EPI TAXI AL METHODS AND STRUCTURES FOR FORM NG SEM CONDUCTOR MATERI ALS FI ELD
OF THE I NVENTI ON [001] The various enbodi nents of the present invention
gener al | ywoebawmsd2e t he fabrication of sem conductor st POTHBZO%0@QZE
substrates. The various enbodi nents ptovi de methods and structures for
produci ng sem conductor materials and substrates with inproved
characteristics. BACKGROUND OF THE | NVENTI ON [ 002] Strained | ayers of

sem conductor materials can be undesirable for a nunber of reasons. Strain

in the sem cond I r i r ity of defects,
crack formati onﬁgiﬁﬁgﬁ@mﬁwwﬁ%@gﬁ eﬁﬁ%%ﬁg@@ﬁ bl e reduction
in material quality. [O003SEMIGONDEICEORMAIERIALL sadvant ageous in
fabricating IHV sem conductor materials such as the Ill-nitrides. For
exanpl e, consider Ill-nitridefEp@sed THRINVENTION ng devi ces contai ni ng
indiumgalliumnitride (I nxGai-xN) with significant indiumcontent (e.g. X

> 0.15). The ijggjeased vanslisembeamicaniof Heptaetet chtiorsgenbraliemdaes,thd or
extendi ng the em ssion wavel ength range, commonly. introduces :

di sadvantfalgiseiien ¢févlé10§nd}f°t0§’éﬁf‘a‘1gqfe%’é SPRSURIgS ¢ evaﬁP‘éSrFé’?'%? GRS ni ng
layers. Tr{}%h&{siraﬁé ﬁﬁgtulr?syf&r oRRTRRIYeo RN for Rk TaisGh@ SibshhisdkRRs Basowad | ow
i ndium content 1T han attenpt to prevent nmaterial phase separation and
subsequendhancaegtios.f or m i ndi um di stri bution. [004] In nore detail, the

bi nary conponents of the %’!PNF ?]qg and GaN are not fully
m sci bl e and therefore un%%&gﬂg:; tvlefn Se Hg g?%qvﬁlgﬁcondi tions and film

t hi ckness therjgod]s astfaineddayeasiigeerpicoineog@ttedal tan Heamdesabble farmrGaN
conpositions. The introduction of lattice strain and defect ooft he | nGaN

Syt om CamEsef reasRs. (HFRHKE A1a SYEUAURUERS 13 EPoUE MaRAPG R T LI
unf avor ab&e?ecﬁoé’fgfpﬂo%ﬁﬁﬁ ah@PﬁieisQ%p%&ti&ﬂ%@ro%@ﬂﬂ@b@oésilﬂe retitigionat erial is no
e

| onger of a sing conposition and the In and Ga atons Wi ll not be
honogenousbtyridiqsdlity.but ed t hr oughout the | ayer. The non-honopgeneity in the

R I TR S e i e T

i mpr act i cahtefifls suRE B B iNgitriadse Foatxample, consider [lI-nitride based light emitting
devices containing indium gallium nitride (In,GaixN) with significant indium content (e.g. x
> 0.15). The increased indium content preferred in such devices, for extending the emission
wavelength range, commonly introduces disadvantageous levels of strain due to lattice
mismatch with adjoining layers. The strained layers commonly have restricted thicknesses
and low indium content in an attempt to prevent material phase separation and subsequent
non-uniform indium distribution. ‘

[004]  In more detail, the binary components of the compound InGaN, namely

InN and GaN are not fully miscible and therefore under a given set of growth conditions and
film thickness there is a fixed range of energetically favorable InGaN compositions. The
introduction of lattice strain and defects into the InGaN system can result in thicker InGaN
layers grown at energetically unfavorable compositions tending to phase separate i.e. the
material is no longel' of a single composition and the In and Ga atoms will not be
homogenously distributed throughout the layer. The non-homogeneity in the InGaN
material can result in a deterioration of the efficiency of IlI-nitride based devices.

[005]  Therefore, prior art approaches can be impractical for achieving material

goals relating to substantially single phase, strain relaxed materials with desired



goals relating to substantially single phase, strain relaxed materials with
desiredconpositions. As a result, nmethods and structures are desired for
produci ngvetowiassd2see, singl e phase sen conductor | ayer CT[IBDBY/ 000228 Pat ent
No. 7,271,416, which issued Septenber218, 2007 to Saxl er, discloses

sem conductor structures and nethods of fabricating sem conductor
structures for reducing strain in adjacent material |ayers. As disclosed
therein, a sem conductor structure may include a substrate having a first

i n-pl ane 4RHo5iBbMe AsladbduliCReaOdSIna Buchied dré 8dsirb@ R Hrallicing ffepelICt or
material on'the substrate having a second in-plane unstrained lattice

const ant diglg phase gmigoagegier lgyesm t he first in-plane unstrained lattice

constant, and godariahl Bl NgY 0L Y RhichAIREd Shlithed: RESHFfLoSabLONducCt Of

mat eri al di sposed between ubstrate an ayer o

sem condutitcbrsesindrondibctor Bhractuias armhhethodsoififibdbating pemicosduconftigunedot o r educe
stress in the first layer to below a level of stress resulting fromgrowh
of the fpaitmesyan mpdieh 9ReniREe asdilend maR T SrGiric o ueben ayer
may be a hayRelufey subirade Bdvird fRek ihpRind Ostlaied laifte comsdna At firkth@fer of
substantially matches the unstrained |attice constant of the first |ayer.

[007] U. Semmgndyefor mpisriaben the subsiate hpvinga sepqndigplang gnstrajiper daiticrponstant ed
Sept enber : . d P, i i : i cation
N 5007, B S SRR fofn Bt SanSlngrdiePoy RBLERInCR 4 CahbRIENAA C2 L
subst r at dayepcomgprismgrgseaoridi sghicoaductarinmgeridbdisppecd hetiveenrid sbisisateaaniddbe
substrate d a seed | r bond to t. host bstrat A sem conduct or
Struet o v ol r oA Tk SRRk OB Bhrm i R e

regi on angress iftieyp& l4yediodelowsa v €W stedls teheltiseRe lgponath of he fiesthiyag | ayer may
be used tg bond the host subst,rate,to#he seed | ayer. The seed | ayer may be
t hi nner Rttty sybsiate hcorridle misgratchdaysi ey i Bperdiaying g sfraingd,ig-

sem cond %ﬁ&rlatﬁ%er ddkeht Shat ?&&ﬂn%ﬁ@tma%}{eﬂh@ u.gﬂfaﬁr{é@ |68 GRASMGE Bk fiskr ucture is

relieved by dislocations fornmed I'n the see ayer, or by gliding between

the seed lbygyer and the bonding | ayer. The host substrate nmay be separated

fromthe sem uct gk t ur. Vehell . bondi ng
| ayer. [008] g@@ﬂcon@'gcf%%nq???é?ast%grg%r\?\aﬁgﬂélIZ%,%rélpé:a t gﬁ‘:“gmagﬁ¥e§\§%teﬁdﬁﬁer| yi ng
subst r at e2maeoidts KingeséirahlfUys. Bateati Appiicaioe Publidatidrt No20G7/00FEI3CH Aldet ween t he

IR R S T G
sem condugd,Re tﬂa@ﬁﬁgfuaesvﬂ Kd3t duBslteeshdsisea 18yedBOnded to the host substrate. A

semiconductor structure including a light emitting layer disposed between an n-type region

and a p-type region is grown on the seed layer. A bonding layer may be used to bond the

host substrate to the seed layer. The seed layer may be thinner than a critical thickness for

relaxation of strain in the semiconductor structure, such that strain in the semiconductor

structure is relieved by dislocations formed in the seed layer, or by gliding between the seed

layer and the bonding layer. The host substrate may be separated from fhe semiconductor

structure and seed layer by etching away the bonding layer.

[008]  Semiconductor layers grown heteroepitaxially to an underlying substrate
may be undesirably strained due to lattice mismatch between the dissimilar layers. The
composition of semiconductor layers can therefore be restricted and the quality impacted.
Methods and structures for providing semiconductor layers with reduced strain and

preferred compositions are therefore desirable.



preferred conpositions are therefore desirabl e. SUMMARY OF THE | NVENTI ON

[ 009] The various enbodi nents of the present invention generally provide
nmet hods awo 28twased28r es for fabricating sem conductor | aperaBuios/hoodzsgh
crystal quality. The nethods are now Briefly described in terns of certain
enbodi ments of the invention. This summary is provided to introduce a

sel ection of concepts in a sinplified formthat are further described in
the detail ed description of the enbodi ments of the invention. This summary

i S not |ntendedt0|dent|f)g f I , ial features of the
claimed subject matter, nor is I m?éﬁ?e%u E@T\Lsed tolimt the scope of
t he cl ai ned squlﬂict ’Hmt\tasous e[nfbbﬁ]meﬁtse)fmmmmmtamestl@‘f getnhrallypmnm on are
concer ned of. substa tlaII Hous

oot st Sl B b! Brlind RSS! Lo AR BBl BB s a

char act ermahbddSire ﬁlﬁﬂ&ﬁéﬂy&leﬁc@n@b@ﬁd&%r@)‘f tértairndmishdiregiisof/theinsérmpioat This,
substantially strain relaxed (i.e. reduced levels of lattice strain) and

subst ant i HMMary js@Eovidedin ﬁﬁr@d‘é‘éﬁéﬂ&?ti%r?fe%ncﬁpts grp Smedfiedfairathabdeof a single
conposi ti Qher deQfibdd thaneahle déseﬁg@&nl&me%bgamn&%m&qmﬁ&wm@t erials,

enbodi nents of. the Invention involve the formati on of randomy arranged and
separ at edsunmiaa‘ﬂd njot intended ta adentiyskey featwen as gsrguical fﬁaturli@t(é thegdlaipned gbjachGaN)

havi ng UPRS er, o {éﬂq Reehd edq? BL Sgeg (gﬁl%lt?l{]eysgg%lof% 4biéc &?tteél se- str ain

free, of a sing ron and | ocati on
density. Howe\,{eIO] sefn&r@itﬁdrn&mckwﬂthe iavehdogad cd)rB:leﬂleiSntbfthd’lﬁoghampua)lfl ty

mat eri al e not practicall seful for the r upstrates or
devi ce stsruhﬁf?’ﬁ‘ra %C‘%ﬂt@uousgjﬂt‘@g? e%‘&“ﬂuq%{ﬁ%?ﬂalg‘tgﬁi ngﬂﬁesiﬁ'gicﬁ 87%ensi ons.

[012] Th%@we@ matedtl é{ﬁfab@i»i%c@rfﬁﬁﬁly@@&&e&)ﬁeﬁs of d¥YRR/idloddtiod, i ze the
separate randonl y arranged islands [%1,] quality material as seed
e

crystal s ubstarielly eravi f?@ixﬁ({hfltehl@ﬁu@ﬂ dﬂmph Of Hegin)pnd wrbstantiglbeliesed ar e

utilized r it uous | ayers of
sem condt}gl(2156 St tEe()?ll g? A“Oﬂ? e i sq%%dg{g%(@l %/r‘@%t%lp@s are utilized as seeds
crystals for flott]her TegisbRxomiatign oftuch pmmcc&rslse:ex; mathléals;arribodimegtsoﬁmq

d I f hi
St R Tt e S TS A

st r uct ur egmidoRditi@nlérae i d. In@N)Ia el g appes tepidhs hath phdfeddiiesrysgiowt h,  wi t hout
enpl oyi ng any further masking str uct ures, lateral grow hdteFeChm gues etc.

Enbodi mertherapigestissdreestabitsentia ypalhcqnpositign and with a preferred defect /
dislocation density. However, separate randomly arranged islands of high quality material

are not practically useful for the formation of substrates or device structures etc., due to their
random nature and small dimensions.

[012]  Therefore, the various embodiments of the invention utilize the separate
randomly arranged islands of high quality material as seed crystals for performing further
growth. Further growth processes are utilized for the formation of substantially continuous
layers of semiconductor materials. The island like structures are utilized as seeds crystals
for further epitaxial growth processes, the various growth processes producing continuous
layers of high quality semiconductor material.

[013]  In a first embodiment the high quality relaxed island structures are used
directly as seed crystals for further growth, without employing any further masking
structures, lateral growth techniques etc. Embodiments therefore continue with further
growth from the island structures, wherein further growth increases the size of the islands

substantially uniformly, i.e. isotropically, with somewhat uniform increase in size along all



growh fromthe island structures, wherein further growth increases the
size of the islands substantially uniformy, i.e. isotropically, wth
sonmewhat wW0i2borvaspé2acr ease in size along allfacets (e.g. pCh/IBmorodoarser al and
vertical directions) until such tinme &s the island structure coal esce to
forma substantially continuous | ayer of sem conductor material. [014] In
certain enbodi'nents upon coal escence the growth node of the sem conduct or
structure can be altered to grow nore preferentially in a verti cal

di rect i Offacedsfe. AdAlbbth W] SAREMICARIES i dbRinBHER AR thehgarldl @llcgial 1ty _
substantially continuous sem conductor ‘| ayer produced may require snoothing

to renpvEoerge i a sybsiantialisentinneyhlap of fapjpendhelor mgterialt o enabl e
subsequent PrRAAPS | 19 cerbitEchitai éL\FP%HEQME‘&{CQHW%%EGn&d%%k‘ﬁqfeer ete.
e € acnieve ching

Snmoot hi ng of | ayer can via e , mass transport
r egr owt h sempiobndsihionsjructuge candieratjernetohmols netreprefeehBhllydintassertatl diectionet hods ar e

known-in_the.art. t roduce coptinupus, | ayers of erial from separated

seed cryX %\ﬁlét,longhe{‘ﬂmgg“‘? tﬁ?‘lﬂ“@f‘??ﬁﬁ%ﬁ’é@ﬁ%ﬁWgﬁgrﬁa?hﬁﬁmﬁg’u%‘fﬁ taxial lateral
over gr owkémicsidibtopAgler frédudBdiyiay @thidd ¥nSooftingto réth&leQny PisNuEQuethée ) are known
in the art as technjques for bridging the gap between individual separated

seed cry&tughaess Goptheilane teerablasHpizaiadt pragasking Pusheaseleyiss formaligsy er met hods
are not koouwetr@tsnlddiing b TRe 1%969 cEBPAR Ve @Y @tlchi%é,%sgtr?ﬁs 6% bdoRdvitn,

sem conductor naterials, such”as certain InGN nateria gorrp sitions, as
| nGaN hagolpshingdigrindingmstheds etat erial to grow in a lateral node. [016]

Ther ef ore enbgdi-pent, .of t.he invention perfor ateral growth,(to form .
Fateral oot Ripbg: crEmatiS memia® e SRodiin &t Bl ekPibbabledase’ (e, o

| nGaNI) Utraterial fagm sedacitddesd aapalllsechods isandstragiiienl Metibey dich g¢ @Makial f or

exanpl e terials s S N (or | ow indium conte | nGa as pet hods for
GaN |at,eﬁ%ralg>rvsﬁ&fwﬁ2&® %ﬂgﬁﬁmﬁnﬁw&m GgohbLE: BERDEC gk KNER e art .
[017] TouRr@MveMchaibliddi br BrRlgAsatd %B_b'eﬂ%e%x'i‘ﬁldlv@dlﬁf Rbargc@Wdd FReiags the

thi ckness of the regions is maintained at or below the critical thickness,
t her ef or roduee 4 eentinugus dpyenpimatesigl oieweries methods Aol wimptrikiatimetthe i n- pl ane

a1 e SRR ool DDA By oSSyl BTG,
rel axat i oompgs@ib@}, avbtGedthasiprdvee acomplat imaterintety gtdveineflaeml podeuce a tenpl ate
_Stp|r ;ﬁgu{ :t Wtﬁlgﬁfg%%%fo%e ggbo%?rgeenrt 0 t?lg tlr{vgrlljt?ol?llspers orrrrfl %%e?alvgwpévgtn (t%%grman '
lateral growth regions) from the high quality semiconductor islands (e.g. InGaN)‘ utilizing
materials capable of substantial lateral growth, for example materials such as GaN (or low
indium éontent InGaN), as methods for GaN lateral growth to form continuous layers are
well known in the art.
[017]  To prevent strain relaxation in the lateral growth regions the thickness of
the re'giohs is maintained at or below the critical thickness, therefore the lateral growth
regions are strained and maintain the in-plane lattice parameter of the high quality islands,
whilst p;eventing the formation of additional defects / dislocation by preventing strain
relaxation.
[018]  Method of the invention may therefore produce a template structure which
comprises an upper continuous surface which has an in —plane lattice parameter
-substantially equal to the lattice parameter of the relaxed upper surface of the islands

structures (e.g. InGaN), whilst maintaining a preferred defect / dislocation density. Such a

template structure of semiconductor material with preferred material characteristics is highly



substantially equal to the lattice paraneter of the rel axed upper surface
of the islands structures (e.g. InGN), whilst maintaining a preferred
defect / wWD2bwompi206n density. Such a tenpl ate struct urePofi/IBEOY/o@RZRUCE OF
material with preferred material charécteristics is highlysuitable for the
grow h of further high quality continuous sem conductor |ayers, for exanple
for the growth of InGaN material with an indiumcontent substantially
simlar or greater than that of the underlying InGN island structures.

[019] Thefelhel or {h@%lc%m Qgﬁ%@ﬁ%l%u?ﬁg%g%gﬂé éeﬁﬁcoﬁ’iﬁ?&f&que?g? tfck}%gémlglg r

form ng sem conduct’or structure Iments of the invention include
f ormi ng doptheig@hith 9f loGalN amedieyial withen sudgpedednginasvistantrally simikes ongrediera i r st

material co si.t.i on ,and far.m a further gromth fromthe island
structuré@%nr{?%é)fh’ﬁr?ﬁg?ﬁfq%ﬁ% I{Pﬂg%frﬁ?“t’rﬁ%r growt h having a second nateri al
conposi tion. I[e9dditHegstora theashibodiden@lofMelinventi@epiboiderathioos foo forméngver ti cal

grom h | ayer, the conposition of the vertical growh |ayer havin third
mat eri al Sé@??ﬁb@l%qréwcwreszdﬁhelﬁﬂ’rbpﬂ‘éwn@ﬁﬁ@ﬁi‘?ﬁ?ﬂtﬂ‘g IB‘%‘ entl@"f“l‘i‘%é qrﬂﬁgf’ﬁcl ude

form ng trgﬁiohﬁﬂ/ %ﬁ%g_@& {sHEH Yrssurbyw Pl fiRdh ki conhssieh Ad E@ttféﬁ‘rﬁlﬂg g1 smat ched

base substrate In certain enbodi nents form ng a nmasking structure on

t he base foulizs graattle from thiistand Beuctipgsethe gomposiiive of thetfhshar groaviihatingaet ures are
exposed throygh. the naski.ng str u . T rr i sl and
ot uot ur ceRd TR Rg: Bl Leruceb Bl R Rl RRAT R BRRRE | ° POl
can substanithadyley, thy dogripositien 6f thevdrties grostlr layer haehgx édrdpoateiiadns of t he

i sland structuyres. In additional enbodinents the further gromh fromthe

i sl ands fOPRESH¥bt ropi c growt h regions, in such enmbodi ments cheni cal

mechani cal polysd)i N ethet debddiRdntQTitie iBVANbMinCREE AGinR thé RRnd eflehirésng
vertical growh regi ons maybe necessary. [022] IN alternative enbodi nents

t he furt Herepiroaigrovwth omatlatiicd mismaighedrbopmbsteateand)in gortafit gMPAENENS, wherein

| at er al 0r L] b HRBES oS kRge of the
ol and stPhn EE0GHE LIRS, AL AREL o ull AUbHE pURBRS oI BBRE) and

st r uct ur esructiliee ateleix pdsaé gsough thdreadkaigsiradturgr owmt h regi ons nmay be nmi nt ai ned
at or belowt ritical thickness,o e lateral growth. ,ons, i.e. at
or bel ow the nﬁ%]jkne : ‘?‘I(\‘RHY aanggd Bé g&é’fué%stcfnfo'gPréﬁeé%%{;l?sgﬂg&aarr% f or med.
[023] Theghin'Slhxedsa FthePBIdwil1éanGubsin€isllyedri gt tHesnsrairglagedrpr i se
II'l-nitride material and further may conprise | Xcﬁ:?rlth-XN' In.certain

enbodi mentwostiany ef the ddand Stragtases. gin additional enqgodiments the er growth from the
islands forms isotropic growth regions, in such embodiments chemical mechanical polishing

of the isotropic growth regions or the resulting vertical growth regions maybe necessary.

[022]  IN alternative embodiments the further growth from the istands forms
lateral growth regions, wherein lateral growth can originate substantially from the upper
surface of the island structures or substantially from the side facets of the island structures.
The thickness of the lateral growth regions may be maintained at or below the critical
thickness of the lateral growth regions, i.e. at or below the thickness at which further defects
/ dislocations are formed.

t023] The first, second and third material compositions may comprise [II-nitride
material and further may comprise InyGa;«N. In certain embodiments the second material
composition may comprise GaN and the first and third material compositions can be
substantially equal.

[024]  The masking structure on the base substrate can be formed by deposition

of one or more dielectric materials followed by the subsequent removal of a portion of the



conposition may conprise GaN and the first and third material conpositions
can be substantially equal. [024] The masking structure on the base
subst r at evoanosod2er red by deposition of one or nore di eCeaBroogosoarseri al s
foll owed by the subsequent renoval ofé6a portion of thenmasking structure,
such a renoval process can be perforned utilizing chem cal mechani cal
polishing or reactive ion etching nethods. [025] The various enbodi.nents of
the invention al so include sem conductor structures fornmed during the

processesmkRgisObthry, Atk 4 teiRflal phhRsS@RTHE PEHES UtiBAR ¢ HHi @P mESAnEATPr | se a
plurality of randomy arranged island structures upon a lattice m smatched

base subsolighieg orgeaetive ivgetchingwranadegi on and a vertical growh |ayer. [026]
The randonly apingeths\ahalrblifhillP iRt AUPRLAG LAliloaghial n T el axed
and further orie or nore dielectric masking materrals. can be Tornmed to

subst ant isahttyres formed tiregehppeedsg pravicosls ooflineh el izasmicouthstar atrecturp027] The

further growth reqions.in.certain enbodiments conprise lateral growth

Fegi ons 4P BRI BRBLRI BLERAGRY drETeal S Al GLE: KA BHFe TATBIEAEDs for t he
on-set ofbasd fudktintd, @ liaHRE broWwthviegioh AR 4 Adricl 'En@mlotayérurther defects /

di sl ocation. In addition the further growh regi ons may c rise |ateral

. O .
growt h regi ond0%i crlhedrndemly yranger islgnghstaigivess can beipbstapiallyisirgin gdateinuous
| ayer of i i ks : Lk cal hatdy g n-set of
St ai e B el B o O S =t e
conposi t ithmexpbsedipertiont afttle base gatistrates conpri ses | nxGai -xN with an i ndi um
conposition gr er t.h x = 0.02 and.the further growth.regions conprises
et - xN i CHORR 1 il s sy el nssleip fnSmeds @it T e
vertical gswirEpibmyes thickies @Gl k@ 1¢s8 ¥aa ithedNtivaltthiclaiRsd foclihe bheergiosi ti on
greater than x = 0.02. [029]. Further pects and details and alternate
combi nat i6A¢ re}fxaﬁlﬁngwgﬁ?_ 0B Cier ff%f&r{tdﬂ%am 110 BB AP SR r om ¢ he
fol | owi ngyralgihabdiGH rfSGRpREd ﬁ@r%g@“@{ %%%hwmﬁcm B fohiBeSoPRRIeS 2 t hE
inventor's invention.” BRIEF DESCRI PTI ON OF THE DRAW NGS [ 030] The present
i nvent i orsubgigntipldy enntiavays dayar efomaserfaljwhigh s befaay e eritienl thicknpss ferghe ebatg
detail ed o%t?ﬁ“e‘? aﬁ@g\q%figﬂg& fgrﬁq?alﬂgﬁ.”em s of the present invention,

illustrative e~xa%rgp speci 1 c embodi ments of the invention and the
appended fi gur[@28]i n Imkeredin embodiments the composition of the island structures comprises

InyGa;.xN with an indium composition greater than x = 0.02 and the further growth regions
comprises InyGa; <N with an indium composition less than x = 0.11, whereas the vertical

gfowth layer can comprise InyGa, N with an indium composition greater than x = 0.02.

[029]  Further aspects and details and alternate combinations of the elements of
this invention will be apparent from the following detailed description and are also within

the scope of the inventor's invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[030]  The present invention may be understood more fully by reference to the
following detailed description of the embodiments of the present invention, illustrative
examples of specific embodiments of the invention and the appended figures in which:
[031]  Figs. 1 A-F Schematically illustrates specific embodiments of the

invention for reducing the level of strain in semiconductor structures.



[031] Figs. 1 A-F Schematically illustrates specific enbodi nents of the
invention for reducing the level of strain in sem conductor
struct ur e802082§89¢23g. 2 A-G Schematically illustrates fa&crhBroognisezi ment s
of the invention for reducing the |evel of strain in sem conductor
structures. [033] Fig. 3 A-E Schematically illustrates additional

enbodi nents of the invention for reducing the level of strain in

sem conductor structures. [034] Fig. 4 A-E Schematically illustrates yet

further enbodigent s i 21416 SdR¥BMdamYiIfuRFardsTHHc BRIbbNRhE ¥Blhe Alvestdndi N 1N
sem conductor :structures. [035] Fig. 5 represents a typical scanning

el ect r on for redusingdy leySpEijiraimingemisoadigtos siryoiwea. semi conduct or  structures
realized usingyaybo ggﬁ?r}i—% S%Berﬁﬂﬁal'l)ni]‘ﬁﬁg{a'te? gddi&iQr%@LmE%@msx?&ﬁ tgile represents

typi cal cross 'Sectio ransm ssron el ectron m crosco mages
pr oduced ifiveatiorsfontedociag bt trvelsifisuaih iir emicoadhdt@estuctsieng enbodi nents of the

TV bst a1 ons Wpibselied AmEcsTaahy IE A ae B0 Bembottishegl U of any

particul ahveABéehot AkluciAPPIANEILT strid 5 RAicAAtud®ishocurebut are merely idealized
representations which are enployed to describe the present invention. [038]

The enbodi mend@35bf thi SirpRressois aiyrigabscenrioe pladepnvnicroseany ($iniagen of
subst ant 'p%dﬁ)fecf:ﬂf]ﬁ kﬁ&i%ﬁiu&b} Pichfes? %&q{%ﬁgf‘ewodﬂ%h%rdfﬁle ifUnfith, have
al cha ow ng de

i nproved nmater| racteristics. efo scription conmences with
a brief summai§B6bf didodi-Camprsseofs typiel cnovsesetticnrirahghisgoeeledisona nore det ai | ed

descri ptian, %03@*%%23 term "suﬁ?irt ant i al Ig" i S u§ed herein to refer to a
resul t tARETOPLOPY Fréagg&%r%lfce P REIGR ‘l"&‘%ré‘ﬁ%‘i g&s If%lﬁ‘?ﬂluwg expected in
the art. emdbdigecpRPr e idRn@g@ist axi al | ayer cannot routinely be expected to be

conpl etely continuous (or conpletely nonocrystalline, or conpletely of one
crystal polarity, or conpletely of single conpositional phase) across

macroscopi ¢ di MpRSiANSP DIRERMPTION RS PXERERRBPEMBADIVENT nel y be
expected to be "substantially continuous™ (or "substantially

monocrystal | i H@37] orThe diissatins prbdnjeddieredmare optyeaat tophglagiuplyiews afany
"substantially of a.single coqpasiti I se" i C
ai mons: ofeiihs Bl el SRR b R RS e J R TRELRBAOR 0
boundar i eglicharesmapibyeairte dedfbethe ypeat adentiont he art for the processing

conditions, t r[16338[]mt e‘lrhie %lnbgéllr%leiltts ¥)f ‘31(8 ll'ln%hc]rtltion‘fiarr]e(:j cosﬁgerned with the formation of
substantially continuous films of semiconductor material which have improved material
characteristics. The following description commences with a brief summary of
embodiments of the invention followed by a more detailed description.

[039]  The term “substantially” is used herein to refer to a result that is complete
except for the deficiencies normally expected in the art. For example, an epitaxial layer
cannot routinely be expected to be completely continuous (or completely monocrystalline,
or completely of one crystal polarity, or completely of single compositional phase) across
macroscopic dimensions. However, an epitaxial layer can routinely be expected to be
“substantially continuous” (or “substantially monocryéta]line”, or “substantially of one
crystal polarity”, or “substantially of a single compositional phase”) across macroscopic
dimensions where the discontinuities (or crystal domains, or crystal boundaries) present are
those expected in the art for the processing conditions, the material quality sought, and so

forth.



forth.[040] The term"further gromh" refers to additional epitaxial
material performed island structures upon the conplete of formation of the
i sl and stwoapuwesse23[ 041] The term "l ateral growth" refePSTUB2099/0MRL8 i N
which the growth direction is predomfately in a direction parallel to a
base substrate upon which growth is perforned, Iikew se "lateral growth
regions" refers to material grown in such a direction. [042] The term
"vertical rgromh" refers to gromh in which the growh direction is

predom nately jp,a directi. ' . : d whi ch
growth is per f{%{rbllmdfjll}’le??{ew%gjgﬁgétg%p?,gaﬁél‘sgé 8@@%&@2%@%@&2?%?%&)? S&Hrrl(aa?eri Iaf
grown i n igaehst@ctdics @pén thaconiflé8bf heatioaroftheiisatd wypctoregr owt h" refers to

growth which is substantially uniformin all diregtiaops, although it should
be under st ood ¥4t diteiEm ﬁ?égrelr&}% I f@ffsré&%gowﬂvnﬁ@wgﬁ%gfa HFEE" 1Gi £ f er ent
rates. [ Qddfomliifely B 1Aireehidd pabel tohivakd s sratd ot khidhGréwthhi sdefvased, at  whi ch
strain is suffl“m ent in an epitaxial |layer to cause defect formation to
reduce t Hikewiso Elateesl georytlategionp DigBTs tppeaterial growp i gishiaylirsiticinged” refers to an

arrangenent } i I b b i AR : i.e.

i thout uni £ oy oRReblFeen ol BEUL ARABERLNINAR SRR i i ce
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Par i cul ahpplihe R SR GPE BTG G ARG 5 BRUISHRt | des. of the. g oup
'm[ ' St”regf"ns (117bad]i t r AGERY héiBinDrhe RN “IdtGahbinAMERNuSIdGHithWetfecrteduged | evel s
of material, means strain of the crystal lattice in directions at least substantially parallel to
the plane of the layer of material. Similarly, the term “average lattice parameter,” when used
with respect to a layer of material, means the average lattice parameter in dimensions at least
substantially parallel to the plane of the layer of material.
[047]  Asused herein , the term “strain relaxed” or “free of strain”, refers to a
crystalline material in which the lattice parameter is such that is at its equilibrium position.
048] The embodiments have applications to epitaxially growing a wide range of
semiconductor materials and combinations thereof, both elemental semiconductors and
compound semiconductors. For example, it can be applied to combinations of Si (silicon)
and/or Ge (germanium). It can also be applied to groups II-VI and groups I1I-V compound
semiconductor materials. Particular applications are to growing pure or mixed nitrides of
the group III metals (Ill-nitrides) (e.g. GaN, InGaN, AlGaN etc) with reduced levéls of
strain.

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

and without intended limitation, the invention is described herein primarily in embodiments



[ 049] However, for conci seness and conveni ence of the foll ow ng description
and wi thout intended limtation, the invention is described herein

pri mari | yworroswisee3 ment sdi rected to growi ng |11 -nitri degCTanzhoperopzscul arly
in enbodinents directed to formng InEaN materials. This descriptive focus
is only for exanple, and it should not be taken as |limting the invention.
In fact, as will be apparent fromthe subsequent description and appended
figures, the nethods of the enbodi nents can readily be applied to grow ng

group |11 It dygt i i CIVGIEN
sem condt%r}{(greg%%% ?%3“ tﬁg&b?ﬁé’? ﬁg‘r‘fgﬁggﬁ?’éﬂ%’m&gﬁ‘gﬂeﬁﬁ% Iﬁgf\c}lﬁ{)?f,ggand to

Igr owi ng ehaserists, dlhisdescriptivefocssisioely heh rsawpls, antiiieshetld met bej takenss Winttingut
i mitation that. th e her g ) : . ¢
At o 080N S8 SRR AR LR ALGHEGRR R g RIRA ments o

t he invention r1des an ecifrca [ 050]
Headi ngs faues ke nhethededmhd @nbodinagnisd oan oxadity beapplied toaudwiap grdauptiBnded

limtation. A nunber gf references are cited herei.n, the n]tir.e di scl osures
of whi ch CqFBOYHSSFIREPIHCLYS B Y IO BEPWIMETAMAIHE ?eé“llip,“dBiforrng QPEREE for all
pur poses. i g%olﬂgi te. 1 R&upaf- Vi e dbib bRAViREEIBhEREIaSd al BoRIloagSt&E. how

a

characteri ze )ove, s admtted as prior to the invention of the subject
matt er clTaierpiereHeis avithout[lpgtejionihpidhe Jescrigtion dgeinfocysaepimyErneR on. begin Wi t h

the for Ml QfnRhye iIhARLHPRAYH AL attibafgRfiy hrcbRe Subst rate.

Upon formation o e nucleation layer on t ase strate a plurality of
i sl and struct oz ariéeafimpsad usddtherepr fof elarigdntyheud adthent ayiigsndein enbodi nent s
of the invention,the isla struct uyr are formed ysin itaxial growth
net hods %thP%a‘f‘ nl"ﬁ‘_?ersclfrr%gﬁ?n‘i?? Bﬁﬁggﬁﬁﬁﬂg’ t{l%eqtﬁ%glrgg?stuf%é)?%bc Ch between

t he mat erih@hpdited ReinSih diientRe), bﬁﬁer@fcetf&%gagﬁs&u [FSitthet] onk 8 thapi dl y
relieved such that the majority of the jsland structures are free of

C.

strain, icited refgsences, regerdlgsa f havecharasterizgst abaye, s adimitigdps pEpiRdle invgpdion | atti ce
m smat ch o?%e"éﬁ@@cttrﬁh@tgpaﬁiﬁ{eh%rem the island structures and the base
i t

substrate is relieved typically within the first few nonolayers of growh
and therefore [05i¢ nefrinflyt peibbdstdiehd isyeation beginwiththedoraragion peenusteatien ai n,

i.e. have strain rel axed, characteristies. |05 U . O i f .1 he
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crystals for the formation of substantially_con inuousﬁlégﬁgrs of ‘
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rel axed iﬁéﬁ&ﬁ ST HE Y &3indf6ddsEshedb iHRAAN ABmERA BeetSthe nfuddial 60Nt | nui ng
further growth fromthe island structure, t.herebx o

the islands and that of the base substrate is rapidly relieved such that the majority of the

island structures are free of strain, i.e. the structures are substantially strain relaxed. The .

lattice mismatch between the material of the island structures and the base substrate is

relieved typically within the first few monolayers of growth and therefore the majority of the

island structures are free of strain, i.e. have strain relaxed characteristics.

[052]  Upon formation of the islands structures, the various embodiments of the
invention utilize the separate randomly arranged islands of high quality material as seed
crystals for the formation of substantially continuous layers of semiconductor materials.

[053]  In a first embodiment the high quality relaxed island structures are used
directly aé seed crystals by continuing further growth from the island structure, thereby
increasing the size of the islands substantially uniformly, i.e. isotropically, with somewhat

uniform increase in size along all facets (e.g. in both lateral and vertical directions) until



i ncreasing the size of the islands substantially uniformy, i.e.
isotropically, with sonewhat uniformincrease in size along all facets
(e.g. inwothihmp@sal and vertical directions) until suckrCTitR®oggooe?se i sl and
structure coal esce to forma substantftal |y conti nuous |ayer of

sem conductor material. [054] Upon coal escence the growth node of the

sem conduct or | ayer can .be altered to grow nore preferentially in a
vertical direction. In additional enbodinments the surface of the

| sotr on cal NnOLOND:JTRSEA e A080L ol IR HEL imMbohARL Ly

cont i nuous sem conduct o ayer produc requrre sno
resi dual smidoadetormagdriabss fromthe | ayer to enabl e subsequent processing,

such as devic r ion, layer transfer etc., Snoothin f the |layer can be
2ehi eved via 0l naPeCales Erdhe P iap e SORCOHIERS bR g et hods
etc. [ O055itelen td BotiiBsre ProREt RN S védRANditRtisRt oRidRlonghbbaiichilithey strain

rel axed island Sstructures a masking material is applied to cover the island

st r uct ur esriageplthedsqiiopippribugoyn eairsiabandras fiedigh @rliysebsnsiallseaptinyrse. After
formati on,0f mélé' [ ihb Z8tehR0e R OEESS LitrRer formed to
reveal th%g%acﬁhggctm t}%g?%?gﬁga&g%qu?ﬁgk%ﬁa%d I Pﬁeest%c(?%r es \ il st

mai nt ai nirgghnke ffoowie layegioenablofubsdygent pawasingt sugk asdeycedovetion layiet h t he

masking material..Singe t rel axation.in the isl and structure takes pl aces
Very rapiaget SEenRe i GalfeniBen ditRa BT A U IR AT o0 i s
in the viglishihy/ @fndidaendliasie egubstrate in which strain may still be present

remai n covered and unavail abl e for subsequent process stages., |
alternative erdB3i ndftarthss e@h@‘ﬁ“ﬁﬁéh‘??‘bﬁ’“ﬁﬁé‘mﬁﬁéwsﬁﬁuﬂ&Sér%inéf’laﬁ‘egl omi tted.

[056] Su Q§l§9&’§ﬁ5tufémgﬁe{sﬁﬁgh§tte?ifal i Qﬁplfeﬂvcfcfl)tv&:ﬁﬂe fanl ist%t?cftﬁr&ean%lﬂkés'[ antially

strain relaxed i sland structures as nucleation sites for further.(I:;rowth. I n
@lgform ng

such enbogevieustysexphesd geatausiof thsdese sybsitater iAdigr Bumation ¢f theaneskig npaser

| at eral gr,owt.h .regions). i) zi | | of epitaxi al
| at er al g‘\)/l%nraél%%{f\)f’%m(c Eﬁ_sd)j P egt;?ghfcrt;o r\%\ée?fl tﬁ%?@% FP\§§§) Sgﬁﬂgﬁg%gl[s%glgﬁ ge a materi al
whi ch carstietures adilbiymagiteimingitite lawstegibasndfitiad iklynd sttueniads covated wainthee sel ect ed,

as a non-limting exagple galliumpnitride and indiu alliumnitride (with
alowi ndpﬂﬁlﬂ“(gé‘i‘??"ém') L ?eéh%@h%am @}hedﬁlgnqﬁwrettgkeg@ag%vgm r@p@*y | at er al
growt h. [ QRiAk thENBolBipRIRLs tBE SoMish SRAEKIAA sthRfuIEs iAtHeai@iBl of giebibd T egi ons.
In certain enbodi nents the material conposition conprising the island

st r uct ur exbsirste in mdidhstrainanaycptib\he Bresey resran eaygred andpraypilablegfer sbeequpEr ef ore a
strain C%o&@s Qég%guﬁ%ﬁelqgﬁvete%b%dﬁ?&%i& kR invention the masking material is omitted.

[056] Subsequent embodiments of the invention utilize the substantially strain
relaxed island structures as nucleation sites for further growth. In such embodiments the
growth mode is carried out in a lateral mode (forming lateral growth regions), e.g. utilizing
the well known process of epitaxial lateral overgrowth (ELO) and its variants. In such
embodiments a material which can be readily grown in a substantially lateral mode can be
selected, as a non-limiting example gallium nitride and indium gallium nitride (with a low
indium content) are both materials known to be capable of lateral growth.

[057]  The lateral growth material forms a lateral growth regions. In certain
embodiments the material composition comprising the island stfuctures and the lateral
growth regions may be dissimilar and therefore a strain can be produced due to a possible
lattice mismatch between the island structures and the lateral growth regions. Therefore, in
certain embodiments the thickness of the lateral growth region is maintained at or below the

critical thickness, i.e. at or below the thickness at which further defects and dislocations are



| attice m smatch between the island structures and the lateral growth
regions. Therefore, in certain enbodi nents the thickness of the |ateral
growt h r eyOanio/es96zai nt ai ned at or below the critical thiPCKNBE®Y/000228 at or
bel ow t he thickness at which further defects and di sl ocati ons areintroduced
to relieve the strain. Therefore, in such enbodinents the lattice paraneter
of the relaxed island structures is substantially maintained in the |ateral
grow h regions therefore the relaxed lattice paranet.er of the upper portion

of the i shasficsd to4Qlevs @S siinl ThQEfoteSth dYh s diAéRs Ab 1R WalinleRY 8 the [ 058]
Certain enbodi nents of the invention continue the lateral growmh of |ateral

growt h r egiesersislant stuctures is sybstentiallamaintajraddn thgrleoeherpwdrregionsghergiorsat i ng from
the substgnfialhyuRt g,ma{e%ﬁfi@goﬁpg&rt@v& fd istal SRR ﬁﬂeﬂitgé ?}?ﬁlne
an esce TorT1oO

structures, 1 ntercep coa rma substantially contlnuous
| at er al drtowad provélyleyerwhi ch in certain enbodiments is at or below the
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of the i shaerticgkthigkneass, ¢, thickessebgingmger dependent he bothdie aporaositignsefyiet al
structure of . the  islands.,in the.lateral agrowmh regions. [060] Therefore,
vari ous g‘ﬁ‘ﬁ%?ﬁ%’ﬂ%@%?@% “Pi?i@%ﬂ%‘ lﬂmgsrt%‘gtﬂ&e& an internediate structure

whi ch conpri sges®n UppRémabdRtehibudiuens uid laefl woivthreB@as &8 produedadl ane | attice

paraneter substantially equal to th pper surface of the relaxed island
st ruct ur d¥WeRA itl}eslﬁlalﬁjéise’lﬁ‘cé!i‘rﬁ? ‘il?ﬁméelfﬁsgv(H;ﬁ?ré]cﬁr%@é’élfle?m&if@nbﬁgf‘iﬂ SHHERsi ty.

Such a t efRl @i, &t«:kﬁ%ﬂbﬁ@aﬁéﬁ%ﬁ&ﬁ@%ﬁ% Rland B Rirdd inhpdBedbepl&nr ed nateri al
characteristics is highly suitable for the growth of further high quality

cont i nuoustetahgropdh isgions Ga N ehesnerodimentsdnteist grewth is nugieated diesty fipmrean i ndi um
cont ent Ss%%st%%gsaci liéﬁat?d Jﬁ'ulc Feﬁf}h%rg@?nﬁ%%gwﬁ QRIgg%h?lﬁg c}ygﬁl .J,tllﬂl(c?@['\é 6fS| and

structures. hsequen 0 Internedi at e
st r uct ur ghé Blagds ia tledakesgedtt @penal growth | ayer) the growth node can be
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structure which comprises an upper continuous surface which has an in —plane lattice
parameter substantially equal to the upper surface of the relaxed island structures, whilst
maintaining a preferred defect / dislocation dénsity. Such a template structure of
semiconductor material with preferred material characteristics is highly suitable for the
gréwth of further high quality continuous layers of InGaN material (or other III-nitrides)
with an indium content substantially similar or greater than that of the InGaN island
structures.

[061]  Consequently, upon formation of the intermediate structure (eg.a
coalesced lateral growth layer) the growth mode can be altered to progress in a more vertical
'grov(/th mode to form a vertical growth layer which promotes the thickening of the
semiconductor material to a desired thickness.

[062]  In particular embodiments the composition of the vertical growth layer can

be substantially similar to that of the island structures. Since the lattice parameter of the

strain relaxed upper portions of the islands structures is maintained through the lateral



sem conductor material to a desired thickness. [062] In particular
enbodi nents the conposition of the vertical growh |ayer can be
subst ant iaDI2g10808p62Bar to t hat of the island structures. PEABBOY/H@®228atti ce
paraneter of the strain rel axed upperi2portions of the islands structures is
mai nt ai ned through the lateralgrowh regions (or layer), the strain rel axed
| attice paraneter is in turn inherited by the vertical growh |ayer
therefore preventing a lattice msmatch in the vertical growth | ayer
thereby roeslibirdgorsi(6rayer)amd stdie rddiked BitiRipaRhRfe isS8 Bah HhkRiRd bg ber ef ore,
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crial. .. . . . .
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Figs. 4A‘E. [( ig. Aillustrates internmedi ate structure
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silicon carbide). In certain embodiment of the invention the average lattice parameter of the

base substrate is mismatched to the material grown upon it. For example, sapphire maybe

employed as the base substrate and indium gallium nitride may be deposited upon the

surface of the sapphire, the sapphire and the InGaN materials having different lattice

parameters, e.g. different in-plane lattice parameters,

[066] A plurality of nuclei 106 are formed upon base substrate 102. Epitaxial
growth (and crystal growth generally) usually begins with the spontaneous formation of
minute crystallites which serve as seeds for the growth of macroscopic crystals. The minute
crystallites 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



crystallites are referred to herein as "nuclei” and the processes of their
formation and initial growth are referred to as "nucleation”. In the case
of epitaxweal2ogvesed2d whi ch nucl eates on surfaces, the pr@penB2eyo@k2g he
surface can strongly influence the sp@tial configurations and crystal
properties of the nuclei by, e.g., making certain configurations and
properties nore stable than other configurations and properties. The term
nucl eation |ayer refers to suchsurface properties whet her achieved by '
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sites/ nuoivellgrowb from differentraseivth sitessen pealgspeinodmprpcryslling Jayer WEB]  Nuner ous
N treat nenhs ltlﬁft\gréte in élr?eat%g%g gt &INHO&IEA'GQN&Q R iSHtRtEAIg 0404 and their

ef fects have been are known 1 the art and can be usefully
utilized prémétas lwcldaMMIsqmratSHELIS(datgd nucBuspaged apartah ayeragroMdistmesgidew of

Som condteReen 09 100 i st oo {sding i Db a0 can

organic’vapor phase

;i(nd | at ﬁra?tlan egtfugh alblcaRapsitePhags; lﬁ’ﬂgﬁmteﬁﬂedlaﬂte stmmdmmmm Fé. IAI , 2003
-ray photoel ectron spectraoscopi ¢ study of  sap ni.tridat
growt h by hydrPe8 vapenerprle tieRmeniRag.g: rlﬁdmgctaﬁio@%r?éaﬁ%ﬁﬁ“ a?eJ ng Appl

Phys. 94, ARAL ANR g d8%%no @I i Bid dsh 88 uaiBhAKizein( 0001
sapphi reana%e%gtg : q%gng%cé@e %?%tzma(r)m ett al SOOIU%ng‘aW%IS vvllngh :

Pol arity, thp fxyentist ﬂee, esm) Suniyg) et 2]2,82005,d§‘¢'v1emf g@laig{y detegigmgtzor@ﬂc{ coglrol

e e e S L

Li ght - Emi pigkd\epimkasfesuNGiolifce @il overgrowth, Rep. Prog. Phys. 67, 1; Dwikusuma et al.,
2003, X-ray photoelectron spectroscopic study of sapphire nitridation Jfor GaN growth by
hg;dride vapor phase epitaxy: Nitridation mechanism, J of Appl. Phys. 94, 5656; Narayanan
et al., 2002, Gallium nitride epitaxy on (0001) sapphire, Phil. Mag, A 82, 885, Stutzmann, et
al., 2001, Playing with Polarity, phys. stat. sol. (b) 228, 505; Oh et al., 2006, Optical
properties of GaN and GaMnN nanowires grown on sapphire substrates and Kikuchi et al.,
2004, InGaN/GaN Multiple Quantum Disk Nanocolumn Light-Emitting Diodes Grown on
(111) Si Substrate. |

[069] Having a base substrate with a preferred NL selected as described above,

the methods of the invention next grow on the base substrate InGaN island structures. First,
nucleation conditions are selected, if necessary in view of the NL, so that InGaN (or other
II-nitride) initially grows at nuclei which have the spatial density and configuration

described above. Generally, the density and configuration of nuclei is such that a



(11 1) Si Substrate. [069] Having a base substrate with a preferred NL

sel ected as descri bed above, the nethods of the invention next grow on the
base subswoabw/dsee2aN i sl and structures. First, nucl eati @oTIBHEI/DI0R2ES ar e
selected, if necessary in view of theldNL, so that InGN (or other
[Il-nitride) initially grows at nuclei which have the spatial density and
configuration described above. Generally, the density and configuration of"
nuclei is such that asubsequent further growh produces the intended | nGaN
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reduced St |ons are ‘sel ecte erage, to favor
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the islands renminin vvhole ratedfr one anot d with a
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substrate 102. Fig. 3 is a scanning electron m crograph I%SE}I_\Q] e whi ch
E‘gﬁ 7Hig- it

present s seieraied fierh oaxangics aebvitea i@ty reRdemAITapgEmang S al
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surfaces 'L strated e see Fig. I1B), the islands have
gr own |nts0bssxfateu®2uF%33 V5l ot Soarivang d@trbamldogrepstSEM‘Q impgy wiichartesdnys an - 2 ti mes
their vert] caI &an3| on q% enbodi nents, there can be relatively

sl

more ver U8} ex@‘?’B ﬂrrgsé’o?q'l%% ands |argely appear as pillars with
nmore of a ver t[me}l Cﬂi’éﬁﬁlﬂ@lﬁéland'rsfﬂ@&utebﬁa\keearttapezmhdall-akestajctuasbmlth fdti o can be
greater e.qg. pI’OXI mat el appr ox |y vent| on .al so

i ncl udes UPRYGHF ripise 0 &4 e lﬁﬁﬁt@te}ér@&b&)@ b(ma}f 1@t 1§1) e ’é%f‘ﬂs °EIPRY iPige
vertical/ s!trﬁ&tﬁlreglmtﬁ%elg e{lﬁfn’léﬁsﬂﬁs pﬁ&&m‘&ﬁag 112 tiks tifdlir eltichEdibhehisionsON

average, In separate gr owt G owth conditions, in
particul dn othehanbhdnaenmﬂhem cagrh@mklﬁlveb’rleorﬁUﬁlﬂlh@@r%hé@fléﬁt@ sladat t he upper

ortions .of the is str ct I t G owt h
o Cont; ey aneser e PO S ARG RLfRhERSINEL e [aRUERA AR, O O

| evel s ofrad ézmibe.grqatce b, abﬂ)ryXMi‘aE:l}nBjoﬁapprgmmﬁtelyl‘ﬂe Thelimvedtien alsecinelpdss ar e

strain free, i.e. strain rel axe rate enc 9se ed areas
116. Das Haebodinsats \xlifeme@wéwwmfgﬂat?fag%w@%r‘ha'f'ﬁﬁ Yeftg 8tﬁrsa (iqﬁ%%l gl ands
structur Hess Wb Gibi8 sitd) oh 8L AXR! in@Bpadaedistind bro&th.r €gi ons in which defects
are formed (e.g. msfit dislocati ons) to alleviate the |at cfe m smat ch

bet ween t he i d0&Hd sErowgh genslions.in particlarethp duratian (fgrowhearg gyther

selected so that the upper portions of the island structures have progressively reduced strain.
Growth is continued until the majority of the island structures have reduced levels of strain,
preferably the majority of the island structures are strain free, i.e. strain relaxed. Fig. 1B
illustrates enclosed dashed areas 116. Dashed areas 116 schematically represent the regions
of the islands structures in which strain relaxation occurs, i.e. regions in which defects are
formed (e.g. misfit dislocations) to alleviate the lattice mismatch between the island
structures 112 and the base substrate 102.

[073]  Inregions above enclosed-area 116 the islands structure are substantially
free of strain or substantially strain relaxed. The growth period is therefore controlled such
that the strain due to lattice mismatch between the island structures and the base substrate is
rapidly relieved, e.g. by the formation of defects such as misfit dislocations. On the other

hand, grbwth should not be so long that islands tend to merge and no longer remain separate

1

and isolated.



[073] In regions above enclosed area 116 the islands structure are
substantially free of strain or substantially strain relaxed. The growh
peri od i swoheroaiBes2e control |l ed such that the strain duePCoO/IBz0Y/H@e28M smat ch
bet ween the island structures and thelSbhase substrate is rapidly relieved,
e.g. by the formation of defects such as msfit dislocations. On the other
hand, growth should not be so Iong that islands tend to nerge and no | onger
remai n separate and isolated. '[074] Typically, growth to a vertical island

hei ght of appr ma 0 nm |n eprbodi nent
the i sl ands s{(l%i:t u&e‘!g‘%ﬂg'\’/gro&'&h‘é’ag‘f?ftmquélﬁrt‘dslbeﬂ%hg? é?p pf%xérﬁgt§153 Wﬂgl’ eas in
ot her embpdi GRALE, th&rtakl RbddBidhtIGE iWlH8s farara haed :gh’Etlglgl’g&aat géatélhhzm 150,

where as in certain enbodi nents the island structu e a helolggt greater

t han 30030 /M. Whetsasdn pihghembadementsihe island giruchires e p F‘ﬁ e%)}hat? Tise
| nx Ga' - X Ngl\g%gg | &ngllﬂeenleQMSQﬂéﬁEﬁﬁ'& stf'u%tugé’ﬁa% Q'hel heeater Btn30 nBY. Ths greater

t han I's greater than x = . [0 In addition to the
fopnatl onaddlﬁordﬂfe@otnpoam afitlsd lsl@adsrmy qomptlbmlnk@fgix rvhsrein e indiyre conied bet ween

| sl ands stru aggﬁ]'l%l)%ég%é?)glsfbg?e% cr it—r(%ﬁefég%rea{ep n?r (5’1% ects and

di sl ocat FoA° 8gitons 116" int o e body of the island
structures. |7she mdiﬁﬂthe%ﬂﬁiﬁfﬂh bf)(ﬁfécys dnkd [disddcatddneid thnerre@my of th®, the

i sland structures have been g 0 that
di sl ocat |“6¢F§a°$112§"vﬁ%ﬂl’élaﬁ%%ﬁtm?t5’feelr g|ap i‘ﬁﬁﬁ“ Q&?%M%E‘%& eral face. The
upper or s?&@tlc%?cgn gioggé‘h@e fr&htedidid 16 fhaihd bbdsofithekRh@Eichr&ONRtheel ativel y

free of ects an Islocations and has a sel ected denS|ty of defects and
di sl ocat ieowsdimSuickhemesticaltisilltgrateddel Figi Hhdhe ilapdeftneiuies hekebya—EMN and

di sl d f
oL R Mg RO 0y S aogen o

i ncor por @ded Tbyupspef poreioe e2(heftisd left hp@TiShndJos dletrerfomsbeﬁamelahgelﬁ freher verti cal

or |ateral gro are, kno and descri bed .i,n. t he r onmon YPE
pr ocessedlefegts gnd d‘?‘ﬁ%atll%iia% 1C6‘?dc of Agfee dig Cgéwl%ceglons E%.c E U. S. patent
6, 325, 85Q1366 f6?lad@iti MG redRERE $he dB@ct dn@)disfocatiéh EendiBoT the dpbBch(rﬁ@O(ﬁ)
Generally, the relative'rates of l|lateral versus vertical ‘gl?rlglblsf%w re known

to be i nfthaisledscirbgiurs aitdascriberpiarta uapelicaypn- Pt NP2 dP ! % he
process q&sipsdﬂat&p@pl%&lrédcgﬂerg% the carrier gas (H2 or N2, or a conbi nation

t her eof) ressure. For exanple, lateral gr owt h is enhanced by
hi gher grow nq0’16¢rrpe(tcmtimmesfavmnng:qythawertmlr@é@@rdl gypwihiarg laven andr by a

g;egt er lg%scl;%ec{ n tfme art {%rt he com(r)nv(\)ler"erlp&r Sr%gelésrees"se é lt?feg ﬁ/léli]%e{/])a@xoﬂ{/ﬁ:‘ atm), or
processes. See, e.g., U.S. patent 6,325,850; see also phys. Stats. Sol (¢) 3, No.6 1750 — 1753
(2006). Generally, the relative rates of lateral versus vertical growth are known to be
influenced by growth temperature, V/III precursor ratio in the process gases, composition of
the carrier gas (Ha or Ny, or a combination thereof), and reactor pressure. For example,
lateral growth is enhanced by higher growing temperatures, or by an increased V/III ratio, or
by a greater N/H; ratio, or by lower pressures (less than or about 1 atm.), or by a
combination thereof. Vertical growth is enhanced by the converse conditions. In particular
embodiments, it can be advantageous to select details of NL treatment and of growing
conditions in view of the strain in the InGaN islands. To this end strain properties of the
initial InGaN islands can be measured by means known in the art, e.g., transmission electron
microscopy, and electron and/or x-ray diffraction.

[077]  Upon growth of the InGaN (or other Ill-nitride) island structures with

upper portions having reduced strain or strain relaxed levels; subsequent process steps may



conbi nati on thereof. Vertical growmh is enhanced by the converse
conditions. In particular enbodi nents, it can be advantageous to sel ect
detai |l s ovoNhwese@Bnent and of growi ng conditions in vi@araB200ieoosts ain in
the InGaN islands. To this end strainéproperties of the initial InGN

i sl ands can be neasured by means known in the art, e.g., transm ssion

el ectron m croscopy, and electron and/or x-ray diffraction. [077] Upon
grow h of the InGaN (or other Ill-nitride) island structures with upper

por ti ons \migivé Mg idledyaadnsésdetyds s8ddrcdystuld Bl Ax@e: oWl s proysgquent process
steps mayutilize the islands structures directly as seeg crystals for
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subst ant ic%htli chﬁti nuous | ayer. [078] Upon coal escence the growth node of
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t he sem conduc oryefrayer can be altered to grow nore preferentially in a

vertical direqo18pn. Uponadaleicenrahe @oROThIRYS thelsBRicohdfcat Bayef cahbe

i sotropi c§l |y grown |layer and or the high quality substantially continuous
seni cond G619 PR M Balfeadiatalp a whisl fe§tr‘\%btlhiig@tl‘?r@1 erabasimerdniier esi dual
surface rQUARRESE ifoliOpAlEarb@y Bet - |19 such as
devi ce fgr mat i on, 1I aygﬂrC Pfg;nsf elfryeeal?lg.%p%lrgrll&%hﬁlﬁld%?gﬁ%gargc%gﬁmcogg be

achi eved S¢inigordustor Hyer niedised mayimgoire smenghrioguolrempyed dnyhesidpal sugfatendi ng et hods
etc. [07 i i ly.illustrates internedi ate structure 120
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i sland structure .1?1}2 H%B’I r to additional growh, is designated by the
dashed | Ré Tﬁ,g“fl Pg Og??}ﬁvth continues in an isotropic manner, producing

substanti all y [(79pt r GRi. CCriBHeRiakiadllyiRtrakORmENRE Ui S20%ne | nvention
enpl oy i sot ro%t'%%&%om h fromisland structures 112 s the material enployed

for isot FERPRS Fnitiad stagepal pihengrapthefrern idandwirigiurg, 14 2bbtthistsctehlagic | at er al
growt h di8&4tic8ne if nploe: |7 jth an_ihdi um conposition greater
than x =0.1 1 ‘has lpf?ighﬁ%gﬁ Og@ggég@ r%"ﬁ%ll i(?C) H?@?( a(?,r({é?(g}agn%rlowlﬂﬁ Sahich to
produce SesiEeted by dieldashedtioe al2, durthet prowth @ntinues heamigoedicemamegont rol t he

extent o ral .growth in, co rison to the extent of vertical
gr ow h. Otg{r}cg %ér%tg?tari%hangésrpr lﬁ”BEﬁr‘F tar enbodi nents

[080]  Embodiments of the invention employ isotropic growth from island
structures 112 as the material employed for isotropic growth is commonly unable to grow in
a substantially lateral growth direction, for example In,Ga;xN with an indium composition

| greater than x =0.11 has proven an exceedingly complex material in which to produce
substantially lateral growth, i.e. in being able to control the extent of the lateral growth in
comparison to the extent of vertical growth. Therefore, in certain particular embodiments
the isotropically grown material has substantially the same material composition as that
comprising the island structures. Therefore in certain embodiments of the invention the
island structures comprise InyGa; <N with an indium composition greater than x = 0.02 and

. the additional isotropic material likewise comprises InxGa;..N with an indium composition
greater than x = 0.02. Thereby continued further growth from the island does not introduce
additional strain into the isotropic material

[081] However, as further isotropic growth of IlI-nitride material nucleates from

all or nearly all of the exposed facets of the islands structures, the lower regions in which



the isotropically grown material has substantially the sanme materi al
conposition as that conprising the island structures. Therefore in certain
enbodi merwe 20fo/ashe3i nventi on the island structures conpPCTaBroox@@228K<N Wi t h
an indium conposition greater than x ¥ 0.02 and the additional isotropic
material |ikew se conprises InxGai-xN w th an indium conposition greater
than x = 0.02. Thereby continued further growh fromthe island does not

i ntroduce additional strain into the isotropic material [081] However, as
further isptropic gromh of Hi-ni.tride eri al o f or
nearly aldlse&):EStIS a&%ﬁ‘g&fb%%re“’a’% naggée?cgdltbqnaﬁ%%sg?i i gatg# i E@%@Z% ,rég?(%}ga}:l%v\er

regi ons iinwhithchae bedidedndaysia @ewnin@)y. suelrad misét egadotist daopadpagateised f or
nucl eation. Therefore,. raggi ons 116_ig ¥\lni ch strain and defects may be
present (fethsr indq g additiopal PPYORLHAEH#dP2can propagate further into the

addi tional i se§g9pi qn BBdifdH 8 theliddroplcdRAdrial Brosdidlefidcrontserainad defests i C
material growh effects on strain and defects in I’G%I ons 116 it should al so

be not ed regiats ltlhét shewd plepbenajebihettherisgirapia growthiraest welbelést deferts| ocati.on 118
possi bly resul.ti i 0. ' f Ig;<fl cati.gthe Since the
mat eri al drl’rsa%f:a%ééno@v%ipr? Ssétﬁr'llyﬁes?ot ?gg{}ge ﬁéﬁlgﬁg&?ssﬁcaﬁ&gég ggﬁga)&d;ﬁs coca%i on may
bend i n ansi@inheky getw inrmeidoabpit mahhe, duclnddfeariadislosatiod miaj berfd inalmanner

substantial]y continyoys |layer o terial 083] Fig. I.D schematically .
i|lustr atdég“"%/ql?fa&orfbﬁl?‘5#Qu@lt%/ﬁétpﬁbgﬂ%%{e\ﬂﬁ?@tgoaté%%la?%{toécé‘“a?w@ﬁsem conduct or
structure upomogspe %%W‘scﬁémeftléﬁﬂlﬂﬂﬁstﬁaﬁd@ﬁﬂt@*ﬂie@iaf@shﬂéth@ 130 2dichand
illustrates the growh upon the coal escence of the islands structure

ther eby fdsmansiegics the sseicapductr SYUCEEREPHLIBRIEIOPEY o fUEher doHPRIs ML “mat er i al .
[084] In a%ﬁ'flh;@ﬁﬁtesdtﬁ% gl'okwrth lfgit'b:ixttllfheé’oa%c%%e_}bf%e 18R tGre - &1y tBImikgd’ 1S

epi taxialTy grown mis opic material 122 of internediate structure
120. The sgbstantihllyofontiveous laytiheisemsotduoipr matesiteri al results in the

coal escence of. i sl and truct.ure 112. Since.th - tinued in
2 aubst ant 1 al 104: r dpTe el MREE S diOrbBE s o et B Ll ol an
st ruct ur @govid RoinSso@pe mdtdrinl MR sfti@enediatestiibtareaddi Thegabvilseithe funtlerct or
material growh 122 and 122\ Si nce thg_ %ggosgraﬁh% .S somalvvnat nchanged
during t H®Uogtsrnasgiat reghlisip Aesplescense b ipbads Swetirel 120 Sieg thegro W Miyper

exposed siir fAaGRufin b BiRLARYERESEpiS Walfd UnEsulBBe topb&hpHET TQY¥iBMalatlendindesi r abl e
for subsequent processing stages, whether subsequent procéss stages are for

t he for metrignresf 1o gprsealytmaintpine @iy thegdditioaplseajcopduchs matesigsgremvth 122
sem conduzh 95 MREEL WAL Rlbon  NEHRECRS iURREAHSRhe HeARRBR Yl Wie,
. grooves 134 are formed in the upper exposed surface of intermediate structure 130. Such

. groovés are undesirable for subsequent processing stages, whether subsequent process
stages are for the formation of device structures, or transfer of portions of semiconductor
material etc. Therefore subsequent processes of the embodiments of the invention are
concerned with the removal of portions of the isotropic material, thereby results in a smooth
substantially flat surface more suited for subsequent processes. ‘

[085]  Fig. 1E schematically illustrates intermediate structure 140 which
demonstrates the processing of intermediate structure 130 to produce intermediate structure
140 which includes smooth upper surface 142.

[086]  In further detail, intermediate structure 130 is processed in such a way so
as to remove grooves (i.e. pits, undulations, cavities etc.) 134 from surface 136 to provide

intermediate structure 140 with smooth upper surface 142. The smoothing of surface 136 to

produce smooth upper surface 142 can be produce by a number of methods known in the



concerned with the renoval of portions of the isotropic material, thereby
results in a snooth substantially flat surface nore suited for subsequent
processeswoO[208889¢@3g. | E schematically illustrates intePcEdBzgI@R28UCt Ur e
140 whi ch denonstrates the processing8of internmediate structure 130 to
produce internediate structure 140 which includes snooth upper surface 142.
[086] In further detail, internediate structure 130 is processed in such a
way so as to renove grooves (i.e. pits, undulations, cavities etc.) 134

fromsurface 136 to provi |nte medi u 1 L noot h upper
surface ﬁ%z‘nd‘?‘ﬁ%g‘é’ﬁb g E}’fmgsﬁ P gy %a%lc‘:i I|f)dr1“0 uge%(g%g%%ﬂn%pper surf ace
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gr ooves requi re extensive renoval | st material bel ow the apex
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utilized sGificaduM e derfo@hddsihiling! gmtihgdponshmgemm nirdnsbodfmantseofitevent i on t he

pl anari zation process. i s produced via a.chenica C ol i shi.ng
process (owpYon e plpaizatien Rreeses i produchsia ¢ diemy “ﬁn&af”r‘fgfrp ?8%@%%1‘8“55

usi ng sui é@/@hyS%l:ﬁﬁtt@(Qro?lc%e&éhal &2 theauthAed $¢lcage aﬁn@bﬁtaslwesctwwd sI urry
chem str3§ d using sul | e polishing paraneters, 8 applied pressures

and speedburyUpgnhavingsiektiedabrafivesiaad gvpy pheatEss al’é‘busﬁrgo% ghle pelishiage 142 t he

surface roughpess of urf | e t han
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process mpaytuee Qﬁfaf:@Mmﬁe smfme roaglﬁrmmdfsunfaca AR ey be fess & am, grpelereblli rect i on
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enbodi ”E%e?yb%eﬁfé}ﬁleu AY&IYeERNH BaUhdrt Rettitd gfdvah dilefien bs the lshtmpmlay:u on 118
bei ng present at surface 142 in detrinment to the quality of surface 142.

[ 089] | ntgeowmedietgtiel st ructure 140 (of Fig. |E) provides a highly suitable
Lenpiate StrUGHTC PN AERNt Blrol) NELaibh i 1Dty tidRormbR! [al o, o .

for high quali substantially continuous strain relaxed InGaN. In certain
enbodi r’rer]ﬁopalghtmnrmKéDtmm:lumhg thetembediing@tsiof the invention resulting in such defects /

dislocatjon 118 being present at surface 142 in detriment to the quality of surface 142.

[089]  Intermediate strﬁcture 140 (of Fig. 1E) provides a highly suitable template
structure for the growth of further [I-nitride materials, e.g. for high quality substantially
continuous strain relaxed InGaN. In certain embodiment intermediate structure 140 is
utilized for the growth of InGaN with an indium composition substantially equal to that of
the underlying isotropic material, whereas in alternative embodiment intermediate structure
140 is utilized for the growth of InGaN with greater indium content than that of the isotropic
material.

[090]  Fig. IF illustrates structure 150 demonstrating the growth of a further layer
on intermediate structure 140 of Fig. 1E. In certain embodiments of the invention further
layer 152 is grown in a more vertical mode, thereby forming a vertical growth layer, which
promotes the thickening of the semiconductor material to a desired thickness. The vertical
growth layer is grown, as is known in the art, with a preferential vertical growth mode by

variation in epitaxial growth parameters. As previously noted the vertical growth layer in



utilized for the growth of InGaN with an indium conposition substantially
equal to that of the underlying isotropic material, whereas in alternative
enbodi nerwoi2ntodsa@di ate structure 140 is utilized for tireTgBmM/MO0RES | NGaN
with greater indiumcontent than that1%f the isotropic material. [090] Fig.
IF illustrates structure 150 denonstrating the growh of a further |ayer on
internediate structure 140 of Fig. IE. In certain enbodiments of the
invention further layer 152 is grown in a nore vertical node, thereby
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nore specifbealdith ohREdivR chinpitidro? Bhehtel YLK =I0R02, 6OFPRAtErse= .05 (Eigrextdr at er i al
with an |nJ|un1conp03|t|on of greater than'x = 0.02, or greater x = 0.05,

or greatethathaf.08. = 0.08. [092] Therefore, enbodinents of the invention are

capabl e of pr?@%;g%@%&t%ﬁ@ﬁﬁ%{tt eiﬂtergibﬁa}er&a}sﬁ]@@af%duwgat antially

si ngl e conpos ase’ a preferred defect / dislocation
density. Jhaenidus tlaessirah rélibeds ebshitiahgsihgly eompgitionalphipse IngaN withtahan

approxi mat el y mm Qs to. approxinptely 100 . ' y 500 nm
, or to aﬂﬁ%ﬁﬁ%?ﬁ?‘él/gls?ﬁﬁﬁ’nmsnf"ogg‘i %EWtolf G ecsg{rtlf1 éﬁaggiﬁgz\%}rl tg? fcegﬁ growt h
layer 152ymayheogRleRYiatn f@ho ifpeofiakelyaat wanooh apperintataly S00cionponent s,

phot ovol tai c conponents, optic conponents, or opto el ectronic conponents
etc. | n abppernaerlyd 08¢BBdi nents of the invention either a portion or the

entire cont i nugs SCRLEANIUG oL R PaOeldanshaybednfembher mediat e

structure 150 Yor produci ree standing or conposite type substrates.
Transf er pbficess efeclearnjsrcompentnts, photovoltaic components, optic components, or opto-

electronic components etc. In alternative embodiments of the invention either a portion or
the entire continuous semiconductor layer can be transferred from intermediate structure 150
for producing free standing or composite type substrates. Transfer processes can proceed
with detéchment of a portion of the continuous layer and may also include bonding
techniques.

[094]  In certain embodiments a portion of semiconductor layer 152 can be
detached from intermediate structure 150 through ion implantation and separation
techniques, for example using techniques referred to as SMART-CUT®. Such processes
are described in detail in, for example, U.S. Patent No. RE39,484 to Bruel, U.S. Patent No.
6,303,468 to Aspar et al., U.S. Patent No. 6,335,258 to Aspar et al., 6,756,286 to Moriceau
et al., 6,809,044 to Aspar et al., and 6,946,365 to Aspar et al., the disclosures of each of
wﬁich are incorporated herein in their entirety by this reference.

[095]  Alternative embodiments of the invention are now described with

reference to Figs. 2A-G. Many elements of the alternative embodiments of the invention are



wi th detachnent of a portion of the continuous |ayer and may al so include
bondi ng techni ques. [094] In certain enbodi nents a portion of sem conduct or
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i mpl antation and separation technique®, for exanple using techniques
referred to as SMART-CUT(r). Such processes are described in detail in, for
exanple, U S. Patent No. RE39,484 to Bruel, U S. Patent No. 6,303,468 to
Aspar et al., U S Patent No. 6,335,258 to Aspar et al., 6,756,286 to
Moriceau et.al., 6,809, 044t r,et.al. n 5 to,Aspar et al.,
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addi ti on,la?etﬁlﬁﬁ%‘o’@rf%ﬁxﬁmf’%d’ﬁ{%ﬂ%'qe@f)gﬁﬂ@h %%E‘]gét ures is promoted in a nore

lateral directjof. fRm&asmlFigbialik duiehidreidgs] ASailladrates teriodde 1 n nore
detail, Fig. 2A I's equivalent to Fig. A and illustrates internedi ate

st r uct ur est2E@rad{i0cvhichedrorensiraiasdhe forpationofiLi 294 obasq subgiptey2gad esubst r at e
202 and the f.ornation adcl ej B Qr r b ig. 2B is
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and i rat late structure 210 which
denonst r afll@srdiddentéiatedtd sanctofe 210 Gdithi cemansisites threifotration 21 IGaNt iblaggdsef er r ed

crystal characteristics, i,e. having an upper surface 21 i duced

lattice s%“?“éi?“ﬁe%lrzV%‘fhrpéf’ﬁ‘?”?%?rﬁgc?%ar[i%géﬁncslﬂbg Ao dt HPIT S‘frﬁaec\é%n%gkﬁ( or ot her
LT -ni tri @edced $dt@dedirgihlod Sidik Rfax@d.t h upper portions having reduced strain or
strain relaxed | evels, subsequent %rgﬁces's steps cqver the exg%?tﬁd portions

of the base sulf88l at BpomgewovidheclaCaY (prrher dilzede) iWrtdkFtr&CtH‘E g materi al
Lo RIS e TR P el i o e
wher e st r thie expmyd Siriiérs offéhe base substrate, not covered by the islands, with a masking
rﬁaterial forming a masking structure. The masking structure has a thickness (or depth)
sufficient to cover most or all of the lower portions of the islands where strain may still be
present and in addition lateral faces with relatively larger numbers of terminating defects
and dislocations. However the embodiment of the invention do not to cover the upper ‘
portions of the islands where the faces have reduced strain levels or relaxed strain levels and
only a relatively smaller number of terminating defects and dislocations.
[099]  Additionally, upper portions of the island structures that emerge through
the masking structure can have sloping facets sufficient to promote subsequent ELO growth
starting on the emergent upper portions of the islands/pillars and then extending across the
mask.
[0100] Preferred ﬁasl{ing materials for forming the masking structure are those on
which GaN (or other I-nitride such as low indium content InGaN) does not readily

nucleate. Such materials include silicon oxides, silicon nitrides, combinations thereof, e.g.,

silicon oxy-nitride, and other refractory silicon-containing materials. Silicon nitrides are



present and in addition |lateral faces with relatively |arger nunbers of
termnating defects and dislocations. However the enbodi nent of the

i nvent i orwO@0naB9¢26 cover the upper portions of the isl aotgBogr@22she faces
have reduced strain levels or relaxed®listrain levels and only a relatively
smal | er nunber of term nating defects and dislocations. [099] Additionally,
upper portions. of the island structures that energe through the nmasking
structure can have sloping facets sufficient to pronote subsequent ELO
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so that the uppgoIIOshcRRAhEIONSmAkidseatérdl a80is Fiedt Biindd €3, BPEFignigusough t he
mask. [0102] Accordingly, a maski ngcmaterlal 232 is first forned e.g., by

spi n- on- ghrasessqsron casaiest venor depasition (CVRppiocessssow thitdhe isleyirugisdses, so
t hat the ksl and . ok | 4} : [ t j hy. 2C.
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detecting surface features, e.g., size of surface irregularities, that provide feedback
concerning the height of the InGaN pillars that remain emergent above the thickening mask.
Such radiation can be visible, IR or UV light, or particles (as in SEM).

[0103] Subsequently, a top portion of the masking material is removed or
detached, e.g., by etching techniques such as wet chemical etching, plasma etching (reactive
ion etching, inductively coupled plasma etching etc.) or by polishing techniques guch as
chemical-mechanical polishing (CMP), so that the final mask thickness is in a preferred
range to promote subsequent epitaxial lateral overgrowth.

[0104] Fig. 2D illustrates intermediate structure 240 which comprises
intermediate structure 230 after removal of a portion of masking material 232. A preferred
amount of masking material has been removed so that the mask layer has a thickness in the
preferred range. In such a preferred range the upper faces of the island structures 214 are
exposed but the majority of side facets 242, strained regions 216 and dislocations 218 of the

islands structures remain covered to prevent subsequent further growth from nucleating



concerning the height of the InGN pillars that remain emergent above the

t hi ckeni ng nmask. Such radiation can be visible, IR or W light, or
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chemi cal etching, plasma etching (reactive ion etching, inductively coupled
pl asma etching etc.) or by polishing techni ques such as chem cal - nechani cal
polishing (CVMP), so that the final mask thickness is in a preferred range

to pronote subsequent epjptaxial .lateral aqvergrow:h. ( Fi 4

i 11 ust r att o t#?ﬁeé?cbﬁﬁi @F‘gh’ﬁ R e icgﬁt%!:%lyréﬁﬁg'i ggg&gﬁ ’eardrlrlgla}eg%j e

st ruct ur @23 ahd IRight 6FMY Alasiolb apprpBintatednomf 90vaskthabeiguoétheadlad32. A
preferred anount of masking material has been. em)veﬂ 0 %Eat t he, mask

| ayer has a tIml&ﬁhesg@’qeﬁf“let?énﬁi[“é{f@@éathP%’@?r‘dlreﬁ‘aé?E@ SEO‘B ¥ EPPLE range t he

upper faéﬁzggﬁtg@@mg&i@f}ﬁm&hﬁ,!ﬁ%@c@d Bk BatSaP AIS€ HaskUbrabiBigstiogghay i ty of

side fac strained regi ons 216 and di sl ocati ons 218 of the islands
st ruct ur @someeris moravsd ednavel gsrcempared i itbs ey al offiFalheForgremele Whedm

nucl eatingfr.omthes ions, o g | ' tched dah al
quality. 8¢ g]apefll?ﬁﬁgq |rglﬁl?\‘('aesdsbgfb;atl\ﬁlfig’elIE %SP%e ﬂggﬁsﬁygﬁ?&%&ﬁe sk i s

appr oxi mag RIGANGHhich 3R 16 berehtivelyhaafant insistant @metsoval DBLOBIP)Si nce little or

no InGN (or other ILIl-nitride materjal) should nmoved.. al. ith the
maski ng nat er il3106] aIBP@F%‘ﬁqtaé‘dSIH&WIW&eP%T‘%Qr eB?Sltﬁggoouﬁ%lgOVgﬁglre ésg e ISt cs

that pr O%Wiﬂa&e@é.g F8Rigfseb 8 TIMR bn ENHS Gieat @ditiods kivev ianmval. of | nGaN.

For exanple, en masking material is to be renoved bieﬁg%gf it should be
mor e easiJufficint adsldng mated# ésthemesrmoved PrEX ysigise b %se WY H& rel ativel y
hard and fesi stan % - 0H08] siBoRoRsHR! Hrdmersis ld £on
nitride chél\rllmggél é%lo@tsb?atskg%gaskutﬁwc&%{g%r ’rint hel i]ggllanggiobil gé%D pr ocegs:s, e.g.,
f r om gaseppkedJrédduranahdNpiZdeinder conditions known in the art. Sufficient

oo having. dB1gh: dtrelty AERCHERRS refbgPeu AP FHaER B 8,1 L)

, usi ng suitable
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CMP can be halted after a preferred thickness range has been reached. Also, a cleaning
treatment can follow CMP in order to remove residual slurry.

[0108] In an ideal case the CMP process should result in little or no roughening of
the surface of the InGaN islands. However, if the abrasive action of the CMP process
resﬁlts in the abrasion of the InGaN surface then the layer will require a post CMP
smoothing process. In the case of III-nitrides, the roughened surface can be smoothed by
mass transport regrowth methods know in the art.

[0109] In embodiment of the invention the sample is heated in an NH; -+ Ha
ambient to a temperature that promotes mass transport regrowth. During mass transport
regrthh the high energy peaks in the material are redistributed into the valleys of the
material resulting in a smoothing action and a surface more suitable for subsequent ELO.
See, e.g., Japanese Journal of Applied Physics Part 1 40 565 (2001) and App{ied Surface
Sciences 159-160 421 (2000).



material. Optionally, masking material detachment can be nonitored in real
time so that CVP can be halted after a preferred thickness range has been
reached. wbsgol0/@9@Beani ng treatnment can follow CVP in oPGEMBL09//EALS €
residual slurry. [0108] In an ideal cdse the CWP process should result in
little or no roughening of the surface of the InGaN islands. However, if
the abrasive action of the CMP process results in the abrasion of the I nGaN
surface then the layer wll requi re a post CVP snoot hing process. In the
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InGaN) can be utilized to form the lateral growth regions and or a possible lateral growth
layer, However, since the laterally grown GaN regions (layer) are strained to the underlying
relaxed InGaN islands structures, the lateral growth regions (layer) will maintain the lattice
constant of a higher indium content InGaN.
[0113] Accordingly, embodiments of the invention utilize the relaxed upper
surfaée of the InGaN island structures for nucleation seeds for a further growth of GaN (or
low percentage indium content InGaN) lateral layer. Since GaN is well known in the art as
capable of lateral growth (see for example US Patent Nos. 6,015,979 issued January 12" to
Sugiura, 6,051,849 issued April 18" 2000 to Davis and 6,153,010 issued November 28"
2000 to Kiyoku), a substantially continuous layer of GaN material can be produced above
the separated, relaxed upper portions of the InGaN island structures.
[0114] The thickness of the GaN lateral growth regions and subsequent lateral

growth layer can be maintained below the critical thickness for on-set of strain relaxation

through the formation of defects and dislocations. In such cases the relaxed InGaN strain
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regi ons (yeiistics KlHigly Siieblefforthe pottioofsuitier high qualite rGadhmpiedelydth a

tenpl ate structure which conprises an_ upper conti whi ch has an
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a tenplate structure of sem conductor material wt
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2E i | | ust gawdsregiohgforedhmaple cemnpugegiteN 2568 preiyiogly outlined, methods are we
known in the art for controlling the extent of lateral versus vertical growth of GaN (or low
indium content InGaN).
[0117] In certain embodiments the growth can be initiated from upper exposed
portions of the island structures 214 in a more vertical growth mode and upon obtaining a
desired vertical height switched to a more lateral growth mode, alternatively a lateral growth
mode can be utilized from the off set. In certain embodiments an initial vertical growth
mode may be employed to provide side facets 252 from which lateral growth can be
initiated. In addition, growth conditions can be selected to yield a growth mode
incorporating both lateral and vertical components. Conditions suitable for obtaining
vertical ;md lateral growth modes are known in the art.
[0118] In further detail, Fig. 2E illustrates an early stage in the lateral growth from
upper portions of island structure 214; the GaN lateral growth regions 254 originate or

nucleate from upper island surfaces 214 producing lateral crystal growth fronts 252. The

GaN lateral growth regions deposited during the lateral growth process can be expected to



denonstrates the initial stages of the further growth producing | ateral
gromh of the lateral growh regions, for exanple conprising GaN. As

previ ouslwoaotdasped, net hods are well known in the art fPom/IBmot/r@k2s ng t he
extent of |ateral versus vertical grash of GaN (or | ow i ndi um content
InGaN). [0117] In certain enbodinents the growh can be initiated from
upper exposed portions of the island structures 214 in a nore verti cal
growt h node and upon obt ai ni ng a desi red verti cal hei ght switched to a nore
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corrposrtlon of. t nderJ yin ts the
riti cal ediiagoe P S UARpA GBS sl B B b BERIEITRRLS
further eraizwqummfonhas;abgtdmungﬁmmmamn iofill-nitrideematenibotémisendyicioess t han

100 | t b ts th wt h
| nxGai - xrgqar%teh[fﬂgl:tﬁn%5§&?ﬁ0}me€%%?ﬁ“ T L L

0.08, or [;e3S dpakkafilm o@la@e‘ial ik Natdriag(e. 2 Bl dmlswmahmﬁ cmrtt:r&rim@m‘ﬂ)at e
structure OWnerelnthe | ateral growh process is %&ﬁ
coal escerte soatlalBaHKBrigamelﬂaﬁllzegﬁﬂé\ﬁkWWréQf@ﬁé‘PEeé SYrEAchs ‘Pfa{f‘ ?IE{I‘S @%6 MFayer 254,

to forma_ s 0 Wity 1hfleral blobidSroBat s ipdviousl
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materi al glere y su stantla?ly plre(\)/\é\{ltin%(%lul%ler %Of@ctefgrtmat Qrgall"\gr ‘example central island 212’

and rlght island 212" structures produce lateral growth fronts which coalesce without
producing a further defect / dislocation. However, central island 212" and left island 212
produce ilaterarl growth fronts which coalesce to produce defect / dislocation 262 due to the
non-ideal distribution and spacing of the two seeding island structures.

[0120] Therefore intermediate structure 260 (of Fig. 2F) provides a highly su1table
template structure for the growth of further [lI-nitride materials, e.g. for high quality
substantially continuous strain relaxed InGaN. In certain embodiment intermediate structure
260 is utilized for the growth of InGaN with an indium composition substantially equal to
that of the underlying island structures, whereas in alternative embodiment intermediate
structure 260 is utilized for the growth of InGaN with greater indium content than that of the
islands structures.

[0121] Fig. 2G illustrates structure 270 demonstrating the growth of an additional

layer on intermediate structure 260 of Fig. 2F. In certain embodiments of the invention



The spatial arrangenent, size and structure of the upper surfaces of |InGN
i slands 212 are preferably optim zed such as to pronote a high quality

| at eral gwowbtv/gss@dess (as previously outlined), e.g. dipsTnBmmo/ed2znd
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is illustrated-as propagating into and to the surface of vertical growh

| ayer 272M{0122] The vertical growth layer in certain enmbodi ments

conprises an |p@aE) | RY®Iingicoitinubel wicabibethtlayn D31 mayheainipfoyed diaithe o t hat- of
t he under| gri_ng_‘ i slland structures. Therefore, enbodi nents of 1 he itnventi on
are capabfabriestionpriersionis campeenisHRIEAYOltaly EpMRANCRIp, ORI, CRRPURRIF, O OPto-

substant i a&éuﬁnﬁzice%sn&l%rs&om $1icANAe BIRREndRGH Mt éhtidn PRk epbedndef ect /
di sl ocation density. The thickness of the resulting |ayer 272 can _be | ess

t han appr e entirt ebntintousrsemizondustoa fryeiosen fpa trensfer reddromnintesmediaie sty 2kt el y
00 mm -, for {)rotdgcir?é) Rer:eos)%a!mrglll%ltgeolr %o&&?sﬂe W&: substrates. Transfer processes can proceed

with detachment of a portion of the continuous layer and may also include bonding

techniques.
[0124] Incertain embodiments a portion of semiconductor layer 272 can be

| detached from intermediate structure 270 through ion implantation and separation
techniques, for example using techniques referred to as SMART-CUT®, references for
such processes have been previously outlined.

[0125]  Alternative embodiments of the invention are now described with
reference to Figs. 3A-E. Many elements of the alternative enibo'diments of the invention are
equivalent to those previously described; therefore the subsequeﬁt description will
concentrate principally on the novel characteristics of the alternative embodiments.

t0126] Briefly, alternative embodiments of the invention utilize the majority of
the methods previously described but with the omission of the formation of the masking

structure and the associated processes required to produce such a masking structure.



[0123] Resulting continuous vertical growth |ayer 272 maybe enpl oyed for
the fabrication of electronic conponents, photovoltaic conponents, optic
conmponentwQ 2010/08p6260 el ectroni ¢ conmponents etc. | n alterRraTiBHOYN®RZE MeNt s
of the invention either a portion or Z’he entire continuous sem conduct or

| ayer can be transferred frominternedi ate structure 270 for producing free
standi ng or conposite type substrates. Transfer processes can proceed with
detachment of a portion of the continuous |ayer and may al so include

bondi ng echnl ues 0l Ln certain enbo
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alternative e rrents 0 e lnvention are ui val ent to those previously
descri bedjruéther3ed ovhicht demossitagis thedhhimatios @bet3pﬂ> AN hpse|sulsyaieSAE pag e
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gr
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352. As p oeﬁ(gllnggﬁgtet%ll n %Il ternative enbodi ments of the invention

structures have been reported in the literature (see for example Lee et al Journal of Crystal

Growth, 279 289 2005). In certain embodiments the lateral growth regions comprise
In,Ga, XN with an indium content of less than x = 0.11, or less than x = 0.08, or less than x =
0.05.

[0129] It should be noted that although the lateral growth regions originate
extensively from the upper surfaces of the semiconductor islands, in reality a degree of
deposition on other surfaces of the semiconductor islands intermediate structure 350 of Fig.
3C may occur due to the lack of a masking material to conceal the additional surfaces of the
semiconductor islands.

[0130] Alternative embodiments of the invention then continue as previously
described. Fig. 3D illustrates intermediate structure 360 which demonstrates the
coalescence of the individual growth lateral fronts of lateral growth regions to form a
substantially continuous lateral growth layer 354, comprising defect 362. Further Fig. 3E
‘lustrates structure 370 which demonstrates the addition of vertical growth layer 372 to

intermediate growth structure 360 by employing a more vertical growth mode to epitaxially



t he masking structure is omtted. Therefore lateral growh is initiated
fromupper surfaces 314 of the InGaN islands and | ateral growh fromi sl and
si de facewe 280028p&3i nhi bi ted. Methods for controlling gromiR20e/emzE fferent
facets of a crystal structure are kn®8&n in the art, for exanple facet

sel ective nucleation of the nitrides fromnano-scale features e.g. island
structures have been reported in the |iterature (see for exanple Lee et al
Journal of Crystal Growth, 279 289 2005). In certain enbodinents the

| ateral growth regions co i se, I nxGaj-xN Wt i.ndj t | ess
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i sl ands. f&i309n N detromt corep@ehisdihntorolpiofontoaenis eait ¢ERPONEERH OEBMPT nue as
previ ousl escribed. Fig. 30 il]ust [ B AbSeitlel ¥644bE o360 Whi ch
denonstr a%f@ o'i”ﬁ80138%36853%’1@@%8?“&{1 eeenlgb%gﬁeing{pgﬁ{egr ovr\l/t{% Fater gl fronts of
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| ayer 354, conprising defect 362. Furth 3E.illustrate

L Fig. I t 370
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to epitaxiallygrow a | ayer of vertical growh node material to a desired
t hi cknesstechiippescerti cal | ayer 372 being of inproved quality due to the

nature of the acg of . [ : McdnbBctb bRy B ARmee0f these
properties by [@#{ezfll aﬁecgg‘?lhg?’g\é\é‘l}?@rﬁgbgé@}?gg%l]C Resul t?% conti reluous
vertical gtewediromyaemiddRtenmybteredTp oyl ibroimytlanationland sepeiation of el ectronic

conponent s, photavol tai ¢ conpopents, tic c | ectronic
conponent Echayques, [for %PWBPH&WEE@R%‘%%&?%?%@ a%sﬂ%%gﬁ?%@e‘@ﬁ? %fglﬁﬁ%?tf er a
portion og,ch PR &R Hafe BRAIEWAME cvaiiegonduct or | ayer can be transferred

frominternediate structure 370 for producing.free standi Q onposite
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[0132] In CeFTarn enbodinents a portion of sem conductor |ayer 372 can be
equivalent to those previously described; therefore the subsequent description will
concentrate principally on the novel characteristics of the alternative embodiments.
t0134] Briefly, |altemative embodiments -of the invention utilize the majority of
the methods previously described but with the omission of the formation of the masking
structure and the associated processes required to produce such a masking structure.
Howevetr, in these alternative embodiments, lateral overgrowth nucleate extensively from
the side facets of the island structure forming lateral growth regions between the island
structures. These alternative embodiments of the invention therefore produce an
intermediate structure comprising an upper surface comprising relaxed island structures
interpoéed between strained lateral growth regions. Consequently, a substantial portion of
the upper surface of the intermediate structure possesses an in-plane lattice parameter equal
to that of the upper portions of the relaxed islands.
[0135] In more detail, Fig. 4A is equivalent to Fig. 1A and illustrates intermediate
structure 400 which demonstrates the formation of NL 404 on base substrate 402 and the

formation of nuclei 406 with a preferred spacing d. Fig. 4B is equivalent to Fig. 1B and



detached frominternedi ate structure 370 through ion inpl [
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with reference to Figs. 4A-E. Many el ements of the alternative enbodinents
of the invention are equivalent to those previously described; therefore

t he subsequent description will concentrate principally on the novel

characteristics of the alternative enbodi men Lafi k ti
e ok onen s B VR EORRAMIR B 9 MO P STt
eeer bedy RuheWis With BRf@ridesjseclffactdistidsorenaavimnandppt e faesAlivgthst r uct ur e
and the associ-ated processes required to produce such a masking structure
;Srever,rrhwrhbﬁseaﬁm9@ﬁ§?mv@ odinents, lateral overgrowth nucleate -
ro\f\pf}' vely rs[ 6i N .'4%%?1&9;1%&13%11&@% idraRdiagtsrutnerseo hoidxi ng | at er al
gf regi ons bet wee the 1slhand structures. These alternative enbodi nents
gppte ?esh ??(grgﬁe)]nﬂ(i:ng ah batyedapeof ltatandgoce’vthwhbwtrelﬁtﬁ@élg@ﬂ@ BYclagios GXENSSHDpri si ng an
_ . ri r.el axed i sl.and r i r bet :
st rai ned foR %lf'i%?ag%? 6%_ @g‘? g’ﬁ\r(?ﬂ‘éwaléﬁsogg}?gé\ts ycftd{gse@&bgﬂti glrcl)%io%?ﬂbor t }Agﬁnof‘ t he
upper surfagsisafe taSniimine ek b dichig suigtatialypossdasebgrawth as-oppesadto atti ce
parameter equal to that of the upﬁgn gortions of the rel axed isk&.ds
[0135] | rvertisebgrawthafom theisile fagatsiog thedihng's PRt UIE:g pregoupR OB QR o es
e ”Eg'ngééﬁh%%%wﬁ?e%%{?re%?ﬁ@te%m 08 faddiemt g ckemandterally ofthdL 404 on
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illustrates internediate structure 420 whi¢ch i fi
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lateral growth regions maintain the lattice parameter and strain characteristics of the island
structurés from which they nucleated. It would also be noted that since the lateral growth

regions ﬁucleate extensively from the surface of side facts 424 of the island structures 412
that nucleation will also initiate from regions 416, i.e. regions in which levels of strain and
defegts may be undesirable.

[0138] Fig. 4D schematically illustrates intermediate structure 430 which
demonstrates the formation of lateral growth regions at the stage of complete coalescence to
form a continuous film comprising island structures 412 and lateral growth regions 454.
Upper surface 414 of intermediate structure 430 therefore comprises the relaxed upper
surface of InGaN islands 412 and lateral growth regions 454. Since the lateral growth
regions nucleate from island structure 412 and are maintained at a thickness at or below the

critical thickness, the lateral growth regions will inherit both the lattice parameter and the

strain level of the island side facets.



[0137] As previously, outlined in certain enbodinents the |lateral growh
mat erial used to produce |ateral growth regions 454 can be capabl e of
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I nxGai -xN with an |nd| um content of |ess than x 0.1 1, or less than x =
0.08, or less:than x = 0.05. As outlined in previous enbodi ments, the
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schematically il Iustrates i nternedi ate structure 440 which denonstrates the
growt h of noii befaken s P Meer ti cal growth |ayer 472 fromthe surface 414 of
intermedi ate structure 430. As in previous enbodi nents the vertical growth
| ayer can be grown to certain conpBXAMRLIIS and t hi cknesses as previously
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the invention previously outlined. In partlcular island structures 612, 612" and 612 (of Fig.
6A), corresponding to intermediate structure 110 in Fig. 1B. '

[0142] The island structures of Figs. 5 and 6A-B have been produced by the
following means. Prior to deposition of the InGaN island structures a sapphire substrate is
heated within a MOVPE reactor to a temperature of between 600-900 °C, in certain
embodiments the temperature is maintain at 750 °C whilst ammonia is introduced to the
reaction chamber for 3-5 mins to enable the nitridation of the sapphire surface.

Subsequently the MOVPE reactor temperature is raised to between 800 °C to 1000 °C; in
preferred embodiments the temperature is maintained at 860 °C during the growth of the
isolated InGaN features. The pressure range during the growth was maintained between 200
mbar to 400 mbar, in preferred embodiment the pressure was maintained at 300 mbar. The
ratio of V species (e.g. Ammonia) to III species (€.g. Trimethylgallium, Trimethylindium)

was kept low to promote 3-D pillar growth; V/III ratios utilized were between 500-2500 and
preferably 1000.
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growth processes.
[0145] In addition, the island structures have approximately equal helghts in this

example on the order of 30 nm. 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 sloping horizontal facets and can be considered as
truncated pyramids or as columns with pyramidal tops.

[0146] Fig. 6B illustrates a further high resolution HR-TEM image illustrating the
initial stages of growth of the InGaN island structures. Region 605 corresponds to the base
substrate, in this example consisting of a sapphire substrate. The HR-TEM image clearly
shows the well ordered crystalline structure of the sapphire substrate as observed by the
ordered periodicity of the atomic structure. However, region 607 above the base sapphire
substrate, i.e. at initial stages of the InGaN island growth the periodicity of the crystalline

structure is somewhat disordered, for example due to the formation of defects, such as misfit



have been produced as descri bed above. In this exanple, island-Iike
features 612, 612" and 612 have a greater horizontal dinension conpared to
t he vertiwal2otivoses?si ons and are conparabl e to the i sl an@CritRmod/e@bes es 112
and 112" of internediate structure 118 in Fig. I'B. Furthernore island-Iike
feature 612 (Fig. 4A) has approximately equal horizontal and verti cal

di nensions and is conparable to island like feature 112 in Fig. |IB.
Generally the island structures are separated spatially with spacing highly

suitabl e for subsequent |ateral growmh prqcess ol Ltion, the
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ordered crystalline structure of the sapphire substrate as observed by the
ordered pEmiGatestenfilgiomadiont ori ¢ structure. However, region 607 above the
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i.e. sapphire an and”structures. [0147] Above
somewhat ghbseteeods clemGankibleghdas Bfe piesioss ¢xauipled, qoayrisss 26aEPhiRer e agai n

the well ordered periodicjty, is ai n. obser.ved j ndi i: to a
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paraneter, indicating that the InGaN material of region 609 is suitable for
subsequenstricairesrtdP ofFigwed and continuous strain rel axed sem conductor film

Formation. [ O4floFi g BCAhLUBRIANES kRl A kb Ry imagic

illustrating t ormation of a substantially continuous 1ayer of
st rai n- r efuathederbwiBaonmiedsianall strpetomdsitoeprediice a géntinuous layer with an approximate

thickness of about 850 nm. As analogous to Fig. 1D the surface of the strain-relaxed InGaN
layer 636 comprises grooved regions 634 where the topography of the initial islands
structures from which the layer was seeded has been maintained. To produce a layer of
strain-relaxed InGaN material suitable for further processing, surface 636 may require
planarization, for example utilizing methods such as chemical mechanical polishing.

[0150] The preferred embodiments of the invention described above do not limit the
scope of the invention, since these embodiments are illustrations of several aspects of the
invention. Any equivalent embodiments are intended to be within the scope of this
invention. Indeed, various modifications of the invention in addition to those shown and
described herein, such as alternate usefﬁl combinations of the elements described, will
become apparent to those 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.



enbodi nents of the invention simlar to those schematically illustrated in
Figs. 1 A-F. Base substrate 602 is clearly visible and, as in the previous
exanpl es,woanpiss@s a sapphire material. Above the sapplrCraBiegeszostrate
is a continuous |ayer of strain-relax®¥d InGN material 652, produced via
the methods of - initiating further growth fromInGaN island structures 612
of Fig. 6A. [0149] In this exanple the further growh is produce via
substantially isotropic further growth fromthe island structures to
produce a continuous |ayer with an 8ggiaéinate t hi ckness of about 850 nm
As anal ogous to Fig. ID the surfac e strain-rel axed I nGN | ayer 636
conpri ses _grooved regi ons 634 where the topography of the initial islands
st r uct ur eWheigplaipsdds t he | ayer was seeded has been maintained. To produce
a layer of straln rel axed I nGaN material suitable far. further processing,
surface 636 nH@nﬁﬂﬁﬁlP%&Bm%ﬁﬁg@f@PWBthFBP“@§QﬁﬁP@prPglZ|ng net hods such
as chem cal nechapg Istatatlgmmndmw BdBed e dntetteres edthenfiediaterisls of t he
invention descrip R)Ylem%rttlﬁtar by Bpfiaxid1SrEARRA adhtithishveed bar, since

t hese enbodi nent g |Ifustrat|ons of several aspects of the invention.
Any equi val ent eﬁﬁoélnénts are intended to be wthin the scoP { this
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further growth fromthe island structures the conposition of the further

row h having a second materi al r,m ng. a vertical
gr owh to f é? i 2 wethed BE‘FIa BWthﬁref n@%?“rtthl"ﬁgm%a]?rg%ﬁtﬁ? EI? 8 Strlicturds VOT

forms lateral growt reglons

4, The method of claim 3.wherein the lateral growth originates substantially from
the upper surface of the islands structures or from the side facets of the island

structures.

5. The method of claim 1 wherein the further growth from the island structures
forms isotropic growth regions.

6. The method of claim 5 wherein the isotropic growth regions or the vertical growth
layer are planarized by a chemical mechanic polishing process.

7. The method of claim 1 further comprising forming a masking structure on the
base substrate so that the upper portions of the island structures are exposed

through the masking structure.

8. The metttod of claim 3 wherein the lateral growth regions thickness is maintained
at or below the critical thickness of the lateral growth regions



of the vertical growth |ayer having a third material conmposition. 2. The
nmet hod of claim 1 wherein the randomly arranged island structures conprise
regi ons wWNOchioz8e623t rai n rel axed and wherein further gr®@eThBmOY/gH0AZR €S
substantially fromstrain rel axed porMions of the island structures. 3. The
met hod of claim1 wherein the further growmh fromthe island structures
forms lateral growh regions. 4. The nmethod of claim3 wherein the | ateral
grow h originates substantially fromthe upper surface of the islands

truct i he sid ts of the | : Th t hod
of claim i &Le{%‘%{{&[@fgﬂ lﬁgﬁ%ﬁ;{m&‘aiqeﬁ@r%'r‘?@r}?%ﬁ‘iﬁg‘%%eﬁ§F%f%e% forms
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f'‘cl aim 5 wherein the isot ropi c
grow h regions or the vertical growh |ayer are planarized by a chem cal

mechani ¢ polishing process. 7..The hod of claim 1 further conprising
form ng a ki iebrdst e b GEDRE SeBud Safiifemytlyr Shas il
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structure. 8. mpriset @ of claim 3 wherein the lateral growth regions

thickness is maintained at or below the critical thickness of the |ateral
grow h regions9. The nethod of claim3 V\,her%i,a the, |l ateral . gzr owt h regi ons
coal esce to floFkametbohet dpitn hvhgreighe firs apdthirdmaterial GrBORSHASPET . 10. The
met hod of cl ai snbgtantkedlyeidmalt he first, second and third material conpositions
conprise InxGai-xN, in particular wherein the second material conposition
conprises GaN. 11. The nethod of claim1l wherein the first and third
materi al conpo¥hd inethed af daisubutharein the Morties] gaewthigyer spraprigss AsWPSGtEA m 1
wherei n the vecdntioadusgtramtrelakehleyerconpri ses a substantial ly conti nuous
strain relaxed layer. 13. The nmethod of claim7 wherein the masking
structure is formed by deposition of one or nore dielectric materials
fol | owed by ISubsegeidnd optlaima? whateirothe niaskipg stricture ay foppedheddpesitiongEhani cal
pol i shi ng net hegsoramorp datararicahathiialg falietved g subsequent planarization, in

particular by chemical mechanical polishing methods or plasma etching methods,

to expose the upper portions of the island structures.

14. A semiconductor structure comprising;

a plurality of randomly arranged island structures upon a lattice mismatched
base substrate;

a plurality of further growth regions; and

a vertical growth layer.

15. The structure of claim 14 wherein the randomly arranged island structures are
substantially strain relaxed.

16. The structure of claim 14 further comprising one or more dielectric masking
materials substantially covering the exposed base substrate.

17. The structure of claim 14 wherein the further regions comprise lateral growth
regions with thicknesses less than a critical thickness and wherein the lateral
growth regions form a substantially continuous film with a thickness less than a
critical thickness.



to expose the upper portions of the island structures. 14. A sem conductor
structure conprising; a plurality of randomy arranged island structures
upon a | avoi2ow/esp@aat ched base substrate; a plurality ofCraBiiegnoogzsowt h
regions; and a vertical growth |ayer.3515. The structure of claim 14 wherein
the randomy arranged island structures are substantially strain rel axed.
16. The structure of claim 14 further conprising one or nore -dielectric
maski ng materials substantially covering the exposed base substrate. 17.
The structure of claim 14 wherein the further regions rise |ateral
growt h regi dhsTifSHHCPI fkgggég’vhezggt °h’ ﬁ‘c F%rp}’vﬁ}glgg r?tog‘?)(rr:xlgeﬁeassgrégnd wher ei n
the lateral grielked sgrwirlyrcaptinueus et oG B BUSTSOPPPHIGH t h a

t hi ckness | esseredienihan x7002cal t hi ckness. 18. The structure of claim 14
wherein the vertical growth |ayer conprises a strain relaxed substantially
continuous |ayer of InxGai-xN wth an indiumconposition greater than x =
0. 02. ‘
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