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EPI TAXI AL METHODS AND TEMPLATES GROWN BY THE METHODS

FI ELD OF THE | NVENTI ON The present invention rel ates
wo eoobles3fo el d of processi ng sem conduct or nat ePCHIS2008/071219

and in particular to the field of epitaxial growth of

hi gh-quality, nono-crystalline layers of sem conductor
materials. The i nventl on pr ovi des epitaxial methods
}"2 Tl HODS
techni ques. The i nvent| on aI SO pr ovi des tenpl ates and

sem conduct ors f abEIERDEOF THE IVENTYOREd

Damascene- ELO(tm) net hods. BACKGROUND OF THE | NVENTI ON

To DdCHIRSeHIEn e relgies forthe fighiiof processing spaipapducigr materials, and in
paBteiilas RN GLIQTof PRtaRTal Ao tH1bS glp@ua‘ﬁgl g6 cRYMalltnY 1886 of

have | ow densities of defects or dislocations.
sepicopdycaaringicrsts. dhalveytiangyeyidesepiteds! tpthpdpabish; g pscferred
en?o%@ﬁﬁén@slt HRITPRAYI ng?écﬁﬁlﬁl?ésswl I@ﬁaygﬁ%}eﬁl &Q?g’r&%' (ELO)

the past ecause of a lac ual 1ty bulk single
tegmywical Fheamdnadsdsaprevides tpmaldwq anat ssesndeaters Ebritaged by the

el erQ: a Such probl ens have hi ndered
pr?ﬂéec{dlga\l/ Sénﬁ;jén%mqnq% iumnitride (GaN); of other

Goup |11 nltrldes including, e.g., AN, InN GlnN,

and ot her m xedBAiOK(l;EGSJND OFSTHEANVENTAON n as "I11

(r:”e:‘ t"llgq%t sg%ar]i)ée? ttOE ge I ?ﬁ%t‘m% ylgﬁls lgf V%I?lé%?l?tgrd %ﬁt@ﬂﬂg rn%gt be of
higrepefty aldhave Wd@klhlys offRfecBadBloRatidnk EPdepdratiint dfiqd& Ry layers of

have sem conduct or properties that are advantageous
ceFigip MasHtalse PP Noto POt PRRTIES ghpRsA adsred & e Pah Pgfuse of a
1adlCITRBRIAY VIR sEkSOhyst@P4dGI AP VB FudtS sibstratSd¥F & I
aWave engt h I_SE%s ansél | asers), and rﬁa;l(etds of)ttr%t el ecetterrgrflpléama
grewiponent s (e.g. photovol taic devices). However, the

pre t r n

S e N L
Grony £ aitedeanid¢loding gig, a“dNe INa i ee othbramixpd nigtides freferred to

e f e

i Tl BRRETT b G o Rl BE v R b T Sy PR pbogpound
mithéalrgtoe rl-&1 matetmals)age@era\l/m Fdi’tEElxemp'lle,CthmH[ embles baxarsemiconductor

unaccept abl sity. of defects . and di sl ocat r
PO g AR T oA PRSP S S e SRePT e 1o 2. hieh
te@pér@iuRAHETRY optic tdiepdnbite(d @Gholt evaeipti hEDS aishicald andfdxed
Opt&(? §1§%taqll\l')l%%%}%Pﬁ%%%sﬁﬁmﬁgégﬁg%§ h@%&ﬂ? gftegp%p%gaﬂtog o qualit
laﬁﬁoﬂtﬁ@%@%ntl%h&r}nﬁ@rlﬁ@l@@b@@l iR bycahilost @biitl lB@lk crystals

substrate surface, nitridization Fow n

angioy SHleRls oHBEtes fhahmei Bisrcatial bpperise qlihoe Bubriah. Aogyrate tha

dogé notecl(ﬂel nﬁltéﬂ tRE C@M r(?%ﬁ{eg%k th@%?dﬂﬂ 1sMGbe @%@nttﬁb?edn' B 1cad to
Crystal ua Ity h zf been i nproved by exploiting

angppecarteblk dpmite phlcfenerngrdpmaatigEI(0y Callupdrheplahi thieading
did I8RO AT LA I iR RLce BeMRRK IR LUl YR an BT WEN). 8S

In the case of GaN, it should be noted that crystal quality can be improved by substrate

pre-treatment such as chemical modification of the substrate surface, ¢.g., by nitridization;
growing, often at lower temperatures (LT), a thin buffer layer of, e.g., AIN or GaN, thermal
annealing, and the like. Crystal quality has also been improved by exploiting epitaxial lateral
overgrowth (ELO), during which a layer grows laterally over a masking layer as well as

vertically from the substrate. See, e.g., U.S. patent 6,153,010. Known ELO processes grow
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vertically fromthe substrate. See, e.g., U S. patent
6, 153, 010. Known ELO processes growGN on substrates

WO baw/0s1380 partially covered by a photo-IithogrB@hiuszng/g71219
patterned mask and under conditions pronoting, first,
grom h on the regions of the substrate exposed through
the mask openi ng, and second, growth laterally over

such probl red th
Gl S BRtin P PR s D b BSRG EllrBmiptpask and
und&edondiBoms prombiinge fiyss tgadveth ah ehegegieinsadfitye snbitradvaipbliti@ough the
wever oved crystal allt as been obt ai ned by
dﬁﬁﬂﬂgﬁﬁggﬁ Hﬁ %f rﬂh’ ahJ%\yers havi ng a
C OTTDQ&i %ﬁdhl'pr&ﬂ@fhs ievadrgerkd qmdteb@&pr@é‘nt bheloSHPSIT0dh €Si) and
to that of the material to be grown

(e
ge(@argum (@‘?)G§)“Ch 'I“Hk saRsiaEReeneraie pt @ aifspleg iHows et jngpoved crystal
uqmaﬁ Meen%ﬂ%ﬁﬁ@ 'B% 'gmgﬁé BB RSl Sdn lﬁfff%p%g&)( havmg a composition

especially for the 11l nitrides (e.
thateradss Gpmplwit gf the yubstrge ée.g.eSigpr Gegtmﬁhgta)f dhe rgz}terlal ngrown (c.g.,
giBeyi ew of polarity determ nation and control of GaN,
S Internet J. Nitride Semicond. Res. 9, 1. GaN
c r ysIn acﬂdiifimi tardiefeyt arglisldchtirgt deasityg anathdrirgporthn{ Gmﬂérl@r@rty,
eres,

ed
esg?mallmf?r FEe {11%] GB§ ,n%%\() B g%&tag%qi oA geea S & t§ maya of al 2004,
Revhdwsﬁﬁoﬁrﬁﬂdéandmbh end ¢anesl)of AN, MR&JE&teWEHt gdyirride Semzcond Res.

o MR S R e oot W Lt des). SAEl G BT ey

spaér@m atOM$ a@ﬁudsﬂ@ts@by srhau 1§1ac§kt gp@aad yncb%d@@ke@mlsﬁatte@by Beuble
ree nearest- nel g jcated in

ince, yAs iflystrated, ip Wlétélt%@a% ﬁ@idtsmgerfﬂléwgesaﬁacg@% e oy
coBRAMESitto A& Qm%gér% ﬁ@ a?cfn‘?s L MAC IR 1tq9m9@fy%oh@éﬁ6€fn@5tottﬁkethree

substrate, then o arity is +c (al S6 known as

n@@aﬁstfrtfe@lﬁor Mhenrdicagggan zaebélby CDetfehathras strps tangs fram a Ga to its
thl;%le f'ﬁE‘:ﬁes‘P %El@ﬁlgbg 'N(;s%%egzgfe{c{e%dggﬁ%%ﬂ '?&r_vagfis th{;‘ glgﬁir?éét fe{frférngnh Polanty is +c
(alsb km) as Gdrtace)i what therabet ¢ rdfies Gethe g’ystalg)lzﬂeprp@@endlcular to the
plavneear e eg?%é%??g; F’&'is tthle %gﬁjols{tee ]gotl%rgtﬁ i % 0 ﬁegf e ﬁj?atc%)éﬁle direction
ofplﬁﬂ Gs[ fotiys thrke hduecsratighitioaNs I1$d1ﬂ:0’¢ed apsutlf @oerdstiopgodth drckion.

seri.ousl ffect bul k. ertjes .of the N (or

ot hdr ¥ Sidoral S RabatSie riatin? PERS HhisFR R ol TP gu Ty and
setiBushyedTfdc B Ak ELHWIOPTHEEE oF thd\GEN Eor@thet hiridetr@EriaPdnalit it Yiten

Therefore it is often desirable to select the polarity
adynitgreu it aieria IcOGPYRER 1 efe P RAPPIgFty; (Thersoge 1tis oficn

dcSiRRH bisclc@RR! pdtdit) BNthe ENfax X Q{'@Wﬂ?la @YE& TafoMk 1dh specific application,
polarity are often preferred for 111 nitride conponent

for enspipisdeysnwithnte polerierare afiey rrafivered foy i aitrigragoapepent fabrication.

esp Yi .

o 7y g0t € S05 Rk LBl M Bt b chhdial growth pr 11y
nifrigy éitmy, éssthé indnegpdfstraimin the cpigaxial by eniestateciorh dreistiee mismatch

- nat | . t . nitride ~ 0
T AT SRR A S 2 A AF s,
Theistrindedvegd inabkd @tride apgaxia dayenaninfaaiftst itk EpHysipdilysin @aluhyper of
unber of. signifj.c i .ncl.udi.n ut not ..

s Dy eondar g e SR PoR e LINRT R R bsP e siispal
plﬁﬁb%ﬁarsmafnaﬁﬂt@zﬁal@i’(}dlrihdi’ttoﬁrﬂ’é&i crifioar i zation field

crf eathlas%nseparatlon and piezoelectric field creation have a detrimental effect on light

emitting devices fabricated from the III nitride materials system, in particular for active layers
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Phase separation and piezoelectric field creation have
a detrinental effect on light emtting devices

wo apiocased fromthe 111 nitride materials syse@npsSion8/071219
particular for active |layersgrown fromthe I nGaN
material. The conponents of the binary conmpound | nGN,
nanmely InN and the GaN are not fuIIy m sci bl e and

erp P ol B ol o Bl it g AT Ramty 1
and ey GEN heabt fullf aiqitdbhel thertid Mﬁmgﬂvéﬂ @nsf grdhith conditions and

ducti on of ttice strain .a def ect to the
ﬁlF‘rF‘@é é‘?@rﬁ"@&% ’%’Qu‘f“tge OfﬁeI{eFﬁe&‘Ragg f f“ﬁ{? r"QH‘é’P%}U\WS The
infbduen&T &Qﬁth@@étlla}h dhafdaseer ahb qleqmmo §}stdnOeem rtRMdh ﬂﬂcktaplnGaN
phase seEarate i.e. the In and atons will not be
lay%wg@ﬁ@ @eggea?aélwmﬁﬁew@aletcamewﬂ%fenf% t9 pYAs} sepgiges i.e. the In

an@ WINRIRIG G ok Ye E&Hog'eﬁcﬁié 3; dlétﬂblﬁecgﬂh%urgh&&' ﬁfcqayer The non-
perturbation of the enertgg of the ‘materi al
\

hqmogenqitﬁ@arpﬁatglémggbsjmlaﬁgﬁpqrtg@qa@mo bagdtgap energy of the material i.c.
| 1

thg% s a %Eég?%étlﬁ noén g(% S{r%gk?&% v\j}]ﬁgﬁ Q¢ gé;[icgfelasbgﬁﬂﬂ &g&?s or optical

scatetriog sauredsi whiclhtanthenltinmt dﬁuaabranmwﬁthmmmaﬂ qm@nmyeﬂib'@i)y (IQE)

of(%léennelglgF gawc 6thgle 5181%1{}?; of %(i}[%ns %n%ratgg tBln t{l%aC%Ve Payer
dmdaib]e)r the funﬁba&@tf elocteonp pumppel intthe ddvicediemibea, oﬂsasecbteeiﬁcrease

ra@ﬁﬁzﬁ%ﬁ@%g&?@ﬁgﬁiﬁéﬁ%ﬁe@rﬁg GI&]? ln\}ggvl,réé nﬁg%%‘;’]{oﬂ %1%& this plflenomena has
beBh RIAEER ahmﬁséos%paatﬁ&ll FFltiedmdteridl NEhcRRR @S 8 SE FBE Adsl BRsi@rable
the material, The decrease.in | QE has consj derabl e

impligatioan{or apicptinns absiciadaer s mpFRIpROngNt Wb fﬁﬂﬂ“ﬁ’ﬁa for

exﬁﬁm%ﬁ@ (vaW?éHgEh OSittE S Ubricfed fbATI %ﬁﬂ@h@tenlﬂ@ n g
wav el ength emtters fabricated froml nitrid

mat diie ap@bmfmpél o dreow witrite evysief stmﬁ@rwfrthczﬂi I@trtdw%ttddhe common
| .
o3 WALt Ay A SO TR A 1.
pollarghtas fighdstshbseremndy paiduceriu@:trpsthm ¢haegeidemsitfdsen the material that have
a S1u I.?C%C qunnéaﬂ]){eI' S? CLU %on ancf' eqécrtr(i) Sflgf(tis m Ilc’[rlgg &eVlC%Se nfhe po?arlzatlon
e nateri on carri
fiddssit mhehmﬂrudeﬁhaaa Heeal sh@\tm[ toa)rfgnrmted‘ﬁom mmsepanaté&od]@memess

The . tion fields, in. t nitrides
cogmgniRct Bl epRBnbo R S dln ra B Rt B aE By, PESCRa charges
caGYTRRFhdel cabrel BhditRdhdt SROMPRAEHY ShnPOH oSEIEEION ah€hdltEmto the
acé pi ezoel ct ri.c), The induced char%es cause interface

Heicgin e ?fi?Vé% Thsponiaaspus apsbrie-orkietric PalRERGIPRS tparate the
el &8k LA PRb1aGA N @8buitidh Qud RenasdiinY 8f t!h@ ghRNuQfuR, BeWefRation of
The spontaneous and pi ezoel ectric polarizations
cagEgsyicatls i pagaifieyy Feductipndn Hislcdidgnsy ohthe dP¥esi but i on
due to an incline of the band structure, this
separation of car 5 fi cant
reduction in the JURABARE I &%ﬂ Ve Tﬂ%. SUMVARY OF
THE TIhNVEI&ﬁﬂt @\teﬂmm moeé@nnetlilcrd\? éorteptvaxig igowi th e lomeddfientigdensity,
reflucteii ?a[t)tlce 3 raln H. %}%g}ne la{yaﬁfs %afme %ts Eerlrr?lgostbd%Jthr rrngt%mcl:ls If desired,

ths hsms oaﬁda.lsd hllIVe wmerdl cajlﬁal pblfarmi@s |Sbeld cmbbdimcaty ef sle @amded

ha | ected, crystal polarities " .
mShE ar e et b i b ot e ot R S DR ey g these
en!itﬁ)aﬁmnsbmetrﬂwldds aslBbin@aENa sEME RS 681G Scs Bk dpihxial 1EGRGSEzrowth

t hese
(ELO) techniques. However, this trade name should not be interpreted restrictively, because

other preferred embodiments do not employ damascene techniques.
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enbodi nents, the nethods conbi ne damascene techni ques

wth epitaxial lateral overgrowh (ELO techniqgues.
WOHRMeNEI3S0 t hi s trade nane shoul d not be i nter pPE&r/Es2008/071219

restrictively, because other preferred enbodi ments do

not enpl oy damascene techni ques. The provi ded

| ow def ect - density, reduced crystal strain,

sem uct.or s can be for
b bR Rt 135 BETLRBNE, Ghped B! S 0B
sefdond@lt@tiyeaat be osgddnaht fibaicatias of €bqicatcespticosr dpleelectronic
rowth of furthe uced strain

I def d ).
©o HB‘i‘E]rt%/%rtaéfqni esgf@h‘?‘\é\%wg‘ﬁlggé@“ﬁ%fj%W&efeBtr PHE FIiRES S‘Fﬁlé‘

m&@@@sﬁllﬁie%érﬁﬂé@ﬁdﬁ&t@ﬁ 1afy£r0,0r Y 164, sﬁm&@wﬁh@mrésw $hich
have been detached can al so be used again for th

SCHHORUF B HaCTrhaMePeon RgeEicE 680 algRbrised 4IRS Wﬁ@@hwif frather low-

deBRIHGRA YEIBErybANIRE SemiddiRutbeagRt. | nvention al so
provi des both’tenplate structures for the epitaxia

gr ovithk peserit dweatednerdto- M@ﬁéﬁStbyth teraplatcestivgtneafos the epitaxial growth of
oA AR L8 AL BBl 118 SO SRS gy s
mmayepwcbﬁmVéﬂmmwsmseawddhdwb&asoﬁaten$ahdamhaﬂmhaueMknhm

been grown o tlon etac t he
ol B SR b lind PRE-TRY e Borached B BEWREAR (b Aks ' s
epi tTiimiechtyongtae ﬂpﬂga@nﬂh&@lm&ﬂmﬁnglmﬂe naduge bf¥emiconductor

r| I s and.conpi n tlons t her eof nment al
e DR E S g sa HlSa G g B By andgppound
seﬁmmlo@ors I For%@i‘mﬁl@ 1ﬁ&ﬁ|b|e afplica t& @dﬂmlﬂa?eiohmss&&he%n) and/or Ge
(SI|ICOH3 and/ o It can also

(esppniven: ftgey ﬁlé%b%anpile o %W@Séﬂ%hﬁ? grepny | t}ﬁﬁﬁ%ﬁ?&

se&%&%&%%&{alsmefch@{ SppliEAloht %It@gma/@f@ ﬁu&?@&ﬂ r&%d f’ﬁ&fdes of the
r ow n%ﬁl ure or m xe nitrid

ro
grﬁ‘ﬁi’t | etals mtrtdﬁ)d%s?a,md Ingg.8-» aMH GhN IeNg aAF ﬁalr@bmnd
Db focf? R { oG I In th
espZydh W‘%ﬁﬁw Bl S?‘{rgé%éh“ T ‘?@é@} starf neers Inthe
fo@bdngay@tegns 'Isnmtchedu‘ctdr'[ oW "negmcmtdgctpemmgrlal" w1thout modification are
usec? % Ffég é)?rflu%%]rg)agsr tg vﬂlsch Gﬂglisrlrtlw%g (gjnucca%lo e ra[g@ gr o% to ah sem}g':onductlng
mithiids.i nvention can be applled and not to al

sem nducé) ? mat er i %{s. i fq( coqﬁgseness h
conveN EHe &7 5P YHE™F 81 %Vﬂ’dendég e o8& drscTRien s Without
inieﬂaeendﬁdubh hd @b érion i deecriboy ﬁateﬂnqmniasﬂ;d@eﬁfbb&zaﬁmb Qlr&dtéd to
Imarily in enbodi ments dlrected towarownw

grﬁthlg|IHé‘§“deéndldd)&FttCP@UVé&‘W qdimeb g ERcisa i %mm'}ge%%l\éd“%

deQér Pl O gac&‘aamonmlsex%?er hiRttit Meulfd%uee faRerORN¥nifif) the invention. In
exanpl e, and it sho not be taken as limting the

fagtnaperitlibs gpparent fragtthe gbsegupnt deserigpgmnindriprendetdigyies, the methods of
thRYRREAMERN JRREH 19&‘ il V bp RS sdfi€onduct
netho%“ﬁo&f?h?g % %t} 32@?g§3ﬁ|y € appﬁ%ﬂgm%gcom
gegereli, hg ggregropipovh dsmpmudettee htlowginiiotodes gyepreieal.lgyqup 11-VI),
0 0] C e 1 . 0.
to &90“%5% W?rlﬁgntgl MR QH(E}/d sefh?%??cn odr%J i"ﬁ)e{r%f\(l)wlk%h t?sg \%éﬂrflgF] {11%}‘[@%0%315&1‘[ the
deadriptign hemncfdmdtsqﬂmmasﬂy d'mﬁnlmfdonmts oftthd mvcwitibn dirtcted to III nitrides
Iinh%@tion that the description herein focuses
ily on enbodi nents of the invention directed to
| I'| Brietlk] tlemethods of the invention, contrary to known ELO methods, provide or

prepare a template structure with a plurality of GaN islands having carefully controlled

characteristics, the template in certain embodiments including a mask layer covering
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and to GaN. Briefly, the nethods of the invention,
contrary to known ELO net hods, provide or prepare a

W@ 200plost3s0 structure with a plurality of GaN i sP@mntiS2008/071219
havi ng carefully controlled characteristics, the
tenplate in certain enbodi nents including a mask | ayer
coveringundesirable portions of the islands and al so

r.egi pns th |, at a cove
oG e ene O EBAT R TR sufo e 1edREY B Tordied G o e
G4N staadablhe elsaposed ar lippkapdrii@is\of thovisl stelk eedferalen Gatels, relatively low
red ced laftice strain t he sel ected_ pol arj The .
delfeﬁf @RF"I 13‘3}18? Styadn i“ﬁéﬁ %ﬁle&m Pg nfyhd@‘ t‘%ﬁ‘td gbéN layer is then
grodh Uﬁtﬂ#it@mbbéte%h@cth&odﬂrmw&@hrﬁme@ (ive., &V 8 Borfl@ ikl F4vORSe lateral
favorlngelateral over growt h) begi nning on the expose

ovsFRIRIB L PeeBiRg Qarile @fposéimr “EIPf‘éiﬁ ionsrpfGathislepdre dl hea@t@rded layer
théBRFETRE fie idldn§ hfabsrala%ivel@déw dBRS Rndif6! f’%&ﬁéé@ Iwméecgwam and the
def ect densi ty, reduced lattice strain and th
seleeteg polatitypol arity. Some enbodi nents deposit and rely
on i |
Gepoart caboREll By e R ine ST TS o Atodimens
dorrwft émo&ld ot ®lyherserinmasrigder InaanlboMmBiaeﬁaHecEtodxetaiu) as certain

h .
D{ERBCG T iR o® r PRt A S BB TRAE o s bty m nicie
islandsené ﬁaseaﬁlhi;trhﬂée‘fb @ik d,cing rtten ﬁﬂﬁ“ﬂéieﬁ@n@tr@frﬁﬂémaﬂ & removed, e.g.,

renoved, . 0., chemi hani cal i shing, so
byl PG et Sl o FRbT G ol pauBR: WomsagopRaf the
1slh§dsm cahBugetht If’e“nwghg hlaﬁilﬂmblrﬂélngl ﬁﬁ&ﬁ&* dﬂﬂ)oﬂﬁ{eﬁfsl @hasking
n further enbodi ne a nmask mat er

mﬁ%ﬁb%éﬁ degenited) tQ;W@TrODéShil QOIQOIbBﬁtp? Beﬁe Sebsrpte ab%g]é group 111 nitride
1sl§1'1&5v1}tﬁl§§ lgax%‘fgjthE D6ped &R bt tlhe 'ﬂ;'laﬁlﬁ'sgﬁ‘ctuéi %@&dvé@ hs&dd for

| eavin portion o e island structures

supsegBRe gLé@rawt@eél@jstflbﬁurthwg@qdﬂwtsen@kg@mtwal isros é¢popited, and
: t n
R B A B 7 S P S3AEk comtmpous foygr rows
frgre thg upp&Elporteosn dfi the exw);ectsgrommlall nigide @shamdnuous | ayer

gr OWS fo{‘eo talf‘ ere%lcpr{) rn%oglt | ons f%e 11¥V%§ oenx 'ilo&{spfor .

nitri i ST ant n nore , prefe odi ment s
fabxﬁcatlhglaym entudony apsemwodﬁictmtrﬂmdml imlrals‘oahgrerscnatlumgg a

| a erstlnckud S cgndgcﬁ% 43 and al so
SCPRPYCIGr g ?EH‘ “‘[aa HFTONGut 6 P R M OdF abri cat ed

acc @réei@ hehédief Bcaivciash fe fdbeidsing H’ayefsaﬁa@angmémd&lductor

of th invention for fabrica |ngIayers i ncl udi

malgrial SHHADOVIGF 2 AgrRlple siructyre pd gy gbiskndss fPﬁﬂ%{%@S Raving a
su§§t£ﬂﬂﬁh§v‘ frogWat @aaalrahuﬁ@n{ew h&find $IpRALTodsRAH sHe@R BB re selected

havi ng  a substantially irregular spatial arrangenent,
crydlinFRpetiispend pempsaest Mpterel onevhigh thoreaniearduterepaterial
pr&%ﬁéﬁﬁﬁ  RERRES IldGFow Bl &QEERf e & rf?i'[l&tf# Bri M3 Gk

e se conduct or” mat'eri al ferentia nuc]ineat es

templdtegtrogisie vade cordtors selgqtt@dr\mt fher seecasion @u ¢lieaslamdst e egitaxial
o B0 SRR LENCLC S NI R AR SELERS it
mmamﬂmhycmﬂmn@mdhmhwﬁﬁmﬁMud@m@mamhmnmﬁymmdnthmwésﬂhmﬁ&mmd

and. then coal escence to forma
propert

Preferably, the islands have a spatial density so that the final layer is substantially
monocrystalline. Also, the material of the islands can include the semiconductor material of

the final layer. The semiconductor material can include an elemental semiconductor material,
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substantially continuous final sem conductor |ayer
that inherits one or nore of the sel ected properties.

woe@betabl y, the islands have a spatial densitRCHUS1008071219

the final layer is substantially nonocrystalline.
Al so, the material of the islands can include the
sem conductor material of the final Iayer The
em,conduct gr nmat

or 2 A EoRatErShe b Eridior el iV S mBR R SGbdfor meterial or &
Gigap H“Vafamp@ﬁncase@ﬁwmmdtcbr“ﬁﬂterm Ww@&c&e @heaNptopdraEs can include

material, or a &Go sem conduct or
ongF Bioreta ey densdy QEF%‘ Hﬂ%ﬁﬁ% &Fysfab oty andey rgdpged
cr@ig@ sedinhore of a | ow density of crystal defects, a

sel ected crystal polarity, and a reduced cryst aI

str &rﬁerr@rl@?tbwwé thedR¥RHRN e st defoedia pastoreefiihg Bl her

seﬂl%ﬁ&tbt& L3R, IOy FhrtifiEa LR wIAHGAREHE I rﬁnLtlas%ﬁﬁoonductor
by formng a zone of weakness within the final
lageémnééhﬂnw@plﬁmgleavév to ¢ptagh mimeriionepthyifingl ssmeqogguatay layer at the
0

ZOQ§ é@\g%rl](gesg Thi & zhcglgs:ds fal)j% chi %{e g@ﬁs@gﬁ%@ﬁ%%ﬁ% J}ﬁtﬁ%lﬁhy and/or
caslbbsutmtanhalyl ryomcsfsua@ﬂne cr yst al polarity and/or can be

fﬁgsﬁr 0? m%thcng?? Vefla% ! fugg?r fp rr?c{a} lerés%g \g}?etrg ﬁlﬁ 8ermconductor
ma&eridl mmﬂius:ﬁ glroupcmltlemthaé (therﬂ@jraﬂdre&rﬂl)g IIIDt]ilpsel ﬁrd&feﬂ‘ﬂed metteds, a

the | ayer .mater.i ef er
te i e T R Eothiing Patrdne ShEHE fif e aciaoting
nuekRSdn FHauiay lgfzﬁpans{iﬂtmélﬁﬁteﬂalqmtmlw lﬂa@ﬂlaﬂﬁw g:rawﬁlfg ifands on
further group-lIl-nitride material

thehgse .Sw&rryte B?/m@fr‘%% the isfagr gﬁ&‘élabwn@%%%%@%ﬁs@?c})ét) ghat the
re QY kIS RAGatde sdb%ﬁ&‘ﬁy r@ég%[a'r %aﬁﬁl‘»ﬂ?ﬁﬁgen‘féﬁp gdcf HaQ@ @pper portions

sel ected) so that the resul tlngf i sl ands
wiglugreroa morasalsetad cpystpl prebersipat Thel lavgr maﬁg@lrt@men amvnnal\ﬁhe template

stid PRE unl Q' ctoh&mﬁ S efepteg’ R)efaQ(;r ﬁw‘ﬁ%ln%f’é 1§ﬂn&‘sr %%ﬁ %{Ll‘{aﬁléﬂ lateral

properties ayer materi I's then grovvn 0]
ovp@nwfat(EL@l kamllyrbeymdher 1Skao¢fﬂd pid tbets0®®|s®@teeid form § substantially
n_on t it aXI
con%’I nuous hl\}\%q sertné?_ uc ﬁe?’t 1nhbeé1§son 8re| oS |ﬂ}f fectegl P]%apertles

t h e rThe d)e@zleﬁ&@tenﬁand dleﬁsjamil raatsmzb siaind thakdnye ma:tarhal oudififsrent

final sem con or I r t hat rlts one r. . nor.e , of
gy RIS ARt MR g R RS ot Sy RAF nBiy B Gt
nitrglk a0rd n:immeerﬁhlaklofc avhdehd B?er&@di&l 1aﬁfﬁfcﬁlﬂfs’3¢éaw rtllledd;eiefc%ﬂ @Rfstal
materlas t he ayer mat eril a can L ncludae alumn
Prpariigs gan %?neg%mqr%ﬁ hijuflpperiensirolidgieets 91 finloratigas Oﬁﬂpp%?mately

10948 B Bsst DBEBGftage VP RMaxhifiéh halElh 0Bl & at 1A 9 @sd FaNstal
the sel ect ed crystal properties can be one or nore o

pofardy paiested telbpena af 16 Gadscaterst 6i(Ndpras) sdentatons of
app rP(P%(fEI_[rT&f Iﬁ&:t}{ocps%lttfeq?re%raﬂlf row, tfle B?arilﬁ SRtRLLuREr conditigns

relaxation in the tice raln 0 l east 5% and a
seteetpd sathapoplaraiityyof s ddeadonsarisag onthe ofsubiog (Gads agkg base
su%stfa?e t(en ?a@ergﬁy a%rdl tﬁrﬁ{l&% fg)[nhcf: latrefafl ?ac&?g 'is*l‘a%‘&? héij/{r)} Lrﬂlder

pre era rrow t IS er cdn
cogéitient stetd:_cisd; sd that thargebltinglsianys lofve ﬂMalcfa&ltmastcnmrgs:rystal
orfaegljtaalo&qmllt rghstcgueragreensulélfegtllon nld Sélrov&ptg te latyre]r rnaterlaﬁ and upper surfaces
presenting crystal orientations that encourage nucleation and growth of the layer material.

Preferred methods further grow the layer material under conditions selected to first

favor more vertical growth from the upper portions of the islands and subsequently more
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substrate bend laterally and term nate at the |ateral
facets of the islands; and/or under conditions

w@e00em1B88 so that the resulting islands have |BCEDS1008/071219
facets presenting crystal orientations that discourage
nucl eation and grow h of the |layer material and upper
surfaces presenting crystal orientations that

B P R o Rt B! PRt e Pl e R d 45 B Gha b elofea

fausrgleter caidicdnco bfths tlyech&ekidl o Faitti cllaverth miaﬁlea sértet etetkness

ofglgﬁ%h [f&%r?l{sn g)eta%figéfngforé IHE errtg‘{) &% quil(s)f ?I%%chz‘a!wao? ?osrmgtri]odn of a plurality
ofivBidedl dgians o BWANAIANKRE [00BEELDdtRben RO @Er IMBRRI In the latter
conditions selected to favor, after coal escence of the

alfergiye, therresthogs camyiyrthengplyicagiey gt aidetro defeqh 2 perden @éhf‘efanal layer
at U OkRESSiqk. the final layer is reached; and/or under
condi tions sel ected to favor formation of a plurality
of \Poiieiee m@tgwbni therintepaort fon &bricaipgdaycsoaeledinge expep H1 nitride
seﬁl%ﬁﬁlgﬁ&%atér %%EPOSII& ff‘i&ﬁl Hhekétlal @111 L&l ﬁﬁfe't (Jat% I'slt%hcture so that
S can ur apply ergy in order to
thpmpner pcmlorﬁs dflaendjertabf 1hay~¢mdat1reteh1®sv<bih¢3@h E@gnukmg material, and
ped. et vent rica

th?n §1§,IWS t I Is]er:‘nc%ind:])%&tor rnatlprleqeon t% templa?e St ctélre ang%r ﬁa l%tfe% ?ondltlons
Tms&tuskmg Imatial piefe%ﬂ;t is aelmaj@on@at e seni @h dwfor anasditiat ﬁbfe&n‘ually

t ate struct S0 that the u ortion

By Fan hbtn HRabhdiet B aBea sy if partcular o
padfBsaikelr @i cBRhRAdAbs sifdod okl¥eor nﬁlk@l‘y‘\éstﬂﬁ&eoﬁ“@fﬁ Iﬁﬁeﬁiéﬂ:ﬁl@@fkmg

material on the t enpl at e structure under sel ected
meleiidt t i ons. The masking material preferably is

sel eglig @th%p?&fé%d thBoBRBIS, Qﬂl%fet t@ﬁlp%ts%btﬁlles preferably have a

preferentially nucleates and grows on islands in
plerehyaf isbands ng: S@hst@m@llnﬁgqguhgsmmlétrrﬁ%gemeah ithppper portions with

f 2 aind 1iSIA0 » Matdidy h el 1 COn

R o LB B g SS90, Tkt
senmoeducmrsnateml pmfemnltl@ldy mckfaes pedgrewbodil m@mebpteé oortdeiving
pref%{rghahrslt %atwroy%ltl ea 1on afeﬁs;}ankc)ils ?.‘déha\f)e[am%lqllturraﬁ?veré{rowgh (ELO)
1a1ﬂ1‘alﬂ§ ibgy@ne nlic, 1slﬂmdshand;fpmﬂy,|@0ﬂt:slcenit$: tovfctrin acslnbstamtlahja t@tinuous final

e d.crystal. properties d conpri Si a materi al
seroiieRi Bt e ale fh et oiors efBY R s Bac a1 3
nuclig gtcBsiredRrsWhOVSthesRMELHJAS, tBeMeKithn &erdiid de@d%ited until selected
preferably, first, favor nuc| eation on the isl

copfiEANSAS sk TR NG BIEEFTAR vVeryeR-dPomeTeEDEyrial SEnp q?quﬁlted until at

leR3eY RfrN6r thSdiatsets 8MNMe fslafdd dnd.of GRIRRHE BEBC bddstrRE Md@overed
substantially continuous final sem conductor |ayer

byt thatslapanae ceveredrey thy mpgsing regterighaviyle) teynpar prdgsof pidgast a
mﬁgn roet r1§1 Yé?ﬁa% %g%s&if these net hods, the masking
t t

ri a posi until sel ected condl tions are '
met .In amptlmn @rqﬁﬂeddenersm of glres¢ wathodsh the meesking gnateninleqain &k deposited

11?1?&1@ l?s?an%? QI?Cf]tlhE ? rtlgﬁl fJ the sglbgtfa?eis rﬁ]ot %ovne'?e%dat{a/ the/ 15%{1?%’]%@ su%isfgftially

slan S an ns o
costibd by ataskimpmatenale ﬂreﬂhlskiyttdr lversios) maﬁdmchmethodmeme@b dxygess masking

t he maski| mat er i .al rtions of at
AL Do B SO o 4 S ERGTA b egusn ofosed. The
masking material can be at least partially removed by comprises chemical-mechanical

polishing, after which surface smoothing of the upper portions of the islands can be

performed. The terms "low defect/dislocation densities” or "relatively fewer
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In another preferred version of these nethods, the

maski ng materi al can be deposited until the islands
waevhssporti ons of the substrate not cover edP@lUS1968/071219

i sl ands are substantially covered by masking material.

In this latter version, preferred nmethods renove

excess masking material so that the upper portions of

ooy e Rl P B SePeReR f e Pal PR G

relyivenpy dtaesf thbenifaal paﬁ&ohamnﬁadndpabﬂ mitbiig, Deffdret semiconductor

mf\ﬁgtilajgl&%lél [c’i{{ %eg]é]gs) éi,qa[;(:; %qt%s-ﬁhgﬁ?\@ n d Va{ﬁ tosdif?gre&t%ggrees in
thelgk eThdrétb el RGAdHRNoIARNSdtibeEcnsRiks asr ﬁd&%ﬂoﬁ@ {n¥the art of one
fewerdefects/dislocation densities", or the like, are

sepisoadyai sRAIBL e Sartd GaNotAndeubsangalis diffsantfsor giealefogeor

di18catibg d Sk Al €aQfndbR@o@ i thE A oParRdet beMbHIuSEMhaeRIUCE O;.
material. Different sem conductor materials have
di f fle ﬂ@rwsqﬂfml@anorp tofeNt lowglcihstoriasecapedengigivedre pen to refer
f S 8 2
onfrell QIEREN RRRRREPILIE G lun LR HAK or BB b emy
prefamblydeds clomdppiogmatdy er thalordee ol 05/ cof taGHN/ cné,amd b@re preferably
st anti al I fer m:t he def di, cation
e IR Ploisecly RIS ERAT | &L (e e emS ef
d@ﬁ@ﬂdl@l@mimatdenismm‘t er |Iﬁlatlvﬁy ghore daifectsldislbdadoc dswitiof", or the like, are
a ications to di sl.ocati on
talaeglr%feﬂ odnegpa dﬂsé%é’h"ﬁ Y dF@F‘e‘ien%V f‘élfeﬁ thag aa%ff’@&ate&f on the order
ofdlo%‘/brﬁ%: AHeQRfA8 8 Uislotfioat of B&test 41 Fn@@@mpfdsera&fe&ty cQptcially
order of 108/ cn2,  preferabl ess th

th%?ﬁi%%sﬁﬁ%t@“? (1N fhaedriginds ot dhe g peerhptyesn thyarevpgrogp Y1 nitride

anqwﬁeesuegtﬁdteearna%ax p%o%ggaté ﬂﬁﬁfbr?s@ﬂ Q¥ Ilsr@fs@h YR RicfebedeRsifah the group
Conversely, the terns

- L gh
Hldéirf@é& 1/5 megwa@alm r@@th@@mﬁlklﬁn_@w to these farnellweitni the iy, inglpding, atomic
S LS PLERRIAR SN sy P B i
mgrosatper(TEManTlapmf@tmdmttbdxyfoo Acttin@niog dg“pct@iﬁnsjmgg ynREM, therefore
o S8 ShEF B Bles SRR 03k BN GRSy BY
t hatln drel ogsertﬁtappla;tmchheo altttye of @e end®it wweehi, {Gig vgreammw> 0.2 ’low

b t L.
o8P S, BTG SRS I Al BRI oo
1e?gmp%ﬂok1nfutély belas olrc&r mswmltbgom%@?&raw lfessktHzQiN to
ose famliar in 1 n udl n atom. C orce
apm%f%% By themedgy of é% zﬁ‘% ihy0 &ch%wddwgrﬁio{?f%%lﬁwﬁs thagen

a fb@tuﬁa&ap%m&%r@erﬂ o€ G20t o & 4B ARAYrnds TRV deftBfiislocation
preferred method for determining defect density is by

demsangs + ¢ e redeqtiyely maap defecty/ dislogrdion densifien's of thediketagg telgen herein to
I 2
m@f ol SRUTPGalily AVMGAIER HELERTALT B oldcbbr 1Yon
S| i Angdy thetvesceofyppplicatichs to Gown @efoe»cdef@t odligbatian dawitics are
ta%%Q? Iretfér%g h@r et{)] ggfg(g otr 818{0%%‘[1011 de?ﬁqtle% ? e@sr %159(11 npﬁ) Xﬁllﬂatg%/ on the
ortfldref mld%m%tb 106616, ptedardbly tesd 5 amﬁommatefyemah)d (yrdbr&ffsl 0°/cm’ to

R a the order of 103/
1 B B BB P B o N e Pp R s b e e o Bt G Sersely.
thetettas "ogh dbt/aRidcatioadaditss! Sor "rfel'aﬁvél?hf&e c'[dﬁd:o@i?khslocation densities”,
atjon densities" relativ

defect/dislo re
or dlasy Ik, &P éﬁiﬂl E%fslp.t%ﬁleabﬁ dislopatigh or e?fe%t KHensity Rggregﬁrethf%k en
appRIxBhdicll On the order of 10%/cm?.
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mean a di sl ocation or defect density of greater than

approximately on the order of 106/cn2. And in the case
w@Roogpmsscati ons to Ge on Si | ow defect or di SPODEHS10081071219

densities are taken to refer to herein to defect or

di sl ocation densities of |ess than approximately on

the order of tol0O 6/cn2 to 107/cnR, preferably Iess

E e TR PR Ry e L il T i el S8 o i i

refideieinfo all0vdl oMfraifosaedi el c}bmpbiiﬁoﬂ, enans [Esh tlgh the level of strain
def ect/di sl gcati on densities"
PreRepit g Caﬁtlgfﬁ ggg‘lﬂeﬁ)sr{d B Srippet Ofoc@fswtl ﬁ%ta?t? ﬁlgn%{gd}e@rq “gyial

grb@IeiTd flu@hdieRaia, MifhQCatdudiofMasdeitRet caldaatdomnmidated by a
greater than approximately on the order of 108/ cnf.In

mitpgal sahautgrneipile ddeqators o defiests. 'Rhip pgcqangnodatinn re@iise an amount

ofeﬁ@r@%" cahlieyRtme@by Rt GRI Bidkabd and GEEEShORIRE hidriutdh,
l'evel of strain, for a given conposition, that is |ess
Entepezyris elive rdqives to sfeatstardsfast rtes@pterigtto raievecthe faittésgistrain. If the

i t ,
snfalgltlg?%Q%fﬁh%gﬁlfsae{agrgﬁr%ﬁsﬂﬁ%ﬂ@g ?Eerf‘é{]%(?atngéﬂ(? Zlﬁﬁe‘féféredfﬁﬂe%&aln in
thfanmtamal bjerehmbe kapt sttarlayvah smalh e@agmmmmmaaam chgrgmremains below

thﬁ_ﬁnerg o? Cdg nﬁofgn:{latlggetﬂer ‘Frjlaynlle@%yer W1I?T§%E1Ifzr%§yr%rmlgﬁly vaﬁgrc'e aﬁalnst
d1$ISCagON ﬁime@bnbyrhﬁshe catet] @Eduabmbﬂphmlgmam smoelths igieaviog cfilager

ce m al so re ed to.create a
el % G P DB e ea e HOREY o &GP fateis

cohfpoﬁlﬁ@n %ﬁrilﬂh1f¢rda§esg¢1ﬂi&hﬁknés§1@frﬂeb$ﬁlt%d ﬁﬁ%ﬁg]yunﬁll sk &ﬁﬁbll tﬂlﬂﬁness is
fects can form Therefore, if the strain in

re@ﬁ?@ é&wanch (HgfeesseapnpR hrapraxs layey igyeificipigp causp 6%@1‘4 f%laﬂon

whibfedhhie 12haStrhia. energy remains bel ow the energy of
defect formation, the strained | ayer wll be

t herlhstpfaiarthatarm yreducad leacla gastrat” can sls@reagrito p crystal where strain
hak Egéﬁaatcb&ﬁnodgwdsﬂy g)élléa}?ﬂr?g I%ﬁ%hg?ﬁg&?ﬁg& %:?Jlgh Gn QL QL ﬁfe%éggal lattice

growi ng e ttice paranet
stnafn (tmsleznmd@rdswwgs slixsd ﬁatosv thbldm@helld forf cb$10<a1tlgm videfect

forn?atlgnjp a+he rglnpaglg 8#’ o, crys{aI S {aln ca,n re%? IS it alleg\%)% c%r}(s{'(lierln nﬁs S

perc&atag@stamaetlaMmtR)t hi ckness strain in the epitaxial
| ayer is sufficient to cause defect formation, which
reduces lattice strRFIA -Thgl &f ong) x 10085t erm "r educed
| evel s of strain" can also refer to a crystal where

wisdre aisnhdiasashed in-placoiatioed @ﬁr&ﬂietbyofrtﬂd: gwadted dnyer)fal ishie: unstrained in-

structure to s n.exten lattice
pIie i Ty B M GE™ 6 1y bF Btne PR S Tor the
subdta@s ok 8 fiflBrredk &l aaddl k., 0he dateete lﬁtﬁﬁé‘lﬁdrarﬁé"térs ofi the rnaterlal
rel axati on of the ﬁ?r stal strain ggn be quantified b

haye FREPER I T tHEPeT E8RtAyE 2ok Bith! (o) WRat) it ¢ Rpterid (4t has not
urldéy gonbgy dtrafl retaxdioh, ¥e. IO WheRarEladick §a&ﬂ@tef§‘%ﬁ%{éﬁ§ﬁenal remain

in-plane lattice parameter of the strained |ayer, ai
cqual to Hesupishe abpedc {ampa-aiech aematiappieiietaeshipghe gHitcal

thitkhl fb‘?%i‘e?or i @04 /S oi(Sr goRe 1 n-plane lattice

par anet er e subst rate. For a fully rel axed
mat dihiegdrm |su16tant1@ibfe isvised bereingo redgnttd e ecsplathatristcemgletsfexcept for

thé I&‘&ic nm%s norrnally expected in the art. For example, a pattern is "substantially random"
if it does not appear to have any regular pattern upon visual inspection. A "substantially
random" pattern need not be random in an exact mathematical sense. Also, an epitaxial layer

cannot routinely be expected to be completely continuous (or completely monocrystalline, or
-9._
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have rel axed to their unstrained values (a = ai), Ris
1 (or 100 %9. For a material that has not under gone

wW@eopos13sl n rel axation, i.e., one where the | ar€T/U82008/071219

paraneters of the material remain equal to those of
the substrate (a = as), such as a material prior to
reaching the critical thickness for defect fornation
R = of 0% . The te "subst ant i " 1S he
copgTosdy B st Bat S Fis e B e e PN Fe g leal
lagte barcioatied ebe ¢xpedted foybeexypeahdlyl contiti@udr(br ¢ sEEH_tantlally

exanple, a ern substanti al.ly randont' if
m%’égpﬁg’t“eaﬁg %‘ﬁ"“f‘f&}lahﬁ%m}fﬁy el ol a%y)p%ff IR Fﬁcrﬁb@ﬁlc dimensions
whvdr & thaldiscOFReRiks @ crybtal Eoasdsast dratd] YolrRBHQY hreRatk bR thbse
need not be randomin an exact mathematical sense.

expecdesd in dhe aghfior BigipEIcessHREPnditeniothe ﬂ@tmah@avtyweu%& 18 e Eyth.
to hfea&iﬁ?@ir@ L&l dheRMok E‘H%n(ﬁnd%fﬁgh%§ kiMended limitation. A

nonocrys line, orco one crystal polarity)
nuaéqeb@fgefm@p@m@teé hdﬁermﬁ@ueoh@ disetpneroeef wiaeh apincaspoegted herein,
¢y t
e Ll PR e B REF ELEn Gl of SRR ARG rogordss
of‘hswbzgmactbmukilayowf 1scadmlt‘@dys piadr tp dleanventidn ofabe odgect matter claimed
herei,ln rlf)sfﬁpp ashec %e{rrl% d(sgjta 3 and 4 ‘%}rn%betclérenggna 1(31%‘0% Itl{r‘]e:eléeten:;] G o(f?hls
mfzd’mﬂSlﬁE welkpegipedni fiorh He falldwifi@detiitvd doscbipassindgire also w1th1n the
COQ%ItIOﬂS fhe material quality sought, or so forth.
SCPRE UitV Y S SR Wer ei n for clarity only and without
any intended limtation. A nunber of references are
cited herein, BRI¥F DESORIPHIONIGE THESDRAWINGS are
i ncorporated herein, in their entiret by reference .
for TAE Preseft Imj@@tépn thﬂersﬁqgﬁ gogsF fullp gy gsférange to the following
d&ﬁ%@ﬁ&@ﬁ cﬁ%ﬂﬂﬁ9£§&§aﬂ&mﬁﬂ%h8ﬁ@5ﬁﬁ%&ﬁhﬁ@&uﬁQ@ﬁﬁmﬂbé
admtted as prior to the invention of the subject
cxpaplee pf ieeifipreaberamentp of they mvhesiongs g thetappendeld Hegures ihsvhagh
al t t. | ements of this
|nvgﬁ ﬁ&ﬁu%ﬁFPbﬂgﬁgqyg%gﬁ?k %gﬁ1the follow ng detailed
desdiig. gtillotragnen asreelpﬁrs prievartyiroceshendscope of the
i nv ven EF DE PTI ON O: THE
%&%gl r&% ese ?eﬂl &HFH%R§%§H“Em“)h3%rstood nor e
ful IPygsbyAerﬂesrtﬁfbcsﬁepts of 4 prefdhel leﬁ%bdigleﬁeifﬂlel igekntion; and
descrip of the erred . enmbo nt. of the_present
i nv I1]gs Sto%g lvqtragtsFeQ? P€aé1 aé‘r)eeglﬁﬁyeége frniﬁg%qdftp%nt of 816 invention; and
enb aalisTeALCSilRbtrdidiers DY € Milrttenal fichtil O Bre BepiR@ BAIBEH ik AT &
in which: Fig. 1 illustrates polarity in IIl nitrides;
yHHoO™i g. 2 illustrates an exenplary prior art process;
and FF;%s97A% fllubekied eﬁ?éxﬁﬁg\f%roﬂlﬁﬁﬁ&‘equm{?&j' nments of the
i nventi on Fi lustrate steps of a
pr effiég. rSeHusérmﬁ@@lf t cxgmpternd thaypeantipon; and Figs 5A-D
illustrate steps of an a!ternatlve_preferred
2{‘282' LiCh ESLRIPPYGR O PR HERRE FERREDPEVBODIMEN §g$
t he Byrwandfiboinf introduction, differences between embodiments of the present

invention and known methods (illustrated in Fig. 2) are first highlighted. Then, preferred
embodiments of the invention are described with reference to Figs. 3, and 4A-4D. Further
preferred embodiments are described with reference to Figs. 5A-D and 6A-C. Finally,

examples are described with reference to Fig. 7 and 8.
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Figs. 7A-Cillustrate an exanple of the invention; and
Fig. 8 illustrates a further exanple of the invention.

WORIDADISIBESCRI PTI ON OF THE PREFERRED ENMBODI MENAGI/B§2008(§71219

of brief introduction, differences between enbodi ments
of the present invention and known nethods
(iIIustrated in Fig 2) are first highlighted. Then,
pre rred e 0 are desgcri bed
CpUFCP SRR B iy A ARG o ERGRE O R, o
telmplafeeg ccexéreelndamoh mtpattan@i Wagtanbad phbtblitht gﬁlﬂﬁemeests@ and the

Fi 5A-D A-C.. Fi.nally, ex | es.are descri
G%I] ?Sﬁh*?ne&f‘é‘% W 81’%?“@%5 I?qﬁﬁ’aﬁ%nﬁ‘ﬁf%k 3’1%18\%1‘{583%%1 strate 201
wirﬂ{ icBipla@d 103 thdd @myaum@wﬂedw ﬂ%g&i&li PttcBic@ MaBg2638Mth regularly
| ayers, a tenplate 1s covered wwth a nmask patterned

ar@@%fﬁigm@k@ﬁ%raw HhoRerularhoytapr Bas scesuly prepserdiusig standard

ph@ﬁ)lﬂtﬂoérabfﬂf nN&ft QWIN {sPEQUGEW R BE e RgRkddubdRitP & ﬁl@tﬁf‘ﬁl@t nucleates
i1Tustrates substrate 201 with tenpla

onzmthnh af &wuréa&ﬁ of whplptePichadranxpessd mramglynfpﬁétop@mﬁ@ow

r
i R A
st@aoﬁhnd‘thptho tGaN axhods afpmily ZIEE)O_V@r tigamasks 1f the wbgtr@wan@mask
mat8r12{1§ arﬁ gro&@r e‘?ec{ 3ra1n% 1fstﬁ)e gla%to&ls?m%sl arrétﬁrggg %}aﬁpaceﬁ apart after a
tirex e etdrat1i gmmgﬁg oas QO@WGhe\I’egﬁlaQ}O%a(eme éach Dfmoutriistfline layer
iﬁ and then grows vertically through the nmask
dﬁ% ings. In the final stages of growth, the GaN

ext gRdsntladt Froddshds o2 B i@fiord e BRSK: mdrt stehBicam I@&tdraices from
mask materials are F erI%@selected and if the

Suﬁ%grkor&ﬁen% gsdiffprengsris ek inpteah atioamiag aregulagnapterged ms
phtotb@itﬂog;aﬁﬁ@ Inda¥k gﬁ&}@h%léﬁa@!ﬂ? QR Wi b 1 e%aﬁ% Pa{e,lnyedra%h

froma nonocrystalline | ayer of n contras

mfih@b@sﬁ Hasing¢ntion éommnéﬁ?g%ﬁ mﬁ% obrparied fasMNe(or other 11-V o
seglilw?)?ﬂljdt(ﬁ’%ergﬂl)f %ﬁ{d@ 3G %%age gﬂgtt?{'éc(malﬁﬁé 92bn Ql{btstratﬁ rr} 51%1: 4C)

erence I1st I nst ea ormn g a regula
wigimut symédioptiogebhit hogk. alplhgldarrkﬁslkaﬂghd (S@[gilnatvd'ﬂeuhpo@dwtor islands

cag I;be \fvsrrned n trleagtutl ardlgln&%gn%grrs]ed a%r%er X (_c)i]br srTFec{ég c?na0 tions on

Inven orman irreg uf” ar
re(d)sfurf@did’(e K.,k Inhelbﬁtm)n lsemi o(f e ml:u;trﬁter orreedth@rgi ofl la)2D| ss?lbmtdmlly
7 on substr

co& uo\llhs fli dyeg?séfg ?.]Vél'} hselglﬂgrgsf %ﬁggd Teglops wi ﬁﬁlsgnctf}]r dlflfeqent etch

redi§thiRgyl| BHd fHiraBédn@RGRM scrbiePRiualo LRy &95Hhes @ﬂ)%tpﬁéfeﬂeﬁﬁa’ﬂ@d’ﬁ)m the
can be forned in at |least two distinct _nmanners
ungpi Ressans of GewitRewberragsdiskads dhHyils REOGHL gows a final GaN

frdth GRala aﬁaﬁg‘ea@%N(t@mﬁlates as1 %lo@&ftlﬁd%?aﬂhﬁ%ﬁisks ®e iflvention, in
substrate; or etching substantial 'y conti nuous

copirast, ey @@m lnae}gelfarlﬁawwdlwm@gmuaw (el atesrieeut agyisaghsmask.
Wi t I]n gértsdﬁﬂ é}ﬁﬁddymgitsf fdgéc%ﬂgl Fﬁfe%cé ﬁ%lll ta@tglcﬁ)ﬁnat;l—)n%f Eﬂe%ggularly-

cont | nuous sem conduct or ayer Ist gr own
arpngefdeslemsubat bofort geowth hbthg rﬁpelrwpt@mou@wgn@fndudﬁ@s(e g., GaN or other

rnj:ttgrrizﬁ gou Lﬁnia @N%? gaﬂ l’?’e a g%?’da ylgru zl}arﬂ(avmn%hlgte%alhg ForRAEd so as to
cotvart’pd: aﬂaetsatumrfage whibd keh\rmg'l‘(hg upyEn portlnnsécfshe irlegularly-arranged
sehl?c\érelg&cltoor%lands exposed. The masking material is chosen so that growth of the final
layer preferentially begins from the exposed upper portions of the islands and not from the
masking material. In some embodiments, excess masking material can be formed by

deposition so as to bury the irregularly-arranged semiconductor islands followed by removal
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contrast, grows fromirregul arly-arranged
sem conduct or tenpl ates w thout any such nmask. In

w@20ais3senbodi ments, a second difference is tP@EE/US2008/071219

after formation of the irregularlyarranged islands but
before growth of the final continuous sem conduct or
(e.g., GaN or other material to which this invention

an be lied) . layer, masking materi
ot§80%s a0 il s S b P B e R Rt EE10F Ry Ehsking
matpiiee 11 7 proFigh. adSand Db hin dthd’regibbdiﬁieyts,&hdis&ﬁlgeﬁhtenal is depos1t_ed just
su r.f:g]glglgrs]g gl(e:lh% ubé‘lfrﬁa}ggﬁd ]g%(e%ﬁ%eé:et'sl que 1@3@_91&:& anggéeecirsler?llcon uctor
arPhefilen e Mhisalvhile PediaRFirftreMstaRtEXBOHEG MBRRN PR e@NSy-
of the islands and not from the nasking material . In

argpeRd G B URE ﬁh@aﬂ@%eféglésknﬁ@r@%@ﬂwt@ w0 theaifvesgion, in contrast,
ﬁtgt(]d'r%ge pﬁéﬂfi&%@@@vﬁdeHegﬁl@ar@s&lﬁaﬁgMeifuéo'ﬂ@uctor islands and then deposit or

I rregul arly-arranged sem conductor islands followed by
placsmnpling Mmatsxiebareuneetbkiriggulpmy-emringkd slabfls.ci ent to expose

t he I g

E‘H% %%ZE‘H 3{%3%?1‘&% %&%o%@reﬁ‘tgg thg F&Rﬁ%ﬁt{lc&l wﬁnggl%f @scripfive

mlmsmandlas IS aldecpwetowlop abthe wbﬁtum antahyngd ittty althrtehbvel
hi%rlrélrr%ﬁﬁ {Iﬁa\%thl?Qaglrl rlea gperawgées%%geo ??8{11) n%eo L ot ae}aé)oratlglk s d1mp.]ﬁ,]m§ntatlon of
pdd\ﬂitids ef iy prevlow levdl, and thef lowes laelatsents tednveagén aasmlwlﬁdie nin Fig. 3,

gI\PIé\BOfElS)g }all]ﬁ léar . gﬂ%.zlfﬁrgalglf gr{:] algalflq E(ii/tglgate‘fegthct oAurnn and elaborate

orQﬁBIefn@ﬁttthe dtépy @>1f thl@ rp@éxzhdiﬁ Ivel) 9Bi|ateatt@bm1weﬁ@osmg left brace or braces.
|rregu ar| y-arr sem _conduct or is]ands and the

Thepdple 1%?brbqeaefeeaﬁ%£€wlﬁ@dl?ﬁé% diergfivapmbadmenigof that l&vel.

| 11 eqidbRlde), %ﬁm? ed al'l Elle?éﬁl‘iﬁ embb@meskts @M’ delthealdn@be8s a whole,
various emnbodi men the i nvention, which, for

pra@é@:ﬁlbﬁm@tWWp@fﬁé§0@n@s1%&ra_a¢pr@1mﬂ1a@geéﬁ?&\b’@r athFohl réiffide or
S AU IS SLLARRRIT L, BT Sl i
stroi, gxdle@bxdreaysiab polarityj angl et aitd then grbwr@})tal forkGaf laytesfrorn the
@Er\e/p\e/ Irlattci)ol%% Hk §1\é ?séllelnvc\igl uﬁ(ljdetr Q?endul.gvrl@ %émgra‘f’]?r %avo%ilg ii@t flé]r?ed
sepmohdmdra]natérm\llsefbr bt isidnds lsnoemage:mcleanm @ﬁthmegedmﬂmcter of the final

oyt Spfite %0 P aLioRS ot S BBF P B bep b e Bt B PG Bravly

chb&ntpridfagitiCacobrd iz as G8iethdifve noll thidkl Batdrfl hadleak @posited@@placed on
| evel indic te alternative enbodi ne %Ls of that | evel
@

thonpubesirad? gy the Farpmivgrangeddplpnds, Sravihdcompliehent gitable and

subfdnkiallP foriBods MAENLY @ RaPeeR FMIRH EThd i &€ of Ad demiconductor
tenpl ate structures conprising random y-arranged GaN
isleggts apd pEthe fipgl sgintecpnghstas faysy o b therpame e @ifferens| ands
Wi t |
FeduosaTareT sl SRRLY P Soplfaltm hALLAPLRERIER SHatc pr in
altehetivd doebodamahts (R8I cgr tpvde(arByd amdfor ttaisfemhll (T%yoepr tforumn Uses
1n<§1 c?e %Rgf%asggéstnla‘% %or%[e&{rgrﬁc 0? el?gog%oéglgtf con%%y t Ir%Q Substrates for
grcmthetf if@tier GaN lztylaes Haging fidtsse e ntcd unyagbprnpmﬂmat ion of the

conditrage Gl ol i) 8 A ke TRy strbodiys i ghorations

orample@leﬁrﬁ@cnﬁ RF yteE hpsmoﬁﬂﬂnga ftérhp{atac B@fe@lﬂeﬂ @mb@dlﬂdaﬁtb &) provide
not . a mask s been deposi pl aced on

teliﬂﬁléteé JBE: Pafretiay 67J5x 8 %e%?é?lbsgﬁ%mt%ﬂt 45y @%HH(EP’QH%NCI%UOH of
sclA QWL tdrSsI SRITR £icRcWa8patRl SdhbitypdHdevidWiccted properties (a nucleation
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substantially continuous final |ayer has been forned.
The materials of the sem conductor islands and of the
WO pevab1s8m conduct or | ayer can be the sane or PCT/US2008/071219
different. The final |ayer can be used for
applications while still attached to the tenplate, or
in alternative enbodi nents (93), can be detached

“e%gg/ ngdgfgng{f} %%Yé@%%@rselg ngtiurczr)oﬁ s and%&ltﬁ 86160%6(1“ properties on a
traa@dpastsnbsrate0 Gehbally, isli@ial ddnsidiss sobdtdtat wshdt thic fadwinticonductor

of further | ayers vi.n e sel ect st al
laysr SEpayT {nde” %EIP?‘%P% P”g‘? i&f’fg“d’aGﬁ“ﬁBﬁ‘cﬁ ﬁ%ﬂ&g“%@ meppprystalline.
Slﬁ’é'eQHérg% NattOsd RMPRE JTBRY I$keDthe B4 AROH dALIOP RENGY w111 generally grow
i npl enentations of step 7 1 ofv{)row d|n atenp

inpp gregplep o BRERSRIPHIEHY: §e(f@51)13r%fﬁ16 Sa(t9é)suse1sslqhstt:mplates

wﬂﬂ%ﬁ R@L 138ccbslild fo?g&%l?7§6‘tkhsﬁr{aﬂa§ers Qthidefbd S SWoliRERts (97,
pronot e nucl eati on of sem conductor 1slands at a

9% éndethédPeﬁppmfpmh eferfyiat gay@nﬁltrtwrtmméﬂ the teaplqtn bipdappsiteg (79) a
e
t r edt ethebasEdgudnst ofate@ 7lﬁesteerdaiﬂquw1s@aﬂpmate sdan®nduces islands, a
€S ct e ct.o
refji o Bk tef Rt st i 63 FBP Sl BfEen gsgrown
ornsthié ﬁlilcﬂ:daeﬁlﬁ layersone arhast sibhificently Shiytg didhardstiige fiom region to

roBGh ol 0 Biter ATy e s 1y PEGPRr b el

(pfb?ér&lﬁfr Bhos&ideaidihgb efcetmRen AIFRR &afRiRl) So (HAbdhe 'dﬁﬁar&yl @hetch rates
| ates wi thout further processing for grow

ey feamatiopyadisolatgdiglandyicgiogt. L& e BYdICHERT ¥hqote r%ﬂvely thick

GANhy Gl indPQEQS Bk Quhitc0f a final layer, further
process the tenplate by depositing (79) a masking

mat én prkr gpkodiradnat oftstee 7 pibe fenpbite stensliresfean heoptimized to promote
firs | shand 05 Ehti b iR er TR
b B e S B e B e TR TP ©
partglubands parm- stlellcatasmbly ag, l"nr@kampigmanmms nsmfpid:lm dod hapo-dots.
In(s FertHano C:16‘1”1.1 ture ¢ %hc?lrrnerlltls thd] Iextpr Ise e erall)\()ﬁlrong ap the rﬁ%[:oon%ct(o)p islands
Phe RuCTeat i of rayer o 00 é PIghi Fi cantTy
cav &b yallng:dedi e haﬂeﬁﬁ@f&hﬁﬁl@ﬁ)nﬁlghﬁmeﬁ eayj_dtareatdenmt&g idependihen the nano-

ative conti nuqus .sem conduyct.or t hen. )
sclE BPbter B oo ol R, B Sy BEE Y PGt bt ke
shift dnld @aseslaleaEtiions. NeiescaRIN)I nat€idé BiddthdrRemidbsduefol tyiterials are
in etch rates leads to formati on of i sol ated i sl and
adygyaesAes begayge of requaed defgctdspitlypad (sarectas el pey granin y

cohflhérfenCoit ok 58k, haddwie m&ﬁ@h elee20@81 58 pRER 6,408,288.
ot her enbodi nents of ste the te ’Iate struct ures

Alghoyeh e apioriy 2bhe fdlopi @lpftlpﬁ avncg@mﬂ@d%@@rétrmted( @nhgdiments
oﬁhlh ‘nlveﬁ][ otnr ﬂh‘jsqpescg'(gﬁw{ gholuﬁl I{E)?Hé .l:(gllsllrd@lreh Qpﬁm%tng ei; v%h%@ arent that
I ayer, artic I n nano-structures
themﬂnpdsedeswdnd <yl glegshe apahet tpipkddarisg amttnmddmeswlly rﬁmplates for
no%gcl{gnggggc tructure enbodi nents, the exposed upper
Ions of the sem conductor i sI ands can be tailored
t o dnvtwei @iyodohentt dfetwﬁcbnm: b&haﬂ&ﬁateamdbeapreareatedl5| t | es

depen anosc application i
e anhrEr YR PP 2R GE R BB RO DR! S Form oparac
laj&ir bf a;atehall(e g$ hapen dbdasdan @alsly; @k Gartth&ERSthOMSHermost atomic layers
410 scal e L jb nitride or other sem.conductor
alpeadyprpsepiconipe base substrate (¢.g., by increasing nitrogen content (nitridization)), or

can form catalytic regions (for example by depositing nano-dots of gallium, indium, nickel
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advant ageous because of reduced defect density and the
presence of new quantum confinenent effects. See,

W@2@9/01988i ure Materials 1:106 (2002); US pat eneCT/US2008/071219
6, 806, 288. Al though the majority of the follow ng
description concerns the | ayer-directed enbodi nents of
this invention, this description should not be

e R S Db i PR ol MR b

subdtratCit wf@sedan dereﬁslpe @aahg ¥ niicnpb@tagse (NM) novel

nanq- devi th rrbodl nment s St 71, the .. .

base” %5%‘? by §t68 gg p égquéé?@ﬁon‘f‘i‘ft%bﬁ? diywpdgr ponditions so
thaHtPuppér ForlorRSF fl‘férlmu@s Rk 16REd d%ﬁsﬁlésfb@tdsﬁﬂﬁ atd\@blo&@Bns than the

forma separate |ayer of nmateri al AN in the
lo‘ézgg@r%nscﬁm) exa@plecgﬁw%@pﬂlyogq,@n QB ﬁ]@;}s%gct thafrds fcts and dislocations

or| AMERS a@hd BRI PN RE BRTaQVubdiBD A% EnstBShFAlRg (RIdationdYare
Increasing nitrogen content (nitridization)), or can

indysedricckend lagerpléy amég@bran@tf( nghe leteeaicets bf thd égbandp.t ffmgeessary, the
gt

e e .
prodess ttorpecaiuedabmﬁemsalmgtheaghe is referred to herein as

ggv g?‘g"%l& %ﬁm%a on ege%?/% %m%aﬁtzrientls ??d;ﬁ)gﬁ goevtl dvahoﬁsst e%eoodlments
or(ethfbdﬂatldn(mﬁ uﬁp)leﬁlblﬁﬁtldnh ef utEpeT ofoasking fis: telﬁlp]]”afee Preftragddsasking

hav ower densities.of defects and disl.qcati ons tha )
il (St P e EDF s amA o BrGR Chrthel et oy this
|22 pEIRQSRIALS Qudlfds oﬂeﬁ@@(ﬁﬁsed @6rtl$h§bﬁlﬁ@£slaﬁﬂl§ @phﬁa@&ﬁﬂfaalce

at the interface with the base substrate, for instan

befica SBPAY TS P3and | Gn's thegiisnt ofgavatecayd Yeri of te @f}aélfmg/matenal
Edhith&lt BY rk@ép% 1 %at)vg icb&iS! R Ipldcacfi Rin@mdidifild p%t@ﬁgﬁl onlthe

necessaré N (or other Il nitride, or other
Posterns eo g éftecwbstlia?I I@h@@e@dé’yﬂhﬁeﬁla@bwpé o8 EWstas alf of the lateral facets
n
0f§l§g‘r:igﬁtd+1ds gxccgcgrt‘ag@ﬁls Pﬁgr:ﬁgfgfrag gf; tyg gfagélgpogﬁ 05%? g&t’)odlment
101@)11)themtbarlhd@d cmltlnws;o eobodéprsintos plece &Jaamsklag ingutgiatyruntil the
SGB%P&U”‘?OI‘ dsefand(s) Erse lfly & tvef%d a[nd?haﬁng%rglgvreg gléftﬁﬁll:clré gsg!nga:t]e%g% so that the
uptph[epomecms ®ﬁml:hndst_ a:re agaat efplo@dd d‘&ustelneaoﬂmreat is refyreed, to aoa t' dumtascene
Ercﬁlf er ent, aI ?I eates on the exposed
I:f) r?rs YS? BT Ands i mary difference between
enbM%asﬁ?@tnﬁat&&@Eauswi;rmﬁntyhie dﬁéfdnblﬁa’g‘éd n@élea@ggﬁ@gﬁwﬁngﬁhe final
t o the masking materi a Enbodi ment step 81
laﬁgqr 2 JhpEdS vaich B%S ay skl lograpbis RTORG gAY Propedy matched to the

mBE 8F ﬁh@ |ﬁ‘ﬁalQE]ye'ir hﬁd 9@5 td @uRlbe hi\gchas @@g@%@tﬂ% R layer from
covered %t e i slands and on nobst or al
e

lafeepd Ecef of e sqmicerrdugtapisiagdsaiieish pragcabhighqigleipct depgtigpipaydo the
pg%r[%o#gc{hgt ﬁ{ehretl{:ﬁldk Sinaé?%d{nml WhiSr@PRE aslgmg Q%Mi:tl)pﬂslands,

and continues to grow, deposit, or ace
¢.8 Jambpdgkdntsd vt @6 i thess eliingts hre tabldesd iy gorvd ug therislanslh acn@Bsto
t fic .
en@&? e%etigtle%l Fag%/tg Bftﬂ% hs?a%gs to ?&Brgtr %ﬁlégrgiw ]I‘: g@geﬁs&éongﬁgiéh growth 18
rekagmlyl slewposmmlto ciiétiugage mbpmi Ipnmmls ofshe Blaedyte grdsent asysallo gl‘aphlc

planes B m which gEr%\(foth i ?eleﬁivggll &> sfen gn?bn'%?nqeenl?seare usn?ﬁ n the case of

semiconductor materials comprising III nitride compounds, e.g., GaN.
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Masking materials are used primarily to discourage

nucl eation and growth of the final |ayer froma
waawsntsse whi ch has crystall ographi c propertiBGI/H81008/071219

properly matched to the material of the final |ayer,

and al so to di scourage nucl eation and growth of the

final layer fromlateral facets of the sem conductor

i sl resen r def s, th do

t he Taisge Op Or pishe T o BC Ry EREE U AL o R Bkl grown
bywh¢ gove methotls mf@s,kerhlhaes €inkldoyeelkatacticdits b engpdate, dingl layers detached

enbodi nent s and 95 these effects are achi eved by

frofp 8§ at?ﬁ‘én‘? §Wﬂ’(§%§ anyf spdorth, encourage |ateral facets

of thehih&hANeSa hereRieREENdesEriptivh aF hieftidR BnBodimamad 1 bi®With
which gromh is relatively slower, and to encourage

refegiper togdet FondDof i A sphemiariendlyt busgpiss e ptepared template structure

coﬁﬁ%&h@lb!ls%gﬁﬁsﬁgfe% ﬁk@&%teﬁ%ﬁﬂb%h%ﬁd@f ‘@iﬁepla&&s 5 (referred to herein
relatively faster. Such enbodi nents are uséful in the

coeaelyfas ¢ ansleadiad layent Niva end auckcatiompics/gudg 11 1.andil{.r Prgéerred
I es

bsf TR nae Phsi bR b 18 R OB dIELHES
cobﬁﬁctdne oéﬁwmealwepmds,, and tlg: liket thatpirasiedar thiGadN (of atjwrlﬁ nitrides),
or% &g]{wme Iﬁgmgte r?vmt@ioﬁ@ quz% b?(]er 3 ?rﬁet %?gf %bﬁra?eﬁ can be non-
cohipoﬂtel’(né chaaigahdey od%d:felcptnp&ﬁ]te afruquiires, evhicecbne ﬁ&ﬁﬁ(bﬂ’éﬁWﬁmVldes

.101 and with_reference to Fjgs, 4A -
Slfgﬂfﬁ éﬂﬁfgﬁc@gﬁs Piﬁﬂﬁe’ﬂ% §theggalse ‘};fi %P@ﬁ’é‘i"é‘&’ofl@ﬁﬁfoé(?d@s similar orystal
laité HedsWUh@ st @BRES. FHoh gxalia@}ﬁee a%U@ﬁ&sﬁt@%@osﬁaﬂéﬂnIaE} coise6f eeghpphlre -on-
_nucleation and/or buffer layers 5 (referred to he

Wt(pre(g)(&\gfépg,Ag\Q sguefye) where 8lﬁ spl%g],qu p{OV pjes ?jeagﬁ)@[ble lattlce match,

reﬁ\i—iféld%@hﬁlﬁ@hesﬂohﬁast{oﬁ lé? h&tctdin the e@diallayer! Pe[nﬁfﬂ?er Sl@‘%mb@@ provides
substrates 3 have physical properties, e.g., crystal

a ngieh inctbs C(sqﬁife@t ahdicistal gxrenyiers proyeRigi tl_@lpleH Bitrggfes tﬁﬁ@rqulng
up%ﬁ R&4R @)the‘}l @(Sim%&ﬁ Eﬁlﬁﬁ“ate 1ﬁéﬁldér’l Eﬁt e Mehidficch @ﬁm—ogq{mﬁllator

t her erw se pronote grow
(G@NOdi) glﬂlcquai-pmlymm ca%@‘(épp%@) bais%’cmkpstyrcamdlimaﬁcbe
(Sl °,P§3$B§§1§r po\l\éllble hoh- cgr%gg g(rs;% gn%t’es }ngl\ylﬁ%sagghelre s*ﬂ:’on carblde
s1lmoef dilioherids, @flidnhesdmide, btiapﬁngalkafe: hththnaalomhate and the like, with
qPr%g)nent I‘OVI des simlar crystal lattice sizes and
SappG OERERCICTESy exanpl e, a composite substrate may
conPirist toafes@\:\lhba@qpm E [t8e 0% Hﬁﬁdﬂd SittaE teng Nl dati¢rOTis &ﬂg&l)ined.
structure ere the sapphire pr vi des a reasonabl e )
Epitgxia| %@WMP%CW%@&M@@C%%&IM MY Yﬁ%g“flso‘?"r% Spprgcous formation

of3GhHhas E@sﬂaﬂltéshﬁu&ﬁie%)éb dedb AY &fe gré@ off Hﬁcrﬁ‘s@p{c%ysﬁllﬂ\hhe

provides a match in the coefficient of thernal

magisERstadics e elRTRdity eerf:lﬁ. ag knuclep" apidithq Rraecsses ghtheir rriatign and
inMi0 o G ré Rrre g)t(lj‘%r "nﬁagﬂl%ﬁ" TRt é'lpﬁé 5@%2[%15 %&)W%hl&%clea‘[es

arenot [imte oGaN-onlnsu at or
onsaurfa@@,rth@prmp@’hyssoﬂthmrfamab|sd@1g138®ﬁ$tr@ tl@rwatsﬂ @ndigurations and

rﬁs?a{l%rog)rex%g 8{ tlhé H& e‘? Ib? %%S : n C aln(gogﬁ urbEhis atp(} ]?ro%ertles more

e sub e sapphire,
statbdxr thard@thersuohﬁmmons hihd pmpemeﬂ (T@@: taymlrﬂuclamoarlas&nrerﬂf&s to such

thiumgal lLate, |it aIu e a
A S RN S S S N
chthgali@th@ne onbpthédieaher m nucl eation" is explained.
Preferred nucleation layers promote GaN (or other III nitride) nucleation in nuclei with

selected spatial density and configuration and with selected crystal properties. With respect to
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Epitaxial growh (and crystal growth generally)

usual Iy begins with the spontaneous fornmation of
wWorRewanes3sr ystal lites which serve as seeds for PB¢BEUS2008/071219

growt h of macroscopic crystals. The m nute

crystallites are referred to herein as "nuclei" and

the processes of their formation and initial growth

are referred to as "nucleatjon”. In the.case :
o (e S alealiles B el e afiphSRRE o tchniques.
EIpD yi&bivh e{Sth@ fartttdnproaw;refsab:@naamy ednn@\ﬁtgllq yind mbhaceysediidchigyers of

I al contl. rations nd crysta roperties t he .
G?S{‘? 8{ 'éﬁittefb‘}“a there gt gl det g Eer&g ﬁ?ﬁ“ﬁﬁ F%ﬁ‘tsuaﬁ?}@grﬁr?& Which ELO
caRbe Pifidtd Snd IR aShiddBlcBorb NANRited e Epac@Ndpall ¥ at RRESal 30Eerowth
properties. The term nucleation layer refers to such
ﬁr(gtgI Axtercat gqo@rﬁbqapﬁ g40 GRRISPgsdnto éé}pﬂngglé(ga]llﬂ)e layer with minimal grain

boRRERRRE G%Ql@ol\f\@srbr%mm%gtqﬁ Lb %YO%O% nfieal¥n ﬁ%@]ﬁ&ﬁ‘&@ and isolated
chem cal treatnments, or er neans. Preferred

nuglge sraeqd apart Daﬂ@ras’erpg%bnﬁween(%ll\r [@runoermorge preferably betgieen 0.2 - 3
BUSLPRLLOMNA QUGhEI 1i £ BhBP! Retedaspatial density and
confi guration an fecte rystal properties.
W t Wrwfes@bcu’yStetl @gpaattlealnchhdm t;]wey deftties dishcaiopelketi@dredured
e a t echnj qu
latéﬁ%)s ra1n I%?]l %ds Grys éﬁ% Emiyf égonb rubat[ 81&seth%re%f§ tl\gltl% regfl)elcjt Rt or
disiocrmhmm dolyBice mehnpdofeck ywisd (ﬁhlbw‘mensl @ipeiase zﬂftheGﬁNrf@cfe H@e;tzdeﬁ fgrowing

I|t if ot re.a su |C|etnu er of gro
o\ otk bt BB SRRt s o et
coEﬂﬁleﬁtéEUfIt@Hhﬁ cgpauloh, a‘htittl%ﬂlk%r Nmmﬁﬁ&tﬁ@@%@lalmhtdwffer layers,
| ateral overgrowth fromdifferent growh sites can

thid G 9@ 19 Kyt sichorerdogdrdiced ﬁiﬁéethéiﬂslwawsmrﬁ Pigayl in this
in@n@bM e&é%%l@ééﬁ B8y alRNBEPAdt Yoad td lok)vsdefPJc?I)re(ﬁﬂS‘Qtl&b éénsMes @s this

pronot e nucleation in separate and isol ated nucl ei

terpp et hoprank e fherchse of W negéeshaitale hipbuffer layee usyallxalso
coﬂ%@e (ﬁf fi&%‘? Y n%&‘?&e@'e?& &a&ﬁre sF’thiH‘a}aNB &ﬁ% ?Mg‘[‘: Baki on

tempe;rstmwl orpn ybis rbuffsslayan cdlml@bsisrsfum gd:e»fl@:ﬁalﬁ r dislocation
de n%tﬂ% respec{ 1o SH‘%],BdVaI'%Bg rn(e:c asltsrqngjl Iarn ’kn ﬁ reguceﬁat%{ce s‘?ram n
pol ar i natrons ereo res
sedﬁfoadltcmrmaﬂermllw dhivicotr, ﬂbdnmohmekimcﬁamm d@‘eeﬁhﬁy ardmpanied by

oo BTG e b ro BN e SRl S Sl eF Rpgom mathocro

epR@GAUSS @ fon Mg GhatoRed QibbtA® (S&I Q&N U @@phlre InN on GaN etc.)
coefflici ents of thermal ex anS| on, and the

progegd irdmeacrallsiBanaticl thropg) fhe fympign (Pfﬁyz%v%hwﬁ &fans% énstead of as

a IRBRWI- 1469 uhi®MBY a7 C N1 dnB trsiiaB& e s tRrGast cARE Q8diS erREgy (proportional
di sl ocations, are useful in this invention even

to fersyhigTeta qoaipcaresrat thes§alhgian e aiateothppiyries ercrgydiproportional to
thg fréé %eﬂgéa %ga %e[ﬂé GEN? S‘Isl%uiatg%r{)@jﬂlzcljl%%l q]}nlel?et %‘I&IE% t{}%ﬁlgﬂrc{grea (as
cohzw@ds;o lﬂs@rawwthhlasd)th@s)mpnmsze thor towbersigtof dlfe dybtem. However, as
ger% of ‘ij Sahids £ onrt 83( AR 11 %nerg A}&,{\lll %cr??gél unF WL & c‘RY‘f‘& ear‘tthlék S§ 1S
Te era urée or “an ayer can be userul
refahed gt Wi?uch goiGaibedditch coegpiedty fhorstle ﬁ]r fiormagion efidefects and
chani s nown tg reduce lattice strain in
dlge%tle%sn%tﬂ}nﬁli% aﬁgﬁaétﬂuﬁl % X¥bver, reduction in lattice
st r ai 8 khéwigaestaln rylaﬂzﬁﬁ‘aﬁ ﬁp@aale;dmbmtedeﬁrﬁ@gh the forbtidbf misfit
nd/.or comnpositional se separation. For exapple, it

dlﬁgcapﬂlbsvm theateripesindgng éBql thegade dislocation in the growth directions (in

addition to compositional phase separation). The misfit dislocations nucleate preferentially at
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growt h on highly m smatched substrates (e.g. GaN on

sapphire, InN on GaN, etc.) proceeds in a generally
WQ@2M9400%380 t hr ough the formation of a pluralityP@f/US2008/071219

i sl ands, instead of as a nore-or-less uniformlayer.

IsI and formation is favored because strain energy

(proportional to the substrate contact area of the

t t h f. t
g ek S i R Tl B S VRGeS Moo R PEE GRRE soc
StaaR cnilniPhiyde Sutbs$olat @) eont azts)aFeecxe@gledanpal. @dp}ilﬁd Physws

and thus m 1 ze the total ener
Let“ﬁéegéigtpgﬁ% et t thd Saipy IO Py pﬁﬁd@dé@ﬁt“l t% é‘nder 3-D
gr&whaoRdiBHEIBY~Mi% lattioe GRiSASKE bUtlvidn thd@a@hiAlt h&Pbech ad8mmodated
t hi ckness i s _reache at which point it becones

wighe thgerevethiof y lafyawf &Bﬁl waregpl yigy higdycsion &F staer e ds et al.
(A%ﬁém%wn&temm p?ztssi;)%%su@a@e’dtth@}ehaﬁoﬁ&h@a%t@éemh&n ahdl GaN

iS known that strain relaxation is usual initiated
matpiiad ﬂg%mﬁeief)wtn@@m o pepohirgriubstrate. dihg Iemraﬁq igicilhayenthickness for

G%I‘lrﬂ gl? Eeﬁ)@fé‘@ @gsad%gutan%blgn Qgggﬁt L%glxgt onl P& 'Japﬂtt c@ R&rlﬁﬁptﬁrs to their

rections ion to conpositio
stempfarcatiuendfter Thepasit®hiof ~dDG& hmc ations nucleate

B: iel;lrg?h?{lltnlv%lltllok{’l'%g%%%gmea’“%ger Hre taﬁi]ds 1?naﬁ%§eg (ol ?C?Ltg{pe ooge threading
dislodaeiohisao ®endsiaehcStiredtidn @tthalateral Pleysofake 1B atrids ishalds. dTherefore

o Eiogion g spi ) Taleai HEASysr@oioba PR R s

wIRIEION nRkddaith AReskiruhdcddnanlsende ﬁns’ﬁt betgeendhb substrate and the 111
conditions the -10% | attice m snatch between

nitgde éylangs andhgensaing lafdecobaar ade if laFﬁe}v ql%ﬂﬁ%wtw lgers
po'r@éﬁ@ B§th@ﬁsliﬂa|\§trﬁ@cﬁfe§ ' 'Pllle d/MsétQ)f BothfitohhIPRadee z[tg)'élg%%?xed nitride

0% Kimet al IpéaAh? SICS Letters 69 _
miterjads forgaempicy @ﬁtabfr @gm @E]@ﬂbéftd\%@n Conpegentlyneyiamign of
LS 980558 APASLLRY 90, SARPELLS CUBRLEANueh
m@hpl}ghnat@‘la@asto apdertal epl@qmlyvgitownfthﬁrbonrle Bld»s‘anulaiky po¢vented. Also,
smc}p%{hset uaplger Opg)%téogl(s:t%f gl% r1so ts @vrlg]e)avce) su an{l%lﬁzt Ic%g/ f%trrat(?r(le levgls {Saterial
epfouityhgrpan amestcﬁmsll ane saddhirly rodakd yraelcees. eBurthor, mpmn.me to
r eadi n [ sI ons to ben e dir ctl on_ of

ta’ltl"& %er%ﬂm g %%0 etS 8‘1 Fti“fC%HFscth%ﬁé f%ll%%ﬁ‘ﬂb}%m PREPEEHE! hoe
infrbdR a6t $YJatdbShBERich @Bt fremaRyRibataty/ didridt ts@@hdﬁmetme

| ower portlon of the island structures whi ch

mas KORSSINETHIY alERERETH g VR Qs Rrayides gpuaxial byigaovs %‘F‘ﬁeflal that is both

subQAMBEN rdiNRd, PP Rithétk 8nyPiderchddgn héftct rdlbﬁs’it'y didiafb ABESbARE ally

the ensuing lattice strain can al so largely
redycedperapastions v phesq Sémafi‘tl%ortl ons of the i sl and

t

separ o et LR SAREG, vERIPAE (Al fOEn o ey o
enfeL@Eagdd, mesa nudba t@hagmafnaﬁ@nlat gysteldobeity, aGbn ggrqwm}ﬂ[ytreatment can
berg'el% t%(tl !ac {d%g%]to ?ﬁet ﬂo Bh?lt}(;i ggs r&i 1315 6}% 10%25‘ 619183({ {j}]g WE}IC? ﬁluaﬁ?
depaﬁils ion glerrmtmdddab])hqammoﬁthet kyérato t&rgrd)x&nx mathleyergrlal\mtructure

th bst anti al .. Al [ t.h

CFRR eI S Sost e s barisgeNIp Fibrindle B P e Fargponents
inICROUeRAs Sioseatifl heve bslarifyaGahal. Bist i@ a3t iy tbc0wsd in the

t her.eon | 1. have si m larly reduced tLal n_|evel s.
or}gmafl%ltnw igh 1}58@%31‘8]""8 (thg as-gfown orientation), the preferred polarity is +c.

However, if a layer is first detached from the template structure and then attached to a support
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tailor the conposition of the island structures to
that of subsequent |ayers w thout the introduction of
WO 2a6000t85m smat ch effects fromthe substrate /PEi/US1008071219
island interface. Consequently, the present invention
provides epitaxially grown material that is both
substantially rel axed, but w thout any increase i n
fect. densit as substant i
A K S A
prasrems ta@blanqi @ppbdite,to sharab-Qtisvnoldrit@atheprifarcdrpelakinoisnc (10-face).
or. encour age st _nuclei_to have a particul ar
Fo(fro f%ﬂph glogitheC g thafniyul?etﬂrﬁ%’fr%ﬂ NL treatnment can be
sel ekt apiliaCo 8¢kt Hetvwicen IHRews Ebl@ﬁﬁés)bf U sitfi®d id oF ndjor significance
particul ar enbodi ment, which usually depends on the
W’iﬂhEGé"l‘fé%H’ thoy ity &2 Tegmeveteyenef Hhyigidss ¥QS l%y@r 5 PEsesee The
capSITRY 35 &1t réﬁ{%léﬁt? (NERREELNIANGs GRMifils thdBshsRE BFOERUM e only a

advant ageous to fabricate optic or electronic

rcgém@@ﬁﬁ@n tosa danocanier yeturepioesbinr ¢ g ¢ Hea-fascforedarihly polarity for
Hl(n(?@ldfe a&%es TIH Eﬁ%&{ls 4 Illfq%lét AUEE 1l St R I%QF] ﬂsg%i)vﬂ -pc éé]lgrlty (Ga-face)

orientatio was grown
thara émk@pltame)l ,layehwoqdd &t exqoizetl wmlclapmtlcythles, 11+ mrn Howewercd from the
er | mthe t | at .
nogengfles St e MK ERATRET b A e BE b AT E b Fanergyryimes
and oo Wt thtougipud ppes ditien,tthe libdaEm&Sefghd)ﬁwb semid@gtlater @ould have

the ex osed sur.f ace res olarity
misF dolrS 6us § TR KoE M Bor B P DRHEE Dy ef e r od
pol eNurﬁcyouSS\IL tré‘anhé\ln§ %C‘ge)leadﬁgrto SLEdn RRPLUbS @t 9) ni%d tﬁelﬁ%ffects
-c_polarity qg%l be preferre The ability to sel

hapeberadissaifed pgr oy ip thesrigmd cpy bf‘nwﬁhﬂaé@h%eg l%fhlw]vfa&ﬂon

s&l api ki ?Q@tedl Wodda, REGAY g%otaom!: B@e@wnﬂohm SoriSIBNEN, MRS
l'ayers of Il nitrides quer transfer processes.

Intpﬁ@t &Aptis Semicond Reel%edt Gibag, 1961 aVerelorears wpey plaaNepitaxy of
Gl @zaz%m'vb bS5 tﬁkg %{) g \€767PY Q56 R Bsunt e@ﬁle z@ﬁi Y-Fy

singl e transter to Water 1s require
phamaleetvrei mare&scoz(lﬁaud)ad@pp(hp'e Gitedtatwlne"orp@dﬂﬁgmwyh b)obydrl]dk vapor

phaset elpztayéy ?{ﬁmdc & on; mechanzgr?l I’ht l Ph}ls ()? éa6|5§I Iﬁariya{l%n ct al , 2002,
Galhioe kitege &;ﬁmx)abn ((oage rsammﬂedPlbb MagoaiSe &8 SWRitiuemaoo ek ail 2001,

Pl el e B st PR B S ?Q%@Pﬁgﬁﬂ@%&{wf GaN

arURMAN hid@irgs SR okisBmMiraRihspoRE aNBIK &icHi _f a:m gb(w 1 GANIGaN
addition, the backside of the free standing

Miéiafe Puqatre ot Barnseuerd-ighid @ rgodenioryyt & (lﬁi) Si Substrate.

D&URSIARER drk berttid fol @R dib@lch@ce. Numerous N
treatnents, e.g., leading to NL 5 on base substrate 3,

and N&ratmeny eercomiescedopeso R i ¢ eac aaorsr eurhol (Eg. 10
nrh BIGICQS? Iag@trs] deg ﬁ&e@@eﬂéé&fﬂé‘[!ﬁﬁfal ut fnlaﬂeﬁﬁg khM f bRffer layers. fBuffer

I nven . , 4, Review o
layrod aneful ﬁor@mvengrﬁﬁbltmcrbutdedﬁ € Uhttmmlluclofay@ahf ANRS GaN that have

I r . e 9 . 5 ’
oo st A SR e oy i R g srowe
teﬁlﬁf@%‘ Nlveeagnat tun aﬁemomﬁnmg:heﬁwhtrea&ﬂent Tor tiDwhKUSatEENt, or

thgﬁl_keg 85% s?rgaCﬁl fﬂ")e}sa g‘{bpg?{e o e ﬁ&ﬁﬁr)pg Icﬁe&rélca g/yalter the

upp ARt fUMAES of Piblsaxy 3. Nhérﬁﬂcﬁl&hcbcﬂﬁcaﬂ'&@'lﬁﬂh@dﬂltﬂ&zﬁfg Afftk-based
hys. 94, 5656; Nar a1 gngn et al., 2002,
substrates (c.g., sapphire or sp1ne¥ y brief exposure'to NH3, increasing the Si fraction of Si-

based substrates (e.g., SiC or Si0,) by brief exposure to a silicon-containing gas, and so forth.
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Glliumnitride epitaxy on (0001) sapphire, Phil. Mg.

A 82, 885, Stutzmann, et al., 2001, Playing with
we00a/0135) phys. stat. sol. (b) 228, 505; Oh ePCHIUS2008/071219

2006, Optical properties of GaN and GaVvnN nanow res

grown on sapphire substrates and Ki kuchi et al., 2004,

I nGaNZGaN Mul ti pl e Quantum Di sk Nanocol um

Light-Em tti.n i,od Gr,own
g e B E o g Pty S e P RHELS g
appfogaharEnt 800C-are00 60 Th&e ndepRais tchroby gptivd fdiefdualieordn
re, usually thin (e.g., 10 nmor less) |layers of a
IE‘Pi’fﬁ;eneous material or materials known as buffer
| ay 1o, itBUkfcaim thaYes esife bty @a @FARWMaNY L GRMnidAEEMdRpend on
10 A - 10 mmthick layers of ALN or GaN that have been
theypRytAriabprogcs e andipredic pecclye condiinme diing Brtpraxges. andAgh
trddPhenk ONES: bl E@&tédrh%ccg@ih'glgr Wbt ﬁh@&%ft@!ﬂ@@ Noc?sses are preferred,

treatnents can al so conprlse chem cal "trea or
in¢lndingIBE medeawtan beanpepitake, o1 IEPE @falid¢/bydside fvapos phise ppigaey), or

M?Iéﬁﬁf (ﬁeﬁ _opol Ghmaenaral 4o oﬁﬁé&j‘:t urally or chemically

per nost portio substrate 3. Chem cal
nodiMére apaccﬁrcslly mchadece of Gal.dhefoligwogiNletrizémeds are known to affect

b
spgtlaq ggn&% d S%ﬁgur’atl% ﬁ%p ngglez%a)n sﬁcgso a§ﬂ nfl%lg C%ﬁu%%ero%t 1s§n8\3/n tl%?t many
tre&ﬂh)&ﬁﬁsfthit&ﬁnt(r(ﬂ pQlaritySilG aﬁfecﬁuaz)udwcobﬁgleﬁtmax,ms ttice vtea.a

si l.i.cqn-cont ai and so f
Mttt 0ot P B oD R R iR % oD g SRl et nucleation
detighednfic@rpes, ahd idde. UlFbrteQarﬁ;ﬂ@ rsmebﬂmtﬁ&wls 50R0¢d 01204} a

OC. These treatnents can be individually or in

"SEEHNhPT GAY PAFSE, In the UPBeTRIRSAH P?ﬁ’éﬁy@lfﬁh‘éf agRRlyIejspbstrate can
re@ick %@ﬁsﬁy BF subsRbiht ﬁfcleléutoﬁ §1ﬁ%§5ﬂ'ﬁﬁﬂtel CamidaPp eariﬁn%ye]% B&ilicon

epltaX|a process used on the preci se condi ti ons
caghidq o1gilicpapxigde @@ess@ﬂarbzrmduqa densits o hesrpesiupni S faNgricleation sites or

nu%fék eﬁ&seo%h@\%ﬁ%agt} ld%es zﬁlpﬁ%{hl}f) h@éeth@%é}m@%}{al{ uﬁ?wer because of a

processes are erre I ncl udi n eam
metpiltaghiayly, a thin ]}al}ﬁ?@f q%ﬂﬂ&l((prd)é /(}awal,rqsptmaﬂ/la pﬁg’ro‘pm atdlewer temperatures

(c &p 566‘ )??(3 ®Cr?)pror£1/%qe:sv cPenge UC eatlo %%Q Iatg:d I%UHFem[hafa rea&llgfpra%ﬁf: 1nHﬂ|

peci € case
cohmhdomvlapgfs NHotvE\e:a,tmgm &:n@eaukm@vm 11000-af #eUl) aspatih@bf a thin

densi tion of .nucleation s s, and
(efiadis ko 2R e G BHE Rl st Bnres SheP o RS gopgod o
suB@Qﬁé‘r@ hufehiah id ¥pahsandfikask nﬁ&l@dtﬁﬁtsit@ﬂmd nuclei. Also, transient
nfigurations, and vice versa. gél al s th t ap pear
COP itigs aEicdieginnag of epiaxigbqspouitiofst he ,Bé@é%mfa CHnprigdp the

prafchecds ar(}hcﬂr&fiﬁrdo@ Rakl SRS la kibstreRRAIFAY LAY hiPkt sBREuBRARN nucleation
For exanple, silicon, which is believed to act as a

andgifthct ant” for GaN, present in the uppernost surface

| ay e f&fowﬁnéﬁﬂ %htfn%nﬁ %Mo%% ERlL E(ﬁ%gelr{jg;@;ﬂnlfr ?sfes it has

subsequent N nucl eation sites or
bean fdvind tHapthemeo@als of A buftaldyegandpr ginkilebfalder 46N baﬁﬁer layers

prgl!n?" < Sé‘ &llé{ltatl%ﬁ uv%%leqﬁlgﬁért(% hﬁ%ugi\‘jég %??r% g%d’] kﬁ.ﬁ% %gﬁ%&!ﬁ%{é’wlﬁ Buffer

laycesgtiompte" wetrientati@s dn M RH pratcsses Ruhdshbesn fobed thaswarfofe mtridation

t.ual ~affinit a thin_layer of AN (or GN) , . .
R AR el iRl ol e e SFluiy, whit
exposure to gallium chloride, thicker lower-temperature GaN bufter layers, or AIN layers

promote +c orientation. In MOCVD processes, it has been found that thinner GaN or AIN

buffer layers, especially if annealed for shorter times, or surface nitridation promote the -c
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(e.g., 500-700 0C) pronotes dense nucl eation sites and

nuclei that readily nerge into continuous |ayers.
WOHMWeNER3S0 hi gher tenperature (e.g., 1000-1100 P/US2008/071219

annealing of a thin (e.g., less than 10 nm GaN buffer

| ayer, especially in the presence of hydrogen, can

lead to subsequent nucl eation in separate and di screte

transi ent, .
o teS bR S oF SN cat e P AP Glseing rpraore he +e
pdmgw the presence of NH3 prior to the presence of a
urs er a substrate, surf and affect
sub é?f@@rﬁo(fac‘}éﬂ\loﬁ%@%% YF]b“r?n}ﬁ &et@%‘W‘H’Y Hi*ﬁtg Sd"InP‘éfW‘N&e Rit- For
exbiBR! BH e RfBmKBOWR difRreatitieedh ried, alel,t Yo pdldtit)/Blses (Ga faces) are
rocesses, it has been found that t hi nner GaN or

re a’rﬁfl}éfeﬂsgwbt%t%%ﬂ@ﬁ Gartde@HaG Ocehtign. viilg -pnolpdly fﬁ%@ﬁ &aces)
arPERIPERheC Nl RIREVAY, podMt) @ant‘tﬁ'a%{é%m@f)\!{ Bk faBfmpact collision
l ayers and hi gher tenperature AN ayers
iop pagiening spectsiopnt @AIGRS). | Rvlapeandreaistesninsd by codhtb intnaeh
r
cof o} AR A SoRy B S A I e . s ry
photoeleet:orpmlearqstqpy, swinfat ercexpysatios, 4nd cg@thllcalumbdm ori de

t hi gker e buf.f er
| ay b SRl LB CLbErmBR 1 Rl es Badh iy an e
trda@senin &edhs th tau]mdkdr AN ((be(EatN]&ngﬁaNlﬁ)ﬁ Inéial\hlltmfe]) aurrfacalagers For -c

speci al aled for shorter ti or surface
PR PO BADOe PR BB Y B i e o
cobithdraibl seblb}ewy”%hiramsﬁat@sr 18 Ilpﬁrftla@l@r W@m@ﬁgwb&amyMN on
pronote the +c polarity. Finally, polarity of

sappfyigy arbﬂé*ﬁﬂfﬁ%gea%% XE ﬁﬁeﬁaﬁnﬁog}ow@tqﬁ ad@aﬂﬁwﬁwme&qﬁ@ éhﬂfker AIN (or
GHor bu?f’é@ﬂ?ér%t loleer féﬁfﬂe@%r&%lﬁ&f@s Red aﬁﬂeaf@dfaf BERdRlerflCH And
rates, e.g., olarity faces (Ga faces) are
for giowirare lpylaﬁtéfﬁ ethtapploree et #l vagfagqeus bTLgreatnzan@PW#szerface
SR P B A LARES) B8 bl o
at bighedemperhtuiaspact coII|S|on i on scatterlng
S pe%arv%sgc Qu%ge %.1%1‘ g w{‘?ﬁ a re erred 1\$Ly efe Ped ag déjs(éltl‘t()e [ ha edwlggther
coaxi‘al VT BRGNSt a g Spectr'dscopy
coatmdoyialiyt dfteafmermir heeksd knofiwst procesheeg Itlte mfﬂhcgis of the nm§ent10n next

o B LN TRER 55N SHEETES CERPBRLI SRl

msmp&ﬂ th&NL] do tha qambema&l (:| rﬁt@ﬁe)ﬁﬁm@p}t beiwk ut et wﬁf&h Mb,ve the
treat nent | eads to a thicker AN genera

spalighdenstty Anq qndteyrader deaereber ahve. Gpa?raﬂse t'}?diea%l Yiapd C?Itﬁaugaﬂon of

nuelcefs Qi apha atshageqﬁéﬂeEE@muE@s tﬁélfnieaa@d O8N ex¥g %ﬁhv(x@low defect or
terwnnated as are, %7 commerci al "epi-read

dideqspinn densiyipuieraelseed palarsk tHos arample. Fig z?grlbwrfﬁg@ nygleation sites
1,8?%@& L'tt}{?t%é)g&d gﬁPHétﬁﬁune%nQﬁé’%h@Q Sg[ Mlt ﬁ&?,%lﬂ‘ri%re

epar eterogeneous
mﬁ%ﬁmbﬂuﬁﬂenmzmﬁanﬂﬂmuhﬁM@MﬂW@ﬂp@d@hhﬁ@gn%ﬁ4ch is then

Sglng%‘l ?% %élﬂlaogsh a% setleﬁ:%e(’gﬁe‘ &x%{ gg\}oa ’%{ng)r {hg So%ﬁﬁ% ﬁpnl r?de 1%lands
origickiogl ﬁmeShH ﬁla;hae ofmhb INLcaitth thla iskdntlh mntanﬁmg orethe Mokafselﬁlrated from
on? %Be Og% cIH3 111ustra es p Bhfered ?but nXﬁ llmltgg) struc%ures PRI by
initially-grown GaN on NL 5 on substrate 3. Example 1 presents an actual example
corresponding to Fig. 4B. The initial islands have a trapezoidal-like structure 7 with flat upper

surfaces 11. In the illustrated embodiment, the islands have grown into structures with
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at higher tenperatures. Having a base substrate with a

preferred NL sel ected as described above, whet her
w@eomwaetssal |y obtained or treated in a first pPODESX08/071219

step, the nethods of the invention next grow on the

base substrate GaN islands. First, nucleation

conditions are sel ect ed i f necessary in view of the

NL o.that Ga i |n|t|aII r OWS
hoé‘?d’lﬁ%cdll%?ns&‘ﬂ’%? 81?*?1’15?86‘8@ %é@?ﬁ tﬁ?n’ &%ﬁ%%‘ Pgnegﬁlans “
enth@dfnegity; fikteQian de&ﬂ:ertivbl@dnc&b Oateical GaYvel &d thyt thé ﬂ&ndtelﬁ@etyyappear as

nd ¢ nfl ation of nuclej, is such }wat a subsequent
Pl%fbwﬁ %’rsa et cmueast EANE thayatie é i 43R°CF P can be greater

e. fledppedxirtdteldl |2Sbr%@iolxﬁﬁhta? S Thy indBHoAlals6 e & embodiments with
polarity). For exanple, Fig 4A illustrates nucleation

mgie pgagoyiceqd laterélr&aomh sp i thy Wéﬂ@ﬂ&@éf@l HPet ratigds Epnihaed but still
rle‘ts (J?ledvéﬁégé' @tggég%{eﬂ@s@ﬂld%r&mh 100 nm (nore preferably
bet ween 0. but are ot herw se randoméfv
arr zﬁfg@fdlg ccmdjtmrts, iomadicuian ke duraion of eondd arcobrtbereelaged so that

th% Q%J 9¥(ﬂgoﬁsﬁlﬂgﬁ%&sﬁgd%&wﬂfq%?ésﬂsel#r %ﬁ% géfe(?[ge hrg#l%?%altlggs The
growing hﬂandh/pﬂbrsgmacﬂbltmde 4 monbeo néddentt dretislodatigns 14Bin partlcular

LLl.ustr (but. N str 0
thxbea(lhn% gls % n)i’ ¥v| gﬁ I0y 131?% a0 tﬂ&awn%aﬁe ngzttgvegn g&\gé nd t eeGaN
and .prdpégarpineo the gfo@x&ﬁg}GsNaHo@etamt isé&xenpirethe ot ﬂﬁsppmﬁern g

0%’&" Fi.g. 4B.. Tﬁhe . n' ti 3I [ El an%s have a ) D

HBEIBPTHANS P"f?é“céi‘ PdcgREere Wit Tl FRoopragphs PopRgape IDs to

teddlto beild faft@allylalwd§ ot teelve TR0 dirédioh tovdi@® thélatRd Faddg@the growing
rown into structures w thhorizontal dinensions

PilkEhRe% PRstiRyreach a latera] f2e 19 KEPINAG e PES 64 Diftaeiid: BiWg, Stats. Sol
(c] N 4. @ﬁSOQnmg'(m@} 581gﬁ1h€efnﬁy,cd§@het]ﬁlla[r@is?atnhé/ 8b¥, MY parent that
verti cal grrovvt so that the’islands largely appear as
feyypr angd fewexi s omgmetieg atéhcvlﬁk tritesice 8 aorprom enthat thipyepper pestions of the
5%9 io can be greater e.g.,
plg%égr%lgi?%%gfrgé g%swg p%r%%t mately 4. The invention
aI s &rowg isl deginaerodil ﬂermpger\ppttimnnmve applectgcildﬂmxﬂy biateéercal or
di oca 101%%an8 a%gda ! tu%nhl?l 13\1/ L ts:jcrgalgnl {I# t%t er P/ rpo% 1s tOrOaSBOI‘E) rnany of the
dlﬂecpamst\emi beéﬂl ﬁﬁ@rc@ﬁﬂ\ﬂﬂbeﬂcﬂgﬂmemgy (aﬁ)dlﬁbttylettﬂﬁmnatéd so that the tops
articula t he r.ati on,. of rthe
o efdialigot Wby SRt gt Rt o B S W should not be s
1o§g ihlluaslaﬁdssé@nd Snchav@d Bb qxgﬂ'gasf?mmgls}ypafralai&\@ﬂd sahtect 15ypa¢fa11y, growth
i sl ocations rowi ng islands/pillars typic
togygrtical h%e%b%frapalfoxaw%x P NE- 1) noTaitripsT h%genﬁlﬁf of dhfects and

difedatibeuh Ao uph& RACbNEC ?illﬁfs@ﬁﬁﬁds AsrefetiBly scltbics E‘o that the GaN (or
originate at the interface 9 between the NL and the

otlmy aﬁadqirl@ysa@&ﬁ@uﬁrﬁmgr@m oy thewi Ll l@éNSWH@WelO@rdenﬁﬂfV of defects
t ok

e b SR AR AL LR, WO cRired BhbdiRns, the
islpndsfyaldyas arn gromnttlbthﬁle mppar @ommhdvaﬂce’r wﬂsmeav&faxefefcm@nd
d1%l ce<1t1¥1%r EI C?elss ﬁixfnﬁ aprpséx%ga R’\gﬁg e Ztog )?/esir \gfélgr 311 aYe?%% almng
sepaete,and molherlm nate. See, e.g., Datta et el., phys.

Stats.,, Sol. (c) 3, No.6 1750 - 1753.(2Q0 .
Si gﬁ? F‘%eceg}IPPﬁV),ema%h?rﬂaélCﬁ]l}X ‘Iﬁsl&f‘tgaf‘?]dslfl E}ﬁj égg‘g%)\lﬁft hapd jstand has been
graywp andn sumlpaéfe&@w@hdlaaﬁ soe dislolostionk il  hpnatbicitgatdtalll Bed
tel{r\llpLigalth ascraflz?tgrgl f%c elugpesr%og'tpo%tﬁ 0 thel'ipfp I%ndes(iaru}dls %st thgrfefore

become relatively free of defects and dislocations and has the selected density of defects and
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pillar/islands have progressively fewer TDs. Gowmh is

continued until the upper portions have a sel ected
walengi13psof defects or dislocations and a reduk€T/0820081071219

|attice strain. If the growh period is too short,

many of the dislocations will be in the process of

bendi ng Iaterally and not yet term nated so that the

GigaRRaf RS Mo b R e S r SRt wrnsationef the

desaatslin g lbxhatportﬁdna pfie isemds il et glevaaiel $n@in iom@Riced due lattice

rema arat and i ed. Typi.call rowh to a
m\?’é’f“‘tck‘ 58 'ihﬁ RYOsgpte 3 %1%8 tﬂfgec @P%P%@r therfoig 1 i s

sui tiakbre enlRRAIHENS keYe £ 2 9RERCEST Ml GHSHIAE BdrdRIBSs Which

t he upper parts of the pillars/islands is preferably
prer@pis dicayorss combinatianeof il vettind Rrewing ritesysp iy defegpesnd
d1§H&%§ﬂHé?{dta|nb{ tH MR RISl thaleh-HAAS istind UF FRDIY. 1nQWbher

density of defects and dislocations and subsequently a

enphod meaniso filffierenteopditighs. ong e more fgyoping Fatigad grosvi il gnsrer s1ore
fa@&ﬁl 1&%&[‘%&&% Fin%e 11@n%ted P rutma#ﬂle\;erﬁﬁ HPRSination of growth

por i ons have enS| 1 es of ects rand
ratﬁts s$1w¢1aztamim of grogvth condg®ns haldveap@em)sumamm@mm%/ cn

i SOI Otnélélonﬁ tlav?rh elt Vr%%% al ctr la%%rﬁ e%\?/& I{a;)rvva}]I ﬁnﬂgﬁprl{o%d dm the art
fof the Emgmoﬂ B(PEImecelsseﬁ te.dhahedMBH, M(of‘i?ihsorm?eli’E ploossesuSdgrk.g., U.S.

suc erre ndi_ti ons a 3 have
PR SR S ot SHERHEH Ni 05 RATRER ety e
reldBREfatcR OF latc@) vaBudfertidaPero®it arb Rty BlbaMHRchA@EY by growing

therefore becone relatively free of defects and

tePLPYEeal | HECHRAT R4S it the PESPBEEYE GBRETHQN Qffthgiearacrigas (Ha or
NA Gfdég bthifeRioh @seo P hiPreadtfErésSilid. ﬁ@r@(aﬁl?lle adral grom is enhanced
reduced strain, since the generation o defects in

bytIhgher éwnaof@mp@remeswr by1sa nostageids/ Ikiratio, ﬁrdvea gibdten N4t agtio, or
AR s LR il B 5L SPBASIMBRLNEED L0 o
enbarved bymxadbmme@pndlhmse Irapagtuallaglen@b@nsetts, 1o¢an| hmativeanltageous to
se%ct ngw tanlg lgqurg%tn? nf an olf grovp n%?cno%:dﬁlon vf) ea)vwgfetfle dig ocatlon structure
anﬂ Ipatan@affehﬁ 1818 @Ial‘é isbmést i Tinthizesnd, cﬁﬂtﬁhatlet[ dﬁnﬂlﬂb&i‘&lﬁlﬂ)ther crystal

|IIustr and i sl and of
o LR ar R b PE R e Gine M i dhe b pg. i
mfcﬁjé@dpyn@an‘éﬁﬁskﬂoﬁ ahd/8" Rurlin2dIEL 1101 €ni€rbsdIPY, nd a&FdnM@d/or x-ray

Iateral growm h, can be alternated in order to achieve
IHragiYher conbi nation of growth rates. Such variation

of g ohRai§OMmeidifiQBRpd c$ftﬁg\éﬁB&ﬁ&%ﬁU&hbﬁa‘c@m@ﬂluQ@ﬁéd AFigs. 4A-
Condi ti ons favoring either vertical or |ateral growh

B.drée tlealRimprepats adwseyubpeade (On an plecady-tregted subpeate s wryidedipe

& I i T S
com£9§@§ﬁl%§e’rreg s face ﬁa?ent o 5% g%cl@dg 8%&1%3% fgﬁgs Récly, of

prenating m@t@htlc(rx:a)t 813:5 Wi, B aYTBEe sepA TGS ¢rAQEBly so wnerﬂa litngted or
rn1tn1 alrlzﬁérglt éo\éﬁsc{?ﬁée ocp? S dur%]i glal SW&U%GX nrdt bgﬁ é tlgeWﬂIi‘ nitride) is

r oW ng
ng/vh lnlldep cacliticse favpahg mcombménlﬁn pf oa8sd a@h]s&&,l growth rates and for a

e o B s Mollondi tt u e’ efpeed from one
ane?hafmideilsdlﬁ?@ﬁ@brr@fsﬁpﬂrﬁoﬂﬁha& aRavagely free of defects or dislocations. It

is also preferred that the uppermost portions be faceted in a manner to promote subsequent
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by hi gher grow ng tenperatures, or by an increased

V/IIIl ratio, or by a greater N2/H2 ratio, or by |ower
wWEe@eou3es (|l ess than or about 1 arm), or by BCT/US2008/071219

conmbi nation thereof. Vertical growh is enhanced by

the converse conditions. In particular enbodi nents, it

can be advantageous to select details of NL treatnent

B0 fip SerPlHGRET h Efe e} X bPeie e g g hutipt

gréwinghbsdigsid catibshseg.at i on densities and ot her crystal
pr 0p ; Igreq%ﬂlggflmte a% I(Hl%(gt III nétrlge)Slsli?qrbg%tlﬁ%n\@%gggg)gg&%lon% having

1o$vrd@f&smeﬁ§hémre@ﬁ@yd%veﬁscoar@mlﬂ gn&&vﬁlegdl&rfbdrpo%@}s@pmm@ﬁdn
el ectron and/ or x- ra%/th diffraction. In summary
3

enpheidirpegp). Sbeqsyengstephpidthis sEGa MRt COV%rdh%WW-‘éaaOWns of the substrate

nolt bdWaddRtRislaRdd il idSa mAdehe iS4, TheRAhskas RUSARLSE Br depth)
base substrate (or an already-treated substrate is

suffrcaspit heady crtroost ohgt ofske lgwpr pefréensed thsuslangs baving aferalifacys with
re%ﬁigﬂg{a?%g nﬂrﬂﬁ%r? gt tier%lneﬁﬂl@ rd@l%%‘[@ hc? &%ﬁéatwﬂ?%ﬁ Yot tdover the upper

nucl eation at “sites wth an aver
ostiuplapﬁthie avlangs whlenshda fpces hatchatly ordlatively wimabet nrurnbm ofiteradinating

degec cs gdlsé,g llo?%? osg)ﬁ@g)%lic I%quts Ton gt%? {[hgeslan%g}pll%lés tgat SASE &e through the
mash pek fEblp hafalapind @ cas adfidi¢rnat promotfsubeqidn€ BL Oandvth starting on

| at er al rowth. ra wth tige so that the
tne Spgde uBo Rotiopaae AR aip Srl A Srin et bkl
Prb&ﬁ%diin@ﬂ(u{%] R @NEard AN 6% wBiRH CANSR cHRM cad NP &HIIRSS. Such materials
portions that are relatively free of defects or

ingfpdq placepiogides, silicon witrides, Gopppdens dbpreahef £ t Hécop gperipds and
ot R Ry Qﬁcd‘na&)%faﬁgng lﬂat@nﬂ@ nﬁﬁEont rﬁtrﬁ@@ﬂ@bﬁmcularly preferred
subsequent ELO (in particular, lateral growh fromthe

beﬁf&@@th@y arcAneyp ﬁ@ﬁlﬂé reyReyi iy COGhGER isdreNor  nul ti pl e

ro [

?or % ‘her ﬁF‘?#a{elrsl ?ft? ?’feﬁg%?arpg} géi?n&ﬁf %%%tgf\-}\ln t er%%%};(ﬁfo@H regions.
Inpcgiwn D shehmask hes 4 hivkdesk gt prdeensd thideess rratg@d@dauseu@bsers those
port Ltigrs 8¥%G 1st13nr&d lw%rapfageesh?e g t ft%g 1(2\’&966 %&lttltﬁ avr;[%lgf' tlveel rnore :p
teitnfi @atig pldsedtigpeabd d&f&t@ﬁvhlﬂ&léax&ﬁ@@ipb&ﬁ&)r ambrgem\tbsr qubelbgomons of

t sl an S terial
g et lE SRey e PRSPy B ¢ ming B« TBEHToff Sngerect and

re@fccd Bienih. oM mPRTalso @6ecrOfhodd16wtrsdoaishs ohae iigkghdlbalies Bdving
faces with rel atlvel y | argdBﬁr? nunhers of term nating
rel&%’f’f‘é&g@atahﬂraa} aydgpoge frésraal dplgets il ervisraposeh @Oa%wr portions

?tra@ﬁk%mfesstshﬁmlaﬁh 2S diBA RNt B dR&BSanb EA\f@du@&l Jegfec of strain.
ativel'y small er nunber of term nati /ggl def ects and
a

Fqg pgqrmtlgtr@létﬁ\@ly dafech frogiptien Poefid lates! whand r face remains exposed.

L, |
AL SLPRIRP B 9o U, SRR DAL s e
haging Jeagtsent varklu@oy eraitans,spae tiongvashcal el somemyea honigopat.
G&%Fatll j?c'rﬁl%tre(ﬁ n]gckng ?z?%yfcﬁ é&rl ht 3 t%e S0 is ?ér Ql%{a?eg%@ 80% of

Fred s I'Ng erla
thehelg\lmocﬁtheﬁ?ﬂahhddoes not readily nucl eate Such materials

i ncl I|co .0Xi des, n es, .conbi

 nerdiofie SRR TR 23300 PR etk DE gy SalBl'o? Rrerrea.
THeahdsRed &gy)nsz[s |1S 160 i €10 Mte@pdde g 16BLesma@kent ofiylalsen portion of the
nitrides rticul arl referred
tops ofr the islands. FuPt er, none o?the)(ferrt)lcalyy-orlented facets of the upper portion are

exposed or emergent; also portions of the sloping facets are covered. Such a mask depth can
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because they are nore easily renoved by CMP than is
GN. Fig. 4D illustrates an exenplary mask havi ng

walpdopersm t hi cknesses in different regions. |PCT/E§008071219

21, the mask has a thickness in a preferred thickness
range, because it covers those portions of the
island's Iateral faces, the | ower portlons

atln dlslocat ons
nifeY sl e ey Bt ?&ﬁe T e B i o sy ueper
poptils 0O ths 1sQ£fnd'S/bﬂlatsS IThe ehask {natgipi 23 Bitosthinf aciesvehasiosgl lower
relative r. term nating.dislocatjons and defec
PO&WH“PE&‘S ﬁlﬂ“ gaf?%‘raﬁmg?ﬁeée%ggméhys%o@%E?F% apdislgest Hﬁ%if Asa
e GhRNGer@fly £ld& idgStkddn theRokipBsed Mewdr Portiots enl ﬂ«ﬂﬁJrlY relatwely greater
greater strain and nore internal defects, whil
dengtes Hyelesip aabdislosrisss- upper porti ons haV|ng relatlvely
| esgy hhaktheald fBW@meRsSd. %Céﬁﬁo‘aﬁl%en@ ool Rkest §ro%‘1doyaa CVD
reduced degree of strain. For exa , relatively
prefssewtder icaldipompiitaming 2orgfol 30 that @ﬁwh dag behdfediwhicn thefregsls has
s e
e B e A 1B S S G 30 Tl RN
mmamébyn@vwﬁgdhaomtamb&oﬁaﬁummgswﬂmeﬁmatﬁnmg,ms@ﬂﬁuﬁmme

1rr5$ul?r56t1?e? et%a% tpﬁovu%ﬁ (@D ci,keclﬁ)glgern!fnz oﬂ}e glg E? éa]#]% llﬁlres that r%maln
enSgampiio ¥ theahiekepipGnask 8 Qfohahdintien daei Ibg hisﬂxbsf, IR beUV light, or

i sl ands.. t he other hand, in regions 23 and 25 the
Paiedes (84 Skbss is not suitable or preferred. The mask

I N rregted c?a%labé“en&-gﬁe ﬁlaskerkg métho@mg%eﬁosgrmdsﬁag ﬁfaterlal to fully
energent only a snmal portlon of the tops of

cov ) thendspppepids anﬁél%f‘é rgipo e firigng Wé%l‘l“l‘%/m%)t@i“é 59 @&t the

upp @GRl SpdRfios e the Qﬂﬁfdsﬂ‘a?ézbfa@ eﬁel%e RAORHALL Ahske m&@n{giy,
al so portlons of the sloping facets are covered

m@fkmﬁwt@@btSiﬁf@élﬁmSﬁ@FEgmﬁ’Qb%g}q‘?]&éfhf:VDaIT@?eéﬂa spthet e tmnﬁs (or

r
il OSSP 0 1, AT, SRR OB on gire
3)ihgvet lnﬁ@n tomplctelyt cowgad/bsmesmm@temmér Smnd,l adnls p«zmom hithe
B S AR I AL TP TR S50 o
te@mcqmbsn go fhaothe fihdeaske dpdsed i quyrefpmd ﬂaﬁgrsto (pafmcbtﬂ héseduent

ti .d i,ti f def d )
erguiietE] iSRS FigraDaliE R SibsEh S AR RuRRG! remoyal of masking
mﬁBﬂD&?dV narptrefeﬁeci d}ﬁﬁiﬁﬁoﬁﬁ@tkﬂfg;Bﬂwﬂerﬁ%/ll}]@tb&ﬂ}eaﬁfog&ﬁz&%mb I'so that
rea nmoniLtorin contro SO a ro can e
thﬁaaaike%Y% fthrfén?faél%hﬁage [oreed cangg: HOWP\%T& FEPIS 1P @Rt oo

miidB o 1FAE r@%@dm%@; mEk thNEH A h AV B rertdV8d SIS thAnBskOREr has
be scanned by typé of radiation capable of detecting

thigkmepegs éhat argtien b4 orgoggthickgiesnectorelsur f ace
irr Weql?ﬂetct]%ﬁ GaWI)P Hrbg\(é eIi gﬁ)ﬂ%ﬂ K ﬂfeorﬁ&ﬁ{n ah% preferred

hei ght o ars t in energe
maslhmgtmﬂteriaé mlsm@aswa@hcte@mchthaadomme@tﬁ ngehrapist rvmevdb heconnﬁred to

thg {em%\/al of . FOF ¥ %&)tlé gvhgf? {nl(%a(gnsg @at@ 1s to%re %rféveﬁ %K CMP it

RS e enesTT Ko s
shnﬂtl ér inmire ctarsﬂf aﬂrhc;pd/cetmhed thhine GeN @iy it kmpﬂzwlbdselamﬂy hard and
1em&m1to§%%¥%i%%&&ffient maski ng material so that the
In more detail, silicon nitride can be grown to fully cover the islands/pillars by a CVD
process, ¢.g., from gascous SiH4 and NH3 under conditions known in the art. Sufficient

masking material is then removed by CMP using a suitably selected slurry, ¢.g., having
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uppernost portions of the islands/trapezoids energe
t hrough the mask. Accordingly, a masking material is
wo peog18posi t ed/ grown, e.g., by a CVD processpPCHUS1008071219
the islands (or pillars) are fully covered as
illustrated in Fig. 4C. Here, island/pillar 7 (on NL 5
on substrate 3) have been conpletely covered by

[ t
s g TeEy pim Moo Gt HORUBRUTE el o, applcs
prefoeds ﬁiﬁl &p?&i@hBﬁbﬂﬁElu?ﬁlab&hﬂvm poIshRy pfr@ﬁhéﬁf Glmii?tfhg liB®are selected
the 11 mas I C SS | S erred ran
Sottgat 6%118%1?1@ AHSEG LR ?5}%1’ &Pﬁ?halnkff‘]ear“ﬂg g‘?)’%‘} 9riBieR o the GaN

piffirg - wifldd drk lcastlamtBpuRitstd agirry cidinti&fy, AT drdahe memé/ Mlected to
of masking material 17. A preferred ampunt of maskin

Prevgpts thegorqsien. @é@éﬂuv%ﬁ%@sla@g PG siticon nitridg betygen thy Sia a pillars
sor{ﬁaft Kn el r B Erntd@Spotidnl hfe'%ﬂfe%g%ni ﬂﬂrd gﬁ tlf%rr%ﬁﬁfng %arsﬁﬁg ﬁlta%elrlgl.

However, at regi ons 25 and 00 much or too ,
Optewsplde ma\?léng/mamslkdermh@mt ahn bﬁa@orb@é@d ingepbired sg that GMiP can be
ar A I

no 8o T By AR S S NG IS G el AR Akl Plalon cgo
foblew CMﬁ)m@ddalt@wglm tdhiduleslumys ki ng material, a

?LZIIE b 1e casektb%grmr gg?reg%?haglld Jesuls alil ht?lg%r ac}‘o?gﬂe&m{g oF tlhe surface
ofﬁl&m}aml HO‘fve\(Ba,Nf thE@brasixaagibe of thh EMIpskdsh gesiifaitie thicalbrasion of the

be renoved b , it sho be re easil

Ga@xﬁ?‘ﬁﬁ“@%ﬁ‘@? &‘Wg%l‘/ f WAn" AL ChiRe St Meﬁt‘?“%o TG RITSY: o%lﬁlée case of III
mfrﬁl:@ftﬂe\&sugheﬁ@irsdrfaé&aﬁ 88 srﬁ&camd Hyomz{sg aYsRbrt bagr&wmnetﬂoas know in

nore detall, silicon nitrid glﬂovvntoful

it

th g el Rrpferredemabadingst rheéﬁ@lvlsys lsea@d/@ Heg &2 ambignt t){)faf om
teﬂﬁé@t@fé&ha?f'p%rﬁ&gs M3 teAPF r&RRGHE DRRS %M%ndperttrég/g?‘tﬁtthe high

|C|ent mask I ng material is then Trenoved

enegmgaké i {hic tagiiviripl aye redastialeptest iptorthe vadleys of thﬁamﬁtﬁ@fsl épsatimgdn a
snﬁ)kaflﬁlig'hacﬁ§n %{Hja S%IrMEJ Mo&@ﬁ{ﬁb%é fo}’sulbga]gell&%L@ §e%' d %b.glﬁanese Journal

I Nng paraneters, . pressur es
of SyppcsPhyBics 8fult y 40 éﬁjj@()‘)l)@dgd@g]phgb$u1ﬁ@¢ Sghmqqg159 160 421 (2000).

pr eSI a&c{s i on, qar@'e'lg s%oara(ta’e(ﬂﬁaﬁ\l 1sgangs ma re ulre ﬁupgle{nenta 3gllvc\)n(,)lthing
to tpﬁ)dthEa ﬁmﬁecb;ﬁllliﬂiﬁlgﬁa N i illlea thlghMth]nﬁ)hm@r 1@ of ffortance when

copflﬂeg}nlg\lfsﬁé%% g]if_)rfgge%%lgg be]qﬁjllrr%trtféé/ Eeﬁlgsglé)? glf Bgmaterlgl anEi me ability to
stéb 18sR|rekhd@Nonc@niet Wi 1§Hide Sna@ial Ifs bSéd deGanedn IAnrundeen pillar height
between the GaN pillars so that their u%perrm

coylhrEtudie merlicicutErYemorH aadig Rot-HsalsergeAPHYC ranlathyructure.

Fdval &ltidds; thOphdven lrkate caﬁ%%"sh{d)gth@@bﬁfHe@ﬁasQ@&rﬁﬁJiW@FowQﬁﬁlethods
be nonitored in real tine so that' CVMP can be halted

deagribedl ingthppieviobs pAIagriilekness range has been reached.
Al's Nexfl CﬁllNe( Pb & IFIGS@IHQ)EE %ro%rh QJ c'of?c‘%%a cﬁlln%ﬁil\%@ st&rﬁng from

renove resi urr an 1 deal case
thpeweogss uslm mbdlone(sﬁ,thet 1SIandsI/pit14rB @n<bﬂlembter%wme¢mﬁ gragking material
f r
un%?? cdc'ntﬁ u%%ﬁf%]; %%Ctrgg?ié%kgl@%yg% ﬁoi‘rr{ned Uﬁc[lﬁ ]ezﬁgbcr%f;%ly gns mPst GaN
nlt:h:etl((?ﬂi\dc&‘a ofi ﬂme:ntei’@nt pdmoﬂs ay érc (vaN islandscni digleanfpo ahclééMan

snoot ess | n E trides, th
ok s ghatatr BoEERe b BB byt lsbiis SRigr fe masked
NL Bgﬁle‘éﬁﬂ'pof’f%tﬂihﬁdﬁ). k$ios th€1GaN thereby grown can be expected to inherit
propertics of the material on which it nucleates, the resulting GaN layer, like the emergent

portions of the islands, can be expected to have relatively few defects or dislocations. Also, if
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the art. In preferred enbodi nent the sanple is heated
in an NH3 + H2 anbient to a tenperature that pronotes

wore®e/013ansport regrowt h. During mass transporPCT/US2008/071219

regrowth the high energy peaks in the material are
redistributed into the valleys of the materi al
resulting in a snoothing action and a surface nore

[ tabl.e f b t. EL e,
w5l Rer e M P PRSI S SRt ed i Puen” FOBGT Bapeer canbe
exppptd 1 dntStit fhapelaSeipesseasd BpOe 16Q of dib i AAO0Tonskquently, the

addi t the | r.elys rated GaN i sl ands
reqlin o2V g TR e AEBTR P Swtlﬁ%auidéwfaonuﬁ epplglystrain and,
1fﬂ¢sh&@mab@gegjmedp'5mt§pl Il ar height uniformity is of

I mportance when consi dering subsequent process ng

r eqdiis- &8 itlygaicebiaaly st phERfiHgent @of SPNR@ nr¢ferred template

stidBiuld tth %sﬁﬁlﬁg GRSk o %r{@%@les@ﬂﬂgﬁaap?&lﬂl%lynl % 'n{j{ﬁlck MOCVD
materi al has been reveal ed. An uneven pillar hei ght

is g ousiferrad 84TH progass (itsdewirararth ratesgiermis h@itﬁa ICOIEWH Oﬁthln layers). If the
reﬁf?tﬂllg (%ﬁ@ ayg‘rl‘lg fo%6ndiQ 'Ehahla [))%HB{ ﬁ’ E‘I{SHVEE %el Igljeferred

the uneven sur Bce ca
VR p®ctss airdpgiret gm@gmgimehradacdwdwu@esrm)l bed in the

R e R TR SRV A
grb‘hﬁg@ﬁﬁﬂ@&ﬁ] theU@ﬁlﬁﬁte ROtidtirenis fzﬁiﬁ)reﬂhﬁell \&hafadgbwtﬂ (h a[ groafiig

at er
PR GeR BRGELCo Ry e i Presly bhtasdh the facets 20 of
théjﬁﬁ&*’gelﬁbﬁb& PBohd @H}ﬁl&arél’ﬁ&hd@%d@#&b@ﬁtdr&@ RELHE aSling material
the emergent portions of the GaN islands and little of

ungibit fises B 4 emtiBeis fay e nl hemectrracdopaitp! pagneempt ey depdty, and

stﬂu@ﬂu%ﬁe@nhér@e‘h@uﬁ;féﬂ rtiOfs FHY G isRABESHIAKYs ts%ef@ﬁﬁ&%%“s to
of the sup S ort substrate). Since the GaN thereby grown

prempiciyecheng Bigcess. Forrspmpleipatid densey skfuld bresughthet yishin
ap? x%gtgi? 51 B0 H‘:éqgtgélly% @\/I}]I%Gééfﬂ] tilsBGin{BN. on i ®us 14 (Igérlﬂgit few or

e enmergent portions © slan S, can be expec
not cwydh@vlemmalbatmdaeby Tﬂewnda‘eet:ttp@emort@ms laeqatferbly. ragdogdy arranged

the islands/ ave been grown
so tfl t é t eegnmurln 1ntgr p1 lar dﬁstanrceessar? {:10 ex ésaKf IIg%ésr 1n¥er Pﬁ]ﬁr distance is too

great e thadlty G tocnlm@m fusidin ampedpaurel ahyaxcp:ﬁﬁ@e&ﬁithe (br lpyrhﬁﬂn;alot ops be

of  the i slands. Conse y, the.resultin
co e gnd e By PRI UL Pl et SR ergrl dofie!
bougehtiet.i After fsiéd, gedvahe Sdndaiofs B deledtéd @amior @etticd1 @fovah and
sel ect ed polarlty Fig. 4Eillustrates an early

thigkenipgeofyths Gt faygis @“%Fpl@éﬁl AV GRdr spriyed @ﬁﬁ%rgst fifhg GaN

1a§ér&éa@ﬁédra%ele&tf3dihli&nésﬁsultl ng GaN layer is to be |less
t anagroxmate - 5 mm t hi ck, I\/DCVDlsaEreferred

VPE Fig- g€ és§ portios) ﬂlﬁﬂﬁtesg pslitng et lagergé phiigh qgehipeyof a thickness
t I [ g@[&[o . |
ofclg& ‘[EQII HS?IOX¥%aﬂ égﬁﬂ? 8)?(?0 ngwolxmelgr ?é% Lﬁm (l)}?% , il%}%[g f%()? pm, ,
orao pmmlbemate@ NPELpr Jhesssulting QaNu lggree hasgre lotiy g femadederts or

digslgc%ﬁg?seb%rc%% Fr%stto!ef%‘?es'og )(% 10% t%ln,? 9% ﬁltW{ eé} ? %8&%%9 ;L}Jag &n support

su()stra& 3) igo divel GeN phandd dre hldﬁﬁl byhthe hmsimmltoanmﬁ pupbgateiurthe in the

re R B ol atish o o TR EF e Atoos no

orighefefpthdralisf@hiorst arts on the facets 29 of

Resulting layer 41 is now available for use, such as for the fabrication of electronic

components, optic components, or opto-clectronic components, or as a substrate for further
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the emergent upper portions of pillars/islands 7 and
grows laterally over the masking material until it

WO e®es133m 0 a conti nuous |ayer. The preferred BOERUB208/071219
arrangenent, spatial density, and structure of the
enmergent upper portions of the GaN islands/pillars is
preferably such as to pronote such an ELO process For
exanpl e at i densi ty shoul d be

erip i B yreaingy 3h iy AR HchedBa For gbd iflalig mached o

th¢ wapatd Nivotude @OWhic UaUgoay BY thisichde, fagsy 4a1is srdeneidystadling to the

omai n houndar ent upp ortjons ar
Se%F@B?%B‘iYy ? %&Hﬁ%ﬁ?‘?}“g?rt%a o3’ Pﬂﬁ eft“ﬁ 'fé&?%ﬁﬂe foF vt
IC@'HL% [@erdb Stt@Reet tBE RmpRitc #XCRKS IDachéd laydiidg chﬁlb@ﬁsed in the as-
pillar distance is tQo great (the density is too |ow),
IV POFNIRIRN OF Bofti FiSNigHO ARSI 1O éhet%ST%OV(Ib?rleﬁ&ﬂﬁ&pg\’hﬁ% psed in the

asYEPn Ben®RBR! (e EppcRARFEDSE HORIIPMOYSIchiAY Rna @ ﬂp&‘?g@rfa@@ 49 of
excessive nunber of crystal domain boundari es.

the lageram usegrsovhan ghedewsd retdinnthe eginaly selseted p‘pl@rltha\Y\{hﬁn used in an
oneﬁ{a‘élb&é‘ﬂ o%e%‘t A1 Igb&éﬁ% oR% Qfiicl B @é"a\lﬂhc?e}{%sz I?é”&lf weakness
epit axi &l gr owt an be continued until tHe resul
47CGabbthesympersegedees o tledhyee begbet hinckness, thEagused Eol@h‘e’fm opposite
to%lnk{?nh EH&% &&ﬁs resulting GaN | ayer 4 1 which can
have S0P & SR CKITESS of 1 ess than approximately 1 nm
or tRig. ap p)]ﬂmhtﬁ’ﬁﬂle loyticd@ @orhe usefof tayeq3p Acxdrdiag &l yse bdBnique 49a,
g l tel¥ 1000 mm The {esultlng Gaw
“Hpﬁvé’fm‘-’f?a‘? 1? Bi¢ tdﬂfe% N POHRAN P &Y WP U R B P 5 s-used upper
subBEA95 BintR St HafkeLdrfenfiolisthOaicia0BS gibdmtdai@htation, the layer is used
propagat ed (fron1NL 5 on support substrate 3) into the
withyie pEgiapdsseleced s g, B9laf1€re Altggetehhia oM HTL, layer 43 can be
fli &lﬁ%gfi‘& BscltblEd {Fﬁtr thé Bs-§428 pbBEN!i§ bFsitd! tﬂeaééf‘grow@b&%{
ittle or no nucleation occurs on nmasking material 17,
AdditiengBy whstheoer nyit thetlever ritiprsd bafosd wedtit @ﬁ@e beedsdtq supgort
suipﬁ% AT 34t0 JEOIJmSa 0§1Yea§tllu§tkﬁlre I][cl @fis &ﬁ%g ’1f s%ﬂg(ﬂt Qﬁ‘)sl{ra% 54 &ﬁnprlses an
rication o ectroni ¢ conponents
ingubatipg Iwenfics layer, t@ptmdteige?ompcmieccompnm ﬁ@aﬂﬂ on ntsnlaws" @lso referred
to 6% E%S]I(Ib?/) (81‘ otRT I Il%lrlttrlge: cr)rg q e o?a lFoQéx%#gPe Sué)p?lg %sg’atmgg] can
coatpiiachBovifor witea thﬁmpirﬁtfeo)ﬁcﬂer lugaetru [AdBothle whilator can beSprowded on the
! th s case,. |la nt ed. accor di ng
oS s LBt bR e yor of @ s S B B Sigbor.
por tTihe ferd3ate ftrlcyetvith rdmdiding D et @As edf Balsedifr cornponent
IeaV|ng Iaéer 45 attached to the te | at e a%ruct

bt ek @s egyalr aurlydemplgle ﬁrsfélﬁh‘ffﬁpltt*ﬁ‘éa FgbhGaN. Tn the latter

ca®, b @BLBLIr&Mn B er dAn BH dQLISMhRL UM 4RO SippBrt kPudili8 used as a
as-grown orientation. Wen used in the as-grown

tm@?ﬁ@d@%@?ﬁﬁ%f@ﬁ@owﬁbé?msurface of the tenplate
str wfefrel H{PREMNi gblfe ﬁ ﬁ)n(ﬁfng a‘%n% Flakfidks 47 at a

used so that e layer r e origina y sel ecte
mb@kéﬂﬂﬁ@ﬁhmhsn&msé% £.8. bﬁnmﬁmémganm@wmdpwugwfésHQOIHe Zone

ot%vc'ea%{eg% 81V1kigplta§ér 43 111’5[0 %v&pelf 'iaygld455 Wil Rl ?ghqéri gt'f%ch%cﬁto substrate 3,

uppér surtface
andante |upp3:$ laysie4B, wlhrcht\hll$>e o'amsécrretlffmnaﬁle atp sthehirt.yLaysr 43 can

oo RE b Elp b 3G 45 by B nth & 2 SEBR Rigpihtupbortnechlnica
StrGC qrhdu tehniq@e USEthé eedtamdef 4BatCut®.

Embodiment 99 for producing the template structures is now described in conjunction

with Figs. SA-D. In this embodiment the III nitride island structures are formed utilizing
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upper portion 43 is used directly so that the as-grown
upper surface remains as-used upper surface 49. Since

W@ b@oass3ssed orientation is the same as as- gr oR€ir/US2008/071219
orientation, the layer is used with the originally
sel ected, as grown, polarity. Alternately in option
49b, |ayer 43 can be flipped before use to so that the

SRt oRar S o RePRERTSE (et ViyEn PEP BRR b e

m&Bdd3rage nis es:p;eated h&@anHbeckemisking masetmppm (tas sagh &t Flgt $AE3 the

03|te strugture.

m%tg?f{ﬁ Eﬂl rﬁ‘i"éo 3 pats 'ﬂ-@l‘ FYEY tgenﬂ ngﬂeéﬁ?l‘rﬁig“t@ﬁﬂ'ufeéc’é
cohp¥Bfon of Iﬂﬁ digs ik vi@ tEORPASAS T t 1b1§s%i1bo@%1\dn91@ apparent upon

i nsul ator” galso referred to as NO) (or other 111
copperisolef SigsiPAsiifidfor) . For exanpl e, support substrate

53 GaRf %’tﬁﬂ%fo@eeth@ netho@b&imbdiintbnfod MR S4th RRE 1%¥ﬂog§descﬁbed

| ayer. he insulator can be provided on ?
in M@ﬁﬁﬂm witfegrobasimen dP hig thay thereaskingpantariabis dtenosnhféso as to partlally

end.e

R R BT Tl e SRS cryr o7 R hcp o E M mack
cogarpn AEMP $tefp for candvehofaxcas maskingynatquielid nof réganpd pric to ELO

f%{{ further epitaxial gromh of GaN. In the latter

sé, a newly grown |ayer can be detached and used and
t he Is Gpther cﬂetaaL b uckking masaal dcosert eixphadrity bothe gidowicaig 7 of the

. addj.ti onal ers. A preferred.] ayer transf.er

BREA e T FETisy b B frot RO AL S B A RhiEsVa Hosgevep upver

susfe&e@ of 8d 1§ﬂzﬁﬂtlﬂke @M&mssmrlfeaﬁﬁa ffle%) for Gre@najorly, If MRk hia@rial. It
such .. Zone, of weakness 47

Shaﬁﬂé |ba agteql 51%% Sraalhpqrmrbofl%mg m&%&al ey DPIETSHt Q) ihe upper surface

ofrtl?eni@l'aﬁ‘d ﬁlget s%%pt%{%s bk fSLHRS Mo@tt I?artethe ﬁ@]@rl’[y'Hlepfa@ @@rrfacleﬁl/f-‘ére free of
be transferred fromthe tenpla

sugln iﬂ@@mﬁ @ate@dy Expamncatphcéence eaepbbragnthap wérsplroay@pn&t% amount of
mabs}ém%wtéﬂap goxi%ﬁq{lfgyas%_ﬁubgtrate Ik é{@et ﬁg%% gﬁiﬁﬁfeﬁt\%{ g‘;hggpg)er surface of

ani cal stress I's techni que etra
thofitBteasla@ulikersjructiebodi ment 99 for producing the

We{rEAS'a._l}l gre%}orgggrtﬁ &f rnet%t%thg AR} es C lat flldl%rﬁfre]raﬁf clomlp{lsels Mhaterial

whish ardpabterafctibsangaliyr p:rexfemrm@ﬂhe mtmléat]zm oglItenideaadterial and
t ds ta t h ut | i d (i.e. h A
oS R Rro Rt g Rirites NikeY a2tk Ay drs GreftS 7R Plihd

minefﬁaﬂ cartQ\RY6Yited BRISHK iNGritteesiraltilkhy(A&hSBaAd bﬁbnﬁétges prev1ously
in the nethods of this e i ment. only partlal

deé‘iﬂ}’@? ang ig depasiledypgayt hla@eﬁ%%ualh@%@? Oetiee’ sidk fegsip: %qdé%base
suBltratdLard infabieene pdt Lbratdie 17RS fhigdisntifly Eﬂﬁ)s&f ¥ pRYSred

enbodi nment i s apparent upon conparison Fi gs 5A and
emi?edlr@nrséhq: ylaslmrgelrl@ﬁ@ql és donesited fhpthickagss é%tilan Amexigately 100 A.,

ol 0 AL B U UFpELIEA AASORIEE i

llrdl@posmed so as to partially (and not fully) cover the

I P% {3 ! ln_g?kf(e' I%Jis% g o%é&% U ]%aAg @st%%@g T HE F{ag Fa%ts E)Pﬁl
partia renoval O

niexie edad ks kﬂnmglrmaﬂﬁrte:m;blane strmbﬁre béEplgl 5/ db pilizat fot subktq@ent ELO

grg\gft%\% IPo'rrn a continuous film of III nitride material. The upper exposed portions of the 111

nitride island like structures have preferred characteristics (e.g. composition, polarity, strain

and defect density) and are utilized as the seed material for ELO growth. In contrast to the II1

nitride material, masking material 17 substantially prevents nucleation from the majority of
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In further detail, a masking material 17 covers the
majority of the side facets 7 of the island like

W@ 20000136Es in addition to the majority of baseCT/US2008/071219
substrate 3 (Fig. 5A). However, upper surfaces of the
island |i ke structures 1lremain free, for the
naj orlty of rraskl ng material. It should be not ed t hat

sidt B LYty BBt B b PR e B e R BRS  i8

suB@Quédﬂgromsmlstayaart the majority of upper surfaces 11
are free o rlal Experi nment al
evi d& ﬁ’@éte%?i?lgggpnaé%th?rﬁgtmt& B pospands SRRt Eons fevorine ELO

stéfindTRSK G x PBde bt ﬁsl@msﬁg & thdBlah@FR11 &4 bl eAkif cABEUifmeAS the
facets conpared wth the upper surface of the nitride

grpwihgag be m@t@t frafe theridand sractiore ip p pro i etBwaihBRE Sandrgon

oUIRiltE B Qes‘ﬁ%& %r'tlé'ah h ?ﬁtf s%ﬁt%i%aeco GHTRE [a88A ofou TR hRIL At &l 2
I s capabl subsfanti al preventing the nucleation

latgfal grlowtlnmpdq @e hmtlbmdeftonathé OEfrsetf dn apiayn gobpgimedsan initial vertical
gr%{{h' G} Iﬁu lfe qtfp%lyeﬁ Jﬁr‘c}ﬁﬁ%ﬁf% it sidRlfa s tdﬁ{e &hich Iﬂﬁérglsgrowth can

maski can site rin-sit
beanitigted st agldumon lgramiti gomlthns d=n lzredlectiaé m wtld iagsowth mode

1n§orr§%|att? usot t%ra(f Emcp ee?‘?% ?mpsonargcg o(;%&dt?tlon§ 5%1%8 et}lﬂr quDalnlng vertical
and Uhahl @bﬁth&ncﬁfe@ hmsbleadpl’ewbusup piecussidrahéd GESNeJllknaWﬁ in the art.

oo bie B Rtrer BRERS an s TS R B REEH B Morsd

suPREYs @Xth@@dlzﬁid)étr&&@reé\ TheoddditRaS 111 Hlﬁﬂd@ﬁﬁtreﬁ%ll dZEésﬁl:d/dlﬂ&gAhe ELO
or | ess than aJ[oprOX| mately 20 A (or val ues
€

ProGres e §an br e¥nectet & INBGAtRECRERES RRGR Pt riat opwhich B puclggtes, the
reﬁlnﬁlgt@eﬁ@ (2 ¥R & Badiel) El&ech§ éﬂy%sé‘d%ﬁto%s 8f thk fslank}, tcﬁﬁ E’@expected

island |1 ke structures, t eterrp ate StI‘UCtUI‘eO 1 g.
tobavq rslatively foredpfecsy orglishesetionsnt repuaod drvelmfistreis angp ﬁhisared polarity.

ASQH L gl‘ﬂﬂédlﬁllmlltgn Qb Pl)tllaL | 117 'nftlrl(!leqﬁat 9% ‘be g[ﬂﬁ) E&ﬂﬁ{llzlng

exposed portions o n|tr|
MOCMIZ om@mahmhebﬁpHéfﬁ’Erdep@datgmam 1@te| Qf tgrqy@h (auged and the total

polarity, strain and defect density) and
la\éerrtmaim?sla(zésé das the seed material for ELO growth. In

contRasc itlostiatee tHeIEngrbmﬂdlﬁocmt airthadiageroisédlesgera b th additional

7 sub ts t f
mgheRh R SRbb 3o s Rirtiinh fullo & ragbe A e G hRd Pucal
ariah@enﬁHnO Rpgat d@l&ty@fandiﬁﬁﬁﬁiréoﬂtﬁe ExlpoSed el sme UEME GANGWAKYs/pillars
ers. In greater detail, GaN (or_other 111 nitride)

is Pge¥eg%%w% AR PR P FHRPTPEED Flgn@‘HEL O ety gersity gpd

difthButRXROSEM 8 PROENt @g/@ﬁal APEvigipribhe do§1le§ee§&/t9ér&ﬁyasm§smﬂtﬁlly
certain enbodi nents the growth can be initiated from

preveatipgfugher defacuformstoni n a nore vertical growth node
and 1y %ﬂ%‘ﬂ& Btk Flgb(?duq 'nB?%nl;y ?erswﬁlt fahe ﬁ)?rlngtFHn of WCBI(Etn]%_gﬁlS layer
node a

to a nore latera ‘grovvt . ) ternative | atera
of dH awititke meidaaldahalbeinghd formawnfof Mmdtm@e@fmssétlated petween the

co%l%gceg gﬁla%m%?ﬂ gﬁ{i" ! r?lat%tqall g’hé %q%‘tialﬁe?;{e'ﬁ{ cgﬁile Wi &Jev(‘f%re 10 1? dependent

O provi e Si
orff theﬁllsuﬂbumhl dndtdemﬁly 0@ the il mitddaistaed stnicturestaad thel ch:gree the ELO

&Wi\ﬂ](ﬁp &6 ’ so \\zl\e':trtt;ca V8. altetréllog?owt%%ﬂm?ge tha %IL%Cctogfjesctegcey leld a
Upon coalescence of the GaN (or III nitride) 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. 5D. The thickness of the resulting layer 41 can be less than approximately 1 um, or to
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i ncorporating both [ateral and vertical conponents.

Conditions suitable for obtaining vertical and |latera
wWQr@wis3sbdes have been previously di scussed apdI/E8208/071219

well known in the art. Fig. 5B therefore illustrates

an early stage in the ELO growh fromthe exposed

surfaces of the island structures. The additiona

[
orpi e LB o TR D Hoishr ol Berbp IReTaR B T

reQitinghiaNn lalyér Habl el eatigFow dbfects esdll;lbcamgnﬁ&lbhl(se fnokt defects or

ride terial j ke t osed ort 0
i B RS o T PR BT Rl itands are

hi@eh @6 tise Risk@hs tamat pr@matea:u&&d ucadrdsenigg Gal I§kr.ai n and
a desired olar|t¥ i n ot her enbodi nents
1

addifs 1B e other pmbpdimegts thegesalting|laypgispay Aailadlsfaspseegch as for

thé:j Fa'bhba%ﬂoﬁ 9 MY onfpbh &) ﬁﬁdt&%’lﬂﬁc QXm Etsdﬁﬁf% Qgﬁlﬁ&leﬁﬂ or
he rate of growth required and th ﬁ
opﬁmpleq‘«tm@scomgnq% or gsjagpubgiate fior ﬁusthﬁr@mégxwlrgéovﬂ ©tgr ywogtdrps-is or
c
i R e U R T
cegtin@thee piobaiiment s thdt heprpfraoned 118 patidedhycarkt angleraenamplished by
and structure of the exposed portions
é%“%ﬁ@”ﬁ%fpém%xﬁ%§fgﬁﬁiars is preferably such as to
p I oMt @ foadm dnltiChgalr vadded Segi@ns G0 ipihlelsatiGurb @y Bigas 13 pétas &calized

nsity and . di stribution.such.as tao, prevent sta
wek PR p S0t B Sty oS oR nasap B e Hne gl & pyemal
en@fg@\t@ Siphiage Tiufidiae [aysreznetedm fierremdihiaR strddd@c [[ﬁﬁi?ﬁ)gjﬂie @Jcahzed
enbodi ment not only result in the farmation_ of

VOé‘i’th"Yﬁ%‘EFéﬁ% 2ngyeln C@ﬂam Fmbﬁfihmema dherpgpasstionis pryforaed by mlymg an

exte!ilﬁal et ﬂoQﬁb Qucfd &l%gcha»a%aa% t& Qap§1‘a¥eq§§e$dl hetwesnivthe
coal esced pillars of Ill ni'tride material. The spatia

crehodpant the selraeatipn cerelr ipdusiod deringsepiterelreeth dgata ismatching

. F . 1 : .
oS3 AT L 0 OB 1 BT G0
of\layet f cthk stygn idatalria Itheg;trgwwh: 1simfﬁ¢1g1ttt¢1®pa|g© at the weakened voided
ZO%%’? £ lr(]if%fﬁo U ﬁt%d o \s,ﬁ)ar%ﬁgtgc:anQake pbaece DripLte t() s post Ipondlng of
sudé&m@hd1%t04hmm@eammawmmnafw@&ient to produce a

con a .desired .thi ckness, as sho in . )
0 o ek bt R BB B it sEERER T o % B hidgpjunction
wiBeFilg€ %3\ -C hanthappibedinieat @k Y1 ihmnas 1sl@1lid §tﬁl@ﬁl@5$@.¥é fyeh&d Wtilizing
or to approximately 5

idé’é’ﬁﬁldn{%n?ﬂi*ﬁéjtsé‘r OSOU0V Y omyliicr élsf‘u & %W“G%ngr é%qndﬁ%féefore the

méBRBlak Rt Yepk v AL eabweRy, (Bl ﬁh&ﬁ@lhﬁe@ 8tiPRE FUSBLIMEdnts 97 (as
defects or dislocations 13 t ﬂh(()Etpropa gated (from NL 5

segihindligptér indsifhds prartied g) the metilc’ti @Ndmsemh%@dah@lﬂ nitride island
snlabtq% an@bﬁeﬁaﬁ‘s% Pﬁ&ééte%dth‘ééfw& e@mﬁa%%gﬁgftég{at NeEo ﬁrfs@r@of‘[he

resu t|n As int I ments
dlffersme’s wvmtg tlheay@hoclsspf Howravais lcabbdmeatris epparensuwi cagpirgion of Figs

ﬁhﬁﬁggkgﬁggg?aggsglectronlc conmponents, photovoltaic

onen i'c Cohponents, or opto-electronic
ConﬁhmﬁﬂﬂﬁmeﬁweﬁBaHﬂ&ﬂb@hﬁﬂhﬂs6ﬁﬁMﬁﬂnﬁ@m95éﬁ%tﬁﬁmﬂhmeof

erflofotiory S ase s el peder ERRCTHR aRbulfE fypfhide wiandsor e
bagfhidet-diEe NAs D redtfEnce of the removal of the mask deposition stage, a CMP step for

removal of excess masking material is not required prior to ELO growth.
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certain other enbodinents is that the separation of
Il nitride layer 4 1 can be acconplished by a

W@ 200a/0¢38G or war d det achnent process. The af or ePERUS290$071219
voi ded regions 30 in the structure of Fig. 5D act as
| ocal i zed weakened zones within the structure. It is
therefore possi bl e by the appllcation of externa

o B SRR TS b ek on B Shsacyf oL RS Bustoated n
g\ﬁﬁ’keﬂﬁ&nﬂﬁha pmﬁld crftneedsﬁgamdn istamh echidrbd (fas tdee ugEl@aéﬂﬁ)tdr@ﬂlown in
or.ce

Ouéltnreggf{hf it Hﬁea %‘{PE %h@ethgiﬁlg%@n?eﬁﬁ%gro&’t Chafaﬁte“s“cs

beBldeRIdNBrént eryeﬁb@g}amlaﬁag of he PRhatill OdtyGan [DfrefeRddl 6@Bodiments
duri ng_ epi taxi al %romﬁh due to m smatchi ng thernal
al

sigsriagséy £ agsbagy supsiralg pessese unigyibla erp ik ehai il siGsR peraRagison to

thébe of ufper BBe PQshcdl 1M &HRMal ﬁp}’l\@mcfeflslhtﬁ%%'hctﬂgest(llﬂﬁstrated in
strain induced in the structure is sufficient

outlensar At Blugiratedia Fige aReh aigatotiudatity 06 Hé sitridemajpyanl Ih@IS ek deposited
L i G S L B R e
andaide ifgret hWaher groEirbeiacreniticarc fkoowpmode eit (sge fdnexample US
structures is now described in conjunction
jﬂ&sﬁﬁ&%&gé 6A-C. In this enbodinent the Il nitride
i sl are gadwihl condit@ss afe&hefréﬁ)mlebnbd |als khdﬂ@l indBadrt, c@brow extensively

nmet. hads o t hose \VANo) out | own in
ey W5m hentrer RerBe s A Rt bl oa koo 1 BBl et
orl¥@faos ek{@iﬂﬁ%&}‘ froth iR m%uﬂ@cds Y e IthithdeZﬁﬁndl thereis a degree of
enmhodi ments 97 (as_seen i is omt

d@%l@%@%@%é&féﬂﬁé? Oféh%aw%%@uegs t@ﬂ%ﬂqq# é UFHISJFm& WFerlale GEshoutd

beI n%lte%'iﬁiat & M)Cthé‘é)@éls@@ q’atérgleha% §f thdl El%twﬂ%t%ce%ﬁ ﬁeftﬁ@ 12§ BG@ntially
free of masking materi al onpari son of

re@tamfveﬂeh&lé samg hayizopfal I?J@tefﬁ@d §0 Oft rregseys rvemceibsm the growing layer
' f. El.gs 6A with
buf FRALITENin R PR £ SRS LR GOP 0
al t diha degm@ommm apfund e blic reas, 1 9561cth Meeﬂ énd_dmet fubgmte 3
o 45 TERE LD Bertdir el o W FBREL AR Bhed tham psagrer
susfadrsifitiat 181 nitsle &ladsn sedu exxctbe tafteriltgeowthmsmcad ooﬁtlﬂuhethﬂaécﬂdtional
e sition st r enov of exc
iR it it SR et Dot Bl BF RN B9 BVERR (o the point
of@b8¥dcbncE NBuriidl doh Adrgditcageie gfowid-fo@s enépheitnacdal gfoﬁ)fh 27, gas
the structure of Fig. 4B is illustrated in Fig
phgpretegicon may pg eme]rlencsql in; thpargps igitheaficipisy efiibe %fpwﬁb%umteée and the

sideABCILRR tb the FhBilic B preéuesoas ?Qs\é@to' dteBtitfcly Rnbint@d I?r@awods
of the enbodi nent” utilize fferences in growt

charectogadiis piheiserphadineqs. dicfafdiiennl 11¢ pijideanaterl dpsted during the
Eﬂ{')ngn)géss 9& c thﬁe egcgect&i ﬁ)rlfﬂ%ﬁt grr ﬁé’%@g of tlt Q[EI%II oh %q:h it nucleates, the
e n

I ments si facets 7 ase strate 3 possess
regmitfraahater &ll gitadw hatetily ot the ﬁmosadsaortmne ofthafslagn cembe expected
S ac
to thg\? r%lggvelg Feg&? %nggtt(s? 3 g?sgorcé%sil&%i g % Vefd&}%trgm a?{i Qﬁees)n]e!i kslarlty
Aj Inlotigt eabedtiments, RiddjtioAIT altlgdeeaﬁtemal GBanlyibt dem@isitdd dtilizing

[ de materia been .deposjte nt uppe t
MBS almﬂve&%h%ﬂﬁa O e ARt e R PR R et
layraicisgiisdcsiadde 3

Fig. 6B illustrates the ELO growth process at the stage of coalescence of the additional

III nitride material to form a continuous film. As in other embodiments the preferred spatial

231 -



10

15

20

25

30

and side facet 7, such growmh characteristics are
known in the art (see for exanple US 2008/ 0099781).

Wab@gt3M h conditions are therefore sel ect ed, PEEURI008H71219

in the art, to grow extensively laterally fromthe
upper portions of the Ill nitride islands. Although
Il nitride gromﬁh originates extensively fromthe
ur f.a ride island t
arﬁgg et § Patl&gge&glﬁ)f agﬁslsetsﬁlru& tl t%) %@P,Peéicpg 1005 0 F tﬁg%aNslslands/plllars
is pfdfdﬂﬂiljd sehdse frombisen [EACKprofesa e gapikam Gavied @hadidldensitty and
Idsb%lnoted t hat dre ta the extensive

GSEOHoE sBh e by et ol Dby nier BepE R e Bttty

préRiBAduh Elticfect REMSRINE ARG bABGHiREnt @b AREMERGHsF&uN @ the formation
rogress vertically in the grow.ng @i@¥er but are

0 V@@aqi PEa( situptRe beivesing goadgscedrllass afellkneide gnagprial wlaich as

preib@NOstitd Mt BBze Jhﬁerqﬁwe%%s & tl@%@@ﬁéﬁo‘n%@ tfdtoalesced film.
undesi rabl e areas, i.e. facets base

subd{noatcealgscenn ofithe F@éls(er W tuh’lcteh &l thereeeysth myda spubr aligred, if
i
deglgégif golctg&g fa Vle{% calrlalf(feqﬂ tg &iglgé IQ é éslfsgfepélgg & d%?@g F]hlckness as shown
in[Fag. 6€alThg thosktnbss pif dmewltmg rha}ien{hbsant‘deelessdtﬂart dpproaimdt¢ly 1 pm, or to
DRSS IET Pl SIRUNE 8 1 QUL BARRB e . e
reqad@lgaSae hge. haDtHlatﬁgly(fém defege nccﬁsloéatlbﬁebegﬁ@mfa)sﬁ deaatsor

e et S B S B e SR

teiione B taI8d fa@ét@oﬂﬁglstah@s Slddee tfhar@B}t SubStRidlI9 pkdvented from
|nab|I|ty of recursor ases to effectively conbine

prapigantiner i D Graling GeBURF. enbodi ment s, the

addiAdigpalothdr lede)&lﬁl'eQQhé'ﬁ%Etﬁﬁﬁgﬂlla éii%)ﬂb%!' iv%galqy Fdr &, L4 as for the

ELO process 28 can be expected ¥o i nherit properties
fapyicatipreofrghgcaphig |001@hon&h18cnhor0tv0h41@ P@EBROASNTS,OREC pEBRANERtHPT Opto-

i I

el&?rél{lﬁ(: g%%l{j&#enﬁh&é a's g(:s‘ulﬁg'gt% f(lé:tgf{rlll)t%ér eél)?axgag ré)%lp gﬁﬁg {1/seed as-is
(embbchtnlema lyorf @racugf féc 1% ipcordpasito murmﬁs@m&o&@dﬂt&éd However, an
adv%%% iS {ha‘f t&le seé)algia Tof’ alldnel%]dira ?aﬁ/exl[o ﬂl i Gabea bte Y CeOFnIle':ll?heg %y Egr be
strd%bﬁ‘&ﬂv&taﬁﬁddﬂztchinleﬂﬂ pﬂ@:em&oﬁbecainttbﬁr psratmwsednyooldyndﬂk( PE through the

d ndi on.the rate o iired and the to
apEHEP PSR at hgaigudl o 2 o PPt Rt 1.

growt h process at the stage of coal escence of the

additional Ill nitride matxesvpLEt1Io form a conti nuous

film As in other enbodi nents the preferred

spathi@ “ay Baliyaaisien visputnddiie. J@n%lv%tw%ér?@% pifg ¥icyrod ap potual
exﬁﬂﬁle? 52@?@?@:11@@ bask Ay 11 h&idFalNrs t%@ﬁﬁ/ 1@51{&5@51&1@ #h particular

re er such as to prormte an EL ocess, 3{1@
lslplildsrpalllaé 1AaV85 znd gt icarrcspending tp tbm@h@m@tqu luﬂmatl@hm ¥B. The

do?ﬁlethg%c@[i %Mrg\mm Ff Y§A ?é)yrésklllttll()b Jnd ﬁ Fl r78 Pegeeggt[tgﬁ &HCFig. 7B

er eby substan preven her
illfishratpa in mnre dA@llltlnf: Iegtbmdf hgntA whnlrf@nmeltqiods result in

t he voi d SOstuated e en t
c Oa|1feh§ sl Ifeaturefs ?? g8 73[ 'a\ée bl%ea %roducied% :il\é\%lng & l\l/'.I]SVPE
rem@\to cque;auﬁé af ety &ar800eC wd 10002 €, inprifatret erpfodoress e

for the separati . L.he .coal esced |l m. Y
0B L S RaB bt SBRE AGHTE e ST Pl NPl pREfoatures. The
preds @Wlrih g aden b ghevtialvhemeliaidell between 200 Torr to 400 Torr, in preferred

embodiment the pressure was maintained at 200 Torr. The ratio of V species (¢.g. Ammonia)
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desired, to nore a vertical extent to produce a

continuous filmto a desired thickness, as shown in
WO-2@9/06350 The t hi ckness of the resulting | ayerP@r/sSas071219

be | ess than approximately 1 mm or to approximtely

100 mMm or to approximately 500 mm , or to

appr oxi mately 1000 mm The resultl ng GaN | ayer has

w.d d t
todffpa T, T SRR 4 bR Db PRD BRI By v ratos
utﬁﬁedswaﬁtb_éﬁx/e&?'ﬂm-YHK)efp'iéfI:c]taBIyCSO’Ohg GaNdu sl antdﬁ te[J nm nat e
t ] acets . o | S| ands an re re
2 u bgh?gr@: ﬂ}?ﬁtﬂ?teﬁ Fll?v@ﬁtp&t? $1P%ﬁ45ﬁ%% Elaf @O‘iﬁlﬂr Q%%Fa%fi?@ly and
sphd¥@ ap8s &ﬂp&éﬁﬁa@l\iﬂ (@Y €The p‘?ﬁaré/ﬁlahﬂ]@ oPNAT greiFRAkHr 88 Nre separated

the resultin yer is now avail able faor use, such as

ang dyolatgle e Pglé%ifliﬁlws are infistdnslsppasatedpddrndHeds, A small number have

grQ\k}ﬁ’ U@L iBoCerGPTBO D8 HitPars/RRMHS ¢ §O gl%% €09, SyhiQf ad‘%ﬁt%eously
el ectroni c Conponents or as a Su rate for further

reppintvepkli sapargfedior hther piflers/islendsl as-i s (enbodi ment 91) or
det 3GNe ifiQlirald§ Seve 1{%19{(1%3 ]ISlﬁa ﬁé?a?fdﬁ LfiSre %Hoékﬁg?ﬂp they
93). wever, an advantage e separation o
hav¢ prefeirted |shhpe$ ayleding pyragads, trencacd ppphidshad miljaratopped w1th
B LR PR Rr 86858, A5 A ERAS LAy ous
plﬂEﬁE/CSBlIIBS ﬂlaﬂ ame tobﬁedl@qbf):lﬁre)i)i v1ﬁhﬁlmaipmn£@rmmdd @dllar/BBind o5 is

to se | ustra .
e G SRS g P s NS B 6 B ENPEMELS Psiep pyramid
Ol@ﬂle@ﬁkﬂﬂdnd@ﬂ%kﬁﬁ 108 1saexE1&1§1fa@fdf’%gvd@ﬁ%ﬁlambﬁﬁdsahaﬂ hdvkelmore or

plurality GaleIands/ pillars, articul ar

le&iSélaéﬁa@S/wf} oyt r&legna I pprgmidgh E?CTEWGTQ‘}B AP %g’f"l@ﬁ tHege g lagyjglands
thSGREFBH IS ﬂﬂa‘v@%&%'t@é&tﬁef‘ Fig. 4B. The doubl e headed

arrow in resent 100 nmand in Fig. 7B

r epritis @Wﬁ@fﬁ%@h%ﬂie lags/islppdy ¢ompsise wrnsENeshperpeRs Wilt dening facets

ort B RS el g, BOPAObs LOP per promare
lataed giiomgh @riv@.iﬁ’@eqmcgromlt o at@;hb@yatund@ cohdibetsieeming G0.0.

C t % 19%1:1%118’[%1‘8%8 a%gog%%rc n dlu earigjggmfiﬁcegtby % TGSO;{R]tOH ‘?ransrmssmn
eld:cﬁoh ati@dscepy\o f amathir @ampleie aprdssadrtasd ﬂlhgeltedwrdn agluidtiey of GaN

ned bet we o0 400 Jorr, in
iR iRt ReRproE i deu e Lt HR HaTs e shind shete
righ®ost @il lars/iJRis [Ie}iﬁ dcfhalﬁﬁ luﬁégﬁ@@@%%@rduﬁd Eﬂlaﬂi llbfﬁdiﬁ sapérampdséd on
species (e.g, Trinethylgalliun) was kept lowto
bagkgpgidgpil T%‘Sb‘f‘ﬂq ar growth; V/I11 ratios utilized were

bet ugans L@fpte ﬂl%%slaﬁ([ ﬁf{@efeétme)é h pfoxfnatdifequal vertical and
illustrates tﬁat the pillars/islands are positioned

hoggprtal shimensiogs.agd @ rieRardedsrs pel betithgpasing amﬁ%mawt qapgl to the
ho%%mdulmmﬂk bt @k ?e{ahﬁ‘%satﬂ elvak. ¥%+t 96 R%@%})gljagﬁﬁ?efly equal

are separate and 1 sol at . Most o] ars S are
heighth. \Gedaial feepahar e alamdxmlstalmetelngul&r sroas-bechiomarcah v e

e sl
cogglgé%]d 15181% 11'116% dlg Wgrtegtﬁ] il Vfgn %eg Iéégvﬁs g ]?\I %!n%a?}el%ﬁﬁgular Cross-
sestmmealndtcadbef @nsidtrbémopmi ﬂylre&md!hksl and $urther features have one or more

sloping horizontal facets and can be considered as truncated pyramids or as columns with

pyramidal tops.
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Fig. 7B illustrates several individual pillars/islands
in nore detail. Generally, they have preferred shapes
WO pwbotH3sy pyram ds, truncated pyram ds, and pPCT/H8E2908/071219
topped with pyram ds or truncated pyram ds. For
exanple, pillar/island 103 is exenplary of numerous
pillars/islands that are topped by (or are) a
virtually conplete pyranhgpQEtthillsland 105 is
exenpl ary of nunerous ot s/islands that are
t opregl Sliftusrates a &l)crigutitve cinb@ti@cht [f@’tﬁﬁdiﬁtﬂmg@jbstd’mﬁalm Reluted

pl@ﬁr?/ fséﬁnlg’!/ ‘!?ér]{'olllrﬂsil ml‘gﬁ%e%%ab'g ﬁ;ﬂxﬁnﬁ!ﬂlﬁr Flwgatf‘flﬁte&%t Re piodeed by

thOetckihg 6T M2 Bdyc PO TAMNIEaE mbRESTBat ifARAR reb@hs it sislefcantly
three pillars/islands that are grow ng, or have grown

dlffﬁfﬁ’éttel"’@rre“qti‘ncles Thy @lerepisigngerpgiosy H 1 pifridedpysy pay apgbstantially
depEHTA (ﬁlethyg‘gﬁﬁl'B&%tyé}fdydrg@§ctvﬂehﬁty§hQ@hﬁgulglaé‘r@e{ $or@ample growth
roug hal f their 'surface, such'as pillar/islands pO
coaéqlaou%e b@muséhesayt\ﬁhlﬁla@eeﬁtlsadﬁp Gdt laydravish waryige eumstal polarity
u £
e S SR AT BE B i exAn TR oA LR olveg s exposure of
a gibgtntaty nM@aowr@ﬂUﬁmdtOWMSghmrhedmbcwb icwh stloBersatiagenimmature

gggtféon I{rp?g?rn% \ioﬁ?ﬁﬁtwge €n§ttal}l?er§;e>é?npegﬁl of a preferred

p| | 1The $ésubing pdisy/istdnd-¢ike &auﬁesbe@gbnplranyi sp}]ﬁdllmpde&d,r\inheﬁe
ef t nost a ingle ri
wiPiySs sbPEr e st oy e datat ehoRly Bt guiman
hedht,lagd & bSh@RASoS URRES. MGSSELr, Qtrbh&ﬁ& P@g ﬁ&b@ﬂllat I nltrlde material
pillars/islands. In this _ exanpl.e, Ilar/island-|

i ke
grp%fr@me@gcfhfém@la&ﬁ pfiexhiededicldeaytisl thiggre Pedarargldhgher than the

delﬁé%[ a&l%tes%f 4t 88 $HoWHon t@iﬂﬁila@ﬁ 8t ‘eﬁ@ %Béﬁlﬁgm%@ gkl 113 y This is
Sp aci ng E pr oxi mat el equa the hori zon

beéwwéﬁ@ re@hlsfr@mt m@ctfté%ttﬂmfé@wteh érﬁ@&hvéﬁommenm@avwg@ therefore
feﬁ/%\f@ne%f@:rcg)f)hgﬁ)gﬂ at %%Ittmlﬂq{ltgll?%c% of gﬁ%rlha\/ ﬁafu?é%thld(feet%gmnated at
ave an appr ely rectangul ar cross-section an
latemh sur&icesatvsing gromdh, rp isshpidsé mrth4: ekkodi@ent o Emanggtl &y thus more
eme(;atal%rﬂ%s have an approxi nately triangular crosssection
and ¢ B donsi aer ed nor e pyram d-1i ke. And further
f eat ur es have one or nore sloping horizontal facets

22'(1 an e%fr{eﬁon , 1,1373:%%0? Bé\%%%g%ﬂ% %dsdg%rotlar%itthescopeof

thé idvbh&tohailﬁ% tiid3c amb&limadts ¥ ilshatingenicvi@r pr@feﬁe&l 89pb@s of the
. subst ant i ally isolated pill arsll(il ands. of a |11

inygofipn. ganygugyalest embademeninere aptepdad (o he withip e sepne ! fhiginvention.

In8cddey:Biols ABMEEHioRY ot RIS LA Ih R adfitidh 168 Bds@WRWnQhd biéderibed
nitride material that included regions with

heggigysigh asahengte gpgipleombinaionsiof theglanteatictescrippé vatl bpcome apparent

to K[l%%é %ﬁ&ﬁﬁ tl%car oin th slﬂgsegﬁ ii]egnﬂt%}{e gl,l&latﬂ?&{ﬁ&i)ﬁOHS are 7'1150

stanti al epen I ng crysta arit
intgedaddo faiﬂewshm fheispore of dtetalppmdaci clam@a In the rfolbmamgatlaed in the

ap?ﬂ(?a&ﬁlﬁc \Dvﬂ&lte Bg'at%lhn%\/ g?ci; 1% g S ?J)%S%fooﬁ élgmtvw%g Q%n%‘;éltgethc%%gly
waf er . The etch conditions for the exanple shown in

Fig. 8 involved the exposure of
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a substantially continuous GaN filmto a potassium
hydr oxi de etch solution at a tenperature of 80 OC for

W@ 2a000e53per i od of between 6-10 minutes. The reBCI/UBINY8/071219
pillar/island-1ike features are generally spatially
separated, wth the underlying substrate exposed
bet ween the features, have a generally uniform maxi num

hei ght, and a truncated }9 e. However, it
Wghoul d. be .noted that IIIrI" Eﬁ%ﬁmteri al grown from
ﬁéﬁc@lgﬁgllsat es often has defect densities that are
noderately higher than the defect densities of
materi al gr on. tenpl ates of the enbodi nment of
Exanfpl“em¢t OF i Gaiga i 3 |A\RE GOy R PG tpigh (the layer
mitBadd)), iRenditeat donpsisiage etched from a continuous |ayer,
therefore few of the defects originating at the bottom
i nt Fqvadies vicmpie et fasrisings MHEYEY &P dathedslgrds having a
sub@iRhaf irRddihRAGEEaINEh ReheT, AL ufder pottidlEViBARE ok PhotdRlected
enbodi ment” of "Exanple” 1; thus nhore energe at the upper
crpal prapagicefand hempresingredwaterfd éthp rsdsfnd mpagatiabrob odiiehethe by gfmaterial
i ' [ above do not limt the scope
pr%t?%%]hgwﬁﬁ%fg%tg? %ﬁi?ggé‘%v%ggdthese enbodi nents are
i |1 gsawiag iherigycomawavlamahe pmpfagr stedtuespeet ®ndifiotdselected to favor

R s B B b TR e ot BB e stncs,

anflebinfobgladceudso efrmta@bitineany c@intsusdtidi dem@ddnih@tdr@gethat inherits
shown and described herein, such as, alternate useful
One<9ﬁﬂiorf*«aqnfit%%efea?edfWétaEPfgﬁfémssofa%elﬁﬁldéed, will becone
apparent to those skilled in the art fromthe
subse%gnt description. Such nodifications are al so

i nt @ndda nedhodf plaign { pibareiHee slgdehaye aspriiehfgmaiiidhat the final

lafdr & WBstardtfAly PO QM9 (and in the application as a
whol e), headi ngs and | egends are used for clarity and

conveni ence only. THE CLAIMS What is clained is: 1. A
met hod f i [ ~ - S -
o oandoisssASELRh 1 Aheftl B i OREL Shkidhs an plamenta
semixohdutta emerias iongn alpryeendiondpceor mengulabbea Straupdi-¥il eompound
conprising.a. plural it I sl.ands, the islands having
s PRt Py it cbafPdReniPSsBr BRI E 1o
codfpratiopthetcbHins Wi th one or nore sel ected crystal
properties, and conprising a naterial (the island
material) on which the layer material preferentially
nucl4eathgsneditd of €IS 1 whBRiOhe Ydlagedtdigtd] BpertieRERAdBE ofor
the tenplate structure under conditjions, selected t

0
merg0hH7 I aqnaitt Play s defketsiasrlertad cryptrlnelaiy ad p sgduced crystal
staft eral overgrowth (ELO |aterally beyond the islands,

and then coal escence to forma substantially
conti nuous final sem conductor |ayer that inherits one

51 andae ylolr BRI FGho Lot Rlae HEARGHS L BER oL AE gl
schapedetapatct by: density so that the final

forming a zone of weakness within the final semiconductor layer; and

applying energy to detach a portion of the final semiconductor layer at the zone of

weakness.

6. The method of claim 5 wherein the detached layer has a substantially single crystal

polarity.
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| ayer is substantially nonocrystalline. 3. The nethod

of claim lwherein the |ayer material conprises an
wek@aenm3al semn conductor material, or an all oyPCT/US2008/071219

sem conductor material, or a Goup II-VlI conpound

sem conductor material, or a Goup |IHV conmpound

sem conductor material, or a conmbination thereof. 4.

The nethod of claimlwherein the selected crystal

properties conprise one or nore of a |ow density of

Cryst dhedeti®dios cladn $ @lheeiretle iyyishatrigd obapridey a gﬁﬂnﬁ [B-nitride

red ced cr rain 5. .The nethod of_ claim
Mt %l?er%}{%#ﬁr@%‘?‘ﬁﬁatar& SERPTYS B 58Pt Ploh 18fFreP‘h%°‘fH Hpitride
IHQQﬁuQ@HQquQ&HM?ﬁ@f by: form ng a zone of weakness

within the final sem conductor |ayer; and ap I ng

ene§Vi¢iBg ¢ BIsESHPSHAE HRYING A SHface a@mﬂﬁ&pu%@ﬁ% eﬁyﬂlaa Bl
mh@Yfran@t the zone of weakness. 6. The method of claim

5 wherein the detached | ayer has a substanti al

si ngrevigg {hstigdindyoatentdl py the bafrabsiatchodefonditighgyclected so as to
foflﬂ{\’g Sﬁitélallglgt?dts rnl?% g[bﬁg?%a?lﬁraﬁégugﬁgﬁ tfa?ﬁ'?aﬁge ent w1 a upper portions
hanmgeane at moenpleitsksysthlorgamesor a di ffer ent

group-Ill-nitride material, and further conprising:

provi di ng a base substrate having a surface pronoting

nuclgedth atettall of bainh $ wdattintht &iandd jre grodvngmd flaghdrlenditions

| sl and materi al t he base substrat er conditio
selegiel it L 9 BB e p OUpR oA °f OF SRS i pond fatcFlfy and
tenRat aflhieal fayeth b 1BGUlals Spati al arrangenent with upper

portions having one or nore sel ected crystal

properties. 8. The method of claim7 wherein the

| S| andseccthodo? %‘I‘éhn'iJ 7 %@refﬂ»‘tﬁ@ RGEr RARMI Lo RNSCS @hﬁcatn%@vl&?bln the

that a plurality of the dislocCations ar|S|n%
sclsgisd ceysisbrrpearacsremaripcansoa noje efridutfaqercpytye é@feptapledlépcaﬂons

2 0

o L R S ARG pe e T A ath BB Gt ost %
anhersell pabety sclegted @Ibemno petd ((@sfagy pt i@ -re ooikntaime

of a surface density of defects or dislocations of

approximately 108/ cn2 or |ess, a percentage of

r eI dratmhomeihod bhdainal tvheeingb¢ Riandsadre glowheaddr fa¥er andlitéons

o PR i B SEE S 6 SRS Ut S e

nu)dﬁ@tﬁ(ﬁi dﬁdtglftﬁzvth SF B Uk cAimBte Bl AN totSe ipfed KirfiRes fredatitd @fsal
selg;gﬁd s to have | ateral facetg presentln
F‘%‘ﬁ’ sengprass usleaionAsd ereyy s ebihr dyer matcridl

11. The method of claim 7 wherein the layer material is grown under conditions
further selected, first, to favor more vertical growth of the layer material from the upper
portions of the islands, and second, to favor more lateral growth of the layer material from the

more-vertically-grown layer material.

12. The method of claim 7 wherein the layer material is grown under conditions
further selected to favor formation of a plurality of voided regions located between the
otherwise coalesced islands, the voided regions being spaced and sized so that a portion of the

final layer can be detached at the voided regions by application of energy.
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nucl eation and grow h of the layer material and to
have upper surfaces presenting crystal planes which
WO 2009013380 y encour age nucl eati on and growt h of P€TES2008/071219

| ayer material. 11. The nmethod of claim7 wherein the

| ayer material is grown under conditions further

sel ected, first, to favor nore vertical growh of the

| ayer material fromthe upper portions of the islands,

and second, to favor nore lateral growth of the |ayer

mat dii dhe fethod bheaipr fertve icbinpadihgy pgmowgrdvaygme layer material,

material. 12. The nmethod of cl|aim %heln t he Iéggy
t?o

depaidhs apaskinggpalginl on s teerlg |S‘t“|1°6‘ff§ S‘? the't the prree prtip

majaN@Tof tRrifBids ARt @bosdd Blrbiighl thd MaskingiPiteled, thE& b material being
| ocat ed between the otherw se coal esced i sl ands, the

selpgted spithrietle birer merA) Pisbaenia Ly Arcledtread gowsieatslaids in comparison
toRRNitd BRKRE nidigiaf i nal layer can be detached at the

voi ded regions by application of energy.13. The method

of claiml further conprising, prlor to gromnng t he

l ay % FRE ﬁ{e{hﬂh of (qglﬂpfj &/h&gin%h ggna@{a?gd ?sﬂtl&)ﬁ nitride, or

tenplate structure so e upp portio 50

silmp oxide yor ofixtutes thesdoinds are exposed t hrough the

maski ng material, the masking material being sel ected

so that the layer material preferentially nucleates

and 1gr aws methot st enigs13 whaenpas makimgtinmtaial ishlepssisksangat a

materi.al .. 14. The nethod of claim 13 wherein the

mARERioR g 31 r?&%’g?‘ie%?l 0?&‘8%‘?‘? é‘&g &MYy 06‘%0%}“? PgrHRns of fhegipitratsipot
coQ&k@By tHelislaHdX htérs@&tiﬂ'ﬂlﬁﬂ}e&fvere& 5y tﬂa"rﬁas[i‘ﬁitg e, bal @itFatd3

mhereln t he maski ng_ materi al deposited so that a
Mgty of he upperprEioss gethe i B L, fre° abe %easkmg material.

majority of the portions of the substrate not covered

by the islands are substantially covered by the

mas Kiond heraetiefl af claiput3 wherein she raaskimigarateripl sfdepgsited gppbat a
| ol

R O e AL PR R o R R R AT e {5 R B he
ishwhdsraed wbsthtslaﬂmsdx\remi hmnakmg Imatgiati epdSirthedcosprising renaoving
sug?éie?nlr‘% Iréltaé(d of gt@ eael o g%a?c ovg}ger 80%10n% O ot Ee\éftOf ég etPl o?[he 1scfansds again
hﬁmmséamRMally covered by nasklng naterlal, and further

conprising renoving sufficient masking material so

that the upper portions of at least a majority of the

i sl \zj\lgd Thagrthod beeoire] 6ﬁ*ﬁ’@§lﬁ temdving the &l?fﬁﬁ{ﬂﬂ@ﬁa&kﬁngﬁllnﬁbﬂiﬁl further

16 wherein renmpving the remaining maski ng materia
“PHW@WéP“BUNﬁngé@C%ﬁ@H$@%ﬂ mechani cal polishing. 18. A

| ayer conprising a sem conductor naterial fabricated

according to the nethod of any of clains 1to 17.
8. A layer comprising a semiconductor material fabricated according to the method

of any of claims 1 to 17.
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