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t-t PCT/ JP2004/ 002760 DESCRI PTI ON GALLI UM NI TRI DE
L SUBSTRATE ANDMETHOD FOR PRODUCI NG THE

Pékgg&gogﬁéﬁé OF THE | NVENTI ON The present invention
relates to a galliumnitride single crystal substrate
and nmethod for producing the sane. 10 BACKGROUND ART
Nitride-based Ill-V grow% sem conduct ors
represented by the genera or mul al n" GayAl
N(wherei n, x+y+z=1, 0:-5x:-51, O:y: 1, 0- z 1 1)
have control |l able direct type band gap correspondi ng
to fromultraviolet to red depending on the 15
GAGHE YN TR IS S NG L CRY STALSURRRA METHAP FPR REQPUCING
be utilized as a material for a light emtting device
THE BAYE efficiency ranging fromultraviolet to
visible light. It is theoretically possible to

manuf acture an el ectroni c device excellent in

envi ronnment resistance utilizing a property as a
FsenbpcordegEOINYENGeTON at hi gh tenperatures under which
conventional sem conductors cannot operate, due to

largies DALk DRR rA% MBI a tid RoS8NGELDHHA O rB8€bingle
as GaAs and the |ike generally used up to now.

r lLbrlde- ed bl -2V
3 %ﬁégn &gltsg%g@%?ﬁ?aﬂiﬁg?mgasfﬁr‘;i’%eoréor%lég%)?set aome:
grow h of a bulk single crystal, 1 r-

BACKGROUND ART

Nitride-based ITII-V group compound semlconductors
represented by the general formula In,Ga;Al;N (whereln, x+y+z=1,
0Sx=1, 0Sy=1, 0=z=1) have controllable direct type band gap
corresponding to from ultraviolet to red depending on the
compositionofalll groupelement, consequently, canbeutlilized
as a material for a light emitting device of high efficiency
ranging fromultraviolet to visible 1light. It is theoretically
possible to manufacture an electronic device excellent in
environment resistance utilizing a property as a semiconductor
even at high temperatures under which conventional
semiconductors cannot operate, due to larger band gap as compared
with semiconductors such as GaAs and the like generally used
up to now.

However, nitride-based III-V group compound semiconductors

cannot easily perform crystal growth of a bulk single crystal,
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PCT/JP2004/ 002760 and free standi ng substrates of

tically endurable nitride-based I11-V group
P ﬁ%%ﬂ?ﬁg) 28 conductors are still under devel opi ng.

Therefore, substrates widely used currently are
sapphire and the |ike. Usually, nethods of epitaxial

a%’ep%% ?.%ﬁaﬁ%ﬁiﬁuﬁé%% RE, brafETLarly [hdlapaer

hod) are_used ver p te has

R AGRIDAEHR L B sa.wr%%n?orgpa\wﬁ BeRErianehs Pefafty, duons
a nitride-based Ilii- roup conpound sem conduct

undagy deyedoping:. | Ehﬁﬁﬁg%ﬁblséﬂﬁi’@#"&ﬁ Wiéeavr‘bﬁti y‘uaﬁently
this a crystal of a nitride-based 111 - roup

ar® sppphd recand dridutibe . Uswabiyr memogﬁnm% growth
and usually used a nethod of grow ng anorphous GN,

sdiN £5 & heetdkeopgariatchemecalt eaporatepesitibaxmaghod
|attice strain, and then, growing a crystal of a

(ﬂléféi:@&f@é‘ﬁEdalbbi:exylaf@ﬂpaéoﬂmvndmaeﬁbd@nduét asedn
this 15 (Japanese Patent Application Laid-Cpen (JP-A)

9 f
Cryst@%\ﬂe%? $B)sapdfi ddi SR 146 dUBE¢icd cnstant

ased V group conpound

difﬁl%lgg ng 8 %&fq%%nt&?ﬁ[a&? th¥m%iﬂr3idbe|_l%‘é&\éﬁ III-V group

repancy tIce constant et ween

h|re supstrate and _a cryst t
R R R R s A {’#%?Smfg to grow
resol ved ,, dislocation, this i ect, i
e b
cm' in the crystal of a nitride-based |I1l-V group
senhponddctent coFhrrefre THHheLs QsoéaVPBﬁeﬁsa‘ég mwm used

since it remarkably decreases the perfornmance of an
a tmtihed sficfr@eing@ Gniorphows AN, |AlM orothe like once at lower

temperature, relaxing lattice strain, andthen, growingacrystal
of a nitride-based III-V group compound semiconductor on this
(Japanese Patent Application Laid-Open (JP-A} No. 63-188983).
By this method, the quality of acrystalof a nitride-based ITI-V
group compound semiconductor has increased dynamically.
However, since a discrepancy of lattice constant between
a sapphire substrate and a crystal of anitride-based II1-V group
compound semiconductor is not resolved, , dislocation, this is
a crystal defect, is still present at a density of as high as
10° to 10 cm™? in the crystal of a nitride-based III-V group
compound semiconductor. This dislocation is a problem since
it remarkably decreases the performance of an device such as

life or the like.
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PCT/ JP2004/ 002760 Then, recently, as a nethod of

ocation generating based on the
Péﬁ&ﬂﬁ@%ﬁﬁ%ba% | attice constant from sapphire, there
i s suggested a nmethod in which on GaN havi ng
di sl ocation present in high density, a mask patterned

5102 5 the lik
: Ea}hm,rpeoq«%r ore® 1 O rediiLhg ?ég%%e%f-’é%h
| ateral growth to obtain a flat %ﬁ% rystw £ £
g@mFétiega‘P%%eﬁle%r‘i% CEERLIS LRSI &P rom

be decreased to 107 CM -2 by bl ocking, di sl ocatl on from
sapphivep| theresinguggesked poretimg sin vhiich o N having

2637 (1997)) . 10 On the other hand, as a nethod of
dbslacat hgn presm ts lankii gly dems tyubetmask pat termegiwish S10;

reported in which on a sapphire substrate and the

ah8 kene a Gad\ 1 Eolirided,S Gapi igxgabiy Hromna winlow portion of
sapphire and the like are renoved by using etching or

th@SRAsk JBRd tie PPk -idfeverdd bBlaterd?girodth to obtain
(1999) JP- ANo. 2000-129000). 15 However, this nethod

S de w@ég&%hataxﬁee dse P4 aﬁ.sodk‘E{)SE@Eﬁetﬁé‘t 'ail%rlmaation

expanS| on C I Cl ent et ween sapphire and

dﬁﬂﬁéga lfearﬂmsepd a[ssed Rody 8111142 %tl%%l?%%;e&igi (‘ﬁ‘ﬁ@ion from

rp Orf Crack remalins on resu
free standln

the deabua oo aLS AR (Sapi AT 1 58 Fgaf??e@@aa?ﬁé? (397

obtained. As a nethod of solving these proble t here
s QBesoEReT NARANGF PriaHie of ABEALRIRG,A T3

of Ti and the like having a catalytic action .
GpNosubshgatecoapwethrdnist reprritedf dpnwdrish omm@ sapphire
surface of GaN, then, a thermal treatnent is conducted
sabs2bathiandirciher Like atarGapheres tahtis apAgaxisllyogrewm and
TiNin the form3
sapphire and the like are removed by using etching or laser (Jpn.
J. Appl. Phys. vol. 38, p. L217-219 (1999), JP-ANo. 2000-129000) .
However, this method has a problem that because of a
difference in thermal expansion coefficient between sapphire
and the like and GaN, warp occurs in a cooling step after growth,
consequently, warp or crack remains on the resulted free standing
substrate, further, a problem that dislocation density
sufficiently reduced cannot be obtained.
As a method of solving these problems, there i1s suggested
amethod in which a metal thin £ilm made of Ti and the like having
a catalytic action promoting decomposition of GaN is formed on

the surface of GaN, then, a thermal treatment is conducted on

this under an atmosphere containing NH;, to form TiN in the form
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PCT/ JP2004/ 002760 of mesh on GaN and sinul taneously to

forma void of reverse cone shape on the ground GaN
POCTIR2004/008T60space, and GaN -is laterally grown on

this TiN, then, this is peeled by using m xed liquid

of hydrofluoric acid and nitric acid to obtain a free

standing 5 substrate having a d|slocat|on& ;é;g%ersecmne

off mesheon GaMABGIS YU tanecushy o foFE P
No. 2002- 343728) However, also this nethod ha
sipapbloamthhagravnd Gall Aot the wesh spacerhabdEal %SslaterallY
decreased and nitriding of Ti and formation of a void
gTowisa alhd sC@atlycthensi il s abe @egled by usdnchedred 1iquid
treatnment, consequently, control of the void

of’&ﬁ%&fl%ri&ﬁﬁc&dj galnentrié ddid tegobeabh aifireedstgnding
of 'T1 and the like are difficult and stable

smé%ﬁji’ ?n%vanaa @Jcﬁéﬁ&{ abaw1 tg §é@@@éd% aBout 107 cm™?

emthat mxed |iquid of

d oric apd,.ni necessary f or
a‘&% %ﬁ;c# i’égpgg’f’uggmg Egb ﬁgbq%ﬁbl ens. DI SCLOSURE
OF THE INVE |nvent v
i ntHames '%ﬁ?dutg}' hr?s % RE© ﬁqblléj""\q')"eetrtﬁa""r%:t WEEBy e not
problens and resultantl found hat
SWEELpienbasReush| 1Y 4F HRCERRSS nahdcRiEdidingopE T4 and
crystal having a specific structure can be forned

fohmahianpof m void Hen Gathans %“é}‘-‘é‘tﬁqdorﬁméﬂd%a&?% in a
seed crystal, the whole surface of the crystal

thésahal ansatmietds acensequenhly; Fentralegfthe \poitamomrt ion
periodically, by using a nitride-based II11-V group

af@NRQyHstRén 8 64T Coine utégree ryf tral titaldimy of Jliurand tthe like
of projection shapes, 4 PCT/JP2004/ 002760

are difficult and stable production of a substrate of low

dislocation is difficult, a problem that mixed liquid of

hydrofluoric acid and nitric acid is necessary for conducting

peeling, and other problems.

DISCLOSURE OF THE INVENTION

The present inventors have intensively studied for solving
the above-mentioned problems and resultantly found that a
nitride-basedIII-Vgroupcompoundsemiconductorcrystalhaving
a specific structure can be formed in which a point in the form
of projection is used as a seed crystal, the whole surface of
the crystal is flat, and voids are left internally regularly
and periodically, by using a nitride-based I1I-V group compound

semiconductor crystal having a plurality of pro jection shapes,
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maski ng portions other than the points in the form of
5’,&@860“ on wth a mask, then, growi ng the crystal

P £048P276Rat this crystal has dislocation density
equal to or less than the level obtained in
conventi onal nethods, further that by controlling 5

t he cross-sectio | area the
mapk} R BoRH Ry 393%331 Photo 1ty Tb bl EBtm Pf Biyoction
an upper crystal can peel ed eaS|Iy mntho
withhangask. taer. ast-“ewieay§t18| Grgﬁmlhlaﬁarsﬁweetﬂ%t this
standi ng substrate having | ow dislocation density and
cshstihdax disioicptdenl denat by egnale toR BRI LeES théadtltfg level
10 to conpletion of the invention. Nanely, the present
obbBaENéddMm poaviedtdonall netiktdsd furthmmibhetngprneontrolling
epi taxi al substrate having a IIl-V group conpound

B8 Byl OF i SR A/B adle al 6P I1EE podd thin thhe foemesBiprojection
formula I nxGalAl , N (wherein, x+y+z=1, 05x51, 05y5 15

td a ezt i‘gtrgg. sLauRd di €érﬁﬁﬁét8 rhrﬂ? '&%l ij¥per crystal can

conprising a irst step of covering with a mask made

Of aeflé feésef‘f g{du@ usfirn%ntbttp:ﬁ hlyl ot & after crystal

oRpotnd et ch on y portTons around

ggpvgltqf/agfar %Bgrgéﬁ%%ﬁﬂg OnStl g%a%@eﬂ'ac}gi(gb?.o%'d'l%l%cation

uctor “crys havin
plurality of 20 pro ectl es and a .second.step.Q
AR gotﬂ%'?}nwaggma&o%ﬂ'@? R8P ading
rystal laterally byusing the I I I -V group conpound
tgeﬁP@Dhé@éPBr°€r$§PaFnHPnFH§nopen|ng as a seed
crystal, [2] A method for producing a free standing

subamete, cthe présent ginventbapoprdvidas conduct or
crystal represented by the 25 general fornula
| NXCay Al ¢ vk rinm producilg £06)epl, ta0shal Fubstrate having

PCT/ JP2004/ 002760
a III-V group compound semiconductor crystal represented by the
general formula In,Ga,Al,N (wherein, x+y+z=1, 03x=1, 0Sy=S
1, 0=5z=<1) having reduced dislocation density, comprising a
first step of covering with a mask made of a different material
from the III-V group compound semiconductor so that only portions
around points of the crystal constitute openings by using a III-V
group compound semiconductor crystal having a plurality of
projection shapes and a second step of growing the III-V group
compound semiconductorcrystal laterallybyusingthe III-Vgroup
compound semiconductor crystal at the opening as a seed crystal,
[2] A method for producing a free standing substrate of a

III-V group compound semiconductor crystal represented by the

general formula In,Ga,Al,N (wherein, x+y+z=1l, 05x=1, 0Sy=
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1, 0-:5z:-51) having reduced dislocation density,
LS) first step of covering wwth a mask nade
P@?H§§Qﬁy&g?§%t material fromthe Il -V group
conmpound sem conductor so that only portions around
points of the crystal constitute openings and the sum

5 f
15 B 1R S0 msete QiR (R Soptiping o
{
£ 0F el Ot CRYaFSbe Ghth Aupask %@ﬁ%?éﬂa éafﬁerr%mﬁﬂal
conpound sem conductor crystal havin Iurallt¥
fEP’BF@@t’F%“éHSBBQ %@%rs%%%acs%%cg?rgp thalgordy pestions
I I -V group conpound seni conduct or crystal

arauedapoynbg ofi e ergstal -conginteomramings and the sum
sem conduct or crystal at the opening as a seed

of rifst akreab3f The opéhbigadsol ARy Lesp14f dhe[2fea projected

wherein the I'l11-V group conpound seni conduct or
fFE6NMSERE GppbR0darskiiahi bf ehe 1FIPWojgReipocompapag i n
the first step is obtained by using the I11-V group

sEMTBOHAH S8 CPPSIEET Q{aﬂ.ﬁéﬁtaabléﬁaﬁﬂ:ﬁr‘@f P jection shapes
covering this with a mask having a plurality of

gp&Qiﬁlg da H‘P-r’v rﬁﬁ:@%ﬁ;?d dﬁcﬂrs% i%ﬂcﬂg:ﬂd:l [ t%’lp having

onpou sem co rystal ron1t open| SO as
to. for obl i gue f.acet [ r
oy LTI P e, SR b8 B G gpowsns
|taX|aI substrate cont ai ni_ng, a v0|d S ounde
BB and - WA oTEoind 80 FaPEtSLAg ShY AL LA LEbY sing
covered with a different material froma II1- up
thenpblm¥ HOHR SOaROURd sgRdcondpstor FFﬁﬁt%a‘ﬁ‘al‘%& opening

substrate of a Ill-V group conpound 6
apCa/ 9#200arpeLaso

{3] The method according to [1] or [2], wherein the III-V
group compound semiconductor crystal having a plurality of
projection shapes in the first step is obtained by using the
III-V group compound semiconductor crystal as a template,
covering this with a mask having a plurality of openings, then,
selectively growing the III-V group compound semiconductor
crystal from the opening so as to form an oblique facet against
the surface of the template,

[4] AIII-V group compound semiconductorepitaxial substrate
containing a void surrounded by a plane parallel to a substrate
and an obligue plane covered with a different material from a
III-V group compound semiconductor, and

[5] A free standing substrate of a III-V group compound
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sem conductor crystal having reduced dislocation

[ I ned by the nethod according to [2]. BRI EF
P%@&W@?@F DRAWNGS 5 Fig. 1 is a schematic view
showi ng a process for producing a GaN free standing
substrate show ng one exanple of the present

inyentiion, Fiq. 2 (A).is.a Vi Wi f
sEREORBCteF| Frv At ahedsfa et e L AaReR s e ety
gresent I nvention éB) IS a_view 1(% s]chemati cally
obkahnad PrethenBethsf accreddbsi 5/ 12 14i sl ocation
density in the present invention, and (C) is a view
schematically showi ng a nethod of reducing

di sl ocation density by repetition of |ateral growh.
BRIBF BXPBANANDON OFnDBRWANGSern used in covering a
tenplate 15 in Exanple 3, and (B) shows a nask.

patggf N usedai seKawetiayriaw shopingeal préxespl forl producing
Fig. 4 is a schematic view show ng a process for

aRiaﬁ‘ﬂEEZé@%ta?hé:l[ﬁ% stbardatd SMEPLA@RbaetdxAMS1OI0ESERS present
i nvention. Fig. is a schematic view show ng a

: for producing 20 a free standing substrate of
l?{ﬁgﬁg$érslént i nvention. Description of marks 1: ground

LR, B sV A G P P PO Mt 2ng
agrgé:i(.etcetui:i?gl Ssrtl:l%psetrate of the present invention, (B) is a view
schematically showing the condition of reduction in dislocation
density in the present invention, and (C) is a view schematically
showing a method of reducing dislocation density by repetition
of lateral growth.

Fig. 3 (A) shows a mask pattern used in covering a template
in Example 3, and (B) shows a mask pattern used in covering a
template in Example 4.

Fig. 4 is a schematic view showing a process for producing
a free standing substrate of the present invention.

Fig. 5 is a schematic view showing a process for producing

a free standing substrate of the present invention.

Description of marks
1: ground GaN epitaxial crystal
2: pattern

2A: mask portion



=" 4: mask used in first step 5: photoresist |ayer 5 6:
eni exposed portion, seed crystal) 6':
Pé@ﬁ%@@ﬁﬂgﬁgﬁértion 7: grown crystal 7A: association
portion 7': free standing substrate 10 8: epitaxi al
crystal having void internally 8A: void 9: n type
Ia& C10: light emtting layer 11: p type |ayer 15
1228 SRS Bhe 13: p el ectrode BEST MODES FOR
CARRYI NG QUT. THE | NVENTI ON t he net hod of growing a
|1 13 SFshP e SR REH LS t%?apezo crystal
represented by the general formula I nXGyA N
(wer &iask usgd-An s Stelys51, 05z51) in the
present invention, a HYPE nethod and aMOVPE net hod
ar 6 s (phiciiynnesisstd . 1ayer HYPE net hod can obtain an
excel lent crystal in a short period because of |I|arge
5 Or e leapagserohigi (@ipesed dporsion andéed carydbalied 25
suitably in the present invention. The MOVPE net hod

carg ef fesin &t oo 002760 crystal growth with
good uniformty on a |l ot of substrates and

resy) t Y {30 be used suitably in the present
in\%nt%‘% These net hods can be conducted in

conpy N34 Q1 b PoL2AW! €
7': free standing substrate
10 8: epitaxial crystal having void internally
8A: woid
9: n type layer
10: light emitting layer
11: p type layer
15 12: n electrode

13: p electrode

BEST MODES FOR CARRYING OUT THE INVENTION
As the method of growing a I11-V group compound semiconductor
20 crystal represented by the general formula In,GayAl.,N (wherein,
x+y+z=1, 0=x=1, 0Sy=1, 0=5z=1) in the present invention, a
HVPE method and a MOVPEmethod are suitablyused. The HVPEmethod
can obtain an excellent crystal in a short period because of
large growth speed obtainable and resultantly can be used

25 suitably in the present invention. The MOVPE method can effect
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the step of growing a Ill -V group conpound

] crystal 5 having a plurality of
P@f@‘%@ﬁ%@@hap% may be conducted by the MOVPE
net hod and the second step, nanely, lateral growth for
obtaining a Il11-V group conmpound sem conductor crystal

I 0
BFEERE kBRI YN bRty fo T%‘big%[ ofrPetgtsEtes ana
con |t| s for ffe tin r a rowth, tur .
ThRBltanELY afh mieoyie ured st abad| Thride RESPRRE Hrgntion.
i nport ant and conventl onal |y known conditions of
Threm Bekheds Gast be mandughfsl dn eombiratienn@nd €pT eFample.
growth pressure is wusually 0.001 atmor nore. In this
tbeqgter pfgrowing eyl Flerigronp campaved semdaonfyctor crystal
pressure is 0.001 atmor less. It is preferably 0.005

havtinor a pluralfity bErpis déet binh whageks aam ss condacted by the
Crystallinity is inproved in sone cases when the

MOVORt hePhBASHAE thé He8bRA. sagﬂ anAh&/DF, anpes P lsgbwth for
HVPE apparatus general ly for crystal growth is

oBQEiﬂiﬁg ANEEBIY igdldup Ebmiguh'dggeﬂie%ﬁuggoi?rééfé:'fﬁl having

thereforfe, the gromﬁh pressure In re-growh is
r
=RRSROTHA K CLdH RepeT iy me 88 sliuc i B3l ElyBfhe thoa,
ogen, arqon and the |ike can be used. As
iPh%LPaRrﬁngFlgnbe ﬁ?@ntionally known materials 25
can_be used. 9 PCT/JP2004/002760 The process of th
pr AR MEORGLEHIRD £ QF 19T ERC TG SR B uh ‘W&’erﬂt“re

Fig. 1. The present invention is characterized in that
PReBBureg., gqa@;p@ier gas, raw material and the like are important,

and conventionally known conditions of them can be used.

For example, in the second step, the growth pressure 1s
usually 0.001 atm or more. In this step, crystallinity tends
to lower when the pressure is 0.001 atmor less. It ispreferably
0.005 atm or more, further preferably 0.01 atm or more.
Crystallinity is improved in some cases when the growth pressure
is higher, and a MOVPE apparatus or HVPE apparatus generally
used for crystal growth is not used industrialily at sohigh growth
pressure, therefore, the growth pressure in re-growth is
preferably 10 atm or less.

Regarding the carrier gas, those used in usual MOVPE and
HVPE such as hydrogen, nitrogen, he]_.ium, argon and the like can
be used. As the raw material, conventionally known materials

can be used.
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conpound sem conductor crystal having a plurality of
' ' shapes is used, and the projection shape
Pﬁigﬁg&%b@%ﬁgéx shape formed as oblique facet and
havi ng no plane parallel to the ground substrate, and
includes that having a point extending linearly and

t hafhé‘ga’f&geés R&¥ ind {%‘Jlseerftori'ﬂﬁnﬁi X w4 '1g_1u\étrated

group conmpound sem conductor crysta ving 10

ural i rojecti on shapes can be produced, for
bgi?x Pgix Eighoévn in Fi gs 1 (A and (B). That is, as
t he ground substrate i taxi al ¥
carT8R ﬁgegeaétﬂc%wp%?%a ?%65@553%%?%% haf raeIIFh‘é group
substrate is not Iimted to a GaN epi taxi al stal,
cempoundaenifdntudtarerystal haming e Pdunadidy @¥ Be Jaction
| ower tenperature carrying a pattern formed nay be
shapdst bs adexi n arte thief prbjektilea phapenmeangemtdanvex rshape
some cases. As the material used in patternformation,
foRnedals ovBigueé Fasetdid Raenhgioopldhe phirkiYedriwphe ground
conpound sem conductor crystal 20 are suitably used.

stiB§eLatBl A1 AL UHREWat n§lapdiatdbending linearly
tenperature at m)sphere cont ai ni ng ammoni a used for

aﬂ&o%Ptoﬁavingo%‘LSP it 1 hNenEOERAf o @oRCti On, and

exarrp her ude netal oxi de nade of S102,

i 02 Sl ot ot ¥ naving
aﬂ%?ﬁ@ §t“f‘§6$3°e#?%§8 RN W —

(zirconium Stantal um Ti (titanium , Nb
agnFBerEnin ﬁFLSEeI §R3t AREm(BY - *(vanadi un), Hf
(haf nium, (pal | adi um) and the |ike, and | am nated

st r'l;mt”i@g, gs theground substrate 1, a GaN epitaxial crystal
carrying a pattern formed is used suitably. Here, the substrate
is not limited to a GaN epitaxial crystal, and a GaN buffer layer
or A1N buffer layer grown at lower temperature carrying a pattern
formed may be used to obtain the effect of the present invention
in some cases.
Asthematerialusedinpatternformation, inusual, materials
different from the III-V group compound semiconductor crystal
are suitably used. These materials are required to stand a high
temperature atmosphere containing ammonia used for growth of
acrystal in the form of projection, and examples thereof include
metal oxide made of Si0;, TiO. and the like, nitride made of
Si,N;, BN (boron nitride) and the like, single metal made of

W (tungsten), Mo {molybdenum), Cr (chromium), Co {cobalt), Si

10
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In addition, that having an irregular pattern forned

face of a GaN epitaxial crystal by dry

P@ﬁ%ﬁ?ﬁ&“@%%%bhe i ke, and that having an irregular

pattern fornmed on a substrate made of sapphire and
the like by dry etching and the |ike can also be used

R GO8 T T bl LS AT o

cases ep onal

g Fﬁ%%gimﬁe&ﬁ%& RIaEA3o" o8 ranRe L 4ifin HE(Pafptom) . P

in Earal via an gpeni ng of constant. wi dth
(gad P&P-Py')célnlde& ei fdk&paldd Japdnated, sitruatygss of them.

having a ground partially exposed in the form of

ci r Bh @dsid @in.gShatdrav g @ielrregulat patienédermed on the
These pattern forns can be sel ected depending on the
sariffaceuefita GaNvwe i taxntal icrys taaid byadteratdhimyg andnthédike,
case of a line/space pattern, the width of a mask

apdr th&f Hasipicchfr bt el A6 paAtedn FofRedrsh a0s s Orate made
|l ess. Wien the width of a nmask portion is smaller

osfhaap h%epaﬂa the BfeUy a2d etchedychhantha ﬂﬁi@%an also
density of the present invention is not renmark

b@hﬁgeha{ %b'ﬁm %@fetd%fr QHH' fbfgsénerir?sg%ﬁgbﬂgin some

a nas portion becones too long, Inpract
8 % same reason, the distance between openings is
& érably 0.05 [Lmor nore and 20 pmor less also in
the c

tt t he
forh? Iregath % foggny BieS Bonvaskl oy Raeda s he used.
case of a line/space pattern, the width of an
SBREAEASS L0 AR AE FHokoe HiARSH MESF drr g § constant

0.01 mor nore and
width arranged in parallel via an opening of constant width

generally called line/space, alternatively, those having a
ground partially exposed in the form of ¢ircle or polygon, and
the like are mentioned. These pattern forms can be selected
depending on the subsequent growth conditions and pattern form.
In the case of a line/space pattern, the width of a mask
portion is preferably 0.05 um or more and 20 um or less. When
the width of a mask portion is smaller than 0.05 pum, the effect
of reduction in defect density of the present invention is not
remarkable. When larger than 20 um, time required for embedding
of a mask portion becomes too long, impractically. Due to the
same reason, the distance between openings is preferably 0.05
um or more and 20 um or less also in the case of a pattern having

an opening in the form of c¢ircle or polygon.
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20 mor less. Wen the width of an opening is snaller

than 0.01 gnl current sem conductor processes are not
POFAPRUNRTe nce 5 it is not easily fabricated in

practically correct form Wen |arger than 20 pm the
effect of reduction in defect of the present

ndraEbg oage A B R PaLEPRry e YK EF i ppentns

and 20 pmor less also in the case of a pattern

(ereposigd apovbion mf igroumd )f denpspfenablych e0brWp AL JFe and
Fig. 1 shows schematically a |ine/space pattern in

20hjut hot hbess dt IWhen &heaskd didr wifoan? Apend nghd swisted 1eaf than
an opening 2B are approximately the sanme. In the case

0 081 fml, icwe/rERACSemid deduct g phetabke seire et prdéfecabde since
is a <1-100> direction or <11-20> direction of a 15

i b aeraba iy of Mek Bdatdirin prhatiyaplef espbéetifomm. When
<1-100> direction. Here, the patternis not limted

14848 $HanP5o Ellnor?:gleoé?f?gé 5864 t:l?ﬂ'ijiﬁdgi‘hb%rcff the present

supérinposed sfripes along a plurality of directions

irg?%rﬁg&?& P% .n%%:e?'emggfcagggr.ml Bue Wo Yie'Banb +E£S0R0 the size

irectrons, that having projection
structures havin a int in. the formof do ranged
of /&P RRARNDILA IBFa5P= 2R Tadgddy i 67 e, S50 24 Y 85" Less
havi ng projection structure having a _poi.nt in the
a8 i Bithe f8se 9sR P D hay g e PBRBING,HA the form of
| i ke can be produced. 25 Also in the case of use_ of
ctrelpesrapohyoanp| (Fidity #hows sehpmabbeal bpoachine/space
directions, the stripe direction is preferably a
paiitéf9>in dibch i e eridthl oZ0r maskcpPbhion 2A RoGiddimwidth
GaN crystal .
of an opening 2B are approximately the same.

In the case of a line/space pattern, preferable stripe
direction is a <1-100)> direction or <11-20> direction of a
hexagonal GaN crystal. Particularly preferable is a <1-100>
direction.

Here, the pattern is not limited to a stripe along one
direction, and a pattern superimposed stripes along a plurality
of directions may also be used. For example, by using stripes
along two directions, that having projection structures having
a point in the form of dot arranged two-dimensionally in
disaggregation mode, and that having projection structures
having a point in the form of line crossed along two directions,

and the like can be produced.

Also in the case of use of stripes along a plurality of
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Because of symmetry of a nitride crystal in (0001) C

P@*@@EQW%@gaggh?Lgff;iggﬁisngaitgtgirection every 60.

That is, two <1-100> directions crossing at 60, two
<11-20> directions crossing at 60, a conbination of a

<1-100> diregtiQ <11:20> di.r i f [
45585 ehans. « R PRaes, BaEbET IR,y BEeyREARANTY, N 00>
projection shapes, growt h, condi tions for easy
aPERHELPBOBT <ORT PRACSAEEEE 18Pe fs Aufiey AgeBaL Cal crystal.
Specifically, the above-nentioned shape can he forned
Begansg ofhsymmpsryafne il tirdderayataliin (8P9L) foplane, these
| ower, for exanple, when it is 10500C or |ess, when
dikrectibne cobnshdthtedcmysamddourephd caldyoeguizglent
material to the feeding anount of a Ill group raw

amebetish dwedp 602, geThatia), &woORERLOQ> ddiredal dreg kricksing
smal l er as conpared with the width of a pattern, and

athgse t e PraWt-B g3 ad$idct 1bhishibdBekingBrtCe0UUE ideghbination
re-growth until di sappearance of a plane parallel to

ofNE SUAToR ?leEeétESHpéﬁé% kﬂ&é‘ﬁBBY&ifécﬂié‘r‘i‘”mefng at 90°,
Such i Ti crystal

con ons, ~a aving projection shapes

b8! FRY 20k 20beOllisBB14AGSa, s D alned. Bver

dir'Sapp€arance ane parallel to the
surface of a tenplate.in a long cr ,
o EERE D B et FRegRn: qBEokEh. o it dnl¥or casy
conti nuin rowt h under the sa condition. The first
£6PDB PRI OB SR E ISR AEPOIF SALLY OP8S -of DRET TELEBETY . the
I11-V group conmpound sem conductor. crystal having a
appueamenyiegedCcshapeoganobe7 §0raed, eqsddy; hedn growth

descri bed above and covering with a mask nade of a
tdinbbeatnrents ardlalt fvedy Lbwer| | £or greapleonpbendt is 1050T

or less, when the ratio of the feeding amount of a V group raw
material to the feeding amount of a III group raw material is
larger, when an opening of a pattern is smaller as compared with
the width of a pattern, and when the growth pressure is higher.
By conducting re-growth until disappearance of a plane parallel
to the surface of a template in a crystal grown under such
conditions, a crystal 3 having projection shapes formed only
of oblique facet is obtained. Even after disappearance of a
plane parallel to the surface of a template in a long crystal,
growthmay also be continuedonlywithoblique facet by c¢ontinuing
growth under the same condition.

The first step of the present invention is a step of using

a III-V group compound semiconductor crystal having a plurality
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sem conductor so that only portions around points of
|_._constitute openings, and the mask
Pb&%ﬁéw@m?hod includes (1) 5 a nmethod of formng a
mask so as to cover the whole surface of projection
shapes, then, renmoving the mask only at a point, (2)

met hod .of form . ng | |
of 1 et {n, SR Ichf gRR IR b5 8 AMULEBLERLAY P @ mask
mat eri al , n, formn a_mask eri nd renmovin
MGORnOk AnPLPEAFeRE POLEEAAL SERE LhS Mibh:V o morbbund
(so-called, lift off net hodg , and other nethods..  For
semAEPRIVELOF AP phBtanibROERAPRE aXqiNGRPABYS@f the crystal
suitably used. Nanely, because of projection shapes,
cohetibint krmgeen bigsn andpphe maskafermat ben mejhnidoinglydes (1)
is smaller around a projection 15 point and | arger
aanetihed aof Guarmipsy B, mabRr &6 cae tovkeveaxyhenwhb e ngurface of
ashing is conducted, a photoresist |ayer disappears

pRbeteteshi shaped | WReh PREIOOINGT t i alalsk opliptat @speint, (2)
thickness (nanely, projection point) to expose a nask

a’me 1H64 S5¢ LS rmiNg £pehitadn! RethRakpht&Pbsist and the like
sem conduct or can be“exposed only around 20 a

sB'¢ .aetc&ilf}?a%%iq{t {519 .er«lz)d(ug)th a s WmatdF1 4 €8ngh, Fbrming
opening exposed portion at "a projection point can
b troll b dj ustj I t hi

2 PRGAR TcbBA Sl LSp ARG "B SiEt A RFERLons other
o S  BoBDSEEE Sl BRI TPk AT motnoss.
mask 4, the 25 sanme materials as shown in production

For sanplasbavieamuhiar tionshapes; firpnethedAdy 1s suitably

crystal having projection shapes can be used.
used.

Namely, because of projection shapes, the thickness of an
applied layer 5 of a photoresist is smaller around a projection
point and larger around a lower part, therefore, when oxygen
plasma ashing is conducted, a photoresist layer disappears
preferentially from a portion of smaller photoresist thickness
(namely, projection point) to expose a mask 4. Thereafter, by
etching the mask, a GaN semiconductor can be exposed only around
a projection point (Figs. 1 (C), (D)). The area of an opening
(exposed portion) 6 at a projection point can be controlled by
adjusting layer thickness distribution determined depending on
application conditions of a photoresist, oxygen plasma ashing
time and the like. Here, as the material used in a mask 4, the

same materials as shown in production of the above-mentioned
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The second step of the present invention is a step of

@!511920031055116\/ group conpound sem conduct or crystal at
eni ng obtai ned as descri bed above as a seed

cryst aI and growing the 5 I11-V group conpound

sem conductor crystal laterally, and for obt aining a
dd B b egOnduct ed
ur&%gfgz%‘fj{n%%%erel n I%@? gro om nant

t ha rowt h ong t |tud| dlrectlon nder

oo g Raeona REAH o Bap Hseagt dvetieiGh &sf%ﬁ%ﬂa of using
and t he above-nenti oned condi tions 10 for growth a

&t IRRHR SR | 3piFeplicte Ly the opening
conditions In which nain condition factors are shifted
arained gspdesceibedeabgpecasiz dgad cxysital pafegrpwing the
obt ai ned easily when the growth tenperature is

I -4t igreuy bogheundf sembcanfphetontmrystal da3@dtaldry, and for
nore, when the ratio of the feeding anount 15 of a V

aytaihimya By Lavet Tt §LoRER tHayobé @dvahn téigedudly conducted
group raw material is smaller, when the growth

UNRISHRALE1bAEAINMA M 1hRWREL ¥ bwEX AR Snikent lthansgrowth
2 atomor less. As the crystal growth nethod of the

as.l.‘?ﬁ@‘ hd Sn C#Tfplﬁdﬁ'l%rlﬂiré ﬂcﬁlgr%\ﬂ'ﬂtérs B lbnditions, a

sui ttabl y use It1ona a net ho

Crne, ste %%%%’kﬁ%? ﬂ?%%%%‘r AR ettt il sons

S _Qbt al hat havi n

15k gEowh A eyetRe hRzdnsontagenk ok pha cﬁgtﬁ?efyerabw

havi ng fl at whol e surface produced here is

%ﬂ?e’»gt% it Whdchehplaeorit ion fé%‘iﬂﬁ?e@treoﬁh&SFﬁﬂoHO the
6' which 15 PCT/ JP2004/ 002760 is originally a seed
apppsifle gédei-onSpendfécaldy. | atflak layes ds obtained easily

when the growth temperature 1s relatively higher, for example
when it is 900C or more, when the ratio of the feeding amount
of a V group raw material to the feeding amount of a III group
raw material is smaller, when the growth pressure is relatively
lower, for example when it is 2 atom or less.

As the crystal growth method of the second step, HVPE giving
large growth speed is suitably used, and additionally, a method
combining two growth methods may also be used in which MOVPE
manifesting good form controllability is used until a flat plane
is obtained, then, that having larger thickness is producedusing
HVPE.

A crystal 7 having flat whole surface produced here is

connected with a template only at a connection portion 6' which
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ascribable to a difference in thermal expansion

Pﬁgﬁ%ﬁhﬁ&(@%rom a ground substrate nade of sapphire

concentrates at this portion, and
resultantly, cracking is formed at this 5 portion and
peeling froma tenplate naturally occurs in sone

cases.. Condi tions.enahl.ing LNg it u
1§06 Par Rl o S8R0 SR B EERaRY ot lr & Tl ce spwatn
substrate made,, of sapphire_and the |ike, the .
SPAEARADIS 1 AR pRalCt b T ETmaT FEP LT CDpES L ciRRt £rom
area proportion of an opening (area 10 proportion of a
asgegubdysebstpateimade qfaﬁémp,hitrweaafioﬁgﬁt Yre qpngeptrates
sum of the areas of mask openings to the area

ar thdst pdrtfioom ahd upsuldtantdyti onackingeis|foxmed cup this
conpound sem conductor crystal having a plurality of

pRrejiont kad pbapeag faosl hAhtehpkate uatotallyebgeurs in some
natural peeling easily occurs when 15 the crystal

daldle@kNe@snint 1 BAsSeAABI16hePebI1har g2thodd bhehaspacial
proportion of an opening 1s smaller. In the case of a

t3RRNenE %g%ﬁ SHbZBEaEﬁiHEHQE!syof'sgng&Yﬁé‘gsu@strate made

thickness of about 400 pm the thickness of a crystal

o%:]gyﬁghii@etg dsﬁg?;fjjzlgé CRHS 1R i(]):eflgr 8L95t 8P §rown in

re"prefera 207°m or nore.
roportiqn qf an eni_ng i.s pref.erabl 2/ 3 or_less

oy EeGeRtosTEm, T8 G0 BEORRRI Ml 1 GRERINED (aFee
when the area proportion is | ar ger than 2/3, and the £
ProReTtioR.pPE 2 Sepd SyStA! PREIEINRIur BRAMBEEY | ﬁﬁei%’:?ﬁﬁr ton
caused easily. A free standing substrate thus
ofatheasuy qfedhedareagort mask smannds to §het pEaRRRLIected
by a ground substrate, consequently, 16
fRof 1R20uhpes? ddo-entdpn lodi ddfe IS IeM ranavpy aampqund n
the case of no natural
semiconductor crystal having a plurality of projection shapes,
and the 1ike. Qualitatively, natural peelingeasilyoccurs when
the crystal thickness in the second step is larger and the area
proportion of an opening is smaller.

In the case of a sapphire ground substrate usually used having
a thickness of about 400 um, the thickness of a crystal grown
in the second step is preferably 10 umormore, andmore preferably
20 pm or more. The area proportion of an opening is preferably
2/3 or less, more preferably 1/2 or less. When smaller than
10 um, when the area proportion is larger than 2/3, and the like,
there is a tendency that natural peeling is not caused easily.

A free standing substrate thus naturally peeled is not

influenced significantly by a ground substrate, consequently,
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peeling, it is also possible to cause peeling by
' hani cal stress or thermal stress to
Egﬁﬁgﬁwﬂgm?ggﬁ standing substrate. 5 The step of
covering with a mask so that only portions around
points of a crystal having projection shapes

BREDLe SRR SR Th $HEE ) 19 g0 nacure)
A SO TS5 A P Solang

carrying 10 a pattern forned is dug by_a nethod such
“‘z?é’h@l“;?-cé‘tlcﬁﬂ:ﬁﬁsénrﬂrtwr@?keﬁi@ﬁ%&rﬁ pPdpde: pofree standing
shapes, then, a second mask is forned so that only
sydsttivete .ar ound the points of the projection shapes
constitute an opening. In this nethod, gromh of a

| 11 TNe grimmof congeEniny werthcondsktsy thay drely podtdbad around
only once. 15 The exanple of Fig. 5 1s a nethod in

pilintls Llife af rgle1eds hafinmy Mg dat ilvh fadapes domstitute an

ground substrate is made relatively larger, a concave
openifig"BY e tfiSstatep EHBMsE dtds P 8kampa¥l, "ds8shown
void internally is obtained by selective growth and
ilnaii‘EP@l 2T B 1h”a&%§16‘§t1ﬂ9 he%BW}rE-h%nEgB Wt § ep. The

undelf 20 conditions erern oblique facet | or ne
ti h, _th t,h W_h diti
HRubgerErtonat tp atr Efog AL AN e AL bB5ER 818 careying
ing. Th f t andi N substr.at ' b
<D5REEREn Pioan e BES. L el e DoAbrEA LT oloed3h B ene
conducting hono- epitaxial 25 growh of GaN on this
1&%eatPN¢%?¥hﬁ¥RﬂP%£&P@rﬁPQRQQx & + B ERFEBE mask is formed

PCT/ JP2004/ 002760 of a GaN substrate of | ow
s@i thak gnilyrperil ors ayoling the ppints of the projection shapes

constitute an opening. In this method, growth of a III-V group
compound semiconductor may be conducted only once.

The example of Fig. 5 is a method in which the thickness
of a mask to be formed on a ground substrate is made relatively
larger, a concave is formed on this mask, then, a flat crystal
having a void internally is obtained by selective growth and
lateral growth. In this method, growth is conducted under
conditions wherein oblique facet 1s formed in selective growth,
then, the growth conditions are changed so that lateral growth
is dominant before growing.

Thus, a free standing GaN substrate 7' can be obtained. When
freestandingGaN substrate isused, byconductinghomo-epitaxial

growth of GaN on this by a HVPE method and the like, the thickness
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i ncreased and use as an ingot can be made possi bl e.

fd@%@pﬂﬂ?%@gncreasi ng the area proportion of a seed

ning 6) in the first step of the present
invention, a crystal 5 8 having a specific structure
containing a void 8A left internally can be obtained

o\@ tr:xh 5\1 %%%é % Itiﬁi.yse.l.r a eeoglrereérﬁsh %ufficiently

possr ity o proéhcrng a nove

oo B S e P4

of gh Iight reflectance as the 10 nask 4 used in_th

fi rEt’r thep, Whbeageasinglhg pEeaipraperian of A FP@ﬁtcrYStal
exiting toward |l ower direction froma light emtting
(loppadnmoé L dn the farisécs tep pdvkheipupgentdineantiont 8 crystal
obtain LED manifesting inproved |ight energence
8didvimeaspecAfGals topesiwce 6oatainiing acroisi 8A leditrinternally
formed in the first 15 step acts as a seed crystal

ch®r ber Yoitali ngdowitHontl hRelasybf d GaN Qayer N Mede is a
flat layer. A crystal grown laterally from a seed

pos¥%Ibhall il Sf Pdud ity & ﬁ&@&t%a&eﬁ@esssieawﬁrmtﬂlg. 2 (A)
resultant there are IittIe dislocations in this

b?'etgf.ffligfn g‘:rqgghg‘%a A t%gﬁﬁ QY&ES { a?fbﬁt emitting

rrpate ere ract [ on ori zon

PaRCEORFaLRLFE M pptgtohedtft 25 PapBa it EE3s I gn.as the

P i' Faed dxtnd éﬂu%%'t %tteapé?rﬁiﬁgsﬁii RETS sir'g?%e'il?oﬁw this,
t as a seed Consequent |y, the

adF-éBBEaPFBﬁiHEnEPV?rGf 1?“%1?\/\%%0?1-% frgmra Lighty enidting

reduced effectively. 18 PCT/JP2004/002760 Di sl ocati on
lavensh? tean ber safiecéng tovard wrdndirgrddosctarebtain LED

manifesting improved light emergence efficiency.

A GaN opening 6 around a crystal point formed in the first
step acts as a seed crystal for crystal growth in the second
step for forming a flat layer. A crystal grown laterally from
a seed crystal takes over the direction of the seed crystal,
resultantly, there are little dislocations in this. Since the
most of dislocations taken over from a template are refracted
along thehorizontal direction internally and ended at an oblique
facet plane, in a step of growing a projection shape 3, the
dislocation of a template taken over to a flat layer 7 re-grown
exists substantiallyonlyataprojectionpoint asaseedcrystal.
Consequently, the dislocation density of the whole flat layer

can be reduced effectively.
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only at a seed crystal portion as descri bed above,

Wﬁowyﬁ%@ ocation occurs newy at an associ ated

portion the flat Ilayer in sonme cases. The
reason for this is that due to 5 fluctuation of a
crystal axis in a (0001) plane of a seed crystal, the

or i pRLALLARS offt AR e PE-GR s%@ﬁ%fiéa/é Eei'ag g%{% occurs

slightly and a grain boundary of s I ncline

' r.at oci.ation portion .of.a.laterall
IR e UrfHh WG AR af Yt Hp SIS hovever.
#hi s. This condition s show 10 schenatical I)é in

5 OCRtASN OBFUFE RT3t AhBEFeIGEEMRP TR /A Af the Flat

row h, new dislocations occurring at an associ ation

o dR SaPeEasfucedne FeaseR £83eshisod sy dhadi fye to

di sl ocations on a grain boundary of small incline
fwgitaatdeouw of agcrys tanl axdscimai (0 Qor plane oft a seeidscrystal,
necessary to increase distance until association by

that erdlentgtdwns afd nutualdyeasktjddentsisesmdicryialslushift
grains surrounded by the grain boundary of small

silighitls £ GraidbARdRIS) 6P GmallNl fnclind®in§te is generated
advant ageous that in a pattern used before the first

at! 8R £6888YLhedoAl pSLELON df B 1dthe A9y gilofh %Qﬁtion, and a
pattern 20 is made | arger than the peridd of The first

dtiis':'[%ca-gi%’ i%hgrr%ﬁgghnhﬂgag't ihggﬁt '@1@%9%}?:}%%?:?@9 :Pg shown

further reduce con ion i s sche

saﬁgmtiriggaﬁg% hﬁ, %ﬁbséﬁ &:?l(}e met hod of enbedded

[Fat’era ‘or later steps in the

present invenption be used as they are, however,

ror SF%???Q% w%?eﬁegmfshpsrmlégﬁsﬁé gRaWth. new
attern is fornmed on a flat 19 PCT/JP2004/ 002760 | ayer

dgﬁtlaf’ﬁ@&oi“ﬁ FRUFFIRG ati a4 agsPcdmtd@ncpor bien flambeiafduced

in some cases. For reducing dislocations on a grain boundary
of small incline angle occurring at an association portion, it
is necessary to increase distance until assoclation by lateral
growth and to increase the size of individual grains surrounded
by the grain boundary of small incline angle. For conducting
this, it may be advantageous that in a pattern used before the
first step conducted at second time, the period of the pattern
is made larger than the period of the first time. Thus, the
remaining dislocation density can be further reduced. This
condition is schematically shown in Fig. 2 (C). As the method
of embedded lateral growth, the second or later steps in the
present invention may be used as they are, however, more simply,

it may be also permissible that a pattern is formed on a flat
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is only conducted directly on this. The present

ﬁ‘#o‘o be illustrated nore specifically 5 by
exa %B!\‘f ow, however, the scope of the invention is

not limted only to these exanples. Exanple 1 A 5102
mask formed by a vapor deposition nethod using a

1%%{8‘&' %bt:l!.Q.r%qe g'snﬂ%ﬂ b%gﬁ:g‘i:mt%eaﬁnli”eﬂﬂgﬁﬂ ?a ?ﬁ‘&i drowth

a thi out pm on a aN ayer

D net hod on a
sapp i“r € ('% :H;%crae stratteh %/\(/Jﬂl/g a thickness of

430 pm was vvorked by a usual phot ol i t hography net hod

so as to formstripe patterns along the <1-100>

direction 15 of the GaN crystal. The width of a 5102

st r TR RpFRsehipxentdont x\pgt#ms%rq\xm%rmpqa@%fically
2B are both 5 pm This was placed on a MOCVD reaction
biyuexanplasdbelpwt ahogever h the sdnpd iafsStthet apveation is not
conducted using H2 as a carrier gas and using TMG and

1Nind3 taid @ndiyowich tireass wxangflek 66 atm and a growth 20
tenperature of 950t, to grow GaN3 havi ng projection

shapes conposed of (11-22) plane facet. Next, the

first step was conducted to produce a sanple W|th a
Exanp1@rgk having openings only at portions around
projection portions. That is, first, the whole

sur é%&?ﬁ@?%ﬁﬁgﬁ ' é@aéé %?31{%3 &ﬁ‘lth%%\/ﬁgﬂn&a sample
TIPSR ByE ?*ﬁ”%tagﬁfqna@sﬁdGBgE?ﬁ%‘g*eﬁ' Fen e thbiness

photoreS| st at the rOJ ection points was renoved
ofnabRyged Pt 2and GaNiRF L8 doars gpgwg(ggs%ov&egf;gnperature

| ayer at
by g MOCVD method on a sapphire {(0001) plane substrate having

a thickness of 430 um was worked by a usual photolithography
method so as to form stripe patterns along the <1-100> direction
of the GaN crystal. The width of a $1i0; stripe portion 2A and
the width of a windew portion 2B are both 5 pm.

This was placed on aMOCVD reaction furnace and crystal growth
in the first step was conducted using H, as a carrier gas and
using TMG and NH; at a growth pressure of 0.66 atm and a growth
temperature of 950°C, to grow GaN; having projection shapes
compesed of {11-22} plane facet.

Next, the first step was conducted to produce a sample with
a Si0; mask having openings only at portions around projection
portions. That is, first, the whole surface was covered with

a Si0; layer 4 having a thickness of 100 nm by a RF sputtering
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this portion. Then, the exposed Si Q2 portion was

renoved by 5 conductlng a buffered hydrofluoric acid
PCTEBRACHPO2T60nal |y, the photoresist was renoved with
an organic solvent. Thus, a sanple with a S102 nask
havi ng openings only at projection point portions 6

b d
mGbR0r | BAREY % RBOERPIGE ﬁgeg%dH?S4‘€%f“‘i‘g%we§i’i“t%°ati“9
sanple obtained in the first step was placed on

aROOVK s theBhatRERF St 3 tHOREAIPALIAR RALHIRvapgPmoved

was conducted to obtain a flat GaN crystal having a
biyhaokeepgewiplaima @aiding epparatus soceyreae 3 Sgpnlayer at
include a growh pressure of 0.66 atmand a growh
thagppoatioa .of TRER) theléxBased S510a pextiomarasBmoved by
phot ograph of the resulted crystal, formation of a

condslctingas ﬁaﬂﬁfbkeadhyarwlﬁbwcdacmavweaadaénﬂue Finally,
facet at the side surface covered with S102 were | eft

tP'x% nﬁﬁgebkgsis‘e‘swésr.@é{%@e@f whM P brGani satihede. Thus, a

nescence, dislocations were concentrated at an

assqci t londn

. ai% ‘2% 8% BE0e iaihav g gerdng In) A'BrbJ8or10n potnt
oth e .,asspci at i ort|o Th i

PEEHLS Hm&e‘ﬁ‘ﬁ‘f}%fﬂ'{% g o RAS Tpp avea
cni 2. Exarrpl e 2 25 Cryst al gr s, conducted in the
PERROTHE@Re Ofadhen apedhih gﬁ"ﬁcﬁ%ooz?ao 1

except that a HVPE net hod vvas used instead of a

et Nedt . atlele tsamp e dbfeatnest imdeher Sk st F5ERI W?vﬁsp:!t%ed on
pmin the crystal growth nethod in the second step

al MOCYDo \epipacertdist iagws drxatamwmliudédim#%nmw was

a carrier gas and use of ammoni a,
conducted to obtaln a flat GaN crystal having a thickness of

3um. Conditionsinthiscrystal growthincludeagrowthpressure

of 0.66 atm and a growth temperature of 10507C.

Based on a sectional SEM photograph of the resulted crystal,
formation of acrystal was confirmed in whichvoids havingoblique
facet at the side surface covered with $10, were left internally.
As a result of evaluation by cathode luminescence, dislocations
were concentrated at an association portion of lateral growth
and the dislocation density was 1x10° cm™? or less at portions

other than the association portion. The average dislocation

density of the whole crystal was 1x10’ cm™

Example 2

Crystal growth was conducted in the same manner as in Example
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5 hydrogen chloride gas and galliumnetal as raw
material, and a growmh pressure of nornmal pressure
Pgﬁ‘ﬁmé’ogﬁ%@t’?ﬁgte tenperature 1070r-. Wen the sanple
conpl eted growm h was renoved fromthe reaction
f ur nace, the Iayer grown in the third step was peel ed

15k Ee8F that & HRR pEKRGR vag yiRdinaltaR S t%"“@ﬁ“ﬁthw

cat hode I um nescence, dislocations were concentrate
and the &Addsnesisont the orewnceryatal sagylofwm 47qthe @rystal
di sl ocation density was IxI G cm2 or |ess at
gpowthometbpfeint the seeondssten: i FheEnawih condhfeions for
aver age di sl ocation density of the whole crystal was
HYPElfQrAclinded. ude afrNzudd afcavaleratgas afd wese,off emonia,
curvature radius of warp was about 2 m confirmng an

h92§§:bﬁ€ﬁ| ¥hibaidbr gasshaadgayl 166heétal cas Xavoraiedeial, and
e mask patterns f or growth of a crystal having

R:{fﬂvﬁﬁ{ QBssﬁEéRﬁ?*noi‘mEQtﬁﬁiser@hﬁa SHEBELFRES &bnipdrature

ripestalong the crystallographically equivalent
1 é %90> direction crossing 25 nutually at an angl e of
8 8%as used instead of a stripe pattern 22

J P2 4/ 002760_al t
di r@é?‘? e sAmple %qa.“é? t?%grﬁ_gi;ﬁ% ngr l?c%)\pnecgﬁ%m{t the reaction
dth of th bot t
sijkhage, othe q%”'a?ﬂw%h% BB SR g e hEo AL LY

of the opening are pm and 3 pm respectively. As
tehehtailn mi free standing substrate.

As a result of evaluation of the resulted crystal by cathode
luminescence, dislocations were concentrated at an association
portion of lateral growth and the dislocation density was 1x10°
cm™? or less at portions other than the association portion.
The average dislocation density of the whole crystal was 5x10’
cm™2, .

As a result of evaluation of warp, the curvature radius of

warp was about 2 m, confirming an extremely flat free standing

substrate.

Example 3

As themask patterns for growth of a crystal havingprojection
shapes, a pattern having superimposed two stripes along the
crystallographically equivalent <1-100> direction crossing

mutually at an angle of 60° was used instead of a stripe pattern
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5 (A), it is a mask in which mask portions of

arall el ogram shape are arranged regularly in
P T@gaﬂygﬁggﬁ%n node in openings. Crystal growh was

conducted in the same manner as in Exanple 2 except
that the oxygen plasma ashing tinme was controlled so

oL 35 8 B0 o Bo8] aRBEBLES, Ohnb B oF e mas

above-nentioned variations. As a result of evaluation
pertien andsthe width/ef fhepgpening @ae PORR FciReRRd 1n another
di sl ocati ons were concentrated at the center of

th
dimektion. dihe oridih foft dheamask RPEY1pB 2R Ehe t"ﬁlaf}tff of the
associ ation portion of lateral growth), and the
openingaaren7 Lim dendi 3 yumpasresgddt 1Y, oAd edowat in Fig. 3
portions other than the association portion. The,
(RY erixg 6. sth e iinowh en Jdgk pbritienswhs|maralss kigres shape
3x107 cm 2. Exanple 4 20 As the mask patterns for

aféout-Panbed Eégﬁi&h?a!hn EiBh?geéthﬂ._onS Mma@es indopenings.
pattern of a sfripe along a <I-100> direction and two

st rc'.' ég@‘ﬂlﬂi wdd Eghagﬁebﬁ 2he& kiddrafdhe 8GEd LA Example
npos e

supe was use wi dt h of the mask portion
2gpefot Gl A Pedesipt e SRR Pl ey Rl thqlaea =0
thes/ ﬁﬁ%ﬁ%é}%ﬁmo AR eﬁﬁﬁgm%? P o, fFirst
sRabrhes T iy on S e el (eél)tiév}dew&atim
arranged regularly i n di saggregation node in openln

Cr y&% &l Tegwlit pfecaloatilenaf theumsukiad gaisdalhy cgthode

Exanple 5 3 except that the oxygen plasma ashing tine
lum$nesaenokl, edisbocations were concentrated at the center of

the mask and different facet-associated portions (that is,
assoclation portion of lateral growth), and the dislocation
density was 1x10° cm™? or less at portions other than the

assoclation portion. The average dislocation density of the

whole crystal was 3x10’ cm™?

Example 4

As themask patterns for growthof acrystalhavingprojection
shapes, a pattern of a stripe along a <1-100)> direction and two
stripesmutuallycrossingalonga<ll1-20>direction superimposed
was used. The width of the mask portion of a stripe along a

<1-100> direction and the width of the opening are both 5 um,

and the width of the mask portion along a <11-20> direction and
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that the area proportion of openings of the mask in
the first step was 70% in addition to the

PEHEV00ET%hed variations. As a result of eval uation

of the resulted crystal by cathode | um nescence,

di sl ocations were concentrated at the center of 10

the mask and different facet-assocéa ed porti ons{i(vtrlat As
€38 W A Fa S OBSTYIGh a5E 2B 31 g Gl 1 SRRF TV LY -

di sl ocation density was 1x105 CM -2 or |less a

5 ) as hpas qj'lrpnt grectangle
hwn L8A3 9ot héB) ¢ Al e ABaskdbehLeh BRSERAL G

aver age dislocation density of the whole crystal was
sHap® aremixandedregndpndytin dheaggeegatippmads by opgnings.

free standing substrate of a nitride-based I11-V

Or @iy stAIpguoWtEvascoondutbed dnmnthe sameysasheh s by Example

smal | dislocation density and mani festing small warp

3 G dist UHaA e oXFgenl peasmhaash ngg Stiieé s contarolled so
nitride-based Il -V group conpound sem conduct or

t§%§ O ife ﬁx?%?_ro%%rcﬂ%rp%fuéﬁgn%ﬁg ¥£36hé madstimtthe first

an based 111 -V group  conpound

s %%g]t wadk ldgtﬁ ; r:Ibr¥j ea\ljd[(#l.eticﬁ'p 4 LR3R 8HoRRHdntidhed variations.

I CU raviolet ray emtting LED and | aser

di ode havi igh_reljabili t.hat '

st %Pﬁ%@?&a&a{?#gﬁ rogt ‘f‘/rl?s‘g'e"}luq%d %gknggﬁe@y cathode
PCT/ JP2004/ 002760 CLAIMS 1. A nethod for produci ng. a
lupinespence s Lecahions yere PPPP@“&FSEE%cSﬁ-pﬁ‘%%e“%r of
sem conductor crystal represented by the 5 %ener?l
thermask andcGAyfferephhEpeph-agspeiatedoportionsy(that is,
;~y:-5 1, 0:-5z;51) having reduced dislocation
adsasilayionopprisongof lateral growth), and the dislocation

density was 1x10° cm™? or less at portions other than the
association portion. The average dislocation density of the
whole crystal was 7x107 cm™2.

According to the present invention, afree standing substrate
of a nitride-based III-V group compound semiconductor single
crystal having small dislocation density and manifesting small
warp can be obtained. This free standing substrate of a
nitride—basedIII-Vgroupcompoundsemiconductorsinglecrystal
can be used widely as a substrate for anitride-based I1I1-V group
compound semiconductor device, and enables production
particularly of ultraviolet ray emitting LED and laser dicde
having high reliability, that is, this free standing substrate

is extremely useful.
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first step of covering wth a mask made of a different
material f romthe 111 -V group conpound
PCEAPZUHAWETEt so that only portions around points of
the crystal constitute openings by usingal I | -V 10
group conpound sem conductor crystal having a
plurality of projection shapes and a second stop of
growing the 111-V group ¢Gf8thd seni conduct or
crystal laterally by using thel I | -V group
conmpound sem conductor crystal at the opening as a
seed crystal. 2. A nmethod for producing a free
st andiangeshbdt fateppbdacing an lepd toipl ctpdurate having a
sem conductor crystal represented by the genera
Iiﬁm“é&f:lad P ompdunll behgcenauctoytérystll-teptdseited by the
- 5z; 51) haV|ng reduced di sl ocation

g%;gé‘ga&yfoﬁﬁgﬂ' ALl 'r’(rghe%ip Of+gR¥eRl NG Ihk 2 0y

teria e | I I -
1gr@ m%gggpﬁggi&%e?ﬁ %@%? : 22ak13h 8 gh%r}g: LR rg&ing a
L2 e S L0 LRl e i) e

[11-V group conmpound seniconduct Qr havi

5P the Vn\fgﬁ%pgmm%%%gc% u 5? Er‘i °R79§P8 ions
compound sem conductor crystal having 25 a pluraljt

apbupd gcdartisopt $hereey skl s;%e@éﬁ&t@tcﬁiﬁfb#n%ﬁ mﬁg“%a III-v
PCT/ JP2004/ 002760 |l aterally the 111-V group conpound

gseupconnpotind sepitehdbytesi sgysthd hrvigggeopdurality of
compound sem conductor crystal at the opening as a

pg69dceiyht shapss aiie anpéboddazioay difngrowiGgathe IITE-Y group
wherein the I11-V 5 group conpound sem conduct or

cbhpshiall semMiddthdadtiol cdys yaDlatpral ke biyaisivippie IE -V group
the first step is obtained by using the
compound semiconductor crystal at the opening as a seed crystal.
2. A method for producing a free standing substrate of a
III-V group compound semiconductor crystal represented by the
general formula In,Ga,Al,N (wherein, x+y+z=1, 03x31, 03yS
1, 0=z=1) having reduced dislocation density, comprising a
first step of covering with a mask made of a different material
from the III-V group compound semiconductor so that onlyportions
around points of the crystal constitute openings and the sum
of the areas of the openings is 1/2 or less of the area projected
from the upper direction of the III-V group compound
semiconductor crystal having a plurality of projection shapes

by using a III-V group compound semiconductor crystal having

a plurality of projection shapes and a second step of growing
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[11-V group conpound sem conductor crystal as a
enplate, covering this with a mask having a
PQI/IRZO0M092TA0 openi ngs, then, selectively growi ng the
I'11-V group conpound sem conductor 10 crystal fromthe
opening so as to forman obli que facet against the
surface of the tenpl ate.

. rou canpoyn

Lakanaidhiites 57 Tob pRBAoMRIILY 5Bl CoAREERF 3%5”%?%%&'“31“9

surrounded by a plane parallel to a substrat e and
theh IIJud granp conpeenddemicorins el Rryflia) Ad PPoﬂPﬁning

15 111-V group conmpound sem conductor. 5. A free
astaingbety) arastanie of a |111-V group conpound

sem conductor crystal having reduced dislocation

gg@sl tHe RBEROASTEdVrdiwg e A iac toodi g wher@ix roha III-V
group compound semiconductor crystal having a plurality of
projection shapes in the first step is obtained by using the
I1I-V group compound semiconductor crystal as a template,
covering this with a mask having a plurality of openings, then,
selectively growing the III-V group compound semiconductor
crystal from the opening so as to form an oblique facet against
the surface of the template.

4. A III-V group compound semiconductor epitaxial substrate
containing a void surrounded by a plane parallel to a substrate
and an oblique plane covered with a different material from a
III-V group compound semiconductor.

5. A free standing substrate of a III-V group compound

semiconductor crystal having reduced dislocation density

obtained by the method according to Claim 2.
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