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materials, investigators discovered that some :
binary and ternary compounds exhibited semi- where each lower case subscript represents the

40 conductor properties. Some of these compound  fractional number of atoms of the immediately
semiconductors, particularly those which con- preceding element present in a single molecule
tain one element from. Group III and one of the material represented by the general
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Another [important disadvantage is that thc
composition of the ternary product is
determined by the mixture- of binary com-

. pounds from which it is formed, and ordinarily

cannot be varied during the growth of the
ternary product,

In accordance with the present invention
there is provxded a method of producmg 2
mixed composition compound semiconductor
upon a substrate from the elements in Group
III—V according to the eble of Mendeleef,

Al,,GabIn,PdAs,Sb,
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By way of example, the invention will be
described in greater detail with reference to
the accompanying drawings in which: —
Figure 1 is an elevational view partially in
section of apparatus suitable for the vapor
phase reaction and epitaxial deposition of
mixed composition compound semiconductor
material of the general formula AD.E_.,
where A represents an element from Group
NI and D and E represent elements from
Group V;
Figure 2 is an elevational view partlally in
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bubbler, 20. The bubbler is only partlally
filled to leave a vapor-containing space above
the liquid, The gas passing through tube 18
is admitted below the surface of the liquid
19 and near the bottom of the bubbler 20.
Gas so admitted rises to the surface of the
liquid in small bubbles and thus becomes
saturated with vapor of the liquid 19. The
saturated gas leaves the bubbler 20 by way
of an exit tube 21 feeding into a mixing line
15, Likewise, the carrier entering through valve
22 passes through flow meter 23 and tube 24
to bubbler 26 through a liquid halide 25
of another Group V element, for example,
AsCl,. The carrier gas, saturated with vapor
of liquid 25, leaves the bubbler 26 by way
of exit tube 27 which also feeds into the
mixing line 15, Carrier gas admitted by valve

respectxvely The first bubbler 20 was filled
with AsGlj gng{maintsi

E e ke e B

throughout the deposition run, When thc sub-
strate 34 and the feed material 14 reached the -
designated temperatures, the helium flush was
stopped and purified hydrogen was introduced
through inlet 12 at a rate of 20 cm®/minute.
Hydrogen ‘was passed through the AsCl; in
bubbler 20 at the rate of 30 cm®/minute and
through the PCl; in bubbler 26 at a rate of
2 cm®/minute. Additional hydrogen was ad-
mitted into the miging line 15 from valve
35 at a rate of 58 cm®/minute, GaAs, P,
was epitaxially deposited on the surface of the
GaAs substrate wafer 34 at the rate of 16
microns per hour. The deposit was a mono-
crystalline extension of the crystal lattice of
substrate wafer 34, thus the resulting product
was a single monocrystalline wafer comprised
of two conuguous regions, GaAs and
Galsy Py .. - '
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cm®/minute -and ‘was gradually increased to
101 cm®/minute, The changes were made
gradually and simultanecusly. At the end of
the 20 minute period these conditions were
maintained for an additional 4 hours. All
hydrogen was then stopped and dry helium
through valve 40 flushed through the reaction
vessel 10 while the substrate 34 'was- allowed to
cool to room temperature, :

- The material formed during the first 20
minutes was monoorystalline material in which
the composition varied with depth from
GaAs,¢P,, at the interface adjoining the
GaAs substrate to GaP. The layer was
approximately 4 microns thick, The material
deposited during the last 4 hours of the deposi-
tion run was GaP since no AsCl; was admltted
to the reaction chamber.

- ExameiE III

.An N-type GaAs wafer 34 was placed in the
reaction vessel 10 as shown in Figure 1. High
purity gallium was used as the feed material
14, The bubblers 20 and 26 contained AsCl,
and PCl,, respectively. Dry helium adt_mtted
through valve 40 was flushed through the

" reaction vessel 10 and the heating elements 32

60

and 33 were activated to bring the temperature
of the gallium 14 to 950°C and the substrate

- wafer 34 to 790°C. When the desired tem-
peratures were obtained, the helium flush was -

stopped. and purified hydrogen was admitted

o

into the vessel 10 through inlet 12 at a rate of
20 cm“/mmute Hydrogen was passed. through
the AsCl, in bubbler 20 at a rate of 30
cm®/minute and through the PCl, in bubbler

resultant matenal and the original substrate
wafer comprise a single monocrystalline wafer,

although the composition of the material varies -

from GaAs (substrate 34) to GaP.

The resultant layered structure is illustrated
in Figure 4. The substrate wafer is shown at
34, upon which is epitaxially deposited a layer
90 of GaAsyeP,. Layer 90 is of the same
crystal orientation as wafer. 34 and is formed
as a continuous extension of the crystal lattice.

100 -

105

Adjoining the GaAS,.P,., layer 90 is a .

GaAs, 5P, 5. layer 91, which is also a con-
tinuous extension of the original crystal lattice
of wafer 34. The top layer 92 is an epitaxial
layer of GaP deposited on the surface of
layer 91, Thus the original crystal orientation
of wafer 34 is propagated by the growth of
mixed composition material on the surface
thereof, producing a single monocrystalline
mass or wafer comptrised of layers of different
semiconductor materials.

It has been found that the important vari-
ables which control the composition of the
product material are composition of the feed
material and the ratio of AsCl, to PCl, intro-

-duced into the apparatus. With respect to com-

position of the feed material, the complete
composition range of GaAs,Pu_.,, for values of
x from zero to unity has been epitaxially grown
on GaAs substrates using pure gallium as the
feed material in accordance with -the " inven-
tion, but if gallium arsenide is used as the
feed material, which use does not form part
of the invention, the composition range of the

product material is limited as hereinafter ex-
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[err] 1, 097, 551
The above process, although in terns of tion of the vapor in tube 61 may
be provided GaAs[err]P[err], is intended as illustrative and by
an additi onal hydrogen |nput descri bed not limtative. It is
to be unders P ef erence to Figure 1. The carrier gas

usi ng, al paf 3 Ehéf eed material - passing through valve 67 and

fl ow- et § 3 netWe apparatus of Figure 1, various com
enters d Sebe bel ow t ha,88%4| of 70 positions of thé m xed
corrpounekrsem.c uc li,gg hal J.0e 10 of ala“g;‘rig%pG nF uced tor

mat er L'J Ea% fny‘l;&?jse T T et T £beiad

Carrig aSFoSQlS t sVih tehe ratio of AsCl, toberagy oguced by t he sane pr ocess

Mor eove:’n§ Rmapdwrsfe;ghplt,me@é md@as;rlfl)lo\ﬂg fromthe Bdbbl er 69 hal i des
of anti nBnylowirge o APPIPP t hr ough F‘D"TE and enters the - _
constricti )gbgﬁ 3 ?ﬁ}gﬁzﬁg il Ynebe used in g‘ffﬁer of the bubblers 63

in the sec mﬂdmft ofipdr @Nthpasiiogdr hilide béifgoug)bctedﬁﬁto the reaction vesse? @0.aA3ckarBe 145
produce fouohtmd ﬂommd.be a:scnom rvbsg%l%?andl fseep fr § €0 mgg&!ﬂbﬁm %‘ief ornmul a
| nSb[ err A§ FY %ﬁ k2 n s “foz@ P, ‘ﬁ% rr]Dis
to be-prod ﬁen Oﬂ@; ate 3?1%%133 will | @hsﬁﬁ %Qﬁud‘e Qbing €
principl es amb chdﬁﬁ thél gmothd df hh]Ele tvi]:ﬁr maoe Gmstfeidhnhuhb Tehis ial was pro-1550 t he
above- descrdumégmaﬂ%mssm 0 | j ed qdused vehew| the guolemgeéo bubbl ers are
provi-ded? q;ﬁga"“ RN fhah "%ge ny desi regggorrpomtlon of ternary
tion b .

perature.c hd didu ﬁ.;ég Qﬁ§ ﬁ y3 to con- conpound
sem conductlﬁutodmiﬁgem adrnce belasetle sirfacd  t he anpuBCl,®@stial i de in the vapor,

and 2 of th‘bﬂlqllm éIe 'IUI’!Eggntg Cqmnl:lllgnel nenéﬁsgptﬁ,bs\lia Ga, an ogvsag]uently

t he anou % h oup V
~contai th ' in e

el enent ava, E e 'i:be O Ssining, g o The GlIBRIRG S theNovste 55

desi red, haﬂdwdme of tleh enrtieln rtiengs hariadbigr ofhemiog lrea;ao)m iowlvgk g ahe process 20  Of

alide vapor intro

As, P, agéi B ﬂm; npafaturgged therbuiphina etk affdch ef th jovestioa. e tactiop h@aem%m% a

sui t abl e”1 u4ERE: €8 The o+ a echitll” PSSRl Pl es 8t xed com
havi ng thr eﬁmﬁ@a@tﬂ’é Qﬁ CBJTPBBSGE' Uds®dciated Ga(GaCld) Redpled QRd 060 one
Goup |11 e?ldnamntonaoﬂdd tzh rgeléual zhmmm B@b ablanidesM; ey din thehgateos heater eact i on
Goup=V e@tmr?reuse PR pm cﬁ?tbe bybhlers “t h% & e ;d;_;:m %ﬁ rs?

i ndi vi d lg‘x h' 'the composition of Z ii:ml.:un'uua d%;'bSt I tut ed ’

t ai ned JédrteBis Ghries trthTae Rt Fﬁﬁﬁ@mbﬂﬂlﬂl@ heeRic to phospiorus Gusemng tw&a@wdw:t i-on
proces vvadlesresl rranperigure  chepgeseani bn agieanirsel 53 nay be nai nt al ned at 90
Iy oeﬁ@“@owpao%'ftﬁbiedﬁnﬁfat%emyg (Gads ff- qa‘a nt é’ﬁ F*@wn The

pr Oduce a¥\h Togramming, erea 8
vapor's Rt ef fdlke’s Suusane he o2 S al mahailies ML T, (Shet he

reacti on vemgelof tACI) U P, NinBbdRced OintaNtle 6 Grtiafofl arsenic to phosphof'{ﬁtpﬁa%dnﬁ n th8Y 70

i nt roduci ngsysreth ee%éthedmémmsggf Ga amiaaétrpowot\ lzore mastCyegwp tol dok. Hqeein mat eri al s
55 : ¢ {1 1&2 glrrpurltlesmthe and 64 to
forma. té?nafg‘)'/egrlsa Ic lm\ﬁ% S ‘gﬂ‘gt' ° 0 gas. streamin predeterm ned
anounts;” wafers epi ta‘kmM-yz BGpeSMa@mGaﬂl;hbs $u)2PL,r at e 65 Equ(1)95

gives such a ratio. Assuming that 3 moles of one can propose the following over-all series
* 75 GaCl are formed for every mole of GaCl,, of reactions:

,.u

2 . 4GaAs+2 [nA&Ils+(1——n)PCl,]—i>3 GaCl+GaCl, +As, +2 .
L. —n
~—As,+——P, Eq. (2
| [4 g ] @
~ : 3 3 GaCl-2 Ga+GaCl,
" Eq. 3)
" - [n . l—n '
80 6Ga+A§4+2 -;-As,.-i--—-;— P, |6 GaAsxP(,_,_‘, Eq. 4)
2-+n forming gallium which is then able to react 85
where x=-—o (Eq. 4) with the arsenic and phosphorus avail-
3 able in the 'gas phase. Thus, the mole. ratio

: First, the GaAs reacts with the AsCl, and of PCl, to AsCl, necessary to form a desired
_ PCl, (Eq. 2). In the decreasing temperature composition of GaAs:P(,r, using GaAs feed
’7 gradient the GaCl gdisproportionates (Eq. 3), material may be determined by the substitution 90



may be produced having P-N junctions the deposition chanber. The reaction

by- therein. Thus, for exanple, the collector, base, products

are exhausted t hrough outlet 81. and enmtter regions of a transistor nmay
be Additional hydrogen passing through val ve 74, epitaxially.
grown on a sem conductor substrate. flow neter 75 and tube 76 enters the
reaction It will be appreciated that such junctions can ‘chanber 51 thrqugh®
inlet 77 to assure com 100 be fornmed at any stage in the production pI ete
reaction ang to assist the flow of re1-097551 process. s
actants to-%—he—ele-pee-r— ——ﬁp*pm~afus——sur table
for the prod¥fp te&'}ﬁmedaﬂl#tof Ithh t’t)ge SSi hrouéﬂ"rnval @8 -

m xed conposERE %ﬁ’?ﬁl E “ef‘idw t&gfe 795 @ n’a‘ o g0
enters the second h ¢

I "’dener bsthiBRETOM B n Al @b Ak B 3
reacti on chanmber 52.thr ough |nI et 62. equatiofis95 e

Al err] B[ wee] O er r] Elsqaal-+bfd 426605 0.8 peE) YEid1+Ga€L, +AY.8Y Quart er nar

o1t
o

Q
conmpounds of the fornmula 40n 6.6 ghown in Fi gure 2. The appa F‘
com Alerr]Blerr]Derr]Eerr] rraylglbcf‘-bel’aar oduced with Eq. 29)rises a
reaction vessel 50 having two reac_|40n t’he “appar.atus shown in Figure 2
For exanple, - ~ chanbessagioand, 583 apdcaasdeposi tion By @yowh i
t he corrpound sem cgndll;(t:t (())r 45 chamber 53th I:r(I)ISIaE'slen?nsedmeWI;[/lDrLor\]rert he

1 e C sou 'y

reaction  chEffBsm89™98oh [err] 54 havi fiffigh the ony amentc s ndiom, (o
In[err]Ga[err]As[err}:@Q[err] al (Al)maybesuy& aﬁﬂﬁ and
contai ningda G oup |—-eed— maimr anginordyS (Sbf errayexasﬁhsh&teumdr uzd  An

inlet 56 is to be pPEEUA#ds i ndi um and Q};E M}ml’rﬁa he reactions describpds prow ded

to admit gas whiglh ! ows through be pla ifig ﬁfiﬁ?rﬁ?ﬁ%‘l‘&i 63; and
earnu A dal ®eni ¢ and

5 the const VI‘h@Eda@lﬂn Sbwa Rt EQMEn 3 Reohee
anti nmony, f oplicesdabypthe fact that AsCL, and POhefror actapnt By the refdmed m@deC bfi omrandnarrmar 51.

AsCl [err dl{:,m lgqlrp en a em qt@ f'g)w through a reactm Y
poSi 'EI on]edgm? "f ﬁ% Eﬂr& lﬁ% tf,"aiiu “Efﬁ&rter nary

com descnbes ouxC €chinfsmomdyONS t Vieg Igﬁ) lﬁo Jatd3 Qéhd &b wuﬁg:tchﬁgldﬂ s of

t he Gr oup I Ivol‘arﬂcl@} em teiuhedmte anot the subStratey i Which dv@edplmelemv@n ¥ or

exanpl e eme § l’.{g Rk "'rtaheGﬁscgﬁ °°$‘é| %&E‘C*‘l ogmsub Sa‘esllg lium A

substrate wadg:rfee gtg;.,a]p f %3“ el ement s
and - t he deposr tion chanber 53 A carrl er gas for Group Vv

hal i des. I f desired, m-xed conposi - exanpl e purified hydrogen,- is

admtted into tions of any conbination having at |east one 120

t he apparatus through four valves 57, 67, 74, element from the Goup

11 elements and 78. Carrier gas passi ng through val ve 57

alum num gallium and indium and at |east 60 and flow neter 58
enters a bubbler 59 below one elenent fromthe Goup V el enents phos-

the level of a liquid halide 60 of a Goup V phorus, arsenic, and
antinony may be pro- el ement, for exanple AsCl[err]. The carrier,
satur- duced in.the apparatus of Figure 2 in.accord- 125 - at ed '
wi th vapor of the liquid, flows through ance with the invention by placing
t he appro- tube 61 and enters the constriction in reaction

priate reactant materials in the proper part . 65 .chanber 51 through
inlet 56. If desired, dilu- of the appar-.at us. ) '

1, 097,551 9 Qper ati on of
the apparatus of Figure 2 is hydrogen are controllably admtted i'n the



basically the sane as for the apparatus of desired proportions into each
of the reaction Figure 1. For exanple, the ternary m xed chanbers 51
and 52. The resultant ternary 65 conposi ti on compound sem conduct or
product, In[err]Gajerr]As, is epitaxially deposited

on the substrate wafer 65 with the value of y 5

In[enr]Gﬁ[err]As controll ed by the ratio of the flom/rates

t hrough ' bubbl ers 59 and
69. -By proper control of these ndyﬁhﬁlproduced by pl aci ng pure 7 ndi um
55 flew rates, The value of y may be varied from /0 In constriction

54, pu;ﬁ galllun164 in con- zero

stricction 63, and AsCl [err]

in bdth bubbl ers 59

to one. Furthernore, the flow rates may

be changed'during t he

growth process to and 69. Ag UIta§|E€SdbS$ra§" 65 having a com form
| ayers of different conp05|t|Qh”|n the 20 Py &il ¢ unit cell size, such as
GaAs or german- same nnnocry§3§JI|n s is readily ium for

exanpl e, is placed in the dep
rate of 75 chanmber 53. Dry
one or. both.of the bubblers.

The conposition may al so be ¢
zones 82, 83, and 84 ally to
actlvated to bring the tenper &
whi ch the com deposi tion &
varies with the thickness of tkt

to about 900[err]C, This is

the gal | iumreaction chanmber 8528t
one of the 900[err] C It“W?EJ
Since the vapor pressure of td @

a

tfi on

chanbers 51, 52, and G oup VHal
may be advantageously sel ect eg§®
the space 85 opti mum r eget,
liquid in the bubbler varies
vary from tenperature of thgf
1100ferr]C in the deposition
bubbl er, the 25 53 and fipm 60
above the 1iquid which co
preferred tenpera- vapng
ture range for chanbers St*aﬁﬂg
concentration of 850[err]C
hal i de vapor in the carrier gas.
from It will be appreciated t
It is to be noted that the w
limits of these tenperature r g
W t hout- using binary 95 ca
conmpounds. Furthernore, since th
condi tions, outside constltqugs
preferred ranges. B
third 35 Wien the desired t&
added to the apparatus of A B
Figure 1 or Figure 2 to permt
chanbers through in- controlled
62 and 77. Hydrogen is then adng
reaction vessel . t hr ough VQEV
amount of P, Sb, and/or As in t

i n bubbler resultant product may

l

hydrogen carrying Asd [err] vaporj

a con- 105. fl ows through tab
nonocrystal | i-ne product conpri sin
inlet 66. |ayers of different £el
hydr ogen passing through val ve 87
which 45 flow neter 58, bubbler
in composition from one

t] i n accordance 30

ndi vi dual | y

PL ‘

E §§§ u by a change in the flow
liu dit hrough hydrogen through
Y |val ves 85 and 86|and flushed through the
ed gr adu- regaction vessel. Furnace
deicen act eenaty «pf oduct of graded 15 are
griee of* t Re Scalipasition, that is, one in
nber 53 to about | 750[err]C, the position
dep05|t 80 i ndi um reacti on chanber 51
readi |y acconpl [ shed by gradu- and
o about ally changing the tenperature of
Pe &in&erSt VA & hat the-tem bubblers.
iquid 20 peratufes of each of the
ide varies with fenperature, the 53
provide concenfration of halide vapor in
n conditions for|the particular above the
<« Fgactant o ta@ned therein and may
i i 450[err]C to
hydr ogen belowithe liquid in the

err]Cto 1300[erf#] Ein the reaction gas

Icgced g:Thcus ghe er‘%erature of 90
RsFrEFn Bt BubblBr determines the
1

range for t he position chanmber 53 is
F50[err]C to 950[err]C
t Qi syinvegtign mx conposition com
s‘gars‘% %otgcrgt i"“Jm -S%Iunds are produced
and that useful fesg@ilts can be obtained

G oup V depgndgnt on operating

(@re provided in|la dalide com t hese -

“polnd/ ﬁ{ wi#l be understood that a

enatqr @s Bresadghi evéd, bubbler may be
felF ufft f Push is|st®pped and hydrogen ad-
100 «mtted to the reaction
i ntroduction of ¢acé of the three lets
el ements (P , As) into the
-6 ard &l aw reter®68 and Thus the
40 bubbl ed t hr ¢u the liquid AsC [err]
be varied during 69. The

)
e
t

t hen gromﬂh of e material to provide
aap nt pduced into tiguous
E% m reacti on chanber 52 at
|aI, or Li kew se,
' Iayers of nD ocrystalline materi al

59, and tube 61 carries gradually change



AsCl [err] vapors to the indiumreaction chanber
bi nary conpound. 110 51 and is admtted
Furt hernore, the apparatus of Figure 2 can Inferr]GaJerr]As is forned

bi nary conpound to anot her
through inlet 56.

and epitaxially de- also be used to produce material of the formposited
on the surface of the substrate wafer A Dferr]Eferr] by placing Goup V.

material in 50 65. Reaction by-products -are exhausted t hr ough - one of tl;re
const i ons 54 or 63. In this case exhaust 81. The conposition of . -
the t/gr '8 only carrier gas need beomssed through the 115 product - =
is dgtb s : e ’T‘h‘e G oup’

be

o o

V mat'sL] The abpyg Hroy I oy ph e b&ﬁh ?epr?‘ﬁ

Y e S S R
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B’ed entg ewcem,l wmeréarbdwnérerlqyﬂ oéf 70

ivariopg
tﬂ)igﬁ:ﬁ ﬂ‘e"dg EEZ @EE tor esent
wraréoaerthwd q e A3 Gom thel bb?é?

ot ransport

14 fn thoapperamy te,frl“l

Pt

€Shé GlediEd

t he [err] [ hilides afemmbnyn 1¢ ISBCls r Iﬂtrm@lﬂdubscm dO:iltefshhS ceniricdomr 51. .
Thus the 1Br §bﬁéle may,jb: [usef) °f the G in the secosom 5?fthrm§h c®ri er
gas |$)/pass Y ‘rz_éut d"ceg M p° déc?s ﬁﬁ%é#%% 'QE]\:‘ %E i ples
bubbl & 69 4 R 8 dlsbeodatn i oh hilidk Wl b Bie lshrheal et Bbbl sappar at us
of !J 2ttﬂraeove-gaédbed.rpmehmnj)berapbﬁbdamd amch@ Fhoblibbibrs wiel provided wislg \H/
appli cabl!d preduen 2p SﬁFf efsnphsaw Pefamre |C?B&@ﬂm d a“dov? P4 Y a
control | ed %‘1 o he bF the G ug’f’ hydrogen
through bot \ & SthanAS 1ererfe VCalEnhd%garIaﬂhbﬁ fod legliéy, gr owt anber
wherein elements,‘]_B, As, and Sb. If desired, halides The three chambers of the reactiof V%PI 551 :
the i xe@cqfr’b e3dopb ey #l P“a!““?‘%'ceé 6srh? SEF PRsisione i ‘ihi“Pg_rfl‘r“rEeéWﬂﬁes%st rate
reacu aving three separafel olled temperature

vessel to
conpri sing sosicn pﬁ’e Grou [ Bles - zoncs 82, 83, and 84, such that the reaction
(a) placi ngGlougup ﬁ’ithbrﬂxoﬁ, de Sthe- P @Katnbers 51 40P 1§y He HAHidulliy@SinTRY be
i ncl uded i ngistves reactants cano\&e wwde@ccsubsmnted/emﬂ at gadtifflerent stermstanms ewhila the

product rfat dyring the, f°E‘Bs’ e fition chamber oasEovdmpRipeddf Phe
vessel, 5 Rufali Bugw pe, °m51rcﬁ'1‘é’§ Ol CTARI0D Gesod ool hess < e B MR nt ai ni ng

the Ga suppmytesd. [nﬂﬁdixig@eléc&d conductiviyn @dactHpie tht Group Ilheceﬂi Qiakekiglf 5gaS

[ndpurities in the and 64 to form a ternary prodp@ which is

results in affectmg OrtYP‘!:
sul fur- d&Be i:;‘&g} meg gw gnwaf @J”?f‘l ggposne ﬁfe%ﬁf‘ﬁ np8i des
o o o o e e g RO i i iboshe
phoru aargiasrmmrswgms raf ex ;ranslstor A |be1 Atddlbmall hydzbgte pasmganh of, Figure 1
' i g F‘% grgeggﬁggg‘r;gﬁersubarﬂse t@r Hg remméwe retiogpe i xed
y stpge in the mqﬁepe bakyor:iey Sne B bf ) Vessel ,
t?foce@-t eri ar %rpur ti'es SUCh a@ts to the dcposnﬁ:ﬂ |

amber. Likewise,

75 " zi nc Apgaread rsmtabh forathe [peodudiion uﬂedddnwmﬂ ﬂnysdrogen aesmgrthnoughahlm a
decr easi r]lg l‘mj’)éﬁ’ﬂa@ﬂﬁl@ °°mP°“E5‘ @gg“?"?w o] t“f( q?%iﬁfbg teppafl uded
¥)
gradi e | & AR ﬂ&tﬁrdﬁfc 6 arter ?tﬁq L'R rmbil] koﬁe T
G oup "B hal kibteis $i@wn in Figure 2, THE Sppirh SBREDE Y enagal QB6 B&prodGhed With he
pr oduce P-'t prises macgpn websel 50 having two reactlon the apparatus shown in Ejguree?; Foroawanafle, gas f | ow
and in Qlf d 52 and a de Ffl\ﬂ"’? cgmpound ‘semiconductor
. 3 itioned ea
| eadi n f F OtRakbis 311 &5 m hém%éﬁond 80 1o Gay_,abisbA TEL hod  of
produci ng aommgdftacmm%ontammg a GroupHI fee®f t he vesSEPeTher eby’ causi ng # He
posi ti on G owaeridl |5p,-fof e mdtnd Aenﬂecéﬁ ls to be produced, infdfinteaald galbwpamyti on
compound gq s#frevided to rpechr popgrictios cieds63; pnd
duct or € constrictio des of arsenic and antxmony, or example
con g5 GLfbrelen cra and SbCl,, placed in the bubblers 59 —
Likewise, posltxoned w1thm the second reactlon and 69.- Similarly, other quarternary com- 115
chamber 52 is a constriction 63 containing pounds of the Group III and Group V
) another Group IIT feed material, for example elements may be produced by the proper selec-
35 gallium, A substrate wafer 65 is positioned in tion of the desited Group III elements and i
" the deposition chamber :53. A carrier gas;, for Group V halides, If desired, mixed composi- -
. example purified hydrogen, is admitted into - tions of any combination havmg at least one 120
. the apparatus through four valves 57, 67, 74, element from the Group III elements = -
and 78. Carrier gas passing through valve 57 aluminum, gallium, and indium, and at least
.60 and flow meter 58 enters a bubbler 59 belew one element from the Group V elements phos-
the level of a liquid halide 60 of a Group 'V  phoius, arsenic, and antimony may be pro-
element, for example AsCl,. The carrier, satur- duced in the apparatus of Figure 2 in accord- 125
_ ated with vapor of the hquld flows through  ance with the invention by placing the appro- .
tube 61 and enters the constriction in reaction priate reactant materials in the proper part
65 ‘of the apparatus,

cha_mber 51 through inlet 56, If desired, dilu~



20 Goup Ill-V according to the Tabl e by deposited on the

substrate. Mendel eef wherein the m xed conposition 4. A

nodi fication of the nethod according 85 sem conductor rmaterial has
the general to claim3, wherein the conpound senicon- formul a
ductdr material_produced on the substrate is

Al [err]Gafer

rr]F’[err]As[err]Sb[err] I nAs[err] Sbhl[err],
wher el - t he. : '

tewial placed in
the  fiyst ‘padQe06f/the reaction vessel b Sejdadi um 25 wherein each of & b,
c, .d, e, and o , s —&g’z—sgf—am-b—my—aﬂd—aﬁh&em—e—% .
from ero tOOp&blﬁm gk apgamus:oﬂFlgde 1ar hydmgtnr afenentriliably [rdmizsd cio e carri er
t her eby™” dbaweaur ] ssme tslren PR memens into cachcof, 156 A" Che

mlxe 52. The reésultant 6?_
pr edet er ni ned g&%@ mg;,f B RY Pepabiny Yegabitedt 1 east
one of the pOSlte on the & aﬁawafer65w1ththe‘h1 o pure
Group 111 e errents AI I@aﬁah_,,AsS A et hodccmfrolpdbmhctan oftthélom*a!@‘f

ubble: ese
Ininafirst rcﬁg'%;[n'leon V eP E'rbtﬁggava ed from 70
Sem conduct or; gﬁb alli um O%wp e u?llﬂuﬁﬁ&% ﬁév&nra?es %ﬁ? nd
part Ga[err] kidos r ddncg y B Husm@s 59:oaprchﬁgdag during the growth Qroctsh@o

reacti on vesseld 68 a(sedblapthmatefﬁ(hmmg(sa))m | fxnigyens o ant @@mﬂoﬂmﬂum tth a
first ° 10 patlb hlélt Feil og é%’f}edﬁf’ gcg.s% pe product This i §f 2

p %aced in the dep 1t i Ageom lish 1 cEan e in thc ﬂ e of' 7

react I on vess ami @m% is admitted t ny rurg ijl g)uél 1&9 at
| east one Gaflvegabun&lm dod fRusle@ Chio hpﬁét TR cdnpBsitibh may also be hlaﬂged;igrad]f- t he
G oup V el érremchopvessas Furnace zones 82, 83capd 8Hn allgeg)sybduce a temary product of graded

15 arg o
100 e mon iambe E‘i fg? ’péfr g‘; Fosmon vanes w :ﬁ H& 5 {f;b%ﬁ‘ (%/ %{) ng a
SUbStrate in dA¢hhmber 51 to about9%’ Gj gr.

| eaSt - of t bﬁl Me gﬂl&:l'n, reaction chamber- 52 Mbﬁi‘; tain;e clﬁﬁgl tﬁ &mperhtuel of roen b thahen

(c) maint al ni ﬁ@P°€3hEof eaclhelfumqmd x teghi- U fppbblers. Smfe the vane “zhsgggnpﬁ ei E said
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