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[57] ABSTRACT 

The invention relates to a reactor in which during oper 
ation a susceptor is heated and indirectly also a sub 
strate, for example, of semiconductor material ar 
ranged on the susceptor. The heated substrate reacts 
with a gas stream so that the substrate may be etched 
or oxidized. As an alternative material may be depos 
ited on the substrate from the gas stream. 

It is a drawback that, viewed in the direction of the gas 
stream, the rate of performance of these processes 
decreases. 

An appreciable improvement is obtained by using a 
reactor tube having a section which tapers in the 
direction of the gas stream. 

6 Claims, 2 Drawing Figures 
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VAPOR DEPOSTTION REACTOR 

The invention relates to a reactor for carrying out a 
process involving a stream of gas and at least one sub 
strate, said reactor comprising an elongated tube and 
being provided with a device for heating the substrate 
through a susceptor having a temperature exceeding 
the ambient temperature and with members for passing 
a stream of gas in the direction of length of the tube. . 
Such a reactor is known, for example, from semicon 

ductor manufacture, where it may be employed for car 
rying out porcesses such as the deposition of a semicon 
ductor material from a gas stream on a semiconductor 
substrate in single~ or polycrystal form, for etching 
semiconductor substrates by a gaseous etchant or for 
converting a semiconductor surface into a nitride or an 
oxide with the aid of_a gas stream. 
When such a reactor is used, the susceptor operates 

as a heat source for the substrate and over a heat 
source outside the tube it has‘the advantage that the 
tube is at a lower temperature and may even be cooled 
so that unwanted depositions on the tube wall can be 
avoided and the desired processes are performed on or 
near the substrate. 
Such a reactor is described, for example, in an article 

of E.F.Cave and ER. Czorny in R.C.A.Review Vol.24, 
pages 523 to 545 (1963). 
This reactor comprises an elongated, horizontal tube 

provided with a device comprising a high-frequency in 
ductance coil for heating a susceptor of a material suit 
able for induction heating, on which single-crystal sub 
strates of semiconductor material are disposed. The 
substrates are heated in a stream of gas. The tube is 
provided with connections for passing the flow of gas 
in thedirection oflength of the reactor. By chemical re 
action semiconductor material is deposited on the sub 
strates from the stream of gas in epitaxial manner. 

ln known reactors material is deposited in a tube por 
tion having a constant diameter. Such reactors have the 
disadvantage that the material deposited from the 
stream of gas on the substrates often forms a layer of 
non-uniform thickness, which adversely affects the 
properties of semi-conductor devices made from the 
substrates with the layers deposited thereon. Viewed in 
the direction of the stream of gas the thickness of the 
deposited layer decreases. This applies both to the sep 
arate substrates and to several substrates relative to 
each other. 

It is known to improve the uniformity of the thickness 
of the deposited layer by arranging the substrates on a 
susceptor inclined to the axis of the tube (see, for ex 
ample, the article ofS.E.Mayer and DE. Shea in “Jour 
nal Electro-Chemical Society" Vol. 11, pages 550 to 
556 (1964). The uniformity is correlated to an increas 
ing rate of gas flow with a decreasing concentration of 
material to be deposited in this flow. The inclined sus 
ceptor has, however, the disadvantage that, if it does 
not perfectly join the tube wall, gas can escape towards 
the lower side of the susceptor. Thsi drawback can be 
avoided only with difficulty, particularly when the de 
position is performed at a high temperature, which is 
often the case and due to the difference between the 
excpansion coefficients of the material of the susceptor 
and that of the tube the junction between the susceptor 
and the tube wall may be very bad at said high temepra 
ture. Moreover, at the abient temperature an amount 
of play between the tube wall and the susceptor is re 
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2 
quircd to allow an unhindered slip of the susceptor into 
and out of the tube. 
Said unsatisfactory junction disturbs the flow profile 

above the susceptor, since gas can escape towards the 
lower side of the susceptor, which results in an undesir 
able thickness variation of thedeposited layer viewed in 
the direction of the gas stream and at right angles 
thereto. 
The aforesaid variations in the process on inclined 

and non-inclined susceptors occur not only in the depo 
sition of material but, for example, also in the removal 
of material from substrates, for example, in etching 
with the aid of a gaseous etchant. During the etching 
process the substrate also exhibits an undesirable varia 
tion in thickness. 
The invention has for its object inter alia to avoid the 

disadvantages described above. 
The reactor of the kind set forth is characterized in 

accordance with the invention in that at least that tube 
portion in which the process is performed exhibits a de 
creasing sectional area viewed in the direction of the 
gas stream. 
The reactor according to the invention has the ad 

vantage that variations in thickness of the deposited 
material viewed in the direction of the gas stream and 
at right angles thereto are reduced to a considerable ex 
tent. 

The reactor embodying the invention preferably 
comprises means for continuously displacing substrates 
through the reactor during the process. 
Such means are understood to include, for example, 

a pushing member for continuously shifting substrates 
on susceptors through a horizontal tube. 
A continuous operation with inclined susceptors 

would yield unsatisfactorily results, since the disconti 
nuities between successive susceptors would give rise 
to undesirable disturbances of the ?ow porfile. 

It might be remarked that layers of uniform thickness 
are also obtained in a tube whose portion intended for 
the performance of theprocess has a constant diameter 
viewed in the direction of length, provided the process 
is continuous. 
However, in thelatter case, if, for example, semicon 

ductor material having a given concentration of doping 
impurities has to be deposited on substrates the choice 
of the impurity is very cirtical, since theimpurity con 
centration in the deposited material is frequently de~ 
pendent upon the rate of deposition of the semiconduc 
tor material. 
This would mean that in continuous operation of a 

reactor comprising a constant-diameter tube the impu 
rity is not homogeneously distributed in the deposited 
layer because the rate of deposition is not constant, 
which often involves a disadvantage. On the contrary, 
in a continuous operation of a reactor comprising a 
tube having a sectional area tapering in the direction of 
the gas stream the impurity can be homogeneously dis~ 
tributed in the deposited layer because the rate of de 
position can be kept constant. The constant rate of de 
position is obtained inter alia by means of an increasing 
linear speed of the gas stream with a decreasing con 
centration of material to be deposited in this gas 
stream. 
Continuously operating reactors provide an appre 

ciably higher ield of substrates with deposited material 
than discontinuously operating reactors because heat 
ing-up of continuously operating reactors need take 
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place only once, whereas in discontinuously operating 
reactors every charge requires heating and cooling. 
A satisfactory control of the thickness of the 

deposited material is particularly obtained in a reactor 
embodying the invention which comprises a tube hav- 5 
ing a substantially rectangular section at right angles 
to the direction of length, two horizontal sides of 
which have a constant length, viewed in the direction 
of the gas stream, whereas the length of the two verti 
cal sides decreases substantially proportionally to the 10 
length of the tube so that the prolongations of the top 
and bottom surfaces of the tube are at an angle 4'). 

If silicon is deposited by thermal decomposition of ‘ 
silane tan 4: preferably lies between 0.03 and 0.06. 
In the case of reduction of trichlorosilane (SiHCla) l 
with hydrogen it preferably lies between 0.01 and 
0.05 and with the reduction of silicon tetrachloride 
(SiCh) it lies preferably between 0.005 and 0.02. 
The invention furthermore relates to a method of 

manufacturing a semiconductor device in which a 
process is employed which involves a gas stream and 
at least one heated substrate in a reactor embodying 
the invention which is characterized in that the 
relation: 

is satis?ed, wherein V0 is the gas rate in ems/sec at 
normaltemperature and pressure at the inlet of the 30 
tube portion where the process takes place, 1} is the 
‘temperature of the substrate in degrees Kelvin, Tm is 
the temperature of the gas in the tube portion where 
the process is performed in degrees K, b is the distance 
between the susceptor and the top surface of the 35 
reactor attheinlst 9ttb¢1shqrgrti9erier¢ the 
process is. performed in centimetres and D0 is the 
diffusion coefficient in sq. cms/sec of the compound 
in the gas stream which determines the rate of the 
process. 1 

- if the aforesaid factors which determine of an appre 
ciable extent the variations in thickness of, the depos 
ited material, are adjusted to each other in this manner, 
the process is performed uniformly. 

It should be noted that the value of the diffusion coef- 45 
frcient used may differ'from that found for the same 
compound in literature. This is due to the fact that T, 
and Tm often differ considerably so that apart from dif 
fusion under the action of difference in concentrations 
also the phenomenon of thermo-diffusion occurs. For 50 
example, the value ofDo for Silil4 used for the deposi 
tion of silicon by thermal decomposition is 0.2 
sq.cm/sec, whereas the values of Do for SiHCla and 
SiCl, used for the deposition of silicon by hydrogen re 
duction are 0.10 sq.crn/sec and 0.04 sq.cm/sec respec- 55 
tively. 

Said factors preferably satisfy the relation: 

A constant concentration of a doping impurity, if ' 
any, is obtained'in a preferred form of the method em 
bodying the invention by continuously displacing the 
substrates through the tube during the deposition. 
The invention furthermore relates to a semiconduc 

tor device manufactured by the method embodying the 
invention. 

4 
The method will now be described with reference to 

the drawing and a few examples. ‘ 
FIG. 1 is a schematic longitudinal sectional view of 

a first embodiment of the reactor in accordance with 
the invention. _ ‘ 

FIG. 2 is a schematic longitudinal sectional view of 
a second embodiment of the reactor in accordance 

with the invention. 

EXAMPLE 1. 

FIG. 1 shows a reactor 1 for the deposition of mate 
rial from a gas stream. The reactor 1 comprises an elon 
gated tube 2 having a substantially rectangular section 
at right angles to the direction of length and is provided 

5 with a device formed by a high-frequency induction 
coil 3 for heating a plurality of substrates 4. The reactor 
is furthermore provided with members (not shown) in 
tended to pass a gas stream in the direction of the ar 
rows 5 through the tube 2. A portion 6 of the tube, 

0 where material is deposited, has a section tapering in 
the direction 5 of the gas stream so that, viewed in the 
direction of the gas stream two horizontal sides of the 
rectangular section have substantially constant lengths 
and the lengths of the two vertical sides decrease sub 
stantially proportionally to the length of the tube. 
The tube 2 may be cooled by water or air. 
The substrates 4 are located during the heating pro 

‘ cess on a susceptor 7, which may consist of graphite, a 
surface layer of which is converted, for example, in the 
reactor 1 by treatment in a gas stream containing suit 
able silicon compound into silicon carbide. 
Viewed in thedirection of length of the tube, the sus 

ceptor 7 is enclosed between two auxiliary pieces 8 and 
9 of quartz and joins the upright walls of the tube. 
The susceptor may have a length of 60 cms, a width 

of 10 cms and a thickness of l cm. Such susceptors can 
accommodate in the longitudinal direction 11 silicon 
substrates of a diameter of 5 cms and in thelateral di 
rection 3 substrates (in total 33 substrates). A conven 
tional thickness of such substrates is 200 to 250 gum. 

In a method of manufacturing a semiconductor de 
vice, in which the reactor described above is employed, 
silicon is epitaxially deposited, for ‘example, from a hy 
drogen stream having 0.1 percent by volume of Sil-l,,. 
V,,=S0 cms/sec, tan d>=0.045, T,= 1350 9K. Tm: 
700°K, b= 5 cms and D,,= 0.20 sq.cm/sec. 
Under these conditions the relation: 

¢/T,T.ub°'5Dol,5 is 5.4. 10-7. 
The average rate of deposition of material is 

0.4pum/min. with a variation in thickness in the direc~ 
tion of length of the susceptor of less than about 2 per 
cent. 
A similar rate of deposition andvariation in thickness 

are obtained in the case of a hydrogen stream contain 
ing 0.2 percent by volume of SiHClg'. V,,=70 cms/ 
sec, tan 05: 0.025, T8: l500°K. Tm=900°l(. 
b=3 cms, D,,=0.10 sq.cm/sec and 

VOtan2 

is 6. 10-7. 

EXAMPLE il. 

FIG. 2 shows a portion of a second embodiment of 
the reactor 1 in accordance with the invention, which 
differs from the foregoing Example in that means (not 
shown) are provid ed for continuously displacing sub 
strates 4 through the reactor 1 during the deposition of 
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material. The closing means for the susceptor can be 
omitted and a pluraltiy of susceptors 21 are shifted one 
after the other through the tube 2 during the deposition 
process. 
The direction of displacement of the susceptors 21 

may be equal to the direction of the gas stream or op 
posite thereto. The rate of passage of the susceptors 
will usually be low as compared with V0. The one form 
of of the method embodying the invention, in which 
substrates are continuously passed through the tube 
during thedeposition, the rate of passage being 2 
ems/min, V,J is 40 ems/sec for a hudrogen stream con 
taining 0.3 percent by volume of SiCl4, tan (1): 0.015, 
Tx = l,500° K,T,,, =900° K, b = 3 ems and D0 =0.04 
sq.cm/sec, and the relation: 

is 4.5 . l0”. 
The average rate of epitaxial deposition of silicon is 

0.4 ,zum/min. If the gas stream contains a dopant, for 
examples, in the form of the compound PH3, the varia 
tion in the concentration of the impurity throughout 
the thickness of the deposited silicon layer is less than 
about 4 percent. 
As a matter of course the invention is not restricted 

to the Examples described above. 
In the manufacture of semiconductor devices both 

epitaxial and polycrystalline layers may be deposited. 
Apart from semiconductor material compounds of 
semiconductor materials, for example, silicon nitride 
may be deposited. The substrates thus treated can be 
worked up in a conventional manner often into many 
semiconductor devices in each substrate. 
Etching processes on substrates may also be carried 

out in the manner described above. 
What is claimed is: 
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6 
1. A reactor for carrying out a process involving a gas 

stream and at least one substrate, said reactor compris 
ing an elongated tube and being provided with a device 
for heating the substrate through a susceptor having a 
temperature exceeding the ambient temperature and 
with members for passing a gas stream in the direction 
of length of the tube characterized in that at least that 
tube portion in which the process is performed exhibits 
a descreasing sectional area viewed in the direction of 
the gas stream. 

2. A reactor as claimed in claim 1, characterized in 
that means are provided for the continuous displace 
ment of substrates through the reactor during the pro 
cess. 

3. A reactor as claimed in claim 2, characterized in 
that at right angles to the longitudinal direction the 
tube has a substantially rectangular section, two hori 
zontal sides of which have a substantially constant 
length, viewed in the direction of the gas stream, 
whereas the lengths of the two vertical sides decrease 
substantially proportionally to the length of the tube so 
that the prolongations of the top and bottom surfaces 
of the tube are at an angle (¢). 

4. The reactor of claim 3 wherein in the tube the tan 
gent of angle ((1)) lies between 0.03 and 0.06, said reac 
tor being intended for the deposition of silicon by ther 
mal decomposition of silane. 

5. The reactor of claim 3 wherein in the tube the 
trangent of the angle (¢) lies between 0.01 and 0.05, 
said reactor being intended for the deposition of silicon 
by the reduction of trichlorosilane with hydrogen. 

6. The reactor of claim 3 wherein in the tube the tan 
gent of the angle (4:) lies between 0.005 and 0.02, said 
reactor being intended for the production of silicon by 
the reduction of silicon tetrachloride by hydrogen. 

* * * * * 


