; WKe3eHE<(d(62T/5 TITLE OF THE | NVENTI ON METHOD OF MANUFACTURING |1 1-V
GROUP COVPOUND SEM CONDUCTOR 5 BACKGROUND OF THE | NVENTI ON Fj he
| nvent.i on The pr ﬂmmmmmm’n‘HMon relates to a nmethod of mnuj@mmmmm@’mmmmv
nitride conpound r by hydrj de vapor phase epita ;
Background Art 111-V «Goas nitride coﬁLound sem conduct ors représ@fted by
the general formula InxGaYAI ZN (where 0 < x < 1, 0 < y < 1, 0 < z <_
1, x +y +z = 1) can be adjusted in direct band gap energy by varying the
Il Goup elenent content. As this 15 nmakes them adaptable to optica
energi es of wavel engths from ul TFZ.E OF dHE WNVYENTIQNey are usabl e as
hi gh-efficiency light-emtting el enment nmaterials over a range extending
fromultraviolet to visible light. Mreover, since they have a | arger band
gap than Si, GAs and ot her such sem conductors widely used up to now, they
San i nt ai nMELHQRAEMANVERC TURBIG IS8 ARQSRCOMIFOUND SEVIGONDIIOR:  ur o
at whi ch conventional 20 sem conductors cannot operate. This property is
basically utilizable to fabricate el ectronic devices with excellent
envi ronnment al resi stance. i i pressure of the
[11-V C?éup nitride conpouﬁﬁhggﬂﬁgghﬁﬁexﬁ{ﬁHﬁﬁﬂﬁﬁﬁﬁﬁgﬁfnity of the nmelting
poi nt, however, growth of a large crystal is extrenely difficult and a
crystal of a size practical for use as a substrate 25 for fabricating
seniconductﬁ$ ghhﬁ@lcanggé be obtained. The general practice in fabricating
conmpound se l% AUHELBYLYP] therefore to use a substrate of Si, GaAs, SiC
2 sapphire, ZrB2 or oth J hat C r I Nt to
s TRHER Aheld rdBs Tt HiRa, SE ot

t he conpound sem conductor *ah arge cry ricatl

epitaxially gr.aw esi.red.si | I i m: t he substrate.
Rel atively d‘g[&l eaﬁrg?ﬁn{ng s§$§c§9§%g%® %@é@g Vé@r%;%‘é%eﬁ ééggygg‘r{gg%t ors have now
becone Bt ai nabl e by using this nmethod. By using 5 the netal organi c vapor
phase eprtaxial (MOVPE) method to conduct growth using a buffer |ayer, it
is generall i to achieve a half value width for (0004) of around
200 seconds%aagggr@gﬁs){ggd fromthe x-ray rocking curve. On the other hand,

hydride vapor phase epi fjgxy dTBlYﬁﬁttrﬁQ%p%%n&gs}éﬁ{i"@ogagﬁ? 'stngb gésr@]&%d’@ apds of

growi ng conpound sem conduct or e points rate€ and

ability to aghi G R L Ayhy €6 S G+ 4 B tion
oF i pur i 11 St o G B P roanie 1T SRS

est abl i shmenjynQfeddn *h%gtr BHR %afﬁxérfél'gynl%l D29 irRRR TTINGrdupCel &rhéil L ofifedM AL #%J N9 a

buffer layer.” In actual practice, @ thin filmof around 3 Eun thickness

gr own bgswo‘ﬁﬁ’ﬁceﬁ’&hé@%diﬂtiﬁe b optif eRdtgids RASAVEIRN GRS Kot Altfabiotés th WEth&f the
conmpound sem conductor ‘i s 15 honpepi taxially grown on the base |ayer by
HYPE. As cr ae&kubblOas High-NaBndhRght RaiTRRp dléntérm! mateANs loves a GaRUsE ety
HYPE, however, it is difficult to obtain high-quality crystal over a w de

area. O her fimWResidietdasiBleSizhe OMBrdofer, is@B theyUve aSlaideabaid ¥ ahi i ty
of the grown layer is inferior to that of the base layer, as evidenced by

the fact thataAdiendrather ¥@hugenvibstidactots Wfd%l%uﬁe’tﬁ/u?@@iﬂowg titayr 068 fXinEain @ife t he
grown |layer is 20 broader than that of the base |ayer.

characteristics of a semiconductor up to high temperatures at which conventional

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,



SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a

nmet hod for obtaining high-quality I11-V G oup conpound sem conduct or
crystal. 25 Another object of the present invention is to provide a nethod
of growing I'll-V G oup conmpound senicoaductor crystal excellent in
crystallinity by 3 HVPE. Anot her object of the present invention is to
provide a nethod of manufacturing Il1-V Goup conpound sem conductor that
enabl es epitaxial growh of I11-V Goup conpound sen conductor excellent in

crystallinity at |ow cost. 5 The inventors conducted nunerous and vari ous
tests and esepphireyefrBa arootherhinatesalt thatshasbi eostal Bhuetwransimelap te ithes ecaempounthe
thinking that, while growh of GaN crystal by HYPE is usually conducted at
at nospher i csepriesnsyetor and enablevlasgs Grapiebfabrigatianr gndt ol epitaxiallyrgigwhe dedifedct ed
by grow h pressure changfe. Thi s a@proach led to the discovery that crystal
qual i ty i npyieglesrystal gaiatiimaxer amide subsiefe. Relatiyelysgaadequalityserysals| of thesgher
than 10 atnospheri.c pressure. The present invention was acconpl,ished based
on this fi rAMRPUNYEMICERFRCLETS havRaQYY §%¢Pa}eiq%mv4ﬁ5@€ymwmm% eﬁwﬁlﬁsund
sem conduct or by HVPE according to th r t invention,is characterized
'n that X heacRtidpTEagis YAPet e srtexial ROV metha o edRdusd @raveth, Ui
deposi tion pressure.js preferably not | ower n 850 .Ton ef erably
ot Tower (e SRee o Seperaliu ppen® Sa aespeEra beIRRoR Srif or W BE SisBnd nic
when the dep@asition Eressur(g LS dhover }h%%&%o%em”- I n accordance with
anot her fe: rECBs 8‘%?“«5% ﬁ? i‘AVERET G &h°a crystal layer of II11-V
G oup, oLy 02, ComPound GeLCGRALERE JSRRBE G HhY RGPPSR shRR
formed by h i Vv [ [ . |, | r -V, Goup
compound s AT aER SIS ey BERD LRI IR o B sb bl didhoror B e sblpt Oty
prepari;ag a_suphstrat ng .f. 1. NQ +f: bt - o] Vtri C .
sem con1 uct%?wgln T %e%ggb&lpg{ reH) u%%]téér.{%a hyglprg’sr ﬁ'i olﬁls%? eéljgg]r?% %Ppsglgp I%IS%I\}\%r
than 800 T . ; 34 p I i : f .
materi al s gﬂ%%rg%gtlg%’gé‘&ﬁp%@ﬁg |e&e PW %ﬁgbgtlg}é%mgﬁh%gg O(E:}geghgel%sbgg BE made -
19]:)r 293?2 St ;tgl%gs[t?gg{sgfélte%fe&gar fgﬁgﬁﬁgﬂ%&iﬁ ﬂ{@tlﬁﬁn&gﬁﬁr?é tWd-S40e QRJV\RH ﬁsiﬂé atblﬁ?fer
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 IT-V Group compound semiconductor crystal.
25 Another object of the present invention is to provide a method of

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



4 MOVPE, nol ecul ar beamepitaxy (MBE) or the like. Wien a I11-V G oup
nitride conpound sem conductor is epitaxially grown on such a substrate
usitng .HYPE, the crystallinity of the Ill-V Goup nitride conmpound

sem conductor obtained can be markedl yginproved over that using atnospheric
pressure deposition by setting the 5 deposition pressure slightly higher

t han at nospheric pressure. The reason for this is not certain but is
considered to be that the pressurization alters the gromh nmechanismin a
manner that upgrades the crystallinity. It is also possible to first forma
nitride corﬁi‘&fﬁ%d sem conductor |ayer on the substrate and thereafter grow
the required I11-V Group ni tr| de conpound sem conductor crystal |ayer on
the nitride conpound 1@\nsgher gtgemagﬁém HiVeRiRly idto PEQide pHaetbodpit axy
under a deposition _pressure of not . |ower than 800 T% BRI EF, EXPLANATI ON
OF THE DRAVAMmEagtyiasy TN Growapampsusd ssaicandegtentiiar g é%@pqpamﬁliahgroavth@f hod
that is an 15 enpbodi nent of the present nventl on. . FI G is a schematic

di agr am shdhr N§TOHR Compernd p‘SF“C;S’&QE‘@%‘FXCE leps ey efalligdy et W %@Fn conduct or
manuf act.uri ng systemused.to condu clﬂ%wf‘)r ocesses of FIGS

[ 5 9 dph shosing a t mmsecoﬁ E’T:EW i e capee ﬁ@%qteﬁ?é?re.m es
as a funct i%he¥s thbsec(l‘ﬁéescit t"l:th‘F‘?ﬂ q??lée tg%@&qﬁ%%ﬁﬂ?ﬁf bj 88&"31358?_ ng to
Surf ace. ot SPUTYFEG Bl bty ﬁ%ﬁmpé@ﬁeg?é’d&g%@ of I el biCREL bty ™

of sy beele by Bh gﬁg&} o Sk Ve shrcaRh 14th & d‘%@%@%&@%&fa@t THE
PREFETED SN ARG i R PROSER ARET shigin TR 08 B
oater QR hfospRBREARILAL Phebetont Ry BREAIS AcHoRALY tifed th hETRI | 2N

wat er can beé done usin any o1 varl ous

cl eansing fluids. Next o Ehﬁlte\’}ﬁﬁh‘?ﬂ} %Bgﬂg{u%n ulfﬁt\r,atﬁ Lé%'rﬁtrfﬁeacc‘éﬂl bﬁ'ncP”

MOVPE reactor and surface etching i s conduct d at a tenmperature of

ar ound 100@6&0063&4{,; %HWE' %614 fu?g otl}}e %Sﬁ)ﬁﬂ?%ti%n 1@1:1[1\& é@t@r%edAh%t

is then grown at a erature o G 1 er formation of
the buffer degydtion prdshifie 16 "L MG S SobEr HfAnUBOE A0 moeé obIOR fredifk & 11 -
Goup nitri ggcycoorrp gelm conduct o? Eatyer 31is c)f or med (pF 1&8) The

mul tilayer %Qeféﬁmycm%w&%arpss@mlr rﬁ&‘é%&@ﬁblyﬁn&t%&eﬂﬁﬁﬂ%o TSrr UBRCL RSt a

base layer B In this invention. The obtai ned base |ayer Bis set in an HYPE

15 reagsor oNh@nh&eambaldaun&r&%@axhéd WheftR! aﬁmshrdndﬁegsqwgumes eRdncgupduct or
represented by the general formula I nxGaYAI ZN (where 0 < x <1, 0 <y <- 1,

O<z<1 Tty +z =1). The conpound sem conductor grown in this
enbodiment is GaN. As a result, there is obtained a GN thin film4 (FIG
1D). The epitaxial gromt Becodtdahbee wikNarioktien fédthre of the prévendasentiony evheB acan be

conduct ed under tenperature conditions appropriately sel ected
crystal layer of III-V Group nitride compound semiconductor represented by the general
formula In,GayAlN (where 0 <x<1,0<y<1,0<z<1, x+y+z=1)is formed by
20 by hydride vapor phase epitaxy, a crystal layer of III-V Group compound semiconductor
excellent in crystallinity can be obtained by preparing a substrate and forming the III-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



20 from anong those known to the art but the deposition pressure nust be
not | ower than 800 Torr. The use of a deposition pressure of 800 Ton or

hi gher,, i.e., one slightly higher than atnospheric pressure, narkedly

i nproves the crystal quality of the GaN thin film4 over that obtained at
at nospheric pressure. FIG 2 is a schematic di agram show ng the princi pal
parts of a vapor 25 deposition sem conductor manufacturing system 10 that
is an exanple of an HYPE sem conduct or manufacturing system usable for

i npl enenting the nethod of the present 6 i nvention. The vapor deposition
sem conductMOVREuhaletulan hepns \epitaxy (MBE aqthephled Wiheh aalll-da&iroup bitridhat i s
supplied through material supply lines 11 with source gases froma starting
mat eri al swopippusd semieodustorsis apitpxially goewe pnowuch 2 subsperisvisig HWPE, be 5
reactor 12 for placenent and heating of the base |ayer B The startin

materi al supystallinibhef the WoMsGsaupohiteds icompopnd semicopdycser gbigined i ¢ag

purgi ng gas, a second line 11 B faor supplying NH3 and carrier gas, and a
third Iine markedly dmpensg| Qven dhatopsing ABASPRPIG PHRSSUreTHRPOSIEIPR | by SHEBE dhmpl i ed
by the second | ine 11 B can be Nz or Hz algne or a mxture of N@,and Hz.
The car Aet dgBesitiQopressuEe Bightlndighsr than eimespheriopieasire s reasoRfonthists ngt one
or a m xture of ht,and,ﬁo Hz.  An exhaust Lin%g;ﬁ i s.connected . to. an. exhaust
port 12A ofceRtdB bukiscqopsidarsd terfe that She prapwrizptionaiters thegrawl BeHRAEE N 4r ough

th h t L 13 | ted hy. f t I I VL i ded

e eehasst B g Wl St aleR o MRS RIL 1 A s RERLCEY,,
12. The d iti . f th t 12 t f be . | ed
S R T N e

i he r. 2is d b .J14. Th
Dot LRI 468, ok SRS R, SEO et ™

deposi tjon re | n itared. .l i i ment,
tho. pr ddsusBnEaidlcfor B IHBAG 2epet prERces B RAN Y dipoBp bt P RY
exhaust poigwégﬁéﬂ%f&e flowrate control 20 valve VL to enable detection
of the pressure Thn 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 tenperature profile by supplying the electric furnace

16 with heating current § EXPE?@AﬁBNr?FF%R?‘hWSaCFI G 3 shows an

exanpl e of the deposition tenperature profile i'n tor 12. 25 In the
vapor depost {1 on e oAAVEATRAMACII B3 SO0h Kl PRERITD,
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.
1A-1D.

FIG. 3 is a graph showing a temperature profile in the reactor of the

20  system shown in 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 invention.

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



7 material supply lines 11 react on the base layer B (omtted in FIG 2)

pl aced on the susceptor 17 heated by the electric furnace 16 to vapor
deposit the desired GaN thin fil mon the base layer B. The used gas is

di scharged to the exterior through thegexhaust port 12A to be sent through
t hee exhaust line 13 to an exhaust gas treatnent apparatus (not 5 shown).
This process wll be explained nore specifically. The base | ayer B obtai ned
in the process of FIG 1 Cis placed on the susceptor 17 in the reactor 12,
source gas is supplied into the reactgor 12, and the GaN thin film4 is
grown on t hiPepiass magyiactured by agonyentiopslimethesk t he deposition tenperature
like that shown in FIG 3, for 10 exanple (FIG 1D). Wil e keeping an eye on
the pressure display 15, the operator regulates the flow rate control valve

| the fl f i h th h
1S oy ORI F e BP0
t iti LN ot t 12,.at 800 T . i nst 15 A
S e e
oo 1S L SOl o, 1 D A RO S

WA 1 A ! : . . ol b
P, a1 1 1PYPERE R Raltidd 1 SAEDE LT Gk BT THe BRI A BE WnSLAHE! DY
crystallinigy °?Q’Q“ﬂ§g‘ﬁ§?““{°ﬁ%m‘ fQuierely 20 by setting the deposition

pressure slightly n atnospheric pressure. The present invention

thus offers a method oiNeQUlrd fAgHed JapghtdShibdtAte ¥ MEcdddh z}'ntlﬁoa@iﬂ teadtof O

k
manuf acture high-quality I'I'l-V Goup conpound sem conductor at |ow cost.

The enbodi ngpts,phed l?t‘:‘chitng:’lﬁ 'E]E)h&m;t&ixi’t' AnACretnpetaife (T R88IdN Bodosat £ ulrer t he

case of growng a GaN ilm4 on the base | ayer B. However, the present

25 invapti QRydre BRYor extniphdl AIN, NS ARABCLNBIT istdhen GRdwn kPG teiAdFRiues of
provi de the 'sane excellent effect when applied to regrow a GaN | ayer by ELO

(epitaxial abayes00°G (PKET IBPVARY: folhRatioh RFaRE HubféENiyeP D, GRS tahbéraldge is
directly applied when a substrate of a material with a lattice constant

rel atively refuffed tb @béthabo®PC bh®a IO GaE K HeCRRPYGHDSerti@omRicir CIRERE | S
used as the base layer. 5 Wrking Exanples (Exanple 1) The vapor deposition

sen conductfefmedafRaIGacCir Thigmadiyeredl&nt benticton chistal oBtavkd WSl rAsnmeets out
below to epitaxially growa GaN thin filmon a base |layer of GaN formed on

a sapphire wethas & dhse layerNDWPEis idvertion. RhabdEAliddr Base Nayeh B tsesrt irodn HYPEAS
controlled by regulating the flow rate control valve VL concomtantly with
t enper abur eedctorrte @pieaxiAlydgrowa MeWiRoay nitrideonipblued semitdnductonebresentsd byas
established as shown in FIG 3. The starting materials were supplied at a
const ant Vithd genatal doroful2bn, GalAd, M dwheral0 PrxeSEul 8.y 1208 oK 1GaE y praz i1l
pressure: 8 x 10'3 atm and growth was conducted with the internal pressure
of the readthercotrposahsemicomtiictios grows i thipembodimenhis GaddwAs atresuliashecoisst ant ,
the carrier gas flowrate was varied with pressure. The experinent was

conduct ed wbtameda GaNghinddny 4 €rl(ydd)cThe epitaetiab igresyhed! therbadt thirfilmNg cand Hz
(N2 : H =1: 1). Specinens for conparison were produced at pressures of
300 Torr aifthe fase laysr B can be conducted under temperature conditions appropriately selected
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



The invention speci nen produced at a deposition pressure of 910 Torr 20 and
t he speci nens for conparison produced at deposition pressures of 300 Torr
and 760 Torr were evaluated for crystallinity by x-ray diffraction

anal ysis. Change in the half value wdgh of XRC (x-ray rocking curve) for
(0004) and (10 - 10) obtained by the analysis 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 (FYWHM full width at half

maxi mum) was 25 smal | est when the deposition pressure was 910 Torr, and the
i npr ovenentinventiefilystal linity over the specinens obtained at deposition
pressures of 300 Torr and 760 9 Torr was pronounced. These results
denonstrate that the ciThet addor nddppsinén GehMid¢dndactdn |manufqetuoings sydern thds
deposition pressure is increased. FIG S shows the surface state of the GaN
thin fil m gqoippeditvith adepasi 12 that jsrsappliadethofug biatdl supply Gnes1 ks ithsotrce
surface state of a GaN thin filmgrown at 5 a conventional deposition
pressur e ofgagsdronva startiBg seaterial supplyofystemenotsbown). Aasieeeptasrifiis providedintthe r ack
occurrence coul d be suppressed to obtain a markedly better surface state
sol el y by irepstardgiforplademedeansdicatingoishebase faver Bohhe/gotimg material gipplytimas
(Example 2) 10 A specinen was nmanufactured by growng a GaN thin filmon a
base | ayer ldfcomssyof afinssding Al A forsppmying N pyeitggas, dyecpmb/ine 1 Hhr sunplyingt hod
as in Example 1 was. used expect .for_ changing the deposition pressure to 836
Torr. The StHyadsamsr Soristythad lipndls frcPrRiFingALCl9nS savisteai The @IS ges cal

m croscope. The surface . faupd t free of cracks and_ of excel] ent
qual ity |iﬁ@1§lﬁat yd em‘ﬁ@ﬁ@eﬂiﬂ%%ﬁﬁfwor 1 flane 8T g g Pt N{z]émé%goﬁbw and (
10 - 10) diffractions. were neasure nd found to Qe 17S seconds d 220
seconds, | FRIFEREFIIPES Yéh%eriﬁllp? i@yarbﬂs ubeg% Sl ﬂomﬁawaﬁ& & as
explained ip the foregoing, the present invention enables manufacture of a
[11-V ou%gnitride conpound sem conductor exhibiting excellent

(i at Eij phar ?L:B'r é?épi@%ﬁ%ﬁ%&?ﬁﬁ&%?% i@%ﬁﬁsﬁé&i;ﬂ\i@f}i@a&%qﬁ? i de
' PE. T i %
of " but 5t andPhgom g raes, b giscpasged BRI PSR kAL bmlreth afetflal 1y

Hn-va OUPLE Qgﬂ%%f levg ?/‘E &8&%5‘5 fanle %)J[(halug%vﬁn%qgt This erllz%lé/s\h c%&ltrglsof(ihg ﬁr@ss‘u?e:

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 reactor 12 is detected by a pressure sensor 14. The
output of the pressure sensor 14 is sent to pressure display 15 by which the deposition
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 with 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



1. A nethod of manufacturing I11-V G oup conmpound sem conductor conpri sing:
a step of formng a crystal layer of a lll-V Goup nitride conpound 5

sem conductor represented by the general formula I nxGayAl ZN (where 0 < x <
1, 0<y< 1, 0<z <1 x +y + 2z =43) by hydride vapor phase epitaxy,
deposition pressure during growh of the Il11-V Goup nitride conpound

sem conduct or bei ng nade not |ower than 800 Torr 10 2. A nethod of
manufacturing I11-V G oup conpound sen conductor according to claiml,
wherein a substrate is prepared and the I11-V Goup nitride conpound

sem conduct mateiisl fupplyelinesnt It feactsob shier bdse 13yer /B rfemfited iof FIGard) fpadedraonthel 11 - V
G oup conpound sem conductor 15 according to claim2, wherein the substrate
i s one nenbsesceptdrddthested by thecetentc Birnaced Ao vapar degosBahadesied SN thin film A
met hod of manufacturing I11-V Goup conpound sem conductor according to
claim2, whartierbase layerrB.dbheowset gas s disaharged do theoaxtdrmy ¢hrough fhierexhawust pottai d
20 on the substrate to forma base |layer and the I11-V Goup nitride
conpound selBActmbieisend througli therexbiawt linhd3asan ¢xligest gas treatmest Rppareas (not

manuf act uri ng I1'1-V Goup conmpound seni conductor according to claim 4,

wher ei n 3t heshawny.i de corrpound sem conductor |ayer is fornmed on 25 the
substrate by MOVPE or

CALLAAY. A A A(LLA {. Aﬁ@stprlgqesqumllA@neXMngaW@gspecxﬁcally The base layer B

s Foapéaf Gty i et s BT B O ol
EREpRER e bttt e e
cal oal ca) og] calcel cal cal o o?lth eLEcahethealeal L L ALea Sasd oa] ool o
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e T caramies MRt Eodol ik e LRI e Tl vg]Ff%t%Ocaﬁhsa g Bl ool
E%&Z]&F ?i C%ﬁi‘%‘ﬁlﬁ%%%ﬂ%%@ sty <HABAEh § Mol S kadrod g O
( Tovce () < kb maimplng iebhsition aressure inthe feastar 12 ot 800.Tort foripstance | (o0

109G (% a+z#10%GG8! (
0

(g~\=, L :3/6 | 10%& () - ! 8)&411:%13/&113(1 ty G‘aN %’0}.}}“{? is th%g/&wil)on tll%lagsiéaé(er B by, as

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

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

compound semiconductor is epitaxially grown by HVPE, a III-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 GaN layer by ELO (epitaxial layer
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FIG. 2 was used as set out below to epitaxially grow a GaN thin film on a base layer of

GaN formed on a sapphire substrate by MOVPE.
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 materials 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 flow rate was varied with
pressure. The experiment was conducted using a mixed carrier gas composed of equal
amounts of N; and Hy (N; : Hy= 1: 1). 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 analysis. Change in the half-value
width of XRC (x-ray rocking curve) for (0004) and (10 — 10) obtained by the analysis 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
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improves when the deposition pressure is increased.
FIG. 5 shows the surface state of the GaN thin film grown at a
deposition pressure of 910 Torr. FIG. 6 shows the surface state of a GaN thin film grown at
5  aconventional deposition pressure of 760 Torr. Observation of the two surfaces confirmed
that crack occurrence could be suppressed to obtain a markedly better surface state solely

by increasing the deposition pressure from 760 Torr to 910 Torr.

(Example 2)
10 A specimen was manufactured by growing a GaN thin film on a base
layer of GaN formed on a sapphire substrate by MOVPE. The same method as in Example
1 was used expect for changing the deposition pressure to 836 Torr. 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 ITT-V Group nitride compound semiconductor exhibiting excellent crystallinity simply
by setting the deposition pressure slightly higher than atmospheric pressure when
20  epitaxially growing a ITI-V Group nitride compound semiconductor by HVPE. The present
invention thus offers a method of outstanding industrial value for its ability to

manufacture high-quality III-V Group compound semiconductor at low cost.
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growth of the ITI-V Group nitride compound semiconductor being made not lower than

800 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 manufacturing ITI-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 III-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.



