| NSPECTI ON METHOD AND APPARATUS OF LASER CRYSTALLI ZED SILICON Field of the
I nvention [0001]. The present invention relates. to an inspection nmethod and
apparatus of laser crystallized silicon and, nore specifically, to an

i nspection nethod for synchronously nonitoring the formation of |aser
crystallized silicon in the |lowtenperature poly Si (LTPS) process and an

i nspection 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 cal cul ators, personal digital assistants (PDAs),

wat ches, |aptops, digital canmeras, and nobile phones, etc. due to their

‘advant ages a _ | ZE, i.g | ower power consunption and no
radi ation. - Fm@rﬁﬁgfbﬁr@mﬁcmg ABRB&RATS OFLASERN research
& devel opnent. and enpl oy ; i cating equi pment, the decreasing
cost of production nmakes ¢ﬂ%ﬁ&%lﬁhglmglﬁopul ar. [0003]. Since
the I owtenperature poly Si (LTPS) thin filmtransistor LCDs are superior
in resolution, brightness, size and anti-electromagnetic -1 interferences,

the LCD manufacturers are graie.i i& f cu in .gn such a technical field.
Consi dering quality of filns %—MJMMWSS production, an

[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

| [0G02]. With the advance of techniques for manufacturing thin-film
transistors, the liquid crystal displays (I.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 reséarch &
development and employ large-scale fabricating equipment, the decreasing cost

of production makes the TFT-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



excimer | aser annealing (ELA) is enployed in the LIPS process. The exciner
| aser is used as a heat source and the |aser |ight through the projection
system produces |aser beanms with uniformenergy 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
transforned to be a poly Si -structure. The entire annealing process is
performed bel ow 600 C and a typical glass substrate or a plastic substrate
can be used. [0004]. As nentioned in the above, in the application of the
LTPS, the a-Si structure deposited on the substrate is irradi ated and,
scanned by a |laser beamto formlaser crystallized silicon. The quality of
i con has direct influences on the
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m croscope for exam ning the configuration of protrusions at the surface
of the -2 SHelHg on tesubstrateofterdheedi stuptire oaphe/substate sboybs et hod can

merely energy 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 bya
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
scatming 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



be used to inspect the crystallization of several mcrons on the substrate
because it nust nmagnify the sanple to nore than ten thousand tines and it
woul d take several days to inspect the whole substrate, and the equi pnent
of the deep IJV mcroscope nethod is conplicated, delicate and at a high
price. [0005]. Therefore, the inprovenents in the current inspection

nmet hods of the |aser crystallized silicon in the LTPS process are urgently
desired so as to provide a satisfactory inspection result of the |aser
crystallized silicon. Summary of the Invention [0006]. It is an object of
the present invention to provide an inspection nethod of |aser
crystallized silicon applied in the lowtenperature poly Si (LTPS)

process. By the _phepqupenon_of simlar beamsplitting-gratings caused by

t he confi guFgfs stjeqnt Hlewsiver athe despsUVimingossiope e thondysd mnt é reéy o
silicon forggd ﬁn a{ i.nsul tiﬂg substgate.thro gh the, line scanning of th
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(LTPS) procsslsstréte, and the equipment of the deep UV microscope method is

complicated, delicate and at a high price.

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

the laser crystallized silicon.

Summary of the Invention

[0606]. Itis 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.



visible light source for irradiating the surface of the crystallized
silicon and a canera for catching the reflected light of the |ight source
are enpl oyed in conbination with an exciner |aser annealing (ELA) nachine
of line scanning so as to nonitor the crystallization at the surface of
the crystallized silicon and to nodify and adjust the |aser energy of the
exci mer | aser annealing (ELA) machine imedi ately whenever the abnornal
crystallization is found. [0008]. It is still another object of the present
i nvention to provide an inspection apparatus using the above-nentioned
I nspection nethod. [0009]. According to a first aspect of the present
I nvention, an inspection nethod of |aser crystallized silicon applied in
t he Iovv-terTEerature poly Si (LTPS) process conprises the steps of using a
visible |igh®088ls cké Buanotier ebjebi tof die grresomt| inyentie® or prevede hRe
surface of the crystall il_zlea silicon on an insulating substrate, and
exani ni ng t H&® PR y&tho d ofo1: syaglispneusly iraenibyring thea formmagionr of Haseri ght
reflected b .copfigurati.on,of. protrusions at the surface of the
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of crystallization.
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
V(LTPS) process comprises the steps ofusing 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



[ 0010] . According to a second aspect of the present invention, an

I nspection nmethod for synchronously nonitoring the formation of |aser
crystallized siliconin the |lowtenperature poly Si (LTPS) process is

di scl osed. This nethod includes the steps of perform ng an excinmer |aser
annealing (ELA) technology in a |line scanning manner to transform

anor phous silicon on a substrate to crystallized silicon, synchronously
using a visible light source'to irradiate the surface of the crystallized
silicon, exam ning 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 nonitoring whether the

| aser energy of the |aser beamused in the ELA technol ogy does not natch
the cryst al ¢iysdalisred ordlicoonsand tthés aneprbsestssi Ai geoomor quabity! aser
energy thereof .ig.unstable. For instance, when the variations of the
reflected I?@ﬁ%agFQNF%Pge and obvious, stripes are distributed over the
surface of the crystallized silicon and this represents a poor
crystallization quality and the | aser energy is unsuitable or unstable.
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acconpanyi ngystallized silicon in the low-temperature poly Si (LTPS) process is
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 crystailized
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'alfld 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 édvantages

of this invention will become more readily appreciated as the same



drawi ngs, wherein: [0012]. FIGs. IAto IC are atom c force m croscope

pi ctures of sanples of the |aser crystallized silicon of a glass
substrate; [0013]. FIGs. 2A to 2C are corresponding 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 anmount of the

| aser energy in accordance with this invention; [0015]. FIG 4 shows a
picture of the crystallized silicon regions on a glass substrate forned by
different amounts of |aser energy after irradiated by a white |light, taken
by the canera in accordance with this invention; and [0016]. FIG 5 is a
schematic instrunent construction diagramof the inspection nethod of

| aser crystbptomes bettecomnderssoodr bpnederénde tbithe FoMeningndetA1&et ai | ed
Description_of the Preferred Embodi nents [0017]. A novel inspection nethod
of laser cr{St&ipfingy svhemotakien ipr eongenciinnt iighi bvenidampbknyide
process for ,irradiati the anorphous silicon on an insulating substrate
such as gl 2SS @gfew-th a | aser beam through an exciner |aser

anneal i ng (Mz]t.e%@iol% £871C 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;

f0015]. ‘FIG. 4 shows a picture of the crystallized silicon regions on
a glass substrate formed by different amounts of laser energy after
rirradiated 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 ne 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 exam ned by variations of the |[ight
reflected by the configuration of protrusions at the surface of the
crystallized silicon. For instance, when the intensity of the reflected
light is |arge and obvious, stripes are distributed over the surface of
the crystallized silicon and this represents a poor quality of
crystallization. Mreover, whether the |aser energy of the | aser beam used
in the ELA technol ogy does not match the crystallization conditions of the -
anor phous silicon or the |aser energy thereof is wunstable can al so be
nonitored. [0018]. Refer to FIGs. 1A to 1C and FIGs. 2A to 2C, which are

respectively atoBetaibrddeicipsicnpefthet Pieferadl EihbodRaiditdg el ectronic
m croscope pictures of sanples of the crystallized siTicon, erein the
sanples of the electronic m croscope have been chemcally treated to expose

the grain tﬁlm ry ,of crystallized,siji so as tg.inspect the quality
| za?a(’)nA BV O’f)ﬁ#’.ecg’lo& m?tkognﬁ%gﬁsghﬁwsttﬁﬁl%‘? StHepnzi i on

of crystal
2t the surfasaoct dhC RIS SRR ALCTR hE drdokPl Pl Bhadithiell Yo
confi gur at immoepidoudailicbe @f ahlinbeLRE ¥ubktiale secYsiekldgeshmitigon in
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 cr_ystallization is examined by variations of the
light reflected by the 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 samﬁles of the crystallized silicén, wherein the
samples of the electronic microscope have been chemically treated to expose
tl}& grain boundary of the crystallized silicon so as to inspect the quality

of crystallization.



FIG 2Ais 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 anorphous silicon film the thickness of
silicon oxide forned at the surface of the filmand the anbience of | aser
crystallization, the crystallization state of a uniformand regul ar
configuration is forned, as shown in FIGs. 113 and 2B. However, when the

| aser energy goes beyond, the crystallization state of regularity

di sappears, as shown in FIGs. I C and 2C. [0020]. According to long-term
research and observation, it is found that the protrusions fornmed at the
surface of the crystallized silicon are in a uniformand regul ar
configuration when the |aser energy is in optiml conjunction with the
crystallization conditions, wherein the direction of the configurationis .
perpendicular to the scanning direction of the |laser, and the space

bet ween twolQh¥s ofIGselAprandr @& oshow sthebeuystzthieadaa state aofl the

aver age angulangLst{ibution of t rotrusions with respect to the plane
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the plane dFIGh2Asisbist dordepr Wiesiabhy l&ker andr2y 3iRGH:E6€ 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. IB and 2B. However,
when the laser énergy goes beyond, the crystallization state of re gularity

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

[0020]). According to 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 profrusions formed at the surface

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



angle, the optical path difference of the lights reflected by the regularly
arranged protrusions at the surface of the crystallized silicon is
calculated according to the fornula to be 5394-5684 nm which is exactly
the wavelength of a green light. That is, the uniformand regul ar
configuration of protrusions can results in the maxi mum constructive
interference of a bright green light. Hence, when an observer | ooking
within the irradiation angle range of the white |light source, he/she wll
see that the surface of the crystallized silicon in the optimzed
crystallization appears green. [0021]. FIG 3 shows the relation between
the intensity of the reflected green |ight and the anount of the |aser
energy. \Wen the |aser energy is appropriate, as shown in the F region of
FIG 3, thefunctiensimylaraioi anosplittinglpeatinggsl $tiench ghite light @ired ish8eyal ue of
AY A X) is small although a certain of variation will occur because of -
the di scontdagise haputaceiof theceissallized silighn abos¢lat a HVES degradhen t he

| aser. ener IS unsyitable, a ho in the E region of insufficient |aser
ener gy andg%/%%lseGo?e eoﬂ?tf%?ee‘?(’iééﬁ DS UERISs riedegablyort @ ¢5-30 degréentensity
var | 26100 cindfae 08 RERRSpRHEBRLLAN! of (ol 1ihGE BBk B R
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silicon of different positions on
according to the formula to be 5394-5684 nm, which is exactly 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 looking 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

appears green.

[6021]. FIG. 3 shows the relation between the intensity of the
reflected green light and the amouat 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



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 siliconis irradiated by a white |ight source about at an
10-85 degree angle with respect to the plane of the substrate, it can be
concluded that the |l aser energy is inappropriate if an observer wthin the
I rradi ation angle range of the white |light source sees the stripes show ng
at the surface of the crystallized silicon. Furthernore, the best plane
orientation to observe whether the stripes appear at the surface of the
crystallized silicon is perpendicular to or parallel with the scanning
direction of the |laser. [0022). Because of the progress in the nodern nage
technol ogy, a canera such as a CCD lens with a tens mmresolution nay be

used in repireumseancé othd iretenisseyr variasioaness tiee eafleltéderbaRdeshOht t he

reflected light. FIG 4 shows a picture of the crystalliZed silicon

regi ons on Heguskseseibthe grystndliged bilich faf diffeaentipositibnisasar theener gy

after irradi y a taken by the canera, wherein the |aser
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10-85 degree angle with respect to the plane of the substrate, it 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 parallel 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 crfstallized 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 Fy, F, and F; 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.

-310-



[0023]. Hence, a sinple and rapid inspection nethod of |aser crystallized

siliccon is designed according to the above-nmentioned research and

di scovery. As shown in FIG 5, a visible light source 3 is used to

irradiate the surface of the crystallized silicon of a substrate 2

di sposed on a platform 1l about at a 10-85 degree angle wth respect to the

pl ane of the substrate, and a canera 4 is used to catch the reflected
urface of the crystallized silicon of the whole substrate,

i f d s .
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I nstance, by analyzing the uniformty, contrast or gray scale o | i ght

i ntensi ty sulfsttdte 2 nligpostd asal pleitésrheliadbuttdtea crystalibbzed aaglst ate of
the selected region can be obtained to facilitate process nonitoring.

[0024] . Theitdgtaspeshitorideepkareyof she partistratengnidhe darmommiamsbalmbtdlaodhof
| aser crystallized silicon in this invention js nerely a visible Iight
sour ce a%d’aéchéﬁﬁrrﬁﬁeéﬁﬁgé%gﬁé oihs sidage of theecryskalilimad sidieon afineal i ng
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source 3. The camera 4 and the light source 3 are disposed at the
same side of the detecting point 21 & 22. In other words, the light
source 3 and the camera 4 are disposed at the same side to the normal
lines of the substrate 2, wherein the normal lines are through the
detecting point 21 & 22 respectively. 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
laser 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-



the |l owtenperature poly Si (LTPS) process so as to nodify and adj ust the

| aser energy of the ELA nachine i nmedi ately whenever the abnornal
crystallization is nonitored. For the inspection nethod of |aser
crystallized silicon in this invention, it takes only 5-10 seconds -IL to
capture the reflected i nages at the surface of the crystallized silicon on
the whol e about 1 nR substrate and to analyze themwith a conputer
software. In addition, the inspection nethod of laser «crystallized silicon
‘in this invention can not only exam ne the situation that the |aser energy
is inappropriate to the crystallization conditions of the anorphous
silicon, but also exam ne the non-uniformcrystallization resulted from
the unstable |aser energy, i.e. the situation that the |aser energy is
accur at el y Hetcapiureitbeattffeoiadimages af abesjurfiberef she, cryspHized Wit h

the conventiignal SEM net EOP and dﬁ%zg‘;}%”ﬁt hod, the nethod provided in
this invent{%ifqso Vapfaabopsdvien;saihsteate andbtbanalyze thamiwitha t abl e

for process i i 0026] . ...S _under st ood a person skilled in the
art, the fo?%%’@ilu&gf ge}%é 'rr?nsg[{n @ﬁsqlﬁlé’npr et SPfG &geﬂ%"‘grf)%(llﬁﬁ@frati on
of the presgRistallM&Ndj ipeknih 1 t pr n{ lnvention. It is
i ntended to po?/er @gréllgi&ghangai ?I}%Sa??gtﬁislmg?\{d%glnm eoz§r Ogl?fa%}ﬁ%%ﬁ?s{q%pl uded
wi thin the sipaatibnatithtsgenias@ eddigy aapm?wpﬁfﬁw&o e crgoRrg1ightiothi ch
shoul d be accorded the broadest interpretation so as to

" conditions of the amorphous silicon, but also examine the

- 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 piescnt invention. It is intended to
cover various modifications and similar arrangements included
within the spirit and scope of the appended claiﬁs, the scope of
which should be accorded the broadest interpretation so as to

encompass all such modifications and similar structure.
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enconpass all such nodifications and simlar structure. -12 Patent C ains
What':is clainmed is: 1. A nethod for inspecting crystallized silicon
transfornmed 5 from anorphous silicon by the |line scanning of an exci mer

| aser annealing (ELA) in the |owtenperature poly Si (LTPS) process, said
i nspection nmethod conprising: irradiating the surface of said crystallized
silicon by a visible I|ight source; and 10 using a canera for capturing
reflected i nages of the surface of said crystallized silicons in the sane
side of said |light source after Hateadi@lsiadndy said visible |ight source to
exanm ne the crystallization quality of the crystallized silicon by
variations of the light reflected by the configuration of protrusions at

t he surfacg,of salld.cr tallized 15 silicon. 2. The nethod of Claimi1,
further coﬁﬂ??tﬁsﬂ@ aén’s‘%lcibs'of deternining the quali tyhof thfe f ;

|1 t f t b 0 e surfage of  sai
crystallved o con Hshhatr ARpectlst bt RPAE S HilPaThudferied ¢
L' %Bf 8§oogrefgagenéle{rha%%ﬁ§ difR it b2t Un s HednHiNst 8 4?8 cBinkl CRAAPOUL at

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
10 using a camera for capturing reflected images of the surface of
said crystallized silicons in the same side of said light source after
irradiated by said visible light source to examine the crystallization
quality of the crystallized silicon by variations of the light reflected
by the configuration of protrusions at the surface of said crystallized

15 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.

20

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.

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

a white light.
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angle with respect to the plane of said substrate. 25 4. The nethod of
Cai'ml, wherein said visible light source is a white light. -13_ 5. The
nmethod of CGlaim1, wherein said visible Iight source is a green |light. 6.
A nmet hod for synchronously nonitoring the formation of 5 crystallized
silicon in the lowtenperature poly Si (LTPS) process, said nethod
conprising: performng exciner |aser annealing (ELA) in a line scanning
manner to transform amorphous silicon on an substrate into the crystallized
silicon; 10 synchronously irradiating the surface of the crystallized

silicon by a vksib a ca raf turi r.efl ected
i mages of %/he sErfalgzl gmsoafgygfggjt Bgﬁ nsﬁic%lﬁég[ehﬁtg é‘i‘?g ®sfde of
sai d |ightasageaeljghter irradiated by said visible |ight source to exam ne
crystallization 15 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 beam
used in the ELAS. mafchesthod ¢oy ssyichraranishn momitbring nhe oforhegicanoifphous

st cory 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;
10 synchronously irradiating the surface of the crystallized silicon
by a visible light source;
using a camera for capturing reflected images of the surface of
said crystallized silicons in the same side of said light source after
irradiated by said visible light source to examine crystallization
15 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 energy of the laser beam used in the ELA
matches the crystallization conditions of the amorphous silicon.
20
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

25 determining the crystallization quality is poor and the laser energy is

14




20 7. The nmethod of Caim®6, further conprising a step of nonitoring if

t he !l aser energy of the |aser beamis unstable. 8 The nethod of C aim6,
further conprising a step of 25 determining the crystallization quality is
poor and the | aser energy is unstable if stripes distribute over the
surface of said crystallized silicon. 9. The nmethod of Caim®6, wherein

sai d vi si blgsthbightf $84pee dﬁmbh@él@%@ﬁ th@esﬁfffafcécﬁfogalﬁabpy LhygLeg! ! zed

silicon about at a degree angle with respect to the plane of said
substrat e. silixoithe nethod of C aim 6, wherein said visi bI e light source is
a white light. 10 11. An apparatus for inspecting crystallized silicon
formed in the Iow—terrperature poly Si (LTPS) process, said inspection

apparatus conprisin an_exciper ] aser anneal i ng (ELA) machine for
transforning andr phdd§ meihod; pf gﬁm@)rﬁ awheighs tsead evisible Jight coyseal |ized

S|I|cor)5W| ner le lig

h
source forfrfqd?%‘aa elrSH afﬁg%%lrdf %ﬁ:yeg l‘ﬁg%?all?g? é’l“ltlafé’diléséféﬁﬁr%‘?l sai d
substrate; ;o &iARTEEFed®fo Fﬁ@b?ﬁh@%ﬁﬂlheﬁl?ﬁré{@ges of the surface of

sai d
10.  The method of Claim 6, wherein said visible light source is a
white light.
10
11. An apparatus for inspecting crystallized silicon formed in the
low-temperature poly Si (LTPS) process, said inspection apparatus
comprising:
an excimer laser annealing (ELA) machine for transforming amorphous
15  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 reflected images of the surface of said
20 crystallized silicon in the same side of said light source after
irradiated by said visible light source to examine the crystallization

state of the surface of said crystallized silicons.

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

25 [for receiving and analyzing said images captured by said camera so
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20 crystallized silicon in the sanme side of said |ight source after
irradiated by said visible Iight source to exam ne the crystallization
State of the surface of said crystallized silicons. 12. The apparat us of
Claim11, further conprising a conputer 25 for receiving and anal yzi ng
said i mages captured by said camera so -15 G as to nonitor the
crystallization state of a selected region at the surface of said
crystallized silicon and to make process adjustnents. 13. The apparatus of

Claim12, wh in id.co ter,..5 anal the unjformty, contrast and
gr glymscal ea%ﬁrc’tehjeoﬁgéﬁttﬁp2?’5’#3?{1§23t6?ns%§% gi‘?’ﬁ&ege ted; ‘ifygégpe%‘ié gr egi on
t it [ i i ; i I to nmake
g ust ment STRCEISIAU S5 Ra P G kniTenaRE HibEES B0 ORABS 0 TR IS
of Claim1ll, wherein said canera captures the reflected inages of the

surface of said crystallized silicon on the whole substrate after
irradiated by si3d Thghtapgouraces 4B5. CThEnadpar sthusrcdh Ghad Mtddhpurberein
said visible light 15 source irradiates the surface of said crystallized
si | i co abdalysesaheougfornity, eondrafitand ghay esplecof the lightihseesiof sai d
substrate. f’LG. . The apparatuys of Clajm1l, wherein said visible Iight
source is &f spid EmpggRat said selected region to monitor the crystallization

state of said selected region and to make adjustments in the laser

cnergy of said laser beam.

10 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
15 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.
20
17. The apparatus of Claim 11, wherein said visible light

source is a green light,
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20 17. The apparatus of C aim.11, wherein said visible light source is a
greén light. 16 18. The apparatus of Caim1l, wherein said canera is
vertically oriented within the irradiation angle range of said visible

|l ight source. 5 19. The apparatus of Claim 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 Claim 11, wherein said
camera is 10 horizontally oriented in the direction parallel to that of

the line scannygg ¢hSa A0 PF%aim 11, wherein said camera is

vertically oriented within the irradiation angle range of said visible

light source.

5 19. The apparatus of Claim 11, whercin 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

10  horizontally oriented in the direction parallel to that of the line

scanning of said laser beam.
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