| NSPECTI ON METHCD AND APPARATUS OF LASER CRYSTALLIZED SILICON Field of
the Invention [0001]. The present invention relates to an inspection

nmet hod and apparatus of |aser crystallized silicon and, nore specifically,
to an inspection nmethod for synchronously nonitoring the formation of
laser crystallized silicon in the |lowtenperature poly Si (LTPS) process
and an inspection apparatus using thereof. Background of the Invention
[0002] . Wth the advance of techniques for manufacturing thin-film
transistors, the liquid crystal displays (LCD) are widely applied in
various electronic products, such as calculators, personal digital

assi stants (PDAs), watches, |aptops, digital caneras, and nobile phones,

j ' I i ght,_ |
consumpt 1 on mmﬁﬁéﬂﬁﬁmmﬁﬁ%@ﬁaﬁmﬁ iergu@,sﬁe’eRpl“’e
Fabr1 oat! ng’ equi prent ¢ hd B PAATETZIEB SELIZTONCE: o makes <he TET-LCD
devi.ces nore popular. [0003]. Since the |owtenperature poly Si (LTPS)
thin filmtransi stor LCDs

Field of the Invention

[0001]. The present invention relates to an inspection method and
- apparatus of laser crystallized silicon and, more specifically, to an
inspection method_ for synchronously monitoring the formation of laser
crystallized silicon in the low-temperature poly Si (LTPS) process and an

inspection apparatus using thereof.

Background of the Invention

[0002]. With the advance of techniques for manufacturing thin-film
transistors, ﬁhe liquid crystal displays (L.CD) are widely applied in various
electronic products, such as calculators, personal digital assistants (PDAs),
watches, laptops, digital cameras, and mobile phones, etc. due to their
advantages as smaller size, less weight, lower power consumption and no
radiation. Furthermore, since manufacturers aggressively invest in research &
development and employ large-scale fabricating equipment, the decreasing cost

of production makes the TET-LCD devices more popular.

[0003]. Since the low-temperature poly Si (LTPS) thin film transistor LCDs

are superior in resolution, brightness, size and anti-electromagnetic




are superior in resolution, brightness, size and anti-el ectromagnetic
interferences, the LCD manufacturers are gradually focusing on such a
technical field. Considering quality of films and requirenents of nass
production, an excinmer |aser annealing (ELA) is enployed in the LIPS
process. The excinmer |laser is used as a heat source and the |aser |ight

t hrough the projection system produces |aser beans with uniform energy
distribution projected onto the a-Si structure on the substrate. After the
a-Si structure on the substrate absorbs the energy of the exciner |aser,
the a-Si structure is transformed to be a poly Si  structure. The entire
anneal i ng process is performed bel ow 600 C and a typical glass substrate or

a plastic supsitrate can used.. . [0004]. mentioned in the above, in the
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encrgy of the excimer laser, the a-Si structure is transformed to be a poly Si

_ structure. The entire annealing process is performed below 600 °C and a typical

glass substrate or a plastic substrate can be used.

[0004]. As mentioned in the above, in the application of the LTPS,
the a-Si structure deposited on the substrate is irradiated and scanned by a
laser beam to form laser crystallized silicon. The quality of the laser crystallized
silicon has direct influences on the characteristics of various elements later
formed. However, the current methods for inspecting the quality of the
crystallized silicon on the substrate are not ideal. One is a method of
scanning electron microscope (SEM) for examining the size, shape and
distribution of the grains. Since the SEM method has to cut the
substrate for sample analysis and needs a chemical pre-treatment, it
cannot be directly employed on the production line and can only be
used for sampling inspection due to the fact that it is destructive to
the substrate. The other is a method of deep UV microscope for

examining the configuration of protrusions at the surface of the



the substrate. The other is a nmethod of deep UV microscope for exam ning
the configuration of protrusions at the surface of the crystallized
silicon. However, the deep Wm croscope nethod can nerely be used to

i nspect the crystallization of several mcrons on the substrate because it
must magnify the sanple to nore than ten thousand tines and it would take
several days to inspect the whole substrate, and the equi pnent of the deep
WV m croscope nethod is conplicated, delicate and at a high price.

[ 0005]. Therefore, the inprovenents in the current inspection nethods of
the laser crystallized silicon in the LTPS process are urgently desired so
as to provide a satisfactory inspection result of the laser crystallized
silicon. Summary of . the Invention [0006]. It is an object of the present
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complicated, delicate and at a high price.

[0005]. Therefore, the improvements in the current inspection
methods of the laser crystallized silicon in the LTPS process are
urgently desired so as to provide a satisfactory inspection result of

the laser crystallized silicon.

Summary of the Invention

[0006]. It is an object of the present invention to provide an inspection
method of laser crystallized silicon applied in the low-temperature poly Si
(LTPS) process. By the phenomenon of similar beam splitting-gratings
caused by the configuration of protrusions at the surface of the
crystallized silicon formed on an insulating substrate through the
line scanning of the excimer laser annealing (ELA) technology, a simple
and prompt method for examining the crystalline quality of the

surface of the crystallized silicon is provided.



and pronpt nmethod for examning the crystalline quality of the surface of
the crystallized silicon is provided. [0007]. It is another object of the
present invention to provide an inspection nethod for synchronously
noni toring the formation of |laser crystallized silicon in the
| ow-tenperature poly Si (LTPS) process. A visible light source for
irradiating the surface of the crystallized silicon and a canera for
catching the reflected light of the light source are enployed in _
combi nation with an excimer |aser annealing (ELA) nachine of l|ine scanning
so as to nonitor the crystallization at the surface of the crystallized
silicon and to nodify and adjust the |aser energy of the excinmer |aser
anneal ing (ELA) machine inmediately whenever the abnornmal crystallization
is found. [WUGA. It tisi anather |obienst nér thebpeesent finvériqr etegprovrdeeran on to
rovide an . inspection ratus usi ng the abgve-nentioned i nspection
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source are employed in combination with an excimer laser annealing
(ELA) machine of line scanning so as to monitor the crystallization at
the surface of the crystallized silicon and to modify and adjust the
laser energy of the excimer laser annealing (ELA) machine immediately

whenever the abnormal crystallization is found.

[0008]. It is still another object of the present invention to provide an

inspection apparatus using the above-mentioned inspection method.

[0009]. According to a first aspect of the present invention, an inspection
method of laser crystallized silicon applied in the low-temperature poly Si
(ITPS) process comprises the steps of using a visible light source such as
a white or green light to irradiate the surface of the crystallized
silicon on an insulating substrate, and examining the quality of the
crystallization by variations of the light reflected by the
configuration of protrusions at the surface of the crystallized silicon
formed through the line scanning of the excimer laser annealing (ELA)
technology. For instance, when the variations of the reflected light are

large and obvious, stripes are distributed over the surface of the




configuration of protrusions at the surface of the crystallized silicon
formed through the Iine scanning of the exciner |aser annealing (ELA)
technol ogy. For instance, when the variations of the reflected |ight are

| arge and obvious, stripes are distributed over the surface of the
crystallized silicon and - this represents a poor quality of
crystallization. [0010]. According to a second aspect of the present
invention, an inspection method for synchronously nonitoring the formation
of laser <crystallized siliconin the |owtenperature poly Si (LTPS)
process is disclosed. This nethod includes the steps of perform ng an

exci mer |aser annealing (ELA) technology in a |line scanning nanner to
transform anorphous, silicon on a substrate to crystallized silicon,
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disclosed. This method includes the steps of performing an excimer
laser annealing (ELA) technology in a line scanning manner to transform
amorphous silicon on a substrate to crystallized silicon, synchronously
using a visible light source to irradiate the surface of the crystallized
silicon, examining the crystallization quality of the crystallized
silicon by variations of the light reflected by the configuration of
protrusions at the surface of the crystallized silicon, and monitoring
whether the laser energy of the laser beam used in the ELA technology does
not match the crystallization conditions of the amorphous silicon or
the laser energy thereof is unstable. For instance, when the variations
of the reflected light are large and obvious, stripes are distributed
over the surface of the crystallized silicon and this represents a poor

crystallization quality and the laser energy is unsuitable or unstable.

Brief Description of the Drawings

[0011]. The foregoing aspects and many of the attendant advantages

of this invention will become more readily appreciated as the same




Brief Description of the Drawings [0011]. The foregoi ng aspects and many
of the attendant advantages of this invention will becone nore readily
appreci ated as the sane becones better understood by reference to the
followi ng detailed description, when taken in conjunction with the
acconpanyi ng draw ngs, wherein: [0012]. FIG . 1A to 1C are atomc force
m croscope pictures of sanples of the |aser crystallized silicon of a
gl ass substrate; [0013]. FIGs. 2A to 2C are correspondi ng el ectronic
m croscope pictures of the sanples of the |laser crystallized silicon as
shown in FIG. IAto IC [0014]. FIG 3 is a diagramshow ng the relation
between the nornalized intensity of the reflected Iight and the anount of
the | aser energy in accordance with this invention; [0015]. FIG 4 shows
a picture dreeaigesrietiar indarstodd don reégicome om the fitldss ingbdtraate f or med
by differe%armunts of |aser energy after _irradiated by a white |ight,
taken by t HECSCARRNED, nWhCHotakaBe 1R €oniuRetion with the accompanying
drawings, wherein:
[0012]. FIGs. 1A to 1C are atomic force microscope pictures of samples of

the laser crystallized silicon of a glass substrate;

[0013]. FIGs. 2A to 2C are corresponding electronic microscope pictures
of the samples of the laser crystallized silicon as shown in FIGs. 1A to
1C;

[0014]). FIG. 3 is a diagram showing the relation between the
normalized intensity of the reflected light and the amount of the laser

energy in accordance with this invention;

[0015]. FIG. 4 shows a picture of the crystallized silicon regions on
a glass substrate formed by different amounts of laser energy after
_irradiated by a white light, taken by the camera in accordance with this

invention; and

[0016]. FIG. 5 is a schematic instrument construction diagram of the
inspection method of laser crystallized silicon in accordance with this

invention.




i nvention; and [0016]. FIGG 5 is a schematic instrunment construction

di agram of the inspection nethod of laser crystallized silicon.in
accordance with this invention. Detailed Description of the Preferred
Enbodi ments [0017]. A novel inspection nmethod of |aser crystallized
silicon is provided in this invention. In the process for irradiating the
anor phous silicon on an insulating substrate such as glass substrate wth
a laser beam through an excimer |aser annealing (ELA) technology of line
scanning to be crystallized, a visible Iight source such as a white [ight
is used to irradiate the surface of the crystallized silicon, and the
quality of the crystallization is exam ned by variations of the [|ight
reflected by the configuration of protrusions at the surface of the
crystal lized si|DegailedoDesogiption ofvthe P hefermednEnilodimengs reflected
light is large and obvious, stripes are distributed over the surface of
the crystallized silicon and this represents a poor quality of

[ ' : | f..the, l b d
7 the ELALY Q8T ol B fOYEL intBEbNGh hiihoaCRE JRSF! sttt sTifonaRe of & he
anor phous - pirbivedéd Ofn t ieisl 3A9EntRE. IYnt BRE €BlobSss WHT aPIHuiGAR 2 RQ be

nmoni t or ed.
amorphous silicon on an insulating substrate such as glass substrate

with a laser beam through an excimer laser annealing (ELA) technology of
line scanning to be crystallized, a visible light source such as a white
light is used to irradiate the surface of the crystallized silicon, and
the quality of the crystallization is examined by variations of the
light reflected by thé configuration of protrusions at the surface of
the crystallized silicon. For instance, when the intensity of the
reflected light is large and obvious, stripes are distributed over the
surface of the crystallized silicon and this represents a poor quality
of crystallization. Moreover, whether the laser energy of the laser beam
used in the ELA technology does not match the crystallization
conditions of the amorphous silicon or the laser energy thereof is

unstable can also be monitored.

[0018]. Refer to FIGs. 1A to 1C and FIGs. 2A to 2C, which are
respectively atomic force microscope pictures and corresponding electronic
microscope pictures of samples of the crystallized silicon, wherein the
samples of the electronic microscope have been chemically treated to expose
the grain boundary of the crystallized silicon so as to inspect the quality

of crystallization.




[0018]. Refer to FIG. 1A to 1C and FIGs. 2A to 2C, which are respectively
atom c force mcroscope pictures and corresponding el ectronic m croscope
pi ctures of sanples of the crystallized silicon, wherein the sanples of
the el ectronic m croscope have been chemcally treated to expose the grain
boundary of the crystallized silicon so as to inspect the quality of
crystallization. [0019]. FIGs. | A and 2A show the crystallization state of
the insufficient |aser energy. It is found that the protrusions at the
surface of the crystallized siliconin FIG 1A are in a random
configuration and that the grain boundary of the crystallized silicon in
FIG 2A is in disorder. Wien the | aser energy is increased to be in optinal
conjunction with the crystallization conditions of the anorphous silicon
such as the thickness of the anmorphous silicon film the thickness of
silicon oxide fornmed at the surface of the film and the anbience of | aser
crystal i zd®0d®]. t kdGsr y%alandzat\i cshowt ath@ ofy&tahhimtjpm ammter eafll| thre
conflguratlon shown 1B and. 2B. ver, mhen t he
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FIG. 2A is in disorder. When the laser energy 1s increased to be in optimal
conjunction with the crystallization conditions of the amorphous silicon
such as the thickness of the amorphous silicon film, the thickness of silicon
oxide formed at the surface of the film and the ambience of laser
crystallization, the crystallization state of a uniform and regular
configuration is formed, as shown in FIGs. 1B and 2B. However,

when the laser energy goes beyond, the crystallization state of regularity

disappears, as shown in FIGs. 1C and 2C.

[0020]. According td long-term research and observation, it is
found that the protrusions formed at the surface of the crystallized silicon
are in a uniform and regular configuration when the laser energy is in
optimal conjunction with the crystallization conditions, wherein the
direction of the configuration is perpendicular to the scanning
direction of the laser, and the space between two lines of the
protrusions is about 2500-3300 nm, and the average angular distribution of the
protrusions with respect to the plane of the film is at 70-80 degrees. Because of
the uniform and regular configuration of protrusions formed at the surface

of the crystallized silicon, the surface of the crystallized silicon has a




optimal conjunction with the crystallization conditions, wherein the
direction of the configuration is perpendicular to the scanning direction
of the laser, and the space between two lines of the protrusions is about
2500- 3300 nm and the average angul ar distribution of -the protrusions
with respect to the plane of the filmis at 70-80 degrees. Because of the
uni form and regul ar configuration of protrusions forned at the surface of
the crystallized silicon, the surface of the crystallized silicon has a
function simlar to beamsplitting-gratings. Wien a white [ight source is
used to irradiate the surface of the crystallized silicon about at a 10-85
degree angle of the plane of the substrate, preferably at a 15-30 degree

- angle, the optical path difference of the lights reflected by the regularly
arranged pridnctiginsigndar todesursplittinggratings CWhsh alwhirekiglstisoumenis inged

cal culated, according to the_ fornmula to be 5394-5684 nm which is exactly
the wavel éﬁ&fﬁg tﬁﬁ@ﬂl&f@@p of Bistcrysiiized silisonuabowt at and-88gde gree
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FIG 3, the
wavelength of a green light. That is, the uniform and regular

configuration of protrusions can results in the maximum constructive
interference of a bright green light. Hence, when an observer Iooking within
the irradiation angle range of the white light source, he/she will see that the
surface of the crystallized silicon in the optimized crystallization

appecars green.

[0021]. FIG. 3 shows the relation between the intensity of the
reflected green light and the amount of the laser energy. When the

laser energy is appropriate, as shown in the F region of FIG. 3, the

intensity variation of the reflected green light (the value of A Y/A

X) is small although a certain of variation will occur because of the
discontinuous output of the ELA laser light itself. However, when
the laser energy is unsuitable, as shown in the E region of
insufficient laser energy and the G fegion of excessive laser energy
of FIG. 3, the intensity variation of the reflected green light with

respect to the same laser energy in the F region is large. Under such




intensity variation of the reflected green light (the value of (err)

Y/ (err) X) is small although a certain of variation wll occur because of
the discontinuous output of the ELA laser light itself. However, when the
| aser energy is unsuitable, as shown in the E region of insufficient |aser
energy and the G region of excessive |laser energy of FIG 3, the intensity
variation of the reflected green light with respect to the sane | aser
energy in the Fregion is large. Under such circunstance, the intensity
variations of the reflected green light at the surface of the crystallized
silicon of different positions on the substrate are so obvious that
stripes are fully distributed at the surface of the crystallized silicon.
In other words, when the surface of the crystallized silicon is irradiated
by a whi t e cirghmstoos dhabatensityararidfiods ofegreeecfiagical prddn ligheat to the
pl ane of the substrat it can__be concluded that the |aser energy is

i nappropr i zﬁl‘é sprfage be@ér@féﬁtammﬂ rsitiigeni ofadifferant pogitéonange the t he
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such as a lens with a tens nmresol dtion e use &Cenent
for the obdér8srdeprepemgle wailthespect rRURS ptind BE the substrate, 1t can

be concluded that the laser energy is inappropriate if an observer

within the irradiation angle.range of the white light source sees the stripes

showing at the surface of the crystallized silicon. Furthermore, the best

plane orientation to observe whether the stripes appear at the surface

of the crystallized silicon is perpendicular to or paraliel with the

scanning direction of the laser.

[0022]. Because of the progress in the modern mage technology, a
camera such as a CCD lens with a tens mm resolution may be used in
replacement for the observer’s eyes to catch the images of the
reflected light. FIG. 4 shows a picture of the crystallized silicon
regions on a glass substrate formed by different amounts of laser
energy after irradiated by a white light, taken by the camera, wherein
the laser energy is insufficient in the E region, the laser energy is
appropriate in the ¥y, F; and F3 regions and the laser energy is
excessive in the G region. As shown in FIG. 4, stripes are fully
distributed at the sprface of the crystallized silicon in the E region of

insufficient laser energy and the G region of excessive laser energy.
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reflected light. FIG 4 shows a picture of the crystallized silicon

regions on a glass substrate formed by different anounts of |aser energy
after irradiated by a white light, taken by the camera, wherein the |aser
energy is insufficient in the E region, the |aser energy is appropriate in
the F1, F2 and F3 regions and the | aser energy is excessive in the G
region. As shown in FIG 4, stripes are fully distributed at the surface
of the crystallized silicon in the E region of insufficient |aser energy
and the G region of excessive |aser energy. [0023]. Hence, a sinple and
rapi d i nspection nethod of |aser crystallized silicon is designed
according to the above-nentioned research and discovery. As shown in FIG
5, a visible light source 3 is used to irradiate the surface of the
crystallized silicon of a substrate 2 disposed on a platform 1 about at a-

10- 85 degr le _wth respect to the plane of the substrate, and a
camer a 4gi ‘iﬁaiiﬂ Hengcgy c ?Wépif‘efﬂ%t&Plﬂné@&e@ﬂonhm@hpﬂaéﬁ dasarhe
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obtained to facilitate process nonitoring.
substrate 2 disposed on a platform 1 about at a 10-85 degree angle
with respect to the plane of the substrate, and a camera 4 is used to
catch the reflected images of the surface of the crystallized silicon of
the whole substrate, within the irradiation angle range of the light source 3.
The captured images are then inputted into a computer for treatment
and analysis. For instance, by analyzing the uniformity, contrast or
gray scale of the light intensity of the image at a selected region, the

crystallization state of the selected region can be obtained to

facilitate process monitoring.

[0024]. The equipment necessary for performing the inspection
method of laser crystallized silicon in this invention is merely a
visible light source and a camera, and can be combined with the
excimer laser annealing (ELA) machine to design an inspection apparatus
for synchronously monitoring the formation of laser crystallized silicon in
the low-temperature poly Si (LTPS) process so as to modify and adjust the
Iaser energy of the ELA machine immediately whenever the
abnormal crystallization is monitored. For the inspection method of

laser crystallized silicon in this invention, it takes only 5-10 seconds

_11_




[ 0024] . The equi pment necessary for perform ng the inspection nethod of

| aser crystallized silicon in this inventionis nerely a visible |ight
source and a canera, and can be conbined with the excinmer |aser annealing
(ELA) machine to design an inspection apparatus for synchronously
monitoring the formation of |aser crystallized silicon in the

| ow-tenperature poly Si (LTPS) process so as to nodify and adjust the

| aser energy of the ELA nachine inmediately whenever the abnornal
crystallization is nonitored. For the inspection nethod of |[aser
crystallized silicon in this invention, it takes only 5-10 seconds to
capture the reflected inmages at the surface of the crystallized silicon on
t he whol e about 1 n2 substrate and to anal yze themwith a conputer
software. [tA s@piuncothe teélaoisdeunngns ratt Hoel sorfacsof the ywayatdllized silicon
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S i nappr oPANSPE Wb LR Reltiwt Dan! sROSUakIRRAJRARAYEREDaRLMERDEs
ili , but ] th =uni f tal.lizati ted f
The unst bR SAINSE-"Ta BB PO niBefoh: AP RRdATOA, i o

I ShanT , [ ith
The comventt oralGe Surron ShoRs. B oRANA ken MORS RO HRR 8,

this i nvensitmtion mhae thepigdr en@%}vﬁqiiﬁﬂf)pﬂf&iﬁﬁ@@@rﬁh%abryﬁﬁﬁikétiﬁ’ﬁi table
for process nonitoring. [0026]. is understood by a person skilled in the
art, the fooagotiogs eabodheersmalphbhe sikseni bmterdlson ésaminé! Ithst rati on

of the present . .. .
non-uniform crystallization resulted from the unstable laser energy, i.e.

-the situation that the laser energy is accurately set but unstably outputted.

[0025]. Therefore, comparing with the conventional SEM method and deep
UV method, the method provided in this invention is more rapid,

convenient and economical, and is suitable for process monitoring.

[0026]. Asisunderstood by a person skilled in the art, the foregoing
embodiment of the present invention is an illustration of the present
invention rather than limiting the p'resent invention. It is intended to
cover various modifications and similar arrangements included
within the spirit and scope of the appended clainis, the scope of
which should be accorded the broadest interpretation so as to

encompass all such modifications and similar structure.
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invention rather than limting the present invention. It is intended to
cover various nodifications and simlar arrangenents included wthin the
spirit and scope of the appended cl ainms, the scope of which should be
accorded the broadest interpretation so as to enconpass all such

nodi fications and simlar structure. Patent Clains Wat is clainmed is: |
A nethod for inspecting crystallized silicon transforned from anorphous
silicon by the line scanning of an excinmer |aser annealing (ELA) in the

| ow-tenperature poly Si (LTPS) process, said inspection nethod conprising:
“irradiating the surface of said crystallized silicon by a visible |ight
source; and exam ning the crystallization quality of the crystallized
silicon by variations of the light reflected by the configuration of
protrusions at the surface of sailatengCdhiinsed silicon. 2. The nethod of
Caim1l, further conprising a step of determning the quality of the
crystallization i's poor if stripes distribute over the surface of said

crystalli Z%hsait liiscc(igimeg'is-'rhe met hod of Claim1l, wherein said visible |ight
sour ce :

I. A method for inspecting crystallized silicon transformed
from amorphous silicon by the line scanning of an excimer laser
annealing (ELA) in the low-temperature poly Si (LTPS) process, said
inspection method comprising:

irradiating the surface of said crystallized silicon by a

visible light source; and
| examining the crystallization quality of the crystallized
silicon by variations of the light reflected by the configuration of

protrusions at the surface of said crystallized silicon.

2. The method of Claim 1, further comprising a step of
determining the quality of the crystallization is poor if stripes

distribute over the surface of said crystallized silicon.
3. The method of Claim 1, wherein said visible light source
irradiates the surface of said crystallized silicon about at a 10-85 degree

angle with respect to the plane of said substrate.

4. The method of Claim 1, wherein said visible light source is

a white light.
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irradi ates the surface of said crystallized silicon about at a 10-85 degree
angle with respect to the plane of said substrate. 4. The nethod of Caim
1, wherein said visible light source is a white light. 5. The nmethod of
Claim 1, wherein said visible light source is a green light. 6. A nmethod
for synchronously nonitoring the formation of crystallized silicon in the
| ow-tenperature poly Si (LTPS) process, said nethod conprising: performng
exci mer | aser annealing (ELA) in a line scanning manner to transform

anor phous silicon on an substrate into the crystallized silicon;
synchronously irradiating the surface of the crystallized silicon by a
visible |ight source; examning crystallization quality of the crystallized
silicon by variations of the light reflected by the configuration of
protrusions at the surface of the crystallized silicon; and nonitoring if

the laser energy_of the |aser beamused in the ELA nmatches the
crystallization ond kg Byedhed afi{daimd; pHmrsiniskid isibla lighites ometceois of

Claim 6, f%rtgpgénff)grmr.l sing a step of

6. A method for synchronously monitoring the formation of
crystallized silicon in the low-temperature poly Si (LTPS) process, said
method comprising:

performing excimer laser annealing (ELA) in a line scanning
manner to transform amorphous silicon on an substrate into the crystallized
silicon;

synchronously irradiating the surface of the crystallized silicon
by a visible lfght source;

examining crystallization quality of the crystallized silicon by
variations of the light reflected by the configuration of protrusions at
the surface of the crystallized silicon; and

monitoring if the laser cnergy of the laser beam used in the ELA

matches the crystallization conditions of the amorphous silicon.

7. The method of Claim 6, further comprising a step of

monitoring if the laser energy of the laser beam is unstable.

8. The method of Claim 6, further comprising a step of

determining the crystallization quality is poor and the laser energy is
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nonitoring if the |laser energy of the |aser beamis unstable. 8. The

nmet hod of Caim6, further conprising a step of determning the
crystallization quality is poor and the | aser energy is unstable if stripes
distribute over the surface of said crystallized silicon. 9. The nethod
of Claim®6, wherein said visible light source irradiates the surface of
said crystallized silicon about at a 10-85 degree angle wth respect to
the plane of said substrate. 10. The nmethod of Caim®6, wherein said
visible light source is a white light. 11. An apparatus for inspecting
crystallized silicon fornmed in the |owtenperature poly Si (LTPS) process,
sai d inspection apparatus conprising: an exciner |aser annealing (ELA)
machi ne for transfaorm ng anprphous silicon on an substrate into said
crystal | i zaWstablg dbrstrinas disuseutmeveri tha surface sefasnihgryatuléizeda
viSibIe-Ii%h. source for irradiating the surface of said «crystallized
silicon on>df8%substrate; and a canera for capturing the refl ected i nages

of the surface of

9.  The method of Claim 6, wherein said visible light source
irradiates the surface of said crystallized silicon about at a 10-85 degree

angle with respect to the plane of said substrate.

10.  The method of Claim 6, wherein said visible light source is a

" white light.

11. An apparatus for inspecting crystallized silicon formed in the
low-temperature poly Si (LTPS) process, said inspection apparatus
cqmprising:

an excimer laser annealing (ELA) machine for transforming amorphous

- silicon on an substrate into said crystallized silicon with a laser beam in a
line scanning manner; |

a visible light source for irradiating the surface of said
crystallized silicon on said substrate; and

a camera for capturing the reflected images of the surface of

said crystallized silicon.

12. The apparatus of Claim 11, further comprising a computer

for receiving and analyzing said images captured by said camera so
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said crystallized silicon. 12. The apparatus of Caim 11, further
conprising a conputer for receiving and anal yzing said i mages captured by
said canera so as to nonitor the crystallization state of a selected region
at the surface of said crystallized silicon and to make process
adjustnments. 13. The apparatus of Claim 12, wherein said conputer

anal yses the uniformty, contrast and gray scale of the light intensity of
said imges at said selected region to nonitor the crystallization state
of said selected region and to make adjustnments in the |aser energy of
said | aser beam 14. The apparatus of Caim1l1l, wherein said canmera
captures the reflected i mages of the surface of said crystallized silicon
on the whol e, substrate after irradiated by said |ight source. 15. The
appar atus oft® &P ANAMIOT fhe Gvstaldizptionispte (afgatselsotadaegiomditatles t he

surface. of j I |i.z i li.con about at a 10-85 degree angle with
respect to ?’ﬁlgg%?anzstag? ngggﬂ ggitsrlg[cg_n ang to-make prasesuadpistmeditm 11,
wherein said visible light source is a white |ight. '
13. The apparatus of Claim 12, whereiﬁ said computer
analyses the uniformity, contrast and gray scale of the light intensity
of said images at said selected region to monitor the crystallization
state of said selected region and to make adjustments in the laser

energy of said laser beam.

14‘. The apparatus of Claim 11, wherein said camera captures
the reflected images of the surface of said crystallized silicon on the

whole substrate after irradiated by said light source.

15. The apparatus of Claim 11, wherein said visible light
source irradiates the surface of said crystallized silicon about at a 10-85

degree angle with respect to the plane of said substrate.

16. The apparatus of Claim 11, wherein said visible light

‘source is a white light.

17. The apparatus of Claim 11, wherein said visible light

source is a green light.
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17. The apparatus of Claim 11, wherein said visible light source is a
green light. 18. The apparatus of Claim1ll, wherein said canera is
vertically oriented within the irradiation angle range of said visible

i ght source. 19. The apparatus of C aim 11, wherein said canera is
horizontally oriented in the direction perpendicular to that of the line
scanni ng of said | aser beam 20. The apparatus of Caim1l, wherein said
canmera is horizontally oriented in the direction parallel to that of the
| ine scanning of said | aser beam

18. The apparatus of Claim 11, wherein said camera is
vertically oriented within the irradiation angle range of said visible

light source.

19. The apparatus of Claim 11, wherein said camera is
horizontally oriented in the direction perpendicular to that of the line

scanning of said laser beam.
20. The apparatus of Claim 11, wherein said camera is

horizontally oriented in the direction parallel to that of the line

scanning of said laser beam.
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