DESCRI PTI ON FOCUS TEST MASK, FOCUS MEASUREMENT METHOD AND EXPOSURE
APPARATUS 5 TECHNI CAL FI ELD The present invention relates to an exposure
mask that is used in the field of sem conductors, a focus neasurenent

nmet hod, and an exposure apparatus. Priority is clained 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 | NVENTI ON
Conventional ly, a test pattern that PEBSGREVAIEBY 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 neasured by
nmeasuring these formed marks. In recent years, a greater degree of focusing
accuracy has been dehr@Ad&ITEATAIASKHPFECHUSAUEASE/RIFEASY emMomet hod is al so
dermanded for the focus positions of projection optical systens. The

t echnol ogi es that are describegpﬂmggpgsU“@hgp@&ﬁggygons United States
Patent 20 No. 5300786 and Japanese Patent No. 3 23 are known as

conventigpnal focus neasurenment nethods and focus test patterns. The focus
measur enment nethod described in United States Patent No. 5300786 uses what

are known as | evenson type phase (.t masks, and uses a phenonenon in
whi ch by exposing an isol at ed Iinﬁﬁ%@@f?ﬁ[‘ﬁﬁ?@def ocused state an i mge of

this isolated 25 |ine pattern is noved in a lateral direction (i.e., in a
direction that islSdipentinyention relales treaexpopticoadsk it ss oded tim ehefiat] et i on
optical system.
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 pattérn that is 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.c., in a direction that is perpendicular to the



FIG 7 shows an exanple of a focus neasurenent pattern that is used when a
focus position is neasured using this neasurenent nethod. Wien this pattern
is exposed, typically a box-in-box mark type of pattern is formed. Wen
this pattern is 5 exposed in the defocused state, then the position of the
rectangul ar pattern (i.e., the box pattern) on the inner side and the
position ofotpglggft, ul ar Fattern §j.e., the box pattern) on the outer
side are novBd“Y A 86% | RFRICE LR BhYSeBY): measuring the rel ative positiona
rel ati onshi ps of these box patterns, it is possible to neasure the anount
of defocus at thel¢ 7 boys aaepeaplesf a focuswwenarmeitpatttie theasuel vdicok t hi s
box pattern, there are only two patterns being neasured in each of two
ort hogonal #auepositmsis raerduict ussigriic ogniwedeitadthah e rWhiethiswaswiement is
made using i mage pi ckup el ements of an alignnent system arranged inside

the exposur exjappdarngsicalytdesk-ihehembk Fpd OakieMEl fneABaARHIR @BE‘Fat?egﬁ W acy.
S

In order to resolve this, the nunber of neasurenent patterns el ng
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the case with box-in-box r -1

of a pluralj f rallel.lines. As.a result, it becomes ssible to
meacure o neddenPonit Bt bide At i iDnok oy erinanap BRIGR (- HEBORBAIHR

box-i n-box marks. However, in this nmeasurement nethod, exposure is actually
performed t9 £ outy sids@re meverbsunpesitardirashenser myi racdsormede bglaGyet pdsitipneut  a
portion of a nunber of diffraction grating patterns. Because of this, this
measur ementrefgongddpheidhededodmatibme kit ishhabsibl to teesuee ihs amokiAr gfelcarmy at thef

def ocus and the position novenent exceeds half the pitch between

di ffracti onimge af exp@suret hen neasurenent is not possible. The focus

measur enent net hod descri bed in Japanese Patent No. 3297423 25 nmakes use

of the 1ol I owi ng IRHSARIBAAR: mBRIRhY of e Tl ACH A E LGS G855 Bling

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 lines. 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



positive primary light and negative primary light in a diffraction grating
pattern are differentiated fromeach other (ideally one is set to zero) so
that an asymetrical diffraction grating pattern is forned, and when this
asymmetrical diffraction grating patternjis exposed in a defocused state,
an image of the asymretrical diffraction grating 5 pattern noves in a

| ateral directjon. An exanple is shown in FIG 8A of a focus neasurenent
pattern thatPodivgpemarnhght aad hegative pugiaty loghtiis a diffactiecprating patermaeasur ement
met hod. Wien the reference patterns are the large isolated patterns 21 a
and 21 b, t kefferahigrcdfromsynimether Gddally dhé fsrsactol 2F)@bakdt AE aPahih8kRal10 i s
exposed in a defocused state, the position of the image of 10 the

asymet ri caldifiiatfisiagiatiofn p&ecdh S8k, BRY §8en i X 2R& df - . tion
i ndi cated by the arrow@Fel ative to the p%%fl?slr% s of ltﬂghﬂ%g}gﬁ% he

i sol ated pa , . over, as.j,s shown in EL.G 813, the

ref erence p %ﬁ%@ﬁé%ﬁ@tﬂ% acziflkff&rug% |%3t§’ %}rlﬂaﬁﬁaflhﬁﬁtg%’@?lﬁg'c@l ‘?IQ?%}“*?%&Y%W&

22b) , or ¢ asal@s shown.i nl'Flgi .8C,. the reference patterns may be

asynmmet r7 caP & PAIREE b a4k Yht terns (i.e., 23a and 23b). 15 However,
in these asymmetrical diffraction grating patterns, because one of either
positive primary dinfeeaptead shqwghin lgﬁd&he'atf@ome npaburamynidiafttmabitadudddght i s
set to substantially zero, there is a possibility that the exposure anount

wi | | be i nsuhtheifents positien it ineaspattiethis nsa@XOOsRm@b® SUBST that&erched
exanple, in the case of a scanning exposure apparatus that perforns

exposur e bypatedrad ir¥ €hd/lafeasiiBd pR RSk aand 22, SHBS b, %asﬁ@nrﬁgﬁcaﬁpann! ng
speed nmust be sl owed down and conditions different fromnormal circuit
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that results wll e Created t are eren t he

time ofyfhe xposure.. The present invention was cqnceived. in view of
Lhe- abolls ab e RngEBPT Y fiod AEull TRI veb e kil ot G eneb P av do
a focus test nask that en@lbl es .a 25 &g,ttern to be eé&?sed in the same

condi ti ons B€PRY Heyato ©g pegtivn ddhwimassnel thawplatpdpatierns 2]1a and 21b.

Moreover, as is shown in FIG. 8B, the reference patterns may be diffraction grating
paﬁems (i.e., 22a and 22b), or, as is shown in FIG. 8C, the reference patterns may be
asymmetrical diffraction grating pattems (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 arc 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



4 has a test pattern capable of being neasured by an inmage pickup el enent
that is provided inside the exposure apparatus, and to provide a

measur enent met hod and exposure apparatus that use this focus test nmask. 5
DI SCLOSURE OF THE I NVENTION In order to s¢olve the above described probl ens,
the present invention provides a focus test mask that is provided with a

t est patterPl that is projected onto a substrate via a rojection optical
system whePdf fleshraticassapabieros bping mepsired by an jhageali¢hup eifmdni fiat jsarevddars
that are lined up in a direction of neasurenment; phase shift sections that
are provi dethside tg@ﬁmsam@@padttamdtto povaichmedsutdne:np nettakdiahy eofoslitene
patterns and that are used to shift the phase of |ight passing through;
and ref er enagpapattis hanssetthatfoars@esdspgk.t o obtain an inage that fornms a
reference when the shift in the line pattern imge is neasured, 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

Accor di to the present inv i Lt. As-possible to forma plurality of
l'ine pggt erns as respecti ve&@%ﬁ@?ggh@iéﬁs@ﬁﬁ%met ecting the
positions of the {mages of the plurality of line patterns, it is possible
to neasure any .shiftrdgdeelyn hapboue dessribédopreblemg. the pecspridntangan providss anage
of a reference pattern with a high degree of accuracy. It is also possible
for the pl ufashs togt mfsk thatds petvidednsitht otebgpapactbat iapraeqpddismad b sybsahte v20a

di fferent spaces, or for the plurality of line patterns to all be placed at

an equal spaogctioMdpeay eysten twh@eialieoengatidligclfids: 4 PRrlpbalind pareins! | ne
patterns to be forned by positioning a plurality of pairs of line patterns,

which are f@an®ed iiByd by & Hi@@cti%ﬁtotfﬁfeﬁﬁrerg&tﬁjr]%fitagggrqg%gafohs ffar Qre%)ﬁ\g&eﬁi%’ and

whi ch are positioned apart at a space d arger than't Space d2.

tZg 'bte '1%) ?: erﬁrgasrgz?%jﬁ&m fo daBh of IR pHRARS P ELYBEReh G d hGPALLTS MRiliRe P Set
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 to form a plurality of line
patterns 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 apait 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



5 or nore larger than the width of the Iine patterns. Mreover, it is
desirable for the space between the line patterns to be |large enough to

al l ow secondary or greater diffracted light fromthe Iine patterns to al so
be used for focusing via the projection pptical system 5 In addition, the
focus test mask of the present invention nmay be provided with a plurality
of types of test patterns, and it is desirable that line widths of the line
patterns f 6F Horylarges thaa she wislth effthe libepalieitier ent for each type of test
pattern. By enploying this node, it is possible to select a line pattern
havi ng the opti muiMonsealel itiindababiedande spdck betvider teolng fatens 1§ botargxanpl e,
the NA of the projection optical systen) of the exposure 10 apparatus being
used. Furt hefisipheo al@ s@oREADLr LRYRPHIMRRCERY BYLIRR thel IR PacEBA%YE8HBAL

method in which a pattern on a focus test nmask is projéected via a

proj ection gphi igﬁo"ﬁ%ﬁ’%gﬁ@tg‘{/%‘?gﬁ%iﬁ?‘g&%%f %rsgpgp_ar atus, and a focus position

of the projection opti neas by neasuring a shift in the

pr oj ect i mage, that.includes: prepari a focus test mask 15 having the
above descri bed ft%“a"’?dbft@& ihs ?ﬁ”éb%? %‘g‘%%ﬁgﬁér@ls%‘@d%"@("@@? Iwia@;pf%m edrﬂﬁ,(&g@ri ng
a relative distance between an irraé:)e_of the projected line pattern and an
i mage of t heluralidy ef ewneeofpent pattarss, and Handestrable that linhavidbe oS thedias peteront

nmet hod of the present invention, it is desirable that the nethod further

i ncl ude explsming the psopeetmdeidifigentddr ¢4l tfmcafedt @atiernBSBy paipl@fing itss 20
exposed onto a substrate prior to the nmeasuring step, and that a relative

di stance behnveent isydsditTeeLseRict 4 NBe patRen RALALIH dpfigtunt idiR MBI oRRANEORith
substrate and an inage of the reference patterns is nmeasured, in the

ateand an i mage of the rererence pafternsis me 3
e S S S

el ementmt ha&ppbrsat@srb%\{ﬁgdx%gd.' nsi de t he

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 mask 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 tmage pickup element that is provided inside the

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



25 exposure apparatus, and then the image is processed, in the neasuring
step. 6 Moreover, the present invention provides an exposure apparatus
that projects a pattern provided on a focus test mask via a projection
optical system and neasures a focus posjtion of the projection optical
system by neasuring a shift in the projected inmage, that includes: a
measuri ng device that detects an imge of a focus test mask 5 having the
above described f&&weres thpesdnsinpeajeqgireddyd &1 dxpesupE apRedtlomhaoRbicedla
system and neasures a relative distance between the inage of the |line

pattern andphitenipf@déedafn a fobes kafilRRELa Px%ﬁéc%z'i‘%ptﬁé'%;%ténh%d nfealifedd SO
possible for the focus test mask to be a reference plate that Is provided

at a di ffer%sﬁ%hgh Qﬂl‘yg%&ﬁ&mhgﬁg i&%gmam@p %(%lligll‘nntth:’lg)r(ga %gn a

mask 10 stage that hol ds ircul In
addition, i Imj1 % ﬂ}gng%le t hat thedrreast\Jrln devi.ce de t an i mage of the
pattern tha 165 BPG[EETEY AR R s d bt C\?laél IRA%e ‘b‘t%i%éﬁst‘icﬁﬁn‘ﬁ tical
systemand js.formed on the substrate. It is also desirable that the
measurimy dBdieegebars descabag fraires thagis rspicelad vigahe propectio optiead sysésn.been
projected via the projection optical system According to the present

i nvention, #nd mgaguossi tlative dispnovbaieca the duspct dfstic Jimspattetrhald thn e ra
pattern to be exposed under the sane conditions as the actual exposure
condi ti ons thedefehite pagrds. t est pattern that .can be neasured by an alignment
m croscope that is provided inside the exposure apparatus, and to provide

s et TEUNG B0 2050 SICRIE BPRPRIIATEL IS Bl Lo

;fgggﬁti fnj&%y%ﬂ%@é di‘f%e?élx\llt Sg)si@onn r%aﬁiu mgs CP{ ﬁlalflﬁolldg lhaenmae$ O?I%I nrlraesril<t Of the

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

In addition, it is desirable that the measuring device détect an image of the
patiern that is projected onto the substrate via the projection optical system and is formed
on the substrate.

It is 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
FIG. 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.



25 FIG 2 is a plan view of a test reticule in an enbodi nent of the present
invention. 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 3Cis & view showi ng a detection signal
when the pattern shown in FIG 3A is detected using a photoelectric
detector. 5 FIG 4@@{5 a plan view show ng anot her enbodi nent of the focus
test pattern of t pfdseRRn VRverhoveng ambinbedimie® of4Be facua tast perseftht onal
view of the pattern shown in FIG 4A FIG S5 is a plan view show ng anot her
embodi ment ofresdud ifvgntin, HEs 3 Bpiatitcerss-soétiortaheic prof sienpatic v @idkindR - FIG03 Al 4746 i s
a plan view show ng anot her enbodi nent of the focus test pattern of the

present i nveliltiG. 66.is ENEw shoivingda @tedtioni seaMabRAV (18 pARcAXBIRL S PIG.BA is
conventional focus test pattern. FIG 8A is a plan view show ng an exanpl e

of a focus t@sdciRPdsh R fppdieikecitedelgber ence patterns are large isol ated
i ] ;

patterns, FIG 8B is a plan view show ng an exanple 15 of a focus test

pattern en the rgfe ce.,pbatterns are diffraction grating patterns, and
FIG 8C :52 a plan I@F‘e‘\{ﬁggha v{ngrh‘é’e%ﬁh8§2’éﬂi5p%’“we P@E@g?’g@lﬁr}%ﬁﬂ@ﬁ RatigEeAl t he
reference tterns. are asymetrical diffraction grating patterns. BEST
MODE FOR CAREYPTRESTHIAY D, MNIENTHCNS 202 migseristdiaieinw obthaipatienishioentioBiG.ng
the present invention in a scan exposure type of exposure apparatus that
is used in t*e manufacture of semiconductor .devices will now be descri bed
based on FIGS 1 through 6. As is shown in FIG 1, an exposure apparatus EX

of the present entiodisneaiplantviensh@kigiioMePtRB4diRBNAIGhE ftub RASRE ot hat
is formed on a reticule R serving as a mask

the present invention.

10 FIG 6 isaplan vxcw 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 patter.
FIG. 8A is a plan view showing an example of a focus test pattern when the
reference patterns are large isolated patterns, FIG, §B is a plan view showing an example
15 of a focus 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 arc asymmetrical diffraction grating patterns.

BEST MODE FOR CARRYING QUT 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 onto a wafer Wserving as a substrate. Exposure light Et, that is

irradiated froman 8 illumnation optical system 29 that includes an
exposure light source, a collimtor lens, an interference filter, a
fly-eye lens, an aperture diaphragm(i.e. g a or diaphragm and the like is

reflected by a beamsplitter 30. The exposure light EL may be, for exanple,
excinmer |aser light such as KrF, ArF, or F2, higher harnmonics such as a
metal vapor Wlygérationgptical ys@m 38 dhat imnludes ingkkpdsurdizhi sanean cediniAoegh
pressure nercury |lanp such as g-lines, h-lines, and i-lines. The exposure

light EL that iherehbeaiaga fy-cb @cn@,emgahiet &i;@ﬁhra"‘ﬁ% 'gi.se., ;incé Hﬁgﬁﬁ%@g a¥d fhe €1 Ay

| enses 31a and 31 b, a reticule blind a mnor a co nser |ens

34 onto a rqy : ol ' it -pattern of .a.sem conductor device or
D A A U P S e
test pattern_has been. far , SO that the illum nation area of the
reticule R i%é“’ﬁr?‘irg?ﬁehléé‘gaug’[ggg‘@nﬁ?fbPFnFii highgrihaumeres suph ana mefal vanes laser
reticule_R is vacuum suctioned on a reticule stage RST serving as a nask
stage that % aé%é 1389 Obpright hagelre®. anFrire-high pressiee semyey IRSF sich dsed-Hnasuch
that it can be noved mnute distances in two-dinensional directions on the
base 38 vi ahdinesphwdriilimgs oFhcl&pbhae ligkeFl, ﬂm@fsdeﬂecft@fbytﬂﬂ@béaﬁ‘ilis?lﬂk@ 3Ri§ o be
positioned within a plane that intersects the optical axis of the exposure

light EL. Aimmdiabd eiaelay dnsdl3 fahal 316f 4 RGksle/Ha88 52 RERNE, 3RO enser
interferoneter is fixed to an end portion Sf t he ?et?%ﬁle’%?gg%”ﬁg¥ﬁlThe

posi tion i N84 fitQeR &pwﬁ%lltahcqrcuﬁ E)Ei{t cHl g a3 811«5%}2)%%\/%; gﬁ%ﬁ%gﬁ(ky

detected by the interferoneter at a reésolution of,

appr oxi mat e y I nd. position . .infqormation fromthis is sent to a
reticule s %Sgtgecgé"?}itmegﬁoﬁ%F({C”ﬁ%?t F’?H&‘ﬁFgﬁ YuBICh EdgaIsdet PG z?ﬁ beenp

controls, a etigule st%%e drive section (not shown) based on the position
i nf or mat' ont 4B 5P Htl Hedllwpmatier age oRtE ratienle Roy dliminged atd wifoemst age RST

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 reficule 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 pm, 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



A reference plate 43 on which is provided a test pattern that is used to
measure 25 imaging characteristics of a projection optical systemPL is
provided on the reticule stage 9 RST. The surface of this reference plate
43 on which the pattern is forned is provgded so as to be at substantially
t he sane height as the surface of the reticule R on which the patternis

f or med. EXp?fﬁ"[re]#[i %ht EL that has passed through the reticule Ris

irradi ated into, H§ouHaEdts scfergneqplaigiddan wiike deratten ipfojredtis provaedi cal
system PL. In the projection optical systemPL, a projection imge that is
obt ai ned by S@ R ol digubstrntiglly theisemedictght as the sursbeat thd ReceR ealvBicRuef t hi s
projection optical systemPL to, for exanple, 1/5 or 1/4 size is formed on
a waf er W opat&ersun foaned.of whi ch has been coated a photoresist that has

phot osensitivity towards the exposure light EL. 10 Then, the illum nation
area of the reticpkghsRe j . ro(ine... sljt) , shape by
the reticule blind %)2. Bf/g llﬁ?&ﬁﬁ%tggs [jﬁsgédr g‘?@&@‘ﬁg&{iﬁ%ﬂ%’%&‘ eraﬁltagegtl?tSngHuri ng
exposur e at eed Vr, .the.circuit pattern on the reticule Ris
sequent iejal I ?/)@a"?@?tr} n%%ast%ejc&qlg[ﬁc%“%? PrISHapeatsq P‘Xﬁtﬁrﬁgﬁ oft QWGIHOJI&PW YHisalend

t her eof tomar?s hge other. end thereof. Because the wafer Wis in an

i nverted podiitibni 2 PejestipnHetieshalds abtaiped by shiiekinstheaiicoitlpettdp fodvedwaf er W
is scanned at a scan speed of W in synchronization with the scanning of
the reti cu@emmquh@f Bppersiacdonlpptéet boten BLIMEr @tangild,&/Rof 1/48izcié N a - Y
direction). As a result, it is possible to expose the entire shot area of

the wafer Vbrmed scamaspaldnraatifcdd Whick sy REAQBSS hphbResigAUehion factor
of the projection optical systemPL and the circuit pattern on the

reticul e Rpl&t@@ﬁﬂﬁﬂtﬁblkaﬂsaﬂcs&ﬁlﬂo%ﬁg I%htEL.r educed 20 magnification onto
each shot area on the wafer W The waffer Wis vacuum sucti oned onto a wafer

22' ge; dggt ?ggei zt'ﬂgxgggh%{uglrﬁv\ig 'g)rzlv\%éf éfe l:ﬂglﬁqgfac'{lle%? isoargij Gid l]:)earrecszt%ggﬁar 1.;:r., ssl% ving
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 arca from one end thereof towards the other end
thereof. Because the wafer W is in an inverted positional relationship relative to the

5 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 reficule R (ie,ma-Y
direction). Asaresult, it is possible to expose the entire shot arca 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 area 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.e., a Z direction) of the



is able to be tilted in an optional direction relative to the nost suitable
i magi ng surface of the projection optical systemPL by a drive section
(not shown), and is also able to be 25 noved in mnute distances in an
optical axis AX direction (i.e., a Z dirggtion) of the 10 projection
optical system PL. Mreover, the wafer stage WST is fornmed so as to be

able to be noved by a wafer stage drive section 46, which is fornmed by a
nmot or or t h@rojertt ontige! sysiem Bln  tMercoremthdiwabartsiagn WS T &. fprraedvsodisnede i on) |
but also in a direction perpendicular to the scan direction (i.e., an X

direction) sbleds beandved ablevifer stpeeirve 0pdtioanal Wiich & BrRbdbRh idorQf gihot
areas. Asa result, a step and scan operation in which an operation to scan

expose each 1KBOfot3hBan M dch dwafiRh (W.an¢ RAR.N8 AL LRY i 2affRS{fn’ © the start
e.

position of the next scan exposure are repeated, IS possi A novabl e

mrror 48 t eam fromt.he.interfero er 47 is fixed
to an end p%r@ : ieéﬁ%%l? F%Oﬁdééﬁé\éiﬁ ??&%tﬁ)oég@kvﬁ% CE]‘W@“%’@SGP?? BhE 45ic fafmovey
directions of i 18 tthe fler gta e WET are constantly detected at a

resol ution gPtogally %Qan%‘l‘ gyo ﬁ‘ﬁ%%éfﬁa?ratéwf@!lb,la fiemAndtsen pprretidndn ovhittean 47,
The position information (or speed information) about the wafer stage WST
is sent to 8PHWARE: oSEaperesheachIshefvirea dpthe avadertWand wabparatidraigeneendtiad  uni t
49 controls a wafer stage drive section 46 based on this position

i nf or mat i ons@omosierdf ihnmexnmui exgosukBrd repadet, td gRsibR, r ef erence plate 50
that is provided with reference marks that are wused for detecting

reference positi oasndvabletrhigs 4g ihL¥ARIU A8ser bt hjoﬁlftﬁé‘ﬁﬁcrférﬂﬁe{e?h?&é e
position of the reticule Rrelative to the center of an exposure tield of

o er ence. pl ate oo e PorESH AT, Tk SabY RN DO B liniB I ) SR T
and 58 et 5 B GRRE AP S et fupdt fagSdyihath broshis | ght
receiving Sz}/pspg'oexrpmgt%lya&g 1 }.er;ﬁgy trl)xfz ?Xtiaggr%m%g:? I4t7I O’?he( ;i)dsietic;n i;frz)imgg;i Eoir 2gceidn
information) about the wafer stage WST is sent to a wafer stage control unit 49, and the
waler 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



the optical axis AX direction of the projection optical system PL)
information on the height of the wafer Wis provided on both sides

adj acent to the projection optical system PL. Measurenent beans fromthe
i ght projecting system57 are irradiatedjpnto the 25 wafer W and the
measur enent beans that are reflected by the wafer Ware received by a 11
phot oel ectri de& ector housed inside the light receiving system 58. The

li ght recei ATq¥Peierig disase hpwsedcmsidp fredighatacoivingrsystom fei Jhite lipbsietéioing of
the wafer Wbased on detection signals fromthe photoelectric detector,
and suppl i esYsthins>& detextamaformmting oo kheshyedgie poston offihe wiler W GARA @ degdtgbem 70
adj usts the height position and tilt of the wafer stage WST 5 based on this
hei ght posi tsﬁgmlalslfm‘n@Ith’ﬂ%ilioﬂfbleoﬁfftddé’(_@df&?aﬁd‘lﬁlpﬁ%sftﬁgqogfmging(xz}ﬂﬂgfstéﬁl‘ Agtch
the imagi ng surface of the projection optical system 1In addition, the main
control sygtigmdis c&RkE sl 1h I i nt ection syste 7 and
58) with predeter n‘icﬁlgg& g%??@g]? DJg “%Snf“ %Bagﬁtdﬁg%gglag@??tio ﬂl&%‘f%@? IS Y >t hat is
used forzde i .hkmage.formation state 10 of pattern inage
projectea oﬁgﬁﬁéﬂﬂﬁFggﬁﬁvBﬁ%“%?@@% %Pgﬁ@géﬁéﬁsﬁ§ﬁﬁ§gﬁﬁﬂph%wa&éﬁéﬂ@ﬁ@e

pl ate 50 islggovided %1 a side of the projection optical systemPL. This
phot oel ect r & HREHEGFaer ok he proiectivn aptieal nysierayi beadditatn, feasain esntrol
information relating to distortion and also forms a photoel ectric

det ecti ng dé¥st@e s toj spply therfigel poickdapectippeysidm (Seaidcss et proddamised
detection by picking up an image of the pattern on the wafer Wand 15 an

i mage of rebHsetnaeunar ks on the reference plate 50 using an inmage pickup

el enent 52. This photoelectric detector 51 has an illum nation optical

system 54 that | AGhUdRRcAINRLQERE™ 11 ARs uB4GH ?%iiﬁéit%%i?r%lgﬁ?ft LGB shlcer

interference filters, a lens system and the i ( red
phot or ooy ot Sparm Ak BRI SRERR UANE R SRSk el ks s o
Ia:j:j??: g}[’],edi ‘I% 'eﬁ"f gc%glal;[.tcgﬁ() an%rﬁgﬁigd lata zriTBd:: gf t%léltpr(ggctgto?leopltigglesry];tgrrne?nlfe "it}:13| ters.in
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 fayer 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.



IL that is irradiated fromthe illum nation optical system54 is irradi ated
into an objective optical system56 that is formed by a beamsplitter 55,

mrrors, a prism and an objective lens. The illumnation light IL that is
emtted fromthe objective optical systemb6 is irradiated substantially
perpendi cularly onto the wafer Wsuch that the illum nation 25 visual field

of the projection optical systemPL is not obstructed. 12 A projection
area on the wafer ‘&Pf%eqtlopﬁfﬁarfé’tté@lWlﬁgeft\%iissl“llmrratﬁddlyitb'ﬁ inadiatied dreeBecteéd ght
RL that is reflected fromthe relevant area in accordance with this

i |1 um nat i onlighs Rlgthride deflastadfeon tegelepint kep iehenrhncSRithitlas itheniabii®cki ve
optical system 56 and the beam splitter 55. A transparent w ndow and | ens
system (not ghdain tee enapevikde diemdnb 5N viahBe ocdtBAGtRIl SKiEn SheB Me R2y, and
the reflected Iight RL forns an image inside the transparent w ndow. P']Ir'lhls

formed i mgesplified 5N ALASGIAHdBWIAE féﬁ@iﬁgﬁzﬁcﬁ%{i\gﬂ) b2 oI wighip the

phot oel ectrically converted into inmage pic I gna i nage

signals «car : | ied t he majn contr stem 70, .an vef orm

o acesei g naEBEPBERBRY: b2 ah PeEhtu e R G S okge iR the
position infornmation . of the pattern imge 10 provided on the wafer Wis

cal cul at ed. NOFRAPHAUNENY-s bls{UBIed dnpgecis denaeeiested Yiajthe bins oysteas edd iso
measure alignnment marks provided on the wafer W and to neasure a test
pattern i rrg@%,ﬂ Ritoéorlestiiendly convareed antprimugdgdagrsigats. t G imagd pickep Rohds
exposed onto the wafer W An input device 71 such as a keyboard or bar code

reader is alasothennngdicéd the mztiheozmiil@y@QﬂUD,CHndS&/a%Rmﬂ&océs%gﬁé@érfd?ﬁcd
relating to the size of the wafer W the 15 projection nagnification

factor, theovahdignpk p‘iék%p%ﬂ;"?ﬂé{sw &s fre§urf't,eihre?)§).§iﬁ&ll il Ao uld Lgaﬁtgmsiégﬁe

width of the illumnation slit), the target exposure anount

T hout oy Pa AR R P LR DD ey oS BT Shieen as
the conditi ons tof the neasurement by t photoelectric detector 51 are
2bl e Lo be CHELIP RATE T BB b gioueq oo AR A EHD. A fp measure & tes pattem
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  1maging surface (i.c., the best focusing surface) of the projection optical system, and



20 control system 70. A hard disk section 72 that serves as a storage

devi ce and paraneter calculation device is also connected to the main
control system 70. Based on information relating to any novenent in the
position of the test pattern inmage cal culigted by the photoel ectric
detector 5 i, the main control system 70 obtains information relating to
the optinum 25 i i surface (i.e., the best focusing surface) of the
proj ection gﬁotr?sctgfs%g@tw d%iﬁéec%@n 72tsgtle it qeireespands ivdthhepatitidingia thect i on 72
so that it corresponds with a position on the substrate. In addition,

i nf or mat i onSkRUAHG ndn edditibe iposhatiorrebting hethogetitba ol sietgssuefsagsurface
calculated in this manner is stored in a reference data file that is

separ at ed i ntiuletrdhn ghiomanssrdastbraiide réfbRnbodsla Gi SHhabREE RN R0 cNEXSy 2
description will be given based on FIGS. 2 to 4 of the focus test mask of

t he present agabedidmphandsiasdaBasts i ng method that uses this focus test
mask. FIG 2 shows the focus test reticule TR of the present invention.

Three r by th g Jfpcus test patterns FTP 11, FTP 12, FTP 13,
FTP2 1, O'lﬁpzz, F g‘:ggli‘%gﬁﬁ?g Ff’r‘Lg"z%’“’S% aﬁﬁﬁ‘ﬁﬁé‘lg‘ﬁeiﬁ‘? g\?if jH’@ch‘FLﬁé‘FSélémék of
pattern areg of the focus test reticule TR = 10 The respective focus test
patterns FTPCIPTESPRepbodiment and arpepswyngomethed feat upest thisfoandest maslan X
direction and patterns that extend in a Y direction. For exanple, the
pattern that ext@lfH3 shews He fxcuditestetticols TR of the frecusinvasionpalThee nowIHy 11
is showmn in FIG 3A while a cross-sectional view thereof is shown in FIG
3B. As is sthosrcolumis @BfoQA, testpiatersc ATRH, IFT@ 12NETHI D) Fape | privhdegpat the two
ends of 15 the focus test pattern FTP 11 while a sub scale | ¢ is provided
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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 Ic is provided between taand 1b. The
main scale 1a that is on the left side in FIG. 3A is provided with four parallel line patterns
Ha, 11b, 11lc,and 11d. The patterns 11a and 11b form one pair while the patterns 11¢
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 is omitted here.
The sub scale lc is provided with six parallel line patterns 12a, 12b, 12¢, 12d,
12¢, 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



space d3 between each pair are different values. Because the main scale | b
that is on 20 the right side has the sanme structure, a description thereof
is omtted here. The sub scale Ic is provided with six parallel |ine
patterns 12a, 12b, 12c, 12d, 12e, and 12f4 The patterns 12a and 12b form a
first pair, the patterns 12e and 12d form a second pair, and the patterns
12e and 12f ird i.r,. . The spage d2 between |line patterns in each
pair and th a@%@égl%g’ ngt%géﬁaéoaiﬁkﬁg‘? legpe Wit epitd dlat Qdsiim25 Next, a
description w.ll be %i v%n of the specific dinensions. Each of the line 14
patterns | IHcpgeiers). § The pattepmsnage d2pf eash@airheappaersmaictit i uch (hyicanttals), =
0.1 m (mcroneters). The pattern space d2 of each pair is approximately 5
m (m cr onet @8 yhe spaeridd hetwepraeseh ¢3ir redppeeimerbh] P i(miGoRPRIYX| MEhRl Y 12 m
(mcroneters). In this manner, conpared to the pattern line width, the

spaces bet weemnpato@pmsd anthe petiors eifle Nl 1he shRcEWLNENEpHehR B8 heARd, €aCh
respective line pattern is substantially equivalent to being an iIsol ated

pattern. sl npefédRrext® i 1ern supstantially.equivalent to an
i ndependent ppat tern, mfgg'qu %ggg&rrglegémlt%ﬁ;g&éggégc E #Pegélgﬁu%sa%r{tépﬁgﬂjé‘ygﬁ%ﬂﬂade 10
times or e |ar han the pattern Jine wdth dl. Asa result of this,
each 1ine ggﬁﬁ &7 ﬁl%ggrt‘r:résp ag{}'zr i ﬁBIO éqr ﬁ‘ﬂ’é’ﬁ%‘h%ﬁth“ﬁéﬁ“ﬂ%}lﬁu%@‘{a% cqukypidey and
greater diffracted Iitght of each line 10 pattern is also focused as a |ine
pattern i magRiACRERIRRERAGe &ricspmplst the spacsys pesh fRLternNoakbe trads 10 imeher
present enbodi nent, the reason why the main scales 1 a and I b and the sub
scal e | ¢ arEofolamed thentthe prtensbmewldingl .wi At b ralito$ (e eatisitne Pytefrobrng t hem
inthis way, it is possible to neasure defocus amounts with greater

sensi ti vi t ysinglewedependent patiesn aidse paosilhy and gfeatebaifhwed bt edh fipe 11 ne
patterns formng the main scales la and I b 15 to be nade different fromthe

|ine widdth @fiteths didonBeRal bek Ne FldM Hﬁadg%'l@a %g)rcj:é%g olé);fia%l sggel'ﬁ'{@ 3A and

3B, phase shift sections 13 are provided at t I~ each of the
line patterns of he #Ri R HEALES: gmgocﬁr"x]lgnt}th%'reazgg%%yqngg}%insga{eg 1585y Qns 13

are
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,
it is also possible for the line width of the line patterns forming the main scales laand 1b
15 to be made different from the line width of the line patterns forming the sub scale Ic.

In FIGS. 3A and 3B, phase shift sections 13 are provided at the right side of
cach 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 i 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



fornmed so as to shift the phase of |ight passing therethrough by 90. In the
sane way, phase shift sections 13 that shift the phase of |ight passing

t heret hrough by 90 are 20 provided at the left side of the |line patterns of
the sub scales I c. In this way, because j4he positions of the phase shift
sections 13 provided for the main scales la and Ib and the sub scale Ic
are reversed, when the focus test patterns FTPII to FTP33 are exposed in a
def ocused stwiafer W isaletticted byitonphdteeledtiic tetedter powiside Sresxphivfe appastephosint e
directions from each other. 25 An inmage that has been formed by exposing
this focus tiediGphat t'BraddbRd digrahttahis tihde iswhbdehn in¥ics 3det Bt 6d dhywt hies
phot oel ectric detector 51 inside the exposure apparatus shown in FIG 1.

The det ect edyi§iigR@bn &ttint Ei?;ﬁaltlht@%tiy%%oém&a@e 6f @focﬁg:testFﬂaﬁcmaﬁ:aﬁﬂ@%eﬁ he
di stribution of the signa |ntenS|ty when an |nage of a focus test pattern

t hat has be Ck(fet lﬁ;ﬁdrh%' %ﬁg’é’ s[; b%'f‘d% peﬁo? rlc c%te%{i)r%h]?s sclannc,d

phot oel ectri‘c u3|ng pre

can be understood fromFI G the i nt ensi e cted signa

low in tHe PBM¥ %ﬁ@el@ml%ﬂcﬁeam FH%S part@r R upﬁéﬁtﬁpé wawg‘n iﬁ tbfé&ms iy of H‘ér e
are a total of eight line patterns in the main scales and a total of six
line patt er ristacted sigral slpwde dleqportignsaéeedt linepattae. pds i @t bisusom
portions Bl to B 14 of these, it is possible to accurately detect the
rel ative poshdrearnsd totalodkighnkid puthatoie dr mhia sosbnasicabas ofl9x Hinelpitteensinb
scal e using an average effect. Based on the information on the position

shift bet weRAsRaRBbYdSEAIRIhd Posdichsldf bBAGMIRIHY!B 196 W 1@ of thesd, heismai n
control system 70 calculates how far fromthe best focus p05|t|on was t he

posi L1 0n wheygiblag, oG HTell Blect MRHUGIR ﬁloﬂﬁméﬁ@shyﬁ%&&n HEhGi ok

where the best focus position’is turnin atterns 1

iz, S oAl 8720, B2, B 1S FERE, 0 BP0 s o e g e
to FTP33. | %e;[“r)eeenstl?errglamas%al%g Ig. Qr?d ?t?gr;/dethgggggciall)eeldc, ];h%cnlilz?in tcgnstltol system 70
calculates 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, BP’23, 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 FIG. 3A.  Moreover, a phase shift section 13 1s

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 14c and 14d



patterns FTP!'l to FTP33, the box patterns also are used for neasuring the
best focus position of a projection optical system The box pattern BP 11
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, arneouter side box pattern 2a and an
inner side box pattern 2c are each fornmed by two |ine patterns, nanely,
1l4a, 14b, 14c¢c, and 14d. A s a(i 2d between the line patterns of each pair
and a space"ll?%&?% boX PATYA; g are the same values as in the above
described FIG 3A Moreover, a phase shift section 13 is provided at the
right side of each thisheepdbpspaitcraas wall, Widn 4 patteheiscupesed $i gdefoowsepatater n
2a, 25 while a phase shift section 13 is provided at the left side of each
li ne patt er hecaise dndlirtdebnli6 which thbgodinioest hi datcbside pat patein 2Dmolés 4rddithe t ype
of box pattern as well, when a pattern is exposed in a defocused state,

because t hedidedtrelih @hidthdhbGlod SRhOBSEE 4i@ObO E)atn*&ﬁh ?&ﬁnﬁ@eé&ir@@gﬁb‘%ﬁe pattern

2a noves and the direction in which the position of the inner side box

pattern 2b r ' ' i.on etecting.the rel ative
poSi t i on%l érﬂg ﬁ%ﬁgn@h%%ggéé %éﬁaﬁ{e‘g&éh Oglﬁlsfﬁgat%%%ﬁ%g&h”g? et Oxp%gtf’{flél ectric
detector 51, .it is,possipble to sure the best focys position of the

proj ection Spt¥ e ?h&f}))&feéﬁwﬁ?%ec}qgsg’ it Waﬁo,smglﬁ temegsure thephegf fgpusposiignpt dire
type of line width is disclosed for the |ine patterns, however, it is
desirabl e tPfRIccHar cElispdsysiap Ry a plurality of line wi dths each 10 be
prepared. Nanely, a plurality of types of focus test patterns each having a
different |ine willple tharintthebr2 thrmehplbhbroncaye qiipicivied iodistloe:d faeus t est
reticule TR Because of this, it is possible, for exanple, to select a

l'ine width iiwrpdtieensphdwever) itie i RgrabRaBMRAehE haBBE RHARAAS oMibhvwidiBs each
conditions (for exanple, the NA value of the projection optical system of

S b e T PR R S S L R e e
cor r esponds; f.Quidth 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 value 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. Thereafier, the test wafer is



the defocus amobunt. Note that, it is also possible to alter the line
pattern spaces d2 and d3 in accordance with the line wwdth of the |ine
pattern. Next, a sequence for nmeasuring the best focus position of a
projection optical systemusing this focus test reticule TRw Il he
described. 20 Firstly, the focus test reticule TRis placed on the reticule
st age RST. Qﬁéta a test,wgf%% is placed at a predeterm ned Z position by
the focal pSiHt2&fat HaEsPaHedipng fFxRepure Apgatats and ip Rlaced pp dhpswikes stagaMSdr ns
FTP11 to FT%%% and the box patterns BTI] to BT33 on the test reticule TR
are exposed GREOAR SR sysiey 78fthesrrsauentials pishs b forteedt shaaire magdenftoptiol s
test wafer undergoes devel opi hg processing using a coater devel oper 25
(not shown) tesandtartre(foespapld, te foasttepahtiannF TRI e fomIedhalherearts priatel he
test wafer is 17 once again transported to the exposure apparatus and is

pl aced on t be thedigirc SirR@e o\BE.test WaerTBIng (O |pic§<ﬁﬁ%ﬁ:meﬁpfﬁ BEfe
sequentially picks up for each shot an i'nage of optional _test patterns

(for exagml Ehot’bl?’l%ctt*i_@%k‘t%cttoie?i. PaY 't?(%tﬂiilf(?‘;eglgki!m i 'fh-E:P% %ivg Eﬁ%ti?%g%gtgqeng}&iap

printed on the entire surface o rer usi g

el ement 52 he..5 photoelectric detector 51. Position information (i.e.,
the rel ati vg&%gﬁ}}%ﬁ%ﬁ 5?33?.5?4 Ss¥if SO%QW%%HN%% tha e betrerigkdl WUB scal e)
on the test patterns that have been picked up, is then sent to the main
control systiEmhsed o fixan#aicaniselsystem st em 70 then measures focus of f set
anounts in the respective positions within the shot areas fromthe

posi tion i nformat Tgnmein dohol wsipecTt then nik@stresfocpadiser asolmain thave been

pl aced within each shot area. The main control system 70 al so detects any

measur ement respectiie ppaigartsi within thd het SxpOseE tﬁé’%és@tﬁﬁ iRforh G 8l r Igc&tﬁ!eat ive

to the optinmum focusing surface of the projection optical systemPL (i.e.,

the foousidag mabfaen shd Eeeﬂrﬁﬁ&é@& withi Pk R e8u! i, fmaﬁr?ﬁqrﬁ%?%%ﬁ%ﬁ?@ of

t he focus offset anobunts at the respective positions w
areas, and {§LPE&sd m}smgﬁul;erﬁ?en?%}rt%e%los%lﬁon 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

1572, In addition, 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 resuly, 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



15 72. In addition, when the actual circuit pattern exposure processing is
being perfornmed, the focus offset anmounts and the focusing surface shift
anount that are stored on the hard disk 72 are read and, using these, the
attitude and the position in the Z directjgn of the wafer Ware corrected.
As a result, it is possible to place the wafer Win the true best focus
position and on the optimum focusing surface. 20 In addition, the nmain
control syst'@ﬁﬁnf@“%ltsé’ﬂé@ TOnent atageriae the eneagwromenigesulistinfo twodypscnamey,
positions within the shot areas with the type of focus test pattern that
was used tdneRsHEcst wadl thacsa 6fdus etst pareunhgvianithesiaoees thhem paalidie hard
disk 72. In addition, the main control system 70 categorizes the

measur ement widls thet’s adalatirediingardanéRerchienereafits thRGHS 2 teSk t&@i)&t?érﬂ haﬁﬁg S
thereto the position within the shot areas of the focus test pattern 25

and measur eﬂirkgﬂtt&‘ﬁﬁ fir %@Ql%uafwmb&ep%i1?10&&(39{"?19 P SRlons f%tn%%(ﬁll‘wgﬁgrwe

exarrpl e, the i mai n contr ol system oril ze t € neasur

results knt ¥ ults t hat e a focus test
pattern avfgﬁge/%??atr?epglz %&ﬁ‘sﬁ} ﬁ%‘f rcégl ’gqg F%C \ﬂfitam“ﬁ%l ‘X’téﬁleéFh that aeegi on
and neasur enent e@”'fﬁ t hat u‘;e a focus t est Egttern having I|ine patterns
that are pat‘%ﬁkft‘écltc oAl VeLY otle grainpenirofl pystem PR sant alomdetadtchersitape i ani thhi n
the 5 shot areas is then added to these results and the state of

asti gmat i smiMpghivifaeaenvaistand theaimags sadicedtin of thel foarsimt suvaky of thee nai n
control system 70 can al so detect the shape (i.e., the inmage surface

curvat ure apwjtedtienioptige sgarh RESrdnh te)reofits o enef1RGG IR S8 Tae8 Qb st he
projection optical systemPL fromthe results of the neasurenent of the

focus of f sehmoaf@uNte r@bediNe phQBRESHINS eQ&?éhtoFQr@? (4 %fen‘;t&"llﬁ R1$00h, 3" €2

that were stored on the hard 10 disk 72 mai n con Z%rrol uni t

70 is apje as t r POsur e t us nd,
particul arl ?/ifé‘k?%e g{rigjlse glg “gag | ca ‘ﬁé@{%t gr‘ﬁ ﬁe 8‘%?3{%&5& RRRCE Hfﬁﬁe
attern of the present enbodi nent is

focus test 5)&03 | aﬁﬁ \lk%e cus l ? |
not limited ltlﬁéigg alus qnlq 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. 5, 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 linc 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



FIGS. 2 through 4, for exanple, as is showmm in FIG 5, it is also possible
for each line 15 pattern of main scales 3a and 3b and a sub scale 3c to all
be aligned at the sane pitch. In this case as well, it is necessary to
provi de a sufficient space between each |ine pattern so that each |ine
pattern is equivalent to an isolated line. Mreover, as is shown in FIG
6, it is also,acceptable i.f ph .shift sections are not formed in the |ine
patterns of %ﬁcﬁa ‘ggééﬂtlégiedﬁp’g’ﬁgﬁgb? 2q@Pee ethatelicyls skees. Ascading & thisteps ame
synbol s are used for the same 20 conponents as in FIGS. 2 through 4.
Fur t her nor e, °fisugtee, fedaskmf sertobiag fem theantuelatiplleon svhiivba cireuivhitein it he
focus test patterns FTPI Ito FTP33 and the box patterns BPI Ito BP33 are
provi ded on prhededstthe test ietiable isTiyt nbaxeyrand ithep@RiBSERt chetlv @B biQfodus Not
limted to this. For exanple, it is also possigle for these patterns to be
provi ded on gobgioh @Rk BNCRIdRé RSl A34 o~ i | gule
stage RST srgg\l?m in FIEG l. Narrz)laf/}g %Hﬁnrdu@f) ﬁélgﬁngg’qg@ggﬁﬁvﬁ%#g%gg%n 19
which a gestthg%%h@blilngofﬁr&r H%gll#ded in advance on a reticule stage. According
o]

to this type tructure,g e task of switching fromthe actual reticule

on which the cirCL[gjth attern is provided to the test reticule is not
necessary, and it I'& %Hg’é‘?’ﬂﬂlQletpé“(?ﬂ’e?fﬂquﬁée’ﬁe@te?‘ﬁ%#sis ghess e MbchussTepigt t he
reference plate 43 at an optional timng, which is advantageous from 5 the
vi ewpoi nt  of MEgH HfUhh st patEDy thaehasdeen eipesedhantpthesenfer Whibddieoedby tlen exanpl e
is given in which a resist inmage of the test pattern that has been exposed
ont o t he wabbetowtegodet, eod pdsitiyn tfiemapbotbde tieatamnabdm iadseRes itbiveter, the

i nformation about the test pattern is detected, however, the present

i nvention i praseit ihvetib@h do? It to 8¢l ahd itii$aldd SRsPASH RE GndBetfifecRPPL her
detection 10 nethod. For exanple, it is also possible to determ ne position
it

I
det oyt el v | BoRLt] » g he
boal oo o Snafeh: | FOSLAHE i« RABLIOTAL «§ SLARRIRIN B ARINERD, 12 TR

scal es and the sub scale _ t patterr roviding an-a
measuring appafafay ?elatmx]llsl%gs l)estVJegr{ {E%?na?P{ scsallésta%d tﬂpers%%%gai\é\{](l)fc ahtest pattern by

providing an aerial image measuring apparatus, which is forred 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



| i ght passes and by a photoel ectric sensor that detects the |ight passing
through the slits, adjacent to the focusing surface of the projection
optical system PL, for exanple, on the 15 wafer stage W5, and by neasuring
an aerial image of the test pattern using@Othis. According to this
structure, when the position of a test pattern is detected, there is no

need to expose and devel op the . ile preferred enbodi nents of the
i nvention have been descri bed m&gﬁiﬁ%%ma’tlé@f\%%@{ it should be
understood that these are exenplary of the invention and 20 are not to be
consi dered as | i miif REgserAdRNenfion & 2 Peisishonssk thailis piovided avith a patrothhes

modi fications to the structure, for exanple, to the dinensions of the
pattern |inergededontonisabstatpes apndetthe gphiaglensbt. ¢ he becusnae masit helildes
departing fromthe spirit or scope of the present invention. Accordingly,

the inventi amplialifyalf 1ihe pheeraOmad A6Niaed a5 id hedledidof hdi8ubRILRYPhAG shift
description and is only limted by the scope of the appended clains. 25 20
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provided with a pattern that 1s cte nto a's e Vi

proj ection ical stem, The focus test sk includes a plurality of

| i ne patter %gatt? fra Secg%esalmgfhﬁﬁ ‘?C%ﬁ‘g?’hgasaingé OHEh 451 IeEeeT BHHEHRS halige
shift 5 sections E}hat are provided in _an area adjacent to each of the
plurality ofSqdtaebRht neimmnee fid fomsa refarencasdgniler ghft in thelime patiers ivhee isght
passi ng through, and reference patterns that are wused to obtain an inmge
that forns mepssiret erduéhisfens tdsemshii, filic dpacdshenldenahgpliitgitnof imgeatiems are
measured. In this focus test mask, the spaces between the plurality of |ine

patterns arsuffisiehfly gicetof lhyin gicoRidell of Mamné baitethgdt h of the line patterns. 10
The present invention is also a focus neasurenent nethod in which a pattern

on a fopus test TRSkededt RVEHRHT €N PR RURSLRLEMEIRALR &R SELHPE,

optical system of an
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. In this 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



exposure apparatus, and an anmount of defocus on the substrate is neasured
by nmeasuring the shift in the projected image. In this nethod, a focus
test mask having the above described features is prepared as the focus
test mask, and a relative distance between?the 15 inmage of the line pattern
that is fornmed on the substrate and the inage of the reference patterns

are measur ed. thihig pphe&RIMhsiHe [ ' n, exposur e appar at us t hat
projects a patt ern pr ovi ﬁedugr?xggéhg%%)ﬁ k%gsf g%w%‘% aé““%ﬁ‘l‘fg?’@&tt‘éetbﬁ"ha@

proj ection opfy . suyres an anpunt of defocus on the
substrate by é%%%h??%éﬁﬁﬁ%ugﬂg*?gﬁﬁwgﬂﬂmﬁ?%ﬁﬁé¥ed 20 image. In this
exposure apparatus, relative distances between a focus test mask having

t he above described structure and the inage of the line pattern that is
formed on the substrate as well as the inage of the reference patterns are
measured. According to the present invention, it is possible to provide a
focus test nask 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 neasured by an alignnent mcroscope 21 that is

provi ded inside the exposure apparatus, and to provide a neasurenent nethod
and an exposure apparatus that use this focus test mask. 22 CLAIMS 1. A
focus test mask that is provided with a test pattern that is projected onto
a substrate via a projection optical system wherein, 5 the test pattern
conprises: a plurality of line patterns that are lined up in a direction of
nmeasur enent; phase shift sections that are provided in an area adjacent to
each of the plurality of 1line patterns and that are used to shift the
phase of |ight passing through; and



reference patterns that are used to obtain an inage that forns a reference
when the 10 shift in the line pattern imge is neasured, and wherein
spaces between the line patterns are se2at a size larger than the wi dth of
said line patterns that allows each line pattern to be regarded as

equi valent to being isolated lines. 2. The focus test mask according to
claim1, wherein the plurality of |inelpdSerns are 15 spaced apart at a
plurality of different distances. 3. The focus test mask according to claim
1, wherein the plurality of line patterns are all spaced apart at an equal
di st ance. 1.28 fdcusThs nizsk tisat ieptovided kvidcresidiatgrmt thatdh prdRded WGk ’UBstratd\da
plurality of .li.ne a%'tl‘erns arﬁ formed by positioning a plurality of pairs
of line paaplio&ercﬁgn\gﬁ? SYHIEn{ BRGHE by two |ine patterns positioned apart at
a spage d2, an@emgggt@ﬁgoxggﬁggsj oned apart at a space d3 that is [|arger
than the space d2. 25 5. The focus test mask according to claim1l1, wherein
t he space bet weplhralifeof imepgimtrisahatsire Bnedswgt intaoditeetidf of indBsir@fedior e | ar ger

t han the w dth_,of thﬁ i ne @gﬂ%terns.. 6,. The focus test r’rﬁsk according to
claim 1, wher 5% HETSE08s it arsariovifed in aearpaidiasent t sach ph s @abigR t o

al | ow sedonrdattygrn®and iRa kR used ﬂ?ﬁiﬂfthéiﬁl%ﬁé geligaf glaésﬂir;é tﬂdu%ﬂ" %rﬂie line patterns

to 30 also be used for focusing via the projection optical system 7. The

focus test maskfcaneepditergs that ateaised t, obitie peiimaghtnefoame apeforcndedhan the
pl urahity,.of:t - atterns, and.line widths of the |ine patterns
Ty VhE ektPale pflerh ERbpB TR PO hygpe

formng t erns Bach type of test pattern. 23

8. A focus nmeapuseeiRMcclEhdRtk paicHili SOsd aPakize IRg&thah heGHEh FShidTRRK IS
projected via proj ection optical system of an exposure apparatus, and a

focus podPisgs thef 2llemes eachjlmemitipm te be ressrded\aseanivakenhodwingidolbtediivasur i ng a
shift in the projected i mage, conprising: 5 preparing the focus test nmask
according to claiml is prepared as the focus test mask;

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

15 spaced apart at a plurality of different distances.

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

spaced apart at an equal distance.

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 patterns is

set to be 10 times or more larger than the width of the line patterns.

6. The focus test mask according to claim 1, wherein the space between the line patterns is
large enough to allow secondary or greater order of diffracted light from the line patterns to

30 also be used for focusing via the projection optical system.

7. The focus test mask according to claim 1, wherein there are provided a plurality of types
of test patterns, and line widths of the line patterns forming the test patterns are different for

each type of test pattern.



and neasuring a relative distance between an image of the projected |line
pattern and an imge of the reference patterns is neasured. 10 9. The
focus neasurenent method according to cl28i m 8, further conprising exposing
a projected image of the focus test nask pattern is exposed onto a
substrate prior to the nmeasuring step, wherein a relative distance between
an image of the line pattern that is forned on the substrate and an inage

of the regern ' in.th suring step. .15.10. The
focus measur g%gﬁstﬁgrréesﬁlg% éi‘:‘i%rguiﬁg& }ﬁ%j%!f)%eﬂﬁlg?a %Vé?%%laﬁglﬁo%ﬁggngli%e

l'i ne pat t profectibabplicl bgsterdf am cxRBuLLHPPhfablsCaidSa RIcGKBEkitich othe Broddttioh mage
pi ckup el errenL that. is provided inside the exposure apparatus, and then the
i mage i s OPFGcBSEBYIS MAsER brensshiinga shidlpn thopreectedimegp sempEsiagpar at us
that pyojects ﬁi‘eﬂéﬁh@?ﬁ@fo@ﬁ?%'s%?skoa[&cgrdﬁr%cﬂtd.sci:Eiﬁ'ls]% isrlﬁégﬁaré/d &4 .f(g)crugjteesfHa L
optical system ‘and neasures a foOcCUS poO ion of t projection optica

syst em byandveasuring a shift in the projected i nage, conprising: a

measuri ng device that det ectaiéan ima‘%e of the focus test nask according to

d
claimi, 25 al§aHWEg8arelatie disianes t¥arsiminagendthiouniertsd lingwglerspnd pe | i ne

pattern amehgtde e TBaLeRE phit€ns [GhefsRae patterns. 12. The exposure
apparatus according to claim1l1l, wherein the focus test nask is a

reference plate that is provided at a different position froma hol di ng

secti,pn t | ds_the 30.focus, test,.mask. an k stage that holds a
mask lgn vé?}(;}ﬁg]%cgif Wgﬁﬁuferﬁ%{}tf%e&%ﬂoq ascc?’iﬁlr”?“ﬁ’et&_. clar gfg‘gg‘gfﬁﬁ’?%rs’é‘gappa_r at us
according to Ch@bingk proyB@e®imadeltT (RERARUS tROMEQV) AR IR RFERd Mo 4 HRIRaR!
the pattern that is projected onto the substrate via the projection optical
syst em ardor 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.

15
10. The focus measurement method according to claim 9, wherein
the image of the line pattern that is formed on the substrate is picked up using an
image pickup element that is provided inside the exposure apparatus, and then the image is
processed, in the measuring step.
20

1. An exposure apparatus that projects a pattern provided on a focus test mask via a
projection optical system, and measures a focus position of the projection optical system by
measuring a shift in the projected image, comprising:
a measuring device that detects an image of the focus test mask according to claim 1,
25 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 the

30 focus test 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.



is formed on the substrate. 24 14. The exposure apparatus according to
claim1l, wherein the neasuring device detects a spatial imge of the
pattern that has been projected via theZ2drojection optical system

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.



