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Inventlon This invention relates to a growh nethod of a nitride I11-V
conpouiyd “seni conduct or, manuf act uri ng netho nduct or devi ce, and
sem conduct or device mhlch are especiially s mmmwmwmmmmmﬁpplication to

sem conductor |asers, light emtting diodes or ectron transport devices
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in

they have lately becone o nﬁ or eres Iace under active

devel opnents. Additi onal '%CI@Q&Q@@Wth\ﬁEW@I\Ia | arge possibility as
mat eri al of electron transpor evi ces suc Sat uration el ectron
velocity ofisaN b PR VavENt8loh 2. 5x107cnm's, which is larger than those of

Si, GaAs and SIC, and its breakdown electric field is as large as
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a nitride III-V compound semiconductor, manufacturing
method of a semiconductor device, and semiconductor
device which are especially suitable for application to
semiconductor lasers, light emitting diodes or electron
transport devices using nitride III-V compound
semiconductors.
Description of the Related Art

Gathompound semiconductors are direct
transitional semiconductors having forbidden band
widths ranging from 1.9 eV to 6.2 eV and enabling
realization of light emitting devices capable of
emitting light over a wide range from the visible
spectrum to the ultraviolet. For these properties,
they have lately become of major interest and placed
under active developments. Additionally, GaN
semliconductors have a large possibility as material of
electron transport devices such as FET. Saturation
electron velocity of GaN is approximately 2.5x10’cm/s,
which is larger than those of Si, GaAs and SiC, and its
breakdown electric field is as large as approximately

5x10¢ V/cm next to diamond. For these reasons, GaN
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sem conductors have been expected to be greatly hopeful as materials of

hi gh-frequency, high-tenperature, highpower electron transpor{4 mpay2oes.
These semi conduct or devices, in general, are nade of GaN sem conductors
grown on a substrate. Therefore, crystalline qualities of GaN

sem conductors are of great inportance for ensuring and inproving

per f ormances of these sem conductor deévices. However, since there is no
appropriate substrate good in lattice matching with GaN, sapphire
substrates are mainly being used for growi ng GaN sem conductors, their

| attice m semickndgokions Gave dagsy expaajed A Ihe areatly thepefwl chi ng
wth a substrate largely affects crystalline properties of GaN conpound
seni conduc@sr Bageaihdlish &fe d ghnfFraquengy bhigh reperatwre ofhtglst a
defects produced in GaN sem conductor |layers. To mnimze crystal defects,
convent i onBPHTe RBEGFEPIWIE AR SRAT iAW S growi ng a buffer 1ayer of GaN or

AIN on a sapphire substrate under |.ow t eraturge, then increasing the
substrate tenperatur &iltet?eaﬁtﬁﬂq' tor r‘ﬁer%r% AR z%el??lfaj;hoafﬁer eaf ter
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cm2 . For the purpose of decreasing the density of such deféects) it has

been repor pHREFornHintE S NHEYE s il CortaiRst oAt @e eDENENt | ROREV¥ryised to
grow I11-V conmpound sem conductor |ike GaAs conventionally, then provide a

mask of ansimed ahexe fid Mo wdprepisidte asulpxtoetd | goodniholatvicel ongat ed
belts extending in the <11-20> direction in predetermned intervals on the
GaN | ayer, martehtingr edfttterGalel exapniel ye gswhs trdds | ayermaynhydbedingvapor
phase epitaxy (HVPE) (for exanple, Jpn. J. Appl. Phys. 36(1997)L899). This
t echni que &@ed damigHawinRg rGaN esemtCoRMAC YL Hi tmgﬁdlﬁgtélﬁél ocation to

approximately 6x10'cmZ ) . There are also other techniques of performng
sel ective FHEMAFBHNY rGAl 1§ Ver¥et®T9Rde on the substrate to extend

and makd ng. o sem condAABI® | GhLERFLEE meteh e PEEE Ar RUBSEFaER Vol )
king a sem condifH™R i ght 2 y
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layers.

To minimize crystal defects, conventionally
employed was a technique of growing a buffer layer of
GaN or AlN on a sapphire substrate under a low
temperature, then increasing the substrate temperature
to about 1000°C to re-crystallize it, and thereafter
growing GaN semiconductors thereon, thereby to improve
the quality of GaN semiconductors (for example, Appl.
Phys. Lett. 48(1986)353, Jpn. J. Appl. Phys.
30(1991)L1705).

Even with this technique, however, reduction



4 structure (Appl. Phys. Lett. 72(1998)211, Jpn. J. Appl. Phys.
36(1997)L899). According to these reports, the density of threatiap@003

di sl ocation can be decreased to approximtely 1x10' cm 2. In these
exanples, it has been confirmed that the lifetinme of a sem conductor | aser
made above is elongated to 1000 hours or nore. However, according to the

| nventor's own know edge, the GaN senBconductor |ayer obtained by
conventional growth methods introduced above still include a |ot of crystal
defects near the boundary wth the substrate, and the density of defects
has not be@f uHAERL sipfeetents 1 inbhety FRADBRAMRRTLEF PEE | NVENTI ON | t
is therefore an object of the invention_to provide a growh nmethod of a
nitride |1 defeskmpolprPeehitbnduthreadadgleleration) ndsasdilddi &scryst al
nitride I11-V conpound seni condugjor of a high quality with a |ow density
of crystal Hea@s,1&nFhnough di0t &t o a seniconductor device manuf act ured

b i hi h hod d i hod aof ) d

device. The i nventor HeHic PecBaFErEs 06 GUoFEBALABNEREr S5PEHEY Mol ved in

the conventd,gil ad £4pL auge - JDepLER°RLEHERCA! FoS YRR LZRANPS QM FI 0S. 1
S renent O -Tay di acCti o

and 2 show resul of nkasu frr n spectrum taking

sampl es' cadly o 14BN 20035 PERRAERMI DY G58YI BY grGWNThaver by MOOVD on a

c-pl ane sapphire substrate via a nas 2 made in formof elongated

bel ts ext ensbmiound t §&mfdod@@ct i £€kb0Bahb BbAideheBhAaAdyl NitPeral s on the
c-pl ane sapphire substrate, and introducing X-rays into one of the sanples

froma dirgniéwiddodimaskabft ant DRsuBakinge€iEmgsudh asdsiintiedohe ot her
sanple froma direction vertical to the mask (see Fig. 4). It is confirnmed
from Fi gs. dxibsl £ilhain fibthoofhelbrgateadi beilbsl ex&endd ngxHinbithe a

si ngl e-peak property in the sanples in which the X-rays enter in parallel
to the mask¢1l42@xhitresthonuini ppedetervpuedy lnterNalsaop dde Gakhi ch
X-rays enter vertically of the mask. It has been noted through Transm ssion
El ectron hA%ﬁ!%%op@%d(%tﬁ?eéﬁﬁﬁysﬁglﬁﬁﬁﬂvﬁﬁg P5RYi tufeNalladeistyl axes

deviate at three_positions, on areas of the sk for selecgtive growh and
ar eas mﬁthdﬂYd¥%@£h%QROESPEﬁﬁﬁnePﬁtﬁﬁﬁ.(gypgﬁ Ef&? £XaMmpLiG Al of t he

s o, P RO RS et BT Sl
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along the bgyqgﬁéyoxfﬁaggh#yGxgbqﬁpaggion was observed through TEM and
i ntroduction of 'such defecis nay be a factor of deteriorating

There are also other techniques of performing
selective growth on a substrate via a mask made on the
substrate to extend in a direction different by 90°
from that of the above-introduced example, and making a
semiconductor light emitting structure on the
selectively grown f£ilm. This technique is configured
to grow a GaN layer on a sapphire substrate, for
example, by metal organic chemical vapor deposition
(MOCVD), next make a mask of silicon oxide to extend in
the <1-100)> direction in form of elongated belts in
predetermined intervals, thereafter grow a GaN layer

thereon by MOCVD and further make a light emitting



14 May 2003 6 characteristics of a sem conductor |aser nade thereon. The
Inventor found, as a result of various researches, that the usgmiy 203
nitride to formthe outernost surface of the mask be effective to prevent
inclination of crystal axes of a filmgrow on the mask for selective
growh. Figs. 6 and 7 show results of %reasurerrent of X-ray diffraction
spectruns, taking sanples each prepared by growing a GaN | ayer by MOCVD on
a c-plane sapphire substrate via a Si NN S102 mask nade by stacking a Si N
filmon a S102 filmin formof elongated belts extending in the <1-100>

di recti on BhTBeéusee(Appdd iBhVs v dletton 1Hel 228) 2k, stpphide BBBdtrate, and
i ntroduci ng. X-rays .into one of the sa];r;ﬁilres froma direction horizontal to

the mask aKBYEnt 86{AE ITIEES DanpAeIashing ke e sH TePeTESEr Bhet he nask.
It is confirmed fromFigs. 6 and 7 that, by selectiye growth using the mask
whose out efiﬁB§tdtt§qufa(,t§‘q?e§d§i% d‘wﬁ]&%o%fcqrh %a&%‘l’?%‘l‘sﬁﬂd verti cal
directions_qf _the sk.the X-ragys ate intr ced | ch s |l e exhibits
only one a§°t ﬁ‘é’%@%ﬂ“\%&qe'aﬁﬁ@"i ey i'na’[iltnoﬁ:q}) secr%?gq‘%ﬁef%i'esf%fti onal |y,
it is confirned f i f'}jﬁ“ i ! riance in
inclinati oheo_ g%&?tia %(égsﬂzlvﬁ %}%\@%Eﬁ%@%ﬁée r%én*g:‘é‘? ?gtégrmnst rates a
high cryst ghlsiene nil '%]%\RJ ihe Saigeida ety ﬂé@d“hclf:ﬁfg‘ o_rrhfnér ges not mean
that crystal axes of the 14 May 03 7 selectively growm Ti1lmchange in

every region as showjdwevds), ducdriinlyeto Jen®NBAvéh€oikhat olyAngi t udi nal
crystal axes are aligned over the entirety of the selectively grown film as

shown i n Fk@iowl.edt@d ! MAie QN ednicdndwEtéheldyém ostaphéarvsyi n quality.
Especially in a sem conductor light emtting device using a nitride Il11-V
conpound seonvenducnal drowtle meidkodsetntoodsetdcaboeegsdMi is a
multilayered filmusing silicon nitride or titaniumnitride as the nitride

form ng t hdnedudengstlatyrdficerystahedekertanneasi tiget bounflanvayithe
underlying | ayer, selective é;rovvt h is easier than the case using titanium

al one as t A@emgdbstgratey and viherdgpaltyeehudefestsnbre BeAbPECRI tri de
forms the surface. Additionally, when titaniumis used as the n-side

el ect r ode, TES¥ced M dGient W ype | ayer, which could conventionally flow
solely in the transverse direction, can readily flow in the |ongitudinal
direction. Therefore, its operation voltage can be reduced. It is confirned

fromFigs. 7B and 7COEFIB%ETSE¥% i#@@'ﬁtdﬁ’emﬂf %w#&g a mask with the
outernost surface of =T ect . ing the mask wth
outernost surface of § Ng eae&éﬁsspéeaﬁmbgé&@ 8£SthE! enkBRkd oWiteh
indicates inclination of crystal eyes, both in the parallel and verti cal

?i Irlect ! gtnﬁ ;fz;ﬁvatde/ea tPrdvieh SKnod\delE t Aonattydei ¥ TESVCeBhpomad t hat the
: " glmiconductor capable of growing a single-crystal
nitride III-V compound semiconductor of a high quality
with a low density of crystal defects, and also relates
to a semiconductor device manufactured by using this
growth method and a manufacturing method of the
semliconductor device.
The Inventor made researches to overcome the
problems 1nvolved in the conventional techniques. The
researches are summarized below.

Figs. 1 and 2 show results of measurement of

X-ray diffraction spectrum, taking samples each



14 May 2003 8 hal f maxi num (FWHM indicating variance in inclination of
crystal axes within the neasured range. This denpnstrates a higRay 2003
crystalline quality of the selectively grown film The present invention
has been nade through these researches by the Inventor. According to the
first aspect of the invention, there %s provi ded a growth nethod of a
nitride Il11-V conmpound sem conductor Tor formng a growh mask on a
substrate and selectively growing a nitride Il11-V conpound sem conductor on
the substrate by using the growth mask, characterized in: using as the
growt h nasprepaxed Hyaymrading lanGaN viaydr 2y INQGEHD con op stiplave thereof is
made of a nitride. According to the second aspect of the invention, there

i s provi dega@phdmef satgtratesitbd dlagk @fri Tdhdmadsr devia faff forning a
grow h mask on a substrate, and selectively growing nitride Il1-V conpound
seni conducedragatatdakiisstexianding simgthe et h dhsectionr dBteri zed in:
using as the growh mask a multi-layered filmin which at |east a top
surface t h&reGeteITRRa Jnteryals éhﬁxﬁtéiﬁf?cﬁ??ﬁp%ﬂ?rd aspect of the

Lvent o0, Ak S0 BLAGLIGIRER R0 ngsi 58 BhLrice 111V
samples from a direction horizontal to the mask (see
Fig. 3) and into the other sample from a direction
vertical to the mask (see Fig. 4).

It is confirmed from Flgs. 1 and 2 that,
although the c-axis inclination exhibits a single-peak
property in the samples in which the X-rays enter in
parallel to the mask, it exhibits a multi-peak property
in the samples in which X-rays enter vertically of the
mask. It has been noted through Transmission Electron
Microscopic (TEM) analysis that the longitudinal
crystal axes deviate at three positions on areas of the
mask for selective growth and areas without the mask as
shown in Fig. 5. In Fig. 5, inclination of the crystal
axes on the mask is not limited to the illustrated
example.

If a selectively grown film includes any
inclination in crystal axils, especlally if it includes
discontinuous changes as indicated above, then it is
presumed that lattice defects such as dilislocation have
been introduced along the boundary. Actually,
dislocation was observed through TEM, and introduction

of such defects may be a factor of deteriorating



characterized in that a growh mask, in which at |east a top surface
thereof is made of a nitride, is formed on a substrate, and nijjagoobs! -V
conpound sem conductors are selectively grown on the substrate by using the
grow h mask. In the present invention, the nitride on the surface of the
multi-layered filmformng the gromh mask may be any nitride basically.
However, its specific exanples are silGcon nitride (SiN) and titanium
nitride (TiN). Thickness of the nitride is preferably in the range froml
nmto 3 pm The nmultilayered filmmay be any of various conbi nati ons such
as conbi nacharastteaisdhdicie df |ansemiconductier ¥asew thedeobherean: nati on of
a netal filmand a nitride filmthereon, conbination of an oxide film a
filmthereon made up Td¥e ANVAntQRe £ORNGN ¥XidTeHMHE 0Hi YRTHRUEi | m t her eon,
and conbination of a first netal fil a second netal filmthereon

di fferent F—'leéﬁatl}?@erﬁ'rstth%tté}ef‘iﬁﬁ’n%oaapﬁﬂ“?%et‘?if?ﬁ‘i‘h‘é‘?‘%on, f or

le. Th ide fil b il ide_fi f le, th
it do fi CREREODE SURAAHS 1% (Vi T 1 SHCHEERC LI cOR AFEFPBE (S N film
titani itri Ti fil h t i b {i i Ti) fil
or a plati AORLEPALIAN (E TR (TR ot VO SR P he ARG AR K ox] de may
be gradual lf%raﬁﬂ Ié&q_q,@iéfé‘?&oxi de (SiNI_xOx (where 0<x<1) ) film for
y o tlh i-lTay

exanpl e. An ese mul ered films may be gradual |y changed 14 May

2003 10 in conpositign gl 0fleafd TOSKoWORESE] t&£Sof he8Suf8Rbhedos _
Configuration of the growh mask nmay be sel ected appropriately from various

confi gur at xoay AlsartLctiePpacEtind) tarkiegfsampbest 6hgr extending in
one direction relative to the substrate. In the present invention, after
form ng onprepaneditvigreawing sd GOV dyenshy i MOCWD nonf aacrplLahkayered film
including a nitride to format least its top surface, then selectively

growi ng a fsapgthime reutesttate/ whapsd uBitN 4810 £ aechke m@deorbyt et ackabng at e by
using the first growmh mask, and thereafter form ng a second growh mask in
form of a mulSHN |fhdar cah fa | AN Aldd dg £orm dfdelandayied ihelt®p surface on

the first nitride I11-V conpound sem conductor above _the |ocations of the
substrate Rt EADythee<} Q9> dbheRtheRkin spEReBRATHILRLAde 111-V

conmpound sem.conduct or be sel ecti vel ro on the first nitride II1-V
conpound séMTEIRAE A bV @sF I ape %@Bﬁﬁar%\ﬁkﬁpﬁgﬁf Fﬂat he present

i ti , b h K b | d Ln thi , th
orove h sy, R 58 e ' 98E  BF  HRachARRIRETEFOR, Pm as i te bot tom
growt h s conguet i b s |

ol o of it dh SRELESAYEL NS (LKE flsk! 2pa Pnel! ERESoLRBECILI D L
film ther eQumpQty s | 211 0f08: I8 2ot ELBR1 2ok! Lkt HRERON Made up of a

nitride and an oxide, and a nitride film 14 May 2003 11 thereon,

conmbi nation of a firstt et atohfifhed SL6ANHLGEL ab &hbMrt hBREQNDLYI f ferent
fromthe first netal film and a nitride filmthereon, conbination of an

oxi de fil mssickctivé aromtini tsine fhénmabkrehosecoubermbisan safrfaceetal film
and a titaniumnitride filmthereon, conbination of an oxide film a film
t hereon nads {lhbf whichever afidthe pardéledndnd versmcah nitride film
t hereon, and conbination of a first nmetal film a second netal filmthereon
different fdigactions ref the mask the X-rays are introduced in,
each sample exhibits only one as the peak indicating
inclination of crystal axes. Additionally, it is
confirmed that the full width half maximum indicating
varilance in inclination of crystal axes within the
measured range. This demonstrates a high crystalline

quality of the selectively grown film.

This does not mean that crystal axes of the



metal film and a titaniumnitride filmthereon. The sane filns as those
mentioned above are usable as the oxide film the netal film 1apgytdpgafil m
made up of a nitride and an oxide. In the present invention, the Substrate
may be a sapphire substrate, SiC substrate, Si substrate or spinel
substrate, with or wwthout a nitride Il11-V conmpound sem conductor grown
thereon. In the present invention, usable for growmh of the nitride IIl-V
conpound semi conductor are nmetal organic chem cal vapor deposition (MOCVD),
hydri de vapor phase epitaxy (HYPE), are nol ecul ar beamepitaxy (MBE). In

t he presemelecthvedy, grbwnnEfilndehhhpgeViooeperyd reghiccormducthmwn s made up
of at least one group Il elenent selected fromthe group consisting of Ga,
A, In, BHamdFIg, andbutiedoesndemonstuptey &hatedcagiftiuddinadcl ude at |east N
and may additionally include 14 May 2003 12 As or P, where appropriate.
Speci fi c exEY®Fel akeshargi eligaed) pvercshgoendiZetvcdfdddror are GaN,

Al GaN, ALN, GalnN, AlGInN and_InN. In the present invention having the
above sum@®loebl¥elycoEPWn §iimeag ﬁﬁPVP-nggﬁﬁh B aRd hath thel udes a

itride f ] t | [ t f [ th wt h k, th

111 de orPRhEteby Ohr ElEeTBAMGE FORGOEi R Ueli VAl axes of the of own
filmint i t ' [ f A AR d
cem conduct or - and t REPERYoRatuats % PREgePArtthr ThaHt St eing oine

cryst al ax&évfé?tgﬁéﬂgoﬂﬂn&%¥iﬁe ¥H§-%b%%%?oﬁ%ﬁ.@Q%quﬁ%ﬂé¥3§1 ff£atures

and advantage o resent 1nvention becone readi [y apparéent from

the fol l owng HRERI 18EaUESE' SRIERR 1VBCGRRWLINHGN d 1% PRyHAL I N
connection wth the acconpanyi ng drawi ngs. BRI EF DESCRI PTITON OF THE

DRAW NGS FEglmluk$ng €Hageom alewide ar edtanifim MEATHERIERE tHe X-ray
diffraction spectrumby introducing X-rays in parallel with the mask into a

GaN | ayer niktetdevEebymdhgwthiey outiermos tSisid famrek ofs tthee nggskvdndrask; Fig. 2

is a diagram showi ng a result of
using titanium as the underlying layer, selective
growth 1s easier than the case using titanium alone as
the mask for selective growth, because the more stable
nitride forms the surface. Additionally, when titanium
i1s used as the n-side electrode, the current in an n-
type layer, which could conventionally flow solely in
the transverse direction, can readily flow in the
longitudinal direction. Therefore, its operation
voltage can be reduced.

It is confirmed from Figs. 7B and 7C that,
even 1in selective growth using a mask with the
outermost surface of TiN similarly to selective growth
using the mask with outermost surface of SiN, each
sample exhibits a single peak, which indicates
inclination of crystal eyes, both in the parallel and

vertical directions relative to the mask.

Additionally, it is confirmed that the full width at



measurenment of X-ray diffraction spectrum by introducing X-rays vertically

of the mask into the GaN 14 May 2003 13 |ayer selectively giomayRpossi ng

the S102 mask as the growth mask; Fig. 3 is a diagram showi ng an aspect in
which X-rays are introduced in parallel with the mask; Fig. 4 is a diagram
showi ng an aspect in which X-rays are_introduced vertically of the nmask;

Fig. 5 is a diagramschematically sho&ﬁng I nclination of crystal axes of a
GaN | ayer selectively grown by using a S102 nask as the growmh mask; Fig. 6

‘bil iy 2‘3&3%“% L PR e o Y EhariRghupR SPectrum
: : : . h - Fig 7A
Z?agfghvghg)vf\ng:?%%isﬁ%fﬁn&%iﬁnﬁ%@? %&Edéﬁ i ra’gﬁ?%n slpgct r umI Eya

i ntroduci NgXior@hSe i£al4 g%%¥?§*éi five ENjayer selectively
grown by uglleﬁlé)rthe a\él‘{gl\%/ SE?LOZ %‘agtkr%s t he gro(iv&h rrgis:k; Fig. 7B is a diagram

showi ng a RIWdti/feiEaprs@ierii®f X-ray diffraction spectruns by
introducing X-rays in parallel with the mask into the GaN | ayer sel ectively

grown by using the TiThégsiesent henesorddn sk ; béey. mdde i 8heodghgr am
showi ng a result of nmeasurenent of X-ray diffraction spectruns by
I nt or duci ngh¥seayse seatclossd | yy othe hEnwesskornt o t he Gan
According to the first aspect of the
invention, there is provided a growth method of a
nitride III-V compound semiconductor for forming a
growth mask on a substrate and selectively growing a
nitride III-V compound semiconductor on the substrate
by using the growth mask, characterized in:
using as the growth mask a multi-layered film
in which at least a top surface thereof is made of a
nitride.
According to the second aspect of the
invention, there is provided a manufacturing method of
a semiconductor device for forming a growth mask on a
substrate, and selectively growing nitride III-V
compound semiconductors on the substrate by using the
growth mask, characterized in:
using as the growth mask a multi-layered f£ilm
in which at least a top surface thereof is made of a
nitride.
According to the third aspect of the

invention, there is provided a semiconductor device

using nitride III-V compound semiconductors,



14 May 2003 14 | ayer selectively grown by using the Ti N mask as the growth
mask; Fig. 8 is a diagram schematically showi ng inclination oﬁ4méygogj axes
of a GaN | ayer selectively grown by using a growth nmask which includes a
nitride formng at least its top surface; Fig. 9 is a cross-sectional view
for explaining a manufacturing nethod of a GaN conpound sem conductor | aser
according to the first enbodi nent of Phe invention;, Fig. 10 is a
cross-sectional view for explaining the manufacturing nethod of the GaN
conmpound sem conductor | aser according to the first enbodi nent of the
i nvent i on; chiagackerized chiosthatt @ i grnewtviraskorirxphichi ay fLkest
manuf acturing nmet hod of the GaN conpound

a top surface thereof is made of a nitride, is formed

on a substrate, and nitride III-V compound

semiconductors are selectively grown on the substrate

by using the growth mask.

In the present invention, the nitride on the

surface of the multi-layered film forming the growth

mask may be any nitride basically. However, its

specific examples are silicon nitride (SiN) and

titanium nitride (TiN). Thickness of the nitride is

preferably in the range from 1 nm to 3 pm. The multi-

layered f£ilm may be any of various combinations such as

combination of an oxlide f£ilm and a nitride f£ilm

thereon, combination of a metal f£ilm and a nitride f£film

thereon, combination of an oxide film, a film thereon

made up of a nitride and an oxide, and a nitride f£ilm

thereon, and combination of a first metal film, a

second metal f£ilm thereon different from the first

metal film and a nitride film thereon, for example.

The oxide f£ilm may be a silicon oxide film, for

example, the nitride film may be a metal nitride f£ilm

such as silicon nitride (SiN) f£ilm or titanium nitride

(TiN) f£ilm, the metal film may be a titanium (Ti) film

or a platinum (Pt) £ilm, and the f£ilm made up of a

nitride and an oxide may be gradually a silicon nitride

oxide (SiN,_0O, (where 0<x<1l)) film, for example. Any

of these multi-layered films may be gradually changed



sem conductor |aser according to the first enbodi nent of the invention;
Fig. 1,2 is a cross-sectional view for explaining the nanufacpumhggougthod

of the GaN conpound sem conductor | aser according to the first enpbodi nent
of the invention; Fig. 13 is a cross-sectional view for explaining the
manuf acturi ng nmet hod of the GaN conpound sem conductor | aser according to
the first enmbodi ment of the inventionlOFig. 14 is a cross-sectional view
for 14 May 2003 15 expl ai ni ng the manufacturing nethod of the GaN
conpound sem conductor |aser according tqQ the first enbodi ment of the
i nvent i on; 1R gompesition: afs ong QL HFe RBVPIF1&8piH Fhg a current path
in the GaN coqu%nd
desired.
Configuration of the growth mask may be
selected appropriately from various configurations. A
typical configuration thereof is a stripe extending in
one direction relative to the substrate.
In the present invention, after forming on
the substrate a first growth mask in form of a multi-
layered film including a nitride to form at least its
top surface, then selectively growing a first nitride
III-V compound semiconductor on the substrate by using
the first growth mask, and thereafter forming a second
growth mask in form of a multi-layered f£ilm including a
nitride to form its top surface on the first nitride
III-V compound semiconductor above the locations of the
substrate not covered by the first growth mask, a
second nitride III-V compound semiconductor may be
selectively grown on the first nitride III-V compound
semliconductor by using the second growth mask.
In the present invention, the growth mask may
be used as an electrode. In this case, the growth mask
must include a conductive film such as metal film as
its bottom layer, or include a conductive nitride as
its top surface. Specific examples of the growth mask
are combination of a metal film and a nitride film

thereon, combination of a metal film, a f£ilm thereon

made up of a nitride and an oxide, and a nitride film



sem conductor | aser according to the first enmbodinent; Fig. 16 is a
cross-sectional view for explaining a current path in a GaN clammsu2ao3
sem conductor | aser which is nmade without using a conductive growh mask;
and Fig. 17 is a perspective view for explaining a manufacturing met hod of
a GaN conpound sem conductor | aser according to the second enbodi nent of
the invention. DETAI LED DESCRI PTI ON OF1THE PREFERRED EMBODI MENTS Expl ai ned
bel ow are enbodi nents of the invention with reference to the drawings. In
all of the drawings illustrating enbodi nents, the sane or equival ent
conponent stis¢eednbeteonbivntlt ioamadEn ar €ieisenme talnEdas. aFisgscorfi t hr ough 14
show a manufacturing nmethod of a GaN sem conductor |aser according to the:
first enbadétahtfilmt hberpoandidferend Ealdms dinec diasdt metadsdrilshown here
has a SCH structure (separate confinenent heterostructure). In the first
enbodi mentand asnifridhofidlinn thergophy cpobdnation of an oxide
film and a titanium nitride film thereon, combination
of a metal film and a titanium nitride film thereon,
combination of an oxide f£ilm, a film thereon made up of
a nitride and an oxide, and a titanium nitride film
thereon, and combination of a first metal film, a
second metal £ilm thereon different from the first
metal film, and a titanium nitride film thereon. The
same films as those mentioned above are usable as the
oxide film, the metal £ilm, and the film made up of a
nitride and an oxide.
In the present invention, the substrate may
be a sapphire substrate, SiC substrate, Si substrate or
spinel substrate, with or without a nitride III-V
compound semiconductor grown thereon.
In the present invention, usable for growth
of the nitride III-V compound semiconductor are metal
organic chemical vapor deposition (MOCVD), hydride
vapor phase epltaxy (HVPE), are molecular beam epitaxy
(MBE).
In the present invention, the nitride III-V
compound semiconductor 1s made up of at least one group
IIT element selected from the group consisting of Ga,

Al, In, B and T1, and one or more group V elements

which include at least N and may additionally include



16 Fig. 9, an n-type GaN undoped GaN | ayer 2 including an undoped GaN | ayer
and an overlying n-type GaN | ayer is grown on a c-pl ane sapphﬁ;m@l@@ggrate
1 having a previously cleaned surface. For growh of the n-type GAN undoped
GaN | ayer 2, any of MOCVD, HYPE and MBE, for exanple, may be used. Next
formed sequentially on the n-type GaN undoped GaN | ayer 2 are a first film
3 made of an oxide and a netal, a sec film4 made of a nitride and an
oxide, and a third filmb5 made of an electrically conductive nitride. Mre
specifically, a S102 filmTi filmor Pt film for exanple, is used as the
first filmg, o2 B, Nwhs©e eppreobribiten Bpddilficolex@mflidsnof ahexanple is
used as the second film4, and a TiNfilmor a SINfilm for exanple, is
used as theithidd TILAVScoSipoand lsemdoonductemek ared&a), dlGdadese first film
3, second film4 and third film5 is used as an el ectrode as expl ai ned

| ater, at AdNst GodgNof AdGaIndy andf iInM.3 and the third film5 nust be
electrically conductive. In case that a netal filmsuch as TiNfilmor SiN
filmis used as the fpr&hef pmesgnt dnvenddeme havi®ag Hihel aheveS nay be any
of a TINfilmor a SINfilm If the first film3 is an oxide filmsuch as
Si 02 fil mshmBarjgzed strpctunicousdnge & arddcliaverad §ilm, vipkchmki ng

t hese fi rs&afﬁgl m 3, second film4 and third filmb5, vacuum evaporati on,

SEUt 'éle][i Ing ué?g, a‘]EBIj‘té:d Ifé,r"ﬁél \g (5 l}§€(ff 't S HP 1P R t he

i i 5 i , i i 14 2003 17
T aiSelohenthsy STgel MR el nhtalide ‘G d %op MlegODS 1T
(o anaEtfBs popRiitrutih ATt HEd be HIRE dudyil £ HedlPond |

processed By ighmBntd dediing &V Yrdwtdtidh tHY PrEriae, 1ip-venove dust
or an oxide filmtherefrom Next as shown in fig. 10, a resist pattern 6 in

form of stEoppdudd eRMiiRGNEIdHCHE! lahdftHdiel neahices of rédgubari pe of the
sem conductor |aser in predetermned intervals is formed on the third film

5 by |ithogoaphmenthefediotiditi@itidle dyutall dxtes reSitdie pakdwin 6 may be
vertical of the <11-20> orientation of the c-plane sapphire substrate 1,
for exanpl daylext as shown in Fig. 11, using the resist pattern 6 as a
mask, the third filmb5, second film4 and first film3 are etched
sequentially to formThegahave .n@id pihert uditpetimscf¢ataresand3, second
film4 and third film5. Wdth of the growh nmask 7 nay be determ ned
appropri at 80yandage o£ Ahe RResent SR telonrarilt PeEURE ngeadidYet ching
i ke reactive ion etching. (R or wet etchj usi n n_etchant of a
yair of & aor PEPREERY. e IS i SRR RIS Bt i o 12 the
resi st patter I s.r.epoved., Af.ter that) t C- hj substrate 1
havi ng fortr'%gl((:?I;‘-te(tg)é:J Sqrh&v(\#ﬁ 1n$as1i<60\76? & aﬁfr%raué;ogx 7’%%&2 af% § 2003 18
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a result of
measurement of X-ray diffraction spectrum by
introducing X-rays in parallel with the mask into a GaN
layer selectively grown by using a SiO, mask as the
growth mask;

Fig. 2 is a diagram showing a result of
measurement of X-ray diffraction spectrum by

introduclng X-rays vertically of the mask into the GaN



reaction tube of a MOCVD apparatus. This reaction tube is nade of quartz or
stainless steel, for exanple. Sinultaneously introduced into {hgay©8g63i on
tube are trinmetyl gallium (TM3 or triethyl gallium (TEG), for exanple, as
the source material of Ga, hydrogen (HZ) or nitrogen (N2), for exanple, as
the carrier gas, and silane (SiH ), for exanple, as the n-type dopant. In
this case, for ensuring good selectiud gromh, the supply anount of the
source material is adjusted to limt the gromh rate preferably not higher
than 6 pm Substrate tenperature is set in the range from500 Cto 1200 C,
for exanplrayénks@lettivele geoaunbyt hatinlowhkeeHiey, andskRSabekaw 500 C
cannot give a sufficient mgration energy to the source material supplied
onto the ocgpbwtie mapkhi re substrate 1 having forned the grow h mask 7,
whereas hi gh tenperatures exceedi ng 1200 C cannot ensure a sufficient

growt h rate because Bigan3etgessidiagtesy showinl wEine asdiesdi dm coef fici ent of
the source nmaterial and cannot ensure the safety of the reaction tube. In
thi s mannéfhiehl Xnpawsi are) gntrodugede dny Pargldwh vdddutheomasie n-t ype
GaN undoped GaN | ayer .2 having fornmed the growth nask 7, and an n-type GaN
| ayer 8 nuch reducedf+€-dfstFi BuBlagram shoyingdiaiaasnsil At axes and

havi ng a od crystalline quality is .obtained.gs a tinuoys film Next as
shown in %Yolgf°114’,¥’§8§ﬁeﬁfﬁa#§r ﬁg\ﬁﬁdoﬁetrﬁ %—ﬁ?’pé’f&%&}q 8 by MOCVD are
an n-type GaN 14 2003,19 | r - . cl i.ng | ayer 10,
n-type GaN opti cal g/g%[gé a%ér al%?'%ggt%fnv%ﬁ%%rﬂf‘%# visﬁﬁgoqqaf"&l _

XInxN Gal _y, i a | 1 r r # ;reéia GaN

opti cal gu:{‘ gy{'\g%#ﬁ&?)?kp?ﬁg?é}l ee\x%tscllba%dﬁll %g g’fr 1%&%&3%‘%% GaN
contact | aypéwiShy! isiigSac83®, mhsSkeabhend- ¥BAtaNakRyer as their base

| ayer is a high-quality single crystal having a | ow density of crystal
defects, these | ayerrigl.se 30w @9 ayreiv Ghdwing H MEsIy kst al s with | ow
densities of crystal defects. Gowh tenperature is set to approxi mately
1000 C, f aneasanphentfof ¥ramatyh ddif firae Hisrerspewitruordyai ni ng 1 n, nanel vy,
n-type Al GaN cl adding | ayer 10, n-type GaN optical guide |ayer 11, p-type
GaN opt i calntpoducingeK-rayspiny paraldeN otidddithe Imgek imtearl GaNype GaN
contact l|layer 15, and to approximately 700 C, for exanple, for growh of
the | ayer ta¥eri aphgctAvedanmsmevwn hy asdng g H138Y/SiO.haaskg asha

Gal _xInxNGa~_ YInYN multi quantum wel| structure. In an exanple,

t hi cknesseST8FthnB&&K;iayers are 3 umof the n-type GaN layer 9, 0.5 pm of

th -t Al GaN cl [ | 10,, 0. 1 f th -1 Ga tical id
[ ayer 11 0.1 um of FAE-pIENS Gl iR PR D AR O S of he
-t Al ' I . t GaN tact |

5. 'R cormoerPPOReRY oI R-rhy ARErhot R el 0 X el addi ng | ayer

10 and the - i r = , h-type
A G ol adun s 0T A8 e R Y 4, IR M RO e o8 e 1 hyer

11 are dopggdysit BePecth¥e1§X yHIwh tﬁsdsﬂﬁigf NN Afb ! B sk tagpe GaN
optical guide |layer 13, p-type Al GaN cl adding | ayer 14 and p-type GaN
contact | ayre drowth fMapkd with My as their acceptor. After that, annealing
is conducted to electrically activate the donor and the acceptor doped into
these | ayers, especi &lilgy t7iBe iac e plimgmopexshowiing tderqgswlpeofzaN opti cal

gui de layer 13, p-type Al GaN cl adding | ayer 14 and p-type GaN contact | ayer
15. Tenpermeasurementhefadredy mylfifragpipkaxispeetyum9®dL, for exanpl e.
Thereafter, a stripe-shaped resist pattern (not shown) with a predeterm ned
width is fdriEQIERinge Xynayse Impaichilet Yhllkerthe naskxivkd Fhethe <11-20>
orientation of _the c-plane sapphire substrate 1, for exanple. Using the
resi st patfefnla¥ex sediectiRrd A LRherFRo e THY BaskpRE, until
exposi ng t@&nt%ge gal\l/ undoped GaN | ayer 2 and the growth mask 7 to pattern
the p-type CENIEGHER.MaSKjer 15, p-type Al GaN cl adding | ayer 14, p-type GaN

optical guide |ayer - active |ay - i.cal _guide |ayer 11,
ntype Al GaN cl addi ngﬁz%ie(r:}dld',s na?t%%&%}{ln?%%@%&%n%g%?%geoghN | ayer 8
into a nes i t1.gNn. _Et}gp, i S as the etching
mask is rei_?rg\%gg.&b%%é?eg tgr_, pq s’iﬂﬁrea{&(;‘fsieiti1 r%%éeé%'glggoﬁga Ni/Au filmor a
N/ Pt/ AU T h Rk Lc@ Ry -SaysS ROy O Pnd YREsahh 69Nt aet Ghﬁyﬂ 15,

and an nside electrode 17 rrade of a Ti//Al film for exanple, is May
2003



21 formed on the n-type GaN undoped GaN | ayer 2 and the growmh mask 7 in
the | ocation adjacent to the nmesa portion. The n-side el ectrogdemay 2083

el ectrically connected to the n-type GaN |l ayer 8 via the n-type N undoped
GaN | ayer 2. After that, the c-plane sapphire substrate 1 having fornmed the
| aser structure through those steps is divided into bars by cl eavage, for
exanpl e, to nmake opposite cavity edgfﬁ, and an edge coating is coated on
these cavity edges. Thereafter, each bar is divided into chips by cl eavage,
for exanple. through these steps, the intended GaN conpound sem conduct or

| aser havilayenhesspeeivetyugrove bynpséngdthas TdNpmaiskedsalidnee, accor di ng
to the first enbodi nent, since the n-type GaN | ayer 8 having a good

crystal | i rECWieh imgskhiformin orientation of the |ongitudinal crystal axes

is grown by selective growth using the grom h mask_7, and the GaN conpound
sem conduct or | ayer sF+9r n® nySt Redlagepmserhienatdcadd Ygs&MWi®g t he n-type

Sggn'gityiél’ﬂlrrﬁcfﬁ“aefﬁ °§E3cﬁ§€%%8”%¥%%éhf'r %fﬁég?ﬁ%?r‘g‘ri%%l%%t‘ﬁ&%}%ééﬁ.” stes
Addi ti in t N i i to.,t i rst

embodi ment S eThoet afs 0 .E “GhETER Fhek, bpEPh, EReThEENE Batdad ayer of the
growt h mask,fniSq3afeidhsfi 1 8L0kof & yfgggglhaV|ng alow ~ 4 May aaa3 as

specific resistance, a current 1ntroduced between the p-side el ectrode 16

and the n-side el ectppge 4735duhi Rgo8REERELEBNRNOVE eWER#gh the growth mask
7 wwth a ~.ow resistance as shown in Fig, 15 Therefore, thickness and

carrier coggslainih@naohahlicadtiyRfgCabithiodopedaGaN @aipor@ not af f ect
the operation voltage, it is therefore possible to reduce the operation

vol t age. Téemiconddutotrajjases ascogdpagedowthle £irateenblodimant Fig. 16 in
whi ch, wi thout the use of the conductive growth mask used in then first
enbodi nentoft tike cinventiontr oduced between the p-side el ectrode 16 and the
nside el ectrode 17 flows into the n~type GaN undoped GaN | ayer having a
hi gher specific resiElgncdOt hgnat pyossosegtdonalavdenm forand t he operati on

voltage is therefore affected by thickness _and carrier_ concentration of the
n-type GaNttRHdbRingakheapapufackpxingypeihedd ofs thenGalt LAMRIURE net hod of

a GaN sem congduct gr | aser according.to the co enbodi.ment of the

i nvent i on. S§AEC gPQ%ﬂFcEﬁﬁ?EtGFchgéPgsﬁﬁvﬁsﬁ%QﬂJ§H£§W9ﬂ§1¥%§§+structure.
As shown in.FiQ. 17, 1 he second enbodi nent, the growth mask 7 is farned
to extend ?% %%?a%?g?ngfgﬂ'the direction of the stripe of the sem conductor

Lo TS D00 TRl 13 S RRBUERRL G v il | enst L Lo
conducti veeRp1hPa¥hat tRE- mdRBrabRulrif oS MR NB Y 1 Gakft MRpARNS 23
semiconductor laser according to the first embodiment
of the invention;
Fig. 12 is a cross-sectional view for
explaining the manufacturing method of the GaN compound
semiconductor laser according to the first embodiment
of the invention;
Fig. 13 is a cross-sectional view for
explaining the manufacturing method of the GaN compound
semiconductor laser according to the first embodiment

of the invention;

Fig. 14 is a cross-sectional view for



the fist enbodinent, the n-type GaN | ayer 8 is selectively grown by using
the growth nmask 7, and the n-type GaN layer 9, n-type Al GaN cis4dy pgod ayer
10, ntype GaN optical guide layer 11, active layer 12 having the

Gal _xIn,~N Gl _Yiny,Nnmlti quantumwell structure, for exanple, p-type GaN
optical guide |ayer 13, p-type Al GaN cl adding |ayer 14 and p-type &GN
contact |ayer 15 are sequentially graMh on the n-type GaN | ayer 8.
Thereafter, a stripe-shaped resist pattern (not shown) with a predeterm ned
width is formed on the p-type GaN contact |layer 15 to extend in the <11-20>
ori ent at i @xpdfaiming -themanabpetueingbnetheod af the e€a¥ngpwpounidng t he
resist pattern as a mask) |l ayers are etched by RIE, for exanple, until
exposi ng 1SEIAGRRIGEQT | kgeer caceopdirgr hot keepfiypt emReddmenst | ayer 15,
p-type Al GaN ¢l addi ng | ayer 14, p-type GaN optical guide |ayer 13, active

| ayer 12, 9t *&ﬂéﬁﬁ&g%hl gui de | ayer 11, and n-type Al GaN cl addi ng

| ayer 10 into a nes onfL%uiation. Thene %he rfsiit pgttern used as the
etching mask is re 1 et@aft &SP RE ﬁ-%?ﬂ% eV &€¥r 688 is formed on the

- Ga ' is f d h
- type Gatibhtng B KutpenBiPat iRt HHE, CaRrboRBENid 0L T Tesa
portion. Af

r =Pl a LI €,S t 1 I r,med t he
| aser strugﬁﬁfg;t #gﬁ%ﬁe%%%gt %?%%gﬁgng4gﬂhyﬁgogg£§£ F@Bépgﬁgég'into bar s

by cl eavage, for eX%ﬂH%?11601E359c98995EE@tE@MEEYV§€Q9§ora”d an edge
coating is coated on these cavity edges. Thereafter, each bar is divided

into chi psesplaieev@oe, chbrer¥apatr. 1thhaoggh tbapeuatieps, the intended GN
conmpound sem conductor | aser having the SCH structure is conpleted. As

expl ai ned sEmMmgndwcsxi bgsép whichetsnnadebwdihent, usiingeat he n-type GaN

| ayer 8 having a good crystalline quality uniformin orientation of the

| ongi t udi redndngiiee grewthsmgskwnahd sel ective growh using the growh
mask 7, and the GaN conpound sem conductor |ayers form ng the |aser
structure are grown BHIi hb7nisyderernsppafdve ¥iedNfesngstdadisd®isconduct or

| aser excellent in characteristics. elongated in |ifetinme and having a high
reliabilitdy "apfrctering@ethadi Af ae§é%i GempepBd; FERigGP

enbodi ments of the present invention wi.ith reference to ,the acconpanying
dravi ngs. $359% 25 BESERGerSr oA FREPREREMPREGAEPENSE| E0fot 11 i Lod t o

t hose preg{selggggginents, and that various changes and nodifications may
be effected“pﬁereln'by one skilled in the art w thout departing fromthe
scope or the spirit of the invention as defined in the appended clains. For
exanpl e, numerical values, structures, substrate, source materials and

processes raipefaiDESXpEgoRipeioff oFhenE PREFRRREDE EMBODIMIBEigrent s are not

Explained below are embodiments of the
invention with reference to the drawings. In all of
the drawings illustrating embodiments, the same or
equivalent components are labeled with common reference
numerals.

Figs. 9 through 14 show a manufacturing
method of a GaN semiconductor laser according to the
first embodiment of the invention. the GaN
semiconductor laser shown here has a SCH structure
(separate confinement heterostructure).

In the first embodiment, first as shown in



14 May 2003 25 but exanples, and any other appropriate nunerical val ues,
structures, substrates, source materials and processes nmay beiggplyQpes. In
the first and second enbodi nents, the growth nask 7 has been expl ai ned as
extending in the <11-20> orientation of the c-plane sapphire substrate 1.
However, the extending direction of the stripeshaped growmh mask 7 may be
the <1-100> direction, for exanple. Id6the first and second enbodi nents,
the c plane sapphire substrate is used as the substrate. However, a SiC
substrate, Si substrate or spinel substrate, for exanple) nay be used if
necessary. FAddi 8i,0aal hy typlee GaN/sindaopdd Gadhd ayeho@ nerdludiawe dreen
expl ai ned as applying the invention to fabrication of GaN conpound

seni conductndopadefaeN Ralyerh@nidn\aen oiverr Lysi ngpml-ityplel Sado Yayter ckd i on of ,
needl ess to say, GaN light emtting diodes, and GaN conmpound FETs and ot her
GaN conpougdowheenr 8n ct-pPdiefigo sapphiinge substigatie Iahayda idbed above, the
gromh nmethod of a_nitride II1l-V conpound sem conductor according to the

i nventi on BEAVEPHRLY Silsgred. sp&facen t Fiofke 999t odnddith P se@onduct or of

hi gh i i.th | it f f i
?rul It?l g;z I@ yf’\f,’mfiﬁpf’ﬁcfs%ﬁ er&?flrn?ﬁt'?iad’&r ?‘%‘tr ﬂq@%afi@i{aqucfm surface as
the growk hosk, 1 My 2005 26 pddi ] anl . d e TN a1 g Tt hod o
a sem condu@tof *qevi ordi NG %

ce ac i o0 the Thvention™—c growd“singl e-crystal

nitride 1|1 thg ﬁgﬁgbggggﬁnm#% Qﬂcaefee%igﬁx%u'a‘l i#%%d%,%ntﬁﬁnl w density

of crystal defec g anu ay minc g anitride to

format |epghel bf BAP cRUdLENEA S 4N O hdBbHE ANy CAMAdCTSE 4 € can

manuf acture a hi ghperfornmance sem conductor device wth good properties by
usi ng suchpfichhigde ahldl a¥i ANFRINGIEME GANRHCNm MMARY &€ aecording to

t he seni conductor device accor di ng to the invention, a good-property,
hi gh- per f oefreste iealilgo ramiust iday et iade be Moare sfecifida®iyysdal nitride
[11-V conpound seni conductors of a high quality with a | ow density of
crystal deBéOpsfilmi Th &ildmsekelPti ¥alm,gfown expmpdeng iss usled grsowmt h nask a
multi-layered filmincluding a nitride to format least its top surface..

the first £ilm 3, a SiN, 0O, (o<x<1l) film, Ti film or Pt

film, for example 1s used as the second film 4, and a

TiN £ilm or a SiN film, for example, is used as the

third £ilm 5. Since the growth mask made up of these

first £ilm 3, second film 4 and third film 5 is used as

an electrode as explalned later, at least one of the

first f£ilm 3 and the third film 5 must be electrically

conductive. In case that a metal film such as TiN f£ilm

or SiN film is used as the first film 3, for example,

the third film 5 may be any of a TiN film or a SiN

film. If the first film 3 is an oxide film such as

S$i0, film, the third film 5 should be a conductive TiN

film. For making these first film 3, second f£ilm 4 and

third f£ilm 5, vacuum evaporation, sputtering and CVD,

for example, may be used. The TiN film used as the

third £film 5 may be formed directly, or by first making



14 May 2003 27 WHAT IS CLAIMED IS: 1. A growh nethod of a nitride I11-V
conpound sem conductor for formng a growth mask on a substrajgpmap9oo3
selectively growing a nitride I11-V conpound seni conductor on the substrate
by using the grcwth nmask, characterized in: using as said gromh mask a
multi-layered filmin which at |l east a top surface thereof is made of a
nitride. 2. The growh nethod of a nit{4ide I11-V conpound sem conduct or
according to claim1l wherein said nitride is silicon nitride or titanium
nitride. 3. The growth nethod of a nitride II1-V conpound sem conduct or
accordi ng adT't| fiimlanfetberegadité rmannieladyagedhiei Mh ifddinudas bt oxi de fil m
and a nitride filmthereon. 4. The growth nethod of a nitride I11-V
conpound safmenhdnc(BH; hckor dl by rbteegenizathenei nIEangcerFaEYLi Imis a
silicon oxide film_and said nitride filmis a silicon nitride filmor a
titani um nPefere Makingsthege &dawth fldimdd secens fdildge 4 1and/ conpound
sem conductor according to claim1 wherein said nultilayered filmincludes

a metal fi¥pdiadatdln ori §Ber sPRERRE O the PriaPer SRt YRAIRSE oM nitri de
11-V d i conduct ding to glai i id metal 14
vy 2009 DRETSF R sRoPPERAR, Y Atntane, dsried A, BrHRET I oi o nntr i de
filmi il iLri il it ani j e de 4l Maa.7. Th Wt h
et hod of SCHtPaB pRpiBLel, Tobrshobe Ehietloh bl S5 idd Baiel [0°91°

wher ei n saifepukiblhayered filmincludes an oxide film a filmnade of a
nitride and an oxide on said oxide film and a nitride filmthereon. 8. The

growt h nethod of a nnkkitdas! hoWnCamP@uyd 97 eORELIAA ROaPr i to claim
7 wherein said oxide filmis a silicon oxide film said filmnmade of the

nitride aniintbermxofestyipesi extendiny ivéetddaddayf idfnthnd said nitride
filmis a silicon nitride filmor a titaniumnitride film 9. The growth
met hod of d@inectide DEIl tlWec siyrdmed ofie riheo seurdicmn dacdnod i regsdmo dai ai m 1
wherein said nultilayered filmincludes a first netal film a second netal
filmdiffepradeteomingddintesvahst dis fidumesh@novdre yihigdfidnf 5 st net al
film and a nitride filmon said second netal film 10. The growth net hod
of a nitri®e HEhQIEaRrPFund Thenieddemdding daestdiony afo taisaoisther ei n each
of said firsﬁFHEtal filmand said second netal filmis a titaniumfilmor a

pl ati num fPRRFeLRAOSsIRY et Veddicaimats e&si{ilcdP niamhadeation #f a
ilm 11..The dof anitride Il1l-V conpound

sem conductB? SeBOPAPNGEPENITE: HUPHAE 1 s A0 SRARELS"

Next as shown in Fig. 11, using the resist
pattern 6 as a mask, the third f£film 5, second film 4
and first film 3 are etched sequentially to form a
growth mask 7 including these first f£ilm 3, second film
4 and third film 5. Width of the growth mask 7 may be
determined appropriately, such as 4.8 num, for example.
For its etching, dry etching like reactive ion etching
(RIE) or wet etching using an etchant of a hydrofluoric
acid, for example, may be used.

Next as shown in fig. 12, the resist pattern
6 1s removed.

After that, the c-plane sapphire substrate 1

having formed the growth mask 7 is introduced into a



14 May 2003 29 mask is stripe-shaped. 12. The growth nethod of a nitride
[11-V conpound sem conductor according to claim1 characteri ZﬁﬂM'a?iZOb@r m ng
on said substrate a first growh mask in formof a nulti-layered filmin
which at least a top surface there of is nmade of a nitride; selectively
growing a first nitride I1T-V conpound sem conductor on said substrate by
using said first growth mask; thereafﬁigr formng a second growh mask in
formof a nulti-layered film in which at |east a top surface there of is
made of a nitride, on said substrate in |ocations not covered by said first
growt h maskeaghdosetuabe ¢& @ YOSNDh@rPazaddii nitHierqaqtipn dierind

sem conductor on said first nitride I11-V conpound senm conduct or by using

sai d secondSgM8#HenOfagkarts Oof,StGIOHEs Sét offOF F%3MRL 1 | | - V conpound
i d di t laim 1 i id bstrate i hi

Substrat e SynelEsRbpuRly drtr3dlcbddfi B el Whatask e ot h o

i t hout Ltri [ 1) i t . d4. A

\rlrmanu? ;ct 3r ?%%&%S%oga&#ig&g%n%ﬂtﬁmﬁﬁgr %{)xvﬁ}%r%@é}gf r%’@vth mask on

a substrat xaﬁlggeselagcﬁl\éel%tﬁrg%\é“%e{?fiﬂ Qﬁl A'- \{‘%Hd]dﬁ’?ﬁm&ondum ors

on sai d substrate by using sal mask, characteri usi ng as

sai d grow RiRRglged TH H'féi‘eéﬁﬂm{;ilam b8 WheCBagiikeaghsa @R surface
t hereof is made of 12 May 2003 30 a nitride. 15. The nanufacturing method

of a sem ceaduaeor sdgy) ceraecexdinplel Oagl @he h4 tyher aopanai.d mniride is
silicon nitride or titaniumnitride. 16. The manufacturing nethod of a

sem conducthisdeases Foaokedisuring daidnsell edieree gsawich ) uthie - | ayered film
includes an oxide filmand a nitride filmthereon. 17. The manufacturing
met hod of s&uppdiyc amduaitoo fddhec scavmas diatterink| s mdBasted eko sai d oxi de
filmis a silicon oxide film and said nitride~filmis a silicon nitride
filmor a fimd# kFhenignowid mate prefemabhimmetadiigher thamod wn. a

semn conductor device according to claim 14 wherein said nulti-]ayered film

i ncl udes aSHbsirate hemperatiineg il 584 Mt Hdre rend®. £a9R SR ufGct uring

t hod of ' t devi [ t l,aim 18 ' id netal
Fim s a B0 JACHm P o5, SFABEda n A i G AT Y 1 m s &
i tride fil Citani tri (i ST .
TS L s R g R L E R 2

I ti-| fisdsm i |IJ_££E§ ' ' j n@,g&i itrid d
(r)rgi dia oﬁyggl?'glrg;}-‘ll éll %‘ﬁem an‘%paa%r% ?%Jdﬂééﬂw‘%t%%%%on. %eﬁh&eﬁ%%lnufag?ur?zg
met hod of  gneeW-GARMC LI ABMIE & ASSHF R DU 10a el 4 NESAndetgen sai d oxi de

filmis a silicon oxide film said filmmade of the nitride and
growth mask 7, whereas high temperatures exceeding 1200
°C cannot ensure a sufficient growth rate because of an
excessive decrease of the adhesion coefficient of the
source material and cannot ensure the safety of the
reaction tube. In this manner, as shown in Fig. 13,
selective growth occurs on the n-type GaN/undoped GaN
layer 2 having formed the growth mask 7, and an n-type
GaN layer 8 much reduced in distribution of
longitudinal crystal axes and having a good crystalline
quality is obtained as a continuous film.

Next as shown in Fig. 14, sequentially grown

on the n-type GaN layer 8 by MOCVD are an n-type GaN



14 May 2003 31 the oxide is a silicon nitride oxide film and said nitride
filmis a silicon nitride filmor a titaniumnitride film 2244\ 2003
manuf act uri ng met hod of a sem conductor device according to claim1~4
wherein said multi-layered filmincludes a first netal film a second netal
filmdifferent fromsaid first netal filmand overlying said first netal
film and a nitride filmon said seco metal film 23. The manufacturing
met hod of a sem conductor device according to claim22 wherein each of said
first metal, filmand said second netal filmis a titaniumfilmor a

pl ati num f 8% Tare &initdRE (HA1GaN r¢1adding LaveRr ol ninThyRe f¢alh or a

titaniumnitride film,2 The nufacturing nethod of a sem conduct or
devi ce accOPHLITE: FH98 ﬁﬁ ‘?/\/ngf'ei‘?f"fsdaY%l 4V iRg R efRras an

| ectrode. : f i t hod qf ' duct devi di
o ol o m 24 AR S DR a PR AORBERN HoddBSTRCHEER, BOfm and a nitride |-
filmth o T t\m&uf ' t f ' duct devi
aICC(Trdi ﬁgr;e%(%ag\%giem rz% ereG|9§rll\E ;gaépd&n%frwdgdé)i%a%?srgqaﬁ??qgﬁ%o% nie;“r;:ge film
27. The manpuicast Widsaimy hodaf w1 S.ﬁ{ﬁcﬁ’-ﬂlfﬂfé ?ﬁ'ﬂ?"*f‘ﬁ?‘?ﬁfﬁéﬂépg to claim

24 wherein said growt h mask ‘i ncl udes a net’a e of anitride

and an oxi d&.on IAitthioXigksd | |dinc e Mitygle ddN MANSF 6. thedé May 2003
32 28. The manufacturing nethod of a sem conductor dévice according to

clai m 27 whesei dayaim I8 ta ildgH-idualissty didgie wrydtdl deadingna29. The
manuf acturing nethod of a sem conductor device according to claim24

wher ei n sal@wgdemsii tyasif iomytsitek defléctst, ndiede fidysrs apsongrortal film
different fromsaid first nmetal filmand overlying said first netal film
and a nit r e hlighmanalddivl slagked onysta¥s vitiBQowhemattfestof i ng met hod
of a sem conductqQr device according to claim?29 wherein said nitride film
is a titanFivstedy defaqlisn $rowth tamreratune nkf Mathdb of a seni conduct or

devi ce accqordi n% t o cl.ai 4 wherein sai dl%.r owt h mask includes an oxi de

filmand a*PPESAHIRYAYY (PG i Gn diesr &3emede. A Rt af ithe method of a

hol udes. o ATERR Pt A T i 1S e 1 YRR oy, ST adalRg
layer 10, n-type GaN optical guide layer 11, p-type GaN
optical guide layer 13, p-type AlGaN cladding layer 14
and p-type GaN contact layer 15, and to approximately
700 °C, for example, for growth of the layer containing
In, namely, the active layer 12 having the Ga,_ , In,N/Ga,._
I0N multi quantum well structure. In an example,
thicknesses of these layers are 3 pm of the n-type GaN
layer 9, 0.5 pm of the n-type AlGaN cladding layer 10,
0.1 pm of the n-type GaN optical guide layer 11, 0.1 pm
of the p-type GaN optical guide layer 12, 0.5 um of the
p-type AlGaN cladding layer 14, and 0.5 pm of the p-
type GaN contact layer 15. Al composition is 0.1, for
example, in the n-type AlGaN cladding layer 10 and the
p-type AlGaN cladding layer 14. The n-type GaN layer

9, n-type AlGaN cladding layer 10 and n-type GaN



33. The manufacturing nethod of a sem conductor device according to claim
24 wherein said growth nmask includes an oxide film a film magemaj 2003
nitride and an oxide on said oxide film and a nitride filmthereon. 34.
The manufacturing method of a sem conductor device according to claim 24
wherein said growh mask includes a first netal film a second netal film
14 May 2003 33 different fromsaid fi28t netal filmand overlying said
first metal film and a titaniumnitride filmon said second netal film

14 wher ei n G %L%?#%ﬂ"d £1f £FE GRapGh b She ﬂﬁﬁﬁ%ﬁbﬁérag et hot
of a sem C%{%d‘*gi ShGE, 2658 Phadhl eyBLobt 14, fréafcg T

on said su |rs r owt formo a nmul filmin

whi ch at st S fqi sel ecti vel
gr owi ng a il rstﬁlniitlﬁ)e d#j:(fl;‘?ﬁ ?/i%gér%%g %hgggnaggn uct Y %%é substrat e?/by
using said édr{t%ctgr%é‘r%karé h&é\gé&tﬁitﬁoﬁ&‘ as @héffoaécgbe h mask in

formof a nulti-layered | eSt a top surface there of s

nmade of a MftdEesh®Hn, S&hﬂeéybﬁérﬂéecbﬂdhéﬁéal 08SeNeELLQMLLEY by said fi rst
growt h mask; and selectively growing a second nitride I11-V conpound

sem conducta:rtbmtm thé i dshoni anddehél hevepoopodopedeimtontdhesar by using
said second growt h mask. 37. The manufacturing nethod of a sem conduct or
devi ce accckafrers  cespetchalllywhbeecanceptdrsdbpedaintosthespppiibee
substrate, a SiC substrate, a Si substrate or a spinel substrate with or
wi t hout a rffal} ierti¢al \geddpolavesetPeoRdbrper AFatincladding. 1agera

sem conduct or device using nitride |I]-V cor‘rgound senm conductor s,
char act eri Zeti 398 Bzt YRe gFalit ﬁontigtl\/&?Y%Oé 34 FemRerakuff £ATat | east a

top surfacethereof magde of a nitr I med on a substrate, and
o Eride 11 1ERE R dons Sratekbhataty 2B0cch Vel SRBTRIEn oa d
substrate by using s

sy L@ Ay e Ph PO IaR N sy rapar phaped. RERHRVABRREEF AR £ A
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cMa U] c”a] ca] ca] caU] ca] c<a] caU] ca] cal] ca] ca
orientation of the c¢-plane sapphlre substrate 1, for
example. Using the resist pattern as a mask, layers
are etched by RIE, for example, until exposing the n-
type GaN/undoped GaN layer 2 and the growth mask 7 to
pattern the p-type GaN contact layer 15, p-type AlGaN
cladding layer 14, p-type GaN optical guide layer 13,
active layer 12, n-type GaN optical guide layer 11, n-
type AlGaN cladding layer 10, n-type GaN layer 9 and n-
type GaN layer 8 into a mesa configuration.

Then, the resist pattern used as the etching

mask is removed. Thereafter, a p-side electrode made
of a Ni/Au film or a Ni/Pt/Au film for example, is

formed on the p-type GaN contact layer 15, and an n-

side electrode 17 made of a Ti/Al f£ilm, for example, is
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semiconductor laser excellent in characteristics,

elongated in lifetime and having a high reliabllity can
be realized.

Additionally, in the GaN semiconductor laser
according to the first embodiment, since at least one
of the top layer and the bottom layer of the growth

mask 7 is a metal f£ilm or a TiN f£ilm having a low
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the fist embodiment, the n-type GaN layer 8 is
selectively grown by using the growth mask 7, and the
n-type GaN layer 9, n-type AlGaN cladding layer 10, n-
type GaN optical guide layer 11, active layer 12 having
the Ga,.,InN/Ga, ,InN multi quantum well structure, for
example, p-type GaN optical guide layer 13, p-type
AlGaN cladding layer 14 and p-type GaN contact layer 15
are sequentially grown on the n-type GaN layer 8.
Thereafter, a stripe-shaped resist pattern
(not shown) with a predetermined width is formed on the
p-type GaN contact layer 15 to extend in the <11-20)
orientation of the c-plane sapphire substrate 1, for
example. Using the resist pattern as a mask, layers
are etched by RIE, for example, until exposing the n-
type GaN layer 9 to pattern the p-type GaN contact
layer 15, p-type AlGaN cladding layer 14, p-type GaN
optical guide layer 13, active layer 12, n-type GaN
optical guide layer 11, and n-type AlGaN cladding layer
10 into a mesa configuration.
Then, the resist pattern used as the etching
mask is removed. Thereafter, the p-side electrode is
formed on the p-type GaN contact layer 15, and the n-
side electrode 17 is formed on the n-type GaN layer 9
in the location in the location adjacent to the mesa
portion.
After that, the c-plane sapphire substrate 1

having formed the laser structure through those steps
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1s divided into bars by cleavage, for example, to make

opposite cavity edges, and an edge coating 1s coated

on these cavity edges. Thereafter, each bar is divided

into chips by cleavage, for example. through these

steps, the intended GaN compound semiconductor laser

having the SCH structure is completed.

As explained above, according to the second
embodiment, since the n-type GaN layer 8 having a good
crystalline quality uniform in orientation of the
longitudinal crystal axes is grown by selective growth
using the growth mask 7, and the GaN compound
semiconductor layers forming the laser structure are
grown on the n-type GaN layer, a GaN compound
semiconductor laser excellent in characteristics,
elongated in lifetime and having a high reliability can
be realized.

Having described specific preferred
embodiments of the present invention with reference to
the accompanying drawings, it is to be understood that
the inventions is not limited to those precise
embodiments, and that various changes and modifications
may be effected therein by one skilled in the art
without departing from the scope or the spirit of the
invention as defined in the appended claims.

For example, numerical values, structures,

substrate, source materlials and processes raised in

explanation of the first and second embodiments are not
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but examples, and any other appropriate numerical
values, structures, substrates, source materials and
processes may be employed.

In the first and second embodiments, the
growth mask 7 has been explained as extending in the
<11-20> orientation of the c-plane sapphire substrate
1. However, the extending direction of the stripe-
shaped growth mask 7 may be the <1-100> direction, for
example.

In the first and second embodiments, the c-
plane sapphire substrate is used as the substrate.
However, a SiC substrate, Si substrate or spinel
substrate, for example, may be used if necessary.

Additionally, the first and second
embodiments have been explained as applying the
invention to fabrication of GaN compound semiconductor
lasers, but the invention is applicable to fabrication
of, needless to say, GaN light emitting diodes, and GaN
compound FETs and other GaN compound electron transport
devices as well.

As described above, the growth method of a
nitride III-V compound semiconductor according to the
invention can grow a single-crystal ﬁitride III-V
compound semiconductor of a high quality with a low
density of crystal defects by using a multi-layered
film including a nitride forming at least its top

surface as the growth mask.
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Additionally, the manufacturing method of a
semiconductor device according to the invention can
grow a single-crystal nitride III-V compound
semiconductor of a high quality with a low density of
crystal defects by using a multi-layered f£ilm including
a nitride to form at least its top surface as the
growth mask, and can therefore can manufacture a high-
performance semiconductor device with good properties
by using such nitride III-V compound semiconductors.
Moreover, according to the semiconductor
device according to the invention, a good-property,.
high-performance semiconductor device can be made of
single-crystal nitride III-V compound semiconductors of
a high quality with a low density of crystal defects,
which are selectively grown by using as the growth mask

a multi-layered film including a nitride to form at

least its top surface.
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WHAT IS CLAIMED IS:

1. A growth method of a nitride III-V compound
semiconductor for forming a growth mask on a substrate
and selectively growing a nitride III-V compound
semiconductor on the substrate by using the grcwth
mask, characterized in:

using as said growth mask a multi-layered
film in which at least a top surface thereof is made of
a nitride.
2. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said nitride
1s silicon nitride or titanium nitride.
3. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said multi-
layered f£ilm includes an oxide film and a nitride film
thereon.
4. The growth method of a nitride III-V compound
semlconductor according to claim 3 wherein said oxide
film is a silicon oxide film, and said nitride film is
a silicon nitride film or a titanium nitride film.
5. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said multi-
layered film includes a metal film and a nitride film
thereon.
6. The growth method of a nitride III-V compound

semiconductor according to claim 5 wherein said metal
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nitride film is a silicon nitride film or a titanium
nitride f£ilm.
7. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said multi-
layered film includes an oxide film, a £ilm made of a
nitride and an oxide on sald oxide £ilm, and a nitride
film thereon.
8. The growth method of a nitride III-V compound
semiconductor according to claim 7 wherein said oxide
film is a silicon oxide film, said film made of the
nitride and the oxide is a silicon nitride oxide film,
and said nitride film is a silicon nitride film or a
titanium nitride film.
9. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said multi-
.Jayered f£ilm includes a first metal f£ilm, a second
metal film different from said first metal film and
overlying said first metal film, and a nitride film on
saild second metal film.
10. The growth method of a nitride III-V compound
semiconductor according to claim 9 wherein each of said
first metal film and said second metal film is a
titanium film or a platinum film, and said nitride £ilm
is a silicon nitride film or a titanium nitride film.

11. The growth method of a nitride III-V compound

semiconductor according to claim 1 wherein said growth
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mask 1s stripe-shaped.
12. The growth method of a nitride III-V compound
semiconductor according to claim 1 characterized in:
forming on said substrate a first growth mask in form
of a multi-layered f£ilm in which at least a top surface
there of is made of a nitride:; selectively growing a
first nitride III-V compound semiconductor on said
substrate by using said first growth mésk; thereafter
forming a second growth mask in form of a multi-layered
£film, in which at least a top surface there of is made
of a nitride, on said substrate in locations not
covered by said first growth mask; and selectively
growing a second nitride III-V compound semiconductor
on said first nitride III-V compound semiconductor by
using said second growth mask.
13. The growth method of a nitride III-V compound
semiconductor according to claim 1 wherein said
substrate is a sapphire substrate, a SiC substrate, a
S1 substrate or a spinel substrate with or without a
nitride III-V compound semiconductor grown thereon.
14. A manufacturing method of a semiconductor
device for forming a growth mask on a substrate, and
selectively growing nitride III-V compound
semiconductors on sald substrate by using said growth
mask, characterized in:
using as said growth mask a multi-layered

film in which at least a top surface thereof is made of
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15. The manufacturing method of a semiconductor
device according to claim 14 wherein said nitride is
silicon nitride or titanium nitride.

16. The manufacturing method of a semiconductor
device according to claim 14 wherein said multi-layered
£film includes an oxide film and a nitride film thereon.
17. The manufacturing method of a semiconductor
device according to claim 16 wherein said oxide film is
a silicon oxide film, and said nitride film is a
silicon nitride film or a titanium nitride film.

18. The manufacturing method of a semiconductor
device according to claim 14 wherein said multi-layered
film includes a metal film and a nitride film thereon.
19. The manufacturing method of a semiconductor
device according to claim 18 wherein said metal f£ilm is
a titanium film or a platinum film, and said nitride
film is a silicon nitride film or a titanium nitride
film.

20. The manufacturing method of a semiconductor
device according to claim 14 wherein said multi-layered
film includes an oxide film, a f£ilm made of a nitride
and an oxide on said oxide film, and a nitride film
thereon.

21. The manufacturing method of a semiconductor
device according to claim 20 wherein said oxide film is

a silicon oxide film, said film made of the nitride and
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the oxide is a silicon nitride oxide f£1ilm, and said
nitride f£ilm is a silicon nitride film or a titanium
nitride £ilm.
22. The manufacturing method of a semiconductor
device according to claim 14 wherein said multi-layered
film includes a first metal film, a second metal film
different from said first metal film and overlying said
first metal film, and a nitride film on said second
metal f£ilm.
23. The manufacturing method of a semiconductor
device according to claim 22 wherein each of said first
metal £ilm and said second metal film is a titanium
f1lm or a platinum f£ilm, and said nitride f£film is a
silicon nitride film or a titanium nitride £ilm.
24. The manufacturing method of a semiconductor
device according to claim 14 wherein said growth mask
is used as an electrode.
25. The manufacturing method of a semiconductor
device according to claim 24 wherein said growth mask
includes a metal film and a nitride film thereon.
26. The manufacturing method of a semiconductor
device according to claim 25 wherein said nitride f£ilm
is a titanium nitride film.
27. The manufacturing method of a semiconductor
device according to claim 24 wherein said growth mask
includes a metal film, a film made of a nitride and an

oxide on said oxide film, and a nitride film thereon.
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28. The manufacturing method of a semiconductor
device according to claim 27 wherein sald nitride f£ilm
is a titanium nitride film.
29. The manufacturing method of a semliconductor
device according to claim 24 wherein said growth mask
includes a first metal f£ilm, a second metal film
different from said first metal film and overlying said
first metal f£film, and a nitride film on said second
metal film.
30. The manufacturing method of a semiconductor
device according to claim 29 wherein said nitride film
is a titanium nitride film.
31. The manufacturing method of a semlconductor
device according to claim 24 wherein said growth mask
includes an oxide film and a titanium nitride £ilm
thereon.
32. The manufacturing method of a semiconductor
device according to claim 24 wherein said growth mask
includes a metal film and a titanium nitride film
thereon.
33. The manufacturing method of a semiconductor
device according to claim 24 wherein said growth mask
includes an oxide film, a film made of a nitride and an
oxide on said oxide film, and a nitride f£ilm thereon.
34. The manufacturing method of a semiconductor

device according to claim 24 wherein said growth mask

includes a first metal film, a second metal film
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first metal film, and a titanium nitride film on said
second metal film.

35. The manufacturing method of a semiconductor
device according to claim 14 wherein said growth mask
is stripe-shaped.

36. The manufacturing method of a semiconductor
device according to claim 14 characterized in: forming
on said substrate a first growth mask in form of a
multi-layered film in which at least a top surface
there of is made of a nitride; selectively growing a
first nitride III-V compound semiconductor on said
substrate by using said first growth mask; thereafter
forming a second growth mask in form of a multi-layered
film, in which at lest a top surface there of is made
of a nitride, on said substrate in locations not
covered by said first growth mask; and selectively
growing a second nitride III-V compound semiconductor
on sald first nitride III-V compound semiconductor by
using sald second growth mask.

37. The manufacturing method of a semiconductor
device according to claim 14 wherein sald substrate is
a sapphire substrate, a SiC substrate, a Si substrate
or a spinel substrate with or without a nitride III-V
compound semiconductor grown thereon.

38. A semiconductor device using nitride III-V

compound semiconductors, characterized in that a growth
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of a nitride, is formed on a substrate, and nitride
III-V compound semiconductors are selectively grown on

sald substrate by using said growth mask.



