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Method and apparatus for manuf acturinq a liquid 
crystal display substrate< and appara~us a~d 
method for evaluating semiconductor crystals 

The present invention relates to a method and an 
apparatus for manufacturing a liquid crystal display 
substrate, and more particularly to a method of manu­
facturing a liquid crystal display substrate having a 

5 drive circuit for driving switching elements, and appa­
ratus and method for evaluating semiconductor crystals. 

10 

15 

LCDs (Liquid Crystal Displays) having TFTs 
(Thin-Film Transistors) used as switching elements can 
display images of very high quality. Therefore, they 
are useful and attracting much attention. 

FIG. 1 is a sectional view of the substrate of an 
LCD. As shown in the figure, TFTs lb are formed on the 
center parts of a glass substrate la. Pixel electrodes 
le are formed on the center region of the substrate la, 
spaced apart from the TFTs lb, and electrically con­
nected to the drains of the TFTs lb, respectively. Each 
TFT lb and the pixel electrode associated with the TFT 
lb constitute a square pixel unit U having sides of hun­
dreds of microns. Hundreds of thousands of pixel units 

20 U are arranged on the glass substrate la. 
The LCD substrate further comprises a transparent 

electrode ld and a transparent substrate lf. The trans­
parent electrode ld, which is used common to the pixel 
units U, is formed on the transparent substrate lf. The 

25 substrate lf is so positioned that the electrode ld is 
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spaced apart by a predetermined distance from the center 
part of the glass substrate la, opposing the pixel 
units u. The gap between the transparent electrode ld 
and the center part of the glass substrate la is filled 

5 with liquid crystal le. The center part of the glass 
substrate la, the pixel units U, the liquid crystal le, 
the transparent electrode ld, and the transparent 
substrate lf constitute a pixel section 10. 

FIG. 2 is a perspective view of the LCD substrate. 
10 As shown in this figure, the LCD substrate further com­

prises packaged IC chips 11 on the exposed portion of 
the glass substrate la, and around the sides of the 
pixel section 10. The IC chips 11 form a gate driver. 
The terminals of the IC chips 11 are coupled to scanning 

15 electrode lines which in turn are connected to the gate 
and drain electrodes of the pixel units u. 

How to manufacture the LCD substrate shown in 
FIGS. l and 2 will be described. First, a film of 
hydrogenated amorphous silicon (a-SiH) is formed on the 

20 glass substrate la by means of, for example, plasma CVD 
method. Then, various films and layers are formed on 
the amorphous silicon film and subjected to various 
processes (including etching), forming a number of TFTs 
lb, pixel 'electrodes le connected to the TFTs lb, and 

25 

30 

scanning electrode lines (not shown} connected to the 
pixel electrodes le. A number of pixel units u, forming 
a block, are thereby prepared.. Next, packaged IC chips 
11 are mounted on the glass substrate la, around the 
block of pixel units u. The IC chips 11 are aligned 
with the respective scanning electrode lines of the 
pixel units U and electrically connected thereto 
subsequently. Thereafter, the transparent substrate lf, 
with the transparent electrode ld formed on it, is posi­
tioned in place, so that the electrode ld is spaced 

35 apart by a predetermined distance from the center part 
of the glass substrate la, opposing the pixel units u. 
Liquid crystal le is applied into the gap between the 



. . 
' - . .... :-

.,. .. 

- 3 -

electrode ld and the center part of the glass substrate 
la. As a result, the pixel section 10 is fabricated. 

There is a demand for a TFT-LCD which has a large 
display screen and which can display color images of 

5 high quality. To meet the demand, it is necessary to 

use a gate driver which has as many as 400 lines, and a 
source driver which has as many as 1920 lines. 
Inevitably it requires a large number of machine-hours 
to align these lines with the scanning electrode lines 

10 of the pixel units, respectively, before electrically 
connected to the scanning electrode lines. This is one 
factor of raising the price of the TFT-LCD. 

To reduce the price of the TFT-LCD it is desirable 

that the lines for connecting the gate and source driv-
15 ers to the pixel section be formed simultaneously with 

the switching elements of the pixel section. Once the 
lines of the drivers are so formed, the driver will be 
connected to the pixel section when they are formed on 

that portion of the glass plate which extends outside 
20 the pixel section. This method of forming the lines 

simultaneously with the switching elements of the pixel 
section would save many machine-hours and is a very use­

ful method. 

25 

The TFTs of the pixel unit, which are used to dis-
play an image, need not operate at high speed. In 
contrast, it is required of the gate and source drivers, 

both used for switching the TFTs fast, should operate at 
much higher speed than the TFTs. In other words, the 
drivers must have the same operating speed as IC chips. 

30 The drivers must therefore comprises a semiconductor 
film of polycrystalline silicon which have higher field-
effect mobility than amorphous silicon. 

To form a polycrystalline silicon film on a glass 

substrate, it is necessary to perform pressure-reduced 
35 cvn method at 600°C or more, at which temperature a 

substrate of cheap glass will warp. Hence, the sub­
strate must be made of expensive glass such as a quartz 



' ~· 

( 

~ . -9 

- - ··--··---------~=~--~~~--~~ ...... ~~~~-~-----

- 4 -

glass which would not warp at such high temperatures. 
This will ultimately raise the manufacturing cost of the 
TFT-LCD. 

A method of forming a polycrystalline silicon film 
5 on a substrate of cheap glass, without warping the 

substrate, has been proposed to avoid an· increase in the 
manufacturing cost of the TFT-LCD. The method comprises 
the step of forming a large film of hydrogenated amor­
phous silicon (hereinafter referred to as 11 a-Si:H 11 ) by, 

10 for example, plasma CVD in an atmosphere of about 300°C, 
and the step of applying a laser beam onto the a-Si:H 
film, thereby raising the surface temperature thereof 
to about 1200°C and thus _converting the surface region 
of the a-Si:H film to a polycrystalline silicon film. 

15 The polycrystalline silicon film, thus formed can be 
used as the semiconductor film of the gate and source 
drivers. 

The a-Si:H film formed can be large and of high 
quality since it is formed at a temperature as low as 

20 about 300°C. The application of a laser beam onto the 
a-Si:H film (i.e., laser annealing) lasts but an 
extremely short time, for example only 23 nsec in the 
case of a KrF laser beam and the heat does not reach the 
glass substrate. Hence, the substrat~ need not be so 

25 heat resistant and can be made of cheap glass. 
Furthermore, since the a-Si:H film is formed at low tem­
perature and over a large area, the polycrystalline sil­
icon film is equally large because it is the region of 
the a-Si:H film, which has been crystallized with a 

30 laser beam. This helps to produce a large-screen LCD of 
transmission type. 

When applied with a laser beam, the a-Si:H film 
generates hydrogen, which may damage the film. To 
prevent such a damage, many ideas have been propose in 

35 respect of methods of applying laser beams, the energy 
of each laser beam to apply, and the like. The present 
inventors has been studying a method of applying laser 
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beam pulses onto a strip-shaped target region of a rec­
tangular a-Si:H film, which extends along at least one 
side of the film, thereby crystallizing the target 
regions. (Drive circuit sections of an LC substrate may 

5 be formed in the strip-shaped region thus crystallized.) 
This method, however, has the following problems. 

FIGS. 3A and 3B are diagrams, each illustrating the 
relationship between the positions of two adjacent laser 
beams applied to an a-Si:H film, on the one hand, and 

10 the field-effect mobility in the film, on the other. 
Each laser beam has an intensity which is uniformly dis­
tributed in the direction parallel to the a-Si:H film 
and which diverges toward the a-Si:H film. 

In the case where the adjacent two laser beams do 
15 not overlap at all, as shown in FIG. 3A, no laser-beam 

energy is applied to that region of the film which lies 
between the regions thereof irradiated with the laser 
beams. This region therefore remains not crystallized, 
whereas the irradiated regions are crystallized. 

20 Polycrystalline silicon and a-Si:H and polycrystalline 
silicon have field-effect mobility of 30 to 600 cm2/v s 
and 0.3 to 1 cm2/v s, respectively. The field-effect 
mobility of polycrystalline silicon is two orders of 

25 

magnitude greater than that of a-Si:H. An a-Si:H region 
is formed in the polycrystalline silicon region, the 
drive circuit sections formed in the strip-shaped region 
crystallized with laser beams successively applied to 
the a-Si:H film will greatly differ in their operating 
characteristic. 

30 In the case where the adjacent two laser beams 
overlap at least in part, as shown in FIG. 3B, a portion 
of the a-Si:H film is irradiated two times to have 
field-effect mobility higher than the remaining portion 
of the a-Si:H film, despite that each laser beam has an 

35 intensity which is uniformly distributed in the dir~c­
tion parallel to the a-Si:H film. This is because 
polycrystalline silicon and a-Si:H have melting points 
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of 1414°C and l000°C, respectively, so that the sizes of 
their grains vary. The polycrystalline silicon film 
cannot be uniform in terms of field-effect mobility (In 
Fig. 3B, the irregular portion has a higher mobility as 

5 shown by a projection curve, typically, but may has a 
lower mobility. ) 

10 

The object of the present invention is provide a 
method of manufacturing an LCD substrate in which a 
drive circuit sections for driving pixels of an LCD may 
be effectively formed on a substrate. 

This invention can be more fully understood f rorn 
the following detailed description when taken in con­
junction with the accompanying drawings, in which: 

FIG. 1 is a sectional view graphically showing a 
15 part of an LCD substrate of ordinary type; 

20 

FIG. 2 is a perspective view of the LCD substrate 
of the ordinary type; 

FIGS. 3A and 3B are diagrams, each illustrating the 
relationship between the positions of two adjacent laser 
beams applied to an a-Si: H film, on the one hand, and 
the field-effect mobility in the film, on the other; 

FIGS. 4A to 4D are perspective views for explaining 
an embodiment of the invention, i.e., a method of 
manufacturing an LCD substrate; 

25 FIG. SA consists of two plan views both showing the 
positional relationship between the polysilicon regions 
of the embodiment and the driver circuits formed on the 
polysilicon regions; 

FIG. SB is a plan view showing one of the identical 
30 shift registers used in the embodiment, and also the 

output lines of the shift register; 
FIG. 6 is a schematic representation of a laser 

annealing apparatus used in the embodiment of the pre­
sent invention; 

35 FIG. 7 is a perspective view showing the apparatus 
of FIG. 6; 

FIG. 8 is a block diagram illustrating the 
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beam-emitting section and the crystal-evaluating 
section, both incorporated in the laser annealing 
apparatus; 

FIG. 9 is a graph representing the relationship 
s between the amount of hydrogen released from an a-Si:H 

film and the energy density of the laser beams irr­
adiating the film; 

FIG. 9 is a graph representing the relationship 
between the amount of hydrogen released from an a-Si:H 

10 film having a thickness 500 angstroms and the energy. 
density of the laser beams irradiating this film; 

FIG. 10 is another graph illustrating the relation­
ship between the amount of hydrogen released from an 
a-Si:H film having a thickness of 300 angstroms and 

15 the energy density of the laser beams irradiating this 
film; 

FIGS. llA, llB and llC are diagrams showing the 
distributions of integrated irradiation intensity which 
were measured when 32 shots, 128 shots an 1024 shots of 

20 a laser beam were applied to an amorphous silicon 

25 

film; 
FIG. 12 is a flow chart explaining how the crystal­

lized condition of a semiconductor film is evaluated; 
FIG. 13 is a diagram illustrating the energy band 

configuration of silicon crystal; 
FIG. 14 is a graph representing the distribution of 

band-gap spectral reflectance of a reference semiconduc­
tor crystal; 

FIG. 15 is a graph for showing a distribution of a 
30 band-gap spectral reflectance of amorphous silicon; 

FIG. 16 is a graph for showing a distribution of a 
band-gap spectral reflectance of silicon, where the 
irradiation laser energy is not sufficient; 

FIG. 17 is a graph for showing a distribution of a 
35 band-gap spectral reflectance of silicon, where the 

irradiation laser energy is excess; 
FIGS. 18A and 18B are views for respectively 
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showing laser-irradiated regions; 
FIG. 19 is a top view for schematically showing a 

system for mass-producing LCD substrates; and 
FIG. 20 is a view for showing a housing for 

5 receiving the system shown in FIG. 19 and a system for 
controlling the inside condition of the housing. 

10 

Embodiments of the present invention will now be 
described, with reference to the accompanying 
drawings. 

First, a method of manufacturing an LCD substrate 
10, according to the invention, will be described with 
reference to FIGS. 4A to 4B and FIGS. SA and SB. 

As shown in FIG. 4A, an amorphous silicon film 2 is 
formed on a light-transmitting substrate 1 made of, for 

15 example, glass, by means of pressure-reduced CVD method. 

20 

25 

In the CVD method, monosilane (SiH4) gas or disilane 
(Si2H6) gas is used as reactive gas, the substrate 1 
is held at 450 to 520°C, and the CVD vessel is main­
tained at a few Torr. 

Next, as shown in FIG. 4B, a laser device 3 inter­
mittently emitting a laser beam having a rectangular 
cross section having sides of several millimeters is 
moved above the substrate 1, along a long side and a 
short side of the substrate 1 by a predetermined manner. 
As a result, the beam irradiates discrete, island-shaped 
surf ace regions of the amorphous silicon film 2 on the 
substrate l, which are located along the long side and 
the short side of the substrate 1 and spaced apart by a 
prescribed distance d of, for example, several 

30 millimeters. These ~urface regions of the film 2 are 
thereby converted into rectangular polycrystalline sili-
con (polysilicon) regions 21. 

The laser device 3 is, for example, an excimer 
laser such as a KrF laser (pulse width: 23 nsec) or 

35 an Xeci laser (pulse width: 25 nsec). To form each 
polysilicon region 21, the laser device 3 may apply one 
beam pulse to a target region of the amorphous silicon 
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film 2, said beam having an energy density (i.e., energy 
applied per unit area) high enough to change amorphous 
silicon to polysilicon. Alternatively, for the same 
purpose, the laser device 3 may apply two or more beam 

5 pulses having a less density to the target region of the 
amorphous silicon film 2. 

Thereafter, as shown in FIG. 4C, etching and film­
forming processes are repeatedly performed on the 
polysilicon regions 21, thereby forming drive circuits 

10 4. Each drive circuit is, for example, an LSI of a 
known type comprising semiconductor elements (switching 
elements). Of these drive circuits 4, those arranged 
along the short side of the substrate 1 constitute a 
gate-driving circuit section 41. The remaining drive 

15 circuits 4, arranged along the long side of the 
substrate 1, constitute a source-driving circuit section 
42. 

In this embodiment, the gate-driving circuit sec­
tion 41 is a gate shift register for the gate electrodes 

20 of the TFTs (later described) formed on the substrate 1, 

and the source-driving circuit section 42 is a source 
shift register for the source electrodes of the TFTs. 
The gate shift register and the source shift register 
are identical in structure. Only the gate shift 

25 register will be described, with reference to FIG. SB. 
As shown in FIG. SB, the gate shift register com­

prises a plurality of shift register sections 4 which 
are shaped like islands and spaced apart from each 
other. Each shift register section 4 is formed on one 

30 polysilicon regions 21, and incorporating a plurality of 
switching elements (i.e., transistors). It is desirable 
that the switching elements (i.e., transistors) of each 
shift register be formed well within the polysilicon 
region 21, not reaching the edges thereof. Simulta-

35 neously with the switching elements, lines 40 are formed 
by the following method. First, an insulating film 
(e.g., a silicon oxide film) is formed on the 
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polysilicon regions 21 and also on those portions of the 
amorphous silicon film 2 which are located among the 
polysilicon regions 21. Next,· an aluminum or copper 
film is formed on the insulating film. Then, selective 

s etching is effected on the aluminum or copper film; 
forming the lines 40, which connect any adjacent two of 
the shift register sections 4. 

Then, as shown in FIG. 4C, TFTs (Thin Film 
Transistors) 5, which function as switching elements, 

10 are formed in the pixel region ·so by repeating film­
forming and etching possesses, in the same number as 
pixels desired. The TFTs 5 are arranged in rows and 
columns in the pixel region 50. At· the same time the 
TFTs 5 are thus formed, a film-forming process, 

15 a lithography process, and an etching process are 
performed, thereby forming gate and source bus lines 51 
made of aluminum in the pixel region so. As illustrated 
in FIG. SB, these bus lines 51 are connected to the 
shift register sections 4. 

20 It should be noted that the lines 40 may be formed 

25 

at the same time as the gate and source bus lines 51, 
instead of simultaneously with the switching elements of 
the shift register sections 4. Conversely, the gate and 
source bus lines 51 may be formed, along with the liens 
40, at the same time as the switching elements of the 
shift register sections 4. Furthermore, the lines 40 
and 51 may be formed at the same time the TFTs 5 and the 
element electrodes of the drive circuit sections 4 and 
the TFTs 5 are simultaneously formed, or after the TFTs 

30 s and the element electrodes of the sections 4 have been 
formed simultaneously. 

The semiconductor elements built in each drive cir­
cuit section 4 and the TFTs 5 formed on the pixel region 
so may be of variant structural configurations, such as 

35 planar type, reverse-stagger type, and.the like. The 
semiconductor elements may assume such a structural 
configuration that their electrodes are located beneath 
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the amorphous silicon film 2 or the polysilicon regions 
21. 

A transparent substrate (not shown) is bonded to 
the surface of the LCD substrate 10 thus formed. Liquid 

5 crystal is sealed in the gap between the substrate 10 
and the transparent substrate, whereby an LCD panel is 
manufactured. 

In the method explained with reference to FIGS. 4A 
to 4D, the TFTs s are formed after the drive circuit 

10 sections 4 have been fabricated. Instead, the TFTs 5 
may be formed prior to the fabrication of the sections 
4. Still alternatively, some of the sections 4 and some 
of TFTs s may be formed at the same· time. 

As indicated above, laser beam pulses are applied 
15 to the regions of the amorphous silicon film 2, shaped 

like islands and located along the two neighboring sides 
of the film 2, thereby converting these regions to pol­
ysilicon regions 21. The laser beam pulses have a cross 
section identical to each region in both size and shape. 

20 In addition, they have the same uniform and appropriate 
energy density. Hence, the regions irradiated with 
these beam pulses are converted into the polysilicon 
regions 21 which are uniform in crystallinity. Formed 
on these desirable polysilicon regions 21 by the 

25 repeated film-forming and etching processes, the semi­
conductor elements of the drive circuit sections 4 have 
good characteristics. In addition, the lines connecting 
the drive circuit sections 4 to each other and the lines 
connecting the sections 4 to the TFTs 5 can be formed at 

30 the same time the sections 4 are formed on the polysi­
licon regions 21 or the TFTs 5 are formed in the by 
using the pixel region so. This helps to facilitate the 
manufacture of the LCD substrate 10. 

In the method described above, the amorphous sili-
35 con film 2 is formed the light-transmitting substrate 1 

by pressure-reduced CVD method. The film 2 may be 
formed by means of plasma CVD method, for example, by 
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using rnonosilane gas and hydrogen gas in a reaction ves­
sel held at a temperature of 180 to 300°C and a pres­
sured of 0.8 Torr. In this case, the amorphous silicon 
film 2 absorbs hydrogen and changes to an a-Si:H 

5 (hydrogenated amorphous silicon) film. Hydrogen may be 
released from the film when a laser beam is applied to 
the film to achieve laser annealing. Hydrogen may be 
abruptly released and damage the film. To minimize the 
damage to the film, the laser beam is applied in the 

10 following way. 

15 

20 

25 

In the first step, one or more laser beam pulses, 
each having energy much less than required to pol­
ycrystalline a-Si:H, are applied to· a target region of 
the a-Si:H film. In the second step, one or more beam 
pulses, each having energy greater than any beam 
pulse first applied but less than required to pol­
ycrystalline a-Si:H, are applied to the target region of 
the amorphous silicon film. Hydrogen is thereby 
expelled from the a-Si:H film gradually. Then, in the 
third step, one beam pulse, for example, having energy 
greater than required to crystallize a-Si:H is applied 
to the target region of the film 2, thus converting the 
region to an polysilicon region 21. Thereafter, these 
steps are sequentially repeated on the other target 
regions of the a-Si:H film, thereby converting the 
regions to polysilicon regions 21. When two or more 
laser beam pulses are applied to a target region in the 
first or second step, it is desirable that the amount of 
hydrogen released from the film 2 be measured at the 

30 application of every beam pulse, and that a beam pulse 
having greater energy be applied to the target region if 
the amount of hydrogen released from the film 2 no 
longer changes noticeably. 

In this method, laser beam pulses, each having 
35 greater energy than the preceding one, are sequentially 

applied to each target region of the ·a-Si:H film. 
Hence, hydrogen is released from the amorphous silicon 
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film 2 step by step. Thus, hydrogen remains in the film 
2, merely in so small an amount that it would not damage 
the film 2 even if all is released at a time. 

A laser annealing apparatus equipped with a hydro­
s gen amount monitoring device, used to perform the above­

mentioned method of applying laser beam pulses, will be 
described, with reference to FIGS. 6, 7 and 8. 

FIGS. 6 and 7 diagrammatically show the laser 
annealing apparatus. As seen from these figures, the 

10 apparatus comprises a pneumatic support mechanism 6 
which serves as base. The mechanism 6 has a support 
plate 61 made of rigid material such as metal. The sup­
port plate 61 is held by an air suspension; it is float­
ing in a horizontal position, by virtue of controlled 

15 air pressure applied from below. A hollow support 62 is 
mounted on the support plate 61. Secured on the support 
62 is a hollow cylindrical vacuum chamber 63 made of, 
for example, aluminum. The chamber 63 contains a heater 
plate 64, which is supported by vertical rods 64b 

20 extended from the top of the chamber 63. The support 
plate 64 includes an electric heater for heating the 
under surf ace of the plate 64 and arms 64a for support­
ing a glass substrate 20 with the amorphous silicon film 
facing downward on the under face of the plate 21. 

25 The vacuum chamber 63 has an exhaust pipe 65 and 
gate valve G, and incorporate a mass spectrograph 66. 
The exhaust pipe 65 is coupled to a vacuum pump (not 
shown}. The mass spectrograph 66 is used to measure the 
amount of hydrogen released from the amorphous silicon 

30 film on the substrate 20. The gate valve G is opened so 
that the substrate 20 may be removed from the chamber 63 
and another substrate may be introduced thereinto. The 
valve G remains closed while the film on the substrate 
20 is undergoing laser-beam pulse application. That 

35 portion of the bottom of the vacuum chamber 63, over 
which the heater plate 64 is mounted and which opposes 
the substrate 20 supported on the plate 64, is made of, 
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for example, synthetic resin or quartz glass and, hence, 
serves as a window 67 for allowing the passage of a 
laser beam (later described). 

As shown in FIGS. 6 and 7, a laser beam applicator 
5 7 having a reflector 7a (see FIG. 8) is below the window 

67. More precisely, the laser beam applicator 7 is sup­
ported by a mechanism 70 which is secured on the support 
plate 61 and located within the hollow support 62. The 
mechanism 70 is designed to move the applicator 7 in an 

10 XY horizontal plane. The mechanism 70 comprises a pair 
of rails 71 laid on the support plate 61 and extending 
in X-axis direction, an X-axis movable member 72 mounted 
on the rails 71 to move in the X-axis direction, a pair 
of rails 73 laid on the X-axis movable member 72 and 

15 extending in Y-axis direction, and a Y-axis movable mem~ 
ber 74 mounted on the rails 73 to move in the Y-axis 
direction. It is on the Y-axis movable member 74 to 
which the laser beam applicator 7 is attached and fixed. 

As shown in FIG. 8, an excimer laser 92 is arranged 
20 by the side of the pneumatic support mechanism 6, with 

its beam-emitting tip directed to the reflector 7a of 
the laser beam applicator 7. A beam homogenizer 93 is 
located between the excimer laser 92 and the reflector 
7a. The beam homogenizer 93 is designed to process the 

25 laser beam from the excimer laser 92, forming a beam 
which has a prescribed dimensions, and to apply this 
beam to the reflector 7a. 

In this preferred embodiment, the excimer laser 92 
is either a KrF laser which emits beam pulses having a 

30 wavelength of 248 nm and a width of 23 nsec, or an xeci 
laser which emits beam pulses having a wavelength of 
308 nm and a width of 25 nsec. The beam homogenizer 93 
is of a known type; it comprises a beam-diverging member 
for diverging the incident laser beam and a fish-eye 

35 lens for focusing the diverged beam to a predetermined 
degree. The excimer laser 92 is connected to a laser 
power supply 91 and is driven by the electric power 
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supplied from the power supply 91. The power supply 91 
is controlled by a CPU 90. In other words, the CPU 90 
controls the power supplied to the laser 92. Connected 
to the CPU 90 is a memory 94 which stores various data 

s items for operating the laser annealing apparatus. 
Among these data items are: data for driving the mecha­
nism 70; the data for controlling the laser power supply 
91; and the data representing the reference distribution 
of band-gap spectral reflectance, based on which to 

10 evaluate the crystallized condition of a semiconductor 
film. As shown in FIG. 8, a spectroscope 86 is arranged 
outside the pneumatic support mechanism 6, for receiving 
the light reflected from the film on the substrate 20 
and detecting therefrom the spectral characteristic of 

15 

20 

25 

the silicon film formed on the substrate 20. 
The method of operating the laser annealing appara­

tus will now be explained to crystallize the selected 
surface regions of the amorphous silicon film. 

First, the gate valve G is opened. The substrate 
20 is introduced through the valve G into the vacuum 
chamber 63 by a transport mechanism (not shown). The 
substrate 20 is placed on the under surf ace of the 
heater plate 64, with the amorphous silicon film facing 
downward. Next, the gate valve G is closed, and air is 
exhausted from the chamber 63 via the pipe 65 by means 
of the vacuum pump (not shown) until the inside pres­
sure of the chamber 63 lowers to, for example, 
2.5 x io-7 Torr. Thereafter, the CPU 90 controls the 
mechanism 70, which moves the laser beam applicator 7 

30 intermittently in the horizontal plane or XY plane, that 
is, in the x-axis and Y-axis directions. Meanwhile, the 
CPU 90 controls the laser power supply 91, which sup­
plies power to the excimer laser 92. The laser 92 emits 
beam pulses, one after another, to the beam homogenizer 

35 93. The beam homogenizer 93 processes each incident 
beam pulse into a laser beam pulse having the prescribed 
dimensions. This laser beam pulse is supplied to the 
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reflector 7a of the beam applicator 7. The reflector 7a 
reflects the beam pulse, applying the beam pulse upwards 
through the window 67 onto a target surface region of 
the the amorphous silicon film formed on the substrate 

5 20. Irradiated with with beam pulse, the surface region 
of the amorphous silicon film converts into a pol­
ysilicon region 21. 

The signal supplied from the CPU 90 to the 
power supply 91 has been set in accordance with the var-

10 iant data items stored in the memory 94. These data 
items represent the periods for which to move and stop 
the mechanism 70 and the distance and direction in which 
to move the mechanism 70. Hence, the excimer laser 91 
emits laser beam pulses, which ultimately irradiate 

15 island-shaped surface regions of the amorphous sili­
con film, which are spaced apart by a desired distance 
and have a predetermined size. The regions are, 

20 

for example, square having a size of 
0.65 x 0.65 cm= 0.43 cm2. The shape and size of each 
beam-irradiated region are determined by the specifica­
tion of the beam homogenizer 93. Thus, polysilicon 
regions 21 of any dimensions desired, spaced apart by 
any distance selected and aligned in any direction can 
be formed by altering the data items in the memory 94 

25 and by replacing the beam homogenizer 93 with another. 

30 

Also, laser beam pulses of either the same energy or 
different energies can be applied onto the amorphous 
silicon film under the control of the CPU 90, as will be 
explained later. 

To crystallize each target surface region of the 
amorphous silicon film by, for example, applying a sin­
gle beam pulse, the beam applicator 7 applies a beam 
pulse having a width of 23 nsec to the first target 
region, and then applies another beam pulse of the same 

35 width after moved by the mechanism 70 for a predeter­
mined distance, thereby applying the beam pulse onto the 
next target region spaced part by said distance. In 
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this way, the island-shaped target regions arranged 
along the long and sort sides of the substrate 20 can be 
irradiated with beam pulses, as the CPU 90 controls the 
mechanism 70 and the laser power supply 91 in accordance 

5 with the various data items stored in the memory 94. 
As has been indicated, it is desirable that laser 

beam pulses, each having energy greater than the preced­
ing one, be sequentially applied to a target region of 
the amorphous silicon film if this film is an a-Si:H 

10 film formed on a glass substrate by means of plasma CVD 

method. To prove the advantage of this method of apply­
ing such beam pulses, the present inventors conducted 
experiments. 

In the experiments, sets of beam pulses were 
15 applied to six target surface regions- of an a-Si:H film 

having a thickness of 500 angstroms and placed in a 
vacuum chamber the inside pressure of which was 

20 

1.0 x io-7 Torr, and other sets of beam pulses were 
applied to having six target surface regions of an 
a-Si:H film having a thickness of 300 angstroms and 
placed in a vacuum chamber the inside pressure of 
which was 2.0 x io-7 Torr. In both cases, the beam 
pulses of each set had a cross section of 
0.65 cm x 0.65 cm = 0.43 cm2; some of them were applied 

25 at frequency of 20Hz, and the others at frequency of 
lOHz; they had different energies, each having energy 
greater than the applied immediately before, as is shown 
in Table l. In this device the transmission factor of 
the members such as a window 67 is 75%. Also, in both 

30 cases, the substrate on which the a-Si:H film was formed 
was spaced apart from the laser beam source by a dis­
tance of 230 mm. As the beam pulses of each set were 
sequentially applied to the target region, the output 
current of the mass spectrograph 66 (corresponding to 

35 the amount of hydrogen released from the a-Si:H film) 
was measured and recorded. 
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Table 1 
Sl 
80 

120 
160 
200 
240 
280 

320 
360 

400 
430 
450 

$2 

80 
120 
160 

200 
240 
280 
320 
360 

400 

S3 S4 SS 

80 80 80 
120 120 120 
160 160 160 
200 200 200 
240 240 240 
280 280 
320 320 
360 

In this case, a relationship between the laser 
energy (mj) E and the (laser energy)/(power density 
(mj/cm2)) E/P is as follows 

E 80 120 160 200 240 280 320 360 
E/P 140 209 219 349 419 488 558 628 

E 400 430 450 
E/P 698 /50 785 

The results obtained of an a-Si:H film having a 
thickness of 500 angstroms were as is illustrated in 
FIG. 9, and the results obtained of an a-Si:H film hav-
ing a thickness of 300 angstroms were as is shown in 
FIG. 10. In FIGS. 9 and 10, the output current of the 
mass spectrograph 66 and the energy density of the laser 
beams irradiating each target region of the a-Si:H film 
a_re plotted on the ordinate and abscissa, respectively. 

30 As is evident from FIGS. 9 and 10, the amount of 
hydrogen released from either a-Si:H film did not 
abruptly increased, whereby the film was prevented from 
being damaged. This is because each target region of 
either a-Si:H film was irradiated with several laser 

35 beam pulses which were sequentially applied, each having 
energy greater than the preceding one. 

According the present invention, it is useful to 
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sequentially apply laser beam pulses of the substan­
tially same energy to one target region of an amorphous 
silicon film, instead of beam pulses having different 
energies. The energy of each beam pulse is great enough 

5 to melt a-Si. The more beam pulses are applied onto the 
target region, the larger the a-Si grains grown, and the 
more orientated the grains become. Thus, a-Si becomes 
similar to a single-crystal silicon having a (111) face. 
In this case, since the a-Si is melted by a laser of 20 

10 to 30 nsec a heat is not transmitted to the substrate. 
As a result, the field-effect mobility of the amorphous 
silicon therefore becomes higher than that of polyc­
rystalline silicon. When this method of applying beam 
pulses of the same energy should better be employed when 

15 the follow_ing conditions are satisfied: 

20 

25 

30 

l. The amorphous silicon film is 300 to lSOOA 

thick, more preferably 500 to lOOOA thick. 
Unless the film has a thickness outside this range, 
the grains can hardly orientated. 
2. The substrate remains at normal temperature 
to sso 0 c during the application of beam pulses. 
The cheap soda-glass substrate may be distorted. 
3. 30 to 1000 shots of a laser beam are applied to 
each target region. If the region is irradiated 
less than 30 times, it will not be effectively con­
verted to single-crystalsilicon. If the region is 
irradiated more than 1000 times, much time will be 
required to convert the region to single­
crystalsilicon, and the resultant polysilicon 
region will more likely to defects. 
FIGS. llA, llB and llC show the distributions of 

irradiation intensity which were measured by a 
goniometer, means of a 20/0 method with an X.R.D. 
(X-ray diffraction), when 32 shots, 128 shots an 1024 

35 shots of a laser beam were applied from the aforemen­
tioned laser (laser energy of 180 mj; power density of 
272 mj/cm2) to an amorphous silicon (a-Si:H) film formed 
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by a plasma CVD method, having a thickness of 700A 
and held at temperature of 400°C. As may be understood 
from FIGS. llA, llB and 11c, when 32 shots of a laser 
beam were applied to the film, the irradiation intensity 

5 reached its peak at the position of 28.632°. This peak 
value is not so greater than the irradiation intensities 
at other positions. Nonetheless, as is evident from 
FIGS. llB and llC and as is well known in the art, the 
more shots of a laser beam are applied, the greater the 

10 peak value at the position of 28.632°. In other words, 
the more times the film is irradiated with a laser beam 
pulse, the more similar to single-crystalsilicon having 
(l,1,1,) face which generally has an intensity peak at 
28.632°, it will become. 

15 How to convert the amorphous silicon to polysilicon 
and how to evaluate the crystallized condition of 
the resultant silicon crystal will be described, with 
reference to FIG. 8 through FIG. 12. 

As shown in the flow chart of FIG. 12, in step Sl, 
20 the laser power supply '91 is turned on by a command the 

CUP 92 has generated in accordance with the control 
program stored in the memory 94. The excimer laser 92 
is thereby driven, emitting a laser beam. The laser 
beam travels to the reflector 7a of the applicator 7 

25 through the beam homogenizer 93. The reflector 7a 
reflects the beam onto a target surface region of the 
amorphous silicon film, whereby the laser beam anneals 
that target region. 

Then, in Step S2, the spectroscope 86 detects the 
30 laser beam reflected from the target region, and deter­

mines the distribution of band-gap spectral reflectance 
of the target region which has been crystallized to at 
least some extent. Next, in step S3 it is determined 
whether or not the target region has acquired desirable 

35 crystallinity. More precisely, the distribution of the 
band-gap spectral reflectance of the target region is 
compared with the reference distribution of band-gap 
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spectral reflectance, which pertains to a semiconductor 
material having desired crystallinity and which is 
stored in the memory 94. The more similar the spectral 
reflectance distribution to the reference distribution, 

5 the more the region has been annealed with the laser 
beam. 

If No in Step S3, that is, if the target region has 
not acquired desired crystallinity yet, the flow goes to 
Step S4. In Step S4, the CPU 90 generates a command, 

10 thereby increasing the irradiation energy by a predeter­
mined value. The irradiation energy can be increased so 
by changing the output of the excimer laser 92, by 
altering the intervals of applying laser beams (irr the 
case of spot irradiation), by adjusting the speed of the 

15 mechanism 70, or by any possible combination of these 
methods. The flow then returns to Step Sl, and steps 
Sl, 82, S3 and S4 are repeated until it is determined in 
step S3 that the target region has acquired desired 
crystallinity. 

20 

25 

If Yes in Step $3, that is, if the target region 
has acquired desired crystallinity, the flow goes to 
Step SS. In Step SS, the mechanism 70 is driven to move 
the beam applicator 71, whereby a laser beam is applied 
to the next target region. · Then, in Step 86 it is 
determined whether or not all target regions of the 
amorphous silicon film have been irradiated with laser 
beams and thereby annealed. If No, the flow returns to 
Step Sl, whereby steps 1 to 86 are repeated until all 
target regions are annealed with laser beams. If Yes in 

30 step S6, then application of laser beams is terminated. 
By virtue of the above-mentioned method of evaluat­

ing the crystallized condition of an amorphous silicon 
film, it is possible the method of manufacturing an LCD 
substrate and the apparatus for forming thin polysilicon 

35 films, both according to the present invention, to eval­
uate the crystallize condition of the amorphous silicon 
film being crystallized with a laser beam, on the basis 
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of the distribution of spectral.reflectance of the film, 
not by using special and expensive devices such as a 
Raman spectroscope. Therefore, the energy of the laser 
beam can be feedback-controlled in real time, and laser 

5 annealing can therefore be easily performed at low cost, 
thereby to manufacture a TFT-LCD substrate with high 
yield and great throughput. 

After all target region of the amorphous silicon 
film have been annealed with laser beams, the inside 

10 pressure of the vacuum chamber 63 is changed back to the 
atmospheric pressure. The gate valve G is opened, and 
the substrate 20 is removed from the chamber 63 by means 
of a transport mechanism (not shown). Then, the subst­
rate 20 is transported to various processing stations 

15 (e.g., a film-forming station, a lithography station) 
one after another. At these stations, TFTs are formed 
in the pixel region 50 of the substrate 20 by using 
masks of specific patterns, and the switching elements 
of the drive circuit section 4 are formed in the edge 

20 portions of the substrate 20 by using masks of specific 
patterns, simultaneously and integrally with the TFTs. 
At the same time, there are formed scanning electrode 
lines, which connect the pixel units and drive circuit 
sections 4. Therefore, independent steps need not be 

25 performed to mount LSI chips for sections 4 or forming 
the scanning electrode lines as in the conventional 
method of manufacturing an LCD substrate. 

The distribution of band-gap spectral reflectance 
used to evaluate the crystallized condition of any amor-

30 phous silicon film being crystallized will be explained. 
As is well known in the art, the energy band of 

silicon crystal has the configuration illustrated in 
FIG. 13. It has a width of about 3.43 ev at point r 
and a width of about 4.40 ev at point x. A laser beam 

35 having energy of, for example, 400 mj and a square cross 
section of 0.43 cm2 (= 0.65 x -.65 cm) was applied 
through a window having a transmittance of 75% to 
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a reference semiconductor crystal which had the energy 
band shown in FIG. 13 and a thickness of 500 angstroms. 
As a result, a distribution of band-gas spectral reflec­
tance was obtained which is illustrate in FIG. 14. As 

s shown in FIG. 14, this distribution have two peak values 
in the vicinity of 284 nm and 364 nm. These peak values 
correspond· to X point and r point, respectively, which 
are two of the special points in the first Brillouin 
zone. 

10 On the other hand, amorphous silicon has such a 
distribution of band-gap spectral reflectance of amor­
phous silicon as is illustrated in FIG. 15. As is seen 
from FIG. 15, the profile of this distribution quite 
differs from that of the distribution shown in FIG. 14; 

15 it is very specific to the amorphous silicon. The 
reflectance distribution of FIG. 15 gradually changes 
toward the one shown in FIG. 14 as the amorphous silicon 
is laser-annealed to become polycrystalline silicon. In 
the present invention, the comparator {not shown) incor-

20 porated in the spectroscope 86 compares the reflectance 
distribution detected by the spectroscope 86, with the 
reference distribution of FIG. 14 stored in the memory 
94. It is thereby determined in real time how much the 
amorphous silicon has been crystallized thus far. 

25 When the laser beam applied from the excimer laser 
92 to the amorphous silicon film on the substrate 20 has 
energy of, for example, 200 mj, which is less than 
required to crystallize amorphous silicon, the distribu­
tion of_ band-gap spectral reflectance will have a pro-

30 file sloping generally downwards to the right as shown 
in FIG. 16, having no conspicuous peaks. In contrast, 
when the laser beam applied from the laser 92 to the 
amorphous silicon film has energy of, for example, 
600 mj, which is too great to achieve ideal crystalliza-

35 tion of amorphous silicon, the distribution of band-gap 
spectral reflectance will have a profile sloping gener­
ally upward to the right as shown in FIG. 17. The 
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distribution profile of FIG. 17 indicates that the film 
has been damaged, with silicon oxide formed in its sur­
face region. 

When the spectral reflectance distribution of the 
s type shown in FIG. 16 is detected, the energy of the 

laser beam is gradually increased by real-time feedback 
control, thereby changing the distribution toward the 
reference spectral reflectance distribution of FIG. 14. 
When the spectral reflectance distribution becomes very 

10 similar to that one shown in FIG. 14, the laser-beam 
application is stopped, thus preventing damages to the 
film. If the spectroscope 86 detects a spectral reflec­
tance distribution similar to the one shown in FIG. 17, 
then it is determined that the film has been damaged, 

15 and substrate 20 is discarded as ·a defective product. 
It is desirable that, as described above, the 

energy of the laser beam is gradually increased by real­
time feedback control so that the distribution of 
FIG. 16 may change toward the reference spectral reflec-

20 tance distribution of FIG. 14. were the energy of the 
beam increased abruptly to an unnecessarily great value, 
the hydrogen would be released at a time from the amor­
phous silicon film, inevitably damaging the silicon film 
and ultimately rendering the substrate 20 defective. 

25 Because of the nature of the actually employed 
method of analyzing the distribution of spectral 
reflectance, the detected distribution of spectral 
reflectance of the film cannot be completely identical 
to the reference distribution (FIG. 14). Hence, the 

30 film is considered to have been appropriately 
crystallized, when the difference between the actually 
detected distribution and the reference distribution 
reduces to a predetermined value. For instance, the 
peaks moment two peak values appear points within 20 nm 

35 off X point (about 284 nm) and r point (about 364 nm), 
the film is regarded as just having been crystallized to 
a desired degree. Alternatively, techniques known in 



;; 

- 25 -

the field of pattern recognition may be utilized to com­
pare the profile of the actually detected distribution 
with that of the reference distribution profile 
(FIG. 14), and the film may be considered to have been 

5 crystallized appropriately at the time the dissimilarity 
between the compare profile reduces to a prescribed 
value. 

With the method described above it is possible to 
evaluate the crystallized condition of an amorphous sil-

10 icon film, without using special and expensive devices. 
Therefore, the amorphous silicon can be analyzed as to 
how it has been crystallized, in real time and at low 
cost. 

By virtue of the above-mentioned method of evaluat-
15 ing the crystallized condition of an amorphous silicon 

film, it is possible the method of manufacturing an LCD 
substrate and the apparatus for forming thin polysilicon 
films, both according to the present invention, to eval­
uate the crystallize condition of the amorphous silicon 

20 film being crystallized with a laser beam, very easily 
at low cost and in real time. Based on the crystallized 
condition thus evaluated, the energy of the laser beam 
can be feedback-controlled in real time, whereby LCD 
substrates can be manufactured with high yield and, 

25 hence, with great throughput. 
According to the present invention, the method of 

applying a laser beam to an amorphous silicon film is 
not limited to the one described above. An alternative 
method may be employed, wherein an laser beam applicator 

30 applies laser beam pulses of a particular energy to the 
respective target regions of the amorphous silicon film, 
then beam pulses of a slightly greater energy to the 
target regions, next beam pulses of still slightly 
greater energy to the target regions, and so forth. 

35 Another alternative method may be performed, in which a 
laser beam applicator simultaneously applies two or more 
laser beams, spaced apart from one another, to the 
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respective target regions of the amorphous silicon film. 
Still another alternative method may be used, wherein, 
as shown in FIG. 18A, a laser beam applicator 3 applies 
to an amorphous silicon film 2 a single laser beam hav-

5 ing a rectangular cross section which has a size of mil­
limeters by about 100 millimeters. Furthermore, a 
fourth alternative method may be employed, wherein, as 
shown in FIG. 18B, a laser beam applicator 3 applies to 
an amorphous silicon film 2 a single laser beam having 

10 an L-shaped cross section which has a size of millime­
ters by about 100 millimeters. 

As may be understood from the preceding paragraph, 
a laser beam or beams can be applied in various ways, to 
thereby form a plurality of polysilicon regions or a 

15 single polysilicon region, and any desirable size and 
shape can be selected for each region merely by using a 
beam applicator designed to apply laser beams having a 
cross section of that size and shape. 

Once a single polysilicon region 51 has been formed 
20 by the method of FIG. 18A or 18B, all drive circuit sec­

tions (e.g., gate drivers and source drivers) of the LC 
substrate can easily be formed on the polysilicon 
region. Moreover, the beam applicator for use in the 
method of FIG. 18A or 18B is easy to design. In 

25 

30 

addition, the region 51 can easily be aligned with 
lithography mask patterns for forming the drive circuit 
sections, ultimately increasing the throughput. 
Therefore, the methods of FIGS. 18A and 18B are 
advantageous. 

A system for mass-producing the LCD substrate, 
which incorporates the laser annealing apparatus shown 
in FIGS. 6 and 7, will be described with reference to 
FIG. 19 which is a top view of the system. 

The system shown in FIG. 19 comprises various 
35 devices and is designed to perform a sequence of film­

forrning processes for manufacturing the LCD substrate. 
More specifically, the system comprises a loading 
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section, an unloading section and a transport unit. 
The loading section receives and holds a plu­

rality of cassettes 303, each containing a prescribed 
number (e.g., 25) of substrates (or glass substrates) 

5 302. which are to be subjected to any process. The 
substrates 302 are positioned horizontally in each cas­
sette 303. 

The unloading section receives and holds a plural­
ity of cassettes 306, each containing a prescribed number 

10 (e.g., 25) of substrates 305 which have been processed 
in any process by the various devices. The substrates 
305 are positioned horizontally in each cassette. 

The transport unit is located between the load-
ing section, the unloading section and a processing zone 

15 (various devices), for transporting the substrates 302 
from the cassettes 303 to a processing zone and trans­
porting the processed substrates 305 from the zone into 
the cassette 306. It is in the processing zone that the 
devices are arranged to perform film-forming process and 

20 annealing process. 

25 

The loading section, the unloading section and the 
transport unit define a cassette zone 307. 

The transport unit comprises a transport arm sec­
tion which has an upper transport arm 311 and a lower 
transport arm 312. The arm 311 is used to transport the 
substrate 302 to be processed from the cassettes 303. 
The arm 312 is used to transport the substrates 305 
after processed into the cassettes 306. 

The transport unit is mounted on an X-stage 314 
30 which can rotate around a z axis and move along a 

straight line, or an X axis, between the processing zone 
and the cassette zone. The X-stage 314 is mounted on 
a Y-stage 315 which can move along a straight line, or a 
Y axis, between the loading cassettes 303 and the 

35 unloading cassettes 306. The transport arm section can 
therefore transport the substrates 302 and 303 between 
the processing zone and the cassette zone. 
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Positioning means 316 is mounted on the x-stage 314, 
for aligning the substrates 302 in appropriate positions 
with respect to the processing zone especially setting 
the position at substrates for processing devices. 

5 The processing zone will be described in detail. 
Arranged in this zone are processing devices 317, 318, 
319, 320 and 321 and a common transport unit 322. The 
devices 319, 320 and 321 form a first group 326, and the 
devices 317 and 318 constitute a second group 327. 

10 Between the groups 326 and 327 a common transport path 
325 extends along the X axis. The common transport unit 
322 has a transport arm 323. The transport arm 323 is 
mounted on a stage 324. The stage 324 can move along 
the conunon transport path 325, toward and away from the 

15 positioning means 316 located in the cassette zone. The 
arm 323 can therefore move along the X axis. Further­
more, the arm 323 can rotate around a z axis perpendicu­
lar to the XY plane defined by the X and Y axes and move 
along the Y axis. Thus, the transport arm 323 can 

20 transport the substrates 302 from the positioning means 
316 to any one of the processing devices 317 to 321, and 
to transport the substrates 305 from any processing 
device to the positioning means 316. 

25 
The best possible examples of the transport arm 

section and the common transport unit 322 are disclosed 
in U.S. Patent Application Serial No. 834~819, entitled 
"Transportation-Transfer Device for an Object of 
Treatment," filed by Kenji Yokomizo and Yuji Yoshimoto. 
Also, preferred examples of the section and unit 322 are 

30 disclosed in U.S. Patent No. 4,985,722 to Ushijima et 
al., entitled "Apparatus for Coating a Photo-Resist Film 
and/or Developing It after Being Exposed. 11 

The operation of the LCD substrate manufacturing 
system shown in FIG. 19 will be explained in the 

35 following. 
The transport arm section and the common transport 

unit 322, located in the cassette zone and the 
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processing zone, respectively, cooperate to transport 

the substrates 302 and 305 in the atmosphere or an 

atmosphere of non-oxidizing gas such as Nz, either at a 

positive pressure more than the pressure of atmosphere. 

Since the substrates 302 and 305 are transported in an 

atmosphere at a pressure equal to or hither than the 

atmospheric pressure, they can be held steadfastly by 

means of vacuum suction and can, hence, be transported 

at high speed without being displaced noticeably. 

If the substrates 302 and 305 are transported in an 

Nz atmosphere, any film formed on them remain unchanged 

in property and is not covered with a naturally 

formed oxide film, either before or· after a film-forming 

process or laser annealing. Thus, no step of removing a 

15 naturally formed oxide film needs to be added to the 

method of manufacturing the LCD substrate. If the 

substrates 302 and 305 are transported in the 

atmosphere, evacuation needs not be effected as would be 

required if they were transported in a vacuum. Hence, 

20 

25 

the process which any one of the devices 317 to 321 per­

forms is not interrupted by such evacuation, and idling 

time, if any, is very short. 
Each substrate, transported in the atmosphere or 

the Nz atmosphere into one the processing devices 317 

to 321, may be processed therein in vacuum. If this is 

the case,_ the device has a load lock chamber and a proc­

essing chamber which are connected together and arranged 

along the Y-axis. Preferred examples of these chambers 

are disclosed in U.S. Patent Application Serial 

30 No. 889,409, entitled "Semiconductor Manufacturing 

Apparatus," filed by Hiromi Kumagai. 

As shown in FIG. 19, the processing devices 317 to 

321 are arranged dual in line, in two rows on the sides 

of the common transport unit 322 so that those of the 

35 first row oppose those of the second row. Each substr­

ate can therefore be efficiently transported from one 

device to another in any desired order, whereby 



. 5 

- 30 -

a plurality of processes are performed on each substrate 
in a desired sequence. Alternatively, a plurality of 
substrates can be subjected to.the same process by the 
respectively devices at the same time. 

The system of FIG. 19 is advantageous in some 
respects over such clustered apparatuses as disclosed in 
U.S. Patent No. 4,785,965 (Masato Tashima, entitled 
"Vacuum Chamber Slit Valve 11

), U.S. Patent No. 5,186,594 

(Tashima et al., entitled 11 Dual cassette Load Lock 11
) and 

10 u.s. Patent No •. s,186,718 (Tepman et al., entitled 
"Staged-Vacuum Wafer Processing System and Method"), in 
that substrates can be transported slower and are less 
liable to displace since they are not held by vacuum 
suction. This is because, the common transport unit 322 

15 is placed either in the atmosphere or in the N2 atmos­
phere at a pressure higher than the atmospheric pressure 
and can be used with vaccum chuck, whereas in the clus­
tered apparatus the cluster tools are located around the 
common transport unit which is placed in a vaccum. 

20 Without a vacuum section unit whatever, the system shown 
in FIG. 19 can be placed on market at a low price. 

As indicated above, the processing devices 317 to 
321 are arranged, dual in line -- that is, in two rows 
on the sides of the common transport unit 322. Thus, if 

25 addition processes should be conducted on each 
substrate, or if more substrates should be processed 
simultaneously, then additional processing devices can 
easily be arranged on the either side of the common 
transport unit 322. Due to said specific arrangement of 

30 the devices 317 to 321, too, it is possible to subject 
each substrate to a desired sequence of processes 
selected -- merely by altering the rout in which to 
transport the substrate. 

It will be explained how the system of FIG. 19, 
35 described above, form a film on a substrate and performs 

laser annealing on the film. 
First, the transport arm section takes out 
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a substrate made of soda glass and having a clean surface 
from a cassette 303 located in the loading section and 
then places it on the positioning mean 316. The posi­
tioning means 316 positions the substrate 302 properly 

5 with respect to the processing zone. Then, the common 
transport unit 322 transports the substrate into the 
processing device 319. The device 319 heats the 
substrate to, for example 350°C to 400°C which is close 
to the temperature 600°C of forming an amorphous silicon 

10 film on the substrate in the next process. This helps 
to start the film-forming process immediately and to 
form an amorphous silicon film which is of high quality, 
having as little defect in an LCD substrate as possible. 

Next, the the common transport unit 322 removes the 
15 substrate from the processing device 319 and transports 

it into the processing device 320. More precisely, the 
substrate is inserted into the processing chamber of the 
device 320. The processing chamber is evacuated at a 
predetermined degree of vaccum and filled with a prede-

20 termined process gas and then plasma is generated by RF. 

25 

In the chamber, the substrate is heated to about 600°C, 
whereby an amorphous silicon film is formed on the 
substrate, to a thickness of about 300 to lSOOA. 

Then, the common transport unit 322 removes the 
substrate from t~e processing device 320 and inserts it 
into the processing device 321. In the device 321, the 
substrate is cooled to a temperature of 400°C or less. 
The unit 322 removes the substrate from the processing 
device 321 and transports it into the processing device 

30 318. In the device 318, a laser annealing device 
applies a laser beam 30 to 1000 times onto each of tar­
get regions of the amorphous silicon film on the sub­
strate, as described above. As a result, the target 
regions of the amorphous silicon film change into 

35 island-shaped polysilicon regions. 
Thereafter, the common transport unit 322 removes 

the substrate from the processing device 318 and 
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transports it into the processing device 317. In the 

device 317, the substrate is cooled to 100°C or a lower 

temperature so that it may be inserted into a cassette 

306. Then, the common transport unit 322 removes the 

5 substrate from the device 317 and mounts it onto the 

positioning means 316. The transport arm section trans­

ports the substrate into the cassette 306 located in the 

unloading section. Thus, the substrate processed in a 

sequence of steps is now contained in the cassette 306. 

10 The device incorporated in the system described 

above and designed to provide a non-oxidizing 
atmosphere, e.g., an N2 atmosphere, will be described 

with reference to FIG. 20. 

As shown in FIG. 20, a housing 402 is installed in 

15 a clean room. The housing 402 defines a space. 

20 

Arranged in this space are: the cassettes 306 containing 

processed substrates 305; the transport arm section; the 

positioning means 316; the common transport unit 322; 

the common transport path 325; and the processing 

devices 317 to 321. 
outside the housing 402 there is provided a non­

oxidizing gas source, for example, an N2 gas source 

or gas supply means 403. N2 gas is supplied from the 

source 403 via pipes 404 to a mass-flpw controller 405. 

25 The mass-flow controller 405 supplies the gas at a pre­

determined rate through a valve 406 to a plurality of 

gas-supplying ports 407 which open in the space of the 

housing 402. Fans 408 are located in the gas-supplying 

ports 407, each in one port 407. When driven, the fans 

30 408 cause the N2 gas to flow downward through a filter 

409, whereby a plurality of vertical gas streams shown 

by arrows flow downward in the space. The position of 

the filter 409 may be located above the fans 408, to 

thereby form the vertical gas streams after the N2 gas 

35 has passed through the filter 409. 
The floor 411 at the bottom of said housing 402, 

has a grading configuration, having a number of openings 
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412. Beneath the floor 411 there are located a plural­
ity of fans 413, which draw the N2 gas out of the space 
of the housing 402. Part of the N2 gas drawn from the 
space is exhausted from the system via an exhaust port 

5 414 by means of an exhaust means 415. The remaining 
part of the N2 gas is supplied upward via a circulating 
gas inlet 416 and a pipe 418 back into the gas-supplying 
ports 407. More precisely, the N2 gas is driven into 
the ports 407 by a fan 417 arranged in the pipe 418. 

10 The pressure in the space of the housing 402 is 
detected by a pressure-detecting means 419 attached on 
the inside of the housing 402 and communicating with the 
space. The output of the means 419·, which represents 
the pressure in the housing, is supplied to a pressure 

15 controller (pressure detecting means) 420. The control­
ler 420 compares the pressure in the space with a preset 
pressure which is higher than, for example, the atmos­
pheric pressure and generates a signal showing the dif­
ference between the pressures compared. The signal is 

20 supplied to both the mass-flow controller 405 and the 
exhaust means 415. In accordance with the magnitude of 
the signal, the controller 405 adjusts the flow rate of 
the N2 gas, and the exhaust means 415 changes the rate 
at which the gas is exhausted from the s.pace through the 

25 exhaust port 414. 
The housing 402 has a cassette loading/unloading 

door 430. While the door 430 remains open, the cas­
settes can be transported into and from the housing 402 
and as the inside of the housing 402 has a higher pres-

30 sure comparing with the outside, N2 gas flows from the· 
inside to the outside so as to prevent the contamination 
in the housing 402. While the door 430 remains closed, 
the pressure in the space is held higher than the atmos­
pheric pressure, and air cannot flow into the housing 

35 402 from outside. 
N2 gas is preferable as non-oxidizing gas for two 

reasons. First, it can be produced at a lower cost than 
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any other non-oxidizing gas. Second, it more readily 
prevents the surface of an LCD substrate from being oxi­
dized or changing in property, making it possible to 
form a high-quality semiconductor film on the LCD 

5 substrate. Thanks to the use of Nz gas, no step of 
removing a naturally formed oxide film needs to be added 
to the method of manufacturing the LCD substrate, and 
the LCD substrate can be manufactured at low cost. 

According to the present invention, the semiconduc-
10 tor elements for supplying a current to the pixel 

electrodes are not limited to TFTs; there may be semi­
conductor elements of any other types. Furthermore, the 
semiconductor elements may be formed on a crystallized 
surface region of the amorphous semiconductor film. 

15 In the present invention, as has been described, 
laser beam pulses are applied to the island-shaped 
target regions of an amorphous semiconductor film, 
thereby crystallizing the target regions, and the semi­
conductor elements of at least drive circuit sections 

20 are formed in the crystallized regions. The regions are 
each uniformly crystallized and assume the same crystal­
lized condition, and the drive circuit sections formed 
in these regions, therefore, do not differ in operating 
characteristic. Also, since the drive circuit sections, 

25 the switching elements of the pixel section, and the 
scanning electrode lines for connecting the drive cir­
cuit sections to the pixel units incorporated in the 
pixel section are formed in one and the same process, LC 
substrates can be manufactured easily and, hence, at low 

30 cost. 
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Claims: 

1. A method of manufacturing a liquid crystal 
display substrate comprising a substrate {l), a plural­
ity of semiconductor elements arranged in a pixel region 
(50) of the substrate, and a plurality of drive circuit 

5 sections (4) for driving the semiconductor elements, 
said method comprising the steps of: 

10 

forming an amorphous semiconductor film (2) on said 
substrate (l); 

intermittently applying laser beam pulses having a 
cross section of predetermined dimensions, onto target 
surface regions (21) of said amorphous semiconductor 
film, thereby changing said target surface regions into 
island-shaped polycrystalline regions having dimensions 
substantially identical to said predetermined 

15 dimensions; 

20 

forming the drive circuit sections (4) by using 
said island-shaped polycrystalline regions; and 

forming said semiconductor elements in said pixel 
region and electrically connecting said semiconductor 
elements to said drive circuit sections, by using parts 
( 5_1) of said amorphous semiconductor film. 

2. The method according to claim 1, characterized 
in that said island-shaped polycrystalline regions (21) 
are rectangular regions located outside said pixel 

25 region, arranged in a straight line and spaced apart one 
from another by a predetermined distance. 

3. The method according to claim 1, characterized 
in that each of said island-shaped polycrystalline 
regions (21) is formed by applying a plurality of laser 

30 beam pulses onto one target surface region. 
4. The method according to claim 3, characterized 

in that each of said laser beam pulses applied has 
energy greater than the other laser beam pulse applied 
immediately before onto the target surface region. 

35 5. The method according to claim 3, characterized 



( 

( 

I lllllll llllll lllll lllll II llll 
* C L M S * 

- 2 -

in that said laser beam pulses applied onto said one 
target surface region have the same energy. 

6. The method according to claim 5, characterized 
in that said amorphous semiconductor film (2) has a 

5 thickness ranging from 300A to lSOOA, said substrate is 
maintained at a temperature ranging from normal tempera­
ture to 550°C, and said number of times ranges from 30 
to 1000. 

10 

7. The met~od according to claim 6, characterized 
in that said amorphous semiconductor film {2) has a 
thickness ranging from sooA to lOOOA. 

a. The method according to claim 3, characterized 
in that it is detected, upon application of every laser 
beam pulse, how much said one target surface has been 

15 crystallized, and application of a laser beam pulse is 
terminated when it is detected that said one target sur­
face has been cryst~llized to a predetermined degree. 

20 

25 

9. The method according to claim l, characterized 
in that· said amorphous semiconductor film (2) is an 
amorphous silicon film. 

10. A method of manufacturing a liquid crystal dis­
play substrate comprising a substrate (1), a plurality 
of semiconductor elements arranged in a pixel region 
(50) of the substrate, and at least one shift register 
(41, 42) for driving the semiconductor elements, said 
method comprising the steps of: 

forming an amorphous semiconductor film (2) on said 
substrate (l); 

applying laser beam pulses onto target surface 
30 regions of said amorphous semiconductor film, thereby 

changing said target surface regions into a plurality of 
island-shaped polycrystalline regions {21); 

forming parts of said at least one shift register 
(41, 42} in said island-shaped polycrystalline regions, 

35 each part of said at least one shift register comprising 
transistors; and 

forming wiring layers (40, 51), thereby electrically 
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connecting the parts of said at least one shift register 
to one another, and electrically connecting said at 
least one shift register to sa.id semiconductor elements. 

11. A method of evaluating a crystallized condition 
S of a semiconductor film (2), comprising the steps of: 

10 

applying a laser beam onto a reference semiconduc­
tor material in an optimal crystallized condition, 
detecting the laser beam reflected from said reference 
semiconductor material by a spectroscope (86}, obtaining 
from the reflected laser beam first information which 
represents a band-gap spectral reflectance distribution 
pertaining to said reference semiconductor material, and 
storing the first information into ·a memory ( 94); 

applying a laser beam onto a target region (21) of 
15 said semiconductor material, detecting the laser beam 

reflected from said target region by said spectroscope, 
and obtaining from the reflected laser beam second 
information which represents a band-gap spectral reflec­
tance distribution pertaining to said target region; and 

20 comparing said first information with said second 

25 

30 

information and evaluating the crystallized condition of 
said target region on the basis of similarity between 
said first information and said second information. 

12. The method according to claim 11, characterized 
in that said first information and said second informa­
tion are each at least one peak value of the band-gap 
spectral reflectance distribution. 

13. The method according to claim 12, characterized 
in that said at least one peak value is a band-gap spec­
tral spectral reflectance at x point or r point, or both 
of said semiconductor material. 

14. The method according to claim 11, characterized 
in that said first information and said second informa­
tion have profiles of the band-gap spectral reflectance 

35 distribution. 
15. A method of forming a thin semiconductor film 

· by crystallizing a target surf ace region of an amorphous 
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semiconductor material by laser annealing, while evalu­
ating a crystallized condition of the target surface 
region, said method comprising the steps of: 

applying a laser beam onto a reference semiconduc-
5 tor material in an optimal crystallized condition, 

detecting the laser beam reflected from said reference 
semiconductor material by a spectroscope (86), obtaining 
from the reflected laser beam first information which 

10 

represents a band-gap spectral reflectance distribution 
pertaining to said reference semiconductor material, and 
storing the first information into a memory (94); 

applying a laser beam onto the target region (21) of 
said semiconductor material, detecting the laser beam 
reflected from said target region by said spectroscope, 

15 while performing laser annealing on said target region, 
and obtaining from the reflected laser beam second 
information which represents a band-gap spectral reflec­
tance distribution pertaining to said target region; and 

comparing said first information with said second 
20 information and adjusting energy of the laser beam such 

that a difference between between said first information 
and said second information· falls within a predetermined 
range. 

16. The method according to claim 15, characterized 
25 in that said first information and said second informa­

tion are each at least one peak value of the band-gap 
spectral reflectance distribution. 

17. The method according to claim 15, characterized 
in that said at least one peak value is a band-gap spec-

30 tral spectral reflectance at X point or r point, or both 
of said semiconductor material. 

18. The method according to claim 15, characterized 
in that said first information and said second inf orma­
tion are each a profile of a band-gap spectral 

35 distribution. 
19. The method according to claim 15, characterized 

in that the energy of the laser beam is adjusted by 
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changing an output a laser beam source (92). 
20. The method according to claim 15, characterized 

in that the energy of the laser beam is adjusted by 
changing intervals of applying the laser beam. 

5 21. The method according to claim 15, characterized 

10 

15 

in that the energy of the laser beam is adjusted by 
changing a speed of a laser beam applicator for applying 
the laser beam. 

22. An apparatus for forming a thin crystalline 
semiconductor film comprising: 

a processing chamber {63); 
means located within said processing chamber, for 

supporting an object (1, 20) having an amorphous semi­
conductor film (2); 

laser beam applying means {7a, 92, 93) for applying 
a laser beam onto a target region (21) of the amorphous 
semiconductor film, to thereby effecting annealing on 
the target region; 

memory means (94) for storing first information 
20 which represents a band-gap spectral reflectance distri-

25 

bution. pertaining to a reference semiconductor material; 
laser-beam spectrum detecting means (86} for 

detecting the laser beam applied onto said target region 
and reflected therefrom and for obtaining second inf or­
mation which represents a band-gap spectral reflectance 
distribution pertaining to said ta~get region; 

evaluation means (90) for comparing said first 
information with said second information and evaluating 
a crystallized condition of said target region; and 

30 laser-beam energy adjusting means (91) for adjusting 
energy of the laser beam on the basis of the crystal­
lized condition evaluated by said evaluation means, to 
thereby reducing a difference between between said first 
information and said second information into a predeter-

35 mined range. 
23. A method of manufacturing a liquid crystal 

display substrate, comprising the steps of: 
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forming an amorphous semiconductor film (2) on a 
substrate (l); 

intermittently applying laser beam pulses onto tar­
get surface regions (21) of said amorphous semiconductor 

5 film, thereby changing said target surface regions into 
island-shaped polycrystalline regions; 

10 

forming drive circuit sections (4) by using said 
island-shaped polycrystalline regions; and 

forming switching elements electrically connected 
to said drive circuit sections, in a pixel region which 
is a part of said amorphous semiconductor film; 

applying a laser beam onto a reference semiconduc­
tor material in an optimal crystall·ized condition, 
detecting the laser beam reflected from said reference 

15 semiconductor material by a spectroscope (86), obtaining 
from the reflected laser beam first information which 
represents a band~gap spectral reflectance distribution 
pertaining to said reference semiconductor material, and 
storing the first information into a memory (94); 

20 applying a laser beam onto the target region (21) 

25 

of said semiconductor material, detecting the laser beam 
reflected from said target region by said spectroscope, 
and obtaining from the reflected laser beam second 
information which represents a band-gap spectral reflec­
tance distribution pertaining to said target region; and 

comparing said first information with said second 
information and evaluating the crystallized condition of 
said target region on the basis of similarity between 
said first information and said second information. 

30 24. A system for manufacturing a liquid crystal 
display, comprising: 

a plurality of processing devices {317 to 321) 

arranged dual in line; 
a loading section (307) for loading a substrate 

35 (302) into any one of said processing devices; 
positioning means for positioning the substrate 

(316); 
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first transport means (311, 312) for transporting 
the substrate between said loading means and said posi­
tioning means in a non-oxidizing gas atmosphere having a 
pressure of at least the atmospheric pressure; 

s second transport means (323, 324} for transporting 

10 

the substrate among said processing devices in a non­
oxidizing gas atmosphere having a pressure of at least 
the atmospheric pressure. 

25. The system according to claim 24, characterized 
in that said processing devices include at least a heat­
ing device (319) for heating the substrate to a tempera­
ture higher than room temperature and lower than a 
film-forming temperature, a film-forming device (320) 
for forming a film while maintaining the substrate at 

15 said film-forming temperature, a cooling device (321) 
for cooling the substrate, and an annealing device (318) 
for applying a laser beam onto a surface of the 
substrate, to thereby anneal the surface of the 
substrate. 

20 26. The system according to claim 24, characterized 

25 

in that said processing devices include at least a vac­
uum processing device for processing the substrate in a 
vacuum, and which further comprises a load lock chamber 
located between said vacuum processing device and said 
second transport means, for accommodating the substrate 
at the atmospheric pressure, in a non-oxidizing gas 
atmosphere or in a vacuum. 

27. The· system according to claim 24, characterized 
in that said second transport means comprises a stage 

30 (324) capable of moving in an x-axis direction and an 
arm (323) capable of moving in a Y-axis direction and a 
z-axis direction and rotating around said Z-axis. 

28. A system for manufacturing a liquid crystal 
display, having a cassette zone including a loading 

35 section (307), an unloading section (307), first trans­
port means (311, 312) and positioning means (316), and a 
processing zone including a plurality of processing 
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devices (317 to 321) and second transport means {322, 
323), wherein at least one cassette (303) for containing 
a plurality of substrates ( 302.) to be processed is 
located in said loading section, at least one cassette 

5 (306) for containing a plurality of substrates (305) 
already processed is located in said unloading section, 
said first transport means is located in a non-oxidizing 
gas atmosphere having a pressure of at least the atmos­
pheric pressure and transports the substrates between 

10 said loading section and said positioning means, said 
processing devices are arranged in two rows between 
which said second transport means is located, and said 
second transport means is located in a non-oxidizing gas 
atmosphere having a pressure of at least the atmospheric 

15 pressure and transports the substrates among said proc­
essing devices and said positioning means. 

29. The system according to claim 28, characterized 
in that said processing devices include at least a heat­
ing device (319} for heating the substrate (302) to a 

20 temperature higher than room temperature and lower than 
a film-forming temperature, a film-forming device (320) 
for forming a film while maintaining the substrate at 
said film-forming temperature, a cooling device (32) for 
cooling the substrate, and an annealing device (318) for 

25 

30 

applying a laser beam onto a surface of the substrate, 
to thereby anneal the surface of the substrate. 

30. The system according to claim 28, characterized 
in that said processing devices include at least a vac­
uum processing device for processing the substrate in a 
vacuum, and which further comprises a load lock chamber 
located between said vacuum processing device and said 
second transport means, for accommodating the substrate 
at the atmospheric pressure, in a non-oxidizing gas 
atmosphere and in a vacuum. 

35 31. The system according to claim 28, character-
ized in that said second transport means comprises a 
stage (324) capable of moving in an X-axis direction and 
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an arm (323) capable of moving in a Y-axis direction and 
a Z-axis direction and rotating around said z-axis. 


