DESCRI PTI ON

SUBSTRATE DEFECT | NSPECTI ON METHOD AND SUBSTRATE DEFECT
I NSPECTI ON APPARATUS

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a defect
i nspection nethod and defect inspection apparatus for a
substrate, such as mask bl anks for manufacturing
reflective masks used, for exanple, in sem conductor
device fabrication, etc. Particularly, this invention
relates to a substrate-defect inspection nethod and a
substrate-defect inspection apparatus which utilize an
extreme ultraviolet (hereinafter, referred to as "EUV")
beam havi ng a wavel ength of approximtely 10 to 20 nm as
i nspection |ight.

BACKGROUND ART
[ 0002]

In the sem conductor device (sem conductor unit)
fabrication process, photolithography technique is
repeatedly enpl oyed by which a transfer mask is
irradiated with exposure light to transfer a circuit
pattern fornmed in the mask onto a sem conduct or
substrate (sem conductor wafer) through a reduction
projection optical system Conventionally, the
wavel ength of exposure |ight has been mainly 193 nm
whi ch is achieved by utilizing argon fluoride (ArF)
exci mer |aser beam Additionally, what is called multi-
patterni ng process that conbi nes exposure process and
processing process nultiple tines has been enployed to
forma pattern having smaller dinension than the



exposure |ight wavel ength in the end.
[0003]

Nevert hel ess, since continuous mniaturization of
devi ce patterns demands further finer pattern formation,
such demands have led to the devel opnent of EUV
l'ithography techni que that uses, as exposure light, an
EUV beam havi ng nuch shorter wavel ength than ArF exci ner
| aser beam More specifically, EUV beamis a |ight beam
havi ng a wavel ength of around 13.5 nm Since such EUV
beam has quite | ow transparency to materials and this
limts the use of conventional transm ssion-type
projection optical system and nmask, so that reflection-
type optical devices are used. Hence, a reflective nmask
has al so been proposed as a pattern-transferring nask.

In a reflective mask, a nmultilayer reflective film
for reflecting EUV beamis formed on a substrate, and an
absorber filmfor absorbing EUV beamis forned on the
multilayer reflective film the absorber film being
subjected to patterning. Meanwhile, a reflective mask
with an absorber film not subjected to patterning yet
(including a state with a resist |layer having been
formed) is called “reflective mask bl ank”, from which a
reflective mask is forned

Hereinafter, a reflective mask bl ank for
reflecting EUV beamis also referred to as “EUV nask
bl ank” .

[ 0004]

An EUV mask bl ank has a basic structure including:
a multilayer reflective filmwhich is formed on a | ow
t her mal - expansi on substrate and reflects EUV beam and
an absorber filmwhich is formed on the nultilayer
reflective film and absorbs EUV beam A commonly-used
multilayer reflective filmis a Md/Si nultilayer



reflective filmin which a nolybdenum (Md) film and a
silicon (Si) filmare alternately stacked to surely
exhibit a reflectance agai nst EUV beam Further, a
protection filmfor protecting the nultilayer reflective
filmis formed. Meanwhile, a material used for the
absorber film mainly contains tantalum (Ta) or chrom um
(Cr), which have relatively large extinction coefficient
with respect to EUV beam

[ 0005]

In EUV |ithography application, if a nultilayer
reflective filmof a reflective mask has a surface with
a height variation of even 1 nmor so, this causes phase
shift in the reflected EUV beam and causes di nensi onal
change or resolution failure in a transferred pattern
which is transferred onto a wafer from the absorber film
A height variation in a mask bl ank, which causes such
phase shift, is called “phase defect”. It is very
difficult to correct a phase defect after an absorber
filmis patterned. Thus, it is necessary to inspect a
mask bl ank for phase defect before an absorber filmis
f or med.

[ 0006]

Phase defect may originate not only sinmply from
uneven surface of a multilayer reflective film but also
fromthe inside of the nmultilayer reflective filmor
uneven surface of a | owthernmal -expansi on substrate.

For this reason, sufficient defect detection is not
acconplished by a inspection nmethod using typical |aser
beam as i nspection |ight. Hence, appropriate

count ermeasure would be what is called at-wavel ength

I nspection nethod by which phase defect is detected
usi ng i nspection |ight having the sanme wavel ength as
that of EUV beam used for exposure of a reflective nmask.
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As exanples of this method, nethods using dark-field
i nspection imge are disclosed in Patent Docunents 1, 2,
and Non Patent Docunment 1, for exanple.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0007]

Pat ent Docunment 1: JP 2012-154902 A

Pat ent Docunment 2: JP 2014-153326 A

NON PATENT LI TERATURE

[ 0008]

Non Patent Docunent 1: Takeshi Yanmane, Yongdae Ki m

Nori aki Takagi, Tsuneo Terasawa, Tonohisa Ino, Tonohiro
Suzuki, Hiroki Myai, Kiwanmu Takehi sa, Haruhi ko Kusunose,
“Performance in practical use of actinic EUVL mask bl ank
i nspection”, Proc. of SPIE, Vol. 9256, 92560P.

SUMMARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0009]

Generally, dark-field inspection methods including
the inspection techniques in Patent Docunent 1 and Non
Pat ent Docunment 1 nenti oned above have such advant ages
that the inspection speed can be inmproved while the
def ect-detection sensitivity is kept high in conparison
with normally bright-field inspection nmethods. Moreover,
since a defect portion in a dark-field inspection imge
gi ves higher lum nance signal than the surrounding
background | evel, a defect can be recognized at a
position where a signal exceeding a predeterm ned
threshold set in advance is obtained; thus, the
detection nmethod is also sinple. Further, |owering the
threshold | evel can enhance the sensitivity of the phase
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def ect inspection.
[0010]

However, the threshold setting is carried out in
an enpirical or experinmental way.

In a dark-field inspection nmethod using EUV beam
as inspection light, even if no defect is present,

i nspection signal may be obtained froma certain
background level. This is due to surface roughness on
the multilayer reflective film The smaller the
roughness, the |ower the background level. 1In this case,
hi gh sensitivity detection is possible by Iowering the

t hreshol d.

However, this background level is expressed by a
product obtained by nmultiplying a factor attributable to
surface roughness by reflectance attributable to the
structure (e.g., bilayer period) of the nultilayer
reflective film Hence, for exanple, when a signal is
obt ai ned from | ow background level, it is inpossible to
tell whether the signal is due to small surface
roughness or due to low reflectance of the nmultilayer
reflective film
[0011]

The | evel of a | um nance signal obtained by
detecting a phase defect does not change even when the
surface roughness of the multilayer reflective filmis
decreased. |In contrast, when the refl ectance of the
multilayer reflective filmis decreased, the | um nance
signal level is also decreased. Wth small surface
roughness, a defect can be detected using a pre-set
threshold wi thout problem Detection sensitivity
enhancenent is expected when the threshold is further
| owered. However, if the reflectance is |ow, no defect
may be detected with a pre-set threshold. A defect of



the same size cannot be detected if the threshold is not
| ower ed.
[0012]

As descri bed above, the threshold setting
i ndicative of the detection sensitivity requires
information on the reflectance of a nmultilayer
reflective film Conventional techniques do not
explicitly state that the reflectance is al so considered
in the threshold setting that contributes to dark-field
I nspecti on.

[0013]

The present invention has been made in view of the
above problens. An object of the present invention is
to provide a substrate-defect inspection nethod and
def ect inspection apparatus which appropriately set a
threshol d indicative of detection sensitivity in a dark-
field inspection using a scattered reflected beamfrom a
target substrate, and which enable highly-reliable phase
def ect inspection.

SOLUTI ON TO PROBLEM
[ 0014]

To achi eve the object, the present invention
provi des a substrate defect inspection nmethod conprising
steps of:

irradiating a target substrate with an EUV beam
emtted froman EUV illum nation source by using a first
focusing optical system

guiding a scattered reflected beam but no
specul arly-refl ected beam anong beans reflected from
the target substrate irradiated with the EUV beamto a
i ght receiving surface of a sensor by using a second
focusing optical system and



determ ning that a defect is present at an
irradiation spot of the target substrate with the EUV
beam when an intensity of the scattered reflected beam
received by the |light receiving surface of the sensor
exceeds a predeterm ned threshol d,

wherein the substrate defect inspection method
conprises, before the irradiation of the target
substrate with the EUV beam

a reflectance acquisition step of acquiring a
reflectance of the target substrate to the EUV beanm and

a threshold conputation step of setting the
predeterm ned threshold based on the reflectance
acquired in the reflectance acquisition step.
[ 0015]

According to the inventive substrate defect
i nspection nethod as descri bed above, a threshold
(hereinafter also referred to as THR) is set based on
the refl ectance of a target substrate, which influences
not only a background | evel (hereinafter also referred
to as BGL) but also a defect-lum nance signal |eve
(hereinafter also referred to as SIG in a dark-field
I nspection. Thus, the inventive nethod makes it
possible to set a threshold appropriately. This enables
hi ghl y-reli abl e phase defect inspection.
[ 0016]

In this event, the reflectance acquisition step
may be perfornmed as foll ows:

a configuration of the first focusing optical
system or the second focusing optical systemis changed,
the first focusing optical systemis used to
irradiate the target substrate with the EUV beamemtted

fromthe EUV illum nation source,
the second focusing optical systemis used to



gui de the specularly-reflected beam which is reflected
fromthe target substrate irradiated with the EUV beam
to the light receiving surface of the sensor, and

the reflectance is acquired based on an intensity
of the specularly-reflected beamreceived by the |ight
recei ving surface.

[0017]

In this manner, the reflectance of a target
substrate can be easily obtained.
[0018]

Additionally, it is possible that the first
focusing optical systemhas a mrror, and

when the configuration of the first focusing
optical systemis changed, a position and a posture of
the mrror are changed.

[ 0019]

In this manner, the specularly-reflected beam from
a target substrate can be easily guided to the |ight
recei ving surface of the sensor by changing the
configuration of the first focusing optical system
[ 0020]

Optionally, in the reflectance acquisition step,
the reflectance may be acquired using a reflectoneter.
[ 0021]

In this manner, the reflectance of a target
substrate can be easily obtained using a commercially-
avail abl e reflectoneter, for exanple.

[ 0022]

Moreover, the target substrate may be a substrate
having a surface provided with a nmultilayer reflective
filmconfigured to reflect the EUV beam
[ 0023]

The inventive defect inspection nethod can be
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suitably enployed in inspecting a substrate with a
multilayer reflective film for exanple, a reflective
mask bl ank, etc.

[ 0024]

Further, the reflectance may be an average val ue
i n a whole inspection region of the target substrate.

Alternatively, it is possible that the target
substrate has an inspection region divided into sub-
smal | -regi ons,

the reflectance is acquired as an average val ue
for each of the sub-small-regions, and

the predeterm ned threshold is set for each of the
sub-smal | -regi ons.

[ 0025]

These manners allow the refl ectance and the
threshold to be appropriately determ ned in accordance
with, for exanple, the inspection region size of the
target substrate, etc.

[ 0026]

Furthernore, each of the first focusing optical
system and the second focusing optical system nmay have a
plurality of mrrors provided with nmultilayer reflective
films.

[0027]

In this manner, it is possible to nore
appropriately irradiate a target substrate with an EUV
beam and gui de scattered reflected beam fromthe target
substrate to the light receiving surface of the sensor
[ 0028]

In addition, the present invention provides a
substrate defect inspection apparatus conprising:

an EUV illum nation source configured to emt an
EUV beam



a first focusing optical system configured to
irradiate a target substrate with an EUV beam fromthe
EUV il lum nation source;

a second focusing optical system configured to
guide a scattered reflected beam but no specul arly-
refl ected beam anong beans reflected fromthe target
substrate irradiated with the EUV beamto a |ight
recei ving surface of a sensor;

an arithnetic processor configured to determ ne
that a defect is present at an irradiati on spot of the
target substrate with the EUV beam when an intensity of
the scattered reflected beamreceived by the |ight
recei ving surface of the sensor exceeds a predeterm ned
t hreshol d; and

a threshold conputer configured to set the
predeterm ned threshold based on a refl ectance of the
target substrate to the EUV beam
[ 0029]

The inventive substrate defect inspection
apparatus as descri bed above is capable of setting a
threshol d based on the reflectance of a target substrate,
whi ch influences not only background | evel but also
def ect-l um nance signal level in a dark-field inspection.
Thus, the apparatus sets the threshol d appropriately.
Hence, the apparatus is capable of highly-reliable phase
def ect inspection.

[ 0030]

Thi s apparatus may be configured as foll ows:

the first focusing optical system or the second
focusing optical system has an changeabl e confi guration,

the first focusing optical systemis capable of
irradiating the target substrate with the EUV beam
emtted fromthe EUV illum nation source,

10



the second focusing optical systemis capable of
gui ding the specularly-reflected beam which is
reflected fromthe target substrate irradiated with the
EUV beam to the light receiving surface of the sensor
and

t he substrate defect inspection apparatus
conprises a data acquisition unit configured to acquire
the refl ectance based on an intensity of the specularly-
refl ected beamreceived by the |light receiving surface.
[ 0031]

Wth such configurations, the reflectance of a
target substrate can be easily obtained.

[ 0032]

Moreover, it is possible that the first focusing
optical systemw th the changeable configuration has a
mrror, and

the mrror is changeable in ternms of position and
post ure.

[0033]

Such a configuration allows the specularly-
reflected beamfroma target substrate to be easily
guided to the light receiving surface of the sensor by
changi ng the configuration of the first focusing optical
system
[ 0034]

Further, the target substrate may be a substrate
having a surface provided with a multilayer reflective
filmconfigured to reflect the EUV beam
[ 0035]

The inventive defect inspection apparatus is
suitably usable in inspecting a substrate with a
multilayer reflective film for exanple, a reflective
mask bl ank, etc.
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[ 0036]

Each of the first focusing optical system and the
second focusing optical systemmay have a plurality of
mrrors provided with nmultilayer reflective fil nms.

[ 0037]

Such configurations make it possible to nore
appropriately irradiate a target substrate with an EUV
beam and gui de scattered reflected beam fromthe target
substrate to the light receiving surface of the sensor

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0038]

The present invention nmakes it possible to
appropriately set a threshold, which is indicative of
detection sensitivity in a dark-field inspection, and to
thus provide a substrate defect inspection nmethod and
def ect inspection apparatus which enable highly-reliable
phase defect inspection.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0039]

FIG 1 is a schematic diagram showi ng an exanpl e
of a defect inspection apparatus according to the
present invention;

FIG 2A is a schematic diagram show ng an exanpl e
of an illum nation optical system having two mrrors;

FIG 2B is a schematic diagram showi ng an exanpl e
of an illum nation optical system having one mrror;

FIG 3 is a schematic diagram show ng an exanpl e
of an optical systemin neasuring the reflectance of a
target substrate;

FIG 4 is an explanatory graph show ng an exanpl e
of an inspection-signal intensity distribution obtained
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by a dark-field inspection apparat us;

FI Gs. 5A and 5B are expl anatory graphs show ng two
exenpl ary inspection-signal intensity distributions
obt ai ned by the dark-field inspection apparatus in which
substrates have different surface roughnesses (FIG 5A)
or reflectances (FIG 5B);

FIG 6 is a flowhart showi ng an exenpl ary fl ow of
a substrate defect inspection nmethod according to the
present invention;

FIG 7 is a flowhart showi ng anot her exenpl ary
fl ow of the substrate defect inspection nethod according
to the present invention

FIG 8 is a schematic di agram show ng anot her
exanple of the first focusing optical systemin the
i nventive defect inspection apparatus;

FIG 9A is a principal cross-sectional view of a
substrate with multilayer reflective filmfor
manuf acturing a reflective mask bl ank; and

FIG 9B is a principal cross-sectional view of a
reflective mask having an absorber pattern.

DESCRI PTI ON OF EMBODI MENTS
[ 0040]
Herei nafter, enbodi nents of the present invention

will be described in nore details with reference to the
dr awi ngs. However, the present invention is not limted
t her et o.

Bef ore enbodi nents of a substrate defect
i nspection apparatus and a substrate defect inspection
met hod according to the present invention are described,
an exenplary target substrate (substrate to be
i nspected) will be described at first. Note that, in
the present invention, a target substrate is not
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particularly limted, as long as it can reflect EUV beam
Here, a substrate with nultilayer reflective filmwll

be described, which is capable of reflecting EUV beam
and represented by reflective mask bl ank, as the target
substrate.

FIG 9A is a cross-sectional view show ng a
principal portion of a substrate RVMB with nultilayer
reflective filmfor manufacturing a reflective mask
bl ank.

The substrate RMB with nmultilayer reflective film
has: a substrate 101 nmade of a | owthermal - expansi on
material and having a sufficiently-flattened surface; a
multilayer reflective film 102 for reflecting a EUV
beam and a protection film 103 for the nmultil ayer
reflective film2102. The nultilayer reflective film 102
and the protection film 103 are forned in this order on
a main surface of the substrate 101. Meanwhile, on
anot her main surface, which is on an opposite side (back
side) of the substrate 101 to the surface where the
multilayer reflective film 102 is formed, an el ectro-
conductive film 104 is formed to electrostatically hold
a reflective mask, which is to be described later, on a
mask stage of an exposure apparatus. |In this drawing, a
phase defect PDT to be described later is also shown.

[ 0041]

Her ei nbel ow, exanpl es of the substrate 101 and so
forth of the substrate RMB with nmultilayer reflective
filmw |l be further described in detail, but the target
substrate of the present invention is not limted to the
foll ow ng configurations.

As the substrate 101, one conposed of a | ow
t her mal - expansi on material and having a sufficiently-
flattened surface is preferably used. For exanple, the
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substrate preferably has a thermal expansion coefficient
within +1.0x10-8/°C, preferably +5.0x10-9/°C. MNoreover,
the main surfaces of the substrate have such surface
roughness that the RMS value is preferably 0.1 nm or

| ess, particularly preferably 0.05 nmor less. Such
surface roughness can be attained, for exanple, by
pol i shing the substrate.

The multilayer reflective film102 is a nultilayer
filmincluding a | ayer made of a | owrefractive-index
material and a | ayer made of a high-refractive-index
material, which are alternately stacked. For EUV beans
havi ng an exposure wavel ength of 13 to 14 nm (nornally,
wavel ength of approximately 13.5 nm, a Md/Si |am nate
filmor the like is used. In the lamnate film for
exanpl e, a nolybdenum (Md) layer as the lowrefractive-
i ndex material and a silicon (Si) |ayer as the high-
refractive-index material are alternately stacked, for
exanpl e, by approximtely 40 cycles (40 |ayers of each
material). The multilayer reflective filmnormally has
a filmthickness of approximately 280 to 300 nm

The protection film 103, which is also called a
capping layer, is provided to protect the nmultilayer
reflective filmwhen an absorber pattern is fornmed
t hereon or when the absorber pattern is repaired. As
the material for the protection film silicon (Si),
rut henium (Ru), a conpound obtai ned by addi ng ni obi um
(Nb) or zirconium (Zr) to ruthenium (Ru), or the like
can be used. The protection filmnormally has a film
t hi ckness of approximately 2 to 5 nm

The el ectro-conductive film 104 for holding the
reflective mask on the mask stage of the exposure
apparatus normally has a filmthickness of approximtely
10 to 50 nm but may be thicker

15



[ 0042]

The phase defect PDT is a defect present as a
concave or convex portion resulting fromfine concave or
convex portions which have existed on the main surface
of the substrate 101. When the nmultilayer reflective
film 102 is formed thereon, these portions remain from
the multilayer reflective film 102 to the protection
film103. Even if a fine convex or concave portion is
present on the main surface of the substrate 101, the
convex or concave shape is gradually flattened by
snmoot hing effect in the process of formng the |ayers of
the multilayer reflective film 102, and such uneven form
may eventually di sappear fromthe surfaces of the
multilayer reflective film 102 and the protection film
103. However, even in such s case, a mnute uneven form
present in the nultilayer reflective film 102 causes a
phase difference in reflected beamto sonme extent,
acting as phase defect that |lowers the reflectance. 1In
addition, even when the substrate 101 does not have
defect on the main surface, if fine particles or the
i ke are caught during the formation of the multil ayer
reflective film2102, a filmwth uneven form my be
formed in the subsequent film formation, which also
serves as phase defect.

[ 0043]

FIG 9B shows a principal cross section of a
reflective mask 106 havi ng an absorber pattern 105 that
i s obtained by patterning an absorber film for absorbing
EUV beam the absorber film being formed on the
substrate RMB with nmultilayer reflective filmand al so
with the phase defect PDT.

There is no problem when the absorber pattern 105
is formed to cover the phase defect PDT. However, when
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the phase defect PDT is present and exposed between

adj acent portions of the absorber pattern 105 as shown
in FIG 9B, the phase of reflected beamis disturbed,
even if the depth of the exposed phase defect PDT is
approximately 1 nm for exanple. Consequently, the
reflectance is | owered, and defect is generated in the
pattern projection imge. Hence, it is quite inportant
to detect such phase defect before a reflective nmask is
manuf act ur ed.

[ 0044]

Next, the inventive substrate defect inspection
apparatus for detecting phase defect present in a
multilayer reflective filmwll be described with FIG 1.

This inspection apparatus 1 has main constituents
of: an EUV illum nation source (plasm source) |ILS
configured to emt an EUV beam BML; a substrate stage
STG on which a substrate RMB with nultilayer reflective
film (hereinafter also referred to as substrate RMB) is
nmounted as a target substrate; an illum nation optica
system | LO, a mrror M); an imging optical system PRO
(with mrrors ML, M2); and a two-di nensional array
sensor (image detector, also sinply referred to as
sensor) SE having a light receiving surface 2. Besides,
the inspection apparatus 1 includes, although not shown,
normal | y-incorporated constituents: a nenory, a signal
processing circuit, a systemcontrol conputer configured
to control operations of the entire apparatus, a data
i nput -out put unit, a defect-inspection-inmge output unit,
etc. Further, in the present invention, for exanple,
the system control conputer includes an arithnetic
processor 3, a threshold conputer 4, a data acquisition
unit 5, etc., to be described later. Only these units
in the conputer are illustrated.
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[ 0045]

The illum nation source ILS is optionally provided
with a wavel ength selection filter, pressure partition
nmeans, scattering-particle suppressing neans, or the
l'ike. The illum nation source ILS emts the EUV beam
BML by neans of plasma, for exanple.

The illum nation optical systemILO is configured
to guide the EUV beam BML fromthe illum nation source
ILS to the mirror MO. FIG 2A and FIG 2B show exanpl es
of the illum nation optical system ILO The
illumnation optical system|LO may include two mrrors
(concave mrrors) M3 as shown in FIG 2A, or may include
one mrror (concave mrror) M3 as shown in FIG 2B

The mirror M) is configured to irradiate the
substrate RMB with the EUV beam BML fromthe
illum nation optical system|LO

Note that a first focusing optical system6 in the
present invention includes the illum nation optical
system | LO and the m rror M.

The i magi ng optical system PRO is constituted of
the mrror (concave mrror) ML and the mrror (convex
mrror) M2, and is, for exanple, a Schwarzschild optical
system constituting a dark-field imaging optical system
with a light collecting NA of 0.25, a central shield NA
of 0.1, and a magnification of about 30. This imging
optical system PRO corresponds to a second focusing
optical system7 in the present invention. The imaging
optical system PRO is capable of guiding at |east a
scattered refl ected beam (BM2), but not a specul arly-
reflected beam anong beans reflected fromthe substrate
RVMB to the sensor SE. The scattered refl ected bean(s)
BM2 are collected by the mrror ML, reflected to the
mrror M2, reflected by the mrror M2 to converge, and
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then guided to the sensor SE
[0046]

Note that, the mrrors MD to M3 descri bed above
are not particularly limted, as long as each mrror is
capabl e of reflecting EUV beam For exanple, the
mrrors may be provided with nultilayer reflective fil ns.
Such mrrors are preferable because these are capable
of : efficiently reflecting EUV beans; and nore
appropriately irradiating the substrate RVMB with EUV
beam and guiding scattered reflected beans fromthe
substrate RMB to the |ight receiving surface 2 of the
sensor SE.

[ 0047]

Mor eover, the first, second focusing optical
systens 6, 7 may have changeabl e configurations. Herein,
“changeabl e configuration” means, for exanple, that any
of the mrrors (particularly, the mrror M) in the
first, second focusing optical systens 6, 7 is changed
in ternms of position and posture (inclination angle).
Each mrror may be supported by an arm actuator, etc.,
and the position and so forth of the mrror can be
desirably controlled by controlling such support
menmber (s). For exanple, a control mechani sm as
descri bed in Patent Docunent 2 can be adopted.

In this respect, FIG 3 shows an exanple of a
configuration (optical system for perform ng bright-
field inspection) in neasuring the reflectance of the
substrate RVB as described |ater after the above-
descri bed configuration change fromthe configuration as
shown in FIG 1 which allows the reception of the
scattered reflected beam BM (the optical system
configuration for perform ng dark-field inspection).

The arrangenent of a mrror MOl by changing the position
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etc. of the mirror M) allows a specularly-reflected beam
(BM21) anong reflected beams fromthe substrate RVB to
be coll ected, converge, and guided to the sensor SE.

[ 0048]

The stage STG and the two-di nensional sensor SE
are not particularly limted. For exanple, conventional
means can be used if they can appropriately nmove the
nount ed substrate RVMB, or can appropriately receive
beanms reflected fromthe substrate RVB and process i mage.

Additionally, in the systemcontrol conputer, the
arithmetic processor 3 plays a role in determ ning that
a defect is present at an irradiation spot of the
substrate RMB with the EUV beam BML when an intensity of
the scattered refl ected beam BM2 received by the sensor
SE exceeds a predeterm ned threshol d.

Mor eover, the threshold conputer 4 plays a role in
setting the threshold based on the reflectance of the
substrate RMB. The contents of a conputation program
for this threshold based on reflectance will be
described | ater.

Further, the data acquisition unit 5 plays a role
in acquiring the reflectance based on an intensity of
the specularly-refl ected beamreceived by the |ight
recei ving surface 2 of the sensor SE. The data
acquisition unit 5 utilizes the intensity of the
specul arly-refl ected beamreceived by the first, second
focusing optical systenms 6, 7 having changed the
configuration(s) as described above. This enables the
apparatus to easily acquire the reflectance of the
substrate RMB. This configuration is required if the
reflectance of the substrate RVB is obtained by using
the inventive defect inspection apparatus 1 by itself.
Neverthel ess, if the reflectance is nmeasured by using,
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for exanple, a separate reflectoneter, the data
acquisition unit 5 can be omtted.
[ 0049]

Now, description will be given of a flow of EUV
beam in the dark-field inspection configuration

The substrate RMB with nmultilayer reflective film
to be inspected for the presence or absence of phase
defect is mounted on the stage STG which is novable in
three-axial directions of: XY directions relative to the
substrate surface; and a Z direction perpendi cul ar
thereto. The EUV beam BML having a center wavel ength of
approximately 13.5 nmenmtted fromthe illum nation
source passes through the illum nation optical system
ILO and is converted to a convergent beam Then, the
EUV beam BML passes through an opening for adjusting the
beam size, is reflected by the mrror M), and enters a
predeterm ned regi on of the substrate RMB. The position
of the substrate RMB is given as positional information
on the stage STG which noves with the substrate RVB
nmount ed thereon.

Among refl ected beams fromthe substrate RMB,
scattered beans due to phase defect (the scattered
refl ected beam BM2) are coll ected by the i mging optical
system PRO to form a convergent beam and focused on the
t wo- di nensi onal array sensor SE. Specifically, a dark-
field inspection imge DI M of the substrate RMB is
formed by the two-di nensional array sensor SE, and
consequently the phase defect PDT remaining in the
substrate RMB is detected as a | um nance spot SIGin a
background | evel BGL of a defect-free portion in the
I nspection imge. Information, such as the position of
the detected phase defect and the intensity of the
defect signal, is stored in a predeterm ned storage unit,
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and a variety of information can be observed through a
pattern nonitor or the imge output unit.

The predeterm ned region of the substrate RMB can
be i nspected, for exanple, by enploying known general
nmet hods, such as by operating the two-di mensional array
sensor SE in a TDI (tinme delay and integration) node in
synchronismw th the novenent of the stage STGw th the
substrate RMB mounted thereon. Further descriptions of
such general inspection nethods are omtted herein.

[ 0050]

Next, the significance of considering the
refl ectance and the setting of the threshold based on
the reflectance will be described.

FIG 4 is an explanatory graph of a dark-field
I nspection imge intensity distribution 200 extracted
along a line in the X-axial direction containing a phase
defect portion fromthe dark-field inspection imge DI M
obt ai ned by the two-dinensional array sensor. In
conpari son with an inspection inmage intensity (i.e.,
BGA.) around the defect, when a high inspection inmage
intensity (whose intensity level is indicated by SIG is
obt ai ned fromthe phase defect portion, if the intensity
I's higher than a threshold THR set in advance, the
presence of a defect is recognized. A condition that a
defect is detected is SIGTHR. In addition, the |ower
the THR |l evel, the higher the detection performance for
m nut e phase defects (higher detection sensitivity).
Further, a condition of THR>BG. is essential to prevent
noi se | evel detection.

[ 0051]

Here, the conventional threshold | evel THR can be
set to a |l evel at which, for exanple, a predeterm ned
detection sensitivity is achieved in inspection of a
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predeterm ned substrate having been prepared to
I ncorporate phase defects with different sizes in
advance. Alternatively, the threshold can be set to a
| evel obtained by collecting dark-field inspection
signals fromvarious substrates with nmultilayer
reflective films, and then addi ng a predeterm ned val ue
to the background | evel.

The threshold in an inspection apparatus is
provi ded by the inspection apparatus maker. For exanpl e,
the threshold value is presumably determ ned through
experinments so that a defect of predeterm ned size could
be detected with a predeterm ned detection probability
when a reference substrate with nmultilayer reflective
film(specifically, a substrate with nultilayer
reflective filmfor EUV mask bl ank) is inspected. 1In
this event, the actual reflectance is about 65%to 67%
whi ch has never been considered as a variable
conventionally. 1In other words, in conventional
t hreshol d cal cul ati ons, a predeterm ned reflectance is
presunmed, which is based on the aforenentioned reference
sanpl e, but no consideration has been given to the other
reflectances, particularly the reflectances of actually-
I nspected target substrates.
[ 0052]

Incidentally, the background | evel BGL obtai ned by
a dark-field inspection varies depending on the surface
roughness and the reflectance of the nultilayer
reflective filmof the substrate RVB. The higher the
refl ectance, the higher the background |evel BGL; the
smal | er the surface roughness, the |ower the background
|l evel BGL. Wth small surface roughness, the difference
bet ween t he background | evel BGL and the inspection-
image intensity |level SIG obtained froma phase def ect
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portion is increased, so that the phase defect can be
detected clearly. Thus, higher sensitivity inspection
is possible with lower BG.. FIG 5A shows this state.
Here, in a dark-field inspection inage intensity

di stribution 201, an inspection-image intensity |evel

SI Gl obtained froma phase defect portion is the sane as
SIG shown in FIG 4, and a threshold level THRL is al so
the sane as THR shown in FIG 4. Only a background

| evel BGL1 is |lower than BGL shown in FIG 4.

Nonet hel ess, for exanple, when (excessive) heating
process increases the thickness of m xing | ayers and
decreases the reflectance of the nmultilayer reflective
filmin itself, the background level in a dark-field
I nspection imge intensity distribution 202 is decreased
fromBGL in FIG 4 to BGL2 as shown in FIG 5B, and the
i nspection-imge intensity |evel obtained froma phase
defect portion is also decreased fromSIGto SIG2. This
SIG is lower than THR. Hence, a defect nmamy not be
detected with the pre-set threshold Ievel THR. I n such
a case, normal or equival ent inspection cannot be
performed if the threshold level is not |lowered to THR2
within a range where no influence is exerted by noise
| evel .

[ 0053]

In other words, when the background | evel BGL of a
dark-field inspection inmage varies, it is necessary to
di sti ngui sh between whet her the surface roughness caused
the variation and whether the refl ectance per se of the
multilayer reflective film caused the variation. Thus,
the distinction is made by additionally inputting
informati on on the refl ectance, and an appropriate
threshold can be set eventually. Consequently, highly-
reliabl e phase defect inspection is satisfactorily
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per formed.

The refl ectance can be acquired as a val ue
separately obtained with a normal reflectoneter
(reflectance neter) as descri bed above, or by adopting a
sinmulation predicted value if the structure of the
multilayer reflective filmis found. Alternatively, the
refl ectance can be a val ue converted from an inspection
i mage intensity obtained by the two-dinensional array
sensor SE in the state allowi ng bright-field inspection
(i.e., the state of FIG 3) where the mrror M is
variable in ternms of position and inclination angle in
the inspection optical systemshown in FIG 1.

[ 0054]

Her ei nbel ow, further details of the reflectance
and the threshold will be descri bed.

The reflectance of a nultilayer reflective film of
a substrate RMB di scussed here is determ ned by the
conmbi nation of alternately-stacked filmthicknesses of
two types of materials (e.g., Mo and Si) having
different refractive indexes. |If the |lam nate structure
i ncluding mxing |layers has no variation and has
conpletely flat surface, a theoretical reflectance Ry is
gi ven.

However, in reality, since the substrate surface
on which a nmultilayer reflective filmis formed is
slightly uneven (has surface roughness), the unevenness
remai ns on the surface of the nmultilayer reflective film
too, so that the reflected beamslightly scatters. As a
result, the anount of beams reflected in the mrror-
reflection direction is decreased. Wen the reflected
beans are actually captured by the sensor, the
refl ectance thus acquired can be shown by the foll ow ng
formula (1).
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[ 0055]

3

P et canteny = : 3. &7 T =
Reflectance = Rg} exn {'— (L?E) } = ’Rg {l - (;) } ...... formula (1)

3 A

Here, Ry represents the aforenentioned theoretical
reflectance determined from a laminate structure, Orms
represents surface roughness (roughness) (standard
deviation), and A represents a wavelength of
illum nation beam (EUV beam).

[ 0056]

A normal substrate for EUV mask has orps Of 0.08 nm
or less. Hence, the value in the braces {} on the right
side of the formula (1) is approximately 0.994.

The refl ectance considered in setting the
threshold in the present invention is not the
theoretical reflectance Ry, but neans a refl ectance
shown by the formula (1) and can be expressed as
effective reflectance.

Note that this effective reflectance (neasured
refl ectance) can be defined as in the followi ng fornul a
(2), where Iy represents the anount of illum nation
| i ght beans coll ected by a sensor arranged at a position
of a substrate whose reflectance is to be neasured, and
I, represents the anount of reflected beans (specul arly-
reflected beans) collected by a sensor arranged in a
direction (position) in which the beans are mrror-
reflected fromthe substrate.

(I'1/190)x100(%9 ..... formula (2)

[ 0057]

Note that, in the nmeasurenment with the optical
system configuration as shown in FIG 3, I; may be
sinply the ampbunt of specularly-reflected beans received
by a sensor (intensity of the received beans).

[ 0058]
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Mor eover, the definition of the threshold that
serves as a prem se of the explanation will be described.
VWhen a phase defect is detected with a dark-field
i nspection apparatus, a defect-free portion exhibits the
background | evel BGL, whereas a defect portion exhibits
t he defect signal level SIG as described above. The
| arger the defect size, the higher the SIG |evel.
Here, BGL can be shown by the follow ng formula
(3) with the theoretical reflectance Ry.
[ 0059]

BGL = R, 27

pE

2 r % P5D (f){ff o R4 X (roughness component) ... formula (3)

Here, integration range is a range of spatia
frequency f that can be collected by an inspection
apparatus. PSD(f) is a power spectrum density
representing a roughness of a mask bl ank surface.

Here, it is sinply shown by using its notion of
"roughness conponent"” as above. The roughness conponent
is normally in a range of 0.2% (=0.002) or |ess.

[ 0060]

Meanwhi | e, since the defect signal SIG varies
wi del y dependi ng on defect form (size etc.), its notion
can be shown by the following fornmula (4).

SIG = BGL + (scattered component due to phase defect)

o Rox(roughness component) + Rox(phase defect size component) ... ... formula (4)
[0061]

In this manner, the second termon the right side
of the forrmula (4) is a product obtained by multiplying
the theoretical reflectance Ry by the conponent
attributable to the defect size.

[0062]

Incidentally, “threshold” is a signal |evel for

di sti ngui shing between acceptabl e phase defect
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(generally small defect) and unacceptabl e phase defect.
In FIG 4, the threshold is represented by THR, and the
value is higher than BGL but | ower than the signal
component SI G of a phase defect having unacceptabl e size.
When SI G exceeds THR, the signal is detected as a phase
def ect .

Al t hough the threshold THR is defined as a val ue
based on zero level, the value my be based on the
background | evel BGL and may be defined by a difference
therefrom In this case, if SIGin the fornmula (4)
satisfies "SIG < BGL+threshold", SIG represents an
acceptabl e defect and may not be detected. If "SIG >
BGL+t hreshol d" is satisfied, SIG represents a defect
that shoul d be detected.

These can be expressed as follows in conparison to
the formula (4).

Threshol d = Ryx(conmponent of acceptable | argest defect)
..... formula (5)
[0063]

According to the formula (5), the threshold is a
product obtained by multiplying the theoretical
refl ectance Ry by the conponent attributable to
acceptabl e defect size. For exanple, Ry is
approximately 67% to 69% in normal EUV mask bl anks. |If
this value is invariable, the threshold depends only on
defect size. Nevertheless, when Ry i s changed, it is
necessary to find the changed val ue.

[ 0064]

In this respect, the present invention adopts a
val ue of not the theoretical reflectance Ry but the
reflectance (effective reflectance) in the fornula (1)
as described above. Hence, the value of the threshold
set by taking reflectance into consideration according
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to the present invention is obtained by nultiplying
R’/ Ry and a pre-set threshold (i.e., threshold based on
a predeterm ned reflectance provided (recomended) by an
i nspecti on apparatus maker as nentioned above), where

Ry’ represents the effective reflectance.

Note that, when the threshold is defined as a
val ue based on zero level but not difference fromthe
background | evel BGL as descri bed above, this threshold
value is obtained by adding BGL to a set value of the
threshol d defined by difference fromthe background
| evel BGL.

[ 0065]

Meanwhi l e, in the threshold cal cul ati on through
mul tiplication of Ry /Ry, the theoretical reflectance Ry
per se can be calculated solely on the basis of the
structure of a target substrate according to a known
cal cul ati on nethod. Specifically, the reflectance can
be cal cul ated by designating: optical constants (conplex
I ndexes of refraction) of individual materials
constituting the multilayer reflective filmand a film
t hi ckness thereof; optical constant of the substrate for
formng the nmultilayer reflective film and incident
angl e of EUV beam (angle to the normal line to the
surface of the nmultilayer reflective film. The
theoretical reflectance Ry may be obtained for each
target substrate by such cal cul ation. However, it is
not limted to this manner. The threshold can al so be
cal cul ated easily through the nmultiplication of Ry /Ry
by substituting the theoretical reflectance Ry for 66%
(in this case, Ry /(66%), for exanple.

Mor eover, when BGL is added as descri bed above to
define the threshold by a val ue based on zero | evel from
the threshold defined by difference fromthe background
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| evel BGL, the BG. per se can be obtained fromthe
formula (3) (note that, in the formula, Ry is
substituted for Ry). Besides, before a final val ue
(threshol d+BGL) is set, a prelimnary inspection nmay be
performed with the inspection apparatus in order to
obtain BGL in itself, and an inspection signal of
portion other than defect may be obtained froma target
substrate to thus determ ne BGL.

[ 0066]

Regar di ng the af orenenti oned conventi onal
threshold set in advance by an inspection apparatus
maker, first of all, since effective reflectance =
0.994xRy, or nore as neasured according to the formul a
(1), this essentially means (effective reflectance) = Ry.
Based on the assunption of, for exanple, (effective
reflectance) ~ Rg = 66% thresholds (defined by
difference from BG.) have been experinentally determ ned
in consideration of detection sensitivity, and
I nspection apparatus makers have recomended such
thresholds. In contrast, in the present invention, a
threshold is set based on effective reflectance as has
been descri bed repeatedly. As an exanple, the value can
be obtained by nmultiplying a threshold recommended by an
i nspection apparatus maker by Ry /Ry (Ry’'/(66%).

Note that the threshold can be set according to a
val ue of the effective reflectance obtained by the
measurenments, and it is a matter of course that the pre-
set threshold can be used w thout any nodification
dependi ng on the value of the effective refl ectance.

For exanple, when a nunerical range of the effective
refl ectance is 66+0.5% the threshold of the pre-set
val ue can be set.

[ 0067]
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Her ei nabove, the definitions and cal cul ati ons of
the refl ectance and the threshold have been described in
details. The data acquisition unit 5 and the threshold
computer 4 in the system control conputer are capabl e of
refl ectance measurenent and threshold cal cul ati on and
setting with a programusing, for exanple, fornulae as
descri bed above.

[ 0068]

Such a defect inspection apparatus as descri bed
above is capable of setting a threshold based on the
reflectance of a target substrate in a dark-field
i nspection. Thus, the apparatus sets an appropriate
threshol d and enabl es highly-reliable phase defect
I nspecti on.

[0069]

By the way, the first, second focusing optical
systens 6, 7 including multiple mrrors have been
descri bed as exanples. Alternatively, each of the first,
second focusing optical systems 6, 7 can al so have a
configuration that adopts a zone plate instead of sone
mrror. FIG 8 shows an exanple of such a configuration.
In the first focusing optical system a zone plate 8 is
di sposed in place of the illum nation optical systemILO
using one or nore mrrors. This zone plate 8 may be
such that concentric patterns having different pitches
depending on the radii are fornmed from an absorbent
material on a substrate having a relatively high
transm ttance (al nost transparency) with respect to EUV
beam for exanple, a Si-based thin film The zone plate
8 may have a function of a convex lens having a
transm ttance of approximtely 10%

[ 0070]
Next, description will be given of the inventive

31



substrate defect inspection nethod using the inventive
def ect inspection apparatus 1 in FIG 1.
(Enmbodi ment 1)

FIG 6 shows an exenplary flow of the phase defect
i nspection. First, in Step S101 (reflectance
acquisition step), the reflectance of a target substrate
RVMB i s neasured. Incidentally, the nmeasurenment may be
conducted using a substrate prepared by the sane process
for a target substrate subjected to a dark-field
I nspection in S105 to be described later. This
measur enent may adopt, for exanple, a value neasured
with a commercially-available reflectonmeter, or a
sinmul ation predicted value, a value predicted fromfilm
formati on process, if the accuracy is surely guaranteed.
[0071]

Next, in Step S102, the target substrate is
nount ed on the phase defect inspection apparatus.
Further, information on the aforenmentioned neasured
reflectance is inputted (Step S103). Then, a threshold
is set so as to recognize the presence of phase defect
by dark-field inspection (a threshold can be obtained
and set based on the reflectance by using the threshold
conputer 4) (Step S104: threshold conmputation step).
Subsequently, in Step S105, the inspection apparatus 1
is used to perform phase defect inspection in a
predeterm ned region of the target substrate.
Specifically, the EUV beam BML is emtted fromthe EUV
il lum nation source ILS to irradiate the substrate RMVB
through the first focusing optical system (the
illumnation optical system|ILO the mrror M), and the
scattered reflected beam BM2 is received by the |ight
recei ving surface of the sensor SE through the second
focusing optical system (the mrrors M, M).
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Thereafter, when the intensity of the received scattered
refl ected beam BM2 exceeds the threshold set in Step
S104, the arithmetic processor 3 determ nes that a phase
defect is present. Wien a phase defect is detected,
i nformation such as the position and intensity of the
defect signal is stored in a predeterm ned storage unit.
After the phase defect inspection in a predeterm ned
region of the target substrate, it is checked whet her or
not new defect information related to the target
substrate is stored (Step S106). If new information is
stored, it is determ ned that a phase defect is present,
and the defect detection information is collectively
saved in a predeterm ned storage (Step S107). Meanwhil e,
if no new information is stored in Step S106, it is
determ ned that phase defect is absent, and the
i nformati on about the absence of defect is saved in a
predeterm ned storage (Step S108).

Thus, the phase defect inspection is ended.
[0072]
(Embodi ment 2)

I n Embodi ment 1 described above, the description
has been given of the case where the reflectance of a
substrate with nmultilayer reflective film as a target
substrate, is neasured with a reflectonmeter. Here,
description will be given of a case where the
refl ectance nmeasurenent is performed by a nethod using
the inspection optical system of the defect inspection
apparatus 1.

Specifically, the optical system configuration in
FIG 3 is enployed in this exanple. As described above,
FIG 3 is a diagram show ng extracted parts of the
i nspection optical systens for phase defect inspection
shown in FIG 1: part of the first focusing optical
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systemincluding the mrror M),; and part in the vicinity
of the imaging optical system PRO (second focusing
optical system constituted of the mrrors ML and M.
The symbols shown in this diagramare the same as the
corresponding synmbols in FIG 1. 1In this optical system
the position and posture of the planar mrror M) are
changed and configured such that specularly-reflected
beanms of EUV beans mirror-reflected fromthe target
substrate RMB are incorporated into the inmaging optical
syst em PRO
[0073]

In this case, using half of the region of the
i magi ng optical system PRO, the specularly-reflected
beams BM21 reflected by the target substrate becone
convergent light directed to the two-dinensional array
sensor. |In conparison between FIG 3 and FIG 1, the
multilayer filmmrror is changed fromM to M1, and
the scattered reflected beam BM directed to the two-
di mensi onal array sensor is changed to the specularly-
refl ected beam BM21, but there are no other changes.
Basically, the intensities in an inspection inage
obt ai ned by the two-dimensional array sensor using this
bright-field inspection optical system exhibit val ues
proportional to the reflectance of the target substrate.
The constant of proportionality can be calibrated
through inspection of a substrate with a known
refl ectance.

The refl ectance can be cal cul ated as an average of
i nspection signals in a predeterm ned region.
Specifically, in collecting bright-field inspection
signals, the stage having the target substrate nounted
thereon is noved, and the bright-field inspection
signals in a desired region of the target substrate are
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continuously or intermttently collected.

Not e that although the mrrors M) and MD1 have
di fferent average incident angles, even if the sanme
mrror is used within the scope of this enbodi nent, the
refl ectance is not significantly decreased.

[0074]

FIG 7 shows a flow of the phase defect inspection
using the above optical system First, in Step S111, a
target substrate is mounted on the phase defect
I nspection apparatus 1. Next, in Step S112, the mrror
M) is nmoved to the position M)l to adjust the incident
angl e of EUV beamwi th which the target substrate is
irradiated. Thereby, the bright-field optical system
shown in FIG 3 is constructed. Then, bright-field
I nspection signals are collected fromthe target
substrate (Step S113). Subsequently, the refl ectance of
the target substrate with respect to the EUV beamis
cal cul ated and saved in a predeterm ned storage of the
I nspection apparatus (the data acquisition unit 5) (Step
S114: reflectance acquisition step). After the
refl ectance information collection is ended, the mrror
MD1 is returned to MD in Step S115 to reset the incident
angl e of EUV beamwith which the target substrate is
irradiated. Thereby, the dark-field inspection optical
systemis constructed.

[ 0075]

Thereafter, the threshold enployed in the dark-
field inspection is set based on the acquired
reflectance (Step S104: threshold conputation step).

The subsequent flow of phase defect inspection in a
predeterm ned region of the target substrate is the sane
as the flow described using FIG 6 in Enbodinment 1 (Step
S105 and thereafter). Thus, FIG 7 shows that the
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threshold is set in Step S104, and the subsequent fl ow
Is the same as that in FIG 6 and omtted.
[0076]

Note that, regarding the reflectance of the target
substrate, for exanple, an average value in the whole
I nspection region can be acquired. Nevertheless, the
refl ectance of a target substrate generally has an in-
pl ane distribution. This distribution is, of course,
within a range satisfying the reflectance requirenment.
In order to nore strictly set the threshold for dark-
field inspection, reflectance informati on may be
collected fromeach sub-region of appropriate size
within the inspection region, and a threshold may be set
for each sub-region. For exanple, the target substrate
may have an inspection region divided into assigned sub-
smal | -regi ons in advance, an average reflectance is
acquired for each of the sub-small-regions, and a
correspondi ng threshold can be set for each sub-small -
region. In this case, the sub-small-regions may have
di fferent threshold, enabling phase defect inspection
with nore appropriate detection sensitivity.

[0077]

As has been descri bed above, when a phase defect
on an EUV-beamreflective target substrate (particularly,
substrate with multilayer reflective film is detected
by dark-field inspection using EUV beam as inspection
light, the present enbodiments make it possible to
appropriately set a threshold indicative of detection
sensitivity, and thus enable highly-reliable phase
def ect inspection.

Mor eover, since appropriate detection sensitivity
is achieved through the threshold setting, it is
possi ble to provide EUV mask bl anks and EUV masks
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i ncluding substrates with nmultilayer reflective film
effectively free of defect, which are selected by
detecting a phase defect |arger than predetern ned size,
and discarding a substrate with nultilayer reflective
fil mcontaining such defect.

EXAMPLE
[ 0078]

Herei nafter, the present invention will be nore
specifically described with reference to Exanpl e.
However, the present invention is not limted thereto.
(Exanpl e)

The i nspection apparatus 1 shown in FIG 1 was
used to perform phase defect inspection according to the
I nspection nethod flow shown in FIG 6. Mire
specifically, the inspection was perforned after a
threshol d was set in consideration of the reflectance of
a substrate to be processed.

Here, as the target substrate, a substrate with
multilayer reflective filmas shown in FIG 9A was used
in which nmol ybdenum (Md) and silicon (Si) |ayers were
alternately stacked by 40 cycles on a | owthernal -
expansi on substrate, and a Ru film was further fornmed on
the resultant.

Regardi ng the surface roughness, the surface of
anot her substrate with nmultilayer reflective film
prepared by the same process as above was neasured wth
an atom c force mcroscope (AFM. The value of 0.08 nm
in terms of rms was obtained, but this was nerely used
as a reference value. |Imediately before phase defect
I nspection (dark-field inspection) using the inventive
i nspection apparatus 1 shown in FIG 1, the preceding
substrate with multilayer reflective film was neasured
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for the reflectance with respect to EUV beam In this
measurenment, a reflectoneter manufactured by EUV-Tech
was used to acquire an average value of the reflectance
in an inspection region of the target substrate. The
val ue was 66.5% with respect to the incident angle of 6°.
[0079]

Next, to perform phase defect inspection (dark-
field inspection) with the inspection apparatus 1 shown
in FIG 1, the target substrate having been measured for
the refl ectance was nounted on the stage of the
I nspection apparatus, the reflectance informtion was
i nputted, and then a threshold was set. Thereafter,
according to the inspection procedure of the inspection
apparatus, the target substrate was inspected for phase
defect within the predeterm ned region.

Here, although the incident angle of the EUV beam
was 6° in the reflectance nmeasurenment, the incident
angle of the chief ray of irradiation light in the dark-
field defect inspection apparatus shown in FIG 1 was 0°.
Nevert hel ess, actual irradiation light is convergent
light, and the actual incident angle is in a range of
approxi mately 0+5 degrees. Additionally, how the
reflectance of the nultilayer reflective filmtargeted
in this Exanple woul d change in accordance with the
i nci dent angl e can be al ready-known approxi mately from
the bilayer period of the nmultilayer reflective film
If the reflectance with the incident angle of 6° is
found, the reflectance relative to the irradiation angle
in the phase defect inspection apparatus can be found.
Thus, based on the reflectance information, it is
possi bl e to judge whether a pre-set value (conventiona
threshol d recommended by the inspection naker) may be
used as the threshold or whether the threshold should be
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changed. In this case, since the acquired reflectance
was Wi thin a suitable range, the pre-set value was used
as the threshold value w thout nodification.

[ 0080]

Next, the same phase defect inspection was
performed on several substrates with multil ayer
reflective films having been subjected to different heat
treatments. The heating processes did not greatly
change the uneven form or roughness of defect portions
on the substrate surfaces, but mxing in the nmultilayer
reflective films proceeded, and the refl ectances were
decreased to 64.5% Accordingly, this reflectance
measurenent result was inputted as descri bed above.
Then, the threshold was adjusted (i.e., the conventi onal
t hreshol d recommended by the inspection maker was re-set
to the value multiplied by Ry /Ry descri bed above), and
the target substrates were inspected for phase defect
within the predeterm ned region. Wen the background
| evel and so forth were actually eval uated, the
resul ting decreases corresponded to those shown in FIG
5B. In other words, the conventionally-set threshold
val ue woul d have failed to detect the defects. 1In
contrast, the defects were detected successfully by
adjusting the threshold based on the reflectances in
advance as described above. The present invention
effectively worked, and the inspection was possible with
further appropriate detection sensitivity.

[ 0081]

It should be noted that the present invention is
not limted to the above-descri bed enbodi nents. The
enbodi nents are just exanples, and any exanpl es that
substantially have the same feature and denonstrate the
sanme functions and effects as those in the technical
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concept disclosed in clainms of the present invention are
i ncluded in the technical scope of the present invention.
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CLAI M5

1. A substrate defect inspection nmethod conpri sing
steps of:

irradiating a target substrate with an EUV beam
emtted froman EUV illum nation source by using a first
focusing optical system

guiding a scattered reflected beam but no
specul arly-refl ected beam anong beans reflected from
the target substrate irradiated with the EUV beamto a
i ght receiving surface of a sensor by using a second
focusing optical system and

determi ning that a defect is present at an
irradiation spot of the target substrate with the EUV
beam when an intensity of the scattered reflected beam
received by the |light receiving surface of the sensor
exceeds a predeterm ned threshol d,

wherein the substrate defect inspection method
conprises, before the irradiation of the target
substrate with the EUV beam

a reflectance acquisition step of acquiring a
reflectance of the target substrate to the EUV beanm and

a threshold conputation step of setting the
predeterm ned threshold based on the reflectance
acquired in the reflectance acquisition step.

2. The substrate defect inspection nethod according
to claim1, wherein
in the reflectance acquisition step,

a configuration of the first focusing optical
system or the second focusing optical systemis changed,
the first focusing optical systemis used to
irradiate the target substrate with the EUV beamemtted
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fromthe EUV illum nation source,

t he second focusing optical systemis used to
gui de the specularly-reflected beam which is reflected
fromthe target substrate irradiated with the EUV beam
to the light receiving surface of the sensor, and

the reflectance is acquired based on an intensity
of the specularly-reflected beamreceived by the |ight

recei ving surface.

3. The substrate defect inspection nethod according
to claim2, wherein

the first focusing optical systemhas a mrror,
and

when the configuration of the first focusing
optical systemis changed, a position and a posture of
the mrror are changed.

4. The substrate defect inspection nethod according
to claim1, wherein in the reflectance acquisition step
the reflectance is acquired using a reflectoneter.

5. The substrate defect inspection nethod according
to any one of clains 1 to 4, wherein the target
substrate is a substrate having a surface provided with
a multilayer reflective filmconfigured to reflect the
EUV beam

6. The substrate defect inspection nethod according
to any one of clains 1 to 5, wherein the reflectance is
an average value in a whole inspection region of the
target substrate.

7. The substrate defect inspection nethod according
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to any one of clains 1 to 5, wherein

the target substrate has an inspection region
di vided into sub-small-regions,

the reflectance is acquired as an average val ue
for each of the sub-small-regions, and

the predeterm ned threshold is set for each of the
sub-smal | -regi ons.

8. The substrate defect inspection nethod according
to any one of claims 1 to 7, wherein each of the first
focusing optical system and the second focusing optical
system has a plurality of mrrors provided with
multilayer reflective fil ms.

9. A substrate defect inspection apparatus
conpri si ng:

an EUV illum nation source configured to emt an
EUV beam

a first focusing optical system configured to
irradiate a target substrate with an EUV beam fromthe
EUV il lum nation source;

a second focusing optical systemconfigured to
gui de a scattered reflected beam but no specul arly-
refl ected beam anong beans reflected fromthe target
substrate irradiated with the EUV beamto a |ight
receiving surface of a sensor;

an arithmetic processor configured to determ ne
that a defect is present at an irradiati on spot of the
target substrate with the EUV beam when an intensity of
the scattered reflected beamreceived by the |ight
recei ving surface of the sensor exceeds a predeterm ned
t hreshol d; and

a threshold conputer configured to set the
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predeterm ned threshold based on a refl ectance of the
target substrate to the EUV beam

10. The substrate defect inspection apparatus
according to claim9, wherein

the first focusing optical system or the second
focusing optical system has an changeabl e confi gurati on,

the first focusing optical systemis capable of
irradiating the target substrate with the EUV beam
emtted fromthe EUV illum nation source,

t he second focusing optical systemis capabl e of
gui di ng the specularly-reflected beam which is
reflected fromthe target substrate irradiated with the
EUV beam to the light receiving surface of the sensor
and

the substrate defect inspection apparatus
conprises a data acquisition unit configured to acquire
the refl ectance based on an intensity of the specularly-
reflected beamreceived by the |ight receiving surface.

11. The substrate defect inspection apparatus
according to claim 10, wherein

the first focusing optical systemwth the
changeabl e configuration has a mrror, and

the mrror is changeable in ternms of position and
post ure.

12. The substrate defect inspection apparatus
according to any one of clains 9 to 11, wherein the
target substrate is a substrate having a surface
provided with a nultilayer reflective filmconfigured to
reflect the EUV beam

44



13. The substrate defect inspection apparatus
according to any one of clains 9 to 12, wherein each of
the first focusing optical system and the second
focusing optical systemhas a plurality of mrrors
provided with multilayer reflective fil nms.
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