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METHODS FOR PRODUCI NG | MPROVED EPI TAXI AL MATERI ALS
FI ELD OF THE | NVENTI ON The present invention rel ates
wo eowloes3st el d of processing sem conduct or nat ePCHIUS2008/071199
and in particular to the field of epitaxial growth of
hi gh-quality, nono-crystalline |ayers of sem conductor
MtMETHOEDS FOR PRGPUCINPIMPRECEDE B A PTMAPERIALS
for Tnproving the quality of a sem conductor naterr al
and provides sem conductor structures produced by such
met hods. BACKGROU be suitable
for device fabri cﬂaﬂéﬁl)%ﬁ%/ﬁ%;hm nduct or
Matrae ipadsentiibksdntiba veatos @hthpbicidtof pasudsdioysdheiosiduytopnaterials, and in
defects or dislocations. Pr epar ation of quality | ayers
partigplag &y thafisl daficpraplerowdeidiah -nya %mwwﬁaﬂ@ﬁu e of
sem& &g(ﬁgTJ{ ﬁlﬂg Fl%:, fnglergcrﬁ% éﬂézv?igess{) r g{lﬁo%%o?#ﬁpt%fvmg the quality
of a berdicendlicedr nhaimeerl &md)brcm@‘s uémﬁsbﬂdm:taratrubtﬁreslplrmmdﬁd hysuch
al so of adequate substrates for heteroepitaxial growh
mel&’fd quality layers, fromwhich epitaxial |ayers can be
transferred. For exanple, such problens have hindered
t he devel opment of sem conductors including gallium
nitride (&N); of BACKCGRQIONND OF THE INVENITIONCc| udi ng,

) . AN, .1 nN & Gl . and oth i d nitrid ) )
i Jome s etk Mbicin, WyRR ofqatbionBlg bl BFuply must have high
purify @dRow ldensttyCTiRRI RS idisdetdtiOns. %éﬁa@ét[bn%ﬁl}fﬁﬁht@ﬂﬁ@%@y@pcertam

materials (e.g., |1-V materlaltbg ener al For ]}/
matqsfals, pepselamcempeynsl mgtémledw@ et maf@raqi it the mstlbecause of a lack of

both CLU)A?{ E\Jéﬁlélasr %l@uér&tg\é aﬁ!}tﬁ e %ﬂfjwc%u%ll Ea %{ qu useq”u 51zes s gan Re sliced,

Strat 8s have een

and 8lyb babdcqustyhsbstiates fed Rs@bipitaRial fresvth bLqwiliys Iaz_’;lbrs, from which
properties of thetarget material to be grown; if
epltet"h%é@’ebsr%&etqa%feﬁé not closely match, the resulting

1‘5‘8{ éﬁhg&l‘é ‘ég roBRfnsHAvY H%‘&&%B?I?@Jkﬁegﬁﬁt%h{ s%fmconduct rs

ects ocat I'ons. Specl y, I'n t e case
inchiaaxhg gdliyatndtiidg (ﬁhN) wf othier Geoupm]ﬂmtmtés hyclpdiagt a. gaAﬂé,riInN GalnN,
rowt h strates, trldlzatlon

R AN e e T b carfim Gre

corn%ls WRR! éHdLHf%eRMBfoﬁ{er |c§1¥1§61§ndcﬁlat@1t1£1§ (e. g | 11 ‘W ﬁlﬁﬂeﬁ%) g&re%lly For
her mal “anneal i ng, and

mangoy ﬁtead: m@{walIaISt genha@ldabqubel@m biuprrpsteld attynoé ﬂpaltmbtq, agyl suitable

It Wt
and SOERERlY uihf bR R B oihe ) RRATRDE hfRR slgply matches
the ARG picsAiRCta eaﬁﬁte@lias{ rbwﬁslft@u@bro@mi@h @8®ot closcly

have hi ndered deve ]%Orrent of sen conduct or s,

mateh, ghe, rewlt]u@g,@a‘@flalsuspa bis(amj gnagqq:@t Er deapityued dodofs at(gedlslocatlons

l agﬁgaﬁ&ﬁl S R Qgste o?tG%‘?\I c%’ggal a{laﬁﬁﬂl @grgbesl'rnﬂrgs‘%d) b)J &X Sfcdtment of
the growth substrates, e.g., by nitridization and other chemical modifications; by growing thin,
low temperature buffer layers of other III nitrides, ¢.g., AIN or GaN, by thermal annealing,
and the like. Crystal quality has also been improved by exploiting epitaxial lateral overgrowth
(ELO). Despite these advances, available GaN layers still have significant numbers of defects
and dislocations.

Such problems have hindered development of alloy semiconductors, ¢.g., alloys of

silicon (Si) and germanium (Ge), Ge layers on Si substrates, and strained Si (sSi1) layers.

Although crystal quality can be improved by growing these materials on buffer layers having
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Al t hough crystal quality can be inproved by grow ng
these materials on buffer |ayers havinga graded
W@ 09posi3sT on, inprovenents are required to nmeePCEUS2008/071199
i ncreasi ng demands for higher quality. Cearly, layers
and crystal s of conpound and all oy sem conductors of
a grdd¥BcoMBEsiAdRlinbYovemend afd fealir&t to VR ¥edr indb£@loYdemands for higher
appl i cabl e processes for doing so are scarcely known
qualiti. t he prior art. SUMMARY OF THE | NVENTI ON The present
in e n t f f icatin .
oltObiatra s PG A8 ok Rl el eyl pucrgp of improved
qualityareadeitatilelaHbiviees, widety appliciblé pwressdefor dbmgandre scarcely known
di sl ocations. The invention also includes
in the @RPEMbduct or structures fabricated from such methods.
The nmet hods of the invention are now briefly descri bed
in preferred enbodi ments. Firstly, the nmethods of an
enbodi ment of t hEEMMARIY iQin THHKENVENTIODN. support

substrate with .an.exposed surface suitable for the
ﬁf RTCSPRtdRYANLBH alf&lfdﬁ metho 5? o) f%bﬂ%tlp&;?%?waﬁ%&rérr}l%wres with

surfe(c‘é%’;%lri ¥ ithpP I GRBGHGT OL )wﬁhsfe(x@f A&E:(08nd MSloBXRA%EFhe invention

surface of the support substrate, substantially
also cephetes ngmichedwstari strectsmsffdm*e:atemfeam st methedsanitheféthodsfof the
ar.e .t her ated to a sufficient

) d t
inveRn E RoR il Hes g i Bl iod s 1 o of Toct ¢ he

tr ansdp rtlﬁ@ﬂhbﬁhﬁd@éf dnhen @RIt bR G kY BivehtidrOmakdhseloflaistiyport
of island like structures. The description of this

sub strﬂ@nfsﬁlb@nr@@os%cwaaa% swtab leatayithei gz@wm of Sﬁmtopnehlg:t@' rn@;térlals A layer
of ma&tgla{ Ql%]tl N4 §e§neigo uctor 1 Vr%{ea ey %r é‘degulr%ce ?f the support
con a er o teria

substutes h&)@tahﬁzhll}yccﬁiﬁﬁhg &ie| eymresmlrfat@ ar hdhu‘b&ﬂraﬁé hncEfiInh bf &plicd material
which are bordered. at their base regi ons by
are tbﬁ%m@nﬂﬁéwea@d;s%rwf@%&eﬁme@turm@ A @@Ylgomré?ﬁlt fnfect the

tran{f@ﬁﬂ%toh%[ﬁ t@lagalp Qrgmfbf a f)lﬁfﬁh’t bxg isBhd Yik€ QRO ufhe description of

ayer of reot or producing I's nd

this tralhseﬁomtedUEyem ne &shpd) hlafjr is aﬁtﬁng oncesthd ﬁmuelrttearmdsr& rcomverts the

|tax teral over gr owm LO).. .In -

fom%sle/tw@mrﬁ&aﬂytca%t e e angpe dpeisHPY ! %&Piﬂ%‘é{&%ﬁ%‘i distinct

entiti@hvAIeh Ak oBrdcBRE H RS HRY kéﬁ%rﬁlﬂyttﬁpbﬁ%lﬁhlrﬁ%Pﬁd)@ Rsbsd, The
spatial separation for providing guality materi al

paragyetons for \vheafOEn@lonSlllciHlepmg:@fsthe optiali cmtlnmu&lsyerr oﬁmateelal are

i f t

onipligh (raBodie e bRTURS sk e PO Frah S 0eqp gl Si g

e.g. teEﬁa;ﬁlelﬁt@{c‘a@ o0¢rgtd¥ah $EDOY.I Bt urtidull 4, thePatablcdstsl afe@ptitiifS for
ereon. The masking material is applled in such a

prodrqtamg eylangklileeofeptarnsheving syifdie dimanalonyandowperialrgpasetiqrnies groviding
e RG] IS8 0 S HRREE, QUL Hiphe PR

I eavsllmgmtgnﬁafwmedoxa@ﬁslex@ tke ﬁeaalrssﬂi&haaﬁdlﬁd mpskihg onatedial is
the island features thensel ves. partjcul ar

a . .
applsﬁdgﬁ s uBiaee plothe sehstrate V%Hﬂti@ef‘%@@t @W@Sﬁhﬁ‘é@% Thedmpsking material
is apfpﬁ@& H &h RRIGEAR! 4 rELITEh QuBitnBY &y @&eﬁﬂg of those portions of the

original support substrate that remain exposed between the island like features, while leaving

uncovered and exposed a substantial portion of the island features themselves. In particular, a
significant portion of side facets of the island like features preferably remain uncovered and
exposed and therefore accessible for subsequent material growth, e.g., according to ELO,

whilst at the same time masking a significant portion of the base substrate.
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exposed and therefore accessible for subsequent
material growh, e.g., according to ELO, whilst at the
W@ 2000/01338 nmaski ng a significant portion of theCHES®08/071199
substrate. Next, further material deposition is
performed preferably utilizing paraneters optimzed to
f axekt, iRt et @lal d&fositiR -8l pEritaic padferaBRLENIzAy (A MMhtbrs
Such a growth node is known in the art as an éLO '
optigtzgdith faryprieori Zpwisl.dir rserslimensiongh, avateriahigrawth o Suclje groagh mode is
referentiall cl e fromt %XPOo rt.j,on f
koo P4 81 8 580 20 Y S U ARb Ry T e BRI R TR gplree
prefetoati@Btnuea frdm e dxipBsddemdriidmeof thvesidipfaests sEiht agasl e features,
the island features, and nucleation will be even nore

whill icfcation pilsPeHEmEg figm the napensyifages sifherisland&btios, and nucleation
will BOk 3l O pREELI5 AR SRS g o il O OB bse

subspuated Uthie il (agtomah dioae nscomnabicd prefaratdy Gbnt the islagli foatsres thereby
between the island like structures. Upon cqal escence

prodyfing ﬁé@?ﬂ’&ﬁ%oﬁ% Tiging i euner ?fftwﬁ@f Hhe ielimstifp Stractures. Upon

coal ERPAdYES: sAnlNEitd PEMRhoRS RndMhRTrd hBonBRts I WM Brm Iof a planar

paranmeters nay then be altered to favor such vertica
filmgarelvgrbwthTreeapétarsamayf thembp rleated dfabyr suble ventioddirorett

outl) i ned apove has heen found to, have reduced

otk Pty PRt a0 Be PP rsdr SR Felipor e b en faynd to have a
redutéd dongitPNsFface Abfetts P cEmBARPRES a pMRS filed @ oWntdiRUtly on a support

perform ng the above steps of the invention. For

subsgirtgrypithout perforaung dernbotsdensed thchiavention. tHee cxameple.gf hagden

r 0 i I irect growt.h of 1h a i
o8, AR SN AN, Pt b i o
resufl ¢ &lgdus 10Y /ehSdranedeiodBurfavei defdctsgiralidl Seadio s onialish growah according to

. this invention can result in about 5 x 108 /cn?2 or
this jrygatiosy caggpsulica abRiftect S0 dpmdpsicaeftsieace dafegjepidislocations.
Ly R PRRRLEY il SO e PR TEb i Raflbn ot B TG @ st
becapigedisioadtions sgmmbeatle suefgdoarngions ofidisatlded ed/stal yisdcare) have been

structure) have been reduced through coal escence and
reduﬁ?d’ﬁ%f;ﬁ“rgé_to?o%.scewq ﬁ’cﬁiuﬂnng’%]iaﬁﬁn'l imted to a particular

t h§@ittbut blink SinkRH &Y gﬁiﬂitcﬁ‘l% tHeBhyS it3€h Qe d BAVEEd ®Fcdt Seduction is

due to bending and then anni hil'ati on of defects that

due treendingiagid tleanerainitilatipreo Sddfedts tiathavietosiginatasl aa it substrate interface
ropagated.intq the grow.n rial., Defe in the
and PGB AGReie  rcepiy Bls e Bt Do R o A plucsEs that
inter@éct 1NQEPIa&th BEUELTUCWREN whbB Yhel TRdiRGak 8nto MhOsubl@uently grown
subsequently grown material, assunme a trajectory that

matqrigl psyuandhbirizefatyathat ih arere hesiizongy thyinrheir evigineldrageojoryin the island

. | . . .

e SRR 208y R SREAALH sy BEDEHA B g GBLERID oo

burdetsgetoss tatécdbnd then aRehilas dTidwibsajashttpitatiel lathe overgrowth of the
subsequent epitaxial | ateral overgromﬁh of. the

I
matqri BYSTARC BoEcd PREIRA Sk Bl syBY A GIYED die iskiad Siapyey thereon are belicved
to refhilt m c%el?gct 'cgeg%gnée%ﬁl iGdoh HENLRORd gegrg\%h' lg?\/eﬁg. to

res In ct coal escence/ anni hi'l7at 1 on

suteedengnigicotht multayde sf pridowenrelafedunithdesctofi€LO for defect
redug‘u@lfttb I&l%eur%gthgzi ar% Ier?l{)ocﬁrrntentrs%lua}n%g htGI%iI‘} oenoutsfgqu?}ce e%lfe?na]:l%?ocessing
(e.g. deposition, lithography, etching, etc.) for providing the patterned mask. The
embodiments outlined herein therefore greatly simplify the ELO process whilst producing

material with a significantly reduced level of defects.
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reduction, the method and enbodi nents outlined herein

do not require external processing (e.g. deposition,
wo paobogi3aphy, etching, etc.) for providi ng thePCT/US2008/071199

patterned mask. The enbodi nents outlined herein

therefore greatly sinplify the ELO process whil st

Pr Qb ¢ivaati kR dpplicatioh o & widOfinké 688 iYorldactee B tdrRMaind

of defects. The invention has application to a w de
comb@ﬁ@@lsdhe@@ﬁrb@fbm@mml sptconfluedters and compdrindaeinatpnductors. For

exar}qglg dig (c:)an X 2 %fg)ne(? ltoFcn%lrglgatlo%? n'f go({gﬂlcg}lil])o%ﬁh gtrang(f) grp(ggllr} gnd/ or Ge

(gerﬁlaﬁlihhf) adﬂdQB $rédip ISIVI(aad |gtcﬁterI Wsérhw@hd@tcﬁ&dat&halé SEdlﬁlcular
and/or Ge (germanium, and to group Il-VIl and %
appljcafiong e ia %TQWMR%? oFitead; nafrigles ke iggqupd T raefplsi Héﬂit%) Al Ga,

and f, t% §|‘ %1?1{ l@}i’é('N“m ) r| a?\f ﬂylﬁﬁ%ganﬁ'e%%é ?a?l%z t8f10\17 G@fxﬁ{\ﬁ&%g H

monmestamnGaNN egémN, and especially to

defect densi t nonocr ine ayers
P%ﬂplal?r pm?@r%i?%@dgwépﬁ@ﬁ lgvmtmmr%wﬁ%%rbpﬁ% fpr growing a

layep{)pay ée@ﬁc&ﬁﬁ%@ fhat@fal A ARRAERAS an@ HisRRETHTRN %’(ﬁﬁ&" the steps
material wth reduced defects and di sl ocations that

of farmeig rdplutdhiey ef islosd tike Stowatinag havipt usedi rnq,‘cemfﬂ thag lapmadranged on a

res.h t t hat
vase et B G SRua e PR BEP e Rinaar S B htape substrate,
and FRER, aRfak¥ilpgrawinpsid sléﬁnélﬁtdﬁétblafna{eﬁal J&)ethbtag?&xfth initiates primarily
substrate, and finally epitaxially grow ng the

on thyeserd srathuiet of theslend: e %@ctumtnog eoverdsl yniheinzaskiag material and so
that g{ IVHRE[ﬁen cogﬁn elg % %o%ﬁld ﬁtst%fnhael y con}(l 1r1]oeusI 2 le?.n ?‘h%: sﬁ% like structures
ruct ures not  covered b eri ar "and so

can b frm@d bWistovihga selstdrtialle Soitthubog Ryer (ﬁhbéie%ﬂtnhaaériay on the base
continuous layer. The island |ike structures can

subsfrgienaigl thgn éwawlhgtr%at@gks%ft bave Mertaripl potthaeesd snateipd Fheéqon These
I ot
metﬁdgﬁ P%&ﬁ%bl i g(g%c? @@r%mggg@ﬁg%@e ¥ ﬁ%ﬁ&ﬁﬁe@? ﬁ”e %@géav of defects and
dislavatiersi @beetrhgraedre suffhesel theslkmamtlp)lﬂﬁé(ﬁrtmbbgs Ipyardulees than the
i conduct or materj al he density of

l. f
densifgiog drtety1nd g1slacarans WARLTIRE 3RS O ﬁ%ﬁ%ﬂ subgit#ece” of

t hgpg 'é@ﬁfc@ﬂ&dc@drlrﬂat&% L QLRYResk FY@RodsTah BRPudehar|di&ital
density of defects and dislocations occurring adjacent

semiconduseorhersam alolsemaoaductdreose H-dosmysiuod semicendugtoros @dl- VI

in these od n.i.ncl ude .an el : .
comp S RURRELRST chreGrealy. by e SRRl S 2sgp aptirgepfagiant with
resp&Q AP HERIMSRRHEARCHELALL, Bid Be kéed\fhat@ﬁéml@térh@ a promoter of growth

sem conduct or. Preferably, the masking material acts

initiafipnafar thetsemiondeceranatcriali h respect to the

€ %ﬁﬁ&%‘&‘e&{;d Qi%(\?é h]%hts p?&qgé &%t@ﬁ? For%g 'ﬁ]%' la¥ & be Pa tected I11-

a pronoter o fon Tor t

nitrid@te@iicedductod htaltk&fal Witﬁfredlrcedi defdbe dhdrﬁﬂtcﬁ:atﬁkﬁrﬁ\thaienclude the steps of
nmet hods for %romnng a |ayer, of a selected Illnitr

I de
depagiinecoRuset arlmiiisasd T eral e Bipeduburrs thghermally treating
the ‘tfjdsé Llﬁ)%ﬁ'%ﬂe 0B %hatt g%iur olqus@argnﬁ(esshﬁ PRr&fof mt%&%e&i material are

ayer o e see naterla onto a base
fornedlatthabese Stﬂb’&EHatet Emelralrmhﬂréynﬁd sathontgegular pattern, then applying a
dielectric material to the base substrate, and finally epitaxially growing the selected II-nitride
semiconductor material so that growth initiates primarily on the portions of the island-like
substrates not covered by the dielectric material and then continues to form a substantially

continuous layer. These methods preferably also produce layers of semiconductor material
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t he base substrate so that a plurality of island |ike
structures of the Ill-nitride seed material are forned
woemohessbase substrate and are arranged w t houPCT/E/00&071199
pattern, then applying a dielectric material to the
base substrate, and finally epitaxially grow ng the
wheReth€ @t Ry loff et ahdl 8isRRMIGRNFUEL My MBS fHahabod® + MetYem?,
growh initiates primarily on the portions of the
appdagihgadthE iskdacs o sher salfoetgntmig' cootieyad layger tsHessdhasl e density of defects
and H'afo%atllo%s o%gd 1¥1g§1djagﬁ tt[oI %Lej%?%e sclilggtgr renf Zr Zglbflt glntsloal ly
pr de@ﬁerfeamwarﬁfappﬁmtmmduenomtﬁ&é sonhiddnalietol niaf@ial can include
density of defects and dj sl ocations, preferably | ess
gallippptrids oot algminuppgiregep or @éﬁ@apytw, gf mpyures therepfethg ﬂH -nitride seed
mategrﬁ? ceﬁyﬁéltugg gﬁl?hhlymﬁ‘ﬂl@t 61gflﬁﬁmhfal¥lﬁrfdel 3t 1‘118&1?11 fnrt@([e Bpﬁnxt res
ensi t ts and di sl ocations’ occurring adjacen
therdod; ztﬂalethb detcgidinbtcadlecan imclypdeef ﬁhcraﬂdlmﬁite&r andicon ox1de or mixtures

p the Ill-njtride sem

thergdn I"rq% E th slapiaf e Y Heatingyis sy ﬁ? Ftand; @f@ Stfmtures have an

averh gl é)lé.&][lg ok Be%en %odﬂ)xlt HideBobiey Gaf and%}Qha{t at Ieﬁ!;ttarﬂogﬁon of the
see ertral can include galliumhnitride, or alum num

thermal treaztteent@pcursl di atenmpictatird @f abheasmlmm?(ésFuﬂnlmreaif sterred these

| |
mectg®, frafih Rt i Tt Bt QB StV ipb ol i ey
grov&lhg ah &R peffotnh@r Wlhih ¥ stlp@@ichftBr, iafid 86 hwthlﬁa& sihpR grmrtgzcle

e structures have an aver age spaC| ng of befween
ab&urthe prefared ambediments pigvidashnpcondygtor afrudtergs havgng a base

Subsﬁgl{?#é ? aﬁft%%F ?slathl{;ﬁ% ) Sl}létlil%gépg E%edo ua&?#ﬁ tf?at a sult?ble Sfor t1he growth

of IIl-aeBgc Matdiatisind v tard Srdnbed eedatd Nstritbevithoer ﬂ&'@llllhﬁlpattern and
treating, the applyin and the epitaxially grow

a layes Af Waskiag F@Peﬁ*éﬁ fhﬁqwseS%hSH@qeéhrpé&% toich caifizad @@Jorﬁy of the

lslanv(\{lrrgg% BuBusdsngl e growth cycle. Further preferred
e di ment s provi de sem conductor structures having a
ba®ecfstablyt thetnegskmgphateddliitigtudes aidid¢lenide hiakeeias tvhichitcan &s a silicon

of a eed material that ar itable for the gr h of .
oxidfior S AEPT B HCPURPAITS: BREFOLRH 1o B skima e e Pehes & thickness
that Rﬂ%ﬁ AP 60 )N ,oheutA . ng@lAa(ror RALLEBdIweaNHeR 1imY i1 PPerrably,

maski ng materi al over the base substrate through

the sendsn@@rlal majudes GyNonN, WdNiaadatdyd thkeso tand dteuslesd like structure

havige fisried i b et RS etk e it o e nsity -
nitrifé ﬁrnh 6§ nf¥an BF Xib4EQRnt §RTaQRA lataachvieRgowaS KA @gmlcanaﬁy preferred

preferably has a thickness that is |less than about 100
SPatlAl dengity Soanmverge spaciy frbofrsanedoped- vkebouhédent.i nit s) .

an gtngf%by S ’S? [I%'[eb?nel%?&& S@E@I& e ac|aIsl ;ha n déﬁd&%ﬂ lﬂét'e{; § rf g'ﬂll}hmde

matdtay thaghdshesubetantiaiBt @htifhous @%ﬁlaﬁSLﬁrﬁﬁé had thdemsi 4 base contlguous with
suitable for producm a | qw def ect den5|t1y [1Initrjd
@ge i

at lepst |am05t§pnrﬁ;f§l;}]e ssed b el g e @bqld( liks siruciuggse (Hyis layer preferable has a
dofePURRGEOU Bss PRIk SUI RPky2pr ef erred spatial densi ty
I's an -average spaci ng of between about 0.1 to about 10
mﬂThanﬁtsnbstathmllg’ém wehblercindo refer toct naswdsthatain chapketagkcept for

erl |l ayer of a Il]-nitride
the (Pe\fimen 1es ormally expected in the art. For example, a pattern is "substantially random"”

if it does not appear to have any regular pattern upon routine inspection. Thus, a
"substantially random" pattern need not be random in an exact mathematical sense.

Furthermore, an epitaxial layer cannot routinely be expected to be completely continuous (or
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material that has a substantially continuous planar

surface and that has a base contiguous with at |east a
w@ervioais3nf the seed material of the island |iR&I/US2008/071199

structures. This |layer preferable has a defect density

of |l ess than about 5 x 108/ cnR2. The term

com%)ﬁtké@y‘shﬁﬁbér%thﬂ'me) rotS SkhcRRESHP diersRhS T Hb®eder! %éﬂliamal layer can
i's cogP ete except for the deficiencies normally

rout@ﬁbéwteei@ec?t ot “éubstatrt@ﬂy éw@ttrpIIOES” @r ‘p‘)mbst@ntmallysrnonocrystalhne”)
across I%chgéacob a(lll’n%{l%lg ere lthe d1§cogp 1tles %r 818’8‘[%?{101%!?0]111 ao¥ %rystal

" Upon
bouncﬁﬂb@tlﬂéﬁehtadrb yhosé Bﬁ%‘iedﬁﬁtﬁe&frﬂfoﬂ &t%dprﬁwssﬂ&g cﬁtﬁﬂ@&m the material
an exact mathematical sense. Furthernore, an epitaxi al
qualitgyeghe isefortlbut i nel y be expected to be conpletely
co G
mg&%ﬁ%@gﬁ séﬁl{cr%g%@tcgﬂggléf 'bbgplﬂg 5%%1%{1{131 F;n%)a gi(éﬁg{tg ?E‘d dislocations" is
useddencin cauicaethyt the semmendhﬁtﬂoﬁla)ydn d@al s dblfsﬁta foff ldaﬂebtg and dlslocatlons that

ont i nuous subst ant i al monocr ﬂ 2
is At hegsoloy %&%i%m COTRIFBAE {3 i B9TBmp &1 the art for the material of the
semfébﬁ‘(ﬁfémr'l%t FEScxafip iy fik %hsed&f@alm S‘su‘t%fanﬁﬁ )ﬁﬁé‘hefects and
boundari €s) present are those expécted in the art
dislachgorpt’ @meslswrrg veonidint dannisy of defcatnordislatatmpual i t@ken to refer to

sou a sem conduc ay
nercfiEky ity S8 BatRn ey T g S lin haRTan EPOUE ST 67 J0%em” o
107/6488dnd 8§REMIY RsEBAR apPrdkirhdi6ly DAThE ORIGHEL 10°/chY Ehe B c@density in
denS|ty of defects and dislocations that is at |east

the growp BF nijiadsp i egesuredclanpathiodowell dsnvwato thesclombr in ﬁhet 4k
inchgd)’%llé%% Orél’liE ?oﬁrc elgré ac?gy, 4pt1éa§l]\1l'mc%"s10 %El?r{gl el&\{r% %ospy and
trangiigsiohh SlcOe@t mbRGscofRITha prefdtred méeioy fleWezd;&ﬁﬁg th)e défect density is
defects or di sl ocati ons %EIS taken to refer to herein
by tiagsristiar elepfrorymiqrawapy 6hEMeénsi ties of |ess than
ap [ /
o DL T ol e TR i PHPAERE o 817 B £ Go and
Si, elDSic e, witvee geflet’susnstioy hordethets gnddplochtions! tariades or very
i,.s measyred b t hods wel | kno those famlia
low i oF defehis ot d?ﬁ@;aﬂ%sbmtak%P LB R BpJefed o ipcution
densThGToP$EE Man a%ﬁﬁﬁﬁhﬁglyednetﬁé 6R%r 8F APRIFADY 0BAH, and espemally less
transm ssion el ectron M croscopy. The preferred net hod
thanfapproprraatellyiomghe h@iedeif Hfemfe rls thqpaS@oiigpphmmgsrtcsgﬁ on Si

el ect cros O her exanp
"sub§aR bR e S R e oy @ di o8 ST RS B e
dlslcﬁaﬂo@? is t8kd&h to r¥et toyeRdn ‘t‘@@éf@ct)br Hls%oatlon 8&HRf 18 0F (e84 thvn

no defects and dIS|QCH%I0n% L0r a lowor very | ow
apprgsingitely opthefetleralsl Ogemaie | ©&an s arsysprealllesnthan apppsimately on
ﬂw({ngSﬁ%n to defect or dislocation densities of |ess

apprOX|nater on the order of 103/cnR to 104/cng,
an @Ilee@lngmxa lukad heesia foheiri g ptyoaddrmmitieduy aﬁ)ﬁm&ehﬁle@ tigetation. A

103/ ¢ In the case of applications tq
numb%mfgﬁfﬁfﬁ%s 31 cilerl brasiacths chtig dasclosyeeaof afrlslseh a(r% rncarnoawd herein,

in th@lr chftfely, lb?W?ig?erﬁéé %V] Fo¥f afifpu gﬁsgs‘:t kr, dbil QE@E 'cﬂ&isy)eférénces regardless
taken to refer to efect’ or dislocation

of h«)ie rBarhéteszafabbes ss admlltted as prior to the invention of the subject matter claimed

herein. Further aspects and details and alternate combinations of the elements of this

invention will be apparent from the following detailed description and are also within the

scope of the inventor's invention.
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approximately on the order of 104/cnR2 to 105/ cnR, and

especially less than approximately on the order of
waevonB37 Headi ngs are used herein for clarityPCHg20881671199

wi thout any intended Iimtation. A nunber of

references are cited herein, the entire disclosures of

whi ch are i ngRIPEFESARIPTRON. OF THR®RAMINGStY, by
reference for all purposes. Further, none of the cited

r efTée eresess m‘reegan dlagds uofleriond oivae Aty rz&dembm/éle fpowing
s SR R RGP L BB AR S B
cxarAplbesMpleific e e tb)é intvbeticel fiarnd Spp@fldéchﬁ@res in Wthh

|nvent|on will be apparent fromthe follow ng detailed

de &g il ptlusdigtoasn cxp@PlANSH it HITACESHe scope of the

i nyent

%ﬁ%r%ééﬁ%hgﬁﬁgﬁ% 1§ﬁg ﬁ#QE un égﬁéoo Eﬁ%?%ﬁ?' ’y by
refﬁgénﬂammﬁmmhexmnkaWMngnd@ﬁ@nladidescriptlon of the
ferr é%l nt of resent i nventi on,
st ﬁ‘t‘ﬁi“@?s aﬁgt%a@tﬁ Ventihodi ment s of the
|nvent|on and the appended figures in which: Fig. 1

illustrates an exenplary prlor art process; Figs. 2A-F
3 19 dH DOURRED EMBOPEMENT

‘tl tustr tes ]
eﬁwds gh%@ﬁl@m&n 2l BT T R ) obsiipmduger
matérﬁ@whtﬁ‘f@dﬂcle@ BurfdoE B Eislobsian! i2hkiN 10k by ddRkHERSER uction is
EMBODI MENT The net hods of the invention are observed

due togthp pwas,seng sé«;térthat@torgetmﬂ@mbﬂmumf dﬁrﬁac@ranéldlst@qahon during
epitgx qlé ?&fﬁgﬂﬁu&&g&%{eﬁgﬂﬁﬁ% 1H§ ttiley surtlaEe aesfecﬂ dislocation
eve tha rsre [ ng

processi

dmnﬁyeﬁﬂxhﬁﬁﬁaﬂﬁeﬂbtemkhelbendlng of defects and
di sl ocation during epitaxial growh of a sem _conductor
mat &t BY Mapef a We @ggéthq@nt the sggmﬁcggbdlfferences between the methods

of thgrgjfrgs%h/ ﬁ{lért’t__t%ﬁ%hti 9@0\9& %tﬁo}ﬂ gfllggtpfc ﬁlrﬁlg.olgqﬁ'é:ﬂlg%hgl%tﬁdé Following

r st I ntroduct I
this mt@duéttomapﬁefaireﬁfem‘t&dmtbeﬁt\heatVehmm are tdhadded fvithhreference to Figs.

‘ﬁ{ gﬁ’?%P I%tSP%S tho e?‘ﬁﬁ{%@ %fq% gglélcg% il }Ep egﬁolr Btl)lnmseness
and %ﬁfeﬁlfeﬁ@éjmﬁmbvﬁﬁ@ﬁﬁm%atf‘ohethb @MWlh? Hes@hﬁtl&?%ﬁf fiARES reflect

th reference to Figs. 2A-2F. es are
comdesccharbetdrlwtqs tof ﬂ@flélrmtmtes,tmrtrqu@sly Qf GaM, Fcﬁlmctatmete I prtrides are
conci se ess and c

ofter R SAREROMie T O il BBl byl hind g grse! properties

The GRIWiRE 1T GAAID iyeREREIE bFEA he&SmPherbitedelfddts Mdtdisle@Sions (generally
particul arl ? GaN. For exanple, Ill nitrides are

regigyistad dise AYtphsYE GBI opingtipe et the sebstigtgtinigfagre confipeng into
the G by e S b P O Purer aus def et s and

di $h egailishesmépedefoaltowing GaN layers, a substantial continuous GaN template
layer 103 is covered with a patterned mask and GaN material is grown through openings in
the mask. Fig. 1 illustrates substrate 101 with template 103 that is partially covered by
regularly patterned mask 105 with regularly arranged mask openings 107. Regularly
patterned masks are usually prepared using standard photolithography. Next, GaN is grown
on the masked substrate so that it first nucleates on portions of the surface of template 103 that

are exposed through mask openings 107 (instead of on the mask), and then grows vertically

through the mask openings. In the final stages of growth the GaN extends laterally 109 over

7
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regions of disordered crystal structure) originating
at the substrate interface, continuing into the
w@e@norg3t ayer, and energi ng as surface def ect BCT/US2008/071199
establ i shed nethods for growing GaN | ayers, a
substantial continuous GaN tenplate | ayer 103 is
the AAKENEMWubdrafe ARth&kIEHTRS Krepbhb N BBlc8 ah@kf thS mask openings
grown t hrough openings in the mask. Fi 1 illustrates
are pobestyrweecdiapartyiftan attengithet lateradty growingi GaNoape wall pyentually coalesce
vere gularly patterned nmask 105 with regularly
tOﬁ) még $ﬁ openi ngs 107. Regul arly patterned nasks
ar en btﬁiﬂﬁdsﬂ proeespasetlc usichgorsd@vdrdchepding ialtiallp @egva glidyontinuous
GaN 1s grown on the masked substrate so that it
GaN lﬁkagd like struchures anshthpp reploprposed porEors pffthe substrateedpsippesed to the
prlollag'ﬁ \S)v‘hgggl t"ﬁF ?naﬁﬁlﬂ ?%%r Esr}‘)B %ﬁ?ﬁrﬁn‘[ﬂgrr? g}\?\gq\% #Qx?nctgr?u)%h the
unmhd;ked ueghosh & igeXkikillogeandsns cohﬂnast herd cloaly, S\th&@@amf(or other 111

. .growt h, N extends | aterally, 109 .0
mm?ﬁh@%@ﬂlﬁ@ﬂ% pogducgddn ﬁl‘&‘s"isé”ﬁﬁ% Senamtdd 1&&8%5 315&? ﬁvpgfiilset&%ted
pyraﬂﬁ&’s o bdsBEuBBRSIE ?Q@&!t' kﬂ%cé@sﬁéas dgf ﬁ%b&tﬁlﬁ%&\?%%ﬁéﬁwse deposit)
ter atime, the laterally grow ng Ga wi ||

rnas]gug maw[all y7 é@gl, g&cen nigidey pmfaent@b'rm efdisgantinuoms film, thereby

Db TR BDERERShoBly HEEOL AT SR SRRl

dlspfdpbﬁﬁlufegﬁd@)@@tlhg 81 s c SuRaaRdo RAEHhRDFicint td@ibstantially cover
substrate, as opposed to the prior art wherein the

expayad Rottigns efthe sibstisr med first and then GaN is grown

thr S oy

o B BS80S e i
step$1@iodr disddohtinGousriglantsedd Itllibntrhﬁkf ahivhad sigeipieidtyed filt@hadacthods

9, here shaped as truncated pyram ds on base substrate

that 3r0w\réa&tmuw5c}éié§§ aad en prek Audnmpsey cgmsercepprogided Pyt
I |

inveflf @9?%?% %]ot : F%/zﬂlﬂ de{ggg 51}]13()'?1 l(Jo ith ?resa lbévgﬁ&nglbéﬁﬁdjlﬂproved
distr[imsllon fthpse titfocts tlmit cammsba@en ﬁmahﬁctrgataf |atchly georGal faces.

i's t.he maskin [ oportionately

E ﬁ?r R PR Db gl seatfl s Otalé%%raglaﬁftwémélﬁ{ﬂs to

prodtu@e ﬁl‘éli’l%fsﬁﬁfg' @%lbi{s eﬁﬁMﬁéreFdﬁ@ A88EnPaldrRbRs 8fc 1if®ed by the physical

substrate. hough further processing steps are
limidgeey ¢ ftpddtobieagmphie tetlsiqums ar-grfor sthiae farmegen aanietmqistrated in Fig 1.

The ftsSE R o SRR S RS e 50 Rl Aot PRt TR lput o Suficiendy

larg® QUthithd en iy 1@tcPal a6k thITREEs TB SIKsce ThkGB id JTRILR BeShabiliRE 88 Bcrystal
provided by this invention |lead to significant

tilt aeipa Hiviateas, hazierperyrigd |béhV@@¥1 éhatwoonengingeqsitelyfromtgresulting in a high

dens&%@)ﬁﬂ%%gts %’t ﬁlt . loﬁltﬂ t}pk ?1%{ %:tP\%%S tl%qfaé%f;al acljggofxx/r]:%??%gh’%?efore,

€ nerg y grOMAng

whep Co¥id aing th)&’ m&qﬁ@ﬁl gt Eé\rnpllb'yining&lI&Uama fredometries, the surface
phot ol i t hogr aphi.c techni ques tqQ prqduce. the naski
def ePfé Gror-13a rfl sHettibyted prache &r&cwﬁﬁxeﬁgaﬁéﬁwewlmg @oﬁreas with

hlghqé{wf]p@f Ry 'ci‘él?slltlés i ta?etak Qikh c?fnlpgﬁﬁ(f&k'l&b QY ARIY d%fect densities.
ni ques, for stripe mat i oh as denonstrate
AlthonghFihgs rion- randorn distribution of defects is satisfactory for certain device with
particular geometries, i.¢. laser structures consisting of thin stripe geometries can avoid
defected material, wider area geometry devices such as transistors and light emitting diodes

have a device area which could comprise both high and low quality material. A mixture of
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The mask di nensi ons provi ded through standard
phot ol i t hographi c techni ques are sufficiently |arge
waeemb/0133at when the | ateral growth faces coal eBCEHUS1008/€71199

is a high probability that crystal tilt and/or tw st

can have occurred between the two nerging crystal
bothfHi@hifd o®StlatityBateRaRenlb@iPasden§ithin Ofingletieatsisafetrirhéhtal to

pornt of nerger between the |ateral overgrown faces.
Opﬁmh@démﬁﬁepﬂﬁhewn@DnS|der|ng the example in Fig. 1

e n tri e tri th urf a

ar S RlshRGO s BEPIEGuEFucediuB i Bifep fita

distrétitioay@imely B&tihg b RgvdrRlcadigas dofdety Mg Raddeviey diseibuted over the

defect densities and areas with conparatively | ow

surfacg\pé e 1B nigdeeipilapren dibe ipeasentAnyangag Rradwres sybrratesiayermble for
ELdj% D Bt ﬁaﬁrﬂtﬁo G081 Qgéudtéress?t‘ it RGhAENal [ QriGRES FitRout regular
vice Wt art |cu ar geonetries, 1.é. laser
pattesh (thet isy dsriboted "'sihdoglydfor t'dubstastiallypandenlyt) dtesencaliich a
avoi d defected. mater.i a er .ar try devices
dlscst}t%wogslawraq%ﬁ% Pgﬂaﬁalatqr@ﬂtre&mwl% koS O @ xgoscd
poﬁ%ﬁé’b?@te%‘é@su%ﬁraﬁ@ ERULnOPREd Sy RALR s@éc@rfma{?‘gntoﬁi’l\g subsequent
quality material. A m xture ofbot’h hi gh and
ELQquead ateynotranly rirdond n e vapees et maire dloselassicedythen dawv be echiieved with
etrimental to optimzed dev erfor
stani ph TRy Bt SR ElosF B ed A Gte 05 snapipe botween
later@ljéﬁ;\ﬁﬁ ?S@t—lﬁfr&ﬁg)‘e et ol s et is R hroBuccdamRnyerveM iff@tsferowing from
| ower density of defects nore randomly distributed

diffesend islaieliknstfugpecsonergpe The methiogs piavergidnghereforaiead to fewer and
S vie d substrates favorable for
randE{T%’ gg{rlbu d otl ?? r?&&’l (li%fczsnd |'i ke structures of

ni 1 pleeerfwteetboaim@hts tﬂtd Blahe dkufsﬁntume cos@tib@mapablsefia promote
(that is, distributed "random.y" "substanti al |

subsegisatbamifprjal BEAWiB o thernteaded &tng%ﬁpttﬁu@ager%%t ingfates or nucleates

on tﬁﬁ' 1Fllaﬁ&) LIRS ISH&‘[IQI%S ”ﬁltcﬁﬁér%or% ‘%{5 fsfami'l Ie's‘éf’u&ﬁt%‘%?g@‘)@e m3ferials that
a exposed portions of t ase su strate

can acs lt@twdsd prubfeuain epltaxml @ewsleeftthe frvended somicondpctor material.

ubse t ELQ, re . not onl andom rran but
F““Fﬁ*} él gt'aé weymaly; y@%are?qtgmy (:‘QWP’B%@y %‘@ﬁtﬁ%‘i?é ﬁ%ﬁtﬁﬁi%g’i’ﬁﬁ’é‘reat
epitd XA LW hRP W ARMN dc PREABSRIUBTor BHAED af teog°‘ Ca ﬁpﬁﬁtlﬂgseﬁﬁ%ductor
simlar close spacing between |ateral crystal grow
matefriab)rﬂosylat litéverr ncieftetivs onneclgntiod weed's wh e waskstglayer. In other
rovu from.different. isla struc
Worﬁiﬁe ’H%lél Brefgrab FamPTign® bﬁ@P%er%ﬁag Febd 2 Jsuttactants”

withfreyREt tarttsje fn@éﬁd@dttafmdbﬁuuob wiaBshia$ . £ a8 |1-GitYi8¢ &dmiconductor
defects. In preferred enbodi ments, the island Iike

rlflateslftall)ucture conprise materials that pronote subsequent
epi hﬁﬁeraaldv%{t?é'gs %f ?Ie 1['112)?0\16953?&% é%s ‘8?@15‘:1?10 Po e described
eri al S OF ‘nuc eat es

subsie@tle&iﬂsi boghkimirgt Witk b @6 detaledddyeriptivar dﬁhe pﬂ&&rte@eafbd)dlments of the
i ke structure conprise materials that cap act

invenigerpyyith §?f6@§%@rﬁlge?pl Kigsthyathe @F%]Wdﬁ obthe peferse éﬁl&e@lment of this
invenfs &} &Qﬁﬁﬁ&t& fa YR ﬁfb’sﬁ‘étg 3Ry 51%@8 u?ﬁéé‘ﬁ Dt R i gsrowth of

eraply conprise su st ances | nder su equen
galhapl ttitdedbr qhelvﬂlmtrfdetmﬁema‘lt;)e mefdgshmmdhﬂect bawe substrates 3 have

erial II nitride sem condu
physwatl properties, g crysta lattice sizes and structures, coe%h

cients of thermal expansion,
and the like, that are similar to GaN (or other III nitrides), or that otherwise promote growth of
high-quality GaN. Preferred base substrates can be non-composite (i.¢., homogenous), or can

be composite structures, where one component provides similar coefficients of thermal
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material) so that little or no initiation or
nucl eation occurs on the masking layer. In other
woweds1s3she masking materials preferably conprPGEUS2008/071199
substances that act as "anti-surfactants” with respect
to the intended sem conductor material (e.g., a
expankion @hl bhélBerS@M AR YesRAcsTrh Bid @ stal 154ES §i8Es and structures. For
advant ages of the inproved processes of this invention
exargple, ajeasepasije @J@Ub@é@ﬂyeqmslyt oftﬁe@gpnmrmgnwsul@wé -ompPi€ (or AIN)
strucfé ertee?\:vlﬁ%rg r‘%l? phlpe% ]F]rco) 28 ‘ierer%lgoe lrb?e lg{tlcg gx??cqg ?F&l ]Eo ]tnﬁlt the
fornfEibh 0flgcfodts hhtehe RpefxedlN egkr, eﬁﬁb@ﬂb SiENfor AfINY bﬂosldenu @it ¢t the
nmake use of a base substrate 3 with an exposed surface
cocfficignt efaheranaf sxpappiengrevaning thighall-niividesi frem geackipe uppmepoling.
Othdr! c%m?bgl{el S%S%:[F%ésqmlﬁhg‘ )b'ut 5‘[%%0’[: 11911‘[6%?0 G eofneﬁlglﬁgtop g?aﬁ\l OI), silicon-
rates ave physical properties,
on- I)IOBISﬂwOE-CmrbZdES(SapSh(StandJ St Dmpolye@ﬁtﬂlme SI(I 68166p81ﬁ¢r®mt:r possible
anS|onb and %ge l'ike, I are a* ar t 4 GaNiéor :
non-5pREPST eI bt uge Saaphlf@hé ticge P 5%1 I OERD g¥ighgsllivm
arsefille NitBRnAgAatd Vi -a1fnigi€ LhE thehasewsH Qéﬂﬂh% %%hr}%gﬁefeﬁed
non-conposite (i.e., honbgenous), or can be co Si
st Rg&rung®, Fighbr esmanudtmmnuowmwledw kiyer § mrapplied to a base

oeff|C|en s.of . th r, .C on
subsfRE T BTl Rrif 1oy B AR B i P ERE 2 358 aRRER Y ior to
descﬁgfng%@ml&l laerCh) Meuﬁr&mbﬁﬂlé &rdh "HRAYlceRRS S txMingd. Epitaxial
pphi re-on-insulator-on-Si C (or Al structure, where

growthéamﬁalrgowﬂmﬁng@ﬁyhtyp@agb eginewiththd spenteaeasts formation of

rmnutg gt‘ygjg’(aflg[ﬁ Yva chr&ttvg ﬁlg ge%eﬁig rf%&% gl{)&ﬁ%)ﬁﬁ‘ gr?)%\sl l ncrglﬁgls 16?1 minute

crystaﬂltédﬁz&e @éf@lfréd @l lendin @f "ddedsinR hndﬁtﬂé@ﬁl@de@ﬁ:s oﬁt’lﬁ‘ptﬁﬁim:ﬁ@)n and initial
thick Ill-nitrjdes fromcracking upon cooling. Che

groveB soisfareedde Bs tugtcaton ndp drecase ef epaﬁaélah gowth mhe%lq%?ates on
surf&@%\l‘ t Pﬂo@éﬂﬁ'e?& l@%\égc)drés Aélﬁ gﬂ%@&ce the spatial configurations and

on-car
crystad) pgopemﬁs bathe Inllleleﬁ)}c e(eSi rﬁlﬂi{lﬁg ErtairlCtdrdigup®as mthpropertles more

BT P e T .
surfidetp%ﬁé%&%ﬂe@ﬁ& ’acﬁlbé}&l‘ HRbsAbRBIFAvtR B bﬁﬁ'@r 1%&@ or W& Kt face

sapphire being preferréd. Referring to
Chmsmﬂﬁﬁannmﬁ$kwbyoﬂmrnu@mS nucl eati on Iayer 5 is applied
r, CO

a quj"b Ii?sqe 1?19:[1]6 100, ?Fé’lg%% ﬁr%rtng‘% §0ér%l|§e? jHl 1?18)rn1ic[)gg{1on Wltﬂ selected
spatlE8&Hsith aidwiti Gblearkd @ﬂls{a@?ﬁﬁ)ﬁ)eﬁles t hethb peeshpeéfBrred etb&diment, the
term "nucl eation"” is explained. Epitaxial growth (and

grovgh gendifiofr b hngdension |14y3¢; ateyspicetat Ity pigwisicrachigh densityief GaN nuclei
f
2 (e. pl%{;feo"i}/gtgg% gﬁé F%édsﬁﬂ)g? thépvﬁﬁo@?ﬁ{r%asér%geg%‘t% gub\g%)rll??l Ly gqntlnuous

layelT hehih ﬂeﬁcabmrgytﬁé Aaldi¢dtion [afce ag efmihtuews, itas arekay @st that the layer
"nucl ei " and .the processes of their formation

and
necesyfrly afpnsgﬂﬁw&arﬁl%&l% Gadfaystddhatsouds hepppengpeped suriics hef the
basecsﬁﬁﬁra% RRhisash@kt 5 OMifudi* G g;ﬁﬁéa?l tr€§ ﬁ#éﬁlgggﬁsely packed

he properties of the surface c ong y i nce
plurﬁlhg of paNi raiclet @ Whigusubbtiantid lyammd clopy sl at alprospad! ¢fi ths bade substrate

h I ., ..maki.ng. certain nfiguration n
upp%rsg %(Erjefll glg sl}%jctbsechgmhtlcrz]aﬁlylm %1gcﬁo.t ain configurations and
It has been demonstrated that the structural, electric and optical properties of a
subsequent GaN epilayer grown on a nucleation layer is highly influenced by the deposition

parameters utilized in the growth of the nucleation layer. Therefore the properties of GaN
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stabl e than other configurations and properties. The
term nucl eation |layer refers to such surface
w@e@perdses whet her achi eved by depositi on/ gr ortTrusf008/071199
buffer |ayers, or by surface chem cal treatnents, or
by ot her neans. Preferred nucl eation |ayers pronote
epild53N uB5eqEMBS %rb{)vh fRjnh FHedRik1cBtG Rt 28 rdMahforSRleGkiBAl layer
spatial density and with selected crystal properties.
depqsﬁl@h@rq@n@@r@m g gt drielagss gbodihreiat depppidiog fapcrature cte. Ina
pl‘ef% eo Ve A 1rnﬁn nl,l]lc%gtrl]ognu leeraS# 15% leﬁﬁacr éarfgve?elo CEe%gpefa?ure of less than

600 Peraspﬁfoaé pllfe&raiﬁp 0S8k tHa@rpo °Chenie b)ﬁﬁr@pmfdi@:débnﬂj’o@frﬁétﬂbésy than 525
substantially continuous |ayer. \Wen describing th

°C. hQw lERPFGRITE BYPation, SIMOMAUB S priar arfslsdbghlif drvoniple f%ﬂncreasmg

the deigt 6{}% L&M&ﬁ s&%%%%ss%[e'c{eﬁ b%&’é“ﬁfb%éte iofh\%' gcr@%’é' in GaN
cry ta at covers e upper expose sur ace

cpildyas guaditp &kt Atneanolenat MpplicdRhesids [attesoss, |3I5l’ipl&86 )f iMhmnucleation

layeb?/ pr'éfaﬂlﬂﬁ%&wgpgfs tﬁ%?fl fg{f%m%ﬁ? f ﬁﬁéﬁ@éﬁﬁ%g ?qr &%Ietrzbly less

thana7|5rIR§ br &l d mBfe ﬂr@ﬁn@@%ﬁb&ﬁ%ﬁf ﬁgsethhhﬁ’ B& 'hmS uﬂfearﬁl%leltloﬁﬁtyer can be
shown schematically in Fig has

forngtd moressturtalble dubstrate lftyhemsttmdﬂ QflT)aﬁthQ@ll@OWlnlm theredt, opfudsiazg but not

imi B BP B S ey B SRR SE S A B Yy, B4 SRy, sinon

metlRIP AR Eh&ﬁlcﬂ&h@&%e?bﬁﬁﬁﬁ iThipzekréderhbligEMdbohthRfintdh@on the
nucl eation | ayer herefore the Er operties of

nuclwmﬁweay%fogmg@b:s ém}@ﬂpugzmgﬂmlmo hemieah gapnycicpesitian(CVD), for
exan&@g el i 51‘13’[ no‘?ﬂ%]lltgg tor] %f s&%telnﬁgnCGQWD %’r%?c 121 e?%VD
Fameters, e. g. layer RIENesy, rthah e

metddRpesid COD etxﬁ@ﬁtr@ibt(Heh@d)&apchfphasm;ﬁtfaey (HWPEm‘oodl ment
nucl eation layer 5 is forned at a rel ativel | ow
t erhBe PESERE Oéﬁhq e mentpnasontrige nyelepindayrefasegn e insufficient

to ptlogﬁi% ah%ﬁghlgéglggg Q]Etg'(ﬁhl\?e @r TG &lek %%1?1?%%6?5& therrnal

'ess t han wte ature nucl ea
treatient it mudl@atioatdyer can ﬂasqjhilnya draatbriatpreveddrase foc Ih@]squagty, low

cetegy frenpanisida Baafilp (e Rk G2eb T i danAgpFaaTes 75,5367,

199A§U fﬁelférﬁn% REEIAIRNRIEE 6 @éomp‘%«[%ﬁlg gd bE’é%}éﬁbﬁﬁateL%&%&éd witB the initial
The nucleation layer in preferred

nuclestiond iyee 4 18H®9teé to hitokpregtsregfdel|eds tot ramotedbe trmlsf@nnatlon of the

r r ef.er abl | ess n 75 n refer
eI PHE 10 Rogtes amdss TR e Ttk Pl Fafir Salfut rogular
pattdf")f QIbIRALAR Patisllyt Ph@tcAUSIBAdsITQitee thafBtal.| WhER r&Erring to the

met hods known in the art, including but not limted to

islangh ps pubstantalhoscparatrsst shogkl baspnderseroddbygadthenginthe majority of the
regl(qﬁlb%W%%rthg ﬁ?ﬂg‘ﬁ Qfetf?e)éyo’f HHQ g{%n%!is{}%gi?fnqﬁ & Cfct? me‘}glnay still

eposi I'n pre erre

rernalﬂueﬁiailcammhtaomw@a&mtﬁﬂe irayomie fegiohor med by t he
var| ous met hods of chemni cal vapor deposition (CVD),
f o he Regimee 2RIl G B PHybLRATosEIed Via Yagtty @f means known in the prior art

B IARRS el o £l P OB gt i
prefdinel gnlasience, ofickeltas htaedmrnbé ONEdreactbr utdezed diod remtdaton layer
forrnatlxg rthgrle‘tc))y glll’?llaflg,tll?ge therrllség Iol r%lrn%ge the article from the reactor and the
resulting problems imposed due to exposure to atmosphere and growth interruption.

Prior to outlining the preferred parameters for nucleation layer thermal treatment some

mention is made for the basis for performing such an annealing procedure. Although a low
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to provide an ensuing high quality GaN epil ayer.
However, a high tenperature thermal treatnent of a
woembes3son | ayer can result in a greatly inprevEUShase1199
for high quality, |ow defect density nitride materials
(see Wckenden et al. Journal of Applied Physics, 75,
tempd@idre nkSR4tion BOEEITH11A6s APintpr8vedise Brlslibdegudht e}t)llayer growth, as the
(conprising the base substrate 3 covered with
reactontemperatatgdh gwrdase ﬂoagaeds GaN provib gareppratores (ke fPer-dil09 8C) the
e 1o transfor tion
struc"i\ur%%lf‘%%e 1n1t1a Rucqg?log 13&76 Volves Si ?@ ntlx d(’)[%e 1n1p a?l nucleatéon layer is

a ser
typidally higHie Eieﬁwtédj ﬁue ﬁf tha ag;p@htyvm tietal pﬂ’o@gﬂﬂﬂeﬁbetﬁfabﬁ &felbaie substrate
substantially spatially segarated Islands of nitride
and ]ab@tn@tp]ieaqlon b@f@n THRE f[q@lgt ,ggzlrgéepl gfﬁél(;la@atlon layer 5 have
o SRR st 8 SN, BRIk e s
3D stmlcﬁmi;sharoen boﬁessdfotmtlterzmd:élaffdé emd alirtas apﬂn\hBtnuntuFé gvhllst the

2c, there may sti]l e anmount. .of resi
low Fniner H@reigro nﬁwp%%n%%ﬁgt T‘Pe%‘PPFTH@“%tP adtigh density 03 ghystal
defcb 4RE [%f %ﬁ%é’tldﬂs 3st§ck @g{faﬁ&gﬁ ogﬁerv&%}ﬁmmgmtﬂ& A pN'e%rtheless
art cl ud I ng, ut no [iTmted urnace oven,
uporptaasm@ i dempquitdre dfeheraiclgation é@@emdbrnommpzaf @rmdembns

tranﬁn%?a}%j?gg rl%eé p?arrcftﬁ Igvi%léfzk 6 %%ligg Zxﬁuec 6\” & Vtegﬁry%z/aﬁg{egsgtycture (as is known

in thelattyi nating the need to renove the article fromthe
reactor and the resulting problens inposed due to

ex ﬂmmreedqt@l sunng rih:émal taqatmert ohvilie nugtcation oy piothe syifacer
rnorit)hol éflﬁcgér [nl'%FII g S re {k%gll)(gg alpgtzgif’esul? ﬁ%:}gr%k&ﬁﬂly ar11ranged

1slaﬂ@laﬂ<lesstﬁ10ﬂi1rd3®f \f/@hi pida @wStsqIO @hc aynabduaney eFthe etinddike structure is
Al t hough a | om enperature nucl| eation | ayer provides an

greaﬂwﬂa%ad padenqnsiratst iy defreArctiopiip dyfepts @Fv%w pehegtigg]ly in Fig 2c.
cecl@e éfﬁgst {I " es&?sa&rg 55%56%1‘[ 11'? g%gé e[%ggeQﬁ%ragetslrnﬁé?ctﬂ\%?ﬁ %nlﬁ%r to the side

facetsl’ilOtdfa]he nlaal st dtoms Ieag/;eatefemm Veandsh)gmid thosenthhtyare iﬁtﬂtantlally

e kN
becakﬂ§esﬁe %h’l%%&lﬁéhtt ﬁrdfﬁﬁgatfoﬁ%eﬁh‘\ﬁble&tthé’ﬂvé @é‘f@ét caﬁg&%srih Qgrdr&ht.
b, the nucl éi nucl eation | ayer have
c r y%@tazlﬂol knogngudid art, @gcln@tmm leecalgrdvoth paragheteps &ild. thickness,
erial qgr nuc onprjse facet.ed .3D
ey fie Bsalliainen ey g Seles BETRIREod RREURE ePungerers
(tempbifabidé, rBmp s | Ahbisit! B Wi, ciohichs hatdBdlafatit effR& batthd §ibsequent
grow h condi tions are thought to contribute to a high
chargeterdsticy obthedylynrd %rucwé%ef@t’rsechar(decOglseqwﬁ@ulmlathed"ml epilayer.
The%eo%g ktbgg Ifal%lé elfssﬁor % %Elgaq ngtap[ic? § Ql% sgleg{edql? ﬁ%&ﬁhe subsequent
f'ess, upon Trai Si n& i

applivatbeaf E0O t&c&mﬁl’uﬁs uBDeris Rindvrrinzéel aﬂwﬁﬂoﬁuwmbstantlally continuous
transformation takes place which results in a nug

and mepeeryealling Jayer iGN %ﬁ Batfgt gpadity- aléowquzn@%%ﬂﬁlrﬂumy can depend on
the ﬁiﬁﬂ%blht:yrb fﬁléﬂ?%ﬁ}v&}th s 51 v&;htﬂﬁ{lﬁﬂ) chh S@Fﬁﬁ%&d oAd&l'ﬂSnally, the

nuc ayer the surface nor ogy o
spacotgarfgesh gemel kiaslsfiold de OEtlguﬁd)suclre‘Ehat EL@dram drf&ndrb |gir(ywth sites

arran . . .. . . ..
coalesce 1ntg a monocrystalline layer with minimal grain boundaries. Generally, it is

preferred that island structures 9 are spatially separated in much a manner as to promote
subsequent high quality ELO with a spacing on average of between 0.1 - 10 um and more

preferably between 0.2 - 3 um.
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island |like structures 9 with side facets 10. The
crystal quality of the island Iike structure is
w@e@aniip31 nproved as denonstrated by the reduck¢DOS1008/071199
defects shown schematically in Fig 2c. Two categories
of defects are apparent in Fig. 2c, those that are in
cl oRBrafrpaxdridtéy f6ondch@tisn Bl @eftPanlardbalimiart Sh@hted to form
_ structures, e.qg., defects 8 (a and b), and those that
nitridg slagd struetnrcs allihyanfayerage spapigoffbetmsantk! + 0 amdganslimere preferably
f 2 .04, defects 7 L..D) .~ Thi I, St.i,nction i
b8 % Frnp s L el BBED) of SRl S DGR S
grovath fides, tesnltidg fie thproadegdedtelsslocatioh HEit@ B mafsiadl SO

known in the art, nucleation |ayer growth paraneters
(i Referting pwiéaEig dde aplip spaskiag r@@é@r@éﬂg in#Rliefh o theuppgr surface of
i R B A SRR A% A SATEL & s,
prefirable im adiaanert docth &tfaf eegiificant pbition wif Sklqdi@rts 10 of the island like features
characteristics of _the island structures forned apd .
romgg AREERIoKE] JGRCTHET oh alf?ssﬁfqnw@@a S GBI iR same time
masBRE 3T Sinf ﬁc{rti&'i‘ 6 AanDee duBerRf 3Nt bakewb Rl §ofifilb&E hEGion of
in“view of the subsequent application of ELO
side faesmifghreislangliQe fetikaoemerga thrbeghathe ntaskipg oderel, The masking

substaptially continyous and.nopocrystalline |ayers . of
G ERpTy e P heE R LT o Bocly S B S erown,
ther&S ARG Ahd AoV 8F h@ddédtioh Vin Bfasicedi JorGd R aBHlc@M N BéddBRion of anti-
fromwhich ELO can be initiated. Additionally, the
surfantant ima¢eriols enie b sepoodar medtered chanegh theerfags gravitekingtiesby
t ro | £ en .. Si | esce. i -
redub IR n ket i L et O o 3T L Secies on o
surf4cen amatdfyre ih thel @sgsBhaX fetintinakfataheoad sabdtargially @scclide the
are spatially separated in nuch a nanner as to _pronote
adsogpfeeiddntorpRrationyRiaiP? pytothaifi-tuifagtaghapfasg aprhsubsequsgidy prevents
the ﬁfcé&ﬁ&%@aﬁ' %n 3 prcfer 8 GRGhATRER tﬁ’% ﬁftﬁglﬁ‘ﬂllc anpﬁltai’gﬁgpcoqﬁgrises
- nm Over al pgr ameters for nucleation [ayer growt
diclamit marealsj exgmples odpténinatedals cofmprise silitan akeddsssiBewh nitrides and
. Structures with an average spaci ng of between 0.1 - 10
mlx‘i‘fFﬁSé]ﬁf‘de re preferably between 0.2 - 3 nm thereby
r egig bRGed iRl {iliYorOfitrfde s t@lizchiak b/di M Stic RRIMEE haterial
| ateral growth facets, resulting in inproved
17. db¢ sibicmnistideocni berfoeisirt the ofirfamtod ritale 1 Rehployingg mowber of well

knory s o il S e B VEL M s RBR i Cspin-on

coath@tBihdafue® NHB eV dieit RAGR astRSiuk &€ tiRMpdI8oMb L the dRlectric masking
i sland structur esS Cgr eferably in a nmanner so that a

layes beyperfarmaain fereacim chbrmpigsilzad Erghaproptedingeetpyiinng anncaling of

e SR o8 BFER PO ARSI BRALFSGRECLALG ¥ ormatonand
anndAHBK wWithinaths s@hé fdac@ntit Ralkctirabit fpctioam blasantise poiatiapicddure

..In other words, significant portion of side facets_of
withigsipglederetariiioub s ws (@ AWRYBNTR [QTLAH A/ MECGPaRg-nfherefore a
singswggs&&ﬂgggmlgﬁﬁéﬁhdwbmﬁ Rt 17th O]l 6L AR l%(rg&?alml%hé,%ucleaﬁon,

st an act "as anti-surfactants
nucledtioni laieer ghiapmb htredtinentediglecirmvi rhaskngt depostou mpitodfial lateral overgrowth

and gﬁ%{{@? Ig]%nﬂft]l&fr)]f %ﬁfﬁfgﬁ; PIEZE %.1'31’2]? asde%Ire(? ‘[htlclkcr:lles% i:sl' %éhieved, all of the above

steps achieved without opening the reactor to atmosphere. The ability to exclude ex-situ
processing requirements not only significant simplifies process protocols but also reduces

operational costs considerably due to equipment simplifications.
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materials onto a secondary material changes the
surface growth kinetics by reducing the sticking
weowbOi1sBENt (i.e. the probability of adsorptiPCI/v8§2088/071199

chem cal species on a surface). Therefore in the case

of GaN the anti-surfactant can substantially preclude

t he, aRs iiri R Nay@ndad PESIORA B hINRn@ihI1{FBo R TR dxipBsed portions of the

anti-surfactant” surface and subsequently prevents the
basersybstesse ok VaY progesses, f-ga fipme gascpedsiiend &ﬁmnd apponia (NHs) under
concﬁ&éﬁs_ksﬁ%vﬁlﬁﬁ ttﬁaenaa’t. r@{fﬁrrl Qc!tor% ORLb 3 dhﬁhl‘?r‘{&er th$terials fre uently

materi al's;  exanpl es ot “SUCK AP Er T & s conprise sili doh
emplyyi NS as $sdur&Oofdr thetGriodp Y élbdlemti cohtaietg blrelir8ex, thetdfo@ for

preferred enbaodinent, siljicon nitride 1s utilized as a
depagitionefsiicen prefe thy onlit waARiEgmant 1s the addifipna 9f 2 §ilkly gt to the

0 . o '

reackif U@ c PIGEE AR shOSUBHASE R A T FOPURAIANCS ofthe

silicex aitideelay &M, is PREralslp mtdistnindé pos inkionalanbelswiappmiximately 20 A to
coating techni ques, wever, 11 is advantageous that

furthep grogeis &t bl Dy f%emﬁfaﬁa opdysiclpdl
penfsQEaEA Hif 2t e bERGHB /D& st tdilyZ89erb @ withhBe preferred
proceedi ng growt h and anneal i ng of thé nucl eation

silichmyinde disleptictmadered 11 el asignifidanhperegapfthetigand like 11 nitride

nucl eati.on | aye rmation.and anneal.ing.within the ..
fearfi Roai8 Pop Hetked, BBt it R meB BT Attt Plsing leyer
leavel DYWL fIRAR GBI W delThébtl BbMNEk &1drna ke Teatiitel Dh-masked and
exposure to atnosphere for ex-situ processing.

acce¥Hele doroyubsesustrigtteria resaw th; edbtert fiwemncitined maskingusighidicant
t oL t u rat e S...Nn i-on,
R e R A )
sappti&p esbstria@rcongporil Axiibded fof te grovotierT gramd fde andertnt | nued
gromh of the planar filmuntil a desired thickness is

achuspgdhe eappsigpn phicdigydiscantipuousdris & 8liGen mdide, a greater
ron BESP 804 3540 480 S RRILST By SR Pt el o
depasitgmi dni thanitridd Biahd fike strprtaeesThipiota cobsy thattthahsiade island

reduces .operati onal .costs .consi derably due to ) )
Foatyg G 415 RBHTE el S BHETIA AR L Ghe PP A 615 ety

coved&d. FONBY & CxPLBRSERADL & 3idnte QY& ordtBEMEXPIRFLpHROhAL Bfhount of
of the base substrate by CVD processes, e.g., from

maskfag ovteriad coemethe Siphjrednst substoate aorapiHey withdbe nitride island like
" onditions known in the art. CVD reactors for
SUUGF S ucing 111-nitride materials frequently enpl oy NH3

as Salicdauiteided AId siltdn GxR1p ééﬁd&it@éfyﬁltaslﬁ@@ trRtdfialthre provided to
precursor, therefore for deposition of silicon nitride

prevemiugteation wgirtianeiesipes eftithe aghirtingazd ofovhigh glatgriahpygleates from
[ C ' Ik L I
ron Bk EEGL 0 SHATREL LI K12 BRG] ARl masca
regi@isl iStiuR thé Takdralendtey e rgrdwthiis indti @ framl seedradybiBiviieitmaiching crystal
mean val ue bel ow appr oxi_nat el A to further promote

: , 20 te
PTOPEHISS -8 dBICF RERMPLSSY. _Ct)ﬁ@_cwagfkﬁyth@tmaéymanélav sfca g reyuiting cpilayer
has %ﬁ%ﬁi@cﬁlt}%ﬂcﬁén ﬁ{ﬁggfeg(}[gﬁgfg,%ﬁtgﬂ deddie base substrate 3 is

stanti y covered Wt e préferred silicon
ni fThi deeddirgdte s fori KL Orat e iealbodimenwit feth for shignivehg@ntonsist of the

laterglotragelsolrb oof'f thé gFanlcﬁljkg gtq’ucltt{lrlés 9Id-71]g fd!)t rGlrg\Sth parameters are therefore
optimized for lateral growth from the side facets 10 of the island like structures 9. Conditions
favoring either vertical or lateral growth are known and described in the art for the common

VPE processes, ¢.g., the MBE, MOCVD, or HVPE processes. See, ¢.g., U.S. patent
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features 9 remain non-nmasked, free of masking

materi als. The di scontinuous maski ng | ayer | eaves a
wae@niofizaant portion of side facets 10 of the P&I/ESH08/071199

i ke features 9 non-masked and accessible for

subsequent material growth; whilst at the sanme tine

6,328R361 28 aBo Phgfiskits FH (A No®N1 B0 L 837260) S aRAtAMAY &he relative
In a preferred enbodi mént the base substrate is a

ratey @f0eryal sensphyaracad absvﬁhatfekrmmmmeynﬂmqnlceck@d gifopyth tameperature, V/III
precgrfsgl\{\%l 10, %omlrﬁolsgll%lggog#?esc&a%ed%ra% jSge or a cl)%lglﬁlaﬁ oerf Ql%{gtolf)oarfld reactor
presgrre arer expaipld, ticraf grdivtli Beahaickd byl ehlgﬂlepga@wﬂs tedipctdigres, or by an
apphire substrate as conpared wth the | evel of
mcr@é ¥ 11 rgto.o¥ by Hezrertern N2 radioadicbyl lorir BepiyeesUtass thayrier gbout 1
e nitride island features are
aﬁn%§¥% gf% reéoggﬂﬁagtlng mat erial and that the
sappha densamsgbicathe EIsO gruvith éloyn the\lﬂm&ﬁfeaﬂdm&qmer to full coalescence

ment e nce_.cor.robaor at th .
of g 5 BORh Gave | BRGEICLGHORRSRD Rg® il B Cammapbetserding
dlslo%ﬁf?&ﬁb mlckﬁae?ﬁe@@&? jt'H'eq{pSeICslea@é' BHeWot thetiflEndiftd étﬁ%tures remain
Island |1 ke stFfuctures. [1Tcon nitrides and silicon
unaftiockadleBiripgnice ibheupnntaekil ngengatvethl &osveaer tlm@ﬁ@caédldcatlons 8 (a
Vi nucl e n. i rticul ar i.ons,..of .t he.wa
and B SRS ot h itk diRErenfivEla HEHRSRH RHoR fLRBhREation,
bendBEE MMbRY HoMzen@Ndir@tiows up from such seeds and
| ateral ly over the masked regions. Since the |atera
matlée pedscupeithe dlscqnﬁmum)étswon nnﬁmics baar bf ipshews tayqtienly result in
t S C e
o B R, KRR AP SRENGE b i B REBAR G fee. e

benddivg bﬁd&éctbma}aﬁsmgm foooandirdceidhlGtel the dryktal growth direction, increases
def ect/di sl gcation density. The seed crystals, for ELO

the stafistigad pERsSHityHst taedcleds Ean inpragt, rﬂ0§1m9ﬂ}% Fsplbie dp Aefest
t t
coal%&g@%n%%iﬂ%ﬂ@ aﬁ@%ﬁﬁ)sérgleﬁ{ rg&i@cq{aolrn‘;lh ?E%F elﬁgl o |rO;J|C mu; 23
f oflt ib hh@wmthagt\m\didffeéts om aﬂpeoa&h decHf athat emdlﬁ)ergé (dohkesce) with one
nd. | i ke structures 9. tion avoring either
ano grfsﬁﬁlé‘g a&ﬂn%?%?%‘?’%f Pé‘?Hﬁ‘\%ftlnga eg ﬂgwif g?\ Yy é%fg?t? pRRyoReh from

opp(;slﬁ@ dﬁféétlJn@ rcoﬁﬁ@ce‘ﬁ@mﬂeéﬂj o tRE BRE%S §§mh§atﬂyn’ofttﬁbet\x%fects 8a and
HVPE processes. See, e.g.

8b. hatherattﬁa aaﬁgesoftemé@rmtweéhysts Eﬂrgtrsvem arffccdef®t No. 6

coulf B SR GbE ol JGE g b 8 Became B oL Bifbers vectors

of theftlefde@N G Byfeor iMkdttibRITRS Hall UE BefeM Behlinla88 BEHRPEffects, are
rati o, conposition of the carrier gas (Hor N, or a

belieysein hagovsmadiyrlesst pnesgvicfedist or pressur e. For
exm&cﬁ‘ 011 %ttﬁé aéfe%rrgéfﬁctﬁoh %121%91*11%@@?1? ??/ t (?Ql%gato rng\gélgﬂ opposite

era ures, an |1 ncrease

Bur@f@@dc&fr aNR)’tﬁeE pt@kebfor defebiredten r@uBgUur@s td l&ii&mto!hﬁﬂefects is
or .about 1 arm), or by a conbinatiaon thereof. Fig
dlSleé%h%Qa#%?%etlkFeﬂELf@?r@P%MfHWP SeRarats dcfiests apmltmedn arsggle defect.

In tHR5d HocdsSes thlo! di GO& fiQifh r'ith?u7 L SL@brs @ land co mbine ¢
o ro g ° le Ooiie%:lectl?gl OCétélrgnS é a andrs COaI%TDCn Hmeto
fornt zhneadlng@ dislocation, as long as the conservation law of Burger’s vectors 1n the
dislocation network is satisfied, examples of such interactions are illustrated in the work of
Shen et al (Applied Physics Letters 87, 101910, 2005) and is shown schematically as 7b in

Fig. 2c.
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di sl ocati ons) which energe on the upper surface facets
of the island |like structures remain unaffected during
wo b@9sssequent | ateral overgrow h. However, tP@I/US2008/071199
defect/dislocations 8 (a and b) that intersect an
i sl and side facet are shown to alter their direction
of TRERRAEAhE Bkingb &N '@%ﬁa?a@oﬂﬂlf&tib@ bf #eisdcations resulting from
direction. The presence of the discontinuous silicon
the fagaticd ddandayigrsitmasinghodd i rewlts gni gigpéanttingraasg in the
kin fect i N re EL hnj . b
oo E R s FRpl G B B FESHL BRGNS G optbon. e
resulli2kattstianvay pilopagatioh eirc &hlihcidhdee eitd [0babiilitg thdt ldefects will interact
_crystal gromh direction, increases the statistical
withgaglhather adsubspgucptipingepecs the lileohihped af defect apwhileinnand
coal@sec%ﬁ‘éeti ng in defect coal escence/anni hilation and a
subsequent reduction in defect density. It is known
t h&urthevdatded goiveh diam thp pidededetsedthe stdnddikamdride fgeires will

coal esce) wth one angther form [.ngl e. onwar d
proré% Bsfga&h%gma@flg gRerese therprobbitis! HeedidocaligRoach
anniflﬂaqmn%gf&éetn@?. A6 Rtk BRowth AR BSENERIs ¢&the! fﬁﬁldcotgfés%iﬂg into a

mutual anni hilation of 'the two defects 8a and 8b.

substangialdy contmuded, pnai epilaf¢red nithide awtaial, secFig2fi tAs growth fronts

Bur.gers vector,.an ef ect coal escence/ anni hil ati on )
pronget FambEEI FisL i T FEonF o R SRR gsr pfgess known in
the PUAORFy&taY ERHQAsE". OAdvaRerg8SisBE S thisSmGBntdRf B&tgrowth fronts 19 from the

interactions, as well as defect bendi ng and ot her

laterak ¢wsegrowtiafremibe jstapd dike deabercyymeetr widlepub {hol intieduciine py substantial
. ldi L. t ne, def e educt i on. Vi
s BERRer BBl B S PR 5L BT sl syt

distane€ b&vecrathiRtt1ed giyvah €s%s,foompdaidacith thatefthe prior &8 WeducBPthe
fromthe bending of defects is dislocation

probahilitseeicragcing fugthes dislogaiags o filn Gerlewpieathsreueatly improving

surfd %%ngetci[@{glsh a single defect. In these processes two
di’slocati ond with different Burgers vectors interact

andiig Grnitustetds anfeeampla ofdhve tehewpng telinpératuadsi fonthe asodesn@ntlined
as.the

conservation lLaw.of Burger's vectors in the
herey} o gﬁ_l&fﬁOﬂ@? %‘f?&ts St _ageal,alse%fpaw@@bedfn fréqpd that the
timek BR@IRAHtANSs AlBtrhied USELAs 6 ﬂof‘ilfu@@atﬁ’%g}ﬁrﬁseﬁi‘tﬁﬁ afd aflnot to be
(Applied Physics Letters 87, 101910, 2005) and is

taken o limitsgh divatckaapleytha gropghitgmpdrgture2renghel ¥X0orld 50 ' heand the
i. h ti [ ' f.t .
ancG1EF BBt Pk BLERTR AP0l 0 18 1R f Gy dirice. 2. Ga,

grovith: $of sthBBskicdls ande Batperdt@@y bisbd difRrent.gni ficant
increase in the propagation of defects in a direction

ot HBe operamg sthge efrthe tihustrafednidscssi qoarineas {LaDER3ero W@ the growth

: | . ¢ ! . .
T R .
perfwinidd e o i peswiard tisunsegtien tdyyr, tdakit@eplaesSinttiige period 301.

i keli hood of defect anni hilation and coal escence.
Processy stagss 3P hinsy anclydeofptare pefnimiied (9 yaubsiaisicicagmegygle to remove

unwhitb@B6hthh Kt i(é.g.i éjlﬁgfl ?@fﬁﬂ@iﬁﬁre\%akg in hydrogen containing ambient),

nitridization of the upper surface of the substrate or further surface pretreatments dependent
on the chemistry of both the growth material and the base substrate.

The growth of the nucleation layer takes place at a temperature of approximately
500°C for a period of 20 mins 303. The temperature of the reactor is subsequently raised for

thermal treatment of the nucleation layer thereby transforming the layer into a plurality of

16



10

15

20

25

30

pronot e defect bending and increase the probability of
def ect/di sl ocati on anni hil ati on/ coal escence. Conti nued
w@e@awis3gt ti mately | eads to the fil m coal esci nBCT/DSH0&071199
substantially continuous, planar epilayer of nitride
material, see Fig 2f. As growth fronts propagate from

spatiallgl |sé’pagéi@d islapl 3Re Fedtiigd 509 rl‘ﬂﬁﬁfrstekﬁ*ﬁpl‘éalﬂe @ﬁ@gfaﬁﬁé liY @e reactor is
change, a process known in the art as st al

raisad; tp a/tempgature goMAAT Gga @alsmﬁypermd Otf Hpgmnh oyt shayéd be

soor PR RO Papt 80l o b B -THEFARA Mt fBR i spuia
density s sizaor thalislaetdiikd fatueds tﬂz&hﬁ@ﬁeﬁuﬂfﬁﬁ UTltd to@pEfafiit of the reactor is
crystal tilt/twist. As previously outlined the reduced
thenggogled 36 dB‘éﬂﬁ%éﬁPfﬁR?éatEL@fg‘PWHmﬁ@lﬁéé) *Earysat dmeetipd of 15
mmﬁtggt 1Pdfne§g$arﬁf Jnqllhmgla ﬁas EI%qH&(?(ﬁlCE&]ﬁlt@Pl%t&ﬁQﬁlbélt fbr ﬂlfe rowth of the
produci n t her ocat 1 ons upon filmcoal escente
discortaruety mgskaag layer 369 omthisgnganck alcegrdeftletinegerisd isy20 IElngtes at a

3illustrates an e le of t i tes and tenperature
tempegtuge aBP%E%?’éW@S@ﬁ gﬁe’&“ﬁ%@éﬂﬁ ‘#8?“ élonnefa%ﬁﬁ? Gi#ygp that cmerge
throQ8 @6 hiiisk BarPhd ie@ﬁra@eld \J?e?{h%rd'eﬁés?mod arsiQukd be

uhderstood that "the tines and eratures illustrated
i n Omi gpmpBetamentftioy dls¢dnt19umatrnasku}gdaxﬁm $1we@¢tb1yteamdraa1re is again
. to be tak as |ljmting. For..exa t he growth
raisqlgthd 48 ey gt [Fpr Ko HR MR oSl gor te
initi®lls@A8E HObIRBRAVA kY @tfnﬁﬁ&?fo@ﬁEL@ @esuﬂtih@(ln QGrAE®wth mode and upon
suitable for Ill-nitride, }? growt h. For ot her
I niteicle poadgssencednte atconieaus Gfmghe How m@ra@rnert@rré pegrpgainTygeicd for growth
of tht%qglﬂhlﬂglrgso zﬁgﬁﬁ rpﬁter?al % t?lIﬂF %&%%L f:) rg qwth ﬁ%mcﬂ\cf %érgﬁ }s dependent

on thd tafgb@thhdiknb@ rogiied atnﬁalﬁe Qustiitlability dﬁth@fre&tcﬁ@@c&sﬁ titagesld also be
perfornmed prior to the gromh of the nucleation

notefiélgaélm tlrtng @pﬂ@d é]r Sd% gumperqf ﬁgbﬁgquné grosess can pe pedermed in addition to

those Bﬁ%%%vtﬁ%ﬁnmﬁ 1oh 06 Hl€or B4 dB%8. BQEhdd V%Meggstteﬂs cofild include
substrate cleaning cyc e to rémve un

addicompmictdsat fos dé&cgedlactimnglh wedrp evaling andbrakgingreybigs fagkagrowth
contalnl ent nitridizatiop of the uor%er .

of a gmltftge%o {11itl‘ré & uglgg gnaggr suptghg]r thq greafjon of device structures.
pretreatnments dependent on the chem stry of both the
gromh material and the base substrate. The growth of

t he nucl eation | ayer takWt a tenperature of

appr oxi.natel y 5000C
F obse TR Bl e e He o det e SRt e g e o de Phods
deschB@d MRdvet Fead rRMonSkatévetraiiali@adn élébtfo@)fﬁchrdglﬂzﬁthtlEM) imaged from
transformng the |layer into a pluralit g of spati al |
a Cr@é‘é%’f@@léémpgl dncallivee nitede gyesl gown ondUQH)) sappbarsplestrate with
. t ur h I
dlfﬁ%ée][ﬁo_élec?)gﬁlﬁlrog 8o gﬁ%?);o@% %a%gfu?% ?Tlgb%trg‘rétr% 15(5) sﬁ%v&yfn aéghe bottorn of the image
403 aﬂld ﬁn@ lpghalllﬁy o ldenkl liheben ’Ehl@@ﬂh&gld afregpdriiato térects emhe er\Uc@stal

and rate can_be w de-ranging d%%gndl ng on
Defeghy SRR Te ynafizrted Biethsintrgiuctian meﬂ@@t%lawraéé therefore

hkelﬁr%@fre%gﬂ (ﬁ@&%@c%&uctﬁﬁ@ 7t1ﬁ Q@t H{)\%e\%fr th ﬁefegtas@ﬁlgfurés 01 exhibit a

hen own to a rrperature of "approxinately
charfg® On POpegaonalitectnm, pewith aﬂe&fct dbictures 8 in Fig 2¢ and are therefore more

likely to interact with other defects, resulting in defect annihilation/coalescence and a
subsequent reduction in defect density. The reduction in defect density made possible via the
methods of this invention can be again be evaluated via Fig 4. Examination of the left portion

of Fig 4 shows that the cross-section of the GaN film has been separated into three arbitrary
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m nutes. Silane gas and ammoni a gas are introduced

into the chanber for the growth of the discontinuous
wore@kion33t ayer 309, in this instance the grow PCT/US®08/071199

period is 20 mnutes at a tenperature of approximtely

500 O0C, however the density of non-masked regions that

regi&EEFG ROt 4U50HGbnt 408 aﬁiﬁsfggl&@%@ elnrt8g Woddredodtk@rotthEinterface between
deposi tion paraneters. nﬁletlon of the

the wb@cm tnchihe Gz Ngrokitth409 Tély@rls éﬂY edenssropelapet af dafect¢dmaterial,
corr%%gné?lﬂ ‘ff‘o t%g %u?tsltgrae #f dargs lane% S veidst ent 1nf%g$% ?otnu r&bot%fe r%g]ign 405 and into
regiGt ﬂgﬁﬁe&fls britl Kle@il}ﬂéi\&dﬂgeﬂp@uwﬁohmfaeﬁcﬁs Oliowhv&) the @stlityi g

in a 2D growth node and upon Il nitride coal escence
decrpased con %hlh whas cempared tmregw@\ﬁoé apd gravee §omiog of i gefects within

fiar,

rogidfPA0 T 5ol @D Bl S TPy RO DN QTR R the
dlredemeﬂf deystal grovithe Firatlgéi rdghoncd09e sishaugh defeed aandilt dhveédent the density

talna ity of the. re or roc it should al so
is ergaly nrﬁtité“dﬁ# thse of ng%lé?ﬁ%an n403unber of
subsequent process can be perforned in addition to
those of growh term nation and reactor cool down.
Fuifhb erefgrabasipdinens ot halinvantion dasribettiatidvedo pobbmgsksscope of

the e e 0% “Greoflins U5 P B B P EY peget of the

inveBOH. AA Y BeLivARER ehdo8im@tDare iEndel®o 66 @athirOie Qfopd@FiES invention.
structures. EXAMPLES Fig. 4 illustrates an exanpl e of

Indegd.garippurrpdificpiiens of drppnecnjiosvm agditiomto thescrrbawn and described
hel‘e%eglcl:({ ragﬁaﬂﬁ]r%gfeou%egf gr{l%ﬁﬁ el{goolﬁﬁe rﬁ%%ggé%ﬁggc{gnvﬁg Ibglpog%e apparent

to theedyilécdoih tie @aﬁ‘onum: @mﬁseqldsat dés)tﬁpt&?dn gSthnomﬁédﬁaﬁﬂare also
sapphire substrate wiith diffraction condition =

intended 3oy fall witlindhgyiorpe af GgpRPGEed claims Hghe Eﬂllom%% (L tﬂbtlﬁe
applf?:fatlg)lt' & 1 TRER %ggdlﬁ%%aﬁdhgge&éi? LAl sky fdfe haqﬁ'%g?\ii édh%me ce only

ge co responds to ects 1nt crysta
Defect structures 402 are unaffected by the
i ntroduction of the dielectric |ayer and therefore
likely correspond to defect structures 7 in Fig 2e.
However, the defect structures 401 exhibit a change in
propagation direction, as with defect structures 8 in
Fig 2e and are therefore nore likely to interact with
ot her defects, resulting in defect
anni hi |l ati on/ coal escence and a subsequent reduction in
defect density. The reduction in defect density nmade
possi bl e via the nmethods of this invention can be
again be evaluated via Fig 4. Exam nation of the |eft
portion of Fig 4 shows that the cross-section of the
@GN fil mhas been separated into three
arbitraryregi ons: region 405, region 407 and regi on
409. In the region closest to the interface between
the substrate and the GaN growth 405 there is clearly
a dense popul ati on of defected material, correspondi ng
to the multitude of darks |ines evident in the region.
Above region 405 and into region 407 there is stil
clearly a |l arge popul ati on of defects, however the
density has
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decreased consi derably when conpared to region 405 and

a large portion of the defects within region 407 can
wheooseess3t o have bent towards a nore hori zont aPCT/US2008/071199

direction away fromthe direction of crystal growth

Finally in region 409, although defects are stil

evident the density is grgptdiyarguced fromthose of

regi ons 405 and even 407. The preferred enbodi nents of
What recliimedngi on descri bed above do not linmt the scope

of the invention, since these enbodinents are

illustrations of several preferred aspects of the

i nyent i dnmethBY feCbwlgaby @it adbmitiohsudsemitetigndddredaced defects

be within the scope of this invention. |Indeed, various
and ASIPCAQNSICPBIRESIBE: t he i nvention in addition to those

sh . [ [ . I f

conp R pREREY b REnITE Buc@liE o dht T MR Hhr are
arragjed aneriiast sulistratsevigiout fegdlar pattdne, art from t he

subsequent descri pti.on. Such dificatjons are also

 nABRIAIE BRI TR s At afiche appended

cl %#i%;ialhz"grlu@ﬁlgf AL LOMCOUCRR Gnadtdtidi BE t1AP %Mﬁiﬂiﬁﬁe@ﬁirﬁaﬁly on

whol e), headi ngs and | egends are used for clarity and
the scothmettirighelethe mlandilHiE sGlusiukd nolhedverel lgl thie medking materighand so that

thod for grow ng a,l r., of sem.conduct or materi al

rowff ¢heh coniRed s SSRGS SRS Eonpr | si ng:

formng a plurality of island |ike structures

conprising a seed material that are arranged on a base

suBst r aflée wicthveluaf cleegull wherp sha sspcondpeipy matyrial epmeiiisggan
clenf Lol 285000 051E R By 2P, BPAL G B sqiconducoror
11I-Vi séorhp@indSeidomaiidtby on the seed material of the

i sland-1i ke structures not covered by the nmasking

mat erial and so that growh then continues to forma

Su @St ant[‘hg H&'ho‘ﬂod}{c'l33111‘\Olu@hér@¥&§nin%fhe-li-£l§nm&§gwﬂfresciluﬁhg?

1 where the sem conductor materi conprises an
comptiggent al sem conductor, or an all oy sem conductor,

or
a lll-V conmpound sem conductor or a II-VI.conpound

S cHTURBACHOYATIRLY TRUNY BT Teq shofhmplsyifL PR ey pgpsirate, and
t NenclrBh B Hedtin8hSbasd ThERS with thd §ed GRTRA] §RSe0ordT OW NY

a substantial 'y continuous |ayer of the seed materi al

on the base substrate, and thermally treating the base

e R SR TR S0 e LB i D B

withareiﬂect_stulrtlﬁ@&trlﬂﬁéndﬁbfohnfa&ﬁfﬁECt to the sem conductor
materi al .

5. The method of claim 1 where the seed material acts as a promoter of growth

initiation for the semiconductor material.

6. The method of claim 1 wherein the density of defects and dislocations
appearing at the surface of the substantially continuous layer is less than the density of defects

and dislocations occurring adjacent to the base substrate.

7. A method for growing a layer of a selected IlI-nitride semiconductor material

with reduced defects and dislocations comprising;:
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5. The nethod of claim1l where the seed material acts

as a pronoter of growth initiation for the
w@epooisduct or material. 6. The nethod of cl ai PCWUS2008/071199

wherein the density of defects and di sl ocations

appearing at the surface of the substantially

COQEhJRHAISS RS RIT al[H-1iBRI sb&tPMatec8l SR018 bhde @bsteled ect s

and di sl ocat1ons occurring adjacent to the base

s uBsrmaliptreating Aherbash substiste sgributianmjuralityagfasland like structures of the
IH-n%t%l(c]ig géegid alltl 1r|iélra]1|ret folng;gd St e ng yuq}S&)‘Erlte 'E%& Gl a%lranwe& \bvith ut regular

educed aerect's and drslOcatt ons conprlsmg.%epo&?lngfg
pattétn| ayer of a Ill-nitride seed material onto a base

substrate, thermally treating the base substrate so

t happlainglaielpetrig msteriad fothg bpyacabstat@htr es of the

Ul Lo o : i

s iR AR TR AL Rl ShTEhAABL HEIAPS, that growth
initigpppryinaglysndhepetions of thaisandaliket smbitheeeshms eowudisby fikeliclectric

and epitaxially growing the selected Il|-nitride
mateé@ﬂ‘ﬁ%‘gﬁaﬁ E?ngnuﬁ%?oe'ﬁgﬁﬁla 8 ti‘lﬁléﬁy GPRVRUQUP HYEY- at es

primarily on the portions of the island-Iike

substrates not covered by the dielectric material and

t h&n cofhi medwdia deomii wheo st shcical lHynigoletsemumogductor material

| ayer. 8. The nmethod.of claim7. where.the sel.ecte
compfiyeS g e S RO AT BF N4 TR B SR8 G hggpor

nitride, or alumnumnitride, or indiumnitride, or

m xtures thereof. 9. The nethod of claim7 where the ,
Il P- ni t rThgemetbediohelaiar 7 snheesohp il ewtsidg a¢adimatemilcpingeises gallium

i A i LA,

dielectric material conprises a silicon nitride or a
silicon oxide or a mxture thereof. 11. The method of

cl aPm 7 Thpereradpd cladmahnhere e deleefsic graderial go@pesyes a silicon nitride
ora?%@5¢ﬁ§d§g?ﬁgggggggpggﬁeen about 0.1 and about 10 nm

I'm7 wherein the density of
defects and di sl ocati ons appearing at the surface of

t he substanti al | ontj nuous layer of Ill-nifride :

st condle fisiaga s VEoT dai g e ﬁéuca%gﬁ%ﬁw agfaverage spacing
of béekEEiouaDd Mushosato @ps occurring in the Ill-nitride

seed material adjacent to the base substrate . 13. The

net hod of claim7 where the substantially continuous

| apar | -nitri senj conduct or, has fect ,densit
Pt Waes Thr iS85 SRaFEHhOGanty o gdfef AhadRRbdchs
appcatiay B the WEER Jriile IBR@EIHlIyt@ntihiltis IRRF FRITL-MittideaiiBéhductor

the‘applééaaf and the epitaxially growi ng are o
matgsiat fsdesre £ Hempity of idatgris apd dislasptions qokpming s thedlllenitride seed

material adjacent to the base substrate .

13. The method of claim 7 where the substantially continuous planar IlI-nitride

semiconductor has a defect density of less than about 5 x 10%/cm”.
14. The method of claim 7 where the depositing, the thermally treating, the

applying, and the epitaxially growing are performed within a single reactor, within a single

growth cycle.
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growt h cycle.15. A sem conductor structure which
conprises. a base substrate, a plurality of island
wo pdoe/os3BUCt ures of a seed material that are sPCT/EE1088/071199
for the growth of Ill-nitride materials and that are
arranged on the base substrate w thout regul ar
patiser nA @hnfcéhdudie str@urfRakinN@niisgs:i al over the base
substrate through which energe a majority of the
i sh&agk Jubkieatet ruct ures. 16. The structure of claim 15
wher ne Ki terial ~cq i ielectric
ey SF B S St Slor SRR R Ru e REleblior the growth of
I-nitrigt @titdrials andttRitiaad arg¥pd b Eife tss bilbsaaw wirioderegtiladpattern, and
silicon nitride or a mxture thereof. 18. The nethod

of addvar Af maskipatorikoYohithadnies substraterierokgls whieg cmerge a majority
OfﬂQQﬁ%&i?%3%ﬂwh§a§ t han about 20 A. 19. The structure of
claim

ere the seed material conprises GaN, |nN
AN and all oys thereof. 20. The structure of claim15
where t i sland |ike structures have a spatial . : .
dené; tyt@a PEUHIIE of 6 Harlédﬂ?%@eané}sgwgd%%t & cHBREpgsyp diclectric
matdrlal -nitride filmby nmean of epitaxial |ateral
overgrow h. 21. The structure of claim15 where the
I[Il-nitride island Iike structures have an average

spagi ng.,of betwee bo .1 to about 10 nm 22..The ..

St Bhcc e SPRE ahe e fotlicts 8 SRS g afirissy S gticon
oxidk bt a Rilichh HRrid@sES mdltulchRdredras a substantially

conti nuous planar surface and that has a base

contiguous with at |east a portion of the seed

mat eri a f iSha [ tr T o
TRt ot S B e BRSSP ol et e
thand®bect0 Aensity of |ess than about 5 x 108/ cnR.

19. The structure of claim 15 where the seed material comprises GaN, InN, AIN

and alloys thereof.

20. The structure of claim 15 where the island like structures have a spatial density
suitable for producing a low defect density Ill-nitride film by mean of epitaxial lateral

overgrowth.

21. The structure of claim 15 where the I1I-nitride island like structures have an

average spacing of between about 0.1 to about 10 um.
22. The structure of claim 15 further comprising a layer of a IlI-nitride material
that has a substantially continuous planar surface and that has a base contiguous with at least a

portion of the seed material of the island like structures.

23. The structure of claim 22 where the planar surface has a defect density of less

than about 5 x 10%/cm”.
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