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20 No. 5300786 and Japanese Patent No. 3297423 are known as conventi onal
focus neasurenent nethods and focus test patterns. The focus neasurenent
met hod described in United States Patent No. 5300786 uses what are known
as | evenson type phase shift masks, and uses a phenonenon in which by
exposing an isolated line pattern in a defocused state an imge of this

isolated 25 line pattern is nnveddﬁﬁﬂngﬂﬁéral direction (i.e., in a

direction that is perpendicular t B&ical axis of the projection
optical system). FIG 7 shows an exanple of a focus neasurenent pattern that
is used when a focus position is neasured using this neasurenent nethod.
When this pattern is exposed, typically a box-in-box mark type of pattern
is formed. When t hiFOGHS TESH MASK, EROUSAdEAS URBMBRTAdESHOIBt at e, t hen the
position of the rectangular pattern (i.e., the box pattern) on the inner

side and the position of theANSCERPOSURE APRARATUSI . €., the box pattern)

on the outer side are noved in opposite directions. By neasuring the
relatiye positional relationships of these box patterns, it is possible to
nmeasure the anount of defocus at the tinme of exposure. 10 However, in the

measuring of this box pattern, tf@ﬁﬁﬁﬁéﬁ-QQ#ﬂ two patterns being neasured

.in each of two orthogonal direct X 5 I Ps recogni zed that when the

measurenent is nﬁde using i mage pickup elenments of an alignnent %ystem

ar r anged The present invention relates to an exposure mask that is used in the field o
semiconductors, a focus measurement method, and an exposure apparatus.

Priority is claimed on Japanese Patent Application No. 2003-190791, filed July

10 3, 2003, the contents of which are incorporated herein by reference.

BACKGROUND ART OF THE INVENTION
Conventionally, a test pattern that 1s provided on a test reticule is formed on a
substrate via a projection optical system, and the optical characteristics of this projection
15  optical system are measured by measuring these formed marks. In recent years, a
greater degree of focusing accuracy has been demanded, and a more accurate
measurement method is also demanded for the focus positions of projection optical
systems.
The technologies that are described in the two publications United States Patent
20 No. 5300786 and Japanese Patent No. 3297423 are known as conventional focus
measurement methods and focus test patterns.
The focus measurement method described in United States Patent No. 5300786
uses what are known as levenson type phase shift masks, and uses a phenomenon in
which by exposing an isolated line pattern in a defocused state an image of this isolated

25 line pattern is moved in a lateral direction (i.e., in a direction that is perpendicular to the




I nside the exposure apparatus then there is a |ow |l evel of measurenent
accuracy. In order to resolve this, the nunber of neasurenent patterns is
- being increased. 15 Specifically, neasurenent marks are not forned by edges
as is the case with box-in-box nmarks, but by bar-in-bar marks that are
made up of a plurality of parallel lines. As a result, it becomes possible.
to measur asurenent. pattern having tw ce the nunber of lines as the
box-i n- bo%pﬁ%ag%éu.somglﬁgti?%oﬁtﬁfﬂssyﬁtg urement method, exposure is actually
per f or med tmﬁceﬁgéo nd the neasurenent pattern is forned by cutting out a
portion of a nufbér’ BPWVIRREXHBPIE 9h2 IgfuaMeatreaent patEn tpbisisedwhena hi s, this
measur ement nethod has the drawback that if there is a |arge anount of

def ocus ad@custpesipes isttneasuredweingribis exesseseriatethadhe Widndhis pait¢misen
diffraction gratings, then neasurenent is not possible. The focus

measur enerkpoet hgpicalbst bobadbdnmdkngpestpattananionied. 3WDéd &ds paterngkes use

of the foll ow ng phenonenon. Nanely, the diffraction efficiencies of 3

posi ti ge Rih&REYn IheWfocaRtd MREMdnEe Easg'iﬂimqraftﬂn% %gfg?éLgar?aﬁELfnf(f.égﬁhle ®px 9r ating

pattern are differentiated fromeach other ( ne 1s set to zero) so
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relationships of these box patterns, it is possible to measure the amount of defocus at the
time of exposure.

10 However, in the measuring of this box pattern, there are only two patterns being

measured in each of two orthogonal directions, and it is recognized that when the
measurement is made using image pickup elements of an alignment system arranged
inside the exposure apparatus then there is a low level of measurement accuracy. In
order to resolve this, the number of measurement patterns is being increased.

15 Specifically, measurement marks are not formed by edges as is the case with box-in-box
marks, but by bar-in-bar marks that are made up of a plurality of parallel Jines. Asa
result, it becomes possible to measure a measurement pattern having twice the number of
lines as the box-in-box marks.

However, in this measurement method, exposure is actually performed twice,

20  and the measurement pattern is formed by cutting out a portion of a number of diffraction
grating patterns. Because of this, this measurement method has the drawback that if
there is a large amount of defocus and the position movement exceeds half the pitch
between diffraction gratings, then measurement is not possible.

The focus measurement method described in Japanese Patent No. 3297423

25 makes use of the following phenomenon. Namely, the diffraction efficiencies of




An exanple is shown in FIG 8A of a focus neasurenent pattern that is used
when a focus position is neasured in this neasurenent nethod. Wen the
reference patterns are the large isolated patterns 2l1a and 21b, then when
an asymretrical diffraction grating pattern 10 is exposed in a defocused
state, the position of the imge of 10 the asymmetrical diffraction grating
10 noves, for. exanple, .in the direction indicated by the arrowrelative to
the posit iFSTLUVEPIPRE Hght gad negetiygpripary light in a,diffractied ereting RaerD 215,

Moreover, as is_shown in FIG 813, the reference patterns may be diffraction
grating shiferentided from eactpotherdjdgalippne is set to aero) so thabamasymnfetizal 8C, t he
reference patterns may be asymmetrical diffraction grating patterns (i.e.,
23a and 23bffractién glatiey pattern i3 folnesdearalsyhorethis asphn@iridhl @igfidcdon grasihi Ng
patterns, because one of either positive primary diffracted |ight and

negative paitemriyediokéd ﬁ%&%duh&fﬁtaté,%nﬁﬁﬁa‘gé 8f the Y834 ARkLAl ditfrad@Pgralif}er € 1s a

possibility that the exposure anount will be insufficient when the pattern

i's engseq)aﬁ&n%&éP?ﬁﬁ%&alde%Eticﬁf(a”pl e, in the case of a scanning exposure
per

appar at us "t hat orns exposure by relatively scanning a mask and a
substrate, 20 t 2\3} scanni.ng, spee e_.sl owed down and conditions
different from %{npgq 1 g{lﬂ"?ﬁ mﬂ’eﬁ@ FIP%%B% peasEHREt PAGHE I 5 Wedd. As a
result, there is a possibility that results will be created that are
di ff er ent Whes fopis poisitigads weasiredtip this mepsustmernt enetlendu aWiongbs tefarenche
present invention was conceived in view of the above descri bed
ci r cunst amatistns aredhé largesisaated ppterts 2 lhend @il b therpwhen sleasgmhetical t est nmask
t hat enables a

diffraction grating pattern 10 is exposed in a defocused state, the position of the image of

10 the asymmetrical diffraction grating 10 moves, for example, in the direction indicated by
the arrow relative to the positions of the images of the isolated patterns 21a and 21b.
Moreover, as is shown in FIG. 8B, the reference patterns may be diffraction grating
patterns (i.e., 22a and 22b), or, as is shown in FIG. 8C, the reference patterns may be
asymmetrical diffraction grating patterns (i.e., 23a and 23b).

15 However, in these asymmetrical diffraction grating patterns, because one of
either positive primary diffracted light and negative primary diffracted light is set to
substantially zero, there is a possibility that the exposure amount will be insufficient
when the pattern is exposed on a substrate. For example, in the case of a scanning
exposure apparatus that performs exposure by relatively scanning a mask and a substrate,

20 the scanning speed must be slowed down and conditions different from normal circuit
pattern exposure conditions are used.  As a result, there is a possibility that results will
be created that are different from the situation at the time of the actual exposure.

The present invention was conceived in view of the above described

circumstances, and it is an object thereof to provide a focus test mask that enables a

25  pattern to be exposed in the same conditions as the actual exposure conditions, and that




25 pattern to be exposed in the sanme conditions as the actual exposure
conditions, and that 4 has a test pattern capable of being neasured by an
i mage pickup elenment that is provided inside the exposure apparatus, and
to provide a neasurenent method and expbsure apparatus that use this focus
test mask. 5 DI SCLOSURE OF THE I NVENTION In order to solve the above

descri bed ,probl the present invention provides a . focus test mask that
o”or ovi adi fehPatemt SRl R Bftae it Sp it SRR STkt Pt ey o o
projection qptical system wherein the test pattern includes: a plurality
of line pé{lst“g‘?‘ili‘ge"?%&fe apparafysnad 1 pravides megssemeshmethodapdennofEpt ; phase
shift sections that are provided in 10 an area adj acent to each of the

pl ur al i ty apparaiuséhap aset thisrfocusriestintagk. are used to shift the phase of |ight
passi ng through; and reference patterns that are used to obtain an inage

that forns a reference when the shift in the line pattern inmage is
nmeasured, and wherein spaces between the plurality of line patterns are

set at sa size that allows Qﬁg@ngQ@&p@pquFNﬁﬁN@anegarded as equi val ent
to being isolated lines. 15 According to the present invention, it is

possible to for | yralkit f line ..patterns as respective isolated

i nes, and, by g}éf’llédglt’ |0nsg§)k‘{eﬁ[}ée %%Osv Ftdlesoc EE’%‘ mﬂ?glsi @ﬁ@éesc‘?rﬂfm‘feﬂgon %OHPSW y of
line patterns, it is possibLg(%o_geasure anérshift bet ween t hese positions
and the PBSIStEYmask hehisipraechVith 2 fost pAtEAtBalbs Prassedaniha subsirgs Vilsyr ee of

accuracy. projection optical system, wherein the test pattern includes: a plurality of line patterns
that are lined up in a direction of measurement; phase shift sections that are provided in

10 an area adjacent to each of the plurality of line patterns and that are used to shift the
phase of light passing through; and reference patterns that are used to obtain an image
that forms a reference when the shift in the line pattern image is measured, and wherein
spaces between the plurality of line patterns are set at a size that allows each line pattern
to be regarded as equivalent to being isolated lines.

15 According to the present invention, it is possible fo form a plurality of line
pattemns as respective isolated lines, and, by detecting the positions of the images of the
plurality of line patterns, it is possible to measure any shift between these positions and
the position of an image of a reference pattern with a high degree of accuracy.

It is also possible for the plurality of line patterns to be placed at a plurality of

20  different spaces, or for the plurality of line patterns to all be placed at an equal space.

Moreover, it is also possible for the plurality of line patterns to be formed by
positioning a plurality of pairs of line patterns, which are formed by two line patterns
positioned apart at a space d2, and which are positioned apart at a space d3 that is larger
than the space d2.

25 It is also desirable for the space between the line patterns to be set to be 10 times




It is also possible for the plurality of |line patterns to be placed at a
plurality of 20 different spaces, or for the plurality of line patterns to
all be placed at an equal space. Mreover, it is also possible for the
plurality of line patterns to be formed by positioning a plurality of pairs
of line patterns, which are fornmed by two line patterns positioned apart

at a space_d2, and i ar I t.ioned apart at a space d3 that is |arger
than the SHPIEE® ﬁx@%mﬁ@:ygﬁ%ﬁ@%e BEPIER%e for the space between the Iine
patterns to be set to he 10 tines 5 or nore larger than the width of the
line patterns. ReR¥get is desijablefartbe space bebyeep e lpspatiemaickeldraehe | i ne
patterns to be large enough to allow secondary or greater diffracted |ight
from t he lenpeghpataliewnscandarylos grater diffrected bghtffomu diedmepatiernhie ghvodheect i on
optical system 5 In addition, the focus test mask of the present invention

may be pr asédifd fodubifig &ia tht Brojdetibly opfical yyesn of test patterns, and it is
desirable that line widths of the line patterns formng the test patterns

be difkerent fon, &ffhord ¥RFoAls ttElasPBE e seﬁXn@dﬁﬁbQﬂagg)F%mﬁdedWa it is

possible to select a line pattern having the optinmumw dth in accordance
o e A LB BUBL R S e ISR BB o2t o
provi des %orfn(l)iglgj %her{gs% %gtrtgnrl? lr;e;[ di%%;err}? f%r iea?ch type of test pattern. By employing this
mode, it is possible to select a line pattern having the optimum width in accordance with
the conditions (for example, the NA of the projection optical system) of the exposure
10  apparatus being used.
Furthermore, the present invention provides a focus measurement method in
which a pattern on a focus test mask is projected via a projection optical system of an
exposure apparatus, and a focus position of the projection optical system is measured by
measuring a shift in the projected image, that includes: preparing a focus test mask
15 having the above described features is prepared as the focus test mask; and measuring a
relative distance between an image of the projected line pattern and an image of the
reference patterns is measured.
In the focus measurement method of the present invention, it is desirable that the
method further include exposing a projected image of the focus test ﬁlask pattern is
20 exposed onto a substrate prior to the measuring step, and that a relative distance between
an image of the line pattern that is formed on the substrate and an image of the reference
patterns is measured, in the measuring step.
At this time, it is desirable that the image of the line pattern that is formed on the

substrate be picked up using an image pickup element that is provided inside the

25  exposure apparatus, and then the image is processed, in the measuring step.




which a pattern on a focus test mask is projected via a projection optical
system of an exposure apparatus, and a focus position of the projection
optical systemis measured by nmeasuring a shift in the projected inage,
that includes: preparing a focus test mmsk 15 having the above descri bed
features is prepared as the focus test mask; and neasuring a relative

di stance between an image of the projected line pattern and an inmage of the
ref erence patt eriQreperHhe BIgsEY InVERNQIHRIOTide AN GPasiie apRaratusthatipseieds at he
present invention, it is desirable that the nethod further include

exposi ng dapew wevided oma fusfest haskivica projesivn opiidal pateng and eadesex posed
onto a substrate prior to the neasuring step, and that a relative distance

bet ween  docusmmgitionfof tHegprbjectionpptit st fspstémal; héashriig i thb grofdehst r at e and
an imge of the reference patterns Is neasured, in the neasuring step. At

this tinmejmabe,itBat GedhdeaR ﬁez‘isﬂﬁﬁ%g%\@cé HRAR1RLs dnfifhabd H6 Bg%t@{tgragf@at IS

formed on thé substrate be pic up using an I nage pickup enent that is
FIRRISERI R R e b S D S R O
Ui B3 pr oj BRGHLIGE FOiVESAER oot e qmapcal THe IRcRUSTHSIS GIRESPTt he
proj ection optical systemby measuring a shift in the projected inage,
t hat i ncl tberfergnepmaiomsng devi ce that detects an i mage of a focus test
sk Note that it is also possible for the focus test mask to be a reference plate that is
provided at a different position from a holding section that holds the mask on a mask
10 stage that holds a mask on which a circuit pattern is formed.
In addition, it is desirable that the measuring device detect an image of the
pattefn that is projected onto the substrate via the projection optical system and is formed
on the substrate.
Itis also desirable that the measuring device detect a spatial image of the pattern
15 that has been projected via the projection optical system.
According to the present invention, it is possible to provide a focus test mask
that enables a pattern to be exposed under the same conditions as the actual exposure
conditions and that has a test pattern that can be measured by an alignment microscope

that is provided inside the exposure apparatus, and to provide a measurement method and

20  an exposure apparatus that use this focus test mask.

BRIEF DESCRIPTION OF THE DRAWINGS
IIG. 1 is a plan view showing a schematic structural view of an exposure
apparatus in an embodiment of the present invention.

25 FIG. 2 is a plan view of a test reticule in an embodiment of the present invention.




5 having the above described features that is projected via the projection
optical system and neasures a relative distance between the inmage of the
line pattern and the inage of the reference patterns. Note that it is also
possible for the focus test mask to be a reference plate that is provided
at a different position froma holding section that holds the mask on a
mask 10 stage that holds a nask on which a circuit ?attern is formed. In
addition, it isFdésyiapiplaniviel shoyengen smbpfigneaced thelosus st patiarofdbe of t he
pattern that is projected onto the substrate via the projection optical

syst em and@réssntipyentidn, [d6. ihé asubsstseatienal viewi of thd pattedteshiomabih E1G.13, ahde
measuri ng device detect a spatial image of the pattern 15 that has been

proj ect ed RIGa3 T vex Wiewjslkawoting a deetii@adi gl sthefithcAReehdhegn i0F I8 Als esent
invention, it is possible to provide a focus test mask that enables a

pattern tqeﬁ.@teamgg%h%gﬁaﬂglagtegége conditions as the actual exposure
conditions and that has a test pattern that can be neasured by an alignnent

m crosgope thatgd L QVi [ NSl he, expasur e rat us, and to provide
 reassroment miliadCadREG Ik B H8e b IR fe P HtE o R PGB RS Y et
mask. BRI EF DESCRI PTI ON \%:18;'%4 WNGS FIG 1 s a ?l an vi ew show a

schemat i ¢ "81 PR IPRATe 15 GLTRSE-seetinal WeH o1 {5 paHem e rﬁ%ﬁ -of the
present | r)‘\ﬁ.:nt 1 on.
FIG. 5 is a plan view showing another embodiment of the focus test pattern of
the present invention.
10 FIG. 6 is a plan view showing another embodiment of the focus test pattern of
the present invention.
FIG. 7 is a plan view showing an example of a conventional focus test pattern.
FIG. 8Ais a plan view showing an example of a focus test pattern when the
reference patterns are large isolated patterns, FIG. 8B is a plan view showing an example
15  of afocus test pattern when the reference patterns are diffraction grating patterns, and
FIG. 8C is a plan view showing an example of a focus test pattern when the reference

patterns are asymmetrical diffraction grating patterns.

BEST MODE FOR CARRYING OUT THE INVENTION
20 An embodiment obtained by embodying the present invention in a scan
exposure type of exposure apparatus that is used in the manufacture of semiconductor
devices will now be described based on FIGS 1 through 6.
As is shown in FIG. 1, an exposure apparatus EX of the present embodiment
transfers by projection a circuit pattern that is formed on a reticule R serving as a mask

25  onto a wafer W serving as a substrate. Exposure light EL that is irradiated from an




25 FIG 2 is a plan view of a test reticule in an enbodi nent of the present
i nvention. 7 FIG3Ais a plan view show ng an enbodi nent of the focus test
pattern of the present invention, FIG 3B is a cross-sectional view of the
pattern shown in FIG 3A, and FIG 3Cig a view showi ng a detection signal
when the pattern shown in FIG 3A is detected using a photoelectric
detector. 5 FI G, 4A is_a plan view show ng anot her enbodi nent of the focus
test patt ciiHmépationpaticyl aystem 29 thakineludes angxpparelight sagce. 4 collpaterdersect i onal
view of the pattern shown in FIG 4A. FIG5 is a plan view show ng anot her
enbodi mentarohterfeeentofilis, 4 8geyphknt,enmpeture dlphppeeat a srvphtagan andtheFl G 6 i s
a plan view show ng anot her enbodi nent of the focus test pattern of the

present i nYQITEkdlctelbPabehif splitlr30, VirRVe.Slaow RghAY. £%280)
conventi onal focus t eg;ta Sat tsglrln.r FI G 8A’§Jias a %’Pan @l)égw 'S owaﬁ% %n exanpl e

of 2§ 00uSLBRL 1981 HERUIMIRIGH S r [oF PR EASeIIRLR B 1048 A 0105ph 02 o

patterns, s”a plan vi ew $howi’ng”an exanp .
PG ot | o TGS BhFORE PRy h B eatphisharcsat et Barw Psk ek inghen  he
T enCe | Rnes and Clincs. The axposure fight EL that 1o voflooted by th beam apltter 30 1

irradiated via relay lenses 31a and 31b, a reticule blind 32, a mirror 33, and a condenser

lens 34 onto a reticule R on which a circuit pattern of a semiconductor device or the like

has been formed (or a focus test reticule TR on which a focus test pattern has been

10 formed), so that the illumination area of the reticule R is illuminated at a uniform

illumination intensity.

The reticule R is vacuum suctioned on a reticule stage RST serving as a mask
stage that is provided on a base 38.  This reticule stage RST is held such that it can be
moved minute distances in two-dimensional directions on the base 38 via air bearings or

15 the like in order for the reticule R to be positioned within a plane that intersects the
optical axis of the exposure light EL.

A movable mirror 41 that reflects laser beams from an interferometer is fixed to
an end portion of the reticule stage RST.  The position in the scan direction of the
reticule stage RST is constantly detected by the interferometer 40 at a resolution of, for

20  example, approximately 0.01 yum, and position information from this is sent to a reticule
stage control unit 42. The reticule stage control unit 42 controls a reticule stage drive
section (not shown) based on the position information about the reticule stage RST and
moves the reticule stage RST.

A reference plate 43 on which is provided a test pattern that is used to measure

25  imaging characteristics of a projection optical system PL is provided on the reticule stage




BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 20 An enbodi nent obtai ned by
enbodyi ng the present invention in a scan exposure type of exposure
apparatus that is used in the manufacture of sem conductor devices wll
now be descri bed based on FIGS 1 through 6. As is shown in FIG 1, an
exposure apparatus EX of the present enbodinent transfers by projection a

circuit p rn.that.is rnmed on reticule R serving as a_mask , 25 onto a
waf er ng‘%ffngn}fswéfa%ﬁfb’jéﬁﬁsé? r.en%d% JBePn ViRk thepattergds fosmed isqapvided from
an 8 illumnatjon ogtical system 29 that includes an exposure |ight

source, a OGFIP hapigubstaniinlly thasamethsight pethe surfadetod the rgtiguly Reopevhieinthe an
aperture diaphragm (i.e., a a diaphragn) and the Ilike is reflected by a

beam spl i tnaglern3d@ foriiled. exposure |ight EL may be, for exanple, exciner |aser
| ight such as KrF, ArF, or F2, higher harnonics such as a netal vapor | aser

5 or a YAG | aserExposurdligBL thhi1es phéseiniabuhche fetihBR RIiA8GHES iMIBBHr Y | anp
such as g-lines, h-lines, and i-lines. The exposure |ight EL that

i s. reflsect i L :30: J.Lradl d via.relay.|e 3la
i 310 wrimple, b Ao BREMAGEG Tho SiohDpibd kAR ST th B RRes 5°
reticule R .ch a.circuit ttern of sen conductor. devi ce or .the |like
has been fsggﬁrgn?l(,grpr%ge?tbowglagggpf:ISé)tbFa&ﬁdg)y lmn&ﬂ?e&%?altpﬁ%%?%@ %Battern
has been égefo_rnecj%, so that the jllumnation area of the reticule Ris

i1l um nat mticyle Kok thisproiestianandse!i sysiemdiletasfor gxample, 1/5 or 1/4 size is

formed on a wafer W on a surface of which has been coated a photoresist that has
photosensitivity towards the exposure light EL.

10 Then, the illumination area of the reticule R is adjusted to a rectangular (i.e., slit)
shape by the reticule blind 32. By scanning the reticule R in a +Y direction during
exposure at a scan speed of Vr, the circuit pattern on the reticule R is sequentially
illuminated in a slit-shaped illumination area from one end thereof towards the other end
thereof. Because the wafer W is in an inverted positional relationship relative to the

15 reticule R, the wafer W is scanned at a scan speed of Vw in synchronization with the
scanning of the reticule R in the opposite direction to the reticule R (i.e., ina-Y
direction).  As a result, it is possible to expose the entire shot area of the wafer W. A
scan speed ratio Vw/Vr corresponds to the reduction factor of the projection optical
system PL and the circuit pattern on the reticule R is accurately transferred at a reduced

20  magnification onto each shot arca on the wafer W.

The wafer W is vacuum suctioned onto a wafer holder 45 and is held via the
wafer holder 45 on a wafer stage WST serving as a substrate stage. The wafer holder 45
is able to be tilted in an optional direction relative to the most suitable imaging surface of
the projection optical system PL by a drive section (not shown), and is also able to be

25  moved in minute distances in an optical axis AX direction (i.c., a Z direction) of the



The reticule Ris vacuum suctioned on a reticule stage RST serving as a
mask stage that is provided on a base 38. This reticule stage RST is held
such that it can be noved m nute distances in two-di nensional directions
on the base 38 via air bearings or 15 tibe like in order for the reticule R
to be positioned within a plane that intersects the optical axis of the
exposure light EL. A novable m.nor 41 that reflects | aser beans from an

i nt er f er orREPISFtignsonticalsystey Plan Mergoyrs, the viafesstagh W STds ferped se eagebeRST.  The
position in the scan direction of the reticule stage RST is constantly
det ect ed npld tedbeimmved be aovatretagdAriat sective 46) whiclois fadmedftora B6toerathpl e,
approximately 0.01 gm and position information fromthis is sent to a

reticul e litcage oadnihnied scei directidn (1118 ¥V ire€itn® bot AgLinGOditde@bn UNi t 42
controls a reticule stage drive section (not shown) based on the position

i nfor mat i qRrealthlat RhE @éahﬂiﬂe@tj&}@a?m?%'féeﬁong@w% BeBld il € stage RST.
3 on wh dat

A reference plate 4 ich 1s provide st pattern that is used to

measur i ' racteristics of a ojectiqgn optical systemPL is
orovt agd oY B efliRS S Shor SRRl o BB QSR And e PP Riop Y BhER R o1 21 o
43 on which the pattern is formed is provided so as to, be at substantially
the same HECHNONLSSEREXRASE Fardeshatarehen theiyater V¥ amgﬁn wrripntp@ovgse thern i s
fornmed. Exposure light EL that has passed through the reticule Ris

i rradiat ecﬁtarhpqs,itiqno?f the next scan exposure are repeated, is possible.

A movable mirror 48 that reflects a laser beam from the interferometer 47 is
fixed to an end portion of the wafer stage WST. The positions in the XY directions of

10 the wafer stage WST are constantly detected at a resolution of, for example,
approximately 0.01 pm by the interferometer 47. The position information (or speed
information} about the wafer stage WST is sent to a wafer stage control unit 49, and the
wafer stage control unit 49 controls a wafer stage drive section 46 based on this position
information (or speed information).

15 In addition, a reference plate 50 that is provided with reference marks that are
used for detecting reference positions for transfer exposures, in this case, the relative
position of the reticule R relative to the center of an exposure field of the projection
optical system PL is provided on the wafer stage WST. The reference plate 50 is
provided so as to be at substantially the same height as the surface of the wafer W.

20 A focal point detection system (57 and 58) that is formed by a light projecting
system 57 and a light receiving system 58 and that provides position (i.e., the position in
the optical axis AX direction of the projection optical system PL) information on the
height of the wafer W is provided on both sides adjacent to the projection optical system
PL. Measurement beams from the light projecting system 57 are irradiated onto the

25  wafer W, and the measurement beams that are reflected by the wafer W are received by a




5 exanple, a two-sided telecentric projection optical systemPL. In the
projection optical systemPL, a projection inmage that is obtained by
shrinking the circuit pattern formed on the reticule R of this projection
optical systemPL to, for exanple, 1/519r 1/4 size is fornmed on a wafer W
on a surface of which has been coated a photoresist that has
photosensitivity towards the exposure |ight EL. 10 Then, the illum nation
area of t Hotsidckis detartqrdousgduntidaithe dight reexiving gystem 58; . Ehe light recpivinghape by
the reticule blind 32. By scanning the reticule Rin a +Y direction during
exposur e aystamsBaletespaetbrmbtion on thedeight pasitionpeftthewafep W bdsed ortéteation R i s
sequentially illumnated in a slit-shaped illum nation area fromone end

t her eof t aw@falisirdrh thegiHoedeleil ddtdr@steald. suBsIes Wsis td DmanidotrolMykgm 70. an
inverted positional relationship relative to the 15 reticule R the wafer W

I s scanneditman 36l SPEEH 70fad)ls! the ﬁéf%l‘ﬁrf)roﬁ%ﬁ ahd G .oﬁqtengagé}%ltagg W]:q In ng of

the reticule Rin the dpposite  direction'to the reticu a-yY
di rectizon),, rgsul i.l. 1s.possible.to,expose the entir ot _area of
the wafer Wéﬁz?natg&sghr?l%htﬁgg%ﬁ?%ﬂf R’/rang(??aﬂ%%giSﬁH%faCteoOf?[heew?fg‘d PG fact or
of the projection optical systemPL and the circuit pattern on the

reticul e RIY Enaging sustags of the grryschiopegtical systeradubneddgmnathgmain eatiobn ont o
each shot area on the wafer W The wafer Wis vacuum sucti oned onto a wafer
hol der 45 systemiis able talsupiply thi docalpdint ddalide sys&dn (Y andvi) evithgralgenwliedser vi ng
as a substrate stage. The wafer holder 45 is able to be tilted in an
optional diffsecdmh@imts; el ati ve to the nost suitable imging surface of

A photoelectric detector 51 that is used for detecting the image formation state
10 of a pattern image projected on the wafer W and also WA reference marks on the
reference plate 50 is provided at a side of the projection optical system PL. This
photoelectric detector 51 forms a measuring device that measures information relating to
distortion and also forms a photoelectric detecting device, and is an image pickup type of
device that makes a detection by picking up an image of the pattern on the wafer W and
15 animage of reference marks on the reference plate 50 using an image pickup element 52.
This photoelectric detector 51 has an illumination optical system 54 that
includes a halogen lamp, a condenser lens, optical fiber, interference filters, a lens system
and the like. Light in the infrared wavelength regions and photosensitive wavelength
regions of the photoresist layer out of the wideband illumination light IL that is irradiated
20 from the halogen lamp is cut by the interference filters.  In addition, illumination light
IL that is irradiated from the illumination optical system 54 is irradiated into an objective
optical system 56 that is formed by a beam splitter 55, mirrors, a prism, and an objective
lens. The illumination light IL that is emitted from the objective optical system 56 is
irradiated substantially perpendicularly onto the wafer W such that the illumination

25  visual field of the projection optical system PL is not obstructed.




the projection optical systemPL by a drive section (not shown), and is

al so able to be 25 noved in mnute distances in an optical axis AX
direction (i.e., a Z direction) of the 10 projection optical system PL.
Mor eover, the wafer stage WST is fornmed2so as to be able to be noved by a
waf er stage drive section 46, which is forned by a notor or the |ike, not
only in the scan direction (i.e., a Y _di_rec_tion?), but also in_a direction
per pendi cul ar t g PIR#cEien areaiop g wafgr W is dllumigatedby thiskagisgyn apd iedletted pe abl e
to nove i 5 optionally to a plurality of shot areas. As a result, a step
and scan oleht &L that 15 reflshted froamthe peleeant ana inacserdancevptsdisd Humingtion isar ea on
the wafer Wand an operation to nove to the start position of the next
scan exposguidedanehe wpgapettup elempeassd Wik ehe objdrivabpizandysicor S6téhdthabeanef | ect s
a laser beamfromthe interferonmeter 47 is fixed to an end portion of the

vaf er st agglneTss. ThetrRRphichORmdbR ahl fend ¥y Bk kmf)%% provilied thginwaé er

stage WST are constantly detected at a resolution o or exanpl e,

appr oxig4rat : ' r The . [ 1] | nformation (or
pecd 3 i ke dickip Beliént O£ b L ALRIRY R formf VB ARE BAER " e
control unjt 49, and.the _wafer ata e cqgntrol, und'nt. Al}%dcontrol s@g.wafer
stage dri vEASBUERIGMNARV o Llug fSmet pndeeds dienipariccted via Hifde iy sieBrad fted
information). 15 In addition, a reference plate 50 that is provided wth
ref erence WeR REotoglagtrieally copuasiedfinp iegepckunpignalser dhe mggsdtiekuprsignplsy

transfer exposures, in this case, the relative
are then supplied to the main control system 70, and waveform processing is performed

on the image pickup signals. As a result, the position information of the pattern image
10 provided on the wafer W is calculated. Note that this photoelectric detector 51 is also

used to measure alignment marks provided on the wafer W, and to measure a test pattern

image when a test pattern provided on the test reticule R is exposed onto the wafer W.

An input device 71 such as a keyboard or bar code reader is also connected to

the main control system 70. Information relating to the size of the wafer W, the
15  projection magnification factor, the value of the aperture of the reticule blind 32 (i.e., the
width of the illumination slit), the target exposure amount, the scan speed, and the
reference pattern image (i.e., a normal pattern image without any distortion), as well as
| various types of information such as the conditions of the measurement by the
photoelectric detector 51 are able to be input via this input device 71 into the main
20  control system 70.

A hard disk section 72 that serves as a storage device and parameter calculation
device is also connected to the main control system 70. Based on information relating
to any movement in the position of the test pattern image calculated by the photoelectric
detector 51, the main control system 70 obtains information relating to the optimum

25  imaging surface (i.e., the best focusing surface) of the projection optical system, and




position of the reticule Rrelative to the center of an exposure field of
the projection optical systemPL is provided on the wafer stage WST. The
reference plate 50 is provided so as to be at substantially the sane

hei ght as the surface of the wafer W 3@ A focal point detection system (57
and 58) that is fornmed by a light projecting system57 and a |ight

recei ving system58 and_that provides position éi .e., the position in the
optical asfagestiisdn thecharddiskseating 79 se thag iticerrespopdwith 8 petition @Lihei nf or mat i on
on the height of the wafer Wis provided on both sides adjacent to the
proj ect i osubsttaiec alln ggditiem infermativnarsiatisgrerthe pesitien 6f therbésh ochsinhsurfacoj ect i ng
system 57 are irradiated onto the 25 wafer W and the neasurenent beans

that are refhaciddd iy nfaheerigfered\M akdelrefeedaretlettatas debaralld Qht0@ha@Cshbt C
detector housed inside the |ight receiving system58. The |light receiving

syst em 58 datigGHS the MR &L LRAo®M t he hei ght position of the wafer Wbased
on detection signals fromthe photoelectric detector, and supplies this to

a mai nccontr ol em 70, .. The in control t 0..adj.usts the. height
posi t18n and i NExb R derainsigh S BF aflef Batpadn g 382 B/ erE b Bttt Pon
I nformation, and rraggqs the surface of the wafer Wmatch the inmaging
surface offS PrEssHt SBeqimsAt )3 reasudng method (that yersithis Speus fasemasi n cont r of
systemis able to supply the focal point detection. system (57 and 58) with
predeterm ned &t dethonistlunfosus stptioteeTR of theprebenisiovantiosl Tlhrat rave hysed for
detecting the image formation state
three columns of focus test patterns FTP11, FTP12, FTP13, FTP21, FTP22, FTP23,
FTP31, FTP32, and FTP33 are provided inside a pattern area of the focus test reticule TR.
10 The respective focus test patterns FTP11 to FTP33 are formed by patterns that extend in
an X direction and patterns that extend in a Y direction. For example, the pattern that
extends in the X direction of the focus test pattern FTP11 is shown in FIG. 3A while a
cross-sectional view thereof is shown in FIG. 3B.
As is shown in FIG. 3A, main scales 1a and 1b are provided at the two ends of
15 the focus test pattern FTP11 while a sub scale 1c is provided between laand 1b. The
main scale 1a that is on the left side in FIG. 3A is provided with four parallel line patterns
l1a, 11b, 11c, and 11d. The patterns 11a and 11b form one pair while the patterns 11c
and 11d form another pair. The space d2 between line patterns in each pair and the
space d3 between each pair are different values. Because the main scale 1b that is on
20  the right side has the same structure, a description thereof 1s omitted here.
The sub scale 1c is provided with six parallel line patterns 12a, 12b, 12¢, 12d,
12e, and 12f. The patterns 12a and 12b form a first pair, the patterns 12¢ and 12d form
a second pair, and the patterns 12e and 12f form a third pair. The space d2 between line

patterns in each pair and the space d3 between each pair are different values.

25 Next, a description will be given of the specific dimensions. Each of the line




10 of a pattern inmage projected on the wafer Wand al so WA reference marks
on the reference plate 50 is provided at a side of the projection optical
system PL. This photoelectric detector 51 fornms a neasuring device that
measures information relating to dist@ation and also fornms a photoelectric
detecting device, and is an inmage pickup type of device that nakes a

detection b I ¢ckin p an.inma of the pattern on_the wafer Wand 15 an
i mge of r%ﬁgg’éﬁ&%w%é;i@gé%a Hﬂg%lhé‘feetp‘éﬁ%%e prdsh dl.sod g S{h! W | mage pi ckup
el ement 52. This photoelectric detector 51 has an illum nation optical
syst em 54 (wheremeter| udbspaitemnspoged? diamph pair sopgwxsaately Srigm (wjsrémetersy.i ber
interference filters, a lens system and the like. Light in the infrared
wavel engt rand elgd space dhbetphat @sk psir is approxdigtblgni@tuin (meginonaspf i Hes

phot oresi st |ayer out of the wideband illumnation light IL that is

i rradi at ednafhef, COMphRE td e %&@é}n LAERidR, the!spa¥s HeiRednHaBEAS heB&WEdd ters. In
addition, illumnation light |IL that is irradiated fromthe illum nation

opt i cal SY@&E;@ %ﬁeﬁ?’ﬁlﬁg@?ﬂé@%@& }egée%tiéé‘li%)ﬂéa?%ﬁ i\é%xbsgaglgﬁfggé%@?’ag&ﬁ% 56 that

is fornmed eam rrors, ctive |lens.
The illummnation light IL that is emited fromthe abjective optical system
56 15 i RTEAHPEED ORI AP OSe PRkGREIEE PSR PG F B AL o h | hat
the illumnnation 25 visual field of the projection optical systemPL is not
obst r uct ectnt mdependant patteen.iferexample, e spans inafdrpatigingnay heumpdeatelemenort hi s

irradiation and reflected light RL that is reflected fromthe rel evant area
i n accor danere lavgertharhihe pattdrobmeatdtbid] i SAs a result of this, each line pattern forms a

single independent pattern and the secondary and greater diffracted light of each line
10 pattern is also focused as a line pattern image via the projection optical system PL.

Note that, in the present embodiment, the reason why the main scales la and 1b
and the sub scale 1c are formed with the same line width d1 is because, by forming them
in this way, it is possible to measure defocus amounts with greater sensitivity. However,
1t is also possible for the line width of the line patterns forming the main scales la and 1b

15 to be made different from the line width of the line patterns forming the sub scale 1c.

In FIGS. 3A and 3B, phase shift sections 13 are provided at the right side of
each of the line patterns of the main scales laand 1b. These phase shift sections 13 are
formed so as to shift the phase of light passing therethrough by 90°.  In the same way,
phase shift sections 13 that shift the phase of light passing therethrough by 90° are

20 provided at the left side of the line patterns of the sub scales Ic. In this way, because
the positions of the phase shift sections 13 provided for the main scales 1a and 1b and the
sub scale 1c are reversed, when the focus test patterns FTP11 to FTP33 are exposed in a
defocused state, the directions in which the positions shift are opposite directions from
each other.

25 An image that has been formed by exposing this focus test pattern FTP11 onto a




guided to the imge pickup elenent 52 via the objective optical system 56
and the beam splitter 55. A transparent w ndow and | ens system (not shown)
are provided within the 5 imge pickup elenent 52, and the reflected |ight
RL fornms an inmage inside the transparents window. This forned imge is then
projected via the lens systemand is then photoelectrically converted into
| mage pi ckup signals. The imge pickup signals_ _are then supplied to the
mai N cont rwifes \Wis @me7ieg by tht Nb@t@i)eb‘tfiﬁ %’Wsﬂilﬁﬁdq the EWWFI?EWWB?]%%W i mage
pi ckup signals. As a result, the position information of the pattern image
10 provi deg TG, 1.herhafearcted/sighabatlthis tiateds shavat ia RIGa3C.t Hi16. Phehayeiteetric
detector 51 is also wused to neasure alignnment marks provided on the wafer

W and to &F@iﬁuﬁ&l & the SilknR3hERAT wlhdiRE8mMResr Dfobeskstpatidratiut pashdeled on t he
test reticule Ris exposed onto the wafer W An input device 71 such as a

keyboard or. r cQ K er: il - FRt B Baoidell Ssystem
70. Inforn%ff]lf)fagdnup(r:b@IFi tgl? i“ﬁg tI%)lCl{‘ﬁ’ee{f‘l’snl?éz}ltg,g%?5 F?ﬁﬁ\?\%’%@?trﬁa@?he 15 projection
magni fi cation factor, the value of the aperture.of ' ' 32
(o 5 heustog BEREGrBHLSAT PO nats G PSEgopn I e S ob ae o
the scan speed, and the reference pattern i mge éi. mal epattern
i mage wi t hdeiectethsigrtl st lowt indle poraensygkepchpline RafiEitg

: nf@%%"@%@re%?ﬂﬂlﬁ mat i on
such as the conditions of the measurenment by the photoelectric detector 51
are abl e t theheart apsthl oficiett lins pattupnst indesvingia s7dles ande totabofras HnOPAtEHKHR o
system 70. A hard di sk section 72 that serves as a storage device and
paranet er galsaykald, 8 detecting the positions of bottom portions B1 to B14 of these, it is
possible to accurately detect the relative positional rel.ationship between the main scales
10 and the sub scale using an average effect. Based on the information on the position shift
between the main scales 1a and 1b and the sub scale 1c, the main control system 70
célculates how far from the best focus position was the position where the focus test
pattern was exposed, namely, calculates where the best focus position is.
Returning to FIG. 2, Box patterns BP11, BP12, BP13, BP21, BP22, BP23, BP31,
15 BP32, and BP33 are provided on the focus test reticule TR adjacent to each of the focus
test patterns FTP11 to FTP33. In the same way as the above described focus test
patterns FTP11 to FTP33, the box patterns also are used for measuring the best focus
position of a projection optical system. The box pattern BP11 is shown in FIG. 4A and
a cross-sectional view thereof is shown in FIG. 4B.
20 As is shown in FIGS. 4A and 4B, an outer side box pattern 2a and an inner side
box pattern 2¢ are each formed by two line patterns, namely, 14a, 14b, 14c, and 14d. A
space 2d between the line patterns of each pair and a space d3 between each pair are the
same values as in the above described F1IG. 3A.  Moreover, a phase shift section 13 is

provided at the right side of each line pattern 14a and 14b in the outer side box pattern 2a,

25  while a phase shift section 13 is provided at the left side of each line pattern 14¢ and 14d




device is also connected to the main control system 70. Based on

i nformation relating to any novenent in the position of the test pattern

i mage cal cul ated by the photoelectric detector 51, the main control system
70 obtains information relating to theiepti mum 25 inmagi ng surface (i.e.,

t he best focusing surface) of the projection optical system and 13 stores
this in the hard disk section 72 so that it corresponds with a position on
the substh gednngrsidgex Paiésn 2bnf or mation relating to the position of the
best focusing surface calculated in this nmanner is stored in a reference
data file that inghsdéymradiber pattermaswelh wlvnta pattemas expmiselbintadefdrasal datek
section 72. 5 Next, a description wll be given based on FIGS. 2 to 4 of

the focus teesikse tRSHreofion i vehidh A6 paMiti@NHTHE 586 siddsbxepatedSAathivgs ABd ted t hat
uses this focus test nmask. FIG 2 shows the focus test reticule TR of the

present | Ry@Bdroi-whié BE pba¥eh Bthe IAELEIER rrO3b 1h9¥edaird GplosiBAL t €r NS
FTP11, FTP12, FIP13, FIP21, FIP22, FIP23, FIP3 1, FIP32, and FIP33 are

Fespect vapuRis R P Bl fl el OB Rl W PR TR pat i n e
oxanple, | SRR PSR TSl § FSHRE (XTEAREE eSS QPSR gR B st
pattern FTP 11 is shown in FIG 3A while a cross-sectional view thereof is
shown i n Prgect®m. optisalisystend®n in FIG 3A -main scales la and | b are
provi ded at the two ends of
Note that, in FIGS. 2 through 4, only one type of line width is disclosed for the
line patterns, however, it is desirable that patterns having a plurality of line widths each
10 beprepared. Namely, a plurality of types of focus test patterns each having a different
line width for their line pattern are provided on the focus test reticule TR.  Because of
this, it is possible, for example, to select a line width for the pattern being measured in
accordance with the conditions (for example, the NA valué of the projection optical
system) of the exposure apparatus measuring the focus, and a line pattern can be used
15  whose line width has the highest sensitivity to a position movement that corresponds to
the defocus amount. Note that, it is also possible to alter the line pattern spaces d2 and
d3 in accordance with the line width of the line pattern.
Next, a sequence for measuring the best focus position of a projection optical
system using‘this focus test reticule TR will be described.
20 Firstly, the focus test reticule TR is placed on the reticule stage RST. Next, a
test wafer is placed at a predetermined Z position by the focal point detection system 57
and 58, and the focus test patterns FTP11 to FTP33 and the box patterns BT11 to BT33
on the test reticule TR are exposed onto a plurality of shot areas on the test wafer.

Next, this test wafer undergoes developing processing using a coater developer

25  (not shown), and the respective test patterns are formed. Thereafter, the test wafer is




15 the focus test pattern FTP 11 while a sub scale |leis provided between |a
and I b. The main scale 1 a that is on the left side in FIG 3A is provided
with four parallel Iine patterns ha, | Ib, | Ic, and | 1d. The patterns I
la and | | b formone pair while the patiyerns He and 11 d form anot her
pair. The space d2 between |line patterns in each pair and the space d3

bet ween each pair are different values. Because the main scale |[b that is
on 20 t he 9npg)pgais ransppried totike eesurs apparatys and ig pleseton the ivefertsiage M3 T.i s
omtted here. The sub scale | c is provided with six parallel |ine patterns
12a, 12b, Th2anaid 2dntrol $Psem g0 theb2tquehhiallppickeumfor th shotchnliftagé of optmndli r st
pair, the patterns 12c and 12d form a second pair, and the patterns 12e

and 12f f aggipattdrhd (for dxaiple, TRE0ERAER phlZerREE AN IFTRS3) tAAtHa0E BéeniplingaCh pai r
and the space d3 between each pair are different values. 25 Next, a

descriptiqp (i EﬁtirF?LIl 'c‘é%@tﬂ%‘;eét %fe?%?ﬁ%%&in%ﬁ%ﬁﬂ%&%mgﬁﬁmﬁﬁe the line 14

patterns | la to and ato ave e sa and dl = 0.1 m
(mcro ters.TEe tter.n space d2.of acgpir' appr.oxi ly .5 m
(m cr ortet agioetecti ol o BT B mafOR eh Brelely SRR BITIolP 1o
(mcroneters). In this nmanner, conpared to the gattern line width, the
spaces betbrBBsnihg pamssal aad pet ssalehow thedest gatiesnsthatrhane psen pagksd updhd each
respective line pattern is substantially equivalent to being an isolated
pattern. Itherosedew thomabkengakdyslern®).patt ern substantially equivalent to an
i ndependent pattern, for exanple, the space in each pattern may be made 10
times or The main control system 70 then measures focus offset amounts in the
respective positions within the shot areas from the position information on the respective
10 test patterns that have been placed within each shot area. The main control system 70
also detects any measurement in the position of the exposed surface of the wafer W
relative to the optimum focusing surface of the projection optical system PL (i.e., the
focusing surface shift amount) from the result of the measurement of the focus offset
amounts at the respective positions within the shot areas, and stores this on the hard disk
15 72, Inaddition, when the actual circuit pattern exposure processing is being performed,
the focus offset amounts and the focusing surface shift amount that are stored on the hard
disk 72 are read and, using these, the attitude and the position in the Z direction of the
wafer W are corrected.  As a result, it is possible to place the wafer W in the true best
focus position and on the optimum focusing surface.
20 In addition, the main control system 70 matches the focus offset amounts at the
_respective positions within the shot areas with the type of focus test pattern that was used
to measure each focus offset amount, and stores them in the hard disk 72. In addition,
the main control system 70 categorizes the measurement results according to the type of

focus test pattern, adds thereto the position within the shot areas of the focus test patterns,

25  and measures the performance of the projection optical system PL. For example, the




nore larger than the pattern line wwdth dl. Asa result of this, each line
pattern fornms a single independent pattern and the secondary and greater
diffracted Ilight of each line 10 pattern is also focused as a line pattern
i mage via the projection optical systengPL. Note that, in the present

enbodi nent, the reason why the. main scales 1 a and Ib and the sub scale Ic
are formed with the sane line wdth dl is because, by formng them in this
way, it i SngBsentlsytem flamaycategenssche meapuementfrsuls iteareyrSeRaNelyyi ty .

However, it is also possible for the ine width of the |ine patterns
f ormi ng t hecaspicmentbdts thatasamfbchs testiftiem leeingdohe pditérhethenare pahelt he | i ne
width of the line patterns formng the sub scale Ic. In FIGS 3A and 3B

phase shi fwitlsthetN axtisl didchdreandosasaietheat rebiliS thit@bd a ficdetes pattemdiavily the |ine
.patterns of the main scales |la and | b. These phase shift sections 13 are

formed so 158 dafledBHal arharaRBasEh BF Y HNAIREER]. "Pobitch RifBHPHBR vdhiPhe | N the

sane way, phase shift sections 13 that shift the phase.of |ight passing

ther et i ouglh B0 Gofh R HSGh Bl Besh a8 iRk il bidlSppatLerns o

the sub scal'es T ; ns 0 ase shift
arerever SadFegbn Al S G PrieR T caalbe G e Ufpbad | n 5
def ocused state, the directions in which the positions shift are opposite
di r ect i onsinfage murfasa chrvetureand thsimygeisneges tihal tedscusingrsutfaeaddhdy exposi ng
this focus test pattern FTP1l onto a 15
projection optical system PL from the results of the measurement of the focus offset
amounts at the respective positions within each shot area that were stored on the hard
10 disk 72. In this way, the main control unit 70 is able to measure the performance of the
exposure apparatus EX and, particularly, the projection optical system PL in cooperation
with the focus test reticule TR.
The focus test pattern of the present embodiment is not limited to those shown in
FIGS. 2 through 4, for example, as is shown in FIG. 3, it is also possible for each line
15  pattern of main scales 3a and 3b and a sub scale 3¢ to all be aligned at the same pitch.
In this case as well, it is necessary to provide a sufficient space between each line pattern
so that each line pattern is equivalent to an isolated line. Moreover, as is shown in FIG.
6, it is also acceptable if phase shift sections are not formed in the line patterns of main
scales 4a and 4b. Note that, in FIGS. 5 and 6, the same symbols are used for the same
20  components as in FIGS. 2 through 4.
Furthermore, in the present embodiment, an example is given in which the focus
test patterns FTP11 to FTP33 and the box patterns BP11 to BP33 are provided on the test
reticule TR, however, the present invention is not limited to this. For example, it is also

possible for these patterns to be provided on the reference plate 43 that is provided on the

25  reticule stage RST shown in FIG. 1. Namely, a structure may also be employed in




wafer Wis detected by the photoelectric detector 51 inside the exposure
apparatus shown in FIG 1. The detected signal at this time is shown in
FIG 3C. FIG 3C shows the distribution of the signal intensity when an

i mage of a focus test pattern that hasibeen picked up by the inmage pickup
el ement 52 of the photoelectric detector 51 is scanned 5 using
predeterm ned scan |ines. As can be understood fromFI G 3C, the intensity
of the deVighadestielrule s rrovided Imadvarecoaaeiside HreceadroPidieg o sts BipA. | n
this exanple, because there are a total of eight |line patterns in the

mai n. scal ey stinefure, thettask o switkhing from the aeteal meticute ont Wieick this cixcwil patteppyis
detecting the positions of bottomportions Bl to B14 of these, it is

possi bl e tmoddedtoaheteyt et is dohaedesdady, kit pOsstiblenakbhdck tled heonobasp bet ween
the main scales 10 and the sub scal e using an average effect. Based on the

i nformati %sﬁ’i&ntulé‘i%§ PRStefarQite Pltd 43 atRRiopBEMI LEndTRIISS 8 BSitdeBod b b and
the sub scale 1c, the main control system 70 calculates how far fromthe

best faqcu L position where the focus test pattern was
SOl

expose nane where the best focus position is. Returning to
FIG 2, Box patgﬁrgs BPI .1, BPI 2, BP13, BP21, BP%§§ BP23, &PS 1, . 15 BP32,
and BP33 are pr QWS it the Rreeateradiments anxprapierS giFAsbRRrcR 8 1eith of the
focus test patterns FTPI1 to FTP33. In the sane meﬁ_as t he above descri bed
f ocus t estimageef e test patiemm thabbasheggexpotesl anix thsaraferrWds datecteddethesed f or
measuring the best focus position of a projection optical system The box
pat t er n BRthbtddstestoodi, and pbsiGod Afeunthtion abeun sise-tse phitandd deréotd, hinesveafihd s
shown in FIG 4B.
present invention is not limited to this, and it is also possible to use another detection
10 method. For example, it is also possible to determine position information (i.e., relative
‘positional relationships between the main scales and the sub scale) of a test pattern by
providing an aerial image measuring apparatus, which is formed by slits through which
light passes and by a photoelectric sensor that detects the light passing through the slits,
adjacent to the focusing surface of the projection optical system PL, for example, on the
15  wafer stage WS, and by measuring an aerial image of the test pattern using this.
According to this structure, when the position of a test pattern is detected, there is no
need to expose and develop the wafer W.
While preferred embodiments of the invention have been described and
illustrated above, it should be understood that these are exemplary of the invention and
20 are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications to the structure, for example, to the dimensions of the pattern line width,
the shape, and the placement can be made without departing from the spirit or scope of

the present invention. Accordingly, the invention is not to be considered as limited by

the foregoing description and is only limited by the scope of the appended claims.

25




20 As is shown in FIGS. 4A and 4B, an outer side box pattern 2a and an
I nner side box pattern 2c are each forned by two |ine patterns, nanely,
1l4a, 14b, 14c, and 14d. A space 2d between the line patterns of each pair
and a space d3 between each pair are tB@ sane values as in the above
described FIG 3A Mreover, a phase shift section 13 is provided at the
right side of each line patt n Vil oy outer side box pattern
2a, 25 while a phase shift sm%ﬁ&&%‘ggﬂbm&&iﬁgat the left side of each
line pattern 14; and 14d 16, in the inner side box pattern 2b. In this type
of box pattern a&¢REsEnt IMysBHOKIS 3fpeus test mask thabisgpovidedvidlap pattrsa thatisat e,
because the direction in which the position of the outer side box pattern
2a noves amejeetpdontgiaselstiateryvia a puhéation ohBcab exsitann.onl eef forretestmask inaleies box
pattern 2b noves are opposite 5 directions, by detecting the relative
posi ti onala pledahityi cdiliaé ppttdped theede lihabep inake gisdctien BEmeashirdd@ent yhagdubifoel ectri c
detector 51, it is possible to neasure the best focus position of the
proj ecki oReQRink ik ardppdvedRdRh an MRa%d[d0a i to ERLRI B8R pldrality YRR phrter@iand ONe
type of line width is disclosed for"the [|ine patterns, however, it is
desirabl e enk i . ' f LI wi. dt h be
pr epar ed. t%\l%%;eﬁ l?/s%&g) %hllnfl%ﬁﬂa%&):ﬁfa {/Egoofﬁlg?‘ %/%éesgln%%l%f) g%hl’fém cpgeé re‘g‘:&ﬁ%g?‘%g lﬂg{tﬂ%_r% havi ng a
different lipe width for their line pattern are provided on the focus test
eticul o Hed BB En iage iyt ompsa e lcriss ayhsn dhe sl indhe it BalieruAge R
line width for the pattern being neasured in

measured. In this focus test mask, the spaces between the plurality of line patterns are

sufficiently greater than the width of the line patterns.

10 The present invention is also a focus measurement method in which a pattern on
a focus test mask is projected onto a substrate via the projection optical system of an
exposure apparatus, and an amount of defocus on the substrate is measured by measuring
the shift in the projected image. In this method, a focus test mask having the above
described features is prepared as the focus test mask, and a relative distance between the

15 image of the line pattern that is formed on the substrate and the image of the reference
patterns are measured.

The present invention is also an exposure apparatus that projects a pattern
provided on a focus test mask onto a substrate via a projection optical system, and
measures an amount of defocus on the substrate by measuring the shift in the projected

20 image. Inthis exposure apparatus, relative distances between a focus test mask having
the above described structure and the image of the line pattern that is formed on the
substrate as well as the image of the reference patterns are measured.

According to the present invention, it is possible to provide a focus test mask
that enables a pattern to be exposed under the same conditions as the actual exposure

25  conditions and that has a test pattern that can be measured by an alignment microscope




accordance with the conditions (for exanple, the NA value of the projection
optical systen) of the exposure apparatus neasuring the focus, and a |ine
pattern can be used 15 whose |ine width has the highest sensitivity to a
position novenent that corresponds to tR& defocus amount. Note that, it is
al so possible to alter the line pattern spaces d2 and d3 in accordance
with the |i migatvyd stobided ; i Nex a sequence for nmeasuring the
best focus posi tl;qgn of Irg{%rt%?e P?l%%lg%a{;l?tg%lan&gﬂ/‘ﬂ’%‘ﬁ?ﬁﬁ‘?@“@ﬁ?@@%@%t
reticule TR, ' 20 Firstly, the focus test reticule TRis

pl aced on tﬁgne;r(fé(%s?%uﬁ%ggr%ﬁgg%ﬂﬂ%ert?usl\f@ﬁ‘fs,teé maskst wafer is placed at a -
predeterm ned Z position by the focal point detection system57 and 58,
and the focus test patterns FTPI | to FTP33 and the box patterns BT 11 to
BT33 on the test reticule TR are exposed onto a plurality of shot areas on
the test wafer. Next, this test wafer undergoes devel opi ng processing using
a coater devel oper 25 (not shown), and the respective test patterns are
formed. Thereafter, the test wafer is 17 once again transported to the
exposure apparatus and is placed on the wafer stage WST. The main control
system 70 then sequentially picks up for each shot an i mage of optional

test patterns (for exanple, the focus test patterns FTP1l to FTP33) that
have been printed on the entire surface of the test wafer using the inage
pi ckup el ement 52 of the 5 photoelectric detector 51. Position information
(i.e., the relative positional relationship




between the main scale and sub scale) on the test patterns that have been
pi cked up.is then sent to the main control system 70. The main control
system 70 then nmeasures focus offset anmounts in the respective positions
within the shot areas fromthe positio®2informati on on the respective 10
test patterns that have been placed within each shot area. The nmain control
system 70 al so detects any measureme&ﬁ1 h\g the position of the exposed
surface of the wafer W relative to é Btinumfocusi ng surface of the
projection optical systemPL (i.e., the focusing surface shift anount)
fromthe result of the nmeasurenent of the focus offset anounts at the
respective positions within the shot areas, and stores this on the hard

di sk 15 74. WAfoaadistineask theh eaprovidediwith altest pattemi thap stpreiestedposustibstrate
processing is being performed, the focus offset amobunts and the focusing
surface slvid4 prajaotion oftival syateen, stheredtl on the hard disk 72 are read and,
using these, the attitude and the position in the Z direction of the wafer
Ware sorrect edheAsst pati@f Wbthpridds: | S possible to place the wafer Win the
true best focus position and on the optinmum focusing surface. 20 In
addition, the [ hes. t f.ocu ff mount s at

- the r'especti'vgR E%@ﬁ?%ﬁ%ﬁﬁ%ﬁhﬁ%ﬁ%ﬁ%@ ugrlré%g%&\ft?q%l(ffr?geats@rg}él?o focus test
pattern that was, used. to.nmeasure each focus of fset amount, and stores them
"n the hard di kb3 SIfseCHigRs b are Prf)wget{fam a&%‘rﬂdﬂf’&Pmst%ﬁa‘rﬁffge &élff’iz‘b?bri zes
the measurenment results according to the type of focus test pattern, adds
t her et o t 9élipoBaticrasrangithdiiare ushd tosthoft thernbase offlighhpassing thronglsandat t er ns,

reference patterns that are used to obtain an image that forms a reference when
10 the shift in the line pattern image is measured, and wherein
spaces between the plurality of line patterns are set at a size that allows each line

pattern to be regarded as equivalent to being isolated lines.

2. The focus test mask according to claim 1, wherein the plurality of line patterns are

15 placed at a plurality of different spaces.

3. The focus test mask according to claim 1, wherein the plurality of line patterns are

all placed at an equal space.

20 4. The focus test mask according to claim 2, wherein, the plurality of line patterns are
formed by positioning a plurality of pairs of line patterns which are formed by two line
patterns positioned apart at a space d2, and which are positioned apart at a space d3 that

is larger than the space d2.

25 5. The focus test mask according to claim 1, wherein the space between the line




25 and neasures the performance of the projection optical system PL. For
exanple, the 18 nmin control system 70 nay categorize the neasurenent
results into two types, nanely, neasurenent results that use a focus test
pattern having line patterns that are Barallel with the X axial direction
and neasurenent results that use a focus test pattern having |ine patterns

n . t use a focus test pattern h ine patt
the. 5 shotreucies € st b 10 ek (b | B B0 R B e B Pl " "

astigmatismw thin each shot area is detected. Alternatively, the main
control system 70 can al so detect the shape (i.e., the inmage surface
curvature and _the image surface tilt) of the focusing surface of the

proj ect i orf- oﬂfhec,fa‘Fuséiﬁg mapk mcordingmtotchadmy le sililerein e spase batweswtherisnt of t he
focus offset anounts at the respective positions within each shot area

t hat wer e mttomeds largeteheughao clild® sebonBary 2r gteatet Bifgastaylight fierntae ineont rol  uni t
70 is able to neasure the performance of the exposure apparatus EX and,

par ti cgl ardayternt falbs B @%HifQToORiHeCAA th‘é)b%j@éﬁoﬁlopiti@al%ﬁﬁé}ﬁf ation with the
focus test reticule TR The focus test pattern of the present enbodinent is

not limted to those shown in FIGS. 2 through 4, for exanple, as is shown
in FIG 5; it is also possible for each line 15 pattern of main scales 3a

and 3b and, a.suh. scale 3c to al.l be aligned at the sanme pitch. Jn {his case
as well, 7 i@eﬁg%“éi%iwg'f 6°°B$“Jb‘%ﬁ Qéldimdy PRt herepRavigd aebitineh | no
pattern so that each line pattern is equivalent to an isolated |ine.

Mor eover , TResiof teshpaiisrysname lgge widths of the line patterns forming the test patterns are

different for each type of test pattern.

10
8. A focus measurement method in which a pattern on a focus test mask is projected via
a projection optical system of an exposure apparatus, and a focus position of the
projection optical system is measured by measuring a shift in the projected image,
comprising:

15 preparing the focus test mask according to claim 1 is prepared as the focus test
mask; and

measuring a relative distance between an image of the projected line pattern and

an image of the reference patterns is measured.

20 9. The focus measurement method according to claim 8, further comprising
exposing a projected image of the focus test mask pattern is exposed onto a
substrate prior to the measuring step, wherein
a relative distance between an image of the line pattern that is formed on the

substrate and an image of the reference patterns is measured, in the measuring step.

25




6, it is also acceptable if phase shift sections are not forned in the |ine
patterns of main scales 4a and 4b. Note that, in FIGS. 5 and 6, the sane
synbols are used for the sane 20 conponents as in FIGS. 2 through 4.
Furthernmore, in the present enbodi ment 24an exanple is given in which the
focus test patterns FTP1ll to FTP33 and the box patterns BP 11 to BP33 are
provi ded t est . _reticule present invention is not
linited tgﬂt h?@e% 57 e RE thdacgc}A?wgtBSLagpgr gﬁ?r&nthese patterns to be
provi ded on the referenf% Iate 43 t hat rOV|ded on the 25 reticule
stage RST shown Heimeseor e ling paifem that bStfPﬂ’e? rethgsybsipieds piekedHp Winean n 19
which a test reticule is ovided in advance on a reticule stage. According
to this typage pirken ¢1@m@1ﬂﬁ£ﬂt i3 previded insisie thavtpokiira gpparains, ahé theo theaimaget i cul e
on which the circuit pattern is provided to the test reticule is not
necessary is pmodesséd, iis theasasinig step. check the best focus position using the
reference plate 43 at an optional timng, which is advantageous from 5 the
vi ewpoknt of throughput. Furthernore, in the present enbodi nent, an exanple
is given in which a resist inage of the test pattern that has been exposed
onto the waf er, r .51 |on
‘informati \gﬁ a o\uéé('p ?%ggép}%{a% tpé&gﬁﬂ&m ng{[e ?’ ¥°§% %oo\f\l/eav%fn%q? %%)a%pr ddent
invention is not limted to this, and_ it is also %osm ble to. use anot her
ot ecti on PICHRYR B calsgstemy AP eRsuicE ajfacus PoytipR 85 1hE PEIEOBAPUTRYFYME oS t i on

information (i.e., relative
by measurmg a shift in the projected image, comprising:

a measuring device that detects an image of the focus test mask according to
10 claim I, and measures a relative distance between the image of the line pattern and the

image of the reference patterns.

12.  The exposure apparatus according to claim 11, wherein the focus test mask is a
reference plate that is provided at a different position from a holding section that holds

15  the mask on a mask stage that holds a mask on which a circuit pattern is formed.

13.  The exposure apparatus according to claim 11, wherein the measuring device
detects an image of the pattern that is projected onto the substrate via the projection
optical system and is formed on the substrate.

20
14.  The exposure apparatus according to claim 11, wherein the measuring device
detects a spatial image of the pattern that has been projected via the projection optical

System.




positional relationships between the nmain scales and the sub scale) of a
test pattern by providing an aerial inage neasuring apparatus, which is
formed by slits through which 1ight passes and by a photoel ectric sensor
that detects the |light passing through2fhe slits, adjacent to the focusing
surface of the projection optical systemPL, for exanple, on the 15 wafer
stage W5, and by neasuring an aeria E %pof the test pattern using this.
According to this structure, when t B gggl ion of a test pattern is
detected, there is no need_to expose and devel op the wafer W Wile
preferred embodithoRustegfmaskds pravidad véth afes eatyas Hhagisseeicgedionipd waten ust r at ed
above, it should be understood that these are exenplary of the invention
and 20 ar(@)oa apwjention opséalieystain GRL) i hisitery patiuial includes a phurikityiod hise
substitutions, and other nodifications to the structure, for exanple, to

t he di mengiaasgs¢f2attbe2falidi efelided g itk dirBetiontdfencahiagtent fpldsd Heft pdatiogsrent can
be made wi thout departing fromthe spirit or scope of 1the present

i nvent ison. (| Aceaf gi BHJ'v)ﬁedtirhﬁ're%srﬁéﬁ‘&Ehtﬁg chch ihe piRraAey &ﬂﬁégﬂ%ﬁeﬂmﬁﬁm&@ mted by

the foregoing description and 15 on imted by the scope of the appended
clainms. 25 2 [.N | AL APPLI.CABI LI TY The present invention.i focus
oot masic et SHIHY st R TR Rsine Mhof 06 3 S8 ed AERL B 0 018,

substrate via a projectjon _optical system The focus test sk i ncl udes
tﬁat are us%d té) obtafn an imgge &lﬂt fOI'l>IIIS a reference when the shﬂ% ?n the line pattern

1mage is measured. Spaces between the plurality of line patterns are set at a size that

allows each line pattern to be regarded as equivalent to being isolated lines.

10




a plurality of line patterns that are lined up in the direction of
nmeasur enent, phase shift 5 sections that are provided in an area adjacent
to each of the plurality of line patterns and that are used to shift the
phase of |ight passing through, and reference patterns that are wused to
obtain an image that forns a reference when the shift in the line pattern
image is neasured. In this focus test mask, the spaces between the
plurality of line patterns are sufficiently greater than the width of the
line patterns. 10 The present invention js also a focus neasurenent nethod
in which a pattern on a focus test mask is projected onto a substrate via
the projection optical system of an osyre apparatus, and an anount of
def ocus on the substrate is neasured?&?ﬂneasuring the shift in the
projected image. In this nethod, a focus test mask having the above
described features is prepared as the focus test nmask, and a relative
di stance between the 15 inage of the line pattern that is forned on the
substrate and the image of the reference patter are nmeasurEdX The
present invention is also an expo { projectsya pattern
provi ded on a focus te&t mask ont ¢ proj ecti'on optical
system and neas rate by qfﬁéuring
the shift in the arat us.” el ati ve
C ' i bed structure
and the image of thelli i N\ bstrate as well
I8 34
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According to the present invention, it is possible to provide a focus test
mask that enables a pattern to be exposed under the sane conditions as the
actual exposure 25 conditions and that has a test pattern that can be
measured by an alignnent mcroscope 21 that is provided inside the

. exposure apparatus, and to provide a neasurenment nethod and an exposure
apparatus that use this focus test mask. 22 CLAIMS 1. A focus test nask
~that is provided with a test pattern that is projected onto a substrate
via a projection optical system wherepbns5 the test pattern conprises: a
plurality of line patterns that are lined up in a direction of nmeasurenent;
phase shift sections that are provided in an area adjacent to each of the
plurality of line patterns and thafJ{f O5ed to shift the phase of Iight
passi ng through; and reference patterns that are used to obtain an inage
that forns a reference when 10 the shift in the line pattern inmage is
nmeasured, and wherein spaces between the plurality of |line patterns are set

at a size that allowgFepghiline pgtpepmto e porgrded as equivalent to

being isolated lines. 2. Thg focus test sk accordigg to claim 1, wherein

the plurality of lingGgatitqerhs areBpP 2 1 BP31
S 71
<: nn}n |g¥h= (Jggp= /ﬁ\;ifz
\l' 'I"' I ]
FTP 1_2 e nin_ Hin_ M
BP1 2—~\M hZ ll_ II 'l.. Il 'I-
/ \Il\lllll nmn_ Illll{_\/
FTP13\ II ll"" Il ||_ Illln- "FTP33
BP13 1~} I h-BP33
Y

N




15 placed at a plurality of different spaces. 3. The focus test mask
according to claiml1l, wherein the plurality of line patterns are al

pl aced at an equal space. 20 4. The focus test nask according to claim 2,
wherein, the plurality of line patterns are forned by positioning a
plurality of pairs of line patterns which are formed by two line patterns
positioned apart at a space d2, and which are positioned apart at a space
d3 that 1is larger than the space d2. 25 5. The focus test mask accordi ng
to claim1, wherein the space between,she line 23 patterns is set to be 10
times or nore larger than the width o( the line patterns. 6. The focus test
mask according to claiml, mhere;EngF Ep ce between the line patterns is
| arge enough to all ow secondary €a diffracted light fromthe line
5 patterns to also be used for focusing via the projection optical system
7. The focus test nask accordia to clagi ﬁhEFEIn there1age provided a
plurality of types of test patterns, ollq] w dt hs of t | ine patterns
form ng the test patterns are fere or eac pe_o /-~ pattern. 10

8. A focus negsur ' A chia lpatter i on a pocus test mask is
proj ected viaP N i § At Am of expos ?"//’ and a
focus positio éé g gé g;fj
Z
1 é 1mr
7% 7 v Bl
17 7 v Ul
1 7 E Ul
A 7 7z AV Bl
1 % 1R
A 7 % U B U
A 7 7 U U
A Z 1V U U
1 ,/, 17l
A 7 Z ‘R0 R’
1 Z v Ul
A 7 7 2708 R
1 7 AR
1 Z AR
] ﬁ imr
7% 7 U U
A7 7 AR
| - J
Y
Th

1T17a 11b t1c 11d12a 12b 12¢c 12d 12e 12°F
L 7\ .

1a 1¢

FI1G. 3B

TR 13

S RS

11a 11b 11c 11d 12a 12b 126 12d 128 12Ff -

FIG. 3C

B7 B8 B9 Bil Bi11 B1? B2 B4

[, S PR
st}
h

!
B2 B3 B4 B

—t =i

B




projection optical systemis neasured by neasuring a shift in the projected
I mge, conprising: 15 preparing the focus test nask according to claiml
is prepared as the focus test nask; and nmeasuring a relative distance

bet ween an image of the projected line pattern and an image of the
reference patterns is neasured. 20 9. The focus neasurenent nethod
according to claim@8, further conprising exposing a projected inage of the
focus test mask pattern is exposed onto a substrate prior to the nmeasuring
step, wherein a relative distance betweetYan i mage of the line pattern that
is formed on the substrate and an image of the reference patterns is
neasured, in the nmeasuring step. 25 (ggogkéﬁe focus neasurenent nethod
according to claim9, wherein the inégj: . line pattern that is forned
on the substrate is picked up using an inmage pickup element that is

provi ded inside the exposure apparatus, ang ghen the inmage is processed,
In the nmeasuring step. 5 11. An exposure apparatus that projects a pattern

provi ded on a focus test mask vi \‘
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a

conpri si ng:

12. The exposure

apparatus according to claim1l1l, wherein the focus test nask is a
medK stage that holds a nmask on which

In the projected inage,

measuri ng device that detects an image of the focus test nask according to
is provided at a different position froma hol ding

system and neasures a focus position of the projection
15 the mask on a

and neasures a relative distance between the inmage of the |line
| mage of the reference patterns.

system by neasuring a shift

proj ection optical
10 claim 1,

pattern and the

ref erence pl ate that
section that holds

opti cal
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(13) that are provided in areas adjacent to each of the plurality of line
patterns and that are used to shift the phase of |ight passing through;
and reference patterns (1la to 11d) that are used to obtain an inage that
forms a reference when the shift in the line pattern inmage is neasured.
Spaces between the plurality of line patterns are set at a size that

all ows each line pattern to be regarded as equivalent to being isolated

li nes.
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