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(57) ABSTRACT

In a thin-film transistor of multi-gate structure, the width of
a channel forming region 108 closest to a drain region 102
1s made the narrowest. This prevents a transistor structure
closest to the drain region from first deteriorating. Further,
the channel length at the vicinity of a center of an active
layer 1s intentionally widened, so that the amount of current
flowing through the vicinity of the center of the active layer
1s decreased and the deteriorating phenomenon due to heat
accumulation 1s prevented. Therefore, a semiconductor
device with a high reliability 1s realized.
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ACTIVE MATRIX DISPLAY DEVICE HAVING
MULTIPLE GATE ELECTRODE PORTIONS

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

0002] The present invention relates to a semiconductor
device using a thin-film semiconductor. More particularly,
the present invention relates to a structure of a gate electrode
in an 1nsulated gate type transistor.

[0003] 2. Description of the Related Art

[0004] As a semiconductor device using a thin-film semi-
conductor, attention 1s attached to a thin-film transistor
(TFT). Especially, in recent years, a TFT capable of per-
forming high speed operation by using a crystalline silicon
film (for example, polysilicon film), has been put into a
practical use.

[0005] Although a thin-film transistor using a crystalline
silicon film as an active layer has a high mobility (field effect
mobility), it has such a defect that an off-state current

(current flowing when the TFT is in an off-state) is large.
Further, the thin-film transistor has a problem that when the
mobility becomes high, a withstand voltage becomes low so
that deterioration becomes noticeable.

[0006] As means for solving such problems, there is
known a technique disclosed 1n Japanese Examined Patent
Publication No. He1 5-44195. According to this technique, a
thin-film transistor 1s made equivalently to have such a
structure (also called as a multi-gate structure) that a plu-
rality of thin-film transistors are connected 1n series to each
other, so that an applied voltage 1s distributed to each of the
plurality of thin-film transistors.

10007] FIG. 4 is a structural view showing an active layer
and a gate electrode of a thin-film transistor manufactured
by using the technique disclosed in the above publication. In
FIG. 4, reference numeral 401 denotes a source region, and
402 denotes a drain region. Gate electrodes 403 to 406 arc
formed above the active layer through a gate insulating film
(not shown). At this time, the gate electrodes 403 to 406 are
formed 1ntegrally so that they are connected electrically.

[0008] Channel forming regions 407 to 410 are formed
just under the gate electrodes 403 to 406 into shapes
corresponding to those of the gate electrodes 403 to 406. It
1s characterized in that the structure 1s substantially com-
posed of a plurality of thin-film transistors commonly con-
nected 1n series.

[0009] However, according to experiments carried out by
the present inventors by using the TFTs having the structure
as shown 1 FIG. 4, 1t has been found that the thin-film
transistor closest to the drain region 402 deteriorates most
intensely. Also, 1t has been found that when a high voltage
1s applied between the source and drain, breakdown or
deterioration proceeds sequentially from a transistor at the
side close to the drain region.

[0010] According to another experiment, it has been found
that in a TFT constituted by an active layer with a wide
channel width, the vicinity of a center of an active layer
(vicinity of the center in the channel width direction) dete-
riorates most intensely.
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SUMMARY OF THE INVENTION

[0011] An object of the present invention is to prevent
breakdown or deterioration of a semiconductor device
equivalently having such a structure that a plurality of
semiconductor devices are connected 1n series to each other,
by relieving the concentration of electric field on one of the
plurality of semiconductor devices close to a drain side.

[0012] Another object of the present invention is to pre-
vent deterioration from occurring at a center portion of an
active layer, by suppressing an electric current flowing
through the vicinity of the center of the active layer.

[0013] According to a structure of a first invention, a
semiconductor device 1s comprised of: an active layer
including source and drain regions and channel forming
regions; a gate insulating film; and a gate electrode over-
lapping with the active layer through the gate insulating film,
and 1s characterized 1n that the gate electrode has a structure
which can be regarded substantially as a plurality of gate
clectrodes integrally formed, and that among said plurality
of gate electrodes, the one closest to the drain region has the
narrowest width.

[0014] In the above structure, the fact that the width of the
cgate electrode closest to the drain region is the narrowest
implies the fact that the width of the channel forming region
(in other words, channel length) formed just under the gate
clectrode 1s the narrowest.

[0015] According to another structure of the first inven-
fion, a sesmiconductor device 1s comprised of: an active layer
including source and drain regions and channel forming
regions; a gate insulating film; and a gate electrode over-
lapping with the active layer through the gate insulating film,
and 1s characterized 1n that the gate electrode has a structure
which can be regarded substantially as a plurality of gate
clectrodes integrally formed, and that the widths of the
plurality of gate electrodes sequentially become narrower as
it comes to close to the drain region.

[0016] Also in this case, the above feature implies that the
widths of the channel forming regions sequentially become
narrower as 1t comes close to the drain region.

[0017] These structures are intended to decrease the resis-
tance component of the channel forming region by narrow-
ing the width of the gate electrode close to the drain region,
that 1s, the width of the channel forming region, so that a
voltage applied to the channel forming region 1s lowered.

[0018] According to a structure of a second invention, a
semiconductor device 1s comprised of: an active layer
including source and drain regions and channel forming
regions; a gate insulating film; and a gate electrode over-
lapping with said active layer through said gate msulating
f1lm, and 1s characterized 1n that a width of the gate electrode
1s varied 1n a channel width direction of the active layer.

[0019] According to another structure of the second inven-
tion, a sesmiconductor device 1s comprised of: an active layer
including source and drain regions and channel forming
regions; a gate insulating film; and a gate electrode over-
lapping with said active layer through said gate msulating
f1lm, and 1s characterized 1n that a width of the gate electrode
becomes wider as it comes close to a center portion of the
active layer from an end of the active layer in a channel
width direction.



US 2001/0000627 Al

[0020] The above two structures are intended to suppress
the amount of flowing current by widening the width of the
cgate electrode at the vicinity of the center of the active layer
so that the channel forming region 1s widened and the
resistance component 1s increased at the vicinity of the
center of the active layer.

[0021] As described above, the gist of the present inven-
fion 1s to intentionally change the width of the channel
forming region 1n the active layer, so that the resistance
component of the channel forming region 1s set to have a
desired characteristic. That 1s, the present mvention 1s a
technique to distribute a voltage applied to the channel
forming region and to control the amount of current flowing
through a specified portion of the channel forming region.

BRIEF DESCRIPTION OF THE DRAWINGS

10022] FIG. 1 1s a view for explaining the structure of an
active layer and a gate electrode of Embodiment 1;

10023] FIG. 2 is a view for explaining the structure of an
active layer and a gate electrode of Embodiment 2;

10024] FIG. 3 1s a view for explaining the structure of an
active layer and a gate electrode of Embodiment 3;

10025] FIG. 4 1s a view for explaining the structure of an
active layer and a gate electrode of the prior art;

10026] FIG. 5 1s a view for explaining the structure of an
active layer and a gate electrode of Embodiment 4;

10027] FIG. 6 1s a view for explaining the structure of an
active layer and a gate electrode of Embodiment 5; and

10028] FIGS. 7A to 7F are views for explaining examples
of electronic mstruments of Embodiment 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

10029] A first invention is a technique to prevent an
clectric field from concentrating onto a channel forming
region close to a drain region 1n a thin-film transistor having
a multi-gate structure. In order to realize the technique, the
structure as shown 1n FIG. 1 1s adopted.

[0030] In an active layer, channel forming regions 106 to
108 are formed 1nto the shapes corresponding to that of gate
clectrodes. Since gate widths become narrow 1 the
sequence of the gate electrodes 103, 104 and 105, channel
lengths become shorter in the sequence of the channel
forming regions 106, 107 and 108 (the channel forming
region 108 is the shortest).

[0031] With this structure, in accordance with Ohm’s law,
a voltage applied to the channel forming region 108
becomes the lowest, so that an electric field formed concen-
tfrically 1n an end portion at a drain side of the channel
forming region 108 becomes low. As a result, 1t 1s possible
to relieve the phenomenon that an electric field 1s more
concentrated onto a portion as it comes close to a drain
region.

[0032] A second invention is a technique to prevent dete-
rioration or breakdown from proceeding first 1n the vicinity
of a center of an active layer. In order to realize the
technique, the structure as shown 1 FIG. 5 1s adopted.
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[0033] In FIG. 5, a gate electrode 503 is patterned into
such a shape that the width of the gate electrode 1n the
vicinity of the center of the active layer becomes the widest.
As a result, a channel length of a channel forming region 504
becomes the widest 1n the vicinity of the center of the active
layer.

[0034] With the above structure, the amount of current
flowing through the vicinity of the active layer can be
suppressed so that the amount of generated heat can be
decreased. Accordingly, 1t 1s possible to prevent the dete-
rioration phenomenon which appears to be caused by heat
accumulation.

Embodiment 1

[0035] In this embodiment, a thin-film transistor will be
exemplified as a semiconductor device, and the structures of
an active layer and a gate electrode of a thin-film transistor
using the first invention will be described. In this embodi-
ment, although a gate electrode has a triple-gate type multi-
cgate electrode structure in which a gate electrode 1s divided
into three at a region where the gate electrode overlaps with
an active layer, the gate electrode 1s not limited to this
structure.

[0036] In FIG. 1, reference numeral 101 denotes a source
region, and 102 denotes a drain region, which are formed by
adding impurity elements (phosphorus, boron, etc.) impart-
ing one conductivity. Also, reference numeral 103 denotes a
cgate electrode with a width “a”, 104 denotes a gate electrode
with a width “b”, and 105 denotes a gate electrode with a
width “c”. As shown 1n FIG. 1, the gate electrodes 103 to

105 are electrically connected to each other.

[0037] Further, regions 106 to 108 are channel forming
regions formed correspondingly to the gate electrodes 103 to
105, and are substantially intrinsic regions (undoped region)
where 1mpurity elements are not intentionally added.

|0038] The structure of the first invention is featured that
the widths of the gate electrodes (widths of the channel
forming regions) become narrower as it comes close to the
drain region 102. In F1G. 1, the widths of the gate electrodes
become narrower 1n the sequence of “a”, “b” and “c”.

[0039] Incidentally, the scope of the first invention is not
limited to the shape of the active layer and the gate elec-
trodes shown 1n F1G. 1, but a user may arbitrarily determine
the shape. Also, it 1s necessary for a user to experimentally
obtain specific values of the widths of the channel forming
regions and the like.

[0040] Further, in this embodiment, the description is
made of the structure 1n which the widths of the gate
clectrodes sequentially become narrower as it comes close to
the drain region. However, the same effect as 1n the first
invention can be obtained even if only the gate electrode
closest to the drain region 1s made thinner than all of the
other gate electrodes and all of the other gate electrodes are
made to have the same width.

[0041] Now, the description is made of the process until
the present 1nventors reached the first invention. Since a
channel forming region is substantially 1ntrinsic, it behaves
as a region having high resistance. Thus, even 1f a thin-film
transistor 1S 1n an on-state, 1t 1s conceivable that as a channel
length becomes longer, 1ts resistance component becomes



US 2001/0000627 Al

higher. That 1s, in the structure shown m FIG. 1, 1t 1s
conceivable that the resistance of the channel forming region
108 is the lowest.

[0042] Then, if the amount of current flowing between a
source and a drain 1s constant, according to Ohm’s law, the
higher the resistance of a region 1s, the larger a voltage
applied to the region 1s. That 1s, a voltage applied to the
channel forming region 108 becomes the lowest.

[0043] Further, it 1s conceivable that a voltage applied to
both ends of a channel forming region 1s concentrically
applied to the end portion (channel/drain connection por-
tion) close to the drain side of the channel forming region so
that a high electric field 1s formed. Thus, it can be said that
as the voltage applied to the channel forming region
becomes lower, the electric field concentrated on the end
portion at the drain side becomes lower.

[0044] When the above consideration is summarized, in
the structure shown 1n FIG. 1, it 1s understood that the
clectric fields formed 1n the end portions at the drain side
become lower 1n the sequence of the channel forming

regions 106, 107 and 108.

[0045] Conventionally, a higher electric field is apt to be
formed at the channel/drain connection portion closer to the
drain region, so that deterioration or breakdown tends to
occur. However, by effecting the first invention, the electric
field applied to the channel/drain connection portion can be
made low as 1t comes close to the drain region, so that the
deterioration can be relieved.

Embodiment 2

[0046] In this embodiment, an example in which the shape
of an active layer 1s different from that of the first embodi-
ment, will be described with reference to FI(. 2. Portions 1n
FIG. 2 corresponding to those 1n F1G. 1 will be designated
by the same reference numerals.

[0047] In the structure shown in FIG. 2, a first difference
from FIG. 1 1s that the active layer has a zigzag or serpentine
shape. Such a shape 1s effective 1n lowering an area occupied
by the active layer. A second difference from FIG. 1 1s the
shape of a gate electrode.

|0048] By adjusting the design pattern of the gate elec-
trode, a channel forming region with a desired width can be
formed. In this embodiment, 1n order to form a channel
forming region 106 with a channel length “a”, a gate
clectrode portion indicated by reference numeral 201 1is
formed. Also, 1n order to form a channel forming region 107
with a channel length “b” and a channel forming region 108
with a channel length “c”, gate electrode portions 202 and
203 are formed, respectively.

10049] Of course, the shape of the active layer and the
shape of the gate electrode to which the first invention can
be applied, are not limited to those shown in this embodi-
ment. It 1s needless to say that a user may adequately
determine the shape according to the necessity.

[0050] By employing the gate electrode described above,
it 1s possible to form the active layer in which the widths of
the channel forming regions become narrower as 1t comes
close to the drain region 102 (a>b>c in the drawing).

Embodiment 3

[0051] The structure shown in the first or second embodi-
ment 1s effective when the positions of a source region and
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a drain region are fixed. For example, the source and drain
regions are fixed when a driving circuit of an active matrix
type electro-optical device 1s formed.

[0052] However, since pixel TFTs arranged in a pixel
matrix circuit of the active matrix type electro-optical
device, repeat charge and discharge of an electric charge, the
source region and the drain region are counterchanged with
cach other every time the charge and discharge are made. In
this case, the first invention can not be effected by the
structures described 1n the first and second embodiments.

[0053] Therefore, in the case described above, as shown in
FIG. 3, 1t 1s necessary to form a structure in which gate
clectrodes 303 and 305 at the sides close to a source region
(or drain region) 301 and a drain region (or source region)
302, respectively, are made narrower than a gate electrode

304.

[0054] In this embodiment, when a channel length of a
channel forming region 307 1s “b”, channel lengths of
channel forming regions 306 and 307 are made a channel
length “a” which 1s shorter than the channel length “b”™. If the
cgate electrodes are made to have a symmetrical structure
between a source side and a drain side, i1t 1s desirable for
keeping the symmetry of a TFT operation.

Embodiment 4

[0055] In this embodiment, a structure of an active layer
and a gate electrode of a thin-film transistor using a second
invention will be described with reference to FIG. S.

[0056] In FIG. 5, reference numeral 501 denotes a source
region, 502 denotes a drain region, and 503 denotes a gate
clectrode. The gate electrode 503 has a structure 1n which a
width of electrode 1s locally widened. As a result, the width
of a channel forming region 504 which 1s formed 1n corre-
spondence with the shape of the gate electrode 503 becomes
wider as 1t comes close to the center of an active layer from
end portions of the active layer 1n a channel width direction
(direction shown by arrows in the drawing).

[0057] Here, the description is made of the process until
the present 1nventors found the second invention. The
present inventors considered the phenomenon that deterio-
ration started from the vicinity of a center of an active layer
in a thin-film transistor using the active layer having a wide
channel width, and assumed that the phenomenon was
oreatly affected by heat accumulation which was caused by
difficulty of heat radiation from the vicinity of the center of
the active layer.

|0058] For that reason, it is necessary to decrease the
amount of current flowing through the vicinity of the center
of the active layer to suppress heat generation. Therefore, the
inventors considered 1t to be important that the channel
length at the vicinity of the center of the active layer should
be elongated to form a region having a large resistance
component to suppress the amount of current flowing there-
through.

[0059] This embodiment shows a technique invented
based on the above findings of the present inventors, and
shows an example 1n which the shape of the gate electrode
503 above the active layer is locally changed (widened), so
that a large current 1s prevented from flowing through the
vicinity of the center of the active layer.
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[0060] Incidentally, as described above, the gist of the
second 1nvention 1s that the channel length close to the
center of the active layer 1s elongated so as to suppress the
heat generation due to a large electric current. Therefore, 1t
the gist 1s kept, the structure and shape of the gate electrode
may be arbitrarily designed according to the necessity of a
USET.

Embodiment 5

[0061] In this embodiment, an example in which the
second 1nvention shown 1n the fourth embodiment 1s com-

bined with a heat dissipation effect due to the shape of an
active layer, will be described with reference to FIG. 6.

[0062] The feature of an active layer shown in FIG. 6 is
that shits are locally provided. That 1s, parts of the active
layer are hollowed out, so that three active layers with
narrow channel widths are substantially electrically con-
nected 1n parallel to each other. The number of the slits may
be appropriately changed.

[0063] In FIG. 6, reference numeral 601 denotes a source
region, 602 denotes a drain region, 603 denotes a gate
clectrode, and 604 to 606 denote channel forming regions
formed just under the gate electrode 603. The channel
forming regions 604 and 606 have channel lengths of the
same width, and the channel forming region 605 has a
channel length longer than other regions.

[0064] The feature of this embodiment 1s that since the
slits are provided in the active layer, generated heat can be
casily dissipated. Thus, the amount of flowing current can be
decreased by the second invention so that the generation of
intense heat 1s suppressed, and heat dissipation can be
further effectively carried out by providing the slits.

Embodiment 6

[0065] By combining the first invention described in the
first to third embodiments with the second 1nvention
described 1 the fourth and fifth embodiments, a thin-film
transistor of multi-gate structure having higher reliability
can be manufactured.

[0066] That is, deterioration of a thin-film transistor close
to a drain region can be prevented by the first invention, and
deterioration from the vicinity of a center of an active layer
due to heat generation can be prevented by the second
invention.

[0067] This embodiment is an especially useful technique
for a thin-film transistor and the like for a driving circuit
which handles a large current and brings high speed opera-
tion.

Embodiment 7

[0068] A thin-film transistor described in the first to sixth
embodiments can constitute an active matrix type electro-
optical device (liquid crystal display device, EL display
device, EC display device, and the like). For example, in a
liquad crystal display device 1n which a pixel matrix circuit
and a driving circuit are integrally formed on the same
substrate, the first invention 1s effective for the pixel matrix
circuit to which a high voltage 1s applied, and the second
invention 1s effective for the driving circuit which handles a
large current.
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[0069] U.S. Pat. No. 5,569,936, the disclosure of which is
herein incorporated by reference, discloses an active matrix
type liquid crystal display device, which the thin film
transistor formed through the first to sixth embodiments of
the present invention can be applied to.

[0070] A thin-film transistor using the present invention
can be applied to electronic instruments and the like 1n
which the above electro-optical device 1s used as a display
medium. The electronic instruments will be described below
with reference to drawings.

[0071] As semiconductor devices using the present inven-
tion, there are enumerated a TV camera, a head mount
display, a car navigation system, a projector, a video camera,

a personal computer, and the like. Brief description thereof
will be presented with reference to FIGS. 7A to 7F.

[0072] FIG. 7A shows a mobile computer which is con-
stituted by a main body 2001, a camera portion 2002, an
image receiving portion 2003, an operation switch 2004, and
a display device 2005. The present invention can be applied
to the display device 2005 and an integrated circuit incor-
porated into the device.

10073] FIG. 7B shows a head mount display which is
constituted by a main body 2101, a display device 2102, and
a band portion 2103. The display device 2102 1s formed of
two comparatively compact ones. The present invention can
be applied to the display device 2102 and an integrated
circuit mncorporated into the device.

10074] FIG. 7C shows a car navigation unit which is
constituted by a main body 2201, a display device 2202, an
operation switch 2203, and an antenna 2204. The present
invention can be applied to the display device 2202 and an
integrated circuit inside the device.

[0075] FIG. 7D shows a potable telephone which is con-
stituted by a main body 2301, an audio output portion 2302,
an audio imput portion 2303, a display device 2304, an
operation switch 2305, and an antenna 2306. The present
invention can be applied to the display device 2304 and an
integrated circuit iside the device.

[0076] FIG. 7E shows a video camera which is consti-

tuted by a main body 2401, a display device 2402, an audio
input portion 2403, an operation switch 2404, a battery
2405, and an 1mage receiving portion 2406. The present
invention can be applied to the display device 2402 and an
integrated circuit inside the device.

[0077] FIG. 7F shows a front projector which is consti-
tuted by a main body 2501, a light source 2502, a reflection
type display device 2503, an optical system 2504, and a
screen 2505. Since the screen 2505 15 a large picture screen
used for presentation, high resolution 1s required for the
display device 2503. The present invention can be applied to
the retlection type display device 2503 and an integrated
circuit mside the device.

[0078] It should be noted that the term “semiconductor
device” used 1n the present specification implies “a driving
device using a semiconductor’. The above electro-optical
devices and electronic instruments are also included 1n the

category of the semiconductor device.

[0079] As described above, by effecting the present inven-
tion, the reliability of various semiconductor devices can be
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improved. Accordingly, the present invention i1s a useful
technique 1n technology or industry.

[0080] If the present invention is effected, it is possible to
relieve the phenomenon 1n which an electric field 1s locally
concentrated in a thin-film transistor formed of a multi-gate
structure. That 1s, 1t becomes possible to prevent deteriora-
fion that tends to occur at a high rate as it comes close to a
drain region.

0081 Further, if the amount of current flowing through
the vicinity of a center of an active layer 1s suppressed, it
becomes possible to decrease the breakdown or deterioration
due to heat.

[0082] As described above, when the present invention 1S
used, 1t 1s possible to prevent the breakdown or deterioration
of a semiconductor device (semiconductor element) typified
by a thin-film transistor, and to constitute a semiconductor
device having high reliability by using such a semiconductor
clement.

1. An EL display device comprising at least a thin film
transistor including:

a semiconductor 1sland 1ncluding:
a source region,
a drain region, and

at least a first channel forming region, a second channel

forming region, and a third channel forming region,
cach being formed between the source region and the

drain region;
a gate msulating film; and

a gate electrode, adjacent to the semiconductor island
and having the gate imsulating film between said
semiconductor 1sland and said gate electrode,

wherein the gate electrode 1s divided 1nto at least a first
gate electrode portion, a second gate electrode por-
tion and a third gate electrode portion,

wherein the first gate electrode portion 1s formed over
the first channel forming region and the closest to the
drain region, the first channel forming region being,
the closest to the drain region,

wherein the first gate electrode has the narrowest width
so that the first channel forming region has the
shortest channel length,

wherein the third gate electrode portion 1s formed over
the third channel forming region and the closest to
the source region thereby the third channel forming
region being defined the closest to the source region,

wherein the third gate electrode portion has the widest
width so that the third channel forming region has
the longest channel length,

wherein a current flows from the source region to the
drain region through each of the first, second and
third channel forming regions 1in a channel length
direction.

2. A device according to claim 1,

wherein the semiconductor 1sland comprises crystalline
silicon.
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3. A device according to claim 1,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.
4. A device according to claim 1,

wherein the EL display device 1s used in one selected
from the group consisting of a TV camera, a head
mount display, a car navigation system, a projector, a
video camera, a personal computer.
5. An EL display device comprising at least a thin {film
transistor including;:

a semiconductor island with a serpentine shape, said
semiconductor 1sland including;:

a source region,
a drain region, and

at least a first channel forming region, a second channel
forming region and a third channel forming region,
cach being formed between the source region and the
drain region;

a gate msulating film; and

a gate electrode adjacent to the serpentine shaped
semiconductor 1sland the gate insulating {ilm
between said semiconductor island and said gate
electrode,

wherein the gate electrode has at least a first gate
clectrode portion, a second gate electrode portion
and a third gate electrode portion,

wherein the first gate electrode portion 1s formed over
the first channel forming region and the closest to the
drain region thereby the first channel forming region
being defined the closest to the drain region,

wherein the first gate electrode has the narrowest width
so that the first channel forming region has the
shortest channel length,

wherein the third gate electrode portion 1s formed over
the third channel forming region and the closest to
the source region thereby the third channel forming,
region being defined the closest to the source region,

wherein the third gate electrode portion has the widest
width so that the third channel forming region has
the longest channel length,

wherein a current flows from the source region to the
drain region through each of the first, second and
third channel forming regions 1n a channel length
direction.

6. A device according to claim 5,

wherein the semiconductor island comprises crystalline
silicon.

7. A device according to claim 3,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.

8. A device according to claim 3,

wherein the EL display device 1s used in one selected
from the group consisting of a TV camera, a head
mount display, a car navigation system, a projector, a
video camera, a personal computer.
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9. An EL display device comprising;:
a driving circuit portion; and

a pixel matrix circuit portion, said pixel matrix circuit
portion 1ncluding at least a pixel thin film transistor,

said pixel thin film transistor comprising;:
a semiconductor i1sland including:
a source region,

a drain region, and

at least a first channel forming region, a second
channel forming region and a third channel form-
Ing region, each being formed between the source
region and the drain region;

a gate msulating film; and

a gate electrode adjacent to the semiconductor 1sland
having the gate insulating film therebetween,

wherein the gate electrode has a symmetrical structure
and 1s divided into at least a first gate electrode
portion, a second gate electrode portion and a third
gate electrode portion,

wherein the first gate electrode portion 1s formed over
the first channel forming region and the closest to
one of the source and drain regions,

wherein the third gate electrode portion 1s formed over
the third channel forming region and the closest to
the other of the source and drain regions,

wherein the second gate electrode portion 1s formed
over the second channel forming region and between
the first and third gate electrode portion thereby the
sccond channel forming region being defined
between the first and third channel forming regions,

wherein the second gate electrode portion has the
widest width so that the second channel forming
region has the longest channel length,

wherein each of the first and third gate electrodes has
a same width which 1s narrower than a width of the
second gate electrode portion so that each of the first
and third channel forming regions has a same length
which 1s shorter than a width of the second channel
forming region,

wherein a current flows from the source region to the
drain region through each of the first, second and
third channel forming regions 1in a channel length
direction,

wherein the source region and the drain region are
interchanged with each other every time of a charge
and a discharge.

10. A device according to claim 9,

wherein the semiconductor 1sland comprises crystalline
silicon.

11. A device according to claim 9,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.
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12. A device according to claim 9,

wheremn the EL display device 1s used m one selected
from the group consisting of a TV camera, a head
mount display, a car navigation system, a projector, a
video camera, a personal computer.
13. An EL display device comprising at least a thin film
transistor including;:

a semiconductor 1sland including:
a source region,
a drain region, and

a channel forming region being formed between the
source and drain regions;

a gate 1nsulating film; and

a gate electrode adjacent to the semiconductor island
having the gate msulating film therecbetween,

wherein the gate electrode has two end portions and a
center portion formed between the two end portions,
cach of the end and center portions being located 1n a
channel width direction,

wherein the center portion of the gate electrode has the
widest width so that a center portion of the channel
forming region has the longest channel length,

wheremn a current flows from the source region to the
drain region through the channel forming region 1 a
channel length direction.

14. A device according to claim 13,

whereimn the semiconductor 1sland comprises crystalline
silicon.

15. A device according to claim 13,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.

16. A device according to claim 13,

wherein the EL display device 1s used in one selected
from the group consisting of a TV camera, a head
mount display, a car navigation system, a projector, a
video camera, a personal computer.
17. An EL display device comprising at least a thin film
transistor including;:

a semiconductor 1sland including:
a source region,
a drain region, and

a channel forming region being formed between the
source region and the drain region;

a gate 1nsulating film; and

a gate electrode adjacent to the semiconductor island
having the gate insulating film therebetween,

wherein the gate electrode has two end portions and a
middle portion formed between the two end portions,
cach of the end and middle portions being located 1n a
channel width direction,

wherein the channel forming region has a plurality of slits
therein so that a plurality of active regions are defined
and electrically connected in parallel to each other,
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wherein the middle portion of the gate electrode has the
widest width so that a middle portion of the channel
forming region has the longest channel length,

wherein a current flows from the source region to the
drain region through the channel forming region in a
channel length direction.

18. A device according to claim 17,

wherein the semiconductor 1sland comprises crystalline
silicon.
19. A device according to claim 17,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.
20. A device according to claim 17,

wherein EL display device 1s used 1n one selected from
the group consisting of a TV camera, a head mount
display, a car navigation system, a projector, a video
camera, a personal computer.
21. An EL display device comprising at least a thin film
transistor including:

a semiconductor 1sland 1ncluding:
a SOurce region;
a drain region;

at least a first channel forming region, a second channel
forming region and a third channel forming region,
cach being formed between the source and drain
regions;

a gate 1nsulating film;

a gate electrode adjacent to the semiconductor island
having the gate 1nsulating film therebetween;

wherein the gate electrode 1s divided into at least a first
gate electrode portion, a second gate electrode portion
and a third gate electrode portion;

wherein the first gate electrode portion 1s formed over the
first channel forming region and the closest to the drain
region thereby the first channel forming region being
defined the closest to the drain region;

May 3, 2001

wherein the first gate electrode portion has the narrowest
width so that the first channel forming region has the
shortest channel length;

wherein the third gate electrode portion 1s formed over the
third channel forming region and the closest to the
source region thereby the third channel forming region
being defined the closest to the source region;

wherein the third gate electrode portion has the widest
width so that the third channel forming region has the
longest channel length;

wherein each of the first, second and third gate electrode
portions has two end portions and a middle portion
formed between the two end portions, each of the end
and middle portions being located 1n a channel width
direction;

wherein the middle portion of each of the first, second and
third gate electrodes has the widest width so that a
middle portion of each of the first, second and third
channel forming regions has the longest channel length;
and

wherein a current flows from the source region to the
drain region through each of the first, second, and third
channel forming regions 1n a channel length direction.

22. A device according to claim 21,

whereimn the semiconductor 1sland comprises crystalline
silicon.

23. A device according to claim 21,

wherein the gate electrode overlaps with the semiconduc-
tor 1sland having the gate msulating film therebetween.

24. A device according to claim 21,

wherein the EL display device 1s used in one selected
from the group consisting of a TV camera, a head
mount display, a car navigation system, a projector, a
video camera, a personal computer.
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