fhibe SISO strHeus et ARt Ined etk &0 d48BRAI ng a

support substht@sdeg Ia&&%eﬁ;&ﬁ%@ﬁ%hnﬁw {upe& Hb tehfeakdrled Bl dnd g ERbugr 1 al ;
and separating the reSidual strained donor structure fromthe strained seed

| ayer at thetrawakémedstgiee beovdeothn weakenedizarscand orspdase oppasiib deatiachment
conpri si ng %nqm%upport substrate and the strained seed |ayer. 2. The nethod
of claim1, whérein form ng the strained donor structure further conprises
f or m ngbonbiag klslippoittsubstrate nathe itahment sarfape @fithe ISwbade @bterialj drd t he Ga-face on
the first surface .
separatlflng tﬁe residual strained donor structure from the strained seed layer at the weakened zone to
form a strained composite substrate comprising the support substrate and the strained seed

layer.

2. The method of claim 1, wherein forming the strained donor structure further
comprises forming the I11-nitride material on a growth substrate with the Ga-face on the first surface

of the IlI-nitride material.

3. The method of claim 1, wherein forming the strained donor structure further
comprises:
forming the IlI-nitride material on a growth substrate with the Ga-face on the first surface of the I11-
| nitride material;
bonding a carrier substrate to the first surface; and
removing the growth substrate to expose the second surface of the IlI-nitride material with the N-

face.
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of the Ill-nitride material. 3. The nethod of claim1l1, wherein formng the
strai ned donor structure further conprises: formng the IIl-nitride

mat eri al \9Q @7 h substrate with the Ga-face on the pihfikadsindsage of the
[1Initride material; bonding a carrier substrate to the first surface; and
removing the growth substrate to expose the second surface of the
I1l-nitride material with the Nface.4. The nethod of claim1, wherein

form'ngthelll-nitride material on the first substrate with the desired
| attice straj r i er ent
froma CTE of t he In}'e-%lﬁor%tor??lé@ﬂfavtm%rrégfonw{]gr%ﬂeﬁ l?tﬁ'gﬁ{deﬁagermrénn %ﬁgﬁbgﬂr%{hd a

cool dowith theldesidel lattidetstraid eomprtises seddctisg the Gicarsubsmpewahb a |C§ Ei ct;ffq:rlara(fedt ainder a

The ot fE6 OhhY B kit Fhete Pt FRe Ok 3t f todl o pL U ERRER SkEL

sel ect i igocn ERHpeFatiAd isfplaen drier DdaieROVSbStréIRGdOfl-nBtide Phterial @ASmM and Al As.

6 . The nmethod of claim1l, wherein formng the Ill-nitride material on the
first sGBSEAWi%e with the desired lattice strain further conprises formng
at | east one buffer |ayer between the first substrate and the Ill-nitride

material wherein an average |lattice parameter of the at |east one buffer
| ayer is differ eriltheﬂnedmda)rﬂcle'qrui’r thmdl'rumldcat\g fhe &irgd subatnase enmpfses dgkectinda ni tri de

materi a e the at | east one buffer |ayer

s el ebpgdeiobne REUE PR e S S C o MR R, 20 BN and SN 8- The

met hod of claim11, wherein formng the III-n|tr| de material on the first

substrate with the desired |attice strain fur her rises doping the

11 -nitride St erihgmegiod Qa'aubbaﬂtefew "ﬁﬁ‘&r‘hetlyl 'EB'HF ngf‘élcP“ttBe %Ht”%@“aée

latti Cew@l?—ﬂta'a%r%ﬂ | celsBEin kdlthepéoﬁttﬂng% fORMiRE hidkast Ghe- buﬁ%aﬂ?b@!@/@erﬁhe gilsei m 8,

wherein the dopant or inp urrt?/ is selected fromthe group consisting of Si,
\%%

Ge, Sn,suljrateBmd trnillanitidematetigl whanein peYeerge diftticelparameter of the etHeast ensryifesi ng
re-usi n yetrkgedlffgrght%% %tse%qrumbnﬁrq IQ'R Y ara etét'%%'hlrr ?Iltnﬂrréeorh M. addi ti onal

straine ] ate b eat | or m ng the weakened
zone, bondr ng the support substrate and separ atr ng t he strai ned donor
st ' ucture Orl7.t he The method of claim 6, wherein the at least orie buffer layer is selected from the

group consisting of AlGalnN, ZnO, HfN, and ScN.

8. The method of claim 1, wherein forming the IlI-nitride material on the first substrate
with the desired lattice strain further comprises doping the Ill-nitride material with a dopant or

impurity configured to modify a lattice parameter of the Ill-nitride material.

9, The method of claim 8, wherein the dopant or impurity is selected from the group

consisting of Si, Ge, Sn, Mg, Be, Zn and Cd.

10. ©  The method of claim 1, further comprising re-using the residual strained donor
structure to form an additional strained composite substrate by repeating the act of forming the
weakened zone, bonding the support substrate, and separating the strained donor structure on the

residual strained donor structure.

24



resi dual strained donor structure.11l. The nethod of claim1l1, wherein the
desired lattice strain is selected to develop a lattice paraneter in the

strai ned yweegdid@yer that substantially matches a | atti cecRaR#IEHERE9Of
device structures to be forned on the strained seed |ayer. 12. The net hod

of claim1, wherein the desired lattice strainis a tensile strain. 13. The
nmet hod of claim 1, wherein the desired lattice strain is a conpressive
strain. 14. A strained conposite substrate, conprising: a support

substrate, ol @ SASSBER LT, BOIBLAINL Lt g i)

di sposed on the suppor rate,
det acheMdttice pararaetst in aiensedinetbsvod lastrithet subsantadlyphitaien g lditive phlainetet 6 detize

mat eri al formedbofg a‘ieCRnd suEporH substrate with a desired lattice
strai n. StpEUrepRbeopmed andhe Hralsd sted 18Ghst rat e of clai m 14, wherein the

strained seed | ayer conprises a Ga-face polarity on a surface of the

strai ned seed | ayer confiqured for accepting sem conductor device |ayers.
16. The straiZned dermsdyidoéclaimbivhsredn be desigd Ftice straip ésradesile BEaIGt r ai ned seed
| ayer conprises a N-face polarity on a surface of the strained seed | ayer
configured for accepting sem conductor device layers. 17 . The strained
conposi te suldst r akthe nethodlofitlaind 4, whetear éi desinae lattess istraul is| aadotriposssisg st@im
develops a lattice paraneter in the strained seed | ayer that substantially
mat ches a lattice paraneter of sem conductor device |layers to be forned on

the strainedidseed hayied.cohBosite Thtstrat, lcainpagngonposi t e substrate of claim 14,
further conprising sem conductor device |ayers disposed on the strained
conposi ¥ ¥PRUDMOPUAG 204 form at | east one el ectronic el enent, at |east one

phot oni £ @l I8 layRf cdinfrRMRIMAlHA MmABSI @Rbosed on the support substrate, wherein the

strained seed layer is detached from a strained donor structure comprising the Ill-nitride

material formed on a second support substrate with a desired lattice strain.

15.  The strained composite substrate of claim 14, wherein the strained seed layer
comprises a Ga-face polarity on a surface of the strained seed layer configured for accepting

semiconductor device layers.

16. The strained composite substrate of claim 14, wherein the strained seed layer
comprises a N-face polarity on a surface of the strained seed layer configured for accepting

semiconductor device layers.

17. The strained composite substrate of claim 14, wherein the desired lattice strain
develops a lattice parameter in the strained seed layer that substantially matches a lattice parameter

of semiconductor device layers to be formed on the strained seed layer.
18. The strained composite substrate of claim 14, further comprising semiconductor

device layers disposed on the strained composite substrate to form at least one electronic element, at

least one photonic element, or a combination thereof.
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