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(7) ABSTRACT

First through fourth film formation chambers PC1 to PC4
are disposed in the periphery of a transfer chamber TC. If,
for example, the ratio of the time required to form gate
insulating films to the time required to form the silicon film
as a semiconductor film is 1:3, a silicon nitride film and
silicon oxide film are formed in the first through third film
formation films PC1 to PC3 to become gate insulating films,
and an amorphous silicon layer is formed in the fourth film
formation chamber PC4 to become an active region. This
makes it possible to perform formation of the amorphous
silicon layer, which requires film cleaning, in a film forma-
tion chamber different from the film formation chamber for
other films, and to manufacture thin-film transistors at high
productivity.
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SEMICONDUCTOR DEVICE OR THIN-FILM
TRANSISTOR MANUFACTURING APPARATUS
AND MANUFACTURING METHOD

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
device such as a thin-film transistor manufacturing appara-
tus, and a thin-film transistor manufacturing method using
the apparatus.

[0003] 2. Description of the Prior Art

[0004] FIG. 1 is a cross-sectional view showing a struc-
ture of the thin-film transistor to be used as pixel display
switching devices in active matrix display panels. A bottom-
gate type is shown in this figure.

[0005] On a surface of an insulating transparent substrate
1 is positioned a gate electrode 2 of a refractory metal, such
as tungsten or chromium. The gate electrode 2 has both sides
in a tapered shape widening toward the transparent substrate
1. On the transparent substrate 1 on which the gate electrode
2 is positioned, a silicon oxide film 4 is formed through a
silicon nitride film 3. The silicon nitride film 3 prevents
impurities contained in the transparent substrate 1 from
penetrating an active region (to be described later), and the
silicon oxide film 4 functions as a gate insulating film. On
the silicon oxide film 4 is formed a polycrystalline silicon
film 5 so as to straddle the gate electrode 2. The polycrys-
talline silicon film 5 becomes the active region of the
thin-film transistor.

[0006] Or the polycrystalline silicon film 5 is positioned a
stopper 6 of an insulating material, such as silicon oxide. A
portion of the polycrystalline silicon film 5 covered by the
stopper 6 becomes a channel region 5c¢, and other portions
of the polycrystalline silicon film 5 become a source region
5s and a drain region 5d. On the polycrystalline silicon film
5, on which the stopper 5 is formed, is formed a silicon oxide
film 7 and a silicon nitride film 8. The silicon oxide film 7
and silicon nitride film 8 serve as interlayer insulating films
to protect the polycrystalline silicon film 5 that includes the
source region Ss and drain region 5d.

[0007] Contact holes 9 are formed at predetermined loca-
tions in the silicon oxide film 7 and silicon nitride film 8 on
the source region Ss and drain region 5d. A source electrode
10s and a drain electrode 10d, which connect to the source
region Ss and drain region 5d, are positioned at the contact
holes 9. On the silicon nitride film 8, on which the source
electrode 10s and drain electrode 10d are positioned, an
acrylic resin layer 11, which is transparent to visible light, is
formed. The acrylic resin layer 11 planarizes the surface by
filling in the unevenness caused by the gate electrode 2 and
stopper 6.

[0008] A contact hole 12 is formed in the acrylic resin
layer 11 on the source electrode 10s. A transparent electrode
13, such as of indium tin oxide (ITO), that connects to the
source electrode 10s through the contact hole 12 is then
positioned so as to extend on the acrylic resin layer 11. The
transparent electrode 13 forms a pixel electrode in a liquid
crystal display panel.

[0009] In the above-mentioned thin-film transistor, a plu-
rality of which are arranged in a matrix on the transparent
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substrate 1 together with pixel electrodes, image data sup-
plied to the drain electrode 10d is impressed onto the
respective pixel electrode in response to a scanning control
signal that is impressed on the gate electrode 2.

[0010] The polycrystalline silicon film 5 is formed with a
sufficiently large crystal grain diameter so that it functions as
the active region of the thin-film transistor. A known method
for forming a large crystal grain diameter of the polycrys-
talline silicon film 5 is laser annealing using an excimer
laser. In laser annealing, amorphous silicon is formed onto
the silicon oxide film 4, which becomes a gate insulating
film, and after the hydrogen contained in the amorphous
silicon is first removed through a low temperature heat
treatment, the silicon is irradiated with the excimer laser and
is initially melted so that the silicon crystallizes. Since
portions on the transparent substrate 1 reaching high tem-
peratures are localized due to the use of this sort of laser
annealing method, a glass substrate having a low melting
point can be used for the transparent substrate 1.

[0011] Formation of the silicon oxide film and silicon
nitride film comprising the gate insulating film and inter-
layer insulating film is also possible at a low temperature of
400° C. or less and employs a highly flexible plasma CVD
method. Since the plasma CVD method also makes it
possible for the formation of amorphous silicon films, the
formation of the amorphous silicon film, which becomes the
polycrystalline silicon film §, is normally performed by the
same apparatus in succession to the formation of the gate
insulating film.

[0012] When impurities are added during film formation
in the polycrystalline silicon film 5, which forms the active
region of the thin-film transistor, the impurities prevent
carrier movement in the channel region Sc¢ and cause the
operating characteristics to deteriorate. In the plasma CVD
method, when the gate insulating film and the amorphous
silicon film, which becomes the polycrystalline silicon film
5, are formed in succession within the same film formation
chamber, it becomes easy to contaminate the amorphous
silicon film with the residual reactant gas used in the
formation of the gate insulating film. Usually, during the
formation of the gate insulating film, the same film is formed
on the inner wall of the film formation chamber. With this
sort of film formed, when the plasma for forming the
amorphous silicon film within the film formation chamber is
excited, the impurities are discharged from the film formed
on the inner wall of the film formation chamber. Since the
impurities discharged within the film formation chamber are
taken into the amorphous silicon film, it is difficult to
prevent the contamination by impurities even though the
reactant gas within the film formation chamber is completely
discharged.

SUMMARY OF THE INVENTION

[0013] Tt is therefore an object of the present invention to
make it difficult for impurities to contaminate the active
layer during formation of the semiconductor device, such as
the thin-film transistor, and to provide an apparatus and
manufacturing method to enable the manufacture of the
thin-film transistor at high efficiency.

[0014] The semiconductor device manufacturing appara-
tus of the present invention comprises a first film formation
chamber for depositing in succession at least two types of
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insulating films onto a substrate, a second film formation
chamber for depositing a semiconductor film onto the sub-
strate, and a transfer chamber for connecting the first film
formation chamber to the second film formation chamber
and for transferring the substrate from the first film forma-
tion chamber to the second film formation chamber, or from
the second film formation chamber to the first film formation
chamber, where one of the first or second film formation
chambers performs a film formation process in succession to
a film formation process of the other chamber.

[0015] Furthermore, in another aspect of the present
invention, the semiconductor device manufacturing appara-
tus comprises the first film formation chamber for forming
a first material film on the substrate, and the second film
formation chamber for forming, after the first material film,
a second material film unlike the first material film, where a
ratio of a number of the first film formation chambers to that
of the second film formation chambers is proportional to a
ratio of the time required for film formation in the first film
formation chamber to the time required for film formation in
the second film formation chamber so that the first film
formation chambers and the second film formation chambers
are disposed with their numbers in a predetermined ratio.

[0016] In another aspect of the present invention, in the
above-mentioned semiconductor device manufacturing
apparatus, the time required for film formation in the first
film formation chambers is longer than the time required for
film formation in the second film formation chambers, and
in correspondence a plurality of the first film formation
chambers having a number greater than that of the second
film formation chambers and performing film formation at a
predetermined time difference from each other.

[0017] According to the present invention, the gate insu-
lating films, for example, can be formed in the first film
formation chamber, and the semiconductor film, for
example, which becomes the active region, can be formed in
the second film formation chamber. Since the semiconductor
film is formed in a dedicated film formation chamber, it
becomes difficult for the residual reactant gas, which is used
in the formation of other films, to contaminate the semicon-
ductor film.

[0018] In another aspect of the present invention, the
thin-film transistor manufacturing method comprises a first
process for forming a gate electrode on one principal plane
of the substrate, a second process for forming gate insulating
films covering the gate electrode on the substrate, a third
process for forming the semiconductor film of an island
shape on the gate insulating films so as to straddle the gate
insulating films, and a fourth process for forming interlayer
insulating films on the semiconductor film, where the second
process processes in parallel a plurality of the substrates in
a plurality of first film formation chambers at a predeter-
mined time difference shorter than the time required for film
formation, and the third process processes the substrates in
succession in a single second film formation chamber at a
time shorter than the film formation time in the second film
formation chamber.

[0019] According to the present invention, the gate insu-
lating film is formed in the plurality of first film formation
chambers, and the semiconductor film is formed in the single
second film formation chamber. Since the semiconductor
film is formed in the dedicated chamber, there is no con-
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tamination during film formation by the residual reactant gas
used for forming the other films. Furthermore, since a
plurality of first film formation chambers are disposed for
the gate insulating film, for which film formation becomes
long, utilization efficiency of each film formation chamber
improves when the gate insulating film and semiconductor
film are formed in succession.

[0020] According to the present invention having the
above-mentioned features, since the silicon film is formed as
the semiconductor film in the dedicated film formation
chamber, only the silicon film adheres to the inner wall of
the film formation chamber or electrodes, so that even in a
case where silicon films are formed in succession, the
impurities do not discharge from the film adhering to the
inner wall or electrodes of the film formation chamber.
Therefore, contamination by impurities that prevent the
migration of carriers to the active region is inhibited for the
case of the thin-film transistor, thus preventing the degra-
dation of the operating characteristics of the thin-film tran-
sistor. Furthermore, while the silicon film, which becomes
the active region, is formed in a film formation chamber
different from that for the gate insulating films, a drop in
productivity can be prevented with an increase in time
required for film formation kept to a minimum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a cross-sectional view showing a struc-
ture of a conventional thin-film transistor.

[0022] FIG. 2 is a schematic diagram showing a structure
of a thin-film transistor manufacturing apparatus of the
present invention.

[0023] FIG. 3 is a timing diagram illustrating operations
of the thin-film transistor manufacturing apparatus of the
present invention.

[0024] FIGS. 4A, 4B, 4C, 4D, 4E, and 4F are cross-
sectional views showing respective processes of a thin-film
transistor manufacturing method of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] FIG. 2 is a schematic diagram showing a structure
of the thin-film transistor manufacturing apparatus of the
present invention, and FIG. 3 is a timing diagram illustrat-
ing the timing of the film formation process. These drawings
show a case having four film formation chambers.

[0026] A first to fourth film formation chambers PC1 to
PC4 are disposed so as to surround a transfer chamber TC
with each housing a substrate S. The first to third film
formation chambers PC1 to PC3 successively form a silicon
nitride film and a silicon oxide film onto the substrates S, and
the fourth film chamber PC4 forms an amorphous silicon
film. For example, at the first to third film formation cham-
bers PC1 to PC3, the silicon nitride film is formed by
receiving a supply of SiH,, NH;, and N,, and the silicon
oxide film is formed by receiving a supply of SiH, and N,
O. At the fourth film formation chamber PC4, the amor-
phous silicon film is formed by receiving a supply of silane
and hydrogen.

[0027] A load lock LL is disposed in parallel with film
formation chambers PC1 to PC4 in the periphery of the
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transfer chamber TC, and temporarily houses the substrate S
to be loaded into the transfer chamber TC or the substrate S
to be taken out after the film formation process. After a
predetermined number (for example 12 substrates per lot) of
substrates S are loaded from outside the apparatus in the
loading operation, the load lock LL vents the outside air that
was loaded with the substrates S and replaces it with an inert
gas, such as nitrogen, so as to prevent outside air from
flowing into the transfer chamber TC. In an unloading
process, after the film formation process completes, the load
lock LL holds the substrates S until they approach room
temperature so as to prevent sudden changes in temperature
of the substrates S.

[0028] The transfer chamber TC transfers the substrates S
between the film formation chambers PC1 to PC4 and the
load lock LL in accordance with the film formation opera-
tion of the film formation chambers PC1 to PC4. Namely, in
a first transfer operation, substrates S are transferred from
the load lock LL to the first through third film formation
chambers PC1 to PC3, and in a second transfer operation,
the substrates S are transferred from the first through third
film formation chambers PC1 to PC3 to the fourth film
formation chamber PC4. In a third transfer operation, the
substrate S is transferred from the fourth film formation
chamber PC4 to the load lock LL. Except during the various
transfer operations, shutter mechanisms provide shielding
between the transfer chamber TC and the film formation
chambers PC1 to PC4, and between the transfer chamber TC
and the load lock LL.

[0029] As shown in FIG. 3, substrates S are loaded one at
a time while respectively staggered by a time duration L0
into the first through third film formation chambers PC1 to
PC3, and the silicon nitride film and silicon oxide film are
formed on the substrates S at a film formation time L.1. The
time difference L0 is set to be approximately Y5 of the film
formation time L1. As a result, at the first through third film
formation chambers PC1 to PC3, the film formation process
for one substrate S completes at the passage of every time
duration LO. The substrates S, after having undergone the
film formation process at the first through third film forma-
tion chambers PC1 to PC3, are loaded one at a time into the
fourth film formation chamber PC4, and onto the substrates
S are formed the amorphous silicon film at time [.2. This
film formation time .2 is set to be shorter than the time
difference L0 of the film formation processes of the first
through third film formation chambers PC1 to PC3. In other
words, since the film formation process completes at the
fourth film formation chamber PC4 at time 1.2, which is 3
or less than time L1 of the film formation process at the first
through third film formation chambers PC1 to PC3, three
times the number of substrates S can be processed in
comparison to the first through third film formation cham-
bers PC1 to PC3. As a result, the substrates S to be processed
in parallel at the first through third film formation chambers
PC1 to PC3 can be processed in succession at the fourth film
formation chamber PC4.

[0030] In this sort of manufacturing apparatus, equivalent
film formation is possible simply by increasing, compared to
the case where the three films are formed in the same film
formation chamber, the total manufacturing time for the
formation of the silicon nitride film, silicon oxide film, and
amorphous silicon film by the time required for transferring
the substrates S. Since only the amorphous silicon film is
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formed at this time at the fourth film formation chamber
PC4, any contamination of the amorphous silicon film with
impurities can be prevented.

[0031] FIGS. 4A to 4F are cross-sectional views of indi-
vidual processes illustrating the manufacturing method of
thin-film transistors of the present invention. These draw-
ings show the same bottom-gate type as FIG. 1.

[0032] (a) First Process (FIG. 4A)

[0033] On an insulating transparent substrate 21 is sput-
tered a high melting point metal (refractory metal), such as
chromium or molybdenum, to form a refractory metal film
34. The refractory metal film 34 is patterned in a predeter-
mined shape to form a gate electrode 22. This patterning
process uses taper etching to form a tapered shape so that
both sides of the gate electrode 22 widen toward the trans-
parent substrate 21.

[0034] (b) Second Process (FIG. 4B)

[0035] On the transparent substrate 21 is applied the
silicon nitride film through plasma CVD to form a silicon
nitride film 23, which prevents the precipitation of impurity
ions from the transparent substrate 21. Next, in the same film
formation chamber using the same plasma CVD method, a
silicon oxide film is applied to form a silicon oxide film 24,
which forms the gate insulating films together with the
silicon nitride film 23. The formation of the silicon nitride
film 23 and silicon oxide film 24 is performed using the
respective first through third film formation chambers PC1
to PC3 shown in FIG. 2. Silicon is then applied on the
silicon oxide film 24 through the same plasma CVD method
so as to form an amorphous silicon film 25a. The formation
of the amorphous silicon film 254 is performed using the
fourth film formation chamber PC4 of the apparatus shown
in FIG. 2. With the time required for the formation of silicon
nitride film 23 and silicon oxide film 24 at, for example,
approximately 270 seconds and the time required for the
formation of the amorphous silicon film 254 at, for example,
approximately 90 seconds, the ratio of the processing times
becomes approximately 3:1. Therefore, as shown in FIG. 2,
a plurality of transparent substrates 21 are processed in
succession at high efficiency. Forming the amorphous sili-
con film 25a in the dedicated film formation chamber
reduces the amount of impurities contaminating the amor-
phous silicon film 25a. On the basis of actual measured
values, it was confirmed that the oxygen concentration is
reduced from approximately 10°°/cm® to 10*°/cm® when
comparing the case in which the silicon oxide film 24 and
amorphous silicon film 25a are formed in the same film
formation chamber with the case in which the amorphous
silicon film 254 is formed in a separate film formation
chamber.

[0036] (c) Third Process (FIG. 4C)

[0037] The amorphous silicon film 254 that was formed on
the silicon oxide film 24 is heated to discharge the hydrogen
contained within the film to outside the film. In this heating
process, the hydrogen concentration in the amorphous sili-
con film 25a is reduced to 1 atoms % or less. After the
hydrogen is discharged, an excimer laser is aimed at the
silicon film 25a to heat the amorphous silicon until it melts,
then the silicon crystallizes to form a polycrystalline silicon
film 25. Next, through the plasma CVD method, silicon
oxide is formed on the polycrystalline silicon film 25 to form
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a silicon oxide film 35. The silicon oxide film 35 is then
patterned to match the shape of the gate electrode 22, and a
stopper 26 is formed to overlap the gate electrode 22. In the
formation of the stopper 26, mask deviation can be elimi-
nated by forming a resist layer to cover the silicon oxide film
35 and exposing the resist layer from the underside of the
transparent substrate 21 with the gate electrode 22 as a mask.
With the stopper 26 as the mask, the polycrystalline silicon
film 25 is then doped with either P-type or N-type ions
corresponding to the type of transistor to be formed. Namely,
the polycrystalline silicon film 25 not covered by the stopper
26 is doped with P-type ions, such as of boron, when
forming a P-channel transistor, or N-type ions, such as of
phosphorous, when forming an N-channel transistor. This
doping process forms regions exhibiting P-type or N-type
conductivity in the polycrystalline silicon film 25 except in
the part covered by the stopper 26. These regions on both
sides of the stopper 26 become a source region 25s and a
drain region 25d.

[0038] (d) Fourth Process (FIG. 4D)

[0039] The excimer laser is aimed at the polycrystalline
silicon film 25, on which the source region 25s and drain
region 25d have been formed, to heat the silicon without
melting. This activates the impurity ions within the source
region 25s and drain region 25d. The polycrystalline silicon
film 25 is then patterned into a island shape while leaving a
predetermined width on both sides of the stopper 26 (gate
electrode 22) so as to separate the individual transistor.

[0040] (e) Fifth Process (FIG. 4E)

[0041] Silicon oxide and silicon nitride are formed in
succession through plasma CVD on the polycrystalline
silicon film 25. This forms two interlayer insulating films of
a silicon oxide film 27 and a silicon nitride film 28. The
silicon oxide film 27 and silicon nitride film 28, after being
formed, are heated in a nitrogen atmosphere so that the
hydrogen ions contained in the silicon nitride film 28 are
introduced to the polycrystalline silicon film 25. As a result,
the crystal defects within the polycrystalline silicon film 25
are filled by the hydrogen ions.

[0042] (D) Sixth Process (FIG. 4F)

[0043] Contact holes 29 are formed so as to pass through
the silicon oxide film 27 and silicon nitride film 28 to
correspond to the source region 25s and drain region 25d,
and at the contact holes 29 are formed a source electrode 30s
and a drain electrode 30d of a metal, such as aluminum. The
source electrode 30s and drain electrode 30d are formed, for
example, by patterning sputtered aluminum on the silicon
nitride film 28 on which the contact holes 29 were formed.
Next, an acrylic resin solution is applied and baked on the
silicon nitride film 28, on which the source electrode 30s and
drain electrode 30d were formed, to form an acrylic resin
layer 31. The acrylic resin layer 31 planarizes the surface by
filling in the unevenness caused by the stopper 26, source
electrode 30s, and drain electrode 30d4. Furthermore, a
contact hole 32 is formed so as to pass through the acrylic
resin layer 31 on the source electrode 30s, and at the contact
hole 32 is formed a transparent electrode 33, such as of ITO,
to connect to the source electrode 30s. The transparent
electrode 33 is formed, for example, by patterning sputtered
ITO on the acrylic resin layer 31, on which the contact hole
32 was formed.
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[0044] The above-mentioned first through sixth processes
form the bottom-gate thin-film transistor.

[0045] 1t should be noted that although four film formation
chambers were used in this embodiment to form the gate
insulating films and the semiconductor film at a 3:1 ratio, the
number of film formation chambers is not limited to four. A
comparable effect can be obtained even with three, or five or
more film formation chambers disposed provided the film
formation chambers are used in accordance with the ratio of
the time required to form the gate insulating films to the time
required to form the semiconductor film.

[0046] While there has been described what are at present
considered to be preferred embodiments of the invention, it
will be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:
1. A semiconductor device manufacturing apparatus com-
prising:

a first film formation chamber for depositing in succession
at least two types of insulating films onto a substrate;

a second film formation chamber for depositing a semi-
conductor film onto the substrate; and

a transfer chamber for connecting said first film formation
chamber to said second film formation chamber and for
transferring the substrate from said first film formation
chamber to said second film formation chamber, or
from said second film formation chamber to said first
film formation chamber;

one of said first or second film formation chamber per-
forms a film formation process in succession to a film
formation process of the other chamber.
2. The semiconductor device manufacturing apparatus
according to claim 1 wherein:

a plurality of said first film formation chambers are
disposed in accordance with a ratio of a time required
for film formation in said first film formation chamber
to a time required for film formation in said second film
formation chamber, and the plurality of said first film
formation chambers perform film formation processing
staggered at a predetermined time difference.

3. The semiconductor device manufacturing apparatus

according to claim 1 wherein:

said first and second film formation chambers are dis-
posed so that a number of said first film formation
chambers and a number of said second film formation
chambers have a predetermined ratio other than 1 in
accordance to a predetermined ratio other than 1 of the
time required for film formation in said first film
formation chamber to the time required for film for-
mation in said second film formation chamber.

4. The semiconductor device manufacturing apparatus

according to claim 3 wherein:

the time required for film formation in said first film
formation chamber is longer than the time required for
film formation in said second film formation chamber,
and in correspondence a plurality of said first film
formation chambers having a number greater than that
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of said second film formation chambers and performing
film formation at a predetermined time difference from
each other.
5. The semiconductor device manufacturing apparatus
according to claim 3 wherein:

said time difference of film formation processes at a
plurality of respective said first film formation cham-
bers is set to be equal or longer than the time required
for film formation in said second film formation cham-
bers.

6. The semiconductor device manufacturing apparatus

according to claim 1 wherein:

the insulating films formed at said first film formation
chamber and the semiconductor film formed at said
second film formation chamber together form part of a
thin-film transistor.
7. The semiconductor device manufacturing apparatus
comprising:

the first film formation chamber for forming a first mate-
rial film on the substrate; and

the second film formation chamber for forming, after said
first material film, a second material film unlike said
first material film;

a ratio of a number of said first film formation chambers
to that of said second film formation chambers is
proportional to a ratio of the time required for film
formation in said first film formation chamber to the
time required for film formation in said second film
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formation chamber so that said first film formation

chambers and said second film formation chambers are

disposed with their numbers in a predetermined ratio.

8. The semiconductor device manufacturing apparatus
according to claim 7 wherein:

the time required for film formation in said first film
formation chambers is longer than the time required for
film formation in said second film formation chambers,
and in correspondence a plurality of said first film
formation chambers having a number greater than that
of said second film formation chambers and performing
film formation at a predetermined time difference from
each other.

9. The semiconductor device manufacturing apparatus

according to claim 8 wherein:

said time difference of film formation processes at a
plurality of respective said first film formation cham-
bers is set to be equal or longer than the time required
for film formation in said second film formation cham-
bers.

10. The semiconductor device manufacturing apparatus

according to claim 7 wherein:

said first material film formed at said first film formation
chamber is a silicon nitride film and/or a silicon oxide
film, said second material film formed at said second
film formation chamber is a semiconductor film, and
together form part of a thin-film transistor.
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