1 13 Cctober 2005 TITLE OF THE | NVENTI ON METHOD OF MANUFACTURING I11-V
GROUP COVPOUND SEM CONDUCTOR BACKGROUND OF THE | NVENTION Field of the

I nvention The present invention relates to a nmethod of manufacturing LIl1-V
nitride conpound semniconductor by hydride vapor phase epit a@yOgt 05
Background Art 111-V Goup nitride cdrrpound sem conductors represented by
the general formula InxGayAl zN (where 0 < x <1, 0<y 51, 0:52z <1, X
+y +2z =1) can be adjusted in direct band gap energy by varying the |11
G oup elenent content. As this makes them adaptable to optical energies of

wavel engths from ul traviol et tQTLEOF THEMNVENTIORND! e as hi gh-efficiency
light-emtting elenent materials over a range extending fromultraviolet

to visible light. Mreover, since they have a | arger band gap than Si,

GaAs and ot her such sem conductors wi dely used up to now, they can maintain
the char aqETHOD OF MANWFSETURINGII-§TGROUPC OMPOUNDISEMICONBULTOR ch
conventional sem conductors cannot operate. This property is basically
utilizable to fabricate electronic devices with excellent environnental
resistance. OMng to the very high vapor pressure of the Il1-V G oup
nitrideg conpound senm conBRCKGROUVNDHEF THE INVENGIONhe nel ting point,
however, growh of a large crystal is extrenely difficult and a crystal of
a size practical for use as a substrate for fabricating sem conductor chips
cannot be obtained. The general practice in fabricating conpound

senm condudtiedofite Inkentiehore to use a substrate of Si, GaAs, SiC, 2

The present invention relates to a ﬁlethod of manufacturing HI«V
nitride compound semiconductor by hydride vapor phase epitaxy (HVPE).
10 - |
Background Art
III-V Group nitride compound semiconductors represented by the
general formula InyGa,AlLN (where 0 <x<1,0<y<1,0 5 z<l,x+y+z=1)canbe
adjusted in direct band gap energy by varying the III Group element content. As this
15  makes them adaptable to optical energies of wavelengths from ultraviolet to red, they
are usable as‘ high-efficiency light-emitting element materials over a range extending
from ultraviolet to visible light. Moreover, since they have a larger band gap than Si,
GaAs and other such semicoﬁductors widely uéed up to now, they can maintain the
characteristics of a semiconductor up to high temperatures at which conventioﬁal
20  semiconductors cannot operate. This property is basically utilizable to fabricate
electronic devices with excellent environmental resistance.
Owing to the very high vapor pressure of the III-V Group nitride
compound semiconductors in the vicinity of the melting point, however, growth of a
large crystal is extremely difficult and a crystal of a size practical for use as a substrate
25 for fabricating semiconductor chips cannot be obtained. The general practice in

fabricating compound semiconductors is therefore to use a substrate of Si, GaAs, SiC,



e

13 October 2005 sapphire, ZrB2 or other material that has a crystal
structure simlar to the conpound sem conductor and enables | arge crystal
fabrication and to epitaxially grow a desired single crystal thin-fij]lm
| ayer on the substrate. Relatively good quality crystals oﬂ3ﬁW@§¥r29@%pound
seni conduct ors have now becone obtai #abl e by using this method. By using 5
t he netal organi ¢ vapor phase epitaxial (MOWPE) nethod to conduct growth
using a buffer layer, it is generally possible to achieve a hal f-val ue
width for (0004) of around 200 seconds as neasured fromthe x-ray rocking

. On_the. ot h ' : . h o
favor 9t har [affler UAIARA 0T GYREPsRRLI® (M hecmmpen

f avor abl yS3&P grow ng conpound sem conductor in the

poi nt s g;s%gg?d&épor%g%gbfegqﬁgéQﬂrs?ﬁ’ifﬁﬁﬂdétibﬁ aad hb espiraiklin gpaw iat Jesoeg st al

growt h sitng .1ncorporati'on of inpurities. However, HYPE |ags
behi nd W{”ﬁﬁé),%ﬁ%ﬂ&tﬁﬁﬂ dsq i fdberaet REhiisdiypbd Qhalityeytaloepiteaxi al
endbf ng

nmet hod wo-stage growth using a buffer layer. In actual practice,

a thin fiksﬂlgéungrs% BuRBsHAVE KHR e cEhO vbtalmbMBYRE ny thismeethod By wsiiged as
a base layerrand at iclﬁ | ayer of the conmpound sem conductor is 15

homoepy t aege%étmog$ﬁywV%rtﬂlﬁsé)aﬁimxﬁaiXMOWEHMOdAm coxbiikt BrpvERASINg ®ven
when honoepitaxial growth is conducted by HVPE, however, it is difficult to
obt ai n h&ﬂ%‘ﬂ%i & Ys GEnssdB poaviele 1 avhidee artaif-vauhwidil fenbRORohepEnGl so -
come to Irght, such as that crystallinity of the grown layer is inferior:
to that Ofgd HR.RASE haekd fivm txidenceditgcurytie fact that the. hal f-val ue

wi dth of the x-ray rocking curve (XRC) of the grown layer is_ 20 broader
than that of the basephayebtheBWyMARYydEHe THkgOr e BN EL coBPAEhH e
present invention is to provide a nethod for obtaining  hi gh-_qualfi té -V

G oup conpQUAYlSeRTh GafRe HetiRKs of yotwihg c@Bpolmdishmicostjeet inghe paiatsR t

invention iIs to provide a nethod of growing TIT-V Goup conpound .

sem cenduglokth CrYStald ebitiey | @ntachiever highpukitni grystply grewiix tRyh SHPRISHHRS
incorporation of impurities. However, HVPE lags behind MOVPE and other methods in
the establishment of 2 heteroepitaxial method enabling two-stage growth using a buffer
layer, In actual practice, a thin film of around 3 um thickness grown by MOVPE or the
like is used as a base layer and a thick layer of the compound semiconductor is

15  homoepitaxially grown on the base layer by HVPE. As cracking occurs even when

homoepitaxial growth is conducted by HVPE, however, it is difficult to obtain

high-quality crystal over a wide area. Other drawbacks have also come to light, such as
that crystallinity of the grown layer is inferior to that of the base layer, as evidenced by

the fact that the half-value width of the x-ray rocking curve (XRC) of the grown layer is

20  broader than that of the base layer.

SUMMARY OF THE INVENTION

An object of the present invention is to ‘provide a method for obtaining

high-quality -V Group compound semiconductor crystal.

25 Anocther object of the present invention is to provide a method of

growing II-V Group compound semiconductor crystal excellent in crystallinity by



3 HYPE. Anot her object of the present invention is to provide a nmethod of

manuf acturing Il1-V G oup conpound sem conductor that enabl es epitaxial
growh of 111-V Goup conpound seni conductor excellent in @r(éstt gl Ii'o%ty at
low cost. The inventors conducted numerous and various tests dnd o

experinments to achieve this object.3These were prem sed on the thinking
that, while growth of GaN crystal by HYPE is usually conducted at

at nospheric pressure, it is conceivable that crystallinity nay be affected
by grow h pressure change. This approach led to the discovery that crystal
quality i es markedly when the deposition pressure is slightly higher
than atno eric pressure. The present invention was acconplished based on

this finding. The nethadiof .pREUHAGE! pidsent! inkenticl Bup piovidede meshgsbahd
sem conductor by HYPE accordi'ng to the present invention is characterized

in that tgﬁnuggtg%'gtﬂpv Grop Sefoirid S&hicoaduradr thatwemables zpitgdal gropih offhe
deposition pressure is preterably not |ower than 850 Ton, nore preferably

not | ower yrt Rag, QB%okotind 34icehduredr ekbelieht infirgstaliivienet low @ahnot be obt ai ned
when the depositron pressure is lower than 800 Torr. In accordance with
anothey feature of theydmoarss condterdi mmeravsand aariousytestaind SXPERTERS [q | - v

G oup nitride conmpound sem conductor represented by the general f'ot;agul'a ‘

| nxGay Al ZpL{ R ekie ogiéc:. These were ftefmised on the tinking: that while gr Owhr"fz&"‘l—“ AL

formed by 20 by hydride vapor phase epitaxy, a crystal Iay@B‘t of hxluv G oup
conpound eEivaENEUGHAly copdogbd emtmbspheriy STEafUre, it I\FOBERIVARS Bt AYTIGNEY
preparing a substrate and formng the I11-V Goup nitrjde co

ound
sem condughpbe efiediétibys ubatl pressunnciange Tisppproarlyled 5p BEiycevay rﬁl‘%(’)f:ry FBher

t han 800 Torr. The substrate can be appropriately se|] ecfed from anpn
mat eri al spaligh improas Harke@yAsvhesi Qe ZeBBAd PEEPHAI &Se.sl@élé( Eilh%#e’alr@%‘gbe
made of a substrate of nitride conpound sem conduct or %rtglvwh gn one of the
f or egry NQatsidsteriatpessirel Theginesent ibyention was accomplished based on this finding. |

The method of manufacturing -V Group nitride compound
semiconductor by HVPE according to the present invention is characterized in that the
deposition pressure is set to not lower than 800 Torr. The deposition pressure is
preferably not lower than 850 Torr, more preferably not lower than 900 Torr. The eﬂ_’ect

15  of this invention cannot be obtained when the deposition pressure is lower than 300

Torr.

In accordance with another featﬁre of the presént invention, when a
crystal layer of III-V Group nitride compound ‘semiconductor represented by thg general
formula In,GayAl,N (whefe 0<x<1,0<y<,0<z<L x+y+z=1) is formed by

20 by hydride 'vapor phase epitaxy, a -crystal layer of II-V Group compou:ﬁd semiconductor
excellent in crystallinity can be obtained by preparing a substrate and forming the -V

Group nitride compound semiconductor on the substrate under a deposition pressure of

not lower than 800 Torr.

The substrate can be appropriately selected from among materials such
25  as Si, GaAs, SiC, ZrB; and sapphire. Use can also be made of a substrate of nitride

compound- semiconductor grown on one of the foregoing substrates beforehand by




S 13 October 2005 4 MOVPE, nol ecul ar beam epitaxy (MBE) or the |ike. Wen

alll-V Goup nitride conpound sem conductor is epitaxially grown on such
a substrate using HVPE, the <crystallinity of the I11-V Gauyp.nitri
@ conpound seni conduct or obtai ned can be narkedly inproved &3é?°t?lf‘|35128§%i ng

at nospheric pressure deposition by sétting the 5 deposition pressure
slightly higher than atnospheric pressure. The reason for this is not
certain but is considered to be that the pressurization alters the growh
mechani smin a manner that upgrades the crystallinity. It is also possible

to first for nitride ' IRe K& 2 AM-VhEraypbsitride e and

thereaftel?’l%bm R 0?1@{1&F%@gpqqﬁg?ﬁ%gggqﬁftl%&dmom%ound sgﬁpconddﬂlljct or
tal | th MRYA d ' b t awi 5) ol

crystal la eirwq{rf ggg}%ﬁh@#bﬂ%déig{mﬂ'i?o%%%smmd@‘ steatk ayieg HYPRydhd de

vapor ph osI t pressure of not |ower than 800

Torr. BRI EF PLANAT, it Ehdue isined: coh
%ngy E%t h‘% dl k{f-hlifa;a#lggﬁ)gﬁéﬁd@%ﬁﬂcﬁﬁd i &rpshode chgr ans

for expl &t 15 enbodi nent of the present invention.

FIG 2 is_a,schenat] LG At SRRV Rehdspierier presupaldepasitien bl settingothe
deposi t i JATEE 'clglrpdaxg?dgw%anu actglri ng %stem used to conduct the processes

of Fl D, Fiu% tgl?’%#t fofdraRih ShEpIgicepressnee Tht veasop fafthisds 1ot t he
e

- bbbyt
react ar odfep?ﬂg o103 SYyS hoWwn in FIG 2. FIG 4 is a graph showi ng how

XRC hal f - val - di b | £5 @Sthat the WisdsinAatioh attepsabe grovthpresbens® ing
speci rrensceﬁﬁﬁ‘ﬁqu\gégh&e%ﬂgéccor di ng tolytﬂhe present invention. FIG 5.is a

m crogr aplga@lgp%&g #&}%d&a%et biyatallidin durif sde gossleofo drstoBrapacitids

manuf act ure accor& Tig to the ‘present invention. FIG 6 is a mcrﬁIgraph

showi ng tHe, i thhRohddcdsibydrasethstsabsrand amal thereafter grow the required III-V
Group nitride compound semiconductor crystal layer on the nitride compound

10  semiconductor layer by hydride vapor phase epitaxy under a deposition pressure of not

. lower than 800 Torr.

BRIEF EXPLANATION OF THE DRAWINGS
FIGs. 1A— 1D are process diagrams for explaining a method that is an
15 embodiment of the present invention.
FIG. 2 is a schematic diagram showing the principal parts of a vapor

deposition semiconductor manufacturing system used to conduct the processes of FIGs.

l1A-1D.
" FIG. 3 is a graph showing a temperature profile in the reactor of the
20  system shownin FIG. 2. _ |
FIG. 4 is a graph showing how XRC half-value width varies as a
function of deposition pressure in specimens manufactured according to the present
invention.
FIG. 5 is a micrograph showing the GaN thin film surface state of a

25  specimen manufactured according to the present inventior.

FIG. 6 is a micrograph showing the GaN thin film surface state of a




13 Cctober 2005 5 speci nen manufactured by a conventional nethod.

DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS FI Gs. | A- 1D are process di agrans
for explaining a nethod that is an 5 enbodi ment of the present, inv i on.
First, a sapphire substrate 1 of appropriate size is prepaf%@cw%éﬁﬁi ng
to renove oil and water (FIG 1A). T washi ng can be done using any of
various known cleansing fluids. Next, the washed sapphire substrate 1 is
pl aced in an MOVPE reactor and surface etching is conducted at a high
tenmperature of around 1000 C. A buffer 10 |ayer 2 of, for exanple, AN,

GN, A GN | C eNL 9k e¥Veatiorl fnefieer at ure of about 500 C (FIG 1B).
Af ter forﬁ%et%lg%en%%?ﬁu?#éﬁ}buf er layer 2, the tenperature is returned to

about 1000 C and a I11-V Goup nitride conpound sem conductor layer 3 is
formed (FIG 1C). The nultilayered sem conductor crystal obtained in this

manner is used as @erMMMEWDmt ai ned base
| ayer B is set in an HYPE 15 reactor to epitaxially growa |Il-V G oup

nitride conpound sem gERAUSLOID arppressstiagras for brplejaingramethad Sat s an

| nxGayAl zN (where 0 :5 x <- 1, 0 <y <1 0<z<-1 x +vy +,z=1). The
conpoufid SEAL&RRAHSE BE peisertinientioni BireysafiphirasubsragaNof ABPTAPREESIZE |5 t her e
is obtained a GaN thin film4 (FIG 1D). The epitaxial growh of the GaN
thin fil n]sgpe d b&h@sl@i@?@o Femyete 0B anenvdter FBGAUAY ddenvrabing CcanBe AR08

condi tion gppropri ately selected 20 from anong those known to the art but
t he depospky efvapioaskrtven cluatsingefluids. | ower than 800 Torr. The use of a

deposition pressure of 800 Torr or higher, i.e., oqne slight i gher _ than
at nospheric pressur e,Nm,rﬂhedi@shédqmpbie@sqhﬁga@rg,gtpéqceadapg&bﬁg%g&@raN thin
film4 over that obtained at atnospheric pressure. FlI I chematic -
di agr am s hgivigack heeching icéqelictpdrat ¢ bigh dempgrature o€ a&;&g‘syfqooﬁ. AR duct or
manuf acturing system 10 that is an exanpl e of ap HYPE sem conducto
manuf art uldysg?2 sfsfoe rexarsple] AN o FFaNppV eal | $1§ ’tsﬁge‘hﬁf% atg t@rﬂ@er%t%esé% i
ébout 500 °C (FIG. 1B). After formation of the buffer layer 2, the temperature is
returned to about 1000 °C and a II-V Group nitride compound semiconductor layer 3 is
formed (FIG. 1C). The multilayered semiconductor crystal obtained in this manner is
used as a base layer B in this invention. The obtained base layer B is set in an HVPE
15 reactorto epitaxiallj.r grow a [TI-V Group nitride compound semiconductor represented by
the general formula InGa,AlN (where 0< x<1, 0=y <1, 0z, x+y+z=1).
The compound semiconductor grown in this embodiment is GaN. As a result, there is
obtained a GaN thin film 4 (FIG. 1D). The epitaxial growth of the GaN thin film 4 on
the base layer B can be conducted under temperature conditions appropriately s_eledted
20 from among those known to the art but the deposition pressure must be not lower than
800 Torr. The use of a deposition pressure of 800 Torr or higher, i.e., one slightly higher
than atmospheric pressure, markedly improves the crystal quality of the GaN thin film 4
over that obtained at atmospheric pressure. _
FIG. 2 is a schematic diagram showing the principal parts of a vapor
25  deposition semiconductor manufacturing system 10 that is an example of an HVPE

semiconductor manufacturing system usable for implementing the method of the present




6 invention. 13 Cctober 2005 The vapor deposition sem conductor

manuf acturing system 10 is equipped with a reactor 12 that is supplied
through material supply lines 11 with source gases froma startin
material supply system (not shown). A susceptor 17 is provﬂééﬂxwﬁﬂgﬂﬁ55
reactor 12 for placenent and heatingsof t he base layer B. The starting
material supply lines 11 consist of a first line 11 A for supplying N2
purgi ng gas, a second line 11B for supplying NH3 and carrier gas, and a
third line 11 C for supplying HO and carrier gas. The carrier gas
supplied.b Ehe second line 1113 can be N2 or H2 alone or a mxture of N2
and H2. Tﬂé“IEerier gas supplied by the third Iine 11 C can also be N2 or

2 al one or a mixtur gyl N3 adhoshy HoemiBhaRABRUSEAGIAES dyefODORL ed TO

an exhaust port 12A T eactor l'ow rate of "exhaust gas

di scharged 1 hr t J Lne ' I ; trol

el ve VP e IR i ARG e TR Ll LWL Siccont Tl
ressure | ) it . . 12

her of or €158 Hobhe MRt S e o
rate §°'“&éa%{or\i§'f§lgp1af#ﬁlgﬁb&dm SN Dask E/ef BAThObarkidg inSat il Qefpbplidey a

& :
pressure sensor out put t he préssure sensor 14 is sent to

pressure (di.spl ] £ ot it r §S&0ohe lihe 1B orfsagslyiap 12 can
PP Pl Shoieg o g o escine e 1D

be nonitore _ enbodi nen 14 is attached to
the exhapgi, ﬁﬁ@%ﬁg%‘?&ﬁ@@ﬂﬁﬁmﬁe QX0 EtSlipploig HAndrarich gas ThevcarAtrezagont 1 ol

20 val ve to enabl'e detection of the pressure in the reactor 12. An

el ectri Csﬁpﬂﬂi@@%g 6 sdcon@ 1Ay 108 tah Ok Mneat Hp glohdor AUAKERE of Nb 7and Hie The eact or
12 can be heated to establish the required deposition tenperature profile

by  suppl.ylieg Jsfségﬁiee%ﬁﬂth&miru iR@CEC & Mkd be Neat Hpglofielbr £mixtire@fNa apdwer
source (not s%own . FIG 3 shows an exanple of the deposition tenperature

profjde yy the reactor 12. 25 In the vapor deposition sem conductor
manuf acturi ng system 10 of the _

An exhaust line 13 is connected to an exhaust port 12A of the reactor 12.
The flow rate of exhaust gas discharged through the exhaust line 13 is regulated by a flow
rate control valve VL provided in the exhaust line 13. This enables control of the pressure
in the reactor 12. The deposition pressure of the reactor 12 can therefore be controlled to

15  the desired value by regulating the flow rate control valve VL.

The pressure in the reéctor 12 is detected by a pressure sensor 14. The

output of the pressure sensor 14 is sent to pressure display 15 by which the depbsition
pressure in the reactor 12 can be monitored. In this embodiment, the pressure sensor 14 is
attached to the exhaust line 13 between the exhaust port 12A and the flow rate control

20  valve VL to enable detection of the pressure in the reactor 12.

An electric furnace 16 is provided for heating the susceptor 17. The
reactor 12 can be heated to establish the required deposition temperature profile by
supplying the electric furnace 16 \Aﬁth heating current from a power source (not shown).
FIG. 3 shows an example of the deposition temperature profile in the reactor 12.

25 In the vapor deposition semiconductor manufacturing system 10 of the

foregoing configuration, source gases supplied to the reactor 12 through the starting



e

f oregoi ng configuration, source gases sup

_ , plied to the reactor

fgeestgrtlng 13 Cctober 2005 7 material supply lines 11 reagt éﬁ :E;Oggge
Iy r B (omtted in FIG 2) placed on the susceptor 17 he

Faggﬁrgc ;ﬁgnﬁggdlg to_vagpr ﬂepositythe desired GaN thin ﬁbﬁ%ﬁg%ﬁbﬁﬁg base

. as is discharged ¥o the exterior thro

Port 12A to be sent through the exhaust line 13 to an e;ggugPeggghaust
reat ment apparatus (not 5 shown). This process will be explained nore

specifically. The base |layer B obtained in the process of FIG 1Cis

pl aced on the susceptor 17 in th t - i :
the react®itenal sURRLY {HF’Fé éaﬂ?%f“ﬁ%% ﬁ%&48?%rlg,r Omnﬁﬁ%gnﬁfﬁgagza)sglasﬁgglrm% :ngt gg

a profile of the_deposition it r I 68, is frRWasi i
iir 416,
g);g;rgltgr(ﬁﬂrﬁrggt;rgfgf%alb@ t?“e&‘ﬁ%ﬂg%@rﬁ%ﬁ 1!(())n ? ﬁltea%ﬁ)ggsu\r@gsd?ﬁstgl a;hﬁli’Sﬁlﬁ?Le 0
flow,r OnLEald 16ahy Bct¥iod Bra@htthekxlisust § '
gfst;BFi g)ﬁfg@ﬁ aa%?gbﬁ%ﬁ%%“ﬁ%%ﬁsg 1%" gxﬁahés/t Ilihcr)]e 13 "and ther:tbiildmw rate
e . . . . '
CEe0BF 1o bl @khalBi isarasmeiteappernus —
|toL_essu_re i%_{‘hge PEY 8Pgliéheaf’a’%§)q%grt, Gor i nastance. 1%1 A hi gh-qh(zlrti)?y GaN
re:‘grtélrdzghgﬁ’ln lghuiDgom_ 0[1 the base layer B by, as explained with
d 1D, maintaining the deposition, pressure sli h '
t . _ tion, ghtly higher
T e U s Ropseewilh B SOl mope sheamty B e o
itri _ : y grown by HYPE, a lll-V Go
1 de ooy cem coniuerrr el Bucueion oodsapt i n e aven e T
; e deposition pressure slightly highe
E) E?gt 2?1 gos?_l) pqee% isfﬁu%?ﬁ%ﬁ ﬁFOTﬁaeregétgﬁmtandlﬂWGﬂNithm filoud is)gm@msfgrath Fﬁ?og 01[
[ Stri value for its ability to manufacture high-?uality
tele

111-V Gqu g LG i i nr

! &rau UG 3 Y eBbsiBén kampesmate lil ehat shown v rlCof3,

![m/ﬁn;!f)ﬂ %%{??arqjﬁgg |pn&tﬂhe foreggi ng reﬂiﬁ es to the case of growng a GaN
o ném%pe (tﬁa& Pﬁie | ayer B. However, the present '

While keeping an eye on the pressure display 15, the operator
regulates the flow rate control valve VL to control the flow rate of the exhaust gas
passing through the exhaust line 13 and thereby establish a flow rate of the source gas

that maintains the deposition pressure in the reactor 12 at 800 Torr, for instance.
15 A high-quality GaN thin film 4 is thus gown on the base layer B by, as

explained with reference to FIG. 1D, maintaining the deposition pressure slightly higher

than atmospheric pressure, ie., at 800 Torr or higher. When a III-V Group nitride

~ compound semiconductor is epitaxially grown by HVPE, a NI-V Group nitride

compound semiconductor having very good crystallinity can be manufactured merely

20 by setting the deposition pressure slightly higher than atmospheric pressure. The present
invention thus offers a method of outstanding industrial value for its ability to
manufacture high-quality ITI-V Group compound semiconductor at low cost.

The embodiment of the invention explained in the foregoing relates to
the case of growing a GaN thin film 4 on the base layer B. However, the present

25  invention is not limited to this embodiment and can, for example, provide the same

excellent effect when applied to regrow a GalN layer by ELO (epitaxial layer




25 invention is not limted to this enbodi nent and can, for exanple,

provi de the sane excellent effect when applied to regrow a GaN | ayer by ELO
(epitaxial layer 8 13 October 2005 overgrowth). The present i nventi can
al so be directly applied when a substrate of a material vvi1t3kp‘§°\’eét2%§e
constant relatively close to that of & he conpound sem conductor to be
produced is used as the base layer. 5 Wrking Exanples (Exanple 1) The
vapor deposition senm conductor manufacturing system 10 showmn in FIG 2 was
used as set out belowto epitaxially growa GaN thin fil mon a base |ayer

of GaN forned on 3,390BEF GrShRS LAl b be MAly sbPlihsLbeaREbaine of an the

reactor 19VG&¥ y regulating the flow rate control valve VL

concor t ant| v, Wi § IRSIAUES fleh 85 oseABUhNSr theTDRpaLAL Seriitaduter | 1

the react 81 S es (S : wn in FIG 3. The starting materials
were suppli.ed : t tio of 25 (NH3 partial pressure: 0.2
arm @d Impté Qrfjglﬁcegrlgggﬁragl:&&%géfé!Lagreg atm and grow h was conducted wth the
i nternal pressure of the reactor 12 controlled 15 to 910 Torr. As the flow
rate was constant, the carrier gas flowrate was varied with pressure. The .
experifpen VB85 & gl ed using a mixed carrier gas conposed of equal
anounts o N2 : H2 =1 : 1), Specinens for conparison were
produced at pressur 2hpRQ§ Torr and 760 Torr. The invention specinen
produced at a deposition preSsure of 910 Torr 20 and the specimens for
conpari son produced athehRpesidpositionsansotdstorinBnGcTomgsygemndd shaenin wer e
evaluated for crystallinity by x-ray diffraction anal ysis. Change in_the
hal f - val ugie Wi Whduell 2XRG dut-belw tfoogpitaxiglly grover Ga¥ tii 600 onsmbasg 1ayer of0)
obtai ned by the analysis is plotted as a function of the deposition
pressure G—E%I'fé[ﬁed‘bnaléa hubdietd BOVVREI (10 - 10) diffraction results,
the hal f-value width ( M full wdth at hal f-maxi num was _
10 The temperature in the reactor 12 was controlled by regulating the flow

rate control valve VL concomitantly with temperature increase, and the temperature profile

in the reactor 12 was established as shown in FIG. 3. The starting m#eﬁds were supplied

at a constant V/III ratio of 25 (NH; partial pressure: 0.2 atm, GaCl partial pressure: 8 X

10 atm) and growth was conducted with the internal pressure of the reactor 12 controlled

15 to 910 Torr As the flow rate was constant, the carrier gas tlow rate was varted vﬁth

pressure. The experiment was conducted using a mixed carrier gas composed of equal

amounts of N, and H; (N : Hp= 1: I). Specimens for comparison were produced at
pressures of 300 Torr and 760 Torr. |

The invention specimen produced at a deposition pressure of 910 Torr

20  and the specimens for comparison produced at deposition pressures of 300 Torr and 760

Torr were evaluated for crystallinity by x-ray diffraction aﬁalysis. Change in the half-value

width of XRC (x-ray rocking curve) for (0004) and (10 - 10) obtained by the andiy_sis is

plotted as a function of the deposition pressure in FIG. 4. In both the (0004) and (10 ~-

10) diffraction results, the half-value width (FWHM: full width at half-maximum} was

25  smallest when the deposition pressure was 910 Torr, and the improvement in

crystallinity over the specimens obtained at deposition pressures of 300 Torr and 760



25 smal | est when the deposition pressure was 910 Torr, and the inprovenent
in crystallinity over the speci nens obtained at deposition pressures of
300 Torr and 760 13 Cctober 2005 9 Torr was pronounced. Th I
denonstrate that the crystallinity of GaN thin film inproﬁ%@aéﬁgﬁzt %
deposition pressure is i ncreased. FI& 5 shows the surface state of the GaN
thin filmgrowm at a deposition pressure of 910 Torr. FIG 6 shows the
surface state of a GaN thin filmgrown at 5 a conventional deposition
pressure of 760 Torr. Qbservation of the two surfaces confirned that crack

occurrence coul d be suppressed t bt ai r $vebf GuNTaEeilst at e
sol el y b?oﬁfﬁéﬁséﬁ%‘i’%cgﬁ %ep'é?é‘iu% @# rs{e}g%udr% tb ?gmé%%?l%ér to 910 Torr.

(Exanmpl e 2) 10 A specinen was y groning a GaN thin filmon a
base IayE?PYB’f’eSG?éIR‘Fp“ftg? H&?Sgﬁnfq%g‘g%ﬁﬁny%g%égtrate by MOVPE. The sane net hod

as in Exanple 1 'vvaseﬁ&en%r Eﬁ(?es?tthg %ﬁﬁa&%”&f tihe Garpash tfileh gaswestire to

836 Torr. The surfac ol'ogy o e speci men was observed wth an

optical m,ccrascope. Th I £ pELGAN thindtl awnl aof
excel | ent QPR §Y W%&%gtfogfp@?f%?%ﬂ#q%%ﬁﬁfvaI ue 15 angigtrh of the

0004 d (10 - 10). dif. ' £fbnastdh shirfacestmnfiified
Socontls ahawspiaraRdpiliot BESPOSE N Rt BRSUAIbRITIAS oKty curfaces

secon o cating good crystallinity on a par with that

in Exanple 1. .As e i ' £ 9t S ERhAG mhfedipreaenurfaoy eateisoklyenabl es
manuf act u&'@t %F}%oqcﬁgx{?@é?%ggeﬁ%ﬁ?ﬁe conmpound sem conductor exhibiting
excel | ent, cf ol oAk dssurh ¥roB 140 Tegr folsa0deposi ti on pressure slightly
hi gher th nma'tsesrr%ﬁs%ﬁgg%%osgrog?su?g when 20 epitaxially growing a Ill-V Goup
nitride conmpound sem conductor by HVPE. The present invention thus offers a
met hod of outstanding industrial value for its ability to manufacture

hi gh-quality I11-V G, gapound seni conductor at |ow cost. 13 Cctober
2005 10 (Eyzﬂnﬁ 2y |
10 A specimen was manufactured by growing a GaN thin film on a base -

layer of GaN formed on a sépphire substrate by MOVPE. The same method as in Example
1 was used expect for changing the deposition pressure to 836 Tomr. The surface
morphology of the specimen was observed with an optical microscope. The surface was
found to be free of cracks and of excellent quality like that of Example 1. The half-value
15  width of the (0004) and (10— 10) diffractions Were measured and found to be 175

seconds and 220 seconds, indicating good crystallinity on a par with that in Example 1.

As explained in the foregoing, the present invention enables manufacture
of a TII-V Group nitride compound semiconductor exhibiting excellent crystallinity simply
by setting the deposition pressure slightly higher than atmospheric pressure ‘when

20 epitaxially growing a III-V Group nitride compound semiconductor by HVPE. The present
invention thus offers a method of outstanding industrial value for its abil_ity to

manufacture high-quality III-V Group compound semiconductor at low cost.




VWhat is claimis: 1. A nmethod of manufacturing I11-V G oup conpound

sem conductor conprising: a step of formng a crystal layer of a lll-V
Group nitride conpound 5 sem conductor represented by the general | a
| nxGayAl zN (where 0 _<x :S1, 0:Sy:51, 0<z <1, x +?§thc§’eli£§(§§rgy

hydri de vapor phase epitaxy, deposition pressure during growth of the
I11-V Group nitride conpound semni contict or bei ng made not | ower than 850
Ton. 10. 2. A method of manufacturing Il1-V G oup conpound sem conduct or
according to claim1l, wherein a substrate is prepared and the 1I-V G oup
nitride conmpound sem conductor is fornmed on the substrate. 3. A nethod of
manufactuting 1]l-V G oup conpound sem conductor 15 according to claim 2,
wherein t agiﬂﬁ Tdte is one menber selected from anong Si, &GAs, SiC
ZrB2 and sapphire. 4. A nethod of manufacturing 111-V G oup conpound

sem conductor according to claim2, wherein a nitride conpound

sem conductor layer is Afﬁareﬁxﬁflcb el nathOnI-WNgr&ipdsdhpduddisemi ndudobase
rvde

| ayer and the I11-V G oup ni conmpound semni conductor is forned on the

base | &y Slmemisi: P YRBCo0 oAy AChut Ny | o ¥ 1B-ouBregmaRHael compoeaduct or

accordi ngc erein tThe nitride conmpound sem conductor |ayer is

formed O@em&%n&&@oﬁ%&eﬁ@d%yﬁﬂe MMREfmulE, Ga, ALN (where 0 <x £1,0<y <1,
0<z<1, x+y+ z=1) by hydride vapor phase epitaxy, deposition pressure during
orowth of the III-V Group nitride compound semiconductor being made not lower than

850 Torr.

10. 2. A method of manufacturing III-V Group compound semiconductor
according to claim 1, wherein a substrate is prepared and the III-V- Group nitride

compound semiconductor is formed on the substrate.

3. A method of ﬁlanufacmring [11-V Group compound semiconductor

15 according to claim 2, wherein the substrate is one member selected from among Si,

GaAs, SiC, ZrB; and sapphire.

4. A method of manufacturing ITI-V Group compound semiconductor
according to claim 2, wherein a nitride compound semiconductor layer is first overlaid

20 on the substrate to form a base layer and the III-V Group nitride compound

semiconductor is formed on the base layer.

5. A method of manufacturing ITI-V Group compound semiconductor

according to claim 4, wherein the nitride compound semiconductor layer is formed on

25  the substrate by MOVPE or MBE.




