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01 *PRQJ ECT I O\r%POSURE IVETHCD AND. PROJECTI ON EXPOSURE APPATUS -AND MASK
THEREFOR Background of the Invention The present i.nvention relates to a

proj ection exposur.e nmet hod, and a projecti exposure apparatus and a nask
10 - therefor and, 'in particular, to & pro Oglstlon exposure method enpl oyi ng
a nodified illunination method used for a lithographic process of a -

sem conduct or device, and a ro ectlon ex osure a aratus and a mask
therefor. For fabricati on oFPROF ion |evel 15

o bt bi o and hoPAPBeREPHCBREDS IR, AL BASREF Ayndu%ﬁxaarg&&sﬁen

dept h-of -focus (DOF) are required. Accordingly, many new techniques for
naklng sub-hal f-m cron patterns are under devel opnent, including a nethod.
usi ng an excimer |aser wherein a short wavel ength of light is used, an

exposure neé y E é FP a% Qéi% ft. mask, and a nodified |Ilun1nat|on
met hod such deflalisupg & n i thod. It is known that t he

resol Ution (R) apel b edabie ipirerkaehs el led he R IaRlic Wit

exposure are proportional to the exposure wavel ength and inversely 25

propor ti onajetfocke andRYr ipidj editdion ! lekddsireofappdraitus kared emdiayl ei gh' s
equation which is expressed as [err] wherein [err] and [err] are generally

knownivo betfier2£ord aadl,priec gaxrticular adtorss projecticnhexpusfecielriod
expressed in ternms of a,
employlng a modlfled 111um1nat10n method used for a
. lithographic process of a semlconductor dev1ce, and a
projection exposure apparatus and a mask therefor.
For fabrication of ULSI chips having an integration level
15 of 64Mb bits and befond, a resolution of 0.3um and an adequate
depth—of—focﬁs (DOF) are required. Accordingly, hany new
“techniques for making'sub-half-micfon patterns are under
development, ineluding a method using an excimer laser wherein
a short wavelength of light‘is used, an exposure method using
20 a phase shift mask, and a modified illumination method such as
a tilted illumination method. |
It is known that the resolution (R) and the depth-of-
focus (DOF) of the optical projection exposure are
proportional to the exposure wavelength (A) and inversely

25 proportional to the numerical aperture (NA) of a lens, based

oa Rayleigh’s equation which is expressed as
A
ol )
A
k
’(NA’)

wherein k; and k, are generally known to be 0.5-0.8 as process
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DOF
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obtained by dividing [err] of an iilum nation systemlens by [err] of a
projection optical systemlens. Wen a coherence factor is not zero, the
values of [err] and [err] cannot be deterpipned 5 precisely since
resolution is largely affqueq by precess pability. In fabrication of a
_pattern having a' size bel ow#&rr] -using a current “€xposure nethod, a
depth-of -focus larger than [err] is necessary, due to a |arge step height
on a procesfagtaps, iuwefer cobegencegfagtions expyessedhdm deymsucs o
performed by using_an i-line.in a_current stepper, the resolution and
depth-of—foEBEa&Pgd[?VrFl Ading: NA. PEspRcLidEmination YRGB ARPENDY! NA,
[err] a [err] of 0.56 and a r,r] ,of 1.0 given. _ In order to

bbt a1 n a b Bheh PECIPGEIGR SRR e Stan ASTA  Sath AL SPH T BAGHOR e
wavel engt h "ghoul ho r ' opvent.i I, Kr | | aser
stepper w t%gaﬂﬁgrrg(ralrg’él %’%ervta\uﬁg%go;b %0.@%433%% (\gAgiatl\l/'g en% hd:%‘feé[c'*('a{rgrla d
resol ugi on | e fos ' I | ' | es
that the cu*’?g%?rs%gb’g%&rngénet o&lﬁl-i%or%tq%lgledﬁaétg fdofrfeg;r“o UE% rrdoéggpéatterns
bel ow [err] cap¥gR1ikguah a KrF excimer |aser is enployed. Additionally, a
met hod utilizing a phase shift mask exhibits the limtation that it is

difficult and exgenaptrilcation of BN At e HAveimNas &4 fleT®elo. IS, 1
and 2A & 2B show a conventional nethod (hereinafter called a "nodified

i : : um nat i oasiRighed curireaft tdypoBipae Nethdd, £ XPEPthib P- TS 1dyger tthard
| um nat1 on

1l.6um is necessary, due to a large step height on a processed

)

g

10 wafer as well as other errors.

When exposure is perfbrmed by using an i-line in a
current stepper, the resolution and depth-of-focus are 0.47um
and 1.46um, resbectively, with a wavelength of 0.365ym, a Kk, of
0.56 and a k, of 1.0 given.

15 In order to obtain a higher resolution, the numerical
aperture should be larger or the wavelength should be shorter.
When using a conventional KrF excimer laser stepper with a
numerical aperture of 0.54 and a wavelength of 0.248um,
resolution is 0.3um and the depth-of-focus is 0.85um. This

20 impliés that the current exposure method is not adequate for
production of patterns below 0.3um, even though a KrF excimer
laser is employed. :

Additionally, a method utilizing a phase shift mask
exhibits the limitation thét it is difficult and expensive to

25 manufacture the phase shift mask.

FIGS. 1 and 2A & 2B show a conventional method

(hereinafter called a "modified illumination method") recently

suggested for exposing a resist by a tilted illumination
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03 nethod wherein an illum nation-systemprovided with a filter between a
fly's eye lens and a condenser lens is used. FIG 1 is a schematic view of
the nodified illum nation systemin a conventional projection exposure
apparatus, and FIGS. 2A & 2B 5 il lustr 3shapes of a filter of the
system shown in FIG 1. Referring t6 FIG M¥ the nodified illum nation
systemis conprised of a conventional illum nation apparatus including a

| i ght sour camethod whemsin am | Ehbajiwat Sdovesysten fppovided witis 2 fhliter
condenser lens 4, with a filter 3 provided 10 thereto. Filter shapes are
shown i n Fl Getirema flyimigye lensmrdita ocrordenser akens nis| &eds FEE. al
quadrupl e illumnation system As shown in FIG 1, vertical incident,
conponents df ithEhaRaTighviel o thamrdified (bl luminakion systenqia a

i nci dent conponents, of the light,inpinge on a mask 5. 15 LS | :
o erred oo COMVAICKPTRT B oREFGHONLE R0 SHR RRRT REEF | | 200 B 781 fiodB
will be explainad I fong, del ald LoffEL0%k Okl ByePothdin FLE rigl S22
sinplifled viiewshow nhg a conventional —projeclion €xposure netnhod, ahd” Fl G
4 is a sinmplifiedyys ' roj | r LRg; Lhe
above tilted uﬁ#ﬁ%ﬁ%&?ﬁ%ﬁcpeﬁ%gﬂ w‘?&%ﬁg&% Fﬁ%gﬁ%ﬁg?i%%%é HIi5
l'ight sour cegnpi®idédé£0a W¥ohvéh€ioRatl il lenExatisH 4pS&ratus Nenéivaingy 8
| ens, which coincides with the Fourier transform plane of the mask throlgh
t he condenseridieissodEser 1| ng ppojeetiidhhndnsheibti shawn), &l fly8s épe
distribution of illum nation light on the Fourier transformplane falls

W thin a cirleansar2 asind. aZeondenser tehsragtweiithi ghfilteres spabvidedhe

optical axis (vertical incident conponent), and +1st-order and -1st-order
diffraf ed thereto. Filter shapes are shown in FIG. 2A for an annular

illumination system and in FIG. 2B for a gquadruple

illumination system. As shown in FIG. 1, vertiéal incident

components of incident light are blocked by filter 3, and only

oblique incident components of the light impinge on a mask 5.
15 This is referred as a tilted illumination method.

The tilted iliumination method will be explained in more
detail referring to FIGS. 3 and 4. FIG. 3 is a simplified view
showing a conventional projection exposure method, and FIG. 4

' is a simplified view showing a projection exposure method
20 using the above tilted illumination method.
Generally, the.illumination light ffom light source 1 is
limited by filter 3 at the exit surface of the fly’s eye lens,
. which coincides with the Fourier transform plane of the mask
through the condenser 1ens; According to the method shown in
25 FIG. 3, the distribution of illumination light on the Fourier
transform plane falls within a circular area. Zero-order
.diffracted light travels along the optical axis (vertical

incident component), and +lst-order and —1st-order diffracted



04 light travel- at a diffraction angle 0 as shown (obliqué I nci dent

conponent). All of these diffracted beans, i.e., the zero-order, +1st-order
and -1st-order diffracted |ight, interfere with one another when form ng an
i mge. 5 The diffraction angle O(qureases with finer mask

patterns. That is, if the sine of" is larger than the nunerical aperture of
a projection lens, the +1st-order and -1st-order diffracted |ight does not
pass throughidiet Itrsve]soat hatdbfif yattion eangbe dbraslisiovact @bliggie stri kes

the surface 10 -of a wafer, thus producing no interference. Here, the
n1n|nun1rescﬁnﬂldﬂntFvomBOUemthedAbL ¢Erthesy dhEfvadbed Hoerins i ni i e, abbee
tilted illumnation nmethod, the illumnnation light transmtted through

filter 3|II&#W¢E@E%e¥he+h§§k°§§e§ Bp@crmsiﬂﬂmqamﬂﬁhﬂﬁ?aﬁ§#@ digh&, 15
since filter 3 is _disposed eccentric of the optical axis. The oblique
i nci dent angirterferecyithi eee %9°FB?F]wkeﬂhﬁPEmkngsaPhEmﬂggtance bet ween

the optical axis and the transm ssive. porfion of the, flléﬁp and f |s t he
focal I%®ngth 20 ThefdifErashiensapdien 1ﬁ¢E9???§nW+EH| T g

diffracted by the diffraction angle 0 w,th rgs ect o the tlcal1 aX|s. The
angl es bet weRAtERENPat ARBE 1%t 15, BBE Fipe)© argeferthan ($hQjiffract ed

{g??} and th&uﬁ éigg Qééﬁtﬁﬁéeo%hg L%£58$%98n ieggtogﬁglﬁist-order and
—1st-order diffracted light does not pass through the lens, so
that only the zero-order diffracted light strikes the surface

10 ° of a wafer, thus producing no interference. Here, the minimum

resolution (R) is defined as

Oon the other hand, in the above tilted illumination
method, the illumination light transmitted through filter 3
illuminates the mask at a specific obligue incident angle,

15 since filter 3 is disposed eccentric of the optical axis. The
oblique incident angle a is determined by

- f(sina) = x
where x is the distance between the optical axis and the
transmissive portion of the filter,fand £ is the focal length

20 of the condenser lens.

The iliumination light is diffracted by the diffraction
angle @ with respect to the optical axie. The angles between
the path of +lst-order (0,) and —1st-order (§,) diffracted
light and the optical axis have the following relationships:

25 _ sinb, + sina = A/P
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05 [err] wherein Pis the line-to-'space pitch of the mask. Hi gher-order
diffracted light takes different paths. Since the pitch of the pattern is
infinitesimally small and 5 the nuneric perture of the projection

| ens adj acent to the mask is |arger than [ , the -1st-order and

hi gher-‘order diffracted light is not adnitted to the projection |ens.
Consequently, only zero-order and +]si-qrder diffracted |ight nakes an

i rage on the wafer surface, and th& PeadeSE8H FaddFis 10 approxi matel y

(R is et (RAPSEnPEr 1E' BroCh bk RotRRRRO K bel oF W&%%%EZS [err] vl ue
s det | BT el Y| 0
The resol uti on | HagpersopapeyaieRrnctRal TIgHY Fasced RAEEEhE okl o1 1)

conventionagiNéel k! BRLEAPSEUERe PR rnThE deRiNitkslitaily $md130 ana
I nproved by the tilted illumnation nmethod as described above. In the

convensi onathéi htfiérikthimapaiitaremichete Qﬂr\(ﬁféétii!ofne'le?%aﬁagja@:%ﬂtnt'a Ehe 2A

and 2B the area through which 20 l'i ght passes is nuch snaller than the
area where masgkl ighllarged! ebuadsing, Flthe 2A1stheraati anaf higbt-order

transm ssion is 06 _ _ _
diffracted light is not admitted to the projection lens.
Consequently, on;y'zero-order and +1lst-order diffracted light
makes an image on the wafer surface, and the image contrast is

10 approximately 90% when the mask pattern has line-space duty of

1:1. Here, the resolution (R) is defined as

A

R= SIva+sine,

Given 5% projection magnification and a sinf, value equal

to NA/2, the resolution limit on the wafer is calculated from

A

R= — o
2(NA + -"ZA)

",
3NA

The resolution limit is 1.5 times higher than ﬁhat of the
15 conventional projection exposure method. The depth-of-focus is
| also improved by the tilted illumination method as described
above. |
In the conventional tilted illumination method, given
filter shapes as in FIGS. 2A and 2B the area through which
20 light passes is much smaller than the area where the light is

blocked. In FIG. 2A, the ratio of light transmission is
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calculated by [err] and in general, [err] is known to be the nost
preferabl e value wherein a transm'ssion rate is 5/9. Thus, the exposure
time is approxi mately doubled. Referring to the case shown in FIG 2B, the

transmssion ratio 5 is calculated by [ewjkighere [err] and is 1/4. Thus,
t he exposure tinme is increased about” four Y s, thereby reducing the

t hroughput considerabl&w'ﬂug i§, sEnce t he conventional nodified
i || um nat i ofaaghdateds bys (@6Tndif k2 of 2BAcdRVIRREEAL) PiTdu(PA3)i 8§ Kpown

apparatus and a filt i ded thereto wh in the light t '

the i ' uri nie |§|ﬁ ShisameEte RS toRALE [P IO MRATERhE SRS E I Kk
the nodified, L nat i 1 S0 J . Thu ‘he, s ' t

| ong and er%c‘?s? }Hnﬂ etgl%p(% ro%%e{:[s)er[ﬂarla eusl@afaep%tel%elﬁaa%{%gy%ﬁd(ﬁwﬁrdg’gﬁfrgswoo

in the .det e#ée‘f;e??g.g{rﬁ Yo WHd Uadld %h Y., i, et isnilsdivritatio

obj ect of t I nvention to provi'e an inproved projection exposure
met hod gwhi Ch Lot 1RAARSR 1) 1Y/ 0 2, T ARekEt ban( BN dlgPhRaoisf agus. Thisi,s
anot her object of the presént i'nvehtion to plovide & projection exposure

appar at us s tined dxpdiire et fue N diridieAdEy calpowl efdud It imegEos wieerakyod. |t
Is still another object of the present invention to 25 provi de a mask
for the projeaiding ties uiercyytanat usondidercdibEye the above object, there
is provided a projection exposure nethod using a mask, conprising the steps
of : renovi ng ver tThat o peince sthe comvengheonal impditied) $kbmination

apparatus is comprised of a conventional illumination

10 apparatus and a filter provided thereto wherein the light
transmitted to the illumination apparatus is partially
blocked, the-exposure amount during the modified-illumination
is too small. Thus, the exposure time becomes too long and
errors in the exposure apparatus are generated, which results

15 in the deterioration of uniformity.

Summary of the Invention
It is an object of the present invention to provide an
improved projection exposure method which can enhance both
20 resolution and depth-of-focus.
It is another objecﬁ of the present invention to provide
a projection exposure apparatus suitable for performing the
above projection exposure method.
It is still another object of the present invention to
25 provide a mask.for the projection exposure apparatus.
To achieve the above object, there is provided a
projection exposure method using a mask, comprising the steps

of: removing vertical components of the light illuminated from
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07 a light source, to thereby generate oblique incident |ight; and exposing
an object by irradiating the oblique incident |ight onto the nask. The step
for transferring the oblique incident light is 5 performed by form ng
grating patterns to be repeatedly'disposqutriangles as a basic pattern and
to have a phase difference alternatety orMtthe upper surface of the mask, or
by using a grating nask obtained by formng grating patterns to be _
repeat edl y dashbghtl sourag, etoatherbhyi geperatenobldgthe ificidehtvkighphase
difference alternately on a transparent substrate. The cycle of the grating
pattern i s pRRfce¥PP§1lngt aBepbjerk] bindrradiptihgr theepbliguet hinchdenti cal
aperture of the incident side of the projection 15 . exposur e appar at us.
The oblique }#@hteARtPi §he maskdd- ordered diffracted light, that is,

+1st-order and -1si-order. Another qgbjegt of the present invention can_be
achi eved by provi%ﬁﬁgsgeﬁrSFEC%FBHS%§%8§HHet&ﬁpﬁpiﬁﬁgec6ﬁﬁFF§Pﬁg;lﬁhFiQﬁt
source;sfirsteg?gns fogyirradLatin

hlsioby oFoPRAR: REa5aRe) pak Pkeu bl eorperaRedlsl (e

mask; and seBRBhu“hEans

Tght bet weed; Lpgsbihobl 1304ACE 380al BAsTRS barkRlh: ahBCth! hake BABRakAC! udes

a condenser e cond neans 1s p etween theé cohdenser

lens and thegipgkrehbe 88¢QPAa¥RAYS oS thePippers Bulkirachr e%ethsSﬁamkongy
having grating patterns formed théreon to be uniformtriangles repeatedly

di sposed as ashagi 6 pehting aaek! evtaifed PRaFordiinbcyeatsng pateatakyto
whereby zero-order diffracted light interferes and is renoved by a phase
di fference obel rgpeatedly disposed triangles as a basic pattern and to
10 have a phase difference alternately on a transparent
substrate. |
The cycle of the grating pattern is preferably betwéen
N/sin[0.2sin™(NA;)] and A/sin([0.8sin™'(NA,)], where NA; is the
numerical aperture of the incident side of the projection
15 exposure apparatus. The oblique incident light is odd-ordered
diffracted light, that is, +l1st-order and -l1st-order.
Another object of the present invention can be achieved
by providing a projection exposure apparatus comprising: a
light source; first means for irradiating light from a light
20 source onto a mask; and second means for removing vertical
incident components of the light between the light source and
the mask. Here, the first means includes a condenser lens and
the second means is provided between the condenser lens and
the mask, the second means is a phase shift chrome-less mask.
25 having grating patterns formed thereon to be uniform triangles
repeatedly disposed as a basic pattern and to have a phase
difference alternately, whereby zero-order diffractéd light

interferes and is removed by a phase difference of light.
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08 Still another object of the present invention can be achi eved by
provi ding a mask conprising a transparent substrate and grating patterns
regularly forned on the substrate, whereby light interferes by a phase
difference of 5 |'i ght ‘so that zero-ordgnsdiffracted'light interferes, to
t hereby renpve the vertical incident conp®ints of the |ight and enhance
the oblique incident |ight conponents of +1st- order and -1st-order

diffracted light T rating patterns are fornmed to be repeatedly disposed
T ot Fangl oo 55, Frtindd BBt o f he, R GrentdananiienuRan be

al ternat el ratinNg . | e tterns are equilateral, so that the

i || um nat | ﬁacﬁﬁgb’gdo%’wr%srtq‘)&?gg‘rg g FasK Cori<ths & SEHAFRATNC i s di vi ded
into six suly ' ; 'éﬁﬁg | | y
dividing r e%?%&%?es%rﬁﬁgﬁf}%gohﬁe ] u%se t |%t1ﬂ§%$eﬁ\% adigsrﬁéor der and
-1st-order g@ubstaaited kindtedys 1dighitd gthtdifedd My Sprd ei £ fA¥d it ¥

exposure process perforned by the projection exposure nethod of the present
i nvent ison, udghitcalo amytoetc-orddy lilf ArfctedlRfhtVintdrmdrdd) afd er ence,

and then only 20 obl i que incident conponents of the |ight remain. That
i's, zero- or dherdby rentose [thghtvearid ceek dimbindelet chriporearitex] dff die arigyht
removed by the interference, and all odd-order diffracted light is
enhanced. Hendy @nhagide rthe @bligpe ingident hbightecconponentsiarf seksteel y
exists in practice. 25 Since nost of the transmtted |ight becones
first-order oxdgm andheLeknokdsesi daféractedndight.enhanced renarkabl y,
conpared with that of the conventional nethod, which results -
: The grating patterns are formed to be repeatedly disposed
10 triangles as a basic pattern and to have a phase difference
alternately. The grating triangle patterns are equilateral, so
that the'illuminating shape of +l1st-order and —1st-order
diffracted light is divided into six sub-shapes, or consist of
triangles obtained by diagonally dividing rectangles so that
15 the illumination shape of +lst-order and —1lst-order diffracted
light is divided into eight sub-shapes.

During an exposure process performed by the projection
exposure method of the present invention, vertical components
of light are removed by mutual interference, and then only

20 oblique incident components of the light remain. That is,
zero-orderfdiffracted light and second-order diffracted light
are removed by the interference, and all odd-order diffracted
light is enhanced. However, diffracted light higher than the
third ordér scarcely exists in practice.

25 Since most of the transmitted light becomes first-order
liéht,.the transmission efficiency is enhanced remarkably,

compared with that of the conventional method, which results

in the improvement of resolution and depth-of-focus.
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in the inprovenment of resolution and depth-of-focus. 09 Bri ef
Description of the Drawi ngs The above objects and advantages of the present
invention will becone nore apparent by describing in detail a preferred
enbodi nent thereof with reference to the at hed drawings in 5  which:
FIG 1 is a schematic view of a nodified ill.um nation systemin a
conventional projection exposure apparatus; FIG 2 illustrates the shapes

of a filtergpiay ﬁgggg:q_ﬁri@iﬂ, ldf]@ﬁ@tdtgq,iﬁgg[ em shown in Fig. 1; 10

FIG 3 is asinplified view show ng a conventional projection exposure
nethod; FIG 4 i The abivle obfécts \urith Advithtade®) \e i Prayerte diividht ion

exposure nethod using a nodified illum nation nethod; 15 FIG 5 1is

a schemat i cwill@awbeicome midrerapparents byt eeacacibirey Jtrheietmillf ize¢preferred
iIl'um nation method of the present invention; FIGS. 6A-6C are sinplified

views of thembedimentyihereof mnd}temef@remqmstn dhgmtitached dragings in
conparing and explaining the nodified illumnation nmethod of the present
i nvent Pon 2Uh1°h(FIG. 6C), a conventional illum nation method (FIG. 6A) and

t he conventi onal nDdlfled i I'l ugi nat.i on ngthod (FIG .6 Fl 7A and 7B
are cross-secti ofd®-vile iﬁrnaﬂ eV AT (3 ’e@eﬁﬂ Prron

L A A i Vel Sl
conventi onal FIG. 2 illustrates the shapes of a filter provided to the
illumination system shown in Fig. 1;
10 | FIG. 3 is a simplified view showing a conventional
projection exposure method;
. FIG. 4 is a simplified view showing a c¢onventional
projection exposure method using a modified illumination
method;
15 FIG. 5 is a schematic view of an illumination system used
for the modified illumination method of the present invention;

FIGS. 6A-6C are simplified views of the optical paths in
projection exposure apparatuses, for comparing and explaining
the modified illumination method of the present invention

20 (FIG. 6C), a conventional illumination méﬁhod (FIG. 6A) and
the conventional modified illumination method (FIG. 6B);

FIGS. 7A and 7B are cross-—sectional views of grating
masks of the present invention attached to conventional masks,
each of which having patterns formed thereon;

25 FIGS. 8A and 8B are perspective views of the conventional .
masks having ﬁhe grating masks attached thereto, which are

shown in FIGS. 72 and 7B;

FIGS. 9A and 9B are cross-sectional views of grating
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masks having the grating masks att-ached thereto, which are shown in FIGS.
7A and. 7B; FIGS. 9A and 9B are cross-sectional views of grating to masks
of the present invention attached to conventional masks, each of which
havi ng patterns forned thereon; FIGS. 10A apdal1OB are perspective views of
t he conventional masks having the grating s attached thereto, 5 which
are shown in FIGS. 9A and 9B; FIGS. 11A and 11B show anot her exanpl e of
grating naskaské ofietheepresentydnventisn atitadhed donvenvientdonms ssks,
FIGS. 12A and 12B show still another exanple of grating masks of the
present i nveachofrfawhichebavingopasiterasalformed theyreon; - FIG 13 shows
anot her exanple of the mask of the present invention;, FIG_14 shows a
further exanpl e gﬁcﬁhelgﬁaﬁpﬁglﬁgs?r@f99%§HﬁQ§%¥ﬁ viiewsnafoFher Gs. 15A and

15B are plan vi ews.of of 15 t he re nt tio

shown in FI B8NVER 1§Ba ﬂ%&ﬁd %ég A% ey H%ﬁﬁﬂﬁﬁﬁ%ﬁ?
shapes on t SK$.eS 1 FI G 16 S yet anot her
exanple of Pﬁeggré |n%%#§% ¥$?§ p?@%eﬁ?’%ﬁgentlon FIGS. 17A

to 17D are vievs gt e&a'Aa'awwaeﬂ A fotier? i%ﬁgl 3 I bl t e

mask of the present invention; and FIG 18 1s oW ng
anot her enbg@ ¥Rl prleseit BMREREidM\@iddied to conventional masks;

FIGS. 12A and 12B show still another example of grating
‘masks of the present invention attached to conventional masks;
10 FIG. 13 shows another example of the mask of the present
invention;
FIG. 14 shows a further example of the grating mask of
the present invention;
FIGS. 15A and 15B are plan views of the grating masks of
15 the present invention shown in FIGS. 8A, 8B, 10A and 10B;
| FIGS. 15C and 15D show illumination shapes on the masks
shown in FIGS. 15A and 15B;
FIG. 16 is yet another example of the grating mask of the
present invention; |
20 FIGS. 17A to 17D are views for explaining an example of a
manufacturing method of the mask of the present invention; and
FIG. 18 is a simplified view showing another embodiment

of the present invention.

25 Detailed Description of the Invention
FIG. 5 is a schematic view of an illumination system used
for the modified illumination method of the present invention.

A chromeless phase shift mask 12 (hereinafter, called a



25 Det ai |l ed Description of the-lnvention FIG 5 is a schematic view of .
an illumnation systemused for the nodified illum nation nethod of the
present invention. A chronel ess phase shift nmask 12 (hereinafter, called a

"grating mask"), i.e., a dummy nask, ﬂg patterns fornmed to be
positioned at regul ar di stances tﬁeTeonj( ereinafter called "grating

patterns”) that are not resolved onto-a wafer is provided above a
convent i ondiguaitriore: meedi" 116 hawi nga pdemmy sask, havingrpattexnerformedt ke
wafer fornmed thereon in_the nodified_il]um nation apparatushéthe ro ection

exposur e am?am%i'si)l%‘lﬁﬁwﬁ?- eeglar, d@ﬁ?ﬂﬁﬁsnﬁgﬂrﬁg‘l §hare %ﬁﬁe 1igdse
shi ft mask which, ener tes odd ngered or cte f .grating
mask 12 pnmﬂ?ﬁif F%%d’éﬂ%@ ayerpe Feiﬁ ved cB 8 § 8%

dent ht 1 d
component s B : va%ecin %\E%Eavfﬁog VehRiShag' GRFEPY, %%ﬁgﬁkcfé%%hﬁcé EPermroms
sk 1D, ACATE0Yand P U3He 8" tRe HakLPILBEAKC R EEORCInRAL hBlifica
|IIun1nat|on providing a er for generating oblique 1ncident 15

li ght aS"hfaéﬁiwseibﬂn apétagegthélﬁgbaabteanWEkBeQurénaagdrhtaa)

al t hough, 'in the conventional nodified 1llUmnation nmethod, a portion of

light is blogdked Dy FIéL'E?FGr&ﬁQh?bMaéRdQQIﬂ@ axphgone-a28BeNphase Ehaft
present invention, the portion of [ight which is blocked is small and

exposure i sm¥$k whiehogeheghtdsbpddehambeyredyortiergdilf€rabktiedud ighti.ddyt
conponents by means of the. grating mask, thereby inproving optical

transm ssi ogratingi mask. 1Rhprowidedi as dﬂg@gnbgdpﬂbowgs vergdchdr ned by the

10 components 13 of incident light 11 are removed by interference
while oblique incident components 14 are enhanced to strike
" the wafer thréugh conventional chrome mask 16. Accordingly,
the use of a grating mask can effect modified illumination,
without providing a filter for generating oblique incident
15 light as in a conventional modified illumination method. In
addition, although, in the conventional médified illumination
method, a portion of light is blocked by a filter, thereby
reducing exposure amount, in the present invention, the
portion of light which is blocked is small and exposure is
20 accomplished by selectively using the oblique incident
components by means of the grating mask, thereby improving
optical transmission efficiency.
When a resist exposing process is performed by the-
modified illumination method of the present invention using
25 the grating mask, a resolution of 3uym or below can be
achieved, and exposure time is reduced remarkably as comparéd
with that of the conventional modified illumination method

using a tilted method.



nodified illum-.nation nethod of the present invention using 25 t he
grating mask, a resolution of [err] 'or bel ow can be achi eved, and exposure
time is reduced remarkably as conpared with that of the conventi onal

modi fied illunmination method using g tiltedQrethod. 12 FIGS. 6A to 6C
are sinplified views of optical paths in projection exposure apparatuses.
Here., FIG G6A illustrates the conventional illum nation nethod, FIG 6B

i 11ustrates the coryentéQngd m%féegmbiﬂﬂaat wawaea.h;OQ tﬁeQ:LFer.héClﬁ
illustrates the nodified illum nation nethod of the present I nventi on.

t he above f|gn5jéctiaﬁeﬁfﬁssuﬁunspparaﬁudesotnara.spmccoaﬂUleﬁsﬂaaeésa%hén
object to be exposed; reference nuneral 23 denotes a projection |ens,

ref erence nuwmreénionzhoitbuminatkohamebhogat FEGns6Bolhtdsthatesnthe
reference 10 nuneral 27 denotes a grating mask, reference numeral 29
denotes -a cdnu@w@@¢1¢@m% nedigiedchliumination wehbods andi FIG: 68r ough

whi ch the t enitted froma | ight source -passes, and reference nunera

31 dend® es tiﬁ#ﬂ$¥¥%¥eﬁsﬁhefB?d%ﬁéeéoh%éﬁ@iﬁﬁ&ﬂoﬁDEPFPEG PE| thenkresRNt

nmet hod, as shown jpn 15 FIG .2B. The illum nation nethod of _FIGS.. 6A and
6B is the sah%v%gthﬁgcrFBeﬁhﬁbﬁbgveTﬁéQBFSFecFFSﬁrQRBSSBPBeaﬁﬁa?&tG?“SFeﬁhe

present invention, as bed_above i.s k 27 for
emoving verd i SarLPRRRAGEPE CBABSRoREs B BPBSRE et hBeR RO304" PRPGRANSSL co
and mask 25.,Jher-Ri1 551 BbfiofbsCANBREYBELEBRCN EHEON rB¥ - BRCUS Rutbral 25
denptes a mask. having patterns formed thereon, reference
10 numeral 27 denotes a grating mask, reference numeral 29
demotes a condenser lens, referencé numeral 30 denotes a
filter through which the light emitted from a light source
passes, and reference numeral 31 denotes the filter used for
the conventional modlfled illumination method as shown in
15 FIG. 2B. The illumination method of FIGS. 6A and 6B is the
same as described above.
The projection exposure apparatus of the present
" invention as described above is provided with grating mask 27
for removing vertical incident components of light between a
20 light source and mask 25. |
The principle of enhancing resolution by the use of
grating mask 27 is explained as follows.
In the modified illumination method of the present
invention, grating mask 27 is fabricated to take a similar
25 structure to that of a phase shift mask in such a way that, of
light diffracted through grating mask 27, zero-order
diffracted light interferes to be removed while first-order

diffracted light is enhanced. Such a grating mask is used so



grating mask 27 is explained as follows. In the nodified illumnation
nmet hod of the present invention, ¢grating mask 27 is fabricated to take a
simlar 25 structure to that of a phase shift mask in such a way that,

of light diffracted through grating mask ij} zero-order diffracted |ight
interferes to be removed while first-order diffracted |ight is enhanced.

Such a grating mask is used so - - 13 that oblique incident |ight
havi ng a ddshatedlahidneei ihcbdent etightt kaviingr addesiredhanglke ol liumbnateshe
nmodi fied illum nation nethod of the present invention is a function of '
obl i que i nmakernggprodueed. of 5 light with respect to nask 25, as in
the conventional tilted illum nation nethod,of | | um_nat i

met hod. Assuni ngTR®a¥espiutiencobi thaengdafing béiPEFHaEH°BrEFFHBdnB§ktﬁ?
is [err], the angl e .of oblique |nC|den¥1I|ght

resol ution BXSS Exb?§§§EH°ﬁslfe?rf“T6 °"F8Fekgir EesbﬁgnggEeﬁ“?g% et
In th t L d fied t t hod t

and o o LoHENEr TLER, EeRBECTFo; RePRe2Pr | B B £BR FEPRSRtIPnEReChrEEan,

| nventi on gi'gng@xnééxsn néghtg BF YRe! foalril¥ 34nUn}nae18hahbEf0AL €. 15

The gratin ern cyclers termne e maxi num angle O

which i's acgephmbh§ Eﬁaentﬁépew&a SYS ke %%Btli%gegﬁlt e#adons gkatihgWhask
[err] is the nunerical aperture of the incident Si and an angle of 0.2-

27 is Py, the angle of oblique incident light 6, and the

maximum resolution R are expressed as

s A
e, = Slnl(——)
1 . Pg
R = A s
2NA(1'+sin;§)
= _.___}\—.
2NA(1l+a)
10 Here, a is substituted for sinf,/NA.

In the conventional modified illumination method, «
cannot be equal to ¢ and more. However, & is not set in the
illumination method of the present invention and may have a
value of up to "1" by adjusting grating size.

15 The grating péttern cycle is determined as follows.

The maximum angle & which is acceptable to an exposure
system can be expressed as 0=sin4(Nmﬁ), wherein NA, is the
numerical aperture of the incident side, and an angle of 0.2-
0.8 times as large as 0 is necessary for excellent resolution.

‘20 o Acqordingly, the grating pattern cycle is preferably

between k/sin{O.Zsin*(NAﬁ)] and.k/sin[O.SSinq(NAﬁ)], wherein A\



0.8 tines as large as [err] is necessaty for excellent resolution. 20
Accordingly, the grating pattern cycle is preferably between [err] and

[err] wherein X represents the wavel ength of the used light, and [err]
represents the nunerical aperture of the iqe] dent side of the exposure
apparatus. Since the grating pattern cycle-depends on the 5 sensitivity

and resolution of the photoresist to be used, optimzation is necessary for
achi evi ng rmaprnsmmﬁéethe WtNeWemgthnogehhean$eénHEghtheaaésnmqnnepreéents
0.5 times is the optinum the necessary grating pattern cycle P on the nask
i s given bythernymepical,ppextur« ofpthecincidentvaidecaft thef expesured
light, and [err] represents the nunerical aperture of the incident side of
t he exposur%PE&E%.%?us Here, is substituted for [err] Referring to the

attached draw ng the rating,mask wll be described.in nofe detail by the
fol | owi ng enbodi tﬁ% grating ??€%Fr7A9§9$% gﬁBGQQF&Pﬁség?

Convert | oz gtﬂ%?%a%%%%@?ﬁgﬁ 88 o8 chRoPBRROFRRLEE B bR eBRaGr "

perspective, ng.t t a ayl e ng masks
attached the %§%§z§£?§h g?eng gggg?g 89 BCHE%g§n§A¥g%gm?§r$ %EESQ 10A and

10B are pergpgevb¥s Yheyanabaw, Ndnkibe %EVSQEhﬁﬁ%hoﬁaﬁhﬁth@VBnﬁﬂnEQ qeatl ng
masks attached thereto which are shown in FIGS. 9A and 9B. In FIGS. 7A &

7B, 8A & 8Bth&AoptiRum)dtheAnécéB8Bary grating pattern cycle P on the mask

is given by

_ A
P=— :
sin[0.5sin"1(NA;) ]
=D
sinpg

10 wherein A represents the wavelength of the used light, and NA,
represents the numerical aperture of the incident side of the
exposure apparatus. Here, f is substituted for 0.5sin”(NAQ.

Referring to the attached drawings, the grating mask will
be described in more detail by the following embodiments. -

15 . .~ FIGS. 7A & 7B and 9A & 9B are cross-sectional views of
grating masks of the present invention attached to
conventional masks having patterns formed thereon. FIGS. 8A
and 8B are perspective views showing the conventional masks
having the grating masks attached thereto, which are shown in

20 FIGS. 7A and 7B. FIGS. 10A and 10B are perspective views

. showing the conventional masks having the grating masks
attached thereto, which are shown in FIGS. 9A and 9B.
In FIGS..7A & 7B, 8A & 8B, 9A & 9B and 10A & 10B,

reference numeral 41 denotes a conventional mask substrate,



H .

reference nuneral 41 denotes .a conventional mask substrate, 15 reference
nuneral 43 denotes a pattern for defining an exposure region conprised of
chrome, reference nuneral 45 denotes a grating nask substrate, reference
nuneral 47 denotes a grating pattern, ref ce nuneral 49 denotes an
adhesive 5 supporting band for a gratiﬁ& sk, and reference nuneral 51
denot es a doubl e-si ded adhesive tape that binds the grating mask and a

convent i onarefiesRncehpugeralng3ndenotes adpagtern foy defindngsamat e 45 and
grating patterns 47 forned thereqn is obtained by form ng 10 rating
patterns 47€¥ROFREE KEIARBK COMPELSRCe ofs ChFioNe /i FeLSkencec Hupergdarsz,
soda-linme glass,or BPSG ,Gatin attern 47 is fornmed using_a.conventignal
method for SGPAERG 8 FEEETHG: PERK SEPRYTRS Sy HAAr SPFe; BT oo Ao doppres
usi ng a photoresi . ernj i | n-an-,ql oI : .
patterning ?hggsgi&gsg%F%%%%Bfr%?%?#%ﬁﬂ%é§ﬁh§ﬁ@sﬁ%b?%§ﬁ§%€b%§r%@@5%&”3
quartzg At | ' ' e : ti Rl 7 tsergy ned
so tha thegp*)gﬁ%lt{‘{‘rﬁ n?ﬁ%%tdi Er?%k&?ggaj’t)nlgﬁgna%g%k %s a p%;egig%din:‘ g(r}gnlceﬂof

[err] in acgghdeeet aVdoublRe it WIS ap@ thaBiad M gfdtin

pattern material. Thus, the optical path difference D can be calculaféh by
the foll ow pgskgaad @n cdrfentidgiileinagkJ s a refractive i ndex of the
pattern material,.and X is the wavel ength of the used light. Since the
i ght path diffemMhecegdadrimgr mask npcluding grating mask substrate 45 and
grating patterns 47 formed thereon is obtained by forming
10 grating patterns 47 on grating mask substrate 45 which is
cdmprised of quartz, soda-lime glass or BPSG. Grating pattern
47 is formed using a conventional methéd for forming a mask
pattern. Grating pattern 47 can be formed by using a
photoresist, by patterning using spin-on~glass, or by
15 patterning the rear surface of grating mask substrate 45
comprised of quartz. At this time, the thickness (ﬁ) of
grating pattefn 45 is determined so that the light
trénsmittihg the grating mask has a phase difference of 180°
in accordance with the used wavelength, mask material and
20 pattern_material. Thus, the optical path difference D can be
calculated by the following equation:

2nt (n-1)

D=
' A

wherein n.is a refractive index of the pattern material, and A
is the wavelength of the used light.

Since the light path difference for achieving

25 interference is equal to =, the thickness (t) of the pattern



25 interference is equal to [err], the thickness (t) of the pattern
16 can be determned by [err] Gating pattern 47 is formed to have a-
regul ar di stance, as described above. FIGS. 7A and 9A illustrate grating
masks attached to 5 conventi onal pasks that the surfaces of the
grating masks on which grating patterns 47 are fornmed face the rear
surfaces of the conventional nmasks. FIGS. 7B and 9B illustrate grating
masks attacked be debeamingeshib¥rasks so that the surfaces of the grating
masks on which no grating patterns 47 are formed 10 face the rear
surfaces of the conventional masks. Thus, a grating mask of the present
i nvention can be attached to a conventFonaﬁ‘Bnﬁ by using either of the
nmet hods shown in FIGS. 7A and 7B. Such an attachment of grating nask
substrate 45 to 15 conventional mask substrate 41 may be performed by
using an epoxy resin, an adhesive substance, a silicon caul king or

doubl e-si ded adhegiats g RSt 0 4 AEDESindl €5 AV Aot (d Al 20

conventional mask substrate 41 may be performed by a nelting-adhering

met hod or a g WU BES b, using a quartz clanp. Further, the
separating space between grating mask substrate 45 and conventional mask

substrate 41 i s [FES®s JU Yandrdd driustrate @raeindg anasles eattddited oo nasks
from abradi ng each other during the attachnent step. In such a case, thick
5 conventional masks so that the surfaces of the grating masks
on which grating patterns 47 are formed face the rear surfaces
of the éonventional masks. FIGS. 7B and QB illustrate grating
masks attached to conventional masks so that the surfaces of
the grating masks on which no grating patferns 47 are formed
10 face the rear surfaces of the conventional masks. Thus, a
grating mask of the present invention can be attached to a
conventional mask by using either of the methods shown in
FIGS. 7A and 7B.
Such an attachment of grating mask substrate 45 to
15 conventional mask substrate 41 may be performed by using an
epoxy resin, an adhesive substance, a silicon caulking or
double-sided adhesive tape. The attachment'ofigrating mask
substrate 45 and conventional mask subst;ate 41 may be
performed by a melting-adhering method or a clamping method
20 using a quartz 61amp.

Further, the separating space between grating mask
substrate 45 and conventional mask substrate 41 is preferably
1.0pum or more in'order to prevent the two masks from abrading
each other during the attachment step. In such a case, thick

25 adhesive tape as shown in FIG. 7B or pellicle frame can be



25 adhesi ve tape as shown in FI‘G-' 7B or pellicle frame can be 17 used
as adhesi ve supporting band 49. At- this tinme, the space between grating
mask substrate 45 and conventional nmask substrate 41 nmay even be up to
several tens of millimeters. FIGS. 11A and]fgB are perspective views
show ng anot her 5 exanpl e of grating masks of the present invention
attached to conventional nasks. Reference nuneral 53 denotes a pellicle

frame with ubkedt he adbesivel euppeos timge kalrsl 48 At thhd ss drimne, e fohes espdiaxte on
as in FIGS. 7A and 7B. Grating mask substrate 45 is attached to

convent i onabekeRns gFating: mesky pubstaats 45 and sppentienadamaslo, as
showmn in FIG 7A. In FILGS. 11A and 1lB eII|cIe frame 53 is used as the
adhesi ve sufFPOEtEAGe AT MY BvEn be o sEVeyal, dieng &F AH Lyimetarsy

T et ot o BTG R s oafrifz{ﬁ%%%eéq%ﬁé“\%%w'#h% by S“btsﬁrate -
Sbot 1 Bte a5 REPLE FH AR W natibe ild Brdodie, SRR *%—'a‘“’% 49 53
and attacheéomegﬁéldrmen[) HE Fordtdiit MRind A e 45 Mo&%ceaﬁ@éml&fe

pellicle franme ecause a franme can be detached froman o

pellicle forrrgld vilth dRAMRS othHuls  rSErHES MEANEETS THBr i1 ﬁméksﬁarsén be
prevented by using pellicle frane 53 as a supporting band of grating mask

substrat e 4yeprihdritatifin idd cird rFICS £ A hénd €182 (GOt i i sk s wate on. |
25 FI GS. 12A and 12B are perspective views show ng stil
45 is attached to conventional mask substrate 41 by adhesive

10 supporting band 49, as shown in FIG. 7A..In FIGS. 11A and 11B,
pellicle framé 53 is used as the adhesive supporting band of
FIG. 7A. FIG. 11A illustraﬁes an attachment step that after
attaching pellicle frame 53 to-conventional.mask substrate 41,
the grating mask is attached to pellicle frame 53. The mask

15 shown in FIG. 11B is the same as that shown in FIG. 11a,
except that grating mask substrate 45 has been cut to be the
same size as that of pelliéle frame 53 and attached to
pellicle frame 53.

A new pellicle is not necessary for pellicle frame 53,

20 because a frame can'be detached from an old pellicle for
pellicle frame 53. Thus, abrasion between the fwo mésks can be
prevented by using pellicle frame 53 as a supporting band of
grating mask substrate 45, and the pellicle frame can be
reused to promote conservation.

25 FIGS. 12A and 12B are perspective views showing still
another example wherein grating masks of the present invention
are attached to conventional masks. Like elements are labelled

with the same reference numefals shown in FIGS. 11A and 11B.



anot her exanpl e wherein grating masks of the present invention are attached
to conventional masks. Like elenents are |abelled with the sane reference
nunerals shown in FIGS. 11A and 11B. The grating mask shown in FIG 12A

is the same as that of FIG 11A, except tﬂ it is thinner. Gating mask
substrate 45 can be nade thinner by ¥orni grating pattern 47 on a

conventional substrate ground by repeated | apping and 5 pol i shing prior

to formation of I@{é‘tdz‘%&iﬁﬁi tidk Showt {1 Eif¢NMiIW {dcneuand{a0nat of
grating mask substrate 45 through | appi ng and polishing after form ng

grating paiEre.n 144 ,0eiiapt thamsit sid st irerds elattngrmdsictsulgstiete 45
portion where grating pattern 47 has been fornmed by a polyner coating 10
process. Thanmiak mdevthintdis by 2Rrsindg egsatingspaticerwf4Flah d0A, except
that after forming grating pattern 47 on grating nmask substrate 45
conpri sed cfonyiemttionak substrat axornd doy vepeatedctrPRiRI ARAt hen
grating mask substrate 45 has been 15 attached to conventional mask
subst Bat e PPlighdng Priekstae FeXmakien Pt (FEABLRI PatEerRedk: oY t F¥
present invention. The mask sho in Fig. 1€;is obt ai ned € %or LN ratjng
patterns 4B0MAINg the xea¥ a%‘érmg?"% oAb edr2Hing %ﬁﬁ g8 ¥3 B Iﬁ ﬁlég?ﬁgh
convention chronme 2 pbatterns 43 formed th | pattern 47
can be for?iﬁ?‘b’sp% %‘gv%?&f%%ﬁ?gp?iﬂ:%rp Sﬂﬁggvﬁéﬁegng%%#ggﬁls iéﬁused.
vhen gratin r ' ¥Rk BrBRLELIAL efeSPbPtiOA Whass Of
by et ching %&%@sﬁ%eéﬁ?ég%gglggsugﬁ a ggse, mas et%hpng equi pnent is
necessary.-grating pattern 47 has been formed by a polymer coating
10 process.
The mask shown in FIG. 12B is the same as that of FIG.
.10A, except that after forming grating pattern 47 on grating
mask substrate 45 comprised of quartz, grating mask substrate
45 has been cut and then grating mask substrate 45 has been
15 attached to conventional mask substrate 41.

FIG. 13 shows still another example of the mask of the
present invention. The mask shown in Fig. 13 is obtained by
forming grating patterns 47 on the rear surface of
conventional mask substrate 41 having conventional chrome

20 patterns 43 formed thereon. Grating pattern 47 can be formed
by a conventional photo process when a photoresist is used.
When grating pattern 47 is formed bf using a material as spin-
on glass or by etching the substrate itself. In such a case,
mask etching equipment is necessary.

25 FIG. 14 illustrates a further example of the grating mask
of the present invention. The grating mask shown in FIG. 14 is

the same as that of FIG. 8B, except that grooves 55 through

which mask alignment light passes are formed in the edge



25 FIG 14 illustrates a further exanple of the grating mask of the
present invention. The grating nmask:'shown in FIG 14 is the sane as that of
FI G 8B, except that grooves 55 through which nask alignnment |ight passes
are fornmed in the edge 19 portion of g E)ng mask substrate 45. Wen the
exposure is performed by superposing a grating nmask on a conventional mask
as shown in FIG 8B, the light intensity may be |owered or the light can be -
reflected popion of lratiy fukrsk cdubdlerawskss. si nce the mask al i gnnment
light has to pass through grating mask substrate 45 and conventi onal mask
substrate 41. | misarcithe cagmswre ois pecforhed dog esuperpoging cargioat beg
sensed. Therefore, in order to prevent such a problem groove 55 is

pr'gf er abl ynfaahgmn tg/h canvengional agesk 18s shewnt ipnFEE- o8B i Hee nhight
substrate 45 through which the mask alignnment |ight passes,. This oove na
be forned UdthansitY|navReiovexed oy ed?é?ﬂﬁgﬁﬁﬂﬁPﬁeFe§4%%%qu F3Rd 15%

are plan.views of th t] Kk f th t i ' N )
o & anaz;mmi%%é]’ééoé hagerks, sancl BReceerf) lioaPeRtI T inbEabrE,
shapes on the nmasks,_.of FEI.GS B t] t [
e o e ol ol dPna"ad B0 UE2! 808 LRI RO 1

di agonal | y o o} Al gt pouh 310Ul bhahehakase! 8aKbES! Bbaur! bbadabesthdld

whi ch produce an erght-dot or six-dot illumnation shape during a practical
i11um nati opy o8 & | Be Fh&8sed?CrakdetaPe , AGRObEHBE! Yo phEleAtosachi BY

patterns onto a wafer during .
problem, groove 55 is preferably formed by cutting the edge

10 portion of grating mask substrate 45 through which the mask
alignment light passes. This groove may be formed using an
ultrasonic cutter or a dicing machine.

FIGS. 15A and 15B are plan views of the grating masks of
the presént invention shown in FIGS. 8A & 8B and 10A & 10B,

15 and FIGS. 15C and 15D illustrate illumination shapes on the
masks of FIGS. 15A and 15B. |

The grating patterns shown in FIGS. 15A and 15B are
comprised of isosceles triangles obtained by diagonally
dividing regular quadrilaterals or equilateral triangles,

20 which produce an eight-dot or six-dot illumination shape
during a practical illuminatibn, aé shown in FIGS. 15C and
15D. Accordingly, when projecting pattefns onto a wafer during
a practical process, remarkable resolution and depth-of-foéus
are obtained in patterns'forméd on the wafer in any direction

25 including parallel or perpendicular to the grating patterns.

FIG. 16 illustrates yet another example of the grating

mask of the present invention. The grating mask shown in FIG.

16 is the same as that of FIG. 7A, except that grating mask



a practical process, remarkable resolution and depth-of-focus are obtained
in patterns formed on the wafer in any direction 25 I ncl udi ng parall el
or perpendicular to the grating patterns. FIG 16 illustrates yet another
exanple of the grating nmask of the present2@vention. The grating mask
shown in FIG 16 is the sane as that of FIG 7A except that grating mask
20 substrate 45 is | arger than conventional mask substrate 41.- I n such a

case, the r aki S inS1E d f
anuf act ur | HOSSLrAREr 5! A8 Farel BHARSLoRvERRAGHED naBK, SahsthalR 4T,

nore det ai | suchhat BaskQ! kfe B@n@al0dpERaitS onEF0 HhEE RikpbshireSaphétraitaisl 4l
are views for explaining an exanple of a 10 - nethod for nmanufacturing the
mask of theepsgsent invention. FIG 17A illustrates a step of formng a
grating pattern 63. A photoresist filmis fornmed on a quarts wafer 61 whose
diameter is six Anoe&hoghdorhsvaulactinddy ias nask Dfinthey presenty a
photoresist to a thickness of Jerr] Then, a 15 - photoresist pattern (not
shown) 5f or BVENSd ogr tlildg bea ibeq diy gloked dREgIk Mkl theufidgowing
NSR- 1505i 74 gNicqn nmodel nunber), and then a checkerboard type grating
pattern 63 SBPOAIMENYSs fornmed by etching quartz wafer 61. After a cleaning

process, the remaini ng photoresist pattern is stripped away. 20
FIG 17B illustrates a step.of cutting a quartz wafer to thereby forma

grating nmas mﬂQa@ﬁgag%fer 61 on which grating

FIGS. 17A to 17D are views for explaining an example of a
10 method for manufacturing the mask of the present invention.
FIG. 17A illustrates a step of forming a grating pattern
63. A photoresist film.is formed on é quarts wafer 61 whose
diameter is six inches and whose thickness is 0.1-1mm, by
coating a photoresist to a thickness of 0.1-1um. Then, a
15 photoresist pattern (not shown) for forming grating pattern 63
is formed by patterning using NSR-1505i74 (Nicon model
number), and then a checkerboard type grating pattern 63 as
shown, is formed by etching quartz wafer 61. After a cleaning
process, the remaining photoresist pattern is stripped away.
20 fIG. 17B illustrates a step of cutting a quartz wafer to
thereby form a grating mask. Quartz wafer 61 on which grating
pattern 63 has been formed is cut uéing a dicing machine or a
diamond knife so as to be fit to the size of a péllicle fame,
and then a grating mask substrate 65 on which grating pattern
25 63 is formed is obtained. Then, cleaning is performed.
FIG. 17C illustrates a step of attaching grating mask
substrate 65 obtained in the above step, to a pellicle frame

67. Pellicle frame 67 having a size of 98mmxX120mnx4mm is used.



pattern 63 has been fornmed is cut-using a dicing machine or a dianond knife
so as to be fit to the size of a pellicle fame, and then a grating mask
substrate 65 on which grating pattern 25 63 is forned is obtained. Then,
cleaning is performed. FIG 17Cillustrate@f step of attaching grating
mask substrate 65 obtained in the above step, to a pellicle frane 67.
Pellicle.franme 67 having a size of 98mx120mmx4mm i s used. 21 After

separat | “QAE%EH Qeﬁoaffaﬂfﬁé%é%ﬁafe d@f@:ﬂ@%ﬁ@fﬂxﬁl@,a%&&&éﬁémw esive
tape is coated on the upper "and l.ower rimof pellicle frame 67, and then
grating mghupiesididen anas Bl athpe 12l toLted fomnehd uppers addabowepm 5
FIG 17D illustrates a step of attaching grating mask substrate 65 to a
convent i onglinmeak priilsicid ef e ns i aid coner ngraning caskeswasteate 83 are
formed. After grating mask substrate 65 is glued to the one side of
pel licle frismglaed donveellicte froamke séhsinadeckeanolemsize is [err] is 10
attached to grating nask substrate 65 so t-hat the surface of rating mask
subst Bate 65 on K¥FcHLTP atlestrates a sheRref nattaghiRg 95rbing mapks,
surface of conventional mask substrate giltter 69 %gon{_‘ii nﬁguslywiimchhe
cl ean roonSURsFEHeR B9 BBt FORVERERCD tﬂ@sgr URAFERHERY i R WS
Enmbodinent 2 FIG, 18 | simplified view.s | th Lgen %% yhe
presentilnﬁﬂﬂY?ﬂF199?€r° B%ﬁ?hﬁagESEP%i2@eQ%§%gg5@F§fiﬁgtﬁg?gg%gF éuc Sas
substrate 65 is glued to the one side of pellicle frame 67,
conventional mask substrate 69 whose size is 5"x5"x0.09" is
10 attached to grating mask substrate 65 so that the surface of
grating mask substrate 65 on which grating patterns 63 are not
formed faces the rear surface of conventional mask substrate
pattern 69 (continuocusly in the clean room); to thereby obtain
a mask of the present invention.
15
Embodiment 2 .
FIG. 18 is a éimplified view showing another embodiment
of the present invention.
. After coating a pellicle manufacturing materi;l such as
20 nitro-cellulose to a thickness of 2-3um on a grating mask
having the grating patterns obtained in Embodiment 1, a mask
film 83 on which grating_pétterns 85 have been imaged is
obtained. Thereafter, mask film 83 is attached to a

conventional mask substrate 81 using the same pellicle frame

25 87 as in Embodiment 1, in the same manner as in Embodiment 1.

Embodiment 3

A photoresist is coated to a thickness of approximately



20 nitro-cellulose to a thickness of [err] on a grat'i ng mask having the
grating patterns obtained in Enbodinent 1, a nask film 83 on which grating
patterns 85 have been imged is obtained. Thereafter, mask film83 is

attached to a conventional nmask substrate using the sanme pellicle frane
25 87 as in Enbodinent 1, in the sane ner as in Enbodi nent 1.
Enbodi nent 3 A photoresist is coated to a thickness of approxi mately 22

[err] on the 13 BH e rarlWirdfadB@ e G Aadl) By 000 6 Wlien
chronme patterns are forned, to thereby forma photoresist |ayer.

Ther eaf t er copvaintidbrizea tcﬂfmarﬁatm‘étmtmle bformedy 0 tEhendywnf daana
exposure system Then, processes 5 such as a devel opnent, a quartz

et chi ng, amﬂxmtqﬂe:sxsteslayelpatﬂmresttelpplg‘lgamleg eatierns axe gyredectedmsk
of the present invention having grating patterns forned on one surface of
the mask systusing an %mmmmcﬁxm@amwwmmfdrm oPr RFRS R Prer
surface of the mask substrate, as shown in 10 % odinent 4 A
grati fy masGhs amtai deVelgPneRti Ry %‘l‘%’???’ngeﬁ‘é]?}%‘ﬂnsa'é a E]El&‘é??’ieﬁ’r%?l ng

mask substrate whose sjze,is descri bed_i Qt 1 or 3.
Then, the diak%erp r@‘é’k"?gl’é?t%% eéefg°ﬁm§%n%°s?§éﬁlﬁoﬁv'§%?l ongl mask
substrate usi pellic r ag digent 1, to
Chereby. obt29FartaiRveRt fon BTG, SFEt BRI pHRERE RS R okiea IBRCLAY
surface of the mask substrate and conventional chrome patterns
- formed on the other surface of the mask substrate, as shown in

10  FIG. 10.

Embodiment 4
A grating mask is obtained by forming grating patterns on.
a quartz grating mask substrate whose size is 5"x5"x0.09" as
15 described in Embodiment 1 or 3. Then, the grating mask is
attached to a same-sized conventional mask substrate using a
pellicle frame in the same manner as in Embodiment 1, to

thereby obtain.a mask of the present invention as shown in

FIG. 9A.
20
Embodiment 5
The mask of the present invelntion is obtained by
performing the same proéess, adding the step of grinding the
grating mask substrate 0.09" thick, which is obtained in
25 Embodiment 4, to have a thlckness of O. 03" after lapplng and

polishing.
As described above, grating patterns of the present

invention are formed to be equilateral triangles or isosceles



20 Enbodi ment 5 The mask of the present invention is obtained by performing
the sanme process, adding the step ‘of grinding the grating mask substrate '
0.09" thick, which is obtained in 25 Enbodi nent 4, to have a thickness

of 0.03" after l|apping and polishing. As d ri bed above, grating patterns
of the present invention are fornmed to be gﬁgilateral triangl es or

| soscel es 23 triangl es obtained by di.agonally dividing_regular
rectangl es SE1gRdiephePErADRANRYi Si20RRad 1yt divdAing deoddr: rectangdes

orof cct | ng. baPEhehS el 955 RoRaSyeBegal B, USR5S pull Psef Sher

| uti d h-of <f i S 4 ' ' tter ' di ti
5ol ut1 on 859 eSRHIAOYLRGUSe! BGANE S oS LB Tk Fp dhiesild o
during a 11 o= oeheR praeRiInE patBkEhls Shied 1o Mebar bulotdring™! < ©
1| urd gat i ofnpbliatetit! (b2 rldioioh @RTERHL AN IHUIIRARRD 1Y
200- 400% an he throughput 1s inproved due"to the sanme tilted 1llum nation

ef fect obt appederns An' BRyC@IvedtioninBiuaih@ parelllellor perpendicular
Additionally, in the present invention light is not blocked and thus
deteriorati es efrattinbopaitierd@as not occur since a filter is not used,

while the reverse effect is
Since in the illumination method of the present
invention; little loss of light exists during a light

10 transmission, compared with in the conventional illumination
method with a filter,'transmission efficiency increases by
200-400% and the throughput is improved due to the same tilted
illumination effect obtained as in the conventional method as
well.

15 ' Additionally, in the present invention light is not
blocked and thus deterioration of uniformity does not occur
since a filter is not used, while the reverse effect is
achieved in the conventional method using a filter.

Further, excellent modified illumination can be effected

20 by additionally providing a grating mask and forming patterns
on a conventional mask, and no alignment between a grating
mask and a conventional mask for pattern transfef is
necessary. Therefore, a mask of high resolution can be
manufactured with low cost and higher resolution can be

25 realized throﬁgh'optimization in accordance with patterns.

The mask of the present inﬁention prevents abrasion by

attaching a grating mask to a conventional mask using a

pellicle frame as a supporting band between the grating mask



achieved in the conventional nethed*using a filter. .Further, excellent

nmodi fied illumnation can be effected 20 by additionally providing a
grating mask and forming patterns on a conventional mask, and no alignnent
between a grating nask and a conventi o(rgg mask for pattern transfer is
necessary. Therefore, a mask of high r ution can be manufactured with

| ow cost and hi gher resolutjon can be 25 realized through optim zation

i n accor dan@®%y Fanenisiongle RaS}:-. of the present invention prevents
abrasion by attaching a grating mask to a conventional mask using a
pellicle frame as a supporting band between the grating mask 24 and the
conventional mask. 25 Wiat is clained is: 1. A projection exposure

met hod using a nask conprising the steps -of: renoving vertical conponents
of the light illuminated 5 . froma |light source, to thereby generate
oblique incident light; and exposing an object by irradiating said oblique
incident light onto said nmask. 2. A projection exposure nethod using a mask
according to 10 claim1, wherein said step for transferring said oblique



incident light is performed by formng grating patterns be repeatedly

di sposed triangles as a basic pattern and to have a phasgaarF?ETéﬁte--\‘“_

alternately on the upper surface of said k. 15 Lﬂ!ﬁ”y ' '

exposure method using a mask according to aim 1, whereifs Hﬂmm&fjﬂ _
Mg & gma o

transferring said oblique incident light is perforned by usi
mask in which grating patterns are formed to be repeatedly di sposed

triangl es aWhatbhisi clpimedrdsand to have a phase difference 20

alternately on a transparent substrate. 4. A projection exposure apparatus
conprising: a |idht AsPyeJectionsexpesiyre methodfisingng Feght copemising

i ght 'source_onto a mask; 25 -and second neans for renoving verti cal
i nci dent cofPEnENERPSoPEEhe 1 ght between said |ight source and said mask.

> A ) ect .atys . ding taq claim.4, . . ein said
Secon Thans 1 SRR FRRYSBAL R % R i, YRR
f dgt h t | i qgl - hasi
ot TorR and e, 1M R 3 il SRSGHS R

diffracted hisghl,5ang interferes and is removed by a phase difference of
light. 6. A mask conprising: a transparent substrate; and grating patterns

regularly forned eidpording WO pyhaaa ldtding igaier opiasney indilerit

difference of |ight so
light onto said mask.

2. A projection exposuré method using a mask according to
i0 claim 1, wherein said step for ﬁransferring said obligque
incident light is performed by forming grating patterns to be
repeatedly disposed triangles as a basic pattern and to have a
phase difference alternately on the upper.surfacé of said
nask.

15 3. A projection exposure method using a mask according to
claim 1, wherein said step for transferring said oblique
incident light is performed by using a grating mask in which
grating patterns are formed to be repeatedly disposed
triangles as .a basic pattern and to have a phase difference

20 alternately on a transparent substrate.

4. A projection exposure aﬁparatus comprising:

a light source;

fi;st means for irradiating light from said light source
onto a mask; |

25 énd second means for removing vertical incident
components of the light between said light source and said

mask.

5. A projection exposure apparatus according to claim 4,



10 that zero-order diffracted l'ight interferes, to_thereby+enmove the

vertical incident conponents of |ight and enhance the oblj | il

| i ght components of +1st-order and -1st- ﬁr di ffract egl‘\mﬁl\j“ﬂ“@n“‘k
according to claim6, wherein said gratigé 5 patterk ormres to be
repeatedly disposed triangles as a basic pattern and to have a phase

difference alternately. 8. A mask according to claim?7, wherein said
grating triwheyeipsaid secerd fmeans i® acrbase shifthl chveneslteshapashe
i | lum nating shape of +1st-order and -1st-order diffracted, 20

di vi ded i ntha&ing iR EHagRatberns nboxmed cbheragn: £ cbai WL O%H eF"lé%‘%RéélF%
O 0 L BRSPS 2 TR L8 Dol 20N S5 OB ARES Biofigaonal Y
-1st-order diffracled LigBinkgefl ! didrbByOzéPo-or8bfhi #HPa3RER T ignt
5 interferes and is removed by a phase difference of light.
6. A mask comprising:
a transparent substrate; and

grating patterns regularly formed on said substrate,

whereby light interferes by a phase difference of light so

10 that zero-order diffracted_light interferes, to thereby remove
the vertical incident components of light and enhance the
obligque indident light coimponents of +1st-order and —1st-order

' diffracted light.
7. A mask according to claim 6, wherein said grating

15 patterns are formed to be repeatedly disposed triangles as a
basic pattern and to have a phase difference alternately.

8. A mask according to claim 7, wherein said grating
triangle patterns are formed to be equil&teral ones so that
the illuminating shape of +1st-order and —1lst-order diffracted

20 light is divided into six sub-shapes.

9. A mask accbrding to claim 7, wherein said grating
triangle patterns are formed to be triangles obtained by
diagonally dividing rectangles so that the illumination éhape
of +1st-order and —1st-order diffracted light is divided into

25  eight sub-shapes.



