:e3e] ] L6TxD 30 July 2002 GROUP I11-V COVMPOUND SEM CONDUCTOR AND METHOD OF
PRODUCI NG THE SAME BACKGROUND OF THE | m' d of the Invention The
present invention relates to a group I m sem conduct or
represented by the general fornula InGaAIN, a nmethod forpnodued t he
sanme. Description of the Related Art A grouggg?l-v conpoungogéﬁkc%%ggctor
represent ed dyodher BENPr@MBOGIY| SehPESRYOLEDR WRBT AEFHODY bFZ prOBUCTRES 1.
OsSysl, and csé%? can be Lﬂ%é?@ed as a naterig? for ﬁFgHIy efchient
light-emtti demipge ranging froman ultraviolet to visible ray region
because they allow direct band gap energy to be adjusted to optical energy
havi ng a wavel ength in a region ranging fromultraviolet to red by changi ng
t he conposition of the group IIl elenments. Further, such a group Il1-V

. conpound Se'ﬁA‘iﬂ(&’MgFr@éﬁ'ﬁsTﬁE! %NQENT%W gap than

conventional l'y-usedtypi cal sem conductorssuch asSi and GaAs and, hence,

keeps its S%@é&ﬁ“&?t epfg@gﬁgkgﬁ even at such an el evated tenperature at
whi ch the conventi onhal Sem conductors cannot operate. For this reason, the
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el ectroni c devi ces 'ha uperi or €nvi ronment a
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crystal because 0o vapor “pres
a method for producing the same.

Description of the Related Art

A group III-V compound semiconductor represented by
the general formula In,Ga,Al,N, where x + y+ z = 1, 0SxS
1, 0=y=1, and 0=2=1 can be utilized as a material for highly
efficient light-emitting device ranging £from an ultraviolet
tovisible ray region because they allow direct band gap energy
tobe adjusted to optical energy having awavelength in a region
ranging from ultraviclet to red by changing the composition
of the group III elements. Further, such a group III-V
compound semiconductor has a larger band gap than
conventionally-used typical semiconductors suchas SiandGaAs
and, hence, keeps its semiconductor properties even at such
an elevated temperature at which the conventional
semiconductors cannot operate. For this reason, the group
III-V compound semiconductors principally allow the
fabrication of electronic devicgs having superior

environmental resistances.
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around its nelting point . For this reason, there has so far not been
obtained a |l arge crystal of such a conpound sem conductor for practical use
as a substrate to be used in the fabrication of a seniconductor devi ce.
Thus, a conpound sem conductor of this type , in general prgeé?d by
allomnng the conpound semi conductor to epltaX|aIIy grOM/on a su ate of.
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surface of t uced
obtained by this method. Even in this case, it is difficult

to reduce crystalline defects resulting from the difference
in lattice constants or expansion coefficients between the
substrate material and the compound semiconductor and the
resulting compound semiconductor generally has a defect

density of about 10°% cm™2

or more.
A technique was reported of obtaining such a group I1II-V
compound semiconductor having a reduced defect density from
a compound semiconductor having a high density of crystalline
defects (Jpn. J. Appl. Phys., vol. 36, p. L899, 1997).
According to this report, theaforesaidcompound semiconductor

having a high defect density (hereinafter may be referred to

as "underlving crystal") is covered with an SiO; pattern while



as the crystal growh proceeds further, and finally, a crystal having a
flat surface can be obtained. Such a buried structure is confirned to have
a significantly lowered dislocation density in the re-grown |ayer. However,
mechani sms of reducing defects differ dependi ng upon the gggyn ig@?nlque
or growi ng conditions. Such nechani sns can be roughly di vi
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after awhile, results to forma structure in which the pattern
is buried. Immediately after the pattern has been buried,
thecrystal growninthere-growthprocess has anuneven surface.
However,theunevennessofthesuffaceofthecrystal1sreduced
as the crystal growth proceeds further, and £inally, a crystal
having a flat surface can be obtained.

Such a buried structure is confirmed to have a
significantly lowered dislocation density in the re-grown
layer. However, mechanisms of reducing defects differ
depending upon the growing technique or growing conditions.
Such mechanisms can be roughly divided into the following two
sorts. The first mechanism is such that the re-grown layer
takes over threading dislocations from the underlying
substrate but the pattern terminates such threading
dislocations thereunder and, hence, portions of the re~-grown
layer on the pattern have no dislocation, as shown in Fig.

1. In this case, however, dislocations can be reduced only



concentrated in portions on the pattern but a | owered dislocation density
i.-n portions above the openings. To reduce these dislocations sufficiently,
the re-grown layer is required to grow to a thickness as thick as several
ten ~mor nore. Such a thick filmcauses a resulting substrg 9UW)2692 to
such an extent that cannot be negligible . This causes sonetines probl ens
t hat tenper r i i LOQ-a g..Lh st Lale ne hecqepes J.angs-when
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sem conduct i | ow di sl ocation density. As a result of extensive
studies in 3&5%?%%9§%§'above situations, the present inventors have found
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SenicondUCt%%ncentrated in portions on the pattern but a lowered
dislocationdensity inportions above the openings. Toreduce
these dislocations sufficiently, the re-grown layer is
required to grow to a thickness as thick as several ten um
or more. Such a thick film causes a resulting substrate to
bow to such an extent that cannot be negligible. This causes
sometimes problems that temperature distribution along the
substrate plane becomes large when further growth is carried
out on the substrate, and that a later device fabrication
process bannot be achieved with a desired preciéion because

of the unevenness of the substrate.

An object of the present invention is toprovide amethod



recited initem( 1) , conprising a process for formng a |layer of the
second group I11-V conpound sem conductor) the process includes : a first
step of growi ng the |ayer of the second group II1-V, oma@@ em conduct or
t hrough the openings of the pattern until surface p%l‘tl on th§r gof parall el
to the surface of the layer of the first group Illu \{oecom@&?rﬂ sem conduct or
di sappears; and a second step of conti nyi agmtl-ﬁ@ rowth of the Jayer of the

second group II11-V corrpoun 1§em cORBq (?tor with chﬁ ﬁlgckh@s@row ng
condi tion so as éf)aalgﬂréw 0 have S“rfﬁé‘é eaanatIGI to the surfage of the
| ayer of gind 9¥'s group 1) I sem conduct or . 4 hey pb9cf P87 mi ng

voi dson t he patt on‘l&@%’re ent invent i d @ zesd gl rected to em(3): a
met hodq gty @1@&88%3 a group Ll ?’ (ﬁ(r}‘ sem condg ¢§aN damﬂct“&#l nitem(
1) ( corrprrsr ng a Qréace orm ng a I\g ﬁragxfo‘ﬂh Second group II11-V
conmpound &a9 uctor, ther? Ing: a flrit! step of growing the
| ayer of the secogg adfen . |34V corrpound Se ?g,ﬁo@du‘ét" t hr ough the openi ngs
of the ? at heraman surface % g,d,odm.ﬁh‘é paral | el é g the &Wface of the
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The present invention is also directed to item(5): a nethod of producing a
group I11-V conpound seni conductor recited initem( 1) , conprising a
process for formng a |ayer of a second group III-V conmpound seni conductor,

the process includes : a first step of growing the Layer of d
group |11-V conpound sem conductor through the openings of:%%bﬁbf?ﬁg?n

until a surface poryon,thes flrﬁ)@éﬁH@h i8 ébsoSHEEQE%ed 5§Oi%gw(%qq2 of

the | ayer of the flrst group I11-V conpound sem conduct or di sappears; a
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layer of the second group III-V compound semiconductor with
changing the growing condition so as to allow to have surfaces
parallel to the surface of the layer of the first group III-V
compound semiconductor, thereby forming voids on the pattern.
The present invention 1s also directed to item (3):
a method of producing a group III-V compound semiconductor
reclted in item (1), comprising a process for forming a layer
of the second group III-V compound semiconductor, the process
including: a first step of growling the layer of the second
group III-V compound semiconductor through the openings of
the pattern until surface portion thereof parallel to the
surface of the layer of the first group III-V compound
semiconductor disappears; and a second step of continuing the
growth of the layer of the second group III-V compound
semiconductor with changing the growthcondition soas toallow

the layer to have surfaces of (0001l) plane and facets



remai ni ng opening portions defined by voids. Fig . 5, views (a) to ( i )

. Illustrate a re-growth step _ g _ _ 30 July 2002 of the present
invention. Views (a) to (e) illustrate the initial stage of growing a |ayer
of the second group IlI-V conpound sem conductor through t% Bﬁpbggi of a
pattern. The view (e) illustrates a state where the surface por

parallel to g éﬁﬁi@ﬁgagfté hﬁné N d | rt?xtergarW'Eolrl in l’vo:tds on
conmpoundsem conduct or di sappears evvs( Yto(1)illustrate | ow ng
stage of grawd gp@t xI:;r of the second group II1-V corrpound sem conduct or
to have surfaces para to the ° surface of the layer of the first group

I 11-V conpound sem gﬁcésoén %Rﬁ%ﬁ‘glé!oé §o°§1£98t9§”t§é@ﬁ rst?‘t&roup

denotations in the res are as
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-9 _ 30 ‘]ilﬂé'll?é)eg %inrspt %%’ép of growing the layer of the second group
IITI-V compound semiconductor through the openings of the
pattern until surface portion thereof parallel to the surface
of the layer of the first group III-V compound semiconductor
disappears; a second step of continuing the growth of the layexr
of the second group III-V compound semiconductor so as to have
slanted facets only; and a third'step of continuing the growth
of the layer with changing the growth condition so as to allow
the layer of the second group III-V compound semiconductor
to have surfaces parallel to the surface of the layer of the
first group III-V compound semiconductor, thereby forming
volds on the pattern.

The present invention is also directed to item (5):
a method of producing a group III-V compound semiconductor
recited in item (1), comprising a process for forming a layer
of a second group III-V compound semiconductor, the process
includes: a first step of growing the layer of the second group
III-V compound semiconductor through the openings of the

patternuntil a surface portion thereof parallel to the surface



12...n-electrode 13...p-el ectrode DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
group I11-V conpound sem conduct or according to the present invention is
characterized that portions grow ng through opening portions of the pattern
on the underlying crystal have dislocations taken over frorgc?]gﬁ »ﬁgﬁﬁrlyi ng
crystal which becone generally bent into the grow ng plane a { ghese
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or the like, which is stable at a normal tenperature, may be bubbled with a
carrier gas and supplied. These may be used either alone or as a m xture.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view illustrating a state where threading
dislocations are terminated by a mask pattern.

Fig. 2isaviewillustratingastatewhere thedirection
of dislocation is bent.

Fig. 3 is aview illustrating state where dislocations
are reduced.

¥ig. 4 is a schematicviewillustrating a semiconductor
laser device fabricated on a compound semiconductor having
remaining opening portions defined by voids.

Fig.5, views (a) to (i), illustrate a re-growth step



The following raw materials can be used in the production of the group
I11-V conpound sem conduct or based on the MOVPE process. Exanpl es of group
1l raw materials include trialkyl galliumrepresented by the general
fornmula: R RzR3Ga (where - 11 30 July 2002 R1, Rz) and g?@ﬁg a

l ower al kyl group such as trimethyl galllumB(CHB)SGa hereln f

referred toohsthgnvpregenthe noeeret yary. pelgwanbatr tet kgl ddiUustngtyg WAAHS )
3Ga , hereinafter referred to as "TEG' as the case nay be] ; trialkyl

al um num r eprétealedtbget bé gaverialg fodmylex oR RhR3Aeqasbregrdp L -Vand R3
are each a | ower al kyl group) such as trinethyl alumnum[ ( CH3 ) 3A1 ] ,
triethyl alcompounfl fe@iaendBAlr hdreiuglfit ther epepingd of @s palftirms t he
case may be], and triisobutyl allumnum( ( i-C4H9 ) 3A1 ] ; trimethylam ne
alane [ ( O3e)vBew: (ALHBllustazpdesr nabkypltei whiewes tdyer eserflae® (poxtthieon
general formula: RIRzR3In (where Rl) R2, and R3 are each a | ower al kyl
group) suchpasalietetdtihe sdirfamde ¢£CHBe )ldter, ofetbenfiitet gwedep rIdd 40 as
"TM" as the case may be] and triethyl indium][(CZHS)3In]. These may be
used eit hercahpmendisead comiud tvedisappkaridVRE ewo¢€Istahtl) iid et e
process) exanples of group V raw materials include ammoni a, hydrazine,

nmet hyl hydr adheefolll dwilngeshagkydfagroeing, 3- diagethplfhytteasieo®nd group
t-butyl am ne, and et hyl enedi am ne. These nay be used either alone or as a
m xt ure. ArMbhy- ¥ cesgoauwavd seimdicoald ot camborhavasea rifiadregy pacaided. o the
advant age that a resulting conpound sem conductor is |ess contam nated by
carbon becausefadeyoflothet lagetraiof dine ddriboh etounpi RITRYE conpband es .
Ammonia is preferred in terns of easier handling. In the HVPE process and

t he MOVPE pracessndegtor, used odmimgntvajass seawhtlae pgttegen, nitrogen or
heliumas a carrier - 12 30 July 2002 gas for the raw materials. Factors
in controlling a fdeetdemotatiorsgiowthepfdgesses are as follows.

'
l...layer of the first group III-V compound semiconductor
(underlying crystal)
2...pattern formed of amaterial different fromthe first group
III-V compound semiconductor and from the second compound
semiconductor
3...layer of the second group III-V compound semliconductor
(re-grown layer)

. .threading dislocation
5...void on the mask pattern
6...n-GaN
7...n-AlGaN cladding layer
8...InGaN/GaN quantum well active layer

9...p-AlGaN cladding layer

10...insulating layer



which is inportant in the present invention are the anmount of each raw
material to be supplied, growh tenperature, growh pressure, carrier gas,
inmpurities, and the like. Sonmetinmes it is effective in controlling a facet
inthe re-growth process by adding materials which can notagﬁJhgpQ?@Qrated
at a large anount. Exanpl esofthe material sareln containing materials, such
astri-nethyliindgg_ aWnen a growt h conditionsuppressing In incorporation
(high tenperature; Tow pressure, hydrogen as the carrier gas, etc) is used.
According to %he [egen£ igvention, the first step of the re-growth process
s perfornedl ndeY - ¢oRdrfP8fis suitable for bendi ng the direction of each
dislocationéiﬁgen ovgr %roa1the underlying crystal td extend al ong the
interface b enP T He®thl Fying crystal and the re-grow ng | ayer.
Specifically, the re-growh is performed until surface portion thereof

" parallel to the surface of the underlying crystal disappears. Usually the
surface extendin arallel to the surface of tge underlying crystal is (

- 0001 ) pIam?ET B%§9R5P3&PH O8ndits JAYEN s slanted with respect to
the underlying crystal result, Even after the surfgﬁe of the re-gromﬁn

crystal parallel tdAhd Qs & of §Hw rISTMhEPRPVEFAF AgEegA Qﬁpégged,
facet s onty.the PEeseniothyPptan te ceia SieLeTa chas RPa Htoa YZPy Rgsu
A T g 5 e
ormll er t ha TORE R dUAV 1 A LaERCRALPRRn R Gt KA s SrreeFhELBFow b
ecordi ng + SHiAEe ahutRb ires ehete Ly €t i Bhe PBRa 980V I weRIBRS: he
b, 1o LTTLIRLe LR ST A RELYRSILLS P B0
Cor orow ng Gipuied S spae SPEGFR RansrY REGPBARR 1o RbArCI A ot itng |

grow h cond chan sQ. as to |.ow th of the secon royp

[11-V conpoh%{fggi:ﬁ’iec5ﬁg§%toyﬁq% Cﬁé’\f?a& 61%&345’3’%4 &f Fgofﬂﬁelguﬁgw of the
| ayer of the first Pgromé]%sllels{ ;f\éﬁﬁ%r%ﬁ%?ag@ge%%@ﬂgﬁ’%@rfogh cop(%i%é!rs?‘ggﬂor

provi ding a pl ane pargl € e ayer of e group

-V Co”po%'ﬁ%o%%r%mcgf'}f’oucér% lﬁfgﬁgﬁgeﬁﬁ%}étﬁ% ELIRE gfblcﬁoélf’ié}%‘ ar&or

provi di ng a slante acet . ion , such & para plane s Tikely

(0 nesult L M PAER). o980 A e 995 M RODyEH Mphave R 11 @

is supplied™as cont i nmui ng

conditions ¥QIds U §ablWBHa088 £P R @idvrE) 14 The MBE process can be

suiltably used in the present invention because the process
is capable of forming a steep interface with high
controllability. The HVPE process can be suitably used in
the invention because the process ensures a high growth rate
thereby to provide crystal of good quality in a short time.
The MOVPE process can also be suitably used because the process
allows crystal growth on multiple substrates with high

uniformity.
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30 July 2002 Fig . 3 illustrates a case where the width of each void
béconmes narrower as the re-growth proceeds and finally the re-grow ng
surface becones flattened. However, when a device to be fabricated on the
conpound sem conductor of the present invention has an ar eaq g@mhzb@
smal l er than the area of the pattern the surface of the re- g ta

may have exposed opegings (dsfidied, K Lhe \i%'éjaﬁlbéutsﬁfrﬂ:hg%?ut o

| aser, for exanple as an ac ayer Ravi ng a w “m'and a

|ength of abouy, 1 mm gr, Al L, o%t%hsgntégﬁdugtt Lo, §33 Bph i ated on

t he conpoun & avor arh e open e voi ds

if a stripe mask |$ usedIP]‘a:w n gﬁla_éﬁtlnt%r ahFI% ?) edSbPI'thﬂr re and

a length of 1 nm ica rates i“sCdse 9 when

fﬂeﬂiéoﬁ"’%ﬁ%@e%ﬁﬁ%ﬁ% nt°<:t§‘5§% i BeBR t“ereuile rﬁ@%rstt e

di 1-100 J | sl d f I
crteniino, e ehsd05e Shs LS o S Al 36 ﬁﬁsﬁtﬂa 9! e
trollability. K tt h tr
Conr 131114, M 3002 T, A D) SR AU

[ 11-22 | dth d d 0001 d
2t acet i%%ﬁf” ?”ptéﬁitgéﬁ%ﬂctstfget S hdby oS8 PRl “Reracenhal By {hus
- 15 I 2002 p d h f d t b

t he mask pé€$e¥%ﬁn? uc%yﬁgg%; é%% ﬁﬁgr avﬁagf%gr/ %E%Ségglogsngﬁvgan
b d d f

crystal and BLrT ohHRy SRECFA BV A AT THE p*‘ﬂ%‘rfﬁYSSéhngr? he

second re- 9Ls &gségggédblp%ﬁeorg@%%ral formula R;R,R3In (where R;, R;, and

R; are each a lower alkyl group) such as TMI or triethyl indium,
or the like at an elevated tempefature to produce GaCl, InCl
or the like. Further alternatively, dimethyl gallium
chloride (Ga(CH3),Cl), diethyl galliumchloride (Ga{CyHs),Cl),
dimethyl indiumchloride (In{(CH;),Cl), diethyl indiumchloride
(In(CzHs),Cl), or the like is decomposed at an elevated
temperature to produce GaCl, InCl or the like. GaCl;, InCl,
or the like, which is stable at a normal temperature, may be
bubbled with a carrier gas and supplied. These may be used
elither alone or as a mixture.

Thefollowingrawmaterialscanbeusedintheproduction
of the group III-V compound semiconductor based on the MOVPE
process.

Examples of group III raw materials include trialkyl

gallium represented by the general formula: R;R;R;Ga (where

- 11 -



so that the pattern covers the region where the dislocations after the
first re-growth exist. After the first re-growh, the dislocations exist
only inlimted area i.e. above the nearly center of the pattern of the
first re-growh. Therefore, the pattern used in the second éﬁJﬁn”&ﬁ can be
conparably smaller than the pattern used in the first re-grow r?g a

o e et LR Ohoh Y, 9600 Rea0 9D o LAP) RAHIBET b d Skl

il SoA Al he secand 1 eor o | ys quctian of. hendi g
of the waf er@%?ﬁ&ﬁ ﬁgcbé’eﬁr éjre ﬁéfﬁggrgﬁégg? g?h%%gh eci¥ ¢ it
one. ski 1 ed 4% M5 Pogott §%§E§$ﬁfl§ R LR, Pe e BbBinatitl”
0% Fesul tinRf TaReE TRGHT (AL s o tfl‘éo%%tvt% ﬁl‘éi‘f" Baticbegodhya & FRTG &
precent | nveRRETESh %gaﬁo@?rtp%n'g%%ﬁgiaﬁ‘@‘ﬁﬁ%f FodeRehE rEER R&?e%&déﬂe. s
2002 pr oper 32é"rtstn'a”Eg??léhﬁﬁfe?igéﬁﬁlhg%ﬁéﬁdaL{fﬁﬂasn‘c‘%%@ﬁtﬁsr&r 93P5‘PnumA|Jsloy
Gark curr entt GaRde oyt < it 3L L[ alsdohi - R ity (i meredred °

dovi oo’ avi 7 Fbr QUEh Propaid ATy T AEE: it &7 LiteBey BorELBELAR,  ne
AP SRR T e eﬁ»i?*%ééaflﬁaﬁl”% e #@ﬁéﬁ%ﬁﬁeﬂe PP EItS'rSup
The occur FoNee DT Lo HOHt & Sibr 10 F3DY L8 B BERAq: < BHaty F%r%?n |
where. OBucl HRIE %bméfgrgsﬁmaerde Wadhe, 20052 eh8VTagBoun) RN 9,
oo 1V SSATRU SSRGS théé%%%i"e%ﬁeraer%%%ﬁu G Trya® 7
first Siﬁﬂﬁr%ﬂ SZO?TLoE"ﬁaéfesenfioﬁcﬁet‘” 4 b EAERRR P G BET fagPs 1
or nore. gfeoratqse df{hgr 5? Ehg pattern nqttctﬁ&rdl ng to the present

i nvention has a cer egree o ura Pty | e Te-growth of the

conpound sem condu&ho&h&T\%;v?,Egz) Lésead& =X CM 1%}‘9%% %% t he nded

re-gromh to be achieve re ro u0| bi baﬁcer

formed of Sgghﬁfﬁé%r {g ?gygeé}lgguﬁgt Eaﬁ&n%nl g&&sézzply evapor ation

- 17 30 ~ui usiton 1 n re- I'O

at nosphere glgqn%t tﬁﬁ:a{zef W\/\%hltgmggﬁg ?d%%%‘ir% the re- growth of crystal

starts on a sa forme t he patt es of materials usable

under such gondigt;i i de). ances
T ol % B dti,n@ﬁls}lr}ﬁd&ggzﬁgz £- shkyﬁam%, @ha @ﬁ{gﬁ@@é&&ﬂ%&%. s

and Pd; BN ([‘h@éreoﬁlaﬁ}' Bé'@@eé{ elﬂhéf'éjf&lé’foﬁ/\és-rh mgfctu‘r‘@. VamdRY fRes&

Mo, Re, Fe, Si; and the like. In the present invention, the patfern nay

conprise at rh%ﬁhtb%a'l%yehﬁxm%fm@ bher splirapigel Ak%e éﬂ ddeaRtE§8Nthat
invention, the pattern may be of any known form Exanples of specific forns

i ncl ude whap reserReny lcbn@@dxﬁﬂ sl NRIPasEr WH Oe WA fdPesa Py | B\
equal widths are aligned parallel to each other wi th opening portions

havi ng equakawhéhhdetatizd RhRYYABI N8 tbebWeEInCARY PathoAl afdhateninsiF i pes,
and a formfor partially exposing the underlayer circularly or polygonally.

Any one of jBeseulald.er Amhidmi ﬂaypﬂteféﬁ@@aﬁdtéﬂng%@o@apﬂakqlérr@li@ggrowth
conditions, the nmaterial of the pattern, or the like. In the case of a

pattern of the |inghspreafor Prddes Maid tole ﬂ@vipgkbe&@sp@ayl P8 Uded
preferably not less than 0.05 ~m and not nore than 20 ~m |If the wdth of

each pattera Porid®n gdas $€68 atm?dgogép\/ At #dGe @bleed 1 0hmra0H G 4o et ect
density, which is an advantage of the invention, does not becone

noticeable. If the width is nore than 20 ~m tinme required - 18
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30 July 2002 to bury the pattern becones too long in terns of practicality.
Lh the case of a pattern having circular or pol ygonal opening portions,
simlarly, the distance between adjacent opening portions is preferably not
l ess than 0.05 ~, mand not nore than 20 ~.mfor the sane rgﬁ§?nl 5opbat ed
above. Each space portion (opening portion exposing the under aQ@ 9 of the

| i ne/ space t I ; i dth of not less than 0.01 ~~m and not
S Bk P Yt PeR Lt

nore than 2 each space portion is less than 0.01 Vim

the semi conductor RroGessl ng cto%%ﬂqﬁafg PLESERN %r@—girfot.\}tq’xu%%gcggs
gur 6, su

r
formng a practicaPFy precise confl ron and, hénc ch a narrow space

(s not pref grable, J ilhe Wit 1 S TDe dAan 20 ge by dhe, eLTE6L ghoreguci ng

t he deect nfl y ch Mes” unnot'i cea . a pattern having
clyoular o ghOLyAPR. ARG RANYL 805y T @ HRRGUHARAS BEBEE"
t han 20 ~n1f%r t he same r%gson as Etatedta%ovea éhf gai%eép can bg &orned
-3y anytknowﬁ Sgﬁgégbdgafﬁ;ég'ggif{ HBB§§I&ISH, 85u ? r 5, c ¢ T eigor
eposition ( n at i ng. rnativ a.pr,ocess nm e oye
cuch-t hat g%%%éz?ﬁ&tﬁfveﬁhn_ e 48 sa@aentcégit}h% sﬁlaga%gﬁﬁ et

t t t t t t t
into ifci‘éph ﬁ%&gmgﬁg%aériﬁééf‘vg{gﬁfcjﬁrhpootiaeﬁﬁ@cgg%@%a%geﬁ" afof ﬁ%ﬁ?é? 2
Pl P n < 3gmBtnsg | BRAWBIY O the Rl o 4ELRR A0doh R TnT BRI (SRt A7

tungsteh intq tundsten,oihbhden a1ik KRGS A LBEaRRL bE LSRR i ng

In incorporation (high temperature, low pressure, hydrogen
as the carrier gas, etc) 1s used.

According to the present invention, the first step of
the re-growth process is performed under conditions suitable
for bending the direction of each dislocation taken over from
the underlying crystal to extend along the interface between
the underlying crystal and the re-growing layer.
Specifically, there-growthisperformeduntil surface portion
thereof parallel to the surface of the underlying crystal
disappears. Usually the surface extending parallel to the
surface of the underlying crystal is (0001) plane. Under such
growth conditions, facets slanted with respect to the
underlying crystal result. Even after the surface of the
re-growing crystal parallel to the surface of the underlying
crystal has disappeared, the re-growth may be continued under

the same conditions with slanted facets only.



determned in view of practical durability and productivity. In the case of
tungsten, the thickness is preferably not less than 2 nm and not nore than
5 ~m OQher specific growh conditions are as follows . In the case where
t he conpound sem conductor to be grown does not containlr1§§ 98,266 nti al
el enment, the growh tenperature is preferably not |ower than é C and not

hi gher than 1200C. dgn - r '
hi gher than 1200C, a cr§%?§FEgﬁgggﬁgyaﬁggﬁﬁﬁgéggﬁfkéngﬁg{%%Qggeggﬁq%§fthe

re'QVOWth-'é%éQE:%%%ﬁﬁ%@#ﬁg%ﬁ%ﬁ%@@ﬂ#ﬁ@5%%&FQHQ%%fHoB@ egﬁ?gﬂied

contains In as an’ esse € re-growth tenperature

f bl t j t
orf erably ngfol puate LISPLE0T A At N ANEr WP SA0C DR YDy
f th - i i i i . 100 f th
(o he e AR L% Phesenlo LIVant 08 Lichobobautt bhes LI0GRLLT e

sat i sfact ory, ual b v J Ao ubG ol 0y PPy JHE AHPWLL MUGSSUEE s oz

preferably ower 't han a, nore prererably no ower than

I hould b | L pity 1S i h

pressure ri SRl PEREeER e R IF g e AP ot L AR B0 R 4 Gl

hi gher than ()5uég£f§?ys§agn MOVPE or HVPE apparatus generally used - 20
al g

30 July 200Z71 n ctys OWt h does not use a very high growmh pressure
f t he industri al i nt b e .
TArE ontest £ b hBleflolh oY KIGURSTELTAL BERSHRIRORRTILA,

eval uate defects . nples of suc Servation O

of disl ocat ivcg*isdsor}ﬂae g]?ytséﬂdiﬁg%g?i%?gag& u%??%ﬁ{g ] c%o#gﬁmg};l%{gscwe

(hereinafter ray be réferre eva an e

density (hergidnldes amy b LELEERBLCLOMAtyelRP e Wd iy ol o ol Lon

al kali or a oric acid etchant; evaluation of anomal ous grow h points
(hereinaften.e_growing crystal for the purpose of preventing the

dislocations each extending in a direction once bent from
propagating into the surface of the re-growing crystal.
Specifically, the re-growth is continued under the growth
conditions changed so as to allow the layer of the second group
ITI-V compound semiconductor to have a plane parallel to the
surface of the layer of the first group III-V compound
semliconductor. The conditions for providingaplane parallel
to the surface of the layer of the first group III-V compound
semiconductor are generally reverse to the conditions for
providing a slanted facet. 1Inaddition, suchaparallel plane
is likely to result when nitrogen is used as a carrier gas
or when an Mg raw material is supplied as impurities. By
continuing the re-growth under such conditions voids are

formed on the pattern.
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may be referred to as "growth pits)") which appear when a material having
Lattice mismatch with an underlying crystal, like InGaN relative to GN, is
grown on the surface of the underlying crystal; and observation of images
of dislocations by means of a transmission electron m croscqpg bh?bgbnafter
Feferred to as "TEM as'the case may be). The nmethod of the reH ctiron of

di sl ocations of th?%et%g@mmﬂum ea8ehpndsed i & WaQHH B2 LQBRW S iy Ot her

known nmet hods for the reduction of dislocations . Exanples of the nethods

owt 2&2?2?%%%“%?8&3%%%?3&52?%3‘3%.—%.0%%?&%3?%gf‘é%ﬂ%i%%2'9?@38 ,
L1515 ) . i i
ayer by rorEe %%l}\%i%%%&%ﬁ%ﬁﬂ“ﬁ%ﬁ?#§§sﬁ%?ﬁ%§¥$%rﬁ§%e%¢"?e¢e?v%é’““
Cr . O , : ]
yst OWE§ b@%%%)ri"c%t%c?%ﬁ tl? ompo%d{eﬂf%Qﬁqco&@dn‘cg:yxagﬂfegﬁ?}%gdésf’é’ on a

partly etched crystal surface of the un ayer € ca

30 July 200§2%8§Q?%%dh§%r%ﬁngE%rﬁgﬁalh%%e%EI%%Frieéjﬂﬁgn(ﬁa%aggéggng’

vol . 221, a metho a re-grown layer on s

P endbo- opi Fhsy PREFRER . hEr ued ¥ e Y ELoF i REY MeRiT el hav ona
Res. , 1999’?%§bsﬁ§§§Pe§§n ,dé%%§§4TE#Z$ﬁ%:f§& g OfAE?g%iXaftChed crysta

surface of u ayer by ann igh fenp ure (it may be
lled " - : I Nty d
Serm cong. " reght20AGRES oF°L 2Rl L WAHxe, A< BLEELdDUEPEL nglidd C€
- wt h | [ it ited t der| it
e cal ed ot SR 5 AR il 48 Reh e T SE TSy L g R i Ter 2000,
Ol o LEn o ATRAG! BESA P O RLNOM U | LELNBofipouna

| ow-t enperature grown interlayer, the grooved stripe neth the mass

transport neihodsnaldtbhepid a%ﬁh%fgame BPERId oG PEn YL, PRERRIRY V-

Usi ng the present I nvention, or the present invention 1n conbination with

other methogg, 5 the- £0aTQYY §§”@1§9?dﬂﬁ§r§?f}g°£ ﬁékfgﬁg'tlér@iaﬁ' Ol aduced

can be achieved I n conparably small thickhess . result , bendi ng of

th bst d_ktqi [ ff ' LA [ h
€ Subs rﬁ#n‘? o%aﬁopgo,{xﬁ%%ﬁgnﬁ% 81% 1 i GRS & M%Eg%'ﬁg{%g?é}aﬂ&yt €

process pertornmance evl ce producl ng process. owng

exanpl esfuri st LLHSLr @8t Raslresent invention specifically but are not
to be construed to limt the scope thereof.

When the mask pattern is of a stripe form, the stripes
thereof preferably extend in <1-100> direction rather than
<11-20> direction because the stripes extending in <1-100>
direction allow a slanted facet to turn into a plane parallel
to the surface of the underlying crystal with higher
controllability. When such a mask pattern having stripes
extending in <1-100> direction is used, the slanted facet
resulting in the first step is in {11-22} plane and the second
step is 1likely to provide (0001) plane and a facet in {11-20}
plane.

Such a crystal having a lower defect density thus

-~ 15 -



- 22 30 July 2002 Exanple 1 First, an underlying crystal was prepared in
the followi ng manner. On a sapphire substrate was grown a GaN buffer |ayer
to a thickness of 50 nmat 550C by MOVPE, and further, GaN was grown to a
thickness of 4 ~, mat about 1100C. On this underlying cryst Wg; b @ned a
80 nmthick SiOz film by sputterlng, which in turn was patterned into a
stripe patteyn, éaglé 01\@ e 8B%R 8 @@rél &8s BBV dg Patl& N

portions exten |ng |n < |rect|on y typica photollthography

First rergr GAREIT %ﬁﬁ A R AR e
i, while ol gthylagalld o ;ﬁé £Eh 0% bl By che-h Lgéiﬁdormhn WG.g and

anmoni a as raM/naterl rate n an

noer t hese ToRler T orat vy i asntég%%r S FarEogNIRI el 22:Buit Shelfer
under! ayer di sappedis oML, olon 51 anLad daepte. gf;gwth/égl%%ﬁddggfxmeggn |

resultlng re-grown cr rran acet

re-growth tigs Q%N #e; %EEghgr?%%gﬁgrEﬁ% nes gﬂl%ﬁ%? Qﬁg aC| ?F%?e% for

tenperature sSofiti &R izont gro

provi ding afdal: Syl egs JQ?%I:@@L Lhigknesse ol the, raiopn. Lavgty

conpri si ng i st second t1 €rs Was abou e surface of - 23

30 ~uiy 200(?} Csrlyoséa?'éléxﬁ‘ ex? gSﬁﬂym?ﬁhﬂrﬁitedp‘af‘ggtiogaloé}:rg‘réh t%hXSta'

was observe ave a vol e re-grown Crys

center of e%%%ﬂg}eéé’ﬁ eg%rfttxggpgsetgggnvﬁ?f eheeﬁh&%@wgcg&ggtr%hgkgw?gope e

(h~reinafterm erred e surf this crys
b dt I
above the odh %V%a%tteirafﬁﬁﬂe%??%?ﬁ%%é?%%‘ G Feouhanen Bl B %”Pﬁéf‘ébé?age

pi t densityg }qealaebp%a]wvﬁpgg%%&tggﬁnuwﬁ yas G aue £ea-blLakneng, f, 500

nmon a simlar Crys Supply ng anmonl a, trimet

| ndium  hegelahier: B hed S Ttk Lo atd TM I dopth ! tite gkePhirogen as

a carrier gas, e re InNng Crys onIy at™a location

above the C§Q%q_ jfg%¥ (Bgééﬁégl?ogkhgﬂe The, jRin & QEPSIH%&F% AN portions

of the crys he pit enS|ty of t’he e crystal

i ncl udi ng t%dhl?ﬁféio% ot sithe dOC élllJQﬂZL%)Lq.VCﬁl tgpt%%ngeggqfalegggﬁpggt £hg Was

10" cnyz. Further reduction of ‘disl ocations i s achiev applyirng other

di sl ocat i onsbeduet AR RiNAdY &0 Wi $ERkRS BhbLal B@gdhﬁgt be Eﬁe%@erFOf

exanple, growh of a’l ow tenperature interlayer of GaAl N and a

temperat ure,GalNd AR QU 4Gy ERMPLRAON st BecE¥arRie . is used for the further
reduction of dislocations existing after the first re-growh. For another

exanpl e) the nass- ﬁ‘h%ﬁ%@noéﬁe'&&'&f*l‘?,dcb%dlistfl%rﬂcsofnaﬁrheaiyr&@ﬁénﬂ@ﬂgcbhoﬂlé’f
di sl ocations . That is , e surface portion of the regrown |ayer above the
pattern whepgpardtus us8aHdyc2982al growth, one skilled in the art would
make it possible to adequately perform the growth of the
compound semiconductor by previously examining the dependency
of a resulting facet upon the growth conditions.
Since a crystal having a lowered defect density over
alargeareacanbeobtainedaccordingto the present invention,

an additional characteristic of the present invention is that

a light-emitting device having improved light-emitting
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di sl ocations mainly exist, is etched to nake steps, and then annealed to
make the surface snooth. Al so the anti-surfactant nethod is used for the
further reduction of dislocations . That is , small particles of inpurity
like Si are forned on the surface of the regrown |ayer, anqﬂj g 2|s
grown. Conparative Exanple 1 TnGaN was grown directly on an un e yIrn

crystal as U%EQ peRtEsam erdi1iihe 1Hesutdh Be ﬂ&@%é@d@bn@ﬁct@é%&f}*@&hio
have a growmh pit density of 4 x 108 cmz. Exanple 2 In the sane manner as

in Exanple 1a3¢8,SEhibRe aPREGRthIhaMi NGy £ra W48 9B8REBY BPr i ons and 7
~.mw de stri pe portlons was fornmed, and re-growth was perfornmed for 30 mn

to obtain a {168} - £E01QE Weficd dngerm, tege: £ORAELLARS s a3 lcANg gy al | e

to the surface erlayer disappears and only slante

. grow. Accordéug%i‘es Qa BP0 F 9+ 9 eElé}iz:i?é \Sgie%sti@yangl#‘u%r hfe%?et AL

section. Subseguent re-growm h was pe or e mn to forma second

re-growth ti chE‘:’PE:E' Shal AEEINESE QUBLO. A 40N lEnER Al B, Tundy ddre

- pur pose of observing gromﬁ A“section of S sanp e was observed to

have a voi d { gyeglat b o@@d%mfés%f 93¢k RALEC! £l AU Ak L ALRANS, Of

SEM Though a series of growth pits weré observed at a portion above this

void, portions othey, thaD HhgsRAk! moem\ﬂo@g td”éertsaefd eéox?&iew%hfs ts_and
its perlphery had a pit density as | ow as about - 30 ~~riy 2002 x

10 cmz . Byo L i i AAgt REEnPaE LRIt Al LBE oty &la&oﬁaaeaeﬁe iy e

exanple at a ?ocatlon | st above the first- fo pattern, 1.e

portion haV'é}g?as@fﬂQSé S'Pn'éiaéylé? ef“ kofﬂé' P §s@”§r8‘ﬁb@f{ﬁ‘-%cﬁ*ﬁb}aﬁg{d

re- grovvth ocatl ons | ate ove each patfern pOI’tI on O

second pat t eéé}nfé‘@n@@cESPUESdbe @@ﬁéét dv!@hEééHEEeagt rsrtﬁbpfepggo%rt% .

having 3 ~~mw de opening portions and 3 ~mw de stripe portions was

formed, and §igs Y- MNAs BE' { QR FnQ s HBH L a & ﬁé‘lﬁ?@gk%u%
except that the first re-growth tier was fornmed at 10 . kPa Torr

and 1000C . ey é&ﬁ’?@uﬁ&o%ﬂlégﬂ@b@t‘bﬁsme@l%é@x%’é&'1'5‘9 fﬁeg?e%ra&ystal

has facets substantially perpendicular to the underlying crystal and

hence, the digsniion of cAaf ki eRgBJ0d 3k peabinn 4 akenyauer o Lhe

under|ying crystal does not varfy pits were observed ‘above each

pattern portigp anfd egshtpEeNparPokt itte Baldst Jheupi 11 Hensébrp¥asalos
cmZ . Conparative Exanple 3 A sanple was prepared in the sane manner as in

Exanpl e 2 exy@picdd@icos! i PeepBELANIBAVERE i e YR DPEH ] JFORLNONS
and 2 ~mw de stripe portions was formed. A section of this sanple was

observed to (heieréWp 0l thabeyecide iy e 1af taachppabkt gefepalt E@PmAYalyeans
of SEM A nunber of pits were found above the pattern portions , and the
density of pid 3swes mEXe Cprdferably 5% or more. The specific thickness

of the layer of the first group III-V compound semiconductor

is 0.3 nm or more, preferably 1 nm or more,.

A preferable material for the pattern according to the
present invention has a certain degree of durability in the
re-growth of the compound semiconductor. This is because it
is difficult for the intended re-growth to be achieved with

a good reproducibility if the pattern is formed of such a

material as to cause the pattern to be lost by evaporation

- 17 -



- 26 30 July 2002 Exanple 3 A buried structure was prepared in the sane
manner as in Exanple 1 except that a stripe pattern having 3 ~mw de
opening portions and 3 ~.~mw de stripe portions was forned. The growmh pit
density of the resulting structure was 1 x ZO cm?2 according%B, 2002
evaluation. Exanple 4 In the first re-growth step, a stripe pattern of Si02

having 5 ~mowi dg gReALRIrpaf! bNBudDdn Sin My dee SiFdPen PoFhbepte 8t £ NG
in <1-100> direction was formed on a GaN underl ayer in the same nanner as

in Exanple 1. apd A fis tﬁ%&ﬁ&g&@&&f@%%@&g@;ﬁ?g@%r@bf%isi@ (500

Torr) and 950C. Under”these conditions , a plan | to the 'surface of

the Gan underhaxel i SARARAIS. #biheadnhynstanl srkasels galpiterqeingly,

the resulting re-grown c a triangular”tacet In sectiron .

_ Subsequentl%agﬁéﬁsggpgsﬁﬁlgryMﬁQ:IA&%hﬁﬁﬁ%ﬁ%éﬁ?ﬁ%ﬁ%ﬁéﬁﬁﬁ% site (K Alcon

t hi ckness o e-grown layer conprisin second tirers was

about 5 - MhxThe \eaSLAUL 01 LBS38AAAY SLER MES; P oMRdckn the same

. manner as th& Te-gro I'rst step exce diréctfion of the

stripe was hgcl'zpedl,aqo\.x#étng?% {[e%tt tg that afq,{d bhe ghrgpgr&qr%{ﬁ)e} he

first re-growh step. was grown’ after the re-growt

Zgﬁg?fysgpr1§Q§8%%fgkaﬁ29%6{%@%f?fﬂﬁ?,ggﬁl”ﬁ%?Qnﬁomgﬂvﬁe? PEOVED; Rida
the like.

In the present invention, the pattern may comprise at
least two layers of different materials.

In the present invention, the pattern may be of any
known form. Examples of specific forms include what is
generally called "line/space"” which has stripes having equal
widths are alignedparallel toeachotherwithopeningportions
having equal widths each intervening between each pair of
adjacent stripes, and a form for partially exposing the
underlayer circularly or polygonally. Any one of these
pattern forms may be selected to accommodate the re-growth
conditions, the material of the pattern, or the like.

In the case of a pattern of the line/space form, the
width of each pattern portion is preferably not less than 0.05
um and not more than 20 um. If thewidthof eachpatternportion
is less than 0.05 um, the effect of reducing defect density,

which is an advantage of the invention, does not become

noticeable. If the width is more than 20 um, time required



30 July 2002 Exanple 5 In the first re-gromh step, a stripe pattern of
Si02 having 5 ~mw de opening portions and 5 ~, mw de stripe portions
extending in <1-100> direction was fornmed on a GaN underl ayer in the sane
manner as in Exanple 1, and a first re-growh tier was gro%w Eep at
66. 7 kPa (500 Torr) and 950C. Under these conditions , a plane %ra ?el to

the surface beﬁan t@ﬁé“pﬁ@@%ﬁ:h?ﬂ@&oﬂla?;%ﬁbﬁg Wit r@NbY¥ St 80t £dafacpt s
5 . the |

grow. Accordingly resulting re-grown crystal had a triangul ar face':1 in
Con. S ) . 5 )

Exarl o, ha“gﬁfﬁfs%r%%%% @F{nﬁﬁé’@?ﬁhﬁ%@%ﬁlﬁ BTy Pepa et h

Cocong' 1 ogr BREHIEFRLS Sl BP0 hd W1 SBRted bdiifeds (2412080, diehidgn (he

1090C, USRS LUHLASS. G0 LAt ALy M Do BesEragto o

and the res ng cryg Was~ ev ave 0 f 1 x
sem conduct 89 MECGPR K3 % CANe HReRBh <F noBAESn RAVES 1 poss bl e (o
Ceduced thr eadi ng BRSHoCReLanEott o tohdiads BPESbodRbeRindlin] <. 1
N1 T~V Compoihd eanveta St brereie nfofis i pleeBiiint) nde biiadi A
Vayer of tneEiaR e sponnen 9 SOt aindntio Camrto Babel Sy MeaERs i er i a
Second or ou I 1y SHARLEN WO omiit or b Cons W Gt apr Bt ong

oD L) L RESISMI O g peaeRenhas badbe gineg ol oty

| NXGYAI ZN Wher e l"ayer

grown ¢ hr ougy e DOEN Pg5- 1 418 PR 100CERAN WAL, Bl QrIBd A the

pattern, an readi ng di'sl ocations in ayer oOf the second conmpound
sem CO”"“‘“Qh 8teikeh n??:%%e.@ét} e VQidsy ey A FE O He F{rhoéiif’cid“%?, group
L-v corrpouasemcon uct'or Tn CclaimZ1, conprising a process tor formng a
| ayer of th (vleple8 \VA \ 8 %a:;

i ncl udes: a€?|é(raest sttgégg%dgdréo%\rnl%gﬁt he ay@?gg%g?%éw%%%%%%ﬂgpgﬁ%% Rre

conpoundsent g Qe gFoggyg iy %&%go%ikﬂﬁlgétéfr&i%dg{??%r g

portion thereot parallel to the surface of the |ayer “of rst group
[11-V conp LCO :t IS Y d Gt f Ny Ng
L vy CoMPaor SERYE 0B LG LY SABRCRSeaRRL BoRGRANTcBLBb N ORI N0,
2002 sem copgdyel gh s & B AN, e 859 Mt £8Ndht iR B rnB8E hére than

20 um for the same reason as stated above.

The pattern can be formed by any known process such
as vapor deposition, sputtering, chemical vapor deposition
(CVD), and plating. Alternatively, a process may be employed
such that a thin £ilm of an elementary substance is formed
and then the £ilm is subjected to a chemical reaction to turn
the elementary substance into a compound. More specifically,
it is possible to employ, for example, a process such as to

form a thin £film of tungsten and then heat-treat the £ilm in
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allow to have surfaces parallel to the surface of the |layer of the first
group I11-V conpound sem conductor, thereby form ng voids on the pattern.
3. A nethod of producing a group II1-V conpound sem conductor in claiml ,
conprising a process for formng a |ayer of the second grougy IJTh,y o9pound
sem conductor, the process including: a first step of growi ng the layer of

the second %Olamrddm\éc@csm@yﬂﬂlﬁgnhma%ﬁwret RO U@t heurperemgsned t he
pattern until surface portion thereof parallel to the surf ace of the |ayer

of the first giaud Ik Lpipound send sRREYst 88 dhaapRealesn i e second
step of continuing the growth of the layer of the second group Il1-V

compound selG @G 1 W &Pe@@%k@%tﬁ*&%l%ﬁ%ﬂﬂﬂ%@' 5h@p @St 1918yl oW

the | ayer to have surfaces of plane and facets perpendicular to the

- (0001 ) pl Qﬂethéhfé@é)%ff PhLALRY YOI gﬁe%f&@n@%tlesr reterAUTR HBY Phss

producing a group I11-V conmpound sem conductor 1n claim1l, conprising a

process for thmzngmfa Ana&/q{opf 5p &gggng oup I11-V corrpound
ARl P, B -

- sem conductor t he "process 1nc afir step of growi ng the Iayer of

the second groupl 'bt){eEOrH?QH9@1%98}8?@&1“85{?)&&*8&%%“ EQean&‘S‘ii@? efngyer

pattern until surface portion thereof parall to t e surface o
step

of the firs r I C 0 QUG r
of conti nui Eggt Eg@_e bhete g(&}g\lgpgpg)%g};grovw%&{q@ie Ia(flleére Og?r&ﬁrg second

group I11-V, eem&iﬁqw &Q%%U&é%n%??it 1 &Wetﬁeaﬁirgﬂtfl% ¥re and a

third step of continuing the growth o ayer wt angin e growmh

condi {1 on 92595 e EAbOY A1 1LALE! <R (0 RARBTHE HiRrldy tﬁa%"i‘?&?b“”&’

semnm conduct or es aces para e su e layer of the

pattern. 5 TAChPREFENUBOERT &8‘51%*’%‘?%% ?efc@b%%%é@nﬁgg‘é% S
claim 1, COPRAS| 780 PLORESSLRA of UdH A9l PY 0k ReBERFR: LT |-V

conpound sem conduct or’ e’ process rst step of growng the

llayer of thgy$@eord. groyeh! | %Qﬁmﬁﬁ&em&@swm%m&%md}gs of

the pattern unt|I a surface portion thereof parallel to the surface of the

llayer of theofdd gro@nOsdntainy IGOPHBMNE sSRMANAEEERENE, S@P@Q@-@ro&rtﬁ‘tﬁcond
step of continuing the gromh of the |layer of the second group I'l1-V

conpound S?beﬁ?@?ﬂ%h?'&a £8 ;ﬁ%f&ri@l’f ) 2AL%E o 8h5h S G andth & nily 5{eq: st ep

of continuing the growh of the layer wth changing the growmh condition so
as to allowfhg d@yer b%fca%@% s&eand- 8619H9uhh'sMnfBHH&HB@o?:%ﬁQ{“i‘é%%r to

have surfaces of ( 0001 ) plane and facets perpendicular to 't 0001 )

pl ane , thexghy geammgtwl ds on the pattern. 6. A group II1I-V corrpound
sem conduct or obtained by perform ng at | east once a process including
formng a pattern g ot Wigs Supé otgr |He recaoymoutd iSeAheopetegear on a

| ayer - 31 .. 30 July 2002 of the group Ill-V conpound sem conduct or of
Claim1l. 7.id%entebdbhoilsofoprisiert nthan grouPd .l | -1V aoep autioth the Bireesduet or
according to claim2 or 4 , wherein the surface of the second group II11-V

conpound seim ctonslucd ogregatial pebcéos is lower than 100 Pa, a crystal of
satisfactory quality is difficult to obtain. The growth
pressure is preferably not lower than 500 Pa, more preferably
not lower than 1000 Pa. It should be noted that though the
crystallinity is improved as the growth pressure rises, the
growth pressure for the re-growth is preferably not higher

than 10 atm because an MOVPE or HVPE apparatus generally used
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the surface of the | ayer of the first group I11-V conpound sem conductor is
a (0001) plane. - 32
A @A AL CAY? AL A 2 A L AAA[LAA A LA A LCAAIR AR?. AR AR AR A ?. AYe. Ae
AURARAARAUI’> Al e. ARA{IRAy A le. A y. AU Rl Rn; 06s=wy
}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal c: ac] 85]%:5?93] caj ca
] ca] ca] ca] CahﬁabggkeahC?L%%k@lah%E%' Yot use a very hi rowth pressure
]} h@V<BCHz, i }xsnid _Z]ca] ca] ca] ca] ca] ca]ca]ca]ca]ca cag] cal calca]ca]calc
a] ca] ca] ca] caloal ¢akcaheRlsaalcal G ool o c@l &1 ca! Kj kpgXxdhu% O 11 #| wr mhc”Y]
ca] ca] ca] ca] ca] ca] ca] ca cal ca] ca]c™a] ca] ca] cal ca] ca] ca] ca]ca] c"a] ca] ca] cajc

a] ca] ca] ca] ca] ca] cag ff §f§{~§§§ %%]ﬁf?e ;ﬁ_(éa)t*ﬁeva*mﬁteg defects 4. | W

mhc”Y] ca] ca] ca] ca] ca cal ca] cal ca] ca] ca] ca] ca] ca] ca]cal ca ca] ca]

559) xani 0. 2] 12 ?@hfca%fa%ﬁé Apboras "%ﬁ@?i"%%?ﬁf?ﬁ@% cal ca
LSLQLWES%P?] ?ﬁﬁ ?%st%ﬁ‘l % Pffgg]—%a]mcea I}:sa]o(]?a c rna;,]caj] ca ca] ca

"G I KKK( LOOO
{J%%]L‘]gi](;;a] CalL%ﬁ%A% ?%‘T%’J%%][e IE}:)]ZaCI%B%ecl‘]’jl]["&:(?g q?%(smg% ?hca o8 Ca}b‘ ca cg] cal ((:a] ca

] Cag?])gglegg‘]%l??%?%%@ﬂﬂmﬁ &lﬁt%(lﬁ%]ﬁa&&@sl £8y Qﬂe&aelaﬁ?alf@elfﬂda%&%]e%]ﬁ%ld?al ca

| @ 111 mwmoPps Rt s 18] Leakeabeabeal saheakeal kahaabeal Galaanaal salaleal ca

] ca] ca] ¢a] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca! =pxppp-q7qDgqqgAst t uLuuvww
Nwwx <yzz{ | <é£<4:ﬂ1£:|1£] m&%&aﬁ% Gt A A @@:]o%ﬁhpis]o%]t%a] fekedhtahed] Ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!| ~A$b(]I SanT"} xsni d_Z]

 ca] ca] cal cahgplsal fasépteal anlagal'g%ﬁeh Z?le%qa])c%%hca]pwa&amm%] cajc
ajcalcalcalcalc aJcaJcalcal"_;y }Xsni d

a] ca] ca] ca] gpl €&t £a] Q?A\Pﬂigqjaqach@ mlsﬁa]teﬁ] & 2t £ 3 ¢ aheRkA311GR e2ksahgal cal c

aJca]ca]calcal yHR K MbV]}xsnid Z]]ca]ca]ca]c

a] ca] ca] ca] cpfed] £44 £] f@i&él%] E@l @akcalsagfabﬁabﬁakﬁ@] Eﬁ]r‘fﬁ]c%a]o%a]t‘f}é@ caj c
a] cal ca] ca] cal Rni K- &I 10% & ( 0% & ()-Ss10% & ()-SyI0% & ()-Ss!10% & () -

_10% & ()- A& vt ystal and observation of images of dislocations
0i K- 510% & () IO E o e SR E a0 - BT iohd S Eeritne’() -
0% & ()- @f%@’ar@ oflQ% Bahidmiki@¥née { ot 2850 1&16):0%@5%@\ @-ﬂéreinafter
10% & () - 810 & ()-6s=wgH), &10% & ()-@®$ 10% & () - @&! 10% & (

SLI0N & () - 1AI0R4) £ 230YeBME) okl 1Y Bl Ynay beXDC £L0% & *| 10968 ()-

The method of the reduction of dislocations of the present
invention can be used in combination with other known methods
for the reduction of dislocations. Examples of the methods
for the reduction of dislocations are as follows: a method
utilizing a low-temperature grown interlayer (Jpn. J. Appl.
Phys., 1999, vol. 38, L1515), a method forming a gap between
the underlayer and the re-grown layer by re-growth (it may
be called "air gapmethod”, hereafter. J. Cryst. Growth, 2000,
vol. 221, 338), a method forming a regrown layer on a partly

etched crystal surface of the underlayer (it may be called
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10\ @10% & ()-+ 10% & ()- )10% & ()-,' 10% & ()- 1]} dEnDC, 810% & vy
10068 () - &10%& ()-M F10%6& ()-y 1006& ()-y 1096& ()-S

1096& ()-' hdEMbC, &10% & 9" 1096& ()-S, 1096& () - S9

1096& () - SF! 10968 () - f sM 1096& () -yl 30 Jul 200
10968 () - @GH VbC, &10% & fy10%& ()-f 1 10%& ()- " Y10%& ()->05ME8%0ss;

109%& () - @ “é;Erooved stripe method”, hereafter. J. Crgst. Growth, 2000
109%& () - <HzdEbC, &10% & F10%& ()-@! 10%& ()-9l 21 %b&'()-SfQiO%b&'()-Ssl

tovoat |- @ Toraet A e IEEAr MDA 0 QU Fer Rysgoo wenss
1002 Sove (- B0 ) O TR ) @ 0V ()G tovar v ol yed

. 10bxdef ghub e.l?ﬂi?.%élgjé“‘ @%a&ié'g)l%éw}ga&fh&& 10,dP35208%. (hré™ R 10%et) - Y@

1098 ()- % 10 7

10948 () -, 314109448 Sl () 1 '
oo Eg_!##}%%@%&g@%ﬁ%‘i%@lz%nd.%&,()I§§9, vol. 4S1, G3.38), a

method flattening of partly etched crystal surface of the
underlayer by annealing at a high temperature (it may be called
"mass transport method”, hereafter. MRS Internet Journal,
Nitride Semicond. Res., 2000, vol. 551, W2.8), and a method
of the re-growth on a small impurities deposited surface of
the underlayer (it may be called “anti-surfactant method”,
hereafter. Jpn. J. Appl. Phys., 2000, vol, 39, L831). Among
these methods, the method utilizing a low-temperature grown
interlayer, the grooved stripe method, the mass transport
method, and the anti-surfactant method can be used preferably.
Using the present invention, or the present invention in
combination with other methods, the compound semiconductor
of extremely dislocation reduced can be achieved in comparably
small thickness. As a result, bending of the substrate can
be reduced, and it is quite effective in improving the process
performance of device producing process.
EXAMPLES
The following examples further 1llustrate the present
invention specifically but are not to be construed to limit

the scope thereof.
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10H 10H 10H; 10%48' ()-510%4& ()-3 10%& ()- 1310%%& () -
111094 () -1 S§ $$$3& dEYNC 100 z 1, 1110% & ()- S 10% & ()-9
100 & ()-Fy10% & ()-fs 100 & ()-"10% & ()-' " ( (S(()dEYNC 100 z 1 +
1000 & ()- )10% & ()-'10% & ()-& 10% & () -, & 10% & ( y
100 & ()-)))))*H**bC 10! z 1@ 10% & ()- @ 10% & () - @10%§Q)J %6994 ()
10 10 10; 10%khpig+q, - 9-0-dEDC 10! 7 18$10% & ()- 3"
10% & ()-5!10% & ()-110% & ()-,!10% & ()- @ 10% & ()-0----'. 4.1, dEbC 10! z
1/1096&f()"10%“&(ﬁ £4P7% &n( hnderl ng crystal was are

/Y/ Fe w08

10% & ()-(10% & () - &flO%ﬁ&f()-I [/ xb@ 10! &h<h&f&) 10: 10:
following manner. On a sapphilre substrate was grown a GaN
buffer layer to a thickness of 50 nm at 550°C by MOVPE, and
further, GaN was grown to a thickness of 4 ym at about 1100°C.
On this underlying crystal was formed a 80 nm~-thick S10; £ilm
bysputtering, whichinturnwaspatternedintoastripepattern
having 5 pm-wide opening portions and 5 um-wide pattern
portions extending in <1-100)> direction by typical
photolithography.

Subsequently, GaN was re-grown on this underlying
crystal by MOVPE. As a first ré-growth tier, GaN was grown
at 66.7 kPa (500 Torr) and 950°C for 45 min, while trimethyl
gallium (hereinafter may be referred to as "TMG") and ammonia
as raw materials were supplied at a rate of 45 pumol/min and
in an amount of 1 slm, respectively, with use of hydrogen as
a carriler gas. Under these conditions, a plane parallel to
the surface of the GaN underlayer disappears, while only
slanted facets grow. Accordingly, the resulting re-grown
crystal had a triangular facet in section.

As a second re-growth tier, GaN was further grown for
105 min at 1050°C, which is a temperature condition allowing
the horizontal growth to be facilitated for providing a flat

surface. Thetotalthicknessof there-grown layer comprising

the first and second tiers was about 10 um. The surface of



10: <10% & ()-510% & ()-3F10% & ()-1 10% & ()-c/ Q1>10111}[ 9mb@ 10! ! V$s$10%
h'h& ()-4! S$109APLP& ()-4s$10% & ()- 4! &A0%H4& ()- ! UGYA0%Mh& ()- & 10%
h& ()-Y11x223y3333dE:/ 10 h 10 h; 10% h& ()-f/10% h& ()- s$10% & () - 4s$10%
& ()-4 s$10% & ()-4 s$10% | & () - 433333334xY:/ 10 h&10% o& (3351“'10%/ 82' ()-y
L 10% 0& ()-y' 10% 0& () -y10% 0& ()-"10% 0& ()- 10 h4S444575 SHEH]Y 8 &@

10% o0& () - @:h0% d01@ hOW O8+ £) o8 WIIAKH) - R 4044 28n(df Rhe crystal
10% 0& () - ~555?8L8S8T8USVEdYNC 10 h 10" 0 10’ o

10% o0& () VRSB RBREEAREO TR 1o 0% R Ty epaghiatfyee Fbsg oy cxvstat

10% & ()- 31098 EPoTra00s £ 0) T ToRR & 0) B AEASAATCIERRE 1o o Sehhintr ©

. igf/‘g éotg ig‘ l()fbl%:&&?o@ %i%%&?glo(p)e_ gli?)x(g/()eép?fzc%r may be refCerred toas "SEM").
The surface of this crystal was observed to have pits

corresponding to dislocations only at a location above the

center of each pattern portion by means of AFM, and the average

-2

pit density was about 10° cm When InGaN was grown to a

thickness of 500 nm on a similar crystal at 800°C by supplying
ammonia, TMG and trimethyl indium (hereinafter may be referred
toas "TMI") withuse of nitrogenasacarriergas, theresulting
crystal had growth pits only at a location above the center
of each pattern portion. The pit density of other portions
of the crystal was 10° cm™?, and the pit denslity of the whole
crystal including the portion at the location above the center

of each pattern was 10’ cm™2.

Further reduction of dislocations 1s achieved by
applying other dislocation-reduction methods to the samples
obtained in the Example. For example, growth of a low
temperature interlayer of GaAlN and a high temperature GaN
layer on the sample of the Example, is used for the further
reduction of dislocations existing after the first re-growth.
For another example, the mass-transport method is used for
the further reduction of dislocations. That is, the surface

portion of the regrown layer above the pattern where
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10 h, 10% 0& ()-"10% o0& ()- 10 10°

10°<:10% & ()-5!10% & () - 310% & () - DHDDDDPFFAELC 10

hY-109% 0& ()- 110% 0& ()- 109% 0& ()-!10% 0& () -

109% 0& ()-y10% 0& ()-F{I1111113IbC 10 h@! 10% & ()-9"10% & (35"} kP Yo&ol) -
10' 0 10' 0 10' 0<: 10% 0& ()-L!10% 0& () - : JKKI KKKKdEbC 10

GO i g WA et 193 BB s oA OB Lol

10% & () - VOQUR RRAR EB Mk Prne LUPLEd 2nddPR0 Ysa{do X k02t -surfactant

methodisused for the furtherreductionof dislocations. That
is, smallparticlesof impuritylike Siare formedon the surface
of the regrown layer, and then GaN is grown.
Comparative Example 1

InGaN was grown directly on an underlying crystal as
used in Example 1. The resulting InGaN layer was observed
to have a growth pit density of 4 x 10°% cm™.
Example 2

In the same manner as in Example 1, a stripe pattern
having 3 um-wide opening portions and 7 pm-wide stripe portions
was formed, and re-growth was performed for 30 min to obtain
a first re-growth tier. Under these conditions, a plane
parallel to the surface of the GaN underlayer disappears and
only slanted facets grow. Accordingly, the resulting
re-grown crystal had a triangular facet in section.
Subsequently, re-growth was performed for 90 min to form a
secondre-growthtier. Further, InGaNwasgrowntoathickness
of 500 nm for the purpose of observing growth pits. A section
of this sample was observed to have a void immediately on the
center of eachpatternportionbymeans of SEM. Thoughaseries
of growth pits were observed at a portion above this void,
portions other than the portion having the series of growth

pits and its periphery had a pit density as low as about 3



U& ()-s!10% U& ()-1 110% U& ()-f!10% U& ()- QURLRARATHTAEbC 10 h3" 10%

U& ()-$!10% U& ()-y"10% U& ()- 10% U& ()-9!10% U8 ()-3 10%

U& ()-HTzTTTTTTUUb@10 h! , ' 110%.& ()-, '!'10% & ()-"110% & ()- 10 U 10 U
10 U; 810% U&' ()-5 10% U& () - U>XsX| YFZMENZOZPZ}ASH= 10 h 30 ju1y 2002

x 107 cm™2.

By forming another pattern on the crystal obtained in
this example at a location just above the first-formedpattern,
i.e., in a portion having a higher density of dislocations
and performing further re-growth, dislocations immediately
above eachpatternportionof the secondpattern canbe reduced.
Comparative Example 2

A stripe pattern having 3 um-wide opening portions and
3 um-wide stripe portions was formed, and re-growth was
performed in the same manner as in Example 2 except that the
first re-growthtierwas formedat 10.7kPa (80 Torr) and 1000°C.
Under these growth conditions, the resulting re-grown crystal
has facets substantially perpendicular to the underlying
crystal and, hence, the direction of each threading
dislocation taken over from the underlying crystal does not
vary. Growth pits were observed above each pattern portion
and each opening portion both. The pit density was 10®% cm™2.
Comparative Example 3

A sample was prepared in the same manner as in Example
2 except thatastripepatternhaving 2 um-wide openingportions
and 2 um-wide stripe portions was formed. A section of this
sample was observed to have no void above the center of each
pattern portion by means of SEM. A number of pits were found
above the pattern portions, and the density of pits was 10°

cm™?.
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opening portions and 3 um-wilde stripe portions was formed.

The growth pit density of the resulting structure was 1 x 10’

cm™? according to evaluation.
Example 4

In the first re-growth step, a stripe pattern of 510,
having 5 um-wide opening portions and 5 ym-wide stripe portions
extending in <1-100> direction was formed on a GaN underlayer
in the same manner as in Example 1, and a £irst re-growth tier
was grown thereon at 66.7 kPa (500 Torr) and 950°C. Under
these conditions, a plane parallel to the surface of the GaN
underlayer disappears, while only slanted facets grow.
Accordingly, the resulting re-grown crystal had a triangular
facet in section. Subsequently, a second re-growth tier was
grown at 1050°C. The total thickness of the re-grown layer
comprising the first and second tiers was about 5 um. The
re-growth of the second step was performed in the same manner
as the re-growth of the first step except that the direction
of the stripe was inclined 60° with respect to that of the
stripe formed for the first re-growth step. When InGaN was

grown after the re-growth of the second step, the resulting

crystal was evaluated to have a growth pit density of 1 x 10°

to 1 x 107 em™?.
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extending in <1-100> direction was formed on a GaN underlayer
in the same manner as in Example 1, and a first re-growth tier
was grown thereon at 66.7 kPa (500 Torr) and 950°C. Under
these conditions, a plane parallel to the surface of the GaN
underlayer disappears, while only slanted facets grow.
Accordingly, the resulting re-grown crystal had a triangular
facet in section. Subsequently, a second re-growth tier was
grown at 1050°C. 1In this Example, a stripe pattern was further
formed after the first step of re-growth as superposed just
above the mask of the first step, and then the second regrowth
step of GaN was carried out at 40.0 kPa (300 Torr) and 1050°C.
Subsequently InGaN was grown after the re-growth of the second
step, and the resulting crystal was evaluated to have a growth
pit density of 1 x 10* to 1 x 10° cm™®.
The method of producing a group III-V compound
semlconductor according to the present invention makes it

possible to obtain a group III-V compound semiconductor of

higher quality having reduced threading dislocations.
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layer of a first group III-V compound semiconductor

represented by the general formula In,Ga,Al,N, where 0=u=
1, 0Sv=1, 0=w=1, andu + v + w = 1; a pattern formed on
the layer of the first group III-V compound semiconductor and
made of amaterial different fromthe first group ITI-Vcompound
semiconductor and from a second group III-V compound
semiconductor below; and a layer of the second group III-V
compound semiconductor represented by the general formula
In,GayAl,N where 0=x=<1, 05yS1, 05z=1, andx+y+ 2 = 1,
said layer is grown through the openings of the pattern; wherein
voilds are formed on the pattern, and threading dislocations
in the layer of the second compound semiconductor are
terminated by the wvoids.

2. A method of producing a group III-V compound
semiconductor in claim 1, comprising a process for forming
a layer of the second group III-V compound semiconductor, the
process includes: a first step of growing the layer of the
secondgroup ITI-Vcompound semiconductor through the openings
of the pattern until surface portion thereof parallel to the
surface of the layer of the first group III-V compound
semiconductor disappears; and a second step of continuing the

growth of the layer of the second group III-V compound
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of the first group III-V compound semiconductor, thereby
forming voids on the pattern.
3. A method of producing a group III-V compound
semiconductor in claim 1, comprising a process for forming
a layer of the second group III-V compound semiconductor, the
process including: a first step of growing the layer of the
second group III-Vcompound semiconductor through the openings
of the pattern until surface portion thereof parallel to the
surface of the layer of the first group III-V compound
semiconductor disappears; and a second step of continuing the
growth of the layer of the second group III-V compound
semiconductor with changing the growthconditionsoas toallow
the layer to have surfaces of (0001) plane and facets
perpendicular to the (0001) plane, thereby forming voids on
the pattern.
4. A method of producing a group III-V compound
semiconductor in claim 1, comprising a process for forming
a layer of the second group I11-V compound semiconductor, the
process includes: a first step of growing the layer of the
secondgroup III-Vcompound semiconductor throughthe openings
of the pattern until surface portion thereof parallel to the

surface of the layer of the first group III-V compound

semlconductor disappears; a second step of continuing the
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surface of the layer of the first group III-V compound
semiconductor, thereby forming voids on the pattern.
5. A method of producing a group III-V compound
semiconductor in claim 1, comprising a process for forming
a layer of a second group III-V compound semiconductor, the
process includes: a first step of growing the layer of the
secondgroup III-Vcompound semiconductor through the openings
of the pattern until a surface portion thereof parallel to
the surface of the layer of the first group III-V compound
semiconductor disappears; a second step of continuing the
growth of the layer of the second group III-V compound
semiconductor so as to have slanted facets only; and a third
step of continuing the growth of the layer with changing the
growth condition so as to allow the layer of the second group
IIT-V compound semlconductor to have surfaces of (0001) plane
and facets perpendicular to the (0001) plane, thereby forming
voids on the pattern.
6. A group III-V compound semiconductor obtained by

performing at least once a process including forming a pattern

and re-growing a group III-V compound semiconductor on a layer
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of the group III-V compound semiconductor of Claim 1.
7. The method of producing a group III-V compound
semlconductor according to claim 2 or 4, whereiln the surface
of the second group III-V compound semiconductor parallel to
the surface of the layer of the first group III-V compound

semiconductor is a (0001) plane.



