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and other mixed nitrides (referred to herein as “III nitrides™); of certain Group III-V

20  compounds; and of certain other compound materials (e.g., II-VI materials) generally. For
many of these materials, semiconductor-quality bulk crystals are not available, and suitable
and commercially useful substrates have not been found. A suitable substrate closely matches
the crystal properties of the target material to be grown; if these properties do not ¢losely
match, the resulting material usually has an unacceptable density of defects and dislocations.

25 Specifically, in the case of GaN, crystal quality can be improved by pre-treatment of
the growth substrates, e.g., by nitridization and other chemical modifications; by growing thin,
low temperature buffer layers of other III nitrides, e.g., AIN or GaN, by thermal annealing,
and the like. Crystal quality has also been improved by exploiting epitaxial lateral overgrowth
(ELO). Despite thesc advances, available GaN layers still have significant numbers of defects

30  and dislocations.

Such problems have hindered development of alloy semiconductors, e.g., alloys of
silicon (Si) and germanium (Ge), Ge layers on Si substrates, and strained Si (sSi) layers.

Although crystal quality can be improved by growing these materials on buffer layers having
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20  entities which are bordered at their base regions by the original support substrate. The
parameters for the formation and heating of the initially continuous layer of material arc
optimized for producing island like structures appropriate for subsequent material growth,
e.g., epitaxial lateral overgrowth (ELO). In particular, the parameters are optimized for
producing island like features having suitable dimensions and spatial separation for providing

25  high quality material growth via ELO. Such process optimization is routine in the art.

Following the formation of island like features of material, a masking material is
applied to the surface of the substrate with the island features thereon. The masking material
is applied in such a manner as to result in substantially covering of those portions of the
original support substrate that remain exposed between the island like features, while leaving

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

whilst at the same time masking a significant portion of the base substrate.
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and then propagated into the growing material. Defects in the island like structures that

intersect lateral facets of these structures, when they propagate into the subsequently grown
material, agsume a trajectory that is more horizontal than their original trajectory in the island
25  like structures. This bending of defects increases the probability for defects with opposite
burgers vectors to meet and then annihilate. The subsequent epitaxial lateral overgrowth of the
material over the masked portions of the substrate with the island features thereon are believed
to result in defect coalescence/annihilation in succeeding growth layers.
However, unlike the multitade of prior art related to the use of ELO for defect
30 reduction, the method and cmbodiments outlined herein do not require cxternal processing
(e.g. deposition, lithography, etching, etc.) for providing the patterned mask. The
embodiments outlined herein therefore greatly simplify the ELO process whilst producing

material with a significantly reduced level of defects.
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and respect to the semiconductor material, and the seed material acts as a promoter of growth
initiation for the semiconductor material.

25 Further preferred embodiments provide methods for growing a layer of a selected I11-
nitride semiconductor material with reduced defects and dislocations that include the steps of
depositing a layer of a IlI-nitride seced material onto a base substrate, then thermally treating
the basc substratc so that a plurality of island like structures of the II-nitride sced material arc
formed on the base substrate and are arranged without regular pattern, then applying a

30  diclectric material to the base substrate, and finally epitaxially growing the sclected I1l-nitride
semiconductor material so that growth initiates primarily on the portions of the island-like
substrates not covered by the dielectric material and then continues to form a substantially

continuous layer. These methods preferably also produce layers of semiconductor material
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mat eri al silicon nitride or a silicon oxide or m xtures
t her eof Fl‘ e%w%{e%e step of thermally treating is such that the
island |ike stl’trcfemhllyemc lrrawleingimamn'ekia@eds@aﬁélergri@mataeialvﬂa'ch edndheta silichn
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R e I
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material that has a substantially continuous planar surface and that has a base contiguous with
at least a portion of the seed material of the island like structures. This layer preferable has a
defect density of less than about 5 x 10%/cm?.
The term “substantially” is used herein to refer to a result that is complete except for
30  the deficiencics normally expected in the art. For example, a pattern is "substantially random"
if it does not appear to have any regular pattern upon routine inspection. Thus, a

"substantially random" pattern need not be random in an exact mathematical sense.

Furthermore, an epitaxial layer cannot routinely be expected to be completely continuous (or

5



Preferably, the masking material includes a dielectric material which
can be a silicon oxide or a silicon nitride or m xtures thereof, and
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l ow in conparison conmon
the sem clindgclioyGd,aghere y 7012, émhstprltfa Iy no dtfeets ela:bdlsloéatﬁasxl (ora low or very

bstantially. t d 10 tions" |
dons: ty PP S5 EE bEuiRRS RS BRETD B o b Rin Pl Saiaiaor o
def ecly ordedléifiésasfadsh eHan dﬁ;ﬁl‘akiﬁﬂaﬁﬁy o thb@scﬁ:r bheol/capps oiome] aldespaidlpaess

order of 105/cnR. to 107/cnR, and especially |less than approximately
on the ortB#yapgroximaelyop ther?féerdgflgé?mdéﬁgﬁcﬁ o APRUCHPRUB CeP Hi t ri des

I's measureghshyiBL ﬁ}p&?ecwnh HKIQRUHorls© (Grrﬁ(?é\? of ¥ hdRbedshty bP& ol or
i ncl udi ng, atomc force m croscopy, O tical m Ccroscopy, scanni ng
el ect r on dislegagignso pytakando refer to herein to defect or dislocation densities of less than
approximately on the order of 10%cm? to 10°/em?, and especially less than approximately on
25  the order of 10%cm?.

Headings are used herein for clarity only and without any intended limitation. A
number of references are cited herein, the entire disclosures of which are incorporated herein,
in their entirety, by reference for all purposcs. Further, nonc of the cited references, regardless
of how characterized above, is admitted as prior to the invention of the subject matter claimed

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

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

scope of the inventor's invention.



15t ransm ssion el ectron m croscopy. The preferred method for
measuring the defect density is by transm ssion el ectron m croscopy
(TEM . wo 20doheszzexanpl es i ncl ude sem conduct ors conmpgraisagis/oce1end
Si. In the case of Ge and Si, e.g., SibyGey where y> 0. 2,
"substantially no defects and dislocations” (or a low or very |ow

density of defects or dpRIPEPESTIBIPTION OFIHE DPRAWINGSO herein to
defect or dislocation 20densitites of Tess than approxi nately on the

order of 103/ ci prasemtdayestion manbe wlsestqodmare fdlydytrplgrenapiortbsfottawalgy
on the or

aubst antq ' e AR d Bk GBSk PRle SRR, Fuliyy |
density afxadplesof @ecirﬁc dinbbdioabfs (oﬁﬁn)e inentiaked the:)appelﬁcmd ftpores én whmhi o]

def ect5 or disl a}th geenm tlﬂgﬂ Ieacr? t han approximately on the

or der “of 104/ r’& SHFESF ARB MY BEBEFT BPFS™ ess than appr oxi mat el y
on 25t he orderrigf 2A0%ilGePate ste bofd![ﬂmdﬂlgﬂlbﬁﬂﬁddﬁ@ﬂhbﬁﬁ@xhﬁbnf or clarity

only and without any intended limtation, A nunber of references are
cited herein, Fifhe iiefs appemrieel e yentigh & are i ncor por at ed
herein, in theig saNhdmekY fulier EMIEPESe BEnhl PUTpoSes. Further,
none of the cited references, regardless of how characterized above
is admtted as prior to the invention of the subject matter cl ai ned
30hergi n. Furt £p! ' Iaéf; ' ' of
t he ell enent s opﬁp@r b DE ﬂﬂd}e fﬁ% L Dk fQﬂ'sng
det ai |l ed descrlihptmatimdanﬂthaﬁmeﬁmmbbsh'medtt&aodmpeyeﬁa‘oftsbmicioﬂdmtdror s

t 01 P 8/ 071 99, BRI | PTI.ON.OF. THE
DAV NGS Tater AT v e S eSS SATTE S Ih B De B A I SA 0P Ty

ref er encejuk® ﬂl@%rcfc@isir@/ﬂtd@@ tighe prdilosthe estdingifiderec@fand hmoraatﬁfneeruhﬁg
enbodi nent _ of t ngr esent invention, illustrative exanples of

speci fi c ®HHEd; ST apemisendustne mateois! BrELY reusipp dsgudadeidglreddispgation
whi chys 5Fdegsuyloﬂtﬁé geﬁﬁéo%@aoﬂﬂat&mnpl ary prior art process; Figs. 2A-F
illustrate steps of a preferred enbodi nent of the invention; Fig. 3

i | lustrates arfinskawplas 0bé bri¢fanirodueian, the;siganftram cgffem:mrels betsteemthe snethods
]I;llirE}:EeRrRE € %ER];[FQI 10{1 DYER t Iw%nmet%%gg-liﬁistfrg%h%%s Cﬁ h%hqftelg‘ggléor“\r}%
t o produckisli@aenstionf preforied emtloditrents wétheinahtion 4rb demdhab\dnls tofdrae to Figs.

def ect/ di.s|l gcati on .densi.t bel ieved that thjs duction .is due
Lo the pritebe RS ERdeschbeRBiErarE s an bitho o HETEBIY GRghehes
di sl agat i0 cefehREcedily aod Withdk BNitBidH, thd fSIIWiEL BEhaEHn 4B RTlea keflect

t hereby reducing the surface defect/ di sl ocati on
common characteristics of the IlI nitrides, particularly of GaN. For example, 11l nitrides are

often necessarily grown on substrates that do not have closely matching crystal properties.

The growing III nitride layer therefore often has numerous defects and dislocations (generally

regions of disordered crystal structure) originating at the substrate interface, continuing into
25  the growing layer, and emerging as surface defects.

In established methods for growing GaN layers, a substantial continuous GaN template
layer 103 is covered with a patterned mask and GaN material 1 grown through openings in
the mask. Fig. 1 illustrates substrate 101 with template 103 that is partially covered by
regularly patterned mask 105 with regularly arranged mask openings 107. Regularly

30  patterned masks arc usually prepared using standard photolithography. Next, GaN is grown
on the masked substrate so that it first nucleates on portions of the surface of template 103 that
are exposed through mask openings 107 (instead of on the mask), and then grows vertically

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

7



15density of the sem conductor material. First, by way of a
brief introduction, the significant differences between the nethods
of the prase@nbpjomisenti on and known net hods (il ustrat e®crruskiogoriide
are highlighted. Following this introduction, preferred enbodi nents
of the invention are described with reference to Figs. 2A-2F.

Exanpl es g¢ ﬁas}khth@%ﬁ%'tr‘a@%ﬂdYMaElhm'éf%fl@l"s %ﬂﬁﬁoﬁe@l kbe&ed dhd if the nFéékB?@ﬁngs
for conci seness 20and conveni ence onl y a without Iimtation he

f ol | owi ngrelerepsypirhend aamd afienutias, th@tateé@b' gownePadhHPavillevprinalysoalsce
the 111 %%rhdaelﬁ orRtthcul arly of GaN. For exanple, IIl nitrides are
of ten necessari grown on substrates that do not have closely

mat chi ng cr ysﬂmtomnas!ppnotesees of Teeingmoion Aegsctibdd heidim, iinigallagrew disventafuone

G sor dor aLRpa Fe SRR R s G A POt eoubiee & Pifbafrade

cont i nui Rgiok Bt GheRirt the masiang ngeﬂ iafteihed 8¢ REDGHY iBGowH tiraggh the
def ect s. I n_established nethods for grow nf; GaN | aye
Ye

subst ant itamagksduegionsu & isaf N ustipteathes qopirast WIF% yhere &@MO{ ﬂthsr I

patterne fdrkh RHED, ARRRH A
sk i o e o B o P AR 2 o i

parti al | yycouds erdbasy smt@g@tre &r INexp aracessescef thaiskentios gwivt (prodgoviae figposit)

or epabod et SEFARRET (e R RD ke B R L ORERTRRE], RS uRg v

masked s uhakmgtperth vhiat bage stibstrate and cec@d™e Hlaads, tarhasking nodteridhe

surface of ate 103 that a expo. d t hr

(i st ead GrrGRIRa Ry o R B R oy P AP PR B aurr T Ra caver

openi Ngs.ex @eg srtibhed thshdgege of growth the GaN extends laterally 109

over WD 2009/ 015337PCT/ US2008/ 071199 the mask. If_the substrate and

mask mat eri al ¢ EPBSHREhTIrgcesEnBHensdradcied PrlewWni dkeanpprent thaithese dnitial

pr opqr5| y sft@@ﬁ{%@ ﬁ%ﬁltmuo%g is‘f‘atnfd?aﬁdtﬁ@n m%.&evdhﬁ:h% h#ﬂlﬁcﬁtt@m%en%ngﬂgds
event y coal esce to forma |ayer of I n contrast

pr oc ess eshajfgrct‘fheontlmu@mtlmm ahd $leami thasl. ﬁeﬂeurrrprovedlpmcastsl pyojeskipy this

di sconti nuou ructure n n ose

por ¢ 1 ons BYetRRElERd sl feREnt Ll n bl RN A s bt TBR B 2R, 0,

maski ng |dagtdlbution of ﬂfoﬂ@dbfédtsr thht can dntdlqmnﬂmwtergexgxfd)attﬂamyt prouwgle fabus.

unmasked regions, Fig. 2d illustrates. this contr nore cl.ear|

wher e GaN (o TBRh PRITE iR OB Wiz RS Pt Thesene EHEIY R of

separ@t egrbdlcdNdsmakinB  EforsRaP erasre infddkia 3 UREknBbhA4rt dsnited b @&hysical

substrate 3. Next, processes of the inventiaon grow (or otherw se

deposi t) HPUHESR ofphriefighoprphis fechaiqyes, ¢-gj for stihe rnpiioneys dsmensiatsddn Kig |
in adi Seﬂﬁtﬁdag Hﬁentfohgfgmttggg ﬁﬁéﬁﬁt{%ﬁﬁégﬁ? Rg%ﬁth%l-ﬁplﬁé tdeMEqRASE: sufficiently

substrate an he GaN 15l a mat

di spr oporlaigenahehat wdep dei Iatmggmwﬂt facesrasiesaesuhnre rsathagh probabdlépttimt crystal

ST el et AR N AR k0 Rl ESARSRA, RO R0k o e SHRR YT Ehn,
though er processin eps are ‘descrl el ow, Tt 1s appar

t hat asheskndityi dfidefectd 5Stthe pSmgdSﬁ‘nAErgeS.ﬁ‘OﬁEen mlwiu&raﬂ svagdsndngst Thaeioas k

which is S|egn|f| an d|ff t hods .t row continuous

ayer's. armherners i Mesiomp e st Ly HBsL nsh s Hatp g on g Sovce

defects are non—rdndomly distributed over the surface of the epilayer, resulting in areas with
high levels of defect densitics and arcas with comparatively low levels of defect densitics.
Although this non-random distribution of defects is satisfactory for certain device with

30  particular gcometries, i.c. laser structurcs consisting of thin stripe geometrics can avoid
defected material, wider area geometry devices such as transistors and light emitting diodes

have a device area which could comprise both high and low quality material. A mixture of



invention lead to significant advantages, anong which are a | ower
density and inproved distribution of those defects that can arise
upon the RpHampHei31 aterally growi ng faces. Further, phic@fusddobior1ise
processes often utilize standard photolithographic techniques to 20
produce the masking regions and therefore nmasking di nensions are
limted lﬁﬁtht}hgh RIS llhtk'rﬁﬂtérﬁﬁ bR Qésem%ala ﬁrgg@egaamau&daﬁmﬂmyes
e.g. for stripe for denons rate FSI

di nensi onwtlmmilddedepﬂrfoomgtcest andard phot oI i t hographl c techni ques are
sufficiently n th |.esce
there is a hlg (%l(r?rg% |I|epl3) eclznrves allprgéq%faa %&vap@ﬁ%opsggfﬁ have
occurr ed diwtiveien, dabrelt Mmgmlgwag:le@sw}sdfalefefcfsomirs refndsmlyt disigbuted eveniigh

25density of d fects at, th oi.nt of nerger. bet en the | atera
over gProwrTUHaesd thepflatigidgca! avihePhegEeTdE Snfign PR ‘\‘é’ﬁéﬂﬁff@e? ﬁveiable far

enpl oyi Nae1sY L o%gdmﬁl@m%%lml[He%&uctﬁﬂ%@oﬁMfr{cﬁ%t%ﬁ 8B{rHuret Svithout regular
non-randonm y di stri but over the surface of the epilayer, resulting

i n ar eas Pafter (hpigh distieyted Gendgere'car "sibsigntialygandenly r)éatsvew which 2
conpar at 'dY&.% i 8|M\£Dll é{'%lf§1h? ndrq d%%at&ﬁﬁ' fe&‘t‘.r mllf‘lmt #g(%}t 5mlisex|pObegEV| ce

non-random di str |on 0 ects Is atls cert
wi t h 30pawottions bfithe @mrsebsrtnat:_es Thee istandk asa@aTalﬂy RCiGE medsfom@rmmcsmgmgbsement

thin. stri netr a oi d _def.ect

CoondDr v G, SRR ER ok AT S RO B LRE % (RielY duhpee HirtSh oB aEReved i,
devi ce arseadwhipbstoitbgdpgo fBHclu&e ob&ich clvisg bpading (hrﬂlvﬂuﬁﬂkﬁﬂcldsy slfmingﬂjeﬁﬂfeen
A mxture of WD 2009/0153 CT/ U?ZOOS/ 071199 both h| and | ow

qual ity pral prstalgres e‘O(Prtdr‘i’ qqtsgrgprﬁéqm@ PE‘@“F‘ %Fé? g'ioﬁ‘érfﬁfé‘?mt )

opti m Ze%@é‘%’ﬂt‘iﬁaﬁﬂﬂ&%&ﬂ&ﬁﬁ@m&g@ GAL hleBidls of iACernBh ARASO@NeadNE fewer and
i nvention produce a nore advant ageeous defect distribution, nanely

havi ng a reusieenly diswibiteg swfacq efvstel éeferit.e randoml y distributed over the

Ssurfgce of t i o1 S

subst rgat es fa@%?llegf{rreafe béﬁéﬁ@r%ﬁg an‘%g%aw nggﬁg}i“i’ﬂég%wérlé‘gﬂls@ 8%?‘3‘?65
of nitri debsratcar eEitaxwi gmmtfbmﬁtbdmwﬂnﬂbcbmnwce@uﬁalrmgamlehau1r(md1aormspleates
di stributed, "ran " or "substantially.ra m bet ween V\/m

i scont 1 g RAGEEe Sroctires JBATS PridaanibBR ST hrerunra Ak

nost or ahh a@XPUREd AN spitikial BRWIRSEhE tHiGldE@ttnicotdactbSmaedsl.

preferably act as seeds for, pronoiing sybsequent 10 ELO and are not
only rand:y aEhs Hiemaskiag metrialgreder la§emngepageerw@ﬁ '“EHQ‘% ss@sbved

Wi t h ot a@?ﬁ&ﬂangmtﬁloﬂﬂaq&e@&hxemésﬁc%ﬁﬁ nidferBHEhy. Gl 10SAHRRAGhREnd1RRA
simlar close spacing between |ateral crystal gr ‘owth fronts), fewer

def ect s anaerpllogs dittlshaamopifiation] ormn@imt@n@ﬁ@w pitythe mewkia s faver. dptother
I sland | 'v!foq‘ El{e sg{ g%d%{% ags ref:g 99@5%@‘[%{%?[%%(? s t'atﬂﬁr Et?&?nté“ead

to fewer ran ute sur ace crys ects.

preferr edmﬂnrhmﬂ:cmmh@ntehﬁmi semicandhdtorkmteriai (g L Bl-nitnderseseonduiotori al s

t hat prormte ubsequent epitaxial growth of the intended

sem cond4'GPhat erial that initiates or nucleates on the island-like

strugiures. | m?uﬂhdrteﬂvmgdszofth@ﬁnﬂrsizeamlodehdee ofthisugddatien @I@@B&Edﬂ"@&i
materials that can act to "seed" su seguent epi taxial growt h _ of

th
i nt ended S4blEHHIReeBRINgaYiEY3 mpte defilehdsscriptind ahthaareigrremherapqdiments of the
pr ef er abliy, GABPHHUE fSURUBREES. Fhaly, HenfhoR $PRRPHER ed embodiment of this

invention make usc of a base substrate 3 with an exposed surface 1 suitable for the growth of
gallium nitride (or other I1I nitride materials), see Fig. 2a. Preferred base substrates 3 have

30  physical properties, ¢.g., crystal lattice sizes and structurcs, cocfficicnts of thermal expansion,
and the like, that are similar to GaN (or other III nitrides), or that otherwise promote growth of
high-quality GaN. Preferred base substrates can be non-composite (i.e., homogenous), or can

be composite structures, where one component provides similar coefficients of thermal

9



20epitaxial growmh of the intended sem conductor material (e.g., a
[1l-nitride sem conductor material) so that little or no initiation
or nucl eaty@Ry@fmedsss on the masking layer. In other wWorpdguskddgum71199
rraskl ng materials preferably conprise substances that act as
"anti-surfactants” with respect to the intended sem conduct or

mat eri al [ @m,ﬁ L 8hilak) I g
advant ageegé(ﬁ %@l?ﬁgd%ﬁdt?ﬁfggbgﬁgi ssegggﬁgtﬁ%ﬁiﬁzvé%ﬁ gﬁalg(?{ éfaugéc?rl B[éd
subseque rmhlylplebeeg]mpusmgsubstrdﬁe mayroosistef aasabpldred@smsmlp‘m-omscﬁ (ar 4dN)
preferred, enbodi ention L th . reference .t

B ratl v et EaLR Ao b S e o s R e FhBus Bt on
make use fblfmaambas&efsmbﬁltthaélﬁta&amayér arl thx PiCs@H ASNY fracidesla match abhe f or
the grom h of ga itride (or other. Ill nitride nmaterials), see
Fig. 2a. opfidrisnt %flah%a@ CXPARNYY, Arcuentaeihicl kit sfioehffrai%ﬁnzﬁo@omce%lmg

e.g., Crysha coh@%&ﬁe%%bﬁh?cﬁ%n&ﬂﬁ St Gl ifSted %O@Irﬁbﬁllﬁma&)rq@amb@r Ykon-
expansi on, and t i ke, that are simlar to GaN (or ot

i L1 desyin iy ie-cobEHMERC I RIE Sngp v hna Sq’%mﬁi@yoth@w““b‘e
Preferred, Q%ﬁlﬁlpﬁﬁgss%&taﬁﬁ ﬁf&e@%rpﬁ{%‘ “SHRERAsbIE b(lflcoﬂ sthg)es K h?# arm

can be comnpos structures one conponeht provi

coef fi ci eindenidoflithiner gmhlbte MBI v 0L ik 533d Iﬂ(éﬂﬂddsaﬁﬁ)&p@mdwngm‘pﬁngd on
and ot her c onen vi de | ar crystal,lattice_.size d

5t rudtur es. 13 3 Rl bRl iR ST EDeE B bese
sapphi r e'sQBstiabeElJ k}aat@efe@ﬁmﬁaﬁér(c@mpﬁmg a plufalied @Hrﬁcleil\ltl eilicddféess 4 apdtits e
provi des a reasonaple lattice match, ?%Elredto jmt the formation
of def ectdsqribingfRicleaiqandRy . thayes hereip @l the derey e%lsartwm MR- ERitayal

mat ch i n d-hemeeeddial gﬁ?\?\th%@n&ﬂﬁ)} @%'waﬂi? Bé%ﬁé Qh HRIBHRIM bR ot At of

[1l-nitrides fromcra g upon “cool 1 ng her conposite substrates
i ncl ude, ointtegrystales Whigh seswe 48@6@@&18 Brosih afmacr()@amclcyystais The minute

S1 1 c@non pedisl L0t AR LSARRC) oRRtheBhizcRn: BT RIKEA! o

Si C ('S non-co es I nc
sapphi r e,grewthi ac@nfem:dm gk nusledtiontinin thc tdse oﬁembnmdbgrogﬂi wlvhmlmnwui@esmode

lithiumgal]ate, lithi.um ate and the hi re being
pr ef er  dTGRAPEPIPPHYS o 14 To: S SEORRY U O otie AL B s ons Shd
nucl eat i Qﬁys]teﬁ}’)ﬁfpeﬁwb sf @pahdleidyl Og AmBRIAE catidS td aBonstdng propettRa hiogh

| ayer corrprl sing a plurality of nuclei 2 and defects 4. Prfl or to
descri bi ifOHIBHERIAFGANTISYIONS and FEPEHES. e Biclahen g gpters to such

" nuclgat i Qfacd RofHls W HAMAr acElEHVE@B %po@ﬂh@iﬁ%ﬁbwﬁ@ BEtbEeY Shyals, drWhitace

generally) typically begins with the spontCaneous formation of mnute
cryst al | ichemioahireskmessy, veb}agthsnate@@bfor the growth of nacr oscopl c

crystals. The silal EndRERYIPRALL blofRi A6 (SR 1 phSal SLALRIOAS i seected

"nuclei™ 2 an processes- o rratl on and rni
ar e ref erspathl densitg atiderith eaeatmwstdlmrdmﬁ1es abetho preegit p&farmld cgibodintent, the

St ongly PGERGRORH EREleal R A AL AP BR g g uele

of thg nucleql bPow @n@emmﬁ’@&pﬂgw@[m@ﬂeﬁy e g pratetOREsuBAENtRIIY REitinuBEs
nore stable than other configurations and properties. The term
nucl eat i dAyer-aydien descebigg thy nugleption layer as continuous, it is not to say that that the layer

necessarily consists of a single GaN crystal that covers the upper exposed surface 1 of the
base substratc. In this context a “continuous” film typically refers to a highly denscly packed
plurality of GaN nuclei 2 which substantially envelops all or almost all of the base substrate
30  upper surface 1, as shown schematically in Fig 2b.
It has been demonstrated that the structural, electric and optical properties of a
subsequent GaN epilayer grown on a nucleation layer is highly influenced by the deposition

parameters utilized in the growth of the nucleation layer. Therefore the properties of GaN

10



20surface properties whether achieved by deposition/growth of buffer
| ayers, or by surface chem cal treatnents, or by other neans.
Preferred wygshpaidsen | ayers pronote GaN (or other 111 nictfuse®@3/071199
nucl eation with selected spatial density and with sel ected crystal
properties. In the present preferred enbodi nent, the growth

condi ti onsiaferd BBsdAUGHEAHON FbANEE niBHiSEIaS &8 relithtRh AULITRioR 11l
density 0%?1 gaelr\?t nu?:elralei % (e.rg. bynl ow tea eraatrlj:r_]e deposi t%oonkgy,e

t her eby fdspoxitinp rargmmaiérereadh layesthivknentdrewthyate oleppsitimuts mpergiare ctthlars
descri bin he, nucl eation | h..a i Ny [ t t hat
that t he ey iffcsi R SR IaT s ROPAP Bty Byt Gy flofdt s Ot
cover s t @0GQRe moex pefedblpldsd theesD) ©f ortil e nivasgreferies embbdimentrieds tham 525

cont ext "continuous" filmtypically refers to a. highl ensel .
S okes oG dom Gt b kil LB aftc s gy YA B3 iigfeasine
al most  althe }nsiP6 RRARBHGHRRS bRk SclXUHRSE subltk @GR dhg t88n FRAME in GaN
schematically in gg 2b It has been denpnstrated that the

st ruct ur @pilassr geality GeaAmany el dlahrpiicd Baysigsdstigns, 48, 35 d A8k ntheaaleation
" L an. s chighLY ii "
epi I ayer I%Fe?a 2fndd &Hﬁéﬁﬁ%@tg@a IL?]}M t edsDf ngﬂxd% flb({‘{%ﬁayﬁf}ﬁtﬁg gﬂﬁ‘er&lﬂf less

deposi ti o paraneters utl e growt e’ nuc tion fayer.
Ther ef or ehdnh® ppn opi@ra mes podfferGaNmbAD RN BAOh &S 3 RACT/ TUSARDSH10T laye&9can be

il t f t.h | i | . | i
ohel T el Gl s EHC b h ST e B 1 G8wn P sl bt g PllpeR”
r at :a, ?_epﬂﬁi'tetlit@ ﬂh)ﬁgﬁﬁbﬁ_ fpaif dld’pgsiﬁ?@,.spﬂltt’tlr a?gmm‘bﬂ,rnlﬁaécmt ﬁfhﬁtpilﬂixy, Sp%n-(l)n
nucl eatl on ayer (Y or ne al .a rel a ve ow te erarure, o ess
t han 600 I@tﬁqd%ﬁaﬁi ghemiel ¥ppgs depesition. Inps¢ess @Oékmw"gﬁ%%%&oaﬂ& red

embodi Menfcle8ifch bR AR Py thh ONidus AREI0AS Hf Gichite! bl 8dposiBiSn KW fdcn
the prior art, is highly favorable for increasing the density of
nucl eat i cHamspledrchetingbu apelinid hayesnucgndencad £V, aamindpyeidC¥R. i ncr ease

in eni e Lt Ag%p ]T.A.&RJ J- i\cS Letters, 48,
353,661?982?4@};‘% anﬁcﬁ{l/gaa%ﬁ?%ﬁﬁ ﬁgy r lfa?l)e%lp gli‘_pera r ec?lltg%{)@g\?ﬁ nt has a
t hi ckness of [Thsgrastian of 08 afmgmantionw wirje ebeeativhyayeeslont tearbe Msuffiniant
in a nor referred enbadi nen s than 50 nm The nucl eation | ayer
can be- 107 BroRish bns S REh Bl e GRR EP IO AT eV o Y BB R Bl
Iénown_ i N tidAgnent bf a ﬁﬂ’dzﬁdaﬂdﬁ Rgervdh rd’mlli‘. ild igﬁeit@dnip@)vlaﬂjbsée(faﬂ higlegelity, low
epositio sputter. deposition, nolecular pbeam axy, i.n-on
me'to hods éﬁ&%&ﬁé‘ﬁ‘i%%}m?g%?n' ‘ ‘%Wﬂqk@?ﬁénleha& ' '3 Pé}y%}&%@m?é 5367,
the ixvenign HdaariRse ﬁg.tzjbggmkﬁxﬁeseo&l i1 B Ha sl ¥ullshiBte\sadolv S wim tRGHSial
of chem cal 'vapor déposition (CVvD), for 'exanple including but not
limted troclepicadnyer hisdneted topmpearbig deiweto novmpte 118 trastarmyiogafithe
CvD and J N i h
Che. af or AHElepi R 1ol Ehe P e B SRR o Gidrls, ariiiel | FRERE feolly
t o provi gatten")esnbaiantp!l by sghtialjy atparatedGandyaifInétyide matecwe Weéhen refetringHo the
t enper at ur,e t her .r.eat nent .of . a . nucleatio [ resul.t i.n a
Crancl s Edre R B h e MG T PE bR R g G FOie e
mat erjsal segis@ebcWekendiennd arafred Oftinidk nteriAPgl shewn Bhyigi2e stherd May 3867,

remain a small amount of residual nitride in some regions.

The heating of article 6 can be performed via a variety of means known in the prior art
including, but not limited to furnace, oven, hot plate and rapid thermal processes. In a
preferred embodiment, article 6 is heated via the CVD reactor utilized for nucleation layer
30  formation, thercby eliminating the need to remove the article from the reactor and the
resulting problems imposed due to exposure to atmosphere and growth interruption.
Prior to outlining the preferred parameters for nucleation layer thermal treatment some

mention is made for the basis for performing such an annealing procedure. Although a low
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201994). Referring to Fig. 2b, article 6 (conprising the base
substrate 3 covered with the initial nucleation layer 5) is heated to

a tenperatwpeppesspt € to pronote the transformation ofpdi&2008/071199
nucl eation |ayer into a series of randomy arranged (in other words,

arranged "w thout regular pattern"), substantially spatially

separ at eqehﬁérgﬂ%snugfeamr{ bl A4S e@rah 3h rovghetﬂssé ﬁ;r‘:s‘ﬁlg nI é"btlra?é (g‘rcﬁ»litﬂrﬁgsthe

as subst ant l'y separated it oul d under st oo at al ugh th
maj or it y redctarienxBataryi mmrebadwewrds ﬁeN|gs¢veth¢1@nW%utfe$ ée. %G‘O ﬂlIOtO| °éllé the

mat _eri al sftflge()%he mmal &c?eahor&p LB mérhhczwlil rr?'he m%fa? (Eleat ol B%QII 150

resi dual e in sone Teg ’tlngo
be perfo rtypdauyl agldy defiected ausub t}irmcasmrﬂmn\@fystam piopertips bedwearthe bne buldirae,

but not ted to.furnace, .oven, hot ate and ra id.t er ma
pr occésesangqlﬂi? I&“’tﬁf‘fé‘?rblﬁ?%d Refrgong R 20 HL? Mgl 2 fnutipaion We&?ga‘f%e C\VD

react or W didiBRuhRficsHoaliga FRM ham@ﬁtfysﬁjt@{dmbwn , TRNRIRPYomprise faceted
ellmnatlng the need to renove the arficle fromthe reactor and the

resul ti ngIproistusssshitiepopesscss biethitbe cnpdende end wurziprsynvd seudiig, yhithihe

t ty t
nuct eat | op" reprsretyie olicph Bl Aol te\OnBBAD L AR R L,
for perf afeﬁacmgl (s1ec tiislapataneetdcking fpdisredenved within hioumgtrida nbdw Na®ertheless,
2009/ 15337PCT/.US 8/ 07 199 |.eat I d
B e G PR LR B R s PR O =

t enper at uffsfofmdtidarsas glicé @hRh sulbaiN OheMithpte P eryatalling Stridture (as39khown
1100 C) the structure of the initial nucleation | ayer evol ves

si gni fi cdAth82™The initial nucleation layer is typically highly

defected due fpnfoheqddiisRafihd ﬁﬁehﬁhl %Mﬁka«dof@ﬁeqn@reawﬁap&ttmm&éﬂe base
substrate 5and the nucl’eation |ayer. Referring to Fig. 2b, the nucl ei

2 of nuclreaphalpgy efitbe lagerrhorscs ryrarkabily (ee Eigdr} repdinmiorrandgady araechi gh
qual ity TRLET e udEQNE R witl§y ét?%ﬂ %ngséﬁ JaRERISEE féQnﬁm&éJ&ﬁHFu?éls

t hat 'Can possess botﬁ&t he zi nc 2|te cryst structu
whi | st t@edtlgwnpmvp@asadanmasmmi/\b)hthemduicmomnsde&cte slndrvausgphemata:ally in Fig 2.

trib t t h f di | t
ctacki ng THAEPIELUBER 7wl haEioer Ro W efedn ke pi Bl ok e
10upon r &k dffike RAYShatures e @f, defaers BYE hiebl)| &l theygaliat atendBytantiaily

optim zed. conditigns, a. transfaormation takes pl ich results in a
much i nprisvhe sy §pm the ivlnd sidg ficgises-g adef; F@bvkpmﬁ%ﬁ Thig distipgtion iy innegan

det aidy, %&a&agtﬂef&ﬁm&kem& hRBAJIEDA bga‘avfob 8F M BheatQ 'Eatle%)ﬂ%ﬁ id ettt f ace

nor phol ogy of the | ayer changes remarkably (see Fig resulting in

random y ar r adgedpo known in the art, nucleation layer growth parameters (1 e. thickness,
temperature, gaseous ambient, etc.) as well as the nucleation layer heating parameters
(temperature, ramp rate, ambient, hold time, etc.) can have a dramatic effect on the subsequent
characteristics of the island structures formed and consequently on the final epilayer.

25  Therefore, the parameters for the annealing of article 6 are selected in view of the subsequent
application of ELO techniques. ELO is known in the art to produce substantially continuous
and monocrystalline layers of GaN of better quality. However, material quality can depend on
the availability of sufficient growth sitcs from which ELO can be initiated. Additionally, the
spacing of such growth sites should be optimized such that ELO from different growth sites

30  coalesce into a monocrystalline layer with minimal grain boundaries. Generally, it is
preferred that island structures 9 are spatially separated in much a manner as to promote

subsequent high quality ELO with a spacing on average of between 0.1 - 10 pm and more
preferably between 0.2 - 3 um.
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15island |like structures 9 with side facets 10. The crystal quality
of the island like structure is greatly inproved as denonstrated by

t he reductwgaud)mlaggf ects shown schematically in Fig 2c PCTIMR2008/071199
categories of defects are apparent in Fig. 2c, those that are in
close proximty to the side facets 10 of the |sland structures, e.g.,
defects 8 (a gnd.fp) aram@erg hﬁ?%ﬁcltemh1§/eﬁ§l%wg§mm%@almqg afe%#tiﬂﬁfed%"?&ﬁn
fromthe island si facets, e. (a and . Thi's

di sti nct indmid zslandptyutttarm with be@mxw Sphenmﬁixeme 9t1 pk&}pagad inore preferably
behavi or .q de t ego | S0

known |nbthveegr t2t Vﬂl et tfléglﬁ%ge% 019 { OCP\%FW%’ g’ﬁe Ig}%tthtbetwA%hl fess,
t enper at lgr@sythg"mmulan@hﬂntpm\&tldeﬁect&ﬁsluﬂhbn dansithef matetigat i on | ayer
heating paraneters (te tO,JH .ra rate, gﬁlent f@é{mld tinme, f)
can hage’a. dr Rerred 67 BtEoH &t 8 inequatsrie] O iyepliod 44 WRCh iR

i sland sta#qd v @omirigd RRIMERASSHGRNE bate Mbsire ahd MahitaRE IsAKE Struchies),
Therefore, the paraneters for the anneallg of article 6 are selected
in view orcleisblysnpswanesse thyb pisicaticpapogionl 6ide Espinil§ @b the isand liks fravean
in the ar RS A0 | PRSI SOHHTRARG LY ik Rhché B

| ayers of Elgaiﬁln%?%gltg%erﬁqg‘%?ﬂﬁ%% I-%bb%gﬂén rr%t er QYQ é]uafib ty cgn depgnd
on the a\maskmgmlmgnyﬁcaﬁt moutidn dfitlenbase substrite Si ﬁretsthérrmrdmﬁalgotﬁcﬁnt(bodm dﬁe

initiate diti aII th acin wh s hou

ot 1 11Dy e i qrab s ik RaG Ak Dkl MNP ichER TARREREE
nmon ?cr ysgﬂdttmalmplbiﬁy&([jy Wnilﬁsahtwsfmgesq\rlﬁ:tlfhcbmﬁamman@riﬁrrﬂﬂddy grovithi S
preferred that isla struct ures are spatially rate

manner ag ?rﬁbyp'ﬂfB'ﬁ‘BS cree le HEHD s ‘?adtR? B.“é)oaﬁ“?gl 3 &&E?%@%’Ranh'
average ofrheidesieRishnto 4&chid ﬁ@(@nﬂ%ﬁ@ng@ﬁ ﬁﬁ:%ﬁ@me)gr@@th‘kﬁ%ﬂcsob@

ium WO 2009/ 015337PCT/ US2008/ 071199 Over al Far anmeters for

nucl eat i gaducingdhe gickingisoefiigicarhedhs wgbéﬁ@y@ﬁﬁdsmm@ﬂ of pchenripgl spaciasge 2

isla st r - nd
mor o o or sy TiRiefiet fh G AR RAR APRRLABLGcEh MRR Rl predbldher]
of cryst aldsctrpﬂlctn/ aIWm;ctomwltmaf Qaaner tht agfr- mmfdntaﬁmléta@q anldessbﬂeqilermgy iprevents
irrproved efet/dl%il(ﬁ t ondnS|t J l'rl? eterrln now.t o
Fig 2d, d4"%R{Y2HES %Cﬁl e Ffei? 1%2]5% YEYreneE” d’i%%f SUPPAER of
article Ieléduod nedribls;aainbes 60gth Aatdrian comptibesi hRaoxiidhsilicah aintded ahdie
nitride island structures), preferably in a manner so that a

signifi c AMEtEhere: of side facets 10 of the island |ike features

r emaizp non- ms&sgre@é}ﬁédmaﬁem ilfcOf nBHRSSAHIBRY s RURIRe R Material
whil st at the same tinme masking a significant portion of the base

subst r at e 73 The siligeheiridgesen be fosingd pp theantfagsf vitsle Jrempdesingea neplar of well
the islang Lv'r}%e%lldd%%éék??éthgqﬁr%? &Mﬁé’%x@ﬁ@ﬁ%@hﬁé}%@&%aﬂh spin B

maski ng materiars preferably’ conpri'seé sulistanc

ant i - sur feaetimpnttchniqmed. IIHoxmxter iithe agvantigboustthme rhellgpdsitimntaf g ditlectaoronasiting
of nucleation in.mas orto f article 11. Depositi 0 .
ot~ sur e B pOHEERES FonE Pkl HorSie Bed § it PR g Wi ety ppeating of
surf ase groOnddkakibi BlérC A diyedtiRaeprotiotdhe with kepkidd @ Sddativ® lag8it fofrhat®n and
the probability of adsorption of a, chem cal speC| es on a 15surface).
Ther ef or énp¢plipg avithindae WI@G&W%E idnsiratde for pesforn thecatregptharegedyey

precl ude g, 991%81%9%40% w@t’ﬂgut' éﬁ %P@t%%%&@h&% f&;‘%’x QR BrokcB&ing. Therefore a
anti-surfactant Surface and sequent y prevents
single growth cycle would mclude, but is not limited to substrate pretreatments, nucleation,
nucleation layer thermal treatment, dielectric masking deposition, epitaxial lateral overgrowth
30  and continued growth of the planar film until a desired thickness is achicved, all of the above
steps achieved without opening the reactor to atmosphere. The ability to exclude ex-situ
processing requirements not only significant simplifies process protocols but also reduces

operational costs considerably due to equipment simplifications.
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the nucleation of GaN. In a preferred enbodi nent the anti-surfactant
material conprises dielectric materials; exanples of such materials
conpri se SybheeR1N3t des, silicon nitri des and m xt ur es pichigrisemiio7126) n
a preferred enbodinment, silicon nitride is utilized as a dielectric
masking material 17. The silicon nitride can be forned on the surface
of article 11 A@m‘l:d?mﬂﬁe?a BUHR 9 Q;my\ﬁlshbﬁdhﬁmlﬁ%\}apﬁé KRRV HAHibAf the
art, for exanple. I):Z sputter deposition and spin-on coating

t echni quésse sﬂbm@by CWD firgccashy.amg.-aljern gescondlanh@ide pog kminoniadNHs hender
dielectri e r |J zed
for the p%o@géd‘; kn%wm ap[an alﬁe(rg\%tgfS %ll ro{l&%ﬁlﬁﬁ?r{ﬁdglﬁm‘?fg@sﬁﬁ?@&t P,
ment i onecbnnﬂ@/NHusd a/sdmdelfmrteg Gralp V¥ elemont ceatalmng preguesor ftherafatd m and
anneal_ing, within t samer actor, it is ble t erformt
kil B R R R AR R e A U
at mospherngackch8xbet] dlohgPi R 8554daBiond A BAY P t@inkl MHk @rodtR Mitknesdf the
woul d include, but is not lirmited to substrate pretreat nents,

nucl eat i gHicopgiTiéleysH 7|inpsferatirmpintained @bt mest valun keloys ppnreximaisli A to
deposi ti %m?é?ﬁ}&chﬁaﬁé e di s’a‘%ﬁﬁﬁkty g%’@hl L neg 1&9@&%&?@6\!&9&@1e91f10“ h of

t he pl anar m unt | esire I's achreved, all of the
above steps actsiseweid Fig 2ot baspaubsinge B resubgtanttady comrmwﬂsthh@r&ferréﬂhe

abi | i t Q. exclu situ F£S ir ts

P onitPY ¢ aflie S P secBRCEE SR Ak SRR o D8 BB e Phpiida
cost }s coIfedtales ?béWa1ﬂ u;ﬁ»hﬂsl@d,uﬂrw miasBingplatdraBatlhe aBcontididus maskmg layer
2009/ 015337PCT/ US2008/ 071199 ., A silicon nitride | ayer c

grown t o [AYBS? signif awtym@ave? SIP%EaC%t&&Beﬁ@eﬁiﬁﬂ@ql&ﬁ@a&m% orpgEked B
substr at %c@ém@é@orpé‘ugééﬁﬁéﬁ $nat@iabgrowklt; lelglaa‘% BRUEmS tihRMeaskRl B gnamidnt
amoni a (NH3) under conditions %nown in the art. CVD reactors for

produci ngaorthn-qﬂtherbaa@sqbat@‘fé@ i Wlaprefemedienbadjmenshedasnmbstiae i 800 0e f or
the Gsoup, ﬁ@h%egp%%te%smw 1i-B BE e wgltd%gﬁ%tgg@néeha deposi tion

of s |con nit reqwrerre Itronal of a SiH4
i nput to the Meaipgdre dchasier of thd ﬂmgdw:arhmaw la@dofdlhmalmtad%lalgr%tqr

fixturin The rowt h. t kness f th nitride,l

ot or apiteran o RN il EORERSn P taidl bR s shhaFL MY Bl 18 F
further pj‘epcﬁﬂi)ﬁicﬂl drtite dlmdzzqglhmdﬂlutdsymefhrdsh FThiyashdt rrtgsalyalymheqﬁmeé afmdover
article As seen t he base ststrat [ substantl ally

cover ed «tf\ﬁreﬁhréeﬁvré Yeﬁ“‘relé’% %@Ps metsriabandthy dhesapptirespbstrafeds eptirely 17

whi | sy a 3i@Bd f HE@ M er RRP&iRh A bvidBReicshahifatkd sk 4 dléprﬂso%ﬁ& dnRAh6eS
9 remai n non-masked, free of masking material s. i sconti nuous

maski ng mg»émm%wé cqvess thnpappisthbasp rtsirga compaediwith feattsidq plage likpe
island like ﬁ‘t ures 9 non-masked and accessible for subsequent
mat eri al gro ; whilst at the same tinme nmasking a significant
portion of théilasaitsddsind atlieon bxides (prdedther) edslendmelicrign tretphevidade
substrat %rcievsénfa nu%?eggolg in particular regions of the wafer, instead of which material nucleates from
25  non-masked seed materials and grows up from such seeds and laterally over the masked
regions. Since the lateral material growth is initiated from seed crystals with matching crystal
properties (e.g. lattice parameters, coefficient of thermal expansion etc) the resulting epilayer
has a significant reduction in defect/dislocation density.
The seed crystals for ELO in the embodiment set forth for this invention consist of the
30 [lateral faces 10 of the island like structures 9 (Fig 2d). Growth parameters arc therefore
optimized for lateral growth from the side facets 10 of the island like structures 9. Conditions
favoring either vertical or lateral growth are known and described in the art for the common

VPE processes, ¢.g., the MBE, MOCVD, or HVPE processes. See, ¢.g., U.S. patent
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15sapphire substrate comonly utilized for the growth of Ill-nitride
materials. During the deposition of the thin, discontinuous |ayer of
silicon niwehél@mniaszgreater portion of silicon nitride gepaskdosoniost he
sapphire substrate as conpared with the | evel of deposition on the
nitride island like structures. This is not to say that the nitride

| stand T qabuess, @b 616 Bhyd Sl 86198 RiNIBPI0NG BBYR06R! caRfbily AL rdifife
sapphire subStrate is entirely covered. However, experi frental
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ot her) mgsdskurg. Fod exbinpleSlagetia gpoval idetladoed py diphat growt tedpdramres)or by an
particul ar regi of the wafer, instead of which material,6 nucl eates
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| ateral | yyuRY&dr byheoMalkash he@bens. Since the lateral material growth
isinitiated fromseed crystals with natching crystal properties

(e.g. latticeFimiednnaastsatesdbeERO@remth feipm the éflsng fertvmss pagrde fidh qoplesgrace

resultin i i j . i i i tion
sl )RR LSATERR ' L RIS (00 ) st sl
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st ruct,ur es Fi g _2d), owt h raneters arc. therefore iym zed r
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9. Condi tandb¥thbpivREdctindsllitvidefRedt htsdho®h td flice fielr direaivindf propagationn

and described in the art faor.the cormmon VPE processes, e.g., the MBE,

be
MOCVD, orbewfm@topar@8@&@5§Qnt%@gfﬂct&ng., U S. patent WO

2009/ 01533 7PCTy} Q@éQ?tl‘é%%c&tﬁ%@us&\'ﬁ%n%ﬁﬁd@ia?& 1r7hy§1m§tt@]g1§tl- onBPles llPi)n

3, No.6 1750- 1753 (2006). Cenerally, the relative rates o atera

versus venmaskiie effeevisin sleadad SR tediinaes. et alenas @ defecihending effect. The
Lenpaial Wefidind/bfddred KRR 130001y ARQERAS e SrRlal LG UPARIGH, i#3Shscs
1 nati an pr or

(H2 of NZ," or-a co on thereo react or ssure.
exanpl e, thastaistical grababitityi thatewhalafeetd cloy inhdrapheomgray tesilemgpierdatear es, or

by an 5increased, V/LLI .rati.o, or by a great.er /H2.ratio, or by

Povor or GONERRES Apbia G s gt Radf iR P et AR S0 ot o

]E her eof . It iEkg?vaﬁhd&mlnﬁfercatceﬁ aﬂi;?@aoﬁleaj}gﬁwﬁalhd triet® (F\dla}!?esb@vﬁﬂibnﬁ
eat ur es prior to fu Oal escence Q e t r ront.s The

def ect / di*dpheniorming 2 ing W&"dd?m?"tg&ﬁ%ﬁ&ﬁ vtﬂﬁ-r ﬁé{@? Wg? %?%rs&@aw%ﬁr?m

whi chyoe meyassie Ak &Rnk REBEscEM @k Rall - Ak Snudlal bAlEhila3bA Bk & defects 8a and
structures remain 10 unaffected duri ng}at he subsequent | at er al

over gr owtdh: I-diied defesids eftonesbrmeteazed Oxtitsdivsgees Yestonmmdpfeehat
I nter SethoglgségtzéﬁZi{aﬂglﬁ atgﬁlaéaﬂ%gtde%{:iﬁedsiﬁq to?tll%'cb{?l?g%@&i & tgé f&ﬁ%&l‘s%ct&fs

pr opagation, nore horizontal direc
of the defects. Such defect interactions, as well as defect bending and other effects, are

believed to be governed by least energy effects.

25 In addition to the defect reduction via annihilation of two dislocations with opposite
Burgers vector, another process for defect reduction resulting from the bending of defects is
dislocation coalescence, i.e. the merging of two separate defects resulting in a single defect.
In these processes two dislocations with different Burgers vectors interact and combine to
form a new single dislocation, as long as the conservation law of Burger’s vectors in the

30  dislocation nctwork is satisficd, examples of such interactions are illustrated in the work of
Shen et al (Applied Physics Letters 87, 101910, 2005) and is shown schematically as 7b in
Fig. 2c.
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The presence of the discontinuous silicon nitride |ayer 17 is shown
to not only result in a masking effect, as in standard ELO

t echni quesywobudvnadzsp has a defect bending effect. The FpohaRrRGied719dy
defects away fromthe (0001) direction, i.e. the crystal growh
direction, increases the statistical probability that two defects can
i nteract, commpleyok QfuHahRinit fioff BRACRSE SRELRRRAIN, Rl Afs RO 2
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of the Buggessndectors of the defects. Such defect interactions, as
wel | as defect bending and other effects, are believed to be governed
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anni hi | aBJr&Hothde E‘ﬁaeﬁh@%%@fn‘c DS thd hr% Qﬂﬁ’t?%fhgfe s%'craﬁ oy ector,
resu

anot her process uctl 0 trn romthe bendi ng of
def ects |aﬂnﬂhlstimmmemno&)a(llcemummowihlétimathlg IMB tp thg fibh coaAmscmgpnan ate

def | ti ' le d t

i o1 oBac 1Onde R oo Pt AP RRBE ks PURT G BRIGEOERs B oot o
form a neomigiglfi@ntingividual iskids thsir proptidscah peogeebive tivage, Aprddes lafown in
Burger's vectors in tEﬁ 30 dlslocatlﬁ network js atlsflgp,slé?rngtge

of such ithe &F atreid tiituist' |Advpptageausly.in s inygptienfhe grpeph
(Applied 15%@%%@&@@%1{ ﬁénﬁ tﬁ?e?lslaél@m%l@at Z90R)t ithut ﬁlesmc&ﬁf&mhwﬁhw

as 7b in Fig. 009/ 015337PCT/ US2008/ 071199 her ef or e,

t he changdditign pﬁéefm’cbﬁa'gjang gamarystat tiltdvisbf Ag prevignsdy @@hmddh@ radpend| t i ng
fromishe GiagRtbetleb gt ao@,tﬁa S O A he iR Ukl Raddds the

Si gnl i can ncrease % I’l of ects I irection

ot her t hqnoliaﬂ)dltjcoﬁqs'bdﬂcnwﬁmvhch dmhlcﬁoatldmsmpo(l 000 tyalesTenec,tegubyt gragly improving
alteration fof (ﬁfo%%[sttl on direction increases the probability that
def ect s W'Y 95E "5wi t h each other and subsequently increases the

l'i kel i hood of RilefianistarskheiaiflOsr BOdmeoaldasmpaeres for the plotdst bettined
| at er al owthfromthes defa,cets of the sland

f eat ur es AFF9T 15 hsrredustinR PEASTebBREPIRFIA MpGTES éh%leullfirb@ uaiifa%fra"bf ﬁ%ﬁfttye of
def ecly/ ditghQGal teMberatures illustrated in Fig. 3 are for illustrative purposes only and are not to be
taken as limiting. For example, the growth temperature range of 900 - 1150 °C, and the
annealing cleaning temperature range of 900— 1150 °C are suitable for II-nitride, ¢.g., GaN,
growth. For other materials these temperatures can be different.
The opening stage of the illustrated process commences at time zero with the growth
25  ofanucleation layer 303. It should be noted that a multitude of process stages may be
performed prior to the growth of the nucleation layer, taking place in time period 301.
Process stages 301 may include, but are not limited to, a substrate cleaning cycle to remove
unwanted contaminates (¢.g. a high temperature bake in hydrogen containing ambient),
nitridization of the upper surface of the substrate or further surface pretreatments dependent
30  on the chemistry of both the growth material and the base substrate.
The growth of the nucleation layer takes place at a temperature of approximately
500°C for a period of 20 mins 303. The temperature of the reactor is subsequently raised for

thermal treatment of the nucleation layer thereby transforming the layer into a plurality of
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anni hil ati on/ coal escence. Continued growh ultinmately |eads to the
filmcoal escing into a 10substantially continuous, planar epil ayer of

nitride magyghi@lissgee Fig 2f. As growh fronts propagatp%ﬁgsggﬂﬁsm-m”
i ndi vi dual i sl ands the|r properties can progressive change, a process

known in the art as "crystal tilt/twst". Advantageously, in this

i nventio z?fga e [0 ke fe%glrgsrﬁg"efrﬂ%s eﬁﬁﬁ]élglthquﬁ SLOW i Etlfler r%E@tM?

i sl and I res meet w t hout Intro ono a substanti al
addi tion Iaifsecﬂbfadcmperaiamdftlﬂﬁ@]"(f iontime peicl of t20Ining, \Mtb:tugh/ﬁtsshpmlé\ba ously

outlined the r nce .bet we E

compar ed RPER AT i PRRS PR by S 8 o Rasr Ry dpe spatia
produci ngiehsityt dndrsizeio$ theddirdaike ﬂmﬂﬂs fhid 4 £qairel CRRGEmpdriterealiyhegeatdriiy
[ rrprow ng surface defect densit Fig. 3.illustrates an_ exanpl e of

the t Preshehpoledndédarnies temper %oi)arp@wé@atslwpp nGaVPreartg%pW of ho

reduct i onp@ficdeseat %aé shdeRihé%a 8ds FPhHBEERES intd the %HQHIL&' f&%hé@@%ﬁéf%@'
that the 20tinmes and tenperatures illustrated in Fig. are

i | | ust r atdisceninoppriaskiemipyerafd, iathis mstanqeghdpgrowvilkiame agrlqdq P nwthCSF%p
exanpl e, oneh o

anneal i ngElljc] ergtlrillpe\r,\% P %@pera ?g@%ﬁgg&ée?fﬂbe %qbl?’l%%‘%gr%r%éfs}g g%ﬁhdte 515°
[11-nitrithenglethg maskcadd begregalbtad vizokie dﬁlabﬁﬁonmamtaiss t hese

e e S Do O Al e A
| ayer 303aistd 3181hqubd gb@vtﬂ@érﬁ&réttﬂ@tofal(mﬂd lTH&iﬁedﬂfsoBﬂ@@?ﬁﬁnﬁ:te@QﬁB themy
be perforned prior to the of the nucleation |ayer,

place in ltlﬁ“ﬁjes'f?f@? P%ﬂlserﬁwﬂpﬁr@@@g@l@fi Hy&L Oy gasulipg 1 ﬁ&Pmmh%&deapéum

limted 1@ ifige UQ@&S‘&@I{C@ 1&5@%&5tﬂﬁoﬁ§’ﬁlhﬁh& 905«%\9%‘[&!1@%@&59\;&13(1 for growth
contam nates (e. (QJ@Nterrperature bake hydr ogen~cont al ni ng

ambi ent ), ofrhlnetnemdmmhuaﬂ mdt@ahﬁﬂierﬂn@meﬂacté)r@fowthe the 63N layer ipgependent

furt t h

e oo BRI RS BRSO 0 ORPBBLEY) ol
nucl eat i amtddayarin timk @srigd cen rmtmtar dEsupsqatt peoceds cappe pe«fambdaiwadﬁﬂmﬁ:to
for a per{_l od ?f 20, m ns 303. The te%ature f the reactor

subsequerffsy of giovghyterrgmaipn.rlreactor el fosn. SrtgrProesy steps cayd |“531Pé1F

t her eby tardaﬂi%ﬁ ?Edﬂeﬂgs fob gefe@yeduction £ WelPdswbdlidg ahd@hmpMPcycles for the growth
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of a multitude of [lI-nitride containing materials, e.g. for the creation of device structures.

20
EXAMPLES
Fig. 4 illustrates an example of a gallium nitride sample grown by the methods

described above. Fig 4. demonstrates a transmission electron micrograph (TEM) imaged from
a cross-section sample of a gallium nitride crystal grown on (0001) sapphire substrate with

25  diffraction condition g = <11-20>. The sapphire substrate is shown at the bottom of the image
403 and the plurality of dark lines in the image corresponds to defects in the GaN crystal.
Defect structures 402 are unaffected by the introduction of the dielectric layer and therefore
likely correspond to defect structures 7 in Fig 2e. However, the defect structures 401 cxhibit a
change in propagation direction, as with defect structures 8 in Fig 2¢ and are therefore more

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

of Fig 4 shows that the cross-section of the GaN film has been separated into three arbitrary
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spatially separated island |ike features 305. In this exanple the
tenperature in the reactor is raised to a tenperature of 1100 Cin a
time periago@howdPssst ns, al though it shoul d be appreci atpedyisAakotiis
tenperature and ranp rate can be w de-rangi ng dependi ng on the

spatial density and size of the island |like features that are
required. %Bﬁs ETRELAL K &‘mqfogtdn@ reRAKO! il e %gﬁd?l%sss&% ﬁfélﬁ%éé%%ew
a tenperattre o p pr ox nate over a tine period

m nut es. tBE $®n@atgam;i fan&aymihaﬂ%alseram@laaﬂy addmﬁc@dpulmcm Qfldefeeﬂeémmnal
| not ance PRERgrShe B RuGEH MRS TP PR Frioh, Anoldiuchfrdogpnd o
appr oxi rra’egbw&?)ﬂheﬁ is EtﬂMVe&fy 4 lageopdiation afidefoon, ivagkadhs égisionbast hat

ener ge t h the n be requl ated via deposi ti .
par anet elscre %90%%%& R ff%%h"f%ﬁa@aiar %I%Oﬁo tﬁs—; defeqtpwithin
reactor tenpeuet élin%e's@er?t@%vl?e bt RSErdd hlindte hbQzctd Hﬁwf@nhﬁﬁ?ﬁrbﬁtt% e of
1100 C. The precursor flow paraneters for the initial stages of bulk

growt h ardiregiian gficresthl gowiie] Gnalheinuegipm 09, althpugibdefeeiapts shbl guidardbagrasity
111 nitri i the flow paraneters
are agai ﬁggggﬁgggﬁ%?q%ﬁb{hg eOOf? @ﬁ% élroglrgrig?%‘f(%lgdo?ul k GaN material The
time period for growth of the GaN | ayer is dependent 15on the target

t hi ckness required .an e ,sust ainabi | i r.eac

Shoul - at so. b B aabo Y o bn Besch Bt AHBRF S0 fo BEEE e ot
process chAfinRental difdctBsle leﬁhbadidiehﬂs art illostiatiowseofQEved] pydféirddesspacaadfition
and reactor cool down. Further process st oul d i cludejﬁgdltlon

pr ocessedNYHHOjePBY. FIHEARRE £ l%ﬂfﬁé‘fel m*agfeége)lg? w&gia'ﬁ YRS dgNenten.

for the gneutiivelbou@mBliitatdider @k idvbheid ﬁlrau&tﬁo&mheé,e@h&gn M&@éﬁea
e.g. for the creation of device structures. 20 Fig. 4

i | | ust r athseeimsuedxasmpbmatsfusefubeombinations Qﬁth@@e@md@cgqumﬂbl}ecme apparent

net hods r tron
T o1 odr anh LR Ire B ot Fofl ofe o HERROT WERHERoE S RRROIRIIAA I 1
nitri de dntesdeslto dallowithiothe(SOOEEIf theaqypbnded cl}lubstlnam#oﬁbwimgzw 1hftheact| on
condi tion The phire s bstra i ho at the bagttom
of "the. | ROECABE B BOIGY DepeER Y JaRisi 463 opaloety iR pigge ot
corresponds to defects in the GaN crystal. Defect structures 402 are
unaffected by the introduction of the dielectric |ayer and therefore
| i kely correspond to defect structures 7 in Fig 2e. However, the
defect structures 401 exhibit a change in propagation direction, as
Wi th defect structures 8 in Fig 2e and are therefore nore 30likely to
interact with other defects, resulting in defect

anni hil ati on/ coal escence and a subsequent reduction in defect

density. The reduction in defect density nade possible via the

met hods of this invention can be again be evaluated via Fig 4.

Exam nation of the left portion of Fig 4 shows that the cross-section
of the GaN fil m has been separated into three arbitrary WO

2009/ 015337PCT/ US2008/ 071199 regi ons: region 405, region 407 and
region 409. In the region closest to the interface between the
substrate and the GaN growth 405 there is clearly a dense popul ation
of defected material, corresponding to the nultitude of darks |lines
evident in the region. Above region 405 and into region 407 there is
still clearly a | arge popul ation of defects, however the density has
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5decreased consi derably when conpared to region 405 and a | arge
portion of the defects within region 407 can be seen to have bent
towards a nore horizontal direction away fromthe direction of

crystal gromh. Finally in region 409, although defects are stil
evident the density is greatly reduced fromthose of regions 405 and
even 407. 10The preferred enbodi nents of the invention described
above do not Iimt the scope of the invention, since these

enbodi ment &Vhat B cidithersisr at i ons of several preferred aspects of the

i nvention. Any equival ent enbodi nents are intended to be within the
scope of this invention. Indeed, various nodifications of the

i nvention in adtliti ofndethotl ieeowihgwinyard adesiconduetdr metegilnyyithgadiseddefects
alternate uag}ﬂl conbi nations of the elenents described, will becone
appar ent 1800 HRELEEIINEEE n the art from the subsequent
description. Sughmimdiplirglity odBRndlike wlusiores norepribarg o soed mbtkrialititaham atrhreged
scope of the appended clains. In the followng (and in the

appl i cati off"4 mﬁsﬂhﬂP@T@ﬁﬁégﬁgﬂﬂ§m f% | egends are used for clarity
and conveni enc es&@éqﬁently%@lyiﬂé& RdsRingBfterial to the base substrafe, aeet hod f or

growi ng a | ayer of a_sem ¢onductqr terial ., wth reduced.defects.an
di sl ocati ons cofpiexig|lpgrowing the S%?%gﬁcéorzi“aﬁ‘frl#m ] t??tfr ‘1% i”EPaCajt?Fop g Wﬁ?@ﬁ e
struct ur es sCampldril BShdistRedikoRhRkiré not fkred b thi2miAakigg chatrialant as that

substrate w thout regular pattern sugﬁggpently appl yi ng a maski ng

materi al t Gravik thea sentuyeste formea cogfpuou epitaxially growi ng the

sem conductor material so that growh initiates primarily on the seed
material of the island-like structures not covered b %%Ee nmaski ng

material and so2t hat Therrasihed efiksmd ovherathesemiePnieion PRI GRS

| ayer. elemefital seBcdiBEAQdo0hh BbRkdRidonth@6iEort 41€1- ¥ @Bhp&uad yerhiesnductor or a
mat eri al conprises an el enental sem conductor, or an alloy

seni conductlbV] conpagng pgmigongsetpound seni conductor or a I1-VlI compound
sem conduct or. 3. The method of claim1l where formng the
island |ike structures further conprises: grow ng a _continuous |ayer

of the seed mat @ri al Termethed ofpbaimd ihsre Riraing fhedsitdkgairpaures @y
t he base nq%g&h&%zmjth t he seed material thereon.

growing a continuous layer of the seed material on the base substrate, and thermally

treating the base material with the seed material thereon.

4, The method of claim | where the masking material acts as an anti-surfactant

with respect to the semiconductor material.

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

initiation for the semiconductor material.

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

dislocations occurring adjacent to the base substrate.

7. A method for growing a layer of a selected IIl-nitride semiconductor material
with reduced defects and dislocations comprising:
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4. The nmethod of claim 1l where the masking nmateri al acts as an
anti-surfactant with respect to the sem conductor material. 5.
The nmethod of claim 1l where the seed material acts as a pronoter of
growh initiation for the sem conductor material . 6. The net hod
of claim]l wher ei n the density of defects and disl ocations appearing
at the surface nti ensity of
defects and dis 388%{ n%n%"%@?%ﬁ??#l&yggd Jngte{ﬁ%ﬁto ali)%Lbaggmggubst rate.
7. A net hod forthgmuymgatmglthwlmse s;fostaate;@lthma@ﬁlrality offislend lifes structures of the
sem conduct. or ter al , with duce fect n i

|
conpri si ngh? H’g‘%’ V’ﬁtﬁnﬂ 3 {98?“1 ?S Sur?? 3 Qéi%éezzlg%%%éadt\g@?)g “Bnto a
base subst pateen, thermal |y treatl ng the base substrate so that a
plurality of islapd |ike structures. o I]-nitride seed materi al
are forned on tfﬂ’é’YI ngdiclsHue P‘&%egaie{ﬂgleabla%e SéfP?%Lg%“& wi t hout regul ar
pattern, applyi é]ﬂtaﬂlaﬂj! Qdoﬁfﬁigr th&se[mte&ﬂ]ﬂaitrlﬂ@setrﬁr@n&m nsatdvist soctha greeibl

epi t axi aI |y .grow ng elected lI1I- i conduct £
so t hat gréﬁkﬁf’iesm‘ﬁ“ﬁr tﬁﬁP?‘ﬂﬁ‘?si qu‘edﬁla? ]E'k ps?ria%}]got(gpve[r (gby tga a]e%&ﬁl ke
substrates n{lﬁh&xa%\ﬂﬁeﬁ@&obﬁ'nuwﬁ:fdﬂnehe&inhu@srmkler| al and then continues

to forma continuous | ayer. 8. The method of claim7 where the
selected Ill-nitride sem conductor material conprises gallium
nitride, or alug numpl rﬁéthdiﬁ‘ofcmmnwewmélgelerctedm-nnﬁdemexﬁmamdrmammr
9. The nethod of claim7 where the III-nltrlde seed mat.er

conpri ses genprisgnealivm ndade, oF alun AR o f1d i nigjdey ‘?{d’i"ﬁ?f’feﬁ }lefeloée, or
m xt ures thereof. 10. The nmethod of claim7 where the

dielectric material conprises a silicon nitride or, a slllcon oXi (ﬁe or

a mixture theredf. |Therhethofafichim Jrvherethedl-pirideseqdpatea!t sompriseygallium

structures R a0 iRNGH 3884 PAGixigeshirveren edges of 0.1
and 10 p. m"ﬂﬁg@opﬁuﬁmﬁﬂe ﬁet rllod of claim?7 wherein the density of

defects and di sl ocati ons appearing at the surface of the continuous

Layer of |11-ni 45 denaaglfOnGEhar KGR Blchic bARSaf dApritise lios e

of defects and di'sl ocations occurring in the Ill-nitride seed
mat eri al ady asitingn ¢:0dd ¢rex rhizbee theosh r at e. 13. The met hod of
claim7 where the continuous planar Ill-nitride sem conductor has a

defect density of less than 5 x 1 08/cn®. )
11.  The method of claim 7 where the island like structures have an edge and an

average spacing between edges of 0.1 and 10 pm.

12.  The method of claim 7 wherein the density of defects and dislocations
appearing at the surface of the continuous layer of [I-nitride semiconductor material is less

than the density of defects and dislocations occurring in the Il1-nitride seed material adjacent to

the base substrate.

13.  The method of claim 7 where the continuous planar IIl-nitride semiconductor

has a defect density of less than 3 x 10%cm?.

14.  The method of claim 7 where the depositing, the thermally treating, the

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

growth cycle.
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14. The method of claim7 where the depositing, the thermally
treating, the applying, and the expitaxially growi ng are perforned
within a single reactor, within a single growh cycle. 15. A
sem conductor structure which conprises: a base substrate, a
plurality of island |like structures of a seed material that are
suitable for th gro S and that are
arranged on the aséméﬂ%gﬁmhlmrgh%ﬁ q%reg%fa?épattern and a | ayer

of maski ng nateah&bsﬂm&me;he base substrate through whi ch energe a
majority of the i nd |ke cture

cl ai m 15 where ?H@ aﬁj&r?f Afresy as??dslgasteréa]tgl c'fl?ap%lf% gﬁﬂgrfh.()f
17. The st nnaitdemarkrialk atdm&aramhgedtdnehmbaeé mbstrate:wrrmeregallar ey dndes

a silicon oxide a. silicon pitride o et

The nethod of cf %VFF\ Ofﬁnﬂﬁﬂ‘l‘ég Bla{éﬁ'@l YA t&?(ﬁf’ég §lm8¢at? ﬂnéou,gﬁ “[Pi":(r%gﬁa "iYeR 6 mﬂ?rﬁg 8
| ess than 2QKsland like skBcturBile structure of claim 15 where the seed

mat eri al conprises GaN, InN, AIN and all oys thereof. 20. The
structure of claim15 where the island |like structures have a spati al
densi ty suitabl ggf or TRy sadetGiend cRirh O5WvH@E ERtmadRiAg niayerikl dompiisesiadigeldeiriem

by mean of epitaxial |ateral overgrow h. 21. The structure of
clai m 15 whwegt@ial.he 111-nitride island like structures have an edge
and an average spaci ng between edges of 0.1 to 10 gm 22. The

structure of claim15 further conpris er of a lll-nitri

material that hd% a E@ﬁmﬁﬂﬁﬁcblr&ﬁéfvh?gﬂfeﬂé Litmeta! opgRrisg %ﬂg%‘m oxide

C0ntlgUOUSc*%%hca{mEEQQ}aﬂﬂfmﬁgméﬁ%fOf the seed material of the island
| i ke structures. 23. The structure of claim22 where the planar

surface has a defect density of less than 5 x 108/ cn®.
18.  The method of claim 15 where the thickness of the masking material is less than

20 A.

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

and alloys thereof.

20.  The structure of claim 15 where the island like structures have a spatial density

suitable for producing a low defect density Ill-nitride film by mean of epitaxial lateral

overgrowth.

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

edge and an average spacing between edges of 0.1 to 10 pm.

72, The structure of claim 15 further comprising a layer of a I1l-nitride material that
has a continuous planar surface and that has a base contiguous with at least a portion of the

seed material of the island like structures.

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

than 5 x 10%/cm?.
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