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conpound sem conductor and I11-V G oup conpound sem conduct or BACKGROUND OF
HE | NVENTI ON ' " 159159* Field of the Invention 5 The present invention
relates to method and system for manufacturing I11-V G oup conpound

sem conductor that enable formation of a crystal growh layer of a thin
fei | m conmpound sem conductor of uniformthickness by vapor deposition and a
[11-V Goup conmpound sem conductor. Background Art 10 In the fabrication of
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use a seniconduct or "SI e Crys or e consécuti vel'y overl ayi ng

requi red single-crystal l?riﬁeﬁﬁvﬁ?o@p S %foﬁe%ib'éridﬂgtopyd” de VPE, which is a
process for growi ng an epitaxial crystal Tayer using a hydrogen conpound
such as AsH3 or PH3 in a V Group raw naterial, netal organic ’Eﬂﬁ“ﬂlﬁﬁﬁ”“ﬂﬂ"ﬂ
vapor deposition (MOCVD)) which is a process for grow ng an

crystal layer by thermall ﬁA‘&f@ﬁéW@ﬁ@%ﬁWﬂw c conpl ex, =awiset her
nost €

such process. For exanple, onventional sem conduct or manufacturing
systens utilizing the MOCVD process supply the feed gas i

reactor through a single supply port. In this conventi onamﬁlmmmummmm t he
step of ccwﬂal%ﬂ}@q t&on O feed gas fromthe supply port to thQgugubstrate
pl aced in the feactor for grow h of a single crystal thin-filmlayer
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di stance upstream of e'substratée in reactor s alrn a
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supply porat n rate anar p ustp e as supply

port and aG site the porous plate. In order to
achi eve aqgﬁaci}l&flé g@ﬁi@%&%ﬁfcﬁgﬁgfc&as having a uniformflow 5 rate and
desired concentration with the aforesaid conventional configuration,

however, it is necessary to pass the feed gas in contact with the wall of

t he react %ké\mlﬁ{u&ﬁs at a high tenperature, over a relatively |ong
di st ance. is entalls a nunmber of problens, such as that the crystal
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compound such as AsHj; or PHj in a V Group raw material, metalorganic chemical

-

15 vapor deposition (MOCVD), which is a process for growing an epitaxial crystal layer by
thermally decomposing a metal organic complex, or other such process.

For example, most conventional semiconductor manufacturing
systems utilizing the MOCVD process supply the feed gas into the MOCVD reactor
through a single supply port. In this conventional technology, the step of conducting the

20  feed gas from the supply port to the substrate placed in the reactor for growth of a single
crystal thin-film layer thereon is performed by passing the feed gas over a relatively
long distance upstream of the substrate in the reactor so as to obtain a stratified flow of

the feed gas having an adequately uniform flow rate and raw material concentration



15 semiconductor substrate by the epitaxial vapor deposition Mreover, when
the planar porous plate type of supply port is adopted, regulation of the
raw material supply rate within the plane is substantially inpossible,
naklng it difficult to nmake the thickngss of the deposited film
sufficiently uniform In the case of a sem conductor single crystal wafer
ysed to fabricate an 2 0 LED device, for exanple, uniformthickness of the
epitaxial crystal layers is essential for mnimzing wavel ength and power
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and the 15 bis-ethyl-CyC magnesi um uppl ied as
dopant are consuned by side-reactions. In addition, a pr obI em of marked
decrease in the crystal deposition rate arises. V\hen si de-reacti ons occur,
nor eover, the products of the side-reactions act as nuclei that give rise
to abnornmal particle growth on the substrate. As this degrades crystal
quality) it becones difficult to ascertain conditions for stable and
effective gromh of 2 O thin-filmcrystal |ayers on the substrate thus




A conventional nethod adopted when, for exanple, manufacture of high 5
quality thin-filmcrystal layers is required has therefore been to suppress
occurrence of side-reactions before thin-filmcrystal deposition by
supplying the feed gases onto the subsjrate in the reactor individually as
requi red. However, when dif~'erent kinds of feed gas are individually
supplied onto 5 a sem conductor or other substrate, the m xing of the
supplied feed gases is insuffcient This | eads to various inconveni ences,
such as t n-filmcr i.red conpesition canno e deposi t ed
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| ower content _of Al, In and other 111 10 G oup el enents aside from Ga and,
in the cagg 16F addlng all Goup elenent as dopant, reduces the crystal
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premature n%%ﬁ%c rmg processes involving growth temperatures of 1,000 °C and higher, such as in

the case of manufacturing a wafer for GaN-system LEDs.
In the case where individually supplied feed gases are mixed so as to
15 conduct required mixed crystal deposition on a substrate, in order to fabricate ITI-V
Group semiconductor single crystal wafers manufactured by consecutively overlaying
required single crystal thin-film layers on a semiconductor or other appropriate substrate,
the manufacture of wafers has been carried out using hydride vapor phase epitaxy
(HVPE), which is a process for growing an epitaxial crystal layer using a hydrogen
20 compound such as AsH; or PHj in a V Group raw material, metalorganic chemical
vapor deposition (MOCVD), which is a process for growing an epitaxial crystal layer by
thermally decomposing a metal organic complex, or other such process.
When a GaN-based III-V Group compound semiconductor single crystal
wafer (e.g., an InGaAIN wafer) is manufactured by one of these methods, a substrate
25 controlled to a proper temperature beforehand is set in a reactor, IIl Group feed gas, V

Group feed gas and feed gas for doping are introduced into the reactor from an external



5 A further object of the present invention is to provide a conpound

sem conduct or manufacturing system and a nethod of manufacturing conpound
sem conductor that are able to supply feed gas onto a substrate in such a
way that nmultiple of feed gases are fyly m xed A further object of the
present invention is to provide a conpound 10 sem conductor manufacturing
system and a net hod of nmanufacturing conpound sem conductor that are able
to supply uniformflow of nultiple feed gases onto a substrate in such a
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25  of'the deposits.

A conventional method adopted when, for example, manufacture of high



deposition process by using a nozzle unit installed in the reactor to

di scharge feed gas 8 fromthe feed gas supply unit toward a surface of a
substrate nmounted in the reactor, the sem conductor manufacturing system
being characterized in that a pressuregdifferential is produced between the
i nner side and outer side of a feed gas nozzle nenber of the nozzle unit.
According to the foregoing manufacturing system a pressure differential 5
produced between the inner side and outer side of the feed gas nozzle

menber of h@ n Z%He unitl{or feedin hhe fe?d as ;omard the surfacg of a
Subst r at e WINABETE el laders oY TBHRE! be treetire d8e I Wbt oot RE
I it t i th b t f : ' f te. Th
pr esent 1 AVERCER R enEiol SRl Bufeshitned” iRl i bR Bttt S ur 1 ng
11-V G d i, t by. i ntroduci ltiple kind f feed
om s AR AR AN B BUrhEL e 0, T P e e T eed,
to be f d h t d it t hi. 0y £.01 t al
on"the substrate by narPEE VABGITORAKEREST s bR deuh N Dol L
it ich th ' h terhzed | i Si t he .st f
endi ng [ RSTHIRRY Tl et o AR & e Ripabedil kst Boebyth " ©
i ndi vi dual ' bl ow. Ly led i . tor .t '
the it gl BEE4S Sarlls ol SERThE el el o st BBrBbsted (hen
bl th ' feed t £ b t efe |11 d
oo e BB b BB Bt MBI Y B oG A CuT B E2, ¢ e
icinit ft bstrate h.the. it t ly..
Heconposi RYSEhdoGPoTIE reltiey Bikae BEferie8h St LRI ISUT Y Gpdiioe
bstrate. The, multjple feed i the vicinity,of th t
LS A B K B BRSSP L P R
th ~ at_thi ti i h i t L i tact with th
surf add olroiReigis e FoR GR epldfithé ikt allns ad R #PPRRCEJobat can be
f bly d ited t he .surf f.th bstrat e. furt t,
the. pr esoAtPRBREPOR HHRSoHbE S S Sy derieriss TRarTn et ol reoR e
conpound sem conductor that is adapted to introduce nultiple 9 ki nds of
feed gas IMHPEPHE%Bactor in which a substrate has been nounted and form

thin-filmcrystal |layers on the substrate by hydri de vapor phase epitaxy or
met al organi ¢ chem cal vapor deposition, which systemis characterized in

Tl 1 ple fecd gases 1 nto SO BYeRa o5 THRIVRIET e 1o the vi cini ty o
e sl T g b L SRR
e a0 SHnRHBEtT oG s, € pelGHcHL mBGieti RGP gas
e o TR S TR A
pret er  eq ceMBBAKTRRCO TR e sHbiso iR et ER Rl rg e fifhos. Bm r
ST T IS o A P LA T o
roactor of ey, ReRBhALEE SREh 308 Mol BY AR, Rathel o Ui
ai 1 —efSn rapicbhest iiFa® R0 oA B ok AR iR el SRIYIC.

pressure diff i al: is a sectional view showi ng an exanple of a
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manuf act ured using the semco uring systemof s I'n FIG 1
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semiconductor that are able to supply feed gas onto a substrate without the occurrence of

25 anunbalanced flow.



10 lum nance in substrates used to fabricate the light emtting device
showmn in FIG6 FIG 8 is a schematic di agram show ng a sem conduct or

manuf acturing systemthat is another enbodi ment of the present invention.
FIG 9 is an enlarged perspective view of the |ead-in nmenber shown in 5
FIG8 FIG 10 is a sectional view taken along line AAAin FIG 9. FIG 11
ks a perspective view of a nodification of the |ead-in nenber shown in FIG
8. FIG 12 is schematic view showi hg a sem conduct or manufacturing 10
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strates |G 21.,s a.qgraph showi ng how GaN | ayer deposition rate is
i mproved aﬁéﬁé:%%sﬁgetﬁ”@ rB&i‘gdsuppl y nmethod of the present invention. FIG 22
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semiconductor that are able to supply uniform flow of multiple feed gases onto a substrate
in such a way that the multiple of feed gases are fully mixed.
Based on results obtained through in-depth studies on the feed gas
supply system conducted with a view to overcoming the foregoing problems, the
15 inventors discovered that these problems can be solved by modifying the raw material
supply to establish a raw material supply system differing from that of the prior art. The
present invention was accomplished as a result.
The present invention overcomes the disadvantages of the prior art by
providing a semiconductor manufacturing system for manufacturing compound
20 semiconductor by MOCVD, wherein a lead-in member for guiding feed gas supplied from
the exterior onto the surface of a semiconductor substrate disposed in a reactor is
constituted as a hollow member and the feed gas is jetted from the hollow member in a
uniform amount in a direction substantially perpendicular to the direction in which the
flow of feed gas is guided within the hollow member, so that the semiconductor substrate
25  is bathed in the feed gas flow of uniform amount jetted from the lead-in member.

In another aspect, the present invention provides a compound



FIG 24 is a graph show ng nonuniformthickness within the substrate pl ane
and decline in deposition rate of a My-doped GaN | ayer when not using the
gas supply met hod of the present invention.

10 I hod of th [ [ DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS FIG 1 is a schematic diagyam showi ng a sem conduct or
manuf acturing systemthat is an enbodi'nment of the present invention. The
sem conduct or manufacturing systeml is a systemfor manufacturing a
sui tabl e 15 conpound sem conduct or wafer such as, for instance, a GaN based
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10 21 Upon being fed into the main body 21, the feed gases are thermally
deconposed near the surface of the substrate S to cause growth of epitaxial
crystal on the substrate S The used feed gas is sent froma di scharge port
21C to the waste gas treater. FIG 2 isqan enl arged view of the reactor 2
shown in FIG 1 illustrating its structural details The main body 21 has a
double wall structure and is water cooled 15 Specifically, coolant supplied
t hrough a cool ant supply port 21 E provided at the top of the main body 21
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The provision in the nozzle unit 25 of a mechani smfor producing a pressure
differential nakes it possible to feed the feed gas at a uniformflow rate
over the whole surface of the substrate S and this in turn enables the
epitaxial crystal layer formed 2 0 onéhe surface of the substrate S to be
made uni form over the whole surface of” the substrate S. Therefore, LEDs or
ot her sem conduct or devices fabricated using a sem conductor single crystal
waf er manuf actured by successi vely formng required epitaxial crystal
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FIG 2 is an enlarged sectional view showing the details of the reactor of
FIG. 1

FIG. 3 is an enlarged perspective view of the nozzle unit of Figure 2.

FIG. 4 is a sectional view of the structure of a pressure differential

20 producing mechanism utilizing baffle plates to produce a pressure differential.

FIG. S is a sectional view showing an example of a configuration in
which multiple perforated plate stages are provided.

FIG. 6 is a sectional view showing the structure of a light emitting
device manufactured using the semiconductor manufacturing system of shown in FIG 1

25 FIG. 7 is a graph showing the relationship between in-plane location and



switched to nitrogen, and triethyl gallium ((CZHs)3Ga; hereinafter
sonetines called TEG, amonia and silane gas were supplied to gow the

Si -doped GaN | ayer 54 to a thickness of 17 nm Next, TEG trinmethyl indium
((CH3) 3l n; hereinafter sonetines call % TM) and anmoni a were supplied to
deposit the InGaN | ayer 55, the light-emtting |ayer, to a 5 thickness of 3
Aam The foregoi ng deposition of GaN and I nGaN | ayers was repeated four
times TEG trimethyl alum num ((CH3)3Al; hereinafter sonetines called TMA)
and ammoni : ' ' ; I : of ective
ayor, o GriiEid, 4RRuEE el S RRASE k WEn RrNg dYEE e A IR0 “las once

removed fromthe rea&pﬁ%g’ #ngk was sEﬁérh’afthedﬁlig atNEsHo%Akd Ok, srenﬁngnq?a&si ted

with a My-doped Al Ga er, a protective er, to a thickness of 44 nm

The substr r ' : +he My- doped GaN
| ayer 57 V\ng%snﬁgatépos tsgggﬁgh%@%ﬁdgﬁgg?o g é‘%gf%‘fﬁ%eg}gﬁ;}?ﬁg ™5 (Et Cp) ZMy

and ammoni a. 15 The g\ QU S et RGP BEHHE 184d-RARRGHEE Ry Pdced in
t he foregoi ng manner vva% rer?oveéf r mehe reactor 2 andl anneal ed for 20 mn
at 800.C igggngtrogen to make the My-doped GaN | ayer a | owresistance p-type
| ayer. “"The so-obtai ned specimen was formed with el ectrodes by an ordi nary

process to obtain a | .tIO? 'egér?{i 1@&%%&5%1%%@%@.@%8 used for the

p electrode 58 and Al tor tl el'ectrode 59. 2 0 Wien current was applied
to the LED in the fOrﬁﬁl}.dndi?ragﬁefrép@aive'Jie@%h'ahh&ﬁﬂcﬂioﬁtdmﬁé lehd-S eRMES ST ON
at an em ssi on wavel ength o 60 'nm Lum nance at the center of the
substratesH(g\%@[n}qug cation current of 20 mA was 0.7 cd. As indicated by
the synbol's in FIG 7, the em ssi on lum nance exhibited high uniformty
within the substrate pj@ng i{ CHEAliaNiING FSRR £ sbhicdnduddtembAIRERiMI
Exanpl e was repeated 1 n sane way, expect that ‘the orifices of the

per f 08t ed, Rk, lanbily SR R B inclFiendieligh L0, 2 1 ar ge di anet er

i ncapabl e esta ng a | ar pressure differential and the
substrate was not rot A L - em Lt I i i

current was applied tgk?ﬂg lfg#rlgallgfﬁgé rft'é)érc %ﬂk‘gwé%?%({nﬁ élﬁ?érﬁﬁ%\g?gld by
t he synbol jn FIG 7, the em ssion | um nance exhi bited uneven
distribution Wthin substrate surface. 5 FIG 8 is a schematic diagram
showing a sem conduct pic, TaNYA b shWng ¥ tieallrbiath: kiR valh oth TRBkne®! { he
present invention. The sem coRduct or nufacturing systemo60 1s a system
for manuf ek i hinf iR S i iSO BAGH OhveBES i H CBmBaratif "
i nst ance, @@%Eé@@ﬁ*ﬂ‘ﬁ'?ﬂﬁ&g@%%ﬁfﬁﬁ%nd ?2 g., I\FleGaAI I\Bl semm?or%éuct or or
a GaA§5ba%§gnélgl -V G oup compound 10 sem conductor wafer. It is equipped
with a reactor 61 and a feed gas supply unit 62 for supplying feed gas to
the reactor 61. The rgﬁﬁ?tl‘égs gﬁragﬂ%&biﬁgﬁﬁa@b%&?ﬂ%lt@%@?%‘imw&%s&f a

gquartz tube or the like an susceptor 64 on a substrate S Is set.

The suscepf iy Gdn irPaddfft @)ﬂae e ﬁbﬁ%&ﬁ&%&(di:ﬁ%&ﬁé}ﬂ?&m ihvémonsSuch as a

hi gh-frequency 1 nducti on rng corl or am 15 infrared ray |lanp, installed

I nsi de the main body ﬁﬁ% l-ghﬁa%ﬁ\@ﬁS%ﬁﬁgﬂ?@agﬁ%mirésuﬁ%f%ﬁ??hg'?ﬁicl?dé?ss'[ rate

S set on the susceptor 64 to esir tenperature. T ed gas supply

unit 62 is;a. ' b ' - ing the reactor 61
with the f% ésgrg&gg}sfﬁﬁ%ﬁ%@%&é{@é@%ﬁgpggi@%@g@ té?@esltﬁ gtkl}?lﬂtb %i n-filmlayer on the

substpate S by MOCVD. pidhe; i%?d%rigﬂ? svARg bNfeb@eMe AR HUBONY optiédl pBgel S Sent

through a Z ~ feed gas suppl he 66 t0 an inlet 67 provided in'the nain

body 63 finstrﬁtﬁﬁi%h\sr519§ﬁt%i&ﬁgqi&e$adrﬁakbecdmiing RadY pRdnt Mvb@ask i n nenber 68
is provided in connection wwth the inlet 67 for supplying the feed gas sent

to the inlet 67 in thedoigqeiangh@RANE view showing a system for manufacturing

semiconductor that is a still further embodiment of the present invention
FIG. 19 is a front view of the susceptor of FIG. 18.
25 FIG. 20 is a front view of a susceptor capable of processing multiple

substrates



onto the surface of the substrate S at a uniform anount per unit |ength The
feed gas 2 5 fromthe lead-in nenber 68 is passed in the Y direction in the
mai n body 63, the used feed gas is sent fromthe reactor 61 to a waste gas
treater 69 for treatnent, and the 1$1treated gas is discharged into the
at nosphere froma di scharge port 70. The lead-in nenber 68 wll be
explained in detail with reference to FIGS. 9 and 10. The | ead-in nenber 68
i ncludes a nmain body 71 constituted as a holl ow bar-shaped nenber. The

72, 73 extendi ng 1 engl hr Se M MPHER A BaliThRE (SRR umaliRed ' O
paseage. (Ve PREIA e oply M o OBl TAREo | o al 77 dest anat es.
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t hrough- haol'es or Crrcul ar "cross-secti on“space egular 1 nt he
feed S i I gﬁ@ gui de passage 76 of the main body 71 in
t he fgﬁegyﬁ@&nngeg%dgs&ﬁr%%sénﬁﬁﬁ'ﬁe ‘direction within the feed gas guide
passage 76 to be jetted fromthe orifices 78 perpendicularly to the X
direction, i.e., inthe Y direction, and supplied to the substrate S. The

amount of fbed gas. JORRYIE PR PR AR EVROPIENESY Tate S, e
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a pipe 98 e coolant sup uni t e €00 again sent to
| over 06 by RALER e R e R 2 exchanger (not Shown). This
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therefore bathed 1n a unifornmfeed gas flfow 2 0 that enables highly uniform

crystal gr o] 5 ] tha t he
stﬁi‘é:%lm. eg‘&%pﬁg}ﬁg%&ﬁ@y Bldubtish E&Hﬁ%%g{g? %eatg@l'ieeélﬁfé@er torl 23 fyéﬁal:t\é)

fact that er 68 1s made ¢ e of cooling the d-1n gas

by use of g, %ﬁ?ﬂéﬁg@tow}@cpﬁﬁwﬁﬁﬁ&&ﬁ?& of the feed gas can be

cool ed/ contr so tha oes not prematurely deconpose while traveling
fromthe inlet 67 to e panidal GEshlY 8nit 3 9 eGuibpéy RS Ba¢ BaiRfpre _be
introgﬁced to the crystal gﬁ%ﬁﬂﬁﬁggtgloﬁ t %ﬁgﬁkstrate Sg%ﬁﬁgbg?esher 25
state than heretofore, not only is the purity of the crystal formed on the
substrate S markedly enhanced but the raw material utilization effciency is
al so i nproved.




21 The thermal |y deconposed used feed gas is sent froma discharge port 79
of the main body 63 through a discharge line 80 to the waste gas treater
69. In the foregoing enbodinent, the orifices 78 used to jet the feed gas
are forned as holes, nanely, fine thrqugh-holes. The orifices 78 are,
however, not limted to 5 this configufation. One specific configuration
usable in place of the through-hole configuration is one fornmed of a

consi der abl y narrOM/sllt When the orifices 78 are forned as hol es

(through- ggll ?e%lh ?e'na pli?,C{, gﬂ&sreet%t Oﬂxl&t tJﬁP& a%l%%d Ql es can
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need not be one WO Oor nore er aper res) for
jetting g fices 78
bt he or CPrAABif oL AREEF e ORI @%&f?@%ﬁé@%‘%% 5Bl
progeSS|v%E er fronlthe interior toward the exterior, that, to the
contrary, Bows progressively narrower fromtoward the exterlor t hat

i ntains a constant hdidl A dend BLRIGOR. @%%&s'teﬁwe;ah&rmosm%tba&w ges

between the interior and the exterior contrar der
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Z“nig ool Rpi] Zfibe B8 oA Gty | éh“vt.'b?é%ﬁe?i@ AL R *‘g%ﬁtlé?‘f‘f%%e% t?h:e”g
o amotor onneRas, AR fhehdFe RGP HE e 1, Cgmég%da&i‘i“ﬁ ow
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circul ar throug ol e I nner roug

achi eved WAy Y ‘@18@%%%?5‘%@%‘%9@9%@?‘%‘f@k e R P S e e
fl ow of ttggttllgrgggi] tﬁgﬁﬁeagggug?gl I‘3(i)lé9 ré:llznﬁ od fepUgh-holes that is uniformin

the X dir ese Cco ions, the inner dianmeter of the

through-hol es i s mor eARr@haaBlypifle JMTBb g ith aAbitk HIPLE PG/ PR v 0.5

mmto 1 mm Wen the gas nozz dW|t the s oritices) 81,

the slit %ém’ghféa BetieedAn Q?ha%?tcéaggﬂetﬁks?ﬁgleﬁ%ﬁ fﬂﬁ % a}?ﬂ%@%ﬂﬁ&%%ﬁﬁas t he

vi scosity and other properties of the w rate o e the

act uapgsl i, [.5 %E%hfwtﬁfg&gtsopfhevgﬁt RPN 351?%8,[ V\?i&g ctoﬁf? 1f {zrﬂwi Ean 0 01

is prefera nm nthe slit w srraler

mm an ad ttﬁeglﬁg ofeyae PPE &g@%@?&p o ﬁemCtﬁé“ﬂeév r?ﬁ?:oc?vﬁ%?le\)éﬁg pﬁ nit

is greater than mm 1t becone Icult to achieve d gas
suppl i €d can escape into the exhaust gas line 35. The opening/closing of the shut-off valves 32D,

32G 1s controlled by a process control unit (not shown) so that when one is closed the other

is open This makes it possible to feed gas from the flow rate control valve 32E into the

25  feed gas supply line 31 for prescribed time periods at prescribed timing.

The bubblers 33, 34 for vaporizing raw materials B and C are identical in



2 0 fromthe main body 71 that is uniformin the X direction In |ight of
these conditions) the slit width Wis nore preferably 0.1 mmto 2 mm stil
nmore preferably 0.5 mmto 1 mm In the foregoing enbodi nent, the feed gas
is supplied fromthe | ead-in menmber tgqthe reactor through only one set of
orifices. Alternatively, however, one or nore additional orifice sets can
be fornmed inside the lead-in nenber and the feed gas be passed 2 5 through
the two or nore aperture sets into the reactor. Uniformfeed gas flowis

easi er 1t 0 saGdHR\RHhE Bul?ol%r?z\.‘;\%ih'é‘g@mﬁ&ﬁﬁts B@ﬁé%b&l@fs P04 c&?e"‘sFMHi%hhe

mul tiple aperture sets \ various types of gas nozzie structures
ver e expl ahRgendnts 3206 KOHRFRhSWhbbleR 38late ¥R refddéncBBIMBYs 43R 31 by m the

|
orifices) 78, 81 for jetting the feed gas Can be selected from anong such

conventi ongh -ongp réhﬁedtﬁlél?,r arﬁ%téxﬁﬁnat}é'ntﬁﬁ%@'ﬂia‘ae £ibhi ng, el ectron beam
cutting, drilling and the like. After formation of the aperture or
apertures, it is desigg 8f bk RRHIgalest E\%dﬁé&i Uk aablerd 32N83 054 fih gRs) 78,
81 by electrolytic polishing, nmechanochem cal polishing or the liKke,

becauss smRejdihg thafthertih Rt atSdipreRFiBed prebRFCENRDIIEH BENRMERdcRled TBW fatd | €S
into the feed gas, reaction of the feed gas with the walls of the orifices)

78, 81, apgntRliRGve ST arRslivey Sahefcb8 Ghdes rdqhiré® 1 fERBRS theliR@vIdaYY tHRLEH al
constituents react wth each other. In 10 such a case, the different raw

materi al  ¢R8&tdah U8 Rdin& Y hididbsey N ak the r%.nife@'ﬂi%é@‘b?@oﬁt%lﬁﬁg)% openiRPssi bl e

to the substrate S without being m xed. en the | ead-in nmenber 68 is used,

a separ at end it BB QAIV& 3215292GN35BTESG, GAD, 836! and BR BPAMIARSSIdLbf ereh raw
material constituent. By this, the feed gases can easily be introduced to

very near afsa6iafed REGLAT Qalvést TN 330 XUDITHS fedd lpBsed late pa?!»séﬂeiﬂioctﬁ]? @ B6dy

manuf acturi ng systemthat capitalizes on the 15 advantages of the present

I nvent 0on 2¢ aDp&EbEifRTd4AE- thé hiein BodyN0We fdtiogdiey ars MeeaIMEadcofpoiddteRr €sent

i nvention. The sem conductor nmanufacturing system 90 of FIG El@ is simlar

to the semeCRRABEbPhe TaRHARCS W tdlSe B3OWEOT EfltaRial CH/stal 8n EReCRBbtrAd18t Th S
reactor 91 has a different stn.~cture fromthe reactor 61. Therefore only

the react ged¥ed SasI 1 @Mrbm a'ﬂis@har%é’-?@ﬂgl@ hethoWage gePRGkdrt uent 2 0 el ement s
are omtted. The reactor 91 is o he vertical type in which substrates S

are nounted substanti gid Y2 KQhtenfafdedWidh ofttheUeARR D8ho%d RS dellisttidghe main
body 92. The main body 92 has a double wall structure and is water cool ed.

Speci fi calik ¥iruGQral adthilssS IBRImAs bbdy 2UURs 2 d6@E Al stBRbeYarfOf twaletAoBle@Vi ded
near the bottom of the main body 92 cools the whole 2 5 outer surface of

e, IR} SRR Sl SR o e sian ey 06
which a plaimbddyy21 codfs the whole outer surface of the main body 21 and is discharged from a
coolant discharge port 21D,
The substrate S is mounted on the susceptor 22 by a substrate holder 24
In the arrangement shown in FIG. 2, only one substrate S can be processed at a time
20 However, the susceptor 22 can be replaced by another that is capable of mounting multiple
substrates S by the same method of attachment. The inlet port 21B is connected with a
nozzle unit 25 for leading the feed gas arriving from the feed gas supply unit 3 into the
main body 21 and supplying it at a uniform flow rate over the whole surface of the
substrate S in order to form an epitaxial crystal layer.

25 As shown in FIG. 3, the nozzle unit 25 is composed of an inlet pipe

member 26 for leading in feed gas and a hollow annular nozzle member 27 provided at the



of substrates S are nmounted on the suscepter 93 at regular spacing. A

| ead-in nmenber 94 is connected with an inlet 92C of the main body 92 The

l ead-in menmber 94 conducts feed gas arriving fromthe feed gas supply unit
62 through the raw material supply I|i 66 into the main body 92 and
supplies it along the peripheral surface of the susceptor 93 and onto the
surfaces of the substrates S at a uniform anount per unit |length so as to
formepitaxial crystal layers on the substrates S. As illustrated in detai

in FIG 13dox$n%§eea'rn?g-gfc}f’2héﬁ‘5@§fpeQn%n%fgée.g‘éBétto"i‘n Ral '29)&’10@%%'7.2& n{%&éﬂ%{ > dy 95
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into the I I . -Sif ] re pipe 10
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comuni cate wth an annular voi not shown) formed in the main body 95 to
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degrees apart 1n e clrcunterent tiron o e nal
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can be appropriately selecte anong various suitable s e nunber

2.0 of outghebrancligs: BRafcRRs BERE 3SR Sl OUToR e SitiEARKS, number

of outlet branches can’be se conn to e I nlet marn body 95.
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are fabricate arately 1n the e rments shown in FIGS. 8 and 12, the
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axial dir I mai n body 95 (direction indicated by the arrow X).
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into the main body 95 in the foregoi ng manner f Inthe'circ erenti al

into the min body 95 17 (! oves T I clinf erent i al

pasos dodiuar i Ph ERLGHHEF Ry bl PRI bthe KOl RIS FRVAENINSD 0

th f : ool . i

di Schar god 15 om THECRR R BEUS 87w n f Mol we T MR SES el
5 {1 body S5 P & direct :
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i nterval s j gy tata@mahfg%fafng&ﬁa& @ inBirkRe I TIRY stﬁfchk@?_rd?ﬂﬂ&é'tﬁé rdquREd piédute 95B.
The nunber and pitch of The 15 orifices 97 is defined so as to ensure that

the apoUNtyiffredtREBy CHASarHPRbW 6sidt Mce td IO FERNDS iffolndly RBAE AR REPSLAARSS S, |

e., the amount of Teed gas jetted fromthe orifices 97, is uniformper unit

l'ength of |ugEed gas Reted b 2R dullet 262 SHthEMIE Bip8 Menier 96 Eﬁ%écﬁ&pﬂ’fs Redi N
body 95 The substrates S are aligned in parallel with the orific 97 of

the main hegye QRfS oR the Sbstrate [N Hhen IR Ml BarBdpIR& @@Ta&eﬂiisﬂ)d%e& heyf eed
gas jetted fromthe main body 2 0 95 of the lead-in nenber 94. As the

sem conduGhiopAREHbAN MEMBE M¥SHEMIed SithithdGitldf 864 tdsprdl thOTRYRIIGh

manner, the lead-in nenber 94 ‘enables the feed gas fromthe feed gas supply
unit 62 t qhd@ratdthediberdt®st he surfaces of the substrates S in a uniform
anount per unit length. The substrates S aligned in parallel with the

orifiges 97 of the |eqfe ﬁ@ssﬁ?é@ﬁ*ére%l%rgdu@iﬁg ﬂéaﬁérﬁ;r@ﬁﬁn%amame@at@s ani form

feed gas flow that enables highly uniformcrystal growmh on the surfaces of
the subst ral g% presshreiffdréiRial frabadin FREMRIsPBing thE pbieditled PlaFEIRREd Adhd S 26
al so configured to be capable of cooling the I'ed-in gas by use of a cool ant
and, therefore, the tenperature of the feed gas can be cool ed/controlled so
that it does not prematurely deconpose while traveling fromthe inlet 92C
to the orifices 97 Since this configuration enables the feed gas to be
introduced to the crystal growh sites on the substrates Sin a 5 fresher
state than heretofore, not only is the purity of the crystal formed on the
substrates S markedly enhanced but the raw material utilization efficiency
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A nunber of 50-mmdi aneter sapphire substrates were disposed in the 15
reactor 91 of the sem conductor manufacturing system 90 shown in FIG 12
and the required feed gas was supplied onto the sapphire substrates from
the orifices 97 of the l|ead-in nenber .24 The growth tenperature was set at
550 C. Agalliumnitride (Gal~ buffer "ayer was deposited to a thickness of
0 nmusing trinethyl gallium (TM3 and ammonia, with hydrogen as the
carrier gas. 2 0 Supply of TMG was stopped, the tenperature was raised to
1060 C, a | gﬁl%@ HE TN ly of TMG was

di scont i m"}%gﬁgﬁp ]igzoo ?ﬁﬁ%rﬁt% I mrgglgrg?egésgwbnpon bcngﬂrr% etion of the
deposition. The subst S : UL h.
When the tenperature F@g@h%)?ﬁéﬁéﬁ% ggﬁgi)fﬂ;%o#&%%cﬁ g%mgﬁstggfcgg?sf?{)nﬁ%d.

After thorughoRel hath il rSwhil 29RDTRARLANe WeRbleP) RGRH: 18 hiddlid ¢ 0gen 2

5 and the substrates were renove trates ex nor surface

The fil R : '
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hori zong al L Snd I Spﬂé?fo i : e 110, edge

of Itfle sapnpc)) |%Znésu egtz?air g"é,&gﬂgﬁt e ??pﬁl%%ﬁ%ﬁlﬁﬁﬁ%?@zggB#ﬂdrﬁht titlg{nesg
diéiter

di stributi i ndieat. to-edge variation in the thickness of
foh ﬁ’?z‘i 7. .
epi t axi al bg?t?/fg{bgh grda%//vt feayers Z formed on the sapphire substrates.

(Exarpl e 3) A sapphi g6 WsHLALE 8RR LFedoldifuBANSLONE R

WRSiset i n
the reactor 61 of the sem conductor ufactuting system g‘ﬂ)gwnail FIG 8

1 oL B R A B O Sk r T )

| ayer was gt own -usi € carrier gas

The sem C%%&B&Fnb@ﬁ?b”sﬁ&%rg{ | 3147 iRk %H‘oﬁ&écfe%%tgm%%ﬁ@?ed%&gé%vﬂgg wihptrate

at a tine e sapphire substrate was ro uring position of the

second oG Bueke o0 55 4FRl Sl Shal U5e A5RAR 4 pBRorab i D S5

uniformty grown portion was eva reésul't’s 'are shown

i FIG 1405 oRRar 306 Y€ XA ) o6 A0EHIY ORleoBX! RIS 388 L0

grow a GaN [ayer on a sapphire su or conparison w e results of

cyet om uscato embhish! Splbidfy el SEER AR e LGN XSorh HRFRE 7

system use em was reconfigure feed

gas directiy QR4 #ﬁe? 3pRp c{ﬂéetﬁr‘%ﬁﬁ% B e foﬁg@g?l? %‘fﬁhe&[ﬂﬁd@b&toﬁ?ﬁ@ﬁ%?rﬁ o

substrate was se or1 zont al he susce er aspec
2

The uni forre B oS ikeC AR hedn T ook, SRR YR BB PR e e
resul ys ariﬁcr?%?s‘é@% E&sﬂrgdif%r%n{iﬁl aﬁ@?ai%bﬁ tl'?egﬁﬂfofﬁﬁy"})? t{ﬁﬁ .ﬂtoﬁlsgatiertg 35{6@\?@ wn i n

FI G 14 that Sss uniformty o e epltaxia infrlm ayers

obt ai ned qéjepgﬁﬁ t;,gﬁgﬁe]'k?g?%%tig roviddgmanuf act uri ng systens configured

according to e pres ntfon was markedly superior to that in case of

using the conventi onaiys kB MOfHeac35E it 25 BP 4 médhanism for producing a

pressure differential makes it possible to feed the feed gas at a uniform flow rate over the
whole surface of the substrate S and this in turn enables the epitaxial crystal layer formed
20  onthe surface of the substrate S to be made uniform over the whole surface of the substrate
S. Therefore, LEDs or other semiconductor devices fabricated using a semiconductor
single crystal wafer manufactured by successively forming required epitaxial crystal layers
on a substrate S in this manner are uniform devices with little scatter in their characteristics
In the case of LEDs, therefore, uniformity in luminance and wavelength is ensured and

25  imregularity in these characteristics can be effectively suppressed.

(Example 1)



28 (Exanple 4) Epitaxial thin filmlayers were grown on a nunber of
150- mm di anet er substrates set in the sem conductor manufacturing system 90
shown in FIG 12. Hydrogen was used as the carrier gas and TM5 TMA
(trimethyl arsenic) and AsH3 as raw at'} erials. 5 At a tenperature of 670 C,
an Al GAs layer (Al ~ 0 5) was grown on each GaAs substrate to a thickness
of 50 nm whereafter TMG and arsine were supplied to deposit a GaAs | ayer.
After thorough cooling, the gas in the reactor 91 was replaced with
nitrogen and the CaAsASWBRLLdi WRiRe | DV Ariofed " RIRC Y CschlitdRdl
phot oresi st was fornmed on part Of eacﬁ GaAs sdbstrat er%;nd osr?lic{Hﬁe grxposed
portion ofnhiig AUR" 1 WRSIaiREE e theMdkdbofilel "TiHE 1Rht-mitng REviEORhORS! St
was t hen rearmvggﬂ\@\?tsk acet \gﬁgalandlthee he‘lggghtgt of t%g‘ slfnepn%t tlhe porl'%ison

correspongy : I 1. i e. The
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results are own in Fl T axis in FIG 15 represents
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sem copdu Gy | 8% &ML QAL dbPedEBATMARY, 58 1@ Al GaAs
| ami nat edﬁg?égg?wgeogqggﬂ%ﬁbm?ngg’t hi (L:Eneg-s g?‘ E?OSOi)%Fh was agc‘éﬁgév\%t%gg’ a

150- nm di %a,ﬁg t . [ : @RAS
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struct ur e oRka16re4nif cREARLNGH oL Bédokiiegs of 152 nm After cooling, the gas in
t he reactor a91g\/\rlétlscr epl acr\gag W tp?i) nitrogen and the GaAs substrate was

reasured. The 11 gt oruag CoRay Sy piTiRach Wi SR MEL FRPERBRHIT TS have
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FIG 16. [t~can be seen from hat good 1 n-plane unitormty of the
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power was mnmeasured under driving at 20 mA in the direction of t%e Substrate

di anet er. cHiBRdd g t1S100r°€ SRRy drdgehlaGcdrfiet hasc Al cBRpRASH of ElRMifg, GME’ t hat
the distribution of the 15 em ssion power was highly uniformas far as the

peri pher ahnd S@ndRia vise t 3l SiBératdteripErahudé BH9I0VE 1PREAANKH GQNtlfﬁﬁEﬂ”'ﬁ%&r esent
i nvention, use of the lead-in nmenber consisting of an appropriate holl ow

menber of shad s ihidkReRf 30AMl ar shape and provided with a gas nozzl e enabl es
supply of the feed gas onto the sem conductor substrate at a uniform anount

per uppt |ength. ThuSThdyib@fdi& tempaehnte Y fhisedd 8 19640 andf thithet}® gIMPRL r at e
pl aced to be bathed in the flow of gas supplied fromthe nozzl'e,” highly

uni form cy RGaIk¥hihe? IBmBEMECAHLIEY TV, BefohiGink @Ashe ds We@ﬁfppﬁ&ﬂtobe
easily cooled and the feed gas supply ports can be brought closer to the

crystal gpew tmeﬁanxﬁlalt/a«m 180SthicRh&s WF & ind ﬁ@@é@ﬁﬁa?&nﬁds dyed fith S hgndveed gas

can reach"the crystal growh site in a fresher state than heretofore,

t her eby _eaxhang;se_n&rﬁéieeoﬁéexﬁ&wn SHUr % 19 5RAA. A FBAAYHEIGEN SayeP Mot sRoWBLRsi al
utilization etficiency FIG 18 is a schematic view showwng a systemfor

manuf act Uftied Growstd § EIKHREMTESOMnt Rtdhe isdmé fenfiEPRGHeMERY d&positibe rté o8 it
i nvention. The sem conductor nmanufacturing system 101 is a system for

nmanuf agt UKi-8éped afid hdrRBdRd IRRROMAGoSRTHmeNduct or waf er such as, for
i nstance, a N-based 1'11-V G oup conpound (e g , InGAIN) sem conductor or

a GaAs-based I11-V G PhPsubetiid® thbes fiieCRMMSMerd 18I BICC, thel dariir gQuvped
with a reactor 102 and a feed gas supply unit 103 for supplying feed gas to
t he reactor 102.




The constitution of the feed gas supply unit 103 is essentially the sane as
that of the unit 3 shown in FIG 1, while the unit 103 is different from
the unit 3 in that each of the feed gases are supplied to the reactor 102
wi t hout being m xed 10 However, as thesfeed gas supply unit in which each
of the feed gases are supplied to the reactor 102 w thout being m xed are
known, the detaile of the feed gas supply unit 103 are not illustrated in
FIG 18. The reactor 102 conprises a nain unit 104, a stage 105 provi ded
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can be prqyj i j 3 i edr scept or
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mechani smyf. ewal vi ng the susceptor as a whole around the center of the

poIyhedrgHLa@ﬁécﬁgfﬁkunit 104 has a double wall structure and is water

cool e 5 Specificall (ofeTn] P syl i I t 109
ggd at the top o?ﬂ‘fshée)o?%%agéynepﬁ[rf i fvg%r g@g;&ggé;ﬁ%o&%’g@ﬁ th%# Qﬁ%r, gnu er

provi
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line 111 i i | ti ple i ndependent passages. A |Il Goup feed gas
A 1T gr@tppﬁé@ﬁggérg?% G oup feed gas C and bl ow gas D 15 supplied by

116 tAeough separ ate. TCEEYGR® R Soh BN el ABRGe BT Gopan
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ot her 1 bedt gale FshHE v RoRPE, G 2 rckffy 29T an Bl & JoRERRE o,
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dopant is usé€d, a gas suc en or nitrog rough the
Il Grou Y Vi b S: A " i de
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| ndi vi duakite (LEBANLAL ShoP Rl uttiGof thep/\lediRE 481:A B A fedifdfe $bCI Ni ty
of the substrate whil e I'ntai ning them separate from one anot her.
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The
Secti g 17 ratet b ARNRERSthe THT TR YRR R Bt BT 1
emission at an emission wavelength of 460 nm. Luminance at the center of the substrate
under application current of 20 mA was 0.7 cd. As indicated by the symbols A in FIG. 7,
the emission luminance exhibited high uniformity within the substrate plane.
(Comparative Example 1)

25 The foregoing Example was repeated in same way, expect that the

orifices of the perforated plate of the nozzle unit were formed to a large diameter incapable



forwards the three or nore kinds of gas received fromthe inlet port 110 to
the bl ow m x 32 section 114 while maintaining them separate from one
anot her The interior of the pipe section 113 is therefore divided into
mul ti pl e passages. The bl owm x secti g% 114 is provided with a cylindrical
housi ng nmenber 114A. A partition plate-114B installed inside the housing
menber 114 A forns a passage space in the housing nenber 114A for | eading
feed gases exiting fromthe pipe section 113 to the vicinity of the
substrate R q i menber 114A and
the parti t&gﬁy%{sgﬂtn gﬁ#ﬁﬁ%@%@ﬁﬁﬁéﬁ%&? g%sp%itae:‘%)}lgg%zdéé% di viders 114C,
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this time an iciently the resulting mxture group
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In this e end 114Aa of the housing member 114A extends
to bel ow the substrat ¢SSl BE cgfra ﬁg&geggmdy@%nmﬁf&f&*ae?%e liQes the

entire reaction region, the |11 gas'B and V G oup gas C
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supplied feed gases, i G oup fee as A 111 group

and V G oyR. {8&6r 8R%vifh tht QAN hs i Recdb RS ESrRL £ stagleery RAISthITRAME fayef B the
i ndividually supplied Il Goup feed gas A, |11 715 group feed gas B and V

Goup feedygiaateS 8y MOTYEATRY fdedGad oW HaTedd g’r?g%pﬂwﬁﬁﬁ 82 1@\t Akdgne at the

substrate S. This enables an inprovenent in t eposition rate and al so

enhanzes ¥ha SRNLEAY IRk &Y to Amin?e:idsw;sreeiﬁea i tHe ABR 1RIdGB3Nfop r@ééi@ﬁ%meom Ga

in the GaN-based m Xed crystal. In the case of conducting Il Goup el ement
dopi ng, myéegcgégr) t he dopant incorporation efficiency can be increased
Wi t hout reducing the crystal

In the main body 63, a lead-in member 68 is provided in connection
with the inlet 67 for supplying the feed gas sent to the inlet 67 in the foregoing manner
onto the surface of the substrate S at a uniform amount per unit length The feed gas

25  from the lead-in member 68 is passed in the Y direction in the main body 63, the used

feed gas is sent from the reactor 61 to a waste gas treater 69 for treatment, and the



2 0 deposition rate. The present invention will now be explained in further
detail with reference to working exanples. However, the present invention
ks inno way limted to these exanples. The Il1-V G oup conpound

sem conductor set out bel ow was grown 2 5 metal organi c chem cal vapor
deposition using the sem conductor manufacturing system shown in FIG 18.

34 Bi s-ethyl -cycl o- pent adi enyl - magnesi um ( (CZHsC5H4) ZMy, herei nafter
sonetinmes called (EtCp)ZMy) was used as ap-type dopant for My doping
(Exanpl e pRhi: - £aC ol mrror finish was
washed 5 %‘?@a@%@ﬁ?@gé Séﬁet5?%%5@%@%&%@2@@%&@& es. A susceptor

capabl e of pr 0cessi g i Lol hRer G P Y0 X AlrRa RS etifeih reltfihof g5 at o

during filmdeposition. e reactor and the s e were first cleaned by
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a GaN lay to a thickness eposition’rate wa m n Thus

bt ai ned i i t f 00l | ,

oDt e bk BlSlec'B ETPYGR BILSTS A1 T AR iR IGEON.
toi Nna: ¢ i dth bstrate t t | ted t

ras SSU | N ASGARLNAG0) fo and Lhe subst rale Lemperature vas of evated (o

the tenperature at 75Qcfuredct fahid¥dl ﬁ%és@&%@g% F%&S hrifiber ﬁﬁr@ﬁﬁ{tggéff?d The

sonetinmes called TEG and anmonia were to grow a
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: 270" . . f
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gases kept cons eposi tion

ot ot o el T R B JASiE g o
( Conpar at|t}{g¥e§éggﬁ%ﬁ%?’%éﬁséag%?gﬁéﬁgg{h%ngai%g?éj}y?geat ed in same way, expect

that the pertor own in was not used A GaN | ayer was
Phi Ckness s moasur obf Srop Rec ALEaLk HRY € bORMI AT T R HiITgIS Ty 1y
e 20 Bk i menf BRI GHAN LLF Rlark MOMBSrte A AR | 1o
amount - of (ReY EUbE e an TS PR Y LA S RIS A, Berhel e
poli shed R nflitid10 orircB! 98 MASHARDRCate the feed gas guide passage 76 with the

exterior. The orifices 78 are formed at a prescribed pitch in the axial direction of the

main body 71 (direction indicated by the arrow X). In this embodiment, the orifices 78
20  are formed as fine through-holes of circular cross-section spaced at regular intervals
The feed gas supplied into the feed gas guide passage 76 of the main body 71 in the
foregoing manner flows in the X direction within the feed gas guide passage 76 to be
jetted from the orifices 78 perpendicularly to the X direction, i.e., in the Y direction, and
supplied to the substrate S. The number and pitch of the orifices 78 is defined so as to
25 ensure that the amount of feed gas supplied for film deposition on the substrate S, i.e,

the amount of feed gas jetted from the orifices 78, is uniform per unit length in the X



10 with an organic solvent and used as the substrate. A susceptor capable
of processing a single two-inch substrate was used. It was rotated during
filmdeposition. The reactor and the substrate were first cl eaned by
feeding in hydrogen chloride gas at 12600 C using hydrogen as carrier gas.
At conpletion of cleaning, trinmethyl gallium TM5 and amoni a were fed at a
substrate tenperature of 550 Cto forma GaN buffer layer to a thickness of
15 50 nm The substrate tenperature was raised to 1,040 C and TM5 ammoni a

ver e supplyiedi dn%rIR¥s hsFal 4 WEL rdsfit Ahk MhEARSS o0 b@BREmy Bltned 1§
€ Was %"80 nm m'n S%‘n lfs Firrp ? ?1

deposition ra e substrate erature wa oweregwto 750

C th I A I EG TMA and i
Suppl | ed {5 e q Wi BWokERR e o Bt LB BrepRRllog 0 o Dtnt s of TVA and TEG
were controlled to g0@’05lgﬂteﬁpﬁlli3ﬁﬁmxi\lc&ﬁ¥rﬁrsﬁp@lX%n‘?té@%@s Lifeubite o

content ratio After renoval omthe reactor, ubstrate was exam ned

AL cont entiegbreh Sodfidt Bes el 740N 010,05 PORH LR TE Mol bohebhipe, "
propor &l O@o&lfhgtsg?teﬁlrfgf"%ntﬁilin PRkt of Gﬁ;ﬂg%%ﬂy 9 Exanple 4) 36

Exanpl e 9 was~repeated 1 n same way, expect t the'perforated plate 119

shown in FIG 18 was nQtNSG dﬂén?’rtpgw&g‘g m {%%O@aﬁéﬁ,pxﬂ,{i?yﬁs,seﬁam

0
substrate was renoved fromthe reactor and exam ne ontent by X-ray
e

A xaa, o PSR EPRE ¥R BRI peeT. 38 U Roltly ?%ﬁ@hrgﬁé@%ﬁes? t
of 3 p. m EPh Lol DRSS P erl MhoSUPIARE py B L e B Lo O e 08
exanpl e 8ys aNgnddGnt Nopiihe Sasihe® Bl R 1@her! BoI4R bdsBHR" L refiefgasur ed

Next, the epitaxral in“the reactor and't ure was
o 219 ol g RSN A RO O ST 2.
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premature decomposition and other disadvantages that would arise should the feed gas in
the feed gas guide passage 76 be heated to a high temperature by the susceptor heating unit
15 65
As the semiconductor manufacturing system 60 is structured in the
foregoing manner, the lead-in member 68 enables the feed gas from the feed gas supply
unit 62 to be supplied onto the surface of the substrate S in a uniform amount per unit
length in the X direction. The substrate S is therefore bathed in a uniform feed gas flow
20  that enables highly uniform crystal growth on the surface of the substrate S. Moreover,
thanks to the fact that the lead-in member 68 is made capable of cooling the led-in gas by
use of a coolant, the temperature of the feed gas can be cooled/controlled so that it does not
prematurely decompose while traveling from the inlet 67 to the orifices 78. Since the feed
gas can therefore be introduced to the crystal growth site on the substrate S in a fresher

25 state than heretofore, not only is the purity of the crystal formed on the substrate S

markedly enhanced but the raw material utilization efficiency is also improved.



reactor and the thickness of the My-doped GaN | ayer was neasured. As shown
in FIG 23, the 3 p, mGN |ayer doped with 1 x 1019/cnB8 of My was uniformy
deposited within the substrate plane. 2 0 (Conparative Exanple 5) Exanple
10 was repeated in sane way, expect tgallt the perforated plate 119 shown in
FI G 18 was not used. The substrate grown with the My-doped GaN | ayer was
fenoved fromthe reactor and the thickness of the |ayer was neasured. As
shown in FIG 24, the 2 5 deposition rate varied within the substrate plane
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doni ng se! FENonhBEREAP" BhL MeIhE EnfiBiiirion (RENINA! plafe GrHY Hfoubhthole

I.
. 1
sem condu acturihg system equi ppe reactof an reed gas

supply u nic vng%?atfgggsg@eefo%emu oﬁgﬁ%ﬁlgm SRR %ﬁ%‘?ﬂé Sc?f?c%y% % t?éﬁ n the

epi t axi al i'tTron process Nng a nozzle unit ins

wirince o doRRLERMGER e AL DR 40P Wb
t t har. . . t
D oduced BUPTREH HEh S SNRHACHE Bl ot 118 Bo® RRERU S ubb AR, 50 r

of the nozgzle..unit ~2. A sem conductor manufacturing systemas set out in
claim1l, %eerrﬁzg?ﬁo{l)hégl O pressure differential is produced by installing a

pressygpe differential F@&h%?’,‘iﬁé Hgthg(? ¥t &?an.hﬂg the through-holes can be modified from

the foregoing arrangement in a single row in the X-direction to an arrangement in two or
MOre rows.
FIG. 11 shows a modification of the lead-in member 82 in which the
feed gas nozzle is formed as an orifice 81 of slit-like shape. In this case, the slit width W of
15  the orifice 81 need not be uniform in the X direction. The slit width W of the orifice 81 can
be appropriately defined as a function of its location in the X direction so as to uniformize
the flow of feed gas supplied by the main body 71. Moreover, the number of slits need not
be one but can be two or more
Regardless of whether aperture(s) for jetting gas is/are formed as
20 through-holes or slit(s), the orifices 78 or the orifice 81 can be imparted with a sectional
shape that grows progressively wider from the interior toward the exterior, that, to the
contrary, grows progressively narrower from toward the exterior, that maintains a constant
width from the interior to the exterior, that bulges between the interior and the exterior, or
that, to the contrary, is wider at the interior and exterior and narrower in between. In
25  addition, through-hole orifices 78 and slit-like orifice(s) 81 can be provided in combination

to function as a gas nozzle



the nozzle unit 3 A sem conductor manufacturing systemas set out in clam
2, wherein nmultiple stages of the pressure differential producing device
are provided 4 A sem conductor manufacturing systemas set out in claim?2
or 3, wherein the 15 differenti al presgsure produci ng device is at |east one
perforated plate installed in the vicinity of the feed gas nozzl e nmenber of
the nozzle unit. 5 A sem conductor nmanufacturing systemas set out in claim
1, wherein the reactor is provided with a cooling systemfor cooling the

per i pheral val | porti gy Gfind i do098 LAt & sRoRETEROMIG! QR LRI Ui N0

systemas set out in claim erern t eren pressure

Uhe noxel digg Ve QT bich i ite . MRt b2, HERB MR W MO0, L7

t he nozzl e m con as s i'n claim

6, wherein idulRf ?Ji@%@ta?edgrgkeggbge Er?])}n't {ngtpitrh ?Igat itlge Ynih%ile@icta bgffoxtnbe% Jvf?ﬁd 9as

nozzl e menber o € no sem conductor manut acturing system

as set OUtgoiOQ a?éu?'clcgp ﬁleodiargﬁey\gﬁﬁ%}ﬁﬁg?noﬁ&%ﬁﬁ B§ d%cﬁde%rt%hg gﬁ? %cfong\tasugﬁm I ng

system for® cool'i ng”a peri phéral ortion o e reac

seni conduc ab NEA AUy a9 ogpéegg?%ygg&g PR tedld 4 afld RSAIAR EHBRL] g0 NI T

and a rea I recei rom-t gas supply unit ~and

et al or gartt B¢ SR EFEERE R O PR ARAME HonSidEoh L GpCit et

met al or ganr ¢ m cal vapor deposi m con

Syt e beidhg oSNRALEThE e i A U%icrl B0 d SR b BRG] @M ged |1

e gas recelved’from eed gas sSupply unit

onto the ScliJrE:t]:l?rg ?,FIS’@E%SQS_S %%&OB%“&,}@J dRHRRE TR e tmkgl{lpé\lg?% isﬁal?&néﬂg

i ncl udes a" vo I"de passage Tor conducting t ed ‘gas fromthe

feed gas sypph Liﬂiéde%]&tead%]rggg)g:pgfﬁgls{i(g B{Jelcgié)'he&%&”beaQ&i&xeﬂa%&gzi%!ise for

jetting the feed gas Trom _ passage i'n a second diTection
Ut 08 AR 8k e D L Pl DRSS Sb A
through-holes that is uniform in the X direction. In light of these conditions, the inner
diameter of the through-holes is more preferably 0.1 mm to 2 mm, still more preferably
0.5 mmto 1 mm.
When the gas nozzle is formed with the slit-like orifice(s) 81, the slit
15  width W can be decided taking into account such factors as the viscosity and other
properties of the flow rate of the feed gas While the actual slit width W depends on the
type of feed gas and the flow rate, it is preferably 0.01 mm to 5 mm. When the slit width
W is smaller than 0.01 mm, an adequate degree of processing precision cannot be achieved
When it is greater than 5 mm, it becomes difficult to achieve flow of the feed gas supplied
20 from the main body 71 that is uniform in the X direction In light of these conditions, the
slit width W is more preferably 0.1 mm to 2 mm, still more preferably 0.5 mm to 1 mm.
In the foregoing embodiment, the feed gas is supplied from the lead-in
member to the reactor through only one set of orifices. Alternatively, however, one or more
additional orifice sets can be formed inside the lead-in member and the feed gas be passed

25 through the two or more aperture sets into the reactor. Uniform feed gas flow is easier to

achieve with a structure that passes the feed gas through multiple aperture sets



40 10 A sem conductor manufacturing systemas set out in claim9, wherein
the lead-in nmenber is provided wth a holl ow bar-shaped nenber wherein the
voi d-1i ke gui de passage and the gas nozzle are formed. 11 A sem conduct or
manuf acturi ng systemas set out in claimm9 or 10, wherein 5 the gas nozzle
is conposed of multiple apertures spaced apart in the first direction. 12.
A sem conduct or manufacturing systemas set out in claim21l, wherein the
spacing of the nmultiple apertures is such that the gas flow forned by the

feed gas jetted from igleMAdduR tGpeRPE b4 RiSzzleS stIth{red MR ekfGine® Th GRODUCt OF
substrate. 13 A sem conductor mahufacturing systemas set out in claim 11)

wher ei n t h&eé&ngnﬁan WS (RS Rethod 1R tasor;nnheeanceggl sg1 & jertheSBETRGARGYCE OF

manuf acturing systemas set out in claim9 or wherei n t he gas nozzle is

conposed Qg %e%elet:te@ﬁ?cﬁﬂ%ﬂw% stchl lE@n\fehﬁ&{al ShéLad 108 c&t%% Al ABhiE ARENET OF

manuf acturing systemas set inclaim9, wherein the Tead-in nenber is
formed i ntgrpgl lalxctvant Beatd cu.lxtﬁﬁggtdrm"}?g ERPIRNIkeP AFRAGSE {afibn RRSARE Bgermir&8P! ant

15 for coolIng eed gas passing through the void-1ike gui de passage 16.
A seni gpn & rﬁ@ldfeﬁFatb}Hﬂ 1Sty HfeSetk RBrERBS ofttle drificBlsRi78) d0py MaBk&IHL t he at
| east onqughﬁékt passage qugrOV|ded adjacgnt tg Fh§?v0|d I¥ke éurgé

passage 1&31] > P AR fdrital PONBHIAE b fHeNfkeSY&chti® s?rfoo‘ﬁﬁﬁ%epihe' diit ShrficEd | b,

wherein t ant passages are provi ded adjacent to the void-Iike guide

passage o Quﬁf?@s@éé dichaigde® 1mpLﬂ'13e1e§- ﬁltc?‘th%%@dcgag CHl4ckiBh om%eﬂcéag MithGh$wafiem as
set out inclaim9, wherein the lead-in menber is provided wth a holl ow

annul ar nwgﬁror;ﬁ@e(\gjﬂyg:lgltﬁgomyg{_[clhlah@ergggfg@tspassage and the gas nozzle are

formed. 19 A sem conductor manufacturing systemas set out in claim 18,

wherein the gas nozzl g soﬁn&eégapstﬁéirm il eb@snafeﬁfstﬂ&&&mapmdotﬁaam in
the first direction. 20 A sem conductor manufacturing system as set out in

clai mIB QfchlPeas¥fE GfBreh@wARREiH B stiRleRts(s &H@g eﬁftaﬁlﬁ}'b@k‘@&f@@h%? clo
sem conduct or manufacturing system as set out al wherein t

SPacing ofys LARIHNGhO bibsHES LR being Mblba! When ISR rhl:Abi bR 1RIa Y “the

feed gas jett
separate raw material lead-in member can easily be provided for each raw material

constituent. By this, the feed gases can easily be introduced to very near the substrate
without mixing As a result, a semiconductor manufacturing system that capitalizes on the
15  advantages of the present invention can be realized.

FIG. 12 shows another embodiment of the present invention. The
semiconductor manufacturing system 90 of FIG 12 is similar to the semiconductor
manufacturing system 60 of FIG. 8 except that its reactor 91 has a different structure from
the reactor 61. Therefore only the reactor 91 is shown in FIG. 12 and the other constituent

20 elements are omitted.

The reactor 91 is of the vertical type in which substrates S are mounted
substantially vertically on a susceptor 93 provided in the main body 92. The main body 92
has a double wall structure and is water cooled. Specifically, coolant supplied through a
coolant supply port 92A provided near the bottom of the main body 92 cools the whole

25 outer surface of the main body 92 and is discharged from a coolant discharge port 92B

provided near the top of the main body 92. FIG. 12 shows an example in which a plurality



10 fromthe nultiple apertures is uniformon the sem conductor substrate.
22 A conpound sem conduct or manufacturing system for manufacturing conpound
sem conduct or using any one of the seniconductor manuf act uri ng systens of
claim9, 10, 15, 16, 17, 18, 19 or 423 A method for manufacturing 111-V
G oup conpound senlconductor by 15 |n?rodu0|ng mul ti pl e kinds of feed gas
into a reactor in which a substrate on which thin-filmcrystal |ayers are
to be formed has been nmounted and depositing thin-filmcrystal |ayers on

t he substr o’?tsva%sQXe.bg%eiﬂ% .%’0‘2‘[1‘*‘9%5%‘9@35@7‘%”m ?T%e{ngl organi ¢ chem cal vapor

deposition aracteri ze Ing the steps of
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individually and using a blow gas 2 0 separately l'ed intot rea tor to
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and then bl ow the m xe ses towa strate 4.7°A’ system for
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i ntroduce nu S of gas 1nto a reac a substrate
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hydri de v ase epl taxy or al organi c chem ca vapor deposi tion,
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t he reacto I ntroduci ng the mJ gases into the reactor and

| eading themto the th'lﬂlstr){teﬂd 1191Hlﬁé}r # Ghé MH% ey 9@%¥Jpﬂaeslaead' ng

a bl ow gas supplied from outsi e reactor to the vicinitfy o

For: artorofg fufle? P JR6 o750 e A S R
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bl ow themto substrate. 25 A syst for manufacturing Group

conpoyrd r&?QﬁdJ%sosfn fifer 34d 96?Ntcohr¥éc€eh]§g ?:f%eﬁl?i}eh ‘3@? T‘t {}e@‘@uﬁloﬂ‘%s”&ﬂ@?r Is a

perforate ate A system for manu p conpound

sem cond U%fdg Sfot?rec;utlétsbr fgﬁ gﬁl? b@l{i Fﬂa@ Graféh A Foyr d‘l'rrehttﬁxrs aF%Bé%\?Jt ﬂ%r\?alsc ool i ng

system for coo ing a peri portion of the reactor cool ant .

27. A SyStT‘EH‘oEQét WH@W%&@% ghne\{te%?mldﬂ aﬁH{EPB%ER%QPﬁ 8PfﬂH%§a‘?ﬁ set

out in claim reint er s fies f eed
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sem conduc manu actur
15 member 96 thus conducts feed gas passing from the inlet 92C to the main body 95 into the

main body 95 at locations spaced 90 degrees apart in the circumferential direction of the
main body 95
The sectional shape of the pipe member 96 need not necessarily be
square but can be appropriately selected from among various suitable shapes The number
20 of outlet branches need not necessarily be four but any suitable number of outlet branches
can be selected and connected to the inlet main body 95. Moreover, while the lead-in
member 68, 94 and the associated reactor 61, 91 are fabricated separately in the
embodiments shown in FIGs. 8 and 12, the lead-in member 68, 94 can instead be
fabricated integrally with the reactor 61, 91 as part of its outer case.
25 In order to enable the feed gas conducted into the main body 95 in this

manner to be uniformly jetted from the main body 95 toward the substrates S, an



manuf acturing I11-V G oup conpound seni conductor set out in claim?24 or 27
30. Il1-V Goup conpound sem conduct or manufactured using the systemfor
-manufacturing I11-V Goup conpound seni conductor set out in claim 26
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25 are therefore bathed in a uniform feed gas flow that enables highly uniform crystal growth

on the surfaces of the substrates S. Like the lead-in member 68, the lead-in member 94 is
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enables the feed gas to be introduced to the crystal growth sites on the substrates S in a
fresher state than heretofore, not only is the purity of the crystal formed on the substrates S
markedly enhanced but the raw material utilization efficiency is also improved.

The thermally decomposed used feed gas is sent from a discharge port
92D of the main body 92 through the discharge line 80 to the waste gas treater 69

Examples will now be explained with regard to cases of using a
semiconductor manufacturing system configured in accordance with the present invention
to form an epitaxial crystal thin film layer on a sapphire substrate and to form an epitaxial
crystal thin film layer on a GaAs substrate.

(Example 2)

A number of 50-mm-diameter sapphire substrates were disposed in the
reactor 91 of the semiconductor manufacturing system 90 shown in FIG. 12 and the
required feed gas was supplied onto the sapphire substrates from the orifices 97 of the
lead-in member 94 The growth temperature was set at 550 °C. A gallium nitride (GaN)
buffer layer was deposited to a thickness of 50 nm using trimethyl gallium (TMG) and
ammonia, with hydrogen as the carrier gas.

Supply of TMG was stopped, the temperature was raised to 1060 °C, and
supply of TMG was resumed to grow GaN. Supply of TMG was discontinued and cooling
started immediately upon completion of the deposition. The substrates were rotated and
revolved during the growth. When the temperature reached 600 °C, supply of ammonia
was also stopped. After thorough cooling, the gas in the reactor was replaced with nitrogen
and the substrates were removed All substrates exhibited a mirror surface The films

deposited on the substrates were measured for thickness and evaluated for uniformity The

104
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5 formed on the sapphire substrates.
(Example 3)

A sapphire substrate deposited with GaN beforehand was set in the
reactor 61 of the semiconductor manufacturing system 60 shown in FIG. 8 and another
GaN layer was grown on the existing GaN layer The second GaN layer was grown using

10 TMG and ammonia, with hydrogen as the carrier gas The semiconductor manufacturing
system 60 could process only one substrate at a time The sapphire substrate was rotated
during the deposition of the second GaN layer. Upon completion of the deposition, the
thickness uniformity of the newly grown portion was evaluated. The results are shown in
FIG. 14

15 (Comparative Example 2)

A conventional system was used to grow a GaN layer on a sapphire
substrate for comparison with the results of Examples 2 and 3. For this, the lead-in
member 68 was removed from the system used in Example 3 and the system was
reconfigured to blow the feed gas directly onto the sapphire substrate from above. The

20  sapphire substrate was set horizontally on the susceptor. In other aspects, the configuration
and growth conditions were the same as those in Example 2. The uniformity of the
thickness of the obtained GaN layer was evaluated The results are shown in FIG. 14

It can be seen from the test results shown in FIG 14 that thickness
uniformity of the epitaxial thin film growth layers obtained using the semiconductor

25 manufacturing systems configured according to the present invention was markedly

superior to that in case of using the conventional system (Comparative Example 2).
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FY 109 & ()straded St4H e (szsrhicbr]r&{%%r%a(rﬂxfac{uring system 90 shown in FIG 12. Hydrogen
was used as the carrier gas and TMG, TMA (trimethyl arsenic) and AsHj as raw materials.
5 At atemperature of 670 °C, an AlGaAs layer (Al - 0 5) was grown on each GaAs substrate
to a thickness of 50 nm, whereafter TMG and arsine were supplied to deposit a GaAs layer.
After thorough cooling, the gas in the reactor 91 was replaced with nitrogen and the GaAs
substrates were removed. A protective film of photoresist was formed on part of each
GaAs substrate and only the exposed portion of the GaAs layer was etched with citric acid
10 The photoresist was then removed with acetone and the height of the step at the portion
corresponding to the GaAs layer was measured using a feeler step gauge. The results are
shown in FIG. 15. The horizontal axis in FIG. 15 represents distance from the edge to the
center of the substrate. It can be seen from FIG 15 that good in-plane uniformity was
obtained
15 (Example 5)
Using the semiconductor manufacturing system employed in Example 4,
a GaAs and AlGaAs laminated structure of a combined thickness of 1050 nm was grown
on a 150-mm-diameter GaAs substrate. On this were then grown a 13-nm InGaAs single
quantum well layer (In - 0.15) and a GaAs and AlGaAs layer laminated structure of a
20 combined thickness of 152 nm. After cooling, the gas in the reactor 91 was replaced with
nitrogen and the GaAs substrate was removed. The photoluminescence spectrum of the
fabricated specimen was measured. The light emission from the InGaAs quantum well was
found to have a center wavelength of 984 nm and the in-plane standard deviation of the
peak wavelength was 0 75 nm

25 (Example 6)

Using the semiconductor manufacturing system employed in Example 4,
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5 X-ray diffraction and the In component in-plane distribution of the InGaP layer was
evaluated. The results are shown in FIG. 16. It can be seen from FIG. 16 that good in-plane
uniformity of the In component was obtained.
(Example 7)

Using the system employed in Example 2, a multiple quantum well
10 formed of five repetitions of 3-nm InGaN and 15-nm GaN, an AlGaN layer and a p-type
GaN layer were successively fabricated on n-type GaN on a 2-inch sapphire substrate A
light-emitting diode was fabricated from the obtaiﬁed epitaxial substrate. The optical
power was measured under driving at 20 mA in the direction of the substrate diameter. The
results are shown in FIG 17 It can be seen from FIG. 17 that the distribution of the

15 emission power was highly uniform as far as the peripheral region.

As explained in the foregoing, according to the present invention, use of
the lead-in member consisting of an appropriate hollow member of bar-like or annular
shape and provided with a gas nozzle enables supply of the feed gas onto the
semiconductor substrate at a uniform amount per unit length. Thus, by effecting crystal

20 growth with the substrate placed to be bathed in the flow of gas supplied from the nozzle,
highly uniform crystal growth can be achieved Since the lead-in member can be easily
cooled and the feed gas supply ports can be brought closer to the crystal growth site than
possible with a conventional system, the feed gas can reach the crystal growth site in a
fresher state than heretofore, thereby enhancing the crystal purity and improving the raw

25 material utilization efficiency

FIG 18 is a schematic view showing a system for manufacturing
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It is equipped with a reactor 102 and a feed gas supply unit 103 for supplying feed gas
to the reactor 102.

The constitution of the feed gas supply unit 103 is essentially the same
as that of the unit 3 shown in FIG. 1, while the unit 103 is different from the unit 3 in
that each of the feed gases are supplied to the reactor 102 without being mixed
However, as the feed gas supply unit in which each of the feed gases are supplied to the
reactor 102 without being mixed are known, the detaile of the feed gas supply unit 103
are not illustrated in FIG. 18.

The reactor 102 comprises a main unit 104, a stage 105 provided
inside the main unit 104 and a susceptor 106 mounted on the stage 105, and a substrate
S is attached to the susceptor 106 by a holder 107 (see FIG 19). The substrate S is
heated through the susceptor 106 by an appropriate heat source (not shown) provided
inside or outside the susceptor 106, whereby the substrate S can be maintained at the
required temperature. The heating can be conducted by an infrared heater or a resistance
heater. Otherwise it can be heated by using a high-frequency generator to produce
induced current in the susceptor

The system shown in FIG 18 can process only one substrate S at a time
As shown in FIG. 20, however, by adopting a susceptor 106 that is the same as one for a
single substrate except for being formed as a polyhedron, as many substrates S as the
susceptor polyhedron has faces can be attached. The number of substrates S attached is
therefore not limited and a configuration can be adopted that enables mounting of an

appropriate number of substrates S The holder 107 can be provided with a rotating
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mechanism. When a polyhedron susceptor is adopted, moreover, the stage 105 can be

provided with a revolving mechanism for revolving the susceptor as a whole around the

center of the polyhedron.

The main unit 104 has a double wall structure and is water cooled.

5 Specifically, coolant supplied through a coolant supply port 109 provided at the top of the
main unit 104 cools all or part of the outer surface of the main unit 104 and is discharged
from a coolant discharge port 108. In FIG. 18, the passage through which the coolant
passes is indicated by hatching.

An inlet port 110 is provided at the top of the main unit 104 for

10 introducing the different gases supplied from the feed gas supply unit 103 into the main
unit 104 The feed gas supply unit 103 and inlet port .l 10 are connected by a supply line
11 |

The interior of the supply line 111 is formed with multiple independent

passages. A IT Group feed gas A, III group feed gas B, V Group feed gas C and blow gas D
15  supplied by the feed gas supply unit 103 are supplied individually to the inlet port 110

through separate passages in the supply line 111 When a IV Group dopant is used, it can

either be supplied to the inlet port 110 separately of the other feed gases or be supplied

between the feed gas supply unit 103 and the inlet port 110 as mixed with the III Group

feed gas. When no II Group dopant is used, a gas such as hydrogen or nitrogen is fed
20  through the IT Group feed gas A supply line.

A lead-in device 112 is provided inside the main unit 104 for leading
three or more kinds of gas supplied individually to the inlet port 110 in the foregoing
manner to the vicinity of the substrate S while maintaining them separate from one another.

The lead-in device 112 is composed of a pipe section 113 and a

25 blow-mix section 114 The pipe section 113 is structured like the supply line 111 Tt

forwards the three or more kinds of gas received from the inlet port 110 to the blow-mix
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The blow-mix section 114 is provided with a cylindrical housing
member 114A. A partition plate 114B installed inside the housing member 114A forms a
5 passage space in the housing member 114A for leading feed gases exiting from the pipe
section 113 to the vicinity of the substrate S. Within the passage space formed by the
housing member 114A and the partition plate 114B are installed appropriately spaced
dividers 114C, 114D, 114E that establish four passages 115, 116, 117, 118 The V Group
feed gas C is supplied through the passage 115, the Il group feed gas B through the
10 passage 116, the II Group feed gas A through the passage 117, and the blow gas D through
" the outermost passage 118
The blow ports 115A, 116A, 117A, 118A of the passages 115, 116, 117,
118 are positioned slightly above the substrate S. The III group feed gas B and the V Group
feed gas C are blown along the substrate S in a stratified stream.

15 A perforated plate 119 is installed at the blow port 118A of the passage
118 The perforations of the perforated plate 119 are aimed at an area upstream of the
substrate S The blow gas D exiting from the passage 118 1s therefore blown to an area
upstream of the substrate S in the manner of a shower by means of the perforated plate
119

20 The III group feed gas B and the V Group feed gas C pass between the
perforated plate 119 and the substrate S in a stratified stream. When II Group element
doping is conducted, a I Group feed gas flows together with these two gases, also in its
own stratum. The blow gas D blown shower-like from the perforated plate 119 first mixes
with the IIT group feed gas B and the V Group feed gas C at this time and efficiently blows

25 the resulting mixture of the II group feed gas B and V Group feed gas C onto the surface

of the substrate S
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gas D efficiently contact the surface of the substrate S to enable efficient deposition of the
5 required thin-film crystal.

Owing to the foregoing configuration, the II Group feed gas A, III group
feed gas B and V Group feed gas C experience no side-reaction up to the time they reach
the vicinity of the substrate S. The required thin-film crystal can therefore be formed on the
surface of the substrate S to have the prescribed composition and thickness. The used gases

10 are discharged through a discharge port 120 and treated in a discharge gas treater (not
shown)

Thanks to the use of the blow gas .D to blow the individually supplied
feed gases, i.e., the II Group feed gas A, III group feed gas B and V Group feed gas C,
toward the substrate S in this manner, the individually supplied II Group feed gas A, III

15 group feed gas B and V Group feed gas C are mixed by the blow gas D just before they
arrive at the substrate S. This enables an improvement in the deposition rate and also
enhances the content of Al In and other III Group elements aside from Ga in the
GaN-based mixed crystal. In the case of conducting II Group element doping, moreover,
the dopant incorporation efficiency can be increased without reducing the crystal

20 deposition rate.

The present invention will now be explained in further detail with
reference to working examples. However, the present invention is in no way limited to
these examples.

The III-V Group compound semiconductor set out below was grown by

25 metalorganic chemical vapor deposition using the semiconductor manufacturing system

shown in FIG 18.
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sometimes called (EtCp),Mg) was used as a p-type dopant for Mg doping
(Example 8)
Sapphire whose C-face had been polished to a mirror finish was washed
5 with an organic solvent and used for the substrates. A susceptor capable of processing a
single two-inch substrate was used It was rotated during film deposition. The reactor and
the substrate were first cleaned by feeding in hydrogen chloride gas at 1,100 °C using
hydrogen as carrier gas At completion of cleaning, trimethyl gallium ((CHs):Ga,
hereinafter sometimes called TMG) and ammonia were fed at a substrate temperature of
10 550 °C to form a GaN buffer layer to a thickness of 50 nm. The substrate temperature was
| raised to 1,040 °C and TMG and ammonia were supplied to grow a GaN layer to a
thickness of 3 um. The deposition rate was 50 nm/min
Thus obtained epitaxial wafer was removed from the reactor after
cooling down, and the thickness distribution of GaN layer was measured. Then the wafer
15 was set in the reactor again, and the substrate temperature was elevated to 750 °C, in the
atmosphere of mixture of nitrogen and ammonia After reaching the temperature at 750 °C,
triethyl gallium ((C;Hs):Ga, hereinafter sometimes called TEG) and ammonia were
supplied to grow a GaN layer. The temperature of the TEG bubbler was 27 5 °C.
The substrates were removed from the reactor. The total film thickness
20 was measured and the deposition rate of GaN grown at 750 °C was determined by
subtracting the thickness of GaN layer grown at 1040 °C. This experiment was done
several times with changing the total feed gas amount, but the ratio between flow of feed
gases kept constant. As indicated by symbols A in Figure 21, the deposition rate at a total
flow volume of 30 slm was 60 nm/min, where the deposition rate was normalized for the
25 amount of the bubbling gas of TEG

(Comparative Example 3)
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A GaN layer was grown at 750 °C and the substrate was removed from
the reactor. The film thickness was measured and the deposition rate determined As
5 indicated by symbols B in Figure 21, the deposition rate at a total flow volume of 30 slm
was 20 nm/min, 1/3 the deposition rate when the perforated plate 119 was used. As in
Example 8, the deposition rate was normalized for the amount of the bubbling gas of TEG
(Example 9)
Sapphire whose C-face had been polished to a mirror finish was washed
10 with an organic solvent and used as the substrate. A susceptor capable of processing a
single two-inch substrate was used. It was rotated during film deposition. The reactor and
the substrate were first cleaned by feeding in hydrogen chloride gas at 1,100 °C using
hydrogen as carrier gas. At completion of cleaning, trimethyl gallium TMG and ammonia
were fed at a substrate temperature of 550 °C to form a GaN buffer layer to a thickness of
15 50nm The substrate temperature was raised to 1,040 °C and TMG, ammonia were
supplied to grow a GaN layer to a thickness of about 3 um. The deposition rate was
50 nm/min
The substrate temperature was lowered to 750 °C, the carrier gas was
switched to nitrogen, and TEG, TMA and ammonia were supplied to grow an AlyGa; (N
20 layerforlhr
The amounts of TMA and TEG were controlled to grow three Al,Ga; 4N
layers differing in Al and Ga content ratio
After removal from the reactor, each substrate was examined for Al
content by X-ray diffraction. As shown by symbols A in FIG 22, the Al content of the
25  AlGa;«N layers of the substrates increased in proportion to the amount of TMA supplied

(Comparative Example 4)
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119 shown in FIG 18 was not used.
After growth of the Al,Ga,.xN layer, each substrate was removed from
the reactor and examined for Al content by X-ray diffraction. As shown by symbols B in
5 FIG. 22, the Al content of the Al,Ga;N layers of the substrates remained substantially
unchanged despite the increase in the amount of TMA supplied
(Example 10)
An epitaxial wafer of 3 um thick GaN on sapphire was fabricated by the
same way described in Example 8, and the thickness distribution of the GaN layer was
10 measured
Next, the epitaxial wafer was set in the reactor and the temperature was
elevated at 1040 °C in the atmosphere of mixture of hydrogen and ammonia. After
reaching the temperature at 1040 °C, TMG, (EtCp);Mg and ammonia were supplied to
grow a GaN layer doped with Mg for 1hr. The (EtCp);Mg supplied was vaporized by
15 bubbling hydrogen at 600 ml/min in the (EtCp),Mg bubbler maintained at 30 °C
The substrate processed in the foregoing manner was removed from the
reactor and the thickness of the Mg-doped GaN layer was measured. As shown in FIG. 23,
the 3 um GaN layer doped with 1 x 10"/cm® of Mg was uniformly deposited within the
substrate plane.
20 (Comparative Example 5)
Example 10 was repeated in same way, expect that the perforated plate
119 shown in FIG 18 was not used.
The substrate grown with the Mg-doped GaN layer was removed from
the reactor and the thickness of the layer was measured. As shown in FIG. 24, the
25 deposition rate varied within the substrate plane between O 7 um at the center and 1.5 um

at the periphery. The deposition rate was 1/2 or less that in Example 10 The GaN layer
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In the present invention, since a blow gas is adopted for blowing the
individually supplied feed gases toward the substrate, the multiple individually supplied
gases are mixed immediately before arriving at the substrate and make good contact with
5 the substrate surface. This enables an improvement in the deposition rate and also

enhances the content of III Group elements in the GaN-based mixed crystal It also

improves doping element incorporation efficiency.
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1 A semiconductor manufacturing system equipped with a reactor and a feed
gas supply unit and capable of manufacturing compound semiconductor by an epitaxial
vapor deposition process by using a nozzle unit installed in the reactor to discharge feed

5 gas from the feed gas supply unit toward a surface of a substrate mounted in the reactor,
the semiconductor manufacturing system being characterized in that
a pressure differential is produced between the inner side and outer

side of a feed gas nozzle member of the nozzle unit.

2. A semiconductor manufacturing system as set out in claim 1, wherein the
10 pressure differential is produced by installing a pressure differential producing device in

the nozzle unit

3 A semiconductor manufacturing system as set out in claim 2, wherein

multiple stages of the pressure differential producing device are provided

4 A semiconductor manufacturing system as set out in claim 2 or 3, wherein the
15 differential pressure producing device is at least one perforated plate installed in the

vicinity of the feed gas nozzle member of the nozzle unit.
5 A semiconductor manufacturing system as set out in claim 1, wherein the
reactor is provided with a cooling system for cooling the peripheral wall portion of the

reactor

20 6 A semiconductor manufacturing system as set out in claim 2, wherein the



@10%}| & () - CLMNOJYNC 10% 104| 104

104| 9& 109 & () - 8SH10%4| & () - 6& 10%4 & () - |

410%}| & ()-210%}| & ()-ORt | dEYNC 10% 3"10% & ()- @' 10% & ()-L'!10% & ()- Y
10% & ()-,10% & ()-4 10% & () - EFGHK\ bGgl0% L10% h& ()- f10% h& ()-1 10%
h& ()- 10t 10t 10t @10% & ()-L'!10% & C)- UOndEbC 10% &Y10% h& ()- 310%

h& ()- @O0%h& ()-y9"10% h& ()- F& 10% h& ()- @ 10% h& () - n(mdEbC 10% Y

) 10% h&' ()- & 10% h& ()-Y $10% h& ()-, z10% h& ()-&@10% h& ()- Y 10%

h& () - cAl gz 0% B&: ()ix By )R 1 10% & () - o
ne (-~ Toorigeri Bredupiohione aiddis comiRieals baiins AT bnanarle Pt
@LO%TE () - géég%%g()-ssm 10%1& ()-1 10%m& ()- 10 h IAlgli"\"dE/ 10 hy
"L! 10%18&! (‘?-3‘1 e () - 10%1& ()- @O%T& ()- &L!10%m& ()- |

10%1& ()-\"h""""a$z$dE: /

7. A semiconductor manufacturing system as set out in claim 6, wherein a

perforated plate is installed in the vicinity of the feed gas nozzle member of the nozzle

5 unit

8 A semiconductor manufacturing system as set out in claim 6 or 7, wherein the
reactor is provided with a cooling system for cooling a peripheral wall portion of the

reactor.

9. A semiconductor manufacturing syste'n.1 equipped with a feed gas supply

10 unit and a reactor for receiving feed gas from the feed gas supply unit and forming a
thin-film crystal layer on a semiconductor substrate by metalorganic chemical vapor
deposition,

the semiconductor manufacturing system being characterized in
comprising;

15 a lead-in member provided in the reactor for feeding the feed gas
received from the feed gas supply unit onto the surface of the semiconductor substrate,
which lead-in member includes a void-like guide passage for conducting the feed gas from
the feed gas supply unit in a prescribed first direction and a gas nozzle for jetting the feed
gas from the void-like guide passage in a second direction substantially perpendicular to

20  the first direction,

the semiconductor substrate being bathed in the flow of feed gas from

the gas nozzle
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10 A semiconductor manufacturing system as set out in claim 9, wherein the
lead-in member is provided with a hollow bar-shaped member wherein the void-like

guide passage and the gas nozzle are formed.

11 A semiconductor manufacturing system as set out in claim 9 or 10, wherein

5 the gas nozzle is composed of multiple apertures spaced apart in the first direction.

12. A semiconductor manufacturing system as set out in claim 11, wherein the
spacing of the multiple apertures is such that the gas flow formed by the feed gas jetted

from the multiple apertures is uniform on the semiconductor substrate.

13 A semiconductor manufacturing system as set out in claim 11, wherein the

10  apertures are formed as through-holes.

14. A semiconductor manufacturing system as set out in claim 9 or 10, wherein

the gas nozzle is composed of a slit extending in the first direction.

15. A semiconductor manufacturing system as set out in claim 9, wherein the
lead-in member is formed internally with at least one coolant passage for passing a coolant

15  for cooling the feed gas passing through the void-like guide passage

16. A semiconductor manufacturing system as set out in claim 15, wherein the at

least one coolant passage is provided adjacent to the void-like guide passage

17. A semiconductor manufacturing system as set out in claim 16, wherein two

coolant passages are provided adjacent to the void-like guide passage on opposite sides
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15

20

lead-in member is provided with a hollow annular member in which the void-like guide

passage and the gas nozzle are formed.

19 A semiconductor manufacturing system as set out in claim 18, wherein the

gas nozzle is composed of multiple apertures spaced apart in the first direction.

20 A semiconductor manufacturing system as set out in claim 18 or 19, wherein

the apertures are formed as through-holes.

21 A semiconductor manufacturing system as set out in claim 19, wherein the
spacing of the multiple apertures is such that the gas flow formed by the feed gas jetted

from the multiple apertures is uniform on the semiconductor substrate.

22 A compound semiconductor manufacturing system for manufacturing
compound semiconductor using any one of the semiconductor manufacturing systems of

claim 9, 10, 15, 16, 17, 18, 19 or 21

23 A method for manufacturing III-V Group compound semiconductor by
introducing multiple kinds of feed gas into a reactor in which a substrate on which
thin-film crystal layers are to be formed has been mounted and depositing thin-film
crystal layers on the substrate by hydride vapor phase epitaxy or metalorganic chemical
vapor deposition, which method is characterized in comprising the steps of leading the
multiple feed gases to the vicinity of the substrate individually and using a blow gas

separately led into the reactor to mix the multiple feed gases present in the vicinity of
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310 & ()- &L0% & ()-1 3 10% & ()- 10% & ()- 10G 10G

10@P10%L' ()-t77666+7t 7bC 10d 310% & ()- &10% & ()-1 3 10% & () -
10% & ()- 10G 10G 10G &10% & ()- Nornmal" "Heading 13]c" "Headi ng 23]c"
"Headi ng 33]c" "Heading 43]c" "Headi ng 53] c¢" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93] c"A "Defau ? Par agr aph Font G& 5
>EKQY@j r JzwWWDG>NG! q' U- 348: <>@DFHILNPRTVXZ\ 2™ bdf hj | nprt vxz| ~Se& 0/ | Qr&R

, ) WAT7[ 7L

oL L FATRE P e ST s Sl V-0 o o

<=>7?@\BCDEFGHI JKLMNOPQRSTUVWK6TiI mes New RomanAri al Courier New'h Root
Ent r yWor dDocunent J I"#$UR' ()*+,-./0123456789:

<72 ECOETCH IR b bede A Mg

adapted to introduce multiple kinds of feed gas into a reactor in which a substrate has

been mounted and form thin-film crystal layers on the substrate by hydride vapor phase

5 epitaxy or metalorganic chemical vapor deposition, which system is characterized in
comprising a lead-in member provided in the reactor for introducing the multiple feed
gases into the reactor and leading them to the vicinity of the substrate individually and

for leading a blow gas supplied from outside the reactor to the vicinity of the substrate,

and a blow member provided at an outlet of the lead-in member for, after the multiple

10 feed gases exiting the lead-in member have been mixed by the blow gas, blowing the

blow gas onto the multiple feed gases to blow them toward the substrate.

25 A system for manufacturing III-V Group compound semiconductor as set

out in claim 24, wherein the blow member is a perforated plate.

26. A system for manufacturing III-V Group compound semiconductor as set
15 out in claim 24 or 25, further comprising a cooling system for cooling a peripheral wall

portion of the reactor with a coolant.

27. A system for manufacturing III-V Group compound semiconductor as set
out in claim 24, wherein the lead-in member stratifies the multiple feed gases fed to the

vicinity of the substrate.

20 28 -V Group compound semiconductor manufactured using the method for

manufacturing III-V Group compound semiconductor set out in claim 23.
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29 III-V Group compound semiconductor manufactured using the system for

manufacturing I1I-V Group compound semiconductor set out in claim 24 or 27

30. III-V Group compound semiconductor manufactured using the system for

manufacturing ITI-V Group compound semiconductor set out in claim 26



