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the Inventi @adk+ Field of the Invention The present i nventl onr ate
generally to heteroepitaxial growh. Mre to particularly, the pr dént
invention relates to substrates for oW n LI-V nitride epilayers anda
met hod for sel ecti FER ABHEOR £7R Gll”pﬂﬁ{o\ﬂ WRQHEER@-@YE@ Art 111-
nitride sem conductors SAN]DMETHDWFGR SELBCTINGIERHEAANE gal liumnitri de
(GN and indiumnitride (InN), and their alloys have desirable properties
such as a w de band gap, thermnal stébf’l"ﬁ't’tg?’s and good thermal conductivity.
These properties, either singularly Qfy gconbl nati on, make possible the
devel opnent of numerous sem conduct or devr ces with remarkabl e applications
that were previously technically idpésongMei Exanpl es of such sem conduct or
devices and their applications include blue |aser digital video discs
(DVDs) with five tines the recording capacity of red | aser DVDs, aerospace
conponents operable over a gm(g gftn@meéﬁgmgﬁs and whi ch remain

unaf fected by radiation, an power wireless
transmtters. 15 20 Although possessing great potential and generating nuch
resear ch i1ntRi¢la of theemviertion al appl i cati on of such sem conductor devices is
i npeded by a | ack of suitable substrates on which to grow thin epitaxial

films of I11-V nitride sem conductors, alsp 25 known as_LI11-V nitride
epi | ayers SapgHEr Bres@ e yentione taigtes grnesally (Q ebeterosRifaxial e groveh. trMor;fr owt h

of Ilkg

11 Pty Bl e o dtiof ol pfiles K drbFRa0T oife bOMcl™
subst r at e aadd nidtteod fbt séleating thedanepi | ayer experiences a reported lattice
m smatch of 13.8% resulting in a strain in the heterostructure fornmed. 1
Msfit dislaqcations enerated to accommobdate the strain in the
heterostr@ctq}ﬁs@"l’tmegé hﬁﬂi@?t@dd’rrél ocati ons degrade the optical and
electrical properties of the resultant sem conductor device. The

significant | affihe @ithus ¥BintddnBEddRShch N8 ﬁ@rﬁﬂﬁﬁrﬁ%lﬁi&séﬁlﬁt) e%ﬁﬂﬁimt Mride ! -

nitride epilayer produces a sem conductor device wth a hi di sl ocation 5
density t IQG&N)ja!gimdmm mltledq)(énlﬂ))randrﬂw aloys haveddosirelsle pEbp‘eftmsrsngl apeivideci ent s

of thernal ansij o n ire substrate dtheIII-Vntride
epi | ayér b n'thFV'Efﬁ el ﬁtyt R %rf-@er&% hase TResticss D ur o,
Addi ti onalg in%ulah or ff &d n?cf]lﬁ&&%fgfr&g PSssﬁﬂ@fhfe'débaagﬁe&foftnﬁlﬁfeiﬁis seriR%d

gener at es es 1In ructure whenever there 1s a sugstantl al
change i ndpviceesdingerarkblelepappdicatiens THaeswerst prvimslyngchozelbe impassislei n t he

het er ost ryct ur art from sapphire, zinc. oxi ZnQ), si]jcon and
gal | i um arXamp é oApg%c emlconductp P Qewces and their app 1catgonsqzlclu36 {alue ?aselg ig}tal
video discs (DVDs) with five times the recording capacity of red laser DVDs, aerospace
20 components operable over a wide range of temperatures and which remain unaffected by

radiation, and also miniaturized, high-power wireless transmitters.

Although possessing great potential and generating much research interest,
commercial application of such semiconductor devices is impeded by a lack of suitable
substrates on which to grow thin epitaxial films of III-V nitride semiconductors, also

25  known as III-V nitride epilayers.

Sapphire, one of the most widely used substrates for the growth of III-V nitride
epilayers, is of a different lattice constant than the III-V nitride epilayer. Consequently,
the interface between the sapphire substrate and the III-V nitride epilayer experiences a

reported lattice mismatch of 13.8%, resulting in a strain in the heterostructure formed.
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are al so used as substrates for the growth of I1l-V nitride epilayers.
Because Zn0O crystals sublinme at very low tenperatures, a ZnO substrate may
disintegrate while a Ill-V nitride epilayer is being deposited, a process
that typically 15 occurs around 600C to 750C. The poor thermal stability of

epi 1 ayers. S AARCENeH RS AruBEraIA/R 6o PR et A 1B NP SHAR Y
appr oxi matgkye gt cﬁﬁﬁca%n? éég(a&é F&‘?e%#th%ﬁ ¥ind ‘Mlécﬂh aLérm*gﬂiésrdtdﬁ GRiiaNer S-
As di scussed previous a large lattice msnatc en a su strate and

an epi | ayeemwiohdiuoﬂﬁgde&dxe tTie genificantdmtiee nﬁsrﬂatalo bsmaeﬁoml saiphire debste:
produced w th such a substrate. Furthernore, has poor _t her mal

st abi | i t yanditee HEYomigads enilsyer producss ac%angondéw!@ﬁé\ﬁm@ ithha heglsdislogafion v at

t enper at ur ocessing tenperature for the

gr om hglof dﬁﬁﬁlwééﬁf %8 géétg%ﬂﬂg%%g%?t&aggv s%bst rates. Hence, maxi num
epitaxial growh rate nmay not be attained. 25 In recent years, a nunber of
substrat es f or Differigg owdfficiehts|dfl thifniul tdxbat&uﬁpbétezysaf the sapphir@ substriteOzhd

Li GaQz, Ngh18C04 and CrNb0O2, have, been proposed. However, the thermnal
propert i eshalikN nigide gailayseplso E‘i’@ﬂ?‘é‘eé‘?theWEPWeﬂXP@i%ﬁ%PbFP%fﬂﬂ“@M@ poi nt s
of the proposed substrates are not well quantified. As such, there exists a
possibility fory e r,

whi ch di scour age&ghﬁﬂm%r%lgtqlg‘eﬁ%ﬁgﬁo%rl%a%%ﬁagétgﬁﬁzgﬁ%%gﬁ at es: &Ig%agéc(stel cal
applicati tstressesf in hbs deenizstictate svhiensrer tthers ibee Bubstantiabdhange in ewocedsirighe

f or egoi ng, is desirable to have a s mconcite ctor device with an

accept!@bl éemmétpreofTheaﬁ %treéﬁsrﬁwé’rféilﬁerﬁr HEoUs™¢-at e and the 111-V
nitride epilayer. 5 It is also desirable to have a substrate for grow ng a
[11-V nitride Jak oY, a r f

the 11l1-V nitri e ept | §£’eﬁﬂ1re Zl%Fsr&f(%r(tZﬁ@? %’éﬁ“ﬁg Iagfdtéo aveksz(iﬂ%)sﬂgElggtﬁjf‘x for
gr owi ng a atd dlsd/useitas substrefes farythe giolwdh of HI-Vimtride eptlayerocessi ng t enper at ures.
3 Summary of the Invention The present invention fills these needs by

provi ding a substrate, for Wi aIII-antrlde |Ia r an a nmet hod for
sel ecting the gfﬁ%‘lsee% (gﬁﬂgk’gs ﬂg’q’gﬁpﬁeﬁ?@tlgﬁ tleﬁ’QFr p%/ ZEQn UbSEIE M3Yon can
be inple I n e S
Systom o el BHIE &%X“%&%@%P@#ﬁ%ﬁ?&?@#ﬁﬁd? 0% DAL Cent

i nventlb on oacwrs dmsod BHGW tweTHRC. Obe penbﬁlfbnnﬂrstabmﬁtytdﬁ &nfr Erpés the use @fiZnOn
provides a method for sel echi) d% ﬁtrate to growa lll-V nitride

epi | ayer . 2YASUBRERIFSAr BOgiing g'né@} EPFM™ physical property and a set of
exi sting substrates to analyse. Thereafter, the physical property of to

each of the setgjqfid @&A%tshﬁ’éira?édl?ﬁ% at§oried lﬂﬁé@frﬁﬂn'ﬁ.ﬁéh Qf‘ﬂ)lﬁ‘&éhﬁé&@}d%.@%
establish a criterion for selecting the substrate. The physical ‘property of
a pot ent i ahd 28138h,rraspectively,heith II-V nitride epilayers. As discussed previously, a large

lattice mismatch between a substrate and an epilayer will degrade the performance of a

20  semiconductor device produced with such a substrate.

Furthermore, GaAs has poor thermal stability. The decomposition rate of GaAs is
known to increase rapidly at temperatures above 700°C, which limits the processing
temperature for the growth of III-V nitride epilayers on GaAs substrates. Hence,

maximum epitaxial growth rate may not be attained.

25 In recent years, a number of substrates for the growth of III-V nitride epilayers,
such as LiAlO,, LiGa0O,, MgAlScO4 and CrNbO,, have been proposed. However, the
thermal properties such as the coefficients of thermal expansion and melting points of the

proposed substrates are not well quantified. As such, there exists a possibility for thermal
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determ ned to ascertain whether the potential substrate satisfies the
criterion for selecting the substrate. The physical property is preferably
a lattice msmatch and nay be determ ned by 15 neasuring a first atomc

di stance and a second atomi c distance at a substrate-111-V nitride epilayer
interface. .The first atom ¢ distapce. is bet n a pair of atons an a

cl cavage BUSTHECH heeen fecubutan ot er dhiaiaitnotrgeh e asaniical PREFAON af o
on the 11 | &L ' he ' ' ' al.cul ated from
The. 1 st L e e o S B R B g B Tt y,

t he cl eavage plane contains only a single type of atons. In addition, the
first atom c dilsvemce thadoteBeingeit ondestable to luhive taaseoeccndectpr déacalbyith an
smal | est at onj i stance .measure n the cl eavage n d.a snal | est

ot on o i SteRRIEBleHE Nl i Gt TRt bety i i SESERs Py it 1IF LHERPURF 11 a
preferged i t 1 1 1 . . l'ish
A S L R N L bl R L E

exi sting sodffitieat efSthenyal xpsmsi@r he thef -Vt hitridensplilpgers . It T$héurther dedrablehtpsi cal
property may be a coefficient of thermal,L expansion or,a nelting point. 4

I n anot hePABBoBHUSERATE B EIRWING Ao B Vo iitride septaye that 11§ StaRlG | ¥ePiosessigyi ded.
The senic&%ﬂﬁ&&&% devi ce conprises a substrate having a perovskite
structure Aand & 1T1-V nitride epi | ayer provided on the substrate. The 1I1-V
nitride epilayer is preferably provided on a cl eavage pl ane of the
substrate with only a single type of atons. 5 Preferably, the substrate has
a lattice msmatch of less than 13.8%with the I11-V nitride epilayer. Mre
preferably, the lattice m smatch between the substrate and the 1l V
nitride epilayer is less than 6.96% and nost preferably |l ess than 0.06%
Preferably, a coefficient of thermal expansion of the substrate differs
froma coefficient of thernmal expansion of the Il1-V nitride epilayer by
bet ween about 1.9x 10-6 1o K-'. Preferably, the substrate has a nelting
poi nt greater than a processing tenperature of the sem conductor device.
Preferably, the substrate is one of a group consisting of SeCo03, SeNi 03,
SeMh03, TeCo03, TeN 03, TeM03, SezZn03, SeCu03 and SeMy03. Additionally,
the 15 I11-V nitride epilayer is preferably provided on a (010) cl eavage

pl ane of the substrate. The II11-V nitride epilayer is preferably a GaN

epi layer. In yet another enbodi nent of the invention, a sem conductor
device is provided. The sem conduct or device conprises a substrate sel ected
froma group consisting of SeCo03, SeNi 03, SeMn03, TeCo03, TeNi 03, TeMn03,
SezZn03, SeCu03 and SeMy03 20 and a Il1-V nitride epilayer provided on the
substrate. In a further enbodi nrent of the invention, a nethod for selecting
a substrate to growa Ill-V nitride epilayer is provided. The nethod begins
by selecting a set of existing substrates previously used as substrates
upon which to growa Ill-V nitride epilayer to analyze. Thereafter, a

| attice m smatch between each of the set of existing 25 substrates and the
[11-V nitride epilayer is determ ned and anal yzed to establish a range of
acceptable lattice msmatches. A lattice msmatch between a potenti al
substrate and the Il1-V nitride epilayer is then determ ned to determ ne
whether it falls within the range of acceptable lattice m smatches. A

di fference between a coefficient of thernmal expansion of each of the set of
exi sting substrates and a coefficient of thernmal expansion of the IIl-V 5




nitride epilayer is also determ ned and anal yzed to establish a range of
accept abl e thermal expansion coefficient differences. A difference between
a thermal expansion coefficient of the potential substrate and the Il1-V
nitride epilayer is then determned to determi ne whether it falls within

t he range of acceptable thernmal expansion coefficient differences. 5

Addi tional ly, a nelting poi nSyghnt oPthé MaveRtionf existing substrates is
determ ned and anal yzed to eStaptisn a mnl nmum acceptable nelting point. A
melting point of a potential substrate is then determ ned to determ ne
whet her it is Qhegiresent ivention €itjslahest metdebyripovidiag acatpirab| for gRdvwing G
point. Qther aspects and advantages of the invention wi |l becone apparent
from the W&V Bitlidaenilyyercang g @eth@gsferr selecting the sgues, [tishewd beriepresistes tﬁht t he

aceompany i i i Aierd bhtS! LANLABEY imEln XATD! Rl B R GLRLESyo! the

i nvention. SCrip aw n e pres invention wll
be reagli | yppuratas, s GeEmhy detiee boh hivtodg Stetal ineenttlesaibadirénls bNthePagsenict i on
with the acconmpanying drawi ngs. To facilitate this description, |ike

r ef er ence inVgHEPMME dgecsibgh AeleW. i ke structural el enents. 5 Figure 1 a
illustrates a crystal structure of SeCo03 in accordance wi th one enbodi nent
of the present A4nv i i e il t r S : f

SeNi 03 in accord an(%{e%%ﬂ{ﬁﬁmghg%engléégfﬂr%e%? éI](i)df’()%t ﬁ%vgdre gs%n eﬁiorﬁlvgohtjsl% E)e'réﬁg%i%gur e

| ¢ il ust kahsBateatoCpst Al miteitielepil®fer. SMeGdethod degidk B nieciihg A shygicdlo
enbodi nent of the present invention. Figure 1 d illustrates a crystal

st ruct ur e PEIPetE@BO3 sehobedginganbatraips to aabyse niibencatien: therphypisalmrerehit of

aceor danceed T8 a8 S auutRAPEReC b Red AhiGANERL R PRI frlrion

il lustrat gsr seledtingt e ibstgieUr @hefphyeichlO grdpertd Csros dsviéiiaWistibstRne i€ iladi ment
of the present invention. Figure 1 g illustrates a crystal structure of

SeMy03 i n daleEpingd e ascastain eg tisorfitertial sWrstratgsatisfies dhn criteriernfor selectifiggur e 2
illustrat X od for selecting a substrate to growa IIl-V nitride 20
epi | ayer i'maccordance with another enbodi ment of the present invention.
Figure 3 illustrates a schematic cross section of a sem conductor device in

accordance W t IThgghysieud pheyert9id pebiferably adhttich enighatsl ahd nayeetdetimingd by
Det ai |l ed Description of the Preferred Enbodi nents A substrate for _g{iowi ng a
|11 -V 1Hi t megsurglg 4 Bssbatonyridistanes askp sespndatpaiq disignesat ashatraie-HI-yr wiftideed. | n

the foll og@ag&eﬁ%ﬁ&rﬂ ti ﬁ&kjg’é‘ﬁggﬁ%&%ﬁié%gﬁ&%&%éﬁr 8f gttoﬁl%toﬂc ?[cieQV:}xg% g.reder

: i
to provid orough’ unders he “presentt T hventi on. W

under st 00@lane, WRINE MR secbl] OIS Wistdneel id Petivbén @iphir dffaddmé b thd BB®Mfitride
invention nmay be practiced without sone or all of these specific details.

I n ot her icpdayghcdBe latieq misienigh i5rtber salcypied drany the first atopue distange gad e bed
in detail sé&nﬁi%%%ic'&?srtantcg unnecessarily obscure the present

20 Preferably, the cleavage plane contains only a single type of atoms. In addition,
the first atomic distance and the second atomic distance are preferably a smallest atomic
distance measured on the cleavage plane and a smallest atomic distance measured on the

M-V nitride epilayer, respectively.

In a preferred embodiment, a further physical property is selected to establish a
25  further criterion for selecting the substrate. A further set of existing substrates may be
selected for the analysis. The further physical property may be a coefficient of thermal

expansion or a melting point.



invention. The present invention is based on a detail ed analysis of a set
of existing substrates to to ascertain suitable substrates for growing a
[11-V nitride epilayer. In particular, physical properties such as the
crystal structure, atom c spacing, cleavage planes, coefficient of thermnal

expansion and pelting point of the existing substrates were studied to
est abl i sh cri t 8 nethes embadigment ﬁétha iR\ pRYER. % SSHEPNGHEIRr derac i prayignds (fhge

epi | ayer. séntéifc 'ddct&%e@@@[c&%%@és@%itJgﬁ&ﬁ&@fhﬁ&iﬁgﬁagﬁer%gskg%i sHhcfide SHPILfAYES are

in respect nown su ave el en used or proposed
for use t aitfidan epAgied provded minC thedsubstite de The dIVV t fitridee epildyeV inipkdferdBly

epi l ayer. An analysis of existing substrates to select a substrate for

growi ng aPrayidedomagleavageplane el {hg sebstrateetinonly gywinglg tyge ob&amsi e. The sane
met hodol ogy may be applied to select substrates for growing other I11-V
nitride epilay i ' : ' ] t { Bod/ apl 1 shed
based %n an angfe%érﬁ%&o@efs Hté&f‘azg% {?{kciﬁ%uése %{S}é’%&g;’g fzgggetﬁggfg)ﬁ ‘gﬂl ﬁ%sﬁlap

subst r at egitriddregitaysmyMbee grofeddbing dheliaktetrhigmbtchrbetwéetrthé witstrate anddhe HEt |y
based on reported | attice constants, as shown in Table 1. TABLE 1

Subst r at e ¥ §iide epdayer és lgsscthan 696%, axhmogimreferably less/hge 0108¥eRepor t ed
m smat chSi D anond5. 430911 120. 1GaAsZi nc Bl ende5. 65311025. 3GPZi nc

Bl endeb5. 451110 bi : :

)~ 6. SM0CuI c4” FICTDD: | FELSCE LR 7987 pEdhe sKpsvals, A S 7. o
A1204S i nebefficiohicd. tR&dial dxpdsidZ od iy Ki-Vaitrids 25i12E3 00 batvieh GB&R Q1L 9 0°

onal 5. 4065.,01 26.379001-0. 1A1203Hexagonal ~4.758_~2.9~C pl ane-13. 8

Al terdti Kel-y, the lattice m smatch of the set of existing substrates may
be cal cul ated by neasuring the atom c di stances at a substrate-GN epil ayer

be cal cul ated by mees e dist
ol ane. dr b and (e oo s G AT e g bAAC Bt IRER A RoR Ry 07

usi ng a cofticabmagndypdtoradevicewer software such as Ceriusz, and using the
neasured atom c distances to calculate the lattice m snatch between the

substrate and th N epil ayer wi.th the foll ow ng equati_on: tti

m smatch = dsu r“ﬁﬁfgﬁyi /05?1'%“4" Theong b Pe%TP“Pre“é’g‘EﬂF'é%S é’tfoﬁ‘?(@ltgi’ sé‘%ﬁ@é may
be enpl oy C a :HE PRidd L j 1.0 3tk S ch.NS : h

smal | est %E%S)P ’egé%é&é?%t d}’sue%gt(?:*é'?) o é%gﬁpéyagg St%gf%(?lst' eé?(gggl?al hglte is,
bet ween GhHi-Ganatidarepilaysr i3. fk8@rably prawided rom 4 0 190) cidavageoplank of theeqpbatraten (1),
the lattice msmtch at. the sulstrate, GaN epil ayer interface can be

cal cul at ed e i/ ngl:elﬁpélayedrl%re e5ably g Liadkgpilgyerexi sting substrates and the

corresponding lattice msmatch are tabulated in Table 2. TABLE 2
Substrat ed eavagGe:! ABRMEBIHESithet HMhE il enfidf CEmiESHHRERE aidd R%rovided.

The semiconductor device comprises a substrate selected from a group consisting of
SeCo0s, SeNiO3, SeMnO3, TeCo0Os, TeNiO;, TeMnO;, SeZnO3;, SeCuQ;3 and SeMgO;
20  and a I1I-V nitride epilayer provided on the substrate.

In a further embodiment of the invention, a method for selecting a substrate to
grow a III-V nitride epilayer is provided. The method begins by selecting a set of
existing substrates previously used as substrates upon which to grow a III-V nitride
epilayer to analyze. Thereafter, a lattice mismatch between each of the set of existing

25  substrates and the III-V nitride epilayer is determined and analyzed to establish a range of
acceptable lattice mismatches. A lattice mismatch between a potential substrate and the
III-V nitride epilayer is then determined to determine whether it falls within the range of
acceptable lattice mismatches. A difference between a coefficient of thermal expansion

of each of the set of existing substrates and a coefficient of thermal expansion of the III-V
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mi smat chSi 111Si - Si 3. 8420. 41GaAs110Ga- Ga3. 99725. 33GaP110Ga- Ga3. 8520. 72M
OL110 O2. 98- 6. 55M01000- C8 . 1429- 1. 44Co01000- O3. 015- 5. 45Ni 01000 O2. 956- 7. 3M
A12041110 Q2. 864- 10. 19Zn00010- O8. 272. 54Li Ga020010 CB8. 125- 2. 01A1

2030010-0. 719 2-14.74_ _r SiC ~001 ~Si-Si ~_ 3.0745 ~-3.59 15 9 To

mnimse |lattice. strain caused b | ack of uniformty in bond strength
bet ween t HETGESRYSYST 15 %Wﬁ%%l@%ﬁ%ﬂgﬁn&é{w to QSWEL%‘I\F 08¢ Phgccertablehemat ap) v
grown on : : u ' ' e t

ot on. AP ARCRIRENRIRchies, FLBFHTALE phet At Syl By ctBlf g

pr ef er abl yofdk¢ potertihl fsabsttate aimd dreulleVatitridefepilaydy.is BiénSdendriiifddsiongetéradihé ce

strain, defect f'orfa ti_%n may be prevented which, in turn, reduces the
di sl ocat i S¥heReRd} ﬂ? withir thegamge o aceentahle Sisrmalexpansien: egeffeient/difforsneqsy ed

rm
and 1 epor Il AR CE R e Aol O ool SO0 R FHRY RS e PR BRI s

appr opr i atapalfye¢d te\eafabiish agiriffubr aeptaslsnicting fdnBas ety PintsTal posdrsiadf t he
| attice m smatch determ ned for each of the existing substrates, a

subst r at e SEBYrals Swiheg detemminashiq dylermisng ouhathes, bfisrexeater thaneor| eqel thdke 13. 8%
lattice m.s; 1 il ayer, nore preferably |l ess than 6.96%
lattice m@lﬁﬁﬂ,a%#%b%}gf%gggg{}‘abl y less than 0.06% | attice msmatch. In
this exanple, potential substrates having a perovskite structure were 15
investigated. Rxthenispatts ahdadagsagdsastethe divéntion PeilDBedonicCarsiatent thbne thdiCh as
( 100), (001 ), (010Q) and ( 110) were studied and ds"b was neasured for the
cal culldt i dAllQ¥ingAetaiked desartationn takep dp 9N usetigrowithSareeMmANTE3drawings03,

TeMh03, S : QF! ﬁﬁ f d. tisfy the criterion for
sel ecti ongéﬁétlggg%ggﬁp a e,yﬁl%ég}é%{ Zetf og?tgerﬁn%&glos ance drub and cal cul at ed

m smat ch of each of these substrates a.re tabulated in 20 Table 3. TABLE 3

Subst rat eCl eavage | aneMeasured atom c di stances, ds"bCal cul at ed

m smat chSeCo0301L00 (3. 187- 0. 06SeNi 030100 C3. 134- 1. 72Sevh030100 O8. 2782. 79Te
Co030100 (3. 2521. 91TeNi 030100 3. 2150. 82Tevn030100 (8. 3184. 04SeZn030100 CB8.

1840. 16SeCu030100 O. 411 36.96SeMy03~ 010 10O I _ 3.169-.1 _p.66 10
Figures 1 (a) to (g) illustrate crystal structures of SeCo03, SeN 03,
Sevh03,



TeCo03, SezZn03, SeCu03 and SeMj03, respectively, with the atom c di stance
between O-O atons in the (0l 0) cleavage plane indicated therein. Apart from
| attice msmatch, differences in the coefficients of thernmal expansion 5
between a I11-V nitride epilayer and a substrate al so degrade the
performance of a resultant sem conductor device. Hence, a second criterion
for selecting a subst rateﬂ;gépgeg@r@ i(ﬂi‘ﬂ”ﬁéﬁ)ﬁ{wi# coefficients of

t hermal expansion for a s tes is preferably
established. Alist of the coefficients of thermal expansion, at room

t enperat ure, f Qheapresdit linvengiohl @ilerbeardddilhaindesriod BettheffoBuwiki dgailed

substrates, as wel] as the difference between the two, is provided in Table
4. These W8ICHPHOMele COBNASHAY Wit nthe | acspmpaniang THRIVmEs. Subet fagiitats ethis ci ent

v10- ocnne sERea0E MaTREREE B Golphyf Rt Wil chedder el B anston

Ol2.87.21Si C4. 19-1. 40Zn02. 89- 2. 70Si 3. 59- 2. 00GaP4. 69- 0. 90GaAs5. 990. 40Li Ga02
~7.49 5 | _ - 1. $pulbeladilfisgatence cryitdl herueted fof ceTd00lin tabedrimiceewftAnsieon

bet ween the second set of is existing substrates and the GaN epilayer is in
t he range egbodimentf thg presgut invegiosh serves as the second criterion for the
sel ection of a substrate. The coefficients of thermal expansion for the
potential substg dj usi i ¢al, .anproach.Hroposed
by I naba, ot . - Ape 10 PUERIeR ) Tttt Shidfe? o7 SONRY P acBBRERACHIR, O

Coef fi ci erirbodimdne oDhs prdsentivpentionl des” (Journal of the Ceram c 20 Society
of Japan, 106 [3] 272-278, 1998) and are tabulated in Table 5. TABLE S 11
Substrat eCoef fici ent. of Thermal Ex ansion x10-6Difference in Coefficient of
Thermal Ex ans TS 116. Bluieres gosnslstusties 92§“3ﬂﬂ‘385‘? agcordance Nith' Gne
8-0.01%e : ¥ 94TeNi 036. 350. 76TeMn036. 490. 90SeZn035. 630. 0
4SeCu(])1§5%g%gglé@éé%ggf&%@g&@gﬁbo Tabl e 5 shows that these substrates
satisfy the second criterion for the selection of a new substrate. As the
di fference in &opiréild dhtstrafes therystdl svoptunsiodnTdE@IOE eén dcbardfad wighl eyer and
t he potent L&| subsé&t es is .very small, mnimal thermal msmatch is

expect ed §Mopdiment C PESSFPRIGA Br device produced with one of these
substrates. G owmh of the GaN epilayer typically occurs in the range of
600C to 750C. IHoneYefe jlRfstrafes LL cBfspAM Aichle JFa8LBI0) &Y ScRBarfteSWRAL &AL €,
the substrate is typically heated to around 800C to 950C. To avoid
deconposi teinbodinient hfths possentaneentioni ng processi ng, a substrate shoul d
preferably be stable at the processing tenperatures of a to sem conductor

device. This reguire serves as asis far,t est abli shnent .of a third
riterson tor e cllotusied s chgtd waFkls of S it eriing Wokre® for
third set cgafhoBheht bPhe Prdehtial@tioner e studied to determ ne an acceptable
melting point for the substrate. Alist of the reported nelting points for

the third set of existing substrates is provided in Table 6. .
Figure lg illustrates a crystal structure of SeMgO; in accordance with one

embodiment of the present invention.

Figure 2 illustrates a method for selecting a substrate to grow a III-V nitride

20 epilayer in accordance with another embodiment of the present invention.

Figure 3 illustrates a schematic cross section of a semiconductor device in

accordance with yet another embodiment of the present invention.



15 TABLE C SubstrateMeltin oint CA12032030M A12042130Ni 01726M
O2800C001830Si CSubl i resMn02800 Zn0 ~_ 1975 12

Si 1414GaP1348GaAs1238Li Ga0z1600 Table 6 shows that the third set of

exi sting substrates has nelting points ranging from|238C to 2800C.
Therefore, a substrate with a nelting point of greater than 1100C may be

acceptabl e for gr openfilé BeNcPiition OF the P Fefopid Eriibodfiehtsr i Lerion for 5
t he sel ection of substrates
are predicted using the Neural Network Mdel Builder (NNVB) of an
artificial intel butganeefos gsdveiny aAﬂyHnmeeﬂd%pimgasaﬁwmdthddARE)seledﬁﬂgItmped by
the Institute of Hi gh Per f ormance Conputing (1 HPC). predi ction nmodel to
predict t FEPBICHraYdebi hitle fodlowingdgsertin; a}lm§%§§¥?°&tfé:sd%§ are sgtderth i t h
the 1o nel n fif r ture
These. for e P PRt Bhrobl M REERURFA e BT ABliSh DRSS bR, 112
mel ting phbweeer, w@xtaOsk’huécf it iR arglthatnfe pedsoiit 1In$eﬂtﬁihgﬁﬁy bB@li’acllﬂ;&D@lthgﬁtoup 2
ot herwi se. Wth these, good correl ati on between three basic el enental
properti eSOMg0H r&ilcofrtmﬁsépemﬁ@ qpieils.adn e@ebnuta@p@ewﬂ knoyat profasy operations

est abli sh Th Gor np. edl t the 15

mel ting p@%ﬁ gof(l))? esc §? Je alsu’bgfdreétné’é%'llﬁ% adﬁX e tP? r? SS%I nts
are all akgnatidd 00C, |nd| cati ng that the potenti aI substrat es, SeCoOS

SeN 03, SeMh03, TeCo03, TeN 03, TeMh03, SezZn03, SeCu03 and Sel\/g03 satisfy
the third criterion for the selection of a substrate. ure 2 illustrates
a nethod 10 f orhepresentinyension iphasedpp ardgtajed apalysis q>£avsehp? pxigtingrybFitesay er
in acgQrd frt i cal
propeny, 1 ceithhdufiiit Wity R olng Bart Y RRRe Slvel MM MBS, 01
thermal exppapRpicarsuch aSehd tiygtapsinitture] Stofifd eSdcaid, iclvatagel Slates] oeffibismn of
selected, in a block 14, is a set of existing substrates for analysis.

Ther eaf t erthemlnlee)map@p@ and gicliing pcynb‘pf b EKisHNE sHlstrgtes vm’re ét%rhﬁhtﬁ gstgbbﬁlt rat es

is determn I 25
criterion ch fgf %e(! °““§ gSt?aqg “)/31%%{}'1[ ﬁng gg % baé%entl al
subst r at e tha3 réfBRAcdiad @mhﬂg@lwsﬂatas gheGh séspectt@,lfqzﬁkwa Quﬁs@faa:s c»f@ﬁé}ahdve\&tﬁémer
the potential substrate satisfies the criterion for selecting the

subst riat e bearg usedTprepioposad: foaluse ip granfasturg ar sgmieendagtor fdevice veith ther I\ i s
not sati sflteg herwi se, a decision is nmade in a decision block 22 on
whet her t 84 %@ay%e potential substrate as the substrate or to select in
bl ock 12 a further physical property to establish a further criterion for

sel ecting the ubgsialiseof cRisHAE sibiayaics & sddécdRlbstratefop cﬁﬂn%ﬁ iNDgilader | S

preferably a lattice m smatch. The lattice msmatch of each of the set of
exi sting suBiseyssekin detgilthyewanOf gkamples uble pane methedelogynay he @pplieshio

I | be d db
moasur i ng Kot EHAR RGeS BRNER, 10, 0% ai'ct ance ot o

substrate-111-V nitride epilayer interface. The
20 A criterion for lattice mismatch is first established based on an analysis of the

lattice mismatch of a set of existing substrates, which may be obtained directly from

literature or indirectly based on reported lattice constants, as shown in Table 1.

TABLE 1
Substrate Crystal Lattice Constant (3) Cleavage | Reported
Structure plane mismatch
Si Diamond 5.4309 (111) 20.1%
GaAs Zinc Blende 5.653 (110) 253 %
GaP Zinc Blende 5.451 (110) 20.7%
MgO Cubic 4.216 (111) -6.5 %
MnO Cubic 4.445 (100) -1.4 %
CoO Cubic 4.2667 (100) -54 %




lo first atomc distance is between a pair of atonms on a cl eavage pl ane,
whereas the second atom c distance is between a pair of atons on the I11-V
nitride epilayer. The lattice msmatch is then calculated fromthe first
atom c di stance and a second atom c di stance, which are preferably the

smal | est fi+tst atonmic distanceand-th shallest -secopd-atomc-distance

T TG O ™ JITC TS OC L=A A

neasured. [15 NF]Q fulr@‘{‘hiﬁ physi al4 'ﬁgnrprty Hay bela cHPf i ¢ienf-656 t her mal
expansi on pMgAhBht | Spingddeuttic) Hi gu#88 3 illudtrated a(bdiematid0%ss
section of| a Za@i conWueiier devi|lc8. 232 ijn accqrdiaidze wi(@0i)yet arpod tier
enbodi nent | of iGdt® Pr©aRSonkNVENt I5UD6 IeSVEPNAEIGHPT deyoige 30 cpmpii ses a

substrate 32 IanOWm C e)ﬁlgl)l - V i t4r75%e epl | ay efz ég\l i % gfaﬂgl 1ecq3¢gcb/

Successi ve Y pl UVI ded—ott =Vnitrtde cpl | ayer—34, whtch—serves—as—an
n-type contact |ayer, are an n-type barner |layer 36, an i-type active |ayer
38, a p-type barner layer 40 and a p-type contact layer 42. Il1-V nitride

epi l ayer 34 i SAﬂwhialmeélypmm/ilﬁ&@h withateh of thepsetedfeexisdile sd¥strates may be
Cor r espondi ngI p-type contact layer 42 is provided with a
el ect r ode caleulaed tymsasusing tho afppyic ihissances Géla(ﬂ‘@ﬁtf%t@c@N %i&yﬁrem@%&mpmes of

gggﬁggat gé%ﬁlﬁg gg%w%ggoéggi{lcfge[{&‘gnal 2?&I}{qubsg gfeg%ﬁlﬁl&gan Tglrlgg ? CI ess

than 18. 8%sltaaké bettvedh afoRiscdh e ttaN é;bﬁayexnd,; fidifkea e@tstaamgzrap&é,wmr%oﬁwafeer abl'y
| ess than 96%Iatt%lce m smat ch, and nost preferably |ess than 0.06%

lattice nisadha@eH ermshean mémérﬁlédmswﬁdcatonpﬁo@ieﬁanmst%palwlate tgbiatticst e 32
i ncl ude a_nel LN reat n ess] ure of the

sem condugfl%r}lgtagglet(%eeen the uggtfzag%ﬁcﬂgl é‘ﬁpo é’?ﬁ e“r”% hegxp%m?% SAAREt differs
fromthat of 111V nltrlde epil ayer 34 by between about 1.9x10-6 K-~. II1-V
nitride epilayer 34 may consist of ga GgiN sem conductor epitaxjally grown 5
on substrate 32. Fur{@idice mismachys t7* &pP9%yer 34 may be ptbvided on a
(010) cl eavage pl ane of substrate 32™Wi th only a single type of atons.

O her enbodi e n the
art from consi 5%?asﬁa(lz}trslﬂ%éﬁﬁgaggﬁgcﬁl%gcg%é}gﬁééﬁp Iogg?(t:&ebégéﬂt%gh% nverﬁtl on.
Furt her rmlmasmateht ainnthie imstanok,Othe $maslldoe areasiged d; ait thé sulmsirapn&eN ¢filayer
descriptive clarit and not to limt 10 tgg present invention. The
enbodilfent¥eHi s, Wéﬁe‘?%ﬁeq ey ds ¢1PPed above shoul d be consi dered
exenplary, with the invention being defined by the appended clains. 15
CLAING 1. A Meldailifoinis Chite dg 18 ofuiRh! @), qnt Qatﬂ&é’ﬁﬁiﬁn&tbﬁ ol dpbile-
epi |l ayer, the od” conpri si ng: ecting a physical property; 5 selecting
a set of alsepilayes iniatfacet em bo caloalatede; Thie hesasarad mgubtﬂoe tiehyeti efaéxigtingperty
of each of the set of existi substrates; ana ysi cal property
of each ofURsyatesapd W@?F@%@Hg’géﬁtﬂﬁ? pismatch Heéﬁl“iad?‘?g’hni’ iterion for
selecting the substrate; and determ ning the physical property of a
potential substrate to ascertain wh fe lo potential substrate
satisfies the criterion for selecti ubstrate. 2. The method for

sel ecting a substraSabiwar 0OCléavhagé - \WMeasuked atodfic || aPalcudfted ecited in claim
1, further conprising: selectigighe flurdib@hceddg) cal lﬂ[gﬂﬁﬁhty to establish a

fulrt her cri teribon or gelecfing > fhe;xibgtrage. [3. 2dA¢ ofet pod ;o_r a
sel ecting a substrates] TOW = VAT AT T recited in claim
2, V\/nereign a furthm—%ffg fﬁ‘i’. i Gas éa f 319?’? W‘%ﬁ%{d— 20 4. The
met hod for sel ecting wvuhs*mili g a‘ﬁq, 113-8%/ dé 7o ayer as
recited in claim2_ uhe&in thé”phv L O prloef8y || s-@53 % tike i smatch.
MnO 100 0-0 | 3.1429 -1.44 %
CoO 100 0-0 3.015 -5.45 %
NiO 100 0-0 2.956 -7.3 %
MgAl,04 111 0-0 2.864 -10.19 %
ZnO 001 0-0 3.27 2.54 %
LiGaO, 001 0-0 3.125 -2.01 %
Al O 001 0-0 2.719 -14.74 %
SiC 001 Si-Si_ | 3.0745 -3.59 %

15



5. The method for selecting a substrate to growa IIl-V nitride epilayer as
recited in claim4, wherein determning the lattice msmatch includes: 25
measuring a first atom c distance and a second atom c distance at a
substrate-I111-V nitride epilayer interface, wherein the first atomc

di stance is between a pair of atonms on a cl eavage plane of the substrate
and the second T8t ByimisH &attieecsirain wasedeb & lanki pf amifgraing ip bondestrangthy
nitride epi Ly, i: t t] I: r first
t o ¢ i SFisthe StErA8 and 1A% BNy IR GAY BRUE PRI P BB o1 T g
a substr atcRatageP1ay of thd sublirite Wwithdshl e pisinglectip@6f SomeC Alcstdingly; ladldavhge
wherein the cl eavage pl ane consists of only a single type of atons. 7. The
net hod f oPlageMat the game sl atomes is preferghlyselected\fonthe megsuremientesfefssa By
recited in.clai.m wherein, t.he first 1 ¢ dist .1 S: a | ) tomc
i st ange MUl T R o0 cmisBin A A A SR TP R R
subst r at e distocgfiomdenslty bt MeRibstiatleGRNichRaRE iéfdceci ted in claim 7, wherein
the second atomic distance is a smallest atom c di stance neasured on the
[11-V nitride epilayer. 15 9. The nmethod for selecting a substrate to grow
a |'l11-V nitridéseghisergédroas Teblei k aefd Table| Zaithere is wraopdiagracment betwige the

physi cal pra ty is a coefficient of ,.ther.nal e nsi on. 10.. The,net hod for
Sel ect i ng CACRISa Pt hogg s Thismdthn giFinec R Spsitagraphio, Sy X
claim 2, whsophifte fhreevhliatinglattRRyis@aichpr operty is a nelting point. 11. A
sem conductor device conprising: a substrate having a perovskite structure;
and a Ill-V nitride epilayer provided on the substrate. 25 12. The .

sem cdAduct or &agedcen am apalysis efithedatticaimisnpatch wrtermingd fforeeach jof Wha pxiptinge

epi l ayer i [ C |

single tyﬁgb%l%%\é’tag&rr%.s t?%‘??or éﬁ\@?ﬁ%ﬁdﬁG@g%ﬁ@a ngﬁ%%rﬁgdr S%ge\?‘{“{:lghgvse% gesg}]grg? |8%’ claim
11, wher eilgtiéhenismbehr #ith hRSGaN apildyes; fosdraireforably ll@ssthbhas98%. &iitiod t h
the 111-V nitride epilayer. 14. The sem conductor device as recited in

cl ai m 11, mipeptehandhross preserably desh hand).Q6% datticemismatehat ch of | ess than 6. 96%
with the I'll-V nitride epilayer. 15. The sem conductor device as recited in
claim 11, whereln .he r S i .0 s I ha . 06%
with the Il1I- Veﬂr?i tﬁﬁllpdeéfe ﬁ%’a?é%nﬁﬁo S@%eﬁg\g con%‘%&sgite d%@?c(t:&ere a{slle%eci ted
in clasm ldvestigutsdi Potantiud idal sieqilinesfont the pemvsidicpansiued seh dsheosypstinat e
differs froma coefficient of thermal expansion of the IlI-V nitride

epi | ayer EQBetngeEOypvere studisd podedae was mmeasyred Ewnthe iidrudation efklatéee as
recited in. j ; r Qi h e 1 | &1 pei ter
than o pr SuSuEeR, SPerduReRifh Stk GRS S0 IRE 3 uh SARE S GiQPhRe

sem condu®eNMgOievére €oafl toaatiéfpdhd eriteticn PristlecMbier Thé clehivngs Wiie! mieSsurél

atomic distance dy,; and calculated mismatch of each of these substrates are tabulated in

20 Table 3.
TABLE 3
Substrate | Cleavage | Measured atomic | Calculated
plane distances, d;,s mismatch
SeCo0; 010 0-0 3.187 -0.06 %
SeNiO; 010 0-0 3.134 -1.72 %
SeMnO; 010 0-0 3.278 2.79 %
TeCoOs 010 0-0 3.252 1.91 %
TeNiO3 010 0-0 3.215 0.82 %
TeMnO; 010 0-0 3.318 4.04 %
SeZnO; 010 0-0 3.184 0.16 %
SeCu0; 010 0-0 3.411 6.96 %
SeMgO; 010 0-0 3.168 -0.66 %

10



one of a group consisting of SeCo03, SeN 03, SeMh03, TeCo03, TeN 03,
TeWn03, SezZn03, SeCu03 and SeMg03. 20 19. The sem conductor device as
recited in claim18, wherein the Ill-V nitride epilayer is provided on a
(010) cl eavage plane of the substrate. 20. The sem conductor device as

recited in claim 19, erejn.the I11-V pnitride 25 epil ayer .i.s a_GaN
epi l ayer. 21. KSVEH; é@ﬂdﬁ&ﬁbﬁlll&é"\ﬂ%éryé@ W@PW@:Oflgecocg% ﬁ?ggéﬁ’aﬁ@@@p’ect ed

froma gr ongiSH. N e N : j Vh03,
seznos, *saEGOR AR oy sl MpOF Srahr 2B it (IS il blondic
substrat e0-6 afans ihithe EE0) clRACHEE plinedaditaied herdieci ted in claim 21, wherein
the Ill-V nitride epilayer is provided on a cleavage plane of the substrate

with only a single type of atons. 23. The sem conductor device as recited
in claim21, wAPEifFoM ktiegmisnaighe diffences 4t thecoeHicignts ofthesmal expansipan

13.8% wi t Ll ttnl deqeni | ayer . 4. 1.Ih 1 r.device as
r eci te?:lvI i ﬁet}:’*{égﬁl it Eq\{, \%ﬂg?é%ﬁﬂ? }Eétra %ﬁbétspg%aa%%glssgagigzﬁé} @gnﬁé}goﬁa%% §¥C“l ess
than 6. 96%swita stitohdictdr duvicel dienegid Ryend crdbrionl fog selesinponslibeirate bdsadi ce as
recited in claim?2l, wherein the substrate has 15 a lattice m smatch of

| ess t hanoD.aneanakysishof Hee poaffigientstafi hermegli expgrsion ¢, a PReonslesat cafnenisting:

devi ce as i i.n i . erein a coefficient of thermal expansion
of the sugé]fsrrgﬁeggsoérﬁegrbglggrt%%sgéﬁgoeffi cient of thermal expansion o1|‘O t he
[11-V nitride epilayer by between about tl .9X 106 K-1. 20 27. The

sem conduct or delistast ths coefficicant dMmhemal Rxpsionher Rioh tditpetdthe] fat£GaANS a

nmelting point greater than a processing tenperature of the sem conductor
devi cd0 2gpilaygeardHiccsernscics of gxisting substrates,i asetell ps theadifference between thet he
[11-V nitgy Iql. 1,S RLOV] pl ane of the
substr at e.wléj'g? 8’%‘1@%%%@%18&09?1&& aagl\?/%é’gé}ggbtrgg%e?%ﬁé@ ﬁ%}{%grgi m 28, wherein the
[11-V nitride epilayer is a GaN epil ayer. 19 30. A nethod for selecting a
substrate to grow a II11-V nitride epThaygr4 the nethod conpri sing:
selecting a set_of existing substrates previously used as substrates upon

which to 5 grow Substraty r{i Ceéfficientod Byermal g Biffargues indeoefficiemiofg| a | atti ce
m smat ch between each of [t héExpansioh (K09t i gThermslExpansiondx101® | 11-V
nitride epilayer; gpgl yzilng the Isaioti ce m gnat ches between the sgt of
exi sting substyat e9,8Nd The TTT 749 1.90
MgA1204 7.49 1.90
MgO 12.8 7.21
SiC 4.19 -1.40
ZnO 2.89 -2.70
Si 3.59 -2.00
GaP 4.69 -0.90
GaAs 5.99 0.40
LiGaO, 7.49 1.90

The difference in the coefficient of thermal expansion between the second set of
15  existing substrates and the GaN epilayer is in the range of £1.9x10° K™, which serves as

the second criterion for the selection of a substrate.

The coefficients of thermal expansion for the potential substrates were predicted
using a theoretical approach proposed by Inaba, et. al., in “Semi-Empirical Estimation of
Thermal Expansion Coefficients of Perovskite-Type Oxides” (Journal of the Ceramic

20  Society of Japan, 106 [3] 272-278, 1998) and are tabulated in Table 5.

TABLE 5

11



V nitride epilayer to establish a range of acceptable |attice m smatches;

to determining the lattice msmatch between a potenti al

substrate and the

[11-V nitride epilayer to determ ne whether it falls within the range of

acceptable lattice m smatches;
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. (APE), developed by the Institute of High Performance Computing (IHPC). A prediction

model to predict the melting points for the potential substrates was trained with the
10  melting points of forty perovskite oxides obtained from literature. These forty training
data were separated into two groups according to their melting points: group 1 if the
melting point is larger than 1100°C, group 2 otherwise. With these, a good correlation
between three basic elemental properties: atomic number, ionic radius and electro-
negativity, was established. The developed correlation was employed to predict the

15  melting points for the potential substrates.

The predicted melting points are all above 1100°C, indicating that the potential
substrates, SeCoQ3, SeNiO3, SeMnQO;, TeCoO3, TeNiOsz, TeMnOs;, SeZn0s, SeCuO; and

SeMgOs, satisfy the third criterion for the selection of a substrate.

Figure 2 illustrates a method 10 for selecting a substrate to grow a III-V nitride

20 epilayer in accordance with another embodiment of the present invention. A physical
property, for example, crystal structure, lattice mismatch, coefficient of thermal
expansion or melting point, is selected in a block 12. Also selected, in a block 14, is a set

of existing substrates for analysis. Thereafter, the physical property of each of the set of
existing substrates is determined in a block 16 and analysed in a block 18 to establish a

25  criterion for selecting the substrate. The physical property of a potential substrate is then
determined in a decision block 20 to ascertain whether the potential substrate satisfies the

criterion for selecting the substrate.
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atg Ig)a;g]ected f) the crlterlon is not satlsﬁed Otherwise, a
decision is made in a decision block 22 on whether to accept the potential substrate as the
substrate or to select in block 12 a further physical property to establish a further criterion

for selecting the substrate.

The physical property selected in block 12 is preferably a lattice mismatch. The
lattice mismatch of each of the set of existing substrates and the potential substrate may

be obtained from literature.

Alternatively, the lattice mismatch may be determined by measuring a first atomic
distance and a second atomic distance at a substrate-III-V nitride epilayer interface. The
first atomic distance is between a pair of atoms on a cleavage plane, whereas the second
atomic distance is between a pair of atoms on the II-V nitride epilayer. The lattice
mismatch is then calculated from the first atomic distance and a second atomic distance,
which are preferably the smallest first atomic distance and the smallest second atomic

distance measured.

The further physical property may be a coefficient of thermal expansion or a

melting point.

Figure 3 illustrates a schematic cross section of a semiconductor device 30 in
accordance with yet another embodiment of the present invention. Semiconductor device
30 comprises a substrate 32 on which a III-V nitride epilayer 34 is provided.
Successively provided on III-V nitride epilayer 34, which serves as an n-type contact
layer, are an n-type barrier layer 36, an i-type active layer 38, a p-type barrier layer 40 and
a p-type contact layer 42. III-V nitride epilayer 34 is further provided with an n-type
electrode 44. Correspondingly, p-type contact layer 42 is provided with a p-type
electrode 46.

Substrate 32 may have a perovskite structure. Examples of substrate 32 include

SeCo03, SeNiO3, SeMnOs, TeCoOs, TeNiOs3, TeMnO;, SeZn0O;, SeCuO; and SeMgOs.

Additionally, substrate 32 has preferably less than 13.8% lattice mismatch with
II-V nitride epilayer 34, more preferably less than 6.96% lattice mismatch, and most

preferably less than 0.06% lattice mismatch. Other preferred physical properties of
14
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analysing the physical property of each of the set of existing substrates to

establish a criterion for selecting the substrate; and

determining the physical property of a potential substrate to ascertain whether the

10  potential substrate satisfies the criterion for selecting the substrate.

2. The method for selecting a substrate to grow a III-V nitride epilayer as

recited in claim 1, further comprising:

selecting a further physical property to establish a further criterion for selecting

15  the substrate.

3. The method for selecting a substrate to grow a II-V nitride epilayer as

recited in claim 2, wherein a further set of existing substrates is analysed.

20 4. The method for selecting a substrate to grow a III-V nitride epilayer as

recited in claim 2, wherein the physical property is a lattice mismatch.

5. The method for selecting a substrate to grow a III-V nitride epilayer as

recited in claim 4, wherein determining the lattice mismatch includes:

25 measuring a first atomic distance and a second atomic distance at a substrate-III-V
nitride epilayer interface, wherein the first atomic distance is between a pair of atoms on
a cleavage plane of the substrate and the second atomic distance is between a pair of

atoms on the III-V nitride epilayer; and
16
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5 recited in claim 5, wherein the cleavage plane consists of only a single type of atoms.

7. The method for selecting a substrate to grow a III-V nitride epilayer as
recited in claim 6, wherein the first atomic distance is a smallest atomic distance

measured on the cleavage plane.

10
8. The method for selecting a substrate to grow a III-V nitride epilayer as
recited in claim 7, wherein the second atomic distance is a smallest atomic distance
measured on the III-V nitride epilayer.
15 9. The method for selecting a substrate to grow a III-V nitride epilayer as

recited in claim 2, wherein the further physical property is a coefficient of thermal

expansion.

10.  The method for selecting a substrate to grow a III-V nitride epilayer as

20  recited in claim 2, wherein the further physical property is a melting point.

11. A semiconductor device comprising:

a substrate having a perovskite structure; and

a [TI-V nitride epilayer provided on the substrate.
25

12. The semiconductor device as recited in claim 11, wherein the III-V nitride

epilayer is provided on a cleavage plane of the substrate with only a single type of atoms.

17
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14. The semiconductor device as recited in claim 11, wherein the substrate has

5 alattice mismatch of less than 6.96% with the III-V nitride epilayer.

15. The semiconductor device as recited in claim 11, wherein the substrate has

a lattice mismatch of less than 0.06% with the III-V nitride epilayer.

10 16. The semiconductor device as recited in claim 13, wherein a coefficient of
thermal expansion of the substrate differs from a coefficient of thermal expansion of the

I-V nitride epilayer by between about +1.9x10° K.

17. The semiconductor device as recited in claim 16, wherein the substrate has

15  amelting point greater than a processing temperature of the semiconductor device.

18. The semiconductor device as recited in claim 11, wherein the substrate is
one of a group consisting of SeCo0O3;, SeNiO3;, SeMnO;, TeCoOs, TeNiO;, TeMnOs,
SeZn03, SeCuO; and SeMgOs.

20

19. The semiconductor device as recited in claim 18, wherein the III-V nitride

epilayer is provided on a (010) cleavage plane of the substrate.

20. The semiconductor device as recited in claim 19, wherein the III-V nitride

25  epilayer is a GaN epilayer.

21. A semiconductor device comprising:

18
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23, The semiconductor device as recited in claim 21, wherein the substrate has

a lattice mismatch of less than 13.8% with the III-V nitride epilayer.
10

24. The semiconductor device as recited in claim 21, wherein the substrate has

a lattice mismatch of less than 6.96% with the III-V nitride epilayer.

25. The semiconductor device as recited in claim 21, wherein the substrate has

15  alattice mismatch of less than 0.06% with the ITI-V nitride epilayer.

26. The semiconductor device as recited in claim 23, wherein a coefficient of
thermal expansion of the substrate differs from a coefficient of thermal expansion of the

II-V nitride epilayer by between about +1.9x10° K.
20

27. The semiconductor device as recited in claim 26, wherein the substrate has

a melting point greater than a processing temperature of the semiconductor device.

28. The semiconductor device as recited in claim 21, wherein the III-V nitride

25  epilayer is provided on a (010) cleavage plane of the substrate.

29. The semiconductor device as recited in claim 28, wherein the III-V nitride

epilayer is a GaN epilayer.
19
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15  epilayer;

analyzing the differences between the coefficient of thermal expansion of each of
the set of existing substrates and the coefficient of thermal expansion of the III-V nitride

epilayer to establish a range of acceptable thermal expansion coefficient differences;

determining the difference between a thermal expansion coefficient of the
20 potential substrate and the III-V nitride epilayer to determine whether it falls within the

range of acceptable thermal expansion coefficient differences;
determining a melting point of each of the set of existing substrates;

analyzing the melting points of the set of existing substrates to establish a

minimum acceptable melting point; and

25 determining the melting point of a potential substrate to determine whether it is

greater than or equal to the minimum acceptable melting point.
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