METHOD FOR | NSPECTI NG PHOTOVASK BACKGROUND OF THE I NVENTION 5 1. Field of
the Invention [00011 The present invention relates to a |ithography
process, and nore particularly, to a nethod for inspecting photomask. 2.
Description of Related Art 10 [00021 Along with rapid progress of the

sem conduct or process techni que, dinensions of the sem conductor devices

are scal ed down and | VESHCYIORINSPECTINGPIBHCRPREKNUOUSI y to furt her

advance the operating speed and perfornance o evices. Usually, as

the sem conductor devices devel op towards conpact design, the Iithography
process is quite inportant in the whole fabrication. For the patterning of
15 each filmor formation of doped regions, the pattern thereof is defined
and the critical dinmension (CD) is determ ned by the |ithography process.

0003] In the lithograp rocess, firstl hot osensi tive photoresi st
{ayer is forned on a mé%%g GRIERY DO R bY I%H@% NTI@)posure procedure is

perfonned by using a photonmask mnth a desired pattern, so as to transfer a
| at ertt platie@d nf tha lnhmtiphot or esi st 20 | ayer on the wafer surface. After a
devel opnment procedure is performed, a portion of the photoresist layer is

removed [pe0Fjor mrae pﬁa@!&ﬂtﬁﬁ@nﬁ&@ﬁ@it@ﬂo&iiiiﬁ@gﬁaﬁﬁﬁm oBSsst R O RAR I ARE _
continuously miniaturized and integrated, the design of integrated circuit

(10 bQG@Gﬁﬁh&P&E%@?&D& %h@@ﬂﬂ&kcated such that the accuracy of
transferring the photomas pattern to the wafer plays a crucial role. If

the pattern on the photomask is not t accurate, e.g. with defects thereon,
the pattern transfer is made to be further away from being accurate, which

t he subsequent process and product
thus seri pusl Y b mRARL RS g P P

10 [0602] Along with rapid progress of the semiconductor process technique,
dimensions of the semiconductor devices are scaled down and integrity thereof
promoted continuously to further advance the operating speed and performance of the
devices. Usually, as the semiconductor devices develop towards compact design, the
lithography process is quite important in the whole fabrication. For the patterning of

15 cach film or formation of doped regions, the pattern thereof is defined and the critical
dimension (CD) is determined by the lithography process.

[0003) In the lithography process, firstly a photosensitive photoresist layer is
formed on a wafer. Then, a photoresist exposure procedure is performed by using a
photomask with a desired pattern, so as to transfer a latent pattern in the photoresist

20 layer on the wafer surface. After a development procedure is performed, a portion of
the photoresist layer is removed to form a required photoresist pattern. As the devices
are continuously miniaturized and integrated, the design of integrated circuit (1C)
becomes increasingly complicated, such that the accuracy of transferring the photomask

pattern to the wafer plays a crucial role. If the pattern on the photomask is not



reliability. Accordingly, it is necessary to inspect the photomask to
determ ne whether it is acceptable for utilization, so as to ensure the
stability of the process. 5 [0004] Generally, in order to determ ne whether
the photomask has the defects or not, a photomask inspecting tool is used
for scanning the photomask. However, the photonask inspecting tool IS
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i ncreased. Furthernore, before usi ng the phot omask |nspect| ng to scan

t he h e t he hotoma
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invention is directed to a nethod for inspecting a 15 photomask, which
conpar edt i§H6EHRGY or uibzatiepn asfto ghese Brsibady bgthanarcbr:@ssst two different
exposure conditions to determ ne whether the used photomask has defects or
not . 5[ 0A0BJ4] A nEthadlly,on ordespeciciengie whahanhs phobnikie hpr esafdfednivention is
described as follows. A substrate is provided, and a first die is forned

on the sihsi pladtembyk WSpagnk heol IBle&h%;%E@{‘in&Pﬂ%e%o%ln%kf | Rk SXPQRUN €
condition. A second die is fornmed on the substrate by using the phot omask
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condition. The first die and the se each ot her

by usin nspegtor. [ 7 an enbodl ment of the
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perform overl ap conparison step to the first die and the second die.
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10 off-line photomask inspection. In this manner, it has to consume a long time in

waiting for the result of the photomask inspection.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention is directed to a method for inspecting a
I5  photomask, which compares photoresist patterns of dies exposed by at least two

different exposure conditions to determine whether the used photomask has defects or

not.

{6006] Amethod for inspecting a photomask of the present invention is described as

follows. A substrate is provided, and a first die is formed on the substrate by using the
20 photomask based on a first exposure condition. A second die is formed on the

substrate by using the photomask based on a second exposure condition different from

the first exposure condition. The first die and the second die are compared with each

other by using a defect inspector.

[0007] According to an embodiment of the present invention, comparing the first

2



of the photonask has a defect. The defect is, for exanple, a haze or a
particle. [0008] According to an embodi ment of the present invention, the
first dieis 5 adjacent to the second die. [0009] According to an _
enbodi ment of the present invention, the method further includes formng a
third die on the substrate by using the photonmask based on a third
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the defect inspector. Theothlrd ﬁx | onis d'tfgrenfor ggghgﬁe
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third di er]ap conparison step to the second die
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inconpletely, a part of the photonmask has a defect, e.g. a haze_or a
parti cl d004fe t Areadingi & ips adbeidemt ob thhersegondediie, thorfiexaimlie. 15
[0010] According to an enbodi ment of the present invention, the first
exposur edjacoride thicoucdrs! defferent fromthe second exposure condition in at
| east one of focus and energy. [0011] A method for inspecting a photonask
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provi ded, and a pattern of the photomask is 20 transferred to the
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the two shot regions. Wien the two shot regions exposed
and the second exposure condition, for example, in at least one of focus and energy.
Comparing the second die and the third die includes performing an overlap comparison
step to the second die and the third die. When the second die and the third die overlap
incompletely, a part of the photomask has a defect, e.g. a haze or a particle. The third
die is adjacent to the second die, for example.

15 [0010] According to an embodiment of the present invention, the first exposure
condition is different from the second exposure condition in at least one of focus and
energy.

{6011] A method for inspecting a photomask of the present invention is also
described as follows. A substrate is provided, and a pattern of the photomask is

20 transferred to the substrate based on at least two different exposure conditions, such that
a plurality of shot regions is formed on the substrate. Two shot regions exposed by the
different exposure conditions are compared by using a defect inspector.

[0012] According to an embodiment of the present invention, comparing the two

shot regions exposed by the different exposure conditions includes performing an



by the different exposure conditions overlap inconpletely, a part of the
photonasl c corresponding to the inconpletely-overlapping shot regions has
a defect. The defect is, for exanple, a haze or a particle. 5 [0013]
According to an enbodi ment of the present invention, conparing the two
shot regi ons exposed by different exposure conditions includes performng
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respectimebpe qiMafenk Vég}ﬁﬁli@(éb?(q ﬂlxse&éfi"fd nltng @%F a peug gﬁﬂh%fp {%n%lg [0014]

According to an enb ment res en ron
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based on at least two different exposure conditions, and then conparing
two di ed08IXosedoyditiof errenpbedmdt bbiis wietdnt isentdn, tdhepatlef eled tidspect or.
As the exposure condition changes, the tiny pattern proflles of the dies
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10 [0014) According to an embodiment of the present invention, each of the shot
regions includes only one die.
[0015] According to an embodiment of the present invention, the exposure
conditions include at least one of focus and energy.
{0016] As mentioned above, the method for inspecting the photomask in the present
15 invention is implemented by exposing the dies based on at least two different exposure
conditions, and then comparing two dies exposed by different conditions with use of the
defect inspector.  As the exposure condition changes, the tiny pattern profiles of the
dies 1s changed as well.  Accordingly, the defect of the photomask can be recognized
by the differences between the two dies. Moreover, the method for inspecting the
20 photomask in the present invention can be further applied to the one shot-one die layout.
{0017] In order to make the aforementioned and other features and advantages of

the present invention more comprehensible, preferred embodiments accomnpanied with

figures are described in detail below.



[ 0018] The acconpanyi ng drawi ngs are included to provide a further
understanding of the invention, and are incorporated in and constitute a

part of this specification. The drawings illustrate enbodi nents of the
invention and, together with the description, 5 serve to explain the
principles of the invention. [0019] FIG 1 is a flowchart illustrating a

met hod for inspecting grpfFobes@E ke TIBSCORINYPRA Wivggbodi ment of the
present invention. [0020] FIG 2 schematically depicts, in a top view, a

pluralit di ] Q.an.e | rren .he present
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pl urali té’ft@ di_es 1onﬁfg substr atte accordi ng to anot her enbodi rrent of t he
present 1 nvelt PR Fo¥5nqerelated K ditrong il ee pavhydiisspephetionesi st
patterns, whjch are exposed by different exposure conditions according to
two exarfBREREE pHystgfecbedmgl Underingentisn andi tngedlee otithothendesergsivape (SEM .
15 DESCRI PTI ON OF THE EMBODI MENTS [0023] Reference will now be nade in

det aPl tservetie eppleiwdhe ppnaples oitlic emsodément s of the invention, exanples of
which are illustrated in the acconpanying drawi ngs. Werever possible, the

sane ref(ébEyce RLGDENS aaflewusae RstARds avRas tanfhspdeing 20 pAgSELEPt i On to
refer to the sane or |ike parts. [0024]g During the I|thography process, a

def ect, a%btﬁhm%&o@nBﬁ%@dlﬁ{en@omé})f@%&ﬁm\}eﬁ iofisual l y generated on the
photorrask The haze or the particle may e residual products as the

d f th 1} tomask ith the defect js utilized
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transferred.,to a E) Ee3|st 5
according to ari embodiment of the present invention.

10 [0021] FIG 3 schematically depicts, in a top view, a plurality of dies on a substrate
according to another embodiment of the present invention.
10022] FIGs. 4A and 4B are images of photoresist patterns which are exposed by
different exposure conditions according to two examples that are observed under a
scanning electron microscope (SEM).
15
DESCRIPTION OF THE EMBODIMENTS
[0623] Reference will now be made in detail to the present preferred embodiments
of the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
20 description fo refer to the same or like parts.
[0024] During the lithography process, a defect, such as 'a haze or a particle, is
usually generated on the photomask. The haze or the particle may be residual products
as the proceeding of the process. When the photomask with the defect is utilized in the

pattern transferring, the defect on the photomask is generally transferred to a photoresist



| ayer on a processed wafer and thus the resultant pattern profile is out of
desire, which not only affects the subsequent process but also inpacts the
process reliability. Especially, in the case of only one die transferred
in each shot region, i.e. one shot-one die |ayout, the unwanted
photoresi st profiles of the dies due to the photonmask defect are 5 al
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the photoresist .profiles . thus exhibit no differences anong them which is
so-calIé%pgnWibggﬂpﬁas?ggﬂﬂ?°?ﬁé“ﬂ%?§@¥“ﬁﬂ“@ﬁ@1%Wbﬁaﬁﬁbkecﬁﬁﬁﬁﬁﬁmmfbe
detected by the photoresist profile of the one shot-one die | ayout unless
t he phdF%ﬁﬁ@%@ﬂ§‘@@@Hﬁ@dmbyﬁ®%@Pﬁﬁﬂ@bﬁﬁbkd%h§@@E1mﬂgh®ommddmﬁhhem
conventional nethod. 100251 Therefore, in the present invention, the
repeati g lossigé iofth¢ kemphotvivasdorredefrdatslt, raad sif:@ieby Mg photoh@sioaersshot - one
die layout is also taken into consideration. During the |ithography

process,caflic@ beegio@nsc@by titecANOhOpIRTHSList RYElkes BXMOSRE Y-k dlL@S5, 15 two
di fferent exposure conditions are conpared with each other, so as to
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The i npl ementati on manner i nspecting
the pre ~inventi.on. i 4urth [ escri.bed ?ro h a flow %Prt
hereina?@ggéhg¥%?ap(g§h§ 1?%@W§H5?%“§@Fﬂ§tWQl‘ﬁd‘§5ﬁQP Bd“’g €IPRSpect i ng a
phot omask accordiqg to an enbodi ment of the present invention. FIG 20 2
schermat PERPEVIURPTEE!S sPrrabied apenprwng isepl (Thardpeyt offthelpeomnskacasabist r at e
according to an enbodi rent of the present invention. [0026] Referring to
FI GI0 1, bEndajecisst Syothe phaserssist atadile sofpthoviedhotTine diubbyoat enlesmyhcbe a
sem conductor wafer, such as a silicon wafer. A photoresist layer is, for
exanpl e phaepasi tsedarmrd bhehspibssnaikanipreaev@anca theumhetdimh] Mcatit ern of a
pr edet er m ned

[0025] Therefore, in the present invention, the repeating issue of the photomask

defect transferring in the one shot-one die layout is also taken into consideration.

During the lithography process, die regions of the photoresist layer exposed by at least

15 two different exposure conditions are compared with each other, so as to effectively

inspect whether the defect is formed on the photomask or not. The implementation

manner of the method for inspecting the photomask in the present invention is further

described through a flow chart hereinafter,  FIG. 1 is a flow chart illustrating a method

for inspecting a photomask according to an embodiment of the present invention. FIG.

20 2 schematically depicts, in a top view, a plurality of dies on a substrate according to an
embodiment of the present invention.
[0026] Referring to FIG. 1, in step S100, a substrate is provided. The substrate

may be a semiconductor wafer, such as a silicon wafer. A photoresist layer is, for

example, deposited on the substrate in advance, such that a pattern of a predetermined



6 photonmask can be transferred to the photoresist |ayer on the substrate
subsequently. [0027] Afterwards, the pattern of the photomask is
transferred to the substrate, e.g. to the photoresist |ayer, based on at
|l east two different exposure conditions, so as to correspondingly forma
plurality of photoresist patterns on the substrate. Each 5 photoresi st
pattern glafolesiahlbez@dsttREd dahé phdidrebeial @YRUbe 9@5%1‘%1%@1& eh@én@lg? '?Ioe t he

region. The nethod of transferring the pattsrn o elptﬁtona X e

hot or esj | ay n. | u rfqrmng Lt hography process,
guch as gﬁéé&p02§?£@2¥§§mgﬁg&éh%%é@%ﬁg%%%gﬁigggﬁﬂﬁﬁuzgh 8ﬁ8g¥‘ °¢h are
wel | - kno l.ed in th w ||l not described

Q..those skil | art, t hus
her ei n. tOh%éﬁﬁgfaﬁ%za%ﬁﬂﬁggkoPFéﬁ??%???ﬂQ%FWBﬁ¥Pﬂ%”%ﬁ@NBWﬁ§kS@ésﬂ%e
substrate base%,on at least two different exposure conditions is then
i 11 ust r aPPRESPHdeelai P § Pivaker ehodotsesit@atiepns po dhosnlbdirife. ndneld t hat
the term“die" mentioned in the followi ng disclosure my represent the
corréspdﬂ@ﬁﬁqﬁy1@ﬁ©ﬂb¢%%&@uﬁ®aﬁﬂbrdeﬁmeRM3mysngh®ndh@hnﬁgHQﬂmgkm.Step
S110, a first die 201 is formed on the substrate by using the photomask

based orlla ihethed of baest@oisyme: fOREH bf 08 phbinskRRo BP0t ReS8IRRA M §: 202 is
formed on the substrate by using the photomask based on a second exposure

condi ti Qartdaabud By gjegifoﬁ’ﬁﬁl La flft%nrﬁﬁlﬁuﬁdc%s, sH&P %g L%lﬁ e:,?lﬁ)ggxiets%tglg ,'[ag,lg?%agy

enbodi nent, a thir ie 203 can be her” fof me o Supstrate by -
using t - Jﬁ% n.a-third osure condj tion, erein e i
exposurgﬁg%§@%%g§%§vg%§ P%%§ﬂ¥d¥?8ﬁ?ﬁﬁﬁmFWFgﬁmﬁﬁakém€F%@€BHdeVBB%ure
condi tign % ep,%o S130) . The foregoing exposure conditions are different
in at Iéﬁ@flgh@mﬂ *¢¢88 and energy. That is to say, after the first die
201 i's exposed with certain exposure factors of focus and energy (i.e. the
firdt etptlre tonarisraryansfenings Seonthedpiet@0@sknay hbesubxtpos basedwit bt t he
exposure factors by changing the focus or energy (i.e. the second exposure

least two different exposure conditions is then illustrated in detail with reference to FIG

2. It should be noted that the term “die”" mentioned in the following disclosure may

represent the correspondingly photoresist pattern within a single die region. In step

S110, a first die 201 is formed on the substrate by using the photomask based on a first

15 exposure condition. In step S120, a second die 202 is formed on the substrate by using

the photomask based on a second exposure condition that is different from the first

exposure condition.  In an embodiment, a third die 203 can be further formed on the

substrate by using the photomask based on a third exposure condition, wherein the third

exposure condition is different from the first and the second exposure conditions (step

20 S130). The foregoing exposure conditions are different in at least one of focus and
energy. That is to say, after the first dic 201 is exposed with certain exposure factors of
focus and energy (i.e. the first exposure condition), the second die 202 may be exposed

with the exposure factors by changing the focus or energy (i.e. the second exposure

condition).  Alternatively, when the second die 202 is conducted the exposure step, the



condition). Alternatively, when the second die 202 is conducted the
exposure step, the 7 exposure focus and energy suitable for the first die
201 can both be altered as the second exposure condition. Likew se, the
third exposure condition for the third die 203 is adjusted in a simlar
manner of changi ng the exposure focus and/or energy. [0029] Usually, during

the |it hegoapbyodit a6@8Srg@sRiaBRABY theffRE X AMPLS bolBYe AR 4SRN sr’ticﬁﬁ)d perform
t he exposure step by using the photomask repeatedly for a plurality of

times atydisf; - POS| L. hg . . . SuUch that. a pl ity of
shot r eg(igxggksdlg%%g@gm?’or Pﬁggﬁagg’nﬁ{eh%ngu%gtg %Qutla% 255%3@%%\/\%1@%2@2% ggij he first
die 201 | j;acent . .to the second die 202 ~ and the second die i's

adj acentdd?"g?et%]ﬁg%?s ﬁ?lrl‘la n&"’fnélelzﬁé(j 1%’@?&“%“?9%58?%“%”(;@‘1“”%}’203 are Iex po;s1 ed

by the di rent. exposure conditions. In other words, since a single s ot
1% regiﬁﬂgéﬁo névuagﬁa%ﬁ6%%@I%ﬁﬁﬁﬁ?ﬂdd”%*§%ﬁg%@mé&ﬁ@gﬁw@P@ondWﬂ%Qn¢d;he di es
exposed by the different exposure conditions has to be formed in different
shot 3r edb pagom the expeswebytep dachingfthe heotemosk repgitatiy f@Oplundiydi mgeonl y one
die in this enbodiment. [0030] Afterwards, in step S140, the first die 201

and t he asddtimeht gogitidf2ofahe sulsoapanes thit UshRbtedabeckichds P& @fmedlhe
defect inspector can be a tool capable of 15 conducting an overl ap

conpar | sAnhstRpuly. MRIsHiLAh PICOD! 8%irQluid IR [EIULLRR 1RROLAKERL 36, Patterns
and collecting the data. The overiap conparison ‘step I ncludes, for

XA SanBHLSLAIL 30> RUGHIAR EOMPANLSAI G0 R LSt dl £, 200,300, | he

second di SO0 as to detéermne : ] Lo ggighfprigg
di es conpl et el verl.ap each other or not. 20 [0031] It shou e notice
SRpist dtadie el

that t h&*pHs AFPPUFalsPIEEPEY By ¥ nvergs.asinghpoviRge fshPfm wi th a
desired pattern on a glass. |If the photonmask has the defect, e.g. haze or
par tPcl éS2iomel e8HY herraerdwseday apendlo earasdreaonditibhethemicscepodeddfy t he
phoromask .
the different exposure conditions has to be formed in different shot regions 210, thereby
each of the shot regions 210 including only one die in this embodiment.
[0030] Afterwards, in step $140, the first die 201 and the second die 202 are
compared by using a defect inspector. The defect inspector can be a tool capable of
15 conducting an overlap comparison step by measuring profiles of the resultant
photoresist patterns and collecting the data. The overlap comparison step includes, for
example, performing an overlap comparison to the first die 201 and the second die 202,
50 as to determine whether the profiles of two neighboring dies completely overlap each
other or not.
20 [0031] It should be noticed that the photomask is usually fabricated by forming a
chromic film with a desired pattern on a glass. If the photomask has the defect, e.g.
haze or particle, thereon, the defect may be located at different depth of the phoromask

from the chromic pattern or, in the alternative, the defect is made of material different

from chrome. Accordingly, the defect and the chromic pattern on the photomask each



fromthe chromc pattern or, in the alternative, the defect is made of
material different fromchrome. Accordingly, the defect and the chromc
pattern on the photomask each 8 have distinct capability of |ight
absorption. In this case, when the exposure step is perfornmed based on

di fferent exposure conditions, the tiny patterns exposed by the defect may

hi bi t  Hivfef @isemt: apafilidyest light taBSordiibd er8NhiseXROSYRG: FRNAILLADS ep AUS, i N
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particle, is generated on first

i . ie 202 overlap inconpletely, a defect signal can
be’r iﬁér R GG PERPNE Gl BP R e PR eHP OB B IO p J5BH U P he
def ect . é t hi n%er a corresponding part of the photomask nmay be found
to have Pﬁ%“ﬁg?ggﬂ 2 Heashe pecond gisc Zrigmipheselnetvadip earbrollzappi pgrs; el at i on
between the dies 10 exposed by the different exposure conditions. [0032]
CptiénaUF?@lbﬁi@ﬁ@ﬁﬂBHQEOQd@ﬁe&$@cmnm(mumnﬂm2iagéuih&dbhnmdpMﬁ@n&ms can
al so be conpared by using the defect inspector in a simlar manner

descri be@n albovider Hefic & the the dioIPanLS R s@sil tieDRDWGRAL he-0pg50g, fi e 202
and the third die 203 can facilitate the determ nation of the photonask

defect awfag sig@at be 6H Rpor%PASED BY dchendh L @Rl 1 1R, 8PS W &1 & r{fjcl* tions.
4 on g o 8 T eXpo

In an enbodi nent, e di es exposed base ere sSure

th
iti - ed, .. to further confirmthe exhibition of the
Gof cct | L 55a] "Ths PAFRGa: ey R bbb O B ey et P a1 e

ont he. pROCSTRERY B 6 dhifigh i (i Behas teeDPnt ticerise vt 86 Ghab o one
of ordinary skill in the art to practice the present invention but are not
i nt éRded Perefityithe difsrept Boser cohdigonnivent i on.
{0032] Optionally, in step S150, the second die 202 and the third dic 203 can also be
compared by using the defect inspector in a similar manner described above. Hence,
the comparison result between the second die 202 and the third dic 203 can facilitate the
determination of the photomask defect owing to the dies exposed by the different
15  exposure conditions. In an embodiment, the dies exposed based on 3 to 6 different
exposure conditions can be compared, so as to further confirm the exhibition of the
defect,
[0033] The foregoing inspection method merely demonstrates the concept for
recognizing the repeating issue such as the haze or particle on the photomask by
20 changing the exposure conditions, which enable one of ordinary skill in the art to
practice the present invention but are not intended to limit the scope of this invention.
It 1s noted that the above embodiment in which three nei ghboring dies are exposed by

three different exposure conditions is provided for illustration purposes, and should not

be construed as limiting the scope of the disclosure. The amount of the dies and the



It is noted that the above enbodiment in which three neighboring dies are
exposed by three different exposure conditions is provided for
illustration purposes, and should not be construed as liniting the scope
of the disclosure. The amount of the dies and the 9 variations in the
exposure conditions are not specifically restricted in the present _

i nvent i onuialio@34] th Gxp@use henditibeakicy ndepelfally NedritoP i 8W pasdt ural ity
of dies on a substrate according to another enbodinent of the present

i nvent i gavedtdanan enbodi nent, the 5 exposure conditions of each die 300 can
be different fromone another by altering both of the exposure focus F, to

Eir LAS,: LiXx sho in FIG 3, spo.that apy two
el ghbor g i of oo raniITaBlck, 315 Wla%c%fwfﬁg ofgwfaawafé%et her a
i on the otomask or not. Each offset of any two

Sﬁigggské &@ﬁgg'bw %“?6@H§%ﬁFmﬁdjFgmdﬁe%ﬁéﬁﬁ?“@gltdnE@ aveedingnt, thhd to be
an extrene value, so as to prevent 10 the conplicated pattern even w thout
def ect s FPOTHHEHEGHS 5 warfedic 30 9sn detdiFeenttfiven ooé hsshentsl aesingfbotthe _
exposure focus F, to F5 and energy E, to F2 can be appropriately chosen in
accor darmdéhenirtpvsare foenifous by addreertko @ so EX poOs uierixeidvXin(FEMS, whikgh mainly
verifies effects of the focus depth and the exposure energy on the

t r ansf erangdwolraydubripatice 300 duh HEoFRRIUN L RArdth&Ub %vhbﬁafeh@he%%r cts on
the profile of the |layout 15 pattern. [0035] Furthernore, for illustration

pur posesiefdch@ lﬁt&@memﬂﬁetph%ﬁﬁsﬂbﬁﬁ&ﬁz e, iﬁﬁﬁt g:ggrgyrz e’_w%"agmw%ﬁité,ﬁggﬁoég;e only one

?:?UL?¥OUt gl Seoé ngLon 32 SI s,,.and shoul d not be adopted for
Iinitingﬁﬁﬁgggég §§%F%%ﬂgj%?%%@ﬁ?qﬁﬁggﬁﬁ?gﬁ?“fﬁ%mp%yﬁﬂﬁ’Wﬁ“é%@ﬁW§Wot region
isii :i] 2 q %l?%gg{)]}éﬁc%%ﬁ%ih%ﬁl: !g]vrgﬁtegi?hobu% cite?e(actspﬁ'ci?lebr(]:tilnggl 1?1}/5?1?(} glec?.n, InV\Qr?ur:t?c%,s th%eopl ©
offset values of the exposure focus F; to Fs and energy E, to B, can be appropriately
chosen in accordance with a previously-done focus exposure matrix (FEM) which
mainly verifies effects of the focus depth and the exposure energy on the transferred
layout pattern during exposure, particularly the effects on the profile of the layout
15 pattern.
[0035] Furthermore, for illustration purposes, the above-mentioned disclosure is
described in terms of only one die layout in each shot region as shown in FIGs. 2-3,
which are illustrated only as exemplary exampiles, and should not be adopted for
limiting the scope of the present invention. The layout in each shot region is not
20 particularly limited by the present invention, whereas people skilled in the art should be
able to embody the invention based on the illustration. In other words, each shot
region can also include a plurality of dies. Thus, in an embodiment, the overlap

comparison step by using the defect inspector can be performed to two dies each of

which is selected from two shot regions exposed by different exposure conditions



abl e to embody the invention based on the illustration. In other words,

each shot region can also include a plurality of dies. Thus, in an

enbodi ment, the overlap conparison step by using the defect inspector can

be performed to two dies each of which is selected fromtwo shot regions

exposed by different exposure conditions 10 respectlvelyilsobthat tgseémo

i es ex . t i & I ] can sti e ¢

W ih cach it horr RHE e R Sl HEOTHET 2B IR G Snsiaa ¥ S anat her

condition with the aid of the

hot regj0 ] Lfferent exppsur ] . _
Ze?ect q#hg%ggﬁgi%ﬂgpémgﬁﬁﬁ?hr’ﬁﬁﬂﬁgpgﬁiWU'F¥éF@8“éHBJ§EC@GP@§dﬂﬂﬁhcﬂleve
defect recognition. of the hotornaslc owing to the difference in their
profiIe§m8§%ﬁggﬁr%¥mfﬁ@”ﬁ?f?gﬁéﬁﬁﬁﬁﬁﬁﬂP@W6W§Wd“FUO®@}ﬂmh@iﬁﬁﬂ&OMﬁﬂg exanpl e
is provided to prove that the profiles of the photoresist patterns exhibit
di f f er ené@$cies in hemelposure ibewdiciabne:, shangechend defoet redefentn ffthd he
photomask can thus be recogni zed according to the present invention. This
exanmpl e phetoprask ioded: tbahé diffestneatrethel hegtis dpogediianduffesgrsestsmde by
changing 10 focus of the exposure conditions in the present invention, but

is not ijpdENdedTh® thilghtnet BE: pe, ok deherp Nipqk NYENS | | es
[ 0037] élégﬁ 4A énd igbﬁgee?ﬁgggg@oggphoto?e@?é? %gt?gggéomﬁFcﬁﬁggg exposed

di ff ' L GaRdistd ing to two.exanples that are _
observed aer 4 oS B U A R ARG R SN S Bt AE Shown i n
ustrate photoresist profiles exposed by using

FIG 4A, th ree images ill t _ _ X i
t he sangeeﬁgP%ﬁﬁ%gmﬁ@§g G Wi s ercpgBFcdntcorsdie (f he BisastilBYENtipDe
different . exposure focus, respectively. By changing the exposure focus
from - 0%5; ?ﬁaETBJIq@. o vidgt \ip il esitiateoe et wpapothsidderenceasnadeny nidngpipocess
condition, it is observed that these

10 focus of the exposure conditions in the present invention, but is not intended to limit the

scope of the present invention.

Examples

[0037] FIGs. 4A and 4B are images of photoresist patterns which are exposed by

different exposure conditions according to two examples that are observed under a
15  scanning electron microscope (SEM).

{0038} As shown in FIG. 4A, the three images illustrate photoresist profiles exposed

by using the same photomask based on three different cxposure condition, i.e. different

exposure focus, respectively. By changing the exposure focus from -0.05 pm to +0.05

pm wherein 0 pm is considered as a normal process condition, it is observed that these
20 patterns under different exposure conditions vary with the exposure focus, thereby

exhibiting differences as designated by arrows on cach image. Accordingly, the

indicated differences owing to the variant exposure conditions can facilitate the

recognition of the defect formed on the photomask. Likewise, the images shown in

FIG. 4B iflustrate other photoresist profifes exposed by using the same photomask based

11



20 patterns under different exposure conditions vary with the exposure

focus, thereby exhibiting differences as designated by arrows on each

i mge. Accordingly, the indicated differences owing to the variant

exposure conditions can facilitate the recognition of the defect forned on

the photomask. Likew se, the images shown in FIG 4B illustrate other

phot or esd:sth&y affick@s RYRASEHARY fé%%&@v&?.e ﬁﬁé‘%isph&ts&%é KhQﬁﬁ%da s ON three

di fferent exposure focus, respectively. 1t is also observe KA Phe

pattern oM A 4B exhi bit differences as the exposure focus
SRSPMOEE ) QB RPIRbes o b ORESGR BRe SRoERE it prmsac

changes ere arrows ésign such

as haze pr. particle, can still be advantageously recognized with the aid
of chand%ﬁ&ﬁgﬁe @?ﬁﬁéHF%d%%ﬁdﬁﬂﬁ%ﬁgoﬁgmgﬂﬁP@bé%éﬂ“i%7Wﬁédﬁx@@eﬁﬁlbmvention
even though the repeating issue is encountered. [0039] In view of the
above, tHEIHBERBEYf FEOgMBIse stifnghe hed pHotlongiagkthac eqrodieg ctwmlitidiseapr esent
invention is carried out by using the defect inspector to conpare the dies
whi ch ameompxpbeetic pyesatt iheasbn taven didube tentpaxpe sl scansdintd-ans. Since the
defect and the chromc pattern on the photomask have distinct capability

of i ghtjogdegor ptd wibw driige ﬁ&v@?ﬁlﬁe%&hg&[ berihks%éctﬁ?gﬂhp'ghotgia{a&%&%?o‘?ﬁw nder the

di fferent exposure conditions. Therefore, "a correspondi ng part t he

hot £ : f / cting the djfferences
Dot woen e bt var auaf if Ppie %f%33@?%&%&@%&%’5%%%2{*Etioﬁgﬁga}bcgwr y one
issue sti

die layqut ;in_each shot regjon, the repeatin
due to t %db?gfiP%wvgyﬁ%g?%%uﬁig@gﬁﬁéeH§§W§F@ﬁW“°T§ eXPYSHiF deksn#idt i ons.
Hence, thelqne.shotione_die | ayout can benefit greatly by the method for
i nspect Mg ARG AYteHHAE Kha hepmanig htvs dinencycaabiity iofvizht Rbserptl@0dt] 1t wil |
be apparent to those skilled in the art that various nodifications and
var L4t i @nders rofbes addst didferdneestndec therdiffakent dpopresentitibmy e Mhiefryi t hout
departing from
a corresponding part of the photomask may be found to have the defect by detecting the
differences between the pattern profiles.
[0040] Moreover, even if there is only one die layout in each shot region, the
repeating issue still can be reported due to the profile variation with the different
15 exposure conditions. Hence, the one shot-one die layout can benefit greatly by the
method for inspecting the photomask according to the present invention.
(00413 [t will be apparent to those skilled in the art that various modifications and
variations can be made to the structure of the present invention without departing from
the scope or spirit of the invention. In view of the foregoing, it is intended that the

20 present invention cover modifications and variations of this invention provided they fall

within the scope of the following claims and their equivalents.



the scope or spirit of the invention. In view of the foregoing, it is
intended that the 20 present invention cover nodifications and variations
of this invention provided they fall wthin the scope of the foll ow ng
claims and their equivalents. 12 WHAT IS CLAIMED IS: | . A nethod for
i nspecting a phot onask, conprisihng:h provigigg adsubstr?ye;tfogn;ggoguﬁgrst
die ont sing the photomas ased on a firs
conditiogeqﬁggﬁgﬂgﬂgﬂg%é%nd die on the s?bstratefby usLngf;hetphotonask
sed on a segon re conditign different fromthe first exposure
Bgndition; andEco%ﬁgéﬁﬁé¥lﬁgwfgﬁg%aéh%PQ¥ﬁ - (HEPTEE¥oNd die by using a defect
inspector. 2. The nethod according to claim1, wherein conparing the first
die and the 1WOSEEFFUEF & Bonpri ses performing an overlap conparison step
to the first die and the second die, and when the first die and the second
die overlap i néosget 8ry diaopahe sty pling dreasliotiasskabaded eata fidt The
met hod according to claim2, wherein the defect conprises a haze or a
par t iScl esxpb&urd coikhgomet hod according to claim1, wherein the first dieis
adj acent to the second die. 5. The nethod according to claim1l1, further

conprising: fobihing Asédohd didiog @ siubﬁrzﬁéjlB?_tL{‘sﬁ'{[gﬁtei}%%ﬁ?#b?é}HQslct D&epRQt prask

based on a third exposure condition, wherein ti exposuredcondition
is diff esre%éin%{ﬁagmrg B&ldfii'i(gns(ﬁiffeégt RERARY Efe 8)91)%%&1%‘0%3&%89; e;[illgle second exposure

condi tion;
comparing the first die and the second die by using a defect inspector.
2. The method according to claim 1, wherein comparing the first die and the
10 second die comprises performing an overlap comparison step to the first die and the
second die, and when the first die and the second die overlap incompletely, a part of the
photomask has a defect.
3. The method according to claim 2, wherein the defect comprises a haze or
a particle.
15 4. The method according to claim 1, wherein the first die is adjacent to the
second die.
5. The method according to claim 1, further comprising:
forming a third die on the substrate by using the photomask based on a third
exposure condition, wherein the third exposure condition is different from the first
20 exposure condition and the second exposure condition; and
comparing the second die and the third die by using the defect inspector.
6. The method according to claim 5, wherein comparing the second die and
the third die comprises performing an overlap comparison step to the second die and the

third die, and when the second die and the third die overlap mcompletely, a part of the



conmparing the second die and the third die by using the defect inspector.

6. The nethod according to claim5, wherein conparing the second die and
the third die conprises perform ng an overlap conparison step to the second
die and the third die, and when the second die and the third die overlap
inconpletely, a part of the 13 photomask has a defect. 7. The nethod

accordi bl @b Befeherein the defect conprises a haze or a particle.
8. The Eg?hoa éccord?ﬁg to claim5, wherein the third die is adjacent to

d di 9. N had . ac ' t | aj | wherein the third
exposur e conait1 on's LR TSP ARt F PR ThEReleR el Bt P AT o ana e

second exposyre condition in at |east one of focus and energy. 10. The

net hod éﬂg%V§?ng to claiml, wherein the first exposure condition is 10
different fromthe second exposure condition in at |east one of focus and
energy. 11. ASmetHednebed apepdiogiinglaam ghotherss ke thiofdid siadgcentgo ohd di ng a
substrate; transferring a pattern of the photomask to the substrate based
on ab | easindtd di fferent exposure conditions, such that a plurality of
shot regions is fornmed on the 15 substrate; and conparing two shot regions

exposed by the. diffcahenbd @XRASHE & cANEISt WABSIMe thE] B oRudebagtioh Aspect or .
12. The nmethod according to claim 11, wherein conparing the two shot

regi ons (eResathlYnd M&r MlfbeteBhaIR TR SO &,005 EQMdSES,: P& or m ng

an overl ap

one of focus and energy.
10. The method according to claim 1, wherein the first exposure condition is
10 different from the second exposure condition in at least one of focus and energy.
11. A method for inspecting a photomask, comprising:
providing a substrate;
transferring a pattern of the photomask to the substrate based on at least two
different exposure conditions, such that a plurality of shot regions is formed on the
15  substrate; and
comparing two shot regions exposed by the different exposure conditions by
using a defect inspector.
12. The method according to claim 11, wherein comparing the two shot
regions exposed by the different exposure conditions comprises performing an overlap
20 comparison step to the two shot regions, and when the two shot regions exposed by the
different exposure conditions overlap incompletely, a part of the photomask
corresponding to the incompletely-overlapping shot regions has a defect.
13. The method according to claim 12, wherein the defect comprises a haze or

a particle.

14



20 conparison step to the two shot regions, and when the two shot regions
exposed by the different exposure conditions overlap inconpletely, a part
of the photonmask corresponding to the inconpletely-overl appi ng shot
regions has a defect. 13. The nethod according to claim 12, wherein the
defect conprises a haze or a particle. 14 14. The method according to

claim11, whenai NTROWRAKINIcIREEWE St 11r%ie%f§gmg§§ Y ALTdgre

nt
exposure conditions conprises pefformng an over arison step to two
di es eagh,;sgl e¢ f : t ot reqgions exposed by thpr di fferent
exposur e %on%it#%%glﬁggg%%%FJ% Qgﬂgcfgﬁg?ﬁbcﬂgP%%ﬁ %%E%WHﬁnénf%e%ﬂhin1l4,
wher ei n %he t.Wo qieﬁ zre adjacgnt to each other. 16. The method according
to clai MPPIHEER R0 4R KISrearh et fogyilsnavo duipesierscrsyd Brdhdi e. 17,
The method according to claim 11, wherein the exposure conditions 10
conpr i sélagrentgEppspeonsktianssespeatieliener gy. 15
5 5. The method according to claim 14, wherein the two dies are adjacent to
each other.

16. The method according to claim 11, wherein each of the shot regions

comprises only one die.

17. The method according to claim 11, wherein the exposure conditions

10 comprise at least one of focus and energy.



