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U PCT/ JP2003/ 014870 111-V GROUP COVOUND SEM CONDUCTOR
AND METHOD FOR PRODUCI NG THE SAME BACKGROUND OF THE
PRPENP20Q3 /9 14i8510d of the I nvention The present

invention relates to a Ill-V group conmpound
sem conductor conprising, at |least, a substrate, a
buffer layer and a Ill-V group conpound sem conduct or

crystal layer of the general formula | ngGayAl zN

e NEEROUD SOMPOUND, SEMIGONBUCTOR AN METHOD, 0] RRDUCING THE
order, and a nmethod of producing the sanme. Description
SMMBackground Art As materials of light-emtting

devices such as light-emtting di odes of ultraviol et
or blue, laser diodes of 15 ultraviolet or blue, and
the like, there are known I11-V group conpound

SATKSROIND: GFs THE, i INYENTIGN vV gr oup conpound

sem conductor crystal |ayer of the general formula

Fdeddy Mf Nhe dmatesmitdonx+y+z=1, o<xSl, OSy<l, 06z<1).
Hereinafter, x, y an z in this general fornmula are

desi gnFhedpresenk tnyertionoredatey tu@ SIICHNIEPYRt Gpmpound
m xing ratio and ALN crystal mxing ratio,

segycondnsitpr campohelngsat lepst) 13 sybgtsafec Apyfier layer
sem conductors particularly containing InNin an
ansuat 151 -Y0ogssowp ganround isemsanduaion sryftalndayer of the
ratio can control light-emtting wavel ength in_th

\gesielad Feginud.ac Sn@agondi hyhezsing Dgxgmlxe@énéeb, 0=z=1,

and therefore, are particularly inportant
X+y+z=1) in this order, and a method of producing the same.

Description of Background Art

As materials of light-emitting devices such as
light-emitting diodes of ultraviolet or blue, laser diodes of
ultraviolet or blue, and the like, there are known III-V group
compound semiconductors having a III-V group compound
semiconductor crystal layer of the general formula In,GayAl;N
(wherein, x+y+z=1, 0<x=<1, 0=y<1l, 0=z<1l). Hereinafter, x, y
an z in this general formula are designated as InN crystal
mixing ratio, GaN crystal mixing ratio and AlN crystal mixing
ratio, respectively, in some cases. The III-V group compound
semiconductors particularly containing InN in an amount of 10%
or more in terms of crystal mixing ratio can control
light-emitting wavelength in the visible;region corresponding

to InN mixed ratio, and therefore, are particularly important



L]

10

15

20

25

PCT/ JP2003/ 014870 for display applications. On the

ot her hand, with the II11-V group conpound

ROBCHRABIAN 14878t al | ayers as descri bed above, an
excellent «crystal is not obtained in bulk growth,
resultantly, 5 hono-epitaxial growh using itself as a
substrate material is difficult. Therefore, generally
conducted is hetero-epitaxial growh of effecting

dioms Gl spkav AP RRLEA ELPRS r at e, which is different

material frommaterial of crystal layers on which is

grown. 0% ridee t%%rﬁ%’rdofsz%?bﬁh%t I3k PP | Seppewnd

10 conformty is small, however, in general,

sAprigenduckor cnys tal IRYRTSaaf| RIFEEPeM AN nidny excellent
13.8%, silicon carbide (lattice msmatch 3.4%, ZnO
(¢zystak imoert cebiained oby bulk| geewth) sFepudtantly,
unconformty 20.4% and the |ike showi ng nore .

o fepbaxial tanewiih seing Atselsr as A &pustrate paterial is
conditions. It is known that thus grown crystal is of .
HEtEFcwht ¢ drerefpreu 9engradly eenduahed 1§ petgrosppitaxial
|large area is very difficult and a |lot of defects are
carawimeef effeehingl cryshah GrehhcendactubskipLegihich 1is
Is used as a light-emtting 20 device, crystal defect
AMHEfemrR T mate i faomone fanial i crysteds lagecsippghich is
a reverse influence on properties such as .

| 9%PHDR e $inegy Ehe|enmhey afgsvhatrakes shewipgrlatitice

is indispensable to reduce crystal defects and
iWCPJETF%EYaisg iR 1 o IREKGT 1 gengFiadve Substrates such as

crystallinity, for use as a
a-alumina (lattice unconformity 13.8%), silicon carbide

(lattice mismatch 3.4%), ZnO (lattice unconformity 2.0%),
silicon (lattice unconformity 20.4%) and the like showing more
significant lattice unconformity are used in actual
conditions.

It is known that thus grown crystal is of
hetero-epitaxial growth, growth of single crystal of large area
is very difficult and a lot of defects are contained. In general,
when a semiconductor material is used as a light-emitting
device, crystal defects and impurities form a non-radiation
center, exerting a reverse influence on properties such as
light-emitting efficiency and the like. Therefore, it is
indispensable to reduce crystal defects and impurities as much
as possible to improve crystallinity, for use as a

light-emitting device. There are reports on improvement in
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25 light-emtting device. There are reports on
rovenent in PCT/JP2003/014870 crystallinity by

t HFA OF/ QU4 4% which a buffer |ayer nade of AILN,

GaN and the |i ke having a thickness of 200 to 500 Ais

growmn and on this, a crystal is grown at high

terrperatures (Japanese Patent Application Laid-Open

JP-A Nos - 229476, 4-297023) . RY. CE_TH

ISR AT BreChAr SERRCAFPERA AT SN & PPEEGEGTgpT made
conmpound sem conduct or havi.n ved cry init
aaerggt&NneﬁﬁHda%r qdiﬂ%&e&iﬂg ?nghi)%h%%% %é?rdétga&%w A is
i nventors have intensively investigated t find

LML, mﬁnc &H{ﬁm & G5Y Li'cst %‘”% jrﬂ)l? ov-ergperatures
AApnase sakens a”ﬁa&%ﬁﬁ%ﬁ%ﬁagiﬁbﬁﬁsgﬁpgyab'f'chg #-829476,

extrerrelqy t hi nner than 15 conventional filmthickness
[ Jent in crystallinity and this gives a
l'ight-em tt| ng device excellent in properties such as
light-emtting efficiency and the like, leading to
conpl etion of the resent i nvention. Nanely, the
ﬁlﬁg&ﬂﬁ%&ﬂﬂow‘? to 20 (1) aIII-V gr oup
conmpound semi conductor

h
o acti ahs ERepeSom ARSI O bIoRIdes @ At} 4ReUR, compound
buf f er nlrgayercggf a%rﬁ_%gener%lv for?{r's%g;{i ﬁ )Y gﬁy g method for

III roup conpound sem conductor crystal |ayer of

%It AN | nxGayAl 2N

The present inventors have intensively investigated to

find a III-V group compound semiconductor having improved
crystallinity and resultantly found that a ITI-V group compound
semiconductor having a buffer layer extremely thinner than
conventional film thickness is excellent in crystallinity and
this gives a light-emitting device excellent in properties such
as light-emitting efficlency and the like, leading to
completion of the present invention.

Namely, the present invention relates to

(1} a III-V group compound semiconductor having
excellent practicability comprising, at least, a substrate, a
buffer layer of the general formula In,Ga,Al,N (wherein, 0=u
<1, 0=v=1l, 0=w=1, u+v+w=l) and a III-V group compound
semiconductor crystal layer of the general formula InxGayAl:N

(wherein, 0=x=<1, 0=y=1, 0=z=1, x+y+z=1) in this order
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25 (wherein, 05x51, Oby51, Obz51, x+y+z=l) in this
order PCT/JP2003/014870 wherein the buffer |ayer has a
tPCEAAB2G0OBOBAR’Or nore and 90 A or less. Further,
the present invention relates to (2) the sem conductor
according to (1), wherein the 5 buffer layer is in
the form of anorphous and/or fine crystal, (3) the

sem conduct or according to (1) orcég) mherel t he
n

smwhm ethes bufifest dayProhfs ad o ezmofeé ,OR@yre and 50
(NdGaQ3), spinel (MJAI 204) and ZrB2, and (4) t he

s%n?%oh@%%tor according to any of (1) to (3), 10

wherein the substrate has pits having a major axis of

20 nm drurthee. e RESTRN R rveetben (FRla%ss ntth dept h

to the major axis of 0.05 or nore at a density of

1x107 cR D e manleondyrtery rageerdbnd t e bb?fevh%?éﬂ the

side. Furthernore, the present invention relates to a

nepfder h@f%riqoﬂadubpngoamwf ampIphaRs @Mfcﬂﬁqéine crystal,

sem conductor wherein, in growmng a lll-V

rou

conpouni® s die arIiaandugter Acqorfdmeito gé‘néﬁahr wherein
formula 1 nsGaAl 1N (wherein, 0Sx51, 05y51, OS z5

xthe zsuhs brate sipsseheeted %Ef’mesapap¥FEof ZpRe Séﬁér'aP'Go
formula In"GaAl "N (wherein, 0Su51, Osvsl, Obwhl,

uiNAGRQy) 2eRinglor %0« i 38daZFRicl@ds of 5 A or

nore and 90 A or less _at tenperatures |ower than t

gr owi ngf 4 bnhe a%%w@%d%%orc%%m%n%ewc%muefoﬁll “to (3),

c st al Iayer bef ore gromnng the conpound
EohR Ut subsinahe hagep! tﬁr#éwitmél BadpguAyls of 20 nm or

more and having a ratio of the maximum depth to the major axis
of 0.05 or more at a density of 1x10’ cm™? or more on the surface
of the buffer layer side.

Furthermore, the present invention relates to a method
for producing a I1I-V group compound semiconductor wherein, in
growing a III-V group compound semiconductor crystal layer of
the general formula In,Ga,Al,N (wherein, 0=x=1, 0=y=1, 0=
z=<1, x+y+2z=1) on a substrate, a buffer layer of the general
formula IngGa,Al,N (wherein, 0=u=<1, 0Sv=1, 0Sw=1, u+v+w=1)
is formed to give a thickness of 5 A or more and 90 A or less
at temperatures lower than the growing temperature of the
compound semiconductor crystal layer before growing the
compound semiconductor crystal layer, then, the compound
semiconductor crystal layer 1is grown.

Still further, the present invention relates to
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sem conductor crystal layer is grown. 25 Still

further, the present invention relates to

PCT/IE2800F /OUABP (6) the producti on method according

to (5), wherein the buffer layer is in the form of:

anor phous and/or fine crystal, (7) the production

nmet hod according to (5) or (6), vvherei n the substrate

is selected fromsapphire, ZnO, GAs, 5

spi nal (6Nyahearodng wgmekmdtwqﬁthu%ﬁ ﬂfetﬂ’aarein the
according to any of (5) to (7 wherein a substrate

bafitey perernasi hy Bhemfoym | amerphpousNANg/ ofipkkng erystal,
having a ratio of the nmaxi num depth to the mgj or axi s

of 0.0%70r ther eredustiens methed Beryrddmg X Shor dif) -
the 10 surface on which the buffer layer is to be
wheinedine he ssulrlirate ishre kepted fivom sapphbyey 4n0, GaAs, NGO
producti on nethod according to any of (5) to (8),

WHEGE ) . bepdnelf 6MeAdeOn @nd t?@étffer | ayer, the

surface of the substrate on which the buffer la IS

to be I(&i vaeareduatsienpesbodaceorabps thasy @%[ difthge (7).
to formpits having a magjor axis of 20 nmor nore and
Whgneg ma a subs taRtenbaydpignihtde paNindoat Malpgj 8xigxpE 20 nm
of 0.05 or nore at a density of 1x107 CM -2 or_ nore.

20 PRTA BRE beYdroPd ORtép PREFRRRERXINEOOARERFStehEhe major
present invention will be illustrated in_detail below.

Bxd o of- 0.§500p voRpohd sten ek Rl dxL0 €RE PFeBeRe on the

invention is a conpound sem conductor havi ngm
|saFEasiee s hich the buffer layer is to be laminated is used

as the substrate, and

(9) the production method according to any of (5) to (8),
wherein, before formation of the buffer layer, the surface of
the substrate on which the buffer layer is to be laminated is
subjected to vapor phase etching to form pits having a major
axis of 20 nm or more and having a ratio of the maximum depth

to the major axis of 0.05 or more at a density of 1x107 em™? or

more.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will be illustrated in detail below.
The III-V group compound semiconductor in the present invention
is a compound semiconductor having a laminated structure
comprising, at least, a substrate, a buffer layer and a compound

semiconductor crystal layer of the general formula In,GayAl,N



10

15

20

25

conprising, at least, a substrate, a buffer |ayer and

a conpound 25 sem conductor crystal |ayer of the
RERAEF2003 ML 48TH, GayAl N PCT/ JP2003/ 014870 (wherein
x+y+z=1, OSxS1, 0;:5y51, 0Szsl) in this order. The

buffer layer in the present invention includes |ayers
conposed of materials represented by In"Ga Al wWN

(wherein, 0 Su51, 05v51, 05wh1, u+v+w=l),. The

t (Whaaress, ck+yHe=buf0&x=3,| &5eySl, PFE9D) Aln this order.
preferably 10 to 90 A, further preferably 20 to 80 A

Wien t Ihe buéfpsskayer daathe pressn toinventiap dacluydemlayers
90 A, the effect of the buffer layer is deteriorated
weretsed|9f mytextals stepresentedpbyf TpuGanpdsN fwherein, 0
[11-V group compound seni conductor crystal |ayer

hevisay. | OvE st AW ldeliteienty. dhei thicknebs af ddhe buffer
with good reproducibility. For evaluating deficiency

deaEex \is Bhace98r A, nprefeorelly ol Grein®P & suFsherngraferably
di sl ocation line by a transmi ssion electron

REriss&hd. aWhenhbheothbekeess nts pinaller Lhap Jadeor larger
by an atomic force mcroprobe, a nethod of observing

pihan 19 dbi atredeffeebreficthagbpEfgr ohf¥ebnignhdeteriorated
surface of a crystal under specific conditions

(pdarirahty neByodyingrseek [ fibdn Ruffeg bayerch 44 I-V group
the surface of a crystal under vapor phase or liquid
periaround repieerdyster coFY2Epbnliayigrt baydpgclaw grystal

cat hode | um nescence net hod of observing fluorescence
HefirisneY depiity eprche oprowawithhgepadjreproducibility.
nmeasuring the Full Wdth at hal f. maxi mum of a rockin

g
curve dloxxavaluating slefigdencyodensdfy + fdere A5G Beitioned

measuring an X-ray rocking curve is a
a method of observing a dislocation line by a transmission

electron microscope, a method of observing pits on a surface
by an atomic force microprobe, a method of observing pits
obtained by conducting re-growth on the surface of a crystal
under specific conditions (growth pit method), an etch pit
method of etching the surface of a crystal under vapor phase
or liquid phase to generate pits corresponding to defects, a
cathode luminescence method@ of observing fluorescence by
excitation of electron beam, a method of measuring the Full
Width at half maximum of a rocking curve of X-ray, and the like.
Of them, the method of measuring an X-ray rocking curve 1is a
non-destructive test, and by measuring several dlifferent
reflection points of X-ray, edge dislocation density and screw

dislocation density can be measured separately, that is, this
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non-destructive test, and by nmeasuring severa

di fferent reflectlon poi nts of X-ray, edge

A FRIGH UAKTQ y and screw 25 di sl ocation density

can be neasured separately, that is, this

PCT/ JP2003/ 014870 net hod can be suitably used as a

nmet hod for evaluating the crystallinity of the

compound sem conductor. As the method of form ng a

merthad |GaRe e fSuHabkeusad 352 Mg idhpd (FR% ee%fg%%*eing the
used known net hods such as an_5 organopetal vapor

(Rt Al i et Jdh g IRImRARRYG FeMEIIIREPT t 0 as

MOVPE net hod in sonme cases), nol ecul ar bean1ep|taxg

met hod AS( kdeemeibod, ofr £pERing pobusERBElARPRoAE| hhe present
sonme cases), sputterlng nmet hod, hydri de vapor phase
diiviendiaret HRPTY ek bmrueed knaw meatheds ss Eﬂs an

net hod i n sonme cases), vapor 10 de 03|t|on met h

FIRGAROMAL vmmpa@ﬁ@syrpvﬁhneﬁﬁ h@F@iLﬂaFF@F- referred
referred to as plasma CVD nethod in sone cases

tirerRRONBEBe tBRASH sepeFases) n@PH&éF“@-ﬁz?r‘é‘F%@ﬁ’éftaxY method
referred to as thermal CVD nethod in sone cases)
dfensaaiter. geferad R psiMEhMeghed o sPmepgases),

met hod and MOVPE et hod excellent 15 in control of t 3
UG skh g methad n Bydride VaRes phags eREEXY fRERC

an MBE net hod and MOVPE net hod are used, the growth
tdmrainaftenr referEed Ep IR yVPE @eﬁhefie’r%bﬁcgmsest‘-'a) vapor
800t, further preferably 350 to 700°C, partjcularl
FleResidrior MRrhed MS‘“%’@P?%@%W#Q% etop Jr%thmi

of a buffer layer is |ower 20 _than 300t ro&ﬁh

ddrareinas waipr Zeferzed to A% RiFsma ﬁVBHE?'?‘?‘h 5686 Toases),

the effect as a_buffer becone
thermal vapor phase depos%tion method {hereinafter, referred

to as thermal CVD method in some cases), and the like. Of these
deposition methods, an MBE method and MOVPE method excellent
in control of the thickness of a thin £film can be suitably used.
When an MBE method and MOVPE method are used, the growth
temperature of the buffer layer is preferably 300 to 8007TC,
further preferably 350 to 700C, particularly preferably 400
to 650 . When the growth temperature of a buffer layer is lower
than 300, growth speed decreases unpractically, and when
higher than 800C, the effect as a buffer layer becomes
unremarkable undesirably.

Specific examples of the buffer layer of the present
invention include GaN, AlN, InGaAlN having an AlN crystal

mixing ratio of 50% or more, and the like. 1In these buffer
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unr emar kabl e undesi rably. Specific exanples of the
buffer |ayer of the present invention include GaN
Rﬂ%’qﬂﬂgﬁgﬁﬂﬂﬂEMQQ an ALN crystal 25 nmixing ratio of
508 or nore, and the like. In these buffer

PCT/ JP2003/ 014870 | ayers, when A1N crystal m xing
rati o increases, thernmal stability tedges to

i_.ncrease, consequently, there can be expected
LAY T #TED AL RSt EIXIDAFEL IEAIRRS | Sprmal
In growng a |ll1-V group conpound senm conduct or
Skl i kadee s i A nFRRASE ofCOPIRAYRAE IRy Fhere ¢an be
preferable that the gromth tenperature of the

tedrraREacR RFPSPEP dTRE 9TOWthy pF & PURERY Layer.
hi gh. SpecificEfromﬁh tenperatures of the

conpound
dangremdast 8rl y‘ét%}rw%mmn%’a%a@m%seﬁeﬂgﬁeggsrgﬁtal layer
1000r C or higher. Though detail ed reasgns are not

At orevwib ok agartfeed avien. by I BPAgTRReS L iRG growth
sem conductor crystal layer at such_rel atively hjgh
rERRaTAtHLS of Hdie GRRRRURG, semicrndugtoy Fhffiyt laver is
crystallization of a buffer |ayer of the present
iSRG IaRt1gh Rekdhect SReGhhlkh TRy Hh aTReratRyeyrof the
deconposition of a raw material _in grgmﬁnﬂ t he £
FeMd SADGHGHAR SFYSHA JRYPLyLRCLEAg tREPpFREUTes ©
Once the conpound sem conductor crystal |ayer having
HiG}P €r g5t Bipharey Fheughafletaiynd: EppepaeysrEe ngt clear, it
l.ayer _.show_n oQd crystallinity even at relativel
PSIPELISERA ThES B TERHAPIHRO SR SPORAOBAULHPE crystal
|.ayer. 20 As the method faqr rodudl¥%the HI-\/gro%g
éﬁ%ﬁﬁﬁﬁ& such relatively hi temperatures, there occur an
effect of promoting crystallization of a buffer layer of the
present invention, an effect of enhancing an efficiency of
decomposition of a raw material in growing the compound
semiconductor crystal layer, and the like. Once the compound
semiconductor crystal layer having high crystallinity grows at
high temperatures, a layer showing good crystallinity even at
relatively low temperatures of about 800C can be grown on this
layer.

As the method for producing the III-V group compound
semiconductor crystal layer to be grown on a buffer layer of
the present invention, there are listed an MBE method, MOVPE
method, HVPE method and the like. When an MBE method is used,

there is generally used a gas source molecular beam epitaxy

(hereinafter, referred to as GSMBE in some cases) method which
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sem conductor crystal layer to be grown on a buffer
| ayer of the present invention, there are listed an
AR HEB/ met hod, HYPE nethod and the |ike.
When an MBE nethod is used, there is generally used a
gas source nol ecul ar beam epi taxy 25 (hereinafter
referred tows GSMBE in sone cases) nethod which
PCT/ JP2003/ 014870 is a method of feeding under
déncd medihad Rf (ARG INASFGRAT LML %ranﬁl%%@%ﬁn gas,
conpounds as a nitrogen raw material. In this case,

AmmQIeh 2pgyp Fre R NildrogencaeRPeandy %ad%ir%og%afaw material.
consequent | y a ni trogen atomis not easil

iTie £0E¢ i @ B1ATEOPH AW mAtsBHalcASeshemAcahly inactive
case, a nitrogen raw materi al is excited ]émcrowave ]
A cRaseaNentd YgR &l tregen syam Lavwnotrandly ipgegporated in

active condition which is fed, thus, an efficiency of

it €SV EBRAL | 1y Siemey §§§ﬂ5caﬁnb*éhi%<ﬁ%eé niksqgen ggw material
producti on nethod according to an MOVPE nethod 10 in

the axgitad Oy cukrnowavefand pihe ckikayke ghve | oitrogen raw
group conpound seni conductor crystal |ayer in the

madagkal fnday Artiye | cordibeken jwakch | 1S fed catiauss an

an MOVPE net hod, raw materials as described bel ow can

i fikenaw A \AngqTperating Al tEeeeR oFan b &%Jéeased

trial k){wgalllum of the general fornmula RIR2ZR3Ga

(wher eiNeXxtR] thepreduesion meddad agcoggdrdafRiAn yPZ’!@B‘- method
having 1 to carbon atons) such as trjnet hylgal liu

e gpse H%ﬁ ArRdyerion Lf Malpetfer ey 2 QmEII‘V group
cases] tr| ethylgallium [(C2H5)3Ga, hereinafter,
cpﬁ%qqffogoﬁgyeaéés agay i (1hq pggsent invention

IkyI Ium num of _the general fornula RIR2 Rg
1 be described. In the case of an MOVPE metho rawmaterials

~ as described below can be used. Namely, III group raw materials

include trialkylgallium of the general formula R;R:RaGa
(wherein, R;, R; and R; represent a lower alkyl group having 1
to 4 carbon atoms) such as trimethylgallium [ (CHay)3Ga,
hereinafter, designated as TMG in some cases], triethylgallium
[(C;H5):Ga, hereinafter, designated as TEG in some cases] and
the like; trialkylaluminum of the general formula R;R;R;Al
{(wherein, R;, R, and R; are as defined above) such as
trimethylaluminum [ (CH3);Al, hereinafter, designated as TMA in
some cases], triethylaluminum [ (C;Hs)3Al, hereinafter,
designated as TEA in some cases], triisobutylaluminum

[ (1-C4Hs)3A1] and the like; trimethylaminealane [ (CH3)3N:AlH;3],

trialkylindium of the general formula R;R;R;In (wherein, R;, R;
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20 (wherein, Rl, R2 and R3 are as defined above) such
as trinethylalumnum|[(CH3)3A, hereinafter,
RETHRAGB HAEL4830 i n sone cases], triethylal umi num
[ (C2H5) 3Al, hereinafter, designated as TEA in sone
cases], triisobutylalumnum [(i-C4H9)3Al] and the
l'ike; trinmethylam neal ane [ (CH3) 3N: ALH3], 25
trial kylindiumof the general fornmul a RIR2R3
@b Reiare RS, debiped GPpopl/syrbsas %ﬁrnmhﬁ%én%um [(CH3)sIn,
defined above) such as trinmethylindium|[ (CH3)3In
hara inaftar, @@§|igﬁ1@tt@d1 as T 4 sePwecageed) triethylindium
trlethgllndlun1 (C2H5) 31 n] and the Iike. These are
oitel and; theddike urEBhesgare ysgdoapopapr in admixture.

materi al s include ammoni a, hydrazine, 5
met hy| Me#taz Vngroup 1ray mtmnimﬂcﬁ incdade ammonia, hydrazine,
1, 2-di et hyl hydr azi ne, t-butyl am ne, ethyl enedi am ne
amthyidydiaasd nern dsel %ﬁlb“@b@dlfb}rw-'b‘?ei n admi xt ure.
Anong these raw material, amoni a and hydrazine
dor? -l imetchwkhysra zkngm mwttqtezlwxwuﬁéhnlmeqi@mine and the
these cause little contami nation with carbon 10 in
deifeconFheser azadusedsalerat 9y gy adndixtape A@%\gt ﬂ?@se raw
dopants of 111-V group conpound sem conductors,

aimriealenmr@ndraeanﬁlpbvﬂaﬁﬁinsp@@mw%nm:ﬁﬂl&on atom in the
t hereof include Ha and Be, and of the
Wlﬂqqﬂ-%ﬁ:bﬁttiﬁa-t h@fsep:mym &E flﬁgcwmlze%aﬁ%aw@th carbon
can be easily nmade is preferable. 15 As raw materials
on gy mkeanduchom t%ﬂnmmmé FFet paitabier o
formula (RC5H4) 2My (wherein, R represents hydrogen or
| ower a%sKmtmespna#sﬁ 1LV ARain SAMPORRS) sepifonductors,

bi scycl opent adi enyl magnesi um
II group elements are important. Specific examples thereof

include Mg, Zn, Cd, Hg and Be, and of them, Mg with which that
of p type having low resistance can be easily made is preferable.
As raw materials of Mg dopants, organometal compounds of the
general formula (RCsH;):Mg {(wherein, R represents hydrogen or
lower alkyl group having 1 to 4 carbon atoms) such as
biscyclopentadienylmagnesium,
bismethylcyclopentadienylmagnesium,
bisethylcyclopentadienylmagnesium,
bis-n-propylcyclopentadienylmagnesium,
bis-i-propylcyclopentadienylmagnesium and the like are
suitable since they have suitable vapor pressure.

As n type dopants of III-V group compound semiconductors,

IV group elements and VI group elements are important. Specific
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bisnethylcyclopentadienylnagnesiun1 20
b| set é cycl opent adi enyl nagnesi um

BAAbent adi enyl magnesi um
bIS |-propylcyclopentad|enylnagne5|un1and the |ike are

sui tabl e since they have suitable vapor pressure. As n

type dopants of 111-V group conpound sem conduct ors,
25 IV grou%)1 el ements_and VI g;ﬁup el enents are
t s|§@@iff igcpade jpbodi® 0 L4820 & &R, Sepdsh which

|nclude Si, 0, and of them Si with which_ that of
rthqtp@frra\twg lllmi%é@t ERE&SEANCBEUNDE §aRANE maﬁféﬁ and that

that having g purity of raw material is qgbtain

havidmes ériasu puripy %wf%mﬁ%ﬂsaloﬂsspbaéaaﬁfisiSsPF%ﬁ%rable
SiH4), disilane (Si2H6) 5 and the |ike are sui tab

sawrmaterhaty ofg§§e§°eeeﬁ5as€%webdé+ 4 pt%@’e%ane (SiaHe)

argon, heliumand the |ike can be used alone or in

0% bhe dikgeraze sultaRki®gen is contained in a

carrier gas, when the conmpound_ sem conductor havin

hi gh mwery%mgarﬁ% nGarasi PGy aﬁr‘?ﬁﬁi—'°%ﬁs&f—‘-ft|r& . argon,

crystallini t}f/bé not obtained in sone cases. .In th

deddun ands thecdikar gan obe JEAd RIS EF Par Friaﬂixture- Here,
pressure in a carrier gas. Preferable hydrogen

d&r tivdrogess dgr eoptainesy Anep cgETipr g2§. q¢vRanokhe compound

|l ess. O these carrier gase hydrogen and helium ar

Aemicandrctor havdag #é;s%&@é' cxrgtal mixing, ratde; H grown,

coefficient and do_not cause convectlon easily.

ISR e e gpERs L 1AL tE oD BPELD Ww%éﬁe%%%ééesanom this

i f hydrogen is used, when the cor&o nd
case, it is necessary to lower hydrogen partial pressure in a

carrier gas. Preferable hydrogen partial pressure in a carrier
gas is 0.1 atom or less.

Of these carrier gases, hydrogen and helium are mentloned
since they have large kinetic viscosity coefficient and do not
cause convection easily. Here, helium is expensive as compared
with other gases, and if hydrogen is used, when the compound
semiconductor having high InN crystal mixing ratio as described

above is grown, sufficient crystallinity is not obtained in

some cases. Nitrogen and argon are relatively cheap, therefore,

in the case of use of a carrier gas in large amount, can be
suitably used.

Next, the substrate used in the present invention will
be illustrated. As the substrate for growth of a crystal of

a III-V group compound semiconductor, sapphire, ZnO, GaAs, NGO
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sem conductor having high InN crystal mxing ratio as

descri bed above is grown, sufficient crystallinity is

FAT o2 KPR I487D some cases. Nitrogen and argon are

rel atively cheap, therefore, in the case of use of a
carrier gas in large anmount, can be suitably used.

Next, the substrate used in the present invention wll

be iIIustrated. As the substrate for owth of a

dNAGafls)of spiged |(MaA)ag¢bu pz%‘%m?&%& Hideh & fAsed.
sapphire, ZnO GaAs, NGO PCT/JP2003/ 014870 (NdGaO3),
%%CR#@@QD&;‘PPE#BE ks dmpRE tantes kpee dctp transparent and
Partrcularly phire is inmportant since it is

18 SAYFEAdn %aq@e}éttan hgwiggghaggs prgani§i phtained from
Iarge area |s obtarned from this. 5 By shifting

diléct i on of the surface of a substrate slightly from
crystal orientation, flatness, crystallinity and

th
i ke oBYorIH Htapst GFastigiowt Jie (SURRAGERTOASYISLrate

. sone cases. Hereinafter, dislocation of the surface

SFLightilss Eramecrystat orjenirtdone nﬂa@twr s CFFELAlddqity and
as of f angle in sone cases. 10 Of an leis

giher didis @I gache la¥AGet o PSS OXRWE & 1% gren émproved in some
preferably 24 or Iess nDst referably O 1Q

Seed sglespipasier adigipgacinn &b taﬁ S%f%% %%eeSBPstrate
a c plane of substrate can be a axis direction

Shom grvesalpriantatkion Asdeneribed @i okt Peﬁleam SO cases.
like. 15 As the substrate, substrates havrng

'Qﬂﬁrﬂ?ﬁ%@nﬁﬁnprQﬁﬁﬁﬁQﬁY;ﬁPrﬁﬁ%rrﬁgg% of P begs further

rati o of the nmaxi mum depth
preferably 22 or less, most preferably 0.12 or more and 0.52

or less. Off angle direction, in the case of a c plane of
substrate, can be a axis direction, m axis direction or its
intermediate direction, and the like.

As the substrate, substrates having pits having a major
axls of 20 nm or more and having a ratio of the maximum depth
to the major axis of 0.05 or more at a density of 1x10’ cm™ or
more are preferably used. By forming a thin buffer layer as
described above on a surface having such pits, a IIIL-V group
compound semiconductor having extremely excellent
crystallinity is obtained. |

As the method of forming pits on a substrate, a vapor
phase etching method is desirably used, and according to this
method, dimensions (maximum depth, major axis and the like),

density and the like of pits can be controlled by changing
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to the major axis of 0.05 or nore at a density of

1x107 CM -2 or nore are preferably used. By formng a

tBERY IREGEI/04&T0 as  descri bed above on a surface

havi ng such pits, a Ill-V group 20 conpound

sem conductor having extrenely excellent crystallinity

is obtained. As the nethod of formng pits on a

substrate, a vapor phase etching nethod is desirably
@@d}iwmeamomrwrta(tqnﬁ-sthﬁekgaé, ofji #gnf Sor etching, its
(maxi mum depth, major axis and the |ike), 25 density
greneentraikonfand t the ghikR- control | ed by changi ng

PCT/ JP2003/ 014870 etching tine, tenperature, the kind

of a g&s tbe gashfon etiallnmofberer 46| denarllinagagat least
As the gas for etching, there is generally used at
lanstganrelected| Eremdthe ogrone epRephsEbng| of | agmppunds
compounds 5 containing a hal ogen el enent and V group
generining @ hpdpogarelementiand Megeoupseionenphngsdhhydrogen
contai ning a hal ogen el ement and V group el enent,

thwkideg e |isted, for exanple, arsenic halides such

as arsenic trichloride and the |ike, phosphorus

hal i deder® s@sh the Feopsvadusontiadmisg de hatgoeReelement and
like. As the hydrogen halide, there are listed, for .

% ameup, ehement erthaneoarac 18 18t 5§82 X¥aBRI Qe arsenic halides
hydrogen i odide and the |ike. These gases can al so be

wauch jas anAenig cxdichharisle @vde thef lijfesePhggphorus halides
hydrogen chloride is preferably used. 15 Vapor phase

Furh fF PhpsphoFa srisdlioride,apd, thaakike. As the hydrogen

halide, there are listed, for example, hydrogen chloride,
hydrogen bromide, hydrogen iodide and the like. These gases
can also be used in admixture of two or more.

Of these gases, hydrogen chloride is preferably used.

Vapor phase etching may be performed in a vapor phase
growth apparatus or in other apparatus than this, and in the
former case, an inner wall and the like of a vapor phase growth
apparatus can be cleaned simultaneously by etching, therefore,
the former is preferably adopted.

The maximum depth (depth of deepest portion) of a pit is
1 nm or more, preferably 1 to 100 nm, more preferably 1 to 50
nm, further preferably 1 to 30 nm.

The major axis of a pit is 20 nm or more, preferably 20
to 1000 nm, more preferably 20 to 500 nm, further preferably

20 to 300 nm. The ratio of the maximum depth to the major axis
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grow h apparatus or in other apparatus than this, and

in the fornmer case, an inner wall and the like of a
VREBIRHGY Gk 8( P apparatus can be cl eaned

simul taneously by etching, therefore, the fornmer is
preferably adopted. 20 The maxi mum depth (depth of

deepest portion) of a pit is 1 nmor nore, preferably

1to 100 nm nore preferably 1 to 50 nm further

pkefle0fhPy more. Breferahly il tex?s B9re RHafexaky 0.05 to
nmor nore, preferably 20 to 1000 nm nore preferably

20, tfusteRprefexaely pP efert®19-525 20 to 300 nm The

ratio of the maxinumdepth to the ngjor axis ’
PCT/ JPZIB3Aens8 1y of ap bk isr Ly ‘ecmpre¥ éoziel.yppederaply 5x10
2, nore preferably 0.05 to 1, further preferably 0.05

tto 0b6l 0 themdfongione erefenablys 1xi037teMlx200r Gbi e, further
preferably 5x107 to 1x1Q10 cm 2, nore preferably

| paree T ab Ik 1240 i 141 f rrem™®. 5 preferably 2x108 to

1x1010 cm'. Pits on a substrate, before formation of

a seni diduengt subsirage neegere § oxiaidomefipfepiconductor,
force mcroprobe (hereinafter, abbreviated as AFM. .
/e Beasured wiing aanptemdsferce plcronrgbebhereinafter,
measured by a transm ssion el ectron m croscope 10
(Hehreiated as AEMIyi Afdenforppfion,ef # segfjiconductor, pits
i nvention can be suitably used for so-call ed

Hearle dppasyred BY o krénsphsehonnelectbeR BLerpagere

of a different material fromthe intedgeed conpound
seheeeinptter, akbreyiated)agefEM) -t he conpound

sem conductor is grown, as
The present invention can be suitably used for so-called

hetero-epitaxial growth in which on a substrate made of a
different material from the intedgeed compound semiconductor,
a crystal layer of the compound semiconductor is grown, as
described above, however, this can be used also when a crystal
layer of the compound semiconductor is used as a template, and
on this, a crystal layer of the compound semiconductor is
further grown. This case may prevent penetration dislocation
present in the compound semiconductor crystal layer used as a
template from plercing through to the compound semiconductor
layer, and the production method of the present invention can
be preferably used. In this case, as the compound semiconductor
crystal layer which can be used as a template, there are
mentioned the compound semiconductor crystal layers grown by

a MBE method, MOVPE method, HVPE method and the like directly
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15 descri bed above, however, this can be used al so

when a crystal |ayer of the conpound sem conductor is

RCRY/ HR2Q03 mA&T®, and on this, a crystal |ayer of

t he compound semi conductor is further grown. This

case may prevent penetration dislocation present in

t he conpound sem conductor crystal |ayer used as a 20

tenpl ate from piercing through to the conpound

s Gehdudufifen dpgier ond & substsakeri 68 HBEFogrewn gempound
present invention can be preferably used. In this

ozevel cordygieor sMALAl daveasnpaetef freR s Auhshrate, and the
whi ch can be used as a tenplate, there are nentioned
thikeonpddhtiienal tvndina sempepadsenigenduerer,cuystal layers
a MBE net hod, MOVPE net hod, HVPE nethod and the |ike

dIrem Lp Pompitrdesoireroelted 4 iguigk pE/Ga qllarand the like,
substrate, or thus grown conpound sem conduct or ]
cihye camphapdr sepieorANe Fomca YSHadt ayers i ther groye on this
Addi tionally, the conpound sem conductor crystal
|egrepeundreamiconducior prvstal r baves! t2pe | pgptdoned.

Ga, Na and the like, 5 the conpound seni conduct or

cryst alHazg.erkighty temkt Gingyimeshami sms fpdihgare roughly
sem conductor crystal layer, are nentioned. Here,
|¢kpestfied | Hytoebfargsodprsdf L8meate 2onemRgnism in which
classified into two groups. One is a nmechanismin

vin lertedjedaatrai@ndohelgfdraoresbine cohdindavel Formed by
level formed by 10 inpurities in a band gaf and is
Jerrunities An 2 bangdgap « #nd §H@eneraddivoral hpdiimpunity light
a mechani sm.in which injected el ectrons and hol es

AT O t ASEEDET A6ep BefharlHy ihwhdich dnigfdednelectrons

this case, light em ssion at_wavel ength_correspondi ng
and holes combine without a level formed by impurities and in

this case, light emission at wavelength corresponding
approximately to band gap is obtained. This is called band edge
light emission. In the case of impurity light emission,
light-emitting spectrum is generally broad. On the other hand,
band edge light emission has sharp light emitting spectrum, and
when high purity is necessary, band edge light emission is
preferable. In the case of impurity light emission,
re-combination of electrons and holes via impurity level is
utilized, consequently, there is required impurity levels of
sufficient number for arresting electrons injected or holes,
and in general, when impurities are doped at high concentration,
its crystal gquality deteriorates. Namely, the number of

impurity levels which can be formed in a crystal of high quality
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approximately to band gap is obtained. This is called

band edge 15 |I$ht em ssion. In the case of inpurity
IRGIMIRIAEH GIABTQ i ght -eni tting spectrumis generally
broad. On the other hand, band edge |ight em ssion

has sharp light emtting spectrum and when high

purity is necessary, band edge |ight em ssion is
preferable. In the case of inpurity light em ssion, 20

s ddmdited:.i g shis easeons éﬁdeﬁ‘&i%’ AV Fystfr ietlyctrons and
level is wutilized, consequent| there is required

inphAs thparepses ofthes gumbere A€ gr@ﬁﬂé‘ﬁ-tﬁ’oﬂ-eHPF-ésiLF naeflcient
el ectrons injected or holes, and in genera
i%ﬁﬁnﬁQiQQNQ%Q?QRRRKP%He%ﬁ%ﬁFQﬁﬁnﬁﬁﬂrQ@%%ﬁ W1F$QUt impurity
crystal qual ity deteriorates. Nanely, the nunber of 25
igaks wq%s wihah &5 weth ek %e%tréi?s@la?rwt light
hi gh quality PCT/JP2003/014870 is limted. In this
Elss an e gt enraRWRTdf el ectrons and hol es

I ncreases, the nunmber of inpurity levels is deficient,

and r @ncbheiafhenhasd. clrdheopasamf hapdsedge Hdght emission,
inmpurity levels occurs. That is, with high electric
crghentemiggian wlihpuki BT EE | kovelL | %ﬁve‘FEilUP@he

ot her hand, in the case of band edge |ight em ssion,
IGHequAE Hn SHAbh dgweripar of yli}swe@miﬁm pf&dciency does
consequently, such lowering o ht em_ ssi on

f
&9 eceNEy dharefpre oshen irrae%gepeofmeah pApstEisrcurrent

of high electric current 10 is necessary, band edgg

1igRecaRIATDON fand edee bl et |epigylen a%% PY@fer In
conmpound sem conduct or _has dlrect i nt er band
(GAHTAS on 1R MBRARA SemIRPMIRE QR PRI bESF br Hterband

in visible
transition type band gap, and band gap can be formed in visible

region depedgeing on its composition. Therefore, by using this
layer as a light emission layer, a light-emitting element of
high efficiency by band edge light emission can be formed
without using impurity light emission. 1In band edge light
emission, light emission power can be concentrated in a narrow
wavelength range, and light-emitting spectrum becomes sharp,
and high color purity can be attained. The III-V group compound
semiconductor of the present invention can be suitably used
particularly in an application in which high crystal quality
is required like band edge light emission.

Specific examples of light-emitting devices for which
the present invention can be used will be described below.

Basically, a light-emitting device has a structure in which the
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regi on depedgeing on its conposition. Therefore, by
using this layer as a light em ssion |ayer, a
IRGAMIRIAAI [ &T@nent of 15 high efficiency by band
edge |ight em ssion can be fornmed w thout using
inmpurity light emssion. In band edge Iight em ssion,
i ght em ssion power can be concentrated in a narrow
wavel ength range, and light-emtting spectrum becones
SFRFRPUNG P AN ERT pEFY S Yat akaver oo f o nk¥PeThe || |
-V group conpound 20 sem conductor of the present
iJngrﬁ_ el teindelayex pppreosed ofathe cepmpeyndnpsepiconductor
application in which high crystal quality is required
| GIRES vl @nddshe | ¢empo ﬁMOfQE}E&QF sT¥R&AH 23yer of p type
light-emtting devices for which_ the present
ianeAamdnated oeagdestrate pBy@dadingia ddight -emig ting layer
Basically, a light-emtting device has a structure in
it eteeh arpaTAYRE) VeI SP@ GoRpSURE deWPEendudiight-emitting
crystal layer of n type, a light-emtting |ayer

Phihighe effisienes ahicvdmgy doyr drdiniadavodigge can be
t he conpound seni conductor crystal |ayer of p type
attaignrdat Batwaen andsitypeelaBprpangicdight-emitting layer,
light-emtting |ayer 5 between an n type |layer and a p
(a7} bedieen & Light.emi £51ng La¥AR cadon Mitgipe layer, several
efficiency showing low driving voltage can be
dreereditenenh Hh sonpeeltioer ee@ductiyhtyoand: Aaging
| ayer, and between a |ight emitting |layer and a p
tgaRceniratiaqnean be | Igeestedfferent in conposition,
conductivity and dopi ng 10 concentration may_b

e
i nsert &dncg fcL¥Pe iAYyers aving i penductivity are

conductivity are ‘
obtained easily as compared with p type layers, an n type layer,

light-emitting layer and p type layer are grown in general in
this order. The present invention can be used in growing the
compound semiconductor crystal layer to be initially grown on
a substrate. That is, a compound semiconductor having high
crystallinity is obtained by forming a buffer layer of the
present invention on a substrate, then, growing the compound
semiconductor crystal layer. By laminating each layer
necessary for forming a light-emitting device thereof, a
light-emitting device constituted of layers of totally high
crystallinity can be obtained.

Next, the light-emitting layer will be described.

For realizing a light-emitting device by band edge light

emission, the amount of impurities contained in a

- 17 -



10

15

20

25

obt ai ned easily as conpared with p type layers, an n

type | ayer, ht-emtting |ayer and p type |ayer are
d%%Mﬂﬁib @n this order. The present invention

can be used in growing the 15 conpound sem conduct or
crystal layer to be initially growm on a substrate.
That is, a conmpound sem conductor having high
cr stallinity is obtained by form ng a buffer |ayer

higrenkt ing Jagerofhonle E%iﬂ%%%%é?w gr bflcaler
the conmpound _sem conductor crystal |ayer.
| dhilsaprafesabhe | tal the ﬁ@eeeeamt#e?sm ﬁningGa and 11 group
light-emtting devig ? thgreof, a light-emtting

toraKe akled bf $RyePE 8£5Fot a PytHPgﬁase of band edge

crystallinity can be obtajned. Next
'%ght equs%\frgu al;/’éi B fF'l‘-"-%l%s‘é‘ﬂ-%’édis F%?t%lahle‘il ngy the
a light- emttlfgg devi ce by band ed e i

SRR Ht1emeo gremn #3em é‘oﬁt i#aaa -ppifting layer.

PCT/ JP2003/ 014870 1.i ght - en1tt|n$ | ayer shoul d be
sippie sease R gk renebssion in asvisiple aBREL hAR

the concentrations of SI, Ge and Il group elenents

ac‘rcelcmtlmi#% Pfe@%?f%eelww%t RE MoK Jfhen I eaaeentratlon
ght em ssi on, ght emi ssion color is determ ned ¥

irf*eseaé%ﬁo%lm éﬁ%ofl4q¢t§,¢&u'ae @I‘%ﬁdsa?ﬂ ajmost ultraviolet

light-emtting layer. In the case of ht em ssjon

iTA% ARG pTRETEkent Prightaess £3RROT sb r%‘PeFabl vh%o/én

or nore. When In concentration, is snaller }

I‘%W%n*i’c‘ﬁ%’é"enﬁtje"tF‘é?%s%l‘FnoHQ}{ﬁH?‘%FH%ii WP‘&? engih

suff|C|ent brlfhtness cannot be [t. When In

et aaf %glilht?'é’aEE?jnglvfadfﬂleé}ﬁ‘i’t FAY %@ﬂ&@l&ed £rom

violet to blue and green. The thickness of a light-emitting
layer is preferably 5 A or more and 300 A or less. Further
preferably, it is preferably 10 A or more and 100 A or less.
If the thickness is smaller than 5 A or larger than 300 A, when
a light-emitting device is used using the compound
semiconductor, light-emitting efficiency 1s not sufficlent
undesirably.

For efficlent re-combination of charges injected in a
light-emitting layer, a so-called double hetero structure
having a light-emitting layer sandwiched by layers having
larger band gap than this can be suitably used. Hereinafter,
a layer adjacent to a light-emitting layer and having larger
band gap than a light-emitting layer is designated as a charge

injection layer. It is preferable that difference in band gap
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el ongates and light-emtting wavel ength can be
controlled from violet to blue and green. The
AETATRRO A0 AGTQht -enitting |ayer |Is preferably 5 A
or nore and 300 A or less. Further preferably, it is
preferably 10 A or nore and 100 A or less. 15 If the
thickness is snmaller than 5 A or larger than 300 A
when a light-emtting device is used _using the
a chargsriiaciion lgnereanf: ? g Wy iedididpg daver is
not sufficient undesirably. For efficient
roelcs%pﬁampsﬁ ofwwye%fwﬁ%%e’cn itpnd gap between a charge
ght-enmitting | ayer, so-cal l ed double hetero
&l}i&qv@ laxerngtd 4 .lgwptemitt.tﬁglq é%ﬁrsla%(ﬁmaclﬂéaf fpan 0.1
ggyers having |arger band gap than this can
+ SMCLOREE ofecarmiers, intg Pa}éﬂhédﬁﬁééﬁtinﬂolaﬁ'er is not
ght-em tting_ |ayer and haV|ng Iarger band t han
eﬁqﬁfglrﬂl%'}*ﬁ tandnghr%em ting @b kel ercy Jc‘h . pore
i njection |ayer. referable that difference_ in
egra?éﬂﬂbT/iIPé@OQ/ 518 70F TR en BEXavaihen PecbROR 9ap of
| ayer and a ht-emtting layer is 0.1 eV or nore.
\ih G lon JAYeT gﬁ B¥eFeeney- cﬁalgage necessary for
|nJect|on Iayer and a Ilght en1tt|n% | ayer is snmal
qmqya Lniegtian: 1esmeasss c Aherefoten: dtals pre erable that
ght-enmitting layer is not 5 sufficient and
mrwtbaérﬁ tgahPlefd |‘?,1'}%‘fﬂ,‘§/ ﬂrrbm%iowb}%vﬁ e*%r%b?\} oftless.
is 0.3 eV or nore. when t he p o
char go T EBLFBRERSyeF o SRETER LHA0LioN (T d8eled pr more
for. charge injection_increases, therefore,

a SO0 8" pRat SSthe Wi ey LRSS 65 PnpbeFBgindection

I | V aor |
aaelyer ssfnasil.l%r q:haneS A or larger than 5000 A, light-emitting

efficliency lowers undesirably. Further preferably, it is 10

A or more and 2000 A or less. One light-emitting layer may exist,

and a plurality of light-emitting layersr may also exist. As
an example of such a structure, there is a laminated structure
of {2n+l) layers in which n light-emitting layers and (n+l)
layers having larger band gap than the light-emitting layer are
laminated alternately. Here, n means a positive integer, and
preferably 1 or more and 50 or less, further preferably 1 or
more and 30 or less. When n is larger than 50, light-emitting
efficiency decreases and a longer time is necessary for growth,
relatively undesirably. Such a structure having a plurality
of light-emitting layers is particularly useful when a

semiconductor laser requiring strong light output is produced.
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10 The thickness of a charge injection layer is 10 A

nore and 5000 A or |ess. Wien the thickness of a
(ﬂﬁﬂ@ﬁ??&@%ﬁﬂl@ﬁTolayer smaller than 5 A or |arger
than 5000 A, light-emitting efficiency |lowers
undesirably. Further preferably, it is 10 A or nore
and 2000 A or less. One light-emtting | ayer may
exist, 15 and a plurality of light-emtting | ayers nm
al so edifstthencasm o5 AEAGHLIANOf 2 sﬂ%t‘?@éou? h"e?’%g"und
is a lam nated structure of (2n+l1l) layers in which n
| FefrtcanAne o) acepadd ngnte the presentiaviensiay naipgan MOVPE
band gap than the light-emtting |ayer are |am nated
aetdratht @ty lepsteonq 9&%#9155 | £roB the Graup geasisting of
preferably 1 or nore and 50 or |ess, further
FanguHls conraining ahelawesn alesent\and @ Vsgrgugeplement
than 50, light-emtting efficiency decreases and a
I@r@@ryqrimﬂ balddessapyinbroduend hefoxg dmifdigtion of vapor
undesirably. Such a structure having a plurality of
Iphsfe gRavting thgmr san sipneX i wal hrapd (QEf %\Jbﬁiﬁsﬁta syrface
sem conductor laser requiring strong light output is
prpsticean obcr repeddonotuRyds| %u‘t’mc’gaé &Y apPs dmﬁﬁebﬁtching-
of a lll-V group conmpound sem conductor _accordin
t He s ride ompapsit |WWW%?WPE"°%#W cavsgé&saualitif
one as selected fromthe group consisting

frrned ihihi 900d FRPERERCHPERERY iaﬁdsame/ §R868-

elenent 5 and hydrogen halides is introduced before
i ni ti atGampAIndspntainkng @ dipgeheplenspt prd @vaYI group
and/ or substrate surface upstreamof a reaction tube
ielenahlecindthe Ve -PeRLEORee #hghing{Rcipde arsenic

co ound seni conductor of excell ent c{ystal qyaI|H¥
richloride, phosphorus trichloride and the 11 The hydrogen

halides include hydrogen chloride, hydrogen bromide and
hydrogen lodide. Of these gases, hydrogen chloride is
preferable.

Compounds containing a halogen element and a V group
element in the present invention is believed to obtain a
preferable etching effect since they decompose III-V group
compound semiconductors piled on the inner wall of a reaction
tube at high temperatures or decomposition products thereof and
the like. Thus, the inner wall of a reaction tube can be
subjected to vapor phase etching before mounting a substrate
on a susceptor to effect crystal growth.

In the present invention, the object of vapor phase

etching may not be the whole inner wall of a reaction tube, and
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is obtained with good reproducibility in sone cases.

10 ijpounds containing a hal ogen el enent and a V
FOUNIP20@IENE 480t he above- nentioned etching include
arsenic trichloride, phosphorus trichloride and the

i ke. The hydrogen halides include hydrogen chloride,

hydr ogen brom de and hydrogen iodide. O these gases,
hydrogen chloride is 15 preferable. Conpounds

deen kioned aredibsysHriiasseAf ArtPaCePERO AP iChe At SPRstrate
thezggesent invention is believed to obtain a
pkefisinkled c ihe) tERQuUnding donedy Wdddsnpdsé Fepction tube
group conpound seni conductors piled on the inner wall

Ang thepdnngr valighef # neagtiosnsupsgt 8t sipphream side of gas
deconposi tion products thereof and the like. Thus,

tiow naad thellire a Meretsepritirakhn. phensadyRwing (tybe and
vapor phase etching before nounting a substrate. on a
strs%dof%e £Qr cAPRECPELIEeLY Lpbrpducingtcoprelipy onto a

i nvention, the object of vapor phase _25 etching may
nHbperate afroprovidad whl PPetraancwtde Af uFEPSEF@te. these
PCT/ JP2003/ 014870 nentioned are the surface of a

SSMERRRRF are WHischmenddipnedaps ansobjreht | it ishpreferable a
surrounding inner walls of a reaction tube and the

i FRF LTt e sloRlE @gcpPpdrctubr addLblen ke e d ngeryyalls of
flow, and the |ike. Mre specifically, when a bl ow ng

tUeL AP t HE®i ke for appropriately introducing a

gas flow onto a _substrate are provided at upstream

si de ofThe AANAEOT (PRRANCARG 13 kL ¥ IEPUR compound

nentioned as an ob{ect. It is preferable a
semiconductor of the present lnvention will be specifically

illustrated. A substrate made of a material different from a
compound semiconductor £ilm to be grown such as a-alumina,

silicon carbide or silicon and the like is set on a reaction
tube, then, a carrier gas such as hydrogen and the like is flown
and heated, and under this condition, at least one gas selected
from the group consisting of compounds containing a halogen
element and a V group element and hydrogen halides is introduced.
A piled substance decomposed by the gas is discharged together
with a carrier gas. Thereafter, vapor phase growth is conducted,
thus, decrease in ¢crystallinity by a piled substance disappears

and an excellent single crystal is obtained.

The present invention will be illustrated in detail below,

but the present invention is not limited to these examples.
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substrate is also an object in addition to the inner
walls of a reaction tube. 10 The nethod for producing
FANAIRZH D 4Bhound  seni conductor of the present
invention will be specifically illustrated. A
substrate made of a material different froma
conpound sem conductor filmto be grown such as
a-alumna, silicon carbide or S|I|con and the like is
Fstamplas oot iGAMPEFatbee E¥APP1le karrier gas such as
hydrogen and the like is flown and heated, and under
this cénmirron-pelishes sspphdze Scplienedwas r‘éﬂfﬁ t‘?fef by 0.15°
group consi sting of compounds containing a halo
i oAz “!ar?él‘ié digestd oo andhiasged afy &r SI;}BﬁtHQIthesGFthh was
i nt roduced. pi |l ed substance deconposed by the g
esfﬁﬂ%*eerﬂal’&gfe@ Mgeﬁﬁép SGowtthmethads Pé?—ngaé low temperature
Thereafter, vapor phase growh is conducted, thus

ouffen \AA¥AT § mﬁigrfb‘y a@pﬁr%%t%%%t%%emstalled on a
di sappears and an excellent single crystal is
chtsgenkhr e apr MOVRE gnowhhi Surnace . hand heated gl o 1100T
detai|l bel ow, 25 but the present i nvention is not
Wi ke F Qe ine i AQgR est W/WMV‘?H4‘8‘?OGB%%9e§°r 15
1,2, Conparative Exanple 1 A mrror-polished_sa
S959nds Wl %@WWJ@ of O G&BPXGEPSQPSCBF-F’EggPon Feeding
and used as a substrate. Gowh was effected b fa
(o PTAEOIGRORRRORARNREATRP SoFBANAESFcPREFRPE for 1 minute

growt h buffer layer. First, a substrate magrlnstall

A 4555p5uMIH thERatReRPE Ve BRAl ioRetRRdragen GltloRj de was

to 1100
u%aqe?faqq ,J,a pg\églglgg ;gegghngangdro e:{]ng twpaesn per% de d Thus, a

cycle of etching for 15 seconds and break for 1 minute and 45
seconds was performed 8 times.

Next, the temperature was raised up to 415C, and an AlIN
low temperature growth buffer layer was grown using TMA and
ammonia as a raw material and hydrogen as a carrier gas. The
growing time of the A1N low temperature growth buffer layer was
1 minute, 2 minutes or 3 minutes, three levels (Examples 1, 2,
Comparative Example 1). Regarding film thickness, growth speed
measured from the thickness of a layer grown for a longer period
of time under the same condition was 33.3 A/minute, therefore,
the film thickness measured from the above-mentioned growth
time can be calculated to be 33 A, 67 A and 100 A, respectively.

Next, feeding of TMA was stopped, the temperature was

raised up to 1090C, and as high temperature growth, using TMG
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seconds in an at nosphere of 0.2% hydrogen chl ori de.

Feedi n of hydrogen chloride was once term nated and
l?é'ﬂ/*?‘%ooﬁ/rﬁ 10 and 45 seconds, then, the

above-nenti oned hydrogen chloride was fed for 15

seconds again, and etching was perforned. Thus, a

cycle of etching for 15 seconds and break for 1 m nut e

and. 45 seconds was perfornmed 8 t ge

A AmRaRie \ﬁ%ariraé)o a'a&ﬁrtielméfi xﬁHOgﬁnAm alsaFBx'kPr gas.
tenperature growh buffer |ayer was grown using TMA
andonnianad GaN Jlaxer mf 7 i WAl W dgen as a
carrier_gas. The owi ng tinme of the Al Hy}i

t enper & telﬁ’idé-n@r&ﬁtﬂ'%ﬁjﬁf‘gr heatdpg,gf a1sHpfkrate were stopped
m nutes or m nutes, three levels (Examl

@nth et mmp@mﬁpn@ was Aewendichgomn ko ﬁuz@ﬁgeﬁhen feeding
growt h speed 20 neasured fromthe_thi ckness of a z
Glovmagia wash ghoBRed pd Foglied dmeRt h’é°%'5n’éem erature.
condition was_33.3 _A/mnute, therefaore, nél-P

t hi ckndiereype il 8B $EFM 3RS WS RENIPS ‘&r‘?ﬂﬁeh and 1 SLM
time can be calculated to be 33 A 67 A and 100 A
%s%*m%mhamtgasr OEiG IBE PRRURYLNG: Gpyadumengf 1 liter

erature was 25 raised up to 1090t, a
t Ataapd it te e lbc'}’r#‘s‘ﬁ'z%)os?'bg@%g a%‘dcm
amonia as_a raw material and hydrogen as a carrier
FRETeSPORASE dohell Bt | ayer of 5 pmwas grown. Feeding

of TMG_and heatin of a substrate re stop ed . and
the teriheR GOOLIRY LOWEPSR tRIRETZLRINOE SATRES Temoved out

?ﬁfﬁ%b?agqﬁewspﬁé“r?aﬂeé‘ﬁ%e?asg%%e%c ”daa‘f’f&‘%ﬁ%d%cﬁo%ﬁé“ tgagvaluate

fsl.lgyyfa{caet %on%rzll.%i%ns and X ray rocking curves of (004) and (302)

reflection were measured, and crystallinity of tilt and twist

was evaluated. The results are shown in Table 1.
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i ndicates that a gas of weight occupying a volunme of 1

liter

under standard state flows per

m nut e,

PETNIPZHOTHIFPL to 1 SLM 10 After cooling to room

t enper at u

re,

a sanpl e renoved out

of the growh

furnace was observed by a microscope to eval uate

surface condition,

and X ray rocking curves of (004)

and 1000

and (302) reflection were neasured, and crystallinity
daklig t1 and twi st was evaluated. The results are
;HP“E R 'Tﬂ?gkﬁ Qi EgﬁgiféUUJ' PgdByU l1able(302) Twist
i ckness t u 0
W dt hFul | ﬁ ?ﬁ%Faye fon hgé# {’iﬁﬁﬁn\@nﬁﬁéﬂoﬁf&h
(tilt) Exa T133AM rror 238615 1
sur f acesetondssecondsseconds Ex Loum mazx-Lnum
_267AM rror244729831 surfacesec onds
Exappdeplle 357AMynpor 291MAPEQR 238 615 701
surfacese"ondssecondssecﬁnag seconds seconds seconds
Exaﬁ@&pamatlJelogﬁgerorﬂiiﬁaﬁloss 24anpl e 729 831
lsurfacesgcon conflsae€asds | seconds seconds seconds
Exah%ﬁga@atIJGZU%ﬁw rrof deeF4891264291 442 504
surface seconds seconds seconds
Comparative Mirror 322 906 1033
1004
example 1 surface seconds seconds seconds
Comparative Mirror 365 1109 1264
200A
example 2 surface seconds seconds seconds
Comparative 3004 Mirror 473 1211 1381
example 3 surface seconds seconds seconds
Comparative Mirror 795 1271 1449
S00A
example 4 surface seconds seconds seconds

Reference Example 1

A mirror-polished sapphire C plane was cut off by 0.15°

toward m axis direction and used as a substrate which was

installed on a susceptor in an MOVPE growth furnace, and heated

up to 1100C while feeding hydrogen, then, subjected to etching

for 15 seconds in an atmosphere of 0.2% hydrogen chloride.

Feeding of hydrogen chloride was once terminated and kept for

10

1 minute and 45 seconds,

then,

the above-menticoned hydrogen

chloride was fed for 15 seconds again, and etching was performed.

Thus,

and 45 seconds was performed 8 times.

a cycle of etching for 15 seconds and break for 1 minute

The surface morphology of the above-mentioned substrate
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exanpl e 2surfacesecondssecondsseconds
Conpar ati ve300AM rror47312111381 exanpl e
BCF f 2R20@3HMLE8ER ondsseconds
Conpar ati ve500AM rror 79512711449 exanpl e
4sur f acesecondssecondsseconds Reference Exanple 1 A
m rror-polished sapphire C plane was cut off by 0.15
5 toward maxis direction and used as a substrate
W2 obgerved sy arda bemic sElEept BiCTaPEALROIUPErgiaather .
furnace, and heated up to 1100C while feeding
@W%@‘éhat@(ﬂaeﬁs AT} ec@%datﬁeétléﬁrnﬁhef‘@ho-}% Bé‘éoﬁ%SitY was
in an at npsphere of 0.2% hydrogen chloride. Feeding

oA xHy/dicogin atd ditied dlemesl tan o drhe havd@ gawd madior BEds of 20
10 1 mnute and 45 seconds, then, the above-nentioned
R gy BeTrecand rhayklng ragippf @%@é&ﬁ&é‘maéal?ﬁh thdhe major
etching was perforned. Thus; a cycle of etchl ng for
1&xbsecofids phY ©f cAk0$ opr Imareuvas Lndx8’ gwedads was
performed 8 tines. The surface norphol ogy of the
above-nenti oned substrate PCT/JP2003/014870 was
observed by an atomic force mcroprobe (hereinafter,
ApfevengeEXRMRAIR)2 as a result, the whole pit
density was 4x109 CM 2 , and t he density_ of pits
havi ng EFohing ofcpssubsipatanyas eereared Hayithy game manner
ratio of the maxi mum depth to the major 5 axis of a

M§ b1 Refprencedixample 1l BEaRpt fhat Rer¥cdfc@f etching for

Exanpl e 2 Etching of a substrate was conducted in the
skirsaaasis and break for 1 minute and 45 seconds was performed

23 times.

This etched substrate was observed by FAM, as a result,
the density of pits having a major axis of 20 nm or more and
having a ratio of the maximum depth to the major axis of 0.05

or more was 1x10° cm™?),

Reference Example 3

A mirror-polished sapphire C plane was cut off by 0.15°
toward m axis direction and used as a substrate which was
installed on a susceptor in an MOVPE grovith furnace, and heated
up to 1100C while feeding hydrogen, then, kept for 15 minutes.

The surface morphology of the above-mentioned substrate
was observed by AFM, as a result, the density of pits having
a major axis of 20 nm or more was 4x10® cm™?, while the density

of pits having a major axis of 20 nm or more and having a ratio
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as in Reference Exanple 1 except that a cycle of

etching for 10 15 seconds and break for 1 m nute and

yi:3¥ 3(@E4®HW forned 23 times. This etched

substrate was observed by FAM as a result, the

density of pits having a major axis of 20 not or nore

and having a ratio of the maxi num depth to the major

axis of 0.05 15 or nore was 1x109 cm 2). Reference
EdaeemexAmpm, depthdiq Shednaippra¥ts ¢HPafe FRIMQRR was less
off by 0.15 toward maxis direction and used as a 5
sthan dad®’ winén(when one phiedt| ks byeseniudnegn @reanofnlo um”,
MOVPE growt h furnace, and heated up to 11001 while

fdeli depsi/ly e nthe nelnjekepvas ol x1® mmites. The

surface norphol ogy of the above-nentioned substrate

was observed by AFM as a result, the density of pits

having a major axis of 20 nmor nore was 4x100 cm 2,
iFarePke3 density 25 of pits having a major axis of 20

nmor nore and having a ratio PCT/JP2003/ 014870 of the

mexi muATREih was cradwgted AR ShefSameInaRnemn &S {ds Example 2
less than 1x107 CM -2 (when one object is present in
dskethe aupsprate ebtriRred ipfRe er%?echmglixim X ray
cm2. 5 Exanple 3 G owth was conducted in the sane

Fering survesafd 04 apd; (#P3 heefdsation-vere Meqspred. and
i n Reference ExanEI_e 2. X ray rocking curves of (004{‘{)1

Y 3 BoRd 1R kRY o bﬁtm%tWéﬁu‘r’%ﬂ,%ﬂ%&aﬁ%tﬁw inRgdLts are
of tilt and twi st was evaluated. The results are

shown in Table 1. :

Comparative Example 2

Growth was conducted in the same manner as in Example 2
except that the substrate obtailned in Reference Example 1 was
used and the thickness of the AIN buffer layer was 200 A. X
ray rocking curves of (004) and (302) reflection were measured,
and crystallinity of tilt and twist was evaluated. The results

are shown in Table 1.

Comparative Examples 3, 4

Growth was conducted in the same manner as in Example 2
except that the substrate obtained in Reference Example 3 was
used and the thickness of the AlN buffer layer was 300 A or 500
A. X ray rocking curves of (004) and (302) reflection were

measured, and crystallinity of tilt and twist was evaluated.
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10 shown in Table 1. Conparative Exanple 2 G owth was
conducted in the sane nmanner as in Exanple 2 except

t RaT/PRE08348LARTE obtai ned in Reference Exanple 1 was
15 used and the thickness of the ALN buffer |ayer was
200 A. X ray rocking curves of (004) and (302)
reflection were neasured, and crystallinity of tilt
and tw st _was evaluated. The results are shown in
TaBPeresul§scaxpashorPe iRk AAPLEs 13, 4 Gowt h was
conducted in the sanme manner as in Exanple 2 except
that the substrate obtained in Reference Exanple 3 was
used and the thickness of the AIN buffer |ayer was 300
A or 500 A X ray rocking curves of (004) and (302)
reflection were 25 nmeasured, and crystallinity of tilt
and tw st was eval uated. PCT/JP2003/014870 The results
are shown in Table 1. PCT/JP2003/014870 What is
claimed is: 1. AIlIlIl-V group conpound seni conduct or
conprising, at |east, a substrate, a buffer |ayer of
the general formula |[|nuGavAl , N (wherein, O;5u;51,
0~5v! 51, 0;5w; 51, u+tv+w=l) and a 5 II1-V group
conmpound sem conductor crystal |ayer of the genera
formula I n, GAl, N (wherein, QOrbx;51, o~by;~~i,

0~5z: 51, x+ty+z=l) in this order wherein the buffer

| ayer has a thickness of 5 A or nore and 90 A or -

| ess.
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2. The sem conductor according to Caim1l, wherein the

10 buffer layer is in the form of anorphous and/or
fPRE/¥PY8PAY014870The seni conductor according to d aim

1 or 2, wherein the substrate is selected from

sapphire, Zn0O, GaAs, NGO (NdGa03), spinel (MA1204)

and ZrB2 4. The sem conductor according to any of

Claims 1 to 3, _15 wherein the substrate has pits

hibakgle FhpdPedxigiof 20 nmor nore and having a

ratio of the maxi mum depth to the major axis of 0. 05

or ror el at® & idens 98P GORRPENGVSeNd.copductar qemprising, at
surface of the buffer side. 5. A nethod for

pteasti ng ﬁupﬁtrﬁtﬁroﬂpbﬁéﬁﬁBUﬁéYe§O°§eﬁFEOE&H€FGF formula
wherein, in growing a lll-V onpo

sém%ﬁd-uﬁt bwhergina| 0 L :of0 Jgen%égﬂ-orﬁﬂrl"a‘“l} and a
I n, GayAl , (wherein, O0;5x;51 V% 51, O;

xH T ¥ |9)r0<sw gompeupd Aemicondig e cFX?@Fio]FaY% of the general
general formula | nuGAl ~N (whe e|n ég O-Lv

Sforngka InGayhyM{Whenelnor fgexEd .gP YE L nOSASE 2y+z-l)
of 5 A or nore and 90 A or |ess at tenperatures |ower

thanthhe ordseTMivexsdsy FhesPyLgesulAYSERB8 At thicRess of 5 A

t he conpound senjconductor crystal |ayer before

gPBVINAEet ARdc3BpBuRY d8FFconductor crystal Iayer

then, the conpound sem conduct or crystal |ayer

grown. %: TME SAMRANGUFE R ARRP R ot'r‘hé:JtaJ-‘U]al fherein the

wherein 5 the buffer layer is in the for }
a%?ﬁﬁﬁu%am /3§ imy the gpygt of amorphous and or fine crystal.

3. The semiconductor according to Claim 1 or 2, wherein
the substrate 1s selected from sapphire, Zn0O, GaAs, NGO
(NdGaO;), spinel (MgAl;0;) and ZrB,.

4. The semiconductor according to any of Claims 1 to 3,
wherein the substrate has pits having a major axis of 20 nm or
more and having a ratio of the maximum depth to the major axis
of 0.05 or more at a density of 1x10’ cm™® or more on the surface
of the buffer layer side.

5. A method for producing a III-V group compound
semiconductor wherein, in growing a III-V group compound
semiconductor crystal layer of the general formula In,GayAl.N
(wherein, 0=x=1, 0Sy=1, 0=z=1, x+y+z=1) on a substrate, a
buffer layer of the general formula In,Ga,Al,N (wherein, 0=u
=1, 0=v=1, 0=w=1, u+v+w=l) is formed to give a thickness

of 5 A or more and 90 A or less at temperatures lower than the
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7. The production nethod according to Claim5 or 6,

wherein the substrate is selected from sapphire, ZnQ

@O/ IR 3 (NHBDB) , spinel (MgAl 2D4) and ZrB2 10 8.

The production nethod according to any of Clainms 5 to

7, wherein a substrate having pits having a nmajor axis

of 20 nmor nore and having a ratio of the nmaxinum

depth to the major axis of 0.05 or _nore at a density
ATy TRReTR tWER OHnthecompeRad SeRLGPRdRCEPE crystal
buffer layer is to be lamnated is used _15 as the

skaey efore anpwing e erBRORBARRMERRMINE IR CEYAhpl layer,
of Clains 5to 8, wherein, before formation of the

Heheer tteayerpomnw% wembeondctor arpRtaki LAYRr whe cﬂrown
the buffer layer is to be |lamnated is subjected t

vapor fhaddieepiodyg tden seirheid §°ﬁ9¢ﬁ4§9atﬁaFéP1205 wherein
axis of 20 nmor nore and having a ratio of the

Hehe R ERptiayen ihelpeihe £0F8 @Ff YnorpheuspRRELPT fine

density of 1XI07 CM2 or nore.
crystal.

7. The production method according to Claim 5 or 6,
wherein the substrate is selected from sapphire, ZnC, GaAs, NGO
{NdGa0,), spinel (MgAl,0,) and ZrB,.

8. The production method according to any of Claims 5 to
7, wherein a substrate having pits having a major axis of 20
nm or more and having a ratio of the maximum depth to the major
axis of 0.05 or more at a density of 1x10’ cm™? or more on the
surface on which the buffer layer is to be laminated is used
as the substrate.

9. The production method according to any of Claims 5 to
8, wherein, before formation of the buffer layer, the surface
of the substrate on which the buffer layer is to be laminated
is subjected to vapor phase etching to form pits having a major
axis of 20 nm or more and having a ratio of the maximum depth
to the major axis of 0.05 or more at a density of 1x107 em™? or

more.
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