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hod for eva uating semiconductoér 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

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

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 1b are formed on the
center parts of a glass substrate l1a. Pixel electrodes
lc are formed on the center region of the substrate 1la,
spaced apart from the TFTs 1b, and electrically con-
nected to the drains of the TFTs 1b, respectively. Each
TFT 1b and the pixel electrode associated with the TFT
1b constitute a square pixel unit U having sides of hun-
dreds of microns. Hundreds of thousands of pixel units
U are arranged on the glass substrate la.

The LCD substrate further comprises a transparent
electrode 14 and a transparent substrate 1f.
parent electrode 14, which is used common to the pixel
units U, is formed on the transparent substrate 1f. The
substrate 1f is so positioned that the electrode 14 is
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ffor’ driving switching el enments, and appa- ratus and net hod for
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Di spl ays) having TFTs (Thin-Film Transi stors) used as sw tching
elenments can di splay i mages of very high quality. Therefore, they 10
are useful and attracting nuch attentiom 2 - FIG 1 is a sectional
view of the substrate of an LCD. As shown in the figure, TFTs | b are
formed on the center parts of %ﬁgqass subsirate la._ Pixel electrodes

1c are fornmed oWPRFRA CRAREF PR Y ?@“@Eﬂt%tdrle?tféq% fmpm the faftepart
fromthe TFTs |pa rarrdfetnetgm@éslslum&n.-ate la Nesg iy e dsBtels of the

TFTs | b, t d the I t ted
wih the Ter A %oniﬁg?u%vab%ava%%a%ﬁeﬁrmﬂ%ﬁe@%ﬁiéc% A= hun.
dreds of m cronand H;ﬂmdredstef palr)tls@fldSh@fglnscelsubBtlsaﬂQ la Usarfd Hrednged
on the gl ags 5“99:%{131? ugtg grystal le. Thend QL sulistiale éf”i%ﬁ@fl%%’%g’” Ses a

t r anspar ent a transparent substrate if. f ans-
parent el ect rodBuRIErakechai st%%eEl ¥l §D Yhethe xelquid cxistal Ues

formed on the ttﬁéS@ﬁéﬁgpaﬁ@ﬁﬁtéaé@tﬂédeTm Znd thelbstddSaddnt s SO
positioned that Qgtgé e igdgo&gtléute 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. 1 and 2 will be described. PFirst, 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
(4 1b, pixel ‘electrodes lc connected to the TFTs 1b, and
25 scanning electrode lines (not shown)} connected to the
pixel electrodes lc. 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
30 with the respective scanning electrode lines of the
pixel units U and electrically connected thereto
subsequently. Thereafter, the transparent substrate 1f,
with the transparent electrode 1d formed on it, is posi-
tioned in place, so that the electrode 14 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
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-2 spaced apart by a predeterm ned distance fromthe center

part of the glass substrate |a, opposing the pixel units U The gap
bet ween the transparent el ectrode 1d and the center part of the glass
substrate la is filled 5 wth liquid crystal |le. The center part of the
gl-ass substrate la, the pixel units U, the liquid crystal le, t he
transparent el ectrode 1d, and the transpar®nt substrate 1f constitute
a pi xel section 10. FIG 2 is a perspective view of the LCD

substrate. 10 As sho ig this, figure, the LCD strate further com
pri ses packagedel%?ﬁﬁ?%g i@ %ﬂétﬁﬁeeQ?EE%ﬁ ?ﬁﬁ?i?ﬁ?%he éias?rﬁ??ﬁé&§te
substrate |l a, apd.ar’Asnd tésustdethefpikel sectipoxell skxtfabri@atdde | C

chips 11 forma gate Lye ' 3 t.he, L p e
coupl ed to scanning {géké é?e%tg%%%ﬂﬁiﬁgénﬁﬂf%ﬁ #é?t%ﬁ?#é&%g%o%n%%¥§% to
the gate dhdpliapi aceeendt ppdewhicht an pdieplani eeler images of How to

manufact urg thepkgh gubsitgle bonBetnthe demihS 18 f8thdedbbhrpeto
described. First, a fil

ol. . dy ogenat ed_anor phous sjlicon (az;SiH) is
formed on the 2BSe aggégé gﬁbgFFanXFé g9sn@§n@a%Y,g?o?ogx%hﬁ?ﬁf %Pgsﬁa CVD
met hod. Then, vabueue 8irliverandithyhas aseménynes D$20 lineshe anor phous
oo on & horeedoB SHEBEALOURARNS o 107l AIRESE 0F RELTLITALED 1O
TFTs | b, and 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.
{ The TFTs of the pixel unit, which are used to dis-
25 play an image, need not operate at high speed. 1In

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 worés, 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 CVD 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
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25 scanni ng el ectrode |lines (not shown) connected to the pi xel

‘@l ectrodes 1c. A nunber of pixel units U formng a bl ock, are

t hereby prepared. Next, packaged |IC chips 11 are nounted on the gl ass
substrate |l a, around the bl ock of pixel units U The IC chips 11 are
aligned 30 wth the respective scanning, el ectrode |lines of the

pi xel units U and electrically connected thereto subsequent|y.
Thereafter, the transparent substrate 1f, with the transparent

el ectrode 1d f it ) ord | i ' lﬁéﬁ? t he
el ectrode 1d igiggg;%c@gi%% Wdﬁ}éggl?dt)ﬁ bvglérappérl% etern%lg%lg di's %%%Eﬁ?%mme
center part Thisoyilheultimatelpsizise toe nppstarburbegpreet ofi theu.
Li quid crystal rfe_t.epapplied into the gap between the

A a result. the piel°Lagti Bh ToIued BrreLfcerscaft RS S1iTeod Fuin
demand fo$ a Té- aCBubktratdasf acheageglass, dvsbhayt seaspingnthhehi ch can
display color iBgesaPl, 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 "a-Si:H") 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 substrate 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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dr+ var which has as nmany as 400 |ines, and a source driver which has
as many as 1920 |ines. Inevitably it requires a | arge nunber of

machi ne- hour s to align these lines with the scanning el ectrode |ines
10 of the pixel units, respectively, before electrically connect ed
to the scanning el ectrode lines. This is ohe factor of raising the
price of the TFT-LCD. To reduce the price of the TFT-LCD it is
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To(forma polyc§§§%ai?Fﬁ5 E?P?cﬁﬂsf??n*% e%§b¥%§% y 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/vV s, respectively. The field-effect

_ mobility of polycrystalline silicon is two orders of
. magnitude greater than that of a-Si:H. An a-Si:H region

25 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 direc-
tion parallel to the a-Si:H film. This is because
polycrystalline silicon and a-Si:H have melting points
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substrate, it is necessary to perforn1pressure-redu0ﬁg Qu d at
600[err]C or nore, at which tenperature a subs ass
will warp. Hence, the sub- strate nmust be nade Eﬁ ass
such as a quartz gl ass
whi ch woul d not warp at such high tenperatures. ThIS mnll ultimately
rai se the manufacturing cost of the FT- LCD. A net hod of
form ng a polycrystalline silicon film 5 on a substrate of cheap gl ass,

wi thout warpinget hgy4-c an%“%to'bahe rE%?eQ%%OeQ&Opgée@th 2uel d128¢ Bgrease
in the manuf.act uring cost of met hod conpri ses

the step of fotdedg Qﬂa&ﬂﬁeV@FWh1oghﬁyEPAQQHXFEG &ABE- 51llc°npﬁé&@ silicon
(hereinafter refnctd Heo vad foamSiinHterh, 01"0flelEOéfQé@WhgblR'l%&m%IQVD in

beam ont o the 318~ HE, THe Arnesuar, paytien. ARg" PrB GhPFAREOtRba: Aur o
thereof 5 tshhoatnoly B2 @d{ogedt@oandurives tymiceiliiyg bhé sayf dee eegi on
lower mobility.)

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

10 be effectively formed on a substrate.

This invention can be more fully understood from
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;

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

20 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 PIG. 5A 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. 5B 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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of the a-Si:Hfilmto a polycrystalline silicon film 15 The

"pol ycrystalline silicon film thus fornmed can be used as the

sem conductor filmof the gate and source drivers. The
a-Si:Hfilmfornmed can be |l arge and of high quality since it is
formed at a tenperature as | ow as 20 qbout 300[err]C The application
of a |laser beamonto the a-Si:Hfilm(i.e., |aser anneal i ng) |asts
but an extrenely short tine, for exanple only 23 nsec in the

case of 2 KIF bogflePOARANhddia difUndlaa% My digACeydiiat ing 0l 35S
Ssubstrate. ance t he substrate nee not, be heat Si stant and

can be nade ofSQ,CF?@zﬁﬂ bath lncorpqiiﬁq%r%r@e §r8f?r§-:r t%%@lsrng-l filmis
formed at Icwvaﬁgaratus, perature and over a Iarge area t he

pol ycrystalline sil lcon filmis e uaI e use i.t,is the
regi on of e‘E‘IaG‘Sl9 I-ﬁ i rﬁrm rne% "e‘%‘%q’g}g’i a"e’cf’%ﬁ*%’rp a 30
| aser beadn 'Itbe’snémlt phe oammu‘dumf hycrragens crekeadedD fxfom an a+Sarlsn ssi on

égﬁgr ates hydro ]éﬁrq\h%aﬁ% %53; higéehs%%y][ 1f)%ﬂm'l'oltAﬂgema b%?’ﬁé%/];n’% 'such a

danmage, many i eﬁ% Btopose in 35 respect of nethods of
appl yi ng | aser beanmc;thp Boeq ggra h represmttm@Sﬁe besyat Lomdply. and the

| 1ke. The presgliveen thd RO Sf A, PESdes HMLAGS FRLRON o &PRLYI N
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. 11A, 11B and 11C 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
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
25 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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beam pul ses onto a strip-shaped target region of a rec- t angul ar
a»Si:H film which extends along at | east one side of the film
thereby crystallizing the target regions. (Drive circuit sections of
an LC substrate may 5 be fornmed in the strip-shaped region thus
crystallized.) Thi s nmet hod, however, has the follow ng problens.

FI GS. 3A and 3B are diagrans, each iIIu§tPaFing t he rel ati onship
bet ween the positions of two adjacent |aser beans applied to an

a-Si:Hfilm O%#%%iﬁa“ia 'Plif?yﬁi ed 9%§idggeld-effect mobility in the

film on the other. ach™laser beamfias ar intensity which is
uniformy dis- RIG hutSeds i ther dileac fiogn sghuematdicatd vt isdhowisig 13 fi | m

and whi ch diVe@@%%éﬁ“@ﬁﬂjd&%%iﬁfgdddﬂﬂd MCD substrates);N &rfde case where the
adj acent two | aser beans do /15 not overlﬁp a 11, as shown in FIG 3A,

t a
no | aser-beam Elifer AP ilS Spiieky 15 1PgyiRoMOBF 0% 594 m whi ch | i es
bet ween t e regemesi vihey adfe isysedinatsdbwa tim EIS.| a9erand a syladaNs . folhi S

Fegi ons. are. cryRHEAand Fne RIS HHAstton, of e RtusiRd o ) g
polycrystalline  Enmtxidimsmishafe theelptesteindc tinvsmtiiony wifl13gwaw 00
cnierr]/Vs  gesdihbdl 3 Wikhl «dHeidrndeY to tHRSRRUOmtRInyinre field-effect
drawings.
i0 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. 5A and 5B.
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.
In the CVD method, monosilane (SiH4) gas or disilane
(SizHg) 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. |
20 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
g short side of the substrate 1 by a predetermined manner.
25 As a result, the beam irradiates discrete, island-shaped
surface regions of the amorphous silicon film 2 on the
substrate 1, 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 surface 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 XeCg 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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gseater than that of a-Si:H An a-Si:H region 25 Is fornmed in the

pol ycrystalline silicon region, the drive circuit sections formed in
the strip-shaped region crystallized with | aser beans successively
applied to the a-Si:Hfilmwll greatly differ in their operating
characteristic. 30 In the case whére the adjacent two | aser beans
overlap at least in part, as shown in FIG 3B, a portion of the

T2 ARk 2o 40 ) 1R MR oy bRty PTGl OB
each | aser bearagpdsiesh fefr uniitnteeresijt nighi ehoughutof chahgediasbriphousd in
e e 11 S YAy 0 (i o Wi BTy, e R Uafe
- 6 - FULRPEH o rilleC laserl Geofiaer Becnaye 8p@dyi Euoy ors iorigabege si zes
of  their fRide Mafdhg Ha R Wensity tonehe WageRt idd§ion of &a@not
be unlforn1lr]té%ggiﬁgugIé?fkéﬁé‘%%iﬁ“%ﬁlllty (In
Thereafter, as shown in FIG. 4C, etching and film-
forming processes are repeatedly performed on the
polysilicon regions 21, thefeby 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
(J_ are identical in structure. Only the gate shift
25 register will be described, with reference to FIG. 5B.
As shown in FIG. 5B, 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



Fig. 3B, the irregular portion has a higher nmobility as shown by a

ps 0j ection curve, typically, but may has a | ower nobility.)

The object of the present invention is provide a nmet hod of

manuf acturi ng an LCD substrate in which a drive circuit sections for
driving pixels of an LCD may be effggtlvely formed on a substrate.
According to the invention in a first asp there is provided a nethod of

manufacturing a liquid crystal display substrate conprising a substrate
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(1), a pluralify o I"ement's arrange I xel i on (50)
of the substradxedid dasivegst Fhe FHTEt 5 @giesta@rapafd 42) rpa*ﬁ a ving the

semi conduct or JARRHSS irSaié MK reiph Siong hite theepamef 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 50. As illustrated
in FIG. 5B, these bus lines 51 are connected to the
shift register sections 4.

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

25 40, at the same time as the switching elements of the
shift register sections 4. Furthermore, the lines 490
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 5 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
50 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



L]

- 6ba - form ng an anor phous sem conductor film (2) on said
substrate (1); appl ying | aser beam pul ses onto target surface

regi ons of said anmorphous sem conductor film thereby changing said target
surface regions into a plurality of island- shaped polycrystalline regions

(21); formng parts of said at Igazg one shift register (41, 42) in
sai d island-shaped polycrystalline regiofn5, each part of said at |east one
shift register conprising transistors; and formng wiring | ayers

(40, 51), ther qgﬂﬂ | ¥ 19eRReSihRd ot B RBE! $of e oRl el one
shift register%ﬁé %h% ngﬁﬁef¥lan§ e?egtr?caﬁly co%ﬁe F?%é g%igegﬁéﬁéast
one shift regi?dteer to said sem conductor el enents.

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. 4aA
to 4D, the TFTs 5 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 5 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 f£ilm 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. 1In 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 50. 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



This invention can be nore fully understood from the foll ow ng

det ai.l ed description when taken in con- junction with the
acconpanyi ng draw ngs, in which: FIG 1 is a sectional view
graphically showi ng a part of an LCD substrate of ordinary type;
FI-G 2 is a perspective view of the LCD substrate of the ordinary
type; FIGS. 3A and 3B are di dg ans, each illustrating the
rel ati onshi p between the positions of two adjacent |aser beans
applied to an a-S§j: Hfilm_on the one  hand, and the fie]d-effect

mobi |ty in t hel¥Hioh MORCTHEARR (7S and hydiogen gassdn A 1RPUH QR eves-
perspective vi eysl fheléxpt ad ntagperature af eTdOAiGEIVO W drid & e+ on,
5A conei ots of TWE°I 26 OTBWCBEt b Bhariy chs. the Ufiephoys, §ilicon” O
rel ati onshi p befimn2t dbspobyshydcogen egpdnehanges twfan he-2hi¥di nent and
Egg ?riverSCirCHﬁ§§r£8&H§9e@”a&8€phous siPRLYS) L £L0R. T 88 PPSgen 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.

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

15 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

20 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

25 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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FIG 5B is a plan view showi ng one of the identical shift registers used in

‘Fhe .enbodi nent, and also the output lines of the shift register; FI G
6 is a schematic representation of a | aser annealing apparatus used in the
enbodi nent of the pre- sent invention; FIG 7 is a perspective view
showi ng the apparatus of FIG 6; FIG_8 is a block diagram
illustrating the - 13 - -7-

beamem tting section and the crystal -eval uating section, both

graph representimng I on f
, merely in so small an amount that it would not damage

the film 2 even if all is released at a time.

i ncor porat ed ifiiﬁe%L%E§é|§fn§€%#Pg Thus , IPHSBES remains in RS £dS 2
2

A laser annealing apparatus equipped with a hydro-

5 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 helé 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 surface of the plate 64 and arms 64a for support-
ing a glass substrate 20 with the amorphous silicon film

(ﬂ- 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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5 Betmeen t he anmount of hydrogen released froman a-Si:H filmand

tMe energy density of the |laser beans irr- adiating the film

FIG 9 is a graph representing the relationship between the amount of
hydrogen rel eased froman a-Si:H 10 filmhaving a thickness 500 _
angstrons and t he energy density of_the laser beams irradiating this
film FIG 10 is another graph 1 lustrating the relatlonr

shi p between the amount of hydrogen rel eased from an a-Si: H fllm

havi ng a thi ckngss Q,Ea;i@?ehl %{El@é‘@#@%éﬁm ot hﬁlaeﬁe{:%]ﬁ{{g’l% %ed: 11C

| aser beans irradiating
are diagrans sHRRFYES t#® @ windey £% |IIERR | BHLOWNG ritheyrRASRRIS refiiat i on

i ntensity whichlaser bme(mw@élsdfma%ﬁ shot s, 1i28 shots an f10|24 shot s
of 20 a | aser bea e | hous sili il

FIG 12 is a flowc l%?(‘f)‘? Ihefﬂ{;éﬁosé]t?fé@c aser ea’ﬁ‘l%’é&ﬁﬁﬂ’f i on
of a semi cddnduct dna‘ilmgnasr@f/hﬂzmm:edm (see FIG &) Gs Felcw aclh alﬂirﬂmw
illustrating t en pgggh ' e crysta

FIG 14 is a gpﬁh ?g%%leesentl ng t%e |str|%éut|on ofasélill ELL-bO% 78g’asp TRetral
refl ectance of Eé) c® RFRIDBIRNCLO which tisy seguned ;on the support G
15 is a graph fpla’&hoﬁ!\l ngnd Ibedteduiitnimitiee &Ebll&ﬁ%;ﬁt%&:@p@f”

wdi str bt i on ORI 70 1S ks toned ko nafs s mRldieaied corin anouing
t he 3Qradi®X iwrizeetakretane i s ot madidmrisent70 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 XeCg
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 toc a predetermined
degree. The excimer laser 92 is connected to a laser
power supply 91 and is driven by the electric power



FIG 17 is a graph for showing a distribution of a 35 band- gap spectral
refl ectance of silicon, where the i rradi ation | aser energy i s excess;
FIGS. 18A and 18B are views for respectively

- 8- showi ng | aser-irradi ated regions; FIG 19 is a top
virew for schematically show ng a system for mass-produci ng LCD
substrates; and FIG 20 is a Vieéew for showi ng a housing for 5
receiving the systemshown in FIG 19 and a systemfor controlling the

nventi on i |1 kP EESS S8 G power supp I MRS Sndd SEERIRY g
drawi ngs. 10 is con¥relkled oywrea HRP H0 marki sthey mprds Ldhe vbRd rad e
10, according t@odteol Svemd | gewe i dlppiei slesied i t1Rd Maddy 92.  ESISEENGE tO
FIGS. 4A to 4B and FI GS...5A ‘and 5B. .As shown in FIG 4A an
anor phous silidgﬁ ?W?ﬁﬁépiéﬁ {E a memory 94 which stores various data
5 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 the silicon film formed on the substrate 20.

The method of operating the laser annealing appara-
tus will now be éxplained to crystallize the selected
surface regions of the amorphous silicon film.

First, the gate valve G is opened. The substrate

20 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 surface of the
heater plate 64, with the amorphous silicon f£ilm facing

( downward. Next, the gate valve G is closed, and air is

25 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 10~7 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 toc the



formed on a light-transmtting substrate 1 nade of, for 15 exanpl e,
gkass, by neans of pressure-reduced CVD net hod. In the CVD net hod,
nonosi | ane (Si H4) gas or disilane (Si2H6) gas is used as reactive
gas, the substrate 1 is held at 450 to 520[err]C, and the CVD vessel
IS main- tained at a few Torr. 20 Next, as shown in FIG 4B,
a |l aser device 3 inter- mttently it ng a | aser beam having a
rect angul ar cross section having sides of several millineters is

noved above th %EH? , Jfﬂég% ' of
the substrate ir aéa?{egé%e??n%g% k?%alr{ﬁe'k&) ] @% "g’ reTsk%ﬁ tr,séﬁéec%ée%%a
irradi ates di sclr%%/Jeecgm%!h@-mpemalse, appkyine the)iksan gulse ewpwardous
silicon film?2 guyd the wHtiSh @ ontho Witdrgdte dpepdad AlPivh tde | ong
si de and t.he ort side of the subs ,ratefl arhd srf)q&%cei %E)art %a
prescribed di st&eRE FMOFRROUS St keon |Toggred {1} | Thp BiRstratrse
surface regi ons20f tIerddiatdd aveth with theare pyulsmy ethedsunfacs eﬁé@{@uhl ar
ol ycrystal line.gidyz | 14 ) ' The
Pasgr éevi ce 3 ?é,“%%ranéalé%%&e? %Jgﬁeé)@li n%]?ﬁp C&?‘ﬂ%%s%rﬁgs%%ha a%oja_ KrF | aser
(pul se width: 2Z8shkbegnoregson 2h. Xed |aser (pulse width: 25 nsec). To

form each pol y@hé@@gh&f%f Piled tﬂ%hd\a@?é ,cf:iﬁ)/isﬁ@ £ NBe appl y one
beam pul se to %pégé eéuég §Oglqhas ezégmgé%cgg ggcéééghce 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,
for example, square having a size of
0.65 x 0.65 cm = 0.43 cm2. The shape and size of each

20 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

C be formed by altering the data items in the memory 94

25 and by replacing the beam homogenizer 93 with another.
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.

30 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. 1In



-9- ' film2, said beam having an energy density (i.e., energy

‘appl.ied per unit area) high enough to change anorphous silicon to
polysilicon. Alternatively, for the sane pur pose, the | aser device 3
may apply two or nore beam 5 pul ses having a less density to the target
regi on of the anor phous silicon fil Thereafter, as shown
in FIG 4C, etching and film f ormi processes are repeatedly
performed on the pol ysilicon regions 21, thereby formng drive
circuits 10 5, Wa9] She'esthhaUihoboq {4F o ¥R fond aliingla 2

known type conpr|5| enent s)

g §em conduct or
these drive ciptangsthe %ﬁ@geaaﬁrﬁﬂﬁﬁdSIGGS % dﬁ@5t$ﬁb%ﬁﬁﬁ¥953@ec@m b%e

substrate 1 copgth§ibh€ed with uaa@ ﬁnwe@g ssr@hétcp@cm ofodflroll¥ethe
remai ning drive

1 d al d f.th
substrate 1, @ﬁgg?Fﬁfg 285835 Bbar %S% eB??%ﬁPgu%£ﬁ¥ %ﬁg Slagcaﬁdangé
In this eﬁbodlwmhh theevgateudrdatagitemsustosed-in the memoryisss a gate
shift register for Athg%tSeéheEﬁ&9Q§§ﬁ30 it P& &Q§igggfe(£ﬁ£€rlg§éfr'bed)

formed on the substr e source-driving circurt section 42
is a source beamsBpigepegrachr NR¥LiNGHRNEHAY cBrerter rbhas bhet preqeds.

The gate shiftihgdbaker bandefient 9l 8ppiiedcBbséetarget 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
1.0 x 10-7 Torr, and other sets of beam pulses were
applied to having six target surface regions of an

20 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 10-7 Torr. 1In 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
10Hz; they had different energies, each having energy
greater than the applied immediately before, as is shown
in Table 1. 1In 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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are identical in structure. Only the gate shift 25 register will be

‘described, wth reference to FIG 5B. As shown in FIG 5B, 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 pol ysilicon
regions 21, and incorporating a pIuraIiTyl%f" switching el enents
(i.e., transistors). It i's desirable that the switching elenents
(i.e., transistors) of each shifg f% ster be formed well within the
pol ysilicon regi on 21, not reachlng he edges thereof. Simulta- 35

neously with the switching elenents, |in®% 40 §2e foPBed S4  b§5the

fol l owi ng nethod. Fgaggh, eﬁgrbysgbﬁglng fggm go (egdy.. aggilicgy oxide
film is formed on the (mj)

pol ysilicon regions 21 and al so on thost2Bort#8fs ot2Phe 120 aﬁBPphous
silicon felm2 which are |ocated anong 1be  160pol y6o! i coeor egieos 21.

Next, an al umi num or copper 200 200 200 200 200
Beam energy 10Hz 240 240 240 240 240

m
(n3) 280 280 280 280
320 320 320 320
10 360 360 360
400 400
430
450
15 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
E7P 120 209 279 349 4I9 488 558 628
20 E 400 430 450
“E/P %98 750 785
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-
25 ing a thickness of 300 angstroms were as is shown in

FIG. 10. 1In PIGS. 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
are 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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filmis formed on the insulating film Then, selective 5 etching is

ef fected on the al um num or copper film formng the lines 40, which
connect any adjacent two of the shift register sections 4.

Then, as shown in FIG 4C, TFTs (Thin Film Transi stors) 5, which
function as switching elenents, 10 are formed in the pixel region 50 by
repeating film form ng and etchiﬁglﬁo§sesses, I n the sane nunber as
pi xel s desired. The TFTs 5 are arranged in rows and colums in the

pi xel region 5Q, At the me e ,th TF I hus,_forned, a

il for mng prsdbentipdly Spaull tatbe Roap batdes 4] tht SBRERT e ocess
are per f drimdd,y tsteanee lgpeingynitieg oget daagets megdenbed lamemarphous

made of alum NYikdd G Anel1fAe o0 nelh Pulldel! Ha¥ing diffdbdiiG 5B
these bus lines 51 are connected to the shiftt regiSter sections 4. 20
It should be nGNEFIIRR- t TS SRET W0 AFa PR PSFePulse isygnest epauah ne

as the gate andoaylae s . | MR Tbre beam iptdisead adfe Sippllilednepus he th
t he swi tching q:l er&e

ts of, the shift ,reqgi st.er._sections 4. Conversely,
the gate and ©-2F esncofrecgemﬁ’trs qqeng‘sar&rné?eb%"g&r FERIRR FTS™hi ﬁnﬁ&h% e%s
25 40, at threocmmeidniatesd tthe grains dgoomenentihiusf, tehe€i beconsds ft
regi ster secti b, I ol I ReS : be-f or ned
° iiran g WRie iyetdl®hitlcon payidh & (TH PR

at the sane tine t I el enent_ el ect t he dr’ive
circuit sectiordd Al case, sipcerthe -8ic i§ maltadebysiay lasare®f @0 after

the TFTs 130 o B3Y ddw & egat 8 ey ademsali tted IRCHRNSUbStaWdeen
formed simltaneouslycuie, the £1e1iE HFEAOMIYeF U Alndl c2ch
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 following conditions are satisfied:
1. The amorphous silicon film is 300 to 15004
thick, more preferably 500 to 1000A thick.
Unless the film has a thickness outside this range,
the grains can hardly orientated.
20 2. The substrate remains at normal temperature
to 550°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

L~

each target region. If the region is irradiated
25 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
30 region will more likely to defects.

FIGS. 11A, 11B and 11C show the distributions of
irradiation intensity which were measured by a
goniometer, means of a 26/6 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



cuit section 4 and the TFTs 5 fornmed on the pixel region 50 may be of

vari ant structural configurations, such as 35 pl anar type,

reverse-stagger type, and the like. The sem conductor el enments nmay
assunme such a structural configuration that their electrodes are

| dcat ed beneat h - 11 - t he
anor phous silicon film2 or the ponS|I|c3W regi ons 21

transparent substrate (not shown) is bonded to the surface of the LCD
substrate 10 tk%; gcigi%a Ld\ﬁb“n%t'—hod Cstidlyg i ngql\%n (#1 bet ween
the substrate 1 he transpar ent s&%strate ere CD pane
i's manuf ad@if} JEFl i temperqwli%éfrrét%@ex&saM?é’d bg tl’filqﬁaﬁf shiaatte to

FI GS. 4A

sections 4 hav

ﬂmnﬂEE‘IG$1e s 151mra-:nd‘ areed mfénersz fyhdtrs \6¥ @ Niddr 10

r , TFT . may, he faorned
prior to the fa r| ca | on %ﬁc&% eed steocp" 5t ?&lm Ll;le ﬁﬁqqd%ﬁtﬂé’r‘h&ﬂ Sit¥%one
of the sediionsrepchetl st peak at the position of 28.632°. This peak
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value is not so greater than the irradiation intensities
at other positions. Nonetheless, as is evident from
FIGS. 11B and 11C and as is well known in the art, the
more shots of a laser beam are applied, the greater the
peak value at the position of 28.632°. 1In other words,
the more times the film is irradiated with a laser beam
pulse, the more similar to single-crystalsilicon having
(1,1,1,) face which generally has an intensity peak at
28.632°, it will become.

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 S1,
the laser power supply'Ql 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
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
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
crystallinity. More precisely, the distribution of the
band-gap spectral reflectance of the target region is
compared with the reference distribution of band-gap



of TFTs 5 may be formed at the same-tine. As i ndi cated above,
I'aser beam pul ses are applied 15 to the regions of the anorphous silicon
film2, shaped | i ke islands and | ocated al ong the two nei ghboring

si des of the film2, thereby converting these regions to pol -
ysilicon regions 21. The | aser beam pul ses_have a cross section
identical to each region i-n both size and %%a@e. 20 In addition, they
have the sane uni form and appropriate energy density. Hence, the

. A ! Cod i n
bolysiticon | BEctRl reflect B8, NRILIDEEL S CONNORICORMIAGE
on these desirabptepbplishaving degived cuyslalhtniby and epebckdis

filmiormng angtsredi 16 PRECASASEy S4¢ SPRE-more sifiPMEHCLAL SLECERLP Of
the drive circujt iec£|ons é,hgve . goog characteristics, I'nh addition,
the lines connefefhgetance digthibubion Qi thecrerorrnce (Sisheibetier, and
the lines 5 thenmerei bhet hegtent hassbden canhealléd swbtigabhdel 49sred at 30
the sane tine tggaﬁections 4 are formed on the polysi- | i con regions
21 or the TFTs are fornmed in the by usi ng the pixel region 50. This
helps to facilitate IfeNo in ShepuPdct thatolst hef LU stasgett eeglon has

PR e o et | e L
method. The filTAFePna§- belR STtePrdf net®yChEaA SPnPrakesn Tvermeandd, for
exanpl e, by 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 (in 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 S1, and Steps
S1, S2, S3 and S4 are repeated until it is determined in
Step S3 that the target region has acquired desired
crystallinity.
20 If Yes in Step S3, that is, if the target region
has acquired desired crystallinity, the flow goes to
Step S5. 1In Step S5, 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 S6 it is
25 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 S1, whereby Steps 1 to S6 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-
- uvate the crystallize condition of the amorphous silicon
film being crystallized with a laser beam, on the basis



- 12 - usi ng nonosi |l ane gas and hydrogen gas in a reaction ves-

sel held at a tenperature of 180 to 300[err]C and a pres- sured of 0.8
Torr. In this case, the anorphous silicon film2 absorbs hydrogen and
changes to an a-Si:H 5 (hydrogenat ed amorphous silicon) film Hydrogen
may be rel eased fromthe filmwhen a | aser beamis applied to

the filmto achieve | aser annealing. FNdeﬁ%ﬁ‘nay be abruptly

rel eased and danmage the film To minimze the damage to the film the
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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
i 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 T
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 cCross
section of 0.43 cm2 (= 0.65 x -.65 cm) was applied
through a window having a transmittance of 75% to

—



to the target region of the film2, thus converting the region to an
pelysilicon region 21. Thereafter, these steps are sequentially
repeated on the other target 25 regions of the a-Si:H film thereby
converting the regions to polysilicon regions 21. Wen two or nore

| aser beam pul ses are applied to a target reglon in the first or
second step, it is desirable that the anouh hydr ogen rel eased
fromthe film2 be neasured at the 30 appllcation of every beam pul se,
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2, merely in sosgnpjL 99c§ﬂ?99tofh§§4 ﬁm“QHédaggtnﬂanaﬂﬁese peak values
correspond to X point and I 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. 1In
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



the film2 even if all is released at a tine. A | aser annealing

apparatus equi pped with a hydro- 5 gen anount nonitoring device, used to
perform the above- menti oned met hod of applying | aser beam pul ses,

will be described, with reference to FIGS. 6, 7 and 8. FI GS
6-and 7 diagrammmatically show the |aser anneal i ng apparatus. As seen
fromthese figures, the 10 apparatus ¢ ' ses a pneunmati c support
mechani sm 6 whi ch serves as base. The nechani sm 6 has a support

plate 61 made ofsif O] f,{BEE D AESHE A% aly 1 IE SRS that AN Aje 61
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I's held by an aiT suspensi o : at - 1Nng 1na horizon

position, by vihagebesn damaged ewitlth sildigorpranidie Sammd da frlomst-ow. A
hol | ow support $zcéSregionlrounted on the support plate 61. Secured on the
support 62 is hol | ow cyl i ndrical yacyum ch r 3 nmade of, for
exanpl e, al uni num e%h&‘r% P%%t%t%?ﬁse‘%aﬁﬁ%ﬁ Zﬂ)sqtrl W IR% ¥, ththich i s
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63 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 T point (about 364 nm),
the film is regarded as just having been crystallized to
a desired degree. Alternatively, techniques known in



and anot her substrate may be introduced thereinto. The val ve G remai ns

chosed while the filmon the substrate 20 is undergoi ng | aser-beam
pul se application. That 35 portion of the bottom of the vacuum chanber
63, over whi ch the heater plate 64 is nmounted and whi ch opposes

t he substrate 20 supported on the plate §425i§ made of,

- 14 - for exanple, synthetic resin or quartz glass and, hence,
serves as a wi ndow 67 for allow ng the passage of a | aser beam (| ater
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Wwith 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



on the rails 71 to nove in the X-axis direction, a pair of rails 73

I'ai d. on the X-axis novabl e nmenber 72 and 15 extending in Y-axis
direction, and a Y-axis novable nem ber 74 nounted on the rails 73
to nmove in the Y-axis direction. It is on the Y-axis novabl e nenber
74 to whi ch the | aser beamapplicator 7 is attached and fi xed.

As shown in FIG 8, an excinmer |aser 92+ £8&rranged 20 by the side of

t he pneunmatic support mechanism®6, with its beamemtting tip
directed to the reflector 7a of . _the er beam.applicator 7. beam
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power 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 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.

30 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-
forming processes for manufacturing the LCD substrate.
More specifically, the system comprises a loading
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sette 308hanber 63 by a transport nechani sm (not shown).

The unloading section receives and holds a plural-
ity of cassettes 306, each containing a prescribed number
(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
(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
annealing process.

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
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
unloading cassettes 306. The transport arm section can
therefore transport the substrates 302 and 303 between

- the processing zone and the cassette zone.

te
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substrate 20 is pl aced on the under surface of the heater plate 64,

Wkt h. t he anor phous silicon filmfacing downward. Next, the gate
valve Gis closed, and air is 25 exhausted fromthe chanber 63 via the
pi pe 65 by neans of the vacuum punp (not shown) until the inside
pres- sure of the chanber 63 |owers to, for exanple, 2.5 X
10[err] Torr. Thereafter, the CPU 90 contr%ﬂs-the mechani sm 70, which
noves the | aser bean1appllcator 7 30 |ntern1ttently in the horizontal

pl ane or XY pl ane, that X-axi s and Y-aX|s dlrectlons

Meanwhi | e, the P@?%Féﬁn%%ﬁt¢%ﬁ%s %%5I%§éwmﬂ% @S F1StER o Sup-
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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
i 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 common 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. PFurther-
more, the arm 323 can rotate around a 2 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.
(_ The best possible examples of the transport arm |
25 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.®
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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reflects the beam pul se, applying the beam pul se upwards t hrough t he
w, ndow 67 onto a target surface region of t he the anor phous silicon
filmfornmed on the substrate 5 20. Irradiated with with beam pul se,

t he surface region of the anorphous silicon filmconverts into a pol -
ysilicon region 21. The signal supplied fromthe CPU 90 to the
power supply 91 has been set in accordance2$hith the var- 10 I ant data
items stored in the nenory 94. These data items represent the
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expl ai ned later O Cr l1ze each target surface region t he
¢ No atmosphere, any film formed on them remain unc anged

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 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
Q; the N atmosphere into one the processing devices 317
25 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



anDrphous silicon filmby, for exanple, applying a sin- gl e beam

pul sg, the beam applicator 7 applies a beam pul se having a w dth of
23 nsec to the first target regi on, and then applies anot her beam
pul se of the same 35 w dth after noved by the nmechanism 70 for a

pr edet er - m ned di stance, thereby applying the beam pul se onto the
next target region spaced part by said di stCarce. In

-17 - this way, the island-shaped target regi ons arranged al ong

the | nd t_-Sl.0es strate 20 can b i rradi ated w.th
beam pulses. ad (HRCRT G0 ¢RI de. B8 reikabfind, qn Fact TS hae
power supply 9Hn rp gfAsskrkthEedienad + h Altennatiined ydatea glivered idtyoredd i n t he

menory 94. substrdfed afaP @R dUlFde?dd td ttHeS iR g&@&é&%y l@ager
beam pul ses, each haV|Q9 engi wgreater t han the preced- I'ng one, be
sequenti al |y appftiRRFEYeLY 93%‘! S qitorths Same timee apor phous silicon film

if this figmis an arte dysiem of iFIG.f Qe eEvarHafeous!as sk by nmeans

of plasma CVD respects over such clustered apparatuses as disclosed in
U.S. Patent No. 4,785,965 (Masato Toshima, entitled
"Vacuum Chamber Slit valve"), U.S. Patent No. 5,186,594
(Toshima et al., entitled "Dual Cassette Load Lock") and

10 U.8. Patent No..5,186,718 (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 Ny 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



met hod. To prove the advantage of this nmethod of apply- I ng such beam
pul ses, the present inventors conducted experi nents. In the
experlnents sets of beam pul ses were 15 applied to six target surface
regions of an a-Si:H film having a thickness of 500 angstrons and
placed in a vacuum chanber the inside pressure of which was 1.0
x 10[err] Torr, and other sets of beam pul3des were applied to having
six target surface regions of an 20 a-Si:H filmhaving a thickness of

300 angstrons and Iac a vacu m chamer the |nS| ressure of
which was 2.0 @ ﬁ)’[k?-:ﬁri?’ia ddq r?fo ﬁ?’g qﬁﬁp Sach

set had i’i C(rjOS$za:mcta aagdette 3090. mm& i aﬁla:moadin@? SEIﬂZlCBDIHild)f t hem
were applied 2 eq C t her t fheg y of
10Hz; they hadqufefq ggrlearn({e e;ig]g&hegghez%lﬁ%%%ﬁ@g m% IA 316" ‘Irhee gjtgeg:i t han

t he appl ied i mtemrmtra ynessfori 6 @it ignguthe SubstrramIBéJZl PnQparhllys _
device thetra %é@@tw aie procestm;g@mfé smé}h Stkﬁsvc! 67 is

75% Also, in bot cases substrate .on whi ¢h m was
f or med @m@éﬁm 32% nﬁwqwn%@a t&bearﬁ%}n?eteoyl%tca@e

tance of 230 rd%ﬁeéétﬁl@&i?éﬂimi sH of Macliaaicemd® heats Slﬁqyent ially
applied to the t

t ur {
spect rograph 66> qg IF%EPD d1 n% ’{] e:gagxgﬁlf% h3e50armurﬂ J(fd%ly rk%) % lreI eaged from
the a-Si:H fil rﬂ)o the tempematisig PGHY afedomminig 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.
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 15004,
{ Then, the common transport unit 322 removes the
25 substrate from the 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



- 18 - Table 1

Sl S2 S3 4 S5 Beam energy 20Hz 80 80 80 80
80 120 120 120 120 120 5

160 160 160 160 160 200 200 200

200 200 Beam energy 10Hz 240 240 240 240 240

(m) 280 280 280 280 - 32 - 320 320
320 320 10 360 360 360

400 400 450

R 430 . .
In this case, at’F@Ilﬁ??BlF@ hﬁ) b’é’f‘(’/\/e%tﬁe t%ocf%ssse:rnggevme e3n]é7r aqy {I}nﬁ%.and
the (laser enerdgyi¢eodk’, deheisybstrate s ceg)ded/i i O0QC ot | dnkower
[err] 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.dg., 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.
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
20 devices 317 to 321.
Outside the housing 402 there is provided a non-
oxidizing gas source, for example, an N gas source
or gas supply means 403. Nz gas is supplied from the
( ' source 403 via pipes 404 to a mass-flow controller 40S5.
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 Ny 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 Nj 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



20 [err] The results obtained of an a-Si:H fil mhaving
t hi ckness of 500 angstrons were as is illustrated in FIG 9, and th
results obtained of an a-Si:H filmhav- 25 ing a thickness of 300

angstronms were as is shown in FIG 10. In FIGS. 9 and 10, the outpu
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mass spectrograph 66 and the energy density of the
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#pacedingexhauptedecfiromnteat spstemtvia ameéxhaust port
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.

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
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
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 space through the
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-
sure comparing with the outside, Nz 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
402 from outside.

N2 gas is preferable as non-oxidizing gas for two
reasons. First, it can be produced at a lower cost than

e



- 19 - sequentially apply | aser beam pul ses of the substan-

tial]ly sanme energy to one target region of an anorphous silicon film

i nstead of beam pul ses having different energi es. The energy of each
beam pul se is great enough 5 to melt a-Si. The nore beam pul ses are
applied onto the target region, the Iﬁ{ger the a-Si grains grown, and
t he more orientated the grains becone. Thus, a-Si becones simlar
to a single-crystal silicon having a (111) face. In this case, since
the a-Si is nmelj} I [ to G C |

transmtted to tﬁg Qﬂhér ﬁéﬁ 0£&d£§h&é)g?%sult e flel f%C%Q%&BIHI

of the am)rphouereven §|Yh%oﬁUFQ@?%f%feﬁ%é@QPmﬁp etf%@ﬂtb@&n%foﬁbfyc-

rystalline siligofedWenchingifigt hodp ﬁ%@@9¢y1m@k£@@ﬂ1t pos§y$§68t@f t he
sanme energy sho

| d_bet be e foIIo ondi tions
are satisfied: form & ﬁlgh ﬂgé%n%ﬁTﬂﬁﬁﬂﬁgﬁ??Eoﬁfiml%?l 8@8?0 1500A
t hick, nor2 presebabtrgt800 Tbaﬂh@Oﬂothmekuse of N2 gaslmesstépeofil mhas a

thi ckness outsi BenbVifq! 8"88urally formed Nox fi8! FRLNWeLAS Y L' £868H ST

20 trate renai
550[err] C dur|n5°tﬁ@eaﬁﬁthéﬁt?SﬂnéFuﬁé%H¥§h¢%e%her%ED substrahe, cardp
soda- gl ass substhet ecpayubetdatéotidbe manufacturdd 30 1@w1@89t$h0ts of a

| aser beam are appli Q each t ion. If the,region i
i rradiated 25 Eg?é§gi?%aR°35h?iﬂﬁ%?e?€ g?Y?nﬁg?n %?f%%??9%ﬁéuﬁon-
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. PFurthermore, 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.



verted 0 single-cr staI5|I|con If the region is i rradiated
nmore.th ¢eich time will be require u
regl on ‘?ﬂ m IBm crystal silicon, and the resul ﬂmmlﬁﬂ"]ﬂ" llll ﬂ*ll
more likely to def ects. FI'"GS.® 1iA "11B
and 11C show t he dlstrlbutlons of |rrad|at|on I ntensity which were
nmeasured by a goni oneter, neans of~ at 20/ [err] method with an X. R D
(X-ray diffraction), when 32 shots, 128 shots an 1024 35 shots of a |aser
beam wer e appllﬁga @gg]the aforenen- tioned laser (laser energy of 180
nj; power densi 272 nmj/cnR) to an anorphous silicon (a-Si:H) film
f or med - 20 - by a plasma

CVvD net hod, h hi gk f I e re of
400[err] G Asa\rlrlagg ?Enhﬁé’;‘fﬁﬁ‘f of tdpuactublify 1 T A SERREN L oh 30
shots of a |asef*SPlay Bubftnare SPPPrising 2neubstretentl)rradpharah-

intensity 5  itgaofiedemisopdaktat éhementstapranded8i®3a[pikdl rdyisnpeak
(50) of the substrate, and a plurality of drive circuit
5 sections (4) for driving the semiconductor elements,
said method comprising the steps of :
forming an amorphous semiconductor film (2) on said
substrate (1);
intermittently applying laser beam pulses having a
10 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;

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

20 elements to said drive circuit sections, by using parts

(51) of said amorphous semiconductor film.

( 2. The method according to claim 1, characterized
in that said island-shaped polycrystallihe 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
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whi ch generally has an intensity peak at 28.6320, it mﬁll becone. 15
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beamtravels to the refl 7 plicator

honogeni zer 93. PoHR&E E%OP %gmperagqufF@EE%nghgrB@aﬁPéﬁﬁé 5em395ér
surface regi on ¢ttireh&o 550°Camanghsaddsnlinben bl timsberahyesherbasgy beam
anneal s t hat 1dpget region. Then, in Step S2, the
spectroscope 86 detects t he 30 | aser beamreflected from the t ar get
region, and deter- 7- HhgeBetheddpseprdintoticotlpindégaphspactealized

refl ectante 1n0fthfa|tesb469%ino&'9ﬁbﬂﬂ B@miboﬁaﬁcbéﬁnfiimskm?]| h&8dat O at
| east some ext eq n_Ste | determn et her or not
thé t ar get reglohlﬁgg §§q6 Peie e?FPQbFQSA to 1000
8. 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 crystallized to a predetermined degree.
9. The method according to claim 1, characterized
in that said amorphous semiconductor film (2) is an
20 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
(h (50) of the substrate, and at least one shift register
25 (41, 42) for driving the semiconductor elements, said
method comprising the steps of:
forming an amorphous semiconductor film (2) on said
substrate (1});
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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beans (in ghe of 4 §éﬁ§c8ﬁdﬁ@@ér'fiﬁﬂ“ fie Oraom@h@mélsm@gsﬁéﬁs S<|9§9d of

the 15 mechani sm 70, an ossl b conbihat | hese
appfylng ¥a£ er beam onto a P rence semiconduc-

tor material in an optimal crystallized condition,
detecting the laser beam reflected from said reference
semiconductor material by a spectroscope (86), obtaining
10 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
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
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.

13. The method according to claim 12, characterized
in that said at least one peak value is a band-gap spec-

30 tral spectral reflectance at X point or T 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 surface region of an amorphous
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with a laser begppmofhbheeP?séted laser beam first information which
represents a band-gap spectral reflectance distribution
10 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 T point, or both
of said semiconductor material.
18. The method according to claim 15, characterized
in that said first information and said second informa-
_ 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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circuit section are orne I ons O &“8ub¥trate 20
by using masks Spa§§é89f?cSPeed °§a?té?ﬁ§r b?ﬁmlﬁﬁﬁb®9§t9raﬁerlnpegyahgy
with the TFTs. the 1aébrtb@amane time, there are fornmed scanni.ng glectrode
| i nes, which connecé%t i xel rive cir sections 4.
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s and { '
Therefore, independ pépﬁeéakﬂﬁt%Bs %rmlﬁgr?oghéﬁ EEYREaAEIRS chips
for secti dfs 4 semfigondngtor film comprising:

i a processing chamber (63);
means located within said processing chamber, for
supporting an object (1, 20) having an amorphous semi-
conductor film (2);

| aser beams, t henpRghd g ! A8 ouE§6%sarfa9£ Bsamasaa gheglyl 03 s changed

15 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-
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 infor-

25 mation which represents a band-gap spectral reflectance

distribution pertaining to said target 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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any anor- 30 phous i |ng crystallized will be explained.
As is well known in the art, the energy band of silicon crystal has
the configuration illustrated in FI®~-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 havi ng en or _exa 400 q r oss
section of 0.43 ch%P%%6“€53§ amgEp SMBEmé5§$§%8 of £ f faigﬂnaamdndow
havi ng a transsubsamateof{175%to -
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two peak Valuessland shapbgspo gEQ&EXagilne rQSHSHd 364 nm — These peak
val ues ’
forming drive circuit sections (4) by using said
island-shaped polycrystalline regions; and
forming switching elements electrically connected
10 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 crystallized 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)
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-
25 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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co?respond to X p0|nt and r point, respectively, mﬂ;g@d two of the
‘spegi aI c‘mﬂlmml““ﬁm“mt Br| | 1 ouin zone. s Pee #e ot her
hand, such a di stributi M w spectr al

reflectance of° afo phous silicon as is illu 15. As
PS seen fron1F|G. 15, the profile of this distribution quite

differs fromthat of the distribution sho¥n-in FIG 14; 15 it is very
specific to the anmorphous silicon. The refl ectance distribution of

FIG 15 gradually c@gn% S toward the _one homn in EFIG 14 th

anor phous silicon *1F %i§qa§§@PI W?&P@d‘?&lbe R SBFygFﬁgFRPF

silicon. In | the sdsiredtenbetween said &badaagpmeansrahﬂoSa&ﬂopnblkncor-
20 orated i ope I r .

Gi'stri but; on doRSHEg Bﬂ%%‘%sgiép%c r%s e318t710d) URs" BHiBShANEE, paving 2

di stribution o@rﬁsﬁurﬂoﬁ@rte sast; Rdengdmogpheric messurles thereby

determineg i n real teer&d@waﬁpdﬁtemeans (@mrpbguf) %&I Q‘,Q"&n@%%rl%%ﬁ@

crystallized thys far. aser fromthé

exci nmer | aser the s‘*?ftt %@% m%qqeggﬁngl ﬁl"&ﬁetshénsﬁ’om e 20

thas Cal le_nerggm@‘iz:fxrg gasaraﬁnmsp?m}eg]hatvwmt?cia Ip&elssaés_et hﬁnfatb le(;ss&equu red
o crystallize r i stribu- i on of band-gap

spectr al refle Zi%%ce v;ghﬁ%#léuakeég%%%go file sloping generally

downwar ds to the riZfht étéhesmmem accangipmgGtol gladayizdg shagardsicdzeds
peaks. |nQcontrigstyhat, sald"'fﬁ"bdéﬁslr@}s@eﬂ% %‘Mlh@‘é fatoMdehi® l23RIatI2 to

Wil ch is too grdi aeY lshi G | di TeRjard 1PE, SBStT At HepsHoTs
silicon, the ditaire itgesr dfhdranbaatemperature 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
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
25 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



_ pect reflectance will have a profile sloping gener- ally upward to

L he mmlllll m&mum ELGpr(l)f?”Zhof FIG 17 indicates that thghlssmHﬁ@qn’mw

has béen danaged with silicon oxide fornmed in its sur-

YWen the spectral reflectance distribution of the 5 type shomn In

I s detected, the energy of the | aser 8bsam i s gradual |y increased by
real -ti me feedback control thereby changi ng the distribution toward

t he ref er enc e I tange_di stri bution of ELG 14, When
t he spectral gPIgEF% éig ngﬁ 88883% gEF9SEBr¥ ?Fﬁpﬁa§3?3’that one
shown in FIG 343)Lhmhba§en-béa&ﬁast ongppbssatiten (3633t fppedonthining
preventing da”%%iutr%m&gng ubE'tlrQ‘telsf (509 gl&%%@%%&%s%@ad%ect S a

spectral reflec- |s ribution, si he one shown in FIG
17, t hen ocatedjdeSaildedopAAnTdt RECELPRYhRS BEBRtISREgEdsSEEte and

substrat es20 i g 3tieycFodedontadnd@beat plerplodycof 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 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
30 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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1t-i's désiTable thaf, as described above, the energ

‘beam i s 'gﬁsaslyamyademg ed by real - ti me feedback Hmmmﬂmm lm
t he dlstrl FIG 16 may change toward the referenoce spestra
refl ec- J i ri bution of FIG 14. Wre the energy of the
bean1|ncr a to an unnecessarlby great val ue, t he hydrogen
woul d be released at a tine fromthe anor= phous silicon film
i nevi tably damaging the silicon film and ultimately rendering the

substrate 20 dsheﬁkgv Pzagaf; pakle, ﬁ?C@Héi’n fihhg Qa{ayig eirtepelaﬁt dak! y

enpl oyed Istrrbution o

refl ectance, tﬁezdéﬁéétQérépiﬁPpbéﬂﬂoﬁoﬁﬁtéﬁgcPFﬁPn Sal@e§r§§ﬂ§nce of the
filmcannot be conpletely identical to the reference distribution
(FIG 14). Hence, the 30 filmis considered to have been appropriately
crystallized, when the difference between the actually detected
distribution and the reference distribution reduces to a
predet erm ned val ue. For instance, the peaks nonment two peak val ues
appear points within 20 nm35 off X point (about 284 nm and r point
(about 364 nm, the filmis regarded as just having been crystallized
to a desired degree. Alternatively, techniques known in



.55 the field of pattern recognition may byisHhbe iiZSfled 10

'pare the profile of the actually detected distributio ﬁ g: of
the’ reference distribution profile (FIG 14), a Iﬂuwnﬂ y be
considered to have been 5 crystallized appropri at “the

dissimlarity between the conpare profile reduces to a prescribed

val ue. Wth the method describéd above it is possible to

eval uate the crystallized condition of an anorphous sil- 10 icon film

wi t hout using I alaand GXRENSIME tde\ihes- Therefore, the anorphous
silicon can be analyzed asﬁi&ysn howDiC)t has been crystallized, in real
time and at | ow cost. By virtue of the above-nentioned

met hod of eval uat - 'm%*noﬂ NND hepTNRAciUS IFORe tAOIFACITURY N pamrglmmhous
::Jlb!stcfgte and ILL%%?%%W?%@WWMWﬁ I Ir_nsCD bot h

according to the present invention, to eval- uate the crystallize
condition of the amﬁr?%r@: | Qdy #4i7l i |4 i a
[ I%Adat %rio]\'/zéhcoor}st 1621er]:g“ (i ;1 %alcfc%?ﬁrféé déggéﬂ oénggt he

| aser beam very eas
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5 are arranged in a line and apart with each other in a
predetermined distanced by intermittently irradiating
laser pulses each having the same dimensions as those of
the island region onto the amorphous silicon film, using
a laser beam irradiating section (3}. Switching ele-

10 ments including the island regions (21) as semiconductor
regions are formed by etching and film-forming process
to constitute a driving circuit section (4). The sec-
tion {4) is divided to gate driving circuit sections
(41) and source driving circuit sections (42) for driv-

15 ing thin film transistors formed in a pixel region (50).



* According to the present invention, the method of applying a |l aser -
beamto an anorphous silicon filmis not limted to the one descri bed
above. An alternative nmet hod may be enpl oyed, wherein an | aser beam
applicator 30 applies | aser beam pul,s of a particular energy to the
fespective target regions of the annrﬂﬂﬁ's silicon film 5 en beam
pul ses of a slightly greaterian g opsMnext beam

a a [)
riv ll.'ﬂ"ﬂ".""‘-ﬂ‘v -H.'Hld

pul ses of still slightly geater energy to the target egi ons, and so
forth. 35 Anot her alternative whi ch a
| aser beam appl i cator simnultaneg sli _*¢aser beans

spaced apart f o] anot her,

- 26 - ﬁrerlp .tiverarget S
Still another alternative method nﬁy*beifsed’Jmhereln as shown in
FIG 18A, a |laser beam applicator 3 applTes to an anor phous silicon
film2 a single | aser beam hav- 5 I ng a rectangul ar cross section which
has a size of ml-

FIG 2
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limeters by about 100 mllinmeters. Furthernore, a fourth alternative
met hod may be enpl oyed, wherein, as shown in FIG 18B, a |l aser beam
applicator 3 applies to an anorphous silicon film2 a single |aser
beam havi ng 10 an L-shaped cross section which has a size of mlline-
t.ers by about 100 nillimeters. 2/13ps may be undegstood fromthe
~ precedi ng paragraph, a |l aser beamor beams can g applied in various

ways, to thereby forma plurality of polysilicon egions or a 15
single polysilicon region, and any desirable size_and (X shaﬁé\gan be
selected for each region nerely by using a beam dppl i cat or desi gned
to apply | aser beans having_ s (ze 2d shape.
Once a single polzfilico_.g
FIG 18A or 18B, a :
source drivers) of
pol ysilicon
met hod of FI
51 can easi | &Y
the drive Ciﬁgﬁu
Therefore, the : ’ 2
A system for JeT ng the LCD subst r at eD0 X i ncorporates the
| aser ann i Ngappgrat us shown in FIGS. 6 and 7, wll escri be
Wi th referegncgeg &E FIG 19 which is a top view of th sy?e%é 4§
The system shown in FIG 19 conprises various @ *

{

k_patterns e f orm ng
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35 devices and is designed to performa sequence of film form ng

progesses for manufacturing the LCD substrate. More specifically, the
system conpri ses a | oadi ng - 27 -
section, an unloading section and a trgp;gort unit. The | oadi ng
section receives and hol ds a plu- ity of cassettes 303, each

contai ning a prescribed nunber (e.g., 25) of substrates (or glass
substrates) 5 3 which are jo be SUbbet rocess. The
substrates 302 arg’ i tioned hor zontally sette 303.

The unl oadt
306, each ontalnlq
whi ch havesthg nr

es. The
substrates J]] '1;%;_ 51
The transpdgrft] t he
unl oadi ng q¢44ii¢mn] 4 -
~-50
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15  (various devices), for transporting the substrates 302 fromthe
cassettes 303 to a processing zone and trans- porting the processed
substrates 305 fromthe zone into the cassette 306. It is in the
processing zone that the devi ces pr3arranged to performfilmformng
process and 20 anneal i ng process. The | oadi ng section, the
unl oadi ng section and the transport unit define a_cassgette zone 307.
The transport unit conprises [-0n whi ch has an
upper transport arm 311 and ‘ f;,a 2. The arm 311
IS used to transport the Jubstrate [ széed fromthe
cassettes 303. The m XA is used y# the substrates 305
after processed into the S Ngggt ransport unit is
nount ed on an X-stage 314 30 a Z axis and nove

al ong a straight Ii
and the cassette zone.
whi ch can nove along a
| oadi ng cassettes 303 ¥
arm section can

bet ween the pr

a Y-stage 315
62, between the
s 306. The transport
& 302 and 303

(
FIG 7
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28 - Posi tioning neans 316 is mounted on the X-stage 314,
for :aligning the substrates 302 in appropriate positions W th respect
to the processing zone especially setting the position at substrates
for processing devices. 5 The chessi ng zone will be described in
detail . Arranged in this zone are z cessing devices 317, 318,

319, 320 and 321 and a common transport unit 322. The devi ces 319, 320
and 321 forma first group 326, and the devi ces 3 and 318 constitute
a second group 327. 19 Iﬁ ween the groups 326 and 327 a £Ommon transport
pat h 325 ext eng Fong‘gt he X axi s. DN trquorﬁ uni t

The transport arm 323 is
C n+m)ve al ong

322 has a transport unted on a

stage 324. The stag tRe conmpn tr port path
325, toward and away fromthe 15 posi ti oni ngfifreans ,%ﬁzted in the
cassette zone. The arm 323 can thereforejfnove al qﬁ%e X axi s.

Furt her - more,, the arm 323 can rotate arofkhd a Z|axi®Jerpendi cu-
lar to the XY planeldefined by the X and Y axesnd rrm ong the Y
axis. Thus, the trarsport arm 323 can 20 trag¥Sport tM'e?t,l_pstrates 302

fromthe posi ti oni ng@eans

- 316 to any ong

gBsi ng devi ces

317 to 321, and to transport the substigg %)rar,any ocessi ng
device to the posTtionng Neans 316. u.l
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The beéest possible exanples of the transport arm 25 section and the

common transport unit 322 are discl osed in U S Patent Application
Serial No. 834,819, entitled "Transportation-Transfer Device for an
bj ect of Treatnment,” filed by K # Yokom zo and Yuji Yoshi noto.
Also, preferred exanples of the sectior®4ntl unit 322 are 30 di sclosed in

U S. Patent No. 4,985,722 to Ushijima et al., entitled "Apparatus for

Coating a Photo-Resist Film g/ or Devel oping It after Being
Exposed. " - herrape 2 the LCD_substrate manufacturin

be ex-oalned injthe 35  fol 'ow ng.

syst em shown :
The transpor jomon traﬁsport unit 322, | ¢cated
in the cassdtte zone and the | - 29 -
processi ng Zone, respectively, coogerate to f{ransport t he subsdrates
302 and 305}in the atnosphere or an at npsphere of non-oxidi zi n§g gas
such as N enr], either at a :
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positive pressure nore than the pressure of

sObstrates 302 and 305 are transported in an
at nospheri c pressure,

hi t her than the

equal to or
nmeans of vacuum sucti on

steadfastly by

at hi gh speed without being displaced nbf{t3eably. 10

substrates 302 and 305 are transported in

formed on them renmai n unchanged in pr
naturally forned oxide " fTrIm  ervner o
process or |aser anpealing. Thus, no step

formed oxide filmnpeeds to be added to the
the LCD substrate. {f the substrates
t he at nospherf, evacuati on needs not
required if they wefe transported in a vac
whi ch any one of t devi ces 317 to 321 pe
by such evacuation,} and idling tinme,
Each substrate, transported in the atnosph
into one the processing devices 317 25

in vacuum If thigis t he case, the
and a proc- gssi ng chanber which are
along the Y-axis. Rreferred exanples of th
in US. Patent Appljication Serial 30 No.
Manuf act uring [ Apparatus,” filed by

jum Hence,

§f any,

at nosphere. 5 Since the
at nosphere at a pressure
t hey can be held
be transported
If the
N2 at nosphere, any film
rty and is not covered with a
re or after a filmformng
renoving a 15 natural |y
nmet hod of manufacturing
302 and 305 are transported in
be effected as woul d be
20 t he process
forms is not interrupted
is very short.
e or the N2 at nosphere
0 321, may be processed therein
device has a | oad | ock chanber
connect ed toget her and arranged
se chanbers are discl osed
889, 409, entitled "Sem conduct or
om Kumagai . As

and can, hence,

shown in FIG 19, tthe processing devices 3 to
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321 are arranged dual inline, in tw 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 a%ro/t @er in any desired order, whereby
- 30 - a plurality of processes & perfor ch substrate

in a desired sequence. Alternatively, a pluralifty START ubstrates can be
subj ected to the sane process by the respeﬁ'- j_-:) ces at the sane
time. 5 Hre—systemof—FG—19—+s—advantageotry i n sone

respects over jsuch cl ustered apparatuses [as | n Se,Pat ent
No. 4,785, 965|(Masato Toshijm, entitled | %mm%gr S ’T’s\{/al ve"),
U. S. Patent . 5, , 594 (Toshima et al., entitled "Dual Cassette
Load Lock") apd 1 —Hat.ant—No—5 186187 — titled

" St aged-.Vacuufn W\ E&C AR ATJONdm ard%%@g T+ REFLECTED 52
substrates cah be E arted sl ower Jand L \ ' di spl ace

si nce they ar(ﬁ not held by jacuum
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CRYSTALLINITY

WINED?
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(1/21/2172) 0000 —ka/2r  (100)
ENERGY-BAND CONFIGURATION OF SILICON
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suction. This is because, the comon transport unit 322 15 is placed

either in the atnosphere or in the N2 atnos- phere at a pressure

hi gher than the atnospheric pressure and can be used with vaccum

chuck, whereas in the clus- tereg ei%parat us the cluster tools are

|-ocat ed around ta common transp Yt unit which is pl aced in a vaccum

20 Wt hout a G\S(;‘gum section unit whatever, the systef shown in FIG

19 can be pl ace mar ket at a | ow price. ooﬁs i ndi cat ed above,

t he processing dévices 317 to 3L are arrangedadual in line -- that

IS, in two rows on the sides ofthe common tr port unit 322. Thus,

if 25 addi tion processes shoul d e conducted on ¢ach, substrate, or

if nore substrates should be procebsed simul t 3ne@usly, then

addi ti onal processing devices ca easily be afrawmgedson the either

side of the common transpoft unit 322. Due to|said ¢ffecific

arrangenent of 30 the devicesf317 to 321, too, it|]i pos@i bl @Yo subj ect

each substrate to a desired sequence of processes Ctew=-- nerely

by altering the rout in which fo transport the subst te.

It wll be explained how the systemof FIG 19, 35 ed ahove, form

a filmon a-gubstrate and performs | aser annealft gorh_t he@l m

First, the tjansport arm sectfon takes out
o
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- 31 a substrate nade of soda glass and having a clean surface

f.rogh a cassette 303 |ocated in the | oading section and then places it
on the positioning nmean 316. The posi - tioning neans 316 positions the
substrate 302 properly 5 wth respec]: } t he processing zone. Then, the
¢ommon transport unit 322 transpo Y54 he substrate into the

processi ng device_319. The device 319 heats the gsubstrate to, for
exanpl e 350[err] &0 400[err]C which is close o ® the tenperature
600[err] C of for 8%y an anorphous silicon 10 fodm&@n the substrate in

t he next process. [ form ng process
i medi ately and to forman anorphdys silicon{fi"mwhich is of high
quality, having as little defect in\an LCD sbkstrate as possible.

Next, the the comon transport unit 322 rgnoves thpgb substrate from

t he processing device 319 and transports it o e processing
device 320. Mge precisely, the sybstrate is}i eﬁed into the
processi ng chgﬁoer of the devi ce B20. The pr sPhg Pranber is
evacuat ed atB pr edet er mi ned degr/Eg Of~vacToh-A dﬁi IT®d with a

prede- 20 ¢fernined process gas and
In the chanmdgks the substrate is heate
an anorphousgallicon filmis forned on

of about 3068 1500A

=
o |

( w

hen plasma |s geffdrated by RF.

to about 6pGerdC , o wher eby

he fﬁgtrge,% a thickness
o : ——
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Then, *the common transport unit 322 renoves the 25 substrate.fromthe

processi ng device 320 and inserts it into the processing device 321
In the device 321, the substrate is cooled to a tenperature of
400[err] C or |ess. The unit 322 Gﬁp@x@s the substrate fromthe
processi ng devi ce 321 and transpo It into the processing device 30
318. In the device 318, a |laser annealing device applies a |l aser
beam 30 to 1000 tines onto each of tar- get regions of the anorphous
silicon filmon the sub- strate, as described above. As a result, the
t ar get regi ons of the anorphous siligon filmchange into 35

i sl and- shaped pol ysilicon regiogs.
transport unit 322 renoves th
318 and

into the processing device 3
cooled to 100C or a | ower
a cassette

o ST fromthe processing device
' - 32 - transports it
i device 317, the substrate is
so that it may be inserted into

! Thereafter, the common
!”te




.. -
* 306..Then, the common transport unit 322 renoves the 5 substrate from

t hecdevice 317 and nounts it onto the positioning nmeans 316. The
transport arm section trans- ports the substrate into the cassette 306
| ocated in the unl oadi ng secti on. #7}§, t he substrate processed in a
sequence of steps is now contained in % € cassette 306. 10 The
device incorporated in the system descri bed above and designed to
provi de a non-oxi di zi ng at nosphere, e.g., an N err] atnosphere, wll
be descri bed with reference to FIG 20. As shown in FIG
20, a housing 402 is installed in 15 a clean room The housing 402

defi nes a space. Arranged in this space are: the cassettes 306

cont ai ni ng processed substrates 305; the transport arm section; the
positioning neans 316; the common transport unit 322; t he conmon
transport path 325; and the processing 20 devices 317 to 321.

Qut si de the housing 402 there is provided a non- oxi di zi ng gas
source, for exanple, an N err] gas source or gas supply neans 403.

N err] gas is suppgbﬁd fromthe source 4@26vi a pipes 404 to a

mass-fl ow control | 05. 25 The - 405 supplies the
gas at a pre- dgNirn‘i ned rate thddBgh a 3@0e 4082t 0 a plurality of
gas-suppl ying ports 407 _which open i
Fans 408 are |ocated ip the gas-supp
407. \Wen driven, the fans 30 408
through a filter

ace fof the § housi ng 402.
pach in one port
bw downwar d

gas streans

shown by arnpws 1 j%bff
X ; ,
_ N30
/
Z ) O 325 | 324 O
s0s L LIS .
N )\ 4 \ 13 B! :
305 302 303 317 318
;___Y__J
327

FIG 19
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the filter 409 may be | ocated above the fans 408, to t hereby formthe
vertsi cal gas streans after the N2 gas 35 has passed through the filter
4009. The floor 411 at the bottom of said housing 402, has
a grading configuration, having a nunb?§ g% openi ngs
-~33- 412. Beneath the floor 411 h e are located a plural - ity
of fans 413, which draw the N2 gas out of the space of the housing
402. Part of t NZ—gas drawT fronrthe Space 15 exhaypg ed fromthe
systemvi a an haust port 5 414 by neans of The
remai ni ng part of the N2 gas is supplf MASSHFLOWE) SWPIPY' g
gas inlet 416 and a pi pe 418 back into thd]g CONTROLLER MEAN 07.
More precisely,|the N2 gas is driven into 071 417
arranged in theg pipe 418. 10 Yo R ure in the space of Jt he
housi ng 402 is J detected by a pressure>deyecti n§0feans 419 403ched on
the inside of tihe housing 402 andggpnmuni ng w t/h4bi,e\ 418

Y

VARY G VAR AR VAR S AN LA A

T T f
: co (oo o W | b
¢ 409BD N0 N N N N N N\ Ai;
402 34{9 oo b b
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space. The output of the nmeans 419, which reprgdeatsaption : paghé .S rtg%p%--é--
the housing, is supplied to a pressure 15 cEMClathdspr (pred stRte M@%éj"n
means) 420. The control - | er 420 conpal em HhgviRgEsSpgedi. iphpsgspace
with a preset pressure which is higher thghspdect exaparké 28 bepagedos-
pheric pressure and generates a signal show ng the dif- ference

bet ween the pressures conpared. The signal ig 20 ' h,ﬁ-oqbgt;hqgﬁe

mass-fl ow cont g@l Ler ,4 d o e NATRE L e W tTh
t he magni t ude (E)J? lﬁ“ ?’ﬁgﬁgi &tr?raaia Ct,hge§§%?::ﬁ§} e ’4. a J?us.ts(ét \ﬁézf‘égov\c\ffr ate
of the N2thadr giw@inse vexiyausTheepedysrysthaddas sidicane film at

whi ch the gas icganaphatd! e ilfodm tiRe t3RAse o FakIR-EHFedt mopiNaust (B !
414. The housing 402 has a cassette | oading/ unl oading door
430. Wil e theFddor 3830 thendiraedyden, Poxsioashas a hdghess mopilidy as

transported inbﬁo@ﬁdﬂﬁf QMY @Y SnnGudde, typiddd1ds Wk ma§ ¢ROfy the
housi ng 402 hai a hi %?;r‘ pres- 30 sure conparing with the outside, N2 gas
fl ows fromthelOWer o)t he outside so as to prevent the

cgnt ami nati on el hﬁ)j_fé@ltSidlfg tﬂa@ rétient tiheedagiont3G Wiﬁiﬁa ¢ osed,
the pressure in the sspace_is he i gher n _the,at nos- . Rheric
pressure, and ﬁ‘le&%giﬁgf"ﬁapb\ﬁéi% aﬁ‘o&‘?&n& tra%if”ré‘?ﬂ & de.

N2 gas is pref @rdblee cdsaudrt- @eictiionsg fgas drdvingo pixels edSars LOB mady it
can be producedat i d MKfe1°For®@ on a substrate.

According to the invention in a first aspect, there is provided a method of

manufacturing a liquid crystal display substrate comprising a substrate (1), a plurality
of semiconductor elements arranged in a pixel region (50) of the substrate, and a
plurality of drive circuit sections (4) for driving the semiconductor elements, said
method comprising the steps of:

forming an amorphous semiconductor film (2) on said substrate (1);

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 dimensions;

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 (51)

of said amorphous semiconductor film.

According to the invention in a second aspect, there is provided a method of
manufacturing a liquid crystal display 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

REPLACEMENT SHEET

07 SEP 1998




i
.

- 34 - any ot her non-oxidizing gas. Second, it nore readily

prevents the surface of an LCD substrate from bei ng oxi - di zed or
changing in property, making it possible to forma high-quality

sem conductor filmon the LCD 5 subgirate. Thanks to the use of N2
gas, no step of renoving a naturally fornmed oxide filmneeds to be
added to the nmethod of manufacturing the LCD substrate, and t he
LCD substrate.can be nmanufactured af | ow cost. . According to the
present i nvenforiBHS #hanaphrussrajsendpgtor filind?2) en s#dsuibstrage (Buppl yi ng a
current to the pixel el ectrodes are not limted to TFTs; there may be
senmi - cappliting daseebeme pulsedntaigrget suefact yqpons dfyeidenomheus t he

sem conductor elenments nay be formed on a crystallized surface region

of the apBigkidustop ﬁ%?th@%?t&:énéihé @llx)id]tgrget surface rdgiorsNBtdl gﬁif’%ﬂt%/ iﬁg‘iﬁaﬁdﬁr"

as has been descri bed, aser beampul ses are app? e

I sl and_s&?ﬁ%&?rﬁﬁﬁgﬁﬁgﬁ %ssragjelﬁ;ns of an anor phous sem conductor film

t hereby ¢ regions, and the sem - conduct or
el enents of aﬁ) | east drive, circuit sections 20 are formed in the
crystal | i zed foBgingHearts of said gt Jeash ene slift register s H2),in said islandeshapedil | i zed
and assune the sane crystal - lized condition, and the drive circuit
sect i ongpolysryssalline regions, each part of said at least one shift register comprising transistors;

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

register to said semiconductor elements.

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

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

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;

FIG. 5A 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;
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in these regions, therefore, do not differ in operating

characteristic. Also, since the drive circuit sections, 25 t he
switching el enments of the pixel section, and the scanni ng el ectrode

| i nes for connecting the drive cir- cuit sections to the pixel units
incorporated in the pi xel section are fornmed in one and the sane
process, LC substrates can be ngﬂézactured easily and, hence, at |ow
30 cost. - 35- Claing - 1. A nethod of

manuf acturing a liquid crystal di spl ay substrate conprising a
substrate (1), a plural- ity of sem conductor elenments arranged in a
pi xel region (50) of the substrate, and a plurality of drive circuit
5 sections (4) for driving the sem conductor el enents, sai d net hod

conprising the step¥FI6h: 5B is a planf sieiwnghawiagoopkeoof ddvei ddemidianl film
(2) on said  gpjrfUbELG8E8 6 ised 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;
FIG. 7 is a perspective view showing the apparatus
of FIG. 6;
FIG. 8 is a block diagram illustrating the
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‘intermttently applying | aser beam pul ses having a 10 cfess acbiéﬁg .
SPRET

predet erm ' ' nto target surface regio SRQHJWEM

anor phous Hmlmlmﬂmlﬂm”m film thereby changi ng saidit ifrget surface
regions intd ¢ b i%l|d&nd*shaped pol ycryst3g Line regi ons bayi qp7 Ggmenggson
Substantially identical to said predeterm ned 15 di nensijofs;

formng the drive circuit sections (4) by using sai dq i
pol ycrystal | i neClagmens; and form ng said sem donductor el enent
in said pixel region and electrically connecting said sem conduct or
20 el ements to said drive circuit sections, by using parts (51) of
sai d anor phous seni cdndudt aethiddmof manufacturingTlee InietdicH caysdradi ng to

claim 11, charactsgrd e Id.l.sla lycrystall isne
egions (21 CIeEEHY substrele Wpiisiny s SRR NG B Lo Baea1
region, arrangedtiyn of stemdicpmdudtes @gGm§p§§eér£QQQEGmﬂa a pixeflr qragdont her
by a predeterm neddist aMe substrate, and: aTgﬁ_ KE%EH A g gl m 1,
characteri zed in that each of, salg | sl ngzs aped polycrystélllne

regi ons (2% isSestiEanDQpAian 8§ ivisguthe sepndronsiitan elsmantispoul ses

onto one target salld aeeHDicWhprising the stepkhefiethod according to claim
3, characterized in that each of said | aser

energy greater than tFRFHNgERDN ANOTRHONS, 6&%&095‘&%@%1 %’Si(a plﬂlngt%é{}lg?as
before onto the stbsgatatsuir(figce region. 35 5. The nethod according
to claims, CharaCt€”{5¥¥¥mittently applying laser beam pulses having a
10 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;
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
20 elements to said drive circuit sections, by using parts
(51) of said amorphous semiconductor film.
2. The method according to claim 1, characterized
in that said island-shaped polycrystallihe regions (21)
are rectangular regions located outside said pixel

vl

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 dgreater than the other laser beam pulse applied
immediately before onto the target surface region.

35 5. The method according to claim 3, characterized
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n that sai d | aser beam pul ses appl i ed oht p—sa+d—ene——-

: | :
}
target sur n he sane energy. G. g nmet hod ;
accordi ng !Q Q" Egﬂnzterlzed in that said mnpr %b§§P'993 i
sem conductor film (2) *has a 5 t hi cknesseg Langi ng fron1300A to 150QAJ
said substrate is mai nt ai ned at a tenperature ranging from nornal

t enper a- ture to 550[err]C, and said nunber of ti

to 1000. 1n thét EGanahéeé pesflr um§e§0agb§&556on&ha%%qaebméed 10
in that said a con uct or | t hi ckness rangi ng

from 500A to 10 9 ® surface I831¢Re ﬁﬁ?hgé a§§@?d?ﬁ§rﬂa claim 3,
characterized N tIthle et h@ddete@tednguaencaaﬂhlgattmmvabﬁ@ﬁmzédlaser

and appl ot i on gf“%ixq%:é%é emneplpus FenieondbELpE AR (HomAt A s
detected that siéhdchmessangeigisgr from 300Rate maso&eesadﬂysmﬁdﬂnaﬁé is a
predeterm ned d

characteri zed fid %%ar%nteﬁlatats% &eg‘%}gﬁ%ﬂg gg&ggglﬁdﬁ “%\ll? %@rq%%ergn 20
anor phous silicérrei lbm 550°C, and saldAnumbbudoﬁftmmmﬁenﬂngesufuwm|mnud

crystal dis- to 1000.
7. The method according to claim 6, characterized
10 in that said amorphous semiconductor film (2) has a
thickness ranging from SO0O0A to 1000A.

8. 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 crystallized to a predetermined degree.

9. The method according to claim 1, characterized
in that said amorphous semiconductor film (2) is an

20 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

25 (4, 42) for driving the semiconductor elements, said
method comprising the steps of:

forming an amorphous semiconductor film (2) on said
substrate (1);

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



‘play substrate_conprising a substrate (1), a plurality of

sem conduct or elenents arranged in a pixel region (50) of the
Substrate, andummﬁmllﬂmmmft regi ster 25 (41, 42) for driving the
sem conduct or met hod conprising the steps of:

fornmi ng an anor phols ‘serfi cdndlictor film (2) on said substrate (1);
appl ying | aser beam pul ses onto target surface 30 regions of said

anor phous sem conductor film thereby changi ng said target surface
regions into a plurality of i sl and- shaped pol ycrystalline regions
(21); forming parts of said-aB7l-east one shift register

(41, 42) in said island-shaped pol ycrystalline regions, 35 each part of
said at | east one shift register conprising transi stors; and

form ng w ri ngonagetdngdhes partsherfelspidl @dt diessiti yne shift register
- 37 - to one another, and electrically connecting said at
least one shift register to said semiconductor elements.
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*connecting the parts of said at |east one shift register to one another,
and electrically connecting said at |east one shift register to said

.sem conduct or

¢

10

15

el enent s.
-~ 38 -

Abstract: (Figs. 4A to 4D)

*METHOD AND APPARATUS FOR MANUFACTURING A LIQUID
CRYSTAL DISPLAY SUBSTRATE, AND APPARATUS AN
METHOD FOR EVALUATING SEMICONDUCTOR CRYSTALS™

An amorphous silicon film (2) is formed on a glass
substrate (1) by a CVD method, and then the island
regions of the amorphous silicon film is changed to a
plurality of polycrystalline silicon regions (21) which

-are arranged in a line and apart with each other in a

predetermined distanced by intermittently irradiating
laser pulses each having the same dimensions as those of
the island region onto the amorphous silicon film, using
a laser beam irradiating section (3). Switching ele-
ments including the island regions (21) as semiconductor
regions are formed by etching and film-forming process
to constitute a driving circuit section (4). The sec-
tion (4) is divided to gate driving circuit sections
(41) and source driving circuit sections (42) for driv-
ing thin film transistors formed in a pixel region (50).
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