EPI TAXI AL METHODS AND TEMPLATES GROWN BY THE METHODS FI ELD OF THE

| NVENTI ON The present invention relates to the field of processing
seni conducVer0ppdiEs® al s, and in Sparticular to the fielRETOS268071314 al
grow h of high-quality, nono-crystalline |layers of sem conductor
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m xed nitrides (referred thherein as "lIll nitrides"); of certain
G oup |11 - RroKdapBupsenc A @ 6meteft ai n ot her conpound 20material s
(e.qg., 1bl-VI materials) generally. For exanple, the IIl nitrides have

sem conduct or properties tBatkarROEIY O PPEINVENATONabri cation of
el ectroni c conponents i gh tenperature FEIs), optic conponents
O

(e.g., short mmeéﬁzsﬁbﬁP fegetsgwa ripatigplayyers of senipRududiorgpatsial st e ¢
conponent Shi@ﬁpﬁh’t%( RRDH0Y Rt o §iti AR HEEE) or dIIRRIORE., Préphatibh 6Pgya Bl 1158rs Of
quality layers of the afqore nmentigned materjals, has, been hindered by
a lack of BfTEISTae RPeHIY CAMBOBE HRITB- hat bR Bindered ke aptdecautet
match the peystqblit) bORSMbIcCsys@Als ahd @SSR Bhdeqlidie substfdd Hrhole®-dphiatial
does not closely match the crystal properties of the materials to be
gr own t her 8Htean 1 ead to an unaccept abl e density of defects and
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originating a e.interface between the substrate and the . In
the case of RN Aiides ey %&gﬂéﬁawsr%a@%ﬂpi?taﬂ nafza%{f Wesééﬁ%earﬁs to

i mproved byersinbstiakteides); of certain Group III-V compounds; and of certain other compound

20 materials (e.g., II-VI materials) generally. For example, the III nitrides have semiconductor

properties that are advantageous for fabrication of electronic components {e.g., high
temperature FETs), optic components (¢.g., short wavelength LEDs and lasers), and mixed
opto-electronic components {e.g. photovoltaic devices). However, the preparation of quality
layers of the afore mentioned materials has been hindered by a lack of quality bulk crystals
25  and/or suitable substrates that match the crystal propertics of these materials. A substrate that
does not closely match the crystal properties of the materials to be grown thercon can lead to
an unacceptable density of defects and dislocations (for GaN, particularly threading
dislocations (TD) originating at the interface between the substrate and the GaN).
In the case of GaN, it should be noted that crystal quality can be improved by substrate
30  pre-treatment such as chemical modification of the substrate surface, e.g., by nitridization;,
growing, often at lower temperatures (LT), a thin buffer layer of, ¢.g., AIN or GaN, thermal
annealing, and the like. Crystal quality has also been improved by exploiting cpitaxial 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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30pre-treatnment such as chem cal nodification of the substrate
surface, e.g., by nitridization; growing, often at |ower tenperatures
(LT), a thWVR2HESBE0 | ayer of, e.g., AN or GaN, ther malPCIAHRYBOFHGL
and the like. Crystal quality has al so been inproved by exploiting
cpitaxial |ateral overgrowh (ELO, during which a |ayer grows

| aterally over a masking |layer as well as vertically fromthe
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to that of the material to be grown (e.g., SiGe). In addition to

defect or 8i%ocat i on density, another inportant crystal property,
10especi al |y f ah alidi€on & Hefattlor HidIBEatioR déhsity, Gihller irhSortafticyyitaBprop@byar i ty",

See, e.q., Surnjya et_al., 2004, Review of polarity deferm natign and
cont rol'%of cmﬂfymﬁ? Ht et (o8- Gapity SO PBIY - St . Simiys ciahygdos,
crystal poRa¥iéw ¥f potarit} deirinirati@and Rodtiolof GaN, WY Rrefi ANMTe Sdnficond. Res.
|IIustrateg by L arge %reg %gneres,,N_ato are illustrated gg snal
bl ack sphefds GAY U ROarIATIPSAlsd it B do 5o utms o Hulipicd B large grey
illustrat e@bheﬂﬁgg éqi\wlsrlhgart: ﬂluﬁad}lcdd(@rs&ag BRCOipAEEs, hhd boals drk dﬁba}at@a@mo@e
atomis tetrahedr, coordi nat e ur._ni trogen at.ons, hu
of these, fi) A vsa%ﬁ%q}n B@ﬁa@ﬁ%@ fgsmgﬂéﬂtnﬁpé%??f’ésﬁé§t°ﬂwéfeaﬁﬁﬁg¥ﬂhns
(i ndi ﬁ at edcdofdifrtdl to Zcqlbﬁitr'béén)(N) htbmb, At dReE it;ié §tﬁiﬁgly?6ﬁﬁi§ ofllg@cnﬂhﬁth@’t to
Its three nearest-nel ol .are II‘"@"[ wnwar to S e .
SUbst r at 6, MOHETHHBoHI QR EE e Par So OO AETERoRAE » GRBYS ¢ he
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epitaxi a il m For pposi t e arjty - also referred to
Nt nce) o Hsodnowbts Grtied Biers e B cryeistat g Hia PRI Rl s
i s direct eplatiopaiectpithaudilA S Férhie: @hesid Roldtity e (also feferkdd tb BI-fhdepalid dfdtticho
note that t olari of the material, i s not surface property and
cer foudly artfeBF i vty e i vt e oy e b et
materi al ) and iltisiifpaiahed noe vanihagaloais of e katribldahe@ acaii§ee popérs, and one
or the other. polarity. Therefore it is often desjrable to, select the
ol ar . oty et dia ik G of by Bavay ol M et B A L BeRF? o
appl i cat i osdvantageous to fabricate components in ane or the other polarity. Therefore it is often
desirable to select the polarity of the epitaxial growth layer to tailor it to a specific application,
25  for example layers with +c polarity are often preferred for Il nitride component fabrication.

A further important crystal parameter, especially for betero-epitaxial growth of ITI-V
nitride films, is the induced strain in the epitaxial layer resulting from the lattice mismatch
between a non-native substrate and the nitride layer (e.g. = 15% between Sapphire and GaN).
The strain induced in the nitride epitaxial layer can manifest itself physicaily in a number of

30  significant ways, including but not limited to defect/dislocation formation, compositional
phase separation and internal polarization field creation.

Phase separation and piezoelectric field creation have a detrimental effect on light

emitting devices fabricated from the IIT nitride materials system, in particular for active layers
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t hat have an influence og carrier distribution aﬂgﬁﬁ??waéyﬁﬁf'elds in

nitride defe T HFSIHEY BT A0 BrIIR e PROK R Heheen
shown to o#dtigt reglod of & Getide\WDheSPPAIRIB 260 PPARREAIS polarizations scparate the
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25  carriers results in a significant reduction in the efficiency of the device,

SUMMARY OF THE INVENTION

The present invention provides methods for epitaxial growth of low-defect-density,

reduced lattice strain, monocrystalline layers of various semiconductor materials. If desired,
30  the layers can also have selected crystal polarities. Some embodiments of the provided
methods are referred to herein by the trade name "Damascene-ELO™", because in these
embodiments, the methods combine damascene techniques with epitaxial lateral overgrowth
(ELO) techniques. However, this trade name should not be interpreted restrictively, because

other preferred embodiments do not employ damascene techniques.
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conposition rel ated (spontaneous) and strain rel ated Epi ezoel ectric).
The induced charges cause interface energy barriers that can inpede -
t he transp®Q2084015888ctron and holes into the active regPOTUSHI0S071219
devi ce. The spontaneous and pi ezoel ectric polarizations separate the
el ectron and hole spatial distribution due to an incline of the band
structure, this separation of 25carriers results in a significant
reduction in t hengfbiiglapoict &enstﬁd[gamcg@cryé&f%ﬁ% cind VENTH N
The present invention provides net or ~epi t axi al vv%
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| owdef ect - FBIFERS gnd RERBRYSRS thereof, ﬁeth§éqmeef@w@mwmuctomdsompound The
present i ny@iédn@icidb. sparekwléﬁ%alb@éib B@tﬂglc&%lﬁnagfoﬁy&{ﬂgsﬁﬁoﬂ)%ﬁd/{)péc
epi t axi al ?r owt hqrr§ I ow def ect - densi tp reduce

nmonocr yst al8STEYTy diean gfo Regpplinddo E@H?Sdbmiﬂﬂﬂtgwumﬂﬂé’rqoaipsurdnd t he

| ow defigct sc@fmithotor oiiRMRR! Potiadidr: L ?{E{E'd
materi al s ihat Iég Ohrave heen gir O\Xﬁﬂglncd%@dl%t@ oW, pQH:%r en ggﬂ?gegﬁgﬁ'é
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epi taxi al | yspgﬁawt@gro&my10@dé@agﬁn§?® éﬁf&@&ﬁ&uﬁlb{?&c&mhﬁgt%iﬁﬁ@ﬁd In the

conbi nat i 0{3@ therg bot h el enent al ‘'sem conduct or’s an

seni conduciP8P¥INEsBs tehms, semigondugtors apd isemisppsiuptetmateria bytlontmpdification arsi
(sili con) @ d {00 fefR MARTERE WHI thid hv&abh &h$e ARR

[1-WV ﬁ]rouaﬁs I'1'l-V conmpound iSIs‘ém conduc?lgﬁiennt%lrmﬁg? élpseg\%“(lﬁ{%ﬂ?gdr
appl i cati ofi8“at% to growing pure or mixed nitrides of the group Il

metals (111 ni tHiwdes) foboncithessnbl cor¥eni&ncd of thmlloﬁﬁldeécﬂf)\dmn%g@%out
Gal nN, and. Fefl%:gql al I‘%/Ihto grow ng. | ow defect-density, reduced strain,

monocr yst af" BERm heiTventiqn 1y FFécrft{?Ij hesin fgmearilydn erabogiments directed to

"seni condugbeiny Iﬂﬁﬁndesaﬂuﬁﬁﬂdﬂkﬁtyqﬁ ctiBddBhdnd direWtd BPwiRDELT ?ﬁilE' on are
used to re&er t.0 materi to which this invention can be applied,
and not to eg‘ff}Ptlg%%?@dﬁgra%fqr ﬁﬁample and it should not be taken as limiting the invention. In

25 fact, as wiil be apparent from the subsequent description and appended figures, the methods of

uced

this invention can readily be applied to growing group III-V compound semiconductors
generally, to growing compound semiconductors belonging to other groups (e.g., group I[1-VI),
to growing elemental and alloy semiconductors. Therefore, it is without limitation that the
description herein focuses primarily on embodiments of the invention directed to I11 nitrides
30  and to GaN.
Briefly, the methods 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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20materials. However, for conciseness and conveni ence of the

foll ow ng description and without intended Iimtation, the invention
i's describ¥®@zpraratprimarily in enbodi nents directed tRETHISOWBIAH21Y |
nitrides, and particularly in enbodinments directed to grow ng GaN.
This descriptive focus is only for exanple, and it should not be
taken as limting the invention. In 25fact, as wll be apparent from

the subseqygtig Fti bR éiﬁﬁ?ds%ﬂ&’ﬁﬁﬁ%gnoﬂé &'tﬁe%npl&t@ﬁot%%ﬂ?@éve?&c (})S'hﬁes

i nvention can rea e a p ied to gr owm na group nmpoun

sem conducﬁéNsslgwéﬁele exposed ¢ UFPBRPHIGNCH ol Ardls @@ﬁqr%sn@hyeﬁ ml@vely low

bel ongi N9 YGeQUbRlty, FERURSattife Grain 20 B @elé&ed\ﬁoiantyt rhe §RMIROG At RIRHM @kn
and all oy sem conductors. Therefore, it is wthout Iimtation that

the descri gioF@enias Emplafestueias by ELQdedhnigues fi.corrrangremdisionstfatoriag lateral
i nventign g&&ﬁﬁ%ﬁlﬁ’bé#@mg on%eterxb&.@@oﬁ% éﬂ)@ﬂfoﬁs %N 1slands TR fnﬁ:fléléﬂ layehe

met hods of the invention, contra hods, provide “or
prepare a therfiratike e iseady hes Wkah"ﬁéy leﬁe&Fii 46951’%!3‘ ’-‘e@fﬁi lagica piepén andvieng

careful ly oddQblagd, characteristics, the tenplate in certain
enbodi ments including a mask | ayer covering WO i ]
2009/ 015350 PCT/SM@@%})M@& depasitiandirely b magkdna myerialsovhilgahgr smbefdgendnd

al so regi ogsnAdefdif of RERRLG: rﬁ'ﬁénaﬁ»l 'il?ﬁg%dﬁﬂéﬁﬁzrr@@rrgyto%%m%%r{aﬁll ands.
The exposed or upper TB‘O”' ons of the islands geferab have a

rel at i V8l yDepsascenered™ gabadimpnts, nappsiag mpigtieliicdepesitedsothd der Graep 11T nitride

sel ect ed p|.afd dnM basERBostAE %qg@nﬁaﬂdltﬁéﬁ%ﬁfﬂcﬁ:nﬁrﬁ%ﬁm@Bﬁ%alqpre%béi e.g.,
tenpl ate structure by PLO techniques (i.e., grow ng conditions

favoring | BY eicaicabmetharigy palishingnodhas anly gheampar partiengsd selgaspsomgps the
portions okmﬁ@&%&é&ﬁ@ﬁ htﬁbﬁnfamﬁngm%ﬁ A¥Fiall hﬂﬁ,ﬁﬁ&reﬁboduh&ﬁs b Rfaisking

i sl ands, has a rel atlv ect density, reduced lattice straln

and the seP@Efigds fopaiet toywver only a pgEipR of e S fetrae adibegreuminivide y on

maski ngs Mashi Al fist mlﬁgethpﬁﬂb@fpo%mmmm bs}@cnﬁebt exJ6RE 4 st fof' el y on
such rraterlals I n enbodi nents referred to herein as certain

Danmascene_EbesaNgnS @BQoﬁrfmétht In stiff furhersrhpdinppntsy pagking gnagraiabis p?téiap%eds Pk
the Group ikiefl, bfchiEcdnghiaRdse AReeDASE, ﬁ@&nﬂﬁh&)%ﬁaﬁ%ﬁhﬁ% 1R globen

sufficient masking material is renoved ) by chem cal - mechanl cal
pol i shi ng, 8% tharppergnrtipnt ofeh Wﬁ%ﬁedﬁﬁflﬂlbﬁ@dﬁs}a&@sleast sone of the

i sl ands emer ge thRioRdigtihill frefefrBIE M IYIRELniRS KRy cARInSdvade mdtiibds Bt her
enbodi rrents a maski ng material is deposited to cover only a portion

of the2Pasibecaiag Pﬁ%"é“‘éh‘ﬂ‘“gﬁéC‘BfFQi@th?Wﬂtﬁia% rdapso fayemsinghEiagi | st
| eavi ng t herigP@kictdrMdtdrRNfaBicatel @cdosdiing tiRlpkdided iRthoBX posed as a seed

For Preferred methods of the invention for fabricating layers including a semiconductor
material, first, provide a template structure with a plurality of islands, the islands having a
substantially irregular spatial arrangement, having upper portions with one or more selected

25  crystal properties, and comprising a material on which the semiconductor material
preferentially nucleates and grows, and second, grow the semiconductor material on the
template structure under conditions selected to favor nucleation on the islands, then epitaxial
lateral overgrowth (ELQ) laterally beyond the islands, and then coalescence to form a
substantially continuous final semiconductor layer that inherits one or more of the selected

30  properties.

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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subsequent ELO growth. In still further enbodi ments, masking materi al
is not deposited, and instead, growth conditions are selected (e.qg.,
PLO condi tWOr809/0¢359 hat a conti nuous | ayer grows from tHCI/UsRe071219
portions of the exposed group Il nitride islands. In nore
detail, preferred enbodinents of the invention provide nethods for
20f abricating layers including a sem conductor material and al so

| ayers i ncb% a'lgy Emi SRR Qr ox@&%ﬁb ﬁ'-vﬁ&l%?h E&ﬁc@xﬁﬁ&&%&&wﬁ orhhe
provi ded net hods. Preferréd meth e invention

f abri cat i n§reuRyETscanpeprytreiroadusiorimaisHeludhoselastad erptal promerties ﬁan 1@%1% de
a tenpl at e fd drinhdib ¥ bbhshly B‘L*dﬁs?éi bd¥eth sélédtéarb%?stal ba1gith shapdsudgvi ng
a substantially irregular spatial arrangenent, "having upper portions
with one oftyf#hsEaige| ect ed 25crystal properties, and conprising a

mat eri ak on whlﬁtre&étﬁmaﬁans%pmguﬁwonmﬁ%&'de@éheaf&mtdfalelfmnucI eat es
and grows, and second, grow the sem conductor material on the

tenpl ate s SHRICMEHOT YR -0 B Airming s oredfaverkngss vithimihie fingl sernigandheer on
the isl and%elt %Qh&l%f)@?ﬁg @herlg}%%@éh W&ro@mefﬁnﬁﬁl:l@coﬁcﬁmf aldry: feyond
t he i sl ands, hen coal escence to forma substantially continuous
final seni é%mﬁw@eéﬁeas ayhe detashad lpvsheanihave yhangpllhpyingloytd polatty apd/er

30pr operti g be substantidllyGhGbabiiiind he i sl ands have a spatial density so
that the final |ayer i's subStantially nonocrystalline. Also, the

mat eri aP of t h&rpiemedimatheds af tha invention furthestabridatslangestvderathe wpvicgndustort he

final | ayematefillenchiiel £ g@gygi-ﬁﬁnm&e L& mA&an ReihbdS - ntmRas al
sem conductor material, ‘or an alloy sem conductor material, or a

Group | | - VIeTBBiRWusiaedeRP YA ing fravng base sabstray haxingiasuiace promgting

conpound Sﬁ‘ﬁﬂl&thf&‘%hcfrgﬁoﬁﬁ-llﬁhnnd'l;%téﬁ @&tl@%d%awéiaﬁl RERRES ffsraﬁo% oﬁan
include one or nore of a | ow enS|tyo cry st al eecty a sel ected

crystal polPaPreyubsing comprisingckadslerd sateal Q{“Fiedﬂﬁﬂdﬂ!ﬂnﬁéffl?ﬁqdéﬂ’ ththfods of

the inyent }e@ﬁlu&g’v‘@ldﬁddfhﬁ'lfbei bugﬁir@lgllf'y @feg%tbpgm mdn% dienf - Jnﬂ%bvei@?ér%@ﬂféﬁsﬁ or
| ayer, e.g., orn1%%6a zone weakness wt fina

seni conductNHP Ov%aréwe tegl ﬁréfﬁtalamﬂcgﬂeﬁgmdwggﬂateaald%@latﬁo‘an pothe fegmplag

the final sgFhEORASCLAiILbRXEEEE to ERBr ARREAon WRAKRRE Shen [RGB IAGHEd
| ayer can have substantlahjﬁ a single crystal pol arity and/or can be
4

subst ant i aPYSBABHEELYEkisrally heyond pisdands, padith ﬁ%‘f%@é@m‘cﬁto fos =ajspksEmtialn

further fa@adnﬁ@tu@ﬁheamﬁlaoﬁ&h@taﬂa)teh&aﬁﬁﬁerme uf:ﬁlelreo&r&kgae@é r@}ﬁhuges a
gr oup- || l-nltrLﬁF (the mat er preferred, nethods, a

I
tenpl at® struct éaYF"sm?}F‘% pefife §{aaﬁ1 w%galfcwblfﬁ the ﬁa*génaé%ls?ﬁd&"ffécrﬁa\n ng

a surface paRAREtRIa Jﬂ#ﬁda@ﬁﬁﬂc@nﬁhn@lﬁ.ld@alurﬂih{uh%[tnw Hukd nifide, rdr dRium
material (the i sl an terlagﬁﬁbﬁﬁgromnng i sl ands_on the base

substrate BHSr STy therse] T IRFera) Hﬁ@fieb&ﬁ% theisplpdedaystdt ed)
so that thgop&ti@suh bd &1 o Hoands sﬁ@a‘é@d@s@'&ﬁkﬁ% bAdikIYcatibis@@ bppAdximately

spati al arr& gﬁnent and have P portions
/ct” or less, a percentage o relaxatlon in the lattice strain of at least 5%, and a crystal

25  polarity selected to be one of +¢ (Ga-face) or a -¢ (N-face) orientation.

Preferred methods further preferably grow the island material under conditions
selected so that a plurality of the dislocations arising in the resulting islands at the base
substrate bend laterally and terminate at the lateral facets of the islands; and/or under
conditions selected so that the resulting islands have lateral facets presenting crystal

30  orientations that discourage nucleation and growth of the layer material 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

-6 -
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with one or nore selected crystal properties. The |ayer material is
then grown on the tenplate structure under conditions selected to
favor nucl WarZdeW1zRa0t he i sl ands, then epitaxial | ateralPCIES2ZYBHTH
(ELO laterally beyond the islands, and then coal escence to forma
substantially continuous final sem conductor |ayer that inherits one
or nore of the selected properties. 20The | ayer material and the

i sl and mat gfdralgrdan fr&%fﬁc‘(}ﬁitﬁlﬁﬁ@m%ia@éﬂ rRdterfl; a8/ BHE T bndBIng Sdi@keito t hE

| ayer material can include al'umnumnitride, or galliumnitride, or
i ndi um ni t fv8e aftggcoalespings ofthe leye maksrialymers verisal|cagpah uptl pselpagd thiskictides

GaN, the segf@6tifd 14568 teabheRI ABBF kdd8Scob@RorR @10 B FavdPlofnMion 8f S PlukAGE
density of defects _or dislocations of approximtely 108/ cnR or | ess,

a per cent agevaided regions iy the Hinal fpyeriecated between the fogmer iglindst Injthplgtersoy  and

a crystal 2apohiol iltdinQRIds ednStnie? ahly SRRy M ortibr tb EadhaGRMioR bf e fifial layer
(N-face) orientation. Preferred methods further preferably grow

t he i sl and®ht widediregifider conditions selected so that a plurality of

the di sl ocati onseRflShélfods 81 hBSvERRDH i ichiilands iﬁ"crludti.r?ed REARAI nitride
substrate bend laterally and term nate at the I'ateral facets of the

i sl ands; afdreAndugiTaRatEBhernderagis 2 guskang maferinh on fgiitablp fempiadq Sty so that

i sl ands hayg ub?e’r%éx?ibnsfcﬁﬁ%{aﬁ)rﬁf SRS afel ¥ SdsBd th?tﬁgﬁ)fhie%él@ﬁdé ARSridl,NAk
di scour age nucl eati on and qromﬂh of the layer material and upper
o\

sur f acé® pteBrry g sepigendustorgpateritd o the raplakratueiie s i gdoqitdrrditionsn

and gr owt hTRE mhdhihgndy@fal FrBkRDIyA! scleble@EmAEE FRIdAER (of HhlNAprdétialine
| ayer material under conditions selected to first favor nore vertical

growt h fr ofVYS3Es apheEpwHEY lrrssdn enmperitenite pisthe magking Beig@bgudinmesfiopss dn
WO 2009/ 015368146 14itéer AR O LALSn b:al e bathixdh QW ddedr bR 'ﬁretfaﬁ:d maskin

initially-grown layer material; and/or under conditions selected to
favor, aftByteEglsl escence of the layer material, nore vertical growh

until assel ect egk BinekpesseddmbodfnchisN@ltat P¥RPplaleSiri @R Skera 8P ot a
under COHdI@%@%&]S | ected to favor formation of a plurality of voided

regions inP nd} igpspbstagtialiydHesbt SRAER ATRRECIS RN D pRpeRpRILons pitht e
latter S5al bwd}@tdré@leckhlerfvﬂmtmﬂaiegaﬂd Edhih9RE 2 3RRNYI SR@LE@YhE N order to
detach a portiog of the final | ayer at the voi ded regions.

Preferred MEHHE 'éCt‘%ff‘na_tt"r‘ijél Rrﬁﬁ?@ﬁttiql%r‘i‘“?lﬁtesfaé‘ﬂ)ﬂip&%taflﬁ&elsg%?dscoilﬁﬁ?flﬁdi ng a
group 11 pietefdbile fifsg TavePRALEER onTRY Slbhd| th&AHitBRNSEhI Fel@SHA (FLO)
mat er i or alérlta Ie_tenplat% structure so_that the_ugﬁgr_portlons
of a may or PIFPIBOoYGRE thedtlaiyend fiadl ix i seranach? St s Helyicprfgous final
mat eri al , Edﬁgcoheﬁtﬁlﬂ‘ﬂayeﬂﬂgﬁl\ﬂﬁeg% 0RE5 6D ﬁﬂm& %e;fsatp&rpbﬁbs. 0 nI t he ]E e rrplbflt e
structure under, sel ected condjtions, The masking naterial prefera
i's selected so PRETEA&CTSION HdMaRBEEPI S BRNS THiERbP dprapid upt] sofected
nucl eat Ies acﬁlgit@ﬁ%n@@ Th lﬁﬂxé}fiél’érrécﬂvefbﬁjﬁpﬂf hﬁﬂﬁhgtrfiataihl &maermsfgishémgmtﬂ at
material, and in partjcular, In _particular, silicon nitrjde, or
silicon ox ﬁa%? Ty oy e frggtead B’F islgngs iﬂ%é’f g}cri’@ﬁ“’ﬁﬁ%tﬂ‘erﬂ{”“ﬁe not covered
25 by the islands are covered by the masking material, while the upper portions of at least a
majority of the 1slands remain exposed.

In another preferred version of these methods, the masking material can be deposited
until the islands and the portions of the substrate not covered by the islands are substantially
covered by masking material. In this latter version, preferred methods remove excess masking

30  material so that the upper portions of at least a majority of the islands are again exposed. 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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materials. 15As in other preferred enbodi nents, suitable tenplate
structures preferably have a plurality of islands in a substantially
i rregul ar WPRDIANSEN r angement, with upper portions w tPmEs20us/omIe
sel ected crystal properties, and conprising a material on which the
sem conductor material preferentially nucleates and grows; and the
sel ected conditions preferabl y, first, favor nucleation on the

i sl ands, tﬁ%ctggkl%%blﬁiicnlsiﬂgsﬁr i OUEGT HE es\éﬁp ug] gagéheﬁ;&[)@ﬂ@m%md

t he |slands I na ., coal escente to stanti a
cont i nuous relativafo thestite ehtbieiat &x a may@rlartsbiralcondnﬁer m@tsmtbn@lff@renmmecoeduc!dne
sel ected PLARALE h@v% dlfferent sidal oftlel h\é§ el eé&???%ﬁéé{%%%gém

t he maski ngi@materl al I(Je osi ted unti ecte
In one pref rﬂ’fteahﬁiféfp@b bﬁf degenieor idistpieiting dnmtees paaundgratnocb@ thregorfioned unt i |

at |easg asemh&ah&a/r Rfrerfal € ﬁo'tofig%lfll 3?‘3?%@%34“%% &1| Sﬁ%gﬁgamgdgfmkhe

portions of the substraté are covered by
t he maski ngiskegation defisiticon understhed igpiseut qﬁ@mqfheos@lmndworlwl agnBjority

of the islands I'h@l{@éaﬂ: o?%ﬂf%?cﬁ!ms 1o, %a[N ld\@d%&?& loog{ufﬁc cff:eﬁﬁﬁg a}/eqal&h?&eﬁaefr

t hese net hods, the maski ngprra eri can posited unt
i sl ands an# hekein focleferton dislopation densitiss @ﬁlaﬁéflan@ppr@wetpb@nb@e ardies of K1 smdls

are subst apt.taluly1eGONRrB ;%oﬁiﬁa{égsc;ﬁ tﬁ'&orﬁ@-to?ﬁﬁsﬁ:b td 1 %m $ind %lte%ﬁ“eferabl%

version, preferred methods rensve excess masking 30 raterial so t
the uppBr [seythinapprosimaialy preths prdar ofddern’t \Cooversehethe stramthigtar e agai n

exposed. T ﬁaeami&mn@%ﬁ{egahr f;aghdgﬁl e h@g&svd&@aaaarﬁaem LIPULHkDYire

conpri ses chem cal - mechani cal polis sur ace

snoot hi ng &ken hpecinogeqan pdistoctios opflefed densisy efrekentes Bian brpropémnitely we the ordee

terms "l ow, emt/ ,
50007 0159800 s SFRERL! ANaBRR df it B prfiEhd HlokEdofecls &;‘Béc&n\é\?he

| i ke, are tiswdngHdplsofioastIDirtHatoneiptd atibe isfacedebsdn Bs erasngreupdllmgridte
state qf ther e fubkiPie Ji‘idlﬁﬁ& biof: %Ldf’érlntg tslod@@lwgéﬁ% nﬁfe %fea'dem% {of tﬁi%{é

sem conductor materials have fere ysi cal Eertl es and
been devel Hpaiffidepis mepfuggddyimetogs é'élékmmvtprﬁf@safaﬂnha'r efpincludingvpteraice ct

or di sl ocatd:Qmid@Reby tﬁﬁ\d)’i&awggEléétfaﬁ%&rﬂsc&}[}ﬁ(sﬁﬁ ) afl rfH98ission clectron
5seni conductor materla , can pbe substanti al fy di fferent

fromthe defeescony(THM @éafqgwd@@ﬂ@ﬁtfqré@tea@maa defeat denstly isby TR therefere

anot her  seqiGQReluREer defBE R Hal heRinre assimed to have béed dbAEnIERSE 1iM.
applications to GaN, | ow defect or dislocation densities are taken to

refer £0 herei Anihs awrabappligations @l adexnal G5 apddise-i Sis,Gs Whersy >t harow

appr oxi nat glgyct eFdifIb@LHH &jéﬁﬁltlé&farelﬁﬁénctg?efer% £h&h AhleYec! GUH1dHMA densities of
approximately on the order of 105knR {o 107ch®, and nore preferably
less than approximately on the order of to10%cm? to 10°/cm?, preferably less than

approximately on the order of 10%cm? to 10%/cm?, and more preferably less than
approximately on the order of 10*/cm®. Conversely, the terms "high defect/dislocation

25  densities", or "relatively more defects/dislocation densities”, or the like, are taken herein to
mean a dislocation or defect density of greater than approximately on the order of 10%/cm?

And in the case of applications to Ge on Si low defect or dislocation densities are

taken to refer to herein to defect or dislocation densities of less than approximately on the
order of to10%/cm? to 10”/cm?, preferably less than approximately on the order of 10°/cm? to

30 10%cm?, and more preferably less than approximately on the order of 10%/cm?. Conversely,
the terms "high defect/dislocation densities", or "relatively more defects/dislocation densities”,
or the like, are taken herein to mean a dislocation or defect density of greater than

approximately on the order of 10%cm?.



10 I ess than appr’oxi mately on the order of 1 051cnR. Conversely, t he
terms "high defect/dislocation densities”, or "relatively nore

def ect s/ di WP@EWNEHI0 densi ties”, -or the |ike, are taken HEVgs2008t0012mEaN
a dislocation or defect density of greater than approximately on the
order of 109/cnR. The defects or dislocations of interest are
prinmarily those defects, especially threading dislocations (TD), that
originate at thﬁ hd L& Jf%&;ﬂlc%%%% &tﬁ&esgﬂi@‘t’gﬁ]n@{e&’ﬁ&@d e'véis Bt bk A oand
t he substrate an that propagate into crystal as it gr own. e

def ect den#dferyhgrein toyeleysl gﬁsﬁraHl, fon p givieriexsnpositions shetis éads tbyn t’ffeﬂervddé" stygan |
know 10t NGRGnf ATd drfbal B8 ke fo Eugwgm 1BLBH B8 hGGro T REA COPY
(AFM, scanning el ectron mcroscopy d transm sgion erectTon
m cr oscopy gEWHEM To ferker grnddie rrlisitedempan Of desticletrairr ern b pegorisiodded Wemsi ty
i's by TEM yLpeneliabe: aéy&%df %%Eséfe@ N 'a A OBHE A o
assuned to have bleen é(fietre ) 3at &y % : mg{ggﬁetﬁ)ofr&g ggaiﬂéato?%ns
to alloys efenggyairhds govemed by thp rna*y@yhlvbtnessemwzemfzhe laﬂtmvnmerﬁfeht or
di sl ocati OEnQ&Pé'afsb ?e%luﬁédetfr tRke 9 dgtgct 1§Ih@§na¥eﬁalh§|:cﬁ|3% tﬁé) gﬁé ﬁfc:iﬁn qF ‘ﬁhe

di sl ocation densities of |ess than approxi mate

t 0104i cnR $lEpin 9 sreémthalpﬁh@feeﬁabﬁlylocaé@@s qridaﬁqctam@rf@m rﬁte@fqre éfthe sfeinonder
of 108/ C2yfoQuik Ak ABer Nk IR £ o Bbvef Eaftbhdhh 67 DR ARLiR

t he order of [régerc seay, e terim éﬁattﬁ@ﬂas ecte))%“g?‘olcg%(ellﬁ
25densilPi ere en@gy Ofrdéfcaitfpvmﬂyn ﬁlmsgame‘i lémrgvﬂélbesﬂhwmimmméﬂ stphl¢ eginst or
the |ike, ifcdidk SmBRILiThistCoBRRAHAALI AR dERkl: JiERR 1Y Of

greater than approxi mately on er of in the
case of appringasitealattieepagmegs fEf thq ‘mﬂﬁl‘ébéfﬁ%?@bs'f'@?e Hogkerdor ogivaansstial es

are taken tQniehist, stkfin h}ﬁfcggcgwﬁtﬁ tlﬁ%@s%tof tpognca hﬁ&asﬂuam Q%Hﬁ%lh‘?&n&g” is

| ess than approximately on the order of
pr ef er abl yraeehsd. & waish &pﬁrﬂw stag & the epitaxipldaysy uéufﬁ@ﬁntm@/uqucbfommon

30106/ 82, waRf ESR 1 &lekiabl y | ess than approximately on the order
of 104/crr2 Conversely, the terns h defect/di sl ocation

densities", or Thegforp,ithedprm ‘if@ﬁueedieveéscq%ﬂraim”sqa@ela@ feéhm takeeryiteliwhsre strgip

the Iike, ﬁ&%&@&é@&ﬂ@&%%&ﬁ%{bﬁﬂﬁmﬁ% guemmpéxt&@fhgﬁhe E{‘?Qﬁ'latttheOf
greater than a &{)rom mat el y the order of 1081

case of apffdt nﬁ%@n"fpeesarwq) 1%1”F1@¥qddb§°“' fh?élﬂﬁsélp%fﬂfrdéﬂtfé%l qfé?@ﬁs of

lattice st gahitons. efl@r@laﬂ@i&?bﬂhé Q'P\;ﬁal |s§MEl:anQJe Ridt@k Dby ERAlid@inginken
conposition, that is less than t | evel strain present at the

critical tPieserge saingslaaten ®dr mat i on of crystal def ects during

het ero-epitaxial growth. To further expla a limted anmount of
elastic strain can be accomodat €4 Ay @5 Avkt %% wi t hout generati ng
di sl ocati onﬁ or.d fects ‘_I'hl S accommmodati o rﬂtp %UII’ s an anount of

ener gy whi EHTFES Garasurgd Byplengdathes napamefer o ¢ layero21d5 the upgtrangdiin-

lattice m plakd lefiice @@yt for3haduaed agwaﬁaaai id me ﬁltlﬂaieeafﬁceCiﬁfaﬁﬁter fon tHehe
strain is eat er .t han

Thi o ener gAY doae PRIt aE b boctli e e IYRE @KL fiha ges
strain2sn hdve retpietl axthait udsayiedd aRs (m& &y Ris 8loral 00 €Y)e Fosdmbtbri HALIEHI n60
that the el adse:;E éo%e gri?ye stg n rglea%lol? 1.¢., one V\ﬁere the lattice parameters of the material remain
equal to those of the substrate (a = a;), such as a material prior to reaching the critical
thickness for defect formation, R = 0 (or 0%).
The term “substantially” is used herein to refer to a result that is complete except for
30  the deficiencies normally 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.



10 the energy of defect formation, the strained |ayer will be

t hernodynam cal |l y stabl e agai nst dislocation formation. This is

cal | ed pseV@3HINBIFHE growt h since the grow ng epil ayer PEETUSRBMHZI21he

| atti ce paranmeters of the underlying substrate. However, for a given

mat eri al conposi ti on, strain increases with thickness of deposited

material until a "critical thickness" is reached, at which thickness

strain in E&]ﬂ?l&@l&BMe@L’ys{aﬁ]Y(ﬁe{nd')%m%bgIfléc@(!is@éﬁc alﬁel%ﬁiﬁ§ eHS’\@J\@PEm cpitaxial

forrratlon whi ch reduces tice strain herefore, the term
"reduced | &R putingly b grpeciedrio bt ‘Substaatigly qoptiows’ &@t“&ubsﬁﬂmé strain

has been agAsBRRGRNEE oPYsub@drdXRt drohe a@sﬁﬂwaﬁﬁyﬁmﬁdﬁ ﬁactr&,c@;}i&ﬁtnﬁﬁbmns

extent that _the crystal lattice strain (tensilel/conpressive

rel axed (b&hgatheEcoinEdndPyeyH dam@m&aemry%ﬂ beyndapios BRrescpigy t>fieon)

The r el gxatigefedi tid1t ﬂ%fﬁﬂ@fn%l:esﬁhg &Jnﬂltﬁ@snth@?nagsﬁﬁlrtfuhlﬁty@&gﬁ%ﬁﬁq slder i ng
the 20percent agl_ﬁ%stal n relaxati on (R) x 100%

where a is the Q@Q%ﬁuﬁeﬁhﬁ%ﬁ@ciaélfbt‘?né)éa'ﬁéflﬁlﬁ’étaé}‘ m@dwm@slp@l&aed

layer, al hsmidRer dRfhtAiREGed Rrdih ACentiftt didcfBurBAdraRhGke 1];1&frpotrzh€d herein,
strained layer. and a, is the in-plane lattice paraneter for

subst r at e. THBFr eqtiredy; i’yquﬁéf@ﬁécaaﬂﬁvr@?ﬁeal Furﬁherenone@ﬁ@ew@rr@feten@e&l r@&ﬁfdl%;sé
par anet er sotfowt JB@ra&@ﬁz%ﬂ Lve A9 BN Bed Bpa¥ad tHeQmIeH@dnrof ‘tH@:%EIEJ@dt Bafer\eRiHES
(a Rls 1 (or 100 9. For amaterlalpt hat has not under gone any

st rai n1f el Bsreipi Byther asgects 394 detpifsand altamatq qombingtions of heslewenfs pfthishe

mat eri al 1 gREiidn QSILVE 2 pﬁﬂeﬁthﬁ%ﬁﬂh@follg\bﬁg AetRRdd RIB PR anid B )also SHER RS @
material prior to reaching the critical thickness for defect

f or mat i on, SeRpeofgh ‘(181‘3“5% invetiient er m "substantial | y" is used herein to
refer to a result that is conplete except for 30the deficiencies

nor mal [y expected in thﬂ?.l@lﬁFDﬁtERﬁ)ﬁ(m*@F THERRA MINGSS
"substantially randont i oes not appear o have aen%/]t ul ar
FEHde

pat t er A2 upon w@ﬁﬁe“?’}‘ig’ﬁ%‘é‘PPWYb%““dﬂfﬁ’é’ﬁ&Wﬁ fylly By plieying need

not be rangamet BestAptBUAE the FREDRIBH DS RherS am@preé@nﬁﬁavenaan eRistraxkal
| ayer cannot routjnely be expected to be COgEG continuous (or

conpl et el yXIBREE PLDECfi¢ spRedinggnts ofyhe seysatiqyes dsres rphich:

conpl etely of 07 1qn%§~§tag pdmit}aﬁlnm)trl@&rms macr oscopi ¢ di mensi ons.
However an epl aXIﬁ%H &{er can routinely be expected to be

"subst anti al | y Tt an exgfpplary RHER AHRPIEPY, $i%onocr yst al | i ne", or

"substantial | y rof. 3ametrseysrtRired @A inte)ts bt 6 ifSfioNBdhi 0S COpi C
di mensi ons where the d@scontl nuities (or crystal dopains, or crystal

boundari es) pr ds8ntAErENSTRE SiEpsip perdereed cphodiment of the frypntioReandy ocessi ng

condi ti gnﬁ t hﬂ:‘lgﬁfﬂpﬂDlll&lstrﬂH&Epslto)fa@ﬂtéﬁmwehlﬁéfeﬁ'éﬁ dnfoklient of éhel invdaael; Bes

are used herei rity on thout any intended |imtation.

A number of ref éégs‘ﬁ‘éﬁtré%é %f %C{E’F plterqage py F?‘Een&hogﬂeag‘lﬁﬂ?s of

whi ch are innembporated herein, in their entirety, by reference for
none of the cited references, regardl ess of

al | purposes. FEurther
how chat act eri é%f'@b‘&/‘gumla@aﬁﬂ’fﬁmt f BESnPfRE 3% t he i nvention of the

subj ect matter ¢ Biim®dates a further example of the invention.

DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS
By way of brief introduction, differences between embodiments of the present
30  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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10herein. Further aspects and details and alternate conbi nati ons of
the elenments of this invention will be apparent fromthe foll ow ng
detai | ed d¥OCPII(H and are al so within the scope of tHEE/UAWSHTIBEY S
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS 15The present invention
may be understood nore fully by reference to the foll ow ng detail ed
description of the preferred enmbodi ment of the present invention,

il lustrative expphesoRlo tWE%Qn ﬁﬁmgfou:ﬁ%ﬁmﬁé fol Qr%wiﬂé\@aw b, gnd

the appended figures in lustrates polarity in [l

nitrides; Saplatigycoveredwithernagk é‘*ﬁteﬁ’ﬁd ese@ﬂsanéﬂrg Ppetpld) og&pimcmr@é@s% andythel
20Fi g. 3 i N that @swRiedgh Bﬁé;tn@mqgé SRBhSd Mbskt ?fg b nm&%és%{?bstr@t@ do1

Figs. 4A-F illustrate steps of prefierred enbodinent of

i nvent i on; Wih éFHIPilf‘é%zcl@AhQDlsl Drtighy P%’P@d by mgulady paiiernad mesk7Qp Wfé f?ﬁub“f l&rred
embodi ngnt @4y EMa&%ﬁ@rﬁﬁngm I@ééglaﬁir gaﬁtem%\mgslés a}e%ﬁarl@:ﬁu?elp%@@s?n$ftan@ard

further alternatlve preferred enbodi nent he | nve
7A-Cill ust’h%@léh%ﬁpby(a%qt &adyis thﬁ@giorw@nffhemsk@ﬁdbm'ﬁ@ soghat jtfiges pyleates a

further ex aﬁrpérsorefoﬁh@ ‘é‘uﬂfeﬂ¥ SﬂEhﬂQte z@ﬁtﬁéﬂ are QERCRIPTgihe %thﬁgPBEFERRED

EMBODI MENTS " By way of brief introduction, differences between
embodi ment §nsigadohen e BrEpanddien gwms vertically dhrryabvre meskepenings I thefineht ed

in Fig. 2) qtagegofgrB% mb @ahle%ﬁmatermﬁm oomfl@&gq@d Iﬁﬁ@%ﬁ%%%& nfafk t he

i nvention are describ reference to Fig 4A-4D. Furt her
preferi@®d ewisep ﬁlﬁﬁf@ﬂé}f Séleaféé ed ihtbg maph wemésw‘éprezerwp@p@@artsaﬁem and

6A- C. Fi nalihn¥, th&MRARY §wMEGHEEM il @fknWa i cd2RERNE A6R aldbnbliJstalinARft: 8-
of GaN.
In contrast, processes of the invention have one or more significant differences from
such prior art. A first difference is that, instead of forming a regularly patterned
15 photolithographic mask through which GaN grows in a regularly patterned arrangement,
methods of this invention form an irregular pattern of separated GaN (or other III-V or
semiconductor material) islands on a base substrate (islands 7 on substrate 3 in Fig, 4C)
without any photolithographic mask. Irregularly-arranged, separated semiconductor islands
can be formed in at least two distinct manners: epitaxial growth under selected conditions on
20  aprepared surface (e.g., a nucleation laycr) of a substratc; or etching of a 2D substantially
continuous ITI nitride layer having irregularly-arranged regions with distinctly different etch
resistances. The final continuous semiconductor layer is then grown preferentially from the
upper portions of these irregularly-arranged islands. Thus, while prior art grows a final GaN
from regularly arranged GaN templates using photolithographic masks; the invention, in
25 contrast, grows from irregularly-arranged semiconductor templates without any such mask.
In certain embodiments, a second difference is that, after formation of the irregularly-
arranged islands but before growth of the final continuous semiconductor {e.g., GaN or other
material to which this invention can be applied) layer, masking material is formed so as to
cover the substrate surface while leaving the upper portions of the irregularly-arranged
30  semiconductor islands 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

-11-



Turning now to the prior e;rt, in many known nethods for grow ng GaN

| ayers, a tenplate is covered with a mask patterned using standard
phot ol i t haYPaPiuds39 ocesses, and the GaN i s then grown RATYESAYE/071219
openings in the patterned mask. Fig. 2 illustrates substrate 201 with
tenplate 203 that is partially covered by regularly patterned mask
205 with regularly 5 arranged mask openings 207. Regularly patter ned
masks are ysiald ﬂaﬂﬁ@gqﬂz{tﬁrgﬂ ﬁ&n%&%&%m{% @E&%Bhfoh?%ﬁ%&lﬁds DXy

is then grown on the mas strate st nucleate on
portions omateHal 1dp FigsdCaond fﬂa}rﬂn ather ppRdineats, masking wptssalds depegited inshask
openi ngs 2@ élbrﬁﬁftsgﬁﬁt @t s@@tr&t@:ﬁldmﬁpfaceﬁ%tﬁehﬁ&u 9! ‘ﬁ’ﬁaﬁ%& Eénﬁ@dnl:iﬁfctor
t hrough the mask El‘em ng In the final stages ©

ext ends | at@mpkeg. 20w, whiaprionart fiessforms & patteracdmpsitand then aiveys pazykrly-
10mat er s al Brdblof ORORRSIY (R EGHRIn AR Lelfin Erﬂﬁodmlfs &H%%J%Héonaﬁl%ontra t
properly sgace apart, after a time, the [aterally growing Ga

will event et pry%%@ew@ée hawing irengplarlyreanerdssmigondusior tsé@}aé?andﬁhe@stwosrt or
In cont rasgtaca%étﬁﬁg%%nmfarm@tﬂew@Agrttat@@n X§is0h&. Or nore significant
di fferences from such PI‘IOI‘ art first difference is that, instead
of forming a rege’deriliygereraious eapogimsnisiof th dyyertioni whihsn dessriptingh
whi ch GaN GELONGs ddd a8 ak 8O BhleXiahH drlNERnRd %9@5@@%&@% ePf this
invention forman irregular pattern of separate or other Ill-v
or senil®onbigerdy imyhkiel ¢agh levelprayires emembedistenorslpberation @ ipplsnenaion of on
substrate §0rt15hs|(:)'fgs prééibusitc QR th@ﬂﬂvegh%pﬂrégeﬂggfe%mh&n@%|§vhole In Pr‘n% C?

Irregularly-arranged, separated sem conductor islands can

in at | easthesiges Qfl@f‘i“ﬁ%lﬁf lerechpfethe hierarshy arg pamegd m%ﬂwﬁ&ewn@a@@taé@rate
condi ti onsyOf, t%%nﬂqn@@@pr (%Fith§ %fctlaﬁﬁc&c@) Iﬂmtcd% Dy Gk eRldR Itf?a&%c)or Qlfacé

substrate; or etC|ﬂg?r substantially continuous IIl nitrid
| ayer havi hee Prlfplgdafetpeps ﬁﬁﬁ%@@ﬂlﬂﬁ@&t@#@%@ pmlpidippgniscot fhpt lgy el erent

etch resi st ancegecordifi@l frBﬁ'Fté@nJll'ﬁ?éf%h%l éﬁﬂtﬁ@ﬁt@@%%ﬂe%ﬁtm%stb«ﬁae,
grown preferentially romt he upper. portions of ese

i rregul ar | §oxds Qﬂg@alplaéﬂ sifetares qqm%mlnwﬁnﬂ@nlpnarrétgeéﬁaNd?rcﬁther HI nifrifiglor GaN
from regul grkiyr ﬁttélﬁggﬁstm%htase@édqﬁ(ﬁém& lel3g 1&&1@&&% uértaf?,q tétiatedqafﬁ&s ks;

the i nventi on, 1IN 25cont r ast rows fromi rreg ul ar fy arrang ed
seni conductEin, ﬁ%?ﬁmde?tségalmltrﬁbeﬂd Hajike a%thﬁfagfzw (73)a nallqﬁl\blérqrépm the

enbodi ment gypelpcr@siROFthe isidn8d @iaeCeohditidid Bbnerdly teforihOENB! p&ﬂan@ti the
irregularly- arrg‘&_gmd i sl ands but before growh of the final

cont i na®usSeEusAN cRatesials iy the ‘S]a@W@P”&? Piesteation ‘%fr“?%ﬁcmtc@“%ﬁ‘ioé?tf thepfing]

invention pa&. BeecaRBL®EhdhiBYeire ddIBIEH mséq[%&ﬁryl @t il genbrarpEgt-SRLRYS tO
cover the substrate surface while | eavin he u g@gr port| ons of the
i rregul ar | SOSFYRAIRTEY “SeReHE LOHMIET nof %maﬁlfd%dt‘ii%g deen deprsiterheriplaged on

material i fheckRE20a%end thetan@QWaian@bd kBRds! Gitﬁtrth i saoghleR!eifes h atabRlahy
begi ns fromthe exposed upper portions of the islands and not from

t he maski nifPREREHY SIntinygys SB3dayeing brsreprrgd. Ehetadenaheafithofgmirar eyl

can be2$ or pRAddd RO ShAl s@hicAuasT 1hyer Biaté thl@mb bf @Fbtbal | Y- ar ranged

sem conductor i sI %nds foll %vved by renoval
he final layer can be used for applications while still attached to the template, or in

alternative embodiments (93), can be detached and/or transferred (75) prior to use. Uses
include serving as substrates for electronic, optic components, or the like, or as substrates for
growth of further GaN layers having the selected crystal properties.

30 Further preferred embodiments (95, 97) provide various embodiments or elaborations
or implementations of step 71 of providing a template. Preferred embodiments (95) provide
templates, first, by treating (77) a base substrate so that its surface will promote nucleation of

semiconductor islands at a selected spatial density and with selected properties (a nucleation
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of excess masking material sufficient to expose the upper portions of
the islands (masking material 17 in Figs. 4C and 4D). In other

enbodi mentWO 29K/ naterial is deposited just suffi ciRETIUSRSOH71I2kMat
the substrate and | ateral facets of the irregularly-arranged

sem conductor are masked. Thus, white prior art first fornms a
patterned mask and then grows regularly- 5 arranged GaN through the
patterned gBSKentf &id szébdﬁd QWS'WHE [s$ seQLT tdr YL {vf?ﬁ'seléc{%d R dﬁl@s%n a
first provide a tenplate having Irfegu y-arranged sem conduct or

i sl ands an#easdigscrupomie C@nerﬁlYaa@n#dswtwg agueleqtqdap thet ta Mealtspraiconductor
irregul arl yya fgrr(ﬁﬂglﬁﬁeﬂ Bl @BHRitions will aﬂel‘: b&lesc%n&oﬁ\é éukﬂic'f&h&%ﬁécr%?a‘iﬁn us
enmbodi ment s~ of”_the invention, which, descriptive purposes and as
an aid to ﬁﬁ@&ﬁ‘rfé@fpaﬁt@dﬁﬁ@ﬂedﬂﬁ@ﬂﬁtﬁ@éﬁ? nhbqa theaf:réw@ndp@tﬁ@élandsm%g@erally grow
three- 1 gvel, AGrdiufik am}:%ni Fheed @:Qmﬁ@ﬁﬂ@f&ﬁa’sﬁbofafn%ﬁ&sg@% uééﬁsu%ﬁm@la%@ nt

or elaboration or inplenentation of portions revi ous level,

and the | oWEhgut fusthen pregeesingforere v 73 ﬁ%ﬁ@al fiera Other wieiried embodiments (37,
the steps o4 fd RAS,Weford gsﬂh%vsmﬁflaﬁPMb%@aeﬁgb{e éﬁﬁae’érb;,%@ﬂgmgg ofa

vertical col'um, and elaborate or inplenent t Vi ous
level ) poi Pegdngprieipl sish ke é@qeﬁ@ol’mﬂpf the a@@cqslﬂuqs@ra@@yi ACTHPOKH| ¢ i pI e
left braces at 1Ramr én%éﬁime'n{%%&‘&@%ﬁ ﬂlqie@cf 61%%6#1& @&ﬁiuc%r ikl

| evel . 15Accordingly, fromF erre enbo ments (91), f

the i n¥@nt reivel tfacka\mﬂl@uouwe@vméuf{toriy 84 61% pratier & meciaaj lagey C@J@)\?ﬁﬁfp‘slil ng
random y- agd @ae g&ﬁ'eag@lNa&é?rso o tb@lﬁvel skdmffé'aﬁtry' \Q@rlr%r etcﬁ'réglsltﬂir:e H@rﬁ%g’icﬁl ta
islands with sel ected properties, e.g., fect density, reduced
lattice stTegion; T%@G@Effé}dth&ky@pamuowea}iqonéﬂctoarsdhanfaebjP@tq'deto ap Aighanhen

grow (73) grditanl Ak Ac@&@ﬁg td B nHRAG maRPRH | SO 1R dibdABty i? bR s
under condl tions general avoring ELO Preferred 20sem conduct or

material s s 19 FEmptignapd %%@HWa@@nﬁm dntogregiensprhsresbielag el tickr

of theifi nghnha¥elad intRQGddfetch r&lsfaneondi ti ons are descri bed
subsequently, but in general are preferably chosen prinmaril

accor di ng to wiBeHerengodinsats of sier kl. tsdannlae waa%lwéé@hbed@wsﬁe%/ ©prejpote

pl aced on the semaﬁﬁﬁ@&qegr QHilﬁlirr‘id%j? HRAAR Mnfioa i @R R hal ARAS, in G OWE h
is conplete when a suitable and su stantl al fgy continuous final |ayer

has been f BAHGUET i Renopsirueliies suchas, Torgramples naptrayifes arnogiliiass apd @anosdass. of

the final seMCEAYEIRIre bAYRIm&GR)H 8xdd&! @ﬁ%oﬁfonﬁéﬁtlﬁ@s@%ﬁonduﬂ&?1sfah&a|
| ayer can be used for a pllcatlons while still attached to

tenpl at®, &M befeilgred de ﬁ}ﬁfl"%’ f dimsasipisethares(ayd yures depyitised ‘ﬂ’él?dé’lﬂfé‘dh%’ﬁ’a?"or

transf err egtale 4pplicBlidnafivi@d U S6r exMa I8, thél§l|aﬁﬂﬂ%ar§ﬁédﬂrrﬂﬂmﬁ§ hSdhphiaties for
el ectronic, optic conmponents, or the |ike, or as substrates for

growth of P ﬁ@Pd@wdﬁemmmﬁ%wd#eﬂwn%%ré@eer%mﬂucﬁ%@i@rwsw

30Furt her mv@ﬁt@gebwbeem@@hrmeécsde@e%’édma@an@ﬂfa kéd&wyafﬂemﬁlaﬂmodl ment s
or el aborati gns orséegﬁberrent ations of ste rovidin

el ot o e Bnarbe R S e a T ey b 20T SPGB, by

treating (A#lough BRsejci#pstthefoRowig HEbafiptioh Soreint B Qaydd-diteclRl B dnents
nucl eati on fg&l sem conduct or, i sl ?nd at a selected spatial density and
B

wi th sel ecdtfs PramEnt PELeTEPHICh AL Y ke CamsldgefEniryiting fivikReprrens hat

growi ng (78} nReuiLapeibed O alss ba Blficltd flodueh e SR erRAPBIHELAR téfipl@es for
treated base substrate. CGenerally, spatial densities are selected so

that the fP&lna8edrdesiduct or | ayer grown under ELO conditions wll,

after coal escenﬁethelb@nb%ui‘n{eh@oﬁﬁ&ﬂm PRAR sWsstrak bdd R proeeQ. there is no
patterned tenplate or the |ike, t he seni conduct or |sI ands wi ||

gener aP¥ y grow In more detail, Step 77 can perform a nucleation treatment that can form a separate
layer of material (e.g., AIN in the case of GaN), or can modify the uppermost atomic layers
already present on the base substrate (e.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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5in an irregular or randompattern. Certain preferred enbodi nents
(95) use such tenplates without further processing for growh 73 of a
final |ayeVO2490&¥35href erred enbodi nents (97, 99, and REIYUS2HBAZI2EY
grow h of a final layer, further process the tenplate by depositing
(79) a masking material such that the upper portions of the

sem conductor island are exposed. In other enbodi nents of step 71,

i nstead of ctgl) @NriEots ERAGAL @oSRIBr GARELHIL ST, '[ﬁlw@ﬂ‘i‘ﬁroc@ssé'do&@ hddtedipky
t hi ck, continuous sem conductor (e.g., GaN or ot 1T nitride)

| ayer can BSGHORACENBR A ]éathgd‘ﬁ“Flé‘V@P laygr B>t 0 have

signi fi cant I y VIﬁEﬁb'rd"cﬂatdi‘It Sip 7@ PrefetBRCLoW] RFDRAICROR islaldd \@AEQDnditldH so
relatively t cont i nugttﬁs iaam conductor i.s then subjected to an
&t

et chant (pfatt b? &Hﬂeﬁlp%%’é@ Hafiang lowgr depaitiesoitlefeitindidilocating then fhe

so that st hpwdi s@adns! Yorl dRa@pl6prévath 8sndit@AEEanttR cAREI Rt thR2 BePfts ArtiQlishcBGbns
i sl and regions ose reglons where the relatively thick

15GaN | ayePlHdng ﬁfgllf’elégeéfacee\tﬂéﬁh? s eibglfpte for instance thicadipgdislogtiptsaithent s

of step 71mdadw tctwla@érmysaha tb@'ﬁhhhﬁt%% ha hideR FRRE bIMhe Rnd IPARERLS, thd nal
sen conduc tride) gr owh in configuratjons other

than a |ay§PN (‘?fr?*bﬁéiu{ ?ltrt?feeﬁr Otwewe%q?e uctor) felpmgls @z th@&elweca%d to p §poothing

exanpl e, NaReesoRSucHANAoRh idlAb Seigftd nano dots In such
nano- structure er;ilodl ments, the ex oseg ortl ons of th

Soni cotfluct or i lHcReTED e pRicieasd RROHimeBO% B D@foyldéﬁfaléﬁuﬁéwé?%rﬁ@fs

shapes, angr adboAGRRS ihpeferdeRANEIsRY 99 Bfﬂh&ﬁm@@[&qemﬁﬂﬁt@-' pre&aa& G &frigon
i nvol ved. For gf@ | e, the isl nds can predomnm nant

pi | | ar-1i kBUEH HERSH BYA ag%? AN TNERRIUSIRE matREs 81 @egm@ 14% stibgtthige
or other sag:arqm&aﬁtany nheRda€k bthe e@ﬁo@c@ﬂmﬂg 8UROHRnRE RapRrPhifcRAMC ed
def ect den ? senci new qtuantum anfl nenent effects.
See, Rfit{nsw &7 andgl0 e%hﬁ( SRS YL covmgs #pd Aeptisoidiromaskine mpdprial.
Al t hough tHﬁxdeﬂimaftQD Ystepf8 11 drewd, abdodivd, mlaemwm@n%na@@feﬁrm bihe

| ayer-directed egt%ﬁg ﬂk? of thi S%d hIS desc tptlonaf] ould
not be conBYHUPEHTELATEISHRSIRAGOt corer B he aa%&a entottrnat!! effee st

descri bed &mAc Rlabd. mc@maglyecﬁe ﬁ@eﬂfdﬂﬁuﬁbﬂ@e Slah GCEMER SxREl. eﬁmamhd y
tenpl at es L(gl g L -devices. In other enbodi nents of step

the base sub<¥t E(':réi‘ﬁ'“ ‘?;‘-’mb‘?”és fOrLO- SaPOSE Y RlafFa Mfsling F‘ateﬁl%‘ﬁ“‘#ﬁecan
perform a sudtcadidiaislinde et fERtcoldied, aiPhcr 10f6ved sfifiadt alagk maiedl s@that the
materlg se, of or cg.n nmodi %f_@dhe upgerm)st

Tt om ¢ 2D oy ire st sl b e DI URAGEPaE tefast s dpparmancone
i ncr easi ngEDOt sogeply eontdambscéid! tbgtiizaiti on)), or can formcatal ytic

:] ?g Ik Ce) P S 6\;)0 r2 083‘?‘%’?%% gg%egﬁ @%%1‘2%:{%%6}71 A glggéu?'ag% fnu géltllorl1 gnr(Ti] grtlnvgtﬂ Io?’me final
layer from a substrate which has crystallographic properties not properly matched to the
material of the final layer, and also to discourage nucleation and growth of the final layer from

25 lateral facets of the semiconductor islands which present higher defect densities than do the
upper portions of the islands. In embodiments which do not mask the semiconductor isiands,
¢.g., embodiments 91 and 95, these effects are achieved by growing the islands so as to
encourage lateral facets of the islands to present crystallographic planes from which growth is
relatively slower, and to encourage upper portions of the islands to present crystallographic

30  planes from which growth is relatively faster. Such embodiments are useful in the case of

semiconductor materials comprising I1I nitride compounds, e.g., GaN.
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etc.) to pronote the |local growth of sem conductor. However
processed, the treated base substrate is referred to herein as having
a nucl eat i ¥ 2D0NPEF3ISE NL) . In nore detail, Step 78 ROTdiSetiaiornz1y
grows sem conductor islands under conditions so that the upper
portions of the islands have | ower densities of defects and

di sl ocations than the 5l ower portions. For exanple, growth conditions

can be chosen SIQneHIE‘atBe ﬁl@&ﬁi‘éﬁssln‘ﬁ@cﬁ*s tHe bR A RS arfdla sg 'u‘g:g.fdla@@m%rcg BRwn

interface with t base substrate, for |nstancet
di sl ocat i ohgthe abfé’e risEhaee 826 ismiplaing, finaf leyess #tiackeddo & @mniaﬁ:af @1 lapers Hefached

| at er al faggﬁlgtgﬁplgtgqlah@gn%@gges dnfi shfpegssary, the GaN (or other |11
nitride, or other sem conductor) Islands are then subjected to a

snoot hi ng pr oceSENipRnYY e deteiled descrptioniohngloed ebodimari Heand yith

certai nsf urdeharce RIBiehk edperhadi ¥
enbodi nents or cee ab%r ati ongﬁgr |%§Qﬁe§r]§£nlt8§%l?%%%g 0 % éaqngM t5 ski ng

the tenpl at@prispgbasesursiratag mmh@elﬁmderwp@Pt@ndp@/@rdwﬁalgleymir@fmddﬁ herein
the sem copguedely a@ﬁrnﬁcrléaﬁl)n Q?ert(*}ﬂ_,"ﬁ)' aﬂahu&@m{ mes?ﬂucieh@tl bl g bgaf&fed

preferential Iy nicleates on the exposed portions of thé islan
primary di PFeperedespdiaippysietHpsmriishes. oosallertian sizesand Baucargsent  of

coverage apgrgteRishs ﬂferrﬁﬂ @xm&‘l Bh R, i ae %M@@ Ig'f&totlglgﬂhﬁirﬁlge)

grows, deposits, or places nmasking mat érial s preferably on
porti oh® off thitethserses remmele emweh ¢fdishcavelily SGaNb Preferesdbascapksatarann ners t

or all of tdgokied @6 Monlodefths, &fcad @cd@bﬁ%@%ctﬁ@@ Qhek ped %mp%ﬁ@lt Hrgmés

portions of the islands renmain expose nbodi nrent 101 on t he other
hand cont i HEdy eefigieaiet fa@’ﬁ?abwansm apg gothepmpepgik Prayideresitaitar srystalint i |

the sem COBQHGE&JS 2h@ Etﬁl@ﬁl&aaF@r c@c%ﬂgl&’ a%?ﬁﬁfys@tg sulRRsle EQFEbnglgtrH?\é%acpphlr&on-
sufficient_ mask material so upper portions i sl'ands are

agai n expo¥edatomei-SiCdantad) ﬁ@ﬁfur’?a ?hﬁ@fﬂ@rﬁaﬁﬂm‘fﬁ groyislega Te@Faﬂﬁ%Q:lé‘ﬁéﬂ IEE@' or

si mply18S RquitATSEme AR foRHRatb R ilas Kﬁlﬁﬁdﬂﬁ;‘}e@ rdh@ he SRE @)r %ﬁ@)qarowdeb
primarily to dj scourage. nuc| eation and growt e final |ayer from

a subst r at @T§lTh EnhpepsTiciaptetdhamylexprision, mr%'ﬁ'etrng.ﬂé@k Wdtltrlﬂ?scffﬁli* prgzckmg

mat ched t oupdiQosMiae bRt cfipobiRQubduRl ik RYE but A0ht AR o GafiLGLRLIALE
nucl eati on and grovvth of the final l[ayer from 25l ateral facets of the

seni conduct@NQLE plifRsonmpAlysticpr-eukide (Sepgife pndfdf ee polyersialling8iG han do
the upper ERCIISANSOBES ﬂobaﬁ‘blb ﬁé@aﬂﬁm&e@u@%@%m@é s%pmﬁve%cgg ci¥Bile, MBSK

t he sem conductqr i sl .ands, nbodi nents 91 and , these effects
are ach? evEHCoBySIoBqiidg gt'll‘rlfém aﬁsF%iﬁ%I é‘thé‘B” é@laf“o]“éﬁﬁ’cﬁﬁ%%e F‘HlttE‘i e, vk et s
of the isl @Fjﬁkﬁretljémglpmﬂ crystal | ographic planes from which growh
is relatively slower, and tg encourage upper portions of the islands
to present crysP“zQFTW@?"&BWB@%“’&I“&%@"’WP@%%ﬁ?cfﬁldﬁf‘t ' 14 crpleipgd. at i vel y

faster. SuphitaRibEEWIREMdScrdt gldSef dbherdally)LBRG aﬁgens%th&ﬁé@p&%%ﬁst ffmation
materials c r|S|n [11 nitride conmpounds, GaN
2009/ 01535 6{8%1 8 Push gerve as seeds for the growth o?macroscopw crystals, The
25  minute crystalhtes are referred to herein as "nuclei” and the processes of their formation and
initial growth are referred to as "nucleation". In the case of epitaxial growth which nucleates
on surfaces, the properties of the surface can strongly influence the spatial configurations and
crystal properties of the nuclei by, e.g., making certain configurations and properties more
stable than other configurations and properties. The term nucleation layer refers to such
30  surface propertics whether achieved by deposition/growth of buffer layers, or by surface
chemical treatments, or by other means,

Preferred nucleation layers promote GaN (or other IIT nitride) nucleation in nuclei with

selected spatial density and configuration and with selected crystal properties. With respect to
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Finally, the inventions includes the above nmethods and al so incl udes
structures grown by the above nethods, e.g., tenplates, final |ayers
attached twWoaipénibtte, final |ayers detached from a t AGIVERZENS/ 071219
nano-structures, and so forth. Turning nowto a nore detailed
description of preferred enbodi ment 101 and with 5reference to Figs.
4A - 4D, Fig. 4A schematically illustrates a prepared tenplate
structure aﬂmrde&@%&@%% 8 ﬁﬁﬁ@fe@r &tﬁé‘sﬁﬁleﬁﬁhﬁ%‘ﬁﬁﬁ&héﬁ’&lﬂﬁtk&ﬂl g/ or
buf f er Iayers 5 (referred erein collectively as a nucleatio

| ayer (" NLELD igknewniethe agt itOdHO@W abstaniiaile portinuons anghygonperystpifing layqreef
base subst ke bekel Mty YSE GRla SHFRREM TSy of Grcfbh sifek kil Jn%ﬁlbﬁﬁéo

sizes and structures, coefficients of thermal expansi on,

li ke, that caarbs igifigied, apd if the exaable gropthwites 41 Fpaged appig essthat lmrabrvetgrraztth
ot herwi se ﬁ'f)ﬂm?&eng ERWH ki Rd caft 'cgﬁesgé‘ﬁ o atﬁ{or@@llystalﬂmefaﬁérm AR grain
substrates can be non-conposit . e., honopgenous)’ or can be
conposi t e Beunddricsr Egneralfiet Pmﬁ%'fe Mﬂhéwwwc&r@@r@p AgpRgte and isolated
coef fi ci enf10% abéﬁpaﬁbnﬁéaa@@e%&“@aﬂo R09301Rh arqumepﬁf‘efrabgr&vwééﬁ% 2-3
simlar crystal lattice sjzes and structures. For exanple

conposi t e BlbWeh axracketipnsiisgmelel lof, ad dajpdhe - oni nsul at or - on Si C (or
MN) structure, pieh& dri @p&t}ﬁ%aﬁ&&béﬁé&& b %%eph&s i, }édﬁ@ed ,

mat ch, 15required to I1Tm formati on of In the epitaxia
| ayer, 18&ndlattice stgiig selentedrygjal B?lﬁwswéﬁo%blﬁaélp@whﬂﬁoﬂ Wéfhcfe?é’f:ffflffc@lf‘é?ﬁ orpf

thermal  ex@gig&iueR dedRfBY §ahy Ml tng islobdtion sﬁglﬁ@esat e Plc@ bty BG: RO,
cooling. G her conposite substrates include,” but are not limted to

GaN- on- i nsGrM{@othermricrsl) angjthe ssbyicaisegosaodmisrestiLin Mtise deuchsepsi C) and
SI C on pol b’oc?ﬁ&'cﬁs%f koRfal ékp@n&él ngq& (e, h@@&fmdﬁ%sé?)@la@l 'ﬁﬂﬂbmpd?&'st e

substrates include sapphire, |icon carb 1 con, 1 con

oxi de, gal 1hRi# kioswp lever yuch WFe@f‘fff‘g‘&ﬁ‘FCS@ defeqty érﬁlismwtwnmrm@fel infs t he

like, wht hm%milaﬂb\r/e% tm@agis @raﬁa‘n@&fd?@lm 1Eardlt9rowtdaféé€o%faﬁgld@hm dbbsitres (be@ﬁs
use herein of the term™nucCleation is explained. Epitaxial grow

(and cryst &ménse erdon &t e 4y ol midss. B’étg‘PIﬁ g pufer lepss wyelhit aé?‘i’eo us

formation aa‘m,ms@wc%n&msmmﬁdase%Muaﬁalesgfhmml@&%ﬁma@51(%@ growt h
of macroscopic crystals. The 25m nute crystallites are referred to

herein as 'HBEFBIOrgRAN h@f%#ad&réégé%uasful i &rvisedidht i on and initial

growth are ref eyfeshedt 18 Straif Weti A cOMinismb &l MBoGRRGcdibe BRIt Rdidh
grow h_whi ch nucl eates on surfaces, the roperties of the surface can

st rongfy |??I“l‘?P@H‘t‘é‘“t”ﬁ’éc”é‘ﬁaHP%{Fv%é?ﬁlPWr‘& ﬁ§traaw geneyadly arcopapiet by es

of the nuchdrct hymatﬁmgmd/omlﬁpagn&ﬂrﬁhameﬁa@mohgp&@&a@m BN RhdNnARE btk BS
nore stabl e than other configurations and properties. The term

nucl eat i onchitgyialerewahen bighly I%‘EIE*H"@@ Sibstradesde. ﬁr%%\é?rt segRhiHENI8 Cadk it dv e d
by deposi t papdc8d ia\Wabn@dilyubh bRbe hAER te f@aldh sTUPhAARy of islands, instead of as

a more-or-less uniform layer. Island formation is favored because strain energy (proportional

25  to the substrate contact area of the GaN) can be greater than surface energy (proportional to
the free surface area of the GaN). Island growth can minimize substrate contact area (as
compared to layer growth), and thus minimize the total energy of the system. However, as
growth of islands continue, strain energy will increase until the critical layer thickness is
reached, at which point it becomes energetically favorable for formation of defects and

30  dislocations which at least partially relax strain.

It is known that strain relaxation is usually initiated through the formation of misfit
dislocations in the interface plane and threading dislocation in the growth directions (in

addition to compositional phase separation). The misfit dislocations nucleate preferentially at
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chem cal treatnents, or by other neans. Preferred nucl eation

| ayers pronote GaN (or other I1l nitride) nucleation in nuclei with
sel ect ed swatpmloizhemsi ty and configurati on and w th selpertusdossnyizial
properties. Wth respect to spatial density, these are selected in
vi ew of the subsequent application of ELO techniques. ELOis known in
the art to pr oduce substantially continuous and nonocrystalline

| ayers of ﬁ%’é‘d F@%ﬁﬂm&‘d&#ﬁ% H‘.:l%gtﬂgh‘é ity &t tie ﬁfdﬁé/%l%étgaﬂetdn{é#%e{ec of

growt h S|tesa e on can be initrate

avai l abl e §mealsﬁmwa£¢%u85ﬁ@aéld@) H@ém@lﬁoFomamplaNgreaﬂ (@ppliagrihysits
5fromdiff

| ayer wit hgﬁg%pst&g{l%?gq) 2 oﬁegggé;%ﬁggl% gf% IIQ%IPGQN %?g&ége%glrnfi % t hat
NL 5 pr onog@wm@n@amsm T19%sleog mismaigh betived tlaet le@temﬁjmhaé'be@pawumaipadt
gn Lhe Sverags RSHIRRR: Siuders o AR ARAN TR RGURLE 3B o RERYFENO- 2 -

3 pm such as nucieation site

Preferred émoécca?hypmb@tetﬂ 6846 mﬁi‘ﬂ%mée#lmthd@faeemshmrbemesﬁ gabn dnd fiaN
densities I t t : iyt I
coni nat o hHaRGap sl {hds orl ity SREAE 1RO SRRk AP e or
densi ti es, Gany S@ehlew& e ~c$i0§|mtbaft11|1 teatinn; of crysteldattice pabpmneier te tifeirc e
bet ween grgy%lmee%megﬁ{ergh% SLitidBd ey Opln)n and the substrate because of
m smatch in lattice structures, coelf icients of thermal expansion,
and thé0like. Nnthg eamﬂemtgsawtbsfp@mtqb pig atdifionabyifclasted tepremste threrdingar e
known 't 0 ! Ean?hkctg bErﬂitlﬁ Effe%ﬁ@ctfoﬂgﬁfﬁggté?ﬁtfﬁgg I]]qﬁtﬁltltg)gﬁﬂdso Fl‘ﬁere Fe
useful in thrs I5invention even throu al one may not

| ow def ect thegadigi disloeziionpare ermarlly il@geqtaéhetlhwg pewsions ¢fgha jslent ﬂﬁ'eqctélleh) I n
the case O(vhtcfl Llrc%aglgcld%&’a rﬁéékﬁlg{?llaénglhmnsobﬂ{g fn?s%]t L&%%ﬁ%&kﬁ% m%fl&"lh% fir

conprise or consist I'des.  For exa
grown at aﬂﬁ@ﬁéﬁlaﬂdéﬁnﬂéhwrﬁm@g lattice piraix) qungige b‘é?ﬁrgehxﬁéﬁur@@ﬁ ihide lp3vsf uI for

growi ng Ga rtlé/}(sto?thfé%ml‘a%h&&ebs brih@bilet a&%&hﬁdéﬁmﬁﬁgﬁﬁg 'se?ygﬁtlé}f f?l Ml O
reduce 1ce strain 1 n 20sem conductor materi

reduct i on tnntendﬁ oresample BIG@NI! @n@eﬁ@nlﬁpwlya@@mpﬁnméduemb emgreieqn of
formation EH&UHE&&QHB%%&M%%OBM ﬁ%ﬂ ol 419Rk sl s(ﬁ?@%ﬁ%ﬁmu i thle'S

known t hat heteroepitaxial growh m smat ¢ tra
(e.g. GaN Baskingapieriab intp giatesipl e@éwallétgeo“)n tb?f@wew&?stmnlaﬁy preyrated |A3Ls03 D

mode thr Ouﬁlﬂcettﬁkeuﬂp&rﬂa?tﬁdn%‘ftﬁé 1s@nd%|vHﬂ hyel sMbs@afnnélEz' r@diﬁ'?d stlaRI&eRAmALHAS 2

nore-or-less uniformlayer. Island formation is favored because
st rai n2@nefRigxighy gpun thesaarilbisre simifer sigpued stain levh fvrtharitpesgblcthe

GaN) can bg;gyr tﬁ@éo%[po&h&{'oﬁw 1§1§:§ﬁsnﬁ&&fe9% thR bERBEh A0 BYert Qltﬁcﬁ?th@r ee
surface area of GN). Island growth can mnimze substrate

contact ar @&%%@%‘éfﬁﬁb‘?eéﬂhmﬁch ¢fiests figrdi vupstrageanitritkislapd infepisge t he
total energy ofcdnb@uavist@ibretdaiRYeition fSvides epitaxially srown material that is both

substantially relaxed, but without any increase in defect density, and also has substantially

25  reduced compositionally phase separation.

With respect to crystal polarity, various NL treatments are known to cause or
encourage most nuclei to have a particular crystal polarity, and a particular NL treatment can
be selected according to the polarity desired in a particular embodiment, which usually
depends on the intended application of the layers to be grown on the template structure.

30  Concerning GaN, it has been found advantageous to fabricate optic or electronic components
in GaN layers presenting the +c polarity (Ga-face). Thus, if a layer is to be used in the
orientation in which it was grown (the as-grown 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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growt h of islands continue, strain energy will increase until the
critical Shoolddksikness is reached, at which point it }gﬁm
energeti caﬁkS ?avosrabl e for formation of defects and 30dis ocatllozﬁgs
whi ch at Ieast partially relax strain. It is known that strain
relaxation is usually initiated through the formation of msfit
dislocations in the interface plane and threading dislocation in the
growt h di r 8®sranyith prrorgaiation enposits t¢ hapbeown grientation odhas s sxpasedomnface
The mi sfi tpfége%tsqcpatah%p%k@me f6&h 951@3&%} e feﬁed pBllaﬁ 8 Ake).
island structures primarily in the vicini t e isl and/su strate
i nt er f ace, Fatashesapnlipyioas. the cpqlmﬁw%aeste%rre% Solidi (a) 171 1 p215).
For exanpl e Ng i aBiity to AR b&@e&hﬂéﬂv&%ol&ﬁﬁés@fﬁl ﬁllrld%g-ls@gﬁ_@} s1§ﬁiﬁ&i‘n5‘s?d

t he stralnlnInNgrovvn on GaN, and found that under 3-D gro
condi t i ®ns itheesards fothebility tq removA laypay Al Béltl%éécﬁ lefﬁrétr%ﬁeeprpeﬁ@s hHG

been accompndeiigds sl lcmdihr&ﬁ@sl EIEQ‘@aBI fns Mpﬂﬁ@srtﬁe @Jnsﬁex&h‘oé’é@st Sihtnly a
with a reduction in strain to Ki m et t+ g si¢s Letters

69 16 p2358nels Hiskr fopdanar vafer ip @nefqdémqmeﬁe@é fage)(preisrakledpolagity for

material t i gkiRISViERPAS 'c&rﬁﬁstoﬁ't]:é iSaamn 'ni’tﬁdeslh‘ﬁﬂsrg?&vﬁl +c1iiafan aRded
critical layer thickness for on sap B‘gl re was about A wth
&

ful | rel axHen shigrepiaad laypr W%Ftlfi ‘Pecréq‘bfﬁii b epudd then, iy, b@t%’wﬁ frompthe

val ues 18f t gfn-iideRPStd, (?He fﬁickwec@mce)wum Belhote bdwmel 8 Tong G fimes
parameters are additiona sel ected pronot e t hreadi ng

di sl ocat i off¥ Rogr ‘ﬁ%fﬁfdhfloﬁgftpﬁg Tapdditan; Ba bwﬁmfimf thﬂaﬁf@rﬁ&lpdmakﬂeer vpuld hage | | |

nitride i shapdgfecttes t%fpﬁfxﬁmt)t Rreadbamdediisi0gahi-ms. are generally
limted to the | ower t| ons of the island structures, which are

masked with a rRRERGIOHS Nretrcerneats, o-py keling AL ey jase whstiptsch and et cffeots

substrat e RAM bbdhGetdibeddnlifatdd@oivit i-Ahelst Adat BEuseRBP LMtkel & this GRefiohal N
can al so be largely elimnated in the | ower 15portions of the island

st ruct Uf esSeeThE DHEEY ot LG gtsier icbrnde ”bﬁ%{%u@élﬁw’g{qoaﬁoafﬁGﬁNxMBS

nitride najdhdl Nitrfde Se@xasRes. bNGEbartC2004 0068 cgganﬁa eaat;ihxsere?%%ﬁ
Consequent ration of |attice defects and dislocations fromthe

I
upper port F;yﬁ’?‘@”‘é to H@vegroxiy Kep-iRg gt %h hrdukrsurist Hadl3nd@at eri al )

into nat er hoeRlrbspedt-ds¥opdr QW9 o}mﬁ;ﬂmmﬁa&ﬂ?&t@m %«a%}my BYRLSS
Al so, since the upper portion nds w | ave su stantlally

reduced st?’zﬁ%eﬂlt@v’ef\éfﬂffﬁw&feﬁ ”%ébﬁ wi 31\*% g g}rﬁawaf%?aéaha W% have

simlapby Gewvseri8s &ty I8P sapbhivd, BRI MdgtABQ%b' 16174 ehnt @ial OX001 e
conposi ti on of the | and structu subsequent | ayers

R wBiaping MR ERRT st Sk 5 278 St OBiet 6 B0k DPFeeGRopHaL: o GaN
substrate bnM&Mr&M@anbﬁrfr@Jgd'oivﬁ\bﬁfafpﬁﬁﬁé substrates andJOREGE@GHENT 2004, HOEN/GaN

present in pr ov epltax r own terial that is both
subst ant i W*&Phﬁ? E‘Hlb’ angeqiputs n@V/m?’Wé'rDé ﬂ”"d’é‘fgéﬁlt) SHEAET4S)

and al so hmscﬁbﬁasie@maral:drum?séreew@@dn@wrposI ti Onal l'y phase
separ W th respect. stal polarit vari ous Nl

a
treat rré%t s ar e WnBeHMeE @8 Gearse 8‘@’6’&1 oY SPC o RYTeusyally Hhig (5 g 10
parti cul ar n by &t laypebid hettétoy,eﬁélﬁs ﬁldﬁﬁﬁltdr Gidieelfils Mhowin'#8 @ﬁﬂ'ﬂ&mﬁyeﬁa Rulte

ZreTng;[ rergn? gycr%gslen? y (égitwr}rgeg 8a fudt},/ 10 ESI b 5191 ﬂlngk layg"s? tgft AIN olr GaN that have
been grown at temperatures (e.g., approximately 500 - 700 °C) lower than the GaN growth
temperature. NL treatments can also comprise chemical treatment, or thermal treatment, or

30 the like, of the surface of base substrate 3 which generally structurally or chemically alter the
uppermost portions of substrate 3. Chemical modifications include nitridizing oxide-based
substrates (e.g., sapphire or spinel) by brief exposure to NHs, increasing the Si fraction of Si-

based substrates (e.g., SiC or SiO;) by brief exposure to a silicon-containing gas, and so forth.
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depends on the intended application of the |ayers to be grown on the
tenpl ate structure. 30 Concerning GaN, it has been found advant ageous
to fabrica¥we 20iigser el ectroni c conponents in GaN | ay T/ yessmnt2ihg
the +c polarity (Ga-face). Thus, if a layer is to be used in the
orientation in which it was grown (the as-grown orientation), the
preferred polarity is +c. However, if a layer is first detached from

the tenpl atferdhi HelAE 1%8%h%11§4a11§§$}?&p5ﬁr63t0 ﬁiﬁﬁ&'%rﬁperﬁlﬁ% t@t e wth

an orientation opposite to the as-grown orientation (so t t he
exposed supgPaeEmafelydBef <1280 pfél Ease Yeagppaéssan be %Rph@dfédla@u@kym
polarity), thgndosferred polarity is -c (N-face). For other
applications, the -c polarity may referred. The ability to sel ect
bet ween t he tV\DAlﬁ‘bIlta?E W§h%fhe|5pqclfme€f£¢tﬁj@fsa pagticglar Nhjtreptmsitgag dgpenthane

Swithr ?gaﬁ@% feRiol PBcRPdeh Elyd drhd ﬁ@@éé%ohtﬁﬁ&fs%umg theit Hardabstsréngﬁ for
| ayer transfel processes. Tne capability to select ~c polarity

(N-face) CHpetmpntsyus perpslqcted agcordiegly. r\éﬂ’n’@f hesqaPgEed Y PESproresses pre pregerred,

si ngl e trapsfi@hsMBE f: 4 rg E¢Rh1HON
(Ga-face) Hl%rugfmér abl g@&%g;ﬁ\?&.%?u x% ° ﬁ?ﬂPt S?ddlgg eV|la écg%sb%rlgﬂaﬁe %ﬁgﬁyr) e?ét

if the ini %FVTPKmetﬂrqrgﬁn&é:hﬁralyéwap@d@%mﬁn) frc polarity (Ga-face)
then a thick ewsééb&lﬁchmyﬁrthe\/@w&#d%ﬁ 1€ Wil h R Nmréahn&l%%%uﬁ% affddt

turn, be removed fromthe 10 non-native substrate. ihe th
(Ga-f adl) swstitldlensity gt @né@g@tloy ofi pieclagion Bisgangmpdleih Fuithasgt lah@pvwb%t many
waf er thr oyghpitis th!itrkoﬁ‘t?tﬂ?ﬁlh@@ﬂlsg) Qﬁec@ﬁn&‘c‘ﬁe’ih&iﬁcoﬁﬁg&rﬂﬁni LEEvisd fRdi Ng

| ayer would have nore ectS due to proximty t he substrate/l1]
ni tride i nMsaferigleghat appear to bq\ﬁ%fr%ﬁ}gfawc{lwe‘aﬁ%ﬁnest to é?akj can péerd nvrdeation NL

5 on base 8, baiudioR B hiel TofbhRBlSsiaN SviRaRD IRSGT & hads 2nd ar e

known |n the art and can be useful [y Utilized in this Invention. 15
See, "sapfagtapa’ for GalY. presomdnythe peRerraest B fapsdpvers afy sapphise #ibaEald @A and

contr 0'15 of réBdY deMdits of ﬂﬁ)ﬁ"é’qﬂﬁﬁ GAN nbbitdiiof @iteggfrﬁlfég:[‘ dSlmBﬂ%( a a‘un thyerGe RBEDN:

2004, Metal organiC vapor phase epi t%ﬁ/ and | at er al
over gr owt hearRepor sicar oxiggaa singlarly sedu eR%%’t?ﬁﬁlbéﬁth%t GaNzgggtionsifes gr

phot oel ect pgdlki SREAeLiQRE Gt Gars Hokd YioOEadHGPRE! fiidselthdtdria b FuARH, hfecaﬁeé\bfa
growt h by hydride vapor phase e |tax Nitridation mechanism J of

Appl . Physmutia! affigtysa thigdlayey ahARN of oipiaN), ssprpmlly sicgrpi 3t g fampegaures

ggbg—ax }F’)l on({0008.)706 aPIMhSes R Hsle'nucl%ﬂn sifs 8d n@ﬁﬁha@%&dﬁ@ R ﬂnt@t a|
ayl

with Polarity, phys. stat. sol Ré LQ%ZS 50
al ., 289e, C((‘.‘)%f"i‘%‘éfayﬁﬁoﬁ%‘f’?"cb@ga?ft@ﬁlﬂf”ﬁ'ﬂfﬂ (MR \ﬂ)ﬁ%algwgd\%t%
sapphi re suhstisauRs 1006l) Shk veikr [Skr, édpemalgggﬂme ptda&RNGRM IV, thiDES to
Quant um Di sk Nanocol unin Light-Em ftin odes, G own on 111) Si

Subst r at e. SUbEKEFt Beicatien ’é‘|SﬁP‘%E’rt‘éa‘1§1éjr“F’§FerP“§]§?t@8t"’é?§ apd pueleipflse, trapsjoqt

t r eat nent scgnaRicROPA R HREnMLHOBdplth,0N GFRNHAL, OF., BB Bre@incdBINGH; pHora thy/
thin (e.g., 10 nmor less) |ayers of a het er ogeneous_ nat erial or

material s RUHRFF A& GRATFayrsor, é%}‘earl@fa%B%ffaéf’r“{f%?é‘}‘%afﬁﬁb%-’re‘l\“% Gl ggleagion
GaN i ngh udgndl@ovth- 10 um t hi ck Iayers of AIN or GaN that have been

Phe Gan gr owt h TEHHERAA oIk PRESE RSO SHFHL by CBABRT eBeehent o
treat ment, v&h fEAE iHIBIhink bEGENTRIKIN Wffer layers and/or annealed GaN or AIN buffer layers
promote -c orientation, while thicker GaN buffer layers and higher temperature AIN buffer
layers promote +c orientation. In HVPE processes, it has been found that surface nitridation
30  and thinner lower-temperature GaN buffer layer promotes promote the -¢ polarity, while
exposure to gallium chloride, thicker lower-temperature GaN buffer 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 -¢
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30the like, of the surface of base substrate 3 which generally
structurally or chemcally alter the uppernost portions of substrate
3. Chem cawonropidoisxsati ons i nclude nitridizi ng oxi de- basksti/gastoreies
(e.qg., sapphire or spinel) by brief exposure to NH3, increasing the
Si fraction of Si-based substrates (e.g., SiC or Si02) by brief
exposure to a silicon-containing gas, and so forth. Thennal
treatnments ol - s
up o appr Bt o HESEo A B LS P S IR R b BRI AL
i ndi vi dual Pglaiy. i n combi nation. Also, it is known that the specific

effects of a paﬁlﬁdlﬁ/'ﬁ%cﬁ‘{n%eﬁézﬁ@fa JEUh, GARARRENG, Al ﬁkﬁox@rpﬁttwgi‘ﬁa

process used and o reclt se condi tions during at process

NL treat mepraspiag§cabe @@rré@wbw @ff@remtm eteft ytes,\moo#c Hﬂl‘?éil agasi(Gafoges) WPE)
processgs ?éia%vag?és fan etchﬁl%k QK'hﬁﬁfﬂcmlﬁﬁH'\a{l1eb9€dnrﬁpk EX(¥) facedy

HYPE (hal i de/ hydr e vapor epi taxy), tal -organic
chemni cal vagesilyeisbet. tharfyesthbYeéy QQ'&@WfCPICIéﬂ deierpiged becopzigldmpict cyiligion he

followi ng Nyt tt‘fééﬁi*%@&&s&%?(é&l%‘&)t @ol@ﬁ&%&{ bén@ﬁ:ﬂﬂﬁ%@lﬁy &?ﬂ%l'l&}ﬂ?(c@“d

configuration | eat1 Onh sites "and nuclel. Fur nown
that nany eqlisemien seatterigspesaprceRy or by oder metheds kpovet indkg arnael w281 on

confi gurat tﬂﬂﬂ&a{ecﬂ' sp%étfo%co\é?rsﬁﬁace'}/&%ﬁ&fu%o% §J&%ﬁerﬁ1@eﬁ§ﬂ61h{yo be Ga or N

surface active wth res N, can affect nucleati’on density,
confi guf ati on, I nemmgd elor Gowing XN apphire.iitie prefopghilcdhr Tospolpsity hetad Nlo

act as a " §ukbaniant o «hakkCAN (R CRRGR berdeRith B e HPREIEPS bR Chor -
| ayers of a sapphire substrate can 15reduce density of subsequent GaN

nucl eat i onP@pritigt i§ prefyeliiesthat thy sepphire syrface be exygen @éqmwteéaaﬁ RIEOHE-»
car bi de or g hiGQNcXaE” U@Phﬂ s%étﬁ{ck YInfp%Hféﬁl %@Mé@ oBHiRSEAUENT

&GN nucleatlon sites or 'n I'i eved N does not
readily m@mphlf%%@vm@wsaﬂstreamw H@rwth ‘bf@é’gﬁj’é%e seteragepgeusathicksriANilery

a thinjkay @ENPlguﬂ%{' Hyér% lo@ufer £33N ratuRs RECh & thoh ahfieallt QVp1RE tehﬁgﬁfures And
tenperatures (e.g. pronot es dense nucl ea%lon Sites and

nucl ei t hafor geatng ¥ Pﬁ’éﬁ‘yéiaﬂﬁncﬁappi‘gea@éﬁti‘faﬁ@éws Nhysptgentipghudgesurfapg gher

tenperat ur ﬁitr{cﬁh&n witHRPRrrkak3R ofd hé&ggeﬁlzdug Qll@tay@r idtyne & ebrﬂ:f exﬂc@ﬁé tot¥aN
10 nm) &GN bhuffer layer, especially in the prfesence of hydrogen, can

lead to subdugigesEPHEEISation in separate and di screte nucl eation

sites and nucl &ffayir) anase s‘i.lﬁsi‘i'a@vﬁﬂlta Iﬁael%dtmpgb?ec% ab B8cRA! amh rxaleaifer
epi taxi al depositions, presence of NH3 prior to

presend® ofommesgialby %ﬂ?@fw tfeaé%@rinaﬁf% PIO§esg ér%ﬁhca%eéh@enafftaw%%n gt ect

subsequent gMnﬁMa%b%te@mﬂgn&r Wthnucleation coddiBorks Qtel sOMEELY 1fNecessary
treatnents are known to aff Olarlt%@bln MBE processes, it has

been f oundintat oktht Nrey ﬂ@éﬁaHr(or/saththv m&VW&royher/na?lelaﬁwélahaéﬁtheaN

or AN buf {@fialldeyal Snd¢éRNBirfion GeRFib&NHbatd. Ubnertdty, iR d&ﬂargs k& coadirRishioer
llayers and hi gher tenperature AN buffer |ayers pronot

+
ori ent at i oRHclel i spRIPRatssEhsedsasELQ profucss @%é#“ﬂ%‘ﬁﬁ‘l fepere (bémag lppdefect or

ni tridasi Ofislocation density and/or selected polarity). For example, Fig 4A illustrates nucleation sites
1', and 1" that are spaced apart determined on the average between 0.1 - 100 pum (more
preferably between 0.2 - 3 pm) but are otherwise randomly arranged.
Growth conditions are selected, on average, to favor the growth of III nitride islands
originating from the nuclei of the NL with the islands remaining on the whole separated from
30  one another. Fig. 4B illustrates preferred (but non limiting) structures to be assumed 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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30 and thinner |ower-tenperature GaN buffer |ayer pronotes pronote
the -c polarity, while exposure to galliumchloride, thicker

| ower -t enpeoacueiessaaN buffer |ayers, or MN | ayers pronCa/useo0s/071219
orientation. In MOCVD processes, it has been found that thinner GaN
or AN buffer |ayers, especially if annealed for shorter tines, or
surface nitridation pronote the -¢c WD 2009/ 015350PCT/ US2008/ 071219
polarity, Whichaldihéitfths %ngﬁﬁatéﬁrﬁ\l Qﬁlm%ammlra%eﬁsa%dﬁa{e Stis! gty dr ogen

cl eaning pronote the +c

| ayer can btebculen@ﬁ&ﬁhn@darbbe mbtlmd@orb@rv@vmahgwwtmo thﬁtthe lsimdy s éaxeaipappeariag
can be detg nf&( e f fJeﬁfc?l%{n neﬁtt Gfed AL @%’Itlca‘?/ia%ralas ctgaloaaah%%ﬁs

(Ga faces) are Srelatively resistant to etc

sol ution, &b ireroxgngely arqrtayprf)?a@etsly(’-li\l Tﬁlauéfsr)tmatago mbd%nrré)pélh@@ts with
Non- des§ r ughi\ednbundd@t a@ernng oL, RS tﬁ%ﬁ%g\ﬂngﬁql Q}fee?&% s 'tHXH@CltJt still
collision ion’scattering spectroscopy ( . Polarity ca

det er m nedrepyltscaaaverate, ingspaatedisland growih. | on scat tering spectroscopy or
by other net ho%"roiﬁ' 2 WBnditbnk h@pﬁ{1c§ulare:h9dur%}?88 og#ogr O%Q% %{ ge%@ted $9pa that

spectroscopy, surfacCe reconstruction sta

sunmary, f@pumeémrﬁgnscgme@ﬁla@éﬁm have pragressively Bt dtfices orfdislowlons The
polarity t @?1%5@{15%3%;5% a‘%@% Ger%f&é}é&é&ﬁrdmﬁ' 1%419[3 n%lar

general ly ace ayer For -c polarity,

pr ef er &bl ethrqqémg ﬂtﬂbczé@ppﬁmeﬂsdwr@wte@éthe%yg@ne 9 botweanythy Wa@@dhe QsN
are, e.g., arfajjgabg%&é fiko mgggw{ng%ﬁx ERARPA it & 180 IR BSthatlaBrdpf ti cul ar,

for grow ng larit n sapphire, an advantageous NC treatnent
growt h of @pnsﬁérwapla@reraumftw@@én@wgal SroNitle tate epxodagas thepsoragaing APs e r

layer at | pygf, l}cﬁmﬁ:l}d@l&lﬂ@gffrgm 'tt&@cnltéaltdlﬂgﬂmﬁ RRRds et lgtt:rahfawg ©Ff the growing

tenperatures And for girowmng -c polarity GaN on sapphire, an
advant ageomﬂarml_an@ peostiiaymeach aatanel dace do terainaten Sees b-BaPpteyet o physuBtats. Sol

for mat i on ﬁ 36}4&@1%%%%@%6 AsNhIfRYRI, abaﬁ»e ﬂ?ﬁ(ars/ﬁlaﬂdwgrw lnelz d[ﬁ%l@ﬁtstﬂaﬁe
to NH3 at hi gher tengpratures ving 'a base substrate wt

preferred queé@ﬁéwé D4 srigigalingiobibel NEbrfgigace Jieanaieo th@&wmﬁmr@palpwof the

obt ai ned Oﬁn&%ﬁﬁh§ﬂmk$u%ﬁﬁkﬁé§ﬁﬁkpﬁﬁ§5 step, the nethods.of t he
i nventi on next grow on base substrate GaN i sl ands. First,

nucl eati on condiewiis coptipued antiltheagpper fortipag bays gsgleqtsd dppsity obfefedteornL |

so that GaMsbQtioRidA8% rddhbtidhiid fattde dtraid)i 1F hd It I pRME isAbo ﬂlHFtl RinyWpireh
have the spatial density and configuration described above.

Gener aPf y, dislaeatigusiviliidp ibiheireenss pigrding Bierady apdiegt eet teraringled o thatihe @ps
subsequent fhQsRARAHE 85t Hefa@fﬁu@ﬂtm%@t.@@é\l OrANESBerhBRY fad Qviuidab@sktso Or

25di sl ocatjon density and/or sel ected polarity). For exanple, Fig 4A
i || ust r at elongthel igardsdendde perge and nolonggiygmem sene s dsoliiede dopiglyy growth

det er mi nedoQycti! HRIRI FABpBAMIREH0NmL 1.5 Qﬂﬁ@s St nme%m&&%ﬁde@&lsxﬁnd
between 0. glslzjcauonsrgl thelillgapg'&)grtsoc}f rt1heerp\:\1/|la?s%sltarilacclrzls 199 pre?l ra%lgfrs?lg g%ed so that the GaN (or
25  other Il nitride} layer subsequently grown on the pillars has a suitably low density of defects
and dislocations and subsequently a reduction in ¢rystal strain, In preferred embodiments, the
islands/pillars are grown until their upper portions have low densities of defects and
dislocations, e.g., less than approximately 10° /om?® or less while, on average, remaining
separate and isolated.
30 In the embodiment schematically illustrated in Fig. 4B, the left hand island has been
grown under such preferred conditions so that dislocations 13 have bent laterally and

terminated at a lateral face. The upper portion 15 of the left hand islands has therefore

become relatively free of defects and dislocations and has the selected density of defects and
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G owth conditions are selected, on average, to favor the growth of
LT nitridgolglegésse Ori gi nating fromthe nuclei of the Vb0l uHE

i slands renmai ning on the whol e separated from 30one another ﬂ
illustrates preferred (but non limting) structures to be assuned by
initially-grown GaN on NL 5 on substrate 3. Exanple 1 presents an
actual exanple corresponding to The initial islands have a

4B.
t r apezoi dafislopatienss tAle; theledt h;ﬂne\/rstaﬁd ? b bas redypecstainy g dhs generatjon of the

i 11 ustrat egeedadidBREr poltidss t,fsttagtﬁlﬁdshmveavg O td I MirRin S Fodl Gdel ESIaicd h
hori zont al di nmensi ons approxi mately - 2 tinmes their vertical

di mensi onsMismptebpBeenihs sipstiahing, "hetflﬂl@ﬁieméfaﬁallﬂ@‘t‘“ethﬁt“i“\/el y nore

vertical grow hn$end BabodidiSis BERRARS sirdlcded of i u?gscoﬁalhtxﬁr“anam th
nmore of a verti cal corrponent Then the verticaU ateral aspect ratio

can be §r eBioBletedhepropes somiination pElpigraband yiertisal sroyungantes 5 that defertg and
invention alkpeaioh 614388 tAARNE bIMRitaWil e R84 RI.ADOMINE AR TRb®El
gromh so that the vertical/l ateral aspect ratio is | ess than 1, but
still resuffeodimetsdiffergiconditionsetss rnmers froriagyertigabgionth and one or grewi ng

condi ti oNns faybiingPattial GHWAL can bl ltiHictih BROb a8fi QM Bropef @nibitatidHesT growth
sel ected so that the upper portions of the pillars/islands have

progr essi vEHS- ﬁ@k@ﬁﬂﬁ@ﬂ@Esrewthcoatlgmtﬁé%ﬁdtveﬁ%%eouﬁhléerglrwm%%

i sl andggpi | | ar scdnditlofdhotind @R FeriélBiakte] oH@Ihass 1?110% afll §sQfRY iORSart
13, in particular, 10 threading dislocations (TD whi ch or| gi nat e at

the i nt er f BEESOBBENYER PFYFESSHE C-&nthe MRE. MPC YR PeRjeREEsct nics G dvd”-S-

growi ng Gaphterlrie\32¥,890; séehlsb%h}snﬂw@ So[\(c? bhevnas 175?)h-alt753i(29063p%nerally, the
conbi nation or ratio of vertical and | ateral grow h rates encour ages

the propagitatigraost e ¥erersvertipd sepvithire hacrwo ealuencehbr Hewipgr t i cal
direction fgiyamfife VO fdratlasatué amr&%sstgaesgfo@mbmnmfhteeaaer @angioRce
ace

t hey reach.a | ateral to termnate. See ta et el
phys. & at ¥2 osppomEpatipn therepy, 43d ea5|gr Prespers. E@z@e}a;lp e é?‘@fﬁ]i TPt it gnbanced;

the pillarsy hlgt@@mu@rt@r%emtres $r Egpé?ﬂﬁ&&ised Yl BV by aRetaf-ENEH, HES, or
originati ng}éat the NL |nt remai n, so that the upPer portions
Q

of the pil Paloreoiesives ¢esy a‘bPR)"’gP‘ésls’i“(}éW by g Grapbimatign thereof. Vergicglgrpwihds

continued gihanded b Bic YBRRFse Q&fdttbﬁ@&n?&ﬁ@.ﬂ@ cEBbABLAS 11ClﬁﬁI§é icb(faxﬂftgedt%ft@(:t S
or di sl ocation and reductlon%tl attice. strain.

period is S Hﬁrﬁvmstt apghef eroping pandgions in yie %’ftqdl%@atgw ﬁFH%m“"

pr ocessgg of arbﬁﬂmht}goflﬂa:treguatngy}amndaﬁm@t wfhts di'l@ rdilatati@icaids Rad oth&r@nk@PS
of the isla

e fflClent ect-free. the ot
hand, gromt’fﬁpsttaﬂfawrﬁetal%@ a‘tdéﬁij“te S‘F byrirens lewamtnbt Ffges- Qwé‘f no
| onger  r enmiidfossayatiak@isaitilardip kahidg elddtdh eadrbitopyd baVdl&tirbPa/of ky cal
hei ght of lgquXI mately 60 nm- 1.5 umis suitable. The density of

defects an 89hcations in the upper parts of the pillars/islands is
pr ef er abl y sel aat@Am&o, thétattlat fips Gams(eﬁmoaﬁeﬁth@hemdnbalm illistréked inl AYLHA-

subseq y. gr.own on the |l ars ha i tab ow densi of

Gor oot 55 ank GG PreBie o his SURE (R Ersr s "ratt ebeEle s FoErR
strain. | nccﬁ:ﬁ;ﬁxfsei prefiredfipEitd R Svith ph€erfed ham&sibprﬁataafeﬁstas QlcugEl?VUI until
t heir upper %grtl ons have | ow. genSI ties of defects an I ocatl ons,

e.g, lessP? POnratier Y A vetasD SBrrafi e Gy & 6tr?n Jiteg ar
remai ni ng aﬁmaﬁtaataamﬁtescs.me at@ek dudhd mlttah@fomcsdwﬁ& rGal\B@h@tﬂ&tIH(ﬁﬂhhe}) is
illustrated in c'{g ‘é P | eft hand, i sl and en
grown unde¥ conditions avormg a comoination of vertica and latcra growth rates and for a
30 growth time so that the islands do not coalesce but remain, on average, isolated from one
another and also have uppermost portions that are relatively 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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grown under such preferred conditions so that dislocations 13 have
bent laterally and termnated at a | ateral face. The up ortion 15
of the |efVOr é‘ﬁﬂ”"’%ﬁ’ands has therefore becone rel ati vel )prqsg@s@?”w
defects and di sl ocations and has the selected density of defects and
di sl ocations. Also, the left hand island 15 has reduced strain, since
the generation of the defects in the |lower portions of the islands

wi | | have ELOgin mttdlas lataalgrdwih frod dikefacetd eA kiat e igtaviig @aditicihormatltwen

t he substrate.and Q nitride, material grown thereon. In sone

enbodi nent §CRPRN ?I’éc%m%el”r?&q e set of initial grow ng conditions

whi ch 5pr ormt e Afe gm\m@the GeNligorrodtct Dmitfde) islbreispillasrdtiugpéripoalongraving ng

rates so t i,sl ocation bend, and. t.er
1 oat ot ol et Eimed Ructh Tl BB RER i G BB Tl R SR ot o
di f f er ent emhﬂiuherm);mbs@lnen stepsfittds rshodiniengeoverthd ©mbsed pavibdy ofittd sas3eator

f i | at h b ted der t
broper - conBiaarTiiape Seiion SPBeRe ailer, 35 S Sl Ehunln a0 e °
condi t i ons sifficierd ¥aevlvageatsr alliof ertioi perionsGh the 14aidn i vid gdatsraf favs ﬁmﬂag

e e Ve B Lo A ARG PP

pr ocesses. p&eeans of tig.islands Sherp dic ks hyvS 28y 8 bddtivelgamallcs ﬂurplS‘Bj of teﬁmﬂft’tﬁg

Sol (c 1753 2006 ner.al |. t relative

| at er al)lovefi%l\tkﬁ)c s ?Pérdfs’?oé%t O ORE PR @c’%ﬁ edﬁﬁgs}ﬁﬁkaﬁsgl@ﬁ%ﬂg%{l}’ elb%e ng
t enper at ur m,ask\ﬁrd:fbﬂablprhew@mg facatsisﬁﬁbmntttdngmpb&cs&mq@asﬂso gro@thipostitg can
of the cargier n thereof

Ceact or pr L Elpe@BNabbk ofliode i B AR AR P EHEB R gher
growi ng t emaﬁ:mtimaelsn matminj[s aﬂﬂmnajn@smd}aw dokd nat adadidy, mmrcatbySuah g:ateaztler
N2/ H2 ratig, [ essunes r ab ut 1 atm

% conbi nat EHOF pERgRUEL BEARHAST sl et dRReleal Bon Bl e
condi t |15)nsothélrrei}‘nmdry gili¢oarcosminoginmpmiis, Snlmommdbreiraphraamcmlg@mtﬁsreﬂo

sel ect det gl | S 99;6 N treat petm QeCHi ch han l\Fondl tions in view of
the di sl ocatron Structure oyarl éresultlng GaN

i slands. To thilg. ehﬁ)duusihiaeb arcatmp}arydeask ha\m@dlﬁerdntdnﬂeessemydmfent reglons
properti eslnolreglgﬁ' El, tlﬂ:‘ r{;':{sﬁhas%mcfmsessaigq rect;ear‘lrld %?ckggs%%ill ;i!)eg%enpc%vgrs hl

in the art, I"i mcro PraNSm s on . an canni

el ectron np@‘tmrsmtﬁﬁyc 1slsamdtsl laeérd(faqeam garﬂcé/lmwermemays, blaviirfgr reletivedynmork n
summar Pt [ n ) .
illust )réat e 51"—“ ﬂlocﬁ%%%gg&f%ﬁw ek %g(e Emroggrgfferg& ! l[hb glLec}{E?J 38 Sro(flt e
(or an alr Ehadskanﬂ'ls éatpeltarStf@ss Inaaring mlalmkydwmtwr)uriammﬂmah@m agd @ﬁfMS@md ed
surface | A@leaidklly PHESELL Bl BUEL SR RUERIACLERL Bl SoaiGRIRLY . OF
pronoting nuc & Wt h ep ati o “de

so t hat ontejahlvelmeeidr &blramrmdmmad mlemalecteﬁctsc*@laleéwmg@&pascxtthos uglpnr pqmgons
initial

cond ¢1 o THksp e s sl aldten & icaldnt ol dedfiha | FegBleR 00 W Rfin
rates ahd Forexam3e rga’r@wiyiﬂefacnfeeesmrttohaﬂ of hleterad {skndfpilldofacrot mainadxpsce
but remainy, il | [
pper oot | B3R SYRIAE, ol SALEG CpAR R BBEh e B bl s

di sl ocat i ohavinglfacetsof Fhrinys pm@ﬁaemnseebntermre véracall ppepme storglerizéntals be

faceted i nG@nertlﬁf}pgﬁrefeﬂecpt'h&ﬂgetﬁraﬁgebf&eﬂg ﬁaéht of the mask is approximately 60 - 80% of
the height of the islands.
30 On the other hand, in regions 23 and 25 the mask thickness is not suitable or preferred.
The mask in region 23 is too thick; it exposes or leaves emergent only a small portion of the
tops of the islands. Further, none of the vertically-oriented 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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WO 2009/ 015350PCTM52008/ 071219 ELO (in partrcular, | ateral growth
fromthe facets). A single grow ng condition or nmultiple grew ng
condi t i onswoamesiased. After growi ng the GaN (orpQIvis2008l0r1219
nitride) islands/pillars with upper portions having | ow defect
densities, reduced levels of strain and with selected polarity (if
desired in an 5enbodi nent), subsequent steps- of this enbodi nent
ol ands. wi [hea sacRRhibORRoRlerpf oS Ko RrllBon IRSEE tnbtechl Bper 1
suf fi ci ent perdorsey the lmsls/prcblanalThe ofsktimeeglopRé is tpathin. dhisaves erqph@drlcsrreands
dof ect's. ant s B aE Ik Ko L bt ol o R v b S W e
i sl ands whesset, Gall literebs einaring fioml thess exmised loverlpprionatanérheritnlotivelogreater
ternlna; ??ﬁﬁﬁkﬁﬁﬁﬁémﬁ&ﬂh9&§h8&at'O”S Al so, upper portions of the
i sl ands ars that energe through the mask preferably have sl oping
facets suf fi ci dndamescgnediko rabelibedyagnemRidinent SMmpskaae growy bpa CVike
acr st hePicey B spinclhorkidfpt AhABS 1Bk oA BBEHIREREHEREIL |
does not r eaglicl  prafrsted slickneBusige. nﬁnrerarenks dprirg greheing.ithg sybsiratsxdanibss |
silicon ni E&h&?%g q@o %ﬂaﬁﬁflbr%ﬁaﬁr&?fr d%%ﬁunﬁg%uﬁace fe%lulr«% C@Qg?%@’o’f@ﬁr}'acé de,

and 15ot her ry silicon-contalni materi a icon nitrides
are parfi cirreavlprtiosrtbftoravild rdbahsencemay ﬂa‘:rlelghmfehee@@i pijlans gnprgadinby

CMP than i om above the tfl:l%ﬁnéglakﬂ lSﬁ%E Faﬁtaﬁén @dﬂ b@’&ﬁfﬁé’ ﬁ(é[rlﬁ}@ﬁ F@VI ng

different thicknesses in erent regions. In region 21, e’ mask
has a thi cRa#8des (prindEpbef erred thi ckness range, because it covers

those portions I‘?éfcﬁ{l?dahﬁ&%@g like th%%‘gé ActrbACHSe dcgosgl ﬁlﬁhemlatgr‘{\ﬁ %o fully

portions, having relativ nor e termnatin ocatrons an
def ect s whfdver ﬂlé&lﬂpﬁféﬂ'@ﬁ afd ten Wgeﬁﬁmmﬁ@ai}fprrgerlatm £ theigheof t he

i sl and’1s (QpcRidst I?Jmﬁ«l, of € %%anhﬁtﬂp@an&s%}ge\fﬁw hftf?é’\‘ﬁébkt %Eﬂnﬁlﬁély g

drslocatrons ané defects and reduced strain. f% mask al so covers

those | owemagkinerhaserial ifiirgt Heposisidianerh 6 @i &% 2 KAV mgrepsebathityld iglangs éert er
strain and,mGe. i ﬂﬁl?'&&%!red%@hﬁl%a‘ied iweid &c! ﬁé‘é'ﬁ%ﬁﬁi%%& JSLERY sh{{&{?ﬁé

portions havrng relatively less strain and fewer dislocations and
def ect s and Ve eryncetrldelycecreskbygrasking me@sFdr. Sscandladop postionaf thel y

defect fr eﬁa&%g%a@&a?% r@hovRd b@&e@arcﬁéd tg! Q;F&i{eﬁ?ﬁc'ai L AEchhR&E pSIRARE (EMP)
exposed, As Is also preferred, the mask 1eaves exposed the érergent

upper PBr t cefiust. s et the fi raémarlaféekﬂqﬁw iith#yPreigted ngsfto prppiog sybsequent

orientatio t,amﬁrqmeranweegr&%t Frgaho ﬁﬁ%ﬁ&@ﬁm@&@ aharﬂaﬁrameﬁbvar Genedkal! V.
a preferred thickness range for the height he ‘mask is

appr oxi mat Beiprigd 7. Aguefpsid apeantpdmgbtngnateripd hrbéqemeoveé@mgronél o Hetr
hand, in rﬁlglnraa@ragé hfhh2Rndshe tr@ﬁgfeﬁéa ﬁk%e%wb&r NPlegRHi ﬁ%ld%%o

preferred The mask in region is toot it exposes or |eaves
ener gent Oﬁ‘f*‘ﬁh of te e, rﬁﬂ?‘%ﬁ’@h sk figtsrial has been removed o that the mask layer has

25  thicknesses that are too thin or too thick, respectively.

Since little or no GaN should be removed along with the masking material, a preferred
masking material also has characteristics that promote its more rapid removal as compared to
the removal of GaN. For example, when masking material is to be removed by CMP, it
should be more casily abraded/etched than is GaN (which is known to be relatively hard and

30  resistant to removal by CMP).

In more detail, silicon nitride can be grown to fully cover the islands/pillars by a CVD

process, e.g., from gaseous SiH, and NHi under conditions known in the art. Sufficient

masking material is then removed by CMP using a suitably selected slurry, e.g., having
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tops of the islands. Further, none of the vertically-oriented facets
of the upper portion are exposed or energent; also portions of-the
sl opi ng f aWet28094&S¢over ed. Such a nask depth can hi nd&T/ERWSHGIENt
| ateral overgrowth of GaN fromstarting on the small, energent upper
portions of the islands/pillars. The mask in region 25 is too thin.
It | eaves exposed |l ower portions of the pillar faces having present

rel atively s 0R5i0&ta8d s0Sy Elieﬁ'héﬁﬁ}aén'd(ﬁﬁﬁg $3tab18BolBhing PithinetcsBY., applied
laterally growing fromthese exposed |ower portions can i nher7t

rel ativel yPisFsuEes and sawlss Pripthis slghy gatsbes. Polsiiradrsrmatnddhpslike are Selecthh

damascene- k4 #& BERRSARM SmofedPrimaBRtgIhdIRMcalPRtiodBSkSo Bl QopirAWGAY a
CVD process, under, real tinme ponitoring control so_that qromﬂh can_be
er

hal t ed wheRillrevhighae lefaclrgbhmatiested: shay cagnisthi eRrind dherlikp g selpgipd to

exanmpl es  dyfokide: 18 @Moki6n, dtsbtﬁutﬁﬁbailwdeshﬁg%atrbflaﬁc&ﬁa@la@ﬂerbyenttwmar@f)mars
radi ati on capabl e of detecting surface features, e.g., size of

surface 108%MalgiAHPPETMOs! POftioRt arp PRICIEENS threush MisdRMABIRE BRTIEGIAHEL hei ght

of the GaNopiidady, snafsmg mﬁ@ﬂald@m&mﬁgﬁm;e ABRYR:d iR Geat thé KRR TIPS e
Such radlatlon can be visible, IR or W llaﬁdnéor particles (as in

SEM) . haltsfl afterapecferspditisiersaanse es hearter sh3dtearing Geatmens s ¢

maski ng rmhﬁlblv&iMPQld‘ra{c!rltd/reﬁ@\/@x@qlamqmﬁ} ands/trapezoi ds and then
renove sufficient pasking nmaterial so that the 15 uppernost portions

of the Ps| ands/PrapeslsrisherdF geroes shmresulidn Hitls rr noxorgeing gf the susface

nmaski ng mabehé NI Bolkves tif te RS QB BB YMR . CMP BrocesPesits Mide BSTRGEST theS O
that the isl|and |IIars are full covered as illustrated._ in

Fig. 4C. HEpHsu agé aﬁa? .lww 7equis 2 Rp§t CYEssmeotivng nregess- 3y the g3se obBkn

conpl et el ynit@its tedobdhcRRISKIARY cibl@hlodthed iy mae &@Rdort @glto%h Rehds®AoWwin
the masking material is renoved. or det.ached, e.

cheni cal - ﬁﬁnPU%ﬁkﬁﬁVW§ﬁpﬁ&“t@NﬁF‘?USP%%ﬂh? 3+§%”PW§Ft?ﬁe fina

mask t hb Ck R@psratuse thﬂ p@orﬂfté%frﬂ{bi @edls;s@ng@mm PLEh&s Fhil gtratvth the high
strate substrﬁ 3 after

Sg'r E Iaé: alr elﬁ%frﬁ?‘([v%' @éff @ﬁgsubﬁf%ﬂ'nf%tﬂwélﬁ& S%?nwgk. ng
{rﬁt erk ial h&ﬁoc{ﬁﬁ@@a&@?ﬁﬂ%éﬂﬁcehﬁﬁé aﬁtalaéfos@uﬂs&@tmtm@ rsa@lzé agl ay;ﬁﬁesea&gaﬂ

| CKNess | e ererre ver, 1.0NS
mich or t o8t paied Biysie et if \%g@’mm b Srses Rigeiaan PR AU G
that the nmask Ilayatrmdmme%gdw @bﬂ@t&@@&NﬁdI@Hs Aberel@l: sufjlémdikar} GhookiihgLK,
respect,i [ ould be renoved along

vely. Since littl
with t Q nﬁ‘gﬂi‘i’%e ?T‘é%lg?f{]lﬁﬁ” hejghyr df "eP‘r“%rg“ %&W'ﬂ@mﬁﬁf REmRPraCe Bhea s
c Ear acteri iaaﬂs?snrtghasse@reﬁfma&sslﬁgseqm’eﬁhé edmcﬁialroe Favadg rﬁiﬁerﬁﬂ) B €6bilkte to
the renoval, o rial is t

e.
renoved bybtwa*%ﬁmg gmcay}ﬁgﬁﬂﬁ%e% g4l as ?Iara%faf gt CRLECVER B aﬁb*sﬂgéar\l
(which is kuddwesdlian beficehtiisketnioviaPdnd adaaliRe) stfsde Stralid tethPlate 8FAak. by

QVP) . For 111 nitrides, the uneven surface can be smoothed by the mass transport regrowth methods
25  described in the previous paragraph.

Next, GaN (or other 111 nitride) is grown under conditions favoring ELO starting from
the emergent upper portions of the islands/pillars and then laterally over the masking material
until a continuous layer of selected thickness is formed. Under ELO conditions, most GaN
nucleation occurs on the emergent portions of the GaN islands and little of no nucleation

30 occurs on the masking layer between the islands/pillars (and, of course, none on the masked
NL of the support substrate). Since the GaN thereby grown can be expected to inherit
properties 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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In nore detail, silicon nitride can be grown to f'uIIy cover the
islands/pillars by a CVD process, e.g., fromgaseous Sith and NH3-
under condwpizomvgisdsown in the art. Sufficient nmasking redTars2els/ o719
then renoved by CWMP using a suitably selected slurry, e.g., having
sel ected abrasives and slurry chem stry, and using suitable polishing
paraneters, e.g., applied pressures and speeds. Briefly, slurry

abr asi ves, ;poli NG BL g

silicon ni 'Ehrgl4 nﬁ% rgno‘\%g% ?wn%ﬁ ve %geleldehﬁ%lﬁ[ﬁ {fglgtﬁ%%%ﬁv\#?%n?ehe
top of theemNecptonnlwrlstheMﬁr@tm p@s@teldéwhertepsaf tMéslgzldarféws@mréU thgl urry
chem stry, 106 o I;

i 501 ut | ofy HnEOG Lt o B R b et PR ede ARy
pillars solﬂdh%lted;th@eilﬁd@f:ﬂd@phn@'t portions are energent through the
remai ni g masking kAl . QR Lo Skt B BB Sh b Alef RNt
can be nonitore g| n rea éane ggt%ad %&%ﬁcgiﬁa%e F’t ege%‘%&?eqab @
preferred 'stmcttkm dfthe mnlgeg ﬁa@ layerdmtorbedesh tidn apiirexdnately dt & amitrigk, MOCVD

treat ment Eci%) I I n

i deal case t e W oce%egp(stﬁg)&%gg%‘gghuﬁgp%{%ﬂ{tl tt?g&H(grrolsénf{(gﬁdr&)(4&l er%)gr%ﬁr}ll@
of the sur fesgéngBal¥ lgerGat.beHorksher appiokimatedy ébi(hsmvtélcb,dﬂli'ﬁvsemreﬁmduvp
process rewbg%cm(ﬁ%@p%%%n%@m&fm&&gg@%g%ﬁ ace then the | ayer

will require post i ng proc 'he case of 111
nitridé8, the rlotighasersd cgl@diﬁ@@@ﬁ@@lﬁﬁ@@%hﬁbth@h@dntwlam@growtkaiﬂs(mert

regrow h TTEIIO al&ﬂ&‘i{’g tHa t&nﬁ%at@gthnm{'é?l \%ﬁ-{%rd‘vgldveﬁfﬁgﬂgq{) %E%ﬂﬁ?rfm e

i s heated anbi ent errperature

mass trans p@mndrcelgr @\Ahertemmetre istepturels SalNrezoveh rereby @@WWSW ¢hetfraghs 29 of
energy peajg chl@rgklh}%f)ﬁ%&)&nubﬂ of flﬁrsf1§91d§t7 G %B@glag:%g 0%}% tﬁ"rlsiﬂﬂ%( shaffial

the material result Inas hing action and a“surf

sui t abl e f sutil & fssampinehtontuous lsw The geferrgcb%patpﬁég@anmrumapaw deagipy, freld
Physi cgs Pagt}ucﬂlrél&t%le(‘g?egg%%)e%ﬂmﬁ@wth@Gdﬁﬁ[dfn@b(/\]ﬁll§§k?M&%h;'él%ﬁ 369 421

(2000). In addition, the separ at ed require
suppl enent piofotsrpueh 3 I Poecss. pﬁoamleasmhalﬁipwy phouldzhe shrbjt gqﬁtmthmhe
pillar hei gt uBhEI9sMsh Yid e @dftenuw&vhﬁg@m\M}@{hnfaqa%hﬂﬁaﬁﬂgyeﬁurlaﬁ fHGENT

processing requires the renoval ing material and the ability
to stop neBkCVEHEeRRndAEEatisse The ¢mesgant prper prates pkgl priferablp madomly peanced

An uneven g fhake Hgighth uﬁatﬂuﬁr B8EAet ark Aot er;z@efs&b&u?mﬁs lﬁqasamerr@ﬁaﬁ@é is fd
a non-ideal surface for the tenplate structure. nitrides, the

uneven 28ur gEadthe densiipisderlowh disionran wgu1m§xmsamw Qor P@WéthVWhods

25descr i beghrhdlett)Hgd H{e%gﬁtﬁu&sQ@e@&hﬁm an excessivd Yatkdber SFRNstaOdonfther 111
nitride) is grown under conditions favoring ELO startl ng fromthe

ener gent upP@darser pfterdusion groring conditinns pisispleeedtodavgr Yaidqs! graybread | v

over the nasdkAsg éﬁﬁ@(%r@layé%ﬁ‘ﬁﬂd' epfaxs Blowi O De bakBleQntib@L REYIBSEE GaN
thi ckness is forned. Under ELO conditions, nost GaN nucl eati on occurs

on the enely@ntachsmseloried Bickseies GaN islands and little of no
nucl eapion Fig. 4F (left portion) illustrates resulting GaN layer 41 which can have of a thickness

of less than approximately 1 pm, or to approximately 100 pm, or to approximately 500 pm, ,
or to approximately 1000 um. The resulting GaN layer has relatively few defects or
dislocations because most defects or dislocations 13 that propagated (from NL 35 on support
substrate 3) into the GaN islands arc hidden by the mask and cannot propagate further in the
30  resulting GaN layer. Since little or no nucleation occurs on masking material 17, it does not
originate further dislocations.
Resulting layer 41 is now available for use, such as for the fabrication of electronic

components, optic compenents, or opto-clectronic components, or as a substrate for further
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30 occurs on the masking | ayer between the islands/pillars (and, of
course, none on the masked NL of the support substrate). Since the -
GaN t her ey Ogpgims3s&an be expected to inherit properti ePCIfUS2INE071219
material on which it nucleates, the resulting GaN | ayer, |ike the
energent portions of the islands, can be expected to have relatively
few defects or dislocations. Also, if WO

2009/ 01535&?&1{&&39&8/1@&1&&%&1@@1 lsSb A e B b @hssis Y & DEARnIRONRL O
have a sel ected polarit resulfting GaN [ayer can be exp ecte to
i nherit théesomiate %tgpcwwemvéw 5 gravie It Bissasss lamélul%qrﬁﬁ@@accordmg to the
Consequent Loeeidiiafes wh LD, iy ord s bEhAk LY ElobRUllekatls of

di sl ocations, a reduction in crystal strain and desired, has a
sel ected plspeng layer 46 Eitaghedste thel tpriplete atr@@r%lrp%@hwlamr 43 eandre usaddn thaas-her
FLU of QaNgBﬂm%n&{téfoﬁH BhnLRBRARLS ﬁJsfté‘t%ﬁl&H &- grdwn &rﬂﬁta{uﬁts %ﬁén%gedq’ﬁ"t\ﬁe
| ayer is to be | ess than ap roanat{J MOCVD
preferred YPEOHR 9@@%0{1 |th%umt~m§ffacg péthf: #mpé%f%%ms‘@ferfﬁmalwpﬂ?@rwﬁ@mﬁ? of
of thin I a&%rla%%rasugedtse%aﬁ @1%‘114)/%1‘ r@tgmg‘ﬁ'llé'ohgl}{ﬁfy s'el%ctr:d)p& Wﬁtf 1388%n an
approxi mately ™5 um t hi ck preferred rocess (Its
hi gher gr oww@ﬂp&%@mﬁéa %@S@mwmgnt@tlm buripg) pyiface %fhacgmmw of Weakness
Cond' tions ppRese @PEIESQrﬂ?c@ 5% BAthe Ea?@r 8%Le8Nin Afs chRUBE B use DYy R Gpposite
8rovv|ng par a he tenplate structure) is favored over
vert| cad gmwlwallésele%ﬁd@ﬂlaﬁ@ perpendicul ar to the tenplate
structure). CaNg r4@‘ﬂtllﬂtr§tgsetfl@9;)ﬁoh§-fogﬁlle ﬁse’i}f@{yh%?,oﬁcéolﬁﬁng t%%‘é t%ch%?qlué’fwat he
enmer gent upper portions of pillars/islands rovvs | aterally over
t he maski nBPDFRPAEHNAS i pted Idlr?cfl}’ peithatsthg 3srapovn wﬁlts BESUSMIRS AsTusedup@er

preferred spatis s@ﬁcemgl%?datomﬁm'lﬁhw%ﬂ%w o@ﬁ@néﬁatoﬁqgé id &Iﬁfscd
t he enmergent upper portions of the (&N |slands%r |lars is preterab

such as t o%ph8werienallicssiesiad, B gyoppoobasisy. Pﬁ@rna@%aﬁﬁpf@n Wbdeyeal3 epadei t §
shoul d e ﬁi;b?&l Bl viditd B tﬁatams%éd%hﬁws éppom@eqo s el Blaglal |y

growi ng GaN fuses into a continuous | ayer with few or no crystal

domai n~ bouftddifensdy. vwfw@ewgféﬁtaymb@ppqé&@forwsd atrcan pg kemdedypisypport

random y agbah8esh 18 ort BdoniphSte FR¥dnY Mnitk @Jsems!ubger 1t SbSlaRNBESmAYEs APt
excessive. If this inter gﬁllar di stance is tog 20great (the density

is too | owRSUlptingiSHtace dave B GisPEng pPrPRsiescoMpEses | ﬁ@lew%@? %9 tpftred

even be comgls @aﬁbl)a(ﬂﬂothé?@ll Gfdd FRURM BB c:eAPlchAYForBMbRA¥ESS ThiY ©
nunber of crysta onmai n _boundaries., After fusion, growi ng conditi ons

are sef@ct w&r@efﬁw&wm thig surgos WKIHC 4N ocike HSHEoDTn PR arowgsd on the

| ayer s andGeRinagxhPlefdé BoMihg tRihe BB pEOBL b 'Eﬁé%drt‘él:@ﬂdylar e sufsow t i ng GaN
| ayer reaches a_sel ected th| ckness. 25Fig. 4F (left portion)

i lTustrates resUriRy EaNCluE D r&mdwéw%‘bﬁrpaﬁa%f bsused forgopAREt of

| ess than appgash B8dsQlhghlqudiily (Hpld@foP R EEh MBI L whPEr Gt In e 14t@r
approximately 500 pm , or to Egrom mately 1000 gm The resulting

GaN | ayer fi4% aﬁ’é?"'a\'tgr‘?i’é‘! Byt ghed apd usgl %@E&%WPB% StRUE e dtdst

def ect asortegip&kaglagrb@ﬁhga&(ﬁu&ﬁfﬁy@g opagated (from NL 5 on support
substrate 3) into Ehe GaN i sl ands are hjidden by the mask and cannot

propagat e f urt HePrefered gerdppdeisadipinue kegres pripsminggizapset veglmes 44 et 410

nucl eat i Onsc@&&urdspt@(&mMamamt ny@:h lﬂmgluinsgﬁ&%s b omlfﬁloﬁ*ﬁfeeZone
further dis|ocations, ting layer 41 is now avail able for

use, such ScVeaghess Wed“f"éfﬁrlﬁiteaﬂ F? lgferdist 1 Bhick Y FstsHeatpeied fpjupsrate 3,
conponent Sanddhto PSR 188LLBL (RIBh &iICKYRATERdSronPthe BSnphutSdiRstifeal 8yd a5 can
furt her30 be ireed from lower layer 45 by applying energy, ¢.g., elevated temperature or mechanical
stress. This technique has the trade name of SmartCut®.
Embodiment 99 for producing the template structures is now described in conjunction

with Figs. 5A-D. In this embodiment the III nitride island structures are formed utilizing
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epi t axi al growﬁh I n enbodi nent 91, |ayer 41 can be used as-is, that

IS remai niwe 20doiodeREd to the tenplate structure on whi cﬂtjlﬂyszbo%mglrzgym
In this case, layer 41 is oriented according to the sel ected

polarity. In enbodinment 93, top portion 43 of |ayer 41 can be
detached for use, leaving |layer 45 attached to the tenplate

or | ant at | OB TGN Y PERPATORY GRS (& o hopRis B Dy ersfors the

) ][ i eRt at i Ofmethieiie WS efheite lidie I&SﬁegérQMVﬁlstfgln@ifﬁriaI 1700s SefEIhﬁ hmngsgp insu f ace
of the te ructure renains ce.49 of the |layer as
Dsed S0 £ nBETpTR I SRR e PR BEp it 1 EuE Serd e A y. - Viven
used i n ancatipadifdnalf mmlf@a@ms Witk tHeOnctHods SRhOFroMbusQmbediaditiiOdppardntliéd ed
surface_adj acent t? 203%7 éeakness 47 becones upper surface 51 of
the |aydr SURGRCIFIESPRi2R98Gse, the as used polarity is opposite

10t o the origi maiday, tﬁ&bﬁﬁétﬁéimaﬁbc&roif&r}{bodunent 99 fikfgr frhirthokd prstidualdesritdae

options for the use 4 (of0) to use chnj que 49a

ibper por ¢ sty Gheebaieat 110 Ehr i inan SRl Girpers Sakisbe
renmai ns as(ads act ful) esves the TR aRridt9slard saGQured) A SiScor g Gen6s bfaRd @a&ﬁ@ﬂlasks

t he same as as- %ﬁzﬁﬁborl ntati n the layer is.ysed with t

ori gi nal | y*¥é&%e F By ﬁBF’%&EFT“t“%ﬁ ing palpry f%%feﬂwfe&pb‘f%tﬁ Ei§h,

| ayer 48 C@mwﬁe 15f1 i pped before use to so that the as-used polarlty
i S opposite to, as-: gr.own olar t ddi ti.onal.l et.he of
the layer is flf Etb@a‘ detiop Btk a‘?%ﬂka??‘fﬁétbam olghe St o 7 of he
S ugst rate BBind bkdspomu@s hoAPOGSH Toehémajumwffease !;ulbsthhkb s(mgase) Hd‘)\?féwpﬁﬂj’et
substrate 53.co nsul ating surface . |la e resultin
Somoos, t o BRI oD e M Rl MR s Pl e 6 e B o Pskine Rakdgn
(or other kHohldrbletnbuedimammanqjdhﬁhefﬂlaskﬁmgrmmamahpbe Iﬁ&kﬁ:ﬁt@hﬁhe&i{bb&tsﬁr@ice
53 can,20conpri se surface .oxi de ] ayer. SO
Do  Tndg) SR B B Sttt M st B RS G St Srb b a0
t he suppor sucbmatking hatertalr Egeamb@tyleridedce cbr@obsraps eat a dﬂﬁrepdrﬁimﬂe @inBunt of
structure with renal er 45 can |t.self be use r co nt
b cat ol uire SR ERBPA I b PR B A Qe of
growt h of ®Gabltriderislédidikeatricturescase, a new y grovvn | ayer can be

det ached and usgd_and. t he .s t. str ctur a 25te for
r oo med S0t 1 Bl GoHBRRL g P B e tle P Tl oue
begi ns26y Wbmmsmgpaalczﬁmﬁasmﬁnaw@@fmaﬁmgﬂﬁ natlcatios of RiCtigide thefetidl agd r om
surface 49

ns s ch as
Sone ot wobierefied il TR, HERR RUED AR O Blor) rnd Blee o |
remai n att metosd c&mbesd.cb&ﬁtl&(hélﬁleﬁm samor dxrtzo utilrermdtizode anmsnﬂ&hicchcvmbny
be transferre the ] struct.u Layer 4
fron1Lomerdﬁa35r 8?m§‘%q€ ﬁﬁﬁgﬁeW5§hmg%§mﬂoﬁﬁ@Gﬁ%ﬁ%“?@ﬁﬁ%Bﬁ?&FE
mechani cal substragsbare Tasked betojpperqutéaclaﬁlsl drhyenbstaraid by egoedoin Iﬁafam@t (r).

ngggln 155 Egerlg}goﬁglgentsgﬁe S manat[erl!I%l 1ts 8%51%d?0 £ {hlclléness gssthénsapgi%%ma?e?y fdo%d

or less than approximately 50 A. or less than approximately 20 A (or values between these
limits).
Following the masking of portions of the base substrate and the side facets of III
nitride island like structures, the template structure of Fig. 5A is utilized for subsequent ELO
30  growth to form a continuous film of I nitride material. The upper exposed portions of the 11
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 III

nitride material, masking material 17 substantially prevents nucleation from the majority of
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with Figs. 5A-D.- In this enbodinent the H nitride island structures
are formed utilizing identical nethods to those previously outlined
(i.e. as swoumovroms3Bé g. 4B) and therefore the nmethods arremoseossepes ed
here. However, nasking material 17 (as seen in Fig. 5A) in the

met hods of this enbodinent only partially covers the Il nitride

i sl and structures A conparison of the difference with the nethods of

th i i 5A and

e previ oyg. RENOSLIL: LB AR TR, BRI« ESIRRL AN Bl fl 880n 20

fromt hosestrlﬁ@wrmfwwﬂlebnm bed in connection w th enbodi ment 101 | n

that th Ki F@{

f u?l y) §0\r/mel$ ![ % I Pgriﬁta?ﬂf Pélg @%ﬁgf Igglrd?fts %%%%n&e?%%ﬂd@g %%fé"g ue ce o

the parti abtaming kowdhexnesed uppeQmmtias efitht brandpitaral In@értaetxcmlwshmkhmg
t 0. I

ggt Slr : alj rogr%f cr:iﬁl%g Hlﬁt%?’e? aﬂQﬁT!l@E s‘aﬁd El‘u%u# n%;rf \3% I@e{mcal %m\fvﬁl n%de &ﬂ%&le ts

7 of the i glbtangiglandme@wcrru@ﬂ height swrhchaditsh atmaere latamaltgtwﬂmpdrr aitqyna@iwelbase

substrate l?éie&ﬁ : Q)wﬂ?f%)) e Jﬁ‘mg@¥%{ze? E’QB%& osffgcf qﬁ%é?a%f en&{%ﬁuﬂeﬁ %ﬁ'gm!ieh b&'tl(fal

structures enaln 1ree, rrat eri
shoul d be ewowemedsanaydesmployediopravisie IBmltmpssliderfg:eﬁﬁmoewlath lm;al prewth can

present onpl fﬁﬁla BRI addith] gl%&?hlémﬁ}tloﬁsh:gn t)esée%@tgﬂ J 9584 5o &S but for
t he nost part e maj orit er surfaces ar e ee o such

maski ngo rratnemmenatmﬁoﬁelmenbmdafleﬁewh cdwmpownis.oConlyomasuaigble Faobtaining vertical

di sproport r trate
and side f%éréﬂg?tgﬁ%: npar eéig;haqﬁﬁ&hgjgeﬁpmg CilssgdrS eg%}éﬂl?“yeﬂgmﬁﬁlﬁlt gp'?sl and
like struct uresig.AB tharefpredlustrelss arrpdylstagsrin i1 tHhe grewtkifion thaewescd|

pref e abl © ARG B85 TGS 1w QURGE IS EBPARES QLSS A hakt 8
preventing the nuc eatlon e materia refe

conpri ses Biok¢se dncanibe exngetsd tosnherltmnp@mswéﬁle mygferipl c)ntvzln@hstt nw@ﬂ@@ﬁhe The
maski ngs ma j +t bl doZih N0
ot hode> and ahar o 2F P BEnGRRUSAG AR 7L 0 nasdrpolcs O ENuRl, thn b PGl
t hi ckness hane xehgively feev aeggctsior thylogeftlos&, decdpesd davsl of S@mam'rﬁedebta@@olarlw

substrate gsﬁ{ erreﬁgnlgﬂ%&kgﬁﬁlgllﬁ%&l 8§te 2'&151%%399‘:?3 féhhgiuéygpomted

exposed. In 25e iments t
to a thick VIP esatemptye Lt YRE m@duyg Qm@e nte of grovitlergguired gpd the total

appr oxi mat %yrtﬁgkréssogglrehess than approximately 20 A (or val ues
between theSe limts Fol | ow ng the maski ng of portions of the

base sdébstrate ]ﬁ&éctlz\'emgfpﬁﬂic ELOerawitypropgs atihg ﬁ*@&ﬁ@?wﬂc&‘wﬁcq qf il additional

struct ur esy LiRieh@rihAb @orﬁltar é&ﬁﬂﬂﬂb@s fAfn. AsGn RS e'n%o&’iHeﬁtb @H@%ré(fé}fed spatial
subsequent ELO 30 growth to forma continuous film i de

material . TROSUPPOEPERDESEL. gerstidws obhe meﬁllppftiodéofthq ﬁmlbldﬂ%éﬂllafb

struct ur esjshaug.fy §lch bl @hrdhiad ACERS r%hl,sg% o Filiks hmrmaéfat diéﬂElty and
polarity, strain and def ect densit are utilized as the seed

material f 8sUiEHOGEESER prfzwnt:@quia lﬁtpfloh@ cqoplpsceyice thegpby ﬁﬂls@milaélv,

maski ngs W&%}I%{’,énﬁh%ﬁlﬁhé-laQ%E%aﬁbﬁ.y prevents nucleation fromthe
maj ority of WD 2009/ 015350PCT/ US2008/ 071219 ‘ .
The methods of the embodiment not only result in the formation of a continuous layer

of I1I nitride material but also in the formation of voided areas 30 situated between the
coalesced pillars of III nitride material, The spatial extent of the voided regions is dependent
on the distribution and density of the III nitride island structures and the degree the ELO
30  growth mode favors vertical vs. lateral growth during the ELO coalescence.
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 cbntinuous film to a desired thickness, as shown

in Fig. 5D. The thickness of the resulting layer 41 can be less than approximately 1 pm, or to
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si de facetcs 7 and base substrate 3 and thus prevents the propagation
of defects 13 into subsequent growh | ayers. In greater detail,
GaN (or otwerzowrhsa®tri de) is grown under conditions faOYUsagpsAIIR19
starting fromthe exposed upper portions of the islands/pillars. In
certain enbodi nents the 5growmh can be initiated fromthe island
structure in a nore vertical growth node and upon obtaining a desired
verti cal n vel y
2l atoral | ey Roy {20 E, b ArfRifa G50 B, S 8% TRy b B 3ht
embodi ment gesulfing GalY jaxr hagretatively fayr dofck onrdidlecatiqys izeauserpbs) yiefdets o
provide |1 t I

Phi't at ed. Pt T EhORr R Gty Mibir Ahehay Hoh bt ae,
gr owt h nodaidd@i bydbs peskand mﬂﬁdﬂmﬂat%@ frthér imihel ragelting Galf laygmponent s.

Condi ti gns sui t abl S Afer ORE RALRG 3&’%&&1{1@% e?[}%lv%ﬁfaﬁle f&rugéf‘ﬁsﬁkh@?o?s
have been previously discussed Y in the art

t her ef or e thelfabsicatnef clggironis rcplyp@teafg,e)hpqulh@ cEmMEPTgnig Mk f:mmclwe or
exposed su de
ot or al *dopoerr i fon o s WEALLE Jup i A A Bl b

i nherit pr dgieshed &5 ugsfin @m@omsebsnates oHowigviess An ii(ivamg,elfxia limei @ over
15resul tin %?H%

of the IS|§% t%g%m%%hgggﬁgngmg&% ggghﬁg#gﬁﬁ%eﬁﬁ ?faﬁgsgect %@Qﬁy
di sl ocdfPi onstraightiorrhnd detachmentiprastssst r ai n and a deS| red polarity. As in
ot her enbodi ”E”f&mﬁﬁ‘gﬁénhb&ﬂ%ldkd 116 i%h§ f{d lgﬂlqu'ﬁcﬁﬁrkg% Flg%]jlm aE.QGcahzed

deposited utilizing MOCVD or al te nati vel ependi ng on the
rate of gr Betkenedergbsathingdhelstrugmre: dtlarhereégreposwhle@kﬂmpleré?,@mé’éxte@@lq g.
SC 111 uStT 8y b hafah-INGHAN By RLP GRS Shmbilihe SR Al fRAYARGRALE Of
the additional” 1] nitride melerial orm & conti nuou I'm As in
ot her enbotvideshiveskensd zenee fla cpréain eyphpdingntsdba sepagetine it perfopendibalaprlEing pn v |
and strgct Hit&n&ffo&é‘?l BHRABE R P Mcf?@zﬁy Qbftofbibﬁra@'vll\}eﬁ %{‘Ht%ﬁﬁthé ars is
preferably such as to pronote an ELO HPr ocess, e. pillars have a
spatial dePRbadjmensthedensratipbeanibs indyerdtiuring mtawl@méﬁh dmtyslpmatchlng
tilt/tw st yarhg ?mban@s%hﬁﬁmq%e; h‘ﬁén%%ﬁ%%%ﬁ%@@t i @Lﬁaﬁ PRSRESHEBSdI 86k

further defect formation ods of the enbodinment not
only resul efleyer fherepsrinindpesd inthe sirusa is sfbeisnt|iasrepraigpt the weakeradivaided

mat eri al b%ne@'l@%o'uﬂ aisg%e B&EJ@\H s@lfhré?lon\éﬁ'l tgl%q)laﬁ:E?ﬁ&‘ t§Qr st vbabiRgor
bet ween the coal esced %g‘P ars of nitride material.” The spati al
é

ext ent 28f ey efdayer ecoNdaTY E45aq NS FFE-

Embodiment 95 for producing the template structures is now described in conjunction

with Figs. 6A-C. In this embodiment the I1I nitride island structures are formed utilizing
identical methods to those previously outlined (i.e. as shown in Fig. 4B) and therefore the
methods are not repeated here. However, the masking layer utilized in embodiments 97 (as

25  seenin Figs 4C and 5A) is omitted in the methods of embodiment 95 and the III nitride island
structures and the base substrate are therefore free of masking material. A comparison of the
differences with the methods of the previous embodiment is apparent upon comparison of Figs
6A with those of Figs. 4C and 5A.

Briefly, therefore the aiternative methods of embodiment 95 differ from those of

30  embodiments 97 in that no masking material is deposited to cover the I11 nitride islands or the

base substrate. As a consequence 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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on the distribution and density of the Ill nitride island structures

and the degpegusidigssiELO 30 growt h node favors vertical ordadb®oHMae
grow h during the ELO coal escence. Upon coal escence of the GaN

(or 1Il nitride) filmthe growh node can be altered, if desired, to
nore a vertical extent to produce a continuous filmto a desired

t hi ckness, as shown .in Fig.. 5D The thickness of the resultjng |ayer
41 can be |ess ﬂw&wﬁg}ﬁﬁg%%f ﬁip@rtg/wtg dﬁ?ﬁﬂyap the gtruafips oie Fig. 4B 1s 111ust19ated 1%1/

2009/ 01535@{%@1,@%&&8&1@ P8l f @i@rbﬁg?ﬁhlﬁﬁhﬂ: s)fu&%gso @ %ech Ln 1. 4B) lare shown ég \
approximately 5 utn" .or_to approxi mately 1 um The resultin
| ayer has P@Yl&%?@@|ﬂ§?91@€wfd%w§w§mwt iliet W difTerees BREaN SR ARLETHEY oot s
or di sl ocabéees differtd @fys@n@ga%gatmes(éf&mm&m&e @Pst8 URBRREEr &b digdetts 3)
into the GN sl ands, are E%d en gﬁ% th%gmask and cannot, propagate
furt her °i nSfHECTREFIA TG HRRI “Rpetess uigorhle gy b BRECICESH B RERTSOR ife
r ]gzsu: ting i@yﬁfub&r@%saﬂsﬂ}ﬂﬁ@hhaft}'h@bx_‘ig[ﬁ:ﬁ;lllM@&iﬁ&ﬁs&ﬁctﬁﬁ@@(ﬂﬂ@bﬁtb&ﬂt| on
of el ectroni o] ents, ot ovol tai c caonpqgnents, optjc conponents
or opto-el 8@?&%3@6%%@Etgs,%Aﬁrgf%rau@amff i gpataria) hon Bpen deposited
epi taxi al g delupped iokrerfats @edSompared it el caeldast i Of réfSé dfbaQRest: e
substrat es. I{ﬁoaf\ever,? a&l advgnt age of enhodi nent 99 over cerfain other
enbodi ment &4 e dpoet 7 sHeh sxowih chargcksistigs aje knowp fr theart (seg dor eumpledS pe
acconplipshegbgpwodBa).st r ai ght f or war d det achment process. The
af orenent i oned ﬁ]%i ded, regions B%igoth structure of Fi % 5D act . as
| ocal i zed weakeHEEPHREL Ao} terrre telagief s &nown injthe art, @regqvs pfensively
possi 3I eI byatdrdlg fmpdhf Eﬁﬁiﬁi’ potticHs ok ﬂi@ﬁde&ﬂ:ﬁfdQYAItlQﬁungHBﬁi&Idﬁ gio:wkh q
nitride layer. 41 from remai ni ng_.strycture. utilizjng the localize
Voi ded viea SRS SSERICY Fom B eaps: SORSEU G PR ré(’pfa?fafsa asfetcs o
performed Baposipdl o dilier 3 fatboftiersiadtuk e tRelladk@ b hfsiShd Mgt elt kibuiiuch
way as.to separate layer 41, .in alternatiye enbhodi nent the_ separation
can be 1P na e BeCthoHE ok ier b N LS G EREETAFrSG 13 RERpareLy
properti esredfain Withimthe Garakehdriayedl plhie aftidioasgogtddStiitiadlls iBthe iprovingURRRA
post growth coal do f layer 41 the strajn induced in the structure
is suffici B‘Ht““th"agé%g’P T ot e side st o BREPDEHES. 11 shoul d
al so be not ed tTrtdegrepsftdapdsiion 0aindesile®leRhkas, . c MdeQicetsT 228 bre sibshaasli ng
of 20 surface, 49 of . er 41, to a segcondar arrjer wafer,. odi ment
05 for pr odtierr it My epint SpPuk i 1 Bleidscl SRl fompe wpoer
conj un@oi osuriatd &f thd Winitriddisandd sacds hiAs the ndarli gi@ith ptdaess bdrltintidstilid adeitional
island structures are forned utiljzing.ideptical t hods to those.
br evi ousl y G Tl SBEES ogtom bl 2y R e PRy ofead fggon
met hods ar ef welkscempehiriig chpvefzenddwfehéatowth Frontirasduighght ladya rowith £7,z2e 1 n
enbodi nents, 97 (p?% . . . c
phase deplefion may be experienced in the areas in the vicinity of the growth substrate and the
side facets due to the inability of precursor gases to effectively combine and react.
25 As noted in other embodiments, the additional III nitride material deposited during the
ELO process 28 can be expected to inherit properties of the material on which it nucleates, the
resulting GaNN (or ITI nitride material) like the exposed portions of the islands, can be expected
to have relatively few defects or dislocations, a reduced level of strain and a desired polarity.
As in other embodiments, additional I1I nitride material 28 may be deposited utilizing
30  MOCVD or alternatively by HVPE depending on the rate of growth required and the total
layer thickness desired.
Fig. 6B illustrates the ELO growth process at the stage of coalescence of the additional

IIT nitride material to form a continuous film. As in other embodiments the preferred spatial
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25 seen in Figs 4C and 5A) is omtted in the nmethods of enbodi nent 95
and the Il nitride island structures and the base substrate are

t her ef or e Woeen@fisasmski ng material. A conpari son of thedvisemssnces
with the nethods of the previous enbodi nent is apparent upon
conparison of Figs 6A with those of Figs. 4C and 5A. Briefly,
therefore the alternative nethods of enbodi nent 95 differ fromthose
of 30 enb . k

cover the Tiegny il Snliind RS0 ML oflonl St HEBAN Ll fifhrs
of the rempwugicially sueh apriagioriapasELQ process.age pillars G aspatjpl dessityraadoval

of excess

The initia gtggssw#ﬁ ‘t@e‘éérngvé) ﬁglé]ih?‘g}étt r;%g%’gg"h gecelgctg rﬂﬁctgare }3@5%1_1?/ g. 4B
is illust rateé@mmﬁtﬁrhgr deBat forirtioni s intsenbpdionkit| 98 thefmeathnds silyinnled foinsdtiamd
struct ukges s of
he embod Sonr T wu THE o e Pitomaa il B RE. miRRuREIE

bet ween di Pfewionsly steted/eandk hblipeamlaiee ploFesre fordlie Steweatton of e realegdecddiimst al .
In preferred ena\xﬁ)q , t SS
unfavorabl e growth gﬂggrc%lg?g{rtﬁgt %@g&lﬂg “%%@%gﬁt@% E&g@%ﬁggal&%isﬁ
exposed s uri¢sste<b tojmotgfa vetiigalgkiegfitmpiodyce p cmttnnwéﬂm:m aﬂnﬂlr@t thigkness, e%shown
(illTustrat

quant ty o TEPCaiir Faghess OFb kosihg REGHL LIS s it apfloBh 8RS, orto
sur f acé0whewprexamysely 480 wint dr te impraxiroaiely S¢huher oegpronimefelb8e Laulber at e
3 and side e art
(see for e&%ﬂg%c}%g ?%&g%%%,agg% & %&gto%m%dtlﬁﬁs t%?ﬁmé( 8%@%%?% |l}ons are
t her ef or e disloeatioayl3 thay prapesetedi (fromINsL o1 suppast ?gbﬁweé& tféfn‘élfﬁ eNyslands

| ateral ly I

Al t hough HFCEI{rq\ilﬁ%tIrc |la ﬁtgygg"gfamﬁsoo%cqlaﬁnad?fgg& %‘gthé‘r?{ét’ velgtrilll fiy Pnl%l/ﬂlg% E%’E)ner
surfaces ofropigating ﬂ“ﬁhﬁrtﬂt‘ih@lé‘?sﬂlm@ﬁ@i\l lafare is a degr ee of deposition on
other gyrfaces gf mftﬂ?:eottﬁ% EMGdith&nt ﬁté‘?ebﬁl‘ﬂné B?erh Ay Naxl&lé‘?&?!ﬁe ”eﬂch as for the
material. It should 15be noted that duet e extensive |ateral

nat ure of fﬁhécaglpoﬂtqt%ﬁp@ee@mq&e&twb@ow@a@ a@mmﬁi &Plis/compaaants, v apr n
the same heklgQiBhpieflSoratsiierObr REAYT ﬁﬁaﬁm‘t’@(o&»‘t rﬁhl:ryuskdqas lie

grow ng |ayer but are localized in the vicinity”at e side facets of
t he i sl and{estbedigeriyByor detached fqrse wégmé@slteﬁulu@ﬁwﬁmbqﬁﬂnw O dlevieyatine

areas, 1. eyqahidgeib ﬁaﬁ%ése}aﬁ% P2 RinBddlSSef -@‘f &n%e Qé&@mﬂﬁ‘ﬁé g with the

i ncreasi ng amount of additional 11l nitrid for med from t he ugper
20sur f 38e  #faightferward dofichmpr @rqcess aﬁ@r@cr%édrsthe mgwwfecmbathétean L.gy theriueh the

process COQ]]Sth@eH%ﬁ of REceqH thi Q3R lole wetteﬁe&%ldtatggrdn@to LR Dy éi~'541t 0
grow laterally 27 and the growh fronts converge to the poin

coal escence. During convergence of the growh fronts throughout

| ateral growth 27, gas phase depl ethiﬂaF_]be experienced in the

areas in the V'Iﬁigﬂzﬁlﬁlmktrﬁt@?opgﬁ%ahdﬂébf@ iRkRrRRTEMIRISTAS of AGRRE due
to the inability of precursor gases to effectively conbine and react.

25 As Rét etFamplesehepreisrpbeaserinbptzate I evithqdilyrplisy SNpiglandg/pilass b partiewai al

deposi t ed strarlu 114-h63, EanQ& @@ﬁ%&re%%nﬁﬁ@t&ﬁe %&ﬁﬁt&rﬂus&%ﬂr}@ utB The
properties of e material on it nucl eates, the resul GaN

(or 111 ni é@qb&éﬂeﬁﬁfléﬁp‘m Figj Werepissentl0foaeendin Figi Ghespissenisid rrrrsl a&&@

can be eXpﬁﬁ%@ﬂesh&mbﬁé\ﬁ%taﬂ%{e%@é(rﬁéﬂhé Q)A!xﬁﬁfneﬁn% Wl di sl ocations, a
reduced | evel of strain and a desired EOl arity i n other

enbodi nent s, adﬂletlﬁlﬁfia{ﬂ’lulaﬁeathteﬁ piTdies Ha éﬂ@reéteewow@yd beheabmsMOYEE

utilizi3p9 reactor to temperature of between 800° C to 1000° C, in preferred embodiment the
temperature was maintained at 900° C during the growth of the isolated GaN features. The
pressure range during the growth was maintained between 200 Torr to 400 Torr, in preferred

embodiment the pressure was maintained at 200 Torr. The ratio of V species (e.g. Ammonia)

-32.



30 MOCVD or alternatively by HYPE depending on the rate of growth

required and the total |ayer thickness desired. Fig. 6B
i 11 ustrat e¥O2pR/ESY growt h process at the stage of coalREFHESINE/021% he
additional 11l nitride material to forma continuous film As in

ot her enbodi nents the preferred spatial WD
2009/ 015350PCT/ US2008/ 071219 arrangenent, spatial density, and

structure Q)fIIItsE&:u%)E@E Sﬁ'gﬂeﬂﬂrﬁgtallﬁﬂﬁ v@g képhl%wct:@H'ohr%{c@n]g’fb PT érb@{hs VI8 ratios

preferably such as to pronot O process, ars have a
spati al den%liwwawdwweslt?Q%dﬂ%mreﬁy&w%@ to pr event cr yst al

tilt/tw st priofjgt/ iﬁﬁ’ﬁ%a%ﬁﬁﬂﬁ@pﬁl&@/‘is%&s a?%’&shﬁﬂéd Abib¥r QEs@Xﬁ‘d&Hﬂ;ﬂ&d
further defect formatlon As I n enbodi ment he met hods result

t he for nat FRepCIFHATt dRTeKEmately @8 ym3 The plﬂlera/ﬂ%@db@t wélrgrw@é thersaf, é@@mﬂrated
pi | I arssof aﬂ'cy isdlhtbd. 'qu'st Bﬁﬁl@ﬁélaﬁllds Xi‘@'nﬁlhmﬁﬁl é@%eﬂé‘tbcpéﬁ%|1§6la§éda9xe§na@1%ﬂm@§ have

utilize in later processes for the separation of the coal esced fil
Upon coal ef®@sndeecher inlorqaiel Hé PlHPIIS/I%QDEi%ﬁ(SeﬁTOIUP 198, Pithich gAvaRfaRe it e can

be al teredmn{aﬁn\ggpgeﬁﬁgedfopotﬁgrﬁlaqls/gﬁﬁgsl cal extent to produce a
continuous filmto a desired thickness, as shown in Fi 6C. The

t hi ckness of t Hég- r7@slu1|19@1ﬁﬁqgse|vgr91éﬁdwﬂuaéaﬂa@éﬂaﬂésm mqraﬁetagpﬁmﬁaﬂm't@w 1
gm or to wfefﬁ%%r%'eﬁgﬁﬁhé’lu&g@pﬁ%d@'iruﬁ&teﬁ%?ﬂ’a%%%ﬁ%h)ﬁrsﬁ%efl’mlthor to

approxi mat el y he resu has relative
def ect 40or pm@déeawr@ﬁgd BEvRids qumWPéfeP@éft’lﬁlalﬁﬂoéll%\?xé@ﬁ]@Wmf gumgomm at

pr opagat edpfibiahrih i ABUARY S o Bk Fodbld Y Rurkilte epﬁarwsm RRYS

termnate at the side facets i sl ands and are thereb

subst ant i affePHreamerpus ?tbwﬂ%aésﬁ@lg%&s ithegare tapperdty (prrﬁr@)raénme%qﬂ rrardd-caN
llayer. 15Agni dibehsld rﬂ)ﬂfar/i%[ﬁ@l@ @'M@ '@icniﬂihey e btkd) 'pﬁﬂrs!ﬁﬁ%ﬁi@ tHaBha¥OWore or

avail abl e for use, such brication of electronic

conponent s esspfll?éﬁt@%‘f %@@T@Bﬁlﬁﬁh@ﬁ%@daléﬁfﬁsCGE%‘PrﬂB?]@ﬁlﬂléeS tyge pillars/islands

opt oel est r 9B £e g@mp&%&egr%ng@etﬁersubst rate for further epitaxial
growt h either uSed as- |ﬁtﬁéen’oo irment 91) or detached for use in

conposi t e substlf pederred thsb the plats/i9myls compriisgBPemIgst pautiens pal slopige fagets

the separ abh £Agif hdif theiPiidrfabd euclh@yﬁimaﬂaam@o%dqgg gsmhde%@ma&ié pRomote
20st r ai ghtforvvard det achnment proccss as described in the pr evi ous

embodi nent leteral grovithding ﬁu'%SFfél%.fpﬁmtE 8f 3 OGN yerrgpe somtitiqng favpdng JFefd-on  of
the weakened vofiged in@eh@s b sSQPA AR ptoNRH bé high FSONRbFrahsmission

20  electron microscopy of another example of a preferred base substrate with a plurality of GaN
pillars/islands, which have been produced as described above. The two [eftmost and single
rightmost pillars/islands are actually images of foreground pillar/islands superimposed on
background pillars/islands.

In this example, pillar/island-like features have approximately equal vertical and

25  horizontal dimensions, and are separated spatially with spacing approximately equal to the
horizontal dimensions of the features themselves. The features have approximately equal
heights. Certain features have an approximately rectangular cross-section and can be
considered more pillar-like. Certain other features have an approximately triangular cross-
section and can be considered more pyramid-like. And further features have one or more

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

pyramidal tops.
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Figs 7A-B illustrate top views and Fig. 7Cillustrates a TEM side
view of an actual 25 exanples of a preferred base substrate 111 with
a plurali tYO@NNES Unds/pillars, in particular islands/ETYBp08p1319
105, and 107, corresponding to the schematic illustration in Fig. 4B.
The doubl e headed arrow in Fig. 7A represent 100 p.mand in Fig. 7B
represents 50 pm Fig. 7B illustrates in nore detail the region of
Fig. 7Awthin frame 101. The isl amxAMpilgar features of Figs 7A-C

have been produced . heat i a.MOVPE 30 reactor to te rat ure of
bet ween 800 C tLi%g'%dg trates ?%aq%%?‘@rﬁﬂ@adlmtofaﬁ mﬁﬁ@’sfagtﬁag‘éﬁ #de was
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% 00 To RS | Tbiﬁefeat dtéh I@:fistéﬁlgs.pﬂfei e résistdhce éﬂiﬁf@ﬂgﬁ%tricfeﬁybﬁ dan Srm@%iﬁlﬁ&wﬁy?.
rinmethylg I ytn S pt l.owto pronpte 3- Il ar growth;
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109, wh chogagg)vgfg’é?g%%ﬂ?gf’ lﬁfdg‘f"??n\ﬁéli%lmg‘étﬁfar ated for other
pi : : ar s; i s: andSTh_eEésgltingﬁélhﬂ/ihlﬂiﬁd-rﬂ%tef&ﬁur&jﬁ?teQ@Erhaililﬁﬂﬁﬂﬁl@ltaﬂ)ar?ted, wiﬂ& theh
pillars/is s. in nore det : erally, the e preferred shapes
i ncl udi ng b’%gﬂW%&bswweaﬁeﬁhﬁw?ﬂafﬁ? i g $onsraly VEBBR AT 10
pyr arr: ds on?igm,wae atrafbagy ﬁ(f}fﬁuﬂ;&qc. medcwf,aambﬂd b@hdtécﬁthétgﬁglﬁﬂﬁb ﬂ;ﬁaia'l)s
exenpl ary of nunerous, pi]lars/i.s s that are toppe . (or,_are) a
virtual |y 8P QF'esuéﬁe‘g‘H'{a §O%W}13539r}?c§ Fehstes, %afesm‘g‘%éaﬁ%:f éﬁé/srfﬂ*mthe
nuner omsdoﬁdffejt d@igitile%fﬁﬁdﬁﬁiaag’rﬁﬁn bh &tngwtee,lolfmp /Bﬁiﬂocﬁlﬁtg(t of Eanfle B Thisl is
truncate ram d. t r ha illar/island 103 is. exe r
of ' Sever ai DHeTP i s et S e st e b3 S P ARSIt o
or m‘hni mal fepyofaid dé&ictsfoﬁ@iﬁﬁtﬁ]g a%@ﬁﬁtohﬂﬁtei‘fﬁ@dﬂdﬁSHI\hfe&ﬁre@hNe&érfﬁﬁﬂa&Hgﬂds
15 that ar rowi.ng,, ar have gr.own together. . t is preferre
Chat 't he- plTTAREHC: e SRy 1 s dt o Sroosiapent sheaiela S Beig
facets on emerghdtyhehmhir pohiehs ofShyikiaed, such as pillar/islands 103 and
105 becz‘@use such facets pronote |ateral growth during subsequent

growt h“of a GaN | ayer under conditions favoring ELO Fig. 7C
illustrates a cieysfsedimbodinamger the mdntietlddayritai ghove ds adtUinithe scope of

transm ssign.20 el ectron m crqgscopy of another exanple of a preferred
base. subst PAEEOHEr e g R e S S S e eeh chilgc
been produmechtias. deseajuivak mibotienenithe ihtemiel ef ferwdtiin thesbopé eFGhi invention.

ri ght nost p:ql | ar s/ sl ﬁdggé;‘aggésgﬁg%%‘%&%i%hgg eq%t@&g}qosil?‘g{a%ij&gﬁwa%i ]

. ; ndegd, various mo

pillar/isla &S suﬁgrl

exanpl 8 phdrtiarshelsdsahendte kefl eathineionde\tie: dgnpnaestabel, wiltspdahe apparent
verti cal

a{aqhose skilled in the art from the subsequent description. Such modifications are also

intended to fall within the scope of the appended claims. In the following (and in the

application as a whole), headings and legends are used for clarity and convenience only.
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25hori zontal dinensions, and are separated spatially wth spacing
approximately equal to the horizontal dinensions of the features -

t hensel ves. The features have approxi mately equal heights. Certain
features have an approxi mately rectangul ar cross-section and can be
considered nore pillar-like. Certain other features have an
approximately triangul ar cross-section and can be consi dered nore
pyram d- | i ¥Rat ifAdindedtid:her features have one or nore 30 sl oping

hori zontal facets and can be considered as truncated pyram ds or as
colums with pyram dal tops. W) 2009/ 015350PCT/ US2008/ 071219 EXAMPLE
2 Fig. 8ill tﬁ\sm@th@cg@r Eabriegting A fAYeY SEPEISINS ARsREiAendperPr BatEiR] Sthp fyer
substant i alLyidis Hcah@tbdiolp@tiagl sl ands of a 111 nitride material. The
GaN islands illustrated in Fig. 8 were produced by the etchi ngh of a
2D layer of | Iprevidipg atemplatestfugiure doaprising p alieadity eigslends. e tslandshaving a
si gni fican Yol i I\ ' ross
R e e it
pol arity apdpastiesgeideompdsingp ipteripl (the pdandimeai¢riat) cardéch tholay matigiab
growt h condit] I, he art which can lead to GaN | ayers
wth varyi‘%é%e%:eggépg‘[uglﬁo g&@t%&g%r oss a wafer. The etch conditions for
t he exanpl e shawwingtheilgyer Baferivionvisdtemhletestpeuss uaday orlitiu s¢lentad ta favgr

cont i nuous filmto,a,pqgt g i i sland
Fenper at ur Borggroe Bafgh A BT MO ELERR EL AR Bl B¢ sends
The resul tandghgpicdohlagckn!ta fiaml a dostifueat fimad senaicendgemdayer that Bperits etkd oy more
separated, with t% under | yi bst,rate exposed between the

f eat ures, ‘I’fa%eése&c gﬁ'é’??ﬁ?&fﬁ%f%%ﬁf%%h%ﬁ] hei ght, and a truncated
top surface. Hpaevergrowingsitedayet maerialotapdsitibhgs mhdkingmdteriad en thetteniiatk
grown fromsuch tenplates often has defect. densities that are
noder at el yS'HFYeP t{{gggﬁi PRE pfg'oaéPg%TaJBQWs‘)lfttl?eéga'b et %?Sle%fl]?%uﬁloi\;ﬁ on
t enpl at es @bskingeneetdhamadkinf miriirpding sleckdiss tHasthb tlytrougeial profesuikily
fromthe fact that, the fea[ u(rje,s are etched Jroma cont i puous | ayer,

t heref ore PHElfaisF 21O WR PR SARIGRCP RSP ARt REKHSEHHA nt er f ace of
the Ill1-V features have termnated at |ateral surfaces during growh,

as is the case jn thgea¥aRdioNERin Pivhésianid Bladds Hatsspatidl €emsp k@ thadthe
t he upper Forti ons of the jslands. 20 The preferred enbodi nents of
1

t he i nvent 'efd layersis fopedysbYe do not Iinit the scope of the
invention, since these enbodinments are illustrations of several

preferred aspect{s OfuthRoRGEAkINP N whABM (Rl Maedifal iR M emental
intended to be within the scope of this invention. | ndeed VaI‘IOUdS

modi i cat | smEcatiugteranateaber o Allyserirandycks magrieh 65 CEMB R Y Aepmpoun

descri bed semiconductor material, or a Group {11-V compound semiconductor material, or a combination

thereof.

4, The method of claim | wherein the selected crystal properties comprise one or

more of a low density of crystal defects, a selected crystal polarity, and a reduced crystal strain.

5. The method of claim 1 further comprising detaching a portion of the final

semiconductor layer by:
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.
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25herein, such as alternate useful conbinations of the el enents
described, wll beconme apparent to those skilled in the art fromthe-
subsequent description. Such nodifications are also intended to fal

wi thin the scope of the appended clains. In the following (and in the
application as a whole), headings and | egends are used for clarity
and convenience only. Wiat is clainmed is: T.A nethod for fabricating

a layer conprising sem con ct nmat.e

nmet hod conpri S|%hg %hem%ﬁ(?%eﬁlfﬁw Wlaer?"é%%gtta‘éhegﬁafy zﬁraémg r’?fJ‘FS%l] }’d!am
plurality of islands, the islands having a irregul ar spati al
arrangement, hayi ngTu@metmo@@ﬂdla]mrls\wmélmt}ﬁm@eomataﬂﬁleomﬂ]@ﬁhgdmpnysﬂitaﬂe

properties, risin rial e islan eri al i ch
the | ayer ‘Hﬁ?réﬁ(ji n%? gﬁeéﬁlgﬂt‘?aa?r CORRYISESIh B EaME Y agf{ﬁg‘t group- m'“&'r‘%‘%{/]\n ng
the | ayer ﬂmgﬁmlaaﬂ f@thet Jstﬁ,mtr@mgl ate structure under conditions
selected to favor .nucleation on the islands, then e pi t ax |.at er al

overgrowth (EL@OVidp®? E%SF9‘-‘%%‘3‘}6%’“%%1%5“?fé?eaﬁ%om’&d‘tﬂ‘df’ﬁé’ﬁ € J e
to forma gantinuous final sem conductor |ayer that inherits one or
nore of the selected crystal properties of the islands; and

prior to grow mPinstheasknd massrist pithe bese spRsfrate npdes PR “ﬁ@el?FéF[déP i24f° on

the tenpl agp, %pﬁﬂagdqilﬁ]ﬁﬂléhﬁtrulﬁ atsHP R@ingBREd WARSpBEr pBrtioRE Rdvirig)on@br
the islands are exposed through e masking naterial, the masking

materi al bemgeledeeey¥d paperinat the layer material preferentially
nucl eat es and grows on islands in conparison to on the masking

at e f
materia densi (1 5o tﬁ@ﬁaegﬁ& aalf?] fhaélmle.Mé]%eaergr(muﬂaamqaceaamm@

spatl al I nal ayer 1S m)nocrysta I he .
The met hodselstted baibat 4 plwlabiyeit ﬁaetdhﬁéochaq;@ erising dthealtase pippraisland Jgierally and

el errent aI fg'??%@?&%g}a?f%%%ﬁﬁé glan%sc_)r an all oy sem conductor naterial,
u

or ound sem conductor material, or a Goup II1-V
corrpound sem conductor material, or a conbination thereof. 4,
The method of . ai mThe whoébfclsime whireio tledayer yetedh! qomppeastGablsand wherein

conpris ep %g?‘??‘i"f%%&a? ngP%'HO%\éé)g‘%%gé ok (JI(P]:noCer I3 s?rfac%ed%%(?tg@f d%ﬁ&?é’ Lcted

crystal t hod
of claim |d1§1U¢allb1&fonOﬁﬁﬁ1 ailes, adﬁhaﬁﬂagencg’ralambn ircthe Giftice lagaif Dﬁalleast 5%,
sem conduct qr Ia 0 kg nal
seni conduct§ F POIa‘ﬁdeeagg tc’%ﬁBB‘T’ 9&?9(&&%’1‘38 atS%EV{‘?Ce H”e”ttapt)%]r]tl on of
the final sem conductor |ayer at the zone of weakness.

10.  The method of claim 7 wherein the islands are grown under further conditions

selected so as to have lateral facets presenting crystal planes which discourage nucleation and
growth of the layer material and to have upper surfaces presenting crystal planes which

encourage nucleation and growth of the layer material.

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

the islands, and second, to favor lateral growth.

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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6. The nethod.of claim5 wherein the detached | ayer has a single
crystal polarity. 7. The nethod of claim1 wherein the |ayer

mat eri al conprises a group-111-nitride material, wherein the island
mat erial conprises the same or a different group-111-nitride
material, and further conprising: providing a base substrate having a
surface pronoting nucleation of the island material; and
growi ng the island terial t he base substr.ate under c (¥ .
sel ected so as ﬁ’o f ﬁf‘E—‘g}S’ﬁPg?‘&ﬁl Fzsvﬁeﬁﬂ’%aller?wg 7 Pg%géblfigcroméjgtgegisglf&mimde’
ar r angenengr sNidob omigp e ni@itek érseohavi ng one or nore sel ected crystal
properties. 8. The method of claim7 wherein the islands are

grown under further conditions selected so that a plurality. aof th
di sl ocations arl%i n&%ﬁﬁ‘efl'ﬁ’@ opglaim L2u‘t‘5 etr?lﬁfs"@ “Baé‘ﬁﬂg TRaf F%Pcéﬁeg so i
termnate ahjoligt @i side¥a@iSorahe HiBRdsiagd aAdfrity of the pdtionshétheettizoste abt
claim7 wherein the |ayer material conprises qui ang wher.ei.n Egﬁ i
sel ect ed cFep&ted by Hiegpardsiagscorgad by e TEREng a3 e £O BALR PRSTE CHEHLPES
of def ect s Qfiofli THRGALARNEMSAH A0S BIRaRingl RB&ial. 2 per centage of
relaxation in the lattice strain of at |east 5% and a crystal
polarity selected to be one of +c (Ga-face) or a -c (N-face)
orientation. 15  ihe nprhodpelaiv 1 Drheeinths masking matesial s deposicdradhatp e
grown unde[naloﬁjig)} 5&re iﬁ@%‘ dnH g_rﬁ%il(ﬁg} §6hEEb B tHeQubkddR nbAddRERl b B edldnds
presenting crystal planes whic I scour age nucl eation and growth of
the | ayer namtcevdred byanabking etsrial,upd Brthensompesias yamoymgspitigiest yaskigg material
pl anes whi ! . I i : Medsed i al .
1 e et P R B T e b e nder
conditions further selected, first, to favor vertical growth of the
| ayer material f&omTheenaipder clpom {5 whecipfremoning the sampdningmmaskingapridial ¢ o
favor |atera rowt.h, . . d of claim7 wherein the
| ayer nateFFQ?9$§“6F%“ﬁEﬂHﬁ%%%%%ﬁgﬁpﬁgﬁg%further selected to favor
formation of a plurality of voided regions |ocated between the
ot herwi se coal ested A slyandsprising 2 vonideductegnaadal fdirsged preedingdp the
sized so that g ortior.of %hﬁ;final | ayer can be detached at the

8y Tyt AR |

voi ded r egPBHOYS AN th' %f ener gy. 13. The met hod of
claim 12 wherein the masking material conprises silicon nitride, or
silicon oxide, or mxtures thereof. 14. The method of claim 12

wherein the masking material is deposited so that a majority of the
side facets of the islands and a majority of the portions of the
substrate not covered by the islands are covered by the nasking
material, but so that a mgjority of the upper portions of the islands
remain free of the masking material. 15. The nmethod of claim 12
wherein the masking material is deposited so that a mpgjority of the
islands and a majority of the portions of the substrate not covered
by the islands are covered by masking material, and further
conprising renoving sufficient masking material so that the upper
portions of at least a majority of the islands again becone exposed.
16. The nmet hod of claim 15 wherein renoving the remaining maski ng
material further conprises chem cal - mechani cal polishing. 17. A
| ayer conprising a sem conductor nmaterial fabricated according to the
nmet hod of any of clainms Ito 16.



