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SEMICONDUCTOR DEVICE AND

METHOD OF MANUFACTURIN.G THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invéntion relates to a semiconductor device
having a c¢ircuit constructed by thin-film transistors
(hereinafter referredtoas "TFT"), andamethod of manufacturing
the semiconductor device. For exampie, the present invention
relates to an electrooptical device represented by a liquid
crystal display panel and electronic equipment in which such
an electrooptical device is mounted as a part.

In this specification, the semiconductor device means
a general device that .functions by using semiconductor
characteristics, and an electrooptical device, a semiconductor
circuit and electronic equipment are defined as a semiconductor
device.
2. Description of the Related Art

Recently, much attention has been paid to a techniqgue
of forming a thin film ti‘ansistor (TFT) by using a semiconductor
thin film (having a thickness of about several to several
hundreds nm) formed on a substrate having an insulating surface.
The thin film transistor has been widely applied to electrical
devices such as IC, an electrooptical device, etc., and

particularly developments to apply the thin film transistor
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to a switching element of an image display device have been
rapidly required.

A liquid crystal display device is well known as an image
display device. The active matrix type liquid crystal display

device has beenmore frequently used than the passive type Liquid

crystal display device because higher-definition images can™

be provided by the active matrix type liquid crystal display
device. In the activematrix type liquid crystal display device,
a display pattern is formed on a screen by driving pixel
electrodes arranged in a matrix form. More specifically. a
voltage is applied across a selected pixel electrode and a
counter electrode confronting the selected pixel electrode to
optically modulate a liquid crystal layer disposed between the
pixel electrode a.xnd the counter electrode, so that the optical
modulation is recognized as a display pattern by a viewer.

Such active matrix type liquid crystal devices have been
widely used in more diverse fields, and not only the large-area
design of a screen size, but alsohighdefinition, high numerical
aperture and high reliability design has been increasingly
required. At the same time the enhancement of the productivity
and the reduction in manufacturing cost have been also
increasingly required.

When TFT is formed by using aluminum as a gate wiring

material for TFT, malfunction of TFT and degradation in TFT

characteristics are caused by formation of projections such
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ashillocks, whiskers , etc. due toaheat treatment and diffusion
of aluminum atoms in a channel-forming region. On the other
hand, when metal material having high resistance to the heat
treatment, typically ametal element havingahighmeltingpoint
is.used in order to avoid the above problem, there occurs another
problem that the resistance of wires would increase if the screen
size is increased, resulting in increase of power consumption,

etc.

SUMMARY OF THE INVENTION

Therefore, anobject of the present inventionis toprovide
the structure of a semiconductor device that can reduce power
consumption even when the screen size is increased, and method
of manufacturing the semiconductor device.

According to the present invention, in order to attain
the above object, source wires and gate wires are formed by
low-resistance material (typically, aluminum, silver, copper
or alloy thereof). The gate electrode is provided on a layer
different from that of the gate wires. Further, all the NMOS
circuits of a driving circuit are formed by n-channel type TFTs,
and TFTs of a pixel portion are also formed of n-channel type
TFTs.

In order to form an NMOS circuit by combining n-channel
type TFTs, there are two cases, one case where the NMOS circuit

is formed by combining enhancement type TFTs as shown in Fig.
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8A (hereinafter referred to as “"EEMOS circuit”)}, and the other
case where the NMOS circuit is formed by combining an enhancement
type and a depression type (hereinafter referred to as "EDMOS
circuit”) as shown in Fig. 8B.

Iﬁ order to form the enhancement type and the depression
type separately from each other, an element belonginyg to the
fifteenth group of the periodic table (preferably phosphorus)
or an element belonging to the thirteenth group of the periodic
table (preferably boron) may be suitably doped into a
semiconductor serving as a channel-forming region.

The source wires of the pixel portion are formed in a
step different from that of the source wires of the driving
circuit portion.

According to an aspect of the present invention, there
is provided a semiconductor device equipped with TFT containing
a semiconductor layer formed on an insulating surface, an
insulating £ilm formea on the semiconductor layer, and a gate
electrode -formed on the insulating film, characterized by
including: a pixel portion having a first n-channel type TFT
and a driving circuit having a circuit comprising a second
n-channel type TFT and a third n-channel type TFT, wherein the
gate electrode of each of the first n-channel type TFT, the
second n-channel type TFT and the third n-channel type TFT has
a laminate structure comprising a first conductive layer having

a first width as a lower layer and a second conductive layer



having a seconé width smaller than the first width as an upper
layer.

According to another aspect of the present invention,
there is provided a semiconductor device equipped with TFT
containinga semiconductor layer formedonan insulating surface,
an insulating f£ilm formed on the semiconductor -tayer, and a
gate electrode formed on the insulating film, characterized
by including: a pixel portion having a first n-channel type
TFT, and a driving circuit having a second n-channel type TFT
and a third n-channel type TFT, wherein the gate electrode of
the first n-channel type TFT has a laminate structure comprising
a second conductive layer and a first conductive layer having
the same width as the second conductive layer, and the gate
electrode of each of the second and third n-channel type TFTs
has a laminate structure comprising a first conductive layer
having a first width as a lower layer and a second conductive
layer having a second width smaller than the first width as
an upper layer.

In each of the above semiconductor devices, an EEMOS
circuit or an EDMOS circuit is formed by the second n-channel
type TFT and the third n-channel type TFT.

In each of the above semiconductor devices, each of the
n-channel type TFTs of the driving circuit has a gate electrode
having a tapered portion, a channel-forming region overlapped

with the gate electrode and an impurity region



partially-overlapped with the gate electrode.

In each of the above semiconductor devices, the
concentration of impurities in the impurity region of the
n-channel type TFT contains an area having a concentratioﬁ
gradient in the range from at least 1x10'7 to 1x10%/cm®, and
thecoﬁcentrationoftheimpuritiesisincreasé&asthedistance
from the channel-forming region is increased.

In each of the above semiconductor devices, the source
wires of the n-channel typé TFTs of the driving circuit and
the source wires of the n-channel type TFTs of the pixel portion
are formed of different materials.

In each of the above semiconductor devices, the source
wires of the pixel portion are formed of materials that mainly
contain Al, Cu or Ag.

In each of the above semiconductor devices, the source
wires of the pixel portion are formed by a sputtering method,
a print method, a plating method or any combination thereof.

Each of the above semiconductor devices is a reflection
type or transmission type liquid crystal module.

According to another aspect of the present invention,
there is provided a method of manufacturing a. semiconductor
device. having a driving circuit and a pixel portion on an
insulating surface, characterized by comprising: a step of
forming a semiconductor layer on an insulating surface: a step

of forming a first insulating film on the semiconductor layer:



a step of forming a first gate electrode on the first insulating
film; a step of doping impurity elements providing n-type into
the semiconductor layer by using the first gate electrode as
amask to form an n-type first impurity region; a step of etching
the first gate electrode to form a tapered portion; a step of
doping impurityelementsprovidingn-type fmrtoasemiconductor
layer while passing through the taper portion of the first gate
electrode to thereby form an n-type second impurity region;
a step of forming a second insulating £ilm so as to cover the
first gate electrode; a step of forming source wires of the
pixel portion on the second insulating film; a step of forming
a third insulating £ilm so as to cover the source wires of the
pixel portion; and a step of forming a source wire of the driving
circuit and a gate wire on the third insulating film.
According to another aspect of the present invention,
there is provided a method of manufacturing a semiconductor
device having an n-channel type TFT having a first semiconductor
layer and a first gate electrode on an insulating surface, and
an n-channel type TFT having a second semiconductor layer and
a second gate electrode, characterized by comprising: a step
of forminga first semiconductor layer and a second semiconductor
layer on an insulating surface; a step of forming a first
insulating £ilm on the first semiconductor layer and the second
semiconductor layer; a step of forming first gate electrodes

on the first insulating £ilm; a step of doping impurity elements



providing n-type into the first semiconductor layer and the
second semiconductor layver by using the first gate electrodes
as masks to formn-type first impurity regions;: a step of etching
the first gate electrodes to form tapered portions: a step of
doping impurity elements providing n-type into the first
semiconductor layer and the second semiTonductor layer while
passing through the taperedportions of thefirstgateelectrodes
to form n-type second impurity regions; a step of selectively
removing only the tapered portion of the first gate electrode
above the second semiconductor layer to form a second gate
electrode; a step of forming a second insulating film so as
to cover the first gate electrode and the second gate electrode;
a step of forming source wires of the pixel portion on the second
insulating film; a step of forming a third insulating film so
as to cover the source wires of the pixel portion; and a step
of forming source wires of the driving circuits and gate wires
on the third insulating £ilm.

In the above manufacturing method, the n-channel type
TFT having the first gate electrode is a TFT of the driving
circuit.

In the above manufacturing method, the n-channel type
TFT having the secondgateelectrode is a TFT of the pixel portion.

In the above manufacturing method, a pixel electrode is
formed at the same time as the sourcewiresof thedrivingcircuit.

In the above manufacturing method, the step of forming



the source wires of the pixel portion is a sputtering method,
a print method, a plating method or a combination thereof.
In the above manufacturing method, the first gate
electrodehas alaminate structure comprisingafirst conductive
layerhavingafirstwidthasalower layer and a second conductive
layer having a second width smaller than the first width as
an upper layer. The sectional shape of an area of the first
conductive layer that is not overlapped with the second

conductive layer is a tapered shape.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are diagrams showingamanufacturingprocess
of AM-LCD;

Figs. 2A to 2C are diagrams showing another manufacturing
process of AM-LCD;

Figs. 3A and 3B are diagrams showing another manufacturing
process of AM-LCD;

Fig. 4 is a top view of pixels:

Fig. 5 is a top view of pixels:

Fig. 6 is a cross-sectional view showing an active matrix
type liquid crystal display device;

Fig. 7 is a diagram showing the outlook of a liquid crystal
module;

Figs. 8A and 8B are diagrams showing the construction

of an NMOS circuit;
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Figs. 9A and 9B are diagrams showing the construction
of a shift register;

Fig. 10 isacross-sectional view showing a pixel portion:

Figs. 11A and 11B are cross-sectional views showing the
pixel portion;

Fig. 12 is a top view of the device:

Figs. 13A to 13C are cross-sectional views showing the
pixel portion;

Fig. 14 is a schematic diagram showing a laser irradiation
operation;

Figs. 15A to 15C are diagrams showing electronic
equipment; and

Figs. 16A and 16B are diagrams showing electronic

equipment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described hereunder with
reference to the accompanying drawings.
First,afterabaseinsulatingfilmisformedonasubstrate,
a semiconductor layer having a desired shape is formed by using
a first photolithography process.
Subsequently, an insulating fil; (containing a gate
insulating f£ilm) is formed so as to cover the semiconductor

layer. A first conductive film and a second conductive film

are formed and laminated on the insulating film. The laminate

10



£film thus formed is subjected to a first etching treatment by
using a second photolithography process to forma gate electrode
comprising the first conductive layer and the second conductive
layer. In the present invention, after the gate electrode is
previously formed, gate wires are formed on an inter-layer
insulating f£ilm. -

Subsequently, dimpurity elements providing n-type
{phosphorus or the 1like) are doped into the semiconductor under
the state that a resist mask formed 1in the second
photolithography process is left unmodified, thereby forming
an n-type impurity region {high concentration) in
self-alignment.

Subsequently, the etching condition is changed and a
second etching treatment is carried out under the state that
the resist mask formed in the second photolithography process
is left unmodified, and a first conductive layer (first width)
having a tapered portion and a second conductive layer (second
width) are formed. The first width is set to be larger than
the second width, and the electrode comprising the first
conductive layer and the second conductive layer serves as a
gate electrode (first gate electrode) of an n-channel type TFT.

Subsequently, after the resist mask is removed, impurity
elements providingn-type are passed through the tapered portion
of the first conductive layer and doped into the semiconductor

layer by using the second conductive layer as a mask. Here,
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a chénnel—forming region is formed below the second conductive
layer, and an impurity region (low concentration) is formed
below the first conductive layer so that the impurity
concentration gradually increases as the distance from the
channel-forming region is longer.

Thereafter, whemr the tapered portion is selectively
removed to reduce off-current, the number of mask sheets is
increased by one to form a resist mask covering a portion other
than the pixel portion, and then the etching treatment is carried
out to remove only the tapered portion of the gate electrode
of the pixel portion.

Subsequently, after an insulating film for protecting
the gate electrode is formed, the impurity elements doped in
each semiconductor layer are activated, and then source wires
formed of metal material having low resistance (typically,
material containing aluminum, silver or copper as a main .
component) are formed on the insulating £film at only the pixel
portion by athird photolithography process. As describedabove,
according to the present invention, the source wires of the
pixel portion are formed of the metal material having low
resistance. Therefore, even when the area of the pixel portion
is increased, the pixel portién can be sufficiently driven.
Further, since the number of mask sheets is reduced, the source
wires may be formed by the print method.

Subsequently, an interlayer insulating film is formed,
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and then contact holes are formed by a fourth photolithography
process. In this case., a contact hole extending to the impurity
region, a contact hole extending to the gate electrode and a
contact hole extending to the source wire are formed.
Subsequently, a conductive £ilm formed of metal material
héving low resistance-ts formed, and electrodes for connecting
each of the gate wire and the source wire to the impurity region
and a pixel electrode are formed by a fifth photolithography
process.Inthepresentinvéﬁ%lon,eachgatewireiselectrically
connected to the first gate electrode or the second gate
electrode through the contact hole pfovided in the interlayer
insulating film. Each source wire is electrically connected
to the impurity region (source region) through the contact hole
provided in the interlayer insulating £film. The pixel electrode
is electrically connected to the impurity region {(drain region)
through the contact hole provided in the interlayer insulating
film. A metal material having high reflectivity is preferably
used as the material of the conductive layer because it
constitutes the pixel electrode, and materials containing
aluminum or silver as a main component are typically used.
As described above, according to the present invention,
the gate wires are formed of the metal material having low
resistance, and thus even when the area of the pixel portion
is increased, the pixel portion can be sufficiently driven.

As described above, a device substrate having a pixel
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portion having a pixel TFT (n-channel TFT) and a driving circuit
having an EEMOS circuit (n-channel type TFT) as shown in Fig.
8A can be formed by carrying out the photolithography process
totally at five times, that is, by using five mask sheets. In
this case, the foregoing process is directed to formation of
a reflection type display device, however, the method of the
present invention may be applied to a transmission type display
device. Whenatransmissiontypedisplaydevice ismanufactured,
adevicesubstratecanbeformedbyusingsixmaskgheetsbecause
it is necessary to subject a transparent coﬁductive film to
a patterning treatment.

Further, in a case where an EDMOS circuit as shown in
Fig. 8B is formed by combining an enhancement type and a
depression type, before the conductive £film is formed, the mask
is beforehand formed and an element belonging to the fifteenth
group of the periodic table (preferably, phosphorus) or an
element belonging to the thirteenth group of the periodic table
(preferably, boron) may be selectively doped into the
semiconductor serving as the channel-forming region. In this
case, the device substrate canbe formed by using sixmask sheets.

When the third photolithography is not used and the source
wires of the pixel portion are formed by the print method, the
device substrate can be formed by using four mask sheets.

The present invention having the above construction will

be described in more detail on the basis of the following
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preferred embodiments.

Embodiments

First Embodiment

In this embodiment, a method of simultaneocusly
manufacturing a pixel portion {n-channel TFT} and TFTs (EEMOS
circuit formed by the n-channel TFT) comprising a NMOS circuit
of a driving circuit, which is provided on the periphery of
the pixel portion, on the same substrate will be described with
reference to Figs. 1 t; 5.

In this embodiment, a substrate 100 is used, which is
made of barium borosilicate glass such as #7059 glass and #1737
glass produced by Corning Corp. or aluminoborosilicate glass.
As the substrate 100, any substrate can be used. A quartz
substrate, a silicon substrate, ametal substrate, or stainless
substrate forming an insulating £ilm on the surface may be used.
Aplastic substrate having heat resistance enduring a treatment
temperature of this embodiment also may be used.

Then, an underlying £ilm 101 composed of an insulating
film such as a silicon oxide £ilm, a silicon nitride £ilm, or
a silicon oxide nitride film is formed on the substrate 100.
In this embodiment, a two-layered structure is used as the
underlying £ilm 101. However, a single insulating film or a
lamination of two or more insulating films using the above

insulating f£ilm may also be used. As a first layer of the
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underlying £11m 101, a silicon oxide nitride £ilm 10la is formed
to a thickness of 10 to 200 nm {preferably, 50 to 100 nm} by
plasma CVD, using SiH,, NHi, and N0 as reactive gas. In this
emboaiment, a silicon oxide nitride £ilm 10la (a composition
ratio: Si=32%, 0=27%, N=24%, and H= 17%) having a thickness
of 55-nm is formed. Then, as a second layer of underlying f£ilm
101, a silicon oxide nitride £ilm 101b is formed to a thickness
of 50 to 200 nm (preferably, 100 to 150 nm) by plasma CVD, using
SiH, and N,O as reactive gas. In this embodiment, a silicon
oxide nitride film (a composition ratio: Si = 32%, O = 59%,
N = 7%, and H = 2%) having a thickness of 100 nm is formed.

Then, semiconductor layers 102 to 105 are formed on the
underlying film. The semiconductor layers 102 to 105 are formed
by forming a semiconductor film having an amorphous structure
by a known method (sputtering, LPCVD, plasma CVD, or the like),
conducting a known crystallization processing {laser
crystallization, thermal crystallization, or thermal
crystallization using a catalyst such as nickel) to obtain a
crystalline semiconductor film, and patterning the film into
a desired shape. The semiconductor layers 102 to 105 are formed
to a thickness of 25 to.80 nm (preferably, 30 to 60 nm). There
isnoparticularlimitregardingthematerialforthecrystalline
semiconductor film. However, it is preferable to form the
crystalline semiconductor filmof siliconorasilicon germanium

alloy. In this embodiment, an amorphous silicon £film of 55
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nm is formed by plasma CVD, and thereafter, a solutioncontaining

nickel is held on the amorphous silicon £ilm. The amorphous

silicon film is dehydrogenated (at 500C, for one hour), and
then subjected to thermal crystallization (at 550C, for 4 hours).
Furthermore, laser annealing is conducted for the purpose of
- improving crystallization, whereby a crystalline silicon £ilm
is formed. The crystalline silicon film is subjected to
patterning by photolithography to form the semiconductor layers
102 to 105.

Furthermore, after the semiconductor layers 102 to 105
are formed, doping of a trace amount of impurity elements (boron
or phosphorus) may be appropriately conducted so as to
manufacture separately enhancement type and depression type.

Furthermore, in the case of manufacturing a crystalline
semiconductor film by laser crystallization, a
pulse-oscillation type or continuous light emission type
excimer laser., a YAG laser, and a YVO, laser can be used. When
using these lasers, laser light emitted from a laser oscillator
may be condensed into a line shape by an optical system and
allowed to radiate to a semiconductor f£ilm. Crystallization
conditions are appropriatelyselectedbytheoperator. However,
whenusingapulseoscillationexcimer laser, apulseoscillation
frequency is set to be 30 Hz, and a laser energy density is
set to be 100 to 400 mJ/cm® (typically 200 to 300 mJ/cm?). In

the case of using a pulse oscillation YAG laser, the second
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harmonic thereof may be used, a pulse oscillation frequency
may be set to be 1 to 10 kHz, and a laser energy density may
be set to be 300 to 600 mJ/cm? {typically, 350 to 500 mJ/cm?®}.
Laser light condensed in a line shape with a width of 100 to
1000 um {e.g., 400 um) may be radiated over the entire surface
of a substrate, and a line-shaped laser light overlap ratio
at this time may be set to be 80 to 98%. |

Inaddition, the state of laser radiation is shown briefly
in Fig. 14. The laser light emitted from the laser light source
1101 is radiated to a big substrai:é by the optical system 1102
and the mirror 1103. The ‘arrow on the big substrate shows a
scanning direction of the laser light. Fig. 14 shows executing
a multiple pattern to form six éubstrates sized 12.1 inches
from the big substrate 1105 sized 650 x 550 nm.

Then, a gate insulating £ilm 106 is foxmed so as to cover
the semiconductor layers 102 to 105. The gate insulating £ilm
106 is formed of an insulating f£ilm containing silicon so as
to have a thickness of 40 to 150 nm by plasma CVD or sputtering.
In this embodiment, a silicon oxide nitride £ilm (a composition
ratio: Si = 32%, O = 59%, N = 7%, and H = 2%) is formed to a
thickness of 115 nm by plasma CVD. Needless to say, the gate
insulating film 106 is not limited to a silicon oxide nitride
film, and may have a single layer or layered structure of

insulating films containing silicon.

Then, as shown in Fig. 1A, a first conductive £ilm 107a
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{thickness: 20 to 100 nm) and a second conductive film 107b
{thickness: 100 to 400 nm} are laminated on the gate insulating
film 106. In this embodiment, the first conductive £ilm 107a
made of a TaN f£ilm having a thickness of 30 nm and the second
conductive f£ilm 107b made of a W £ilm having a thickness of
370 nm are laminated thereon. The TaN film is formed by
sputtering using Ta as a target in an atmosphere containing
nitrogen. TheWfilmis formedbysputteringusingWas a target.
The W £film can also be formed by thermal CVD using tungsten
hexafluoride (WFs). In any case, it is required to lower a
resistance in order to use the W £ilm as a gate electrode, and
it.is desirable that a resistance ratio of the W film is 20
u2cm or less. The resistance ratio of the W £ilm can be lowered
by enlarging crystal grains thereof. However, in the case where
there are a number of impurity elements such as oxygen in the
W f£ilm, crystallization is inhibited, and the resistance of
the W £ilm is increased. Therefore, in this embodiment, the
W £ilm is formed by sputtering using high-purity W (purity:
99. 5999% 0r99.99%) asa target so that no impurity may be allowed
toenterintheWfilmfromavapor phaseduringthe filmformation,
whereby a resistance ratio of 9 to 20 uQcm can be achieved.

In this embodiment, the first conductive film 107a is
made of TaN, and the second conductive £ilm 107b is made of
W. However, thepresent inventionisnot limitedthereto. Both

the £films may be formed of an element selected f£from Ta, W, Ti,
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Mo, Al, Cu, Cr, and Nd, or an alloy material containing the
element as its main component or a compound material. A
semiconductor film such as a polycrystalline silicon £film doped
with an impurity element such as phosphorus may also be used.
Furthermore, the following combination may be used: the first
conductive film made of a tantalum (Ta) film and the second
conductive film made of a W £ilm; the first conductive f£ilm
made of a titanium nitride (TiN) £ilm and the second conductive
filmmade of aWfilm; the first conductive filmmade of a tantalum
nitride (TaN) film and the second conductive f£ilm made of an
Al film; the first conductive film made of tantalum nitride
{TaN) £film and the second conductive film made of a Cu film.

Then, masks 108a to llla made of a resist are formed by
photolithography, and first etching processing for forming
electrodes and wiring is conducted. The first etching
processing is conducted as first and second etching conditions.
In this embodiment, under the first etching condition, etching
is conducted by an inductively coupled plasma (ICP) etching
method, in which plasma is generated by using CFy, Cl,, and O;
as etching gas (a flow rate: 25/25/10 (scecm)) with an RF power
(13.56 MHZ) of 500 W supplied to a coil-shaped electrode at
a pressure of 1 Pa. As the etching gas, chlorine type gas such
as Cl,, BCli, SiCl,4, and CCl, or fluorine gas such as CFy, SFs,
and NF;, or O, can be appropriately used. Herein, a dry etching

apparatus {Model E645- ICP) using ICP produced by Matsushita
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electric Industrial Co., Ltd. is used. Ar RF power (13.56 MHZ)
of 150 W is also applied to the substrate side (a sample stage),
whereby a substantially negative self-bias voltage is applied
thereto. Under the firstetchingcondition, theWfilmisetched
and end portions of the first conductive layer are tapered.
Under the first etching condition, an etching rate with respect
to W is 200.39 nm/min., an etching rate with respect to TaN
is 80.32 nm/min., and a selection ratio of W with respect to
TaN is about 2.5. Furthermore, under the first etching
condition, a taper angle of W Eecomes about 26°.
Thereafter, without removing the masks 108a to 11lla made
of resist, etching is conducted for about 30 seconds under the
second etching condition, in which plasma is generated by using
CF, and Cl, as etching gas (flow rate ratio: 30/30 (sccm)) with
an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
electrode at a pressure of 1 Pa. An RF power (13.56 MHZ) of
20 W is also applied to the substrate side (a sample stage),
whereby a substantially negative self-bias voltage is applied
thereto. Under the second etching condition using a mixture
of CF, and Cl, as etching gas, the W film and the TaN film are
etched to the same degree. Under the second etching condition,
an etching rate with respect toWis 58.97 nm/min., and an etching
rate with respect to TaN is 66.43 nm/min. In order to conduct
etching without leaving any residual on the gate insulating

film, an etching time may be increased by about 10 to 20%.
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According to the above. first etching processing, by
appropriately prescribing the shape of a resist mask, the end
portions of the first conductive layer and the second conductive
layer are tapered due to the effect of a bias voltage applied
to the substrate side. The angle of the taper portion may be
15 to 45°.

Thus, conductive layers 113 to 116 (first conductive
layers 113a to 116a and second conductive layers 113b to 116Db)
of a £first shape composed of first conductive layers and second
conductive layers are formed by the first etching processing.
{(Fig. 1B) Thewidth of the first conductive layer in the channel
length direction cor£esponds to the first width shown in the
above embodiment mode. Although not shown, regions of the
insulating £ilm 106 to be a gate insulating £ilm, not covered
with the conductive layers 113 to 116 of a first shape, are
etched by about 10 to 20 nm to be thin.

Without removing the resist masks, first doping
processing is conducted, whereby an impurity element providing
an n-type is added to the semiconductor layers (Fig. 1C}. The
doping processing may be conducted by ion doping or ion
implantation. Ion doping is conducted under the conditions
of a dose amount of 1 x 10** to 5 x 10'®/cm® and an acceleration
voltageof 60tol1l00keV. Inthisembodiment, dopingisconducted
at a dose amount of 1.5 x 10*®/cm? and an acceleration voltage

of 80 keV. As the impurity element providing an n-type., an
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element belonging to Group 15, typically. phosphorus (P) or
arsenic (As) is used. Herein, phosphorus (P) is used. 1In this
case, the conductive layers 113 to 116 function as masks with
respect to the impurity element providing an n-type, whereby
high-concentration impurity regions 118 to 121 are formed in
a self-alignment manner. An impurity element imparting an
n-type is added to the high-concentration impurity regions 118
to 121 in a concentration of 1 x 102 to 1 x 10*'/cm’.

Then, without removing the resist masks, second etching
processing is conducted. Herein, etching is conducted for 25
seconds by using SFe, Cl,, and O, as etching gas (flow rate ratio:
24/12/24 (sccm) ) with an RF power {13.56 MHZ) of 700 W supplied
to a coil-shaped electrode at a pressure of 1.3 Pa to thereby
generate plasma. An RF power (13.56 MHZ) of 10 Wis also applied
to the substrate side (sample stage), whereby a substantially
negative self-bias voltage is applied thereto. In the second
etching processing, an etching rate with respect to W is 227.3
nm/min., an etching rate with respect to TaN is 32.1 nm/min.,
and a selectionratioof Wwithrespect toTaNis 7.1. Anetching
rate with respect to SiON that is the insulating film 106 is
33.7 nm/min., and a selection ratio of W with respect to TaN
is 6.83. In the case of using SFs as the etching gas, a selection
ratio with respect to the insulating £ilm 106 is high, so that
a decrease in a film thickness can be suppressed.

The taper angle of W becomes 70° in the second etching
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processing. Furthermore, in the second etching processing,
second conductive layers 122b to 125b are formed. On the other
hand, the first conductive layers are hardly etched to form
first conductive layers 122a to 125a. (Fig. 1D) Although not
shown, actually, the width of the first conductive layers is
narrowed by about 0.15 ym (i.e., about 0.3 um over the total
line width) compared with the state before the second etching
processing. Furthermore, the width of the second conductive
layer in the channel length direction corresponds to the second
width shown in the embodimeht mode.

The electrode formed by the first conductive layer 122a
and the second conductive layer 122b is to be the gate electrode
of the n-channel TFT of the CMOS circuit formed by the following
steps. The electrode formed by the first conductive layer 125a
and the second conductive layer 125b is to be one electrode
of the retention capacitor formed by the following steps.

It is also possible to use CFy, Cl,, and 0 as the etching
gas in the second etching processing. In this case, etching
may be conducted by generéting plasma under a flow rate ratio
of 25/25/10 {sccm) with an RF power (13.56 MHZ) of 500 W supplied
to a coil-shaped electrode at a pressure of 1 Pa. An RF power
(13.56 MHZ) of 20 W is also applied to the substrate side (sample
stage), whereby a substantially negative self bias voltage is
applied thereto. In the case of using CFy, Cl;, and O; , an

etching rate with respect to W is 124.62 nm/min., an etching
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rate with respect to TaN ig 20.67 nm/min. and a selection ratio
of Wwith respect toTaNis 6.05. Thus, theWfilmis selectively
etched. Furthermore, in this case, the regions of the
insulating £ilm 106, not covered with the conductive layers
122 to 125 of a first shape, are etched by about 50 nm to be
thin.

Then, after removing the resist masks, second doping
processing is conducted to obtain a state shown in Fig. 2A.
Doping is conducted using the second conductive layers 122b
to 125b as masks with respect to an impurity element so that
the impurity element is added to the semiconductor layers below
the taper portions of the first conductive layers. In this
embodiment, phosphorus (P) i's used as the impurity element,
and plasma doping is conducted under the doping conditions of
a dose amount of 1.5 x 10*/cm?, an acceleration voltage of 90
keV, an ion current density of 0.5 uA/cmz. phosphine (PH,) 5%
hydrogen dilute gas, and a flow rate of 30 sccm. Thus,
low-concentration impurity regions 127 to 136 are formed so
as to be overlapped with the first conductiire layers in a
self-alignment manner. The concentration of phosphorus (P)
added to the low-concentration impurity regions 127 to 136 is
1x10Yto1x10*/cm?, and the low-concentration impurity regions
127 to 136 have a concentration gradient in accordance with
the thickness of the taper portions of the first conductive

layers. In the semiconductor layer overlapped with the taper
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portionof the first conductive layer, animpurityconcentration
{P concentration) decreases gradually £rom the end of the taper
portion of the <first conductive layer inwardly. More
specifically, in the second doping processing, a concentration
distribution is formed. Furthermore, an impurity element is
also added to the high-concentration impurity regions 118 to
121 to form high-concentration impurity regions 137 to 145.

In this embodiment, the width of the tapered portion (the
width in the chan"ne'lﬂ‘length direction) is preferably at least
0.5 um or more and the upper limit thereof is 1.5 to 2 um.
Accordingly, though depending on the film thickness, the upper
limit is also 1.5 to 2 um for the width in the channel length
direction of an impurity region (low concentration) having a
concentration gradient. An impurity region {high
concentration) and an impurity region (low concentration) are
shown as separate regions in the drawing. In fact, there is
no definite border but merely a region having a concentration
gradient. Similarly, achannelformationregionandanimpurity
region (low concentration) donot have a definite border between
them.

Next, the area other than the pixel portion is covered
withresist masks 146 and 147 toconduct thirdetching treatment.
In the third etching treatment, the tapered portions of the
first conductive layers are seiectively etched so as to remove

the regions that overlap the semiconductor layers. The third
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etchingtreatment usesasetchinggasCl;thathasahighselective
ratio with respect to W and employs an ICP etching device. In
this embodiment, the gas flow rate of Cl; is set to 80 sccm
and an RF {13.56 MHZ ) power of 350 Wis given toacoiled electrode
at a pressure of 1.2 Pa to generate plasma for 30 second etching.

The substrate side (sample stage) receives an RF (13.56 MHZ)

power of 50 W to apply a substantiallynegative self-bias voltage.
First conductive layer 124c is formed through the third etching.

(Fig. 2B)

Although an example of executing the third etching
treatment is showed in this embodiment, the third etching
treatment is not necessary to perform here if there is no
requirement.

Next, the resist masks 146 and 147. are removed to form
a first interlayer insulating £ilm 154. The first interlayer
insulating £ilm 154 is formed from an insulating filmcontaining
silicon to a thickness of 10 to 200 nmby plasma CVD or sputtering.
The first interlayer insulating £ilm 154 serves as an etching
stopper to avoid over-etching of the semiconductor layers when
contact holes are formed later in the insulating film reduced
inthickness during themanufacture process. Inthisembodiment,
a silicon oxide film with a thickness of 50 nm is formed by
plasma CVD. The first interlayer insulating film 154 is not
limited to the silicon oxide £ilm, of course, and a single layer

or laminate of other insulating films may also be used.
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Next, the impurityelements used to dope the semiconductor
layers are activated as shown in Fig. 2D. The activation is
achieved by thermal annealing using an annealing furnace. The
substrate is subjected to thermal annealing in a nitrogen
atmosphere containing 1 ppm or less of oxygen, preferably 0.1
ppm or less of-nitrogen atmosphere, at 400 to 7007C, typically -
500 to 550C. In this embodiment, the activation treatment is
made through heat treatment at 550°C for four hours. Other than
thermal annealing, laser annealing or rapid thermal annealing
{RTA} can be employed.

Though not shown in the drawing, the impurity elements
are diffused through the activation treatment to thereby erase
the border between the n-type impurity regions (low
concentration) and the impurity regions (high concentration)
almost completely.

In this embodiment, nickel used as the catalyst in
crystallization is gettered and moved to the impurity regions
containing a high concentration of phosphorus at the same time
the above activation treatment is conducted. As a result, the
nickel concentration in the semiconductor layers that mainly
serve as the channel formation regions is reduced. If a channel
formation region thus formed is used in a TFT, the TFT can have
high field effect mobility and excellent characteristics owing
to reduced OFF current value and improved crystallinity.

The activation treatment may be conducted before forming
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the first interlayer insulating £ilm. However, when the wiring
line material used is weak against heat, it is preferred to
form the first interlayer insulating film (an insulating film
mainly containing silicon, for example, asiliconnitride film)
first and then conduct the activation treatment as in this
embodiment-EB protect the gate electrodes.

Next, heat treatment is conducted in ahydrogen atmosphere
to hydrogenate the semiconductor layers. Other hydrogenating
methods that can be used include plasma hydrogenation (using
hydrogen excited by plasma).

When laser annealing is employed for the activation
treatment, the substrate is desirably irradiated with laser
light of an excimer laser, a YAG laser, or the like after the
above hydrogenation.

A source wiring line 126 is formed next on the first
interlayer insulating film 154. (Fig. 3A) The source wiring
line 126 is preferably formed of a low resistant material,
typically, aluminum, silver, copper or a material mainly
containing above materials.

The conductive filmmainly containing aluminum is formed
byasputteringinthisembodiment, thereafter, the sourcewiring
line 126 is formed using a photolithography. In addition, as
another method of manufacturing the source wiring line 126,
the printing and the plating can be used.

Then a second interlayer insulating £ilm 155 is formed
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so as to cover the source wiring of pixels. An inorgaric
insulating £ilm mainiy containing silicon may be used for the
second interlayer insulating £ilm 155.

Although a case of forming the source wiring line 126
on the first interlayer insulating £ilm 154 is shown here, the
source-wiring line may be formed on the second intorlayer
insulatingfilm. Inthiscase, thesecondinterlayerinsulating
filmis formedusingasiliconnitride filmafter the activation,
heat treatment is conducted (at 300 to 550 C for one to twelve
hours) to hydrogenate the semiconductor layers, and then the
source wiring line is formed on the second interlayer insulating
film. The hydrogenation in this case 1is for terminating
dangling bonds in the semiconductor layers with hydrogen
contained in the second interlayer insulating film.

Next, a third interlayer insulating f£film 156 is formed
on the second interlayer insulating £ilm 155 from an organic
insulatingmaterial. Inthis embodiment, anacrylicresinfiim
is formed to a thickness of 1.6 um. Then contact holes reaching
the impurity regions (137, 138, 149, 150, 151, 153, and 144),
a contact hole reaching the source wiring line 126 of pixel
portions, contact holes reaching the gate electrodes 124 and
contact holes reaching the electrode 125b are formed by
patterning.

Formed next are electrodes 157 to 160 electrically

connected to the impurity regions 137, 138, 149, and 150,
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respectively. Also formed is the source wiring of the driver
circuit. Also formed are a pixel electrode 163 electrically
connected to the impurity region 144 and to the impurity region
153, an electrode (connector electrode) 161 for electrically
connecting the impurity region 151 that is to serve as a source
regteon with the source wiring line 126 of the pixeiportion,
a gate wiring line 162 electrically connected to the gate
electrodes 124, and a capaci{:or wiring 169 electrically
connected to the electrode 125b. These electrodes and the pixel
electrode are formed from a .material having excellent
reflectivity, such as a film mainly containing Al or Ag, or
a laminate of a film mainly containing Al and a £ilm mainly
containing Ag.

The impurity regions 135, 136, 144, and 145 functioning
as one of electrodes of a capacitor storage 207 are doped with
an impurity element that imparts the n-type conductivity. The’
capacitor storage 207 is composed of electrodes 125a and 125b
connected to the capacitor wiring 169 and the semiconductor
layers with the insulating f£film 106 as dielectric.

In thisway, adrivingcircuit 201 including a CMOS circuit
202 that is composed of an n-channel TFT 203 and an n-channel
TFT 204 can be formed on the same substrate as that on which
the pixel portion 205 having a pixel TFT 206 that is an n-channel
TFT and the capacitor storage 207 is formed. (Fig. 3B) A

substrate as this is called herein an active matrix substrate
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for conveniences’ sake.

In this embodiment, the EEMOS circuit is structured by
using the n-channel TFT 203 and the n-channel TFT 204 shown
in Fig. 8A.

Fig. 5 is a top view of the pixel porfion of the active

~-matrix substrate fabricated in accordance with this embodiment.
In Fig. 5, components corresponding to those in Fig. 3B are
denoted by the same symbols. The sectional view indicated by
the dot-dash line A-A’ in Fig. 3B is taken along the dot-dash
lineA-A’' inFig. 4. Thesectionélviewindicatedbythedot—dash
line B-B’ in Fig. 3B is taken along the dot-dash line B-B‘ in
Fig. 5. The Fig. 4 shows a top view when just behind the source
wiring 126 of the pixei is formed.

In the pixel structure according to this embodiment, the
edge of the pixel electrode 163 overlaps the source wiring line
126 so that a gap between pixel electrodes is shielded against
light without using a black matrix.

The process shown in this embodiment requires only six

photo masks in manufacturing an active matrix substrate.

Second Embodiment

In this embodiment, a process for manufacturing an active
matrix liquid crystal display device using the active matrix
substrate manufactured in Embodiment 1 will be described. The

description is made with reference to Fig. 6.
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First, after the active matrix substrate with the state
of Fig. 3B is obtained according to Embodiment 1, an orientation
film 301 is formed on the active matrix substrate of Fig. 3B
to perform a rubbing process. Note that, in this embodiment,
before the formation of the orientation film 301, an organic
resin £ilm such as an acrylic resin film i=-patterned to form
a coluﬁnar spacer for keeping a gap between substrates in a
desired position. Also, instead of the columnar spacer, a
spherical spacer may be d;;tributed over the entire surface.

Next, an opposing substrate 300 is prepared. A color
filter in which a colored layer 302 and a light shielding layer
303 aré arranged corresponding to each pixel is provided in
this opposing substrate 300. Also, a light shielding layer
303 is provided in a portion of a driver circuit. A leveling
£ilm 304 for covering this color filter and the light shielding
layer 303 is provided. Next, a counter electrode 305 made of
a transparent conductiv.e. £ilm 1s formed in a pixel portion on
the leveling film 304, and then an orientation £ilm 306 is formed
on the entire surface of the opposing substrate 300 to perform
a rubbing process.

Then, the active matrix substrate in which the pixel
portion and the driver circuit are formed and the opposing
substrates are adhering to each other by using a sealing member

307. The filler is mixed with the sealing member 307, and two

substrates are adhering to each other with a uniform interval
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by this filler and the columnar spacer. After that, a ligazid
crystal material 308 is injected into a space between both
substrates and then completely encapsulated by a sealing member
{not shown). A known liquid crystal material may be used as
the liguid crystalmaterial 308. Thus, theactivematrixliquid
crystal display device as shown in Fiyg. 5 is completed. 1If
necessary, theactivematrix substrate or the opposing substrate
is cut with a predetermined shape. Also, a polarization plate
and the like are suitably provided using a known techniqgue.
And, an FPC is adhering to the active matrix liquid crystal
display device using a known technique.

A structure of a liquid crystal module thus obtained will
be described using a top view of Fig. 7. Note that the same
reference symbols are used for portions corresponding to those
of Fig. 6.

The top view of Fig. 7 shows the state that the active
matrix substrate and the opposing substrate 300 are adhering
to each other through the sealing member 307. Over the active
matrix substrate, an external input terminal 309 to which the
pixel portion, the driver circuit, and the FPC {flexible printed
circuit) are adhering, a wiring 310 for connecting the external
input terminal 309 with an input portion of the respective
circuits, and the like are formed. Also, the color filter and
the like are formed in thg opposing substrate 300.

A light shielding layer 303a is provided in the opposing
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suﬁstrate side so as to overlap with a gate wiring side driver
circuit 20la. Also, a light shielding layer 303b is provided
in the opposing substrate side so as to overlap with a source
wiring side driver circuit 201ib. In a color filter 302 which
is provided over the opposing substrate side on a pixel portion
205, a light shielding layer and coisred layers.for respective
colors red color (R), green color (G), and blue color (B} are
providedcorrespondingtoeachpixel. Actually, acolordisplay
is formed using three colors, that is, the colored léyer for
the red color (R), the colored layer for the green color (G},
and the colored layer for the blue color (B). Note that the
colored layers for respective colors are arbitrarily arranged.

Here, foracolordisplay, the color filter 302 is provided
over the opposing substrate. However, the present invention
is not particularly limited to this case, and in manufacturing
the active matrix substrate, the color filter may be formed
over the active matrix substrate.

Also, in the color filter, the light shielding layer is
provided between adjacent pixels such that a portion except
for a display region is shielded. The light shielding layers
303a and 303b are provided inaregioncovering the driver circuit.
However, when the liquid crystal display device is incorporated
into an electronic device as a display portion thereof, the
region covering the driver circuit is covered with a cover.

Thus, the color filter may be constructed without the light
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shielding layer. Inmanufacturingtheactivematrixsubstrate,

the light shielding layer may be formed over the active matrix

" substrate.

Also, without providing the light shielding layer, the
colored layers composing the color filter may be éuitably
arranged between the opposing —substrate and the counter
electrode such that light shielding is made by a lamination
layer laminated with a plurality of layers. Thus, the portion
except for the display region (gaps between pixel electrodes)
and the driver circuit may be light-shielded.

Also, the FPC 411 which is composed of the base film and
the wiring is adhering to the external input terminal by using
an anisotropic conductive resin. Further, a reinforced plate
is provided to increase a mechanical strength.

The liquid crystal module manufactured above can be used

as the display portion of various electronic equipments.

Third Embodiment

With respect to the n-channel type TFT of the first
embodiment, the enhancement type and the depression type can
be discriminatively formed by doping an element belonging to
the fifteenth group of the periodic table (preferably,
phosphorus)or an element belonging to the thirteenth group of
the periodic table (preferably, boron) into the semiconductor

serving as the channel-forming region.
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Further, in the case where an NMOS circuit is formed hy
combining n-channel type TFTs, there are two cases, one case
where it is formed by enhancement type TFTs (hereﬁ'.nafter referred
to as "EEMOS circuit") and the other case where it is formed
by combining an enhancement type and a depression type
(hereinafter referred to as "EDMOS circuit").

Here, Fig. 8A shows a case of the EEMOS circuit, and Fig.
8B shows a case of the EDMOS circuit. InFig. 8A, each of reference
numerals 31 and 32 represents an enhancement type n-channel
type TFT (hereinafter referred to as "E-type NTFT"). In Fig.
8B, referencenumeral 33 representsanE-type NTFT, andreference
numeral 34 represents a depression type n-channel type TFT
(hereinafter referred to as "D-type NTFT";.

In Figs. 8A and 8B, VDH represeﬁts a voltage source line
{positive vc'>ltage source line) to which a positive voltage is
applied, and VDL represents a voltage source line (negative
voltage source line) to which a negative voltage is applied.
The negative voltage source line may be a power source line
of the ground potential (i.e., ground voltage source line}.

Fig. 9 shows a case where a shift resister is formed by
using an EEMOS circuit shown in Fig. 8A or an EDMOS circuit
shown in Fig. 8B. In Fig. 9, reference numerals 40, 41 represent
flip flop circuits. Further, reference numerals 42, 43 represent
E-type NTFTs. A clock signal (CL) is input to the gate of the

E-type NTFT 42, and a clock signal (CL bar) having the inverted
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polarity is input to the gate of the E-type NTFT 43. Reference
numeral 44 represents an inverter circuit, and the EEMOS circuit
shown in Fig. 8A or the EDMOS circuit shown in Fig. 8B 1s used
as shown in Fig. 9B. Accordingly., the overall driving circuit
of the display device can be constructed by n-channel type TFTs.

This embodiment may be freely combined with the first

embodiment or the second embodiment.

Fourth Embodiment

In this embodiment, a gate electrode different from that
of the first embodiment is provided in the pixel TFT as shown
in Fig. 10. In Fig. 10, only the pixel portion is illustrated
because only the gate electrode of the pixel portion is different
from that of the first embodiment.

In this embodiment, the third etching treatment of the
first embodiment shown in Fig. 2B is not carried out. Accordingly,
the first conductive layer 604 is overlapped with the impurity
region 603, 605 through the insulating film, and the first
conductive layer 607 is overlapped with the impurity region
606, 608 through the insulating £ilm.

The first conductive layer 604, 607 having the tapered
portion corresponds to the first conductive layer 124a of the
first embodiment.

According to this embodiment, the number of mask sheets

can be reduced by one as compared with the first embodiment,
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and the number of photomask sheets needed to form an active
matrix board can be reduced to five.

This embodiment may be freely combined with any one of
the first to third embodiments.

Fifth Embodiment

In the first embodiment, the method of manufacturing an
active matrix board used in a reflection type liquid crystal
display device is described. In this embodiment, a method of
manufacturing an active matrix board used in a transmission
type liguid crystal display will be described. In Fig. 11, only
the pixel portion is illustrated in Fig. 11 because only the
pixel portion is different.

Fig. 11A shows a process in which according to the first
embodiment, after a third interlayer insulating film is formed,
a pixel electrode 700 comprising a transparent conductive £ilm
is subjected to a patterning treatment using a photomask to
form contact holes and form each of the electrodes and the gate
wires. The transparent conductive film of the pixel electrode
700 may be formed of ITO (alloy of indium oxide and tin oxide),
alloy of indium oxide and zinc oxide (In;03;-Zn0}, zinc oxide
(Zn0) or the like.

The pixel electrode 700 is electrically connected to an
impurity region 705 of a pixel TFT 702 by a connection electrode
706 overlapped with the pixel electrode 700. In Fig. 11A,

reference numeral 701 represents a source wire, and reference
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numerals 703, 704 represent gateelectrodes. In this ex'nbodimeﬁt .
the connection electrode is formed after the pixel electrode
is formed. However, after the contact hole is formed and the
connection electrode is formed, the pixel electrode comprising
the transparent conductive film may be formed so as to be
overlapped with the connection electrode.

In the manufacturing method of achieving the structure
of Fig. 11A, the number of photomasks needed to manufacture
an active matrix board can be set to seven.

Fig. 11B shows a method of forming an active matrix board
used in a transmission type liquid crystal display device using
the pixel TFT 709 achieved by the fourth embodiment. The same
parts as Fig. 11A are represented by the same reference numerals.

In Fig. 11B, the gate electrode of the pixel TFT 709 forms
the pixel electrode 700 comprising the transparent conductive
film like Fig. 11A.

In Fig. 11B, the structure of the gate electrode is
‘different from that of Fig. 11A, and each of first conductive
layers 707, 708 has a tapered portion.

In the manufacturing method of achieving the structure
of Fig. 11B, the number of photomasks needed to form an active
matrix board can be reduced to six.

This embodiment may be freely combined with any one of

the first to fourth embodiments.
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Sixth Embodiment

This embodiment is characterized in that the source wires
of the pixel portion and the source wires of the driving circuit
are formed indifferent processes. Inthe following description,
only the different points will be described in more detail with
reference to Fig. 12. 1In Fig. 12, only three source wires—91l
and only three gate wires 92 of the pixel portion are illustrated
in order to simplify the description. The source wires 91 of
the pixel portion are designed as bands arranged in parallel,
and the interval thereof is equal to the pixel pitch.

Fig. 12isalsoablockdiagramtoperformadigital driving
operation. In this embodiment, a source side driving circuit
93, a pixel portion 94 and a gate side driving circuit 95 are
provided. In the specification, the driving circuit is a general
term containing a source side driving circuit and a gate side
driving circuit.

The source side driving circuit 93 comprises a shift
register 93a, a latch (A) 93b, a latch (B) .930, a D/A converter
93d and a buffer 93e. The gate side driving circuit 95 comprises
a shift register 95a, a level shifter 95b and a buffer 95c.
If necessary., a level shifter circuit may be provided between
the latch (B) 93c and the D/A converter 93d.

In this embodiment, a contact portion exists between the
source side driving circuit 93 and the pixel portion 94 as shown

in Fig. 12. This is because the source wires of the source side
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driving circuit and the source wires 91 of the pixel portion
are formed in the different processes. In this embodiment, the
source wires of the pixel portion are formed of material having
lowresistance, and thus they are formed in the process different
from that of the source wires of the source side driving circuit.

In the first embodiment, the source wires 91 of thepixel
portion are formed by using the sputtering method, and then
etched by using the photolithography method.

In thisembodiment, the sourcewires 91 of thepixelportion
are formed by using another method (plating method, print
method]) .

Fig. 13A shows a case where source wires 801 of the pixel
portion are formed by using the plating method (electroplating
method). The source wires 801 of the pixel portion are formed
in a layer different from that of the gate electrodes 803, 804.

According to the plating method, DC current is supplied
into water solution containing metal ions (plating material
source) to form a metal film on a cathode surface. As metal
to be plated may be used copper, silver, gold, chromium, iron,
nickel, platinum or alloy thereof, for example.

In the plating method, the £ilm thickness may be suitably
set under the control of current density and a plating time

by an executor.

In this embodiment, the wires are formed on the first

interlayer insulating £ilmby using the photolithography method,
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and then a metal £ilm (copper) is formed on the surface of each
wire by the plating method to complete the source wires. The
copper is optimum to the source wires of the present invention
because the electrical resistance thereof is very low. In the
-subsequent steps, a pixel TFT 802 shown in Fig. 13A can be formed
according to the method of the first embodiment. —

Fig. 13B shows a case where the source wires 901 of the
pixel portion are formed by using the print method (screen print
method) .

According to the screen print, a plate having a desired
opening pattern is used as a mask, and paste (diluent) or ink
mixed with metal particles (Ag, Al or the like) is formed on
a substrate servingas a print medium through the openingportion
of the mask, and then the substrate thus printed is burned to
form wires having a desired pattern. The print method as
described above is relatively low in cost and can provide a
1arge-.area print pattern, and hence, is suitable of the
invention.

In this embodiment, only the source wires of the pixel
portion are formed in the line direction on the first interlayer
insulating film using the screen print method. The source wires
901 of the pixel portion are formed in the layer different from
that of the gate electrodes 903, 904.

In the manufacturing method of achieving the structure

of Fig. 13B, the number of photomasks needed to form the active
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matrix board can be reduced to four.

Fig. 13C shows a case where source wires 906 of the pixel
portion are formed in the same layer as the gate electrodes
by using the print method {screenprint method). In the following
case, conductive layers 905a, 905b are provided to enhance the
positional precision of the source wires 906 of ~the pixels.

In this embodiment, the conductive layers 905a, 905b are
formed in the same process as the gate electrodes. Subsequently,
the impurity elements are activated while the gate electrodes
are not covered by the insulating £ilm. As an activating method,
a thermal annealing treatment is carried out under reduced
pressure in an inert atmosphere so that increase of resistance
of the conductive layvers due to oxidation of the conductive
layers can be suppressed. Subsequently, the source wires 906
are formed so as to be filled between the conductive layers
905a, 905b by using the print method. The wire breaking which
is liable to occur in the print method can be prevented by
providing the conductive layers 905a, 905b along the source
wires 906.

Inplace of the screenprintmethod, aletterpressprinting
method using a rotating drum, an intaglio printing method and
various offset printing methods may be applied to the present

invention.

The source wires 91 of the pixel portion can be formed

by the various methods as described above.
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The pixel portion 94 contains plural pixels, and a TFT
element is provided to each of the plural pixels. Further, many
gate wires 92 connected to the gate side driving circuit are
provided to the pixel portion 94 in parallel to one another.

A gate side driving circuit may be also provided at the
opposite side to the gate side driving circutt 95 with respect
to the pixel portion 94. Further, when the device is driven
in the analog style, a sampling circuit may be provided in place
of the latch circuit.

The above construction can be implemented according to

the manufacturing processes of the first to £ifth embodiments.

Seventh Embodiment

The driver circuit and the pixel portion in accordance
with the present invention canbe used in variousmodules (active
matrix type liquid crystal module, active matrix type EL module
and active matrix type EC module). In other words, the present
invention can be applied to all of the electronic equipments

having these modules as the display section.

The following can be given as examples of the electronic
equipment: video cameras; digital cameras; head mounted
displays (goggle type display): car navigation systems:
projectors; car stereo; personal computers; portable

information terminals {such as mobile computers, portable
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telephones and electronic notebook)}. An example of thes=a is

shown in Figs. 15 and 16.

Fig. 15A shows a personal computer, and it includes a
main body 2001, an image input section 2002, a display portion
2003, and a keyboard 2004. The present invention is applicable

et

to the display portion 2003.

Fig. 15B shows a mobile computer, and it includes a main
body 2201, a camera section 2202, an image receiving section
2203, operation switches 2204, and a display portion 2205. The

present invention is applicable to the display portion 2205.

Fig. 15C shows a player using a recording medium which
records aprogram (hereinafterreferred toasarecordingmedium),
and it includes a main body 2401; a display portion 2402; a
speaker section 2403; a recording medium 2404; and operation
switches 2405. This player uses DVD (digital versatile disc),
CD, etc. for the recording medium, and can be used for music
appreciation, film appreciation, games and Internet. The

present invention is applicable to the display portion 2402.

Fig. 16A shows a portable book (electronic book), and
it includes a main body 3001, display portions 3002 and 3003,
a recording medium 3004, operation switches 3005, and an antenna
3006. The present invention can be applied to the display

portions 3002 and 3003.

Fig. 16B shows a display. and it includes a main body
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3141, a support stand 3102, and a display portion 3103. The

present invention can be applied to the display portion 3103.

The applicable range of the present invention is thus
extremelywide, and it is possible to apply the present invention
to electronic equipment in all fields. Further, the electronic
equipment of the embodiment 7 can E; realized by using a

constitution of any combination of Embodiments 1 to 6.

As described abové, according to the present invention,
lower power consumption can be performed for a semiconductor
device represented by an active matrix type liquid crystal
display device even when the area of the pixel portion is
increased and thus the semiconductor device has a large-scale

screen.
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1. A semiconductor device comprising:

a first n-channel type TFT provided in a pixel;

a second n-channel type TFT provided inadriving circuit;
and

a third n-channel type TFT provided in said driving
circuit,

wherein the gate electrode of each of said first n-channel
typeTFT,saidsecondn—channeltypeTFTandsaidthirdn—channel
type TFT has a laminate structure comprising a first conductive
layerhavingafirstwidthasalowerlayerandasecondconductive
layer having a second width smaller than the first width as

an upper layer.

2. A semiconductor device comprising:

a first n-channel type TFT provided in a pixel;

a second n-channel type TFT provided in a driving circuit;
and

a third n-channel type TFT provided in said driving
circuit,

wherein the gate electrode of said first n-channel type
TFT has a laminate structure comprising a second conductive
layer and a first conductive layer having the same width as
said second conductive layer, and the gate electrode of each

of said second and third n-channel type TFTs has a laminate
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structure comprising a first conductive layer having a first
width as a lower layer and a second conductive layer having

a second width smaller than the first width as an upper laver.

3. A device according to claim 1, wherein an EEMOS circuit
or an EDMOS circuit is formed b?-said second n-channel type

TFT and said third n-channel type TFT.

4, A device according to claim 2, wherein an EEMOS circuit

or an EDMOS circuit is formed by said second n-channel type

e 5.

TFT and said third n-channel type TFT. Hl““‘ “m““““l‘l“““
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5. A device according to c¢laim 1, wherein each of said

n-channel type TFTs of said driving circuit has a gate electrode
having a tapered portion, a channel-forming region overlapped
with said gate electrode and an impurity region

partially-overlapped with said gate electrode.

6. A device according to claim 2, wherein each of said
n-channel type TFTs of said driving circuit has a gate electrode
having a tapered portion, a channel-forming region overlapped
with said gate electrode and an impurity region

partially-overlapped with said gate electrode.

7. ‘A device according to claim 1, wherein each of said first
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and second and third n-channel TFTs comprises an impurity region
containing phosphorus therein, and said impurity region
comprises an area having a concentration gradient of phosphorus
in the range from at least 1x10*” to 1x10'*/cm®, and concentration

of phosphorus in said area is increased as the distance from
the channel-forming region is increased. ““l“l I"l“ “'““l““ll" 5
* ¢ L H & *

8. A device according to claim 1, wherein each of said first

and second and third n-channel TFTs comprises an impurity ré'gELon
containing phosphorus therein, and said impurity region
comprises an area having a concentration gradient of phosphorus
in the range fromat least 1x10' to 1x10'*/cm’, and concentration
of phosphorus in said area is increased as the distance from

the channel-forming region is increased.

9. A device according to claim 1, wherein the source wires
of said n-channel type TFTs of said driving circuit and the
source wire of said n-cannel type TFT of said pixel portion

comprises different materials.

10. A device according to claim 2, wherein the source wires
of said n-channel type TFTs of said driving circuit and the
source wire of said n-cannel type TFT of said pixel portion

comprises different materials.
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11. A device according to claim 1, wherein a source wire
connected with said first n-channel type TFT provided in said

pixel comprises at least one material selected from the group

conting of 81 G 8 23 N

12. A device according to claim 2, wherein a source wire
connected with said first n-channel type TFT provided in said
pixel comprises at least one material selected from the group

consisting of Al, Cu and Ag.

13. A device according to claim 1, wherein a source wire
connected with said first n-channel type TFT provided in said
pixel is formed by a sputteringmethod, a print method, a plating

method or any combination thereof.

14. A device according to claim 2, wherein a source wire
connected with said first n-channel type TFT provided in said
pixel is formed by a sputteringmethod, a print method, a plating

method or any combination thereof.

15. A device according to claim 1, wherein said semiconductor

device is a reflection type liquid crystal device.

16. A device according to claim 2, wherein said semiconductor

device is a reflection type liquid crystal device.
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17. A device according to claim 1, wherein said semiconductor

device is a transmission type ligquid crystal device.

18. A device according to claim 2, wherein said semiconductor

device is a transmission type liquid crystal device.

19. A device according to claim 1, wherein said semiconductor
device is a video camera. ] i || "ll“lllk
RN O RO O
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20. A device according to claim 2, wherein said semiconductor

device is a video camera.

21. A device according to claim 1, wherein said semiconductor

device is a digital camera.

22. A device according to claim 2, wherein said semiconductor

device is a digital camera.

23. A device according to claim 1, wherein said semiconductor

device is a car navigation.

24. A device according to claim 2, wherein said semiconductor

device is a car navigation.
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25. A deice according toclaim l, wherein said semiconductor

TR AR O

device is a personal computer. “l
. * | L

26. A device according to claim 2, wherein said semiconductor

device is a personal computer.

27. A device according to claim 1, wherein said semiconductor -

device is a portable information terminal.

28. A device according to claim 2, wherein said semiconductor

device is a portable information terminal.

29. A device according to claim 1, wherein said semiconductor

device is a digital video disc player.

30. A device according to claim 2, wherein said semiconductor

device is a digital video disc player.

31. A device according to claim 1, wherein said semiconductor

device is an electronic game instrument.

32. A device according to claim 2, wherein said semiconductor

device is an electronic game instrument.
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33. A method of manufacturing a semiconductor device having
a driving circuit and a pixel over an insulating surface, said
method comprising:

forminga semiconductor layer over an insulating surface;

“fbrming a first insulating film over said semiconductor
layer:;

forming a first gate electrode over said first insulating
£ilm;

doping an impurity element providing n-type into said
semiconductor layer by using said first gate electrode as a
mask to form an n-type first impurity region:

etching said first gate electrode to form a tapered
portion;

doping an impurity element providing n-type into a
semiconductor layer while passing through said taper portion
of said first gate electrode to thereby form an n-type second
impurity region;

forming a second insulating £film so as to cover said first
gate electrode;

forming a source wire of said pixel over said second
insulating film;

forming a third insulating £ilm so as to cover said source
wire of said pixel: and

forming a source wire of said driving circuit and a gate
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wire over said third insulating £ilm. Il!llﬁ]""l]i“l["l}!l“!ll

34. A method of manufacturing a semiconductor device having
a first n-channel type TFT having a first semiconductor layer
and a first gate electrode over an insulating surface, and a
seééhd n-channel type TFT having a second semiconductor layer
and a second gate electrode, said method comprising:

forming a first semiconductor layer and a second
semiconductor layer over an insulating surface;

forming a first insulating film over the first
semiconductor layer and the second semiconductor layer;

forming at least two £irst gate electrodes over the first
insulating film;

doping impurity elements providing n-type into the first
semiconductor layer and the second semiconductor layer by using
said two first gate electrodes as masks to form at least two
n-type first impurity regions;

etching said two first gate electrodes to form tapered
portions of said two first gate electrodes;:

doping an impurity element providingn-type into the first
semiconductor layer and the second semiconductor layer while
passing through said tapered portions of said two first gate
electrodes to form at least two n-type second impurity regions;

selectively removing only the tapered portion of one of

said two first gate electrodes over said second semiconductor
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forming a second insulating £ilm so as to cover the first

layer to form a second gate electrode: [
gate electrode and the second gate electrode;
formingasourcewireof apixeloversaidsecond insulating

£film;

forming a third insulating £ilm so as to cover said source

wire of said pixel; and

forming a source wire of a driving circuit and a gate

wire over said third insulating film.

35. A method according to claim 34, wherein said first
n-channel type TFT having said first gate electrode is an TFT

of said driving circuit.

36. A method according to c¢laim 34, wherein said second
n-channel type TFT having said second gate electrode is a TFT

of said pixel.

37. A method according to ¢laim 33, wherein a pixel electrode

is formed at the same time as said source wire of said driving

circuit.

38. A method according to c¢laim 33, wherein the formation
of said source wire of said pixel is a sputtering method, a

print method, a plating method or a combination thereof.
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39. A method according to claim 33, wherein said first gate
electrode has a laminate structure comprisingafirst conductive
layerhavingafirstwidthas alower layer andasecond conductive

layer having a second width smaller than the first width as

v e Y

40. A method according to claim 39, wherein a sectional shape

6f an area of said first conductive layer that is not overlapped

with said second conductive layer is a tapered shape.

41. Amethod according to claim 34 , wherein a pixel electrode

is formed at the same time as said source wire of said driving

circuit.

42, A method according to claim 34, wherein the formation
of said source wire of said pixel is a sputtering method, a

print method, a plating method or a combination thereof.
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