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(54) (TITLE OF THE INVENTION) SEMICONDUCTOR PROCESSING DEVICE

(57) (ABSTRACT)

(PURPOSE) To enable a film forming device or an etching device to
perform uniform processing with high reproducibility.
(ConsTITuTION) A film forming device is provided with a flat
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(SCOPE OF THE PATENT CLAIMS)

(CLaim 1) A semiconductor processing device for performing thin
film formation or epitaxial growth on a wafer surface by housing a
reaction tube inside a heating furnace, housing and heating a
semiconductor wafer inside the reaction tube, and supplying a gas
while discharging the gas from inside the reaction tube; wherein
the heating furnace and the reaction tube have a roughly flat shape;
and the reaction tube simultaneously holds and processes one or
two wafers roughly horizontally.

(CLaim 2) The semiconductor processing device according to
Claim 1, wherein the reaction tube is made of quartz.

(CLaim 3) The semiconductor processing device according to
Claim 2, wherein a reinforcing member is provided inside, outside,
or both inside and outside the reaction tube.

(CLaiM 4) The semiconductor processing device according to
Claim 3, wherein the reinforcing member is fixed to the reaction
tube by welding.

(CLaim 5) The semiconductor processing device according to
Claim 1, wherein the heating furnace is divided into a plurality of
parallel plate heaters disposed roughly parallel to a processed
surface of a wafer in a vertical direction of the wafer to be
processed; and the parallel plate heaters are divided into a single
central heater and a plurality of peripheral heaters surrounding the
central heater.

(CLaim 6) The semiconductor processing device according to
Claim 1, comprising a means for changing a set temperature of the
heating furnace during a single processing cycle of a wafer or for
each cycle.

(CLaim 7) A semiconductor processing device for performing thin
film formation or epitaxial growth on a wafer surface by housing a
reaction tube inside a heating furnace, housing and heating a
semiconductor wafer inside the reaction tube, and supplying a gas
while discharging the gas from inside the reaction tube; wherein
the heating furnace is divided into at least two components.

(CLaim 8) A semiconductor processing device for performing thin
film formation, epitaxial growth, or etching on a wafer surface by
housing a wafer inside a reaction chamber, supplying a gas while
discharging the gas from inside the reaction chamber, and heating
or cooling the housed wafer; wherein the reaction chamber has at
least two openings at positions opposite one another so as to
sandwich the housed wafer; each opening includes a gas supply
port and a discharge port; the gas supply port and the discharge
port are respectively connected to a gas source and a vacuum pump
via a valve; and a structure of the reaction chamber including a
wafer heating means or cooling means and a position of the wafer
are roughly symmetrical with respect to a plane orthogonal to a
line positioned in the center of the reaction chamber and
connecting the two openings.

(CLaiM 9) The semiconductor processing device according to
Claim 8, wherein the gas supply port and discharge port connected
to the same opening are disposed in close proximity to one another
so that most of the gas supplied from the gas supply port flows

directly out to the discharge port without passing through the
reaction chamber.

(CLaim 10) The semiconductor processing device according to
Claim 8, comprising a means for switching a flow direction of the
gas inside the reaction chamber during processing.

(CLaim 11) The semiconductor processing device according to
Claim 10, wherein when switching the flow of the gas, the means
for switching the flow direction of the gas inside the reaction
chamber first gradually switches the discharge port from the
discharge port of one opening to the discharge port of another
opening, and then gradually switches the gas supply port from the
gas supply port of the other opening to the gas supply port of the
first opening.

(CLaim 12) The semiconductor processing device according to
Claim 10 or 11, wherein when switching the flow direction of the
gas during processing, the means for switching the flow direction
of the gas inside the reaction chamber controls a gas flow volume
and discharge rate so as to maintain a constant pressure inside the
reaction chamber.

(CLaim 13) The semiconductor processing device according to any
one of Claims 1 to 12, wherein a gas introduced into the reaction
chamber flows roughly parallel to a processed surface of the wafer.
(CLAIM 14) The semiconductor processing device according to any
one of Claims 1 to 13, wherein a support plate for holding a wafer
is disposed inside the reaction chamber; the support plate being
roughly rectangular, and each edge of the support plate being
larger than at least a diameter of the housed wafer.

(CLaim 15) An LSI fabricated by forming a polysilicon film or
phosphorus-doped polysilicon film for gate electrode wiring, a
phosphorus glass film for an interlayer insulating film, and an
SisNg film for a capacitor insulating film using the semiconductor
processing device according

to any one of Claims 1 to 14.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(FIELD OF INDUSTRIAL APPLICATION) The present invention relates
to a semiconductor processing device such as a thermal CVD
device for forming a thin film such as a metal film, a metal silicide
film, an oxide film, a nitride film, or a silicon film doped with
impurities or the like on a wafer substrate surface, a plasma CVD
device, an epitaxial growth device for growing a monocrystal layer
on a wafer substrate, or a dry etching device for etching a thin film
into a prescribed pattern. More particularly, the present invention
relates to a semiconductor processing device designed while taking
into consideration gas supply and wafer heating.

(0002)

(PRIOR ART) The thickness or characteristics of thin films and
epitaxial growth layers formed by thermal CVD or plasma CVD
depend largely on the temperature of the wafer or the reaction
chamber and the concentration of gases (raw material gas, reaction
products, intermediates, radicals, and the like). In addition, in dry
etching, the concentration of radicals or reaction products obtained
by decomposing the etching gas with plasma has a substantial
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effect on the etching speed. Therefore, the uniformization of wafer
temperature and the uniformization of gas concentration are critical
issues for these processes. Conventional technology will be
described hereinafter with primary focus on thermal CVD devices.
(0003) Thermal CVD devices are broadly divided into batch-type
and sheet-type devices. A batch-type vertical CVD device is a hot-
wall type device (device in which the entire wall surface of the
reaction chamber assumes a high temperature) for producing a film
by inserting multiple wafers supported horizontally into a reaction
tube provided inside a vertical cylindrical heating furnace and
supplying a gas. Since the gas is ordinarily supplied from the
bottom of the reaction tube, the reaction progresses and the gas
concentration changes while the gas flows upward, and a
difference in film thickness arises between the upper and lower
wafers, so the effects of this difference are corrected by
establishing a temperature gradient in the heating furnace. In
addition, Japanese Unexamined Patent Application Publication
H4-343412, for example, discloses technology configured to
switch the flow direction of a gas that had been flowing from
bottom to top to a direction from top to bottom inside a reaction
chamber during film formation, and Japanese Unexamined Patent
Application Publication S63-8299 discloses technology for holding
and processing a wafer vertically inside a heating furnace
consisting of parallel plate heaters. Further, Japanese Unexamined
Patent Application Publication S63-232422 discloses a dispersion
device configured to heat a wafer inserted horizontally into a
vertical cylindrical furnace.

(0004) A sheet-type thermal CVD device is a cold-wall type device
for producing a film by heating a wafer directly with a lamp or
heating a wafer by placing the wafer on a susceptor heated with a
heater, a lamp, or the like and then supplying a gas. In contrast to a
batch-type device, there is no variation in film thickness between
wafers due to changes in the gas concentration, but to reduce the
film thickness distribution within the wafer plane, a method of
rotating the wafer or supplying the gas in the form of a shower
from above the wafer has been used. In addition, Japanese
Unexamined Patent Application Publication H4-255214, for
example, discloses technology configured to make the wafer
temperature uniform by creatively designing the shapes and
arrangement of heating lamps.

(0005) A plasma CVD device has basically the same structure as a
susceptor-heated thermal CVD device and is further provided with
an upper electrode for generating plasma. Gas supply methods
include a method of supplying gas toward the center of a wafer
from a plurality of inlets provided in the side walls of the reaction
chamber, and a method of providing multiple small holes in the
upper electrode and supplying gas in the form of a shower from the
holes. In addition, Japanese Unexamined Patent Application
Publication S63-102312 discloses technology for preventing
fluctuations in wafer temperature by supplying He gas at a constant
pressure between a wafer and a susceptor.

(0006) Dry etching devices are broadly divided into parallel plate
type plasma etching devices and microwave etching devices. A
parallel plate type plasma etching device is a device in which the
wafer heating mechanism of a plasma CVD device is replaced with
a cooling device, and only the gas that is supplied differs. A
microwave etching device is configured by removing the upper
electrode from a parallel plate type plasma etching device and
providing a wave guide for introducing microwaves from this
position. The etching gas is often supplied toward the center of a
wafer from a plurality of inlets provided in the side surfaces of the
etching chamber.

(0007)

(PROBLEMS TO BE SOLVED BY THE INVENTION) The devices of
these conventional technologies had the following such problems.
(0008) In a batch-type vertical CVD device, the method of
reducing variation in film thickness between wafers by establishing
a temperature gradient inside the heating furnace requires an
operation of finding an optimum furnace internal temperature
distribution by repeated trial and error, and there are some cases in
which a sufficiently satisfactory temperature distribution cannot be
achieved by ordinary heater division (four zones in a current
device). To solve this problem, a method of switching the flow of
gas to the reverse direction during film formation (see Japanese
Unexamined Patent Application Publication H4-343412) has been
proposed, but since the structure of the heating furnace and
reaction tube, the positions of wafers, and the like are not
symmetrical with respect to the gas flow, it is difficult to
sufficiently reduce variation in film thickness between upper and
lower wafers by simply switching the gas.

(0009) In a cold-wall type sheet-type thermal CVD device (using
both lamp heating and susceptor heating), it is necessary to set the
temperature of the heat source to a very high level with respect to
the wafer (thermal nonequilibrium state), and when the wafer
emissivity changes (when the characteristics with respect to
wavelength change due to differences in the type, thickness, or
impurity concentration of the film formed on the surface), there is
a problem in that the temperature reproducibility becomes poor. To
solve this problem, a method of controlling the amount of heating
by directly measuring the wafer temperature using a radiation
thermometer has been proposed, but since the emissivity changes
due to the formation of a film on the wafer surface, substantial
measurement error arises, so the method is not practical. Further,
in the case of susceptor heating, heat is transmitted from a
susceptor to a wafer via an interposed gas, so the amount of heat
transferred changes due to gaps or the like between the wafer and
the susceptor, which is problematic in that the wafer temperature
changes. To solve this problem, a method of supplying He gas at a
constant pressure between the wafer and the susceptor (see
Japanese Unexamined Patent Application Publication S63-102312)
has been proposed, but the periphery must be pressed down so that
the wafer does not rise upward, which leads to a problem in that
the temperature in the vicinity of the wafer drops. In addition,
device that uses lamp heating or susceptor heating has a problem in
that the power consumption is large. In contrast, a device
configured to insert and heat a wafer held vertically inside a
vertical square furnace (see Japanese Unexamined Patent
Application Publication S63-8299) and a device configured to
insert and heat a wafer horizontally inside a vertical cylindrical
furnace (see Japanese Unexamined Patent Application Publication
S63-232422) have been proposed as devices which eliminate the
drawbacks of a cold-wall type device (both of these devices are
hot-wall type devices). However, since the quartz jig used to
support the wafer is difficult to heat, the increase in temperature of
portions to which the jig comes into contact within the wafer plane
becomes slow, which is problematic in that the temperature
uniformity becomes poor. Further, it is difficult to accommodate
multiple chambers due to problems with handling.

(0010) In a method of supplying a gas toward the center of a wafer
from a plurality of inlets in the side wall of a reaction
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chamber in a plasma CVD device or a dry etching device, reaction
products or the like tend to accumulate in the center of the wafer,
which tends to cause unevenness in film thickness or etching
speed. On the other hand, in a device configured to supply gas in
the form of a shower from holes in an upper electrode, plasma is
sometimes discharged abnormally in the vicinity of the holes. In
addition, reaction products tend to adhere to the vicinity of the
holes, which is problematic in that it causes the generation of
foreign matter.

(0011) An object of the present invention is to enable a film
forming device or an etching device to perform uniform processing
with high reproducibility by providing a device structure in which
a uniform gas concentration, a uniform wafer temperature, and
temperature reproducibility are achieved.

(0012)

(MEANS FOR SOLVING THE PROBLEMS) The object described above
is achieved by realizing a hot-wall type sheet-type device using
resistance heating in a thermal CVD device. Specifically, the
object is achieved by forming a heating furnace into a flat shape,
placing a similarly flat reaction vessel into the heating furnace,
inserting one or two wafers into the reaction vessel horizontally
and heating the wafers, and supplying a gas into the reaction vessel
to deposit a film on the wafer surface. Further, the object is
achieved by placing a wafer on a rectangular support plate and
processing the wafer, wherein each edge of the support plate is
larger than the wafer diameter. In addition, the object is achieved
by providing at least two openings in a reaction vessel, providing
at least two sets of gas supply ports and discharge ports in the
openings, and switching the flow of gas during film formation to
form a film.

(0013) On the other hand, the object is achieved by providing at
least two sets of gas supply ports and discharge ports in the
reaction chamber of a plasma CVD device or a dry etching device,
and advancing processing by switching the flow direction of gas
during film formation or etching so that the supplied gas flows in
one direction over the wafer.

(0014)

(OPERATION) In a thermal CVD device:

« Since the device is a hot-wall type device, the wafer and the
inside wall of the heating furnace are in a state of thermal
equilibrium (state in which both temperatures are equal), and the
wafer temperature is kept constant regardless of the type or
thickness of the film, so the temperature reproducibility is
enhanced.

(0015) « Since the heating furnace has a flat shape and can reduce
heat dissipation from the openings, the temperature uniformity
within the wafer plane is good, even in the case of a small heating
furnace. As a result, the handling mechanism for inserting or
removing a wafer into or from the inside of the heating furnace can
be miniaturized.

(0016) + By switching the flow direction of gas during film
formation, the film thickness distribution within the wafer plane
that occurs due to changes in concentration along the flow can be
reduced. In particular, since the structure of the reaction tube, the
gas channel, and the heating furnace is roughly symmetrical with
respect to a plane which is positioned in the center of the heating
furnace and is orthogonal to the flow of gas (line connecting
openings opposite one another so as to sandwich a wafer in the
reaction chamber), the film thickness distribution during the first
half and the second half is symmetrical, resulting in excellent
uniformity in film thickness.

(0017) « Since each edge of the rectangular support plate is larger
than the wafer diameter, the film thickness can be prevented from
becoming large in the vicinity of the wafer. In addition, since the
shape is rectangular, the film thickness distribution within the
wafer plane in a direction orthogonal to the flow of gas can be
made small.

(0018) « The rectangular support plate is always left inside the
heating furnace, and a wafer inserted into the heating furnace is
transferred to this support plate and processed, so the wafer
increases in temperature rapidly, which causes the temperature to
tend to become uniform.

(0019) « Since the structure is such that a wafer is held roughly
horizontally and then transferred in the horizontal direction into the
heating furnace, handling is simple, and it is easy to accommodate
a multiple-chamber system. In addition, in a plasma CVD device
or a dry etching device:

« Since gas flows in one direction over the wafer surface, reaction
products can be discharged rapidly. Therefore, reaction products
never accumulate in the center of the wafer.

(0020) « By performing processing while changing the gas inlets
and discharge ports at an intermediate stage so as to change the
flow direction of the gas, the same effect as that achieved by
rotating the wafer can be achieved more simply, and the
uniformization of the film thickness or the etching amount can be
achieved.

(0021) « Since it is unnecessary to form holes for circulating the
gas in the upper electrode, the electrode structure becomes simple,
and abnormal plasma discharge becomes unlikely to occur.

(0022)

(EXAMPLES) A first example of the present invention will be
described hereinafter using the drawings. FIG. 1 is a cross-
sectional plan view of a heating furnace of a CVD device to which
the present invention is applied when viewed from above, and FIG.
2 is a cross-sectional view of the heating furnace when viewed
from the side. The illustrated CVD device includes: a flat reaction
tube 2 which is disposed with the axial line roughly horizontal and
with both ends opened; a rectangular support plate 8 disposed on
two upper and lower layers roughly horizontally inside the reaction
tube 2; plate-like heaters 1 disposed opposite one another above
and below the reaction tube 2 while sandwiching the reaction tube
2 s0 as to form a heating furnace; flanges 9a and b coupled to both
ends of the reaction tube 2; gas supply ports 4a and b formed
within the thickness of the flanges 9a and b in a direction
orthogonal to the axial line of the reaction tube 2 and facing
upward from the center in the drawing; discharge ports 5a and b
similarly formed facing upward from the center of the flanges 9a
and b in the drawing; a heat-insulating material 7 provided outside
the heater 1; and gate valves 10a and b coupled to the outside of
the flanges 9a and b so as to make contact with the central
openings of the flanges 9a and b.

(0023) In this device, a wafer 3 is inserted into the reaction tube 2
in a horizontal state and mounted on the support plate 8. The
mounted wafer 3 is heated by the heater 1, and a gas is
simultaneously supplied from one of the gas supply ports 4a and b
while being discharged from one of the discharge ports 5a and b
similarly formed at both ends of the reaction tube 2 (on the
opposite side as the side to which the gas is supplied so as to
sandwich the wafer 3), resulting in the production of a film or
epitaxial growth on the surface of the wafer 3. The support plate 8
is provided in two vertical levels so that one
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wafer is mounted on each support plate 8, and one or two wafers 3
are processed simultaneously. The gas flows roughly parallel to the
surface of the wafer 3. The heater 1 is divided into a plurality of
parts, and the amount of heat generated by each part is adjusted so
that the temperature distribution of the wafer 3 is uniform. The
heat-insulating material 7 is provided on the outside of the heater
1, and consideration is given so as to reduce power consumption
by reducing heat dissipation to the surrounding area.

(0024) The gate valves 10a and b are provided on both ends of the
reaction tube 2 via the flanges 9a and b, and the wafer 3 is placed
on a fork 11 and inserted into the reaction tube 2 through one gate
valve 10a in a state in which the gate valve 10a is opened. The
inserted wafer 3 is transferred from the fork 11 to the support plate
8, and after the fork 11 is removed, the gate valve 10a is closed so
that gas is circulated and a film is formed. Note that the support
plate 8 cuts off the operating range of the fork 11.

(0025) When processing two wafers simultaneously as in this
example, the support plate 8 is preferably made of transparent
quartz. When processing one wafer simultaneously, an opaque
hard material such as silicone, SiC, or quartz coated with SiC or
polysilicon may be used. At least three feet 8a (not illustrated) are
provided on the lower side of the support plate 8 at positions where
they do not interfere with the operating range of the fork 11 and at
positions as far away from the wafer 3 as possible. When
processing two wafers simultaneously, the lower support plate 8 is
placed on the inside surface of the lower side wall of the reaction
tube 2, and the upper support plate 8 is placed thereon. The upper
and lower support plates 8 may be produced as an integrated
product. In addition, to make the film thicknesses of the upper and
lower wafers equal (assuming that the temperatures are the same),
it is crucial to make the distance from the surface of the upper
wafer 3 to the inside surface of the upper wall of the reaction tube
2 equal to the distance from the surface of the lower wafer 3 to the
lower surface of the upper support plate 8. This is because the
growth rate of a film formed on the surface of the wafer 3 depends
on the ratio of the area of the surface on which the film is grown
and the volume of the space in which the peripheral gas reacts.
Therefore, the length of the feet 8a of the support plate 8 is a
length that allows this condition to be satisfied.

(0026) In addition, the materials of the support plate 8 and the
reaction tube 2 are preferably the same (the materials of the
surfaces should be the same). This is because the film forming rate
sometimes differs depending on the material, even if the other
conditions are the same, and when the film forming rates differ on
the support plate 8 and the reaction tube 2, the gas concentration in
the gas in the vicinity changes, so the film forming rate changes
between the upper and lower wafers as a result.

(0027) FIG. 3 illustrates an example of the division of the heater 1.
In the illustrated example, the heater 1 consists of a C heater facing
the center of the wafer, an F heater on the front side thereof (side
where the wafer is inserted), a B heater on the back side, and S
heaters on both sides of the C heater. The F and B heaters have a
higher heat generation density than the C heater in order to
compensate for heat dissipation from the openings provided on
both sides of the reaction tube 2. In addition, the S heaters on both
sides have a higher heat generation density than the C heater and a
lower heat generation density than the F and B heaters. The C
heater in the central part is preferably roughly the same size as the
wafer.

(0028) FIG. 4 illustrates an example of the shape of the reaction
tube. Since the inside of the reaction tube 2 s

decompressed to not greater than a few Torr during film formation,
the reaction tube 2 must be able to withstand an outside pressure of
1 atmosphere. When processing two wafers 3 having a diameter of
200 mm simultaneously with the CVD device of this example, a
size of approximately 300 mm wide x 500 mm deep x 40 mm high
is necessary as the internal dimensions of the reaction tube 2. The
reaction tube 2 is often made of quartz, but to withstand an outside
pressure of 1 atmosphere at this size, the thickness of the reaction
tube 2 must be at least 10 mm. Moreover, at a thickness of 10 mm,
tensile stress roughly equivalent to the tensile strength of quartz is
generated in the center of the side surface, so the safety factor
becomes 1, and the risk of damage in the event of a defect becomes
high at the time of production. To achieve strength comparable to
that of a batch-type device (since the shape of the reaction tube can
be made cylindrical in a batch-type vertical CVD device, strength
with a safety factor of around 3 to 5 can be easily achieved with a
thickness of around 4 to 6 mm), the thickness of the reaction tube 2
must be not less than 20 mm. However, it is difficult to realize the
production of the reaction tube 2 by welding a quartz plate of such
a thickness. As illustrated in FIG. 4, the reaction tube 2 of this
example is provided with quartz reinforcing ribs 2a in a ring shape
at constant intervals on the outside, and these ribs are welded to the
to the main body of the reaction tube. By employing such a
structure, the stress generated on the side surface of the reaction
tube 2 can be reduced.

(0029) FIG. 5 illustrates another example in which a quartz
reinforcing plate 21 is inserted into the reaction tube 2. The
reinforcing plate 21 may also be made of a heat-resistant material
such as SiC or Si rather than quartz. The reinforcing plate 21 is
formed into a plate shape, both ends of which are fixed to the
flanges 9a and b by fixed blocks 22. Protrusions 21a provided on
the surfaces of the reinforcing plate 21 opposite the inside surface
of the reaction tube, and the plate is kept parallel to the inside
surfaces of the reaction tube so that the protrusions make contact
with the central part of the inside surfaces of the reaction tube 2.
The thickness of the reinforcing plate 21 is selected appropriately
in accordance with the material that is used. Bending occurring in
the reaction tube 2 due to outside pressure is greatest in the central
part, so supporting this part with the reinforcing plate 21 makes it
possible to reduce stress occurring on the side surface of the
reaction tube 2.

(0030) The reason for giving the heating furnace flat, which is a
main point of the present invention, is to reduce heat dissipation by
making the opening small so as to be able to make the
temperatures of the wafers 3 uniform, even with a small heating
furnace. Here, in the CVD device illustrated in FIGS. 1 and 2, the
flat shape is preferable such that the height of the opening is low
enough that the ratio of the furnace inside length (length from the
inside of the heat-insulating material to the inside with respect to
the wafer insertion direction) and the height of the opening is at
least greater than 5. Next, a heating furnace structure for making
the height of the opening low will be described. FIG. 6 is an
outline drawing illustrating the structure of the heating furnace of
the present invention. In the case of an integrated heating furnace,
an opening of a size that at least allows the reinforcing ribs to pass
through is required to insert the reaction tube 2 illustrated in FIGS.
4 and 5 into the furnace. However, by dividing the heating furnace
into a plurality of parts as illustrated in FIG. 6, the opening can be
made smaller than the reinforcing ribs. The example illustrated in
FIG. 6(a) consists of a heating furnace main body made of a
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heater 1 and heat-insulating plates 12 attached to both ends in the
axial direction thereof, and the heat-insulating plates 12 are divided
into two parts vertically. The reaction tube 2 is inserted into the
furnace in a state in which the heat-insulating plates 12 are
removed, and the heat-insulating plates 12 are subsequently
attached to the heating furnace main body 1 by fixing hardware 13.
The gap (throat 14) between the upper and lower heat-insulating
plates 12 is of a size that allows the reaction tube 2 main body —
excluding the reinforcing rib 2a — to pass through. The heat-
insulating plates 12 are detachably attached to the heating furnace
main body by the fixing hardware 13. FIG. 6(b) is an example in
which the heating furnace main body is divided into two parts
vertically, and after the reaction tube 2 is mounted to the lower
heater by removing the upper heater, the upper heater is overlaid
from above to form a heating furnace.

(0031) FIG. 7 is a system diagram of the gas supply system and the
discharge system of the example illustrated in FIG. 1. Flanges 9a
and b are provided on both sides in the axial direction of the
reaction tube 2, and the gas supply port 4a and the discharge port
5a are attached to the flange 9a, while the gas supply port 4b and
the discharge port 5b are attached to the flange 9b. The gas supply
ports 4a are connected to a gas supply 15 through valves 17a and b,
and the discharge ports 5a and b are connected to a vacuum pump
16 through valves 17c and d. A wafer 3 is inserted into the reaction
tube 2 and heated, and after the wafer 3 reaches a prescribed
temperature, a gas is circulated for a prescribed amount of time to
form a film.

(0032) In the first half of film formation, the valves 17a and 17d
are opened and the valves 17b and 17c are closed so that gas is
supplied. At this time, the reaction gas flows from left to right
inside the reaction tube 2, as indicated by the black arrow in the
drawing. Once the first half of film formation is complete, the
valves 17a and 17d are closed and the valves 17b and 17c are
opened. At this time, the gas flows from right to left inside the
reaction tube 2, as indicated by the white arrow in the drawing.
(0033) From the perspective of shortening the film forming time, it
is preferable to switch the open/closed states of the valves 17a, b,
¢, and d in a short amount of time, but there are some cases in
which problems arise wherein the pressure inside the reaction tube
2 and the flow of gas change rapidly so that reaction products
adhering to the vicinity of the openings of the reaction tube 2 peel
off. In this case, the gas is switched in accordance with the
following procedure.

(0034) (1) The discharge port 5a is gradually closed, and the
discharge port 5b is gradually opened.

(0035) (2) Once the discharge port 5a closes completely and the
discharge port 5b opens completely, the gas supply port 4a is
gradually opened and the gas supply port 4b is gradually closed.
(0036) (3) During this time, the pressure inside the reaction tube 2
is measured with a pressure sensor 23, and a gas controller 24
adjusts degrees of opening of the valves 17a, b, ¢, and d so that the
pressure inside the reaction tube 2 is constant.

(0037) The film forming rate distribution of a film formed on a
wafer when the flow direction of the gas inside the reaction tube is
not switched is illustrated in FIG. 8. This shows the results of
calculating the film forming rate distribution when an SizNa film is
attached using NHs and SiH2Cl.. Symbol dx indicates the film
thickness of a position at a distance x from the gas inlet in the gas
flow direction, and symbol do indicates the film thickness at the
gas inlet. By increasing the gas flow rate (increasing the flow
volume) and reducing the proportion of the supplied gas that is
consumed in the reaction, a roughly uniform film thickness

distribution is obtained, as indicated by the dotted-dashed line, for
example, but problems arise such as: (1) a large amount of gas is
consumed; and

(0038) (2) the wafer is cooled by the gas so that the in-plane
temperature uniformity is lost.

(0039) [text translated at the end of paragraph 0037]

(0040) The results of the same calculations when the gas flow is
switched at an intermediate stage are shown in FIG. 9. It can be
seen from the drawing that as a result of the superimposition of the
film forming rate distributions of the first and second halves of
film formation, a film with a uniform thickness is obtained at a
lower gas flow volume (flow rate: 12.0 m/sec). Here, a point
particularly crucial to making the film thickness distribution
uniform is to make the film forming rate distributions of the first
and second halves symmetrical with respect to the center position.
Here, it is important to make the structure of the device
symmetrical and to make the gas flow, concentration, temperature
distribution, and the like symmetrical with respect to the central
position of the wafer in the axial direction of the reaction tube. In
the sheet-type CVD device illustrated in this example, the
structures of the heater 1 and the reaction tube 2 are completely
symmetrical with respect to the central position in the axial
direction of the reaction tube, so the uniformity of the film
thickness is even better than in conventional cases.

(0041) The gas switching period is such that the gas flow would be
switched between the first and second halves of film formation if
the temperature of the wafer 3 were to reach a steady state.
However, when the temperature of the wafer 3 also changes during
film formation, as described below, the flow must be switched with
a shorter period.

(0042) FIG. 10 illustrates a second example of the present
invention, which is an example of a vertical CVD device having
two openings, wherein the structures of the heating furnace and the
reaction tube 2 are vertically symmetrical. In the example
illustrated in FIG. 10, an opening is also provided on the upper side
of the reaction tube 2 in the same manner as on the lower side, and
caps 18 are attached to the upper and lower openings. Wafers 3 are
inserted from below in the same manner as in a conventional
device, and a cap 18 similar to that on the upper side is attached to
the bottom thereof. The heater is divided into four zones, for
example, including two zones in the central part and two zones at
the edges so that the temperature distribution of the wafers is
vertically symmetrical. In addition, when the gas is made to flow
from bottom to top during the first half, the gas is made to flow
from top to bottom during the second half. Since the structure is
vertically symmetrical, the flow is completely vertically
symmetrical with the exception of the effects of gravity (the effects
of gravity are small since the process is a low-pressure process).
As a result, as in the case of the sheet-type CVD device of the first
example illustrated above, the film thickness uniformity among
wafers is enhanced.

(0043) Note that in the two examples described above, cases in
which two openings are formed in the reaction tube 2 were
described, but there may be three or more openings, and the gas
supply ports and discharge ports may be changed at suitable times
to change the gas flow direction to three or more directions. For
example, a step of providing a gas supply port 4c in the center,
supplying a gas from the gas supply port 4c, and discharging the
gas from the discharge ports 5a and 5b at both ends may be added
to the two steps described above. As a result, it is possible to
correct decreases in film thickness in the center of the wafers 3 and
to make the film thickness distribution uniform.

(0044) In addition, when the diffusion of the gas is fast, in a
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sheet-type CVD device, as illustrated in FIG. 11, all of the valves
17a, b, ¢, and d may be opened so that the gas introduced from the
gas supply ports 4a and 4b is quickly discharged from the
discharge ports 5a and 5b, and the gas may be supplied to the
wafers 3 by diffusion alone so that the film thickness within the
plane of the wafers 3 is uniform.

(0045) Further, in this example, as illustrated in FIG. 1, the support
plate 8 is rectangular, so the gas flow and the gas concentration
distribution along the flow are roughly the same in the center and
at the ends of the wafer (at the upper side or lower side in FIG. 1).
Therefore, the film thickness distribution within the plane of the
wafer becomes small in a cross-section orthogonal to the flow. In
addition, as illustrated above, when processing two wafers 3
simultaneously, the spacing between the upper surface of the upper
wafer 3 and the inside surface of the upper wall of the reaction
tube 2 and the spacing between the upper surface of the lower
wafer 3 and the lower surface of the upper support plate 8 must be
equal. As a result, the gas flow and gas concentration are roughly
the same for the upper and lower wafers 3, and the difference in
film thickness between the two wafers can be made small.

(0046) Next, a method of reducing the temperature distribution
within the plane of the wafer will be described. Changes over time
in the temperature of the wafer when the wafer 3 is inserted into
the sheet-type CVD device illustrated in FIG. 1 ((a) in the
drawing), the heater temperature ((b) in the drawing), and
temperature differences based on the center of the wafer are shown
in FIG. 12 (a wafer 200 mm in diameter was inserted into the
furnace, and the heater set temperature was adjusted so that the
wafer temperature deviation was within a range of +1°C with
respect to a prescribed temperature at a point when a steady state
was reached). The temperature of the wafer 3 increases rapidly
immediately after the wafer is inserted into the heating furnace and
reaches a roughly steady temperature in approximately one minute,
after which the temperature gradually increases and approaches the
furnace internal temperature. The temperature of the heater
temporarily drops due to the insertion of the cold wafer 3 and then
returns to the original temperature after a few minutes have passed.
Here, the temperature drop of the C heater directly facing the wafer
3 is largest. These factors cause the temperature increase of the
wafer 3 to be fastest in order of the back and the sides, followed by
the front and the center.

(0047) To reduce the temperature distribution of the wafer 3, it is
effective to hasten the temperature increase in the center.
Therefore, the set temperature of the C heater may be set to a high
level or the set temperatures of the B and S heaters may be set to a
low level until the point when the wafer 3 is inserted, for example.
Changes in the temperature of the wafer 3 when such temperature
control is administered are illustrated in FIG. 13. The temperature
increase in the center of the wafer becomes fast, and the
temperature distribution within the plane of the wafer becomes
small at the point when film formation is begun.

(0048) Here, an example in which the set temperature of each
heater is switched at the point when the wafer 3 is inserted was
described, but switching may occur at other points in time, and the
heater set temperature may also be changed a plurality of times
during one cycle of processing.

(0049) An example of this is illustrated in FIGS. 14 to 17 (one
cycle=6 min, 30 sec).

(0050) This consists of the following procedure:

(1) The set temperature is changed before the first wafer is inserted
(the temperatures of the peripheral heaters B, F, and S are lowered,
and the temperature of the central heater C is increased).

(2) Once a certain amount of time has passed after the wafer is
inserted, the set temperature is returned to the original temperature.
(0051) (3) A certain amount of time prior to the removal of the
wafer (before the second wafer is inserted), the set temperature is
changed in the same manner as before the first wafer is inserted.
(0052) (4) The procedure from (1) to (2) above is repeated.

(0053) (Hereinafter, when the heater set temperature is changed
based on this procedure, the period during which the respective set
temperature is constant will be called an “event”). The changing
pattern of the set temperature of each heater is determined in
advance (feed forward control).

(0054) In addition, it can be seen from FIG. 12 that after a wafer is
inserted, it takes 5 to 6 minutes for the heater temperature to
recover to a steady state. When processing is repeated for a smaller
amount of time, the furnace internal temperature gradually changes
(decreases in many cases) in the second and subsequent cycles of
processing. Therefore, it is necessary to correct the decreases in
processing temperature by gradually increasing the set temperature
of the heater by means of the number of cycles of processing. An
example of this method is illustrated in FIG. 18. Here, P(i, j) refers
to the i process and the j™ event with respect to the wafer.

(0055) The method of determining the set temperature is as
follows:

(1) The difference ATm(n, j-1) between the heater temperature
Tm(n, j-1) at the end of process n and event j-1 and the heater
temperature Tm(1, j-1) at the same time as the first process
performed on the wafer is determined.

(0056) (2) A correction value ATset(n, j) (ATset(nt1, 1) in the
final event) is determined with the following formula from the
temperature difference ATm(n, j-1) using appropriate coefficients
a(j) and b(j), and the set temperature Tset(n, j) (Tset(n+1, 1) in the
final event) of the next event P(n, j) (P(n+1, 1) in the final event) is
then determined.

(0057) This is expressed by the following formula:

Tset(n,j) = Tset(1, j) + ATset(n, j) = Tset(1, j) + a(j) x ATm(n, j-1)
+b(j).

(0058) FIG. 18 is an example in which the control described above
was administered on the B (back) heater at the end of the second
and fourth events, and the same control may also be administered
for the other heaters.

(0059) Next, an example in which the gas supply method of the
present invention is applied to a device other than a thermal CVD
device will be described. FIG. 19 illustrates a cross-section of a
plasma CVD device according to the present invention. The
illustrated device includes: a reaction chamber 26 which forms a
cylindrical shape with both ends closed and is disposed with the
axial line positioned vertically; a susceptor 26 [sic: 25] built into
the reaction chamber 26 with a horizontal wafer mounting surface;
an upper electrode 27 disposed opposite an electrode surface on the
wafer mounting surface of the susceptor 26 [sic: 25]; a plurality of
openings formed in a wall surface portion of the reaction chamber
26 sandwiched by lines at which the extended plane of the
electrode surface of the upper electrode 27 and the extended plane
of the wafer mounting surface of the susceptor 26 [sic: 25]
intersect with the wall surface of the reaction chamber 26;
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and gas supply ports 43, b, ¢, d, ... and discharge ports 53, b, ¢, d, ...
respectively connected to the plurality of openings. A heater 1 is
disposed beneath the wafer mounting surface of the susceptor 26
[sic: 25].

(0060) In a device with the configuration described above, a wafer
3 is placed on (the wafer mounting surface of) the susceptor 25
with a built-in heater 1 and is heated by the heater 1. A gas is
supplied from the gas supply port 4a provided in the side wall of
the reaction chamber 26, and the gas is discharged from the
discharge port 5b. A high-frequency voltage is supplied between
the upper electrode 27 and the wafer 3 to generate plasma, and the
gas is decomposed to form a film on the surface of the wafer 3.
During film formation, the flow of gas is switched so that the gas is
supplied from the gas supply port 4b and discharged from the
discharge port 5a. As a result, reaction products generated in
response to the reaction due to the flow of gas over the wafer 3 can
be discharged rapidly, and the film thickness distribution within
the plane of the wafer 3 can be made small. Further, a step of
supplying a gas from the gas supply port 4c and discharging the
gas from the discharge port 5f (not illustrated) positioned on the
front right side, a step of supplying a gas from the gas supply port
4d and discharging the gas from the discharge port 5e (not
illustrated) positioned on the front left side, and a step of
circulating the gas in the respective opposite directions may be
added, and the number of gas supply ports and the number of
discharge ports are not particularly limited. Note that for a process
in which a hot-wall type CVD device cannot be used for some
reason, using a thermal CVD device in which the upper electrode
27 is removed from the plasma CVD device illustrated in FIG. 10
is effective for the uniformization of the film thickness.

(0061) FIG. 20 is a drawing illustrating a cross-section of a parallel
plate type plasma etching device according to the present
invention. The illustrated device is provided with a lower electrode
28, the upper surface of which is an electrode surface also
functioning as a wafer mounting surface, instead of the susceptor
26 [sic: 25] of the device illustrated in FIG. 19, so a cooling
medium channel 29 is formed inside the lower electrode below the
wafer mounting surface. The configuration is otherwise the same
as that of the device illustrated in FIG. 19, so the same symbols are
used, and explanations thereof will be omitted. In a device having
the configuration described above, a wafer 3 is placed on the wafer
mounting surface (electrode surface) of the lower electrode 28, and
an etching gas is supplied from the gas supply port 4a provided in
the side wall of the reaction chamber 26 and discharged from the
discharge port 5b. High-frequency waves are supplied between the
upper electrode 27 and the wafer 3 to generate plasma, and the
etching gas is decomposed to etch a film formed on the surface of
the wafer 3. A cooling medium is circulated to the cooling medium
channel 29 provided in the lower electrode 28, and the wafer 3 is
cooled to a prescribed temperature. The flow of gas is switched
during etching so that the etching (gas) is supplied from the gas
supply port 4b and discharged from the discharge port 5a. As a
result, reaction products can be discharged rapidly, as in the case
of a plasma CVD device, and the distribution of the etching rate
within the plane of the wafer 3 also becomes small. Further, as
described in the example of the plasma CVD device, a step of
circulating a gas from a different direction may also be added.
(0062) FIG. 21 is a schematic diagram of a DRAM cell with an
STC (Stacked Capacitor) structure. Examples of films formed
using the thermal CVD device of the present invention in the

production process of such a DRAM include a polysilicon film or a
phosphorus-doped polysilicon film used for gate electrode wiring,
a phosphorus glass film used as an interlayer insulating film, and
an SisN4 film used as a capacitor insulating film. Of these, the step
in which the uniformization of the film thickness has recently
become particularly important is the capacitor forming step, and
suppressing the thinning of an SisNs insulating film and the
formation of a natural oxide film has become a critical issue. The
effectiveness of using the film forming device or etching device
according to the present invention for such a capacitor forming
step will be described hereinafter. The basic performance of the
sheet-type thermal CVD device according to the present invention
is such that unevenness in film thickness due to variation in
temperature or gas concentration between wafers is smaller than in
conventional devices, so the storage capacity of the capacitor can
be increased by further reducing the thickness of the capacitor
film. Further, configuring a multiple-chamber device (device in
which a plurality of processing devices are connected to a central
chamber, and a wafer is inserted into each processing device by a
handling robot disposed therein so as to continuously perform
processing such as film formation or etching; the wafer can be
processed continuously without being exposed to the atmosphere)
by combining the CVD device and the etching device according to
the present invention and forming a capacitor without bringing the
wafer into contact with the atmosphere through the procedure of
(1) forming a polysilicon film for a second layer gate electrode
wiring with the thermal CVD device, (2) etching the second layer
gate electrode wiring into a prescribed pattern with the etching
device, (3) forming an SisN4 capacitor insulating film thereon with
the thermal CVD device, and (4) forming a polysilicon film for a
third layer gate electrode wiring in the next reaction chamber is
effective for making the variation in the storage capacity of the
capacitor even smaller without the growth of a natural oxide film
between the polysilicon gate electrode wiring and the SisN4
capacitor insulating film. In this way, using the film forming or
etching device according to the present invention makes it possible
to increase the storage capacity of the capacitor, which enhances
the SN ratio at the time of the DRAM operation and makes it
possible to lengthen the refresh time.

(0063)

(EFFECT OF THE INVENTION) With the present invention, the
uniformity of film thickness and the uniformity of film quality
within the plane of a wafer and between wafers can be enhanced at
the time of film formation in a CVD process. In addition, the
amounts of the raw material gas and power that are consumed can
be reduced.

(BRIEF DESCRIPTION OF THE DRAWINGS)

(FIG. 1) is a horizontal cross-sectional view of a heating furnace of
a first example of the present invention when viewed from above.
(FIG. 2) is a vertical cross-sectional view of the heating furnace of
the first example of the present invention when viewed from the
side.

(FIG. 3) is a perspective view illustrating the division of the heater
of the first example of the present invention.

(FIG. 4) is a perspective view illustrating the shape of the reaction
tube of the first example of the present invention.

(FIG. 5) is a perspective view illustrating another example of the
shape of the reaction tube of the first example of the present
invention.

(FIG. 6) is a plan view and a side view illustrating an example
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of the structure of the heating furnace of the first example of the
present invention.

(FIG. 7) is a system diagram of the gas supply system and the
discharge system of the first example of the present invention.
(FIG. 8) is a graph showing the results of calculating the film
thickness distribution of a film formed on a wafer when the flow of
gas is not switched during film formation in the first example of
the present invention.

(FIG. 9) is a graph showing the results of calculating the film
thickness distribution of a film formed on a wafer when the flow of
gas is switched during film formation in the first example of the
present invention.

(FIG. 10) is a cross-sectional view of a vertical CVD device
configured to switch the flow of gas during film formation as a
second example of the present invention.

(FIG. 11) is a drawing illustrating an example of the method of
supplying gas when diffusion is fast in the first example of the
present invention.

(FIG. 12) is a graph illustrating an example of changes in
temperature of the wafer and the heater in the first example of the
present invention.

(FIG. 13) is a graph illustrating an example of changes in
temperature of the wafer and the heater when feed forward control
is administered in the first example of the present invention.

(FIG. 14) is a graph illustrating an example of the temperature
pattern of the back heater during feed forward control in the first
example of the present invention.

(FIG. 15) is a graph illustrating an example of the temperature
pattern of the central heater during feed forward control in the first
example of the present invention.

(FIG. 16) is a graph illustrating an example of the temperature
pattern of the front heater during feed forward control in the

(FIG. 1)

GAS SUPPLY PORT 4a (UPPER SIDE)

first example of the present invention.

(FIG. 17) is a graph illustrating an example of the temperature
pattern of the side heaters during feed forward control in the first
example of the present invention.

(FIG. 18) is a graph illustrating an example of the temperature
control pattern in the case of continuous processing in the first
example of the present invention.

(FIG. 19) is a cross-sectional view of an example in which the
present invention is applied to a plasma CVD device.

(FIG. 20) is a cross-sectional view of an example in which the
present invention is applied to parallel plate type plasma etching
device.

(FIG. 21) is a schematic diagram of a DRAM cell with a STC
(Stacked Capacitor) structure.

(EXPLANATION OF REFERENCES)

1: heater 2: reaction tube

2a: reinforcing rib 3: wafer

4a, b, c, d: gas supply ports 5a, b, c,

d: discharge ports

6: SiC plate 7: heat-insulating material
8: support plate 9a, b: flanges

10a, b: gate valves 11: fork

12: heat-insulating plate 13: fixing hardware

14: throat 15: gas source

16: vacuum pump 17a, b,

c, d: valves

18: cap 21: reinforcing plate

21a: protrusion

23: pressure sensor

25: susceptor

27: upper electrode

29: cooling medium channel

22: fixing block

24: gas controller
26: reaction chamber
28: lower electrode
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(FIG. 7)
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STRUCTURE OF STC (Stacked Capacitor)-DRAM
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