
EP 0 476 701 B1 Description This invention relates to a thin-film
transistoraccording to the preamble part of claim 1 and as known from
JP-A-61 183 433 and to a thin film transistor panel using thin-film
transistors of this type. 5      Thin-film transistors (hereinafter,
referred to as TFTs) are broadly divided into the stagger type, the reverse
stagger type, the coplanar type, and the reverse coplanar type. Of these,
the arrangement of the reverse stag- ger type is shown in Figs. 1 and 2 and
will be explained below. Referring to Fig. 1, a gate electrode 2 consisting
of a metal such as tantalum or chromium is formed on an insulating
substrate 1 made of glass orthe like, and a gate insulating film 3 is
formed on the gate electrode 10 2. An i-type semiconductorfilm 4 consisting
of i-type amorphous silicon (i-a-Si) is formed on the gate insulating film
3 so as to oppose the gate electrode 2. Source and drain electrodes 5 and 6
made of a metal such as chromium are formed on the i-type semiconductor
film 4, respectively, through n-type semiconductor layers 7 and are spaced
apart from each other by a predetermined distance to form a channel region.
Each n-type semiconductor layer 7 consists of n-type amorphous silicon
[err] doped with an impurity. A protective layer 15  (not shown) is formed
to cover the entire structure. This type of thin-film transistor and a TFT
matrix array composed of these TFTs arranged in matrix have been
manufactured by the method described below. Table I lists the requirements
concerning the manufac- turing steps for a conventional thin-film
transistor and a TFT matrix array. In this case, the reverse stagger type
of Fig. 1 Is taken up as an example. 20 25 30 35 40 45 50 55 2    EP 0 476
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4J)    -1-     4J) 50 [Step 11 Agate metalfilm isformed outof a hard metal,
such asCr(chromium),Ta(tantalum),orMo (molybdenum), on a glass substrate in
the temperature range of 100 to 200[err]C, using an evaporation
orspattering apparatus. 55   Then, the gate metal film is patterned to form
a gate electrode and gate interconnections. 3    EP 0 476 701 B1 [Step 2]
Then, on the substrate, an SiN (silicon nitride) film is formed in the
temperature range of 300 to 350[err]C with the RF discharging powerdensity
range of 120to 130 mW/cm[err], using a plasma CVD apparatus, to produce 5
a fine-quality gate insulating film with a high gate breakdown voltage.
[Step 3] Next, on the gate insulating film (SiN film), an a-Si (amorphous
silicon) layer is formed out of hydrogenated 10  a-Si (a-Si:H) as a
semiconductor layer in a temperature of about 250[err]C with the RF
discharging power density range of 40 to 50 mW/cm[err], using the plasma
CVD apparatus. The reason why the a-Si layer is formed at about 250[err]C
is that a higher film-forming temperature impairs the semiconductor
characteristics because of a re- duction in the hydrogen content of the
a-Si layer and that a lowerfilm-forming temperature degrades the quality of
the a-Si film. 15 [Step 41 Next, on the a-Si layer, an [err]-a-Si (n-type
impurity-doped amorphous silicon) layer is formed as an ohmic contact layer
under the same conditions as those forthe a-Si layer (a film-forming
temperature of about 2500C 20  with the RF discharging power density range
of 40 to 50 mW/cm2), using the plasma CVD apparatus. [Step 5] Then, on the
[err]-a-Si layer, a source and drain metal film of, for example, Cr, is
formed in the temperature 25  range of 100 to 2000C with the evaporation or
spattering apparatus.After this, the source and drain metal film, and the
underlying [err]-a-Si layer and a-Si layer are patterned so as to form a
semiconductor layer and then 



the source and drain metal film and [err]-a-Si layer are separated into a
source and drain electrodes. [step 6] Next, a transparent conducting film,
such as an ITO film, to serve as a pixel electrode, is formed in the
temperature range of 100 to 200[err]C, using the evaporating or spattering
apparatus. Then, the ITO film is pat- terned to produce a pixel electrode
one of whose edges overlaps the source electrode. 35  [Step 7 Next, an SIN
film is formed as an interlayer insulating film that Insulates the gate
interconnection from the drain interconnection under the same conditions as
those for the gate insulating film (the film-forming temper- ature range of
300 to 350[err]C with the RF discharging power density range of 120 to 130
mW/cm[err], using the 40  plasma CVD apparatus. Following this, a contact
hole reaching the drain electrode is made in the interlayer insulating
film. [Step 8] 45      Then, on the interlayer insulating film, Ti
(titanium) and A[err] (aluminum) films are formed in sequence in the
temperature range of 100 to 200[err]C, using the evaporating or spattering
apparatus. After this, the Ti and A[err] films are patterned to produce a
drain interconnection connected to the drain electrode through the contact
hole. 50  [Step 9] Next, an SiN film is formed as a protective insulating
film in the temperature range of 300 to 350[err]C with the RF discharging
power density range of 120 to 130 mW/[err], using the plasma CVD apparatus.
This com- pletes a thin-film transistor. 55      Although the
above-described manufacturing steps are those for the reverse stagger
thin-film transistor, the same conditions as shown in Table 1 have also
been used in forming the gate insulating films and semi- conductor layers
of other types of thin-film transistors: the reverse coplanar type, the
stagger type, and the coplanar type, with the gate, source, and drain
electrodes being made of a hard metal such as Cr, Ta, or Mo. 4    EP 0 476
701 B1 In the manufacturing steps for TFTs noted above, a silicon nitride
film is used for the gate insulating film 3, blocking layer 8 (refer to the
TFT of Fig. 2), interlayer insulating film (not shown), and protective
insulating film (not shown), and a silicon oxide film may be used as
needed. In each of these conventional TFTs, a silicon-based thin film such
as an SiN film and an SiO film is formed 5   by a plasma CVD method. This
plasma CVD method is a method of supplying a process gas to a chamber in
which a substrate heated to a predetermined temperature Is set causing a
high-frequency glow discharge (RF discharge) upon supply of an RF current
so as to set the process gas in a plasma state while the pressure of the
process gas is controlled to a predetermined value, and depositing a
silicon compound on the substrate, thereby forming a silicon-based thin
film. 10      The process gas consists of a main reaction gas serving as a
source gas for a film to be formed and a carriergas fordiluting the main
reaction gas to obtain the plasma state. In ordertoform the SiN film,
monosilane (SiN) gas and ammonia [err] gas constitute a main reaction gas,
and nitrogen (N2) gas Is used as a carrier gas. In orderto form the SiO
film, monosilane [err] gas and the laughing (N20) gas constitute a main
reaction gas, and nitrogen [err] gas is used as a carrier gas. 15
Formation of the above silicon-based thin film is performed by the
following steps as indicated by supply of the process gas and the RF
discharge timings In Fig. 3. A substrate heated to a predetermined
temperature is set in a chamber, and the chamber is evacuated. The process
gas as a gas mixture of the main reaction gas and the carrier gas is
supplied and controlled to have a predetermined pressure. When about 15
minutes for stabilizing the pressure of the process gas and 20  the
substrate temperature elapse, an RF current is supplied to start an RF
discharge, thereby generating a plasma and starting deposition of a
silicon-based thin film. When a period of time required for depositing this
thin film to a predetermined thickness elapses, supply of the RF current is
stopped to interrupt the RF dis- charge. With a lapse of a few seconds,
supply of the process gas is stopped. In order to obtain a dense
silicon-based thin film (especially a silicon nitride thin film) which is
free from 25  defects and has a high breakdown voltage, the silicon nitride
thin film is formed at a substrate temperature of about 350[err]C and an RF
power of 120 to 130 mW/cm[err]. A composition ratio (Si/N) of the number of
silicon (Si) atoms to the number of nitride (N) atoms of the re- sultant
silicon nitride film has a value dose to a stoichiometric ratio (SUN =
0.75) of the  chemically stablest 



silicon nitride (SiN). The obtained silicon nitride film is dense, Is free
from defects and has a high breakdown 30  voltage. Since film formation is
performed while the substrate temperature is kept maintained at 350[err]C,
the sub- strate must be gradually heated not to cause defects such as
distortion and cracks of the substrate. In addition, the substrate must be
cooled overa long period of time longer than the heating time soas to
prevent the silicon nitride film from being cracked by a stress caused by a
difference between the thermal expansion coefficients 35  of the substrate
and the silicon nitride film. Therefore, according to the conventional film
formation method, heating and cooling periods of the substrate are
prolonged to degrade the formation efficiency of silicon-based thin films,
resulting in low productivity. Fig. 2 shows an improvementof the inverted
staggered type TFTshown in Fig. 1. This TFT includes a block- ing layer 8
consisting of an insulating film in a region constituting the channel
region of the i-type semiconductor 40  layer 4. Other portions of this TFT
are the same as those in Fig. 1, and the same reference numerals as in Fig.
1 denote the same parts in Fig. 2. The above method of forming the
silicon-based thin film is used In the fabrication step of the TFT showes
in Fig. 2. Steps In manufacturing this TFT will be described below. A metal
film consisting of chromium (Cr), tantalum (Ta), molybdenum (Mo) or the
like Is formed on a sub- 45 strate I by a sputtering apparatus and is
patterned by a photoetching method, thereby forming a gate electrode 2 and
a gate line portion connected to this gate electrode 2. A gate insulating
film 3, an i-type semiconductor layer 4, and a blocking insulating film 8
are sequentially formed on the substrate 1 by a plasma CVD apparatus. The
blocking insulating film 8 is patterned by a photoetching method to leave
the blocking insulating film 50  8 in only the channel region of the i-type
semiconductor layer 4. An n-type semiconductor layer 7 is formed on the
i-type semiconductor film 4 by a plasma CVD apparatus and a metal film made
of chromium, tantalum, or molybdenum serving as source and drain electrodes
5 and 6 is formed on the n-type semiconductor layer 7 by a sputtering
apparatus. The metal film and the i-type sem- iconductor layer 7 are
patterned by a photoetching method to form source and drain electrodes 5
and 6. 55      The i-type semiconductor layer 4 is patterned in the form of
a transistor to finish a thin film transistor or TFT. During the
manufacturing process of the above TFT, the gate Insulating film 3 and the
blocking layer 8 are made of SiN films, and the i-type semiconductor film 4
comprises a hydrogenated amorphous silicon (a-Si:H) 5    EP0476 701 B1
film. The n-type semiconductor film 7 comprises an [err]-type a-Si film.
The SiN films are formed at a substrate temperature of 350[err]C and an RF
discharge power density of 120 to 130 mW/[err] so as to obtain dense films
having high breakdown voltages. The hydrogenated amorphous silicon (i-a-Si)
film is formed at a substrate temperature of about 250[err]C and an RF
discharge power density of 40 to 50 mW/[err] to as to prevent a decrease 5
in hydrogen content. The n+-type a-Si film is formed under the same
conditions as those of the i-a-Si film. In this manner, when a plurality of
films are continuously formed on one substrate at different substrate
temper- atures during film formation, a plasma CVD apparatus having a
schematicarrangement shown in Fig.4 is used. Fig. 4 shows the plasma CVD
apparatus for continuously forming the gate insulating film 3, the i-type
semi- conductor film 4, and the blocking layer 8. 10      This plasma CVD
apparatus comprises a substrate loading chamber 11, asilicon nitride
formation chamber (to be referred to as a gate insulating film formation
chamber hereinafter) 12 for forming the gate insulating film 3, a substrate
cooling chamber 13, an amorphous silicon formation chamber (to be referred
to as an i- type semiconductor formation chamberhereinafter) 14 forforming
the i-typesemiconductorfilm 4, a substrate heating chamber 15, a silicon
nirtride film formation chamber (to be referred to as a blocking layer
formation 15  chamber hereinafter) 16 forforming the blocking layer 8, and
a substrate unloading chamber 17. These cham- bers are continuously formed.
The gate insulating film 3, the i-a-SI layer 4, and the blocking layer 8
are formed by this plasma CVD ap- paratus in the following manner. A
substrate is loaded in the substrate loading chamber 11 and is heated to an
SiN film formation temper- 20  ature (about 350[err]C). The heated
substrate Is transferred to the gate insulating film formation chamber 12,
and the gate insulating film 3 is formed under the above film formation
conditions. The substrate is then transferred to the substrate cooling
chamber 13, and the substrate temperature is 



decreased to an i-a-Si layer formation temperature (about 250[err]C), and
the cooled substrate is transferred to the i-type semiconductor film
formation chamber 14, and the i-type semiconductor film 4 is formed under
the 25  above conditions. The substrate is then transferred to the
substrate heating chamber 15 to heat the substrate to an SiN film formation
temperature (about 350[err]C). The heated substrate is transferred to the
blocking layerformation cham- ber 16, and the blocking layer 8 is formed
under the above conditions. The substrate is then transferred to the
substrate unloading chamber 17 and cooled to an ambient tem- 30  perature
(room temperature). The cooled substrate is removed outside the substrate
unloading chamber 17. In this case, it takes a long period of time to
gradually heat the substrate in the loading chamber 11 and the substrate
heating chamber 15 and to gradually cool the substrate in the substrate
cooling chamber 13 and the substrate unloading chamber 17 so as to prevent
cracks caused by a heat stress acting on the SiN film and the i-a-Si layer
formed on the substrate. 35      When the inverted staggered type thin film
transistor having no blocking insulating layer 8 shown in Fig. 1 Is to be
formed, the n-type amorphoussilicon layer (to be referred to as an n+-a-Si
layer hereinafter serving as the n-type semiconductor layer 7 is formed
immediately after the i-type semiconductor film 4 is formed. The film
formation conditions of the [err]-aSi layer can be the same as those of the
i-a-Si layer. Therefore, the gate insulating film, the i-type semiconductor
layer, and the n-type semiconductor layer of the TFT in Fig. 1 40  are
formed by a plasma CVD apparatus arranged such that the substrate heating
chamber 15 and the blocking layerformation chamber 16 are eliminated from
the plasma CVD apparatus in Fig. 4, and an [err]-a-Si layer for- mation
chamber is arranged between the i-type semiconductor film formation chamber
14 and the substrate unloading chamber 17. In this staggered type thin film
transistor, afterthe source and drain electrodes and the
[err]-a-Silayerformed 45  thereon are sequentially formed, the i-a-Si layer
and the gate insulating film are sequentially formed, and a gate electrode
Is formed thereon. Therefore, the i-a-Si layer and the gate insulating film
of this staggered type TFT can be formed by a plasma CVD apparatus having
contiguous chambers, i.e., a substrate loading cham- ber, an i-type
semiconductor film formation chamber, a substrate heating chamber, a gate
insulating film for- mation chamber, and a substrate unloading chamber. 50
According to the above conventional method of manufacturing a thin film
transistor, the gate insulating film is formed at a film formation
temperature of about 350[err], and the i-type semiconductor film is formed
at the filmformation temperature of about250[err]C. For this reason. for
example, in the manufacture of the inverted staggered type thin film
transistor, the substrate on which the gate insulating film is formed in
the gate insu- lating film formation chamber 12 is adjusted to a
temperature at which the i-type semiconductor film can be 55  formed, and
thetemperature-adjusted substrate must be transferred to the iype
semiconductorfilmformation chamber 14. For this reason, the conventional
plasma CVD apparatus includes the substrate cooling chamber 13 formed
between the gate insulating film formation chamber 12 and the next i-type
semiconductor film for- mation chamber 14 to cool the substrate having the
gate insulating film thereon to an i-type semiconductor 6    EP 0 476 701
B1 film formation temperature. Since the substrate must be gradually cooled
over a long period of time, as de- scribed above, it takes a long period of
time to cool the substrate having the gate Insulating film formed at a
temperature of about 350[err]C to a temperature of about 250[err]C. The
above problem is also posed by the manufacture ofthe staggered type thin
film transistor. In this case, 5   the substrate having the i-a-Si film
formed in the i-type semiconductor film formation chamber is heateto the
gate insulating film formation temperature in the substrate heating
chamber, and the heated substrate must be transferred to the gate insulting
film formation chamber. Since this substrate heating must be slowly per-
formed over a long period of time, it takes a long period of time to heat
the substrate having the i-a-Si layer formed at the film formation
temperature of about 2500C to the temperature of about 3500C. 10      For
this reason, the conventional TFT manufacturing method cannot manufacture
thin film transistors with high efficiency. As described above, making the
gate, source, and drain electrodes out of a hard metal with a high melting
point, such as Cr, Ta, or Mo, increases the cost of producing thin-film
transistors because such hard metals are expensive. In addition, since
those hard metals have a high resistivity, the gate electrode and the
source 15  and drain electrodes have a high impedance, which causes large
voltage drops, impairing the operating char- acteristics (particularly the
response characteristic) of a thin-film transistor. Further, TFT arrays
have the prob- 



lem that a delay In the scanning signal due to the impedance of the
scanning signal line makes it impossible to control the operation of the
TFTs arranged in matrix. It has been proposed that A[err], which is less
expensive and of a low resistivity, should be used for the gate 20
electrode and the source and drain electrodes. However, there is a problem:
when an A[err] film is heat-treated at several hundred degrees centigrade,
then protuberances called hillocks appear in the surface, resulting in the
rough surface. Since the gate insulating film (SiN film) of the thin-film
transistor is formed at about 350[err]C with the plasma CVD apparatus as
described above, use of, for example, A[err] for the gate electrode of the
reverse stagger thin- 25  film transistor permits hillocks to appear on the
surface of the gate electrode (A[err] film) during formation of the gate
insulating film afterthe gate electrode has been made. Those hillocks cause
defects in the gate insulating film, short-circuiting the gate electrode
with the semiconductor layer and the source electrode with the drain
electrode. The same holds true for thin-film transistors of the reverse
coplanar type, the stagger type, and the coplanar type. That is, for those
types of thin-film transistors, use of At for the lower electrodes (the
gate 30  electrode for the reverse coplanar thin-film transistor, and the
source and drain electrodes for the stagger and coplanar thin-film
transistors) made before the formation of the gate insulating film allows
hillocks to develop on the surface of the electrode (At film) atthe time
offorming the gate Insulating film (SiN film) in a subsequent step,
resulting in defects in the gate insulating film. Forthis reason, it has
been Impossibletouse A[err] for the gate electrode and the source and drain
electrodes. 35      Patent Abstracts of Japan, vol. 11, no. 3, and JP-A-61
183 433 discloses a thin film of aluminum alloy con- taining <=0.5wt%
titanium which Isformedon the substrate byelectron beamvapordeposition or
ionizing vapor deposition by use of the titanium-containing aluminum alloy
as an evaporating source. This thin film has small grain size as well as
reduced hillock and excels in fine workability as well as surface
smoothness, so it can be suitably used as wiring electrodes of
semiconductordevices and reflecting films of optical recording media. 40
EP-A-301 571 discloses a thin film transistor array which comprises an
insulating substrate (1); gate elec- trodes (2) formed on one surface of
the substrate; a first insulating layer (6) made of anodically oxidized
film and formed on the substrate so as to overlay each of the gate
electrodes; a second insulating layer (7) and a semiconductor layer (8)
positioned one above the other an formed so as to overlay the first
insulating layer (6) with the second insulating layer (7) intervening
between the semiconductor layer (8) and the first insulating 45  layer (6);
and source (11) and drain (13) electrodes formed on the semiconductor layer
(8). Each of the gate electrode (2) is of a double-layered structure
including a first metal layer (4) made of metal having a high elec-
troconductivity and a second metal layer (5) made of metal having a high
property of being anodically oxidized. An object of the present invention
is to provide a TFT that achieves a good operating characteristics by
lowering the resistance of the electrodes without causing defects in the
gate Insulating film and to provide a 50  thin film transistor panel that
assures stable operation by lowering the resistances of the electrodes of
TFTs, the scanning signal lines connected to the TFTs, and/or the data
signal lines without causing defects in the gate Insulating films. The
foregoing object are accomplished by the subject matter of claims 1 and 8.
With this arrangement, since one or two of the electrodes on the surface of
the substrate are made of ti- 55  tanium-contianing aluminum, this makes
[err] crystal grains finer, smoothing the film surface during film forma-
tion. Further, titanium is segregated at the aluminum crystal grain
boundary, which Increases the lattice de- formation at the boundary,
absorbing the compressive stress in the film. As a result, no hillock
develops due to heating after the film formation. Use of aluminum, which
has a low resistivity and presents a small increase 7    EP 0 476 701 B1 in
the resistance even when containing titanium, lowers the resistance of the
electrode, thereby making the TFT operating characteristics better. The
titanium content of the titanium-containing aluminum is selected according
to a temperature to which the substrate is heated after the electrodes on
the substrate surface have been made and is above 2,2% by 5   weight. For
example, when electrode is a gate electrode and a gate Insulating film on
the gate electrode is made of a silicon nitride film in the substrate
temperature range of 250 to [err], the gate electrode may be made of
titanium-containing aluminum with a titanium content of 2.2% or more by
weight when the gate insu- lating film Is formed in the substrate
temperature range of 350 to [err], the gate electrode may be made of
titanium-containing aluminum with a titanium content of 4.2% or more by
weight Here, if It is difficult to accu- 10  rately control the titanium
content of titanium-containing aluminum, it Is desirable that the
titanium-containing 



aluminum should have a titanium content of 5% or more even for the
silicon-nitride gate insulating film made in the substrate temperature
range of 250 to [err], In consideration of variations in the titanium
content. It is possible to make silicon nitride films whose film-forming
temperature is as low as between 250 and 270C almost free from defects and
their breakdown voltages sufficiently high by controlling the RF discharg-
15  ing power of the plasma apparatus in the range of 60 to 100 mW/cm[err].
For the insulating films of the TFT according to the present invention, in
addition to a single-layer silicon nitride film, a multilayer Insulating
film made from different materials is used In order to further reduce
defects and raise the breakdown voltage. In the case of reverse stagger
TFTs, formed on the gate electrode of titanium- containing aluminum are the
following two layers of gate insulating films: one is a metal oxide film
formed by 20  anodization of the gate electrode and the other is a silicon
nitride film formed in the temperature range as low as between 250 to
270[err]C with the RF discharging power range of 60 to 100 mW/[err] at the
plasma CVD ap- paratus. Since the anodized film is close in quality,
defects are less liable to appear in the two-layer gate in- sulating film
and the breakdown voltage increases. The gate insulating film may be
composed of a three-layer structure of a silicon nitride film, a metal
oxide film such as a tantalum oxide film, and a silicon nitride film. 25
With TFTs of this Invention, to Increase the production efficiency, It is
desirable to make the electrode or electrodes on the substrate surface out
of aluminum containing a specified amount of titanium and then form a
silicon nitride Insulating film on the electrode or electrodes in the RF
discharging power range of 60 to 100 mW/cm2 at the plasma CVD apparatus.
This enables TFTs to be manufactured at a nearly constant temperature
through a series of steps, leading to a very high productivity. 30
TFTs according to the present invention are most suitable for
liquid-crystal display devices. A TFT panel using TEFs of this Invention
comprises: a large number of TFTs arranged in matrix on a transparent
insulating substrate; transparent pixel electrodes connected to the source
electrodes of the TFTs on a one-to-one basis; scanning signal lines to the
gate electrodes of the TFTs on a row or column basis to supply scanning
signals to the TFTs; and data signal lines connected to the drain electrode
of the TFTs on a row or column basis to 35  supply data signals to the
TFTs. Asecond substrate, on which at least one opposite electrode is formed
to face the pixel electrodes, is placed to face the TFT panel a specified
distance apart with liquid crystal being sealed between those substrates.
In the TFT panel, at least the electrodes of the TFTs formed on the
substrate and the signal lines connected to the electrodes are made of
titanium-containing aluminum. In the case of the re- verse stagger TFTs,
the gate electrodes and scanning signal lines are made of
titanium-containing aluminum. 40   Thus, the gate electrodes and scanning
signal lines have low resistances, Improving the operating character-
istics of the TFTs. The decreased resistance of the scanning signal lines
prevents the scanning signals from delaying, which results in a clear Image
on the liquid-crystal display device and a stable operation. The titanium
contentof titanium-containing aluminum used forthe electrode orelectrodes
on the substrate is selected, taking into account the relationship between
the heating temperature of the substrate in the man- 45  ufacturing steps
for the TFT panel and the allowable wiring resistance of the scanning
signal lines and/or data signal lines required for the display size of the
liquid-crystal display device. Ahigh heat-treatment temperature of
substrates needs more titanium content. However, an increase in the
titanium content reduces the resis- tance, so that the upper limit Is set
to the range in which the wiring resistance required for the display size
lies. As described above, with this Invention, since at least the electrode
or electrodes on the substrate are 50  formed out of titanium-containing
aluminum, the resistances of the TFT electrodes and signal lines are low,
thereby improving the operating characteristics of the TFT elements and
panel. This Invention can be more fully understood from the following
detailed description when taken in con- junction with the accompanying
drawings, in which: Fig. 1 is a sectional view of a conventional TFT
structure; 55      Fig. 2 is a sectional view of another conventional TFT
structure; Fig. 3 is a timing chart showing a start timing of process gas
supply and a start timing of RF discharge; Fig. 4 Is a schematic view
showing an arrangement of a plasma CVD apparatus used in a conventional TFT
manufacturing method; 8    EP 0 476 701 B1 Fig. 5 is a plan viewfora
TFTliquid-crystal display device using a firsternbodimentof the present
invention; Fig. 6 Is a sectional view taken along line VI-VI of Fig. 5;
Fig. 7 is an enlarged sectional view for a TFT used in the first
embodiment; Fig. 8 is a hillock generation chart illustrating
hillock-generating regions and no-hillock-generating regions 



5      on the chart with the titanium content of titanium-containing
aluminum versus heat-treatment temperature; Fig. 9 illustrates hillock
generation states at the surface of the titanium-containing aluminum for
various titanium contents, when the titanium-containing aluminum is
heat-treated at temperatures raging from 250 to 270[err]C; Fig. 10 is an
enlarged sectional view for a TFT used in a second embodiment of the
present invention; 10     Fig. 11 illustrates hillock generation states at
the surface of the titanium-containing aluminum for various titanium
contents, when the titanium-containing aluminum is heat-treated at
temperatures raging from 350 to 370[err]C; Fig. 12 is an enlarged sectional
view for a TFT used in a fourth embodiment of the present invention; Figs.
13A through 13F are sectional views Illustrating the manufacturing sequence
of the fourth embodi- 15     ment of Fig. 12; Fig. 14 isa sectional view
showing aschematicarrangementofa plasma CVD apparatus used in the pres- ent
invention; Fig. 15 is a histogram showing a breakdown test result of a
silicon-based thin film manufactured by the method of the present
invention; 20      Fig. 16 is a histogram showing a breakdown test result
of a silicon-based thin film manufactured by the same method as the
conventional technique; Fig. 17 is a plan view showing a test sample In the
breakdown tests of Figs. 15 and 16; Fig. 18 is a sectional view showing the
test sample shown In Fig. 17; Fig. 19 is a graph showing a relationship
between a defect occurrence density and a composition ratio of 25     a
silicon-based thin film manufactured by the method of the present
invention: Fig. 20 is a timing chart showing a relationship between a start
timing of process gas supply and a start timing of RF discharge in the
manufacturing method of the present invention; Fig. 21 is a graph showing a
relationship between a film formation time and a film thickness in the man-
ufacturing method of the present Invention; 30      Fig. 22 is a timing
chart showing a relationship between a start timing of process gas supply
and a start timing of RF discharge when a film different from that a
manufacturing method of Fig. 20 Is to be formed by a manufactured in the
method of the present invention; Fig. 23 is a timing chart showing a
relationship between a start timing of process gas supply and a start
timing of RF discharge when afilmdifferentfrom that manufactured in the
method of Fig. 22 isto be formed 35     by a manufacturing method of the
present invention; Fig. 24 is a timing chart showing a relationship between
a start timing of process gas supply and a star timing of RF dischargewhen
afilmdifferentfrom that manufactured In the method of Fig. 23 is to be
formed by a manufacturing method of the present invention; Fig. 25 is a
timing chart showing a start timing of RF discharge and an RF discharge
power supply state 40     in a manufacturing method of the present
Invention; Fig. 26 is a timing chart showing a start timing of RF discharge
and an RF discharge power supply state when a film different from a film
formed by the manufacturing method of Fig. 25 is to be formed by a man-
ufacturing method of the present invention; Fig. 27 is a timing chart
showing a start timing of RF discharge and an RF discharge power supply
state 45     when a film different from a film formed by the manufacturing
method of Fig. 26 is to be formed by a man- ufacturing method of the
present invention; Fig. 28 Is a timing chart showing a start timing of RF
discharge and an RF discharge power supply state when a film different from
a film formed by the manufacturing method of Fig. 27 Is to be formed by a
man- ufacturing method of the present Invention; 50      Fig. 29 is a
sectional view showing a structure of a TFT manufactured by the method of
the present in- vention; Figs. 30A, 30B, 30C, and 30D are sectional views
showing steps in manufacturing the TFT shown in Fig. 29; Fig. 31 is a
schematic view of a plasma CVD apparatus used in the manufacturing method
of the present 55     invention; Fig. 32 is a sectional view of a structure
of a TFT which is manufactured by the method of the present invention and
different from that shown in Fig. 31; Fig. 33 is a sectional view of a
structure of a TFT which is manufactured by the method of the present 9   



EP 0 476 701 B1 Invention and different from that shown In Fig. 32; Fig. 34
is a sectional view of a structure of a TFT which is manufactured by the
method of the present invention and different from that shown in Fig. 33;
Fig. 35 is a graph showing I-V characteristics of a TFT manufactured by the
method of the present inven- 5      tion; and Fig. 36 Is a graph showing
I-V characteristics of the TFT shown in Fig. 33. Referring to the
accompanying drawings, embodiments of the present invention will be
explained. [A first embodiment] 10 Figs. 5 through 7 show a first
embodiment of the present invention. Fig. 5 is a plan view of an
active-matrix liquid-crystal display device using TFTs of the present
invention. Fig. 6 is a sectional view of the liquid-crystal display device.
Fig. 7 is a sectional view of one of the TFTs. In Figs. 5 and 6, on a first
substrate 101 of a transparent Insulating material such as glass, TFTs 102
and 15  transparent pixel electrodes 103 connected to individual TFTs 102
are arranged in matrix. Between the pixel electrodes 103, scanning signal
lines 104 run in the row direction to connect to the gate electrodes of the
TFTs 102 ona row basis. Also between the pixel electrodes 103, there are
data signal lines 105 running in the column direction to connect to the
drain electrodes of the TFTs on a column basis. All these components
constitute a TFT panel. The pixel electrodes 103, signal lines 104 and 105,
and TFTs 102 are covered with an orientation 20  film 106 that Is formed
all over the first substrate 101. Opposite electrodes 108 facing the pixel
electrodes 103 are formed on the surface of a second substrate 107 facing
the first substrate a specified distance apart. On the second substrate
107, an orientation film 109 is formed so as to coverthe entire surfaces of
the opposite electrodes 108. The first and second substrates 101 and 107
are connected to each othera specified distance apart, using a sealing
member 110. Between these substrates, a liquid-crystal material 111 is
filled. 25     In Fig. 7, showing a sectional view of one of the TFTs, the
thin-film transistor 102 comprises: a gate elec- trode 112 and a scanning
signal line 104 formed on the first substrate 101, a transparent SiN gate
insulating film 113 formed on the first substrate 101 so as to cover the
gate electrode 112 and scanning signal line 104, an a-Si semiconductor
layer 114 formed on the gate insulating film 113 so as to face the gate
electrode 112, and source and drain electrodes 116 and 117 formed above
both edges of the semiconductor layer 114 via an 30  [err]-a-Si (n-type
impurity-doped amorphous silicon) ohmic contact layer (hereinafter,
referred to as a contact layer) 115. The source electrode 116 is connected
to a pixel electrode 103 made of a transparent conducting film such as ITO.
The pixel electrode 103 is formed on the gate insulating film 113 so that
one end of the elec- trode 103 may overlap the source electrode 116for
electrical connection. The semiconductor layer 114, source and drain
electrodes 116 and 117 are covered with an SIN interlayer insulating film
118 formed over the entire 35  region in which the data signal lines 105
are formed. The data signal line 105 is formed on the interlayer insu-
lating film 118 and connected to the drain electrode 117 through a contact
hole 118a formed in the interlayer insulating film 118. The data signal
line 105 is covered with an SiN protective insulating film 119. The gate
electrode 112 and scanning signal line 104 are made of titanium-containing
aluminum with a ti- taniumcontentof 2.2% ormore byweight. Inthis
embodiment, the data signal line 105 is also madeof titanium- 40
containing aluminum with a titanium content of 2.2% or more by weight. The
source and drain electrodes 116 and 117 are composed of a metal that has a
good ohmic contact with the [err]-a-Si contact layer 115, such as Cr.
Referring to Table 2, the manufacturing method of the thin-film transistor
will now be described. 45 50 55 10    EP 0 476 701 B1 c0)   C)   C)~~ C)
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04      Hi   :          4 SD [Step 1l First, on the glass substrate 101, a
gate metal film is formed out of titanium-containing aluminum with a
titanium content of 2.2% or more by weight in the temperature range of 100
to 200C, using an evaporation or 55 spattering apparatus. The gate metal
film is patterned soas to form the gate electrode 112 and scanning signal
line 104. 11   



EP 0 476 701 B1 [Step 2] Then, on the substrate 101, an SiN film is formed
in the temperature range of 250 to 270[err]C with the RF discharging power
density range of 60 to 100 mW/[err], using the plasma CVD apparatus, to
produce the gate 5   insulating film 113. [Step 3] Next, on the gate
insulating film (SiN film) 113, an a-Si (amorphous silicon) layer is formed
out of hydro- 10  genated a-Si (a-Si:H) as the semiconductor layer 114 at a
temperature of about 250[err]C in the RF discharge power density range of
40 to 50 mW/[err], using the plasma CVD apparatus. The reason why the a-Si
layer Is formed atabout250[err]C is thata higherfilm-forming temperature
reduces the hydrogen content in the a-Si layer, degrading the semiconductor
characteristics. 15  [Step 41 Next, on the a-Si layer, an [err]-a-Si layer
is formed as the contact layer 115 under the same conditions as those for
the a-Si layer (a film-forming temperature of about 250C in the RF
discharging power density range of 40 to 50 mW/cm2), using the plasma CVD
apparatus. 20 [Step 5] Then, on the [err]-a-Si layer, a source and drain
metal film of, for example, Cr, is formed in the temperature range of 100
to 200[err]C, using the evaporation or spattering apparatus. After this,
the source and drain metal 25  film, and the underlying [err]-a-Si layer
and a-Si layer are patterned so as to form a semiconductor layer 114 and
then the source and drain metal film and [err]-a-Si layer are separated
into a source and drain electrodes 116 and 117. [Step 6] 30 Next, a
transparent conducting film, such as an ITO film, to serve as the pixel
electrode 103, is formed in the temperature range of 100 to 200[err]C,
using the evaporating or spattering apparatus. Then, the ITO film is
patterned to produce the pixel electrode 103 one of whose edges overlaps
the source electrode 116. 35  [Step 7] Next, an SiN film is formed as the
Interlayer insulating film 118 that insulates the scanning signal line 104
from the data signal line 105, under the same conditions as those for the
gate insulating film 113 (the film- forming temperature range of 250 to
270[err]C with the RF discharging power density range of 60 to 100 mW/[err]
40  using the plasma apparatus. Following this, the contact hole 118a
reaching the drain electrode 117 is made In the interlayer insulating film
118. [Step 8] 45      Then, ontheinterlayerinsulatingfilm 118, a drain
interconnection metal film isformed outoftitanium-con- taining aluminum
with a titanium content of 2.2% or more by weight in the temperature range
of 100 to 200[err]C, using the evaporating or spattering apparatus. After
this, the drain interconnection metal film is patterned to produce the data
signal line 105 connected to the drain electrode 117 at the contact hole 11
8a. 50  [Step 9] Next, an SiN film is formed as a protective insulating
film 119 in the temperature range of 250 to 2700C with the RF discharging
power density range of 60 to 100 mW/[err] using the plasma CVD apparatus.
This completes the thin-film transistor. 55      In this thin-film
transistor, the gate electrode 112 and scanning signal line 104, which are
formed before the formation of the gate insulating film 113, are made of
titanium-containing aluminum instead of pure A[err]. The resistivity of the
titanium-containing aluminum is a little higher than that of pure A[err],
but much lower than those of conventionally used high melting point metals
such as Cr, T, or Mo. Therefore, use of the titanium- 12    EP 0 476 701 B1
containing aluminum for the electrodes can improve the operating
characteristics of the thin-film transistor. Further, use of
titanium-containing aluminum forthe gate electrode 112 and scanning signal
line 104 allows less rough film surfaces during film formation and a
subsequent heat treatment because of the existence of Ti. Therefore, by
selecting the titanium content of the titanium-containing aluminum
according to the film- 5   forming temperature of the gate insulating film
113 formed after the formation of the gate electrode 112 and 



scanning signal line 104, hillocks will not appear in the surfaces of the
gate electrode 112 and scanning signal line 104 (titanium-containing
aluminum) during the formation of the gate insulating film 113. Fig. 8
shows the relationship between the titanium contentof titanium-containing
aluminum and heat treat- ment temperatures at which hillocks take place in
the titanium-containing aluminum film. In Fig. 8, for example, 10  for a
titanium-containing aluminum with a titanium content of 2.2% by weight, no
hillocks appear by heat treat- ment at 270[err]C or lower, but at
temperatures higher than that, hillocks appear. For a titanium-containing
alu- minum with a titanium content of 3.0% by weight, no hillocks appear by
heat treatment at 320[err]C or lower, but at temperatures higher than that,
hillocks appear. Further, for a titanium-containing aluminum with a
titanium content of 4.2% by weight, no hillocks appear by heat treatment at
370[err]C or lower, but at temperatures higher 15  than that, hillocks
appear. In Fig. 8, the shaded portion indicates an indefinite region where
it is difficult to de- termine the presence or absence of hillocks. As
noted above, the presence or absence of hillocks after heat treatment of
the titanium-containing alu- minum film depends on the titanium content of
the titanium-containing aluminum film and the heat treatment temperature
(the film-forming temperature for the gate insulating film 113). 20
Fig. 9 shows how hillocks take place after heat treatment of the
titanium-containing aluminum film, when the gate insulating film 113 is
formed In the temperature range of 250 to 270[err]C as in the above
embodiment What are illustrated here are the results of measuring the film
surface states after a pure aluminum film and various titanium-containing
aluminum films differing in titanium content have been heat-treated in the
250 to 270[err]C range. The heat treatment was done by heating a substrate
on which a pure aluminum film or titanium- 25  containing aluminum film has
been formed with the plasma CVD apparatus in the same manner as that in the
formation of the gate Insulating film 113. As shown in Fig. 9, the pure
aluminum film with 0% titanium content had substantially rough film
surfaces even aftera heattreatment in the 250 to 270[err]C range, allowing
hillocks atoappearata high rate. Fora titanium- containing aluminum film
with a titanium content of 1.3% by weight, the film surface was much less
rough than 30  that of the pure aluminum film, but a few hillocks a were
observed. In contrast, for a titanium-containing alu- minum film with a
titanium content of 2.2% by weight, the film surface was almost smooth and
no hillocks were observed stall. This holds true fortitanium-containing
aluminumfilms with a titanium contentof 2.7% and 5.6% by weight It was
found that the more titanium the aluminum film contains, the smoother the
film surface be- comes. 35      Since in the embodiment, the gate
insulating film 113 is formed in the temperature range of 250 to 270C and
the gate electrode 112 and scanning signal line 104 are made of
titanium-containing aluminum with a ti- tanium content of 2.2% or more by
weight, hillocks do not take place at the surfaces of the gate electrode
112 and scanning signal line 104 during formation of the gate insulating
film 113. This prevents hillock-caused de- fects from appearing in the gate
insulating film 113. In the embodiment, after the formation of the gate
insu- 40  lating film 113, the semiconductor layer (a-Si layer) 114 and
contact layer ([err]-a-Si layer) 115 are formed, fol- lowed by the
formation of the Interlayer Insulating film 118 and protective insulating
film 119 (both made of an SiN film). Since the semiconductorlayer 114 and
contactlayer 115 are formed atabout 250C and the interlayer insulating film
118 and protective insulating film 119 are formed in the temperature range
of 250 to 270[err]C, the same temperature as that at which the gate
insulating film 113 is formed, hillocks do not take place at the sur- 45
faces of the gate electrode 112 and scanning signal line 104 at the time of
forming those films. Although notshown in Fig. 9, a titanium-containing
aluminum film with a titanium contentof 2.0% byweight had almost no
roughness in the film surface and no hillocks were found at all. For this
reason, titanium-con- taining aluminum films with a titanium content of
2.0% or more by weight are sufficient for heat treatment in the temperature
range of 250 to 270[err]C. In the embodiment, however, for safety's sake,
titanium-containing 50  aluminum films with a titanium content of 2.2% or
more byweightwere used. The titanium-containing aluminum film has a better
surface state after heat treatment as its titanium content increases. Since
an increase in the titanium content leads to the increase of the resistance
of the titanium-containing aluminum film, it is desirable to make the
titanium content as little as possible. The film-forming temperature of the
gate insulating film 113, Interlayer insulating film 118, and protective
insulating film 119 may be lower than 250[err]C. However, the sem- 55
iconductorlayer 114 isformed atabout250[err]Cto obtain a good
semiconductorcharacteristics and afilm quality, so that the gate electrode
112 and scanning signal line 104 are heated to about 250[err]C during
formation of the semiconductor layer 114, regardless of the insulating
films 113 and 118 formed at a film-forming temperature lower than
250[err]C. Therefore, It is necessary to set the titanium content of the
titanium-containing aluminum 13    



EP 0 476 701 B1 film for the gate electrode 112 and scanning signal line
104 to a value at which heating to about 250C does not cause hillocks. To
achieve this, in the embodiment, titanium-containing aluminum films with a
titanium con- tent of 2.2% or more by weight were used and the gate
insulating film 113, interlayer insulating film 118, and protective
insulating film 119 were formed in the temperature range of 250 to 270C,
equal or slightly higher 5   than the film-forming temperature of the
semiconductor layer 113. Since in the embodiment, the RF discharging power
density is controlled in the range of 60 to 100 mW/cm2 in forming an SiN
film to serve as the gate insulating film 113 with the plasma CVD
apparatus, the film-forming temperature of as low as about 250 to 270C
allows the gate insulating film 113 to have a sufficiently high breakdown
voltage. 10 [A second embodiment] When the gate insulating film is made of
a stacked film consisting of a plurality of insulating films of dif- ferent
materials, such as a stacked film of an SiN film and a TaO[err] (tantalum
oxide) film, the gate insulating 15  film may be given a sufficiently high
breakdown voltage by forming the gate insulating film in the temperature
range as low as 250 to 270C with an increased RF discharging power density.
Fig. 10 and Table 3 are related to a second embodiment of the present
invention. 20 25 30 35 40 45 50 55 14    EP 0 476 701 B1 5~~ 5
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10, In this embodiment, the gate insulating film 120 is composed of a
three-layer film consisting of a lower gate insulating film 120a made of
SIN, a middle gate insulating film 120b made of TaQ[err], and an upper gate
insulating film 120c made of SIN. These gate insulating films 120a, 120b,
120c are formed 55  In the temperature range of 250 to 270[err]C with the
RF discharging power density range of 120 to 130 mW/cm2, using the plasma
CVD apparatus. The thin-film transistor of this embodiment has the same
arrangement as that of the first embodiment except that the gate insulating
film 120 is a three-layer film, so that the same parts as those in the
first embodiment are Indicated by the same reference characters and their
explanations will    EP 0 476 701 B1 be omitted. Here, the interlayer
insulating film 118 and protective insulating film 119 are formed under the
same conditions as those for the gate insulating films 120a, 120b, and 120c
(the film-temperature range of 250 to 270[err]C with the RF discharging
power density range of 120 to 130 mW/[err]. Table 3 lists various
conditions concerning the manufacturing method of a thin-film
transistoraccording to the embodiment. The thin-film tran- 5   sistor Is
manufactured In the following steps: [Step 1] First, on the glass substrate
101, a gate metal film Is formed out of titanium-containing aluminum with a
10  titanium content of 2.2% or more by weight In the temperature range of
100 to 200C, using the evaporation or spattering apparatus. The gate metal
film is patterned to form the gate electrode 112 and scanning signal line
104. [Step 2] 15 Then, on the substrate 101, an SiN film is formed in the
temperature range of 250 to 270[err]C with the RF discharging power density
range of 120 to 130 mW/[err] using the plasma CVD apparatus, to produce the
lower gate insulating film 120a. 20  [Step 3] Next, on thelowergate
insulating film 120a, aTaO[err]film isformed in the temperature range of
100 to 200[err]C, using the spattering apparatus, to produce the middle
gate insulating film 120b. 25  [Step 4] Then, on the middle gate insulating
film 120b, an SIN film Is formed in the temperature range of 250 to
270[err]C with the RF discharging power density range of 120 to 130
mW/[err] using the plasma CVD apparatus, to produce the upper gate
insulating film 120c. 30 [Step 5] 



Next, on the gate insulating film (SiN film) 120, an a-SI (amorphous
silicon) layer is formed out of hydro- genated a-Si (a-Si:H) as the
semiconductor layer 114 at a temperature of about 250[err]C with the RF
discharge 35  power density range of 40 to 50 mW/cm2, using the plasma CVD
apparatus. [Step 6] Next, on the a-Si layer, an [err]-a-Si layer Is formed
as the contact layer 115 under the same conditions as 40  those for the
a-Si layer (a film-forming temperature of about 250[err]C in the RF
discharging power density range of 40 to 50 mW/[err], using the plasma CVD
apparatus. [Step 7] 45      Then, on the [err]-a-Si layer, a source and
drain metal film of, for example, Cr, is formed at a temperature in the
range of 100 to 200[err]C, using the evaporation or spattering device.
After this, the source and drain metal film and the underlying [err]-a-Si
layer and a-Si layer are patterned so as to form a semiconductor layer 114
and then the source and drain metal film and [err]-a-Si layer are separated
into a source and drain electrodes 116 and 117. 50 [Step 8] Next, a
transparent conductive film, such as an ITO film, to serve as the pixel
electrode 103, Is formed at the temperature in the range of 100 to
200[err]C, using the evaporating or spattering apparatus. Then, the ITO 55
film is patterned to produce the pixel electrode 103 one of whose edges
overlaps the source electrode 116.    EP 0 476 701 B1 [Step 9] Next, an SiN
film is formed as the interlayer insulating film 118 that insulates the
scanning signal line 105 from the data signal line 104 under the same
conditions as those for the gate insulating films 120a and 120c 5   (the
film-forming temperature range of 250 to 270[err]C with the RF discharging
power density range of 120 to 130 mW/[err], using the plasma CVD apparatus.
Following this, the contact hole 117a reaching the drain elec- trode 117 is
made in the interlayer insulating film 118. [Step 10] 10 Then, on the
interlayer insulating film 118, a drain interconnection metal film, is
formed out of titanium- containing aluminum with a titanium content of 2.2%
or more by weight at the temperature in the range of 100 to 200[err]C,
using the evaporating or spattering apparatus. After this, the drain
interconnection metal film is pat- terned to produce the data signal line
105 connected to the drain electrode 117 through contact hole 118a. 15
[Step 11] Next, an SiN film is formed as the protective insulating film 119
in the temperature ranging of 250 to 270[err]C with the RF discharging
power density range of 120 to 130 mW/[err] using the plasma CVD apparatus.
This 20  completes the thin-film transistor 102. Since in the embodiment,
the gate insulating films 120a and 120c, interlayer insulating film 118,
and pro- tective insulating film 119 are formed in the temperature ranging
of 250 to 270[err]C, the gate electrode 112 and scanning signal line 104
may be made of titanium-containing aluminum with a titanium content of 2.2%
or more by weight. In the embodiment the gate insulating film 120 is
composed of a three-layer film consisting of a 25  lower SiN gate
insulating film 120a, middle TaO[err] gate insulating film 120b, and upper
SiN gate insulating film 120c, the middle gate insulating film 120b being a
close insulating film made of a highly insulating metal oxide. Therefore,
even if the upper and lower gate insulating films 120a, 120c are films with
low breakdown voltages which have been made In thetemperature ranging of
25Oto270[err]Cwith the RF discharging powerdensity range of 120to
130mW/[err]the total breakdownvoltage of thethree-layerfilm composed of
thegate insulating films 30  120a, 120b, and 120c is sufficiently high. [A
third embodiment] While in the first and second embodiments, the gate
Insulating film 112 or 120, interlayer insulating film 35  118, and
protective insulating film 119 areformed in the temperature range of 250 to
270[err]C, theymay be formed in the higher temperature range of 350 to
3700C. Table 4 lists various conditions concerning the manufacturing steps
for a third embodiment of the present invention. In this embodiment, the
gate insulating film is formed in the temperature range of 350 to
370[err]C. 40 45 



50 55 17    EP 0 476 701 B1 C: w        )        UC C)   C)   C      Ci
C)      L) *-L IU   a9 (f  e    e    ee E4 4   0        0    0 L  0   0
0       0      0        0_ 5                    00   eq        M   N    N
04      Cq     (n 44W     I       I              I       I      I       I
I IO)   O       0   40)  4    0        0       0       0      0 CL0
U)   :i        0       0      In      0       If) HE      (4            0
'-4    r4      (" - rq E-1  d                4t 10
^1 O                                          < 0 10
"'Ca)~~~r-    t 0                              M La
L~~~~~~~~~a r H)    - O0                                           4 4
t O         Z     ,1 $C  h a                          Z 15
Ito   4-1 eV   1   U1   t   U                 r      4- -4  a    - 0)
*r4I    ID                                HO !J C :50    +)da    H   CD   0
C)          H          .4.a* U: 15~                    q  *..
H           -DC4~C 20 ~ ~      ~      ~      ~ ,1 U}  0 U
0 Ur      o O OO 25~~~~~~~y .D                    O
9:1 *C:X     s Es  W   OW O        aa a                              LaE
O P k o                         0   01                 0   XAX" A a)  2
t   )>          >      > HO)HO)>            H  O) H  L-b  .43 4    C)C) C
4.14    4 43 4)~      4-3.4.1 25        .0      040  10 4)
04.    0               0.4.)0 0  t-aW    Li O    0    to   0    LaO to   aO
0       La o    0 E-e     Ito   0        2O C    2:   S    0 A  0 CL
0       23   r CZ   0     0  E    EO  to  0l1M       P 0     0o     04
0 HO X           H   H    H    >                H       >      HY 0     04
lkl      '      k       04 30
P E~~            1-e a                     H              H : H~~
a)                       4) o           4 35           <  X    I ~~~~~~
~~~~S   S    }v h  0     |  o    >    al i 0  4U                     H 2)
ut       I: H                 V 4 H H V   a       H    d    4 )     to   0
aJ E) 40j    0     43 )   0   4)   Ha )   4.)     H       t       H L4
04) |l    0 Pa '0    4I3              0 toW  u       )      L      H -4 0)
Uty   :%    1  H    3         H q     4)      L       > 2     OXa   Ifl
I           . M  4 )     X',    *4      .14 L  HH     Ca4  Ca  .4.   'C
02             4)2 0     014   H        0 1       ) 4H
O H Jka H         U     0    U .-I  H-      LaH-   Ca       a)H4 40
) 4) 2r      '4   4)   LaO)   0)     4) 44   Hr     4)- 44 4u      43- -2
Ca       4w                0o       0 (a     0o    )   0    0       H
Ca      La     La 45                     04    0.           C         04
0.      0.     Oa      0. 



Wi    0       1 4) a )   4)    4)    4)         4)          0) E-e   4)
4) 4-) - 4)4           4)      4)      4-)    4 50      The thin-film
transistor of this embodiment has the same arrangement as that of the first
embodiment of Fig. 7, so that Its explanation will be omitted. When the
gate insulating film is formed at a high temperature in the range of 350 to
370[err]C as in this embodiment, the gate electrode and gate
interconnections may be made of titanium-containing aluminum with a
titanium content of 4.2% or more by weight (refer to Fig. 8). The thin-film
transistor is manufactured, following the steps described below. The same
films as those in 55   Fig. 7 are indicated by the same reference
characters.    EP 0 476 701 B1 [Step 1] First, on the glass substrate 101,
a gate metal film is formed out of titanium-containing aluminum with a
titanium content of 4.2% or more by weight in the temperature range of 100
to 200[err]C, using the evaporation 6   or spattering apparatus. The gate
metal film is patterned to form the gate electrode 112 and scanning signal
line 104. [Step 2] 10      Then, on the substrate 101, an SiN film is
formed in the temperature range of 350 to 370[err]C with the RF discharging
power density range of 120 to 130 mW/[err], using the plasma CVD apparatus,
to produce the gate insulating film 113. The gate Insulating film 113 Is
close in quality and its breakdown voltage is sufficiently high because it
is formed in the high temperature range of 350 to 370[err]C. 15  [Step 3]
Next, on the gate insulating film (SiN film) 113, an a-Si (amorphous
silicon) layer is formed out of hydro- genated a-Si (a-Si:H) as the
semiconductor layer 114 at a temperature of about 250[err]C in the RF
discharge power density range of 40 to 50 mW/[err], using the plasma CVD
apparatus. 20 [Step 4] Next, on the a-Si layer, an [err]-a-Si layer is
formed as the contact layer 115 under the same conditions as those for the
a-Si layer (a film-forming temperature of about 250[err] in the RF
discharging power density range 25  of 40 to 50 mW/[err] using the plasma
CVD apparatus. [Step 5] Then, on the [err]-a-Si layer, a source and drain
metal film of, for example, Cr, is formed in the temperature 30  range of
100 to 200[err]C, using the evaporation or spattering device. After this,
the source and drain metal film, and the underlying [err]-a-Si layer and
a-Si layerare patterned soas to form a semiconductor layer 114 and then the
source and drain metal film and [err]-a-Si layer are separated into source
and drain electrodes 116 and 117. [Step 6] 35 Next, a transparent
conducting film, such as an ITO film, to serve as the pixel electrode 103,
is formed in the temperature range of 100 to 200[err]C, using the
evaporating or spattering apparatus. Then, the ITO film is patterned to
produce the pixel electrode 103 one of whose edges overlaps the source
electrode 116. 40  [Step 7] Next, an SiN film is formed as the interlayer
insulating film 118 that insulates the scanning signal line 104 from the
data signal line 105, under the same conditions as those for the gate
insulating film 113 (the film- forming temperature range of 350 to
370[err]C with the RF discharging power density range of 120 to 130 45
mW/cm[err]), using the plasma CVD apparatus to produce. Following this, the
contact hole 118a reaching the drain electrode 117 Is made in the
interlayer insulating film 118. [Step 8] 50      Then, on the Interlayer
insulating film 118, a drain interconnection metal film is formed out of
titanium-con- taining aluminum with a titanium content of 4.2% or more by
weight, in the temperature range of 100 to 200[err]C, using the evaporating
or spattering apparatus. After this, the drain interconnection metal film
is patterned to produce the data signal line 105 connected to the drain
electrode 117 through the contact hole 118a. 55  [step 9] Next, an SiN film
is formed as a protective insulating film 119 in the temperature range of
350 to 370[err]C with the RF discharging power density range of 120 to 130
mW/[err] using the plasma CVD apparatus. This 19  



EP 0 476 701 B1 completes the thin-film transistor 102. With this
embodiment, since the gate electrode 112 and scanning signal line 104,
which have been formed before the formation of the gate insulating film
113, have been made of titanium-containing aluminum instead of pure
aluminum, the operating characteristics of the thin-film transistor can be
improved. Further in the em- 5   bodiment the gate electrode 112 and
scanning signal line 104 are made of titanium-containing aluminum with a
titanium contentof4.2% ormore by weight so that hillocks do notappearat the
surfaces of the gate electrode 112 and scanning signal line 104. Fig. 11
shows the results of measuring the film surfaces after a pure aluminum film
and various titanium- aluminum films differing in titanium content have
been heat-treated at temperatures ranging from 350 to 10  370[err]C. The
heat treatment was done by heating a substrate on which a pure aluminum
film or titanium-con- taining aluminum film has been formed with the plasma
CVD apparatus in the same manner as that in the for- mation of the gate
insulating film 113. As shown In Fig. 11, the pure aluminum film with 0%
aluminum content had extremely rough film surfaces after a heat treatment
in the 350 to 370[err]C range, allowing hillocks a to appear at a
significantly high rate. This 15  holds essentially true for a
titanium-containing aluminum film with a titanium contentof 1.3% by weight
leading to the creation of hillocks ata high rate. Fora titanium-containing
aluminum film with a titanium content of 3.7% by weight the film surface
was much less rough than that of the pure aluminum film, but a few hillocks
a were observed. In contrast, for a titanium-containing aluminum film with
a titanium content of 4.2% by weight, the film surface was almost smooth
and no hillock was observed at all. This holds true for titanium-containing
alu- 20   minum films with a titanium content of 10.0% by weight. It was
found that the more titanium the aluminum film contains, the smoother the
film surface becomes. With the embodiment, hillocks do not take place at
the surfaces of the gate electrode 112 and scanning signal line 104 during
formation of the gate insulating film 113. This prevents hillock-caused
defects from ap- pearing in the gate insulating film 113. in the
embodiment, after the formation of the gate insulating film 113, 25  the
semiconductor layer (a-Si layer) 114 and contact layer ([err]-a-Si layer)
115 are formed, followed by the for- mation of the interlayer insulating
film 118 and protective insulating film 119 (both made of an SiN film).
Since the semiconductor layer 114 and contactlayer115 areformed atabout250C
and the interlayerinsulating film 118 and protective insulating film 119
are formed in the temperature range of 350 to 370[err]C, the same temper-
ature as that at which the gate insulating film 113 is formed, hillocks do
not take place at the surfaces of the 30  gate electrode 112 and scanning
signal line 104 at the time of forming those films. Although not shown in
Fig. 11, a titanium-containing aluminum film with a titanium content of
4.0% by weight had almost no roughness In the film surface and any hillocks
were not found at all. For this reason, titanium-containing aluminum films
with a titanium content of 4.0% or more by weight are sufficient for heat
treatment in the temperature range of 350 to 370[err]C. In the embodiment,
however, for safety's sake, titanium- 35  containing aluminum films with a
titanium content of 4.2% or more by weight were used. Although in the first
through third embodiments, the data signal line 105 is made of
titanium-containing aluminum; It may be made of a high melting-point metal
such as Cr, the same metal as that making up the source and drain
electrodes 116 and 118. In this case, the source and drain electrodes 116
and 118 and data signal line 105 may be formed by patterning the same metal
film in a manner similar to that in the formation 40  of the gate electrode
112 and scanning signal line 104. Further, the source and drain electrodes
116 and 117 may be made of a titanium-containing aluminum film whose
titanium content is set in response to the film- forming temperature for
the gate insulating film 113 or the like. In this case, it is desirable
that the source and drain electrodes 116 and 117 should be two-layer films
that have.a metal thin film, such as a Cr film, with a good ohmic contact
at the interface with the contact layer [err]a-Si layer) 115. The metal
film made of such as 45   Cr may be extremely thin. Use of the two-layer
film of a titanium-containing aluminum and a metal thin film made of such
as Cr results in a very small increase in the resistance. While in the
embodiment, the present Invention is applied to the reverse staggertype, it
may be applicable to the reverse coplanar type, the stagger type, and the
coplanar type. In this case, of the gate electrode and the source and drain
electrodes, at least the lower electrode (the gate electrode for the
reverse coplanar type, 50  and the source and drain electrodes for the
stagger and coplanar types) formed before the formation of the gate
insulating film must be made of titanium-containing aluminum. The
above-mentioned titanium-containing aluminum thin film is formed by means
of the spattering appa- ratus using a targetof titanium-containing aluminum
or a target of a pure aluminum to which fine titanium chips have been
dispersed. The titanium-containing aluminum target may be made by mixing
powdered titanium with 



55  aluminum, melting the mixture, and repeating rolling and forging so
that the titanium may not be segregated during cooling. The titanium mixing
ratio can be set to a desired value by controlling the mixing level for the
titanium-containing aluminum target, and by controlling the ratio of the
titanium chip exposure area to the alu- minum exposure area for the fine
titanium chip-dispersed target. 20    EP 0 476 701 B1 The titanium content
of the titanium-containing aluminum gate electrode 112 and scanning signal
line 104 is selected, depending on the relationship between the heating
temperature of the substrate in the manufac- turing steps forthe TFT panel
and the allowable wiring resistance of the scanning signal line and/or data
signal line required for the size of the liquid-crystal display device. The
titanium content is Increased with the heat 5   treatment temperature of
the substrate. An higher titanium content reduces the resistance, so that
the upper limit is set to the wiring resistance range that includes a value
required for the display size. For example, since titanium-containing
aluminum with a titanium content of 5% by weight has a resistivity of about
17 [err] a 20-inch liquid crystal device is possible for the number of dots
640 x 3 horizontal, 480 vertical, and up to about 13-inch liquid-crystal
devices are possible for the number of dots 1120 x 3 horizontal, 780
vertical. 10 [Afourth embodiment] The present invention may be applied to a
TFT having two-layer gate insulating film. Fig. 12 is a sectional view for
a fourth embodiment of the present invention. Figs. 13A through 13F are
sectional views illustrating 15  the manufacturing sequence of the fourth
embodiment. In Fig. 12, the fourth embodiment comprises a gate electrode
202 formed on a glass substrate 201, an SiN gate insulating film 203 on the
gate electrode 202, an a-Si i-type semiconductor layer 204 formed on the
gate insulating film 203 so as to face the gate electrode 202, and a source
and drain electrodes 206 and 207 formed on both edges of the i-type
semiconductor layer 204 via an n-type impurity-doped a-Si n-type semi- 20
conductor layer 205. Above the channel region ofthe i-type semiconductor
layer 204, an SiN blocking insulating film 208 is formed. The gate
electrode 202 is made of titanium-containing aluminum, and the surface
layer of the gate elec- trode 202 is an anodized layer 202a. The source and
drain electrodes 206 and 207 are made of, for example, Cr that has a good
contact with 25  the n-type semiconductor layer 205, or are two-layer
electrodes consisting of a low-resistance conductive film such as an
aluminum film on a Cr film or the like. Figs. 13A through 13F show the
manufacturing method of the thin-film transistor. The thin-film transistor
is manufactured following the steps described below. 30  [Step 1] As shown
in Fig. 13A, on the glass substrate 201, the titanium-containing aluminum
gate electrode 202 is formed by first forming a titanium-containing
aluminum film on the glass substrate 201 with the spattering apparatus and
then performing photoetching on the titanium-containing aluminum film to
produce the desired 35  pattern. The titanium content of the
titanium-containing aluminum film is selected depending on the film-forming
temperature of the gate insulating film 203 formed after the formation of
the gate electrode 202. [Step 2] 40 Next, as shown in Fig. 13B, the surface
layer of the gate electrode 202 is anodized to turn the surface layer into
an anodized layer 202a. The anodization of the gate electrode 202 is
performed by immersing the glass substrate 201 on which the gate electrode
202 has been formed In an electrolyte so that the gate electrode 202 may
face the cathode 45  and then applying an voltage across the gate electrode
202 and cathode. [Step 3] Then, as shown in Fig. 13C, the gate insulating
film 203, i-type semiconductor layer 204, and blocking 50  insulating film
208 are formed in sequence, using the plasma CVD apparatus. The gate
Insulating film (SiN film) 203 is formed, for example, at the temperature
of 350 to 370[err]C with the RF discharging power density rangeof 120 to
130 mW/[err] The SiN film 203 thus formed undersuch conditions has a close
quality and a high breakdown voltage. The i-type semiconductor layer (a-SI
layer) 204 is formed out of hydrogenated a-Si (a-Si:H) at about 2500C 



55  with the RF discharging power density range of 40 to 50 mW/[err]. The
reason why the i-type semiconductor layer 204 is formed at about 250[err]C
is that a higher film-forming temperature reduces the hydrogen content of
the semiconductor layer 204, impairing the semiconductor characteristics.
The blocking insulating film (SiN film) 208 is formed under the same
conditions as those for the gate in- 21    EP 0 476 701 B1 sulating film
203. [Step 4] 5      Then, as shown in Fig. 13D, the blocking insulating
film 208 except for the portion corresponding to the channel region of the
i-type semiconductor layer 204 is removed by photoetching, and then the
i-type semi- conductor layer 204 is shaped into a specified pattern by
further photoetching. [Step 5] 10 Next, as shown in Fig. 13E, the n-type
semiconductor layer 205 is formed under the same conditions as those for
the i-type semiconductor layer 204, using the plasma CVD apparatus. On the
layer 205, a metal film 210 for source and drain electrodes (such as a Cr
film or a two-layer film of Cr and A[err] films) is formed in the
temperature range of 100 to 200[err]C, using the spattering apparatus. 15
[Step 6] Next, as shown in Fig. 13F, the metal film 210 for source and
drain electrodes Is patterned by photoetching to form source and drain
electrodes 206 and 207. After this, the n-type semiconductor layer 205
except for 20  the portions under the source and drain electrodes 206 and
207 is etched away to complete the thin-film tran- sistor shown in Fig. 12.
In the thin-film transistor of the embodiment, the gate electrode 202
formed on the glass substrate 201 is made of titanium-containing aluminum
(Ti-containing A[err]) instead of pure aluminum with its surface being
anodized. 25     Although the titanium-containing aluminum has a little
larger resistivity than that of pure aluminum, its re- sistivity is lower
than that of high melting-point metals such as titanium or a
titanium-molybdenum alloy used forthe gate electrodes of conventional
thin-filmtransistors, and its adhesive properties with the glass substrate
are good. Since the thin-film transistor has the gate electrode 202 made of
low-resistance titanium-containing alu- 30  minum, a voltage drop across
the gate electrode is small, thereby improving the operating
characteristics. The titanium-containing aluminum film, compared with a
pure [err]film with no titanium, has a less rough film surface after heat
treatment. Anodization of the surface layer makes the heat-treatment-caused
rough- ness in the film surface even smoother. Formation of the gate
electrode 202 out of titanium-containing aluminum and anodization of its
surface 35  layer create almost no roughness in the surface of the gate
electrode 202 during the formation of the gate in- sulating film 203
afterthe formation of the gate electrode 202. Thus, the gate insulating
film 203 does not have defects caused by the roughness In the surface of
the gate electrode 202. Since the insulating film on the gate electrode 202
is a two-layer film composed of the anodized layer 202a at the gate
electrode surface and the gate insulating film 203, with the metal oxide
film and silicon nitride film acting as the gate insulating film, the 40
breakdown voltage between the gate electrode 202 and the source and drain
electrodes 206 and 207 is suf- ficiently high. The titanium content of the
titanium-containing aluminum may be selected depending on the film-forming
temperature for the gate insulating film 203 to be formed after the
formation of the gate electrode 202. When the gate insulating film 203 is
formed in the temperature range of 350 to 370[err]C as in the embodiment,
the 45  gate electrode 202 may be made of titanium-containing aluminum with
a titanium content of 4.2% or more by weight. The more titanium the
titanium-containing aluminum contains, the better the surface condition
after heat treatment becomes. The increase of titanium content results in
an increase in the resistance of the titanium- containing aluminum, so that
It Is desirable to form the gate electrode outof titanium-containing
aluminum with 50  titanium as less as possible unless the content drops
below 4.2% by weight. The gate electrode 202 is heated to particular
film-forming temperatures each time the i-type semicon- ductor layer 204 to
be formed after the formation of the gate insulating film 203, the blocking
insulating film 



208, the n-type semiconductor layer 205, and the source and drain electrode
film 210 are formed. Those film- forming temperatures are equal to or lower
than that for the gate Insulating film 203: about 250[err] for the i- 55
type semiconductor layer 204 and n-type semiconductor layer 205, 350 to
370[err]C for the blocking insulating film 208, and 100 to 200[err] for the
source and drain electrode film 210. As a result of this, during the
formation of those films, roughness will not appear in the surface of the
gate electrode 202. The titanium-containing aluminum gate electrode 202 has
a good adhesive properties with the glass sub- 22    EP 0 476 701 B1 strate
201, which makes it unnecessary to provide an underlying film that enables
the gate electrode to be in good contact with the glass substrate surface
as in conventional thin-film transistors. Because titanium-con- taining
aluminum is not expensive, the gate electrode can be made at low cost With
the thin-film transistor of the embodiment, it is possible to improve the
operating characteristics and 5   sufficiently raise the breakdown voltage
between the gate electrode 202 and the source and drain electrodes 206 and
207 by decreasing a voltage drop across the gate electrode 202. It is also
possible to reduce the pro- duction cost by forming the gate electrode 202
at low cost. While in the embodiment the gate insulating film 203 is formed
In the temperature range of 350 to 370[err]C, it may be formed at a lower
temperature. Forming the gate insulating film 203 and blocking insulating
film 208 10  at the same lower temperature allows the gate electrode 202 to
be made of titanium-containing aluminum with a titanium content less than
that of the embodiment thereby reducing the resistance. The gate insulating
film (SIN film) 203 with a sufficiently high breakdown voltage may be
formed slowly in the lower temperature range of, for example, about 250 to
270[err]C, with the RF discharging density range of 60 to 100 mW/[err]
using the plasma CVD apparatus. 15     When the gate insulating film 203
and blocking insulating film 208 are formed in the temperature range of
about 250 to 270[err]C, the titanium content of titanium-containing
aluminum used for the gate electrode 202 may be 2.2% or more by weight.
Formation of the gate electrode 202 out of titanium-containing aluminum
with a titanium content of 2.2% or more by weight introduces almost no
roughness to the surface of the gate elec- trode 202 during the formation
of the gate insulating film 203 and blocking insulating film 208. 20
The gate insulating film 203 and blocking insulating film 208 may be formed
at an even lowertemperature. Since the gate electrode is heated to about
250[err]C each time the i-type semiconductor layer 204 and n-type
semiconductor layer 205 are formed, It is desirable to form the gate
electrode 202 out of titanium-containing aluminum with a titanium contentof
2.2% ormore byweighteven when the gate Insulating film 203 and blocking
insulating film 208 are formed at an even lower temperature. 25     While
in the embodiment, the present invention is applied to the thin-film
transistorof the reverse stagger type, it may be applied to the thin-film
transistorof the reverse coplanartype in which the i-type semiconductor
layer 204 and the source and drain electrodes 206 and 207  are stacked in
the opposite order to that in the embodiment. The forming method of
silicon-based thin films used for the aforementioned TFTs will now be
explained. 30 [First film forming method] A silicon-based thin film
according to the present invention is formed by using a plasma CVD
apparatus shown In Fig. 14. This plasma CVD apparatus employs a vertical
both-side discharge scheme. 35      Referring to Fig. 14, a substrate
holder302 Is movablysupported by a holdermoving mechanism 303 inside a
hermetic chamber 301. A plurality of substrates 304 subjected to formation
of silicon-based thin films are mounted on both major surfaces of the
substrate holder 302. A heater 305 is arranged inside the substrate holder
302 to maintain the substrates 304 to a predetermined temperature. RF
electrodes 306 are arranged to respectively oppose the substrates 304
mounted on both the major surfaces of the substrate holder 302. 40  The RF
electrodes 306 are mounted in the chamber 301 to be electrically insulated
from each other by elec- trode support members 307. Each RF electrode 306
comprises a metal plate having a large number of holes through which
process gas [err] flows toward the substrates 304. An inlet port 308 for
receiving the process gas [err] Is formed in the rear surface of each RF
electrode 306, so that the process gas [err] is supplied from the Inlet
port 308 to the chamber. The gas in the chamber is discharged through a
discharge port 309 by a vacuum 45  pump (not shown) connected to the
discharge port 309. Attachment protective plates 310 for prevention at-
tachment of the silicon-based material on the Inner wall surface of the
chamber are arranged outside the area in which the substrates 304 and the
RF electrodes 306 are disposed. High-frequency power sources 311 is 



connected to the RF electrodes 306. Other members such as the chamber 301
and the substrate holder 302 except for the RF electrodes 306 are grounded.
50     In order to form a silicon-based thin film by using this plasma CVD
apparatus, the substrates 304 are mounted on the substrate holder 302 and
are heated to about 230[err]C to 270[err]C. The substrate holder 302 which
holds the heated substrates 304 is mounted on the holder moving mechanism
303 and is set in the chamber at a predetermined position. A door of the
chamber is closed, and the chamber is evacuated to a vacuum of about
10-[err] Torr by a vacuum pump, and the process gas as a gas mixture of a
main reaction gas and a carrier 55  gas is supplied from the inlet ports
308. The supply amount of carrier gas and the amount of carrier gas dis-
charged from the discharge port 309 are controlled so that the internal
pressure of the chamber is stabilized to be about 0.5 Torr. The substrates
304 are heated by the heater 305 so as not to reduce the substrate tem-
perature, so that the substrate temperature is kept almost constant. After
the substrate temperature and the 23    EP 0 476 701 B1 internal pressure
of the chamber are stabilized, a high-frequency current is supplied from
the high-frequency power source 111 to the RF electrodes 306 to start an
electrical glow discharge between the RF electrodes 306 and the substrate
holder 302 and to generate a plasma between the RF electrodes 306 and the
substrate holder. The process gas is decomposed in this plasma state. A
chemical reaction occurs to deposit a thin film 5   of a predetermined
material on each substrate 304. This film is grown to obtain a desired
silicon-based thin film. According to the first method of forming a
thin-film, film formation is performed in the substrate temper- ature range
of 230[err]C to 270[err]C and the RF discharge power density range of 60 to
100 mW/cm2. An appropriate process gas is selected in accordance with the
type of film to be formed and is supplied in an appropriate 10  amount.
When a silicon-based thin film to be formed consists of silicon nitride,
monosiline gas ordisilane gas and ammonia gas are used to constitute a main
reaction gas, and nitrogen, hydrogen, helium, ora gas mixture thereof is
used as a carrier gas. For example, when [err]are used to constitute a main
reaction gas, and N2 is used as a carrier gas, they are preferably mixed at
a ratio of 1: 1: 14 to 1:2.7: 12.3. Asilicon nitride thin film thus
manufactured has a composition ratio (Si/N) of 0.75 to 0.85 as a ratio of
the number of silicon 15  atoms (Si) to the number of nitrogen atoms (N). A
silicon nitride film was formed under the following conditions falling
within the range of the above film formation conditions: Substrate
Temperature:                                 250C 20           Main
Reaction Gas:                 SiH4                 30 cc/M NH3
60 cc/M Carrier Gas:                      N2                  390 cc/M 25
Pressure:                                              0.5 Torr RF
Discharge Frequency:                              13.56 MHz Discharge Power
Density:                             84 mW/[err] 30      The discharge
power density is a value obtained by dividing a supplied high-frequency
power by the area of each RF electrode. The unit cc/M represents an amount
(cc) of 1-atm. [err] gas which flows per minute. The silicon nitride film
formed under the above conditions has a very small number of defects and
suffi- cisntly high breakdown voltages since the RF discharge power density
Is as low as 84 mW/[err] although the film formation temperature is as low
as 250[err]C. A composition ratio of this silicon nitride film is about
0.85. 35      Fig. 15 shows a histogram of a breakdown test result of the
silicon nitride film formed under the above film formation conditions.
Forthe sake of comparison, a histogram of a breakdown test result of a
silicon nitride film formed under the same conditions described above
except that the RF discharge power density is set to be a conventional
value, i.e., 127 mW/[err] is shown in Fig. 16. The histograms of the
breakdown test results shown in Figs. 15 and 16 are obtained by measuring
break- 40  down voltages of a silicon nitride film sample shown in Figs. 17
and 18. This sample is formed such that a pluralityofstripe-like
lowerelectrodes 322 areformed parallel to each otheron the surface of a
glass substrate 321, a silicon nitride film 323 Is formed thereon, and a
plurality of stripe-like upper electrodes 324 are formed parallel to each
other on the silicon nitride film 323 in a direction perpendicular to the
lower electrodes 322. A breakdown voltage of the silicon nitride film 323
is measured by the presence/absence of a current flowing 45  through the
paper electrodes 324 upon application of a voltage to each lower electrode
322. This is repeated atall intersections between all the lowerand
upperelectrodes 322 and 324. The sample had a total of 691,200 



film portions corresponding to the intersections of the upper and lower
electrodes and these film portions had a total area of 2.07 cm2. The
silicon nitride film 323 was formed to have a thickness of 1,000 A by a
parallel flat plate type plasma CVD apparatus. 50      Breakdown voltages
of the silicon nitride film 323 of a sample having the silicon nitride film
323 formed while the discharge power density was controlled to be 127
mW/[err] at a film formation temperature of 250[err]C were measured by
continuously changing a field intensity of the power applied between the
electrodes 322 and 324. A rate of occurrence (i.e., a ratio of a breakdown
count of the film portions corresponding to the op- posite upper and lower
electrodes to the total number of the film portions corresponding to the
opposite upper 55  and lower electrodes) of breakdown of the silicon
nitride film at each field intensity is given, as shown in Fig. 16. A film
portion which corresponded to opposite upper and lower electrodes and
through which a current of 1 x [err] A or more flowed was determined as a
defective breakdown portion. As shown in the breakdown histogram of Fig.
16, in a silicon nitride film formed at a film formation tem- 24    EP 0
476 701 B1 perature of250C and a discharge power density of 127 mW/cm2, an
Amode defect (i.e., an initial defect caused by a pinhole) occurring at a
low field intensity of 3 MV/[err] or less was as large as about 5% at 1
MV/[err] and about 2.5% at 2 MV/[err]. A B mode defect (i.e., a defect
caused by a speak spot) occurring at a high field in- tensity of more than
3 MV/[err] was as large as about 5.2% at 5 MV/[err] and about 14.3% at 6
MV/[err]. Fig. 5   16 shows a breakdown histogram of a silicon nitride film
formed at a discharge power density of 127 mW/cm2. When the film formation
temperature was set at 250[err]C, the breakdown test result of the
resultant silicon nitride film remained almost the same as that of Fig. 16
even if the discharge power density was changed within the range of 120 to
130 mW/[err]. The breakdown characteristics of silicon nitride films are
estimated to be degraded in accordance with the 10  following mechanism.
When a silicon nitride film is formed at a high discharge power density of
127 mW/cm2, expecially in an initial period of film formation, a silicon
nitride is discretely dispersed and nonuniformly de- posited on the surface
of the substrate, and a degree of growth of the silicon nitride film
becomes nonuniform to increase defects such as pinholes and weak spots.
When a film formation temperature Is as high as about 350[err] as in a
conventional film formation method, the resultant silicon nitride film can
be a dense film free 15  from defects such as pinholes and weak spots.
Satisfactory breakdown characteristics of this silicon nitride film can be
assured. However, when the film formation temperature is set to about
250[err]C, a dense silicon nitr- ide film cannot be obtained. As a result,
the above defects occur to lower the breakdown voltages. A silicon nitride
film 323 formed at a film formation temperature of 250[err]C and a
discharge power density of 84 mW/cm2 was use as a sample to measure a
breakdown voltage of the film 323 following the same pro- 20  cedure as
described above. A rate of occurrence of breakdown of this insulating film
at the respective field intensities is given, as shown in Fig. 15. A film
portion which corresponded to opposite upper and lower elec- trodes and
through which a current of 1 x [err] or more flowed was determined as a
defective breakdown portion. As shown In the breakdown histogram of Fig.
15, in a silicon nitride film formed at a film formation tem- 25  perature
of 250[err]C and a discharge power density of 84 mW/cm2, an A mode defect
occurrig at a low field in- tensity of 3 MV/[err] or less was almost zero.
A B mode defect occurring at a high field intensity of more than 3 MV/[err]
was as small as about 0.4% at 5 MV/[err] and about 0.6% at 6 MV/[err]. This
decrease in rate or occurrence of breakdown is estimated to be caused for
the following reason. When the RF discharge power density is decreased to
about 84 mW/[err], a deposition state of a silicon nitride on 30  the
substrate surface is averaged, and the silicon nitride film is uniformly
grown. When the silicon nitride film is uniformly grown, defects such as
pinholes and weak spots are almosteliminated, so that the resultant silicon
nitride film has a sufficiently high breakdown voltage. A silicon nitride
film formed by the method of this embodiment can have a very high breakdown
voltage. When this silicon nitride film is used as a gate Insulating film
for a thin film transistor or a MOS integrated 35  circuit element, the
rate of occurrence of breakdown of the thin film transistor and the MOS
integrated circuit element can be greatly reduced, and the manufacturing
yield and reliability of such transistors and circuit ele- ments can be
Improved. In addition, the thickness of the gate insulating film (silicon
nitride film) can be de- creased due to its high breakdown voltage.
Therefore, even if a voltage applied to a gate electrode remains the same,
if a stronger electric field is applied to a semiconductor layer, a large
ON current can be obtained. 40     In the above first method of forming a
silicon material film, the RF discharge power density was set to 84 



mW/[err]. However, when thedischarge powerdensityfalls within the range of
60 to 100 mW/[err], silicon nitride films formed at a discharge power
density falling within this range and at a temperature as low as about
250[er]rC can have breakdown voltages as high as that represented in the
breakdown voltage histogram In Fig. 15. According to the first method of
forming a thin film, a silicon nitride film having a sufficiently high
break- 45  down voltage can be obtained atafilmformation temperature (about
250[err]C) lowerthan that of the conventional film formation method by
about 100[err]C. A substrate heating time at the time of formation of a
silicon nitride film can be shortened, and a substrate cooling time upon
formation of the silicon nitride film can also be short- ened. The silicon
nitride film can be efficiently formed. In the film formation method as
described above, since the RF discharge power density is set to fall within
the range of 60 to 100 mW/[err], a film deposition rate Is 50  lower than
that of the conventional film formation method having an RF discharge
powerdensity of 120 to 130 mW/[err]. However, a decrease In deposition rate
is smaller than a decrease in heating and cooling times of the substrate.
Therefore, no problem is posed by the decrease in deposition rate. 750-A
thick silicon nitride films having various composition ratios were formed
by changing the flow rate ratio of the process gas while the film formation
temperature, the pressure, the RF discharge frequency, and 55  the
discharge power density of the above film formation conditions were kept
unchanged. The density of de- fects occurring upon application of a high
electric field of 3 MV/cm2 between electrodes 322 and 324 of the silicon
nitride film samples having the above composition ratios was measured, as
shown in Fig. 21. As shown in Fig. 19, the density of defects occurring
upon application of the high electric field to the sam- 25    EP 0 476 701
B1 ples varied depending on composition ratios (Si/N) of the samples. A
silicon nitride film having a composition ratio of Si/N = 0.85 and formed
at a gas flow rate ratio of [err] = 1: 1: 14 (gas flow rates: 30 cc/M of
[err]30 cc/M of [err]; and 420 cc/M of N2) and a silicon nitride film
having a composition ratio of SUN > 0.75 and formed at a gas flow rate
ratio of [err] = 1: 2.7: 12.3 (gas flow rates: 30 cc/M of [er]; 80 cc/M 5
of [err] and 370 cc/M of N2) had defect densities as small as 50
defects/[err] or less. A silicon nitride film having a composition ratio of
Si/N falling within the range of 0.75 (exclusive) to 0.85 (inclusive),
e.g., a silicon nitride film having a composition ratio of Si/N = 0.83 and
formed at a gas flow rate ratio of [err] = 1:2: 13 (gas flow rates: 30 cc/M
of SiH4; 60 cc/M of [err]; and 390 cc/M of [err] had a smaller defect
density of 30 de- fects/[err] or less. 10      As described above, in order
to obtain a silicon nitride film having a high breakdown voltage, its
compo- sition ratio must be larger than a ratio of the number of Si atoms
to thatof N atoms stoichiometricaily calculated from chemical formula SIN
of silicon nitride, i.e., is larger than a value of 0.75 as the chemically
stablest state of the ratio of the number of Si atoms to that of N atoms.
Preferably, the composition ratio of the silicon nitride film having a high
breakdown voltage falls within the range of 0.75 (exclusive) to 0.85
(inclusive). 15 [Second film forming method] The second method will be
described below. In the second method, in addition to the film formation
conditions of the first method, an RF discharge 20  power supply timing is
optimized to form a silicon-based thin film having a smaller number of
defects. Fig. 20 is a timing chart of a process gas supply timing and an RF
discharge start timing In formation of a silicon nitride film. A silicon
nitride film is formed as follows. Only the N2 gas serving as a carrier gas
is supplied to the chamber first, and the substrate temperature and the
internal pressure (gas pressure) of the chamber are adjusted to be a
predetermined film formation 25  temperature and a predetermined pressure,
respectively. When the substrate temperature and the chamber pressure are
stabilized, an RF discharge is started. When the discharge state Is
stabilized, SiH4 gas and NH3 gas constituting the main reaction gas are
supplied to the chamber, When the RF discharge is started and all gases
[err] required for forming the silicon nitride film are supplied to the
chamber, formation of a silicon nitride film is started by a plasma CVD
method. 30      Atime required to adjust and stabilize the substrate
temperature and the internal pressure of the chamber varies depending on a
film formation apparatus and the type of substrate, but must be a minimum
of about 15 minutes. A time of several tens of seconds is sufficient to
stabilize the RF discharge. The RF discharge can be started when 15 minutes
elapse upon supply of N2 gas into the chamber. Supply of the [err]gases can
be started within one minute upon the start of the discharge. The [err]
gases may be simultane- 35  ously supplied to the chamber. In order to
reduce variations in internal pressure of the chamber by the main 



reaction gas, the [err]gases are preferably supplied with a slight time
lag, as shown in Fig. 19. With this technique, pressure variations caused
by gas supply can be easily corrected. The time lag between supply of the
[err] gas and supply of [err] gas is determined by the time required to
control the internal pressure of the chamber to a predetermined pressure.
In this embodiment, the time lag is about one minute or less. When 40  the
[err] gases are supplied with the time lag, the NH3 gas is preferably
supplied first and the [err] gas is then supplied. Gas supply to the
chamber and RF discharge in the chamber are intermittently performed during
the film formation time determined by the thickness of an SiN film to be
formed. When the film formation time elapses, the RF discharge is stopped
first, and then supply of gases is stopped with a time lag of several
seconds. 45     In this embodiment, only the N2 gas serving as the carrier
gas is supplied to the chamber, and the substrate temperature and the
internal pressure of the chamber are adjusted. The RF discharge is then
started, and the [err] gases constituting the main reaction gas are
supplied to the chamber. For this reason, a change in thickness of a
deposition film as a function of time is linearly increased from the start
timing (RF) of the RF discharge, as shown in Fig. 21. 50      Since the
[err] gas supplied to the chamber prior to the start  of RF discharge does
not contain a material deposited on a substrate upon thermal decomposition,
a thermally decomposed material is not deposited on the substrate prior to
the RF discharge, unlike in the conventional film formation method. The
thickness of the resultant silicon nitride film can be uniform throughout
the film. In addition, since the RF discharge Is started upon supply of
only the N2 gas, a prospective silicon nitride film formation surface
(i.e., a substrate surface 55   or a surface of an electrode or the like
formed on the substrate surface) of the substrate is plasma-cleaned with
the N2 gas. Since the SiN film is formed on the clean surface, the SiN film
has uniform quality even at the interface with the deposition surface.
Since the [err] gases aresupplied to the chamberafterthe RF discharge is
started and stabilized, 26    EP 0 476 701 B1 the silicon nitridefilmformed
bythe plasma CVD method is uniformlygrown throughoutthefilm from the
initial period of film formation. The resultant SiN film is free from
defects such as pinholes and weak spots and has a high breakdown voltage.
As opposed to the above method, in the conventional method, all the gases
are simultaneously supplied 5   to the chamber, and the RF discharge is
started after the substrate temperature and the internal pressure of the
chamber are stabilized. During a time from the supply of the gases to the
chamber to the start of RF dis- charge, i.e., a time in which the substrate
temperature and the internal pressure of the chamber are adjusted, a source
gas as an active gas is thermally decomposed and is deposited on the
substrate. When the thermally decomposed material of the source gas is
attached on the substrate surface prior to the start of RF discharge, 10  a
plasma-CVD deposition film formed upon the RF discharge is deposited on the
film of the thermally decom- posed material. Since the thermally decomposed
material film Is nonuniformly attached on the substrate, a degree of growth
of the plasma-CVD deposition film becomes nonuniform. Defects such as
pinholes and weak spots are formed in the resultant silicon-based thin
film. Therefore, the characteristics of the silicon-based thin film 15
become unstable. The first application example in which the present
Invention is applied to formation of an SiO film will be described below.
Fig. 22 Is a timing chart of gas supply and RF discharge in formation of an
SiO film. The SiO film is formed as follows. Only [err]gas as a carriergas
is supplied tothe chamberfirst, andthe substratetemperature and the
Internal 20  pressure of the chamber are adjusted. When the substrate
temperature and the internal pressure of the cham- ber are stabilized, an
RF discharge is started. When the discharge state Is stabilized, the [err]
con- stituting the main reaction gas are supplied to the chamber, and
formation of the [err] film by the plasma CVD method is started. In this
embodiment, the [err]and [err] gases may be simultaneously supplied the
chamber. However, the [err] gases are supplied with a time lag, as shown in
Fig. 22, to reduce pressure vari- 25  ations by supply of the gases, and
correction of pressure variations can be facilitated. In this case, the
[err] gas is preferably supplied first, and then the SiH4 gas Is supplied.
The RF discharge and gas supply are stopped in the same manner as in the
second embodiment described above upon a lapse of the film formation time.
In the first application example, only the [err] gas as a carrier gas is
supplied to the chamber first, the sub- strate temperature and the internal
pressure of the chamber are adjusted, and an RF discharge is started. 



30  Thereafter, the [err] gases serving as the reaction gas are supplied to
the chamber. Therefore, a change in thickness of the deposition film as a
function of time Is given, as shown in Fig. 21. An SiO film having uniform
quality throughout the film and a high breakdown voltage can be formed In
the same manner as in the second embodiment The second application example
in which the present Invention is applied to formation of an a-Si:H film 35
will be described below. Fig. 23 is a timing chart of gas supply and RF
discharge In formation of an a-Si:H film. The a-Si:H film is formed as
follows. Only H2 gas as a carrier gas Is supplied to the chamber first. The
substrate temperature and the internal pressure of the chamber are
adjusted. When the substrate temperature and the internal pressure of the
cham- ber are stabilized, an RF discharge is started. When the discharge
state is stabilized, [err] gas serving as a 40  main reaction gas is
supplied to startformation of the a-Si:H film by the plasma CVD method. The
RFdischarge and gas supply are stopped in the same manneras in the second
embodiment upon a lapse of the film formation time. In this application
example, only the H2 gas serving as a carrier gas is supplied to the
chamber first, the substrate temperature and the internal pressure of the
chamber are adjusted, and an RF discharge is started. 45  Thereafter, the
[err] gas serving as the main reaction gas is supplied to the chamber. A
change In thickness of the deposition film as a function of time is given,
as shown in Fig. 21. Since the N2 gas supplied to the cham- ber prior to
the start of RF discharge does not contain a material deposited on a
substrate upon thermal de- composition, a thermally decomposed material is
not deposited on the substrate prior to the RF discharge, un- like in the
conventional film formation method. Since the [err] gas Is supplied to the
chamber upon the start 50  of RF discharge, the a-Si:H film formed by the
plasma CVD method Is uniformly grown throughout the entire area from the
initial period of film formation without causing defects such as pinholes
and weak spots. The a- Si:H film formed by this formation method has
uniform quality throughout the film and stable semiconductor
characteristics. In the second application example, the same effect as In
the second embodiment, such as a cleaning effect of a film formation
surface by a plasma of the H2 gas, can be obtained. 55      The third
application example in which the present invention is applied to formation
of an [err]-a-Si film will be described below. Fig. 24 is a timing chart of
gas supply and RF discharge In formation of an [err]-a-Si film. This
[err]-a-Si film is formed as follows. Only H2 gas as a carrier gas is
supplied to the chamber first. The substrate temperature and the internal
27    EP 0 476 701 B1 pressure of the chamber are adjusted. When the
substrate temperature and the internal pressure of the cham- ber are
stabilized, an RF discharge is started. When the discharge state is
stabilized, [err] gas and [err] gas constituting a main reaction gas are
supplied to start formation of the [err]-a-Si film by the plasma CVD
method. In the third application example, the [err]gases may be
simultaneously supplied. When the [err] and 5   PH[err] gases are supplied
with a time lag, as shown in Fig. 19, pressure variations by gas supply can
be reduced, and correction of such pressure variations can be facilitated.
In this case, the PH[err] gas is preferably supplied first, and then the
SiH3 gas is supplied to the chamber. The RF discharge and gas supply are
stopped in the same manner as in the second embodiment upon a lapse of the
film formation time. In the third application example, only the H2 gas
serving as a carrier gas is supplied to the chamber first, 10  the
substrate temperature and the internal pressure of the chamber are
adjusted, and an RF discharge is start- ed. Thereafter, the [err] gases
constituting the main reaction gas are supplied to the chamber. A change in
thickness of the deposition film as a function of time is given, as shown
in Fig. 21. Therefore, the entire [err]-a-Si film has uniform quality and
stable conductive characteristics. 15  [Third method] In addition to
thefirst method, the third method aims at manufacturing a defect-free
silicon-based thin film by controlling a state at the start of RF
discharge. Fig. 25 is a timing chart of gas supply and RF discharge in
formation of a silicon nitride film. This silicon 20  nitride film is
formed as follows. [err] constituting a process gas are supplied as a
process gas to the chamber. The substrate temperature and the internal
pressure (gas pressure) of the chamber are ad- justed to a predetermined
film formation temperature and a predetermined pressure, respectively. When
the substrate temperature and the Internal pressure of the chamber are
stabilized, an RF discharge is started. At the time of the start of RF
discharge, a rate of increase in discharge power density to a set value (60
to 100 25  mW/[err] is controlled to fall within the range of 3 to 10
mW/[err] per second. Atime [err] required to increase the 



discharge power density to the set value at this rate of change is 10 to 20
seconds. A relationship between the time [err] the set value of the
discharge power density, and the rate of increase in discharge power
density is summarized in [Table 5]. 30 [Table 5) Set va ue
Rate of Increase                   Time (mW/[err]                 (mW/[err]
per second)               (sec.) 35               60
6                        10 60                               3
20 100                              10                         10 100
5                        20 40 Afterthe discharge power density is
increased to the set value, the discharge power density is maintained at
the set value for the film formation time determined by the thickness of a
silicon nitride film to be formed. When the film formation time elapses,
the RF discharge is stopped. Supply of the process gas is stopped with 45
a time lag of several seconds. In the third method, when RF discharge is
started, the discharge power density is gradually increased to the set
value at a rate of increase of 3 to 10 mW/[err] per second, and the
discharge power density can be increased in a stable discharge state. For
this reason, SIN deposited on the substrate can be uniformly de- posited
from the initial period of film formation. In addition, since the discharge
power density is gradually In- 50  creased, the deposition film is
gradually grown during the film formation time, and the deposition film in
the initial period of film formation can be dense. When the deposition film
in the initial period of film formation is uniform and dense, a degree of
growth of a film deposited thereon becomes uniform. The resultant silicon
nitr- ide film becomes a film which is free from defects such as pinholes
and weak spots and which has stable characteristics. This SIN film has a
sufficiently high breakdown voltage. 55      In the third method, a rate of
increase in discharge power density is set to fall within the range of 3 to
10 mW/cm2 per second due to the following reason. When a rate of increase
in discharge power density is higher than 10 mW/[err] per second or more.
uniformity and denseness of the deposition film in the initial period of
film formation are lost When the rate of increase in discharge power
density Is decreased, the uniformity and 28    EP 0 476 701 B1 denseness of
the deposition film in the initial period of film formation can be
improved. When the rate of in- crease is less than 2 mW/[err] per second or
less, it takes much time to set the discharge power density to the set
value, thus degrading film formation efficiency. Therefore, the rate of
increase in discharge power density preferably falls within the range of 2
to 10 mW/[err] per second. Within this range, an SIN film having stable 5
characteristics and free from defects such as pinholes and weak spots can
be obtained without greatly de- grading film formation efficiency. To the
contrary, in the conventional film formation method, atthe start of RF
discharge, the discharge pow- er density is increased quickly within a very
short period of 1 to 2 seconds. When the discharge power density Is quickly
increased within a short period of time, a discharge state becomes
unstable, and the silicon-based 10  material deposited on the substrate in
the initial period of film formation is nonuniformly deposited. When the
silicon-based material in the initial period of film formation Is deposited
on the substrate in a dispersed manner, a degree of growth of the
deposition film becomes nonuniform. Forthis reason, in the con- ventional
film formation method, defects such as pinholes and weak spots are formed
in the resultant silicon- based thin film, so that the characteristics of
the silicon-based thin film become unstable. 15      The first application
example in which the third method is applied to formation of an SiO film.
Fig. 26 is a timing chart of gas supply and RF discharge in formation of an
Si0 film. The SiO film can be formed as follows. SiH4, N20, and N2 gases
constituting a process gas are supplied as a process gas, the substrate
temper- ature and the internal pressure of the chamber are adjusted, and an
RF discharge Is started. At the time of the start of RF discharge, a rate
of increase in discharge power density to a set value is controlled to fall
within 20  the range of 3 to 10 mW/[err] per second. In this case, the set
value of the discharge power density in formation of the SiO film is the
same (60 to 100 mW/[err] as in formation of the SiN film In the third
method. Arelationship between a time [err] required to increase the
discharge power density to the set value, the set value of the dis- charge
power density, and the rate of increase In discharge power density is the
same as the above [Table 5]. 



The RF discharge and the gas supply are stopped In the same manner as in
the third method upon a lapse of 25  the film formation time. At the time
of the start of RF discharge in this first application example. since the
discharge power density Is slowly increased to the set value at a rate of 3
to 10 mW/[err] per second, an SiO film free from defects such as pinholes
and weak spots and having stable characteristics can be obtained. In the
above first application of the third method, the rate of increase in
discharge power density is set to 30 fall within the range of 3 to 10
W/[err]2 per second. This rate may be 2 to 10 mW[err] per second in the
same manner as in the third method. A second application example In which
the third method is applied to formation of an a-Si:H film will be
described below. Fig. 27 is a timing chart of gas supply and RF discharge
in formation of an a-Si:H film. This a-Si:H film is formed as follows. 35
SiH4 and H2 gases constituting a process gas are supplied to the chamber,
the substrate temperature and the internal pressure of the chamber are
adjusted, and an RF discharge is started. At the time of the start of RF
discharge, a rate of increase in discharge power density to a set value (40
to 60 mW/[err] in formation of the a-Si:H film) is set to fall within the
range of 2 to 5 mW/[err] per second. A relationship between a time [err]
required for increasing the discharge power density to the set value at
this rate, the set value of the discharge 40  power density, and the rate
of increase in discharge power density is summarized in [Table 6] below. [
Table 6 ] 45            Set Value              Rate of Increase
Time (mw/[err]              (mW/[err] per second)                  (sec.)
40                            4                           10 40
3                          20 50               50
5                           10 50                            2.25
20 After the discharge power density is increased to the set value, the
discharge power density Is maintained 55  at the set value for the film
formation time determined by the thickness of an a-Si:H film to be formed.
When the film formation time elapses, the RF discharge is stopped. Supply
of the process gas is stopped with a time lag of several seconds. In the
second application example of the third method, at the time of the start of
RF discharge, since the 29    EP 0 476 701 B1 discharge power density is
slowly increased to the set value in the range of 2 to 5 mW/[err] per
second, the discharge power density can be increased in a stable discharge
state The a-Si:H film deposited on the sub- strate is uniformly deposited
from the initial period of film formation  In addition, when the discharge
power density is slowly increased, the deposition film is slowly grown, and
a dense film is obtained in the initial period 5   of film formation. When
the deposition film in the initial period of film formation is uniform and
dense, a degree of growth of a film formed thereon becomes uniform. The
resultant a-Si:H film is free from defects such as pinholes and weak spots
and has stable characteristics. This a-Si:H film has good semiconductor
character- istics. In this second application example of the third method,
the uniformity and denseness of the deposition 10  film in the initial
period offilm formation can be improved when the rate of increase in
discharge power density is decreased. However, if this rate of increase is
excessively low, it takes a long period of time to set the actual discharge
power density to the set value, thus degrading film formation efficiency.
The rate of increase in dis- charge power density preferably falls within
the range of 2 to 10 mW/[err] per second. Within this range, a stable
a-Si:H film free from defects such as pinholes and weak spots and having
stable characteristics can be ob- 15  tained without excessively degrading
the film formation efficiency. A third application example in which the
third method is applied to formation of an [err]-a-Si film will be de-
scribed below. Fig. 28 is a timing chart of gas supply and RF discharge in
formation of [err]-a-Si film. The [err]-a- Si film is formed as follows.
[err]gases constituting a process gas are supplied to the chamber, the
substrate temperature 20  and the internal pressure of the chamber are
adjusted, and an RF discharge is started. At the time of the start of RF
discharge, a rate of increase in discharge power density to a setvalue is
controlled to fall within the range of 2 to 5 mW/[err] per second. The set
value of the discharge power density in formation of this n+-a-Si film is
40 to 60 mW/[err] as Information of the a-Si:H film of the second
application example of the third embodiment. 



Arelationship between a time [err] required to increase the discharge
powerdensityto the setvalue, the set value 25 of the discharge power
density, and the rate of increase in discharge power density is the same as
that in [Table 6]. The RF discharge and the gas supply are stopped In the
same manner as in the third embodiment upon a lapse of the film formation
time. In the third application example of the third method, at the time of
the start of RF discharge, since the dis- charge powerdensity is slowly
increased tothesetvalue in the range of2to5mW/[err]persecond, theresultant
30  [err]-a-Si film is free from defects such as pinholes and weak spots
and has stable characteristics. This [err]a-Si film has good conductive
characteristics. In the third application example of the third method, the
rate of increase In discharge power density is set to fall within the range
of 3 to 10 mW/[err] per second but mayfall within the range of 2 to 10
mW/cm2 per second as in the second application example of the third
embodiment. 35      As described above, according to the method of forming
silicon-based thin films, the RF discharge power density is reduced to fall
within the range of 60to 100 mW/cm2 to form a silicon nitride film having a
high break- down voltage at a film formation temperature of 230[err] to
270[err]C. As in the second method, a composition of the process gas can be
selected to set a composition ratio of a silicon nitride film to be larger
than a stoichio- metric ratio, thereby forming a silicon nitride film
having a high breakdown voltage. In addition, as in the second 40  and
third methods, supply of a process gas and a start timing of RF discharge
are controlled, or a rate of in- crease In RF discharge power is controlled
to obtain a silicon nitride film having a high breakdown voltage. According
to the methods as described above, when the technique of the first method
is combined with at least one of the techniques of the second and third
methods, a silicon nitride film or a silicon oxide film which is almost
free from defects and having a high breakdown voltage can be formed at low
film formation tempera- 45  tures. For example, an RF discharge power
density Is reduced to fall within the range of 60 to 100 mW/[err], a
process gas consisting of a main reaction gas (i.e., [err]and NH3) and a
carrier gas (i.e., N2) is used, and a gas flow rate ratio is set to be 1:
1: 14 to 1: 2.7: 12.3. In this case, the carrier gas may be supplied first,
the RF discharge may be started, and then the main reaction gas may be
supplied to the chamber. 50  [Fourth method] Methods of forming
silicon-based thin films of the first to third method can be applied to a
method of man- ufacturing a thin film used in a TFT-LCD. Fig. 29 shows a
structure of a TFT manufactured by the method of the present Invention.
Referring to Fig. 29, a gate electrode 402 consisting of a metal such as
titanium-con- 55  taining aluminum is formed on an insulating substrate 401
made of glass or the like, and a gate insulating film 403 is formed on the
gate electrode 402. An i-type semiconductor film 404 consisting of i-type
amorphous sil- icon (i-a-SI) is formed on the gate Insulating film 403 so
as to oppose the gate electrode 402. A blocking layer 408 is formed on the
uppercentral portion of the i-type semiconductorfilm404 so as to cover its
channel region. 30    EP 0 476 701 B1 Source and drain electrodes 405 and
406 consisting of a metal such as chromium are formed at end portions of
the i-type semiconductorfilm 404 to be in ohmic contact with the i-type
semiconductor film 404 through an n-type semiconductor layer 407 consisting
of Impurity-doped n-type amorphous silicon (n+-a-Si). A method of
manufacturing this TFT will be described below. 5      The TFT shown in
Fig. 29 will be manufactured by the following steps. A metal film
consisting of titanium-containing aluminum is formed on an insulating
substrate 401 by a sput- tering method and is patterned to form a gate
electrode 402 (Fig. 30A). Asilicon nitride film serving as a gate
insulating film 403, an i-a-Si film serving as an i-type semiconductor film
404, and a silicon nitride film 408a serving as a blocking layer are
continuously formed on the gate elec- 10  trode 402 and the entire surface
of the substrate 401 having the gate electrode 402 thereon (Fig. 30B). The
gate Insulating film 403, the i-type semiconductor film 404, and the
silicon nitride film 408a are con- tinuously formed by using a plasma CVD
apparatus as follows. Fig. 31 shows an arrangement of the plasma CVD
apparatus used In formation of the gate insulating film 403, the i-a-Si
layer 404, and the silicon nitride film 408a. This CvD apparatus comprises
a substrate loading 15  chamber 421, a silicon nitride film formation
chamber (to be referred to as a gate Insulating film formation chamber
hereinafter) 422 for forming the gate insulating film, a first transfer
chamber 423, an amorphous sil- icon film formation chamber (to be referred
to as an i-a-Si formation chamber hereinafter) 424 for forming the i-a-Si
layer, a second transfer chamber 424, a silicon nitride film formation
chamber (to be referred to as a blocking layerformation chamber hereinafter
426 forforming the blocking layer (silicon nitride film 408a), and 



20  a substrate unloading chamber 427. These chambers are formed contiguous
to each other. The gate insulating film formation chamber 422, the i-type
semiconductor film formation chamber 424, and the blocking layer formation
chamber 426 have the same structure as those In the plasma CVD apparatus
shown In Fig. 14. A vacuum pump 428 is connected to each chamberthrough
avalveV. Inert gas supplyunits 429 are connected to the substrate loading
chamber 421 and the substrate unloading chamber 427 through 25  valves V,
respectively. A process gas supply unit 430 and a high-frequency power
source 431 are connected to each of the gate Insulating film formation
chamber422, the i-a-Si film formation chamber424, and the block- ing layer
formation chamber 426, respectively. In the plasma CVD apparatus shown in
Fig. 31, an inert gas is supplied to the substrate loading chamber 423, and
a door 421a is opened to mount a substrate holder 421 having substrates 401
thereon on a holder 30  moving mechanism 412 In the chamber. The door421a
is then dosed. In the substrate loading chamber421, the substrates 401 are
heated to a predetermined temperature of 230[err]C to 270[err]C as the film
formation tem- perature range, for example, to a temperature of 250[err]C
of the first embodiment by a heater 421 b. After the substrates are heated
to the predetermined temperature, the substrate loading chamber421 is
evacuated, and a door 422a of the gate Insulating film formation chamber
422 is opened to transfer the substrate holder 411 35  to the gate
insulating film formation chamber 422. The substrates 401 are set to oppose
RF electrodes 413. Thereafter, a process gas issupplied to the gate
insulating film formation chamber422. Ahigh-frequency power is supplied
from the high-frequency power source 431 to the RF electrodes 413 while the
substrate temper- ature is kept at 250[err]C to start an RF discharge,
thereby depositing an SiN film on each substrate. In this case, the RF
discharge power density is controlled to be 60 to 100 mW/[err]. 40
When each SiN film has a predetermined thickness, and formation of the gate
insulating films on the re- spective substrates 401 is completed, a
door422b is opened to transferthe substrates 401 to the first transfer
chamber 123. After the door 422b is closed, the gas in the chamber 423 is
discharged. When the gas in the first transferchamber423 is
completelydischarged, a door424a of the i-a-Si film formation chamber is
opened, and the substrates 401 mounted on the substrate holder 411 are
transferred to the i-a-Si film formation cham- 45  ber 424. The substrates
401 are set to oppose RF electrodes 414. Thereafter, a process gas is
supplied to the i-a-Si film formation chamber 424, and a high-frequency
power is supplied from the high-frequency power source 431 to the RF
electrodes 414 to start an RF discharge while the substrate temperature is
kept at 250[err]C, thereby depositing an i-a-Si film on each substrate. In
this case, the RF discharge power density is controlled to be 40 to 50
mW/cm[err]. 50      When the i-a-SI film on each substrate has a
predetermined thickness, and formation of i-type semicon- ductor films on
the respective substrates Is completed, a door 424b Is opened to transfer
the substrates 401 to the second transfer chamber 425. After the door 424b
is closed, the gas in the chamber 425 is discharged. When the gas in the
second transfer chamber425 is completely discharged a door 426a of the
blocking layer formation chamber 426 is opened to transfer the substrates
401 mounted on the substrate holder 421 to the 55  blocking layer formation
chamber 426. The substrates 401 are set to oppose RF electrodes 415. A
process gas is supplied to the blocking layer formation chamber 426, and a
high-frequency power is supplied form the high-frequency power source to
the RF electrodes 415 to start an RF discharge while the substrate temper-
ature is keptat 250[err]C. An SiN film is deposited on each substrate. In
this case, the RF discharge powerdensity 31    EP 0 476 701 B1 is
controlled to be 60 to 100 mW/[err]as in the film formation condition of
the gate Insulating film. When the SiN film on each substrate has a
predetermined thickness and formation of blocking layers on the respective
substrates is completed, a door 426b is opened to transfer the substrates
401 to the substrate unloading chamber 427. After the door426b is closed,
an inert gas is supplied to the substrate unloading cham- 5 ber 427 to
restore the Internal pressure to the atmospheric pressure and to cool the
substrates 401 to room temperature. A door 427a is opened to remove the
cooled substrates 401 together with the substrate holder 411 outside the
chamber 427. During the process offilm formation, it takes a long period of
time to heatthe substrates to a silicon nitride film formation temperature
and to cool the substrates 401 before they are removed from the substrate
unload- 10  Ing chamber 427 so as to protect the formed SiN and i-a-Si
films from crocks caused by thermal distortion. During the film formation,
the process gases supplied to the gate insulating film formation chamber
and the blocking layer formation chamber are the same as those In the first
embodiment. That is, monosilane or disilane gas and ammonia gas constitute
a main reaction gas, and nitrogen, hydrorgen, helium, or a mixture 



thereof is used as a carrier gas. When [err] and[err] constitute a main
reaction gas and N2 is used as a carrier 15  gas, a mixing ratio of [err]
is 1: 1: 14 to 1: 2.7: 12.3. In the above embodiment, the films are formed
under the same conditions as in the first embodiment. The process gas
supplied to the i-a-Si film formation chamber 424 consists of monosilane
gas as a main reaction gas and hydrogen as a carrier gas. The silicon
nitride film 408a of the stack of the silicon nitride film 403, the i-a-Si
film 404, and the silicon 20  nitride film 408a continuously formed on the
substrate is patterned Into a shape corresponding to that of the channel
region, thereby forming the blocking layer 408 (Fig. 30C). An [err]-a-Si
film 407a for obtaining an ohmic contact with the i-a-Si film, and a metal
film 409 are continu- ously formed on the i-a-Si film 404 (Fig. 32D). The
[err]-a-Si film 407a and the metal layer 409 are patterned to have shapes
corresponding to the source 25  and drain electrodes 405 and 406, thereby
forming a TFT shown in Fig. 29. The SiN film serving as the gate insulating
film, the SiN serving as the blocking insulating film, and the i-a-SI layer
serving as the i-type semiconductor layer are formed at about 250[err]C.
Therefore, the gate insulating film, the blocking layer, and the i-type
semiconductor layer can be continuously formed without adjusting the
substrate temperature during film formation. According to this
manufacturing method, the time required for 30  forming the gate insulating
film, the blocking layer, and the i-type semiconductor layercan be greatly
shortened and a thin film transistor can be manufactured with high
efficiency. In this manufacturing method, the gate SiN film, the blocking
SiN film, and the i-a-Si layer are formed at about 250[err]C. Since the
i-a-Si layer is formed at this film formation temperature, the
semiconductor character- istics of the i-a-Si layer are not degraded. 35
Since the gate SiN film and the blocking SiN film are formed at the RF
discharge power density of 60 to 100 mW/[err], the gate and blocking SIN
films can have sufficiently high breakdown voltages even if the film
formation temperature is as low as about 250[err]C. According to this
manufacturing method, a thin film transistor having excellent
characteristics can be ob- tained wherein the i-type semiconductor layer
has excellent semiconductor characteristics and the gate insu- 40  lating
film has a sufficiently high breakdown voltage. The above embodiment
exemplifies an inverted staggered type thin film transistor having a
blocking in- sulating film. However, the present invention is also
applicable to the manufacture of an inverted staggered type thin film
transistor having no blocking insulating film. in this case, a gate
insulating film, an i-type semi- conductor film, and an n-type
semiconductor layer can be continuously formed. In this case, a plasma CvD
45  apparatus having an [err]-a-Si film formation chamber is used in place
of the plasma CVD apparatus having the blocking layer formation chamber 426
shown in Fig. 31. The present invention Is also applicable to the
manufacture of a staggered type thin film transistor having an inverted
structure of an Inverted staggered type thin film transistor. A staggered
type TFT is shown In Fig. 32. The same reference numerals as In Fig. 29
denote the same parts in Fig. 32. In this case, an i-a-Si layer 50  404 and
a gate insulating film 403 are continuously formed. In this case, the
plasma CVD apparatus has a substrate loading chamber, an i-type
semiconductorlayerformation chamber, a gate insulating film formation
chamber, and a substrate unloading chamber, all of which are contiguous to
each other. [Fifth Embodiment] 55 The fifth embodiment provides a TFT
wherein a gate insulating film has a two-layered structure consisting of an
SiN film having a high breakdown voltage and an SiN film having a good
interface property with an i- type semiconductor film. This embodiment will
be described in detail. 32    EP 0 476 701 B1 In the thin film transistor
of the fifth embodiment, as shown in Fig. 33, a gate electrode 502 is
formed on an Insulating substrate 501 consisting of glass, and a gate
insulating film 503 is formed on the gate electrode 503. Asemiconductor
layer 504 consisting of amorphous silicon or polysilicon is formed on the
gate insulating film 503 so as to oppose the gate electrode 502. Source and
drain electrodes 505 and 506 are formed at both 5   end portions of the
semiconductor layer 504 via an ohmic contact layer 507 consisting of
impurity-doped n- type amorphous silicon or polysilicon. This embodiment is
also applicable to a TFT shown in Fig. 34. In this TFT a blocking layer is
formed on a portion corresponding to a channel region of an i-type
semiconductor layer. The same reference numerals as 



in Fig. 33 denote the same parts in Fig. 34, and a detailed description
thereof will be omitted. 10      A gate insulating film 503 consists of an
Si-rich silicon nitride film 503a having a larger number of silicon atoms
(Si) than that represented by a stoichiometric ratio (Si/N = 0.75), and an
N-rich silicon nitride film 503b formed in a portion of the gate insulating
film 503 near the interface with a semiconductor layer 504 and having a
larger number of nitrogen atoms (N) than that represented by the
stoichiometric ratio. The thickness of the gate insulating film 503 is
about 1, 100 A, and the thickness of the N-rich silicon nitride film 503b
at the interface 15  with the semiconductor layer 504 is about 100 A. The
silicon nitride film 503a having a larger numberof silicon atoms in the
gate insulating film 503 is formed by a plasma CVD apparatus in accordance
with the following film formation conditions: Substrate Temperature:
250[err]C Main Reaction Gas:                  [err]                 30 cc/M
NH3                  60 cc/M Carrier Gas:                       N2
. 390 cc/M 25            Pressure:
0.5 Torr RF Discharge Frequency:                              13.56 MHz
Discharge Power Density:                             84 mW/[err] 30      A
composition ratio of the silicon nitride film formed at an RF discharge
power density of 84 mW/cm2 is Si/N = 0.83. The N-rich silicon nitride film
503b at the interface with the semiconductorlayer504 Is formed by a plasma
CVD apparatus under the same conditions as formation of the silicon nitride
film having a larger number of silicon atoms, except that the RF discharge
power density is controlled to be 127 mW/[err]. In this manner, a 35
composition ratio of the silicon nitride film formed at the RF discharge
power density of 127 mW/[err] is Si/N = 0.69. In this thin film transistor
of the fifth embodiment, since the gate insulating film 503 includes a
silicon nitr- ide film having a larger number of silicon atoms than that
represented by the stoichiometric ratio, the gate in- sulating film 503 has
a sufficiently high breakdown voltage as in the first embodiment. 40
Since the silicon nitride film 503a having a larger number of silicon atoms
than that represented by the stoichiometric ratio is mainly used to form
the gate insulating film 503, breakdown between the gate electrode 502 and
the source and drain electrodes 505 and 506 is perfectly prevented in the
thin film transistor of this embodiment. In addition, since the thickness
of the gate insulating film 503 can be as small as about 1,100 A, a
stronger electric field can be applied to the semiconductor layer 504 to
increase an ON current even if 45  the gate voltage applied to the gate
electrode 502 remains the same. If the gate insulating film 503 consists of
a silicon nitride film 503a having a larger number of silicon atoms than
that represented by the stoichiometric ratio, hysteresis characteristics
appear in the [err]characteristic curve of the thin film transistor. In the
thinfilm transistor of this embodiment since the silicon nitridefilm 503b
having a larger number of nitrogen atoms than that represented by the
stoichiometric ratio is formed at an in- 50  terface of the gate insulating
film 503 with the semiconductor layer 504 and the hysteresis
characteristics of the [err] characteristic curve is determined by a film
composition at the interface of the gate insulating film 503 with the
semiconductor layer 504, the thin film transistor has good [err]
characteristics without hysteresis characteristics. Figs. 35 and 36 show
[err] characteristic curves (solid curves) of a thin film transistor having
the gate 55  insulating film 503 consisting of only a silicon nitride film
having a larger number of silicon atoms than that represented by the
stoichiometric ratio and a thin film transistor having the gate insulating
film 503 consisting of both silicon nitride films 503a, 503b having a
larger number of silicon atoms than that represented by the stoichiometric
ratio and the silicon nitride film 503b having a larger number of nitrogen
atoms than that rep- 33    EP 0 476 701 B1 resented by the stoichiometric
ratio. When the gate insulating film consists of only a silicon nitride
film having a larger number of silicon atoms, hysteresis characteristics
appear in the [err] characteristic curve as shown in Fig. 35. However, when
the gate insulating film 503 also has the silicon nitride film 503b which
has a larger number of nitrogen atoms and which is formed at the interface
of the gate insulating film 503 with the semi- 5   conductor layer 504. the
[err] characteristic curve does not have any hysteresis, as shown in Fig.
36. The thickness of the silicon nitride film 503b having a larger number
of nitrogen atoms is sufficiently about 100 A. Even if the silicon nitride
film 503b is formed on the surface of the silicon nitride film (thickness:
about 



1,000 A) 503a, the total thickness of the insulating film is about 1,100 A.
The ON current of the thin film tran- sistor of the fifth embodiment is
sufficiently larger than that of the conventional thin film transistor
(gate insu- 10  lating film thickness: 3,000 to 4,000 A) having the [err]D
characteristic curve indicated by the alternate long and two short dashed
line in Fig. 36. In this embodiment since the Si-rich nitride film 503a and
the N-rich nitride film 503b formed near the semiconductor layer 504 are
formed by the plasma CVD apparatus at the RF discharge power densities of
84 mW/cm2 and 127 mW/[err] respectively, these silicon nitride films 503a
and 503b can be continuously formed 15  by the plasma CVD apparatus. In the
fifth embodiment a silicon nitride film having a larger number of silicon
atoms and serving as the gate insulating film 503 is formed at the RF
discharge powerdensity of 84 mW/[err]. However, this silicon nitride film
can be formed within the discharge power density range of 60 to 100
mW/[err]. Any silicon nitride film formed within this range of the
discharge power density has a high breakdown voltage. 20     In addition, a
silicon nitridefilm having a larger numberof nitrogen atoms and serving as
the silicon nitride film 503b at the interface with the semiconductor layer
504 may be formed at an RF discharge power density of 110 mW/[err] or more.
However, a preferable discharge power density for forming this silicon
nitride film is a maximum of about 250 mW/[err]. The Si-rich nitride film
503a and N-rich nitride film 503b may be formed In the aforementioned step
of forming the gate Insulating film 503, by changing the composition of the
process 25  gas after the formation of the insulating film. The thin film
transistor of this embodiment Is of an inverted staggered type. However,
the present invention is equally applicable to staggered, coplanar, and
inverted coplanar type thin film transistors, as a matter of course. 30
Claims 1. Athin-film transistorwhich comprises an insulating substrate
(101,201,401,501), a non-single-crystal sil- icon semiconductor film
(114,204,404,504) placed above said substrate, an insulating film 35
(113,203,403,503) placed on said semiconductor film, and a pair of first
electrodes (116,117;206,207; 407;506,507) spaced a specified distance apart
in a plane and electrically connected to said semicon- ductor film so as to
form the channel region of the transistor, and a second electrode
(112,202,402,502) placed so as to sandwich at least said insulating film
between itself and said pair of first electrodes, of said first electrode
pair and said second electrode, at least the electrode or electrode pair
formed on said 40      substrate being made of titanium-containing
aluminum, characterized In that said titanium-containing aluminum has a
titanium content of 2.2% or more by weight. 2. A thin-film transistor
according to claim 1, characterized In that said second electrode is formed
out of 45      titanium-containing aluminum on said substrate, and said
pair of first electrodes is formed above said sec- ond electrode so as to
sandwich at least said insulating film on said second electrode between
itself and said second electrode. 3. A thin-film transistor according to
claim 1, characterized in that said pair of first electrodes are formed 50
out of titanium-containing aluminum on said substrate, and said second
electrode is formed above said pair of first electrodes so as to sandwich
at least said insulating film on said first electrode pair between itself
and said pair of first electrodes. 4. An-film transistor according to clalm
2 or 3, characterized in that said insulating film is a silicon nitride 55
film formed in the substrate temperature range of 230 to 270[err]C; and
said electrode or electrode pair on said substrate is made of
titanium-containing aluminum with a titanium content of 2.2% or more by
weight. 5. A thin-film transistor according to claim 2 or 3, characterized
in that said insulating film is a silicon nitride 34    EP 0 476 701 B1
resented by the stoichiometric ratio. When the gate insulating film
consists of only a silicon nitride film having a larger number of silicon
atoms, hysteresis characteristics appear in the [err] characteristic curve
as shown in Fig. 35. However, when the gate Insulating film 503 also has
the silicon nitride film 503b which has a larger number of nitrogen atoms
and which is formed at the interface of the gate insulating film 503 with
the semi- 5   conductor layer 504. the [err] characteristic curve does not
have any hysteresis, as shown in Fig. 36. The thickness of the silicon
nitride film 503b having a larger number of nitrogen atoms is sufficiently
about 100 A. Even if the silicon nitride film 503b is formed on the surface
of the silicon nitride film (thickness: about 



1,000 A) 503a, the total thickness of the insulating film is about 1,100 A.
The ON current of the thin film tran- sistorof the fifth embodiment is
sufficiently largerthan that of the conventional thin film transistor (gate
insu- 10  lating film thickness: 3,000 to 4,000 A) having the [err]
characteristic curve Indicated by the alternate long and two short dashed
line in Fig. 36. In this embodiment, since the Si-rich nitride film 503a
and the N-rich nitride film 503b formed near the semiconductor layer 504
are formed by the plasma CVD apparatus at the RF discharge power densities
of 84 mW/[err] and 127 mW/[err], respectively, these silicon nitride films
503a and 503b can be continuously formed 15  by the plasma CVD apparatus.
In the fifth embodiment, a silicon nitride film having a larger number of
silicon atoms and serving as the gate insulating film 503 is formed atthe
RF discharge powerdensityof 84 mW/[err]. However, this silicon nitride film
can be formed within the discharge power density range of 60 to 100
mW/[err]. Any silicon nitride film formed within this range of the
discharge power density has a high breakdown voltage. 20      In addition,
a silicon nitridefilm having a larger number of nitrogen atoms and serving
as the silicon nitride film 503b at the interface with the semiconductor
layer 504 may be formed at an RF discharge power density of 110 mW/[err] or
more. However, a preferable discharge power density for forming this
silicon nitride film is a maximum of about 250 mW/[err]. The Si-rich
nitride film 503a and N-rich nitride film 503b may be formed in the
aforementioned step of forming the gate insulating film 503, by changing
the composition of the process 25  gas after the formation of the
insulating film. The thin film transistor of this embodiment is of an
inverted staggered type. However, the present invention Is equally
applicable to staggered, coplanar, and inverted coplanar type thin film
transistors, as a matter of course. 30 Claims 1.  A thin-film
transistorwhich comprises an insulating substrate (101,201,401,501), a
non-singlecrystal sil- icon semiconductor film (114,204,404,504) placed
above said substrate, an insulating film 35      (113,203,403,503) placed
on said semiconductor film, and a pair of first electrodes (116,117;
206,207; 407;506,507) spaced a specified distance apart In a plane and
electrically connected to said semicon- ductorfilm so as to form the
channel region of the transistor, and a second electrode (112,202,402,502)
placed so as to sandwich at least said insulating film between itself and
said pair of first electrodes, of said first electrode pair and said second
electrode, at least the electrode or electrode pair formed on said 40
substrate being made of titanium-containing aluminum, characterized In that
said titanium-containing aluminum has a titanium content of 2.2% or more by
weight. 2.  A thin-film transistor according to claim 1, characterized in
that said second electrode Is formed out of 45      titanium-containing
aluminum on said substrate, and said pairof first electrodes is formed
above said sec- ond electrode so as to sandwich at least said Insulating
film on said second electrode between itself and said second electrode. 3.
A thin-film transistor according to claim 1, characterized in that said
pair of first electrodes are formed 50       out of titanium-containing
aluminum on said substrate, and said second electrode Is formed above said
pair of first electrodes so as to sandwich at least said insulating film on
said first electrode pair between itself and said pair of first electrodes.
4.  An-flim transistor according to claim 2 or 3, characterized In that
said insulating film is a silicon nitride 55      film formed in the
substrate temperature range of 230 to 270[err]C; and said electrode or
electrode pair on said substrate Is made of titanium-containing aluminum
with a titanium content of 2.2% or more byweight. 5.  A thin-film
transistor according to claim 2 or 3, characterized in that said insulating
film isa silicon nitride 34    EP 0 476 701 B1 film formed in the substrate
temperature range of 350 to 370[err]C; and said electrode or electrode pair
on the substrate is made of titanium-containing aluminum with a titanium
content of 4.2% or more by weight. 6. Athin-film transistor according to
claim 1, characterized in that said insulating film Is composed of a metal
5       oxide layer formed by anodizing the surface of said electrode or
electrode pair on said substrate and a silicon nitride layer formed on the
metal oxide layer. 7. A thin-film transistor according to any one of
preceding claims, characterized by further comprising a blocking layer on
said semiconductor film so as to separate said pair of first electrodes
from each other. 



10 8. Athin film transistor panel using thin-film transistors according to
claim 1, which are arranged in a matrix on said substrate, comprising: a
plurality of control signal lines which are formed so as to extend in the
row or column direction and which connect to the second electrodes of said
thin-film transistors on a row or column basis to supply control 15
signals to said thin-film transistors; a plurality of data signal lines
which are formed so as to extend In the row or column direction and which
connect to one of each pair of first electrodes of said thin-film
transistors on a row or column basis to supply data signals to said
thin-film transistors; and transparent pixel electrodes which are placed on
said substrate so as to correspond to said individual thin- 20      film
transistors and which connect to the other of each pair of first electrodes
so that data signals may be applied to the pixel electrodes via said
thin-film transistors, wherein among said control signal lines and data
signal lines, atleastthe linesformed on said substrate are made of
titanium-containing aluminum with a titanium content of 2.2% or more by
weight. 25  9. A thin-film transistor panel according to claim 8,
characterized in that said insulating film is composed of a metal oxide
layer formed by anodizing the surface of the electrode on said substrate
and the surfaces of those connected to the electrode of the control
electrode lines and data signal lines and a silicon nitride layer formed on
the metal oxide layer. 30 Patentanspruche 1.  Duinnfilmtransistor mit einen
isollerenden Substrat (101, 201, 401, 501), einem nicht-einkrlstallinen
Sill- konhalblelterfilm (114, 204, 404, 504), der fiber dem Substrat
angeordnet lst, einem isolierenden Film 35      (113, 203, 403, 503), der
auf dem Halbleiterfilm angeordnet let, und einem Paar von ersten Elektroden
(116, 117; 206, 207; 407; 506, 507), die mit elnem vorgegebenen Abstand
voneinander in elner Ebene angeordnetund elektrisch mitdem Halblelterfllm
verbunden sind, um soden Kanalbereich desTransistors zu bilden, und
einerzweiten Elektrode (112,202,402,502), die so angeordnet Ist, dag
zumindest der iso- lierende Film zwischen ihr und dem Paar von ersten
Elektroden angeordnet sind, wobei von dem ersten 40      Elektrodenpaar und
der zweiten Elektrode zumindest die Elektrode oder das Elektrodenpaar auf
dem Substrat angeordnet sind, welches aus titanenthaltendem Aluminium
gemacht let, dadurch gekennzelchnet, daB das titanenthaltende Aluminium
eanen Titananteil von mindestens 2,2 Gewichtsprozent aufweist. 45  2.
Dfnnfilmtransistor nach Anspruch 1, dadurch gekennzelchnot, daB die zwelte
Elektrode aus titanent- haltendem Aluminium aufdem Substratausgebildet let
und das Paarvon ersten Elektroden Oberderzwei- ten Elektrode ausgebildet
ist, so dat!, zumindest der isolierende Film auf der zweiten Elektrode
zwischen dem Pear von ersten Elektroden und der zwelten Elektrode
eingeschlossen et. 50  S.  Drnnfilmtransistor nach Anspruch 1, dadurch
gekennzolchnet, dal& des Paar von esten Elektroden aus titanenthalbtndem
Aluminium auf dem Substrat ausgebildet ist und die zweit Elektrode fiber
dem Paar erster Elektroden ausgebildet bst, umzumindestden isolierenden
Film auf dem ersten Elektrodenpaarzwi- schen sich selbst und dem Pear von
ersten Elektroden einzuschlieBlen. 56  4.  Dflnnfilmtransistor nach
Anspruch 2 oder 3, dadurcho gokennzelchnet, daS der lsolierende Film sin
Si- likonnitridfilm ist, der im Substrattemperaturbereich von 230 bis 2700C
ausgebildet wird; und daB die Elektrode oderdas Elektrodenpaar auf dem
Substrat aus titanenthaltendem Aluminium hergestellt let mit elnem
Titananteil von mindestens 2,2 Gewichtsprozent. 35 C 11111111111111111
EP 0 476 701 BI 5.  Dinnfilmtransistor nach Anspruch 2 oder 3, dadurch
gekennzelchnet, dam der isollerende Film sin Si- likonnitridfilm ist, der
inheinem Substrattemperaturbereich von 350 bin 3700C hergestellt st, und
daB die Elektrode oder das Mektrodenpaar auf dem Substrat aus
titanenthaltendem Aluminium mit elnem Titan- anteil von mindestens 4,2
Gewichtsprozent hergesteilt ist. 5 6.  D1nnfilmtansistor nach Anspruch 1,
dadurch gekennzelchnet, daB der isolierende Film aus einer Me-
talloxidschicht bestbht, die durch Anodinieren der Oberfilche der Elektrode
oder des Elektrodenpaares auf dem Substrat gebildet wird und weiter aus
einer Silikonnitridschicht besteht, die auf der Metalloxid- 



schicht aungebildet Ist. 10 7.  Dinnfilmtransistor nach elnem der
vorhergehenden Ansprfche, dadurch gekennzeichnot, dam welter- hin eine
Blockierschicht auf dom Halbleiterfilm vorgesehen !st, um das Paar von
erston Elektroden von- einander zu trennen. 15  8.
DLnnfilmtransistorschicht, die aus DOnnfilmtransistoren nach Anspruch I
besteht, welche In einer Matrix auf dem Substrat angeordnet sind, mit:
einer Vielzahl von SteuersIgnalleitungen, die so ausgebildet sind, daB sie
alch in Zeilen- oder Spalten- richtung erstrecken und mitden zweiten
Elektroden derDfinnfilmtransistoren einerRelheoderSpalte ver- bunden sind,
um Steuersignale an die D0nnfilmtransistoren zurVerffigung zu stellen; 20
einerVielzahl von Datbnsignalleitungen, die so ausgebildet sind, da sale
sich In Zeilen- oder Spaltenrich- tung erstrecken und eine Elektrode von
jedem Elektrodenpaar der DLinnfilmtransistoren elner Zeile oder Spalte
verbinden, um Datensignale an die DLinnfilmtransistoren zuzufLihren; und
transparente Pixei-Elektroden, die auf dem Substrat so angeordnet sind, dam
ale mit den individuellen DLinnfilmtransistoren korrespondleren und die mit
dem jeweils anderen Transistor jades ersten Elektro- 25      denpaares
verbunden sind, so daB Datensignale an die Pixel-Elektroden fiber die
DLinnfilmtransistoren angelegt werden konnen, wobel unter den
Steuersignalleitungen und den Datensignalleltungen zumin- dest die
Leltungen, die auf dam Substrat ausgebildet sind, aus titanenthaltendem
Aluminium mit elnoem Titangehalt von mindestens 2,2 Gewichtsprozent
hergestellt sind. 3o  9.  DLinnfilmtransistorschicht nach Anspruch 8,
dadurch gokmnnzeichnot, daB der isolierende Film aus ei- ner
Metalloxidschicht beteht, die durch Anodisieren der Oberfliche der
Elektrode auf dem Substrat und der Oberflachen, die mit der Elektrode der
Steuerelektrodedeiitungen und Datensignalleltungen verbun- den sind, und
einer Silikonnitridschicht bestht, die auf der Metalloxidschicht
aungebildet !st. 35 Revendlcations 1. Transistor A film mince qui comprend
un substrat isolant (101, 201,401, 501), un film semiconducteur en silicium
non monocristallin (114, 204,404, 504) plac6 au-dessus dudit substrat, un
film Isolant (113, 40      203,403,503) plac6 sur leditfilm semiconducteur
et une paire de premieres 6lectrodes (116,117; 206, 207; 407; 506, 507)
espac6es d'une distance spdcifi6e dane un plan et connectees 6lectriquement
audit film semiconducteur de maniere a former la region de canal du
transistor, et une seconde 6lectrode (112, 202,402, 502) placee de maniere
a prendre en sandwich au molns ledit film isolant entre elle-meme et ladite
paire de premieres 6lectrodes, et parml ladite premiere pair d'electrodes
et ladite seconde alec- 45      trode, au momns l'electrode ou la pairs
d'electrodesform6es surleditsubstratetant realis6es en aluminium contenant
du titans, caractiris6 en ce quo: ledit aluminium contbnant du titano
pr6sentb une teneur en titane de 2,2% ou plus en poids. 50  2. Transintora
film mince solon la revndication 1, caracterise en co quo laditeseconde
6lectrode estformeo A partir d'aluminium contenant du titane sur ledit
substrat et ladite paire de premieres 6lectrodes eat for- mee au-dessus de
ladite seconde electrode de manibre A prendre en sandwich au molns ledit
film isolant sur ladite seconde electrode entre elle-meme et ladite seconde
6lectrode. 55   3.  Transistora film minceeslon la revendication 1,
caracterlseen ce quo ladite paire de premieres ilectrodes eat form6e A
partir d'aluminium contenant du titane sur ledit substrat et ladite seconde
blectrode eat for- mbe au-dessus de Wndit pair. de premieres electrodes de
manibre A prendre en sandwich au moins ledit film Isolant surladite
premlere pairs d'electrodes entre elle-meme et ladite pair. de premieres
electrodes. 36 C 11111111111111111    EP 0 476 701 Bi 4. Transistor A film
mince selon la revendication 2 ou 3, caract6ris6 en co quo ledit film
isolant est un film en nitrure de silicium formr dans la plage de
temp6ratures de substratde 230 A 2700GC; et ladite electrode ou ladite
pairs d'6lectrodes sur ledit substrat est realis6e en aluminium contenant
du titane prisentant une teneur en titans de 2,2% ou plus on poids. 5 S.
Transistor A film mince selon la revendication 2 ou 3, caract6rise en ce
quo ledit film Isolant est un film en nitrure de alliclum form6 dans la
plage de temperatures de substratde 350 A 370C; et ladite 6lectrode 



ou ladito pairs d'electrodes sur le substrat est r6alisee en aluminium
contenant du titane pr6sentant une teneur en titans de 4,2% ou plus en
polds. 10 6.  Transistor A film mince selon la revendication I caract6ris6
en ce quo ledit film isolant eat constitue par une couche d'oxyde
metallique form6e par anodisation de la surface de ladite electrode ou de
ladite pairo d'6lectrodes sur ledit substrat et par une couche en nitrure
de silicium formee sur la couche d'oxyde me- tallique. 15 7. Transistor A
film mince selon l'une quelconque des revendications pr6c6dentes,
caract6rise en ce qu'il comprend en outre une oouche de blocage sur ledit
film semiconducteur de manlere A s6parer les Mleco trodes de ladite pairs
de premieres 6lectrodes l'une de l'autre. 2o  8.  Panneau A transistors A
film mince utilisantdes transistors A film mince selon la revendication 1,
lesquels sont agences selon une matrice sur ledit substrat, comprenant: une
pluralite de lignes de signal de commando qui sont form6es de maniore A
s'6tendre suivant le direction de rangeo ou de colonne et qui sont
connectees aux secondes 6lectrodes desdits transistors A film mince sur une
base rang~e ou colonne pour appliquer des signaux de commando auxdits
transistors 25      A film mince; une pluralite do lignes de signal de
donnees qui sont form6es de maniere A s'6btndre suivant la direction de
rangeo ou de colonne et qui sont connect6es A l'une de chaque paire de
premieres electrodes desdits transistors a film mince sur une bass rangee
ou colonne pour appliquer des signaux de donnoes auxdits transistors A film
mince; et 30            des Alectrodes de pixel transparentesqui sont
plac6essurleditsubstratde maniers Acorrsspondre auxdits transistors A film
mince individuels etqui sontoonnectoes a l'autre de chaque paire de
premieres Mlectrodes de tells sorts que des signaux de donnees pulssent
Atre appliquos aux 6lectrodes de pixel via lesdits transistors A film
mince, dans lequel, parmi lesdites lignes de signal de commando et lesdites
li- gnes de signal de donn6es, au moins les lignes formies sur ledit
substrat sont realisoes en aluminium 35      contenant du titans presentant
une teneur en titano de 2,2% ou plus en polds. 9.  Panneau A transistors A
film mince selon la revendication 8, caracterise on ce que ledit film
isolant est constitu6 par une couche d'oxyde metallique formee en anodisant
la surface de l'electrode sur ledit subs- trat et les surfaces des lignos
d'electrods de commando et des lignes de signal de donn6es qui sont 40
connect6es AlI'oectrode etparune ocouche en nitrure de siliclumform6e
surlacouche d'oxyde metallique. 45 50 55 37 1111111  11111 11111111111 *
C   L   M   S   *    


