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Regarding methods of fabrication of thin film
transistors (TFT) used as the active elements in liquid
crystal displays, from the viewpoint of devising the
increase of surface area and the reduction of cost, low-
temperaﬁure processes and the use of inexpensive glass
substrates are desirable. In such a low-temperature
process, in addition to the ability to form large—particle
polysilicon films that rival those of high—-temperature
processes, and to activate the impurities sufficiently
being necessary, it is important to be able to form high-
quality géte insulation films having a film quality equal
to or greater than thermal oxide films.

As technology for forming gate insulation films at
low temperatures, there have been from the past film
formation methods such as normal-pressure CVD, reduced-
pressure CVD, and the 1like. Normal-pressure CVD and
reduced—pressure CVD are high in productivity, but the
film quality as gate ‘insulation films is inferior. For
example, there are such problems as the increase of the
space charge and interfacial charge in silicon oxide
films, the decrease of the on current properties, the
decrease of the off-leakage current properties, and the
shift of the threshold voltage of TFTs. Also, in the ECR-
CVD method, the film quality is comparatively good, but
there is a problem that the productivity is markedly low,
and all of the prior film formation methods do not satisfy
the conditions for film formation of TFT gate insulatidn

films used'for the active elements of 1liquid crystal displays.



20, v quality gate insulation filns having a filmquality equal

to or greater than thernmal oxide filns. As technol ogy for
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for the activend| eaesingod regotdoor ot bredksgbupsthe feed gas with the
2 plasma formed thereby. Because such a film formation
10 method has the advantages of a high film formation speed,
a low stress applied to the substrate, a good step
coverage, and the like, it has been used up to the present
for the formation of layer insulation films of
semiconductor integrated circuits. Also, as published in
15 Sharp Giho (Sharp Technical Journal) (No. 61, April 1995),
it is coming to be seen as a film formation method for
forming TFT gate insulation films as well. The conditions
of the plasma CVD method examined here are that the
interelectrode distance for generating the plasma is
20 within the range of 35mm to 65mm, and the pressure inside
the reaction chamber is in the range of 800mtorr to
1200mtorr, and conditions having exceeded such ranges are
not suitable for forming TFT gate insulation films. Such
is the gist of Sharp Giho, and others. The properties of
25 film formation have been evaluated within the scope of
such conditions because in addition to the space charge
inside a silicon oxide film occurring more easily as the
distance between the electrodes 1is made smaller, an
interfacial layer is generated more easily on the surface
30 of a semiconductor film in contact with the silicon oxide
film. Furthermore, the on current properties and off-
leakage current properties of the TFT are in a decreasing
trend due to the presence of an interfacial charge
originating in this interfacial layer. Further the
35 properties have been evaluated within the scope of
conditions mentioned above, because the on current
properties and off-leakage current properties of the TFT



Al so, as a |owtenperature process for formng silicon oxide

films, .other than the above-nentioned film formati on net hods,
there is also the plasma chem cal vapor deposi tion net hod
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15 formed, the electrical properties related to the space

charge and interfacial layer of the aforementioned silicon
oxide film must be satisfactory. Moreover, it is
desirable to be able to form evenly and at high speed a
silicon oxide film on the entirety of a large-surface area
20 substrate being 360mmx465mm, such as an active matrix of a
liquid crystal display panel. However, by only applying
the film formation conditions used in the formation of
layer insulation films of semiconductor integrated
circuits to the formation of TFT gate insulation films,
25 the conditions mentioned above cannot be satisfied.

For example, following conditions are set when
forming a silicon oxide film under the conventional
technology in plasma CVD: the interelectrode distance is
35mm, the pressure in the reaction chamber is 1500mtorr,

30 and the TEQOS gas flow is 30SCCM or less. Setting the film
formation conditions from the viewpoint of obtaining a
silicon oxide film having satisfactory electrical
properties related to the space charge and the interfacial
layer, not only causes the film formation speed to drop

35 markedly to about 250Angstrom/minute, if the wvalue
obtained from Equation (1) by the evaluation method
explained below, which is expressed in terms of



interfacial |ayer is generated nore easily on the surface 30 of a

sem conductor filmin contact with the silicon oxide film
Furthernore, the on current properties and off- | eakage current
properties of the TFT are in a decreasing 4 trend due to the
presence of an interfacial charge originating in this
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substrate the present invention is to provide a TFT fabrication
10 method, being a low—temperature process, that can form at
high film formation speed and have an even film thickness

across a large—surface area substrate to produce a high-

quality gate insulation film having satisfactory charge

behavior.

15 DISCLOSURE OF THE INVENTION

In order to solve the above—-mentioned problems,
the inventors of the present invention have performed
repeated examinations regarding the conditions up to now
thought not to apply as conditions for forming films as

20 gate insulation films .in the plasma CVD method. As a
result, it was discovered that a silicon oxide film
suitable as a TFT gate insulation film can be formed
within the scope of such conditions, and the use of a
silicon oxide film formed wunder such film formation

25 conditions as a TFT gate insulation film is proposed.

The invention as defined in Claim 1 of the present
invention is a method of fabricating a thin film
transistor having a gate electrode abutting against a
channel region through a gate insulation film, wherein the

30 gate insulation film formation process forms a silicon
oxide film by using tetraethoxysilane, a.k.a. TEOS, as the
gas to provide the silicon, and by using plasma chemical
vapor deposition under the condition that the
interelectrode distance for generating the plasma is about

35 15mm or less.

Given this condition, it is possible to improve

the electrical film properties of charge behavior without



10, + such as a silicon wafer and a |l ayer insulation film not

only is the filmformation speed high, the stress applied to the
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if the valuge 700mtorr g,lg,t 3igaed from Equation (1) by the evaluation
met hod explai ne below, which is expressed in terns of
15 Given this condition of +the electrical film
properties of film formation speed and charge behavior, it
is possible to improve the latter without greatly
sacrificing the former. Furthermore, in this case the
uniformity of film thickness is not sacrificed.

20 Therefore, it 1is possible to fabricate on a large
substrate and at high productivity a TFT having stable on
current properties and off—-leakage current properties.

Also, the invention of Claim 5 is the thin film
transistor fabrication method of Claim 1, wherein the gate

25 insulation film formation process forms a silicon oxide
film by using tetraethoxysilane as the gas to provide the
silicon, and by using plasma chemical wvapor deposition
under the condition that the reaction chamber is at a low
pressure of 700mtorr or less.

30 Given this condition, it is possible to improve
the uniformity of film thickness as the electromagnetic
power (power source output) printed between the electrodes
is made smaller, and there is substantially no sacrificing
of the electrical film properties of film formation speed

35 and charge behavior.

Moreover, the invention of Claim 7 is the thin

film transistor fabrication method of any of the claims 1



4 ' irregularity of the filmthickness, but also causes the

result to be extrenely high, being about 20@6h|gher Here, to be
genui nely applicable to the formati on process of a TFT gate
insulation film it is necessary to secure8 5 a filmformation speed
of 700Angstrom m nute or nore, and to suppress irregularity of
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have perforne
Given this fabrication method, it becomes possible

to digitize the signal generator that provides signals to
10 the active matrix subStrate, and it becomes possible to
provide a 1liquid crystal device having low power
consumption. '
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a process section modeling one example

15 of a TFT fabrication process.

Fig. 2 is a summary plane drawing of the vicinity
of the reaction chamber of a plasma chemical vapor
deposition apparatus.

Fig. 3 is a section in the A-A' line of Fig. 2.

20 Fig. 4 is a graph showing the relationship between
substrate temperature and film formation speed during film
formation in a preferred embodiment (Examination 1) of the
present invention.

Fig. b is a graph showing the relationship between

25 substrate temperature and shift from the ideal flat band
voltage during film formation in a preferred embodiment
(Examination 1) of the present invention.

Fig. 6 is a graph showing the relationship between
substrate temperature and irregularity of +the film

30 thickness during film formation in a preferred embodiment
(Examinationll) of the present invention.

Fig. 7 is a graph showing the relationship between
the flow of oxygen gas and film formation speed during
film formation in a preferred embodiment (Examination 2)

35 of the present invention.

Fig. 8 is a graph showing the relationship between
the flow of oxygen gas and shift from the ideal flat band
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(Examination 3) of the present invention.

Fig. 11 is a graph showing the relationship
between the flow of TEOS gas and shift from the ideal flat
band voltage during film formation in a preferred
embodiment (Examination 3) of the present invention.

Fig. 12 1is a graph showing +the relationship
between the flow of TEOS gas and irregularity of the film
thickness during film formation in a preferred embodiment
(Examination 3) of the present invention.

Fig. 13 is a graph showing ~the relationship
between the flow of RF source power (output) and film
formation speed during film formation in a preferred
embodiment (Examination 4) of the present invention.

' Fig. 14 is a graph showing the relationship
between the flow of RF source power (output) and shift
from the ideal flat band voltage during film formation in
a preferred embodiment (Examination 4) of the present
invention. '

Fig. 15 1is a graph showing the relationship
between the flow of RF source power (output) and
irregularity of the film thickness during film formation
in a preferred embodiment (Examination 4) of the present
invention.

Fig. 16 is a graph showing the relationship
between pressure of the reaction chamber and film
formation speed during film formation in a preferred

embodiment (Examination 5) of the present invention.
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Fig. 20 is a graph showing the relationship

15 between interelectrode distance and shift from the ideal
flat band voltage during film formation in a preferred
embodiment (Examination 6) of the present invention.

Fig. 21 is a graph showing the relationship
between interelectrode distance and irregularity of the

20 film thickness during film formation in a preferred
embodiment (Examination 6) of the present invention.

Fig. 22 is a graph showing the relationship
between the flow of RF source' power (output) and film
formation speed when the pressure of the reaction chamber

25 js 600mtorr and 650mtorr during film formation in a
preferred embodiment (Examination 7) of the present
invention.

Fig. 283 is a graph showing the relationship
between the flow of RF source power (output) and shift

30 from the ideal flat band voltage when the pressure of the
reaction chamber is 600mtorr and 650mtorr during film
formation in a preferred embodiment (Examination 7) of the
present invention.

Fig. 24 is a graph showing the relationship

35 between the flow of RF source power (output) and
irregularity of the film thickness when the pressure of
the reaction chamber is 600mtorr and 650mtorr during film
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Fig. 26 is &a graph showing the relationship

10 between the flow of RF source power (output) and shift
from the ideal flat band voltage when the temperature of
the reaction chamber is 300°C and 313°C during film
formation in a preferred embodiment (Examination 8) of the
present invention.

15 Fig. 27 is a graph showing the relationship
between the flow of RF source power (output) and
irregularity of the film thickness when the temperature of
the reaction chamber is 300°C and 313°C during film
formation in a preferred embodiment (Examination 8) of the

20 present invention.

Fig. 28 1is a graph showing the relationship
between pressure of +the reaction chamber and film
formation speed, explaining the scope of examination of
the present invention.

25 Fig. 29 is a graph showing the relationship
between on current and a gate insulation film of a TFT.

Fig. 30 1is a graph showing the relationship
between off current and a gate insulation film of a TFT.

Fig. 31 is a drawing showing a circuit equivalent

30 to one pixel of a liquid crystal device using a TFT.

Fig. 32 is &a graph showing the relationship
between annealing temperature and shift from the ideal
flat band voltage after film formation in a preferred
embodiment (Examination 9) of the present invention.

35 Fig. 33 is a drawing showing a circuit equivalent
to an active matrix substrate in a preferred embodiment
(Examination 10) of the present invention.
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3000Angstrom, preferably 2000Angstrom, is formed by plasma
CVD on the surface of a glass substrate 11. The feed
gases at this time are TEOS gas and oxygen gas. The

15 undercoating protective layer 12 can be formed by other
CVD methods. Also, an insulation film of silicon nitride
film, and the like, or a multi-layer film of such can be
used as well.

| Next, an intrinsic silicon film 13 (amorphous

20 gsilicon film) is deposited to the extent of 600Angstrom on
the surface of the undercoating protective layer 12. For
example, polycrystallization of the silicon film 13 is
performed by solid phase growth for 24 hours at a
processing temperature of 600°C. In such

25 polycrystallization can be used laser annealing and rapid
thermal processing (RTA), and the like, at still lower.
processing temperatures. Thereafter, the silicon film 13
is processed to a specified shape using photolithography
technology.

30 Next, on the silicon film 13 is formed a 300-
3000Angstrom, preferably 1200Angstrom, gate insulation
film 14 made of silicon oxide film. In this process, the
silicon oxide film is formed by plasma CVD by a low—
temperature process having a film formation temperature of

35 400°C or less. The feed gases at this time are
tetraethoxysilane (Si—(O—CHf4H%)4), a.k.a. TEOS gas, and



F|g 8:1s a graph showi ng the rel ati onship between the flow of
oxygen.gas and shift fromthe ideal flat band

voltage during filmformation in a preferred enbodi ment
(Exam nation 2) of the present invention.11 Fig. 9is a
graph showi ng the rel ationship between the flow of oxygen gas and
irregul arity ekygén fasm ©he tetraetihoayssislahe iprovidingothet i dhlieon

preferred enb%d(lirﬂtaﬂg oxygen ﬁas(gﬁgml Plgorghg) oRfygkhe present invention.
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TEOS gas and ber €guhedi a;lsof byh&VDi,| @r the llke

Next, using a bucket-type non—quality-separating
10 ion implantation apparatus (ion doping apparatus), impure
ions are implanted in the silicon film 13 from the top of
the gate insulation film as a mask of the gate electrode
15. As a result, source/drain regions 16 are formed self-
aligning in relation to the gate electrode 15. At this
15 time, the part within the silicon film 13 not having the
impure ions implanted becomes the channel region 17. In
this example, phosphine (PHQ gas diluted with hydrogen
gas to a density of 5% is used, and the accelerated
voltage is 100keV. The total quantity of ions is
20 1><1016 em?. When forming a P—-channel TFT, diborane (B}%)
diluted with hydrogen gas to a density of 5% is wused.
Also, it is possible also to implant the impurities at
this time by etching a part or all of the gate insulation
film on the source/drain part. Furthermore, it 1is
25 possible also to perform the implantation of the impure
| jons by using a quality-separating ion implantation
apparatus as commonly used in the fabrication of
semiconductor integrated circuits.
Next, as shown in Fig. 1(d), a silicon oxide film
30 of 5000Angstrom film thickness is formed by plasma CVD as
an interfacial insulation film 18. The feed gas at this
time is TEOS gas and oxygen gas.
Next, thermal processing is performed for one hour
at 300°C, and activation of the implanted impure ions and
35 reforming of the interfacial insulation film 18 are

performed. A thermal processing temperature in the range



t hi.ckness during filmformation in a preferred enbodi nent

(Examination 3) of the present invention. Fig. 13 is a
graph showing the relationship 20 ' bet ween the fl ow of RF source
power (output) and film formatizon speed during filmformation
in a preferred enbodi mrent (Exam nation 4) of the present

i nventi on. from 300°C to 4F0Y is! destrapbph sidwimoatmesphere | ofishi.p

bet ween the flow aof +RF: SO . r (output) and shift 25 fromthe
i deal fl at barﬁ% ?/gl 6£ﬁ§%g€¥?mfornation in preferred

u . a A
embodi ment (Exami nat i Y#®¥Y, of&t heopfasknt hole 18  igfprmgd in the
Fig. 15 is a ghaprfdomindiddieldeicd i pObhi 08. Thereafhetreapuree fdraimnof

RF source power, (qut put) and 30 irreqgularity of the filmythickness
duri*hg fil mfc?r]‘r?ac[tirdﬁyeg 1% a8 a 5?8?@F?88%%od‘?%‘r‘1‘%"'{§arﬁén°atigtnq‘%)
of the presentsource/drain megiomnlé, and the TFT is fé¥rmedl6 is a graph
showi ng the rel ationshj . n . rqact Lo
and film 35 fo?fnygﬁ [ gﬁovgpéngglﬂgh‘filgﬁg Pélﬁsirsn%ﬁ)&nahggrlll oal niéa%i_ﬁhlal
preferred only arpexadinkemt sk davwrdengity) regions areadfisethregions
may be provided in the regions abutting against the sides
10 of the gate electrode 15. In either case, the gate

insulation film (silicon oxide film) formation method
explained below can be applied.
[Configuration of a Plasma Chemical Vapor Deposition
Apparatus]

15 Of all the processes for fabricating TFTs, the
present example uses a plasma CVD apparatus (plasma
chemical vapor deposition apparatus) as shown in Fig. 2
and Fig. 3 in the gate insulation film formation process.

Fig. 2 is a summary plane drawing of the vicinity

20 of the reaction chamber of a plasma CVD apparatus, and
Fig. 3 is a section in the A-A' line of the apparatus.

In these drawings, the plasma CVD apparatus 200 of
the present example is a capacitive—coupling type such
that the plasma is generated using high-frequency power

25 between parallel flat electrodes. .

In the plasma CVD apparatus 200, a reaction
chamber 201 is isolated from the outside air by a reaction
vessel 202, and throughout film formation it is placed in
a reduced pressure state from about 5mtorr to about 5torr.

30 Inside the reaction vessel 202 are placed a lower flat
electrode 203 and an upper flat electrode 204 in parallel
to_each other, and these two electrodes constitute the
parallel flat electrodes. Between the parallel flat
electrodes consisting of the lower flat electrode 203 and

35 the upper flat electrode 204 is the reaction chamber 201.
In this example, 410mmx510mm parallel flat electrodes are

used, and the distance between the electrodes is variable.



8 ; Fig. 17 is a graph showi ng the relationship

betvveen pressure of the reaction chanber and shift from t he i deal
flat band voltage during filmformation in a preferred enbodi nent
(Exam nation 5) of the present 5 _ I m8enti on. Fig.
18 is a graph showi ng the rel ationship bet ween pressure of the

reacti on chanirae amba'.dlrtsgwﬂrthy reaction cifanibesr f30In tbockeseyardabileg
filmlormti o) N Rehr adide®d rrom 2q:91&£ﬁ)°q;'om3rh?04§3@lﬁ3‘ “QEl:ﬁ?d?}l of the

present i nvention.
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enbodl ment (Exam nation 6) of present invention. .
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7) of the pregdmsma is generated evenly in the reaction chamber 201.
On top of the lower flat electrode 203 is placed (
15 a large—scale glass substrate 205 for deposition of the
thin film, and 2mm of the insulated part of the substrate
205 is pressed against by a shadow frame 206. In Fig. 2,
the shadow frame 206 is omitted so that the configuration l
of the apparatus would be easy to understand. §
20 - Inside the lower flat electrode 203 is provided a
heater 207 for heating the substrate 205, and the
temperature of the lower flat electrode 203 can be set
arbitrarily between 25°C to 400°C. When the temperature
0f the electrode has been set to a given value, the
25 temperature distribution within the inner surface of the
lower flat electrode 203 excluding a 5mm perimeter is
within +1°C in relation to the set temperature, and the
substrate temperature can be controlled to heat uniformly.
The shadow frame 206, for example, when using a
30 general—-purpose glass substrate (e.g., 7059 made by
Corning Japan, OA-2 made by Nippon Electric Glass, or NA35
made by NH Techno Glass, etc.) as the substrate 205,
prevents bowing deformation of the substrate 205 due to
the heat from the heater 207, and in addition, it presses
35 the substrate 205 such that useless thin film is not ’) 1@?:
formed on the edges and underneath of the substrate.



I nvent i:on. Fig. 23 is a graph showi ng the rel ationship

between. the flow of RF source power (output) and shift 30 fromthe

i deal flat band voltage when the pressure of the reacti on chanber
is 600ntorr and 650ntorr during film 14 formation in a preferred
enbodi nrent (Exam nation 7) of the - present invention.

Fig. 24 is a graph shahengrddwet reh agasnebnpisbing of tihet vimm tohbe fthew
hi ckness whok“ho FrescidPidd d¥lcionar gad (REQUATEEY 00, WiRd i3
and 650nt orr d®t yqgdy, inside the upper flat electrode 204 throughg
formation in piyieferse, eahadi frehdfmicwa Nal toF 16ws0fidt® the reaction
PR e ier 21, gt arbsteRi R SR SR EI RIS e
film 5 f rfoartmalfi rhes pgmsle mhhat t Bkecteoer a04ir by ekcapliag rthaotighn
chamber 1 s 300(gr (%€%§13&3%ﬁhﬁkg(gﬁén? LLEHL&OE EH@]éﬂEaupper flat
preferred enb Srent amnation 8) o he presen
electrode 204. During film formation, a part of the
reaction gas is separated at the point it has issued from
10 the upper flat electrode 204, and & plasma is generated
between the parallel flat electrodes. A part to all of
the reaction gas contributes to the film formation. As
opposed to this, the residual reaction gas not having
contributed to the film formation and the gas caused as a
15 result of the chemical reactions of the film formation are
exhausted as exhaust gas from exhaust holes 210 provided
on the upper perimeter of the reaction vessel 202.
The conductance of the exhaust holes 210 is
desirably 100 times or more the conductance between the
20 parallel flat electrodes. Furthermore, the conductance
between the parallel flat electrodes is desirably much
greater than the conductance of the gas diffusion plates
209, and still that value is desirably 100 times or more
the conductance of the gas diffusion plates 209. By being
25 configured in this manner, the reaction gas is introduced
into the reaction chamber 201 at a substantially uniform
pressure from the front of a large—scale, 410mmx510mm
upper flat electrode 204, and simultaneously the exhaust
gas 1is exhausted from the reaction chamber 201 at a
30 ‘ uniform rate of flow in all directions.
The flow of the various types of reaction gases is
adjusted to the specified values by a mass flow controller
(not illustrated) before being introduced into the piping
208. Also, the pressure inside the reaction chamber 201
35 is adjusted to the specified value by a conductance valve
211 provided at the exit of the exhaust holes. On the
exhaust side of the conductance valve 211 1is provided a



I nventi:on. Fig. 26 s a graph showi ng the rel ationship 10

between the flow of RF source power . (output) and shift fromthe
i deal flat band vol tage when the tenperature of t he reaction
chanmber is 300[err]C and 313[err] C duringlfi | m formation in a
preferred enbodi nent (Exam nation 8) of the present invention. 15
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drawi ng show #gom citheui tosjuli \alimg source 213 (power source) are
amplified in an amplifier 214, they are printed on the

a

15 upper flat electrode 204 via a matching circuit 215.

The plasma CVD apparatus 200 used in the present
example is configured as a thin film formation apparatus
applicable to large-scale, 400mmx500mm substrates by
realizing extremely precise control of the distance

20 between the electrodes and the flow of gas as described
above. If these fundamental thoughts on design are
followed, apparatuses can be easily configured to large-
scale substrates such as 550mmx650mm.

In the present example, an RF power source was

25 used, but power  sources using microwaves and VHF waves
. also may be used. Also, the RF power source may be set to
any wavelength being an integer multiple of the industrial
RF wavelength (13.56MHz), such as 27.12MHz, 40.6MHz,
54.24MHz, 67.8MHz, etc. The modification of such

30 wavelengths can be performed easily by exchanging the
oscillation source 213, the amplifier 214, and the
matching circuit 215. With the electromagnetic wave
plasma, when the wavelength is increased, the electronic
temperature within the plasma increases, and generation of

35 radicals becomes easier.

[Results of Examination of Film Formation Conditions and
Film Formation Properties]



to.an active matrix substrate in a preferred embodi nent
(EXam nation 10) of the present invention.

10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present i nvention is explained 16bel ow, referring to
t he draw ngs. [ One Exanpl e of a TFT Fabrication Method] 5

The present inventionInmashipeexamplleausiag ismchhe plasma CVD gapgratus,
insul ation fi lgq] QG Qiabkgﬁep!fq(iﬁlﬁsw Eh'f'%r ? thder the c?ndlftﬁgﬁbcﬁhb%l

met hod. But ore giving an explanation o ese speci al
features, a gdmerBpbie T#abrain@at thgivet hbym formation; propgriiigsy were

referring to gy@ivhtedQ The results df Eh€h eirﬁdhatfibhs'[areanshown in
undercoat| ng %rotectl ayer 12 (silicon oxide film of a film

t hi Ckness of through F%O@jn'gstrom preferably 2000Angstrom is
formed by plasma In théd® oexhhénadibasg offiarsil asstbebsamarghbis

The feed silicongafffmgt atr%i Sfa.{-ﬁgdaro% TE&@mﬂQiB@ﬂﬂ B Does an-'d-he
made into polycrystalline silicon films by solid phase
growth.

10 Next, the silicon oxide films were formed by
plasma CVD on the surfaces of the polycrystalline silicon
films while changing the film formation conditions as.
explained below. The  film formation conditions in this
plasma CVD method are: the silicon oxide films were

15 formed by changing the flow of TEOS, the flow of oxygen,
the distance between the electrodes of the parallel flat
electrodes, the pressure (degree of vacuum) inside the
reaction chamber, and the film formation time. In the
following examinations, the frequency of the RF power

20 source is fixed at 13.56MHz. During film formation, first
a substrate is moved into the reaction chamber, and after
momentarily drawing a vacuum, stabilization of the
substrate temperature was performed for 5 minutes without
providing the RF current under the gas flow and the

25 _ reaction chamber pressure, which are the film formation
conditions. Aft'er that, the RF source power is printed
and film formation is performed. The stabilization time
of the substrate temperature may be set to 10 minutes
depending on the film formation conditions, and it is also

30 possible to make the gas flow and the reaction chamber
pressure different values with the film formation times.
Also, it 1is possible to provide a preheating chamber
separate from the reaction chamber, and to shortem the
stabilization time of the substrate temperature to as few

35 as 45 seconds to 1 minute by preheating the substrate
temperature to as much as 300°C before moving the
substrate into the film formation éhamber.



15. i undercoating protective layer 12 can be forned by other

CVvD nethods. Also, an insulation filmof silicon nitride film
and the like, or a multi-layer filmof such can be used as wel | .
Next, an intrinsic silicon film 13 (anorphaus 20 silicon film is
deposited to the extent of 600Angstrom on the surface of the

undercoati ng protecti widmyewitl2. méasuring the ficdmnpbepation speed (a
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t hermal processin (RTA), and the like, at still_ 1ower
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As for the film formation speed, from the
viewpoint of improving throughput, the higher the better,
but a level of 700Angstrom/minute also is an allowable
15 level. However, if the film formation speed is at this
value or lower, industrial difficulties increase severely

for the reasons below.
During film formation, the gases present inside
the reaction chamber are tetraethoxysilane and oxygen
20 supplied through the upper electrode and the gases
generated by the reactions, but there are undesirable
mixed gases in addition. The taking in of part of the
mixed gases into the formed film, invites degradation of
the film quality such as forming space charge, the loss of
25 the film’s insulating property, and the like. Such mixed
gases are atmospheric leakage gases from the seams of the
components constituting the reaction chamber, and back-
flow gases of the vacuum exhaust apparatus, but if one
attempts to avoid these completely, the plasma chemical
30 vapor deposition apparatus becomes extremely costly, and
the manufacturing cost of the thin film transistors is
increased. Also, other mixed gases are detached gases
having been attached to the walls of the reaction chamber.
For said plasma chemical vapor deposition apparatus, in
- 35 order to prevent the generation of particles caused by the
peeling off of films formed on the walls, it is necessary
to eliminate the films having attached to the walls of the



oxygen .gas, the tetraethoxysilane providing the silicon and the

oxygen .gas providing the oxygen. Next, on the surface of
the gate insulation film 14 is forned a tantalumthin film of
6000Angstrom film5 t hi ckness by sp8ttering. - Then it is
patterned using phot ol i t hography technol ogy, and a gate
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formation at a fast film formation speed. According to
repeated film formation/film guality evaluation
15 experiments, in order to prevent the degradation of film
quality due to such mixed gases, a film formation speed of
300Angstrom/minute, preferably 700Angstrom/minute, was
necessary.
Unevenness of the film thickness is evaluated by
20 the value sought in the following egquation.
Unevenness of film thickness (%) =
((maximum value of film thickness — minimum value of film
thickness) /
(maximum value of film thickness + minimum value of film
25 thickness) ) x 100...Equation (1)

It is desirable that the uniformity of the film
thickness be 7% or less from the viewpoint of suppressing
irregularities of the properties among TFTs.

Fig. 29 is a drawing showing the relationship

30 between the film thickness of a TFT gate insulation film
and the on current (drain curfent when gate voltage is 10V
and drain voltage is 4V), and Fig. 30 is a drawing -showing
the relationship with the off current (drain current when
gate voltage is OV and drain voltage is 8V). The

35 . formation of the source/drain regions of the TFT at this
time wuses the aforementioned ion doping, and it was a
method of implanting phosphorus at 100keV. If the gate



25 . : possible also to performthe inplantation of the inpure

i ons by using a quality-separating ion inplantation appar at us
as comonly used in the fabrication of sem conduct or
integrated circuits. Nexdts, as shown in Fig. 1(d), a
silicon oxide film 30 of 5000Angstrom fil mthickness is formed by
pl asma CVD asinsulation #hlimntkee¢amesnl 1320Angstroni o 1&orehe theedogas
at this currentl:I W drbaled @tppyoxygﬁ'isg"ﬁ% because the depsit §‘e><t
t hermal processin erformed one hour at 300[err]C, and
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formed. on the semiconductor layer of the interface contacting the
10 channel region of the source/drain regions and contacting
the silicon oxide film. It is well-known that, when

performing doping of impurities by performing ion

implantation, a gap layer occurs having a greatest gap

density as much as 2/3 the depth of the depth showing the

15 maximum value of the ion density. When the gate

insulation film is thin, this gap layer occurs inside the

semiconductor layer and invites decreasing of the on

-ecurrent due to it working as an unnecessary resistance

layer, and at the same time it invites the increase of off

- 20 current due to the leakage current generated across the

gap. Consequently, it is necessary that the in-surface

uniformity of the gate insulation film be at least +10%,

also, when considering that the iterative precision of the

average film thickness of the gate insulation films for

25 each film formation is 2-3%, it is desirable to be 7% or
less.

The application of pixel switching element of a

liquid crystal display device can be mentioned as the most

_ important application of thin film transistors. Fig. 31

30 shows an equivalent circuit corresponding to one pixel

when assembling thin film transistors and liquid crystal

elements. 311 is a thin film transistor, 312 is a liquid

crystal element, 313 is a data signal wire supplying image

signals, and 314 is a gate signal wire providing signals

35 to control the switching of the thin film transistor 3811.

For each field, when a new image signal is supplied from

the data wire 313, and a signal from the gate signal wire



The above-nentioned fabrication nmethod is still only an exanpl e,

and | owdensity regions or offset regions may be provided in the
regi ons abutting against the sides 10 of the gate electrode 15.
In either case, the gate insuR&8tion film (silicon oxide
film formation nethod | ai ned bel ow can be ag plied.
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present exanpl e _uses a CVD appar at ys

vapor dep05|tPSHn§ﬁﬂaF8tG?F &§Q§H9wﬁ Ve teilg egfment 312 regﬁdtPFgltB%Pnathe
gate|rwulat|aawhﬂmaé@r§agnanrwoggssr that, an off sighk@. £rdms &he

su ry plane_draw.,ng .of t v10|n|t 20 e reacti ]

a pPasma CvD Epf Efétﬁg éi? lﬁggﬁo t%?ef%é&t£ogﬁln g %qﬁg’llne
of the apparatbe. thin film tran81stdn1b¢ngmeﬂrszhgsesnﬁéapbasnaHQVDhe

appar at us 200v3f1tage of tﬁEhQ1WIﬁ§ienér§§9§P| BlbReRtCHIBL {4 VRaGAYR I hEA

type such | asma i s generated using high-frequency power
25 betH@éﬁ1p§P&PBéP9M4£¢FQQHH¥ next field. Not on]y daesppasm
CVD appar at us +839, 14 InPata¥listor have @hané:sarstzﬁke Scompsurdeel, foeen tlge
outside air b¥ a reaction & vessel 202 §pg thro%%ggyt film
forfation it Pd fncapacitance, cappenanf, bedyeens S  FERPARBLY

5ntorr to abottha%t ois, 3Between mh9|dgambe edectirodevesndl 282 aseupkaced

a lover flat electrtogeé:l:%fo,[ﬁgﬁwggﬁ , atlPelcbkdbat! G Offe 2falN

paral | el and t tWo el ect rodes cons e the
paral | el fIa?1e@¢@@ﬂﬁode§9nSGQBGPWé@n whiea apihin £jilmf tzansistor goes

el ectrodes cogsisslrieNd tHe tHPE1LRYET chludlede!BFt tREE SR cBRg of the thin
15 film transistor is also printed overlaid. on the image
signal of +the 1liquid crystal element. When the
capacitance component of each thin film transistor is not

uniform for each pixel unit, a fixed pattern corresponding

to the irregularity of +the capacitance appears in the

20 images, and the image quality is degraded significantly.
A human éan recognize a difference in brightness to as

little as 1%, but in order that such a fixed pattern be at

or below the perceptual 1limit, the irregularity of the

gate insulation film that determines the irregularity of

25 the capacitance component had to be at least £10% or less,
desirably 7% or less. In short it is because, when

selecting the size of the thin film transistor in the
relationship of the liquid crystal element and the thin

film transistor shown in Fig. 32 such that the writing

30 operations and the maintenance operations of the thin film
transistor are satisfactory, the capacitance ratio of the

liquid crystal and the thin film transistor and the liquid

crystal becomes as much as 10:1. Furthermore, the voltage

ratio caused by the image signals written to the liquid

35 crystal element and the switching of the thin film

transistor becomes as much as 10:1.



35. : t he upper flat electrode 204 is the reaction chanber 201.

I n"t hi s exanple, 410mx510mm parallel flat electrodes are used,
and the distance between the el ectrodes is variable.
13 The capacity of the reactio2ichanber 201 too is variable

in the range from 2091cnferr] to 10455cn{err] according to

variation of the distamcehzettiebm tfhidmeltewinsdddor fgbeication proegssati on
of the distange ;betyeen  the r qees b, icati pgEf oLed b¥ii

rai sing and gl\(/\i/erig‘\r% tle1 pocgdlsfef%p%(f tﬂg@ _&_)pﬁlca Jf.(())x\}ver ?I at elect r%olclile
203, and any &irengisdorsn bethset internal irgessfarddvyof athe thet afddm

between the elgqli@des Hrt e gate inddlWYicu! E8CRS mifst NBePpaAI% ebrf | at
el ectrodes is _a ner en the di stance between the

e Q. 1mm
el e@trodes is1&8giv@Feferably 1% Qf 1888 nsequent |y, the change of the

field strength _ AlsoqQCc@fr rilyg diadocicdhepebpert beesof sthe0%idhcbass
in the . oxid'en J.rlmS ua;g&e?ﬁoftﬂehe%ggé allhglr%yti}éﬁelﬁ(\ly chfsthém(éhtiﬁe
pl asma i s genefated evenly In e reaction chanber 1.

On top of t he flidwert riansisdlogot rergaxbing sthe agpecaspotential vithénséhee
gl ass substratg 120anh0tndeRATlrirakiafl harge of the film interface, the

10 method of evaluation is easy by forming the insulation
film on a silicon wafer in the manner as below, creating
an MOS capacitor, measuring the relationship between its
.capacitance and the printed voltage, and evaluating it as
the shift from the ideal flat band voltage (AVF.B).

15 This value can be obtained by the method below.
First, after a silicon oxide film has been formed by
plasma CVD on a silicon wafer, an aluminum electrode is
created in a dot shape on this silicon oxide film. Next,

. a MOS capacitor is configured by connecting electrodes to

20 the aluminum electrode and the silicon wafer,
respectively, and after such, the shift from the ideal
flat band voltage (AVF.B) is obtained from its
capacitance—-printed voltage properties. That is, ideally,
it becomes flat band when the bias voltage (gate voltage)

25 corresponds to the difference of the potentials of the
aluminum and silicon connections. However, 1in actual
elements there is a shift from the ideal flat band due to
the existence of a space charge within the oxide film, and
the existence of an interfacial charge caused by the

30 - interfacial level of the semiconductor surface in contact
with the oxide film. Consequently, if the extent of such
a shift is measured, it is possible to estimate with high
correlation the internal quality of the element when the
TFT has been configured.

35 Here, if a silicon oxide film having a small
absolute value of the shift from the 'ideal flat band
voltage (AVF.B) is used for a gate insulation film, the



thi-n fidm and 2mm of the insulated part of the substrate 205 is
pr éssed. agai nst by a shadow frame 206. In Fig. 2, t he shadow
frame 206 is omtted so that the configuration of the apparatus
woul d be easy to understand. 20 22 | nside the | ower flat

el ectrode 203 is provided a heater 207 for heating the substrate
205, and the electricalt prppeatties off tthe TENeelementelaret seddsIegtoz . be

set 13 U 142 {ddn DBLYREN £ 30CHa e AOPEEUE ] Lbso D VRfue of

tenperature een Set to given

25 t empdeat shef i fmamputhen idesd n tlﬁé iband ¥8|1F&56 ofd YEleBu)e

lover flat el g@lldQdehd03neeur#dntd popEPtAR)s BRUELSIFS leakage proﬁb&hhﬁs
l[err]Cin relation to the set tenperature, and the substrate

temperature c&fBEESSrtrolled to heat uniformy. The
shadow franme 206, forRﬁgﬁﬂdungvthﬁsmsenglaasmon resulgaenerial - puthesaal

gl ass substrate y n made
by Ni ppon EleggﬁFf g%% zg;ﬁﬁ 9& J) compaﬂ?tﬁye H *ﬁgﬁhgggpggg%u%ec )
as the substr@reckes, the Shlfpreﬁenms bbei ntd orfkat obasid t Neltage
substrate 205 Qg ') is more !'die hesk fronevhe heatef 3@¢—~tabpeirdture

RN o SNt o) PBgeLhandierRy redth Sretihe YEl3eE At e
(AVF.B) should be a value of —1.0V or higher on the minus
side and a value of 1.0V or lower on the plus side, in
short, the absolute value of AVF.B should be 1V or less.
The reason is because, as the shift from the ideal flat

15 band voltage (AVF.B) shifts greater on the plus side, the
on current of a type—N TFT decreases, and the off current
of a type-P TFT increases. On the other hand, as the
shift from the ideal flat band voltage (AVF.B) shifts
greater on the minus side, the on current of a type-P TFT

20 decreases, and the off current of a type—-N TFT increases.
Consequently, it is because a shift in either direction
causes harm when configured as a CMOS circuit, such as the
decrease of circuit operations and the ‘increase of power
consumption. Because the voltage required for switching

25 on/off of a TFT is as little as 2-3V, it is necessary to
make the shift less than or equal to x1V due to the
existence of a space charge inside the gate oxide film and
an interfacial charge caused by the interfacial level of
the semiconductor surface in contact with the oxide film.

30 Also, if the interfacial 1level of the semiconductor
surface in contact with the TFT gate oxide film becomes
greater, a decrease in the sharpness of the rise in the on
current of both a type—-N TFT and a type—-P TFT, an increase
in off leakage, a rise in threshold voltage, and an

35 increase in power consumption when configured as a CMOS
circuit will be caused. However, examining the

interfacial charge caused by the interfaciai level of the



14. : The reaction gas consisting of the gas to be the
feéd gas and an additional gas according to need is I nt roduced
i nside the upper flat electrode 204 through pi pi ng 208, and

furt her nor e,

substantially uniformpressure fromthe

it flows into the reaction 23 chanber 201 at a

el ectrode 204sbpiesodpictgrt hsouface in contgad dwithsithe plosicde 2691m,
provi ded i nsi qgﬂ).?e uB?EEcLh%:afer, such ﬂLEG%&ngoﬁoége tpuéh@grfﬁbhg‘l

front of the upper flat

formati on, tion gas is separated at Qi nt
it has |ssued1ﬁpsﬁ1ie little ?neusppép bPaﬂ8§P€Sﬂﬁ06§ 2p40xidg ﬁlbmagﬁﬁ
gener at ed gate inR{1MRSRHA Nei BRr 8| akelll Aav@neCladde¥F.B AoPakbsboudkl of
the reaction g co trlbutes to the filmformation. As opposed

o Phis, the V8lugudV PEad€SSn gas not having contributed to the
f|In1fornat|on and the gas caused as aThdble 1 result of the chem cal
reactions of rtheg tynd Prie&ioT 8o Power EXTaUsteUas extraust—gas)f rom
exhaust hol es 210 provi fedow of thBﬂupper (e | detr@rooor het*¢eadt i on
vessel 202. pBtuisten . _JE08 fgree—ai—the—exhagst i s
degior abl y 100 GipstBeepr |TBixga E‘hﬁ R CHaCt [t Bt ek 4ohe] Bides +o | el

flat electro
parallel fla
conduct ance

I's desirably
di ffusion pl
reggti on gas

20

25

30

35

40

Hes. Fur t her nor e,

t he conduct ance bet
rleater th

electradek i.s deqirabhlyv nhch

(Scope of Examination)

Fig. 28 makes clear the differences between the
scope of examination of the film formation conditions and
the prior art. The same figure is shown in a research
report of a special interest group on applied electronic
properties (Oyo Denshi Bussei Bunkakai), JSAP: AP922203 p.
7. In a plasma CVD method having TEOS and oxygen as the
feed gases, a consequence of increasing the pressure of
the reaction chamber 1is that the film formation speed
increases. Once tThe maximum TfiTm Fformation speed is
obtained the film formation speed decreases again. Such
a change in film formation speed is thought to show an
immediate change of scale of the film growth reaction
around the same point having the maximum film formation
speed. Consequently, around this point, the various
parameters of the film formation speed and the Tfilm
quality, namely, the pressure dependency, the substrate
temperature dependency, the oxygen gas fTlow dependency,

0
1 - 1 100Q™ 800 12. ~ . a
bg’mg ‘Q%g Hkﬁ&% gn m éc{ogs Fixed to Fix20&1 azfaeds'gol l F?inalo Val ue
‘tines pr nore t he canductancle of th
pBeingOgn 3By sdjgqong | 2900 8eonfi guk2ed in [t ##Ps mann%?P t he
Eigs. 10 12) L Fixed to Fixed to Eixed to Fixed to Fixéd to
ingtion 4V 1 120 .| aco0 800~1200 | 12.7 860 300
(Figs. 13716) Fixed to Fixed to Fixed to Fixed to Fixed to
Exemination 6 | 120 3000 900 12.7 500™850 300
(Figs. 18718) | Fixed to Fixed to Fixed to Fixed to Fixed to
Examination 8 | 120 3000 800 §.0715.0 650 300
(Figs. 19721) Fixed to Fixed to Fixed to Fixed to Fixed to
Exemination 7 | 120 3000 9001200 | 12.7 800 300
(Figs. 22~24) | Fixed to | Fixed to Fixed to 650 Fixed to
Examination 8 | 120 3000 8001200 | 12.7 650 300
(Figs. 26~27) | Fixed to | Fixed to Fixed to Fixed to 313



into the reaction chanber 201 at a substantially uniform pressure
from the front of a l|arge-scale, 410mx510nm upper fl at

el ectrode 204, and sinultaneously the exhaust gas i s exhausted
fromthe reaction chanber 201 at a 30 24 uniformrate of flowin all

di rections. The flow of the various t;pes of reaction
gases is the TEOSus9eS t dliove FRRITINPXal e byRRE nRQwWer | ofpurce

controller  dependentWQl AhdUstkél ethtdrd ESLivudd gapt I adpendehdl0 thA

pi pi ng 208. Al so, the Er ssure inside the reac%kon chanber 201 35
i s adj usted tBreNddep &Nt X aflETRY Rt iR e V) yEN® Prior ap},
provi ded at theaiaiyt eof rahgeexdiuprobsuess gramtére than this eghaasurei de
of the conduc ce v e ' . QV/i .

s 5 hgG3 Banthsrnfaind B3 3, 8fnde op seppd, hap been gxemipad,
mol ecul ar pumpn thien prigsent ebrventtomnpaerangs ofi |priesgures less than

magnetic | evitatico U 7Y aHd rp“ﬁmni.,si-pﬁoy' ARsk i ASsoOne
part of the vtgghl%mgg%ﬁg&g:e 5‘%’5@_1}5, g'r?]a the 5 6 %teb‘r)rée_s%?ed _és
background vabagm iexaatnede relbiporProRses® having the mgxigume, Ef 1%y

10[err]torr. formation speed is dependent on the interelectrode gap.
10 That 1is, when the interelectrode gap is small, the
pressure at which the film formation speed is maximum
moves to the high-pressure side. Fig. 28 1is a graph
showing the relationship between the film formation
chamber pressure and the film formation speed when the
15 interelectrode gap was 11.4mm, and it is possible to
realize conditions whereby <the film formation speed
becomes greater when the pressure becomes greater within
a wide pressure range. The flow of TEOS at this time was
120SCCM, the flow of oxygen was 3000SCCM, the RF source
20 power was 900W, and the substrate temperature was 300°C.
The present inventors have achieved good results by
investigating in detail a scope of conditions different
from the prior art, namely, a scope of film formation
conditions with a small interelectrode gap and a Tlow
25 reaction chamber pressure, whereby the film formation
speed becomes greater as the reaction chamber pressure
becomes greater.
(Examination 1)
As shown in Table 1, in Examination 1, the flow of
30 TEOS was set to 120SCCM, the flow of oxygen to 3000SCCM,
and the RF source power was set to 900W, and differing
from the prior art, the interelectrode distance of the
parallel flat electrodes was set to the small value of
12.7 and the pressure of the reaction chamber to the low
35 : value of 650mtorr. The relationships between the
substrate temperature during film formation and the film
formation properties (film formation speed, shift from



In-Fig.: 2 and Fig. 3, the gas flow is indicated by t he arrows.

Thé reaction vessel 202 and the lower flat el ectrode 203 are
in grounded potential, and the 10 electrically insulated state
bet ween these and the upper fl a5el ectrode 204 is maintai ned by
an insulating ring 212. During plasma generation, after the RF
waves out put ideal flatf rkand h¥odteppl atirm@esdard&y21st (Hbimr thdgkrepsar e

anplified in ga-abibhahted?: b&hebhﬁh?ilﬁbi Nthd 0BubBerd%e tempevBREFef! at
el ectrode 204 via a matching circuit 215,

. . . 215 oAne pl gsma CvD
appar at us 20094€d@g fiife fipraedion within the renge;ef Bff Guted3d4 S -thin
filmformati omhappasatits are shown dpplAigablea-Rig .| & .ge-scal e, 400mMmx500mMm

subsgtrates by realizing extremely_precise contr of L.stance
20 5 bet ween t he AR e%ﬁ?‘ﬁﬂesﬁnﬁ’?he Jfl %ﬁ? of sgaswggadgéshceri nggtgg%g
above. | f  tteeweraftureandut tihg Fhdmgtermationlewagn changed, the film

fol I oned, app%qms;gz,&m%%gﬁhl yiﬁpggdw#&tef:ﬁﬁgﬁ-e thickness Wefb®

substrates such as present exanpl e,
an RF power sdiPcoOviess 28 the supgtpatgyrtempRenaiyig cwasysloweneds ofbes

and VHF waves differing &R ®R¥ Qe Usedard), SGhd heh Rt P@wIm SEne Cedery be

set, to any-wgvel epngt h bei ng an ipteger | tiple of the. industrial

RF Wavel engt h F18F Séﬁz}g@) ,-V%ﬂ s ! q‘fﬂ\ﬁ%‘{] .4 9@93@?’ 8s° the SERSEARLS

67. 8MHz, et ctempeHatureaids Clagwenrred.of such 30 wavel engths can be

perfornmed easi .q%)%qr&ngﬂ')ng t he oscillation source 213, the
the

|
anplifier 214,( an matching circuit 215. Wth the
el ectromagnetic waveAs shown imp[Tadie whdm Exeminediiengeh thej fid owaséd,

the el ectroni ggos was setC¥Be RICHRMY [Hhd RPC sBURSER doWereaRss séfdto
geQ%ratlon Ofsoow, and the substrate temperature during film formation
was set to 300°C, and differing from the prior art, the
interelectrode distance of fMe paralliel flat electrodes
was set to the small value of 12.7 and the pressure of the
reaction chamber to the 1low value of 650mtorr. The

20 relationships between the fTlow of oxygen and the film
formation properties (film formation speed, shift from
ideal flat band voltage, irregularity of film thickness)
were evaluated by changing the flow of oxygen within the
range of 1000SCCM-3000SCCM. The results are shown in Fig.

25 7-Fig. 9.

As shown in Fig. 7-Fig. 8, when the flow of oxygen
was changed, the film formation speed improved as the flow
of oxygen was made smaller, but the uniformity of the film
thickness decreased.

30 The shift from the flat band voltage does not
receive much influence from the Tlow of oxygen, but
extremely high values appear.

(Examination 3)

As shown in Table 1, in Examination 3, the flow of

35 oxygen was set to 3000SCCM, the RF source power was set to
900W, and the substrate temperature during film formation
was set to 300°C, and differing from the prior art, the



35 . : radicals becones easier. [ Resul ts of Exam nation of

Fi I'm For mati on Conditions and Fil m Formati on Properties]

16 In this exanple using such a plasma CVD appar at us,
silicon oxide filnms were formed under the2®onditions shown in
Table 1, and their filmformation properties were eval uated. The

results of eadinteralestirodenrdistange 9T5 the pargljels tiabughepitfodes.

In these exampal %%'%Stof lhe! smal8 3BAUYHS 12.7 and thel |p'r%%%ufrb| OF ahe
formed on 360nMmx465mm substrat es and made i nto_ é) _é/gr stal Lj ne

silicon filns Ne@cddiony ghagper to ‘the ylgu pvaiye of 6 * Next'"® t he

S}I i ﬁon f)xi d?‘e'lfd"ﬂﬂﬂhéhﬁrﬁh Btwesh byhe f'low of asgen i en TI'EGSSUIahalces
of the polycr

tall | ne whil e a
forMation con ?"tel §°rma%1°" pré’)?ﬁrqir?ésd( 1|18.\INf°NPﬁ& %I %% |on
condi tions i n firloine 1dea1 T 19t ashendVDvoittagd, ar érreguferiitlyi corﬁ ofiidem

Eyoon " e 1% thioknedsy Wér8Y ALY B85 rtiding™the oW | GH dros
within the range of 80SCCM-120SCCM. The results are shown
in Fig. 10-Fig. 12.

10 As shown in Fig. 10-Fig. 12, when the flow of TEOS
was changed, the film formation speed and the uniformity
of the film thickness improved as the flow of TEOS was
made greater, but the shift from the flat band increased.
Regarding film quality, it was similar to the prior art.

15 (Examination 4)

As shown in Table 1, in Examination 4, the flow of
TEOS was set to 120SCCM, the flow of oxygen was set to
3000SCCM, the interelectrode distance of the parallel flat
electrodes was set to 12.7mm, the pressure of the reaction

20 chamber was set to 650mtorr, and the substrate temperature
during film formation was set to 300°C. The relationships
between the RF source power and the film formation
properties (fiim formation speed, shift from ideal flat
band voltage, irregularity of film <thickness) were

25 evaluated by changing the RF source power within the range
of 900W to 1200W. The results are shown in Fig. 13~Fig.
15.

As shown in Fig. 13-Fig. 15, even when changing

the RF source power within the range of 900W to 1200W, the

30 film formation speed does not change. Also, differing
from the brior art, the shift from the flat band voltage

does not change. Furthermore, the uniformity of the film

thickness is improved as the power is made less. Under

the conditions that the interelectrode distance of the

35 parallel flat electrodes is 12.7 or less, and the pressure
of the reaction chamber is 650mtorr, and the power is low,

it is possible to improve the uniformity of the film



t he di stance between the el ectrodes of the parallel flat

el éctrodes, the pressure (degree of vacuun) inside the reaction
chanber, and the filmformation tine. In the fol |l owi ng

exam nations, the frequency of the RF power7 20 source is fixed at
13.56MHz. During filmformation, first a substrate is noved into

t he reacti on didrdiergssandithoet sacrificinmnbhearfiiliyn df amnaienyvsreed,
stabilization t QA thout 'incr gg%tngﬁt %Bhengﬁri‘?rtur'?rﬁgs B8 T RY P

a d

m nutes w t hou Ing t current under the gas flow and
the 25 vidd@geon chanber pressure, which are the filmformation

condi ti.ons. A fhi dddon tde RF source power is printed and film

formation is perforned he st abi atlontl ubstrate
tengerature may be seth§ & %‘ﬁht.'légsbz" ?’E?é‘bié'fﬁﬁirﬂ‘ tﬁtﬁ‘@ fs' o’
formati on condiHOS'wasas@t tto S120SOCH) the f1mssfb|ce<ytgarrrakastbetga:s>

flow and the r ' ch er p re ff nty vaI W { he
filmformati orﬁqdr%@’ ‘%-Iﬁoe RF Aﬁg&rolet F)g%%gsm %% %%-Eprow ' %e
preheati ng chdimterelectrode diphance fafnthle reradtliedn ﬁhatrb@ﬂeoamqe@

shorten the was set %o2bi 3 1 Afh ) OBnd %eofs&:k@us&@ét&a&,ﬁet»a%n%aquﬁ@ as

few 35 45 seconds to 1 mnute by preheatin e substrate

t enbfer at ure t(f‘a'k!“ mf@rmat isip[ as cspdr oF@ mdPng- t he The relatighsftipg e
into the fil mie¢wedn othe grd€sure of the reaction chamber and the film

formation properties {(film formation speed, shift from
ideal flat band voltage, irregularity of film thickness)
were evaluated by changing the pressure of the reaction

15 chamber within the range of 500mtorr to 65O0mtorr. The
results are shown in Fig. 16-Fig. 18.

As shown in Fig. 16-Fig. 18, 1if the pressure of
the reaction chamber is set within the range of 500mtorr
to 650mtorr, the uniformity of the film thickness does not

20 change greatly, but the fiilm formation speed is 1in a
slightly improving trend as the pressure of the reaction
chamber is made higher. At this time as well, the shift
from the flat band voltage only becomes somewhat greater.

Conversely, if the pressure of the reaction

25 chamber is set within the range of 500mtorr to 650mtorr,
the uniformity of the film thickness does not change much,
but the shift from the flat band is 1in a slightly
decreasing trend as the pressure of the reaction chamber
is Towered. At this time as well, the film formation

30 : spoed only becomes somewhat lower. |If the pressure of the
reaction chamber was further lessened to 400mtorr, the
uniformity of the film +thickness 1is in a somewhat
worsening trend of +8%. This is because pursuant to the
decreasing of the pressure in the reaction chamber, the

35 thermal contact with the 1lower flat electrode becomes
less, and the temperature distribution inside the
substrate is worsened. However, even in this case, if the



17 . : Along with neasuring the filmformation speed (a

fil'mformation property), the filmthickness after film formation
was neasured on a diagonal line in the region excluding 12nm from
the ends. Irregularity of the film 5 28 thickness (a filmformation
property) are al so measured. Anong al |l the measurenents
pertaining totimemof a raisedhitenpesaturiode madn Heliititia Jangerei 4Bl es
in each to 1&%%@% 9.0 wrewahpFeruRZ)mhewengeataewﬁsehtaﬁ\barre

resul ts measured by difference-jn-Ievel's measurenent,. and 10 t hose
di spl ayed wi t F4SIigEk %‘fﬁ*& Ezarien egﬁl then bRty temperature is set
el lipsonetry. to as 1ittle as 1td§SrJ°06rthﬁ‘ £hé nslibsteaitentemppedatiiremiishe

i int of i th t.he hi t t
Vevel o 700nTgRist iR taH 248 mudived) #0606) 1R |8 bk8heat;ng, camadit, °
if the film fd:haatdrmfcsrpnretylefathahrfé‘lm thicknessalcould becswme Eh¥USIT i aI
difficulties i 1edsease ?%Y‘etrheer}ﬁore film . f %rhféemfo?@S%S tF%llr'ci:Wer' Tower

Durlngfllmforrratlon the” gases pgresent ins reaction
chanber are tme&@tur@wmtdmb net kayaenigged W1th°9'&p§hﬁés1 nShil'-bagI’ﬂOWhe

upper el ectr%qetr%ldab&m-maﬁsesned jgases. QWrﬁtr%JBﬁﬂd"Gtﬁ&aﬂbﬁn%f but

t here are undesirable Sses in addition. hetalngln of
par® of the 9ases and; f@&"‘d&?e THP% Re ¥R nB8MP; MANNaLRi t ER® g & RSt i on
of tihat isadrdfaldd yheudhi 16 flomE tidrs gpeedc baeg thet e ilfosrmialy
of the film thickness and the small change in the shift
from the flat band voltage. Also, when considering the

stability of the plasma, a reaction chamber pressure of
15 100mtorr or more was preferable.



25 - : the filmMs insulating property, and the like. Such m xed

gasSes are atnospheric | eakage gases fromthe seans of the

conponents constituting the reaction chanber, and back- flow
gases of the vacuum exhaust apparatus, bu8if one attenpts to
avoi d these conpletely, the plasma chem cal 30 vapor deposition
appar at us becéﬁssmemamennlﬁ)costly and t he manuf acturing cost of

the thin filmtransi sh@r ghban in Table HNCHRAEREmIndtien 69t Eﬁé ﬂéﬁdoﬁases
are detachedn%ases havi ng been’attached to the wall t he

reacti on chanBEPS was set tpy1 athe dHom of 9éﬁ8?“d@ﬁ&m§?5nt°

gppaLatus |n3660800M thernﬁofg?@weat ﬁ&ﬁr@eﬁﬁﬁﬁtggﬁ,okopagnow|e3theused
y € g of fil.ns on the S _pecessary
limnate PhES ”Irﬁs %aair}?g R ctqlf"f F WA <® %\f lt"?nesgbm{"m‘ Rd

18 theasubstraftanitempey asucei grnhsnfaﬂmhfgnmhmeqneway set to
Because fluorpggegad Calrﬁegeps"natﬁgngmalsas 98 R”p@.ﬁbng'mterﬂgcﬂé&&h

gases as nitrogen trifluoride, sul hexaf uor | uorine
gas are used gistascetio®, the Panaiind ahtptselectrodesycende Trembiitbs

produced at tharmaiti®ratlpréPeftLibde (film formation speed, shift from
10 ideal flat band voltage, irregularity of film thickness)
were evaluated by changing the interelectrode distance of
the parallel flat electrodes within the range of 5.0mm to
15.00mm. The results are shown in Fig. 198-Fig. 21.
As shown in Fig. 18-Fig. 21, when the
15 interelectrode distance of the parallel- flat electrodes
was changed, the film formation speed and the uniformity
of the film thickness did not change much, but as the
interelectrode distance of the parallel TfTlat electrodes
was made smaller, the shift from the flat band became
20 markedly smaller, differing greatly from the prior art.
That is, if the interelectrode distance of the parallel
flat electrodes is within the range of 5.0mm to 12.7mm, it
is possible to improve significantly the shift from the
flat band without sacrificing the film formation speed and
25 the uniformity of the film thickness. When the
interelectrode distance is less than 5mm, the plasma state
during ignition of the plasma becomes unstable and
undesirable. However, this phenomenon can be avoided by
correcting +the ranges of operating settings of the
30 matching circuit, and the 1ike.
(Examination 7)
As shown in Table 1, in Examination 7, the flow of
TEOS 1is set to 120SCCM, the fTlow of oxygen is set to
3000SCCM, the interelectrode distance of the parallel flat
35 electrodes is set to 12.7mm, the pressure of the reaction
chamber is set to 800mtorr or 650mtorr, and the substrate
temperature during film formation is set to 300°C. The



wal-l s and becone m xed gases. To avoid completely this

phénonmenon, after elimnating the filns attached to the wal | s of
the reaction chanber by etching, it is necessary to bake the

wal I s of the reaction chanber for a |ong 8onme, 10 and this is not
practical . Consequently, as a realistic met hod, it is necessary

to supply a | aejetdeashiipg dietwasn the RF sgufceomawerd andh thee fif ked
gases, and t OfBeMERABN ipfdperties (fOBFoPMmattion faisded] | BHfigruTBErEM

speed. According to [ epeat ed ilm  formatjon/fjl uality
eval uati on 151"‘eagi ﬂé’@pe‘i’*%ni’g]tgﬂeor dEFegy1grdFentot h’ge1 HBthangB%s f
film wetedleiviall udted Bys WHang eyl s ERF sodirden powert with speeteof

300Angst ronl m_nut e, b gstron i nute S ary.
Unevenness of "BRES H%rmeé(ﬁ@k#%siga eVbP@attg‘](? Ry dﬁfvme of ¥he \r/'gg‘gg?ééught
in the foll owchgmbgratwas. 600mtorr ddocvE6Afmterol fréspectitkebss (%he
((maxi mum val ug o L LGt WGlRAeSS, w1 Niggupil ua of film

t hi ckness) / fmsm mum val ue ‘of "film'thickness + minimum val ue of
film25 t hi cknéss)shown 100 . FigEqudRrbhg(1)24. if the power (g s

desirabl e t hateldu@edNidridep t ¥nef ddredftidhs whereby tH&EkRAEErBTeéUr-Ble! €SS
fromthe viewqint of su |rre9_ular|t_|e

ppr essi ng of the
prdferti es anigtepee of the  parditet flag olesgrodes a?aa/?nz"@hﬁﬁﬂnﬁh?he
rel ati onshi p pPessure ofetterddutifon nchdmisémets 650mtdFd, gahethasukhdi on
film e re [ n I .5,.10V
and drain vol ngg%fltglgm?)qg’ﬂ tg{r.]% ré%qé%?iéh%%déﬁvj%gegﬁ%gmghg &F Es'glgﬁrth?‘f‘t'le
rel ati onshi p vihehuntidoonfi tyuiafertheg dibinm thyi ¢kressihesn be improved. At

this time, the film formation speed dces not decrease.

15 Also, the shift from the flat band voltage substantially
does not increase when the pressure of the reaction
chamber is 650mtorr, and even at 600mtorr, there is only a
slight increase, and it can be checked to +1.0V or less.
(Examination 8)

20 As shown in Table 1, in Examination 8, the flow of
TEOS is set to 120SCCM, the flow of oxygen is set to
3000SCCM, the interelectrode distance of the parallel flat
electrodes is set to 12.7mm, the pressure of the reaction
chamber is set to 650mtorr, and the substrate temperature

25 during film formation is set +to 300°C or 313°C. The
relationships between the RF source power and the film
formation properties (film formation speed, shift from
ideal flat band voltage, irregularity of film thickness)
were evaluated by changing the RF source power within the

30 range of S00W to 1200W when the substrate temperature
during film formation was 300°C and 313°C, respectively.
The results are shown in Fig. 26-Fig. 27.

As shown 1in Fig. 2b5-Fig. 27, if the power 1is
lowered under the conditions whereby the interelectrode

35 distance of the parallel flat electrodes is 12.7mm and the
pressure of the reaction chamber is 650mtorr, whether the
substrate temperature during film formation is 300°C or



gate voltage is OV and drain voltage is 8V). The 35

formation of the source/drain regions of the TFT at this tinme
uses the aforenentioned ion doping, and it was a met hod of

i npl anting phosphorus at 100keV. | f thesgate

19 I nsulation filmbecones 1320Angstrom or nore, the on

current decre396§05udtbnh§ pPoRs b e becdmpravee 'gl@gswyformty of ofthehe

phosphorus i mpligRt §4, sidkridds, %md:eé\ilsﬁ' r 891 &NSase, _the f1¢ﬁc?6ﬁﬁrﬁ%1m‘: the
gatelnsulatlon |Imbecomn%n | cker Al's

i nsul ation fi EReesoreS10 g SiecERese - Also, P"Q?é‘ tﬁeadgf‘f’?ﬁ'ﬁaitﬁ t he

on current deciefpdrdturd SEYEl g 'Fﬂm formamnccrrease BOOGLS, cthHerantissneeen.

This is because 0GQuLr d o089 tant with the
i on%| npl ant at i’ &?re%spe of the, r?hﬂITéF ? gti‘c?u%cl F’ r V8f PRE PYPer Y’Q@e
contacti ng t heh&0 power 1isgheadatedegieowd ofhetrhetmusubsturata rteypprenatang

contacting  gypy ios & £{T0¢ ‘Fbl‘ﬂnﬁepﬂoﬂXH%e 3{3*@ the! EB'l%tV‘BHoann‘EMQ fhbgt

when ormng doping of Tnpurities formng ion

i mpl ant ati on, bgrgiaryq dpge heaamesHmalgl af gﬁ%aﬁ’&tpw {s reduce densi ty
as nmuch as 2/3(5,@,1@@;%@@; he depth show ng the

10 In Examination 9 as shown in Fig. 32, the flow of
TEOS is set to 120SCCM, the flow of oxygen is set to
3000SCCM, the interelectrode distance of the parallel flat
electrodes is set to 15mm, the pressure of the reaction
chamber 1is set to 650mtorr, the substrate temperature

15 during film formation is set to 300°C, and the RF source
power is set to 900W. The annealing temperature and the
shift from the flat band voltage were evaluated when
having annealed for one hour after film formation. The
film formation speed is 1230Angstrom/minute, and the

20 irregularity of the film thickness is as 1ow as 5%. The
shift from the flat band voltage became smaller as the
annealing temperature is raised. The annealing atmosphere
is examined with nitrogen, oxygen, and hydrogen
atmospheres, but there was no great difference. The

25 effects of annealing similarly for various film formation
conditions are examined, but when having formed the film
under conditions indicating a small shift from the flat
band voltage before annealing had the shift from the flat
band voltage become even smaller, and there is no change

30 in the size relationships before and after annealing.
(Examination 10)

In Examination 10, following the aforementioned
examination results, an actual active matrix substrate for
a liquid crystal display was created and 1its display

35 capabilities were confirmed. The film formation
conditions of the gate insulation film had the flow of
TEOS set to 120SCCM, the fiow of oxygen set to 3000SCCM,



15 - ;: maximum value of the ion density. Wen the gate
insulation filmis thin, this gap |ayer occurs inside the

sem conductor |ayer and invites decreasing of the on current due
to it working as an unnecessary resistances2 | ayer, and at the
sanme time it invites the increase of off 20 current due to the

| eakage curr erkthegeREr aseurser opowehe set to 9QQW., Tthmsdntarelpctriods s

necessary thatgi{darddy S¥¥f 2#@ paraliel ¥1atOldVidotrddddesdet ol NIUladin,on
filmbe at least [err]10% a t the

| so, en _consi derin h :
iterative preding ®ressyng of the rea%%b?’&ggﬂﬁnpﬁft fif kﬁ@sgf’bf“%?ﬁé'gﬁ"é’
insul ation filyre f subdtrate temperaturten Haring ofiim ZFoBhatibn sseesitoabl e
to he [err] 7% o I . . The appl.i _catj.on o | xel
swi tthing el er?giﬂ Gt a The e"sisl"‘l iTRIMAEIN aﬁpeﬁ%plgg:y a:g\/’iscetéc"g{r% bfé"a%
menti oned as t1250Ardstrom/minute n@Eovd antheappirreduiar iofy t loifh fihem fi1m

transistors. -l!:ﬂi%krﬁa"sso’\(}x]as +5% shows an equival ent circuit correspondi ng
to one pi xel en ‘assenbling thin filmtransistors and_liquid

crystal el enéhn sfurklamenta] ¢ inhri eaki epamethed, of3the; J F'el'qM%i d
crystal el emends mestidnad UBéfofbINBLt Wi heEXEMRhYitABni T@Jea 360mmx465mm
SRS 20 hea? bR Hiohodhofulhd el BB E185er o1 chdeg.
field, when aCwwpornegiorsi gaa Uuseduppsi ethd r @hass substratbe, dared withe
313, and a si MQrfé&ﬂ'frbf %@eé‘éwgl 1&4{5? was made 2000Angstrom under
the same Tilm formation conditions as the gate insulation
film. For the formation of the polycrystalline silicon
i5 film a 1aser annealing méthod is used, and for the
formation of the source/drain regions an ion doping method
is used. In addition, a pixel electrode made of indium
tin oxide (1TO) was connected to one side of the
source/drain electrode of each pixel TFT. Iin Examination
20 ' 10, an active matrix substrate was manufactured having
type N thin film transistors as the pixel switching
elements of a 200 (rows) x 320 (columns) x 3 (colors) =
192,000 (pixels) color LCD, and having a 6-bit digital
data driver (vertical driver) and a scanning dr'iver
25 (horizontal driver) installed in a CMOS thin film
semiconductor device composed of type N and type P thin
film transistors. In Fig. 33 is shown a circuit diagram
of the 6-bit digital data driver. The digital data driver
of the present preferred embodiment comprises a clock
30 generator circuit, a shift register circuit, a NOR gate, a
digital video signal wire, a latch circuit 1, a latch
pulse wire, a latch circuit 2, a reset wire 1, an AND
gate, a base potential wire, a reset wire 2, a capacitive-
dividing 6-bit D/A converter, a CMOS analog switch, a
35 common potential wire, and a source wire reset transistor,
and the output from the CMOS analog switch is connected to
the source wire of the pixel section. The capacitance of



20. : 314 is supplied to the thin filmtransistor, the thin film

transistor 311 becones | ow resistance, and the voltage printed to
the liquid crystal elenment 312 rewites it to a new i mage si gnal .
After that, an off signal fromthe 5 33 signal wire 314 is supplied to
the thin filmtransistor, the thin filmtransistor beconmes high

resi stance, atdet A convertevol iagd afmadcheubiingi dthe ygekle eirsehatian s
maintained  pqim, UBHHORC! NGV bEN DY£hRBe nexbileldhs M Onlygdoes

thin il mtran3| st or have resi stance conmponent, but it 10
aI so has a cafgrG/2mEe/ TR/ BTl 16eCHER%, e/ 3O niptermediate temes; s
between the gaig ?éSFééQﬂQeéngyt36m§@H&§¢ons of th1seb§§§é9ﬂ§ncénd betseen

the_gate el ectrode .and nse ent | en a
thif filmtrahBPs ﬂ‘d‘t?e"s “vfads signe.r]/ ke tﬁ'@evgﬂﬁéé:@ ca‘ﬁ&&? Y?ﬂﬁ

swi tching of &ahe ihputtéd from thel vntIaansasdom acseas smempornt é\dRAMbrbﬁl d
on the inmage

c
When the a compute;r)‘a0| ance conporlr}fs?é of* eac1h ﬁmuﬁéf‘#fn&s.‘s‘ mg

not annatti nef matedeh spibsdirahe wobtainedd pathie ﬂ“%@’ﬂ?%s%n@l'ﬂﬁg
to the irregubagpl plat Bﬁﬁaﬂﬁﬁ' EaBeeraRBea’ s FortRRe20iquid cfyBERPs and
the image quality is degraded significantly. A_human can

redBgni ze a dFRPEWARDED] bafwesn e Raingof subs""“’*"‘Ieist ™ B¥Paod iguidin
order that sughygthi¥edratibeti) BAdahre made as & nHAMAM ¥RRhPEECERRTBH

limt, the IrreguHarlt%hof tQro'l'l:age is not printed to the 1liquid
crystals) 1iquid crystal panel. Since the present
invention is characterized by the gate oxide film having a
15 high uniformity, proof is conducted of the uniformity in
such a 1liquid crystal panel being sensitive to the
irregularity of the gate insulation film.
A 1liquid crystal display device was manufactured
by connecting the obtained 1liquid crystal 'pa,nel to
20 external wiring. As a result, because the on resistance
and transistor capacitance of the type N TFTs and the type
P TFTs are variously equivalent. Furthermore, because the
TFTs are h;igh-performance, the parasitic capacitance of
the transistors is extremely smé11. and the properties
25 throughout the surface of +the substrate are uniform, a
liquid crystal display device was produced, with both the
6-bit digit_a.'l driver and the scanning driver operating
normally over a wide operating region, and having a high
display quality. In particular, the spottiness of the
30 intermediate tones concomitant with irregularity of the
film thickness of the gate insulation film of concern was
at or below the perceptual 1imit. Also, because the
fabrication process of the active matrix substrate also
was stable, it became possible to manufacture the 1iquid
35 ~ crystal display device with stability and at low cost.
Thus, in the TFT fabrication method of the present
invention, it was confirmed that, when forming a gate



gate insulation filmthat determ nes the irregularity of 25 t he

capaci t:ance conmponent had to be at | east 10% or | ess, desirably
7% or | ess. In short it is because, when sel ecting the size
of the thin filmtransistor in the 34 relationship of the liquid
crystal element and the thin filmtransistor shown in Fig. 32

such that theinsuflatgoB0film, wheperdidames chrmical nwepeederes bptent f8ns

of the thin i@y, when TEOB' aasugtaer a8 %hsa§a§f 26! ?wwabetﬁapaenaaﬁe
rati o of the liquid crystal and t | mtransistor_and the

i qui d whencithet aPtB§96ﬁ€§"8§°nﬂdﬁt§§‘°9:Of?" ﬁﬂF‘Pﬁ@Ff‘rﬁFeth?hE #8MRage

rati o caused RY tRadbMag2. PnENadbs Tedd oN dwdt hier | ithe drdBults ofcCr¥abal
elenent and the swtchin of he ' nsi,st or

 thin fil tr
bec8nes as nufialyatjops conducted fin the past’ are nf?}np‘f?l&h il m 8
transi stor fabblseabnentpr euppress the inflawhden of | thesesacé ¢charge in

appl i cation of  thig fi! Wd the mﬁerlfaaé‘isd'ls'[éﬁér%%kk?ll"ﬁlt\ HMm! %%g}”r%é@ o

of the film the gate i mrrust
5 Iessmp'-hO!J&r agagr?f/agﬁnges'ghe fiim formation speed and <the

uniformity of the film thickness, regardless of the scope
10 of conditions that had been considered involved in the
decrease of film properties. Also, it was confirmed that,
according to the results of repeatedly performed
additional annealing experiments, if <the interelectrode
, distance for generating the plasma is made about 15mm, it
15 is possible to reduce the influence of the charge inside
the film and in the film interface without sacrificing the
film fTormation speed and the uniformity of the film
thickness. Consequently, following such Tilm formation
conditions, it is possible to form a silicon oxide film
20 having film properties equal to or better than thermal
oxide films while being a Tow-temperature process.
Furthermore, it is possible to fabricate on large
substrates at high productivity TFTs having stable on
current properties and off leakage current properties.
25 Therefore, according to the present example, it is
possibile 'to realize 1increased surface area and reduced

cost of 1iquid crystal display panels, and the like.
In forming a gate insulation film when plasma
chemical vapor deposition is used, TOES is used as the gas
30 for providing the silicon, the pressure inside <the
reaction chamber is made 650mtorr or less, while being a
Tow-temperature process, among the electrical film
properties, it is possible to improve the charge behavior
substantially without sacrificing the film formation
35 speed. In this case as well, the uniformity of the film
thickness was not sacrificed. Also, according to the
results of repeatedly performed other experiments, it was



Al'so, af the electrical properties of the silicon oxide fil mused

as the gate insulation filmof the thin filmtransistor,

regardi ng the space potential within the filmand the interfacial
charge of the filminterface, the 10 35 net hod of evaluation is easy by
formng the insulation filmon a silicon wafer in the manner as

bel ow, creatie@nfirmed tha%.vodfcafhe t BrossunsuriiRgidRe tbPat FEASHKIEN

between its chamber i&2R@aele! F00MLANG Oic 1vds)t a¢ Vel pbageibaad tevabttatinng
it as t he shift fromthe i deal flat band voltage (AVF.B). 15

Thi s val ue caﬁ:h&e SNy IRP t he met hod bel ow. First, after a
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a shift from tdpeedieaand | ab biavxrehs®e t tn the shifthéromi dthenctlat baspace
charge within jde film and t he exi stence of an interfacial
charge caused by the 30 i nterfacial |evel of the sem conductor
surface in contact It is depihabhe dhiate the nintenetectnedy distence

extent of suckyf the paraﬁléh'%ﬁatseﬁﬁé%“b%@s'He'ﬁnﬁq§ﬁ'ﬁbﬁet0aﬁat%ﬁﬁke
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As explained above, the TFT fabrication method
pertaining to the present invention is a gate insulation
film formation process, wherein plasma chemical vapor
deposition is used, in addition, tetraethoxysilane is used

20 as the gas to provide the silicon, and moreover, the
interelectrode distance for generating the plasma is made
about 15mm or l1ess. According to such a process, if the
resu1té of the evaluations conducted in the past are
followed, because it is possiblie to suppress the influence

25 of the space charge in the film and the interfacial charge
of the Tfilm interface without sacrificing <the film
Tformation speed and the uniformity of the film thickness,
regardless of the scope of conditions that had been
considered [involved in] the decrease of film properties,

30 it is possible to form a silicon oxide film having film
properties equal to or better than thermal oxide films
while being a low~temperature process. Therefore, it is
possible to fabricate on large substrates at high
productivity TFTs having stable on current properties and

35 off leakage current properties.

Also, 1in the gate insulation film formation
process, when plasma chemical vapor deposition is used, in



TFT has been configured. 35 Here, if a silicon oxide film

havi ng :a snal | absolute value of the shift fromthe ideal flat
band voltage (AVF.B) is used for a gate insulation film the
el ectrical properties of the TFT el enent 86e satisfactory. If a
silicon oxide filmhaving a great absol ute val ue of t he shift

from t he i deakdflfi%t obandnvothigeproswss) when TEOS is_ysgd ﬁﬁa?ﬂ?cgﬁﬁent

properties a“¢09fBrF€%b%Hs Bh8P&I 188N, 5and moredVereawRen the pressure
Regarding these evaluation results, in a the

ner mal ide film
formed in a cdRgdds:ithey Wﬁ%@mﬁhﬁ'ﬂ‘ﬁ?é is made ﬁf’%@%%" e %ﬁ??‘t
fromthe 'deahhﬁh%tH@Wﬁ§\éﬂﬁaﬂetemperature(bv503bsIfbﬂﬂtﬁb eletesscal. 6V.

In | owt enper.gqture 10 prpoc . the shij from flat
band vol t age *itm properiiesg) @ﬁoﬁf@"be Pao%?{i O SHORK o?ﬁ?n g%ﬁgLSﬁ t he
m nus behaviide ,anidt a ieal pmsofblle 0¥oor ithpreve otthehel gt ter swilthout

short, the ab ?‘l g.ttqgsa%#?f‘ﬁiﬁqurtﬁgoqglﬁalv qr l'ﬁ?‘ﬁs case as we:ﬁ'e

reason i s bec use omthe
because the uniformity of the f11m thickness was not

sacrificed, it 1s possible to fabricate on Tlarge
10 substrates at high productivity TFTs having stable on
current properties and off Tleakage current properties
while being a low-temperature process.
Also, if the interelectrode distance' of the
parallel flat electrodes 1is made about 15mm or less,
15 moreover, if the pressure of the reaction chamber is under
a condition of being about 700mtorr or 1less, it is
possible to improve the uniformity of the film thickness
as the power is made less. Therefore, it is possible to
fabricate on large substrates at high productivity TFTs
20 having stable on current properties and off Tleakage
| current properties while being a Tow-temperature process.
Also, when fabricating an active matrix substrate
by the said fabrication method, because the on resistance
and transistor capacitance of the type N TFTs and the type
25 P TFTs are variously equivalent, furthermore, because the
TFTs are high-performance, moreover, because the parasitic
capacitance of the transistors is extremely small, and 1in
addition, because the properties throughout the surface of
. the substrate are uniform, a liquid crystal display device
30 | was produced, with both the 8-bit digital driver and the
scanning driver operating normally over a wide operating
region, and having a high display quality. In particular,
the capacitive dividing 6-b1t- digital driver as well,
whereby the spottiness of the intermediate tones
35 concomitant with irregularity of the film thickness of the
gate insulation film is a concern, operated normally while
maintaining the spottiness of the intermediate tones at or



15 : band vol tage (AVF.B) shifts greater on the plus side, the
on“current of a type-N TFT decreases, and the off current of a
type-P TFT increases. On the other hand, as the shift fromthe
i deal flat band voltage (AVF.B) shifts 37 greater on the mnus side,
the on current of a type-P TFT 20 decreases, and the off current of
a type-N TFT ibedosastbe perceptuatontimittnt|y, Canseauentthise i sbepamen
gither difeclifdsible to &RYPEFzOIN Ndhe CRALANTSI BRof G £d T &Hel |
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23 - : -sem conductor surface in contact wth the—eoxide—f+tm—-—
usi‘ng a silicon wafer, such degradation due to interfacia

lecel is little enough to be ignored, if an oxide film TFHIIIII”"I“I“""Illlyl
insulation filmis used having an AVF. B of38absol ute alues

| ess. Table 1

Conditions [WEAW 1S CLAGMED ISRONER ~ Flow of Fl ow
of [wW [ 1.[0MTQOr khin [%?'Hh] C&ranswtor fab'?ﬁ‘ﬂaﬂ:!'l% metiEE@S
oxygen Exam nation 1 120

284~334 10 having &jchannel, Fegjon PPQE&"F&“ |3"1°xé’d ?%”'"‘f—‘? xEﬁgﬂ8“ ?Pﬁ‘ed
to Fixed tO a drain regiorExandd i gaté eléftroddOabutifg aﬁa'mst tBe7

Edd to b neheppeTsreg] o, thiou”d Igdte. figiffhdfon £ i & “?%i'd; 3000

900 12.7 65(1'.he form@@Gon process of( Eajd gg@pennpyzphon film xed

to Fixed to f@rﬁfsl 'Ilzt&(grq 391ggo)ﬁqn¥% Elbsmg tetrgéémzlg?é’if’ﬁné at20

3000 900[ €
13[err]15) Fithed ﬁqu Feaedteoproviderithe] 81 i@Ne®Nd DY seéaintaomasma

chemical vapor deposition under +the condition that the
10 interelectrode distance for generating the plasma is about
15mm or less. |
s 2. The thin fiim transistor fabrication method
as defined in Claim 1, wherein the formation process of
said gate insulation fiim forms a silicon oxide film by
15 using tetraethoxysilane as the feed gas to provide the
silTicon, and by using plasma chemical vapor deposition
under the condition that the interelectrode distance for
generating the plasma is about 5mm or more.
~ 3. A thin film <transistor fabrication method
20 having a channel region connected to a source region and
a drain region, and a gate electrode abutting against the
channel region through a gate insulation film, wherein
the formation process of said gate insulation film
forms a silicon oxide film by using tetraethoxysilane as
25 the feed gas to provide the silicon, and by using plasma
chemical vapor deposition under the gcondition that the
inside of the reaction chamber 1is pressurized to less than
700mtorr.
4. The thin film transistor fabrication method
30 as defined in Claim 3, wherein the formation process of
said gate insulation film forms a silicon oxide film by
using tetraethoxysilane as the feed gas to provide the
silicon, and by using plasma chemical vapor deposition
under the condition that the 1inside of the reaction
35 chamber is pressurized to more than 100mtorr.
5. The thin film transistor fabrication method
as defined in either Claim 1 or 2, wherein the formation

This Sheet Has Been Rep

L ————

REPLACED




Exami nation 5 120 3000 900 12.7 500[ err] 650 300

(Figs. :16[ err] 18) to Fixed to Fixed to Fixed to
Exam nation 6 12“"'"”“”)!“" "ﬂl 5.0[err]15.0 650 300 20
(Figs. 19 21) Fixed to I xed 88 Fixed to Fixed to
Exam nati on 7 120 3000 900[err] 1200 12.7 600 300

(Figs. 22[ errppayessj Edsedd gakedipgulationcfide fermgsg silicopQxideg
Exami nati on 8f11%0by3999ng te@pgﬁeﬁbkiggQanEZag the 559d gas t309rov1de
(Figs. 25[err]27 Fi, xed FL 8

(Scope of Exa ﬁa?"l)h‘/"m" ' &na y us"‘g p"asm?l ﬁhemkﬁa?m?@@& 3P°sf'ﬁé°“

di fferences bahdeen thée condition thatopuhe)f meaurdenablfontbé t heaétion

forgation cond tions and riQr sanme figure is
sho inaré Bgﬁ e pressur1zeget8 e%? & ?peC| fLE?erest group on

applied electronic 306. The 'tp'r'U'pefiIlBs 't(r‘eylsﬂsewghlf&lusmt&mkrakahw
JSAP.  AP922203 5P defined 1?ec1a¥m 5'%%%?&”&9’%’% %nhaﬁ’rltf&s-r{%and

oxygen as the ases, a consequence_o ncr easi (r;g

pressure of said gate 'tﬂ@-’?%‘ét‘?ﬁ‘oﬁ’&ﬁarﬁ%rmﬁ st fsil iean oXiger ke i BY

speed . using RdEFthoxys Ouife hie tH@XH’%G\ ddd Meof QiﬁWﬂdm thgeed
ﬁ btalnedthefllm{ormalon eed decr eases aaln_]t Such
(1: ange in BN POPmatdWh B¥edf1W (R %’Hb‘\?\?‘ vapor deposition

[ mTedl at e chaogdeof $hal ecofidihtonmi Itngt owtl'ha r datiiden of the reaction
chamber 1is pressurized to more than 100mtorr.

7. The thin film transistor fabrication method
as defined in any of Claims 1 through 6, wherein the

15 formation process of said gate insulation film forms a
silicon oxide fiIlm by using oxygen gas as the feed gas to
provide the oxygen.

8. The thin film transistor fabrication method
as defined in any of Claims 1 through 7 wherein the film

20 "thickness of said gate insulation film is 200-
3000Angstrom.

9. An active matrix substrate fabrication
method, whereby the active matrix substrate is fabricated
by the thin film transistor fabrication method as defined

25 in any of Claims 1 through 7.

10. An active matrix substrate fabrication method
including a capacitive-dividing type digital/analog
converter, whereby the active matrix substrate is
fabricated by the active matrix substrate fabrication

30 method as defined in Claim 9.

11. A Tliquid cryétalldisp1ay device, comprising
an active matrix substrate fabricated by the active matrix
substrate fabrication method as defined in either Claim 9
or 10, a corresponding subsfrate, Tiquid crystals, and

35 drive signals for said active matrix substrate.
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around :t he sane point having the maximum filmformation speed.

Corisequently, around this point, the various 40 paraneters
of the film formation speed and the film quality,
nanely, the pressure dependency, the subsw0ate tenperature
- dependency, the oxygen gas flow dependenc

24 the TECS gas f| AmsdsesAdain 3 S source
dependency, and the Iﬁfoersksoﬁaed% gﬁﬁdaﬁ%ﬁd}dﬁi@%&anmthod capdb Wi @¢
entirely different results. _In the prior art, nl araneof

pressures gredEMiEanoPhiss PREGEGFErTacCe area subggrake rf'éﬂ(T' HPA TR

formati on sped&d IrnsStivbenésaMamd. at h1gh fitlm tfbenajtemntspmnt whii .1 ea
ran%e of pres ures | ess ressure
f

n e maxi
fil M formti ok p¥ed®had °w'r%°mp°rat6’§€n rﬁor?ed &Thi sg:B‘r g‘é’?ﬂ é:yha\gmr%] t he
maxi mum fil m insulatiorf oﬁ'rﬂmlbnvslpeedoosl cdhangde riehay tdre bhnt Eoemiogr ede

gap. 10 sil%on 'SxiddEMmtBG & M f! £ OfangfBtol S Fadfibhtioh®

-method having a channel region connected to a source
region and a drain region, and a gate electrode abutting

10 against the channel region through a gate insulation film,
wherein the formation process of said gate insulation film
using tetraethoxysilane as the feed gas to provide the
silicon, and using plasma chemical vapor deposition under
the condition that the interelectrode distance for

15 generating the plasma is about 15mm or Tless.
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‘pre.ssure at which the filmformation speed is maxi num noves to
t he hi gh-pressure side. Fig. 28 is a graph show ng the
rel ati onship between the filmformation chanber pressure and the
filmformtion ,speed when the 15 interel ectrode gap was 11.4nmm
and it isitpesdible to real i ze conditions whereby the film
formati on speed becones greater when the pressure becones greater
Wi t hin a W de pressure range. The flow of TECS at this tinme was
120SCCM the fl ow of oxygen was 3000SCCM the RF source 20 power was
900W and the substrate te ,.\hqjor esent
i nventors havécachi eved go i o, % n detail a
scope of conditions differgent fromthe prior art, a scope
of filmformation conditions Wih a smal T Tnterelec d)de gap and
a low 25 reacti on chanber pressure, whereby the film formation
speed becones greater as the reaction chanber pressure becones
greater. (Exam nation 1) As shown in Table 1,
in Exam nation 1, the flow of 30 TE% was set to 120SCCM the flow
of oxygen to 3000SCCM and the RF source power was set to 900W
and differing fromthe prior art, the mtgel ectrode di stance of
t he parallel flat el ectrodes was set - smal | val of
12.7 and the pressure of t N chanber .~ val ue
of 650nmtorr. (h)The rel3 ktrate
tenperature during filmfoa mat i on
properties (filmformati on speed, shift from
v J'Ll |
77 T71W 12
(c) L\ 11
16 17 16
20 o 20 ]FT
s Jaflo®
— -
AN —~— 11
1 ! LI
16 17 13 16



25 . : i deal flat band voltage, irregularity of filmthickness)

wer e eval uated by_changing the substrate tenperature during film
formation wi then Zhe range of 284[err]Cto 334[err]C The results
are shown in g. 4-Fig. 6. 5 shown i 4-Fig. 6,
when the substrate tenperature durl'c.flln1for n was changed,

arity of |In1th|ckness wer e

differing
at band vol t age
was | ower ed.

formati on speed and irreg
‘quummammazuuawzlwr.

, e shi rom ea
y/’- t he quthaLe s iermer\t\u g

the film

i nproved as theg
fromthe prior jg
i ncreased stead

(Exam nation 2) As_showh in Tabl e L, Exam nation 2,
the fl ow of TECS wad, set to 120SCCM t he Ri/y.. ce power was set
to 15 90 angd the sub t%gte tenperature duringpihmformation
was set to 300[jerr]C, |and diff@d%g fromthe prior| &ft, 4he203
interel ectrode {gh stfange of the parallel flat el ectfofes 2 was set
to the snall valbe of { 12. 7 and the pressure of the reaction
chanber to theg &Qw value of 650ntorr. The
AV N ///“*\\ A
t U D )
/1
% ///7 \\\_,/7 :;
% L7 LA
" / %
4 V/ 2p %
210Y] A U
L 1 ~202
4 4
d 4
d \ N 1
TS = 1
L LLLLLLLL L0700 L L L L L 2L
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20- . relationships between the flow of oxygen and the film

fofFmation propertles (filmformation speed, shift from | deal fl at
band vol t ag a JfRegularity of filmthickness) wer e eval uated by
changi ng t he ow of oxygen within the range of
1000SCCM 3000SCCM The results are shown in Fig. 25 7-Fig. 9.
As shown in Fig. 7-Fig. 9, when t ew of oxygen was c ged
the filmformtion speed inproved 4;. V‘flole% znbf oxy, 223 made
smal [ er, but the uniformty of t g)é | thlcune ed. 30
The shift froma®O-~{! a nd vol \foes not rlecei v
i nfluence fromthe \%I ogv(otl;JI @Q&;eﬁ lB:)u ext rerret y/hl?é@ vaI ues
appear . 210, ; . 77 P Tapte 1, in
Exani nation 3, (T oW g ‘ﬁ/g‘ﬁﬁ/ﬁoosm The fRF
source power \gagh ,c\ gf ‘//y ’ te t err{i,ture
during filmfa j(;{]__l___L__VES___[_(_)__S’_C_)_UL_erTJL n Zi ering from
the prior art, th; — L 7-—-——/—-——;-——{;— 26
206 1 C — 1 _ —OL g
% AYUUUTYTUTUI00UU0 00y UOUV000PI00
7 N207 20! // 21
L L7 LA LLL AT l
\
203 T 205
Bas
Fioy &
1500
E.
£
. < 1000f
3
‘ e
¥
&
< 500
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[ nt_jér el;ectrode distance of
to the small_value of 12.7

was set
reaction

the parallel flat electrodes
and the pressure of the

chanber to 1113 5T ow val ue of 650ntorr. The rel ati onshi ps

bet ween the f¥ow of oxygen [sic: TECS] and 5 the filmformation
properties (filmformation speed—shi+t fomrrdeal—fHat band
voltage, irregularity of film t hi ckness) were eval uatjed by
changing the flow of TE & wi thin the range of 80SCCM{120SCCM The
results are shown in Fi 10-Fig. 12. 10 As shown
in Fig. 10-Fig. , gf\us\hen ZHe flow of \JEOS was changea, the film
formati on speed gnddthe unijffornmity of the filmthickness inproved
as the flow of TECS-was | |- made ater, but the shift Tromthe flat
band i ncreased. d Regarding filmagualimty, it was simlgr to the
prior art. 15 (@ afyilnati on 4) As sho in Table 1,
i n Exam nation 4 the 1 ow |of TECS 120S the flow

of oxygen was seé

1 @

3000SCCM t he i n

parallel flat # eI1 ict rodes was set to 12. 7mn he presqure of the
reaction 20 —+ ’ﬁhd:nﬂber was set to 650ntorr, and the substrdgte
t enperat ure Vrﬁ duriZtg filmformation was set to 300[err]|C. The
rel ati onshi ps (f, betiween the RF source power and the filimformation
properties (filmformatioRfspeed, shift fromideal flat band
voltage, irregularity of fijl mthickness) were 25 eval uatled by
_changi ng the RF source powgr ;w thin the nange 1 1 af 9 to 1200W
The results are shown in Fig. 13-Fig. QQ 350 As
shown in Fig. 13-Fig. 15, even when _g~ha|$g g( C)
\e.M(J
Fay. b
15
= d
o ©
’A}_ ‘? 10+ -~
“%
,\)g o)
]
<=
3 3
S O o/o ]
£ o
L 5 1 { 1 1 H 1
0 300 350
Temp, (°C)
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t he RF source power within the range of 900Wto 1200W the 30' film

formati on spged does not change. Also, differing fromthe
prior art, Eﬁg.s ft fromthe flat band voltage does not change.
Furthernore, the uniformty of the film t hi ckness is inproved as
t he power is made |ess}5 nder the conditions that the

i nterel ectrode distance Qf he 350 parallel flat electrodgs is 12.7
or less, and the pressure of Ihe g eactiompchanber is p50ntorr,
and the power is |owe it is possidpte toi.rrprovethe upi formty of
the film 27 1

t hi ckness w t hout sg’%rifici hg the filmformation speed and

wi t hout increasings he]l@Q@ - fromthe flat band age.
(Exam nation 5) B¢ As shown in Table 1, in ampation 5,
the fl ow of TECS jvas set to 120SCCM the flow of oxygen was set

to 300058 the RF source power was set to 900W the
i nterel ectrode di:%_a ce of the parallel flat-electrodes was set
to 12.7nm and th sq%t(r)%teterrperature during

o ) | {
0] 1000 2000 3000 4000
Flow oY O’“’D‘;‘ (sceM )
" Gas
\?\3- Q
3k .
3¢ : |
/}:"7 br /% | é \% 7
(15 or I
A B i :
g
Zia-2 1
_3 | - -
! 1

] I :
1000 2000 3000 4000
F’i.au.a oS @1«/3&-\« (SCCM )
Cas
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10 . film formation was set to 300[err]C The relationships
bet ween t he essure of the reaction chamber and the film

formation pﬂ%\of es (filmformation speed, shift from i deal fl at
band voltage, Yrregularity of filmthickness) were eval uated by
changing the pressure of the reaction 15 chanher n the range of
500ntorr to 650ntorr. The results are st qmln- |g 16- Fig. 18.
As shown in Fig. 16-Fig. 18, {if the pressure of ~ t he reawctlon
chanber is set within the ranpge of 500ntorr to 650ntorr|, the

uni formty of the film#hicknpess does not 20 change greatlly, but
the filmformtion speed‘ |s in a slightly inproving triend as the
pressure of the react f¢ = chanmber is nmade higher. At tHis time as
well, the shift ,,x é frcmthe \%pat band vol tage only becones| sonmewhat

great er. Canver sel f th® pressure of the redction 25
chanber 'is set vvithl range of 500 r to 650nmorr, t he
uniformty of the f| |ckress does not ge nuch, but the
shift fromthe flat lfd;ls iln a slightly decreasing triend as the
pressure of the react nf—chﬁerer is | owe At this Tjime as
wel |, the film formafi éx 30 speed only beconmes so llower. If
the pressure of the reaction chanber .was further |essened to
400ntorr, the unifermty of the filmthickness is in a|somewhat
worsening trend of [err]8% |This is because pursuant to the
decreasing of the pressure in the reaction chanber, the 35 t her mal

contact with the |ower flat &t ecrr Dec and the
tenperature distribution inside ?65% su@gqgt e ﬁsém sened.
However, even in this case, if the Flows o Onygan (scem )

Cas

qu. \0

~/

1000+

o } l | | |
60 80 100 120 140

Flow o TEOS © (sccHM)
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28 . time of a raised tenperature is nmade a little longer, up

to 10 ninutes, or if the pressure in the reaction chanber during
stabilizati of .{he substrate tenperature is set toas little as
1torr, or if¥Yt'\Be Wubstrate tenperature is 5 first heated to as nuch
as 300[err]C in a preheating cha i ' e film
t hi ckness coul d becone [err] 5‘V3c | ess. Furthernore, fidlm
formation at further | ower pressures could not be achi gved
wi t hout changing the fl ow 2 L of the above-nentioned gases. en
reduci ng the fl ow of 10?"0',) dases and formng filns in the sane nner,
t he t hings t het gsasrjflice the filmformation spegd-are the
uniformty of—1 : i | Tt hi ckness and the-s ange in tjhe
shift fromth bgnd vol t age. Al s® “when- consi dering the
stability of the plasmi 3  eagtp-on chamb essure of 15 HOOnt orr
or nore was preferabl e.g §‘> -

Q.F‘CQ <'] - : ~

A%

< | L 7

& e

-3+ . _
1 !

1 : K ]
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29 . : (Exam nation 6) As shown in Table 1, in

Exami nat i on the fl ow of TECS was set to 120SCCM the fl ow of
oxygen was sgt-’ 3000SCCM the RF source power was set to 900W
t he p$essure in the reaction chanber was set to 650ntorr, and
t he substrate t enper ay gp) dueing—Hilmfornation was-setto—
300[err] C The el atiopshi ps between the interelectrode|
di stance of the pacallel flat electrodes and the film formation
properties (fllmfgmation sp ee_cQ_s.h.L_LL_ér-g.m_l-O_o_—__LgaaL f{at band
vol tage, irregulagy of f | mthPckness)® wer e eval uafed by
changi ng the int er@] ectrode di stance of the parallel |flat
el ectrodes Wlthlﬁ‘t’helﬂé)@e- of 5.0mmto 15.00mm Theé results are
shown in Fig. 19,,.F| g. 21. As shown in Fi . 19-Fi g.
21, when the §5,ﬁ nterel ectrode distance of the paralfel- flat
el ectrodes ~5 was changed, the filmformation speed andjthe
uniformty & Of the filmthickness did not change nuch but as the
i nterel ectrode I(igsd/pncg of{f the parallel flat electrodes was nade
smal l er, the shrtt fr £ flat band becane 20 mar kedl y smal | er,
differing greatHr fromthel prior art. That is, if the
i nterel ectrode distance of| the parall el
0 ! | l |
900 000 . 1100 1200
- Powser (W)
Fia. 1A
3 -
el
§y
Z -
LR
/P‘A
Ny L é ~A& - -
’;’_7"5 ] Q b4 ®
ee]
¢Tw OF 7
s g
¢k*‘<-4— -
A7
%o -2k -
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! l

1 1
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flqt'ehectrodes is wthin the range of 5.0mmto 12.7nm it IS

possible to inprove significantly the shift fromthe flat band

wi t hout sacrirg?é;j W§ the filmformation speed and 25 the uniformty
h

of the fil i ckness. When the i nterel ectrode

di stance is less than 5mm the plasnma state during ignition of
t he pl asna becones unstabl e and undesirable. However, this
phenonenon can be avoi deFSby correcting the ranges _of operating

matching circuit, and the Iike.

settings of the 30
As shown in Table 1, in Examjnation 7,

(Exam nation 7)

the fl ow of TECS|{is set to 120SCCM the flow of oxyden is set
to 3000SCCM thejinterel ectrode di stance of the paraljlel” flat 35
electrodes is set to 1:% 7mn the pressure of the reaction chanber
is set to 600ntorr ors SQgttorr, and t he substrate//’_e_ t erfperature
during filmformation™s Sédt to 300[err]C.  The
30 rel aU}E) hi pg between the RF s ce power and thg film
formati on propertie )Silmforrrati-on speegy” shift from
SE ol
v15 R
T
/
3
0 { ! 1 ]
900 1000 1100 1200
powu‘ (W)
F\s‘\\e
1500
C Q—~
E : G/. ]
‘.c"q IOOO"" /
.o~ 2
% © _
s
57
Lo
19 500(
u_ -
0 ! ] | ! I
500 600 700

-prcsstue (mTorr)
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|deal flat band voltage irregularity of filmthickness) wer e

eval uat ed by_cghangi ng the RF source power within the 5 range of
900Wt o 1200W§4§qmthe pressure of the reaction chanber was
600ntorr and orr, respectively. The results are shown
in F|g 22- F|g 24. As—showh—i-R |:|r| 22 F.g 24 +f the
power is reduced unde§ it he conditions wher eby the inter eI eg¢trode
10 di stance of the paralTgl flat electrodes is 12. 7nm and the
pressure of the reactionjckanber |is 650ntorr, whether the |
pressure of the reacti orya:,ﬁanbe? I's 600ntorr or 650ntorr, tthe

uni formity of the film t4iGkress [can be inproved. At — this tine,
the filmformation speed ddZe?nd)t-'decrease. 15 @/’N’sﬁgthe shi ftf from

the flat band voltage s:gstaﬂ-tfl al ' does not increase when|the
pressure of the reactiomr /8 L OF anber is 650ntorr, and even at —
600ntorr, there is only eg« slight increase, and it can be checked

to +1.0V or |ess. zirh nation 8) 20 As shoyn in
Table 1, in Exam nati onoé', t he Pliow of TECS is set to 120S€CM
the flow of oxygen is setl—’§o 3000SCCM the interel ectrode

di stance of the parall el -‘fc[at -2 el ectrodes is set to 12: 7mm—jthe
pressure of the reactiorﬁ chanmber is set to 650ntorr, and the
substrate tenperature 25 _3$uri ng filmformation 1is set to 30QL or
313[err]C. The relati gnshi ps between the RF source power and the
film formation properties (filmformatioh speed, jshift fgom
~ideal flat band voltage, irregula of fllmthl SS) re
eval uated by changi ng the RF sour?p%ower Wi @?@@&‘Torr) razggpof

900Wto 1200Wwhen the substrate temperature 0455‘*“1

F\St 1's
IS
o] =

& Yue
8.8

\"4 %

i
\
4

$ O]
i
0 1 i N 1
500 600 700
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durjng filmformation was 300C and 313[err]C, respectively. The
As shown in Fig.

results-are ShOV\Fi n F.g. 25-Fig. 27.
25-Fig. 27, if t is | ower ed under the conditions whereby
the interel ectrode 35 " di stance of the parallel flat electrodes is
12. 7nm and t he pr essdS) Qe Teacrom chanber 5 650morT
whet her the substrate tengerature during film formati on is
300[err] C or cC
313[err]C it is possible to-i-rrprove‘ i i Q‘— OO
t hi ckness, and even in th| S se, ilmformation speed dogs
not decrease Al so, ez Eﬁlo ubstrate tenperature during
filmformation is 300[err1(3,jl4 ifS no 5 i ncrease of the shift
fromthe flat band volt age”even when t he power is reduced, and
when the substrate tenperatlre during filmformation is
313[err]C, the shift frombhg flat band vol tage becones snall ef
as the power is reduced. Exam' nation 9) 10 In
Exam nation 9 as shown in $S@ heflowof TECS is set to
120SCM the flow of oxygeni Q() : '
0 ] ! | 1 i
500 1000 1500
\v\\erdec_\roée( mm)
Dishance.
‘:\5‘ 2.0
- ~—
3 of
2 - -
Y
Of‘\
$iB 1 F ) 4
AT~ V4
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4 b T
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3000SCCM* the interel ectrode distance of the parallel flat

el éctrodes is to 15nm the pressure of the reaction chanber
is set to 650nt Y{f),'&-\le substrate tenperature 15 during film
formation is set to 300[eg]c and the RF source power is set to
900W The annealing te Ture and tne shift fromthe flat band

havi ng anneal ed for one hour after
film formation speed is
he 20 irregularity of the filmthickness
shift fromthe flat band voltag¢ becane
ealing tenperature is raised. The apnealing

vol tage were eval uat ed when
filmformation. The
1230Angstronmi m nute, _and
is as low as 5% The\
smal l er as the @

at nosphere m ned with .nitrogen, oxygen, and
hydr ogen pheres, but there was no great differénce. The
25 effects of”“‘ ealfng simlarly for various filmformafion
conditions are exa ﬁrzed_g bug when having formed the film under
condi tions indicati me) 1Oshift fromthe flat band vol t age
bef ore anneal i ng ha g ft from O__ ~hand-velfage becone
even smaller, and thén no change 30 in the Size relafionships
before and after ann al_ﬁ,ng (Exam nati on 10) I n
Exami nation 10, fol I.8wi ng the af orenentioned ~exam natjon results,
an actual active matrix substrate for . aliquid crystal display
was created and its display] 35 ~capabilities were confifnmed
The film formation 0 |  filmhad
t he flow of TECS spn(y o 120SCCM tlb}ﬁ)ﬁ)l ow of oxygdmQR€ to
3000SCeM \n\-ue_\«}fmAJ mm)
- b\& el
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32 X the RF source power set to 900W the interel ectrode

di stance of e parallel flat electrodes set to 11.4mm t he
pressure of theys r£&d5ti on chamber set to 650ntorr, and t he
substrate tenperature during filmformation set to 5 300[err] C

‘The film formation speedr__a_t__um_s__t_L_nf__mas

1250Angstrom m nute and thelfirregularity of the film t|h| ckness
was [err] 5% 3 The fundanental fabrication methqd of the
TFT was as nentiored before, but in Exam nation 10, gj360m465mﬂ
10 sheet of. JZ nazlLﬁf-acturEd by N§OB Iectrlcal d ass

Cor porati on was us e (gl assésubst r af under coati ng
protective |ayer Q00ARgS) t—mm_un@eL—————Q_——-t-h%-san&_fi | m
formation condltlorusca hg gatelnm fil For: t he
formati on of the pﬁ cr st Il ine silicon 15 fiTma laser annealing
method is used "t he 6 0o mafli onraf the sourice/drain
regi ons an ion doplg met hQg is used. |In addition, a]|pixel

el ectrode nade of um =l tin oxide (I TO was connecteg to one
side of the + source/drain electrode of each pixel TFT. i In

Exam nati on 20 ﬂt."é 10, -ghp-active matri x substrate was nmanuf agtured
havi ng (f,ﬁ.

-3+ .
| ' 1 | i
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typje-N.thin filmtransistors as the pixel swtching
200 (rows) X (colums) x 3 (colors) =

LCD, and havi igep. Bit digital

data driver (vertical

el enents of a

192, 000 (pi xels) color
driver) and

a scanning driver 25 (horizontal driver) installed in a CMOS
thin film sem conduct or devi ce conposed of type N and type P
thin - filmtransistors. In Fig. 33 is shown a circuit diagram
of the 6-bit digital data driver. The digital data driver of the
present preferred enbodi nent T1TS€es a ClOCK 30 generator cjrcuit,
a shift register circuite~a NOR pate, a ) di gital video sign?
witre, a latch circuit 1,5 latch o \epe®<20@%e, a latchcircult 2, a
reset wire 1, an AND £ ggte,wmaﬁ‘e‘,ﬁ‘éﬁet M re 2,
a capacitive- s ol vi di ng| 6- bite D/ A conwverter, a CMOS anal og swi tch,
a 35 common pq;é@ﬁial ghée, an® a sourc® wire reset transistof,
and the out put fromtht{gl\/oéo [0g swi t'cﬂi»i\?. 3d80€cted to t he
source wire of the pixel'gssection The capacitance of
33 the D/ Alsoaverter js formed using the gate insulation
{ :
e
SO0
0 ! | 1 |
900 000 1100 1200
Rwee (W)
Y:ﬁb.ZJo
3 - -
Th= [ omp 300°C |
oty emp, °
AER I i %5 o -
—= L ~ =
A7 % oF —0 313°C 7]
’? > et
{3 <
9& "l = =
A
g% -2t i
b
-3 -
1 ) 1 I
S00 1000 1100 1200
?owe..( (W)

14/20



film , which satisfies t he relationship of
Cerr]=Cerr]/2=Clerr]/4=Cerr]/8=Cerr]/16=C[err]/32, and the
internedi ate tones are represented by conbinations of this
capacitance. Into 5 the digital video signal wire the digital

vi deo signals are inputted fromthe video random access nenory
(VRAM of ~ a conmputer. Aliquid crystal panel is manufactured

usi ng : an active matrix substrate obtained in this manner on one
side of a pair of substrates. For the liquid crystals 10

sandwi ched between the pair of substrates TN type liquid crystals
are used, and are nade as a nornally-white (white di spl ay when
voltage is not printed to the liquid crystals) liquid crysta
panel .. ~Since the present invention is characterized by the
gat e oxi de filwrﬂgvb?% a 15 - - high uniformty, proof is conducted of
the uniformtyl such a liquid crystal panel being sensitive to
t he irregularity of the gate insulation film A
liquid crystal display device was manufactured by connecting the
obtained liquid crystal el to 20 external wiripng, As a result,
because the on resistan(!g;al and transi stor capacitancefof the type
N TFTs and the type P TFTs are variously equival ent.|Furthernore,
because the TFTsj are hi gh-performance, the parasitic}capacitance
of the transistofs is extrenely small, and the propefties 25

t hroughout the surfagk of fhe substrate are uniform a liquid
crystal display deyjee v@}pproduced, wth both the 6tbit digita
driver and the scagnigg drj ver operat normal |y over a w de

operating region, _and havipng a hlghQ Of/ di splay quality. In
particul ar, the sp(?[ i ness| of R/

‘I

F
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30 intermedi ate tones concomtant with irregularity of the

fiFmthi ckness of the gate insulation filmof concern was at or
bel ow the perceptual [limt. Al so, because the fabrication
process of the active matri x substrate al so . was stable, it becane
possi bl e tBy g? §$cture the liquid 35 crystal display device with
stability. an&/ at Tow cost. Thus, in the TFT fabrication
nmet hod of the present invention, it was confirmed that, when
formng a gate 34

insulation film mheanI sma chem cal vapor deposition is used,
when TECS is used as thelgas to provide the silicon, when t he

is made 12. 7nm
i ons conducted in the

interel ectrode distangg for generating L
or less, and.if the resuits of the 5

past are follomed it i ssible to suppress the influence of
t he space charge in 50 the ¢#I'm and the interfagikal charge of the
filminterface = wi thout gacrificing the filmfosng{ion speed and
t he unlfoggumy of the | mthickness, regardless t he scope 10
of conditions that‘ﬁhd een cong dered invol ved in the *
o
AT
/g 50
A
........ ; Q-
=N gy |
4
0 ' : : : .
0 1 -2 3 4 . 5
ﬁ(ac-\-;ow (Torr)
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(ESSUIR
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decrease of filmproperties. Also, it was confirnmed that,

according to the results of repeatedly per f or med

addi tional annealing experinents, if the interel ectrode di st ance
for generati the plasma is nmade about 15nm it 15 is possible to
reduce the iﬁﬁ of the charge inside the filmand in the
filminterface w thout sacrificing the filmformation speed and
the uniformty of the film t hi ckness. Consequently, follow ng
such filmformation conditions, it is possible to forma silicon
oxide film 20 havi.Q@g-04 Fpropert+es—eguat—to—or—better—tthan t her nal
oxide filnms while being a | ow{enperature process. Fur|t her nor e,
it is possible to fabricate onjlarge . substrates at high
productivity TFTs having stabl ¢ on ., ¢ o Cu¢ pehf oproperties fand of f

| eakage current properties. 25 Therefore, accorgding to} the
present exanple, it _i®O00E-05 | possible to realiz® increasdd surface
area and reduced < cost of Iiauid crystal display, panel §, and the
i ke. ~In forming a gate insulation filmwhen gl asma

chem cal vapor deposit4+on is used, TOES is used as the gas 30 for
providing the silicop, the |pressure inside the reacti on
chanber is nade 650nto§rLQogbe$s, whi |l e being a | owt gnper at ur e
process, anong the Jelectri ¢al film properties, ijt is

possi ble to inprove the charge|behavi or substanttal |y {wi t hout
sacrificing the film f& mation|35 speed. In this case ag well, the
Tniformty of the film t hi ckness was not sacrificed. Al so,
~according to the 1.008-gpllts of repeatedly perfornmed-other
experinments, it was 90 100 110 120 130 140 150

Thidkwess o (nm)
Ga\\e \vx} V\\A\.\DV\
F\\M

Fa.20

1. 00E-08
1. 00E-09 |
1. 00E-10 |

1. 00E-11
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35 confirmed that, if the pressure inside the reaction

chanber; is nade 700ntorr or less, it is possible to obtain t he _
sane results Furthernore, if the interelectrode distance
of the Qﬁi flat electrodes is made about 15mm or .| ess, and
if the pressure of action chanber is under a condi tion of
bei ng about 700ntorr or | ess, al though being ' a lowtenperature
process, the uniformty of the film thlckness is inmproved as the
power is - nmade less. In this 10 case as weldyg there was no decrease
in filmformation speed, and no in the shift fromthe
flat band - vol tage. t is desirable that the

i nterel ectrode di stance of the pprallel flat ele dfodes be 5mm or
nore, and that 15 the pressure of the reaction apber be 100ntorr
or nore. As expl fLabricatlign nmet hod

pertaining to the present invention is a gpte insufation film

formati on process, wherein plasma chem cal | vapor /I/\u,déﬁﬁgltlon is
used, in addition, tetraethoxysilane is usgd

— 312
e d
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20 as the gas to provide the silicon, and noreover, the
interel ectrode distance for generating the plasma is nade about
15mm or less. According to such a process, if the results of the
eval uati ons conducted in the past are fol |l owed, because it is
possi ble to suppress the influence 25 of the space charge in the
filmand the interfacial charge of the filminterface w thout
sacrificing-ﬁﬁgstIIn formati on speed and the uniformty of the
filmthickness, regardl ess of the scope of conditions that had
been . considered [irMvglved in] the decrease of filmproperties; 30
it is possible to forma silicgn oxide filmhaving film

properties equal to or better tthan thermal oxide fil s whi |l e
being a |l owtenperature procesg. Therefore, it is possiblef{to
fabricate on |large subsgra és at hi gh productivity TFTs
havi ng stabl e on currenvjpﬁpferties and 35 of f | eakage current
properties. A 8/ Aso, inthe gate insulation filmformatijon
process, when pl asma chea@d?] Yapor deposition is used, in '

36 . -z 3t
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SWSY Scom
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250 300 350 400 450
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addition, in this process, when TECS is used as the gas for
providi.-ng the silicon, and noreover, when the pressure i nsi de the
reaction chanber is nmade 650ntorr or |ess, whil e being a
| owt enperature process, of the electrical 5 film properties of
film formation speed- and charge behavior, it is possible to
i nprove the latter w thout greatly sacrificing the forner. I n
this case as well, because the uniformty of the filmthickness
was not sacrificed, it 1is possible to fabricate on large
10 substrates at high productivity TFTs having stable on
current propertﬂa ggggoff | eakage current properties - whi | e bei ng
a Iomftenperature%brocess. Also, if the interelectrode
di stance of the parallel flat electrodes is made about 15mm
or less, 15 noreover, if the pressure of the reaction chanber is
under a condition of being about 700ntorr or less, it is
possible to inprove the uniformty of the filmthickness as the
power is made | ess. Therefore, it is possible to fabricate on
| arge substrates at high productivity TFTs 20 having stable on
current properties and off | eakage current properties while
being a Iomftqu rqb re pregpss Al so, when fabricating
an active matri X &u ndeCLl LH bah RO Gat o grethad,
because t he @ m‘a e vor p ta o] he type
N TFTs and the t ﬁ%“ZS —P 51y | e f her nor e,
'gh p rf n e, eover, 2cause t he
gl | , and

because the TFTs are
‘parasi tic 'Si“ﬁﬁgbﬁﬁ*
in addi ti on, becaudetkHaprapér t|[es S Re e of
- Nee Gq\(_ B : ; ﬂ
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the substrate are uniform a liquid crystal display device[3QC

having a h In particular, ‘the dapaei tiiveinsd
dividing 6-bit d| gi taI dr| ver as wedd whereby ltHe spottiness
of the I ntermedi ate tones 35 conconmitant with ijrregularity of

the film t(CLLABMISSSs of the
operated normally while

mai nt ai ning the spottiness of the

i nternedi ate tones at or 37
bel ow t he 1, per gephetabd bf @ thin filfonangiktstt tabricatidn |ﬁ>eﬁlfﬁ6ﬁ a gate electrode
possible to dlgltlze all the signals provided to active

matrix subst r atcenfrontas véth aqgh%nmaly@gmn throygh o8 gate lnsulatfouefmmcebnueuag

little power c 5 Al so, because the
%ﬂﬁgﬁ? @g&f‘&g&& cBipRsigt- .

active matrix abrrcation process also is stable, it
becanme possible to fabricate liquid crystal display devices with

stability and gL bigW o siicon oxid®Slim as said gateirsuidin' firh NFsihg H3Mm%-
enhanced chemical vapor deposjtion under the conditions that
tetraethoxysilane is used as a feed gas to provids silicon of the silican oxide
film, and that a distance between electrodes for generating the plasma is
about 18mm or less, that the inside of the reaction chamber is pressurised
to less than 700 mtorr, and more than 100 mtorr, and that the substrate is
pressed by a frame.

2. The thin fiim transistor fabrication method as defined in Claim 1, wherein
the formation process of said gate insulation film forms a silicon oxide film
by using tetraethoxysilane as the feed gas to provide the silicon, and by
using a plasma chemical vapour deposition under the condition that the
interelectrode distance for generating the plasma is about 5mm or more.

3 A method of a thin film transistor fabrication in which a gate electrode
confronts with a channel region through a gate insulation film above a
supstrate, the msthod comprising:

forming a silicon oxide film as said gate insulation film using plasma-
enhanced chemical vapor deposition under the conditions that
tetraethoxysilane is used as a feed gas {o provide silicon of the silicon oxide
film and that the substrate is pressed by a frame.

4,  The thin film transistor fabtication method as defined in Claim 3, wherein
the formation process of the said gate insulation film forms a silicon oxide
film by using tetraethoxysilane as the feed gas to provide the silicon, and by
using plasma chemical vapour deposition under the condition that the

This Sheet Has Been Replaced x e .'}1- .

L

l
i
|
]
|

SeT

. ZPLACER .l::,\wa. Ly
pr oduced, it digital-driver and the g ‘éal"/m-ﬁg"
driver operw i’ ver a w de operating redgion, and ~

19

gate insulation filmis a concern,

e - Av———— AL i Y




10 _
matri x substra
processes, and

fabrication process.

1. An active

matrix substrate is fabricated by the thin f|In1tranS|stor

0 a gate insulation film

matri x substrate fabr?catlon met hod, whereby|the active

REPLACEMENT SHEET
invention is applicable tofjagtive—--- -
”“, li "Mstal di spl ay fabrication _ 25 1 1393

~38—Ct-AHME——

fabrication net imdralectrddecdistangatfor gbrerating the plaisenlssabout i Senm or less,

channel region

t hrough a gate insulation filmabove a substrate,

met hod conpri si ng: formng a silicon oxide filmas said gate
i nsul ati onsfi |l nThei thin film transistor fabrication method as defined in Claim 3 or 4

10.

wherein the formation process of said gate insulation film forms a silicon
oxide film by using tetrasthoxysilane as the feed gas to provide the silicon,
and by using plasma chemical vapour deposition under the condition that
the interelectrode distance for genérating the plasma is about Smm or
more.

The thin film {ransistor fabrication method as defined in any of Claims 3
through 5, wherein the formation process of the said gate insulation film
forms a silicon oxide film by using tetraethoxysilane as the feed gas to
provide the silicon, and by using plasma chemical vapour deposition under
the condition that the inside of the regction chamber is pressurised to less
than 700 mtorr,

The thin film transistor fabrication method as defined in any of Claims 3
through 6, wherein the formation process of said gate insulation film forms
a silicon oxide film by using tetraethoxysilane as the feed gas to provide the
silicon, and by usihg plasma chemical vapour deposition under the
condition that the inside of the reaction chamber is pressurised to more
than 100 mitorr.

The thin film transistor fabrication method as defined in any of Claims 1
through 7, wherein the formation process of said insulation film forms a
silicon oxide film by using oxygen gas as the feed gas io provide the
oxygen.

The thin film transistor fabrication msthod as defined in any of Claims 1
through 8 wherein the film thickness of said gate insulation film is 200-3000
Angstrom,

An active malrix substrate fabrication method, whereby the active mairix
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pl asma- enhanced chem' cal vapor deposition under the COﬂdIIIOﬂ$A(,.JI|r"';’ Ile?lfn

t et raet hoxysi | eed gas to provide silicon ef-—-wwt-he
silicon oxide f ”mﬂi H mﬁl i stance bet ween el ectrodes OF . 11 1ag3
generating the ptasimti sra eut* 5 mmor less, that the |nb| e" of 4 the:

reaction chanber is pressurized to | £9s than 700 ntorr, and! Fot-€
than 100 morr, and that the substrate is pressed by a frame. 2. )

An active matrigypetass ngtfabhaa@ucaylme mﬁ i) ﬁ'EnQiEﬁir”fabnc odas
the formation process of said gate jnsulation Imforms a silicon

oxi de film by lﬂﬁm?dt‘étwelfrgﬁ%$ ' dheough 9.he feed gas to provide t he
silicon, and by using a plasma chenical vapour deposition under the
condition that the interel ectrode di stance for generating t he pl asna

i s about 51hm oAn astive magix subsiratetfabicationmethoghscluging & sapacitive-dividiaghod

of claim1 or g8l Mygital/analog converter, whereby the active matrix substrate is
fabricated by the active matrix substrate fabrication method as defined in
Claim 10.

12, A liquid crystal display device, comprising an active matrix substrate
fabticated by the active matrix subétrate fabrication method as defined in
either Claim 10 or 11, a corresponding substrate, liquid crystals, and drive
signals for said active matrix substrate.
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2, whereinthe ':i licon oxide filmis fornmed using plasma-enhgaced.
chemi cal vapor osition under the conditions that :

t et raet hoxysi | H“I m M lmls fed gas to provide silicon oft EPLACH‘”EP“T SHEET—]
silicon oxide substrate is pressed by a fr

active matrix substrate fabrlcatlon net@8 in any of ciains 18 QCT 199‘3
ation met hod

through 3, wherein the filmthickness of said gate insulatio
i s 200- 3000 _Angstrom 5. An active matrix substrate fabri
i ncl udi ng &CLAIMS capacitive-dividing type digital/anal og ¢
wher eby t he

1. An active matrix substrate fabrication method, whereby the active

1 T

matrix substrate is fabricated by the thin film transistor
fabrication method in which a gate electrode confronts with a
channel region through a gate insulation film above a substrate,
the method comprising:

forming a silicon oxide film as said gate insulation film using

o plasma-enhanced chemical vapor deposition under the conditions
that tetraethoxysilane is used as a feed gas to provide silicon of
the silicon oxide film, and that a distance between electrodes for
generating the plasma is about 15 mm or less, that the inside of
the reaction chamber is pressurized to less than 700 mtorr, and
more than 100 mtorr, and that the substrate is pressed by a
frame.

2. An active matrix substrate fabrication method of claim 1, wherein
the formation process of said gate insulation film forms a silicon
oxide film by uSiﬁg tetraethoxysilane as the feed gas to provide
the silicon, and by using a plasma chemical vapour deposition
under the condition that the interelectrode distance form
generating the plasma is about 15 mm or more.

3. An active matrix substrate fabrication method of claim 1 or claim
2, wherein the silicon oxide film is formed using plasma-enhanced

chemical vapor deposition under the conditions that
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Sheet Has Been Replaced REPLACED

T N

13 vo|RY




mat ri x smbstrate—l—s—if—abhueat_ed_bphe active matrix substratig

fabri ciat i on met ho defined in any of clains 1 through 4. ; @EPLAQEMF%L %‘IEET
crysta !mﬂ

t he active rratrl
clains 4 or 5, a correspon
S|gnals for said active nmatri x substrate. A

ﬂl‘m H"um"lve matri x substrate f fbricat ed by
ation nethod as defy ngd {ism $CT HOSI

|ng substrat®9 |iquid crystalls and drive

tetraethoxysilane is used as a fed gas to prov1de silicortofthe—
silicon oxide film and that the substrate is pressed by a frame.
An active matrix substrate fabrication method in any of claims 1
through 3, wherein the film thickness of said gate insulation film
is 200-3000 Angstrom.

An active matrix substrate fabrication method including a
capacitive-dividing type digital/analog éonverter, whereby the
matrix substrate is fabricated by the active matrix substrate
fabrication method as defined in any of claims 1 through 4.

A liquid crystal device, comprising an active matrix substrate
fabricated by the active matrix substrate fabrication method as
defined in either claims 4 or 5, a corresponding substrate, liquid

crystals and drive signals for said active matrix substrate.
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An active matrix substrate fabrication method, whereby the active
matrik substrate is fabricated by the thin film transistor
fabrication method in which a gate electrode confronts with a
channel region through a gate insulation film above a substrate,
the method comprising:

forming a silicon oxide film as said gate insulation film using
plasma-enhanced chemical vapor deposition under the conditions
that tetraecthoxysilane is used as a feed gas to provide silicon of
the silicon oxide film, and that a distance between electrodes for
generating the plasma is about 15 mm or less, that the inside of
the reaction chamber is pressurized to less than 700 mtorr, and
more than 100 mtorr, and that the substrate is pressed by a
frame.

An active matrix substrate fabrication method of claim 1, wherein
the formation process of said gate insulation film forms a silicon
oxide film by using tetraethoxysilane as the feed gas to provide
the silicon, and by using a plasma chemical vapour deposition
under the condition that the interelectrode distance for | generating
the plasma is about 5 mm or more.

An active matrix substrate fabrication method of claim 1 or claim
2, wherein the silicon oxide film is formed using plasma-enhanced

chemical vapor deposition under the conditions that
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