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This invention relates to the formation of Semicon 
ductor bodies and, in particular, to a vapor growth tech 
nique for forming such bodies which are useful in making 
semiconductor devices. 
Vapor growth is a general designation for processes 

of growing semiconductor materials from the vapor phase 
onto a substrate so as to create an epitaxial extension of 
the substrate. The term epitaxial as used in the Semi 
conductor art refers to the fact that the deposited material 
retains the same periodicity and orientation as the Sub 
Strate. 
One particular form of vapor growth which has been 

developed and has found wide application is a technique 
which involves a halide reaction, wherein a halogen trans 
port element is caused to combine in one Zone of a re 
action container with a source of Semiconductor na 
terial at a prescribed temperature. Following the initial 
reaction there is diffusion of the products of the reaction 
to another temperature zone where decomposition takes 
place, with the result that the semiconductor material 
forms an epitaxial crystalline growth region on the Sub 
strate situated in the second Zone. 
The vapor growth technique briefly described above 

has been practiced with a variety of Semiconductor ma 
terials, both elemental and those of compound form, 
such as the III-V compounds. One of these III-V coin 
pounds, gallium arsenide (GaAs), has received a great 
deal of attention, especially due to the fact that it has been 
found recently that emission of radiation may be produced 
efficiently within this material upon proper biasing of a 
junction formed therein. 
The advantages of the described vapor growth tech 

nique have been well recognized; the advantage, for ex 
ample, of controllable doping of the Source material, a 
facility for broad area junction formation and discrete 
device fabrication. Furthermore, the technique allows 
for the formation of abrupt junctions within the crystal 
structure because the growth may be accomplished at con 
paratively low temperatures, thereby minimizing impurity 
diffusion. 
A specific application of the vapor growth technique, 

including a detailed study of various vapor phase equilib 
ria involving the semiconductor material, GaAs, has been 
previously set forth in an article by V. J. Silverstri and 
V. J. Lyons in the Journal of the Electrochemical Society, 
vol. 109, No. 10, October 1962, p. 963. 

Although vapor growth has thus been successfully ex 
ploited in depositing GaAs onto substrates, it has been 
generally observed that the surfaces of the vapor grown 
crystals develop, in an uncontrollable fashion, pyramids 
when the film thickness exceeds approximately one nail. 
The pyramids, or facets, cause the Surfaces to be uneven 
resulting in nonuniform thickness. This situation is in 
tolerable where the fabrication is directed to the forma 
tion of a thick, low resistivity, layer for rugged device 
packaging. 

Accordingly, it is a primary object of the present in 
vention to enable vapor growth of GaAs and similar na 
terials, for example, Gap, InAs, InP, such that the de 
positing material has a smooth surface and high crystal 
lographic perfection. 
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What has been discovered it that when elemental Cd 

above specific concentrations is introduced into the com 
posite vapor source in the reaction container for the 
growth of GaAs, the resulting surfaces of the vapor grown 
GaAs are free from pyramids, thus resulting in smooth 
surfaces and thickness uniformity even when the deposited 
film is as thick as 10 mils. Additional advantage is in 
the greater crystallographic perfection of the deposited 
GaAs. The underlying principle of the aforesaid dis 
covery is one obviously applicable to the other III-V 
arsenides and also the phosphides. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of a preferred embodiment of 
the invention, as illustrated in the accompanying drawing. 

In the drawing: 
The figure is a Schematic illustration of the apparatus 

and reaction utilized in the technique of the invention, 
including an exemplary correlated temperature profile. 
Although reference will be made hereinafter to the 

specific technique of halide vapor growth, it will be under 
stood that the advantage of obtaining smooth surfaces 
and high degrees of crystallographic perfection can also 
be obtained with other forms of vapor growth. 

Referring now to the figure, the exemplary apparatus 
and reaction involved in the vapor growth technique in 
accordance with the present invention is illustrated. A 
multiple temperature stage furnace is shown schematically. 
A sealed reaction container or tube , which is made of 
quartz or other refractory material, is surrounded by a 
plurality of independent heating coils 2a and 2b, which 
provide the requisite temperature in the respective Zones 
of the container. The coils 2a and 2b are connected 
to a Source of power, not shown, in order to obtain the 
required temperatures. Although a sealed container or 
tube has been illustrated, and hence the reaction to be 
described takes place in a sealed system, it will be under 
stood that an open tube system may be utilized if desired. 

in the first temperature zone of the container 1, on the 
left, a temperature of approximately 700° C. is provided. 
A source of GaAs labelled 3, is situated in this zone adja 
cent the semiconductor source 3 is a source 4 of 
iodine, or other halogen, and a source 5 of one or more 
impurity materials. A substrate 6 is provided at the 
other end of the reaction container at a second tempera 
ture Zone having a temperature of approximately 650 C. 
The substrate 6 may be of any conductivity type as de 
sired and in any configuration such as the single block 
or wafer shown. If preferred, the substrate 6 may be 
appropriately masked thereby preventing deposition in un 
wanted places and enabling the formation of a plurality 
of discrete devices. - 

In operation the System functions in the following man 
ner. With the higher temperature of approximately 700° 
C. established in the vicinity of GaAs source 3, the source 
4 of iodine is vaporized so as to provide the ambient. 
The iodine reacts with the GaAs source 3 and several 
reaction products are formed. The basic reaction may be 
written: 

2GaAS(s) - Gas (v) SS3 Gal(v) -- /2AS (v) 
The source of Cd or Cd plus some other suitable 

dopant, is shown at 5. The initial Cd concentration in 
the vapor source in the system is critical for the given 
system with respect to obtaining a smooth surface. The 
Cd concentration should be such that there is produced 
in the depositing material a Cd doping at the solubility 
limit for Cd in the depositing material. It is hypothesized 
that in the instant vapor growth system wherein iodine 
is used as the halogen essentially all of the Cd is used 
to form CdI2. It has been shown that in vapor growth 
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at 650 C., it is necessary to maintain a Cd pressure 
of approximately 110 mm. of Hg. Under these condi 
tions a rate of growth of 0.25 mil per hour occurs with 
smooth surfaces. Slightly higher concentrations of Cd 
result in the formation of a condensed phase at the cooler 
regions of the tube. The presence of this condensed 
phase does not appear to affect the system as far as ob 
taining a smooth surface is concerned. 

In the lower temperatures shown on the right where 
the substrate 6 is located, the reaction proceeds such that 
the products previously found are decomposed with the 
result that GaAs is freed and deposits epitaxially onto the 
substrate 6 forming the grown layer 7. Of course, addi 
tional material forms on the sides of the substrate but 
schematically, for device fabrication, the layer is showii 
as simply formed on the top surface. 
With the Selection of the Substrate 6 to be of 'n' 

conductivity type a “p-n' junction is realized since, with 
the use of the acceptor impurity, Cd, in the system the 
deposited layer 7 is of “p' conductivity type. 

Although the mechanism responsible for the smooth 
surface obtained by using Cd is not known, it is postulated 
that the Cd influences a chemisorbed surface layer so as 
to change the crystalline growth kinetics. The GaAs 
grown under the conditions described above has been 
"p' type with hole carrier concentrations of 3X1018 per 
cc. and with nobilities of about 100 cm./volt-sec. 

in the event that it is desired to increase the carrier 
concentration and still retain the smooth surface which 
is afforded by the use of the Cd, the System is then doped 
with both the Cd and another group II element, for ex 
ample, zinc. In the schematic illustration, the zinc or 
other group I impurity is incorporated in the GaAs 
source 3 or in the impurity source labelled 5 in the figure. 
By following the technique outlined for obtaining very 

high carrier concentrations, it was found that by using 
zinc the resulting vapor grown GaAs had the Surface typi 
cal of Cd doping alone and the grown layer had a carrier 
concentration of 7x1019. Tunnel diodes were made from 
this highly doped crystal. 
What has been disclosed herein is a novel technique 

useful in the vapor growth of semiconductor devices in 
those cases where it is required that thicknesses of ap 
proximately greater than several mils be attained. This 
technique involves the use of Cd as the principal dopant 
and permits the attainment of smooth surfaces and high 
crystallographic perfection. The Cd has a concentration 
of approximately the solubility limit in the deposited 
material. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment there 
of, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein without departing from the Spirit and 
scope of the invention. 
What is claimed is: 
1. A vapor growth method for obtaining smooth-Sur 

faced deposits of semiconductor material, having a thick 
ness greater than several mils, comprising the steps of 

reacting a halogen transport element with a source of 
semiconductor material and with a source of Cd in a 
first temperature zone of a reaction container, thereby 
to produce a composite vapor and 

decomposing said composite vapor in a second tem 
perature zone of said reaction container to produce 
an epitaxial deposit of said semiconductor material 
on a substrate situated in said second zone with a 
Cd concentration in said epitaxial deposit of approxi 
mately the solubility limit for Cd in said semicon 
ductor material whereby smooth surfaces are ob 
tained in the epitaxial deposit. 

2. A vapor growth method for producing epitaxial 
deposition of semiconductor material on a substrate, the 
deposit on the substrate having a thickness greater than 
several mils, whereby the deposit has a Smooth surface 
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A. 
and a high degree of crystailographic perfection compris 
ing the steps of 

situating in a first temperature zone of a reaction con 
tainer a source of semiconductor material and a 
halogen transpost element which is reactive with said 
Semiconductor material 

situating in a second temperature zone of said reaction 
container a substrate of semiconductor material, 

reacting Said source of semiconductor material with 
the halogen transport element to produce a com 
posite vapor in said first temperature Zone. 

decomposing said composite vapor in said second tem 
perattire Zone to produce epitaxially deposited mate 
rial on Said substrate and, 

introducing into the composite vapor a quantity of 
Cd having a concentration such that in said second 
Zone Cd is incorporated in the deposited material 
on said Substrate at a concentration of approximately 
the Solubility limit for Cd in said semiconductor 
material whereby Smooth surfaces are obtained in the 
epitaxial deposit. 

3. A vapor growth method for producing epitaxial 
deposition of GaAs on a substrate, the deposit on the sub 
Strate having a thickness greater than several mils, where 
by the deposit has Smooth surfaces and a high degree of 
Crystallographic perfection comprising the steps of: 

situating in a first temperature zone of a reaction con 
tainer a Source of gallium arsenide and a halogen 
transport element which is reactive with said gallium 
arsenide, 

situating in a second temperature zone of said reaction 
container a substrate of gallium arsenide, 

reacting said Source of gallium arsenide with the halo 
gen transport element to produce a composite vapor 
in Said first temperature zone 

(decomposing Said composite vapor in said second tem 
perattire Zone to produce epitaxially deposited gal 
lium arsenide on said substrate and, 

introducing into the composite vapor a quantity of 
Cadmium having a concentration such that in said 
Second Zone cadmium is incorporated into the de 
posited Inaterial on said substrate at a concentration 
of approximately the solubility limit for cadmium 
in said gallium arsenide whereby smooth surfaces 
are obtained in the epitaxial deposit. 

4. A vapor growth method as defined in claim 2 where 
in Said first temperature zone has a temperature of ap 
proximately 700 C., said second temperature zone has a 
temperature on the order of 650 C., and the cadmium 
incorporated in the deposited material has a concentra 
tion of approximately 3 x 1018 atoms per cc. 

5. in a method for producing epitaxial deposition of 
Semiconductor material on a substrate where a halogen 
transport element is reacted with a source of semiconduc 
tor Illaterial in a first temperature zone of a reaction con 
tainer and the reaction is reversed in a second tempera 
ture Zone of the reaction container so as to produce an 
epitaxial deposit of the semiconductor material on a sub 
Strate situated in the second zone, the improvement which 
comprises introducing a quantity of cadmium into the 
composite vapor Source so as to create a doping concen 
tration of approximately the solubility limit for the cad 
mium in the epitaxial deposit, whereby smooth surfaces 
are obtained for the epitaxial deposit. 

6. In a method for producing epitaxial deposition of 
Semiconductor material on a substrate where a halogen 
transport eleinent is reacted with a source of gallium 
arsenide in a first temperature zone of a reaction con 
tainer and the reaction is reversed in a second temperature 
Zone of the reaction container so as to produce an epi 
taxial deposit of the gailium arsenide on a substrate situ 
ated in the second zone, the improvement which com 
prises introducing a quantity of cadmium into the com 
posite vapor Source So as to create a doping concentration 
of approximately 3X 1018 atoms/cc. in the epitaxial de 
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posit, whereby smooth surfaces are obtained for the epi 
taxial deposit. 

7. A vapor growth method for producing epitaxial 
deposition of semiconductor material on a substrate, the 
deposit on the substrate having a thickness greater than 
several mils, whereby the deposit has smooth surfaces and 
a high degree of crystallographic perfection comprising 
the steps of, 

situating in a first temperature zone of a reaction con 
tainer a source of semiconductor material and a halo 
gen transport element which is reactive with said 
semiconductor material, 

situating in a second temperature zone of said reaction 
container a substrate of semiconductor material, 

reacting said source of semiconductor material with the 
halogen transport element to produce a composite 
vapor in said first temperature zone, 

decomposing said composite vapor in said second tem 
perature zone to produce epitaxially deposited mate 
rial on said substrate, 

introducing into the composite vapor a quantity of Cd 
having a concentration such that in Said second zone 
Cd is incorporated in the deposited material on said 
substrate at a concentration of approximately the 
solubility limit for Cd in said semiconductor mate 
rial, and 

further introducing a quantity of another group II ele 
ment such that there is incorporated in the deposited 
material a total dopant concentration of approxi 
mately 7x1019 atoms/cc, 

8. A vapor growth method for producing epitaxial 
deposition of GaAs on a substrate, the deposit on the sub 
strate having a thickness greater than several mils, where 
by the deposit has smooth surfaces and a high degree of 
crystallographic perfection comprising the steps of: 
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situating in a first temperature zone of a reaction con 

tainer a source of GaAs and a halogen transport ele 
ment which is reactive with said GaAs, - - - 

situating in a second temperature Zone of said reaction 
container a substrate of GaAs, 

reacting said source of GaAs with the halogen trans 
port element to produce a composite vapor in said 
first temperature zone, 

decomposing said composite vapor in said second tem 
perature zone to produce epitaxially deposited GaAs 
on said substrate, 

introducing into the composite vapor a quantity of C 
having a concentration such that in said second Zone 
Cd is incorporated into the deposited material on 
said substrate at a concentration of approximately 
the solubility limit for Cd in GaAs, and 

further introducing a quantity of another group II ele 
ment such that there is incorporated in the deposited 
material a total dopant concentration of approxi 
mately 7x1019 atoms/cc. 

9. The invention as defined in claim 8 wherein said 
group II impurity element is zinc. 
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