10 Septenber 2004 1 - METHOD AND DEVI CE FOR CORRECTI N @ﬂ?erﬁggl'fddﬁ'v' ON A
SEM CONDUCTOR SUBSTRATE Background of the Invention: Thi's invention rel ates
to correction of pattern on a sem conductor substrate and, particularly,
on a sem conductor photo nask. A sem conﬂuct or photo mask is used for
exposing a circuit pattern on a wafer in a manufacturing process of a
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pattern film which i sON [ ' 'K?R { pattern filmis
formed on the substrate, t%o@%gp%d;qm%ec S”Sﬁ&]??t]?&éi"g white defect or
a clear defect, at which a part of the pattern filmis lost, and a bl ack
defect or a opaque defect, at which the substrate is unnecessarily covered
with film For correcting white defects on a sem conductor photo mask,

| aser CVD (chBadaground ofdhesInvemtion: avai | abl e. According to | aser

CVD, laser light is irradiated at the white defects on the substrate in
material gas including chromum Laser light thermally resolves materi al
gas around t [ ' i 6 | ugh '

rous over 1 helahi s efpad IR IR oRdcERY| bf patlcTh O A e dimangtdts
correct i ngubdtrate ated epaticularky, sarhsemiconatuatbephoteskakk. Japanese Pat ent
number (JP--B) 3036687 which is hereinafter referred to as first
conventional tActemigendugiorphitognasktisaised far expoesing aciicuibpstprienber

2004 2 techniqu an optic system for |laser irradiator/laser m ¢roscope,

whi ch i nc@]&@e‘g’a&@ééﬁl m&gnﬁé%fr@égmmﬁswia sgrIcoRduetottdeHcenadigudi on,

s arranggd BCYiSpldl aeYRY, '@t SASEmidbnductor photo mask is a transparent
substrate on that a minute pattern film, which is an opaque film, is

formed. When the pattern film 1s formed on the substrate, two types of
defects may occur: a white defect or a clear defect, at which a part of the
pattern film is lost, and a black defect or a opaque defect, at which the
substrate is unnecessarily covered with film.

For correcting white defects on a semiconductor photo mask, laser
CVD (chemical vapor deposition) is available. According to laser CVD,
laser light is irradiated at the white defects on the substrate in material
gas including chromium. Laser light thermally resolves material gas
around the white defects and as a result, film including chromium grows
over the white defects.

An example of conventional technique for correcting white defects
on a semiconductor photo mask is Japanese Patent number (JP-B)
3036687 which is hereinafter referred to as first conventional technique.
According to the first conventional



material gas. The optical system downward irradiates ' at white
defects on the substrate. The optical system shapes ?gggﬁéﬂbeEQO%y Its
slit and projects a pattern on the substrate. As a result, the optical
system corrects white defects precisely. On the other hand, black defects,
nanmel y unnecessary part of pattern fil A is conventionall y vaporized to
correct a sem conductor photo mask by irradiating |laser light on the part.
Japanese Unexami ned Patent Publication (JP-A) nunber H7-104459, nanely
104459/ 199%e¢kniqtepdn’ dpticad syste apfor dser ifrardiatordabbnrgniefreopegn a
photo mask", which is hereinafter referred to as second conventi onal

t echni que. Wieiedr thelpndes lager Kebdrsbwxoevand anmitifechni que, first, pattern
filmis printed on o surface of transparent supstrate. Next, the
substrate P& 1%}23%8%‘@5101@&3@3 arrengedakove thatsubstnatedsel sa from the
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struck again around the ared at whic aser i ght haS been Trradiated on

the substrate. Emwihehetlsdy hand,dslddkciefectsVRamely winnecesswary phirtm on
the substrate. As a  result, edge of the pattern filmswells up on border
of the nmasRl pattepadilnrisammventionadiyn vaperize@dowaireche second

convent ongl, Lagh B4 {ieed b st P Rernblok 155 TIEe ohoh S5t

Japanese Unexamined Patent Publication (JP-A) number
H7-104459, namely 104459/1 995 is titled "Method and apparatus
for correcting defects on a photo mask", which is hereinafter
referred to as second conventional technique. According to the
second conventional technique, first, pattern film is printed on one
surface of transparent substrate. Next, the substrate is laid on
the surface. Then, laser light is irradiated from the other surface
through the substrate at black defects to vaporize the black
defects. Since the former surface faces downward, particles
generated when the black defects are vaporized drop down, and
therefore, are not stuck on the former surface.

According to the first conventional technique, laser light is
irradiated down at white defects on a substrate to form the
pattern film covering the white defects. Laser CVD generates
particles from decomposed material gas. The particles in the air
fall down and are struck again around the area at which laser
light has been irradiated on the substrate. From the struck
particles, CVD forms unnecessary film on the substrate. As a

result, edge of the pattern film swells up on border of the mask



According to the second conventional technique, on t 1 , the
surface of the substrate on which laser light is irrgtglsgé%@'bﬁggdgé downwar d,
and consequently, nost particles generated by laser light fall down.
However, 0.1,u mor snaller particles offen stick on the substrate again
and cause a decline of transm ttance around the area at which |aser |ight
has been irradiated. The decline of transmttance seriously affects the
newest apparatus for correcting photo mask in 0.13,u mrule, which

cor r espongattem. Qomparedrwith e sdcomet canventiohal teohidue Ihiofirst of the

I nvention: It is an object of the present invention to provide a nmethod and
a devi ceconvenbonaktdohnique dmsdess ppecistom fil mon a surface of a

substrate in high accuracy. According tp the first aspect of the present
i nventi on, thwcpﬁm@ﬁwwmqmcﬂrﬁto teeliiqug, esrtbetather hpads the
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irradiating laser li'ght upward a bl ack defect on e sur

vapor i zi ngausegclesiimeyoPtransodittanicecarourid the ared dewhichchiseedighthlead! ack
defect. The nethod g;iy further conprise the steps of blow ng oxygen gas to

t he surf deegniirragdated. nhe deslineagktransyrittanogesariouslynakfeetsthenewest of
pattern filmon the surface in order to | di ze the top.layer of the part;
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top | ayergpi r . | idized top |ayer off; and repeating the
stgps )c/)f Q%ﬁﬂﬁen‘fiﬁtﬁgﬁgm&ﬁh@@cﬁmﬁr aser light in order to elimnate

t he unnecessary part of pattern

Summaryv of the Invention:

It is an object of the present invention to provide a method and a
device for correcting defects of pattern film on a surface of a substrate in
high accuracy.

According to the first aspect of the present invention, there is
provided a method of correcting defects of pattern film on a surface of a
substrate, comprising the steps of, holding the substrate with the surface
facing downward, blowing material gas for forming pattern film to the
surface, and irradiating laser light upward at a white defect on the surface to
form pattern film over the white defect.

In an example embodiment, the method may further comprise the
steps of; irradiating laser light upward at a black defect on the surface; and
vaporizing unnecessary part of pattern film in order to correct the black
defect.

The method may further comprise the steps of: blowing oxygen gas
to the surface; irradiating first laser light upward to unnecessary part of
pattern film on the surface in order to oxidize the top layer of the part;



film The step of blowi ng may further blow purge 935109@5@HmBFﬁMﬁPtS a

wi ndow for conducting laser light fromclouding, and carrier gas, which is
included in CVD gas for carrying nmaterial gas; and the nain conponent of
the purge and carrier gases may be heli gas. The substrate may be sucked
in order to be held at the step of holdlng. According to the second aspect
of the present invention, there is provided a device for correcting
defects of pattern filmon a surface of a substrate, conprising, a hol der

for hol di ipadiatingibatorad dasertlighhapsian fitocthe meidigediobaick inordes to

circulatory unit for providing and w thdrawi ng gas including material gas,
a | aser ipeabiha oxidized top dayenoffyandsepentingttheugtaps ofdrradiatingdinef ect on
the surface,, a gas wi ndow,for blowing, materigl gas on the surface and
conduct i n@ndﬁ&%na lgger 1g13!ﬁ1mmardleaéereh@énat@eﬁxwangﬁeswywt\mafmﬁ@% t he
white dEfﬁ@%hin order to form pattern filmover the white defect. In an
exanple e i ment, the device may further conprise an optical unit for

o per moab o ¢ ST P B oli e fitifer BB PhiFoE 305, wiliEh FKRRACAC, 1Y
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surface of the substrate in order l'umnate~’with the IOwér surface.

Mor eover , indladeddhi Gy Idrgas forcaroying smteriabgas;cand the enaeakbmponehi @it |
and the pé?etrating | i ght source naﬁﬁfonprise a lens that is designed to
conpensat €1 purge angaarpier gasenenay be heltwm gas.er ence to the total

t hi ckness of t cover, and the, substrate. 10 Septe r, 2004 5 According to
the device, thel® Str@aﬁea@aé’te‘a? 5 e@dﬁpw@@f tcﬁ)pgﬁ)eeld SHEPCRL f or
irradiatiﬁg(ﬁ#_st | aser light for vaporizing pattern film and second

| aser sou k f irradi ating second | aser

According to the second aspect of the present invention, there is
provided a device for correcting defects of pattern film on a surface of a
substrate, comprising, a holder for holding the substrate with the surface
facing downward, a gas circulatory unit for providing and withdrawing
gas including material gas, a laser irradiator for irradiating laser light
upward at a white defect on the surface, a gas window for blowing
material gas on the surface and conducting laser light from the laser
source through the gas window to the white defect in order to form
pattern film over the white defect.

In an example embodiment, the device may further comprise an
optical unit for observing pattern film on the substrate. In this case, the
substrate may be permeable to light and the device further may
comprise a penetrating light source for irradiating light through the
substrate to the lower surface of the substrate in order to illuminate
with the lower surface. Moreover, the sucking unit may comprise a top
cover permeable to light, and the penetrating light source may comprise
a lens that is designed to compensate the distortion of the lens with
reference to the total thickness of the cover and the substrate.



light for laser CVD. In this case, the first |aser |j LSkl | at ed

t hrough the gas w ndow at bl ack defects in order to yg%%?tite?gb{%@ bl ack
defects. The second laser light is irradiated through the gas w ndow at
white defects with material gas provided by the gas circulatory unit in
order to formfilmover the white defect§. According to the device, the gas
circulatory unit may provide purge gas, which prevents a w ndow for -
conducting laser light fromclouding, and carrier gas, which is included

in CVD gas for Aatovdheg tetidid dbvias tHy Pé@érlﬁgﬂﬁgig*ﬂér izl @&Ei@ﬁ*i@é‘t of

the purge and carrier gases is helium gas. er may suck 't he
substrat e ifirst lireser sonete fon érra@iﬁﬁngﬁrsﬁlamr Dedarfoat vapoeizihee

Drawi ng: Fig. 1 shows a bl ock diagramtor use in describing a pattern-
correct i ng Battiersn 6flm,handrescomd {asensource Foy irpadimtingaseranid dasér vi ew
for use in descgrjbing th s . wi.ndow 6 of the present  invention; and Fig.
3 shovs a JaBREdREILASREAVE. Jecthis easerihe %gsgﬂaserdtghhgs inradinter t ho
present invgntio scription ot Preferred Enbodjnments: 1. First
erbodi ment  BUANE t%@@vﬁﬁrfl%@omag%é%ﬁtf%fecg%a&m goafqaml@ert e
correctin A emhl.e hrvent hom . Wth refergnge to Fig. 1
first | asgrﬂ%&}g @8?%?§emo€?e‘gée“qga§?%\}’r£@ 1 A%Ve‘c‘r‘ﬁ%%&ﬁtf%qu g@@pg@fﬁber
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wavel engt h dpbubmtanduedt ihl aiderntd feemefitin dvbiz theediide! dsfeicts sour ce

(l aser source 2) provides laser light for laser CVD, nanely
According to the device, the gas circulatory unit may provide
purge gas, which prevents a window for condﬁcting laser light
from clouding, and carrier gas, which is included in CVD gas for
carrying material gas. Preferably, the main component of the
purge and carrier gases is helium gas.

The holder may suck the substrate in order to hold the
substrate.

Brief Description of the Drawing:

Fig. 1 shows a block diagram for use in describing a pattern-
correcting device of the present invention;
Fig. 2 shows a sectional view for use in describing the gas

window 6 of the present invention; and
Fig. 3 shows a sectional view for use in describing the

sucking unit 9 of the present invention.

Description of the Preferred Embodiments:

1. First embodiment
Description will be made about an embodiment, a pattern-
correcting device of the present invention. With reference to Fig.

1, first laser source (laser source 1) provides laser light for



for correcting white defects and includes Nd: YLF | asej subtefibe rates
| aser light in pulse wwdth 30 ns, wavel ength 349 nn1an§ osciT ation
frequency 7 Hz. A laser irradiator/ mcroscope optical unit 3 irradi ates

| aser |ight generated by the | aser sources 1 and 2 to a | ower surface of a
substrate 16, which is permeable to |ighh, and works as a nicroscope for
observing a pattern on the substrate 16. The |laser irradiator/ m croscope
optical unit 3 is arranged under the substrate 16 in order to irradiate

laser 1 ghtvapurihe filenohainaks for thrAsWiAe Blddle dofuts aHEGudeR obj ect

| ens 4 condenses | aSer ight irradiated fromthe l'aser

i rradi at or INilcY V€34 daseptwhith weirterhtearidsewi ldeht theph bsewidithh. 8 Asough
the gas window 6 to the substrate 16. A gas circulatory unit 5 is

connect ed Wawelergiashi naovamd aseildatiornfregeendyid fhs cBecohdtlaserunit 5
provi des CVD and ,purge gases. Further, the gas circulatory unit 5
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Sﬁfo‘m”E%“Sﬁ%@‘ﬁtyféé@%{ga%ﬂg%%ﬁéfﬁépsg%ﬁﬁf mgﬁidee%ﬁ@biﬁia%@rf‘%hﬁé : gd gor
T ' ' . 16, ,.T '

95, e SRR 13 LRI RS MR A E1d R Eag 3D 70
has a wi ndg‘é’cﬂ?ﬁyﬂﬁfﬁ@’ @gnéﬁzzgﬁél ght through the object lens 4 fromthe

| aser irradiator/ mcrostope cal unit 3. The gas window 6 is provided

the CVD and pur geldéeSepilingbrAidrobcopeespticalini Jasradidtesda@ey unit 5

t hrough the pipe, and sprays on the | ower surface of the substrate 16 the
CVD gas, whight genelraded bmtkeilalsegasoimwesphtdred 2 to lanlower stirfaperofen gas,
whi ch substrate 16, which is permeable to light, and works as a

microscope for observing a pattern on the substrate 16. The laser

irradiator/microscope optical unit 3 is arranged under the

substrate 16 in order to irradiate laser light upward through a gas

‘window 6 to the lower surface. An object lens 4 condenses laser

Light irradiated from the laser irradiator/microscope optical unit 3

and guides the laser light through the gas window 6 to the

substrate 16.

A gas circulatory unit 5 is connected with the gas window 6
through a pipe. The gas circulatory unit 5 provides CVD and
purge gases. Further, the gas circulatory unit 5 withdraws and
immunizes the gases exhausted from the gas window 6. The CVD
gas includes material and carrier gases. For example, the
material gas is chromium carbonyl gas, the carrier and purge
gases are helium gas or argon gas.

The gas window 6 is arranged under the substrate 16. The
gas window 16 has a structure for covering the lower surface of
the substrate 16 and has a window for receiving laser light
through the object lens 4 from the laser irradiator/microscope

optical unit 3. The gas window 6 is provided the CVD and purge



prevents from clouding the window. Further, the gas yj 8dQWBer SatRKS the
sprayed gas to exhaust it to the gas circulatory unit 5. Detall of the gas
wi ndow 6 is shown in Fig. 2. In order to distinctly show the structure of
the gas window 6, in Fig. 2, the gas window 6 is distinctly separated from
the substrate 16. However, the gas w ndbw 6 and the substrate 16 are
actually spaced about 0.5 mMmm As shown in Fig. 2, the gas window 6 is
arranged under the substrate 16. The gas wi ndow 6 has a cylindrical shape
with a rogsses fromddle gasidiycala vnit Brthnfoudie thespipe)dond Gpreyes
bottom of the gas wi ndow 6, nanely the lower face of the gas_wi ndow 6
toward t he osbfhetlomsmssurfacesohbhemhstratarfe then@VD aas,whicheni ng on

t he upper f.'aCﬁMgff t he gas._wi nd?w 6. The gpening aon the lower face.is
occupi ed bynelessnateraligamics pastexmdilgasandothe gomge gas) sekich i ght
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wi ndow 6, idistigicly shove he! striettye dthe das! Wihleve 8! ihVFighe cthé ncl udes

material and carrier gases and is provided fromthe gas 'circulatory unit

5. 1 0 Sepgastwindow 6SisFdigthnctiy sepahated feonst the safbdtiratgds.wi ndow 6 has
a round groove 23 gn a circunference centering at the laser- irradiating

hol e 25. ThEOW&a¥esptagaavWinGww thamdithe mibsfratiekkt are actually
spaced about 0.5 mm.

As shown in Fig. 2, the gas window 6 is arranged under the
substrate 16. The gas window 6 has a cylindrical shape with a
roughly conical cavity at the center of the gas window 6. The
bottom of the gas window 6, namely the lower face of the gas
window 6 toward the object lens 4, has an opening larger than
another opening on the upper face of the gas window 6. The
opening on the lower face is occupied by a window 20, which stops
the gases but conducts laser light from the laser
irradiator/microscope optical unit 3 via the object lens 4.

On the side of the gas window 6, a purge gas nozzle 21 and a
material supply nozzle 22 are embedded through the cavity. The
purge gas nozzle 21 is opened near the window 20 in order to
spout purge gas for preventing clouding the window 20. The
material supply nozzle 22 is opened near a laser-irradiating hole
25, which is opened on the upper face of the gas window 6, in
order to spout the CVD gas out to the cavity, which includes
material and carrier gases and is provided from the gas

circulatory unit b.



fromthe round groove 23 and is exhausted through a 24 to the
gas circulatory unit 5. Arrows shown in Fig. 2 denotgygléétg@t ?E%@to whi ch
gas around the upper face of the gas window 6 flows. The purge gas first
spouts out fromthe purge gas nozzle 21 to the window 20, next rises
through the laser-irradiating hole 25, then flows between the gas w ndow 6
and the substrate 16 to the round groove 23, and after that is exhausted
through the suction pipe 24. The CVD gas first spouts out fromthe

maverial supply Rerderrddre! theugpeRdabastitic Al a1y 6 Kadh 10 the

| oner surface of the substrate next etween the gas w ndow 6 and

the subst raued groove23 veuaciscamferedceatshidieng st eh@alﬁ%bﬁd t hrough
t he suction pipe 24. Not only the purge and CVD gases, but also the air

around therxgdiatingdwle 25. s’]]hte%i% sprayed or timisdbgtrate 183is sucked

Consequent[g%/ 1I;:b CvD and purge gases spout ed through the
| aser -i rr adf QY hde oG grapwe; 23 andds fexdmustehthrangima sustionpipsi ndow

6. As a reguyl he pattern- orrectJ device can steadily deposit pattern
filmon théas{ﬁ)gb?£ Odaa&'%ﬁruw W thout a vacuum device. Laser |ight
irradiated from r.irr.a o/ i cr soe ti,cal t 3 through the
object lens 4 |§l§§ﬁ{§%§?]gy?rl&$‘a EQ‘% tb‘a§§$§’ Wlhflﬁh % he ca\gll ty
of the gas ated on
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t he subst raiecxtmsgg threugds the laser-irradiating hole 25, then flows P
between the gas window 6 and the substrate 16 to the round
groove 23, and after that is exhausted through the suction pipe 24.
The CVD gas first spouts out from the material supply nozzle 22
through the laser-irradiating hole 25 to the lower surface of the
substrate 16, next flows between‘ the gas window 6 and the
substrate 16 to thé round groove 23, and then is exhausted
through the suction pipe 24.

Not only the purge and CVD gases, but also the air around
the gas window 6 is sucked through the round groove 23.
Consequently, the CVD and purge gases spouted through the
laser-irradiating hole 25 are isolated from the air around the gas
window 6. As a result, the pattern-correcting device can steadily
deposit pattern film on the substrate 16 by laser CVD without a

-vacuum device.

Laser light irradiated from the laser irradiator/microscope
optical unit 3 through the object lens 4 is conducted from the
window 20, passes through the cavity of the gas window 6 and the
laser-irradiating hole 25 and is irradiated on the lower surface of
the substrate 16.



irradi ator/ mcroscope optical unit 3. The penetrating bé@t@ﬁ\béf’%&@ 7is
designed to have an optimzed optic angle with reference to conpensation
for thickness of the substrate 16 and a translucent cover 31 of a sucking
unit 9 (see Fig. 3). The laser irradiator/mcroscope optical unit 3, the
object lens 4, the gas window 4 and the9penetrating |ight source 7 conpose
an optical systemfor observing mnute pattern on the substrate 16. The
wavel ength of the light for observing is 365 nm In a observing node, the

penetrating |igffuseinigaghinatb PigelYiangehtPhtind Hohtsddirdd JMicRLS
‘g%le s(? It E% ig %

avai l able for |ight source of the opfi cal system proj ects
shape of i mmdhetdisdseent/iginspatdiet sabbstats 86Lm oAdSr Yosliaave

horizontally carries the substrate- 16 between the pl ace of delivery on a
handl er 14 minetepaidenncon theesubstiateal 6 by the ksewn in solid line | nbI

Fig. 1) and the, place over the gas w ndow 6. The X-Y stage 8_is perneable
to light i hrm&?ft 1Crpsepipe D@gmalhlénpteaetThﬁ penetxptingoliehs souroee -

o adher o 1ots drdiaded Yo -Baaat izt tmaticanale wthas Egébért%iﬁ%gf
ani t 91 noFadib¥hRabip iy thitkRRsE e siBSEAEHE 16hnh famklgeeth 5. m
t hi ckness bb@,@y%gg?aﬁﬁﬁrﬁng&éhgtzgr@grgdf%{i% the top of the frame of the

sucki ng nount 30. e Sscr t he sucking nmount 30 on the
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groove 33 is cut 10 Septenber 2004 10 around e i nside of the“sucking

mount 30 udddhet gastwimdbuc dnanddhepedibtratimpbrht seuicg T3doinposatded
'n the o-r Ior;]) iga{los(,))\f/s?te?r% for observing minute pattern on the substrate 16.
The wavelength of the light for observing is 365 nm. In a
observing mode, the penetrating light source 7, an observing light
and a slit light are available for light source of the optical system.
The slit light projects shape of irradiated laser light on the
substrate 16.

A X-Y stage 8 horizontally carries the substrate 16 between
the place of delivery on a handler 14 (the place where the
substrate 16 is drawn in solid line in Fig. 1) and the place over the
gas window 6. The X-Y stage 8 is permeable to light in order that
light from the penetrating light source 7 can penetrate the X-Y
stage 8. -

An sucking unit 9 is fixed on the X-Y stage 8 to adhere to
and hold the substrate 16. The following description shows
detailed structure of the sucking unit 8. As shown in Fig. 38, the
sucking unit 9 includes an sucking mount 30 that has a square
frame shape. A 3-mm thickness translucent cover 31 is embedded
in the top of the frame of the sucking mount 30. Female screws 32
for fixing the sucking mount 30 on the X-Y stage 8 are embedded

on the top of the sucking mount 30. An o-ring groove 33 is cut



in order to keep the space between the sucking unit $,apgehipgr Ststrate 16
airtight. On the side of the sucking nount 30, a tube 10 Is inserted. As
shown in Fig. 1, the tube 10 is connected via a pressure sensor 11 with a
punp 12. The punp 12 sucks out the air in the space between the sucking
unit 9 and the substrate 16, and conseddkently, the sucking unit 9 adheres
to the substrate 16. As shown in Fig. 3, the |lower surface of the substrate
16 corresponds to the |ower surface 'of the sucking unit 9 when the

sucki ng unigrouadhtiesnsild be thehsidaisy Houhli0 Hids Eh@.t?&gtgtﬂ'ﬁcent

pattern-correcting device allows the X-°Y stage 8 to nove W
obst r uct i orcaverm3iorAzarblsdrypbariegB iskaabott d ihnihie osfiagegrderads the
gas wi ndow 6 and the substrate 16. To keep the mnute space all ows gas
bet ween t hargagdar fadvedp dhe space bettwtacai theesudkingwist &rdind/thdher ef or e,
this structure prevents , turbul ence of gas damaging formation of pattern
filmand caﬁ}ébﬁ@'atﬁ Qirtightir om the inside of the gas window 6. Turning

' .unit 13, ich Jjs_drawn in dofted

"ne i Fio 1, OB HIg g AuckunEmanaiti§0, artube Khfiieserted.n or der
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stand by itbeﬁv@éhﬁ;ﬁ@@h@k’iﬁ@ﬁﬂi@@%dfth@tsﬁbgtﬁ&@('w‘}la&'mot 9 becones
avail abl e for adhering to thé substrate 16. 10 Septenber 2004 11 After

fini shi ng comsequentlyethetsuckirg phdt @ addlereshn thesubdrasetl@ rel eases
the substrate 16, and puts, the subsirate 16
As shown in Fig. 3, the lower surface of the substrate 16

corresponds to the lower surface of the sucking unit 9 when the
sucking unit 9 adheres to the substrate 16. This structure of the
pattern-correcting device allows the X-Y stage 8 to move without
obstruction in a horizontal plane with keeping a minute space
between the gas window 6 and the substrate 16. To keep the
minute space allows gas between the gas window 6 and the
substrate 16 to flow steadily. Therefore, this structure prevents
turbulence of gas damaging formation of pattern film and causing
a gas leak from the inside of the gas window 6.

Turning again to Fig. 1, an image-processing unit 13, which
18 drawn in dotted line in Fig. 1, takes image of the substrate 16
on the handler 14 in order to confirm whether the substrate 16 is
put on a stand of the handler 14 at a correct position.

When the substrate 16 is put on the stand of the handler 14,
the handler 14 turns around to the place of delivery of the
substrate 16 to the sucking unit 9. Then, the handler 14 lifts up
the stand by its Z-axis mechanism in order that the sucking unit 9

becomes available for adhering to the substrate 16.



on the stand of the handler 14. Then, the handler 1444@ @b%PQOOAFta”d by
the Z-axis nechani smand turns around to the place for aking out the
substrate 16 fromthe' pattern-correcting device. A controller 15 controls
wor ki ngs of the pattern-correcting - devi ce the | aser sources 1 and 2,

| aser irradiator/ mcroscope optical unild 3, gas circulatory unit 5,
penetrating Iight source 7, X- Y stage 8, pressure sensor 11, punp 12,
handl er 14 and i mage- processing unit 14. Description will be nade about

the working prockfierdinisieingeabresctingrdefacts ofdeplotoah adig fhesent

i nvention. (1) A photo-nask-exam ning device has previously. detected

white and tHuakingetuit O veleasesdthe substrate: 1phand-patk thexsmbsinagedsdi ce
acquires information defects i nafter, the data_that represents
the infor mﬁﬂ@ﬁﬂ (fp%éiledba@dtlgrﬂé : Tihamcthe handies bdloans thee

defect data |n de ,da nt| n and whi ch cts are det ected
ond-are ot atead By Zaxis Bu6 BAgeb et g SihnpIas,

Fi h h 16
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k h d
of the hinhrﬁ?efﬁr“'?’%ﬁ%%‘ 18 cbntrolSFRARIARS dthe patePhicalieblidd e bLan
subst rate Hevide! foslkdes Fides 1 BARYIE 1adr EhEARE RADEASLAPS Of At i on

i ncludes position of the center of the substrate 16 and an angle that the
substrate UptisabemitB, gas plrondatdy mnitfHrpemettatingelighsisounend, X-

I nformati on the controller 15 directs the handler 14 to turn around the
stand so %stageuﬁppeesswgagnsenpﬂt pemipdi?, thandley d4candiansgsst rate 10

Sept enber 2004 12.16 anq;i e angle of the sucking unit 9 when substrate 16

Description will be made about the working process of the
pattern-correcting device of the present invention.

(1) A photo-mask-examining device has previously. detected
white and black defects on a photo mask. The photo-mask-
examining device acquires information about defects.

Hereinafter, the data that represents the information about the
defects is referred to as defect data. The defect data include data
representing where and which defects are detected and are stored
in the controller 15 of the pattern-correcting device.

First, an operator of the pattern-correcting device puts the
substrate 16 of a 6-inch photo mask on the stand of the handler 14.
The controller 15 makes the image-processing unit 13 recognize
the substrate 16 on the stand of the handler 14 in order to acquire
information about positioning the substrate 16 on the stand of the
handler 14. The positioning information includes position of the
center of the substrate 16 and an angle that the substrate 16 is
set in X-Y plane. With reference to the positioning information, -
the controller 15 directs the handler 14 to turn around the stand

so as to suppress disagreement between the angle of the substrate



the place for delivery to the sucking unit 9. Si ”Ult?d‘é‘s@b{éh%er%é'tﬁl
controller 15 directs the X-Y stage 8 to tune in its horizonta position

exactly in order that the substrate 16 is positioned just under the
sucking unit 9 when the stand of the harl |l er 14 turns around to the place
for delivery. Next, the controller 15 ditects the handler 14 to lift the Z-
axi s mechanismup to the predeterm ned position, and the punp 12 to start
to suck out the air in the sucking unit 9. Wth reference to pressure
neasured bylG hmdthesamglesefithe siickingumti$witendubstsateriBoevestof the
sucki ng uni&'@? | n order, that the pressure inside the sucking unit 9
becormes 0. % age fendeliveryeta the raiclang andt % cBimuk ameonsly, thet o

| ower the Z-axis,, me ismtao a d osition and t.o stand by.. After the
sucki ng uni® rﬁuﬁ@rﬁgﬁllﬁe@ﬁ%&%géyﬁégﬁé t?t’féln%b‘ﬁtlt%lilcﬁ'ﬂ@_a%@l rects the
X-Y stage 8 tg,smve_the substr,ate 16 t he ,posi tj on over,.t he gas w ndow
5 o ohr s hasttilh ExblBRi kR G, e siiubale 10T DoSkiibaadist it 5
to provide . ] 61, I.f17 t hat :
L0 B YT e ABHIGE LS AR ATE it IR SBE MM e, RESHIRE (O
gas; the ”ﬁﬁiﬂt@%&gﬁb@f&@&{ CVD gas is ,chrom um carbonyl gas;

t he gas IS -scem

the flow rate of and the flow rate of the purge

gas is 1500-scciNe¥tthe ebateslertld directsf €ieé hdad ool £\Woolif] thetZw ed in

the controller 15, the controller 15 directs the X-Y stage 8 to nove the
substrat e BXisanashamisnhip éo dbiecpredatetminedspositeonfand the gumgned
ri ght above the laser-irradiating hole 25 of the gas ,w ndow 6. The

oper at or oH<etq starhéomiakouéitha asnintbe sugkingranited pWitle | aser

[ [ ' [ I it 3 wth 10 Septenber 2004
| rradiator /re é}fé’ﬁ&é’ %8 pO etsls({l%e llillrt]alasure\_la i)y t]he plpessure sensor H, the

pump 12 adjusts conductance of the sucking unit 9 in order that
the pressure inside the sucking unit 9 becomes 0.3 atm. Further,
the controller 15 directs the handler 14 to lower the Z-axis
mechanism to a ready position and to stand by.

After the sucking unit 9 adheres to the substrate 16, the
controller 15 directs the X-Y stage 8 to move the substrate 16 to
the position over the gas window 6. On this situation, the
controller 15 directs the gas circulatory unit 5 to provide purge
gas and CVD gas to the gas window 6. It is assumed that: each of
the carrier gas included in the CVD gas and purge gas is argon
gas; the material gas included in the CVD gas is chromium
carbonyl gas; the flow rate of the CVD gas is 70-sccm; and the flow
rate of the purge gas is 1500-sccm.

With reference to the defects data previously stored in the
controller 15, the controller 15 directs the X-Y stage 8 to move the
substrate 16 so as to a white defect on the substrate 16 is
positioned right above the laser-irradiating hole 25 of the gas
window 6. The operator observes the white defect on the

substrate 16 by the laser irradiator/microscope optical unit 3 with



her/his own eyes to nmake sure, and next, exactly tU”‘F@SEé‘te baazo(?pgl e and
position of a slit for irradiating |aser of the laser irradiator/ mcroscope
optical unit 3. Then, the laser source 2, which irradiates |laser |ight for
CVD, irradiates |laser light 5 seconds at]3the white defect to formfilm
These processes are repeated for all of the white defects on the substrate
16. When all of the white defects on the substrate 16 are corrected, the

cont rol | cpelais BRA ey th MR Pl AR, LAY Rin @G 8 inglPling '
substr at ePéﬁtidﬁbf@bﬂYﬁfdrﬁfrdcﬁﬁﬁhgi lhééldbﬁftlilﬂgaé”é}' i?ra%ﬁaﬂfr/fgﬁfr#?ﬁg@" ndow 6.

The operator observes the black defect on the substrate 1 | aser

i rradi at ooptical nattdhel oen, thel laser sodros 2 hwiech hiradeatesduser lightdse sure,
and next, exactly tunes in size, angle and position of a slit for

i rradi ati bgVD, dsradiatestlnser highit 5 secands afr thel whatecdekecs po ifonm filmt 3. Then,
the | aser,source 1, which irradjates.,.l r Iight .for vaporizing film

i rradi at ed DEWB pr@ﬁ%%%esoarqr&@@a?@d g‘Wf aHthftStE’@ Wh’g@ﬁd@%c&pnt%levapori ze
unnecessag &Z@{e P% pattern film These processes are repeated for all of
t he bl ack %123 sTon the substrate 16. After all of the black defects on

the substrate ¥WhenyPerTe9hitd RefeqoMl pId Subliabl aRPaRE euboRgy RGOS

gas and directs t Y sta nove uni over e stand

of the hapgeritot 4togdprovidieg CVID gek!aid dalyipreoided parg@pds ENekd, fhe | i ft

its Z-axis mechanismup and "the sucking unit 9 to releaSe the substrate 16
in order confrodlesnl 3 direcssiblse 0at¥ stégel tomovaadlatkt defecamdl the 14. Next,
the controller 15 directs th andl er 14 to |lower _the Z-axis nmechani sm and
turn arousibstrate LOyyst abevedhedasaelagiatingdiele A8 of; 2% vaiadovedsi ve

t he substr.at
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irradiator/microscope optical unit 3 with her/his own eyes to make sure,
and next, exactly tunes in size, angle and position of a slit for irradiating
laser of the laser irradiator/microscope optical unit 3. Then, the laser
source 1, which irradiates laser light for vaporizing film, irradiates two
shots of laser light at the black defect to vaporize unnecessary part of
pattern film. These processes are repeated for all of the black defects on
the substrate 16.

After all of the black defects on the substrate 16 are corrected, the
controller 15 stops providing purge gas and directs the X-Y stage 8 to
move the sucking unit 9 over the stand of the handler 14. Then, the
controller 15 directs the handler 14 to lift its Z-axis mechanism up and
the sucking unit 9 to release the substrate 16 in order to put on the
substrate 16 on the stand of the handler 14. Next, the controller 15
directs the handler 14 to lower the Z-axis mechanism and turn around
the substrate 16 to the place where the operator can receive the substrate

16. Finally, the operator 16 takes out the substrate 16 from the pattern-



(2) Conpared with a typical conventional technique, WSe RAbkEsEhLOr recting
device is described bel ow. Conventionally, a laser Ii ght source for formng
filmon a substrate is arranged over the substrate, and irradi ates | aser
light downward to the substrate. It is sunmed that a 5 9 mX 5 am
square of chromumfilmw Il be forned a substrate under ideal
processing condition according to this conventional technique. Argon gas
is used for purge and CVD gas. In this case, though Ilaser light is

i rradi at ed cosracingdevic& ;2 m square on the substrate, it is probable

t hat CVD si ze, g% o rreans ize of film_actually formed on the substrate,
grows to about h | with adyproal n@nvemmm]z‘éeq:hmqm;tbent over

0.1 ii meven,under the @condlt On.the other hand, it is assuned
that the sdAHtEEDNEQLRCL] mg VigP e Wrébgdt}& .e under ideal processing

Cvention. - in B PehBiongREnh B e bR Sorate Pl fodrdne Hafetam x 51
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m et uctitatd 35 hilphed d SvE L SAHEAGe. Anldtith dlntes Ty Tightim
gas is use@dmvwmoamb SMBsEREES. [[ﬂié%étﬁhe aﬂ@@ﬂa@@%ﬁdx' 59PIm' S

irradiated to a 5 9 mX5 12 msquare on the strate, there 1's great

i mpr ovenmentsquatebdf chrontiumnfilnd kidl batfopmed dr’ﬂﬁ Sbstiate. uhdertideatase,
the CVD size is 4.912 m X 4.9 9 mand the fluctuation of the CVD size is

0.03 /.c mpmaﬁsmgé:omhhlmi agaordihgdoi thisatonve ghioria taEehriquen ti nes

| onger than, that in argan _gas or the air nsequent |y, partlcles are
di ffused néMeSOR@EaS 15 HEQ yrgﬁ md.@ﬁgsaa h h}nsm@m theaghr the
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substrate, it is probable that CVD size, which means size of film
actually formed on the substrate, grows to about 5.4 £m X 5.4
m. Further, CVD size is fluctuant over 0.1 &£ m even under the

‘same condition.

On the other hand, it is assumed that the same square will
be formed on a substrate under ideal processing condition
according to the pattern-correcting device of the present invention.
In this case, when laser light is irradiated toa 5um X 5um
square on the substrate, the CVD size grows to about 5.2 ¢t m X
5.2t m. The fluctuation of CVD size is about 0.07 £ m. Moreover,
when helium gas is used for purge and CVD gases instead of
argon gas and light is irradiated to a 54 m X 5t m square on the
substrate, there is great improvement in both growth and
fluctuation of the CVD size. In this case, the CVD sizeis 4.9 m
X 4.9 it m and the fluctuation of the CVD size is 0.03 £ m.

Mean free path of particles in helium gas is about ten times
longer than that in argon gas or the air. Consequently, particles
are diffused more rapidly and widely in helium gas than in argon

gas or the air. As a result, in helium gas, the particles caused by



laser CVD | eave fromthe substrate faster, and densi{ysgftchider2fg ticles
near the substrate, -which is possible to stick on the substrate again, is
| ower than in argon gas or the air. This effect is available even if one of
purge and carrier gases is argon gas and _the other is helium gas.

Regardl ess of type of gas in which the ddbstrate is arranged, as nentioned
above, since laser light is irradiated upward on the |ower surface of the
substrate 16, the particles caused by processes for correcting defects fall

down, As alasenl®VD Aeavprizbabithiet subsiatatehfagtert andedeatitgkodthé he
substrate again reduces greatly.. As shown in Fig. 2, purge gas at the top
of the gas partdelessneseddreesubsteatdi, nghich ispossibke bs stk op the rent bl ows
agai nst the substrate 16 and causes a, boundary | ayer of gas_flow under

the subst r &ubstgateragaigyrigdoyenybanhis axgoni gansesthewer.aThisreffect

m cron-neters. | e boundary | ayer, the particles fall down. On th
ot her hand,lstﬁ%%ﬁaﬂlﬂ%el‘.‘f&ﬁh&:‘?%eloiﬁé‘ﬂ?g@ ﬁ@‘ﬁ&ﬁﬂkﬂrega%@%l%a@gﬁﬁl gaa Al adi al -

current fr t enter of the gas window 6 to the round groove 23.
The thi ckngcz?se @&%ﬁgsg{ﬁjﬁﬂg}gaﬁayer depends on viscosity of gas, flatness

of the substrat ‘Régé dfdds oﬁﬁﬁ%\?@ef' \%&}&f (RS RO YBYs igg%iec{gsgit% %?f&fplgg{:di n

argon gas than in RAéelTumgas. Since mean rtl es

argon | n . ! .
in hel i um gasTENntioMIRT abbae, isinas 998er Q?g‘i%tB‘)Eé/%exsdtﬁ%tQ& ﬁ?ﬁ%{rﬁﬁ the

tighter in heliumgas than in argon gas. xt, description w
made about lewred syrfaccef shefsubdtradecké nthe pdrticlestmssmkbyg unit 9

applies negative pressure to the upper . surface of the substrate 16, which
i s opposi t dnasesres formorracting detedsptalhidownoois a result, the
probability that the particles stick on the substrate again reduces
greatly. -

As shown in Fig. 2, purge gas at the top of the gas window 6
becomes ascending current. The ascending current blows against
the substrate 16 and causes a boundary layer of gas flow under
the substrate 16. The boundary layer has a thickhess several ten
micron-meters. In the boundary layer, the particles fall down. On
the other hand, under the boundary layer, the particles are caught
in a radial current from the top center of the gas window 6 to the
round groove 23.

The thickness of the boundary layer depends on viscosity of
gas, flatness of the substrate 16, etc. Generally, the boundary
layer is thicker in argon gas than in helium gas. However, since
mean free path of particles in helium gas is longer than in argon
gas, CVD size by laser CVD is tighter in helium gas than in argon
gas.

(3) Next, description will be made about working process of
the sucking unit 9.

The sucking unit 9 applies negative pressure to the upper

surface of the substrate 16, which is opposite to the lower surface



16 for masking, in order to adhere to the substrate @Segﬁhﬁe@éélpd of

hol ding is effective because: the substrate 16 can be held as its |ower
surface for nasking faces downward; and there is no obstacle between the

| ower surface of the substrate 16 and the gas w ndow 6. The top of the
sucking unit 9 is covered with the trandifucent cover 31. Wth reference to
the total thickness of the translucent cover 31 and the substrate 16,
conpensation for distortion of the lens included in the penetrating |ight
source 7 cdormagiing, incdorderatedhep teshedisboititen &f Thihmeéthedi at ed
by the penetrating |ight source 7 can be conpensated. Consequently, the
optical syfthelding is effechivte hgcawset bhersuhsfaatenkb pamebe héldgasiigst
source 7, ahe translucent cover, 31 and the substyate 1&1 can be given a
numeri cal SPBRILPUIERREG L BYasking naces dewamarbaandiaers i ne object |ens

4. As a resylt, th er at n _obserye pattern k ,on,the strate 16
25 hi gh- r cCHISSREL DERIREN RbgalONVEr SrEtacs of tths SuRBLEAIGK] A ad IeEESpl | os
to the SUQ%M@%& 66 may be sel ected according to the thickness of the
substrate 16. xanmpl e, when the substrate 16 is 5 inch square and

2. 3- hi ck , ' ; : :
Thi s can pr ovent Ehe Reonrrs & APHERE Ut S Rve Rl it hd Spandl e it™

pat t er n- coicoeelri 3. ARt GefBréhed el ROYSL Al itk ni¥RVe i RE tedRstasenben

el imnating unnecessary pattern film nanely when correcting bl ack

def ects. Heoweer3] efri¢dheofubstratecl 6ngot pehsatibecfor digtorpicy iofitihg: CVD
gas hardly_ seens to_  be different fromeffect of correcting black defects
wi t hout plensdneduded ipthepenetratang ighgaoumce ¢ carcbeioptioaizesh does

not have tQ mdyPoptical Wistortidh of Nkt Bradiated by B58 penetrating
light source 7 can be compensated. Consequently, the optical
system for illuminating, which includes the penetrating light
source 7, the translucent cover 31 and the substrate 16, can be
given a numerical aperture optimized for the numerical aperture
of the object lens 4. As a result, the operator can observe pattern
mask on the substrate 16 as high-resolution image.

Negative pressure that the sucking unit 9 applies to the
substrate 16 may be selected according to the thickness of the
substrate 16. For example, when the substrate 16 is 5 inch
square and 2.3-mm thickness, the negative pressure may be low,
such as 0.3 kg/cm?. This can .prevent the negative pressure
breaking the substrate 16.

The pattern-correcting device mentioned above stops
providing CVD gas when eliminating unnecessary pattern film,
namely when correcting black defects. However, effect of
correcting black defects with providing CVD gas hardly seems to
be different from effect of correcting black defects without
providing CVD gas. Therefore, the pattern-correcting device does

not have to stop providing CVD gas when correcting black defects.



10 Septenber 2004 17 To stop providing CVD gas when gpgg@gﬁ%@ﬁz@ﬁpck
defects allows the pattern-correcting device to save material gas
consunption, and as a result, replacenent of material gas can be del ayed.
Further, according to the pattern-corregi ng device nmenti oned above, the
i nclination of the substrate 16 is not checked after the sucking unit 9
adheres to the substrate 16. However, the pattern- correcting device my

neLite, 2 oD seekidhe LV s wheaceombelb: bl HERS Ebes et udes
ot tor n- cBREERTCONSENS AT 16 M BRkEPiAT 2% E6hShHiTohe abas 4
correcti nﬁeﬁ@ﬁtpﬁépléoﬁﬁ&n@@mrtéri\amegwb@n%Hﬁ@@yed.s hel d by the sucking

unit 9 in order to correct white defects on a photoc mask by |aser CVD.
Consequent | y, Fuather, tarcordangetet the) pasterneconrectmg deviicé mensionsd ng

' tjcl . by, | CVvD th bst r at 6. . The djff
between 1 RBoxResT NN Afing L YeBImatid Gigackheaked Atfer thina e |
t | | ' uation o
? Lgaafga %@%%ﬁ?e%tdvﬂﬁ {t(h? % ?P%i]#g&gsgll\q ée@bsgrﬁénallér'e@w%‘%rhéﬂgg?zie&ﬁni"cor recting
devi ce capoprertlss dedte magknide an titepkiok asschdnisoidor diecking the

pattern-correcting device inhcludes tw |aser sources. One of the [faser

sour ces i meldnatien pashe subgirateol 6vidpecessagys ilha imieslock meechantsanat es
| aser light for |aser. D, Consequerntly, a single one of. .,the

vt tern oBr bR ipcEeS RRBROES TortpeRs bt fighdfit Sfdbiesubsitate: i ng
bot h whitegand bl ack defects. Both of the | aser sources irradi ate | aser
light to ?ﬁé | ower surface of the substrate: Consequently, particles both

caused by | aseAccuiding t@ the pattieny-ovrreetingidestise anehtiensdchbowe, thgor i zi ng

HNECess asrﬁ/rffaixle grgg{assce(g %(()arcétl)xprgeci%%cgei%%;se%(;Sesf c?tl)\lvn%s(f)amz% \?vrlll%ndff)he surface
is held by the sucking unit 9 in order to correct white defects on a photo
mask by laser CVD. Consequently, the pattern-correcting device can
prevent from sticking again particles caused by laser CVD on the
substrate 16. The difference between the area on the substrate 16
irradiated by laser light and the area on the substrate 16 covered with
film is smaller. The fluctuation of the area covered with film is smaller.
As a result, the pattern-correcting device can process photo mask with
high accuracy.

Further, the pattern-correcting device includes two laser sources.

One of the laser sources irradiates laser light for vaporizing film. The
other irradiates laser light for laser CVD. Consequently, a single one of
the pattern-correcting device can execute by itself functions for correcting
both white and black defects. Both of the laser sources irradiate laser
light to the lower surface of the substrate. Consequently, particles both
caused by laser CVD for correcting white defects and caused by
vaporizing unnecessary film for correcting black defects fall down and do
not



not 10 September 2004 18 stick again on the substrat gy sAsiempePssdd . the
pattern-correcting device can correct white and bl ack defects on a photo
mask in high accuracy. Further, heliumgas nay be available for the main
conponent of purge gas and carrier gas agf prevents particles caused by

| aser CVD from sticking again on the su rate 16. According to helium
gas, the pattern-correcting device can process pattern filmon the
substrate 16_in higher accuracy. Further, in order to hold the substrate
16, the suskiclyagain on thehsubstrate. hAssaesudt et patitereoorestting def ect s
of pattern film on the substrate 16. To adhere to the substrate 16 allows
the subst dgvECeEamEPEEeciowlide A dlackedefecks g anphobo magk mhhigh
substrate 16. Further, conpensation for distortion of the Iens included in
t he penetr &CNFAYght source 7 is optimzed with reference to the total

Lo oot orer 1 IatERe BT AY wiy D kA Tabdedor thendaishor at or can

' i - | i i . 2.
Second enbeaaafest Sphles W it St Fiel gt S RIS FRITRES, ot noo
of correct bamé@dabg ﬁ%fe?@VD‘g’gbﬁ*ﬂ stRCaERTA 0N PR tiitbstiict@m1gn @ photo

mask. The pattern-Correcting Vi ce r'st  enbodl nment nenti oned

above is apptdoadihgrto heliwh gusnthednsitoirt éoFreRtinddesdeondtprodbsent .
According to the first enbodi nent, argon or heliumagas is provided as
purge gas. pattenn folmeon fidedsubstrats 1§ irohighes emendtacy. -

' Further, in order to hold the substrate 16, the sucking unit 9
adheres to the substrate 16 when correcting defects of pattern film
on the substrate 16. To adhere to the substrate 16 allows the
substrate 16 facing downward when the sucking unit 9 holds the
substrate 16.

Further, compensation for distortion of the lens included in
the penetrating light source 7 is optimized with reference to the
total thickness of the translucent cover 31 and the substrate 16
for the numerical aperture of the object lens 4. As a result, the
operator can observe pattern mask on the substrate 16 as high-
resolution image.

2. Second embodiment

The second embodiment is provided for improving a method
of correcting black defects, which is unnecessary part of film, on a
photo mask. The pattern-correcting device of the first
embodiment mentioned above is applied for the following
description of the second embodiment.

According to the first embodiment, argon or helium gas is
provided as purge gas. On the other hand, according to the second
embodiment, oxygen gas is provided as purge gas and no CVD gas

is provided. In this situation, the laser source 1 irradiates one



enbodi ment, oxygen gas is provided as purgé gas and SEMRRARS 2006 -
provided. In this situation, the |aser source 1 irrag?)at%(s onez%%APSeptenber

2004 19 shot of laser light to a black defect.. The shot has twenty-five
percent strength of laser light which is conventionally irradiated for
elimnating a black defect. The shot el il nates chromium oxide film which
Is formed on the top surface of chromumfilmas an AR court layer b (film
preventive of reflection), about 200- angstromin order to expose a |ayer

| over t han shot eRlaser lightyer a Bexdk defect. a¥de shot bas2twenadifives | aser
light 0.5 second on the substrate 16. This time, the strength of the Iaser
light is | @ayrcemastremgiiyof laser Vightr wiiich isheomvemtivnially nroadietedhat t he
top of thz. exqosed chrom Eij@l ayer i s oxidized and changes col or. Then, the
| aser sour 48T elipinating dhaekalefeaterl ke shapreliminadepuomanni um

| . Af .tyhat. h h ' | ' d of f. . h
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conventional teq{ekfiuthe 1046F sHRBR Hr@idia?e@@rlleﬂsbﬂflﬁ%ﬁt PBSechidl sHbstrate

16 to be less damaged. According to conventional techniques for
el i m nati n¢hiel sabstiedtecil6, Thisdime, ghasstiemgth of theHasewtisghatie 146si s dug

300- angstrom dept h on-average under even an optim zed condition. On the
ot her handthadt stengthdornaperizong dmeogiventilm io apden that the topyer s
dug 50- anggrgm (depthy According Lo the seqond;enbodyrent, the chrom um
Then, the laser source 1 irradiates another laser shot on the
exposed chromium layer. After that, the exposed chromium layer
1s peeled off and another chromium layer is newly exposed. After
exposure and peeling of a chromium layer are repeated about ten
times, chromium film of a black defect on the substrate 16 is
eliminated and a glass surface of the substrate 16 appears.

The second embodiment can eliminate black defects by laser
light with twenty five percent lower strength than laser light used
in conventional technique. Lower strength of laser light allows
the substrate 16 to be less damaged. According to conventional
techniques for eliminating black defects, a quartz glass layer of
the substrate 16 is dug 300-angstrom depth on average under
even an optimized condition. On the other hand, according to the
second embodiment, the quartz glass layer is dug 50-angstrom
depth.

According to the second embodiment, the chromium film is
oxidized and then is eliminated. Molecular weight of chromium
oxide is larger than that of non-oxidized chromium. Therefore,

the particles that the second embodiment produces when



oxi dized and then is elimnated. Ml ecular weight 0f1@@6ﬁ@hﬂﬁ}2 jde is

| arger than that of non-oxidized chromum Therefore, the particles that
t he second enbodi nent produces when 10 Septenber 2004 20 elim nating
chromumfilmis easy to fall down, and as a result, hardly sticks again
on the substrate 16. Conpared with convéhtional technique for elininating
bl ack defects, the second enbodinment can formfilmon the substrate 16
whose edges are highly straight and have snmooth walls. Further, when a 5
it mX 5 Alimswedieghilaeimieheilneds eaeysthsallalewit diad sdeegregailt,ect ed
according to conventional techniques, transmttance around the corrected
bl ack def echaraly sticksubgaimion tle dedistease dtuComPpareerwéth. On the ot her
hand, when the sanme bl ack_ defect has been corrected according to the '

Zgggpgi ﬁgb?gmﬁfﬁn?gjénwgnutq E{{lﬂ,:eltih . sul;n{ﬁgp]gltﬁed? deﬁmlmdsemheﬁ\ectoﬁ?-surface
g, oS el o B s ot o 1

defect in (I}r‘]@gﬂyt %tr,ae.ght@é{l@lehq.'ve ﬁmgﬁ’mﬁanﬁe EHF e]aeWB@tn. a\i@’r@t #; | aser
the par 11 ol ol IFSiflad bladk HaHddE GiF (e subBidi® £6 IS LERITEahB el Vel

Consequent | ypeordifaPi 86 e ik I%bﬁi@?éﬁ“ﬁ%tsns‘iﬁﬁtﬁr ef akGuhEofhe

overgrowi ng and grow ng irregular a result, according to the

present i nwentrected dlnbktdefortk dis thecndsstedterl didekliansabent Farther, in

order to correct a black defect on the substrate, |aser |ight may be
upwar d i rr geeegeat. aOn hhetisir Hahel twhen thesame blackcdsfeotyh asheeat

pattern film Though paralcles a};e generated j.n the aijlr when the bl ack
defect is VEREEL accggding to the second embodiment, the transmittance

drops only 1.0 percent or less.

According to the present invention, the substrate is held
with the surface facing downward and material gas for forming
pattern film is blown on the surface. In this situation, laser light
is irradiated upward at a white defect in order to form pattern
film over the white defect. When the laser light is irradiated at
the white defect, particles are generated. However, the particles
fall down and do not stick again to the substrate. Consequently,
the present invention can prevent pattern film from overgrowing
and growing irregularly in size. As a result, according to the
present invention, a photo mask is processed in high accuracy.

Further, in order to correct a black defect on the substrate,
laser light may be upward irradiated at the black defect to
vaporize unnecessary part of pattern film. Though particles are
generated in the air when the black defect is vaporized, the
particles fall down and do not stick again to the substrate.

In order to eliminate unnecessary part of pattern film, the
present invention may repeatedly both oxidize the top layer of

pattern film and peel the layer off. In this case, one layer peeled



particles fall down and do not stick again to the subdBeptetmbel 20®y der to

el i mnate unnecessary part of pattern film the present invention may
repeatedly both oxidize the top layer of pattern filmand peel the |ayer
off. In this case, one | ayer peeled 10 pt enber 2004 21 off at a tine is
so thin that the substrate is danaged | éss to elimnate unnecessary part
of pattern film Heliumgas is avail able for purge and CVD gas of the
pattern-correcting device of the present invention. Wien purge and CVD gas
i ncl ude heloffimtgrdime isheo thin tdmipthesubsteste ipatdielges] dschoagain to
the substrate. ,In order to hold the substrate, the present invention may
suck the s@dtninpée umnegessare paorbairpatiern ﬁhlripful to downward face the

surface of the bstrate on whic efects are irradiated by |aser light.
The pattern-cor rﬁ@ Uiy %ﬁﬂ%@“ﬂi&&ﬂ g)f PH@%O‘@@JS@%&B of Iﬁgel ens al |l ows
its operatqr ,to observe,the substrate with netrating Light in high

r esol 5t i on%w?rg'?%@cﬁm Vahe ﬁﬁéﬁ%ge?%ﬁg%%n%&& inH?ril ﬁ)urgeg
conjunctio ' i . el oW e readil ossi bl e
forJ t hose rsékrlmfde\c{f)l Eﬁg@@@eﬁ%ﬁ?ﬁﬁ;%i@% ﬁ@%ﬁ FngﬂPSthé‘?ﬁo%us ot her
manners. 1%&%1@%?%0%%;13 'g é&%ﬁgﬂED IS: 1. A nethod of correcting

defects of "pattern fi surtace Substrate, conprising the steps

of : hol di ng the Iaubedérte holdhthdeubsti-ate flaeipraseavivaiddition! muyg
material gas for formng pattern filmto the surface; .
suck the substrate. To suck the substrate is helpful to downward
face the surface of the substrate on which defects are irradiated by
laser light.

The pattern-correcting device including the top cover and
the lens allows its operator to observe the substrate with
penetrating light in high resolution.

While this invention has thus far been described in
conjunction with a few embodiments thereof, it will be readily
possible for those skilled in the art to put the this invention into

various other manners.



and irradiating |laser |ight upward at a white defect1®8eptembestodsace to
formpattern filmover the white defect. 2. The nethod clained in claim1,
further conprising the steps of: irradiating |aser light upward at a bl ack
defect on the surface; and vapor|2|ng %ﬁgecessary part of pattern filmin
order to correct the black defect. method clainmed in claiml
further conprising the steps of: blomﬁng oxygen gas to the surface;
irradiating first laser |ight upward to unnecessary part of pattern film
on the surface in order to oxidize the top |layer of the part; irradiating
second | as ht upward to the oxidized top |layer in order to peel the
oxi di zed tgﬁqhé&é ating the steps of irradiating first and

second | aser rd r toelimn ag t he upnecessary part of pattern
film 4. The n‘et oékm%ii of goxrehing ﬁe@srﬁ pattesmefilsl om swwgatar t her
bl ows purge gas pr event.s, o) conducting laser light from
cl oudi ng, ngﬁgﬁaeommﬁwltgel ‘éﬁ in CVD gas for carrying

Carri e gases | Siplfing it SRRErate with IO IR AR RARRE g akiey e the
subsLrate | SUOMB Ty MARITAD 8 R frth SR AL AR oo oo
conpri si ng:aand
irradiating laser light upward at a white defect on the
surface to form pattern film over the white defect. ,
2. The method claimed in claim 1, further comprising the
steps of: |
irradiating laser light upward at a black defect on the
surface; and
vaporizing urinecessary part of pattern film in order to
correct the black defect. |
3. The method claimed in claim 1, further comprising the
steps of:
blowing oxygen gas to the surface;
irradiating first laser light upward to unnecessary part of
pattern film on the surface in order to oxidize the top layer of the
part;
irradiating second laser light upward to the oxidized top
layer in order to peel the oxidized top layer off: and
repeating the steps of irradiating first and second laser light
1n order to eliminate the unnecessary part of pattern film.
4. The method claimed in clam 1, wherein:
the step of blowing further blows purge gas, which prevents
a window for conducting laser light from clouding, and carrier gas,

which 1s included in CVD gas for carrying material gas; and



a holder for holding the substrate with the surface {@séftombeorapsar d; a gas
circulatory unit for providing and withdrawi ng gas including material gas;
a laser irradiator for irradiating laser light upward at a white defect on
the surface; a gas wi ndow for blowi ng nBRerial gas on the surface and
conducting laser light fromthe | aser source through the gas wndow to the
white defect in order to formpattern filmover the white defect. 7. The

ovi Lo . . ! rec
observing. patt oL Cfpotat BE (TR BRAThrRR RS WDGRR §95.m -
wherei n the suBstTheanesho@laRaedeid eldinght wheréitethe SUBsURLEgs

penetrating light source for irradiating Ii'ght through the substrate to

the | over ssckédaa ofdert tebedisld at the step dérholdingl um nate with the | ower
surface. 9. The device clainmed in_clajm8, wherein: the holder conprises a
top cover pernPabhedeviceifgnicorspetingalaients ohpatigmifghn awarssafaespri ses a
l ens that i.s designed to conpensate the distortion of the lens with

r ef er enceOf @ %ﬁ@S&af%mepé of the cover and the substrate. 10

rradi ator conciter 0 aoiBE e sfbRERe bth I st RlERRRe | Fser T gni

for vaporaéme tern film and second |aser source for irradiating
second | aser [i1ght’ for laser CVD, the first laser light is irradiated

through the gaa wWagdeirailatdiyaakidef@et praviddgeantio withdrawéngheabl ack
defects; and the second |aser light is irradiated through the gas w ndow
including material gas;

a laser irradiator for irradiating laser light upward at a white
defect on the surface;

a gas window for blowing material gas on the surface and
conducting laser light from the laser source through the gas window to
the white defect in order to form pattern film over the white defect.

7. The device claimed in claim 6, further comprising an
optical unit for observing pattern film on the substrate.

8. The device claimed in claim 7, wherein the substrate is
permeable to light, further comprising a penetrating light source
for irradiating light through the substrate to the lower surface of
the substrate in order to illuminate with the lower surface.

9. The device claimed in claim &8, wherein:

the holder comprises a top cover permeable to light;
and

the penetrating light source comprises a lens that is designed to
compensate the distortion of the lens with reference to the total thickness
of the cover and the substrate.



at white defects with material gas provided by the gasseptembepd®@y unit in
order to formfilmover the white defects. 11. The device clainmed in claim
6, wherein: the gas circulatory unit provides purge gas, which prevents a
wi ndow for conducting | aser |ight fron1§:ouding, and carrier gas, which is
I ncluded in CVD gas for carrying materi 4gas; and the main conponent of
the purge and carrier gases is helium gas. 12. The device clained in claim
6, wherein the holder sucks the substrate in order to hold the substrate.

Met hod and Devi ck0f &Fheaevace iclgirBed: fi ol&irhrd, where$am conduct or Substrate
Abstract in order to correct a white defect on a surface of a substrate

(16), the subst rtdreelggem) 11radingon camprises Bnstt basert sounee donnvar d, | aser
and as & r dSGRUIE A LGt dager BED DIeBPEIRg PAHIFEgMoand second
laser source for irradiating second laser light for laser CVD;
the first laser light is irradiated through the gas window at
black defects in order to vaporize the black defects; and
the second laser light is irradiated through the gas window
at white defects with material gas provided by the gas circulatory
unit in order to form film over the white defects.
11. The device claimed in claim 6, wherein:
the gas circulatory unit provides purge gas, which prevents
a window for conducting laser light from clouding, and carrier gas,
which is included in CVD gas for carrying material gas; and
the main component of the purge and carrier gases is helium
gas.
12. The device claimed in claim 6, wherein the holder sucks

the substrate in order to hold the substrate.





