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[57] ABSTRACT 

A semiconductor manufacturing apparatus includes a fur 
nace having a tubular body With inner and outer tubular 
members. A boat having Wafers mounted thereon is posi 
tioned inside the inner tubular member. Temperature control 
inside the tubular body is provided by a thermocouple 
device located betWeen the inner and outer tubular members. 
A mixture of dichlorosilane gas and ammonium gas formed 
by a mixing noZZle at a temperature Which is loWer than the 
temperature in the tubular body is supplied to the Wafers 
from positions juxtaposed With the Wafers mounted on the 
boat. 

31 Claims, 4 Drawing Sheets 
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SEMICONDUCTOR MANUFACTURING 
APPARATUS INCLUDING TEMPERATURE 

CONTROL MECHANISM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
08/088,525, ?led Jul. 9, 1993, now abandoned, which is a 
Reissue application Sen No. 07/33 0, 044, ?led Mar. 29, 1989, 
now US. Pat. No. 5,029,554. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an improved semiconductor 

manufacturing apparatus comprising a LP-CVD (Low Pres 
sure CVD) device. 

2. Description of the Related Art 
FIGS. 1 and 2 of the accompanying drawings respectively 

schematically illustrate a horizontal type LP-CVD device 
and a vertical type LP-CVD device of the prior art. In FIG. 
1, the horizontal type LP-CVD device comprises a heater 1, 
a chlorosilane gas nozzle 2, an ammonium gas nozzle 3, a 
reaction tube 4, an emission port 5 and wafers 6. On the 
other hand, the vertical type LP-CVD device shown in FIG. 
2 comprises an outer tube 7, an inner tube 8, a furnace port 
?ange 9, wafers 10, a dichlorosilane gas nozzle 12, an 
ammonium gas nozzle 13 and a heater 14. 

When silicon nitride ?lms are manufactured in an appa 
ratus as shown in FIG. 1 or 2, the inside of the reaction tube 
4 or the outer tube 7 is maintained at a low pressure between 
20 and 50 (Pa) and dichlorosilane gas and ammonium gas 
are respectively supplied through the gas nozzles 2 and 3 in 
FIG. 1 or the nozzles 12 and 3 in FIG. 2 so that ?lms are 
formed on the wafers 6 of FIG. 1 or the wafers 10 of FIG. 
2 in the furnace (having the reaction tube and the heater) 
which has a temperature gradient between 770° C. and 790° 
C. realized by the heater 1 of FIG. 1 or the heater 14 of FIG. 
2. It should be noted that the furnace port 41 and the pump 
42 (or the emission port 5) respectively constitute the lower 
and higher ends of the temperature gradient in FIG. 1, while 
the furnace port 71 and the furnace bottom 72 respectively 
constitute the lower and the higher ends of the temperature 
gradient in FIG. 2. 

In FIG. 1, the reaction tube 4 is surrounded by the heater 
1. The dichlorosilane gas nozzle 2 and the ammonium gas 
nozzle 3 respectively supply dichlorosilane gas and ammo 
nium gas so that ?lms are formed on the wafers 6 respec 
tively. For formation of ?lms, the gaseous reaction product 
is emitted from the emission port 5. Similarly in FIG. 2, the 
outer tube 7 is surrounded by the heater 14. Dichlorosilane 
gas and ammonium gas are respectively supplied from the 
dichlorosilane gas nozzle 12 and the ammonium gas nozzle 
13 to form ?lms on the wafers 10. The gaseous reaction 
product is emitted from the emission port 11 located outside 
of the inner tube 8. Boat 15 is moved in or out by raising or 
lowering the furnace port ?ange 9 by an elevator. 

In short, with a horizontal type LP-CVD device or a 
vertical type LF-CVD device of the prior art, silicon nitride 
?lms are formed in an environment where a temperature 
gradient is present as described above. More speci?cally, 
US. Pat. No. 4,279,947 issued to Goldman et al. discloses 
an apparatus wherein a plurality of substrates are arranged in 
a reaction tube and dichlorosilane gas and ammonium gas 
are ?owed and brought to react on the substrates in a vacuum 
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2 
condition between approximately 300 millitorr and 20 Torr 
and at temperature of approximately 650° to 800° C., a 
temperature gradient of approximately 100° C. being real 
ized along the gas ?ow. 

Such a temperature gradient is required in an apparatus of 
the prior art to ensure an even thickness of the silicon nitride 
?lm product. If the ?lm deposition process is conducted in 
a furnace where no temperature gradient is present, or under 
a temperature ?at condition, the ?lms produced near the 
furnace port will have a thickness which is greater than that 
of the ?lms produced near the furnace bottom so that ?lms 
with different thicknesses will be obtained as ?nal products. 
In short, the temperature gradient is designed to offset the 
variation of thickness. 

However, the provision of a temperature gradient in the 
furnace has certain drawbacks. First the etching speed of the 
silicon nitride ?lm is inevitably dependent on the growth 
temperature of the ?lm. The higher the growth temperature, 
and therefore the growth speed of the ?lm, the lower the 
etching speed becomes. 

Second the (expansion or contraction) stress of the silicon 
nitride ?lm is also dependent on the growth temperature, so 
that the higher the growth temperatures, the smaller the 
stress. Therefore, ?lms formed in a furnace having a tem 
perature gradient have qualities which vary depending on 
where the wafers are arranged on the same boat. 

SUMMARY OF THE INVENTION 

It is therefore the object of the invention to provide a 
semiconductor manufacturing apparatus that can produce 
silicon nitride ?lms having an identical thickness and iden 
tical qualities in the same charge lot. 
The above object of the invention is achieved by provid 

ing a semiconductor manufacturing apparatus of the vertical 
LP-CVD type comprising furnace means having tubular 
body and heating means arranged around the circumference 
of the tube body; boat means removably accommodated in 
the tube body of the furnace means and provided with wafers 
for formation of ?lms; temperature control means arranged 
in the furnace means for maintaining evenness of the tem 
perature and providing a temperature ?at area in said furnace 
means; mixed gas supply means for supplying a mixture of 
dichlorosilane gas and ammonium gas mixed in a tempera 
ture range lower than the temperature range of said tem 
perature ?at area into the tube body in the direction from the 
wafer located nearest to the bottom of the tubular body 
toward the wafer located nearest to its entrance; and gas 
supplying means for separately supplying dichlorosilane gas 
and ammonium gas from said boat means in the direction 
from the wafer located nearest to the inlet of the tube body 
toward the wafer located nearest to its bottom. 
The semiconductor manufacturing apparatus according to 

this invention is capable of providing an even and identical 
temperature throughout the inside of the furnace and hence 
a temperature ?at area there so that homogeneous ?lms are 
formed on the wafers in the furnace after an etching treat 
ment. The apparatus according to this invention is free from 
any trouble caused by a clogged nozzle which takes place 
with an LP-CVD device of the prior art where only dichlo 
rosilane gas is supplied therethrough, since a mixture of 
dichlorosilane gas and ammonium gas is supplied through 
the nozzles of the apparatus at a temperature range lower 
than that of the temperature ?at area to the wafers in the 
furnace. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view illustrating a semi 
conductor manufacturing, apparatus constituting a horizon 
tal LP-CVD device of the prior art; 
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FIG. 2 is a schematic sectional vieW illustrating a semi 
conductor manufacturing apparatus comprising a vertical 
LP-CVD device of the prior art; 

FIG. 3 is a schematic sectional vieW illustrating an 
embodiment of the semiconductor manufacturing apparatus 
according to the invention; 

FIGS. 4A and 4B are, respectively, a plan vieW and a side 
vieW illustrating a mixed gas noZZle of the embodiment of 
FIG. 3; 

FIG. 5 is a graphic illustration shoWing the relationship 
betWeen the ?lm thickness and the position of the Wafers in 
the furnace of the present invention and that of the prior art 
for comparison to evidence the evenness of the thickness of 
the ?lms produced by the present invention; 

FIG. 6 is a graphic illustration shoWing the relationship 
betWeen the variation of thickness and the position of the 
Wafers in the furnace of the present invention and that of the 
prior art. 

FIG. 7 is a table comparing the performance device of the 
a horiZontal type LP-CVD device of prior art in terms of the 
thickness of ?lms formed in the presence of a temperature 
gradient and that of a vertical type LP-CVD device accord 
ing to the invention in terms of the thickness of ?lms formed 
in a temperature ?at area; and 

FIG. 8 is a semiconductor manufacturing apparatus com 
prising a horiZontal LP-CVD according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

NoW the present invention Will be described in greater 
detail by referring to a preferred embodiment illustrated in 
FIGS. 3 through 8. 

The furnace employed in the apparatus shown in FIGS. 
3—8 is generally referred to as a hot wall type. 
As shoWn in FIG. 3, a semiconductor manufacturing 

apparatus having a vertical type LP-CVD device according, 
to the invention comprises a furnace. The furnace includes 
an outer tubular member 7, an inner tubular member 8 and 
a heater 14 provided around the periphery of the outer 
tubular member 7. 
Aboat 15 having Wafers 10 mounted thereon is accom 

modated in the inner tubular member 8 and supported by a 
furnace port ?ange 9 so that the boat 15 can be moved into 
and out of the furnace by raising and loWering the furnace 
port ?ange 9 by an elevator not shoWn in the draWing. 
A thermocouple cover 24 is provided betWeen said inner 

tubular member 8 and the outer tubular member 7 for 
controlling the temperature in the furnace. A heat screening 
plate 25 is provided betWeen the ?ange 9 and the boat 15. A 
noZZle 12 for supplying dichlorosilane gas and a noZZle 13 
for supplying ammonium gas into the furnace are arranged 
at the furnace port. Amixing gas noZZle 21 is provided along 
the longitudinal direction of the boat 15 for supplying a 
mixture of dichlorosilane gas and ammonium gas to the 
Wafers located near the bottom of said inner tube 8. Refer 
ence numeral 23 in FIG. 3 denotes a gas noZZle for bloWing 
nitrogen gas. According to the present invention, the gas 
mixing operation is conducted at a loW temperature range 
and the temperature in the furnace is evenly maintained and 
at a constant level. Thermocouples in the thermocouple 
cover 24 measure the temperature in the furnace at four 
predetermined points and control the temperature so that a 
temperature ?at condition is maintained in the furnace. FIG. 
4A is a plan vieW of the mixing gas noZZle 21 and FIG. 4B 
is a side vieW thereof. Dichlorosilane gas is supplied from 
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4 
gas port [211] 211 and ammonium gas is supplied from gas, 
port [212] 212, Which are then mixed in the mixing gas 
noZZle 21 so that the mixed gas is bloWn out of holes 22. The 
holes 22 are arranged Within the upper half of mixing gas 
noZZle tube 21, Which is juxtaposed With the upper ?at of the 
boat. 

It should be noted that the gas ports [211] 211 and [212] 
212 are located near the furnace port ?ange 9 and operate at 
a loW temperature Within the temperature range betWeen 30° 
and 180° C. for mixing With a vieW to prevent clogged 
noZZles from taking place by suppressing pyrolysis of 
dichlorosilane gas as the gas mixing operation is conducted 
at a loW temperature Within the range indicated above. 

For the purpose of comparison, silicon nitride ?lms Were 
formed by using a vertical type LP-CVD device as shoWn in 
FIG. 3, Where a temperature gradient Was maintained in the 
furnace and dichlorosilane gas and ammonium gas Were 
respectively supplied from the dichlorosilane gas noZZle 12, 
the ammonium gas noZZle 13 and the mixing gas noZZle 21 
simultaneously for reaction. 

FIGS. 5 and 6 shoW the degree of evenness of the ?lms 
formed by a vertical type LP-CVD device of the prior art 
(FIG. 2) and that of the ?lms produced by a vertical type 
LP-CVD device according to the invention (FIG. 3). In these 
graphic illustrations, dotted line A represents the ?lms 
formed by a vertical type LP-CVD device of the prior art 
having no temperature gradient and dotted line B represents 
the ?lms formed by a vertical type LP-CVD device of the 
present invention having no temperature gradient. It is 
obvious from these graphic illustrations that silicon nitride 
?lms having a nearly identical thickness are formed by an 
apparatus comprising a vertical LP-CVD device according 
to the invention. 

FIG. 7 is a table shoWing the degree of evenness of 
thickness of the silicon, nitride ?lm produced by a horiZontal 
type LP-CVD device of the prior art (FIG. 1) and those 
produced by a vertical type LP-CVD device of the invention. 
From the table of FIG. 7, it is obvious that a vertical type 
LP-CVD device of the invention can produce silicon nitride 
?lms having a thickness Which is almost identical to the 
horiZontal type LP-CVD device of the prior art having a 
temperature gradient. It should be noted that FIG. 7 shoWs 
dispersions of thickness of the ?lms prepared by an appa 
ratus charged With 100 ?ve-inch Wafers. The conditions of 
?lm depositon for a vertical type LP-CVD device of the 
invention are as folloWs: groWth temperature: 780° C. ?at, 
groWth pressure: 0.15 Torr, dichlorosilane gas ?oW rate: 90 
cc/min, ammonium gas ?oW rate: 450 cc/min. The condi 
tions for a horiZontal type LP-CVD of the prior art are as 
folloWs: groWth temperature: 770°—780°—790° C., groWth 
pressure: 0.35 Torr, dichlorosilane gas ?oW rate: 37 cc/min, 
ammonium gas ?oW rate 160 cc/min. 

FIG. 8 shoWs another embodiment of the present inven 
tion comprising a horiZontal type LP-CVD device. As in the 
case of the above embodiment, this embodiment differs from 
a horiZontal type LP-CVD device of the prior art (FIG. 1) in 
that it comprises a mixing gas noZZle 21 and reactions are 
conducted under a temperature ?at condition in the furnace. 
The rest of the reaction conditions as Well as the effects of 
this embodiment are similar to those of the above described 
embodiment. 

It Will be obvious that various alterations and modi?ca 
tions can be made to the above embodiments Within the 
scope of the present invention. For example, While dichlo 
rosilane gas and ammonium gas are introduced separately 
into the furnace in the above embodiments, they can be 
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introduced after having been mixed with each other. It 
should also be noted that the ratio of the ?ow rate of 
dichlorosilane gas and that of ammonium gas is advanta 
geously found between 1:5 and 1:15. 
What is claimed is: 
1. A semiconductor manufacturing apparatus comprising: 
furnace means including heating means and a tubular 
body comprising an inner tubular member and an outer 
tubular member, the tubular body having an inlet region 
at a ?rst end of the tubular body, and a furnace port 
?ange connected to the tubular body at a second end of 
the tubular body, and the heating means being provided 
around the periphery of the outer tubular member; 

boat means removably inserted in the tubular body; 
a plurality of wafers provided on the boat means each 

having a thin ?lm formed thereon; 
temperature control means provided in the tubular body 

between the inner tubular member and the outer tubular 
member for controlling the temperature therein, to 
maintain the circumference of the boat means at a 
uniform temperature; 

mixed gas supply means provided in the furnace means 
for supplying a mixture of dichlorosilane gas and 
ammonium gas, mixed at a temperature lower than the 
uniform temperature in the tubular body, into the tubu 
lar body adjacent wafers disposed nearest the inlet 
region of the tubular body; and 

gas supply means for separately supplying dichlorosilane 
gas and ammonium gas into the tubular body adjacent 
wafers disposed nearest the furnace port ?ange. 

2. A semiconductor manufacturing apparatus according to 
claim 1, wherein the ratio of the ?ow rate of dichlorosilane 
gas and that of ammonium gas for producing mixed gas is 
between 1:5 and 1:15. 

3. The semiconductor manufacturing apparatus according 
to claim 1, wherein the temperature for mixing dichlorosi 
lane and ammonium gas is about 30° to about 180° C. 

4. A semiconductor manufacturing apparatus comprising: 
furnace means including heating means and a tubular 
body having an inner tubular member and an outer 
tubular member, the tubular body having a furnace port 
?ange connected to one end of the tubular body, and the 
heating means being provided around the outer periph 
ery of the outer tubular member; 

boat means removably inserted in the tubular body; 
a plurality of wafers provided on the boat means each 

having a thin ?lm formed thereon; 
temperature control means provided in the tubular body 

between the inner tubular member and the outer tubular 
member for controlling the temperature therein to 
maintain at least a portion of the tubular body at a 
uniform temperature; 

mixed gas supply means provided in the furnace means 
for supplying a mixture of dichlorosilane gas and 
ammonium gas, mixed at a temperature lower than the 
uniform temperature in the tubular body, into the tubu 
lar body adjacent wafers disposed nearest the inlet 
region of the tubular body. 

5. A semiconductor manufacturing means according to 
claim 4 wherein the ratio of the ?ow rate of dichlorosilane 
gas and that of ammonium gas for producing mixed gas is 
between 1:5 and 1:15. 

6. The semiconductor manufacturing apparatus according 
to claim 4, wherein the temperature for mixing the dichlo 
rosilane gas and the ammonium gas is between about 30° 
and about 180° C. 
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6 
7. The semiconductor manufacturing apparatus of claim 

4, further comprising gas supply means for separately sup 
plying dichlorosilane gas and ammonium gas into the tubu 
lar body adjacent wafers disposed nearest the furnace port 
?ange. 

8. A semiconductor manufacturing apparatus comprising: 
hot wall furnace means including heating means for 
producing a ?rst temperature region and a second 
temperature region inside the furnace means, the sec 
ond temperature region being lower in temperature 
than the ?rst temperature region; 

boat means, removably inserted in the ?rst temperature 
region of the furnace means, for holding a plurality of 
wafers only in the ?rst temperature region," 

temperature control means, including a plurality of tem 
perature sensing elements arranged inside the furnace 
means, for maintaining a uniform temperature in the 
?rst temperature region,' 

gas supply means for supplying a ?rst reactive gas and a 
second reactive gas into the second temperature region 
of the furnace means," and 

mixed gas supply means for mixing in the second tem 
perature region, the ?rst reactive gas and the second 
reactive gas together and for supplying the resultant 
mixed gas toward a portion of the plurality of wafers in 
the ?rst temperature region of the furnace means. 

9. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the plurality of temperature sensing 
elements are thermocouples. 

10. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the ?rst and second gases react to 
each other and are supplied toward the plurality of wafers 
to form a ?lm on the plurality of wafers. 

1]. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the ?rst and second gases are mixed 
together at a temperature suppressing pyrolysis of the ?rst 
gas. 

12. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the mixed gas supply means includes 
a nozzle having a plurality of openings. 

13. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the ?rst gas is dichlorosilane gas, 
and the second gas is ammonium gas. 

14. The semiconductor manufacturing apparatus accord 
ing to claim 13, wherein the ratio of the flow rate of the 
dichlorosilane gas to that of the ammonium gas is between 
1:5 and 1:15. 

15. The semiconductor manufacturing apparatus accord 
ing to claim 13, wherein the temperature at which the 
dichlorosilane gas and the ammonium gas are mixed 
together is between about 30° C. and about 180° C. 

16. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the gas supply means separately 
supplies the ?rst and second gases into the second tempera 
ture region of the furnace means. 

17. The semiconductor manufacturing apparatus accord 
ing to claim 8, wherein the gas supply means mixed the ?rst 
and second gases together and supplies the resultant mixed 
gas to the second temperature region of the furnace means. 

18. A semiconductor manufacturing apparatus compris 
ing: 

hot wall furnace means including heating means for 
producing a ?rst temperature region and a second 
temperature region inside the furnace means, the sec 
ond temperature region being lower in temperature 
than the ?rst temperature region,' 
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boat means, removably inserted into the ?rst temperature 
region of the furnace means, for holding a plurality of 
wafers only in the ?rst temperature region; 

temperature control means, heated by the heating means 
and including a plurality of temperature sensing ele 
ments arranged inside the furnace means, for main 
taining a uniform temperature in a region surrounding 
the plurality of wafers,' and 

mixed gas supply means for mixing, in the second tem 
perature region, a ?rst reactive gas and a second 
reactive gas together and for supplying the resultant 
mixed gas toward a portion of the plurality of wafers. 

19. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the plurality of temperature sensing 
elements are thermocouples. 

20. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the ?rst and second gases react to 
each other and are supplied toward the plurality of wafers 
to form a ?lm on the plurality of wafers. 

21. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the second gas serves to retard 
pyrolysis of the ?rst gas. 

22. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the ?rst and second gases are mixed 
together at a temperature which suppresses pyrolysis of the 
?rst gas. 

23. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the mixed gas supply means 
includes a nozzle having a plurality of openings. 

24. The semiconductor manufacturing apparatus accord 
ing to claim 18, wherein the ?rst gas is dichlorosilane gas, 
and the second gas is ammonium gas. 

25. The semiconductor manufacturing apparatus accord 
ing to claim 24, wherein the ratio of the flow rate of the 
dichlorosilane gas to that of the ammonium gas is between 
1:5 and 1:15. 

26. The semiconductor manufacturing apparatus accord 
ing to claim 24, wherein the temperature at which the 
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dichlorosilane gas and the ammonium gas are mixed 
together is between about 30° C. and about 180° C. 

27. A semiconductor manufacturing method for use in a 
semiconductor manufacturing apparatus comprising: a hot 
wall furnace having a gas introducing port, a gas exhaust 
port, and a heater,' a boat inserted into the furnace and 
capable of holding a plurality of wafers,' and temperature 
control means inside the furnace, the semiconductor manu 
facturing method comprising the steps of: 

causing the temperature control means to control the 
heater to maintain a ?rst temperature region surround 
ing the plurality of wafers at a uniform temperature 
sujficiently high to perform wafer processing," 

mixing a ?rst reactive gas and a second reactive gas 
together in a second temperature region inside the 
furnace at a temperature lower than the ?rst tempera 
ture region so as to obtain a mixed gas, said ?rst and 
second reactive gases reacting with each other to form 
the mixed gas,' and 

supplying the mixed gas toward the plurality of wafers in 
the ?rst temperature region such that the mixed gas 
reaches at least the vicinity of the plurality of wafers. 

28. The semiconductor manufacturing method according 
to claim 27, wherein the ?rst gas is dichlorosilane gas, and 
the second gas is ammonium gas. 

29. The semiconductor manufacturing method according 
to claim 28, wherein the dichlorosilane gas before mixing is 
maintained at a temperature within a range of between 
about 30° C. and about 180° C. 

30. The semiconductor manufacturing method according 
to claim 28, wherein the ratio of the flow rate of the 
dichlorosilane gas to that of the ammonium gas is between 
1:5 and 1:15. 

31. The semiconductor manufacturing method according 
to claim 27, wherein the mixing step is performed using a 
nozzle having a plurality of openings. 
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