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(57) ABSTRACT 

A line beam is irradiated such that edge lines of the beam 
extend in a direction at an angle of 45° With respect to the 
vertical direction or the horizontal direction. As a result, a 
laser defective crystallization region R‘ Where the grain size 
has not become suf?ciently large due to unevenness in 
intensity of the line beam passes at 45° across the carrier 
path connecting source and drain regions S and D to each 
other. The defective crystallization region R‘ thus does not 
completely divide betWeen the contact region CT, i.e., the 
carrier path betWeen the source and drain regions. Therefore, 

(22) Filed; May 29, 1997 a carrier path CP can be securely maintained Without passing 
through the defective crystallization region R‘, so that the 

(30) Foreign Application Priority Data ON-current is prevented from being reduced. Deterioration 
or unevenness in transistor characteristics caused by uneven 

May 31, 1996 (JP) .................................. .. HEI-8-139206 ness in intensity of laser irradiation can thus be prevented. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a semiconductor device, particularly a liquid crys 
tal display (LCD), and especially, to a driver circuit includ 
ing type LCD in Which a thin ?lm transistor (TFT) is formed 
in a display section and a peripheral section of a panel. 

[0003] 2. Description of the Related Art 

[0004] In recent years, because advantage of the small siZe 
and thickness and loW poWer consumption, an LCD (liquid 
crystal display) has been put into practice in the ?eld of OA 
and AV devices. In particular, an active matrix type provided 
With a TFT, as a sWitching element for controlling timings 
for reWriting image data on pixels, realiZes motion anima 
tion display With a large screen and high resolution, and is 
therefore used in displays of various television systems, 
personal computers, and the like. 

[0005] A TFT is a ?eld effect transistor obtained by 
forming a semiconductor layer together With a metal layer in 
a predetermined form, on an insulating substrate. In an 
active matrix type LCD, a pair of opposing substrates are 
arranged so as to sandWich liquid crystal therebetWeen, and 
one electrode of each of a plurality of capacitors for driving 
liquid crystal formed betWeen the pair of substrates is 
connected With a corresponding TFT. 

[0006] An LCD using polycrystal silicon (p-Si) as a semi 
conductor layer of TFTs in place of amorphous silicon 
(a-Si), Which had frequently been adopted has been devel 
oped, and annealing using a laser beam for groWth of grains 
has been put to use. In general, p-Si has a higher mobility 
than a-Si so that TFTs can be doWn-siZed and a high aperture 
ratio and high resolution can be realiZed. In addition, since 
it is possible to adopt a gate self-aligning structure by means 
of using p-Si, ?ne TFT element is achieved and the parasitic 
capacitance can be reduced so that higher speed TFTs can be 
achieved. Consequently, an electrically complementary con 
nection structure, e.g., a CMOS (Complementary Metal 
Oxide Semiconductor) can be constructed using an n-ch TFT 
and a p-ch TFT so that a high-speed drive circuit can be 
formed by adopting p-Si TFT. Since a driver circuit section 
can therefore be formed to be integral With a display area on 
the same substrate, the manufacturing costs can be reduced 
and the LCD module realiZes a small siZe. 

[0007] As a method of forming a p-Si ?lm on an insulating 
substrate, there are a recrystalliZation method by annealing 
a-Si formed under a loW temperature or a solid phase groWth 
method under a high temperature. In any case, the process 
must be carried out under a high temperature of 900° C. or 
more. Therefore, it is not possible to use a loW price glass 
substrate in vieW of heat resistance, but a quartZ glass 
substrate of a high price is required, resulting in a high 
manufacturing cost. In contrast, developments have been 
made to a method Which alloWs use of a loW price glass 
substrate as an insulating substrate by performing silicon 
polycrystalliZation processing at a relatively loW tempera 
ture of 600° C. or less, With use of laser annealing. This kind 
of method in Which the processing temperature is thus 600° 
C. or less throughout all the steps of manufacturing TFTs is 
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called a loW-temperature process, and is necessary for 
mass-production of LCDs at loW costs. 

[0008] FIG. 1 is a plan vieW shoWing a relationship 
betWeen a substrate 1 to be processed and directions of 
excimer laser irradiation and scanning, in excimer laser 
annealing (ELA). The substrate 1 to be processed is a 
popular non-alkaline glass substrate, and a-Si layer is 
formed on the surface of the substrate. An active matrix 
substrate 5 include a part of an LCD Which includes display 
area 2 having a parality of pixels arranged in a matrix and 
gate drivers area 3 and drain drivers area 4 formed in 
peripheral portions of the display area 2. The substrate 1 is 
a mother glass substrate including a plurality of the active 
matrix substrates 5. At each of the display area 2, a pixel 
electrode as one of the electrodes of a pixel capacitor for 
driving liquid crystal Will be formed such that the electrodes 
Will be formed and arranged in a matrix, and TFTs Will be 
formed so as to be respectively connected With the elec 
trodes. The gate driver 3 Will be mainly constructed of a shift 
register, and the drain driver 4 Will be mainly constructed of 
a shift register and a sample-and-hold circuit. These drivers 
3 and 4 Will be formed by a TFT array such as CMOS or the 
like. 

[0009] The substrate 1 is subjected to ELA to polycrys 
talliZe a-Si to form p-Si. The ELA is carried out by irradi 
ating a line beam obtained from a predetermined optical 
system and by providing the line beam to scanning. Scan 
ning is performed by shifting every laser pulse by a prede 
termined pitch such that the laser beams runs and draWs edge 
lines as indicated by broken lines C in FIG. 4. HoWever, a 
p-Si ?lm formed thus by ELA has a problem that a linear 
region attaining only a loW crystallinity Where the grain siZe 
has not become suf?ciently large is formed along a beam 
line direction. Here, each of TFTs formed on the substrate 1 
has a channel length direction and a channel Width direction 
Which correspond to either the vertical direction V or the 
horiZontal direction H With respect to the substrate 1. 

[0010] As shoWn in FIG. 2, the TFT formed on the 
substrate 1 is constituted such that a gate electrode 13 is 
provided on an island-like channel region CH of a p-Si ?lm 
With a gate insulating ?lm inserted therebetWeen. Regions 
LD Where impurities are doped at high and loW densities in 
P-Si are provided respectively on both sides of the channel 
region CH. Further, source and drain regions S and D are 
respectively formed outside the LD regions. A defective 
crystalliZation region linearly extending along the longitu 
dinal direction of the line beam as described above Will be 
positioned in the channel length direction L or the channel 
Width direction W Where an island-like TFT is formed. In 
particular, When such a defective crystalliZation region 
extends in the channel Width direction W, the defective 
crystalliZation region remains in the direction, as indicated 
by reference R in FIG. 2, perfectly crossing a carrier path 
connecting the source and drain regions S and D With each 
other. Since the defective crystalliZation region R has a high 
resistance, the ON current is loWered if it exists betWeen the 
source and drain regions S and D. As a result, problems 
appear in that the contrast ratio is loWered at the display 
areas and erroneous operations are caused at the drive circuit 
sections. 

[0011] FIG. 3 shoWs an irradiation light intensity distri 
bution With respect to positions in the line beam as described 
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above. An optical system for generating a line beam is 
provided With a slit for adjusting the line Width and a slit for 
adjusting the line length, to form a band-like line beam. 
Thus, since the line Width [a] of the line beam is de?ned by 
the slits for adjusting the line Width, the irradiation light 
intensity distribution of the line beam has substantially sharp 
edges and a ?at intensity peak portion, as shoWn in FIG. 3. 
HoWever, at regions A and B in FIG. 3, the intensity is very 
high or loW and is thus quite different from the intensity at 
the ?at portion. 

[0012] Regions B Where the intensity distribution has a 
positive or negative inclination other than right angles are 
considered to have been caused since short Wavelength 
components of laser light are diffracted at the edge portions 
of the slit for adjusting the line Width. In addition, the region 
A Where the intensity shoWs a sharp peak is considered to 
have occurred since laser light is shielded, diffracted, or 
interfered With due to foreign material or the like sticking to 
lenses forming part of the optical system, so that unevenness 
in light intensity is caused and the uneven light is converged 
in the line Width [a] direction and expanded in the line length 
direction. Even a slight amount of foreign material Which 
may thus cause unevenness in light intensity, if it exists in 
a clean room, Will be a factor Which in?uences optical 
characteristics and damages the ?at characteristic of the 
intensity distribution. 

[0013] FIG. 4 shoWs a relationship betWeen the laser 
energy and the grain siZe Where a-Si is crystalliZed to form 
p-Si by ELA. It is apparent from this ?gure that the grain 
siZe is smaller if the energy is smaller or greater than an 
optimal energy Eo as a peak. Where the grain siZe of at least 
r or more is desired, the energy must be Within the range of 
Ed to Eu. In FIG. 3, the light intensity is Io When the energy 
is Eu, and the light intensities are Id and Iu When the energy 
is Ed and Eu, respectively. Therefore, in the region denoted 
atAWhere the light intensity is higher than the light intensity 
Iu or in the region denoted by B Where the intensity is loWer 
than Id, the grain siZe attained is not suf?ciently large and it 
is thus impossible to obtain a desired value r. 

[0014] For example, in the example of FIG. 1, a line beam 
irradiated has a line Width of 0.5 to 1.0 mm and a line length 
of 80 to 150 mm. Hence, laser light can be irradiated over 
the entire area by scanning the substrate 70 to be processed 
With this line beam a so that a large area can be processed. 
At the same time, hoWever, a defective crystalliZation region 
is linearly formed along the line length direction of the beam 
at such a portion of the semiconductor ?lm of the substrate 
Which corresponds to the region A or B shoWn in FIG. 3. As 
a result, a plurality of defective crystalliZation regions 
appear like stripes on the entire substrate 1. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention has been made to solve the 
problems as described above and is constructed so as to 
provide a method for manufacturing a semiconductor device 
comprising a plurality of transistors each including: a poly 
crystal semiconductor ?lm patterned like an island and 
obtained by polycrystalliZing an amorphous semiconductor 
?lm formed on a substrate, by irradiating a laser beam onto 
the amorphous semiconductor ?lm; an insulating ?lm 
formed on a channel region of the polycrystalliZed semi 
conductor ?lm; a gate electrode formed corresponding to the 
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channel region With the insulating ?lm therebetWeen; a 
source region and a drain region formed in the polycryatal 
liZed semiconductor ?lm, such that the channel region is 
formed betWeen the source and drain regions; a source 
electrode connected to the source region; and a drain elec 
trode connected to the drain region, 

[0016] Wherein the laser beam is irradiated onto the 
amorphous semiconductor ?lm such that the laser 
beam has edge line directions on an irradiated region 
on the amorphous semiconductor ?lm, Which are not 
perpendicular to a channel length direction and a 
channel Width direction of the channel region. 

[0017] In this structure, even if a linear region not suf? 
ciently crystalliZed appears in the semiconductor ?lm due to 
unevenness in intensity of the irradiated laser beam, such a 
defectively crystalliZed region does not perfectly cross car 
rier paths in a channel of a TFT, and it is therefore possible 
to prevent the ON-current of the TFT from being decreased 
due to formation of a high-resistance region in the channel 
section of the TFT. 

[0018] In addition, according to the present invention, the 
laser beam is a line beam obtained by shaping laser light 
emitted from a laser oscillation source, into a belt-like line, 
by means of a predetermined optical system consisting of a 
combination of a plurality of lenses. 

[0019] In this structure, a linear defective crystalliZation 
region formed at a portion Within a line beam Where the 
intensity distribution of the line beam is not formed crossing 
the channel region. Therefore, a high-resistance region does 
not exist in the carrier path of the TFT, and the ON-current 
of the semiconductor element is prevented from being 
decreased. 

[0020] Consequently, it is possible to prevent problems 
such as loWered contrast at the display area of an LCD, 
operation errors in the peripheral circuit section, and the 
like. 

[0021] The line beam has a line length direction extending 
at an angle of 45° to at least one of the channel length 
direction and the channel Width direction of the channel 
region. 

[0022] Hence, a linear defective crystalliZation region 
generated due to unevenness in intensity of the line beam is 
alWays positioned at an angle of 45° to the carrier path so 
that the defective crystalliZation region does not cross the 
polycrystal semiconductor layer. The carrier path is there 
fore prevented from being completely divided to increase 
resistance using the defective crystalliZation region. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0023] FIG. 1 is a vieW explaining a conventional posi 
tional relationship betWeen a substrate to be processed and 
a line beam. 

[0024] FIG. 2 is a plan vieW explaining a defective 
crystalliZation region of a TFT subjected to annealing by 
ELA as shoWn in FIG. 1. 

[0025] FIG. 3 is a graph shoWing an intensity distribution 
of irradiated laser. 
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[0026] FIG. 4 is a graph showing a relationship between 
laser energy and grain size. 

[0027] FIG. 5 is a vieW showing a positional relationship 
betWeen a substrate to be processed and a region to be 
irradiated With a line beam, according to an embodiment of 
the present invention. 

[0028] FIG. 6 is a vieW schematically shoWing the struc 
ture of a laser irradiation apparatus. 

[0029] FIGS. 7 and 8 are vieWs shoWing the structure of 
an optical system of the laser irradiation apparatus shoWn in 
FIG. 6. 

[0030] FIG. 9 is a vieW shoWing a positional relationship 
betWeen a TFT channel region and a defective crystalliZation 
region, according to an embodiment of the present inven 
tion. 

[0031] FIG. 10 is a vieW shoWing a cross-section of a TFT 
according to an embodiment of the present invention. 

[0032] FIGS. 11 and 12 are vieWs each shoWing a rela 
tionship betWeen a direction in Which a channel of a TFT 
formed on a substrate extends and a direction in Which a 
defective crystalliZation region extends. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] FIG. 5 shoWs a positional relationship betWeen a 
substrate 7 to be processed and irradiating and scanning 
directions of a line beam. The substrate 7 to be processed is 
a popular non-alkaline glass substrate, and an a-Si ?lm is 
formed on the surface of the glass substrate. An active 
matrix substrate 25 is a substrate forming one substrate of an 
LCD, and includes a display area 22 Where a plurality of 
display pixels are arranged in a matrix, and gate and drain 
drivers area 23 and 24 each provided in around the display 
area 22. The substrate 7 is a mother glass substrate com 
prising six active matrix substrates 25 as described above. In 
the display area 22, pixel electrodes, each being an electrode 
of a pixel capacitor for driving liquid crystal, Will be 
arranged in a matrix, and TFTs Will be formed so as to be 
connected With the pixel electrodes. The gate driver 23 Will 
be mainly constructed of a shift register, and the drain driver 
24 Will be mainly constructed of a shift register and a 
sample-and-hold circuit. These drivers Will be constituted by 
a TFT array such as CMOS or the like. 

[0034] The substrate 7 is subjected to ELA to polycrys 
talliZe a-Si on the substrate to form p-Si. ELA is carried out 
by irradiating a line beam obtained from an optical system 
shoWn in FIG. 6 and by scanning the substrate With the line 
beam. The region to be irradiated has a belt-like linear shape 
Whose edge lines extending in a direction S1 or a direction 
S2 perpendicular to the direction S1, as indicated by broken 
lines C‘, and the direction S1 extend at an angle of 45° With 
respect to each of the vertical direction V and the horiZontal 
direction H on the substrate plane. An excimer laser is a 
pulse laser. Aline beam of this excimer laser is intermittently 
irradiated on the substrate 7 to be processed and scanning is 
performed in a direction indicated by an arroW in FIG. 5 
(Which corresponds to the direction V in the ?gure). As 
shoWn in FIG. 5, the line beams are controlled such that 
irradiation regions of any tWo successive pulse beams are 
overlapped on each other by a predetermined amount. 
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[0035] In the folloWing, a structure of a laser beam irra 
diation apparatus used for laser annealing as described 
above Will be explained With reference to FIG. 6. In this 
?gure, a reference 51 denotes a laser oscillation source. 
References 52 and 61 denote mirrors. References 53, 54, 55 
and 56 denote cylindrical lenses. References 57, 58, 59, 62, 
and 63 denote convergence lenses. A reference 60 denotes a 
slit for de?ning the beam Width, and a reference 64 denotes 
a stage for supporting a substrate 7 to be processed Which 
has a surface Where a-Si is formed. A reference 65 denotes 
a slit for de?ning the line length of the beam and the slit 65 
extends in the line length and is provided close to the stage 
64. 

[0036] Laser light is an excimer laser and the laser light 
irradiated from the laser oscillation source 51 is shaped by 
tWo pairs of condenser lenses consisting of a pair of cylin 
drical lenses 53 and 55 and a pair of cylindrical lenses 54 and 
56, into parallel light Whose intensity has a ?at output 
distribution in the longitudinal and lateral directions. This 
parallel light is converged in one direction by lenses 58, 59, 
62 and 63 and is expanded in another direction by a lens 57, 
to be a strip-like line and irradiated on the substrate 7 to be 
processed. The slit 60 for de?ning the line Width and the slit 
65 for de?ning the line length respectively de?ne edge 
portions extending in the line Width and line length direc 
tions, so that the region to be irradiated has a de?nite shape 
and the intensity on the effective irradiation region is main 
tained constant. 

[0037] The stage 64 mounting a substrate 7 to be pro 
cessed is movable in X- and Y-directions and is rotation in 
the horiZontal plane. 

[0038] In this embodiment, a line beam is irradiated onto 
the substrate 7 to be processed in a direction inclined at an 
angle of 45° to the vertical direction V or horiZontal direc 
tion H. 

[0039] The line beam thus generated has an irradiation 
light intensity distribution along the direction of the line 
Width [a] as shoWn in FIG. 3. Therefore, a defective 
crystalliZation region R‘ is formed along the line length 
direction (or the line longitudinal direction) of the line beam 
if the line beam is irradiated onto the substrate 7 by setting 
the line length direction of the line beam at an angle of 45° 
With respect to the vertical direction V or horiZontal direc 
tion H of the substrate, With use of the optical apparatus 
shoWn in FIG. 6. Thus, a defective crystalliZation region R‘ 
occurs in the direction oblique to aside of the substrate 7 at 
45° in the semiconductor ?lm of the substrate 7. 

[0040] MeanWhile, in each TFT formed on the substrate 7, 
a non-doped channel region CH, lightly-doped regions LD, 
and heavily-doped source and drain regions S and D are 
formed in an island-like p-Si ?lm 11. On the channel region 
CH, a gate electrode 13 is formed With a gate insulating ?lm 
inserted therebetWeen. 

[0041] FIG. 10 is a cross-sectional vieW Where a LCD is 
completed. An island-like p-Si ?lm 11, a non-doped channel 
region CH, regions LD respectively positioned on both sides 
of the channel region CH, and source and drain regions S 
and D positioned outside the regions LD are formed on a 
non-alkaline glass substrate 10 as a substrate to be pro 
cessed. A gate insulating ?lm 12 is formed on the p-Si ?lm 
11, and a gate electrode 13 formed by a doped p-Si ?lm 13p, 
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tungsten silicide 13s, and the like is formed at a region 
corresponding to the channel region. An implantation stop 
per 14 for preventing counter-doping When implanting ions 
of a different conductive type in the CMOS structure is 
formed on the gate electrode. Previously prepared margins 
are formed corresponding to the side Walls 15 so that the 
regions LD do not eXtend from the under region of the gate 
electrode 13 When impurities implanted into the p-Si ?lm 11 
are diffused in the lateral direction by annealing. A ?rst 
inter-layer insulating ?lm 16 is formed on the entire surface 
so as to cover the above components. Drain and source 
electrodes 17 and 18 made of loW-resistance metal are 
formed on the ?rst inter-layer insulating ?lm 16 and are 
respectively connected With drain and source regions D and 
S through contact holes formed in the gate insulating ?lm 12 
and inter-layer insulating ?lm 16. Further, a second inter 
layer insulating ?lm 19 With planariZation effect is formed 
on the entire surface so as to cover the above components. 
In the display area, a piXel electrode for driving liquid 
crystal is formed on the second inter-layer insulating ?lm 19 
and is connected With a source electrode 18 through a 
contact hole formed above the source electrode 18. The 
drain and source regions S and D are brought into contact 
With the drain and source electrodes 17 and 18, by contact 
holes CT indicated and surrounded by broken lines in FIG. 
2. In the display area, a substrate is disposed so as to oppose 
the substrate 7 as shoWn in FIG. 10, and a liquid crystal (LC) 
layer is provided betWeen the substrate. Acommon electrode 
is formed on the opposing substrate, and a plurality of piXel 
capacitors for driving the liquid crystal are constructed 
betWeen above the common electrode and a plurality of 
piXel electrodes. HoWever, the piXel electrode and LC layer 
are not disposed in the driver circuit section arranged in the 
peripheral of the display area on the substrate 7. 

[0042] The TFT as described above is formed such that the 
channel length direction L or the channel Width direction W 
complies With the vertical direction V or the horiZontal 
direction H in the substrates 1 and 5. Therefore, a defective 
crystalliZation region R‘ extending along the edge lines of 
the irradiated region or in the longitudinal direction of the 
line beam is positioned at an angle of 45° With respect to the 
channel length direction L or the channel Width direction W 
of the TFT as shoWn in FIG. 9, by setting the directions S1 
and S2 of edge lines C‘ of an irradiated region With a line 
beam, as shoWn in FIG. 5. Accordingly, the defective 
crystalliZation region R‘ obliquely crosses, at 45°, a carrier 
path connecting the source and drain regions S and D to each 
other, With the channel region CH and regions LD formed 
therebetWeen. Consequently, a defective crystalliZation 
region R formed as shoWn in FIG. 2 does not perfectly 
separate the carrier path, so that the defective crystalliZation 
region R‘ is positioned to be oblique at 45° to the channel 
length direction L or channel Width direction W of the TFT, 
as shoWn in FIG. 9. In this embodiment, thus, there is no 
defective crystalliZation region R‘ perfectly separating the 
carrier path connecting the source and drain regions S and D 
sandWiching the channel region CH and the regions LD. 

[0043] For eXample, in a conventional case as shoWn in 
FIG. 2, a defective crystalliZation region R generated at a 
source region S, a drain region D or channel region in a 
semiconductor ?lm perfectly separates a contact portion CT 
of the source region and a contact portion CT of the drain 
region from each other. HoWever, in the present embodi 
ment, a defective crystalliZation region R is inclined With 
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respect to the channel length direction L and channel Width 
direction W of the TFT. Taken into consideration a defective 
crystalliZation region R, as shoWn in FIG. 9, an end of this 
region reaches the a contact portion CT of a source or drain 
region, While another end of this region reaches a channel 
region. HoWever, in this case, a carrier path CP is securely 
maintained betWeen the source and drain regions Without 
being separated by a defective crystalliZation region R‘ 
having a high resistance, as indicated by an arroW in the 
?gure. Since a carrier path is thus maintained, reductions in 
the ON-current of the TFT are restricted. 

[0044] Particularly, in the case of TFTs in a peripheral 
drive circuit, the channel Width is 100 to 500 pm Which is 
much larger than the channel length Which is 5 to 10pm. 
Therefore, if the direction of the edge lines is set to an angle 
of 45° With respect to the channel length L (or the channel 
Width W), one defective crystalliZation region R‘ reaches 
either one of the contact portions CT of the drain and source 
regions and does not perfectly separate the carrier path. 
Accordingly, a carrier path CP connecting contact portions 
CT of source and drain regions to each other can be securely 
maintained Without passing through a defective crystalliZa 
tion region having a high resistance, so that reductions in 
ON-current are prevented in a peripheral drive circuit for 
Which an operation speed is signi?cant. 

[0045] In the above description, the longitudinal direction 
of edge lines C is set to an angle of 45° With respect to any 
edge of the substrate 7. This is particularly because TFTs in 
Which the direction of the channel length L or the direction 
of the channel Width W is oriented in the horiZontal direction 
H of the substrate 7 and TFTs in Which the direction of the 
channel length L or the direction of the channel Width W is 
oriented in the vertical direction V eXist at substantially 
equal ratios of number, in the driver sections 3 and 4 Whose 
operations are greatly in?uenced by an increase in ON 
resistance. Therefore, according to the setting as adopted in 
the present embodiment, any of the TFTs can achieve the 
same results as in the case of FIG. 9. 

[0046] Another embodiment of the present invention is not 
limited to the above-description. As shoWn in FIGS. 11 and 
12, the longitudinal direction of edge lines C is set to a 
direction ranging betWeen a direction de?ned by a value 01 
of tan_1(W1/L1) obtained by the channel length L1 and 
channel Width W1 of TFTs in Which the channel is oriented 
in a certain direction, and a direction de?ned by a value 02 
of tan_1(L2/W2) obtained by the channel length L2 and 
channel Width W2 of TFTs in Which the channel is oriented 
in a direction perpendicular to the certain direction. As a 
result of this, in any of the TFTS, the defective crystalliZa 
tion region R“ does not separate the carrier path CP in the 
channel regions. Here, since the source and drain regions S 
and D are doped With impurities at a high density, a high 
mobility is obtained regardless of the crystalliZation condi 
tion of the p-Si ?lm 11. Therefore, according to the setting 
as described above, a carrier path extending from the source 
region S to the drain region D is alWays securely maintained, 
so that ON-currents are prevented from being loWered. 

[0047] In particular, as shoWn in FIG. 11, much greater 
effects than obtained in the above case can be attained if 
setting of the channel lengths L1 and L2 is carried out not 
only for a non-doped channel region CH but also for a 
light-doped region LD. Speci?cally, the impurity density of 
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the source region S is different by tWo orders of magnitude 
from that of the LD region, and therefore, the effect of 
preventing an ON-current from being lowered suf?ciently is 
obtained by securely maintaining a carrier path connecting 
the source and drain regions S and D. 

[0048] In a case Where the ratio in number of the group of 
TFTs shoWn in FIG. 11 to another group of TFTS shoWn in 
FIG. 12 is extremely large, the effect can be improved much 
more by setting the direction of edge lines C at an angle 
Which is advantageous for only one group of TFTs. Speci? 
cally, as for the defective crystalliZation region R“ crossing 
the channel region CH (and the region LD), the greater the 
angle of the region R“ to the channel length direction is, the 
higher the probability at Which carriers moving betWeen the 
source and drain regions S and D pass through the defective 
crystalliZation region R“ is, resulting in an increase in 
ON-resistance. Therefore, the characteristics of TFTs can be 
improved and the performance of the entire drivers 5 and 6 
can accordingly be improved, by setting the angle of the 
defective crystalliZation region R“ to a small angle With 
respect to the channel length direction, for the group of TFTs 
existing at a higher ratio. 

1. A method for manufacturing a semiconductor device 
comprising a plurality of transistors each including: 

a polycrystal semiconductor ?lm patterned like an island 
and obtained by polycrystalliZing an amorphous semi 
conductor ?lm formed on a substrate, by irradiating a 
laser beam onto the amorphous semiconductor ?lm; 

an insulating ?lm formed on a channel region of the 
polycrystalliZed semiconductor ?lm; 

a gate electrode formed corresponding to the channel 
region With the insulating ?lm therebetWeen; 

a source region and a drain region formed in the poly 
crystalliZed semiconductor ?lm, such that the channel 
region is formed betWeen the source and drain regions; 

a source electrode connected to the source region; and 

a drain electrode connected to the drain region, 

Wherein the laser beam is irradiated onto the amorphous 
semiconductor ?lm such that the laser beam has edge 
line directions on an irradiated region on the amor 
phous semiconductor ?lm, Which are not perpendicular 
to a channel length direction and a channel Width 
direction of the channel region. 

2. Amethod according to claim 1, Wherein the laser beam 
is a line beam obtained by shaping laser light emitted from 
a laser oscillation source, into a belt-like line by means of an 
optical system consisting of a combination of a plurality of 
lenses. 

3. A method according to claim 1, Wherein that the line 
beam has a line length direction extending at an angle of 45° 
to at least one of the channel length direction and the channel 
Width direction of the channel region. 

4. Amethod according to claim 1, Wherein the laser beam 
is a belt-like line beam emitted from a laser irradiation 
apparatus for irradiating the line beam to the semiconductor 
?lm, said laser irradiation apparatus comprising: 

an oscillation source for generating laser light; 
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a beam Width adjusting optical system for adjusting a 
beam Width of the laser beam, consisting of a plurality 
of lenses; 

a beam length adjusting optical system for adjusting a 
beam length of the laser beam, consisting of a plurality 
of lenses; 

a beam Width de?ning slit for de?ning the beam Width of 
the laser beam; 

a beam length de?ning slit for de?ning the beam length of 
the laser beam; and 

a support stage for mounting the substrate at a position to 
be irradiated by the line beam formed by the beam 
Width adjusting optical system, the beam length adjust 
ing optical system, the beam Width de?ning slit, and the 
beam length de?ning slit, said support stage being 
movable in parallel and rotatable in a plane vertical to 
a direction in Which the line beam runs, 

Wherein a longitudinal direction of the line beam is 
inclined With respect to the channel Width direction or 
the channel length direction of the transistors formed 
on the substrate. 

5. A method for manufacturing a liquid crystal display 
device comprising a plurality of thin ?lm transistors formed 
on a substrate, each of said thin ?lm transistors including: 

a polycrystal semiconductor ?lm patterned like an island 
and obtained by polycrystalliZing an amorphous semi 
conductor ?lm formed on a substrate, by irradiating a 
laser beam onto the amorphous semiconductor ?lm; 

an insulating ?lm formed on a channel region of the 
polycrystalliZed semiconductor ?lm; 

a gate electrode formed corresponding to the channel 
region With the insulating ?lm therebetWeen; 

a source region and a drain region formed in the poly 
crystalliZed semiconductor ?lm, such that the channel 
region is formed betWeen the source and drain regions; 

a source electrode connected to the source region; and 

a drain electrode connected to the drain region, Wherein 

the laser beam is irradiated onto the amorphous semicon 
ductor ?lm such that the laser beam has edge line 
directions on an irradiated region on the amorphous 
semiconductor ?lm, Which are not perpendicular to a 
channel length direction and a channel Width direction 
of the channel region. 

6. A method according to claim 5, Wherein that the thin 
?lm transistor is used as a sWitching element for a display 
section on the substrate and as a sWitching element for a 
driver circuit provided around display section. 

7. A method according to claim 1, Wherein the longitu 
dinal direction of the line beam is set to be oriented Within 
a range betWeen a direction expressed by tan_1(W1/L1) and 
a direction expressed by tan_1(L2/W2), 

Where L1 and W1 are respectively a channel length and a 
channel Width of a transistor, some of the plurality of 
transistors, Which has a channel extending in one 
direction, While L2 and W2 are respectively a channel 
length and a channel Width of a transistor, the others of 
the plurality of transistors, Which has a channel extend 
ing in a direction perpendicular to the one direction. 
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8. Amethod according to claim 7, wherein the source and lightly doped regions doped at a small dose With impu 
drain regions are formed by doping impurities having one rities having a conductivity type the same as that of the 
conductivity type into the polycrystalliZed semiconductor Source and drain regions are formed between the chan 
?lm, nel region and the source and drain regions, and each 

the channel region is formed of an intrinsic layer of the of the Channel lengths L1 and L2 15 a length _Summ1ng 
polycrystalliZed semiconductor ?lm or formed by dop- the Channel reglon and the hgh?y doped reg10n5~ 
ing impurities having other conductivity type opposite 
to that of the source and drain regions, * * * * * 


