SUBSTRATE FOR GROW NG A Il11-V NI TRIDE EPI LAYER AND METHOD FOR SELECTI NG
THE SAME by Inventors WJ Ping 5 JIN Hong Mei- Background of the Invention
1. Field of the Invention The present invention relates generally to

het er oepi taxial gromh. More 10 particularly, the present invention
relates to substrates for growng JE-V nitride epilayers and a nethod for
sel ecting the sane. SUBIGIH HOR OROVINGe REVANG RADE HRlAVERI tri de

seni conductors such as alAqmmme@DtIfdlp “(fdJ{}NGgﬁ dd ypnitride  (GaN) and
indiumnitride (InN), and their alloys ave esira Ie properties such as a

wi de 15 band gap, thermal stabil | tybybzmehzgaod thermal conductivity. These

properties, either singularly or W{Egnatl on, make possible the
devel opnment of nunerous sem conduct or ices with remarkabl e applications

that were previously technically i npesgbLRE i Exanpl es of such
sem conductor devices and their applications include blue |aser digital
video discs (DVvDs) with five times the recording capacity of red |aser

DVDs, aerospace 20 component R r.abl & wi de range of tenperatures
and whi ch remain unaff ect ed g@—fm&{lﬂﬁﬂm ni aturi zed,
hi gh- power wireless transmtters. Al though possessing great potential and

generati ng, mugly s@RE M Ehtiont erest, commercial application of such
sem conduct or devices is inpeded by a lack of suitable substrates on which

to grow thin epitaxial films of Ill-V nitride sem conductors, also 25

known as |1 1-V Hiet rpr@éntepm\reayen swl@a:ppgmnere ly onne teferbdiftarast ngwdl@ y Msed
substrgtes f.or ride epilayers, is of a different

e
latticé coRs(aN r{}t H—%r?r?sﬁgt ’InVFn[\?mrﬁ H‘?S&B SuptTaSPePT StBtinsdtiehnilyde epilayers

and a method for selecting the same.
2. Description of the Related Art

HI-V nitride semiconductors such as aluminium nitride (AIN), gallium nitride

(GaN) and indium nitride (InN), and their alloys have desirable properties such as a wide

15 band gap, thermal stability, and good thermal conductivity. These properties, either
singularly or in combination, make possible the development of numerous semiconductor
devices with remarkable applications that were previously technically impossible.
Examples of such semiconductor devices and their applications include blue laser digital
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 wircless 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 I1I-V nitride semiconductors, also

25 known as I1I-V nitride epilayers.

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

reported lattice mismatch of 13.8%, resulting in a strain in the heterostructure formed.
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the interface between the sapphire substrate and the I11-V nitride epilayer
experiences a reported lattice msmatch of 13.8% resulting in a strain in
the heterostructure fornmed. I Msfit dislocations are generated to
acconmodate the strain in the heterostructure. These msfit dislocations

degrade the opt alledarld el ectrical properties of the resultant
seni conduct or Piflehslqtnbions gsiseneratsd to arconeodei strasichinbetwdencrotiaicaapphi r e

substrate T d t e |I r d ces a senicon tor eV| ce
with a hi g%ﬁ%?s’f@?é{’? B e Pl R Bl LS RSP B i ot

devi ce. Didehgromigcooekficel dihb%lg)]fﬁéahﬁﬂﬂﬁéc SRR pawWRe! IRED, })E‘lﬁ o SARAM. €
substratea [1.1-V nitride epilayer also contrlbutetg e strain

experi encetft SLthE‘ eV Het e gptipyre tupduces Addin¢oariadiby devtitrewithf4 Bipntigotdiohhe
coef fi Gi enfeps@f tht‘h%%&l)es(?ﬁ(n&n%:”%g%%ﬁgira es stresses in the heterostructure

whenever there I's a sta T 9°Yprfocessing 10 tenperature. These
stresses may cause cracks in the heterostructure. Apart from sapphire, zinc

oxi de (ZnO), siDiftoeing(SicJficatts gaticrym @i;fa%ﬂb@%e(v%ﬁst he é% Ghidd ﬁ%ﬂ%ﬁ@%és

substrates for the%?rowth of Ill-V nitride epilayers. ause crystals
subl i me_at"G 8l MibiFa @nper alsarestribateZnthesibst pgtesieneyl bydhs hﬂtaﬁ;gfrﬁét&re\/\lhl le a
[11-V nitride epilayer is being deposited, a process that typically 15

occurs around 6 5 00r her stability of ZnQlimts the
use of ZnO as %@Ogld ’9‘“3/%;1% 911:}(]:%“@ i %%VCH ist 94 H’é?“’éf)ll PERpEFIeN ESPeakE GaAs

substr at estrbsee 1a thedatdredricatt hﬂ%ﬂ@if&”ﬁ%lﬁ\ehlsog s@xgﬁﬁﬂﬁl n&ﬁﬁ J 1&%}180@5519 d
25. 3% res ectively, with I1l-V nitride epilayers. di scussed previously,

alard P‘?rété‘rc‘m e ElHesHRtIREPRUAS erab@tmahcehfaﬂdstamtmpl | ayer will degrade
t he perfor mance of a 20 sem conductor device produced with such a

substrate. Furtgrn®ss. The deco osition

rate of GaAs |sﬁn knovxllﬁl Sqﬁﬂ f%érp@gsog%% (&t“ yng‘font @p@?"iag%lrl@él ABENAE €

whi ch i nbtesalidhesedne setsshnrg forttRepenak o B1-hoilhepghap h of 111-V nit ride
epi | ayers on GaAs substrates. Hence,

Because ZnO crystals sublime at very low temperatures, a ZnO substrate may
disintegrate while a III-V nitride epilayer is being deposited, a process that typically
1> oceurs around 600°C to 750°C. The poor thermal stability of ZnO limits the use of ZnO

as a substrate for growing Ill-V nitride epilayers.

S1 and GaAs substrates have a reported lattice mismatch of approximately 20.1%
and 25.3%, respectively, with [[I-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 II-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 lII-V nitride epilayers,
such as 11AlO;, LiGa0,, MgAlScO, 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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maxi mum epi taxial growth rate may not be attained. 25 In recent years, a
nunber of substrates for the growmh of Il1-V nitride epilayers, such as
Li AlQ2, LiGaO®2, MA SedH and C NbQ2, have been proposed. However, the
thermal properties such as the coefficients of thermal expansion and

mel ting points roposed supstrates are not well quantified. As
such, therlgls&a’itfglt%mgeﬁ’o@]& Ptiatealoip ke wlich dscepeas tilﬁ Plf)@?tﬂmle‘mpilhfélon
subst rat € @RHcRRibaANEess, PRkl %lﬁng L
these substrates. Practical ap '?)lﬁggﬁlgggﬁg%@:ﬁﬁgé%g%u S @P%“ti‘éﬂ}k% hus been
limted. In view of the foregoing, it is desirable to have a sem conductor
device with an Ina\cc‘eprfam ert@ied, 10fs dattbleas Masaatsehidativesnddthe suhstrate
and the I1]-V trhlt E{sﬁllayer 51t is also desirable to have a substrate
for grow A§ERTYY Pt e Iléﬁmdéﬁbé?ofWCtrhtha sybsiataendcde i Cingrite @pllayher nmal
expansion jag f1feqd 'ulabl\ét . ¢ J rtne sirabl.e have a
S B htar/(': %%u@s?h AN %O\T/lil§eﬁ’ H{ ﬁaﬁlgi{e eé)felé%qr wa(lﬁ a 5}%1&:555' ng

substrate for growing a nitride

t enper at urcesfﬁCianlmﬁWl’mrmabéxﬁalnaoh n¢eant ireny Ihﬂd@re 38RE 'Itn}éeﬂh'h&ndés'ujaiﬂ% ihhese
needs by Erow ding a substrate for growi ng a |-V nitride epilayer and a
met hod f o?¥@1%Stgte Her Seayeng) @ Bhgunigd eaﬁweecﬁhat e stdvdd altrecqsiagent

i nventi Onté}ﬁfﬁei%rds”m enented in nunerous ways, including as a process, an 5
apparatus, a system a device or a nethod. Several inventive enbodi nents of
the present invention are described bel ow. One enbodi nent of the present
invention provides a nethod for selecting a substrate to growa IIIl-V
nitride epilayer. The nethod begins by selecting a physical property and a
set of existing substrates to anal yse. Thereafter, the physical property of
10 each of the set of existing substrates is determ ned and anal ysed to
establish a criterion for selecting the substrate. The physical property
of a potential substrate is then



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 determned by 15 nmeasuring a first atomc

di stance and a second atomi c distance at a substrate-I11-V nitride

epi l ayer interface. The first atomc distance is between a pair of atonms on

a cleavage plane, while the } i e is between a pair of
atons on the I11-V nitride e%%‘h?ﬂ{j] i?ﬁ%l %'smatchisthen
calculated fromthe first atom c di stance and the second atom c distance.

20 Preferably, ThepelkseaviagentpnanBs gut akaSs W&;b’ov%ﬁg r%gé&s&éw%log rfif 8 n
addition, _the first atom c distance and the second”atom ¢ di st &nce

pref er abl ViV gHiidespilayar gl @ methed dorcel en’eazs treedimen It Reowddl ea\aggﬁcmeameatand a

smal | est i o1 sure ont [11-V nitride epilayer,
respect i veﬁgﬂcﬁﬁﬂalﬁ%%g er e ‘e rodi Tt ! i BIRIPPHBRYS HYEREBE apRapesess dls

sel ect ed tappestidbh kel a & iddbrtNBEHLEH] E@véi‘?frln‘fr%]g%%l ?) n?f%]he&et}1§UbS%ﬂitat €.

A further set of existing substrates may be anal The
further pH?‘é‘?”é@P apt dgsenbst mdywbe a coefficient of thermal expansion or a
melting point. 4 Il another enbodi ment of the invention, a sem conductor

device is provi C nductor devi.ce conpri ses a substrate having
a perovskite st%(ch3 Iﬁ{rgg&g}le o i?? Ryeseqi EWYCBEO%QI‘P‘%}%? ap‘Pé‘\hP@lef@r Ghleetves a

substrat e sufietd td gdwriat M ‘JQn%R!e' &¥Rlerl STRY ﬁ{eﬂ{o%bioég[mspﬁ)? \églgg%& rp%B glgavage

pl ane of the substrate with only a single ty y, the
subst r at e PFRPESTY qndta $€é@f m(1§m cUbsthitek $cssn’ti:han TEr&Fewi thé phirgeal Ekop\ériyﬂiﬂ ride
epi | a)f?r \}Q{ﬁ reSfe{e(r)fa Xt’ g) {attl C(ﬁ%m smat ch_ bet ween the substrate and
the 11 deCept PHyErE Fsirales 15 felsmunesond andyssode cppblisy apiiteribass

t han 0. 06%r Eb’lecftﬂf abley sunaref figl X he sybstrate
differs from a c§eff| cient of ﬁl}ﬁe@%l&f ftpr) ginghf glf B?tﬁ’g ]‘qu ?u%\}rgﬁtf:tlrsl

epi | ayer BYicBBIGR énasssgain vbaher e potential substrate satisfies the criterion for selecting

the substrate.

The physical property is preferably a lattice mismatch and may be determined by

15 measuring a first atomic distance and a sccond atomic distance at a substrate-TII-Y nitride
epilayer interface. The first atomic distance is between a pair of atoms on a cleavage
plane, while the second atomic distance is between a pair of atoms on the -V nitride

epilayer. The lattice mismatch is then calculated from the first atomic distance and the

second atomic distance.

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

-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

sclected for the analysis. The further physical property may be a coefficient of thermal

expansion or a melting point.



lo Kr. Preferably, the substrate has a nelting point greater than a
processi ng tenperature of the sem conductor device. Preferably, the
substrate is one of a group consisting of SeCo(3, SeN 3, ScMh(O3, TcCoQG3,
TeN O3, TeMh(O3, SczZn(3, SeCuC3 and SeMy(G3. Additionally, the 15 111-V
nitride epil ayer is preferably provided on a (010) cleavage plane of the
substrate. Thel PR M gecs gt ihgyerentignpr shueatsiupton dGdN: bpirbayiet.. Thn yet
anot her enhggi A2 e | nt.i em conduct or device is provided.
ARt R dctvnfé é%ﬁ%g Meubfraté thf:“gf]% 4 8?’8856187(‘33 HHSHTS aafj dhb?'%

The sem conductor device co I Ses a subs

consi st i ngnivfide Spilo@B,proSaled®n HeMIBBiratteCoEB, 11Te Ny R e Eﬁihﬂ(}@’is S4By
SeCu@® and S 3 20 and a Ill-V nitride epilayer provided on the

subst r at e. PPN PR e aghplens aithe séistitsevithudpiisorgle gpoef mothsf or  sel ecti ng
a substrate to growa Ill-V nitride epilayer is provided. The nethod

begi ns py sel ecp| sgt xi sting. substrate reviously used as
subst ras't)es uponpﬁl?ﬂllg%tﬂyitglggsg%mﬁa% hepja {;/gﬁfaf?lig‘aétc}lé%il%é)}g?n %8%‘31‘%}& H-v
Ther eaf t ersitrald glityae NMbeTRERRLDE IERNIE3AEN0L iR &Rl ObURXER1IN 2Ry
substrates ,.and the I11-V nitride epilayer is determned and anal yzed tIo
establ i sh AIHEAgEPHYer dessphaint 86%autd westprfombbhless thén DALY ce ni snmat ch
between a potential substrate and the 111-V nitride epilayer is then

determned to jjhe r,i alls within the range of _ acceptable
%%mﬁ?’d? }@?Qﬁﬂ%m 9 et[l%%‘i APYBEFY PEithhsubraindifiat ietbansi on

| atti ce m snat ches. érence

of each ofcotffeisenf dfernxi @é;aiaﬂgmwpﬁltgr]ﬁt\e%ﬁﬁ@geﬁlcé@pg;, heiwanl 2B5utihes.n@te
expansion of the I11-V 5 nitride epilaycr is also determ ned and ‘anal yzed

to est'dblish a range of acceptable thernal expansion coefficient
differences. A difference between a thermal expansion coefficient of the

potential substpate, n?]_ Sl 1Y, pitride epilayer is then deternmined to
deternine whether | '?y g{ ss\;\%tﬂl}f\/snpfrﬁ nnrgal??élg ERPAIIbain f RECES TR [CHRperature
expansi on of def feirdcerctdt fidvdeences. 5 Additionally, a nelting point of each
of the set of existing substrates is determ ned and
Preferably, the substrate is one of a group consisting of SeCoO;, SeNiQs,
SeMnQ;, TeCoOs, TeNiO;, TeMnOs, SeZn0s, SeCuO; and SeMg0s. Additionally, the
15 HI-V nitride epilayer is preferably provided on a (010} cleavage plane of the substrate.

The HI-V nitride epilayer is preferably a GaN epilayer.

In yet another embodiment of the invention, a semiconductor device is provided.
The semiconductor device comprises a substrate selected from a group consisting of
5eCo0;3, SeNiO;, SeMnOs, TeCoOs, TeNiOs, TeMnO3, SeZnOs, SeCuOs and SeMgOs4

20 and a [lI-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 -V nitride
epilayer to analyze. Thereafter, a lattice mismatch between each of the set of existing

25 substrates and the II-V nitride epilayer is determined and analyzed to establish a range of
acceptable lattice mismatches. A lattice mismatch between a potential substrate and the
HI-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 IfI-V

5



anal yzed to establish a m ni mum acceptable nelting point. A nelting point
of a potential substrate is then determned to determ ne whether it is
greater than or equal to the mninumacceptable nelting point. O her
aspects and advantages of the invention will become apparent fromthe 10
follow ng detailed description, taken in conjunction with the acconpanying
drawi ngs, MIHcEdtlpgringsodenmyined askanmpized thetgbiishe rplgesfatcdphdld meandli on.
6 Brief Descripbtion ef. th Drawi ngs..The present invention will be readily
under st ooﬁ%&"@%‘%&ﬁ%‘% i ‘ﬁ&fe%f%i |fgalf FEEE PEPTGeB R A B A DHE 0RO T DLt he
acconpanyidighdpawnngssubdeatt agi hhd al.& L& %pqﬁg&f 'sRhd:PR teHﬂF;Fd ﬁ(ffd?{e%ﬂﬁa%
nuneral s designate |ike structural elenents. Fi gure ?a ITTustrates a
crystal stwhatbarefads v880o 08 iangactardanide thirtal efjansienkodiiernt daferédees.

i | b il]lustrates a crystal structure of SeNNO3 in

present. inyvent.ion. Figyre ) . _

accor déncéq(\%ﬂﬁz‘ﬁm@ﬁea ’%%‘H&HPW%P ‘Eﬁ‘j]t dheypd 9 §isting spbststes iFidgiermined and
il lustratesam; ; / I: rdan W t.h, ope to.
erbodi ment or s o eu gt ML PPy 8RR A3 edboh: E ekt
st ruct ur e sobstifeCaOBenndaatonethng ecwihihconBeth@M0di grentr afant He QI BSENhe
invention. Figure le illustrates a crystal structure of SeZnG3'in

accor danc &N SReFP B MEMOIS t he present invention. 1 5 Figure | f
illustrates a crystal stricture of SeCuC3 in accordance with one

enbodi nent of thgePLLe8 anhWEM LN, g illustrates a crystal
structure of SeMyCB S?n acago%gncegé\}vi ?flr:{hgﬁégmé%nﬁo\ﬁllw RSt a?%aémﬁr%%lgn@e
i nvent on folkivgug ele@iliell | destripatons takeneh hogjuhetorns ei@Cthi NG campastg atfvibgs, gr ow
alll-Vnitride

115ustratmg by way of example the principles of the invention.



20 epilayer in accordance with another enbodi nent of the present invention.

Figure 3 illustrates a schematic cross section of a sem conductor device in
accordance with yet another enbodi nent of the present invention. 7 Detailed
Description of the Preferred Enbodi nents A substrate for growing a Ill-V

nitride epilayer and a nethod for selecting the sane are provided. In the
foll om ng description, nungre ecif.ic details are set forth in order to
provi de a thorough unders?ﬁg 1D 2{o LS bl ion. It will be
understood, 5 however, to one skilled in the art, that the present
invention may DehDRLAGEHCRHMEENU 18 AR:QN uRbdrsiQ8a REsR ?@F%B%% defgils.

I n other instances, well known process opérations hdve no heén deScri bed
in detail deacrgrtther imotonjwctinmew@ss did |agcabSomng dhavippeserntt fhaven ipR. The
present inyention |.s based on a detailed analysis of a set of existing
subst r at eSS HPHOG: Ligecfé"?‘?r%l?cﬁ nierdp fesi gl reatmsturdiclemasing a 111-V nitride
epi layer. In particular, physical properties such as the crystal

struct yre, atontg,Spaci; ~d.eav, p , ffi gl ent _of . thernal
expanston’ and mFitng paeaeCer pdtall ity SO8CChE ' o@buebiEarEh ops

est abl i sh endridiresit af flerpreeheiatvemtipra substrate to grow the 111-V nitride
epilayer. It will be appreciated that references to existing substrates
are in respect of kngwn substrates i ch have either 15 been used or
proposed for usedts ﬁhﬁﬂ‘l’%@f%r% IYERnFEEHGcPorcHeVi da wcerianere with ope
nitride epia¥Bhent BNIRNRENS Bvaiexi Sting substrates to select a substrate
for growng a GaN epilayer 1Is (!I scussed in detail by way of exanple. The
sanme met hodol ogy nay be applied to select substrates for grow ng other
I11-V nitride g‘{ﬁqray@r gluspated rcitséali omucfuoe df a§dVIg®; nhsa@beints Wil $he
establ,j shed )b?se_d opan analysis of the lattice msmtch of a set of

exi st i ng SRS & g esn VW 0bt ai ned directly from literature or
indirectly based on reported |attice constants, as shown in Table 1.

Figure 1d illustrates a crystal structure of TeCoQs in accordance with one

embodiment of the present invention.

Figure le illustrates a crystal structure of SeZnQ; in accordance with one

embodiment of the present invention.

15 Figure If illustrates a crystal structure of SeCuQ; in accordance with one

embodiment of the present invention.

Figure lg illustrates a crystal structure of SeMgOs 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.



TABLE 1 rSubstrate Crystal Lattice Constant (A) C eavage Reported

Structure lane msmatch Si jDi anmond 5.4309 (111) 20.1 % GaAs Zi nc Bl onde

5.653 (110) 25.3 % Gal' Zinc Blonde 5.451 (110) 20.7 % MO Cubic 4.216

(111) -6.5 % MO Cubic 4.445 (100) -1.4 % CoO Cubic 4.2667 (100) -5.4% 8

Ni O Cubic 4.168 (100) -7.6 % NgA1204 Sjlne] cubic) 8.083 (111) -10.3 %--
[ , Li Galz

Orthogonal 5.406 5: S S LS 8IS 4. 758 12.99 C

pl ane- -13.8 % Alternatlvely, t he Iattlce n1snatch of the set of eX|st|ng

substrates may Reyunhaahewhated agyy t ces ,

substrat e- GaN epi | ayer | r{?éeirfgc%aqﬁ Mlg %n?ye? ag?ﬁemgp%%af@r 5?15 éﬁc@c

bet ween atsems wap@vclcdavate fpl]@nmgdiswmpaﬁﬁl Huiteréd s 6 fie ddiafit ancet hetwaen

atons on thg GaN ep |Ia§$r dl, using a crystallographic viewer software

such as CEFHEds Proyivde & Oﬁ‘ﬁlgﬂ’H’édﬁFéQ@@niﬂ*é@féhedﬁ?f‘@nwnwame§t wil babeddrsioed,t he

lattice mo3mpLeh, bt G S :

fol | owing equati on: %ﬁgggéﬁﬁ%@%ﬁ hﬁﬂhedp rssen‘ éfwega Tbﬁg%loy (kie}/praa lceﬁh\éltg‘?ﬂl | est

nmeasured abowia di sft hogesprayichetaRplIaweskrtifsisfles W al Rnde plRktd Gferations
msmatch. In this instance, the smallest neasured dt at trqe substrat e- GaN
epi | ayer have not been described in detai} in order not to unnecessarily obscure the present

mvention,

The present invention is based on a detailed analysis of a set of existing substrates

10 1o ascertain suitable substrates for growing a III-V nitride epilayer. In particular, physical
properties such as the crystal structure, atomic spacing, cleavage planes, coefficient of
thermal expansion and melting point of the existing substrates were studied to establish
criteria for selecting a substrate to grow the -V nitride epilayer. It will be appreciated

that references to existing substrates are in respect of known substrates which have either

15 been used or proposed for use to manufacture a semiconductor device with the -V

nitride epilayer.

An analysis of existing substrates to select a substrate for growing a GaN epilayer
is discussed in detail by way of example. The same methodology may be applied to

select substrates for growing other I11-V nitride epilayers.

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 (A) 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) -5.4 %




10 interface, that is, between Ga-Ga atoms, is 3.189 A Applying this value
of ell to equation (1), the lattice msmatch at the substrate- GaN epilayer
interface can be cal culated. The neasured drub for the set of existing

substrates and the corresponding |lattice msmtch are tabulated in Table 2.
TABLE 2 Substrate Cl eavage Measured_atonmic_Cal cul at ed plane di st ances,
rls” b msiatdhO S | Q1bicSi-Si 3]84.188. 41 % GhAs 11p (Gain 3| 997 @5, 336 GaP

110 Ga-Ga 3. BEAMD,72%ind Qubit]l 0-0.08398 _ -6.55 % | MiQ 190 -Q1§31)/(}29

-1.44% CoO 106:(®- 0 Sy @khe - 5. 4506 3 DD 100 0-0"2, 955 ;(09“?) 4 Algbg
2.864 -10.] 9%6@0 th&fg&m nf’fﬂﬁg@, bmu '§~E7§0/J b )L

0 2 .)i - I IT ITHD } -

Pg'g-t ?Ce st rai ﬁr@gusbuﬁeﬁagogadzgk 9417)?&“ orm t |2r‘99h oné I§’€“F"enu h13-§é’ff>vxg‘en t he
substrate and the GaN epllayer, the GaN epilayer is preferably grown on a
cl eavage pl ane of the substrate with only a single type of atons. o
Accor di ngl a y
sel ect edgf gr t h%kﬁeﬁéégﬁﬁentg%? Q%CWJ?EB} I{% %gr{fﬁne ns?é?n%g [ eﬁéﬁ”&t ?qbééatg? rnéﬁyn%

def ect f orcaktiiatmn bmwdamrprget\henﬁ@dlmﬁhlsmhcesl M 4 WlilbiralcedMGeSiILNL interface, in

particular, the atomic distance between atoms on a cleavage plane d;,; and the atomic

5 distance between atoms on the GaN epilayer d), using a crystallographic viewer software
such as Cerius’®, and using the measured atomic distances to calculate the lattice

mismatch between the substrate and the GaN epilayer with the following equation:

-]

i

atsub

L*100% (1)

Lattice mismatch =

The smallest measured atomic distance may be employed to calculate the lattice
mismatch. In this instance, the smallest measured d; at the substrate-GaN epilayer

10 interface, that is, between Ga-Ga atoms, is 3.189 A.

Applying this value of d; to equation (1), the lattice mismatch at the substrate-
GaN epilayer interface can be calculated. The measured ds.p for the set of existing

substrates and the corresponding lattice mismatch arc tabulated in Table 2.

TABLE 2
Substrate | Cleavage | Measured atomic | Calculated
planc distances, d,; mismatch
S1 111 Si-Si 3.84 20.41 %
GaAs 110 Ga-Ga | 3.997 2533 %
GaP 110 Ga-Ga 3.85 20.72 %
MgO 111 0-O 2.98 -6.55 %
MnO 100 0-0 3.1429 -1.44 %
CoO 100 0-0 3.015 -5.45 %
NiO 100 0-0 2.956 7.3 %
MgAlL Oy 111 0-0 2,864 -10.19 %
Zn0 001 0-0 3.27 2.54 %
LiGa0, 001 0-0 3.125 -2.01 %
Al Os 001 0-0 2,719 -14.74 %
SiC 001 Si-Si | 3.0745 -3.59 %
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di sl ocation density at the substrate-GN epilayer interface. As observed
fromTable | and Table 2, there is a good agreenent between the cal cul ated
and reported lattice msmatch, indicating that crystallographic analysis is
appropriate for evaluating lattice msnmatch. 10 Based on an analysis of the
| attice msmatch determned for each of the existing substrates,

substrate for gﬁmen@nﬁcG@NnepmhaweﬁushouyQ nmef@ﬁ@bﬁmnhgwg1m@§§Egggghl3 8%
lattice mngcgatch W|t the 631 glla yer, nore preferably l'ess than 6.96%
lattice EHe Sém’ A ip et gfee & élBWYCFe‘é}@ Gabhspideyos 9% praferabde grivenab @h. | n

this exa”péf@aw%@?f%% o hessta@m(,am oﬁ Jé}ﬂ%lc 1ﬁ;er@"4§c§{}s;%§%§ gfel § ﬁ&g‘r’%&ch as

i nvesti gat ed ential cleavage planes o

(100), (0O0Wyne w(tama saandtypd bOYowe i eptatshiedelandd dsiRe %§su¥§ﬁéwo@@1 .08yt he
calculatlon of .lattice msmatch. SeCo(3, SeN O3, SeMh

TeNi B,° TeWHt‘ﬁ“S“ge HERS, sgEpder c alama SNy Es bmrevemmdndhmm lsa;tmnsh;dutbﬁethe

criterion ane asured atom c distance
d,,,b and (ilgl:bg:% at ehélﬁ{]a {lﬁﬁ)&r:ﬁc@gﬁerpkwﬁggg&%bst rates are tabulated in
20 Tabl e 3. TABLE 3 Substrate Cl eavage Measured atom c Cal cul ated plane

di stances, d,,,Ms obsnmeddCiomSEEOOB BAOTBIO2 3thtRis- D o 08P s8N 3,810 0
3.134 -1. 72& SeMICB 010 0-0 3.278 2.79 % TeCo(s 010 020 3 252 1 91 %
TeNi 03 01C2ubMel and rop@iedogdattenmognadlo mdmmm&umr@g%ogsamn@wscxso

3.184 0. 1@1}5%0%‘?1%(}& Q\JaQanmg i%t;éelx%as%m?cq%

10 Based on an analysis of the lattice mismatch determined for each of the existing
substrates, a substrate for growing a GaN epilayer should preferably have less than 13.8%
lattice mismatch with the GaN epilayer, more preferably less than 6.96% Ilattice

mismatch, and most preferably less than 0.06% lattice mismatch.

In this example, potential substrates having a perovskite structure were

15 investigated. Potential cleavage planes on the perovskite structure such as (100), (001),
(010) and (110) were studied and dsup Wwas measured for the calculation of lattice
mismatch. SeCoQs, SeNiQs, SeMn0;, TeCoO;, TeNiOQs, TeMnOs, SeZn0s, SeCuO; and
SeMgOs were found to satisfy the criterion for selection. The cleavage plane, measured

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

20 Table 3.
TABLE 3
Substrate ; Cleavage | Measured atomic | Calenlated
plane distances, d;,,; mismatch
SeCo0s 010 0-0 3.187 -0.06 %
SeNiOs 010 0-0 3.134 -1.72 %
SeMnO; 010 0-0 3.278 2.79 %
TeCoO; 010 0-0 3.252 1.91 %
TeNi1O, 010 0-0 3.215 0.82 %
TeMnO, 010 0-0 3.318 4.04 %
SeZn0; 010 0-0 3.184 0.16 %
SeCuQs 010 0-0 3.411 6.96 %
SeMgO; 010 0-0 3.168 -0.66 %

10



SeMb(3 010 0-0 3.168 -0.66 0/ 10 Figures 1(a) to (g) illustrate crystal
structures of SeCo(3, SeN B, Sevnh@3, TeCo(B, SeZn(3, SeCuB and SeMwy(Cs,
respectively, with the atom c di stance between 0-0 atons in the (010)

cl eavage plane indicated therein. Apart fromlattice msmatch, differences
in the coefficients of thernal expansion 5 between a Ill-V nitride

epi | ayer and a SEHESr Heb talgb idwiredeysthk specthios nEnSeCad;, ScNi@s USEMNO;,

sem conduc ew _ a se criterion for selecting a substrate
based on'g%ﬂggﬁﬁvgﬁg%?%ﬁﬁhézgiéﬁﬁﬁggeHFEC%PmBh@F ihe @iqran e detveegecond

set of eXi@t@l’ag)mssiubﬁé1’051'0?51chﬁag@ﬁaﬁ%@ﬁrﬁ@éd@cﬁ@[ﬂ%m.iShed' A list of the
coefficients of thermal expansion, at roomtenperature, for a GaN 10

epi |l ayer and the second set of existing substrates, as well as the
di fference bet weB#H! fiee1 lafigs, mismaphodiffbedhcenirTableec Mici citsagahvalaliespaneion

bt ai ned f i : . . TABLE 4 Substrate Coefficient of Th |
B ffer enc e TReehar T o BRIG FPIBER g DA R S el ERpAITEPBAE08) 2 Gan
5.59 Al1203edulé9t %Iﬁ@on(Mcﬂog%viZe.Afﬁemc}a%Qconléfggtélrégifg? géécémg'azsaém%}%%g%?ég 49

Zn0O 2.89 -2.70 Si 3.59 -2.00 &GP 4.69 -0.
1. 90 on an analysis of the coefficients of thermal cxpansion for a second set of existing

substrates is preferably established.

A list of the coefficients of thermal expansion, at room temperature, for a GaN
10 epilayer and the second sct of existing substrates, as well as the difference between the

two, is provided in Table 4. These values were obtained from literature.

TABLE 4
Substrate Coefficient of Thermal | Difference in Coefficient of
Expansion (x107 Thermal Expansion (x10°%)
(GaN 5.59
AlLO; 7.49 1.90
MgAl, O, 7.49 1.90
MgQO 12.8 7.21
SiC 4.19 -1.40
Zn0O 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 subsirate.

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-T: ype Oxides” (Journal of the Ceramic

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

TABLE 5

11



The difference in the coefficient of thermal
15 existing substrates and the GaN epil ayer
t he second criterion for the selection of
expansi on for the potenti al

set of

of 1. 9x10-6 K-1, which serves as
The coefficients of thernal

a substrate.

expansi on between the second
is in the range

substrates were~predicted —using a theoretical approach proposed by | naba,
et. al., in "Sem SEh“rlFﬁﬁcaWEsﬁ"mnat ¢foFhatmal ThBiffakn dpaisifocictlodf [ i ci ent's
of Perovskite-Type Oxides"| (JXupansiongklidhe (ﬁTﬁahgﬂ]@&mﬁgghgum)gf Japan
106 [3] 272-278, 1998N and are ta@q@ated injTablre 57 TABCE 5 11-BSubstrate
Coef ficient of hq&qg; DfTerencesiygy Coeffigirent—of Y sansion-x10 s
Ther mal Expansi(on ﬁ% 0) GaN 5: }’%SSGCGO?’ 5.-53—0--06---5eN-O3-5..58 -0.01
SeMhC3 5.72 0. 13 53 0.942°TeNi03 6.35 0.76 ‘Oﬂ:II\/hCB 6 49 0.90
SeZn®B 5. 63 0. 04 Sﬁgﬁﬁhn 5.65.0°06  SeM 03 5.59 0.001Fable 5 shpws that
these substrates. skaGoshy The secofd3criteridn for theoselection of a new
substrate. As tihe TiNierence i n ceskfici ent |of ther may 7expansi on pet ween
the GaN epi |l ayler Tangh(;he potentlgugsubstrales i §TVer §HHII, mnj nmal
t her mal nisnatchls%zﬁégectea 5 75% a GaN—seniconductff—devi-ce—pr oduced
with one of th 56;%&” frates: LJU% . of—the+GaN ep"if”. typicallly occurs
in the range of C8—750C. 06

eMgO; 5.59 0.00

Table 5 shows that these substrates satisfy the second eriterion for the selection of

a new substrate. As the difference in coefficient of thermal expansion between the GaN

epilayer and the potential substrates is very small, minimal thermal mismatch is expected

from a GaN semiconductor device produced with one of these substrates.

Growth of the GaN epilayer typically oceurs in the range of 600°C to 750°C.

However, prior to growing the GaN epilayer on a substrate, the substrate is typically

heated to around 800°C to 950°C. To avoid decomposition of the substrate during

processing, a substrate should preferably be stable at the processing temperatures of a

10

criterion for the selection of the substrate.

semiconductor device. This requircment serves as a basis for the establishment of a third

Reported melting points for a third set of existing substrates were studied to

determnine an acceptable melting point for the substrate. A list of the reported melting

points for the third set of existing substrates is provided in Table 6.

15

TABLE 6
Substrate Melting point (°C)
ALO; 2030
MgAlL, O, 2130
NiO 1726
MgO 2800
CoO 1830
SiC Sublimes
MnO 2800
Zn0 1975

12



However, prior to grow ng the GaN epilayer on a substrate, the substrate is
typically heated to around 800C to 950C. To avoi d deconposition of the
substrate during processing, a substrate should preferably be stable at
the processing tenperatures of a 10 sem conductor device. This requirenent
serves as a basis—for.the.establishment of a third criterion for the

sel ection of the [substrate.SiReported nelting pointigifor a third|set of

exi sting substratles were st3adied to dgterm ne an]ggpeptable nelting point
for the substrate. A |1 st @ﬁAghe repored n9|t|ng zﬁglnts ror the third set
of existing substffates |skﬁtgy|aea "N~ Fabl-e6: éégPLE 6—-Substyate Meltin
oint C A1203 2030 NMBAAHS04-2136- Ni-O-1726 MgO--2800—Co0-1830-1 Si C
Sublimes MO 2800 2ZnO 1975 12 1414 Gap 1348 GaAs 1238 Li GaO2 1600

Tabl e 6 shows tiagle Gh@okBitng 1Kl Af sceXF Ints
rangi ng fron11238C$to 3800C Thééefgre éﬁhﬂg%s??@hE@h%ﬁg&%ﬁg&Bbﬁéﬂ%ﬁﬁ%nt of

greater thiEpm 42566C tﬁe&&@@‘)%cdépﬂébltee af oibstgrtewiirg aanGabk epidtayfegreatthitanf or ns

the third griterio
ﬁdO & mayr{)c acceptablc for growing a GaN epilayer. This forms the third criterion for

5 the sclection of a substrate.

Melting points for the potential substrates are predicted using the Neural Network

Model Builder (NNMB) of an artificial intelligence system, Advanced Process Expert
(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, SeCoQ;, SeNiOs, SeMnQOs, TeCoO;, TeNiQs, TeMnOs, SeZn0s, SeCuG; and

SeMg0s, satisfy the third criterion for the selection of a substrate.

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

20 epilayer in accordance with another embodiment of the present mnvention. 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 1n 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.

13



5 the selection of a substrate. Melting points for the potential substrates
are predicted using the Neural Network Model Builder (NNMB) of an
artificial intelligence system Advanced Process Expert (APE), devel oped
by the Institute of Hi gh Performance Conputing (IRPC). A prediction nodel
to predict the nelting points for the potential substrates was trained with
the 10 nelting Eéﬂpmosen@ﬂl $ltb7|51treytcpemm8kd i fethexirdesonofat iait ek fiadonDlHehekat air e.
These forté{b&glg{qr}l&l ng EE{J (iﬁggrate |nto two groups according to
their nelting points C’Br"o f)lSlfn OFrer OEPEDRGIOFSEER h“squ%ﬁ*g’éﬁ“tﬁﬁaﬁ 2100 C,
group 2 ot hgfswher ¥k tih

el enent al Fropertl es: at omﬂg%a@agﬂ%lg’ﬂy&%@ |I%2ty§§§£[\§ﬁ?ct ro-tﬁﬁ%cna?n?}] ty,
was est abl {oshselgctimhide dehstheped correl ati on was enpl oyed to predict the 15
melting points for the potential substrates. The predicted nelting points

are aII above liH)?g |cat| n% t hat .t he Eotentl al substrates, SeCo(Cs,
SeNi 08, SeMhO3 ﬂﬂ*&'e& clpelfp i blogk ARcs prdershiom liire BsNygad, Elat i sfy

the third grideahistRichQIr ibeogLaEt t ure 2,1l Lustrates
a nethod 10 for sel ecting aos&’]bstrgﬁ)%lt&ongasru%vg\}pégﬁr%ﬁvcﬁm rmﬁeSUbfgatgﬂ?? Aayer
i n accor darcebtainth franditheiurenbodi ment  of the present invention. A physical
property, for exanple, crystal structure, lattice msmatch, coefficient of

t hermal expansi ?)[n or. Zns { {lg point, is selected in a bl ock 12. Al so
selected, in a DIGERIMEDY: thelaficeapismatchanayshs deicraninut bameasuriog adiral ajenis.

Ther eaft erdlsthh% BRYSieahd RLIRER chgtt, %FQ Hgtetm %&tndg egﬂ%f%ilgtlcr;%c The

substrates is determined In a ana
est abl i%h ferQ@Onm di@tancmlsflmtw&el epdii agatbhe cﬁlub&tf:;!i %e pla'ﬁhewﬁ&iéﬁé Qﬁ'se&fﬂ?ﬂper ty

of a poten strat i s then gtermnedlna eci sion block 20 to
ascertain® aflﬁeelsp FERET 41 PALBS plomseor dks Ve sitride epdayerer Tlomlatigre
selectlnglt,@glgdmgt t T, te. s reected if the
criterion is not salgél%sﬁlicé%a% “ Hﬁlgﬁ\% ggét a%m%uaqﬁé %nmd 3 8%‘??5?% 85&1H§F’on

bl ock 22 orhigherdhprefaralacoephalidse fipatanhialissubs bh@tie 88allde second atomic

distance measured.

15 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 IV nitride epilayer 34 is provided.

20 Successively provided on TlI-V nitride epilayer 34, which serves as an n-type contact
layer, arc 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

clectrode 44.  Correspondingly, p-type contact layer 42 is provided with a p-type
electrode 46.

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

5¢Co0s, SeNiOs, SeMn0s, TeCoQs, TeNiQ;, TeMnO;, SeZn0s, SeCuO; and SeMgO;.

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



substrate or to select in block 12 a further physical property to establish
a further criterion for selecting the substrate. 5 The physical property
selected in block 12 is preferably a lattice m smatch. The lattice

m smat ch of each of the set of existing substrates and the potenti al
substrate ey be_obtained fromliterature. Alternatively, the lattice

mi smat ch ARRFUBE dét BEWKRet thsftive aout | grgatar flhanst poosising tingtcance andha
second at Qmi ! e. at substrate-|l1-V nitride epilayer interface. The
To tirst SopeeBhEEIERE v SURTMAR & et mran i uehod T bavabe i ane.
wher eas t NeniggRapdlapdromits 1@iedansud-5 Pefpwaen a pair of atoms on the I11-V
nitride epilayer. The lattice msmatch is then calculated fromthe first
atom c di stance_and a second atom c distance, which are preferably the
smal | est first Uatonitddaimteancdd ang cohgstsofd Gadt sescanticat epitexialy stoance

measur ed. The, further j,cal . property may be a coefficient of thermnal
ex pansfono%?u%%tﬁeﬁ'i Elért ‘%ﬁf{/ ri’—'f“éiﬁreBH%‘f’qug’ﬂl}‘é%‘Y ¢ providedaremd® i cleasage

section Oplafe sEIMbeENIULLAN SIBYh SRRy or AGHOT dance with yet anot her
enbodi mrent of the present inv%ntli gn.Y}BSe%g congluct or device 30 conprises a
substrate 32 on which a Ill-V nitride epilayer 34 is provided. 20

Successi vel y pP8ier getodmanty of/thei ibvérdienepill by eppaddst twhhels K@lodes @s aan
n-type co c \yer an n- e barrier layer 36, an i-type active

| ayer 38,ﬂggﬁpécfllﬁiod%}{aglgpr(?{eﬁml W&@%@O%ad PRaghiceyfethg ot ariton; ayarthamorgy | - v
nitride epithiy@rmddldey Hab bbOEEscRTOMLE G 0 ; &l gqtrode;44.
Correspondi ngl y, .p-tfge cont actl3 I ayérs4 ngéssmp{r(%\g?r é@g%ﬁ}rﬁﬁf‘?}%ﬂo@goehm“

el ectYodehapresom iguprstonat Bried@nbadimbmaty end ppeeovs Kidtgesitsdgbet gbovexaaapldes of

substratq. 32 i.ncl yde eN O3, Seivn(3, TeCOO3, TeNi O3, TeM(C3,
SezZn(B, %@@%&lg%ﬁg e§%ﬂ(‘/ﬁ%ﬁ Wl%ﬁ? PvEREm Yeing defted dydhagpnsadedelaies abl y | ess
than 13.8% |l attice msmatch with I11-V nitride epilayer 34, nore preferably
| ess than 6.96% |l attice m smatch, and nost
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preferably less than 0.06% | attice msmatch. O her preferred physical
properties of 14 substrate 32 include a inching point greater than a
processi ng tenperature of the sem conductor device, and a coefficient of

thermal expansion that differs fromthat of I1l- V nitride epilayer 34 by
bet ween about _L1.9x 10-6 K I1I1-V nitride epilayer 34 may consist of a GN
sem conductor epitaxially grown 5 on substrate 32. Further, Il1-V nitride

epi | ayer 34 may be provided on a (010) cleavage plane of substrate 32 with
only a single type of atons. O her enbodinents of the invention will be
apparent to those skilled in the artCLAIMB consi deration of the
specification and practice of the invention. Furthernore, certain

t er mi nol ogy hasl.beemn wagidohductor devipiiéddaaRmeof descriptive clarity, and not
tolimt lo the present invention. The enbodinents and preferred features

descri bed above sibstHtelhaig @p@gvmegﬂu@mnﬁdar y, with the invention being
defined by the appended clains. 15 CLAIMS 1. A sem conductor device

conprising: a asltmbstrﬁ@m@eﬁmpﬂoald@@wﬁ@lghgﬁra% ructure; and a Ill1-V nitride
epi | ayer provided on the substrate. . The sem conductor device as
recited in claim1, wherein the III-V n|tr| de epilayer is provided on a

cl eavage pl ane of the substrate with only a single type of atons. 3. The

sem conduct or devi CerRSemfohl&God dbvikak Rched WHELEHN, WieR BRIy 2iRas 10 a

lattice msmatch of Iess than 13.8%with the III-V nitride epilayer. 4. The
sen conducipdeyadéaproeided on eclepeageiptane bhihnstbstwkewsh nnlyheinglbiype af gomas a
lattice msmatch of |l ess than 6.96%with the Il11-V nitride epilayer. 15 5.

The sem conductor device as recited in claim1, wherein the substrate has

3. The semiconductor device as recited in claim 1, wherein the substrate has

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

4, The semiconductor device as recited in claim 1, wherein the substrate has

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

15 5. The semiconductor device as recited in claim 1, wherein the substrate has

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

6. The semiconductor device as recited in claim 3, wherein a coefficient of
thermal expansion of the substrate differs from a coefficient of thermal expansion of the

20  1II-V nitride epilayer by between about +1.9x10° K,

7. The semiconductor device as recited in claim 6, wherein the substrate has

a melting point greater than a processing temperature of the semiconductor device.
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a lattice msmatch of less than 0.06%wth the II1-V nitride epilayer. 6.
The sem conductor device as recited in claim3, wherein a coefficient of

t hermal expansi on of the substrate differs froma coefficient of thermnal
expansion of the 20 Ill-V nitride epilayer by between about 1.9X 10-6 K-'.
7. The sem conductor device as recited in claim®6, wherein the substrate
has a nelting point greater than a processing tenperature of the

sem conduct or device. 16 8. The sen conductor device as recited in claiml,

wherein the suhstratg is _.on f roup. consi sti.ng. of, Se . oeN O3,
Sonne, Tecocs, S rent s pinnaser &t e SiE e R S e g

sen conducsmr ofl@\uiei) @msisehd bedeCBOE! SENNOS, SWIRDEI TeddTs, TeNiY;, MdMAiGle
epi l ayer is provided on a (010) cl eavage plane of the substrate. 10. The
seniconduc@%ékhé$¥%@hé§d5@@Ep@d inclaim9, wherein the Ill-V nitride
epilayer is a GaN epilayer. 10 11. A sem conductor device conprising: a
substrate selected froma group consisting of SeCo(3, SeN 3, Sewh(3,
TeCo(GB8, TeN O3, TeM(B, SeZn(B8, SeCu(8 and SeMy(GB; and a Il1-V nitride

epi l ayér provi ded orfbesemigpduatendevicens ragited Phelage i edairctherllldévitade as
recited in.glalr . i ] I- RN i | ayer is provided on a
cl eavage S?QEQﬁé &%ﬁg&gﬁ%gkggﬁgﬁay#ﬁp%ﬁ?§¥gkg§%% gitype of atonms. 13. The
sem conductor device as recited in claim1l, wherein the substrate has 20
a lattice msmtch of less than 13.8%wth the Il1-V nitride epilayer. 14.

Th ' d deyi ited. i I .11, . in.th . h
a Tattice msmiten aereelophERu sl i SRrei B8 By gy ©

epilayer is a GaN epilayer.

10
I1. A semiconductor device comprising:
a substrate selected from a group consisting of SeCoQ;, SeNiOs;, SeMnOs,
TeCoO;, TeNiO;, TeMnOs, SeZnOs, SeCuO; and SeMgO;; and
a HI-V nitride epilayer provided on the substrate.
15

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.

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

20  alattice mismatch of less than 13.8% with the ITI-V nitride epilayer.

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

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

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

a lattice mismatch of less than 0.06% with the ITI-V nitride epilayer.
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25 15. The sem conductor device as recited in claim1l, wherein the
substrate has a lattice msmtch of less than 0.06%wth the Il1-V nitride
epi l ayer. 17 16. The sem conductor device as recited in claim13, wherein a
coefficient of thermal expansion of the substrate differs froma
coefficient of thermal expansion of the I11-V nitride epilayer by between
about 1.9x 10-6 K '. 5 17. The sem conductor device as recited in claim16,
wherein the substrate has a nelting point greater than a processing
tenperature of the sem conductor device. 18. The sem conductor device as
recited in claim1l, wherein the 111-V nitride 10 epilayer is provided on
a (010) cl eavage plane of the substrate. 19. The sem conductor device as
recited in clai i 18, Thersmégoadegier dqvicerasipaitefl die clapil paybereing: ¢petlimens of | ayer .
18 thermal expansion of the substrate differs from a coefficient of thermal expansion of the

I1I-V nitride epilayer by between about +1.9x10° K,

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

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

18. The semiconductor device as recited in claim 11, wherein the HI-V nitride

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

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

epilayer is a GaN epilayer.
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