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DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a display device 
including a light emitting element in Which ?uorescence or 
phosphorescence is obtained, and more particularly to a 
display device in Which an active element such as an 
insulated gate transistor or a thin ?lm transistor and a light 
emitting element connected thereWith are provided to each 
pixel. Of course, it is possible to apply the present invention 
in a liquid crystal display device. 

[0003] 2. Description of the Related Art 

[0004] According to an active matrix display device, a 
plurality of pixels are arranged in matrix, and a light 
intensity of each of the pixel based on a video signal is 
controlled by an active element provided to each of the 
pixels, thereby displaying a video image. A typical example 
of the active element is a thin ?lm transistor (hereinafter 
referred to as a TFT). Currently, a structure using a liquid 
crystal Which responds to a voltage is Widely used as means 
for controlling a light intensity by a voltage Written into each 
of the pixels. In addition, a method of providing a light 
emitting element to each of the pixels and controlling a light 
intensity by a current ?oWing into the light emitting element 
to display a video image is also knoWn as another structure. 

[0005] In recent years, one of the most signi?cant light 
emitting elements is one to Which is an organic compound 
is applied as a phosphor, and also called an organic elec 
troluminescence element because electroluminescence is 
utiliZed. Various organic compound materials having light 
emitting property are knoWn. It is also knoWn that the light 
emitting mechanism includes ?uorescence in Which light is 
emitted through a singlet excitation state and phosphores 
cence in Which light is emitted through a triplet excitation 
state. 

[0006] FIG. 12 shoWs an example indicating a structure of 
a pixel in a display device. Such a structure of the pixel is 
disclosed in JP 08-234683 or the like. The pixel shoWn in 
FIG. 12 is composed of TFTs 50 and 51, a storage capacitor 
52, and a light emitting element 53. With respect to the TFT 
50, the gate is connected With a scan line 55, the source is 
connected With a signal line 54, and the drain is connected 
With the gate of the TFT 51. With respect to the TFT 51, the 
source is connected With a poWer source line 56 and the 
drain is connected With one terminal of the light emitting 
element 53. The other terminal of the light emitting element 
53 is connected With a poWer source 57. The storage 
capacitor 52 is provided so as to keep a voltage betWeen the 
gate and the source of the TFT 51. 

[0007] With respect to the operation of the pixel, When the 
TFT 50 is turned on by a voltage of the scan line 55, a video 
signal inputted to the signal line 54 is applied to the gate of 
the TFT 51. When the video signal is inputted, a gate voltage 
(a voltage difference betWeen the gate and the source) of the 
TFT 51 is determined according to the voltage of the 
inputted video signal. Then, a drain current of the TFT 51 
Which is made to How by the gate voltage is supplied to the 
light emitting element 53. The light emitting element 53 
emits light according to a value of the supplied current. 
Light emission by the light emitting element is maintained 
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until a next video signal is inputted. Thus, When such 
operation is conducted over all pixels in every speci?c 
period, a still image and a moving image can be displayed. 
In addition, When materials for emitting light of each color, 
red, green, and blue, are applied to phosphors of the light 
emitting element and the pixels using these materials are 
arranged, color display can be conducted. 

[0008] Also, a structure in Which TFTs are connected in 
parallel With an electroluminescence element is disclosed in 
JP 2000-221903. According to the publication, a plurality of 
TFTs are connected in parallel With the electroluminescence 
element. Thus, even if there is a variation in characteristics 
of TFTs, a variation in light emitting brightness is not caused 
and uniform display can be obtained. 

[0009] In order to How a current into a light emitting 
element and drive it, a high current drive capacity is required 
for a TFT. To satisfy this, it is considered to be desirable that 
an active region of the TFT is made from a polycrystalline 
silicon ?lm. As a method of forming a polycrystalline silicon 
?lm on an insulating surface, there is a method of depositing 
an amorphous silicon ?lm by plasma CVD method or the 
like and crystalliZing it by a laser beam irradiation. This is 
called laser annealing. Characteristics thereof include that, 
even if a glass substrate having a loW heat resistance in 
Which a distortion point is 700° C. or loWer is used, only a 
silicon ?lm can be selectively heated to be crystalliZed 
Without heating the substrate to a large extent. As a laser, a 
gas laser such as an excimer laser or a solid laser such as a 

YAG laser and a YVO4 laser is used. 

[0010] HoWever, With respect to the polycrystalline silicon 
?lm produced by the laser annealing, there are variations in 
siZe and orientation of a crystal grain. In addition to this, 
suf?cient crystalliZation is not conducted so that there is a 
region in Which crystallinity is insuf?cient. When a siZe of 
a channel formation region is decreased or a crystal grain is 
enlarged so that the number of grain boundaries present in 
a channel is reduced, there is a problem in that a variation 
in characteristics of TFTs conversely becomes larger. With 
respect to the pixel shoWn in FIG. 12, When characteristics 
of the TFT 51 such as a threshold voltage and an on current 
are varied for every pixel, even if video signals have the 
same potential, an amount of a drain current of the TFT 51 
varies betWeen pixels. Thus, a variation in brightness of the 
light emitting element 53 is caused. 

[0011] Speci?cally, When display With 64-gray scales is 
conducted, it is required that a variation of an on current 
value of the TFT in a saturation region is 1.5% or less. In 
addition, in order to hold a charge in a storage capacitor 
portion, it is required that an off current value is 1 pA or less. 

[0012] HoWever, a ?rst factor With a variation of charac 
teristics of TFTs is laser annealing. Even When the TFTs are 
arranged in parallel as in JP 2000-221903 and variation in 
crystallinity of a semiconductor region (channel formation 
region and regions in Which source and drain regions are 
formed) produced at a siZe smaller than a Width of a laser 
beam can be suppressed betWeen adjacent TFTs, a variation 
in brightness Which is periodically caused by scanning a 
linear pulse oscillating laser beam over the entire surface of 
a pixel region cannot be reduced. This is also due to a 
variation in characteristics of TFTs. When the periodic 
characteristic variation is estimated by light emitting bright 
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ness of the light emitting element, it is 10% or more. Thus, 
this cannot be compensated by the parallel connection of 
TFTs in a pixel. 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made in vieW of the 
above. An object of the present invention is therefore to 
provide a display device in Which a variation in brightness 
of light emitting elements betWeen piXels due to a variation 
in characteristics of TFTs is reduced, reliability is high, and 
an image quality is superior. 

[0014] In order to solve the above problem, according to 
a structure of the present invention, at least tWo TFTs Which 
are connected With a light emitting element are provided, 
and crystallinities of semiconductor regions composing 
channel regions of the respective TFTs are made different 
from each other. As the semiconductor region, a region 
obtained by crystalliZing an amorphous semiconductor ?lm 
by laser annealing is applied. Then, in order to change the 
crystallinity, a method of changing a scan direction of a 
continuous oscillating laser beam so that crystal groWth 
directions are made different from each other is applied. 
Alternatively, a method of changing a channel length direc 
tion of the TFT betWeen the respective semiconductor 
regions Without changing the scan direction of the continu 
ous oscillating laser beam so that the crystal groWth direc 
tion and a current ?oWing direction are different from each 
other is applied. 

[0015] When the amorphous semiconductor ?lm is crys 
talliZed by using the continuous oscillating laser beam, a 
crystal groWs in the scan direction of the beam. In this case, 
a grain boundary is produced substantially along the scan 
direction of the beam. Thus, the in?uence of boundary 
trapping is eliminated and relatively high ?eld effect mobil 
ity can be obtained. HoWever, a boundary Which inhibits a 
drift of a carrier is decreased so that characteristics of TFTs 
are greatly changed by a slight variation in an existence ratio 
thereof. As a result, a variation in characteristics thereof 
becomes larger. In order to reduce the in?uence, a structure 
in Which the plurality of TFTs each having a semiconductor 
region in Which the crystal groWth direction is changed 
against the channel length direction or the existence ratio of 
the grain boundary is changed against a carrier drift direc 
tion are connected in parallel With a light emitting element 
is used. 

[0016] With respect to a connection structure of the TFTs 
When it is vieWed from the source and drain terminals, each 
one of the source regions and the drain regions Which are 
formed in the respective semiconductor regions is connected 
With the light emitting element, and the others thereof are 
connected With each other through a Wiring so as to apply 
the same potential thereto. In addition, in the plurality of 
TFTs, the same potential is applied to the common gate 
electrodes. 

[0017] Also, With respect to the gate electrodes, a structure 
in Which electrodes overlapped With the channel formation 
regions are provided over and under the semiconductor 
regions in ?rst and second TFTs through insulating layers 
may be used. In this case, the same potential may be applied 
to both upper and loWer gate electrodes or one of them may 
be kept to a ?Xed potential. Thus, the in?uence of a ?Xed 
charge in the insulating layers Which are in contact With the 
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semiconductor regions is eliminated, and a variation in 
threshold voltage can be reduced. 

[0018] According to the structure of the display device 
provided by the present invention, in the display device 
having a piXel in Which the ?rst and second TFTs connected 
With the light emitting element are provided, the channel 
formation regions formed in the respective semiconductor 
regions composing the ?rst and second TFTs are located 
such that the channel length directions are different from 
each other. Each one of the source regions and the drain 
regions Which are formed in the respective semiconductor 
regions is connected With the light emitting element, and the 
others thereof are connected With each other through the 
Wiring so as to apply the same potential thereto through the 
common gate electrodes. 

[0019] Also, according to another structure, in a display 
device having a piXel in Which ?rst and second TFTs 
connected With a light emitting element are provided, a 
crystal is groWn in a channel length direction in respective 
semiconductor regions composing the ?rst and second TFTs. 
Each one of the source regions and the drain regions Which 
are formed in the respective semiconductor regions is con 
nected With the light emitting element, and the others thereof 
are connected With each other through the Wiring so as to 
apply the same potential thereto through the common gate 
electrodes. 

[0020] Also, according to another structure, in a display 
device having a piXel in Which ?rst and second TFTs 
connected With a light emitting element are provided, With 
respect to one of the respective semiconductor regions 
composing the ?rst and second TFTs, a grain boundary is 
eXtended in parallel With a channel length direction. With 
respect to the other, a grain boundary is eXtended in a 
direction Which intersects the channel length direction. Each 
one of the source regions and the drain regions Which are 
formed in the respective semiconductor regions is connected 
With the light emitting element, and the others thereof are 
connected With each other through the Wiring so as to apply 
the same potential thereto through the common gate elec 
trodes. 

[0021] Also, according to another structure, in a display 
device having a piXel in Which ?rst and second TFTs 
connected With a light emitting element are provided, With 
respect to one of the respective semiconductor regions 
composing the ?rst and second TFTs, a grain boundary is 
eXtended in parallel With a channel length direction. With 
respect to the other, a grain boundary is eXtended in a 
direction Which intersects the channel length direction. Each 
one of the source regions and the drain regions Which are 
formed in the respective semiconductor regions is connected 
With the light emitting element, and the others thereof are 
connected With each other through the Wiring so as to apply 
the same potential thereto through the common gate elec 
trodes. 

[0022] Also, according to another structure, in a display 
device having a piXel in Which ?rst and second TFTs 
connected With a light emitting element are provided, With 
respect to one of the respective semiconductor regions 
composing the ?rst and second TFTs, a grain boundary is 
eXtended in parallel With a channel length direction. With 
respect to the other, a grain boundary is eXtended in a 
direction Which intersects the channel length direction. Each 
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one of the source regions and the drain regions Which are 
formed in the respective semiconductor regions is connected 
With the light emitting element, and the others thereof are 
connected With each other through the Wiring so as to apply 
the same potential thereto through the common gate elec 
trodes. 

[0023] When a scan direction of a continuous oscillating 
laser beam is changed or When TFTs are located so as not to 
coincide the channel length direction With the scan direction 
of the laser beam, crystallinity is changed and TFTs having 
different characteristics can be produced. When a plurality 
of such TFTs are provided and connected With the light 
emitting element, the characteristics of the TFTs connected 
With the light emitting element are substantially uniformed 
because crystallinities of the semiconductor regions com 
posing the channel formation regions of the respective TFTs 
are different from each other. Thus, a variation in brightness 
of the light emitting element betWeen pixels can be reduced. 
Accordingly, an image quality of the display device can be 
improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] In the accompanying draWings: 

[0025] FIG. 1 is a top vieW shoWing a structure of a pixel 
in a display device according to the present invention; 

[0026] FIG. 2 is a circuit diagram shoWing a pixel circuit 
of the present invention; 

[0027] FIG. 3 is a top vieW for explaining a step of 
manufacturing a pixel portion of the display device accord 
ing to the present invention; 

[0028] FIG. 4 is a top vieW for explaining a step of 
manufacturing the pixel portion of the display device 
according to the present invention; 

[0029] FIG. 5 is a top vieW for explaining a step of 
manufacturing the pixel portion of the display device 
according to the present invention; 

[0030] FIG. 6 is a top vieW for explaining a step of 
manufacturing the pixel portion of the display device 
according to the present invention; 

[0031] FIG. 7 is a longitudinal cross sectional vieW for 
explaining a structure of the pixel portion of the display 
device according to the present invention; 

[0032] FIG. 8 is an explanatory diagram of a structure of 
a laser annealing apparatus; 

[0033] FIG. 9 is an explanatory diagram of the structure 
of the laser annealing apparatus; 

[0034] FIGS. 10A and 10B are explanatory diagrams of a 
structure of a laser annealing apparatus; 

[0035] FIGS. 11A and 11B are explanatory diagrams of a 
structure of a laser annealing apparatus; 

[0036] FIG. 12 is a circuit diagram shoWing an example 
of a conventional pixel circuit; 

[0037] FIGS. 13A and 13B shoW a mode of a structure 
obtained by modulariZing a panel in Which a light emitting 
element is formed; 
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[0038] FIG. 14 is an explanatory diagram of a poWer 
source circuit in a mode of a structure obtained by modu 
lariZing the panel in Which the light emitting element is 
formed; 
[0039] FIGS. 15A to 15E shoW examples of electronic 
devices to Which the display device of the present invention 
is applied 

[0040] FIG. 16 is a top vieW for explaining a step of 
manufacturing the pixel portion of the display device 
according to the present invention; and 

[0041] FIG. 17 is a top vieW for explaining a step of 
manufacturing the pixel portion of the display device 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] Hereinafter, an embodiment of the present inven 
tion Will be described With reference to the draWings. FIG. 
1 is a top vieW shoWing a structure of a pixel in a display 
device according to the present invention. The pixel shoWn 
in FIG. 1 includes a sWitching TFT 101, current driver TFTs 
102a and 102b, and a storage capacitor portion 103. In 
addition, FIG. 2 is an equivalent circuit diagram shoWing a 
structure of such a pixel, and a circuit diagram in Which a 
light emitting element 121 is connected With the current 
driver TFTs 102a and 102b in addition to the structure 
shoWn in FIG. 1. 

[0043] The sWitching TFT 101 is composed of a semicon 
ductor region 110 in Which source and drain regions, an 
LDD region, and the like are formed, a gate electrode 112, 
and the like. The source region is connected With a data line 
116 to Which a video signal is inputted. The drain region is 
connected With a gate electrode 113 of the current driver 
TFTs 102a and 102b through a Wiring 117. The gate elec 
trode 112 is connected With a scan line 115. 

[0044] The current driver TFTs 102a and 102b commonly 
use the gate electrode 113 and a semiconductor region 111 
in Which source and drain regions, an LDD region, and the 
like are formed, but the channel length directions are dif 
ferent from each other. The source region of the current 
driver TFTs 102a and 102b is commonly used by the tWo 
TFTs and is connected With a poWer source line 118. In 
addition, the drain regions of the respective TFTs are con 
nected With each other through a Wiring 119. 

[0045] Aconnection electrode 119 is connected With a ?rst 
electrode 120 as an anode or a cathode of the light emitting 
element. The light emitting element is not shoWn in FIG. 1 
but formed by laminating an organic compound layer 
including a phosphor and a counter electrode on the ?rst 
electrode 120. 

[0046] Also, the storage capacitor portion 103 is formed 
by interposing an insulating layer betWeen the semiconduc 
tor region 111 and a capacitor electrode 114 formed in the 
same layer as the gate electrode 113. 

[0047] The remarkable structure in FIG. 1 is that the 
current driver TFTs 102a and 102b are formed such that the 
channel length directions thereof are different from each 
other. A variation in characteristics of the current driver 
TFTs is reduced by using such a structure. Speci?cally, a 
direction in Which a carrier is drifted and a crystal groWth 
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direction are made different from each other in the respective 
semiconductor regions of the tWo TFTs connected in parallel 
so that different electrical characteristics are provided to the 
adjacent TFTs. 

[0048] Table 1 shoWs a comparison result among ?eld 
effect mobility (u), an S value (subthreshold coef?cient), and 
Ion (on current) With respect to a TFT in Which a channel 
length direction coincides With a direction parallel With a 
crystal groWth direction (scan direction of a laser beam) and 
a TFT in Which the channel length direction intersects the 
crystal groWth direction. There are obtained from the mea 

sured samples, a channel length (L) and a channel Width Which are 8 pm, respectively, and average values of 8 

samples are indicated. In the case of an n-channel TFT, a 
measurement condition of the ?eld effect mobility is When 
a drain voltage (Vd) of 1 V and a gate voltage (Vg) of 5 V 
are applied thereto. A measurement condition of the S value 
is When Vd of 1 V is applied. A measurement condition of 
the on current is When Vd of 5 V and Vg of 5V are applied. 
Note that in the case of a p-channel TFT, a polarity of each 
voltage is set to be minus. 

TABLE 1 

n-channel TFT p-channel TFT 

Parallel Intersect Parallel Intersect 

,u (cmz/Vsec) 274.21 87.41 147.21 52.92 
S-value (V/dec) 0.22 0.25 0.18 0.21 
Ion (,uA) 29.28 8.14 13.39 3.26 

L/W = 8/8 ,u 
n = 8 

[0049] From the result shoWn in Table 1, it is found that 
the ?eld effect mobility and the on current value become 
higher in the case Where the direction in Which the carrier is 
drifted and the crystal groWth direction are in parallel 
(coincident), as compared With the case Where they intersect 
each other. This indicates that, When the carrier is drifted, it 
intersects a grain boundary so that the carrier is trapped by 
a defect, thereby reducing carrier transport ef?ciency. In 
other Words, When the crystal groWth direction and the 
channel length direction of the TFT are made coincident, 
current drive capacity of the TFT is improved. On the other 
hand, When they are not made coincident, the capacity is 
reduced. 

[0050] FIG. 7 is a longitudinal cross sectional vieW cor 
responding to an A-A‘ line in FIG. 1. A glass substrate, a 
quartZ substrate, a semiconductor substrate, or the like is 
applied as a substrate 100. An insulating surface is produced 
by a ?rst insulating layer 160. In the semiconductor regions 
110 and 111, high concentration impurity regions 1-71, 175, 
178, and 179 composing source and drain regions, loW 
concentration impurity regions 172, 176, and 180 compos 
ing LDD regions, and non-doped regions 173, 174, and 177 
are formed. A second insulating layer 161 serves as a gate 
insulating ?lm. A third insulating layer 162, a fourth insu 
lating layer 163, and a ?fth insulating layer 164 each serve 
as a passivation ?lm or an interlayer ?lm. A siXth insulating 
layer 165 is formed as a planariZing ?lm in order to produce 
the light emitting element. 

[0051] The light emitting element 121 is composed of the 
?rst electrode 120, an organic compound layer 168, and a 
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second electrode 170. The ?rst electrode 120 and the second 
electrode 170 can be divided into a cathode and an anode in 
accordance With a polarity of a forWard voltage to be 
applied. When the ?rst electrode 120 is used as the cathode, 
a layer 166 containing alkali metal or alkali earth metal With 
a loW Work function is provided thereto. In the second 
electrode 170 side, a layer 169 containing gold, platinum, 
titanium nitride, or the like With a high Work function is 
formed. These layers are formed at a thickness of about 1 nm 
to 20 nm in order to provide light transmission property. 
According to such a structure, light from the light emitting 
element is emitted in a direction indicated by an arroW in the 
draWing. 

[0052] Next, a process of manufacturing a light emitting 
device according to the present invention Will be described 
With reference to FIGS. 3 to 6. FIG. 3 shoWs a step of 
crystalliZing an amorphous semiconductor ?lm 150 formed 
on the insulating surface by laser annealing. A beam shape 
by the laser annealing can be made to have an arbitrary 
shape such as an ellipse, a rectangle, or oblong. It is 
preferably made to be an ellipse or a linear shape having an 
aspect ratio of 10 or more With respect to a longitudinal 
direction and a WidthWise direction, and a beam is scanned 
along the WidthWise direction. When a continuous oscillat 
ing laser beam is scanned for crystalliZation, a liquid-solid 
interface is continuously moved so that a polycrystalline 
semiconductor ?lm in Which a grain boundary is extended in 
a direction substantially parallel With a scan direction can be 
formed. It is unnecessary to crystalliZe the entire surface of 
the amorphous semiconductor ?lm and only a part in Which 
the semiconductor region is formed may be crystalliZed. 
Here, arroWs shoWn in FIG. 3 indicate the scan direction of 
the laser beam and dotted lines indicate parts in Which the 
semiconductor regions 110 and 111 are formed. 

[0053] When a carrier is drifted, carrier mobility is 
changed by about 10% to 30% based on Whether it ?oWs in 
a direction parallel With the grain boundary or in an inter 
secting direction, and the mobility in the former becomes 
higher. In other Words, When the laser beam is scanned in 
only single direction, a crystal having an electrical anisot 
ropy can be formed. 

[0054] An eXample of a structure of a laser annealing 
apparatus capable of performing such crystalliZation pro 
cessing is shoWn in FIGS. 8 and 9. FIG. 8 is a top diagram 
shoWing the structure of the laser annealing apparatus and 
FIG. 9 is a cross sectional diagram corresponding to FIG. 
8. In FIGS. 8 and 9, common reference numerals are used 
for convenience of description. 

[0055] The laser annealing apparatus is capable of speci 
fying an arbitrary position of a substrate and irradiating a 
laser beam thereto to conduct crystalliZation. When a plu 
rality of laser beams are irradiated from a plurality of 
directions, a throughput can be further improved. In addi 
tion, the apparatus is constructed such that the laser beams 
can be overlapped on an irradiation surface to obtain an 
energy density required for laser annealing and to eliminate 
the interference of lights. 

[0056] A ?rst optical system 401 is composed of a laser 
oscillating device 301a, a lens group 302a, a ?rst galva 
nomirror 303a, a second galvanomirror 304a, and an f0 lens 
305a. Here, the ?rst galvanomirror 303a and the second 
galvanomirror 304a are provided as de?ection means. 
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[0057] A second optical system 402 and a third optical 
system 403 each have the same structure. That is, a second 
optical system 402 is composed of a laser oscillating device 
301b, a lens group 302b, a ?rst galvanomirror 303b, a 
second galvanomirror 304b, and an f0 lens 305b. Here, the 
?rst galvanomirror 303b and the second galvanomirror 304b 
are provided as de?ection means. And, a third optical system 
403 is composed of a laser oscillating device 301c, a lens 
group 302c, a ?rst galvanomirror 303c, a second galva 
nomirror 304c, and an f0 lens 305c. Here, the ?rst galva 
nomirror 303c and the second galvanomirror 304c are 
provided as de?ection means. A de?ection direction of a 
laser beam is controlled by rotation angles of the ?rst 
galvanomirror and the second galvanomirror. The laser 
beam is irradiated to an object to be processed 307 on a 
location stage 306. The beam diameter can be made an 
arbitrary shape by providing the lens group 302a and, if 
necessary, a slit and the like, and may be made a circle, an 
ellipse, or a rectangle With a siZe of substantially several tens 
of pm to several hundred pm. The location stage 306 is ?xed. 
HoWever, it can be also synchroniZed With scanning of the 
laser beam. Thus, the stage may be movable in an X-, Y-, or 
G-direction. 

[0058] Then, the laser beams irradiated to the object to be 
processed are overlapped by the ?rst to third optical systems 
so that an energy density required for laser annealing can be 
obtained and the interference of lights can be eliminated. 
The laser beams emitted from different laser oscillating 
devices have different phases. Thus, the interference can be 
eliminated by overlapping them. 

[0059] Note that the structure in Which the three laser 
beams emitted from the ?rst to third optical systems are 
overlapped is indicated here. HoWever, the same effect is 
obtained Without limiting the three laser beams, and there 
fore a purpose is achieved by overlapping a plurality of laser 
beams. In addition, if the same effect is obtained, the 
structure of the laser annealing apparatus is not limited to 
that shoWn in FIGS. 8 and 9. 

[0060] Also, as another structure of the laser anneal appa 
ratus, an apparatus having an structure shoWn in FIGS. 10A 
and 10B can be also applied. FIGS. 10A and 10B are a front 
diagram and a side diagram, shoWing a structure of a laser 
annealing apparatus Which is composed of a laser oscillating 
device 801, high conversion mirrors 802 to 804, an elliptical 
beam forming optical system 805, and a location stage 808. 
An eXample of the elliptical beam forming optical system 
805 is a combination of a cylindrical lens 806 and a conveX 
lens 807. The beam is formed in an elliptical shape by the 
cylindrical lens 806 and condensed by the conveX lens 807. 
Thus, When the laser beam is formed to be an ellipse, an 
irradiation area is increased and a processing speed can be 
improved. In addition, gas jet means 820 is provided imme 
diately on a laser beam irradiation surface or in the vicinity 
thereof, thereby controlling an atmosphere of a region to 
Which the laser beam is irradiated. With respect to a kind of 
gas, various gases such as an oXidiZing gas, a reducing gas, 
and an inert gas can be applied. 

[0061] Also, according to the apparatus, the location stage 
808 is moved in biaXial directions by actuating means 821 
so that laser annealing can be performed for a substrate 809. 
In the case of movement in one direction, it can be continu 
ously moved by a distance longer than a length of a side of 
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the substrate at a uniform speed of 1 cm/sec to 200 cm/sec. 
In the case of movement in another direction, it can be 
discontinuously moved stepWise by the same degree as in a 
longitudinal direction of an elliptical beam. The oscillation 
of the laser oscillating device 801 and the location stage 808 
are synchronous With each other by control means 810 in 
Which a microprocessor is incorporated. In addition, it is 
constructed such that the laser beam re?ected by the sub 
strate 809 (return light) is not incident into the optical 
systems again When an incident angle of the laser beam is set 
to a speci?c angle. 

[0062] On the other hand, FIGS. 11A and 11B shoW an 
eXample of a structure in Which a location stage 814 is ?Xed 
and a laser beams is scanned, and a front diagram and a side 
diagram, shoWing a structure of a laser annealing apparatus 
Which is composed of the laser oscillating device 801, the 
high conversion mirrors 802 and 803, an elliptical beam 
forming optical system 811, a pair of galvanomirrors 812 in 
Which XY scanning is possible, and an f0 lens 813. An 
eXample of the elliptical beam forming optical system 811 is 
a combination of a concave lens and a conveX lens. Thus, 
When the laser beam is formed to be an ellipse, an irradiation 
area is increased and a processing speed can be improved. A 
de?ection direction is controlled by rotation angles of the 
galvanomirrors so that the laser beam can be irradiated to an 
arbitrary position of the substrate 809 on the location stage 
814. The oscillation of the laser oscillating device 801 and 
the set of galvanomirrors 812 are synchronous With each 
other by the control means 810 in Which a microprocessor is 
incorporated. In addition, an isolator 815 is disposed so as to 
prevent that the laser beam re?ected by the irradiation 
surface (return light) is incident into the laser oscillating 
device again to damage the optical systems. The gas jet 
means 820 is provided, thereby controlling an atmosphere of 
a region to Which the laser beam is irradiated. With respect 
to a kind of gas, various gases such as an oXidiZing gas, a 
reducing gas, and an inert gas can be applied. 

[0063] FIG. 4 shoWs a state in Which the semiconductor 
regions 110 and 111 are formed. Even if the semiconductor 
?lm is divided in an island shape, the crystallinity is kept. As 
compared With FIG. 3, a crystal grain is eXtended in the 
longitudinal direction of the semiconductor region 110. 

[0064] Next, a gate insulating ?lm is formed, and then gate 
electrodes 112 and 113 and a capacitor electrode 114 are 
formed. The gate electrode 112 is connected With the scan 
line 115 formed on the same layer. The gate electrodes are 
formed so as to intersect the semiconductor regions. Thus, 
channel length directions are determined as shoWn in the 
draWing. A channel length corresponds to a distance 
betWeen a source and a drain in an MOS transistor or the 

like. Thus, a direction in Which the channel length is 
determined is called the channel length direction according 
to the same de?nition here. 

[0065] In the semiconductor region 110, a TFT in Which 
the channel length direction and the crystal groWth direction 
are substantially coincident is formed. On the other hand, in 
the semiconductor region 111, tWo TFTs, that is, a TFT in 
Which the channel length direction and the crystal groWth 
direction are substantially coincident and a TFT in Which 
they are not coincident are formed. Thus, the TFTs can be 
formed as appropriate based on a position relationship 
betWeen the semiconductor region and the gate electrode. 
The structure shoWn in FIG. 5 indicates this eXample. 










