;e3e | X6T guM 5 February 2003 Method for Manufacturing Goup I11-V Conpound
Sem conductor This application is a divisional application fromnow granted
Si ngapore Patent No. 77191. 5 BACKGROUND OF THE | NVENTI ON Fi el d of the

“l nvention The presenm“ @“\E\ﬂm nrelates to a nethod for gneskivaey @00 a

group I11-V conpo ctor useful for a light-emtting device, and
the |ike, represe e general formula I nxGayAl ZN (where x+y+z -
1, OSxSl, 0<-y51, and*®&s62517) . EEscriptibh'o: the Rel ated A=t The=a has

beet known a group I11-V conpound sem conductor represented by the general
formula 15 InxG~l:N ( where x+y+z =1, O~x ~I|l , OSy ~1 , and O~ z

51 ) as a NMpfe®hiod fo¥ MArhifHtuaTink IGi@uiBe\IlI(IeVS Cohpaandn Semicandakctor
blue, or green light-emtting diode, or an uItraV|oIet bl ue, or green

| aser di ode. Hereinafter, |n soma cases the x, vy, and z in the general

f or nul b f N d t d tal
25 atio, and AR APRIARREIEN o o2 | SLELEIOVRT y PRI EAE PO TR v

conmpound seﬁg‘go&ggﬁ{:gasslﬁigﬁgi.gl j_:ytg\ﬁ{._mghm-ppgelcont aining 10 % or nore of
InN m xed crystal ratio e em ssion wavel ength in a visibly region can be
regul at ell i PAGKGROUND cRFWHE IH%ENﬂIDM1xed crystal ratio, and hence it is

especially rta or the Iay applications. 2 5 February 2003
Exanpl es ofﬁ% g dnR uF% tﬁ?Yﬂ hod of the group I11-V

The present 1nvention relates to a method for
manufacturing a group III-V compound semiconductor useful
for a light-emitting device, and the like, represented by

10 the general formula In,Ga,Al,N (where x+y+z = 1, 0Sx<1,
0<yS<1l, and 05zS1).

Description of the Related Ar-t
There has been known a group III-V compound
semiconductor reprasented by the general formula
P InGaAlN (where x+y+z = 1, 0SxS1, 0SyS1l, and 0SzS1)
as a material for a light-emitting device such as an

ultraviolet, blue, cr green light-emitting diode, or an

ultraviolet, blue, or green laser diode. Hereinafter, in
some cases, the x, y, and z in the general formula may be
720 referred to as InN mixed crystal ratio, GaN mixed crystal
ratia, and ALN mixed crystal ratio, respectively. In the
group III-V compound semiconductors, especially with the
one containing 10 % or more of InN mixed crystal ratio, the
emission wavelength in a visible region can be regulated
in accordance with the InN mixad crystal ratio, and hence

25
it is especially important for the display applications.
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conmpound sem conductor include nol ecul ar-beam epitaxy (hereinafter, may be
referred to as MHE) nethod, netal organic vapor phase epitaay (hereinafter,
may be referred to as MOVPE) net hod, and hydri de vapor phase epitaxy
‘(hereinafter, may be referred to as HyPE) nethod. Anpbng § reppudrptIO0S,
MOVPE met hod enables the uniformcrystal growh over a | arge area, and
_hence it is inportant . There are known Be, Ca, My, Zn, C, and the like as
acceptor type dggantsfor i nparting the p-type conductivity to the conpound
seni conduct or. CEXRRBSES q\@gtli%mééﬁéﬂpéuéflﬁ%?é%ﬁﬂfnbhﬁi%ﬁé’rp pliyhe
.conductivity than other dopants, and hence it is w dely used, at present.
The fol | owi REMREYRA SEMERORARFERE 4RFerdsy MOHEHY M REA™ PRGHFY e,
however, it is well known that there occur the same~troubles with the other
p-type dopahh€reAgafesouradsbporedeared moves ABEod et e are known .

bi s- cycl opent adi_enyl nagnesi um ( C5H5 ) ~My, herejnafter, may be referred
to as Cp~MyPeEBLOmIENH yéipaﬁeﬁpgaﬁegﬁwgwesmﬁ?”tﬁ‘H?IOH, Wi{/g?e

her ei nafter, y be referred to as zMy) , )

bi set hyl cycFﬁggﬁtr&ﬁ% %|%&R¥§an“€%, CA% UAF 1R r ERRRT tRR2Sfay be
referred to as ECp~My), and _the Like. Any of these w || stropgly

adsor bed on® %agg’p:\(/ﬁGFeénfagﬁEFor‘f‘a&rR)et ?W%‘,? %&Shé‘ﬁ%g )t ﬁ@tp‘gd'

i ncorporatiqgn of the dopants jnt 3, ~ 5 February, 2003 crystal starts with
a del ay aft@r"“c’tnﬁetg'\fﬁ‘pﬂ 3?“35‘?“’51%08’:913(1‘?%6‘1%%0. RSP LEhel R0 ’&bggrg troubl e
that the incQrpqration dopant.s is gradually,caused _unintentionally in
the follow ﬁd"yprsgzﬁa?' gﬁ’ggkt%veebrg?c}\ﬁﬁ?ef r\?ﬁi'c%n% h&é‘ﬁaenf‘tsjbsu TBOR 58 Seen

fl owmn. These are I ref ered as, th ry. f pant .
The | arge defi ci g%%&%%%%ém%éﬂ%r%f’e%%éct%dq 'seze‘{sT'Sgﬁ a?lﬁ/ 1i%?létgjzallt{@t %% | ayer

required to he ighl xypgrcgao%g{ $188¢ 1l S x;k%_.wf}g.héﬁygeo%u@tiv by

light-emtting device uni nte a dopant, an

makes. di 111 GuY b n'eOBRbBLAG % dRYEn 1A §1g. 8 (2B a8l 14 YeaddiobE gfopant

sources react with the materials constituting gas piping or a reactor,

after which jigpleidd€snfhe gt adiale éshéééﬁévircg_reﬁé&eoq%erwé@ntsﬁq SO
causing a trouble that a | ayer having a desired high quality cannot be

grown. Furtheid Aénd@rpe £€urid Wed Ngspregbnt MPOri@nesL18wiagge amount
of dopant source nust be supplied, and hence these troubl es have been

particul arl ydesst Dpisipn ailerss g SEbMbRY: ki A§iMd Ab/RNTe £hindDe pljcseivedf, t he
present invention is to provide a nethod for manufacturing a high-quality
group I11-V o uesl 5 dmoan dieto ikt hearet exiure [thevMsdme edimibilged heittrenory
effect of a dopant.
the other p-~type dopants.
As Mg sources for use in MOVPE method, there are known
bis-cyclopentadienylmagnesium ( (C;H,),Mg, hereinafter, may
be referred to as Cp,Mg), bis-
methyleyclopentadienylmagnesium ( (C,H,CH,),Mg, hereinafter,
may be referred to as MCp,Mg), bis-
ethylcyclopentadienylmagnesium ( (C4H,C,H;),Mg, hereinafter,
may be referred to as ECp,Mg), and the like. Any of these

will be strongly adsorbed on gas piping, a reactor, and the

like, and hence the incorporation of the dopants into



As a result of conducting various investigations in 4 5 February 2003 -
a.. at~emJt t0 SA ~re the abOve ~Jrblents, t:18 ' :1'ra*t O3 ~hd:a found
that by enplcying two grovvth react”rs, e.g., or.e reactor in which a raw

- material haW”.S to :~a:;cr.r ey=ect 4's not used, arid aBotifLal 2005 |
~N: @' c'.’\. a yaN materi al having a3rrermry ef'ect is usegf af%

.c=ora' _:.c 1 are=ad structures racuired for a light-e:n_t. :c de~r.ce

SLI CCeSS~Ve| |, th?redy reducing the ne.”.:c=l eflL=c-. c. a dopant ncre
t::az in ER¥Stade sHI&tS Wishgao RlﬁaY"aft§rpérhfeo§WPéd-X r?for‘r’e deraRth raact or .
ThIS enables t'~e stable mazufactu=irg of a high-cual ity nitr=da srstem
greup |11 5Vué'@#pouﬁ@is@enﬁbéﬁﬁu@t:@ﬂrﬁeBeétr&!!byle MR rtR&rt invention rel

ates to [ ? ] :re='"_"cd nor manuyactu=ing a group IT |-V conpou.”.d
seni cor duénﬁprlpéﬁraﬁ&&é’cf- Beoand ydiferanaded by acpiseda: —| | -1 (wcer e
X~y-~2 - 1, O-x<_1, Owy~l, and O-z<1l) by netal organic vapor phase epitaxy

met hod, tHél@ﬁ:@@ﬁ-—llolnla-l\”céﬁp%ﬁﬂdf%bh?‘ébhﬁu’é‘%ﬁ HEVFRQERE sEHREYhdUct or | ayer
consi sting of p-type dopant-nondoped | ayer, and a sem conductor |ayer
i ncl udi ngwélﬁ’i‘t FrRRPaR SR B asahern Hhever n Bhesa % FeeTRIoW ng t he

sem conductor |a er cons ng o: type ant -rondoped | ayer and a
r eact or ESE tggiesy y !}%@I (5‘%6%1’@‘% ypu%g 5 ﬁPPFBFenP 5yFebruary
2003 -5 By defi n a @ pe do h nondoped neans .a J.ayer not
doped with pot] &%%5%98 A EREY S PBEIOT R & L RRrIuhE SORRTATY r el at es
to [2] an.alferna net hod f ar factur ro III-V5 ound
sem[ cljnduc'hno%g g éfégelh A Equlﬁge&eﬁgr%? r;fjloqllﬁ% a?“‘q-r& \ﬁﬁ%er”p >lj+y+z -
1, ) OSxSZ, 05 5 b t.al organi ¢ _vgpor hae |t xy met hod, the
gr oup 1S corrﬁloqir% seglfnoi%ndﬁlcﬁr%}t ed% g%v Sﬁdu%t e?/ consi sting
of a t raye alOsmc (o} rncldna
p- typg dgglgu't q’%opecé}gldlgp%\ﬁne%el ptaﬁ%’ rreatrh cénr?pq{%?%é}so‘{%lécat}/f% ofu I(1)g

f -t
dom g2 g’opegpl ayeryo% nlk{awre [‘%ré)&eugé?a uSlLQ ers?ﬁggélﬁgbggto L

dopant - non reactor, and

(2) putti @%&J&é%é@@%@hﬂtn@bm%ﬂ 13 %&4}% @@;ﬁ&@ o203 fh iy Orow 2

sem conduct or |ayer 1ncluding a type opant
seni condugl0f ﬂ@y@ioﬁoa@t&rﬂm&t lﬁthxxiz}ﬁqeeéjQE@nérQ@@QQP?Qélaé'ﬂed n this
order, and at |east one of the steps (1) or (2) is repeated plural tines.

20 By repeaiomo:rd mepsti e, lddecsiePsg(d) tebubdp ithalts amBaRjed hat step
(1) is repeated at once bef or e step (2) is performed w~d/or step (2) is

repeated afavigsp-d dewicrerbfdighsienl(iby icadiet asé t@rope! f @ulther,
Furthernore, as above a "p-type dopant-nondoped | ayer” neans a | ayer not
doped wi t ir?bapgbeypeuiiopsmt of industrial importance, a large amount

of dopant source must be supplied, and hence these troubles

) have been particularly serious problems.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method for manufé.cturing a high-quality group III-V
compound semiconductor successively with reducing the
memory effect of a dopant.

As a result of conducting various investigations in



5 [February 2003 -SA According to the prese.”.t ir_var.tion, the inrluence
by contam nation i~n the grower reactor car_ be suppressed and the
repeating reproducibility can be largely inproved, by S sharing the growth
of the layered structure of a lightemtting device with tgh qqy%
second growth reactors, or by carry|4ng out the growh s*~€egnﬁﬁ$

.layered structu=a of the |l ig :=-a:n;tring device sep ara;.e'y e~.en if
or.A grc~N=Z 10 raccor is used T~.e yield o. ma::u actu= ing an epitaxial
~- -, no, ~., 0~; _a , 5~ wat. fo_ ah 7z ~:n_r.a. _gnt

i~_tt_ng derac:eﬁaﬂ1h35@ﬂea-&bg abaﬁéqﬁébwbéhs, tseA'{Qardaze-ﬂrﬁﬁzAL
111v?: 1t10C1 1S 2. G .. T, ~=y useful, and has a great i.”.dust~ial
inporta:~Eeun&5t8@t28y3@mplbying gwo Ffebrhuarya2003s BReEF. DI 568l PTI ON OF

THE DRAWNGS Figure 1 is a cross-sectional view illustrating one exanpl e of
the constragtton Of RhEERCE Ofa kS &-i a1t hevpresent mavevisi edrfebicgure 2 is
a cross-sectional view illustrating another exanple of the construction of
the reactps moabhesdn ihe HAga rowentionh Fhodrea3-hs Aagsosgisectional
view illustrating the construction of seni conduct or | ayers manufactured in
exanpl es ﬁa&Qn% aFh84bey 4ok 828 CLOSE58EGH I QRAI c¥bWnkl huskrati ng the
construction o senlconductor | ayers manuf actured in exanpl e 6; and

structures raguired for a light-emitting davice
successively, thersby reducing the memcry elfsct ol a
dopant mcze than in the case where the growth is5 cerformed
in one growth reactor. This enablas the stablsa
manufacturing of a high~-quality nitride systam grcup ITII-V
compound semiconductor repeatedly.

The present invention relates to [l] a mezhed for
manufacturing a group III-V compound semiconduc:or
represented by the general formula In,Ga,ALN (where x+y+z
=1, 05x=1, 0£y£1l, and 052S51) by metalorganic vapor
phase epitaxy method, the group III-V compound
semiconductor having a semiconductor laver consisting of

a p-type dopant-nondoped layer, and a semiconductor layer

including a p-type dopant-doped layer, wherein a resactor
for growing the semiconductor layer consisting of a p~type
dopant-nondoped laver and a reactor for dcping a p-type

dopant are mutually different.



Figure 5 is a cross-sectional viewillustrating the construction of

sem conduct or | ayers manufactured in exanple 10. j |...susceptor
2...substrate 3...sapphire substrate 4...buffer | ayer S...n-type GN: Si
‘l'ayer 6...nondoped GaN | ayer 7...nondoped GaN | ayer gr]@?,l}{,é,lvggbo;g
emtting |ayer 5 February 2003 9...A Ga~i | ayer 10 Co amnate oy |a;
rers grown in a first gr:~~~h reactor (the first pc=tion) 11 .alGd~1 | ayer

"12...n-t~r~e GaN: My layer 13...13iLlr.nat~= O layers grOM| i n a s~C n~
C=OSJ~1r2aCLOr(t!:eScCO1derti On) 1 ~. . .1 :GN1 agar

A~ 1r.GN wel|l layer lo"...GLT barrier |ayer DETAl h:.D DESCR ?TI ON OF
Tfiy | 1IVE-TTT_ f r e S venti I d bed in
detail. A groupgly3l4:e&/hi§101%oéuﬁd se% tgﬁgu?ta alnlr% no d% r‘e\gselnatlgernvg’rﬁ%l%n |gs a

group |11 - Yagerpaortd dopeidc eridhc petype dopant.

Another aspect of the present invention relates to [2]

an alternative method for manufacturing a group III-V

5 compound semiconductor represented by the general formula

In,Ga,Al,N (where x+y+z = 1, 03x$1, O0Sy<1l, and 05<z5{1l) by

metalorganic vapor phase epitaxy method, the group III-V

compound semiconductor having a semiconductor layer

consisting of a p-type dopant-nondoped layer, and a

10 semiconductor layer including a p-type dopant-doped layer,

wherein the method comprises the steps of: (1) growing a

semiconductor including one or more layers consisting of a

p-type dopant-nondoped layer in a reactor, and taking it out

of the reactor, and (2) putting the semiconductor obtained

15 in the reactor again to grow a semiconductor layer including

a p-type dopant-doped layer on the semiconductor 1layer

consisting of a p-type dopant-nondoped layer in this order,

and at least one of the steps (1) or (2) is repeated plural
times.

20 By repeating at least one of the steps (1) or (2) it is

meant that step (1) is repeated at once before step (2) is

performed and/or step (2) is ropoitod at least once bafore

step (1) is thereafter performed. Furthermore, as above a

"p-type dopant-nondoped layer" means a layer not doped with
25 p-type dopant.



represented by t::e general fornula InxG~.1,N (where x+y+z - 1, O-x~l,
O-y~l, and O-z~l) . As a crystal growh apparatus by MOWPE net hod for use
in the nethod for manufacturing a group I11-V conmpound sem conductor of the
‘present invention, an ap~aratushaving a known structure g&gppgargnPdO3Ed.
Speci fic exanpl es thereof include the apparatus in which a raw ma~eyial gas
is saiay~d fromthe too of a substrate; and the appara~us in which a raw
material is sprayed fromthe side ef th&dA-5 February 2003 substrate. In

t hese, the substrate is pla~:e~" ro~:7::1 v i:; the up direction.

Contra=ily, t :a a=pa=at'.:s ~..n. ;~:;=l: tl:e S~:~s~=a~ is ~1 dCed 1.".
tn? CO . J N, G~ ~C~C: C1 .:~wSCL:3~~.~.. In this case, e:canmol a t;
cereof _:.clLc' as:cblrde_rmj\ tol theNpresentm irettibdef i the i SnSlpPhédofront Ne

| c~. ~er past of t::e s~.:bst=ats c. is spra,red f=cmthe side of the
substrate. cont,anu.fmteiscm rmathermotzhﬁ sdahstoat eansbaosumegRisséd@cad® ' ce
rc==tontal ly --ie ~-~d correct' r, a. ai ¢c''Wwa'.Me--=_t' "eo_ r.~_ -~
:d the c sehe @epeatiag repreducsbhdtirat eansberl&nt;eﬁyaimmévd@rtmem | Yy,
o_~ conpletalv vertical ly. Typical e:canples t::ereo’ a=2 shown ..".
igur=s 4 andhdrifie tdmmeyrowdl lofltse apapé;taaosav—gtew::h agDar a.,lgur&.capabl a
of processing a pl ural itv cf subst=arcs a_t'.n.e sa:.,e t=ne, applying
such pl acenentistding Hevikbastidt &maﬁdﬁwa&dpséyon&f&dmufr&@dﬂdm met hod
[ 1] oL a group I11-V conpou: ~d sem conductor of the first aspect of the
i nvention i srdhprcactrerimpedut tichgtoiva ht Siee sy aakul a yr s@tshathafutde group
[11-V corrpound sem conduct or represented by the general formula Ir~"ow'~i, N
(where x*y+ef the Dighx-&iitfing WhlicantRmsely vy ineial@i@ay ¢ vapor
phase epitaxy nethod, the gr oup 111 V conpound seni conductor having a
se:ticopducreesz: b*a;te_nc[edth’ek visld=er hmla@r\']‘ammﬁl.%tg G @nitadk iRkt ype
dopant - nondoped layer, or ~r- innin a..”.d . .a se:nicond~. c~0_ lay__
[the s_cor. ¢ager, for .4 83 nUd.Lzm_.Q*eBcte D_igrﬁ haﬁattmgl dBvhcB )éa—1 pel 9 a
a-tyt_ “dopant - doped “1al L, .. a.. ac o='c=C_,.~nth

sem conduct ge=baVe=;GeRSRISHNT2 08 o -dA0ea 4OPBans b lFelawa%ezQP?’

-—

useful, and has a grea:t industrial importance.
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nondoped | ayer and a reactor for doping a p-type dopant are nutually
i ndependent and different. That is, if the step in which the first portion
is grown, and consecutively the second portion is grown in the sanme reactor
" IS repeated, the aforenentioned trou?les arise at the tigedrubfe20080nd
and later gromh of the first layer due to the nenory effect of a dopant.
_For preventing such a deficiency, the present invention is characterized in
that a reactor for doping a p-type dopant and a reactor for grow ng the
sem conductor | ayer consisting~of a p-type dopant-nondoped | ayer are
Jutually different. Consequently, a nunber of conpound sem conductors
havi ng gr oBRIEFReDPISEBIPESON OF THE BEARINESact ured successively, and then,
each second portion thereof can be grown in_another reactor. This can
el i minate the nehguyeel feeta cIressopretienal neigwcbhlughgarangr o§eow h
after doping a E-type dopant at the first time. In this nmethod, the
subst r at ese¥amphe PikERei AEPStRBCHLENOPE F TARCHROWMFRPEACEBr tBAce, and
then be reset in another growth reactor. In this case, the taken out
subst r at esPE&RSBE &RYRNHREAN/and the next growth is not necessarily

conducted for the ones_which do not satisfy the standardi zed, performance,
thereby the finBF94ERefatfoft GFOErECEIT-OSday IRy SR H M Af t er taki ng

t he substrates, out of ope growth reactor, ., 10 5 February 2003 t he
substratesa?ﬂEQeEeeFﬁ@PE?é?f  censtpurtian of the 63§§§9F6u§8F9€ht, or
the like, c¢r sgbjected to,suc:: .a. . etcc:_:~~; process dS t0 renDve tile
0:C d | 3VetRO-Re presgpr_iaventlofioc- OOl Crete eYdal ~~es OF d D-CCSS?: | ~

. —_—— 2 e O/ —- l)~ H 1 H . H N 1 N .
2G| ad actiagne 3 18 4 e8srBeioRy ieh i i M et e h
‘n_.c_.. sql. 0. ~ an <~~. ... SO ~~=0~ ro:cice so
utior, cr §8P8§f5E639%a8%-?%ﬂ¢385ﬁ99?%£4?%ﬁ%§f é%éﬁ%%sgggggiggacic, ard
n' _c=is ac! =dq: wlJ =ced soluticns thersoy. ~lte=na='_ve~v, ~~rit hoot
- t e : = .
ta~ci.”. g Sﬁgmpagss&bsgrgte i::;.0the air, th a subs Irate can be ta.ce.”.
out c-_' t:~a figars & £L 8 cfdsd-L£8ACiLMR1LyRde" 181uliiltih P thyem0sarer a
Si~C”" a9 . " _ }sgfrc~e:% a.?ﬁ.% ar ~o%§., i% an ét:Eospheﬁeggfhﬁydrogen,
or in a cagsglklruchtd ol c¥elsemilc AR WO A redet Phctiidelheh, the
substrate may be noved between the growth reactors toge~her with an
i nstrument egakmpa@ sgsegmmor on which the substrate is nounted. The
manuf acturing nmethod [2] oy a group IT_I-V conpound aem conduet or of the
second aapeet ofighegel BVEBt A0BroHelsgctibaailnvesty enldekiraed g dhee cl ai ns
of thin specification,, is characterized in that in the manufacturing
met hod of thastguatdon lofV sanipandhcaess congles amanepaeseneddihy t he
general fornula Inx@&,,A =N (where x+ty+z =1 ( 0 < x <L, 0~y ~1( and
0 ~ z <1 epxampleetldl.organi ¢ vapor chase epita:cy :ne~hod, the groua I .. ,
V compound sem condec, .or ha~rinC a se:~' _co;.d~.:c=or la.rer ( the,

) l...susceptor

2...substrate

3...sapphire substrate

o

. ..buffer layer

5...n-type GaN:Si layer
6...nondoped GaN layer
7...nondoped GaN layer

8...InGaN light emitting layer



f first portion) consisting of a p-type dooarlt-rlocdoped |ayer, 11 5
February 2003 and a sem conductor |ayer (the second portion) including a
p-type dopant-doped | ayer, Werein the nethod conprises the steps of : ( 1
") growing a sem conductor including one or nore |ayers cglp%bﬁggrggzgé3a
p-type dopant-nondoped | ayer in one reactor, and taking it out Of the
reactor, and (2)putting the obtained sem conductor in the reactor again to
" grow a seni conductor layer including a p-type dopant-doped | ayer on the
sem conductgor |yedy cppgbsting of a p-type dopant-nondoped |ayer in the
reactor, on this order, wherein at |east one of the steps (1) or (2)is
repeated pliyral jti{Esa e JWS,1 AfdSL ient{ al |pt fapeAtdAth they dmwf act ure
of sem con&uc’t'o'r’ substrates having only the first portions grown in one

growt h react o(r ethg,-,gg.o b0 OEZe second portions can be repeated for these
substrates inrt’the sane gf owfh reactor sequentially, which prevents the

menory effz_(‘lt ofll%%ﬁnfasvé;om arising on the first portion. It is noted
that in the st €p (1), ome or a plurality of sem conductors including one or

nmore | ayers ,consistin - .dopant - nondoped | ayer can be grown,
while in tﬁfé ‘s’t‘é’p ‘(-}2)'%J @%ﬁ\égqe&a;%ip%bt sequentially or all together into a

reactor, sq.that, each secand partion_ can, grown., Lo_case_Lhat _the growth
of each first’ ‘p'olrat“}"onna“i"sot‘ogﬁégﬁér?b?vﬁgd‘rggaai‘ﬁ“é Fe%‘gds“zlrl‘é‘s‘éﬁ‘runs of

growi ng each second portion are conpleted, it is preferable to clean the
i nsi de 5 Fébrﬁari?‘%ﬁj:z B tH Feactor so that the effect of the p-type
dopant nmay .not zi_,{(;sq{ 1Th,a;t_is, in the above described manufacturing nethod
of the pre&é'nt‘ TAVENt IOt i s preferable that the nethod further includes

the step (d%t') (}EG%INe@Jrgﬂg ]{%ee[i nsi de of the reactor subsequent to the step

(2), an Hatr " tThé steps ) (3)are repeated.

15§...GaN barrier layer

DETAILED DESCRIZPTION OF THE INVENTION

Eer=inafter, the present invention will be described
in detail.

A group III-V compound semiconductor in the present
invention is a group III-V compound semiconductor
represented by the general formula InGaAl N (where x+y+z
=1, 05x=S1, 0Sy=1l, and 0=5z=51).

As a crystal growth apparatus by MOVPE method for use
in the method for manufacturing a group III-V compound
semiconductor of the present invention, an apnaratus having
a known structure can be employed. Specific examples
thereof include the apparatus in which a raw mazerial gas
is sprayed from the top of a substrate; and the apparatus

in which a raw material is sprayed from the side cf the



In any of the cases ( 1] and ( 2 ] , when the substrate is once taken out
into the air, it is difficult to avoid oxidation or contam nation of other
dopants. Al so even when the substrate is noved w thout being taken out into
‘the air between the reactors, contam nation of the surfa due to
dopants. Accordingly, when the seconfl portion is grown, ?ﬁ:gmgé?/&ggébs
characteristics nmay be sonetines deteriorated. In such a case, a step of
“holding the substrate at a high tenperature after setting it in a reactor
can be included to inproye the final .device characteristics. ,\n this step,
it is pr SREPERIAES hat Tt heiea 5 RHARRARER Aa 8§ﬁbsﬁherévf-&r~’ ¢ontrol |ing
the thermal degradation of the sem.conductor. The holding tenperature is
pref er abty:ei BPt REIRSRGETN0 SEONESRS 110062 ABPE “Freferdbly Sion € range of
600 C to 1200 C; and npst preferably in the range of 650 C to 1150 C. when
t he hol dEngstarirer A6 EATEC |1ds §NEhGRAVE0D- T2CERE~F 322 8- 5Chi§28tep cannot
be recogni zed. Wien the tenperature exceeds 1300 C, the first portion may
13 5 FebiZnathiz003ssenexameseubtiergoit harhtredegh8daricoant e2éAtakl surface
roughness thereof, thus | eading to undesirable results. The holding tine
ef f ect i veawmadar vl dsripanloces § oant be lapigrope Facd yrsaedwtrkaecording to
the tenperature to be held. CGenerally, when the holding tenperature is
hi gh, therhobdspgatiede fmay Bdesisdrda orhetidai $@bserAokdi ng~t theskas a
tendency to increase with a decrease in tenperature of the holding step.
When t enpeaatare,ishéeubsatrakE)0sCroa tefdingdtioned scopreberzaillyy in the
range of 30 seconds to 10 m nutes. Wien held at 900 C, a holding tine is
pref erabbyienteleramet of, 2ndi nieedse 3G alpatesc i HopewsTsrhalhdi ng for a
too long tinme causes the deterioration of the conpound sem conductor, and
hence itsilsstunaesi Labbriefuedhaimosn wiee Uistdidd f oy nedmp agtalti-ng a group
[11-V conpound sem conductor according to the present invention, it is
pref erabterthaally. | Rystianeekapel 2cf thheesénd xorshaiviid Bygrsasonsi sting
of p-type dopant-nondoped |layers is in contact wth, and is sandw ched
bet ween 1} vand a3/er Sheasiame & illdr gdrsbamiygap than ¢hew-bdfathesakager. That
is, according to the present invention, a group IIl-V conpound
sem conduzpas lavathphpghsst gstablliumialy wpanibe-obtag ned,2andehease t he group
[11-V conpound ' sem conductor can be preferably used for a light-emtting
time, applying such placements of the substrates and gas

supply.

The manufacturing method (1] of a gfoup III-V compound
semiconductor of the first aspect of the invention is
characterized in that in the manufacturing method of the group

III-V compound semiconductor represented by the general formula
InGaAl.N (where x+y+x = 1, 0ExX1l, 085ySl, and 05z251) by
metalorganic vapor phase epitaxy method, the group III-

V compound semiconductor having a semiconductcr layer (th

®

firstgortion] consisting of a p-type dopant-nondoped layer,

and a semiconductor layer ([the sacond portion] including

a p~-type dopant-cdoped layer, wherain a rsactor Icr growing



device. Concretely, as the layered structure of the light-emtting device,
so-cal |l ed doubl e hetero structure 14 5 February 2003 can be used in which
the emtting layer is placed so as to be sandw ched between two | ayers each
- "having a | argex bandgap than that of .the emtting |ayer i
electric charge in the emtting IayeP with high ef f iciéﬂ?ﬁ?nééggpp?ng in
hi gh | um nous efficiency. For confining an electric charge in the emtting
“layer with high efficiency, each bandgap of the two layers in contact with
the emttinopdopest layekaagdra rhantblrafonfdagingm pr-typel dgpant@ed er abl y by
0.1 eV or nore, and nore preferably by 0.3 eV'or nore. Further, so-called
mul ti quamuwmadely imdepdnidEnta draedifif@erengta | arge bandgap ( hereinafter
may be referred to as barrier layer), and a |ayer having a small bandgap
(herei naft er, Tyt be, risf the st epoinsvhigdt theykiys tpodtddmasegkawpeat edl y
can be used as an emtting |ayer. The formation of the emtting |layer in
mufti quangnossiseawbi vedivettheeseceosdl portian iapgooeneht time |sameous
efficiency, or a reduction in threshold of a | aser diode. In such a case,
mufti quamaantes |iscaepsetpdef thabiforementfonedonronbhgsagdresecti c charge
inthe well layer with high efficiency, the bandgap of the barrier layer in
cont act witthe tHaenef| thaysgcond |andydateragronah 6f the Hkrst|hauss
preferably by 0.1 eV or nore, and nore preferably by 0.3 eV or nore. For
obt ai ni ng MY GRENBBBOEY feifadie P BheoBRAEge TAF RIBVERBLRGSYRY | | ayer
is required to be confined within 15 5 February 2003 the wel| |ayer with
hi gh ef fi & SHREACTRRCY hi khe (PreIentkhe¥enELophaSWEPRIRGFET 128D ridf erably in
the range of 5 ~. to 500 A, and nore preferably in the range gé S ~to 300
Wien the Wel3t [BafERCEREI tRESORING B PREBPBAHWILE FFadt 52LGERT &CDxygen
w th ease. Accordi sed as_an enittingtLaye there are sone

I

ly, wh ,
cases whordF TRERT UnBRoARRLERLAGRY LY FEIGERE Lot Lo & BIEPS he one
i | udi Al d ted by th [, f | I GayN (wh , +
U, Aol rSOR SR Tl ard Mg IRE, B Br s (Ao 1 f IS Y
d i , the NN m d t.al i . itti
Coverind RESASEAUSLEy, JTRhAdE d R A R oA i oL DG 110

cause det SLLQEANLOD 41} KBLE ol Ol Mhe Ma Rl AN Al RLOERRSLy FOT the

pur pose of“preventi ng suc erioration, on a layer w fnN mi xed

crystal rEﬁﬂ@tﬁ%&ﬁ@%éﬂk%Ebﬂa4g?§¥ontﬁe? %ﬁ%?%&%fﬁ?%ﬁ?ﬂﬁ%ﬁgtﬂﬁfh a | ow

InN m xed crystal ratio can am nat ed, unctron as a

protectiverdayebrcanbs iCERAE i SHinERE Gthé WMRS§ 8 FU A 8% hV&opayer to have.
a sufficient protective function, the InN mxed crystal ratio and ALN m xed

crystal raihaHd sbbenpr 24@0ltee hayGenai ety aly b g0 Yparadesse and 5 %
or nore, respectively. Mre preferably, the InN m xed crystal ratio and ALN

m xed crysiel that EQracetdbmqor less, and 10 % or nore, respectively. For

allowing the protective layer to have a suf f icient

) In this method, the substrates can be taken into the
air out of one growth reactor once, and then be reset in
another growth reactor. In this case, the taken out
substrates can be examined, and the next growth is not
necessarily conducted for the ones which do not satisfy the
standardized performance, thereby the final generation of

defectives can be suppressed.

After taking the substrates out of one growth reactor,



16 5 February 2003 protective function, . .the .thickness of the protective

|l ayer ' is preferably in the range of 10 Rto 1 ,t1 m and nore preferably
in the range of 50 ~ to 5000 .t~. When the protective Iayer has a thickness
of less than 10 ~, sufficient effect cannot be obtained. 700} q?

t hi ckness of nore than 1 ,c!'m the H%ﬁ1nous efficiency |s re uce t hus
leading to the undesirabl e result. is noted that, as descri bed’ above,
when the substrate is held at a tenperature in the range of 500 Cto 1300 C
in an atnosphere contai ning ammonia prior to the growth of the second
portion, the shdsserconcact dre tfadhesnbjesied vo-theaskep, othangur f ace

| ayer of the sem conductor |ayers consisting of p-dopant nondoped | ayers
my be asaerenandoettore I eps poeni €6 byt b genenal » barcmilw bps&aykr | sN
(where x+y+z =1, 0<x~l, O-y<l, and O-z<1l) . Concretely, in this case, on
the pr Ot @6t ke deditira shSeN iconduptioF sepersentedaby the ganeral fornula

| n%GayAl =N (where x+y+z = 1, 0<x~I", O-y<1, and O-z<1), preferably a | ayer
havi ng acHhebekoNalased &&f Yt & Jaldds IBYc bea Ut ber shami:nated i n advance,
foll owed by thermal déconposition of the ?ayer havi ng a hlgh I m xed

crystal yati@aByatRa1hhahss eapesat uwe-prosess:, Tareafder, second
portion may be further grown. Af ter the first portion of f%e conpound

sem condyehQhihS SR, sWHER iR e dopand r dopegl t ayep.i g grown in the

hydrogen peroxide solution, cr acids such as hvdérofluor:ic

- o

acid, hydrochloric acid, and nizri

acld, z2nd mizxad

)

soluticns *thersof.

Alternatively, without taking out th2 substrate

ct
(o]

the air, the substrata can be taken out c? th=

(3 1)

Lrst growth

c

in an atmosphere of hvdrogen, or in a vacuum, to be set i:
another growth reactor. Further, the substraté mav be
moved between the growth reactors together with an
instrument called susceptor on which the substrate is
mounted.

The manufacturing method {2) of a gqroup III-V compound

semiconductor of the second aspect of the invention, being the
invention defined in the claims of this specification, is
characterized in that in the manufacturing method of the group
III-V compound semiconductor represented by the general formula
In,Ga,Al,N (where x+y+z = 1, 0SxS1, 0=<._y_$_l, and ngél) by
metalorganic vapor pnase epitaxy method, the group III-

¥ compound semiconductor having a semiconduc=or laver (the

first portion) consistingof ap-type dopant-nondoped layer,



5 February 2003 17 initial stage of the growh of the second portion, the

-devi ce characteristics may be sonetines deteriorated. In this case, first,

a p-type dopant-nondoped | ayer is grown, then a p-type dopant doped | ayer

- i's grown, which can prevent the det eLj‘ oration in device ? E beébbcs
More specifically the protective |ay is grown, tier. e substrateis

once taken out of the reactor Therea te=, t:-~e substrate is set in the

“reactor .or the growth of t::e sacond oortio”. The protective |ayer may be

grown, ~iasd, aanqmm@ndmbogrbwe:h( thet aecpndypertopadt iaspudingyer

A _ts=nati'vel y, or io=1to the g=owth of the protective layer, the

subst r at eacentppenddpanordapdd layen mvdyEraim t@mmeahndrcgmamsﬁa and

the;: the grocrth of the protective layer and further the growth of the

p- type dopamt stepe ] dyét) grewbagpersamiceadugecn NMidine oane @i ch the

g~oup I11-V conpound sem conductor is grown, saaphire, SiC, S, GAs, ZnQ

NGO ( NdGamere 13§’|§F-‘ﬁet’-‘°(\51~$gmg-9f p téRe dapanhenppdreegdapalerused.

Among these, sapphire, spinel él\/tgﬁ , SIC, GaN, and Si can grow a high

qual i ty giBUFPEI EARCESFpOaRE lé’(mdd-'ct%%t Q@ sthe redetPEncithe; r are

preferable. Also, SIC, GaN, and Si are preferable in that a conductlve

subst r at e (@ARUE&E 1Rgn e Alfadded ﬁeﬂﬁém &R BRE FeadteyRrgapn | | -

conmpound sem conduct or by NOVA: ne~:: t:M.ercl le~~ing materials can be

used. ~t§ ErPé’orauéle?‘lEG(‘EuE%é’ﬁ"pI]éé’etﬁ JtrFf'el‘b‘i“dEﬁ) 3 1P-%¥Perial include

trial kyl galllum represented by the general forrrul R R-R Ga. (where Rl, RZ
and R~ ealRPAGYY éié’g’i‘ﬁdsiéy%v@ ’ét‘féyge’@ﬁSGBdH&$Pﬁg Yfr3ceaﬁbgﬁl&€oms) such

asy tri met hyl aII um ereinafter, be referred to gs TM3 and
Sr ot hyl ot Ropr EVRcdeP ’2"(%{‘6%2 Be ot F4FT my—yfbeerle@rcmred%%&g-s@% ,
trlalkylalu nium,re resent the eneral fornul &Q gét where R,

, and R° gé"ﬁ FESFESEh S eIa t'gl?"?)u‘ebt?1‘%1?“ ﬂb (t, B8n at ons )

such as tr| %%fath:yéd”llpli@ﬂbumlﬂte(s CH ) Al ) , triethylal um nium( ( CzHS

), Al, her & e Tererred to as TEA), and triisobutylal um nium

((i C~H9 ), Al r Y. é}gai T%: ; | kyl i ndi um
r epr esent ed bg/rhtuhe égﬁégagl or mu Qf%lf%? J(r\)‘lvcflnere ﬁf,%,]nldlgza)‘:tu d:’rﬁ% each
represent %e@nﬂ%u@éclﬁ"stﬂfs%%é&v't{%ﬂné GﬁiPo'E‘hét BBt SH6Pt8ns
trimethylindium ((CH ), In, hereinafter, Tay be referred to as TM ) and

triethyliR@icun (L1 dr@,:thﬂi%%%:tf@f\, betélseflo@t@n@f Qhei BegBARI Nation

portions can be repeated for these substrates in the same
growth reactor sequentially, which prevents the memory
effect of dopants from arising on the first portion.
| It is noted that in the step (1), one or a plurality
of semiconductors including one or more layers consisting
of a p~type dopant-nondoped layer can be grown, while in
the step (2), these are put sequentially or all together
into a reactor, so that each second portion can be grown.
In case that the growth of each first portion is to be
performed again after a series of runs of growing each second

portion are completed, it is preferable tocleanthe inside



] .thereof. Exanples of the group V material .-include anmoni a, hydrazine,

met hyl hydr azi ne, 1, 1-di net hyl hydrazi ne, 1, 2di net hyl hydrazi ne, t-butyl am ne,

and et hyl enedi ani ne. These can be used alone, or in conbination thereof. O

" these materials, amoni a and hydrazi do not contain a j

their nolecules, resulting in |ess cg% am nati-on of the ?Z‘f%ﬂnam ?@d

_sem conductor, and 19 hence they are preferable 5 February 2003 as an
n-type dopant of the group IIl-'1 compou.”.C sem conductor, Si, Ge, and O
are used. of the reaghag soskhag ?)‘fl%f%fﬁe—q:é 0 b et fir LY RO AOPESItsMAYe n-t: r=a

.ca.™, be fo: .ned with ease and a hig g u=a raw ma=er i al is oLta_r.ahl
a. as the ¢@ﬁv¢ﬁ&%ﬁrzﬂT34ﬁfléoanAtgeSP OgﬁlﬁﬁécFlQQP manuf@actyring gpne (S
~3; ) , etc, are usad. EXAMPLES Hereinafter, the as ects of t he present

i nventi on BeFROEO NG PEEESN: HBYANELRR Ay b Rlytdpatokpsrati ve

exanpl es, which should not he construed as limting the scope of the

i nvent i on. MYRBOAxEMHTRRT dé’rﬁ;ﬁ’sdtersafiéet ﬁ‘éePl(rj‘s}toés‘b)e%‘?nHTgttﬁé LRAT&ALI on,
manuf act uri ng et hod [ 1] nples 1 to 5 Usin first gromﬂh react or,

sanpl es ' h@bi BﬁP(itPﬁe“LhEﬁqm tﬁa‘?ki‘eéttreiﬁ:t(gr)e 3hEhaEdie §5pPSon 10)

shown in Fi gure were grown five tinmes successively. Sapphire having a
mirror-pol fERER( 680 EFSp 59&3\?&9 ‘washed with an organl c sol vent and used as

a substrate 3._The h was E) a rdi.n at st rowt h
Tethod Usi ng alPGARY 9%%#*& BReBr bhdrenar Fel 1 upen he s R T e
| ayer 4 with_a Icr g‘ .3 .was, gr own ing TMG and
a. - nnonLa asc‘rea\%‘v a1 a n%o % eh)?dTrd en Jssadjég%%g‘ggtg%% 5"?@ after -
tie temepdtal,on Sk AR A lche ApBhls! OB dvAver 5 Win
a thicknessS™ 0 , ~. mWwas grownl

when the substrate is moved without being taken out into

the air between the reactors, contamination of the surface

may occur due to dopants. Accordingly, when the second

portion is grown, the device characteristics may be

sometimes deteriorated. In such a case, a step of holding

the substrate at a high temperature after setting it in a

reactor can be included to improve the final device

characteristics. In this step, it is preferable that

) ammonia is included in an atmosphere for controlling the

thermal degradation of the semiconductor.

The holding temperature is preferably in the range of
500 °C to 1300 °C; more preferably in the range of 600 °C
to 1200 °C; and most preferably in the range of 650 °C to
1150 °C. When the holding temperature is less than 500 °C,

the effect of this step cannot be recognized. When the

temperature exceeds 1300 °C, the first portion may



20 5 February 2003 with using TMG and ammonia, and silane ( SiH, ) as a

‘dopant . Subsequently, the supply of silane was stopped, and a nondoped GaN

l'ayer 6 with a thickness of 1500 .~ was grown. Then, the tenperature was

- “decreased to 760 C, and a nondoped |l ayer 7 with a thgqﬂgy?a&yoéoé@O A
was grown with using a carrier gas of nitrogen, TEG and anmoni a.

Thereafter, with using TEG TM, and anmmonia Ino_, Gao,,N layer ( InGN

“layer 8 ) with a thick of 50 ~ which is a quantumwell light emtting |ayer

was grownsofetsawmsentidergs ttherwialy deZadanieandtamanhralaauafeceGao, eN

| ayer (Al GaN~ layer 9 ) with a thickness of 150 | ~ was grown. After the

"t enper at urewghs ed ridesEd f,0 thomm teardin @it te eunddsisabpeese@Blsstaken out

of the first growh reactor. Then, the sanples were subjected to He-Cd -

| aser radi ati @het boddasgr eimaee fHort i eepin athe AQiing RRIRS R FER

(hereinafter, may be abbreviated as PL), thus evaluating optical

char act er bst RpProRriadedy seleshedi 2ecorddng bP ikt tRMRAFIYUKS dfcence. |

Then, the sanples for which the PL neasurenent have been conpleted

wer esubj ebeeletd -.sufenesatleanhan tSengoddéngneemMpGERBRFAOFS &iddi.d, and a

NaOH HzO~ solution in this order. Thereafter, the sanples were put in a

second gr &hteh hedgding tideghay peesherai niThe R4k P kdie S &dd®d porti on

13 ) of the LED. First, in a streamof a m xed gas of ammoni a and nitrogen,

t he sanpl &fSwdr ESRERACHt LOOREr dRSq R § Glecremss Yo hPTRSF UMFF 1, 3 or 5

m nutes. The conditions of the high tenperature holding step in _amonia of

each sanplaf &he $19dwhinan Stepl-eWhenTherparasureais7hele, a"FE{‘f‘&ﬁd CrEA were

supplied to _grow an Al GaN | a egi 11 with a thickness oé 150 ~.  Then, the

t enper at urfe H%Fé&‘?ehst%‘yi AR B Fhearande AL ud? mESARESA® ammoni a,

and ECp~ as a p-type _dopant source, a_R-typ Cf‘?jg | ayer 12 with a
t hi ckness Wgtigméq%r"bm.l%fattergo@onglf e ﬁ‘@ &9 1%t he substrate
was taken 5 out ng¥s b'ectedtoltbat.treatme at \?QOCi i.frogen, thus
t he p-typepr@a%xf%))/ l%z‘l-ﬂ%éfaﬁ*a&& g‘IBJemételtoowgpe“&ns Tve' p-P{Jbg%evtﬁrdyer. The -
sanpl es thus ol 'f’?:‘%da"\&foe1851%0@1?:?{8%aQ%’stéé‘%n'Ee&QQQEEE'iSIg&BﬁdoPeénW to form
a p-el ectrode ‘and ‘an n-electrode, resul'ting in an . First, a photoresi st
pattern\Mg%J 5@?@ QXm 5%@5@%%%PogﬁﬁpﬁénggtEgdigoukgégﬁééylgq‘Of N Au to
be used as a p-electrode In 1 ~ thi ckness by a vacuum -
Further, in the method for manufacturing a group III-V
compound semiconductor according to the present invention,
it is preferable that at least one layer of the semiconductor
layers consisting of p~type dopant-nondoped layers is in
) contact with, and is sandwiched between two layers having
a larger bandgap than that of this layer.
That is, according to the present invention, a group
III-V compound semiconductor with high crystallinity can
be obtained, and hence the group III-V compound
semiconductor can be preferably used for a light-emitting

device. Concretely, as the layered structure of the

light-emitting device, so-called double hetero structure



evaporation nethod, and fornmed a p-electrode pattern by a lift-off nethod.
Then, a photoresist pattern was fornmed by a photolithography nethod to form
a filmof Al to be used as an n-electrode in 1000 A thickness by a vacuum
evapor ation nethod, and forned an n-g¢lectrode pattern by i L oF t hod.
When a forward current of 20 mA was ggssed t hrough each EE'E)éﬁsryrahr) ezfoidr?v\hi ch
the p- and n-el ectrodes have been forned, 2z 5 February 2003 every sanple
"exhibited clear blue |ight emission, and the |unminance shown in Table 1 was
obt ai ned. chabbe {sédniln twiniwh athd letmitiddiind aSteaplisnplacedTsopas atair e
(OTinme (Mnute)(ncd) Exanpl e 1~ 11005560Exam 1le 211003750Exam | e
31100154048k agardwicHEd Mfwesn | twd9DEPE8S Exshphaving salaregemvi ng a
structure shown in Figure 4 was grown in the sane manner as in exanples 1
to 5. Thabamnslgam tdepphiltae, @&f bttid eemivyéngdlapetrype CaNflimgerarb, and
nondoped GaN | ayer 6 were grown, and further, at 785 C, a nondoped GaN

| ayer 7 wietlecttin chrege i tB@Oemi taingridopsd winGall §ha e f i ieridy a

t hi ckness of 30 A, and an AlGaN layer 9 with a thickness of 300 ~ were
grown. Thewsaflitamg amdndipdaininEadd |effeicilenams fRoy heonfimoimg ian 30 ~

t hi ckness, and the tenperature was decreased to take the sanple out of the
growt h r ezdtemtrikhehkm@aN i dher ediit hadgae yeNwiithedigh estfilc ietdw, of
approximately 30 % The sanple was subjected to heat treatnent in the
second gr ®@adh peadger ¢f thee tyankayenaecin aontradxwiphet e tamitifnder grow
an AlGaD1 = 23 5 February 2003 layer 11 with a thickness of 150 A at 785 C,
and grow &3yexpe kargenydran hattdf &hehpaktsdsgotasene prafiedaly C . This
wag processed into an LED in the sane manner as in exanples 1 to 5 . The
eval uati o®P% Herle6V PEIMEELed2PHaRobe UREEfGRADAHI BEi On3 Y DII¥Rd, and t he

| um nance was found to be 1.4 cd. ) . .
Further, so-called multi quantum well in'which a layer

having a large bandgap (hereinafter, may be referred to as
barrier layer), and a layer having a small bandgap
(hereinafter, may be referred to as well layer) are
laminated repeatedly can be used as an emitting layer. The
formation of the emitting layer in multi quantum well may
sometimes result in an improvement in luminous efficiency,
or a reduction in threshold of a laser diode. In such a
) case, multi quantum well can be preferably used.

For confining an electric charge in the well layer with
highefficiency, the bandgap of the barrier layer in contact
with the well layer is larger than that of the well layer,
preferably by 0.1 eV or more, and more preferably by 0.3
eV or more.

For obtaining high luminous efficiency, the charge

injected to the well layer is required to be confined within



Exanpl e 7 An LED was manufactured on the sane conditions as those in
exanples 1 to 5, except that the high tenperature holding step in amoni a
was not perforned, (i.e., the' first portion 10 was grown in the first

-growth reactor, and the remaining stygcture ( the second I was
grown in the second growth reactor). The eval uation ther e%?glbt\%}x;?%%gthat

..clear blue |ight em ssion was observed, and the |um nance was found to be
150 ntd. Conparative Exanple 1 Using a |l arger type of growh reactor than
that used theewabpl dayértwi¥h higanplfe iedwinuy .t h€olkcowhn sparthest ructure (the
first portion 10) of Figure 1 was grown one tine to neasure the room

t enper at urehbtknand ofit emsiwed Ibllaysr drse@r effarabdycamnc éheasacgef bEned.

Then, using the sanme growth reactor, the growth of the upper part structure
( the secofidApact 500 23) anfd mioger erkfieralldi ip ahstepngsiaf) 3 &- type dopant
source of ECpZMy was conducted one tinme. For checking the effect of the
resi due of306elp-type dopant 24 5 February 2003 source in the reactor,
the sanple of the |lower part structure (the first portion 10) of Figure 1
was grown 7 tiWesndsiheceskl vayprusiaudes Mankt iagor@or apesndoprhatsoom
tenperature PL intensity was neasured for the sanples thus obtained As
shown in TaBEh as a¥yeerpHi&h eilsk -t hAcsamgiadpi-ovhed tsediss dta My
source, every sanple after using the My source exhibited very | ow room

t enper at ur eMPELiATeASVEY, tBSHEt ARG iSPMRetGRS & ahane itheplpminous
characteristics. The quality was insufficient for growng tfie second
structure BRELEHARNEY L&rRedEERd- T SUrlpl2 CRsénsti¢ PRE| ARFyeding
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mixed crystal ratio of the emitting layer is high, thermal
stability is not sufficient, which may sometimes cause
deterioration in crystal growth, or semiconductor process.
For the purpose of preventing such deterioration, on a layer
with a high InN mixed crystal ratio of the emitting layer ,
a charge injection layer with a low InN mixed crystal ratio

) can be laminated, to which a function as a protective layer
can be imparted. For allowing the protective layer to have
a sufficient protective function, the InN mixed crystal
ratio and AlN mixed crystal ratio of the protective layer
are preferably 10 % or less, and 5 % or more, respectively.
More preferably, the InN mixed crystal ratio and AlN mixed
crystal ratioare5S % or less, and 10 % or more, respectively.

For allowing the protective layer to have a sufficient
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same manner as In exanples 1 to 5, a buffer layer 4 with a thickness of 500

A, an n-type (Nskaysr theWdhs Acd Ni H,d1e ST @he3sefichhddchepdoppsr-&aN | ayer

6 with a thickness of 1600
consisting of p-dopant nondoped layers may be a
semiconductor represented by the general formula InGaAl,N
(where x+y+z = 1, 0<x=1, 0=Sy<l1l, and 0=52z<l).

Concretely, in this case, on the protective layer, a

semiconductor represented by the general formula InGa,AlL.N

) (where x+y+z = 1, 0<x=1, 0Sy<1l, and 0=X2z<1), preferably
a layer having a high InN mixed crystal ratio may be further
laminated in advance, followed by thermal decomposition of
the layer having a high InN mixed crystal ratio by the high
temperature process. Thereafter, the second portion may
be further grown.

After the first portion of the compound semiconductor

is grown, when a p-type dopant-doped layer is grown in the
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the growth of the protective laver, the substrate can be
held once in an atmospher=s containing ammonia, and then the
growth of the protective layer and further the growth of
the p-type dopant doped layver can be performed.
As a substrate on which the group III-V compound
semiconductor is grown, sapphire, SiC, Si, Gals, Zno,
NGO (NdGao,), spinel(MgaAl,0,), GaN, and the like can be used.
Among these, sapphire, spinel(Mgal,0,), SiC, GaN, and Si can
grow a high quality group III-V compound semiconductor
crystal, and hence they are preferable. Also, SiC, GaN,
and Si are preferable in that a conductive substrate can
be manufactured.
In the manufacturing of the group III-V compound

semiceonductor by MOVPE mechod, -he follewing mataerials can

be used.
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C,H,);Al); trimethylaminealane ((CH,),;N:AlH,;);

trialkylindium represented by the general formula R,R,R,In

(where R, R, and R,each represents a lower alkyl group having

1-3 carbon atoms) such as trimethylindium ((CH,),In,

hereinafter, may be referred to as TMI) and triethylindium

((C;Hs),In). These can be used alone, or in combination
) thereof.

Examples of the group V material include ammonia,
hydrazine, methylhydrazine, 1,l—dime'thylhydrazine, 1,2-
dimethylhydrazine, t-butylamine, and ethylenediamine.
These can be used alone, or in combination thereof. Of
these materials, ammonia and hydrazine do not contain a
carbon atom in their molecules, resulting in less

contamination of the carbon into the semiconductor, and
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semiconductor, Si, Ge, and O are used. Amcag these, Si is

h

preferable, because a low resistive n-tyze can be formed
with ease and a highly pure raw matarial is obtainable. As

-

the raw material Zor doping Si, silane (SiE,), disilans

(Si,d;), etc, are used.

EXAMPLES

Hereinafter, the aspects of the present invention will
be described in detail by way of examples and comparative
examples, which should not be construed as limiting the
scope of the invention. The examples demonstrate the first
aspect of the invention, manufacturing method [1].

Examples 1 to 5

Using a first growth reactor, samples having only
the LED lower part structure (the first portion 10)

shown in Figure 1 were grown five times successively.

Sapphire having amirror-polished(0001l) plane was washed
with an organic solvent and used as a substrate 3. The
growth was performed according to a twci—stage growth method
using a2 low temperature growth buffef layer. First, a GaN
buffer layer 4 with a thickness of 500 A was grown az 550 °C
with usiang TMG and ammonia as raw matarials, and hydrogen

as a carrisr gas.

(3 1
r

Mex=, after the temperatura was incrsasad to 1100 °C,

an n-tvype GaM layer S with a thickness of 3 U m was grown
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with using TMG and ammonia, and silane (SiH,) as a dopant.
Subsequently, the supply of silane was stopped, and a
nondoped GaN layer 6 with a thickness of 1500 A was grown.

Then, the temperature was decreased to 760 °C, and a
nondoped GaN layer 7 with a thickness of 300 A was grown
with using a carrier gas of nitrogen, TEG and ammonia.
Thereafter, with using TEG, TMI, and amx_nonia In, ,Ga, ;N layer
(InGaN layer 8) witha thick of 50A which is a quantumwell
light emitting layer was grown. Subsequently, with using
TEG, TEA and ammonia an Al, ,Ga, N layer (AlGaN layer 9) with
a thickness of 150 A was grown.

After the temperature was decreased to room temperature,
the samples were taken out of the first growth reactor.
Then, the samples were subjected to He-Cd laser radiation
to measure the foom temperature photoluminescence
(hereinafter, may be abbreviated as PL), thus evaluating
optical characteristics. All samples exhibited clear
bluish green fluorescence.

Then, the samples for which the PL measurement have been
completed were subjected to surface cleaning using acetone,
hydrofluoric acid, and a NaOH/H,0, solution in this order.

Thereafter, the samples were put in a second growth
reactor to grow the remaining structure (the second portion
13) of the LED. First, in a streamof a mixed gas of ammonia

and nitrogen, the samples were held at 900 °C or 1100 °C for

10 10
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holding step in ammonia of each sample are shown in Table
1. Thereafter, at 760 °C, TEG and TEA were supplied to grow
an AlGaN layer 11 with a thickness of 150 A. Then, the
temperature was increased to 1100 °C again, and with using
TMG and ammonia, and ECp,Mg as a p-type dopant source, a
p-type GaN layer 12 with a thickness of 5000 A was grown.

After completing the growth, the substrate was taken
out and subjected to heat treatment at 800 °C in nitrogen,
thus the p-type GaN layer 12 was made to be a low resistive
p-type layer.

The samples thus obtained were processed by the method
described below to form a p-electrode and an n-electrode,
resulting in an LED.

First, a photoresist pattern was formed by a
photolithography method to form a film of NiAu to be used
as a p-electrode in 1500 A thickness by a vacuum

) evaporation method, and formed a p-electrode pattern by a
lift-off method. Then, a photoresist pattern was formed
by a photolithography method to form a film of Al to be used
as an n-electrode in 1000 A thickness by a vacuum
evaporation method, and formed an n-electrode pattern by
a lift-off method.

When a forward current of 20 mA was passed through each

LED sample in which the p- and n-electrodes have been formed,
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Table 1
Conditions on the Holding Step Luminance
Temperature (°C) | Time (Minute) (med)
Example 1 ' 1100 5 560
Example 2 1100 3 750
Example 3 1100 1 540
\ Example 4 900 5 400
Example 5 900 3 680
Example 6

A sample having a structure shown in Figure 4 was grown
in the same manner as in examples 1 to 5. That is, on
sapphire, a buffer layer 4, n-type GaN layer 5, and
nondoped GaN layer 6 were grown, and further, at 785 °C,
a nondoped GaN layer 7 with a thickness of 300 A , @ nondoped
InGaN layer 8 with a thickness of 30 A, and an AlGaN layer

! 9 with a thickness of 300 A were grown. Thereafter, a
nondoped InGaN layer 14 was further grown in 30 A thickness,
and the temperature was decreased to take the sample out
of the growth reactor. The InGaN layer 14 had an InN mixed
crystal ratio of approximately 30 %L The sample was
subjected to heat treatment in the second growth reactor

in the same manner as in example 2 to further grow an AlGaN
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examples 1 to 5. The evaluation thereof indicated thatblue
light emission was observed, and the luminance was found
to be 1.4 cd.

Example 7

An LED was manufactured on' the same conditions as those

) in examples 1 to 5, except that the higﬁ temperature holding

step in ammonia was not performed, (i.e., the first portion
10 was grown in the first growth reactpr, and the remaining
structure (the second portion 13) was grown in the second
growth reactor). The evaluation thereof indicated that
clear blue light emission was observed, and the luminance
was found to be 150 mcd.

Comparative Example 1

Using a larger type of growth reactor than that used

| in examples 1 to 7, a sample having the lower part structure

(the first portion 10) of Figure 1 was grown one time to
measure the room temperature PL, and intensive bluish green
fluorescence was confirmed. Then, using the same growth
reactor, the growth of the upper part structure (the second
portion 13) of Figure 1 including a step using a p-type
dopant source of ECp,Mg was conducted one time. For

checking the effect of the residue of the p-type dopant
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temperature PL intensity was measured for the samples thus

obtained

As shown in Table 2, as compared with the sample prior

to the use of a Mg source, every sample after using the Mg

source exhibited very low room temperature PL intensity,

resulting in deterioration in optical characteristics.

The quality was insufficient for growing the second

structure thereon to form LEDs.

Table 2
PL Intensity (Relative
Value)
Prior to use of Mg source 100
After using Mg source First time 0
After using Mg source Second time 1.9
After using Mg source Third time 0.3
) After using Mg source Fourth time 3.9
After using Mg source Fifth time 1.4
After using Mg source Sixth time 6.7
After using Mg source Seventh time 5.7
Example 8§
The large growth reactor used in comparative example

1 was disassembled, washed,

and dried. Thereafter, the
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For confirming that the effect of Mg source has stopped,
the lower part structure (the first portion 10) of the LED
of Figure 1 was grown, and then taken out of the reactor.
The measurement of the room temperature PL indicated that
clear bluish green fluorescence was'exhibited.

The sample forwhich the room temperature PL measurement

) has been carried out was set in the second growth reactor
used in examples 1 to 7. Then, without conducting the high
temperature holding step in ammonia, the growth of the
remaining layered structure (the second portion 13)
including a step using a Mg source was performed. On the
sample thus obtained, p- and n-electrodes were formed in
the same manner as that used in examples 1 to 7 to pass a
forward current of 20 mA therethrough.
The evaluation thereof indicated that blue light emission
) was observed, and the luminance was found to be 115 mcd.

Example 9

Using the apparatus in example 8, a buffer layer 4 with
a thickness of 500 &, an n-type GaN layer 5 with a thickness
of 4 1 m, a nondoped GaN layers 6 and 7 with an overall
thickness of 7000 &, an InGaN layer 8 with a thickness of
30 A, and an AlGaN layer 9 with a thickness of 300 A were

grown, and the temperature was decreased to take the
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obtained sample out of the growth reactor. The sample was
subjected to a heat treatment in the second growth reactor
in the same manner as in example 2. Subsequently, an AlGaN
layer 11 with a thickness of 150 A, and a p-type GaN layer
12 with a thickness of 5000 A were grown, and this was
processed into an LED in the same manner as in examples 1

to 5. The evaluation thereof indicated that blue light

emission was observed, and the luminance was found to be

' 500 mcd.
Example 10
In the first growth reactor, a sample with the

structure shown in Figure 5 was grown. That is, in the same
manner as in examples 1 to 5, a buffer layer 4 with a
thickness of 500 A, an n-type GaN layer 5 with a thickness
of 3 4 m, a nondoped GaN layer 6 with a thickness of 1600
A were grown, followed by the growth of a nondoped GaN layer
7 with a thickness of 250 A at 785 °C. Thereafter, a 30-

\ A thick nondoped InGaN well layer 15 and a 150-A thick
nondoped GaN barrier layer 16 are alternatively grown, S
times and 4 times, respectively. Further, a 300-A thick
AlGaN layer 9 was grown, and the temperature was decreased
to take the sample out of the growth reactor. 1In the same
manner as in example 9, the sample was subjected to a heat
treatment to grow an AlGaN layer 11 and a p-type GaN layer

12 in the second growth reactor. This was processed into
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emission was observed, and the luminance was found to be

3 cd.
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15 to grow a semiconductor layer including a p-type dopant-

doped layer on the semiconductor layer congisting of a

p-type dopant-nondoped layer, in this order, and wherein

step (1) is repeated at least once before step (2) is

performed and/or step (2) is repeated at least once

20 before step (1) is thereafter performed.

2. A method for manufacturing a group III-V compound
semiconductor according to claim 1, wherein the method
further comprises a step (3) of cleaning the inside of

25 the reactor subsequent to the step (2), and the steps
(1) to (3) are repeated.



