3 0 DEC 2003 MANUFACTURI NG METHOD OF SEM CONDUCTOR | NTEGRATED CIRCU T
DEVI CE, OPTI CAL MASK THEREFOR, | TS MANUFACTURI NG MEHTOD, AND MASK BLANKS 5
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a manufacturing nethod of sem conductor integtlabid2i03
circuit device, optical mask therefor, its manufacturing nmethod, and 10
mask bl anks and, nore particularly, to a technique which can be effectively
applied to the exposure technique used at the process of a nmanufacturing
sem conductor integrated circuit device. 2. Description of the Related Art
15 In the manufacture of a sem conductor integrated circuit device, the
| i t hography technique is used as the nethod of transferring mcro patterns
.onto sem conductor wafers. In the |ithography technique, a projection

exposur e syst MANEFAGEUR ING SMETHODeOPasESITaoDueiroR PheiEs@bkp pr ovi ded on
the projection aligner is transferred onto a sem conductor wafer to

thereby form a CBRGEDMEEICE, TOPTDCALNMAEKD THEREFH, epgdi ned by the
present inventor is made by processing a |ight screening 25 material such

as chrom num (Cr) OMANHEACIKRING' MEHTOD, AND MASK BLANKS

5 BACKGROUND OF THE INVENTION
l. Field of the Invention
The present invention relates to a manufacturing
method of semiconductor integrated circuit device,
optical mask therefor, its manufacturing method, and
10 mask blanks and, more pafticularly, to a technique
which can be effectively applied to the exposure
technique used at the process of a manufacturing
semiconductor integrated circuit device.
2. Description of the Related Art |
15 In the manufacture of a semiconductor integrated
eircuit device, the lithography techniqué is used as
the method of tranéferring micro patterns onto
semiconductor wafers. 1In the lithography technique, a
projection exposure system is mainly used; the pattern
20 of a photo mask provided on the projection aligner is
transferred onto a semiconductor wafer to thereby form
a device pattern.
The ordinary photo mask examined by the present
inventor is made by processing a light screening

25 material such as chrominum (Cr) or the like formed on



1 3 0 DEC 2003 a transparent quartz substrate. In other words, the photo
mask is constituted in such a manner that a |ight screening filmconprised
of chromumor the like is formed in a desired shape on the quanit)Z}E 2003
substrate. 5 The processing of the light screening filmis carried out,
for exanple, in the follow ng manner: After an el ectron-beamsensitive
resist is applied onto the 1light screening film a desired pattern is
witten on the el ectron-beamsensitive resist by an el ectron beam 10

|'i t hography system Subsequently, after the resistor pattern of the
desired shape is fornmed by devel opnent, the light screening filmis
processed by dry etching or wet etching by the use of the thus obtained,.
resist pattern as a mask. After this, the resist is renoved, 15 cleanlng

or the |ike itrangparendugnaand shbstrate.ghtn slthelrdivag-at t’ﬂfz of a
desired shape is formed on the transparent quartz substrat'e urt her,

recent|y, RiWusmaskkist constitatbdvdn beem @ opasask fokat hg purpose of

enhanci ng the 20 resolution of |ithography. For exanple, in Japanese

Pat ent Lm(;qgﬁ;]qq;qus@ﬁ4fi§@2¢ompeusedso&lﬁﬁnummhmimﬁsﬁhétiﬂﬁéure
constituted in such a manner that, as a neans for enhancing the resol ution
of a singlé&s tfr%%?}fbrbfhtap@werﬁd shappophi thes yrartylisihd Heate.

5 The processing of the light screening film is carried
out, for example, in the foilowing manner: After an
electron-beam—sensitive resist is applied onto the
light screening film, a desired pattern is written on
the electron-beam-sensitive resist by an electron beam

10 lithography system. Subsequently, aftef the resistor
pattern of the desired shape is formed by development,
the light screening film is processed by dry etching
or wet etching by the use of the thus obtained resist
pattern as a mask. After this, the resist is removed,

15 cleaning or the like is carried out, and thus, a light
shielding pattern of a desired shape isrformed on the
transparent quartz substrate.

Eurther, recently, various mask structures have
been proposed for the purpose of enhancing the

20 resolution of lithography. For exampie, in Japanese
Patent Laid-Open No.'136854/1992, there is disclosed a
mask structure constituted in such a manner that, as a
means.for enhancing the resclution of a single

transparent pattern, the pertion surrounding the

25 single transparent pattern is made semitransparent, in



25 single transparent pattern is nade semtransparent, in 2 3 0 DEC 2003
ot her words, the light screening portion of the photo nmask is d%

sem transparent; and thus, the phase of the slight anmount of IrgﬂtEBdgging
through this sem transparent portion and the phase of the light 5 passing
through the transparent pattern are inverted wth respect to each other.
In other words, light that is belowthe sensitivity of the photo resist
for transferring the pattern is let to pass through the sem transparent
film and the phase of this light and 10 the phase of the |ight which has
passed through the transparent pattern are inverted with respect to each
other. The |ight which has passed through the semtransparent filmis
inverted in phase with respect to the Iight which has passed through the

t ranspar entotiffepad £88 , Weheh 1!i$_;hith%dﬁéé?{irpftﬁ@f@ioﬁookhﬁhei tpﬁho%*af_se IS
inverted in the boundary portion of the patterns, and thus, "the 1ight

intensity imasheidomadar gepitrandpadrtoadingd thuds BhbepHhke Uie ratio
between the intensity of the Iigﬁt whi ch has passed the 20 transparent

pattern andchdeslighbsampuat bife 1igghy gdssiépfﬁﬁiéQQﬁ baygdary portion
beconmes large; and thus, a light intensity distribution with a contrast
hi gher thaenitraespasentf polreibecandiudse ystidge "Of the light
5 passing through the tranSpafent pattern are inverted
with respect to each other. In other words, light
that is below the sensitivity of the photo resist for
transferring the pattern is let to pass through the
semitransparent film, and the phase of this light and
10 the phase of the light which has passed through the
transparent pattern are inverted with respect to each
other. The light which has passed through the
semitransparent film is inverted in phase with respect
to the light which has passed through the transparent
15 pattern which is the major pattern, so that its phase
is inverted in the boundary portion of the patterns,
and thus, the light intensity in the boundary portion
approaches 0. As a result, the ratio between the
intensity of the light which has passed the
20 transparent pattern and the intensity of the light in
the pattern boundary portion becomes large; and thus,
a light intensity distribution with a contrast higher
than in the case of the techniques using no

semitransparent film is obtained. This is called a

25 halftone type phase shift mask. In the manufacturing



semtransparent filmis obtained. This is called a 25 halftone type phase
shift mask. In the manufacturing 3 3 0 CEC 2003 process of the hal ftone
type phase shift nmask, the |light screening filmof the above-nentioned
ordinary photo nmask is altered to a hal ftone phase shift film s} BHat003
the hal ftone type phase shift mask is 5 manufactured by approximately the
sane process as the above-nentioned ordinary photo mask manufacturi ng
process. Further, for exanple in Japanese Patent Laid- Open No.

289307/ 1993, a nethod of formng a light 10 screening filmby the use of a
resist filmfor the purpose of sinplifying the photo mask manufacturing
process and enhancing the precision. This nmethod wutilizes the properties

of an ordi gary Qetld QRbapn SepsiLine 8180 Qhdihany dy ohipgensiti ve

resist tha I't” SCreens vacuu avr ol raysS Wwt'h a - wavel ength

bel ow abou&fgﬁ%;%qﬁﬁgﬁﬁﬁéﬂéégﬁoofhﬁge QBB@Bgmebﬁ ot Ha i Ly N9 the

| i ght screéni’ng step of renoving e resist are sused; and

éPﬁ;hsfgﬁa&ﬁgggiyggydPﬁﬁ?ﬁ%??ggﬁgeéﬁ%nﬁéegﬁgﬁggR%%P%Qggggﬁge?%gﬁgof becones
possible. SRR tHd WePPRSss EfbeNbnksbdsiReR Mask is

5 manufactured by approximately the same process as the
above-mentioned ordinary photo mask manufacturing
process.

Further, for example in Japanese Patent Laid-

Open No. 289307/1993, a method of forming a light

10 screening film by the use of a resist film for the
purpose of simplifying the photo mask manufacturing
process and enhancing the precision. This method
utilizes the properties of an ordinary electron-beam-
sensitive or an ordinary light-sensitive resist that

15 it screens the vacuum ultraviolet rays with a
wavelength below about 200 nm. Accordiné to this
method, the step of etching the light screening film
and the step of removing the resist are disused; and
thus, the reduction in cost of photo masks, the

20 enhancement in dimensional accuracy thereof, and the
reduction of defects thereof becomes possible.

Further, in Japanese Patent Laid-Open No.

181257/1993 for example, there is disclosed a so-

called halftone mask constituted in such a manner

25 that, on a substrate which is transparent with respect



181257/ 1993 for exanple, there is disclosed a so- called halftone mask
constituted in such a manner 25 that, on a substrate which is transparent
with respect 4 3 0 DEC 2003 to the exposure light, a phase shift fil
conprising a semtransparent material which absorbs the exposuréUﬂEEGHM S
provi ded. In case of the technique disclosed in this Japanese Patent
Lai d- Open No. 181257/1993, the 5 nmask vacuum hol ding surface is the nmask
substrate surface, so that exposure is executed with the nask surface
directed to the exposure light source. In this case, the nechani cal
strength of the phase shift filmconprising a sem-transparent material is
hi gh 10 even in the periphery of the mask, and there is no problemin
respect of .the nmask absorptjon and th l'i ke., Further, as for the mask
al i gnnent , %&%ﬁ@?%‘érgi Jgh‘Bhgcr éeﬁ?‘ﬁ&eprs % jfdslM FRMRPRUSINGhEr e seens
to be no problem_15 Further, in,Japanese Patent Lagi d-Open No. 15830/1997
for exanpl &% %E@%ﬁ%ﬁl%@%ﬁr%ﬂi Wgégﬁni OTRS I iXPBSYRECh, after a

o or mod MAal EITEATRLe. Rbdare AantPRe Cosborrig didipesd
e ona i) tifed Fad M OSL PRESR: LLLERYG W L)/ P850 LR
5 mask vacuum-holding surface is the mask substrate
surface, so that exposure is executed with the mask
surface directed to the exposure light source. In
this case, the mechanical stréngth of the phase shift
film comprising a semi-transparent material is high

10 even in the periphery of the mask, and there is no
problem in respect of the mask absorption and the
like. Further, as for the mask alignment, the mask
has light screening properties, and thus, there seems
to be no problem.

15 Further, in Japanese Patent Laid-Open No.
15830/1997 for example, there is disclosed the
technique according to which, after a light shielding
pattern is formed on a mask substrate, a phase shift
film is formed to a film thickness greater than the

20 film thickness corresponding to the target phase
difference, and a desired portion provided with the
phase difference is etched by an amount corresponding
to the target phase difference.

However, in case of the above-mentioned

25 technique according to which the light shielding



phase difference is etched by an anobunt corresponding to the target phase
di fference. However, in case of the above-nentioned 25 techni que accordi ng
to which the light shielding 5 3 0 DEC 2003 pattern on the photo mask is
formed by a resist film there are not disclosed the problematic $Phpﬁzm3
encount ered when the photo nmask is actually used in the process o

manuf acturing a sem conductor 5 integrated device, the problematic point
encountered in the actual photo mask nmanufacture, and the nmeasures to
counter these problematic points; and the present inventor has found that
t he above-nentioned technique has the follow ng problens. 10 Mre
specifically, it is difficult to detect the predeterm ned patterns such.

as, &0 it aidRNhe MBAGLot s RALECIER HRAS Wy N0 SRS OT£LRg Product .

deci sion 1 on the photo mask, which are used for the defection of
various ki Rdfed d9é OfigB!§98c1686d18n8X FRIK enldt K55 L @ phot o mask

defect inspection system an aligner and the |ike which are used at
present, adiddgtferedPuREnt BRel ph8tbsmABKN WxadidOry ddegabhgnnment of

t he photo mask. Accordingly, in case the photo nmask i's nounted on a defect
i nspection tHe PrdCSEHro AMmahh§a€turhihgt Ae séatie@rndirtdF k on the
5 integrated device, the problematic point encountered
in the actual photo mask manufacture, and the measures
to counter these problematic points; and the present
inventor has found that the above-mentioned technique
has the following problems.

10 More specifically, it is difficult to detect the
predetermined patterns such as, e.g., the alignment
mark, the pattern measuring mark or the product
decision mark on the photo mask, which are used for
the defection of various kinds of information. For

15 exaﬁple, in case of a photo mask defect inspection
system, an aligner and the like which are used at
present, a halogen lamp or the like is mainly uséd for
the alignment of the photo mask. Accordingly, in case
the photo mask is mounted on a defect inspection

20 system or an aligner, if the detection mark on the
photo mask is formed by a resist film pattern, then no
high contrast can be obtained since the resist mask is
-high in light transmissivity; and thus, the detection

of the pattern is difficult. Due to this, it becomes

25 difficult to align the photo mask with the defect



photo mask is fornmed by a resist filmpattern, then no high contrast can
be obtained since the resist mask is high in light transmssivity; and
thus, the detection of the pattern is difficult. Due to this, it becones
25 difficult to align the photo mask with the defect 6 3 0 DEC 2003

I nspection systemor the aligner, and thus, there arises the proba%ﬂE&ﬂ@E
no good i nspection or exposure can be nade. Further, when the photo nask
is mounted onto the 5 defect inspection systemor the aligner, foreign
matters are produced. In case of the above-nentioned technique, when the
photo mask is nounted onto the defect inspection systemor the aligner,
the resist filmof the photo mask cones into direct contact wwth 10 a

hot k § mb h cfh X mb f the
o ect | nopUtar Sae L8 T ShsbRN, e tpe gﬁ&gn""esréafé‘fi Hp8n REEE: cakage of
peel i ng- of f fore| tiers %Rroduced These
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foreign mﬁ’é)}%e%t?%%ﬁs#é I gbla'ﬁ:a@@ olrnse&% 130 95 PRROPELE of t he

inspectiont%¥§t§g1£ he allgner, contami nate the inside of the chanber or
attach to t sur “of the sem conductor wafer, as a result of which a

deterioration i n d08 4 BspeghLRN:RECHIBEL Hask s IHAREES SREYT BRY Of the

pattern is brought
5 defect inspection system or the aligner, foreign

matters are produced. In case of the above-mentioned
technique, when the photo mask is mounted onto the
defect inspection system or the aligner, the resist
film of the photo mask comes into direct contact with

10 a photo mask fixing member (such as, e.g., a vacuum
fixing member) of the defect insPectioﬁ system or the
aligner, so that, upon the breakage or peeling-off of
the resist film, foreign matters are produced. These
foreign matters attach to the surface of, for example,

15 the lens of the inspection system or the aligner,
contaminate the inside of the chamber or attach to the
surface of the semiconductor wafer, as a result of |
which a deterioration in the inspection accuracy or
the transfer accuracy of the pattern is brought about,

20 and defects such as short-circuit or open-circuit
defects of the pattern are caused; and thus, the
reliability and manufacturing yield of the
semiconductor integrated circuit devices fall, this
being another problem.

25



20 and defects such as short-circuit or open-circuit defects of the
pattern are caused; and thus, the reliability and manufacturing yield of
the sem conductor integrated circuit devices fall, this being another
problem 25 7 3 0 DEC 2003 SUMVARY OF THE | NVENTI ON Thus, it is d0hEColfifkct
of the present invention to provide a nethod of manufacturing a

sem conductor integrated circuit device using a photo mask 5 constituted
in such a manner that a resist filmis nade to function as a |ight
screening film wherein the information detecting ability of the above-
menti oned photo mask can be enhanced. Further, another object of the

I nvention is to 10 provide a nethod of manufacturing a sem conductor
integrated circuit devicengsin a photo mask constituted in such a nmanner

that the resist mask is &% SHctiion BVENTION: screening film
U T R N ST W NN
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integrated circuit device using a photo mask
5 constituted in such a manner that a resist filﬁ is
made to function as a light screening film, wherein
the information detecting ability of the above-
mentioned photo mask can be enhanced.
Further, another object of the invention is to
10 provide a method of manufacturing a semiconductor
integrated circuit device using a photo mask
constituted in such a manner that the resist mask is
made to function as a light screening film, wherein
the accuracy in the alignment of the photo mask with
15 the inspection equipment or the exposure device can be
enhanced. |
Still another object of the invention is to
provide a method of manufacturing a semiconductor
integrated circuit device using a photo mask
20 constituted in such a manner that a resist film is.
made to function as a light screening film, wherein
the inspection accuracy of the photo mask inspection
equipment.
Still another object of the invention is to

25 provide a method of manufacturing a semiconductor



integrated circuit device using a photo mask 20 constituted in such a
manner that a resist filmis. made to function as a light screening film
wherein the inspection accuracy of the photo nask inspection equipnent.
Still another object of the invention is to 25 provide a nethod o) DEC 2003
manuf acturing a sem conductor 8 3 0 DEC 2003 integrated circuit device
using a photo mask constituted in such a manner that a resist mask is
made to function as a light screening film wherein the accuracy in the
pattern transfer of the aligner 5 can be enhanced. Further, still another
object of the invention 1is to provide a sem conductor integrated circuit
devi ce using a photo mask constituted in such a manner that a resist film
is made to function'as a light 10 screening film wherein the occurrence
of foreign MHet9ed5ed Pipeustipgevised using eveitcsth maskher, still anot her
object of the invention is to provide a sem conductor integrated circuit
devi ce usi FPREE PR e%aik $VABt At BABAST thiath aa Nemisl MAskhas a resi st
filmis made function as a light _screening film wherein the reliability
and manuf && Hﬁb IRFLHLAR 2'ncdrghét SFremndqidtiddm, wherein

the accuracy in the pattern transfer of the aligner
5 can be enhanced.

Further, still another object of the invention
is to provide a semiconductor integrated circuit
device using a photo mask constituted in such a manner
that a resist film is made to function as a light

10 screening film, wherein the occurrence of foreién
matters can be suppressed or prevented.

Further, still another object of the invention
is to provide a semiconductor integrated circuit
device using a photo mask constituted in such a manner

15 that a resist film is made function as a light
screening film, wherein the reliability and
manufacturing yield of semiconductor integrated
circuit devices can be enhanced.

The above-mentioned and other objects and novel

20 features of the present invention will be apparent
from the description in the specification and the
accompanying drawings.

Outlines of the representative ones of the
inventions disclosed in the present application will

25 be briefly described below.



circuit devices can be enhanced. The above-nentioned and ot her objects and
novel 20 features of the present invention wll be apparent fromthe
description in the specification and the acconpanying draw ngs. Qutlines
of the representative ones of the inventions disclosed in the presepEl 200)
application will 25 be briefly described below 9 3 0 OCEC 2003 Accordi ng
to the present invention, when an optical mask is nounted to a
predet ermi ned apparatus such as a inspection equipnent or an aligner, a
light shielding pattern conprising a resist filmon the mask 5 substrate
of the optical mask is disposed on the major surface of the mask substrate
in such a manner that the |ight shielding pattern and the fitting portian
of the predeterm ned apparatus is not contacted wth. Further, according
to the inventi onAcghedingetol@heppimedentasinvantpon: edhent ant he :
predeterm ned apparatus, a predetermined treatment is carried out on the
maj or surfepeicalt maskadls Dougitest cofa ipredpieralinednsPPaFaté state in
which the fitting portion of the predeterm ned apparatus is contacted with
a regi on i fUEE QA ehinEpPectdion SYEIRRERt ¥ (2R N2 ¢dFPLTsi Ag LK T resi st
filmdoes not exist. L ) .
shielding pattern comprising a resist film on the mask
5 substrate of the optical mask is disposed on the major
surface of the mask substrate in such a manner that
the light shielding pattern and the fitting portion of
the predetermined apparatus is not contacted with.
Further, acéording to the invention, when the
- 10 optical mask is mounted onto the predetermined
apparatus, a predetermined treatment is carried out on
the major surface of the mask substrate of the optical
mask in the state in which the fitting portion of the
predetermined apparatus is contacted with a region in
15 which the light shielding pattern comprising the
resist film does not exist.
Further, according to the invention, a light
shielding pattern comprising a resist film is disposed
in an integrated circuit pattern region of a first
20 mask substrate; in the outer periphery of the above-
mentioned integrated circuit pattern region, a light
screening metal region made of a metal is disposed;
and an opening is provided in the light screening

metal region, and a optical mask is used which is

25 constituted in such a manner that a mask pattern for

- 10 -



Further, according to the invention, a light shielding pattern conprising
aresist filmis disposed in an integrated circuit pattern region of a
first 20 mask substrate; in the outer periphery of the above- nentioned
integrated circuit pattern region, a light screening netal regigﬁéﬁfﬁ 3of
a netal is disposed; and an opening is provided in the |ight sc - @
netal region, and a optical mask is used which is 25 constituted in such a
manner that a mask pattern for 3 0 QU 293 detecting the information of the
optical mask is formed. Further, according to the invention, a |ight
shielding pattern conprising a resist filmis disposed 5 in an integrated
circuit pattern region of a first major surface of a mask substrate; in the

outer periphery of the integrated circuit pattern regiqn,.a |ight i
screeni ng ﬁ‘@(‘ﬁcytr‘élﬁ %dﬁf‘g@ﬁblanr@%alé’ies OPa:iléz;?Jsé’g‘isq%n’dsf urther, when
an opticalﬁnask O constituted in such a manner that an opening is

provi ded i ight screening netal region, and a nmark pattern for
detecting the informtion of th

. _optic mask is .forned,, is nounted onto
an aligner, expé&\r qg@ﬂﬂcq%r$+?ﬁd£3tghefF8¥F§%§€@Bn§wﬁﬂ§ht15 surface
o e o e S P UL Sen ' DohiE: 8484 d Lol {4 1d10g00RR T On of

5 in an integrated circuit pattern region of a first
major surface of a mask substrate; in the outer
periphery of the integrated circuit pattern region, a
light screening metal region comprising a metal is
disposed; and further, when an optical mask

10 constituted in such a manner that an opening is
provided in the light screening metal region, and a
mark pattern for detecting the information of the
o@tical mask is formed, is mounted onto an aligner,
exposure light is irradiated from a second major
15 surface side of the mask substrate, in the state in
| which the fitting portion of the aligner is contacted
with a region in which the light shielding pattern
comprising a resist film does not exist; and exposure
light which has transmitted through the optical mask
20 is projected by reduction exposure onto the
semiconductor wafer, whereby the integrated circuit
pattern is transferred onto the semiconductor wafer.
Further, according to the invention, a light

shielding pattern comprising a resist film is disposed

25 on an integrated circuit pattern region of a first

- 11 =~



with a region in which the light shielding pattern conprising a resist
filmdoes not exist; and exposure |ight which has transmtted through the
.optical mask 20 is projected by reduction exposure onto the segicmﬂﬁgﬁior
waf er, whereby the integrated circuit pattern is transferred o b

sem conductor wafer. Further, according to the invention, a |ight

shielding pattern conprising a resist filmis disposed 25 on an integrated
circuit pattern region of a first 3 0 DEC 2003 nmajor surface of a mask
substrate; in the outer periphery of the integrated circuit pattern
region, a |ight screening netal region made of a netal is disposed; an
opening is provided in the light 5 screening netal region, and a mark .
pattern for detecting the information of the optical mask; and further,
there is usead]ar 8sprfagk nfiskh vask isubstkdte; simhtlze nmoher that a pellicle
which is fixed in the state in which the base portion of the pellicle is
10 cont act e@eviPherviecfi ghe dotegmatgdratiatcuilyi patbernheegiaak aubstrate
i's disposed_on the first major surface side of the mask. Further,
accordi ng tbight saveaniss, meked wegiwpmade aofisk mstabumsed to the
predeterm ned 15 apparatus, a predetermi ned treatnent is carried out, .on
the nmaj or s4k$RREcdt AReOPEBANGUBSt Paiowisted hin the light

5 screening metal region, and a mark pattern for
detecting the information of the optical mask; and
further, there is used an optical mask constituted in
such a manner that a pellicle which is fixed in the
state in which the base portion of the pellicle is

10 contacted with the light screening metal region or the
mask substrate is disposed on the first major surface
side of the mask.

Further, according to the invention, when the
optical mask is mounted to the predetermined

15 apparatus, a predetermined treatment is carried out,
-on the major surface of the mask substrate of the
optical mask, in the state in which the fitting
portion of the predetermined apparatus is contacted
with a region in which a halftone pattern comprising a
20 resist film does not exist.

Further, according to the invention, a light
shielding pattern comprising a resist film is disposed
in an integrated circuit pattern region on a first
major surface of the mask substrate; in the outer

25 periphery of the integrated circuit pattern region, a
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optical mask, in the state in which the fitting portion of the

predet ermi ned apparatus is contacted with a region in which a halftone
pattern conprising a 20 resist filmdoes not exist. Further, according to
the invention, a light shielding pattern conprising a resist filji0&l 2003
disposed in an integrated circuit pattern region on a first major surface
of the mask substrate; in the outer 25 periphery of the integrated circuit
pattern region, a 3 0 DEE 2003 |ight screening netal region conprising a
nmetal is disposed; an opening is provided in the |ight screening netal
region, and a mark pattern for detecting the information of the optical

maski and TUTLRRL. SBDSRNeAb] kL. malan SUAge Qi dhe Rl Subst rale, there

is provided a Sé"S ausi ng the ex I'ght whi ch has

Lransni tted Lhroughyt e, oBLLGEhgMaskol o, LOdues anphasey: didfecsnce.

Further, out er- ones e inventions disclosed in the present

appli cati on Heth)beobEbal| ¥nddeserlhedhelay by Admhad plqmnuf act uring

a semi conduct or |ntegrated circuit device, conprising: .the step of
irradi ating fapoUhhEa¥hod Ll o¥REHHMmAk & I AHOERE Lt RXPOSIH @hki ghEsErom a

second major surface side of a mask substrate, the mask substrate having
on a first major surface of the mask substrate, there is provided a
phase shift film for causing the exposure light which has
transmitted through the optical mask to produce a phase
difference.

Further, outlines of other ones of the inventions
disclosed in the present application will be biiefly
described below.

1. A method of manufacturing a semiconductor integrated
circuit device, comprising:

(a} .the step of irradiating far ultraviolet or wvacuum
ultraviolet exposure light froma secondmajor surface side
of a mask substrate, the mask substrate having on a first
major surface thereof a light shielding pattern which is
an integrated circuit pattern on a mask and comprises a
resist pattern; and

(b) the step of reduction-projecting, by a projection
optical system, said exposure light which has transmitted
througn said mask substrate, whereby the integrated
circuit pattern is imaged on a photo resist film formed
on a first major surface of a semiconductor integrated.

circuit wafer and thus transferred.

- 13 -



maj or surface thereof a |light shielding pattern which is an integrated
circuit pattern on a mask and conprises a resist pattern; and (b) the step
- of reduction-projecting, by a projection optical system said expddit il

|l ight which has transmtted through said nask substrate, whereby the
integrated circuit pattern is imged on a photo resist filmforned on a
first major surface of a sem conductor integrated circuit wafer and thus
transferred. - 13 3 0 DEC 2003 2. The nethod of manufacturing a

sem conductor integrated circuit device according to daim1l, wherein the
wavel ength of the exposure light is at least 100 nmless than 250 nm 3.

The met hod Of JTRHE JELULLNG: B6H.CONdLOL Jutiegiated o ol feubLaden oo

according to " darm e wavel sal d exposure is at

least 100 nm;but ;legsthan 200 nm, A The jygt hod of manufacturing a

semi conductor integrated circuit device accordi'ng to Claim3, wherein, in

the peripherghopanti PReOfatBLfilEAL o ABY QL e%?8§&¥§3ﬂﬁ Hdg smaskigulRstrate, a
| ight screening nmetal region iS provided. 5. The nefhod of manufacturing a

sem conduct of ppnkegnated rneinr owint devi ce according to O aim 4,
3. Themethod of manufacturing a semiconductor integrated
circuit device according to Claim 2,
wherein the wavelength of said exposure light is at least
100 nm but less than 200 nm.
4. Themethod of manufacturing a semiconductor integrated
circuit device according to Claim 3,
wherein, in the peripheral portion of the first major
surface of the mask substrate, a light screening metal
region 1is provided.
5. Themethod of manufacturing a semiconductor integrated
circuit device according to Claim 4,
wherein, on the first major surface of said mask substrate,
a pellicle is provided so as to cover said integrated
circuit pattern, saidpellicle being contact-fixed on said
light screening metal region.
6. A method of manufacturing a semiconductor integrated
circuit device, comprising:
(a} the step of irradiating far ultraviolet or vacuum
ultraviolet exposure light from a first major surface or
a second major surface side of the mask substrate in thé

state in which the peripheral region of the mask substrate



wherein, on the first major surface of said nask substrate, a pellicle is
provided so as to cover said integrated circuit pattern, said pellicle
bei ng contact-fixed on said |ight screening netal region. 6. A ridtHdd08¥
manuf acturing a sem conductor integrated circuit device, conprising: (a)
the step of irradiating far ultraviolet or vacuum ultraviol et exposure
light froma first major surface or a second major surface side of the
mask substrate in the state in which the peripheral region of the mask
substrate - 14 3 U DEC 2003 is held on a mask hol di ng nechani sm the mask
substrate having on the first major surface thereof a |ight shielding

pattern whi cfls i B dNILHANIEh LIS IGH ndRBHdr8Idh Ot e HRSK RMEGURY | ses a
resist pattern, the resist pattern being not provided on the peripheral

region; and {d0iddensted rafr shefdcd i QRriFaRiceeh & Pdo £ RY1 BgPF GrEE licdihg opti cal
system the exposure |light which has transmtted through said mask

substrate, whetebynthelditieghat edtegirkeuict cpatlieknphstépAged Hmass phot o
resist filmfornmed on a first major surface of a sem conductor integrated
circuit waf eindirngbnignissdy angkerksedpa?reThe teéhoss Dt meEmfeaot wdingy a
sem conductor integrated circuit according to Claim®6, wherein the
wavel engt h afot theocekpasuse thghpetrsphtrbheasegiOn; nanbut | ess than 250
{b) the step of reduction-projecting, by a projection
optical system, the exposure light which has transmitted
through said mask substrate, whereby the integrated
circuit pattern is imaged on a photo resist film formed
on a first major surface of a semiconductor integrated
circuit wafer and thus transferred.
7. Themethod of manufacturing a semiconductor integrated
circuit according teo Claim 6, wherein the wavelength of
the exposure light is at least 100 nm but less than 250
nm.
8. Themethodof manufacturing a semiconductor integrated
circuit according to Claim 7, wherein, wherein the
wavelength of the exposure light is at least 100 nm but
less than 200 nm.
9. The method of manufacturing a semiconductor integrated
circuit device according te Claim 8, wherein, in the
peripheral portion of the first major surface of the mask
substrate, a light screening metal region is provided.

10. The method of manufacturing a semiconductor

integrated circuit device accerding teo Claim 9, wherein,

- 15 -



nm 8. The nethod of manufacturing a sem conductor integrated circuit
according to daim?7, wherein, wherein the wavel ength of the exposure

light is at least 100 nmbut Iess than 200 nm 9. The nethod of |

manuf acturi ng a sem conductor integrated circuit device accordingiﬂﬂﬁ&%@@n
8, wherein, in the peripheral portion of the first major surface of the
mask substrate, a light screening netal region is provided. 10. The

nmet hod of manufacturing a sem conductor integrated circuit device
according to Claim9, wherein, - 15 3 0 OF 2003 on the first mmjor surface
of the mask substrate, a pellicle is provided so as to cover said

Cnt ted ci it , . L . e i d
| Tant scr eenthgenbbart Rades s Hiie R ot T ey TuRiraitty Py G e
sem conduct of s it egraleds G {Sud, deyl eg. ded: 8 e S, of
irradiating AP S Travi of 6 6F vacuum Ul travi ol et exposur ight Troma

first mjor suifass Ofc) S8eand OBk oLosUEigce & da ol dofpsicilisinate, the

mask substra ng, 1Tn an-integrated circuit pattefn region of the
first major ﬁHEifC?egPSB?Of1 a light shielding pattern which is an
integrated circult pattern on a mask and conprises a resist pattern and

having a |ighi sof @@RHRG of manufacturing a semiconductor integrated
circuit device, comprising:
(a) the step of irradiating far ultraviolet or vacuum
ultraviolet exposure light from a first major surface or
second major surface side of a mask substrate, the mask
substrate having, in an integrated circuit pattern region
of the first major surface therecf, a light shielding
pattern which is an integrated circuit'pattern on a mask
and comprises a resist pattern and having a light screening
metalregionprovidedijmtheperipherairegioncﬁfthefirst
major surface; and
(b} the step of reduction-projecting, by a projection
optical system, said exposure light which has transmitted
through the mask substrate, whereby, on a photo resist film
formed on a first major surface of a semiconductor
integrated circuit wafer, the integrated circuit pattern
is imaged and thus transferred.
12. The method of manufacturing a semiconductor
integrated circuit device according to Claim 11, wherein
the wavelength of the exposure light is at least 100 nm

but less than 250 nm.
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metal region provided in the peripheral region of the first nmmjor surface,
and (b) the step of reduction-projecting, by a projection optical system
sai d exposure |ight which has transmtted through the mask subst bﬁ’
whereby, on a photo resist film formed on a first major surface %f é'zwa
sem conductor integrated circuit wafer, the integrated circuit pattern is
i mged and thus transferred. 12. The nethod of manufacturing a

sem conductor integrated circuit device according to Caim1ll, wherein

t he wavel ength of the exposure light is at |east 100 nm but |ess than 250
nm - 16 3 0 OFF 7003 13. The nethod of manufacturing a sem conductor

integrated cjrcuit device according.to Caiml2 el e wavel engt h of
t]tle exp](c)sureﬁi ght"g &kt cha%f? ”de‘gtﬁﬁt"bﬁtnq easss?rm&ag%%:tn&n? 14. The nethod
of manufacturing a sem conduct oy __.i ntegrat i } vjLe djing to
Cl ai m 13, \/\A’ﬁar?“"e‘%J Ifat%%cflhrec"ﬁrr =Vgj o 56%5?325% %%u(;%aegrﬁrrais su%grglg% e, a

el 11l bei M UM SETITT et 0ot AT ORE Sor b 1 © el G on 15, A

pellicle bei 'xe screening netal region. 15.

nmet hod of nqugaféggiggag $gF1 ganductor integrated circuit device,

conpri si ng:
14. The method of manufacturing a semiconductor
integrated circuit device according to Claim 13, wherein,
onthe first major surface of the mask substrate, apellicle
is provided so as to cover the integrated circuit pattern,
the pellicle being contact-fixed on the light screening
metal region.
15. A method of manufacturing a semiconductor integrated
circuit device, comprising:
(a) the step of irradiating far ultraviolet or vacuum
ultraviolet exposure iight from a first major surface or
a second major surface side of a mask substrate, the mask
substrate having, in an integrated circuit pattern region
of the first major surface thereof, a light shielding
pattern which is an integrated circuit pattern on a mask
and comprises a resist pattern, wherein a pellicle is
contact-fixed in that part of the peripheral portion of
the integrated circuit pattern region in which the resist
pattern is not formed so as cover said integrated circuit
pattern; and
(b) the step of reduction-projecting, by a projection

optical system, said exposure light which has transmitted

- 17 -



(a) the step of irradiating far ultraviolet or vacuum ultraviol et exposure
light froma first major surface or a second major surface side of a mask
substrate, the mask substrate having, in an integrated circuit pgnqmtqmg
region of the first major surface thereof, a light shielding pattern
which is an integrated circuit pattern on a mask and conprises a resi st
pattern, wherein a pellicle is contact-fixed in that part of the

peri pheral portion of the integrated circuit pattern region in which the
resist pattern is not formed so as cover said integrated circuit pattern;
and (b) the step of reduction-projecting, by a projection optical system

sai d exposurentb@ht o £hs Rasidsranad t iedrebl/ oBabiRG 2883 sthf pugh the
mask substrate, ereby, on a photo resist film forned on a first nmjor

surface of arsenégopdust irstnhegbat edrehteubt wakemicoleiuictioegr at ed
circuit pattern is imged and thus transferred. 16. The method of
manuf act ur i npn e seat eondiuct i ¢ Wateagr ahedicteguatedeviceuhcqmtdieugnt o C aim
15, wherein the wavel ength of the exposure light is at |least 100 nm but
| ess than 250s nimadedd Jheé nkthotrefsfanukdcturing a sem conduct or
integrated circuit device according to Claim16, wherein the wavel ength of
t he exposurel$i giths snefthddast MOOufmeturing a semiconductor

integrated circuit device according to Claim 15, wherein

the wavelength of the exposure light is at least 100 nm

but less than 250 nm.

17. The method of manufacturing a semiconductor

integrated circuit device according to Claim 16, wherein

the wavelength of the exposure light is at least 100 nm

but less than 200 nm.

18. The method of manufacturing a semiconductor

integrated circuit device according to Claim 17, wherein,

in the peripheral portion of the first major surface of

the mask substrate, a light screening metal region 1is

provided.

19. The method of manufacturing a semiconductor

integrated circuit device according to Claim 18, wherein,

on the first major surface of said mask substrate, the

pellicle is contact-fixed on said light screening metal

region.

20. A method of manufacturing a semiconductor integrated

circuit device, comprising:

(a) the step of irradiating far ultraviolet or vacuum

_]_8_



but I ess than 200 nm 18. The nethod of manufacturing a sem conduct or
integrated circuit device according to Caim1l7, wherein, in the

~ peripheral portion of the first major surface of the mask subst r at&JECaz00]

| ight screening netal region is provided. 19. The nethod of nanufacturing
a sem conductor integrated circuit device according to Caim 1B, wherein,
on the first major surface of said mask substrate, the pellicle is
contact-fixed on said |light screening netal region. 20. A nethod of

manuf acturing a sem conductor integrated circuit device, conprising: (a)
the step of irradiating far ultraviolet or vacuum- 18 3 0 OEC 2003

ul travi ol et eXpesutie lleitghkpbsaned fghtstromjorf igetfreedo sisde faare aidecond
maj or surface side of a nask substrate, the nmask substrate having, on the
first maj or surfBacecthdrmefior auldbhteonédki ght ashaskdsngspaater ntbenpri si ng
a resist pattern which constitutes an integrated circuit pattern on a
mask; and ( b)atsifes g eprate feductd.onnpriey éétrstgla byr sumicjcecthensobpti cal
system the exposure |ight which has transmtted through the mask
substrate, wAehebftoms aighét ¢hiesiding inaht <fdy msnror B9 rastremi ¥ surface

of a sem conduct or , _ , _ i
pattern which constitutes an integrated circuit pattern

on a mask; and

(b} the step of reduction-projecting, by a projection
optical system, the exposure light which has transmitted
through the mask substrate, whereby, on a photo resist £ilm
formed on a first major surface of a semiconduétor
integrated circuit wafer, the integrated circuit pattern
is imaged and thus transferred.

21. The method of manufacturing a semiconductor
integrated circuit device according to Claim 20, wherein
the wavelength of the exposure light is at least 100 nm
but less than 250 nm.

22. The method of manufacturing a semiconductor
integrated circuit device according to Claim 21, wherein
the wavelength of the exposure light is at least 100 nm
but less than 200 nm.

23. The method of manufacturing a semiconductor
integrated circuit device according to Claim 22, wherein,
in the peripheral portion of the first major surface of
the mask substrate, a light screening metal region is

provided.
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integrated circuit wafer, the integrated circuit pattern is imaged and
thus transferred. 21. The method of manufacturing a sem conductor 3Urp th[]qj]
integrated circuit device according to Caim 20, wherein the wavele 5 f
the exposure light is at |least 100 nm but [ess than 250 nm 22. The nethod
of manufacturing a sem conductor integrated circuit device according to
Caim21, wherein the wavelength of the exposure light is at least 100 nm
but | ess than 200 nm 23. The nmethod of manufacturing a sem conduct or
integrated circuit device according to Caim22, wherein, in the
peri pheral portion of the first major surface of the mask substrate, a
light screenkag netal meegbonoismapuoutdeding 49sedi@cBEGC2QQ3 24. The
met hod of manufacturing a semconductor integrated circuit device
accordi ng toi6Gtagma2ad ahecein,dewicd hecbirddthgnep arl Siu 2a3cewné rehea, mask
substrate, a pellicle is provided so as to cover said integrated circuit
pattern, sapd yed Ficbe meeiogscoheaetof tkedhamk shiestrght, scpeebiinge regi on.
25. A nethod of manufacturing a sem conductor integrated circuit device,
conprising: {a)prdieldrdpoots toremlieat sagddf arted tabed olietcuort patuam,

said pellicle being contact-fixed on the light screening

region.

25. A method of manufacturing a semiconductor integrated

circuit device, comprising:

{a) the step of irradiating far ultraviolet or vacuum

ultraviolet exposure light froma first major surface side

or a second major surface side of a mask substrate, which

has, on the first major surface thereof, a light shielding

pattern which is an integrated circuit pattern on a

Lebenson type phase shift mask and comprises a resist

pattern; and

(b) the step of reduction-projecting, by a projection

optical system, the exposure light which has transmitted

through said mask substrate, whereby, on a first major

surface of a semiconductor integrated circuit wafer, said

integrated circuit pattern is imaged and thus transferred.

26. The method of manufacturing a semiconductor

integrated circuit device according to Claim 25, wherein

the wavelength of the exposure light is at least 100 nm

but less than 250 nm.

27. The method of manufacturing a semiconductor

- 20 -



ultravi ol et exposure light froma first major surface side or a second
maj or surface side of a nask substrate, which has, on the first mgjor
surface thereof, a light shielding pattern which is an integrat g(ﬂ [fEiErZﬁMit
pattern on a Lebenson type phase shift nask and conprises a resist

pattern; and (b) the step of reduction-projecting, by a projection optical
system the exposure light which has transmtted through said mask
substrate, whereby, on a first major surface of a sem conductor integrated
circuit wafer, said integrated circuit pattern is imged and thus
transferred. 26. The nethod of manufacturing a sem conductor integrated

ransferr ed. method of m r teg

ELLSEL?e i o PERE dodit Ay b el et BE R P o TR S0P R M o o
el . _ 256 i "27." The' et hod

aecording 10 EP R 26 ST e 9 S S ERE MRSl Ghgth of Thel Gposure

light is at }gast, 400 EQEQ“Eh5ﬁ5§ObhﬂB.200 nm 28. The nethod of

manuf acturing a sem conductor integrated circuit device according to Caim
27, Wwher ei ”128'.”ft@&er@EﬁcP@eéE"mMEéQE‘%Pirégh@ fikstonmhetosurface, a

| i ght screening netal region is provided. The met hod of manufacturing a

sem conduct Ok ntegrated circuit device according to Claim 27, wherein,
in the peripheral portion of the first major surface, a
light screening metal regicn is provided.
29. The method of manufacturing a semiconductor
integrated circuit device according to Claim 28, wherein,
on the first major surface of the mask substrate, apellicle
is provided so as to cover said integrated circuit pattern,
the pellicle being contact-fixed on the light screening
metal region.
30. A method of manufacturing a semiconductor integrated
circuit device, comprising:
{(a) the step of irradiating far ultraviolet or vacuum
ultraviolet exposure light from a first major surface or
a second major surface side of a mask substrate, the mask
substrate having, in an integrated circuit pattern region
of the first major surface thereof, a light shielding
pattern which is an integrated circuilt pattern on a mask
and comprises a resist pattern, wherein a pellicle is
contact-fixed in the peripheral portion of the integrated
circuit pattern of said first major surface so as to covef

sald integrated circuit pattern; and (b) the step of

- 21 -



integrated circuit device according to Claim28, wherein, on the first

maj or ‘surface of the nask substrate, a pellicle is provided so as to cover
said integrated circuit pattern, the pellicle being contact-fixed pppthei)
i ght screening netal region. 30. A nethod of manufacturing a

sem conductor integrated circuit device, conprising: (a) the step of
irradiating far ultraviolet or vacuum ultraviolet exposure light froma
first major surface or a second major surface side of a mask substrate,
the mask substrate having, in an integrated circuit pattern region of the
first major surface thereof, a light shielding pattern which is an
integrated circuit pattern on a mask and, conprises .a resist pattern,
wherein a peF?@EFEng'PEB&FQE%DFi%ﬁﬁai%F?h%cgg??ﬁ¥%ﬁ%ﬂalp8V§F8 ' of'% he
integrated circuit pittern of, ﬁaggafirst maj or surface so.as to cover

sai d i nt egr af¥QCETFEU ngEtVBFE ; EB?anét§ngt8F099§lth§ Fesec 2003
Whi ch has. | rSHSRTERER CHYRAN 1 R0 TaeRES ST al b REIERyS S Bt phot o
Circuit, heNST T cr LAt 15 uP hAPPRrR “Ce F RaGLh AR ThOSTEAnsTerred, -
I or et nogr O IR AL 1922 2B COAUGRATad AL RACH AL S LLILG. devi ce

31. The method of manufacturing a semiconductor

integrated circuit device according to Claim 30, wherein

the wavelength of the exposure light is at least 100 nm

but less than 250 nm.

32. The method of manufacturing a semiconductor

integrated circuit device according to Claim 31, wherein

the wavelength of the exposure light is at least 100 nm

but less than 200 nm.

33. The method of manufacturing a semiconductor

integrated circuit device according to Claim 32, wherein,

in the peripheral portion of the first major surface of

the mask substrate, a light screening metal regicn is

provided.

34. The method of manufacturing a semiconductor

integrated circuit device according te Claim 33, wherein,

on the first major surface of the mask substrate, apellicle

is provided so as to cover the integrated circuit pattern,

the pellicle being contact-fixed on the light screening

metal region.

35. A method of manufacturing a semiconductor integrated

- 22 -



t he wavel ength of the exposure light is at |east 100 nm but |ess than 250
nm 32. The nethod of manufacturing a sem conductor integrated circuit
device according to Claim 31, wherein the wavel ength of the exposure |ight
is at least 100 nm but |ess than 200 nm 33. The net hod of manuf axl 0F] il a
sem conductor integrated circuit device according to Claim 32, wherein,

in the peripheral portion of the first nmajor surface of the mask
substrate, a light screening netal region is provided. 34. The method of
manuf acturi ng a sem conductor integrated circuit device according to Claim
33, wherein, on the first major surface of the mask substrate, a pellicle
is provided so as to cover the integrated circuit pattern, the pellicle
bei ng contactiticxéd davihe.| cghprdicieeni ng netal region. 35. A nmethod of
manuf acturing a semni conductor integrated - 22 3 0 DEC 2003 circuit device,
conprising: (&) the step of ilrradiatiing far WlLravigler & VaCHHh
ultraviolet exposure light froma first major surface or a second najor
surface sideudtraviBdRtsabBPFaEe, 1 i Blet nacd® & ERLEtal8IRAVPREI2FR @h

integrated circuit pattern region of said first major surface thereof, a
| i ght shi el déngecond major surrace side of a mask substrate, the mask

substrate having, in an integrated circuit pattern region
of said first major surface thereof, a light shielding
pattern which is an integrated circuit pattern on a mask
and comprises a resist pattern, wherein a protective film
is formed on the resist pattern so as to cover saild
integrated circuit pattern region of the first major
surface; and

{b) the step of reduction-projecting, by a projection
optical system, the exposure light which has transmitted
through the mask substfate, whereby, on a photo resist film
formed on a first major surface of a semiconductor
integrated circuit wafer, the integrated circuit pattern
is imaged and thus transferred.

36. The method of manufacturing a semiconductor
integrated circuit device according to Claim 35, wherein
the wavelength of the exposure light is at least 100 nm
but less than 250 nm.

37. The method of manufacturing a semiconductor
integrated circuit device according to Claim 36, wherein
the wavelength of the exposure light is at least 100 nﬁ

but less than 200 nm.
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pattern which is an integrated circuit pattern on a mask and conprises a
resist pattern, wherein a protective film is fornmed on the resist pattern
so as to cover said integrated circuit pattern region of the flrsggmgnga

surface; and (b) the step of reduction-projecting, by a projection optical

system the exposure |light which has transmtted through the mask
substrate, whereby, on a photo resist film forned on a first major surface
of a sem conductor integrated circuit wafer, the integrated circuit
pattern is imaged and thus transferred. 36. The nethod of manufacturing a
sem conductor integrated circuit device according to Caim 35, wherein

the wavel ength of_the exposure | is at least 100 nm but | ess than 250
nm 37, The Bt nds hr?éﬁﬁ%-ef?:‘?%"%%‘@t‘éré%?nacéﬁEP&EPBPuctﬁt’-’eb?%‘f"éﬁaE??cwt

devi ce accordLn g wherei.n the wavel ength of the exposure |ight
is at |east %6 ﬁf’lFEssCPﬂlé’ﬁl%@gnm - 23 3 6 DEC 2063 3B A met hod
of manuf acturing senlcon uctor j.ntegrate i_rcuit vi ce, rising:

) Fﬁ? R

(a) the step'8 ar&Pi A ﬂéFaSPFFévgbI@F AU NS IQ§eﬂﬁ%ﬂ exposur e

LU Loma gkgggkgﬁg%feigaéags Plgnf SRS (TR Y0268 $hde gf & mask
a second major surface side of a mask substrate, the mask
substrate having, in an integrated ciréuit pattern region
of the first major surface thereof, a light shielding
pattern which is an integrated circuit pattern on a mask
and comprises a resist pattern, wherein a conductive ground
film is formed beneath said resist pattern on said first
major surface; and
(b) the step of reduction-projecting, by a projection
optical system, said exposure light which has transmitted
through the mask, whereby, on a photo resist film formed
on a first major surface of a semiconductor integrated
circuit wafer, said integrated circuit pattern is imaged
and thus transferred.
39. The method of manufacturing a semiconductor
integrated circuit device according to Claim 38, wherein
the wavelength of the exposure light is at least 100 nm
but less than 250 nm.
40. The method of manufacturing a semiconductor
integrated circuit device according to Claim 39, wherein
the wavelength of the exposure light is at least 100 nﬁ

but less than 200 nm.
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substrate having, in an integrated circuit pattern region of the first
maj or surface thereof, a light shielding pattern which is an integrated
circuit pattern on a nask and conprises a resist pattern, mherein ? F
conductive ground filmis formed beneath said resist pattern on sa Q Gﬂ@ét
maj or surface; and (b) the step of reduction-projecting, by a projection
optical system said exposure light which has transmtted through the
mask, whereby, on a photo resist filmformed on a first najor surface of a
sem conductor integrated circuit wafer, said integrated circuit pattern is
i mged and thus transferred. 39. The nethod of manufacturing a

sem conduct or inte rated circuit device according to Claim 38, wherein

t he wavel engfh- of'a e dd@pdsurer IFﬁﬁnrqquﬁlqﬂeB§Pj%§élﬁﬁleﬁﬁ?SFE§s han 250
nm 40. The nethod of manufacturing a sem conductor integrated circuit

devi ce accorﬂﬁﬁﬁuFou@$5ﬁﬁ%§ StwWhelYern COFHélﬁéOQIength of the exposure light
Is at |east 100 nm | ess than ﬁ UEC 2003 41. Mask

bl anks for th& rédﬂé? oﬁuB?Bf@E?|8 l&?pgéﬁr 15Ft @&8u3ﬁF8PFr5@ﬂ61et rays,

conpri sing

. f : )
and is trans%&%éﬁ?e 3%%%%%@&€#aﬁﬂl$§Fsé%%%gﬁ? esecond mai of . surfaces

rays or vacuum ultraviolet rays with a wavelength of at
least 100 nm but less than 250 nm;

(b) a region coated with a light screening metal film which
region is formed on the first major surface of the mask
substrate; and
(c)anopeningregionprovidedijltheportioncorreéponding
to an integrated circuit pattern regicn in the central
portion of the region coated with a light screening metal
film.

42. The method of manufacturing a semiconductor
integrated circuit device according to Claim 41, wherein
the wavelength of the exposure light is at least 100 nm
but less than 200 nm.

43, A method of manufacturing an optical mask for
performing the reduction projection exposure of a
semiconductor integrated circuit device, wherein far
ultraviolet rays or vacuum ultraviolet rays are used as
the exposure light, comprising:

(a) the step of placing a mask substrate on a processed-mask
holding portion of a mask writer; |

(b} the step of detecting a position detecting pattern
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rays or vacuumultraviolet rays with a wavel ength of at [|east 100 nm but

| ess than 250 nm (b) a region coated with a |ight screening net @éda@
~which regionis forned on the first major surface of the mask s %;
and (c) an opening region provided in the portion corresponding to an
integrated circuit pattern region in the central portion of the region
coated with a light screening netal film 42. The nmethod of manufacturing
a sem conductor integrated circuit device according to Claim4l, wherein
t he wavel ength of the exposure light is at |east 100 nm but |ess than 200
nm 43. A nmethod of manufacturing an optical mask for performng the

reduction prg;&ﬁ%ﬁggﬁ %FER%&ISE%[J. héa B YU EQRAUGE Qr %P&f’%ﬁtoerds&'kﬁﬁ%t

devi ce, wher tra rays-or vacuum ulfravi ol'et rays are used

as the expogyrenli ght, GoMRELSLAY: () the step of placing a mask
g

substrate on a processed-nmask holding portion of a mask witer; (b) the

o e oL oS AR Lo L g LA o3, 0 OEC00E pr o e

and (c) the gbepnefpeshthbatl REraniktniggeatgd grictkh, PSALERA basis
of the result of the above-mentioned detection, whereby
the integrated circuit pattern is written on an integrated
circult pattern region on said first major surface.
44, The method of manufacturing a semiconductor
integrated circuit device according to Claim 43, wherein
the wavelength of the exposure light is at least 100 nm
but less than 250 nm.
45. The method of manufacturing a semiconductor
integrated circuit device according to Claim 44, wherein
the wavelength of the exposure light is at least 100 nm
but less than 200 nm.
46. An optical mask comprising:
(a) a mask substrate which has first and second major
surfaces and is transparent with respect to farultraviolet
or vacuum ultraviolet rays:
{b) an integrated circuit pattern region of the first major
surface of the mask substrate;
(c} an integrated circuit pattern on the mask substrate,
the integrated circuit pattern being formed of a light
shielding pattern which comprises resist pattern in said

integrated circuit pattern regicon of the mask substrate
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to the position where it is to be witten, on the basis of the result of

t he above-nenti oned detection, whereby the integrated circuit pattern is
witten on an integrated circuit pattern region on said first naqu]DE
surface. 44. The nmethod of manufacturing a sem conductor integrate C 2003
circuit device according to Caim43, wherein the wavel ength of the
exposure light is at least 100 nm but less than 250 nm 45. The net hod of
manuf acturi ng a sem conductor integrated circuit device according to Caim
44, wherein the wavel ength of the exposure light is at |east 100 nm but

| ess than 200 nm 46. An optical mask conprising: (a) a mask substrate

whi ch has f1csk AOthgeRPILATI O oBULbaces: and i, LiANRRALEN, Wl Eb. respect

to far ultraviole atuum u aviole ) an integraied Circuit

pattern regi 83382 e 4dd 8t J@Lﬁgcoa%&%g ﬂtté&lﬁaﬂ?taléﬁ*w?ﬁttr% £, (C) an

integrated circuit pattern ont mask substratwe, gintegrated Circuit

pattern bei ng,f ariRck Obn 2okl i i 98] o) IhBaradt or Dr¥hLER; EATBEL BBy el St
pattern in said |ntegrated Cl rcul pattern region o t he mas substrate -

26 3 0 DEC 1098eand:Reidbdsmged ioha Wphetonkest sinfhl mréarredoepna first
maj or surface of a sem conductor integrated circuit wafer,
the mask substrate, the integrated circuit pattern being
thus transferred; and
(d) a light screening metal region provided in the
peripheral région of the first major surface of the mask
substrate.
47. An optical mask comprising:
(a) a mask substrate which has first and .second major
surfaces and is transparent with respect to farultraviclet
or vacuum ultraviolet rays;
(b) an integrated circuit pattern region of the first major
surface of the mask substrate; and
{c} an integrated circuit pattern on the mask substrate,
the integrated circuit pattern being formed, in the
integrated circuit pattern region of the mask substrate,
of a halftone light shielding pattern which comprises a
resist pattern, the integrated circuit pattern being
imaged on a photo resist film formed on a first major
surface of a semiconductor integrated circuit wafer, by
reduction-projecting, by means of a projection optical
system, the exposure light which has transmitted through

the mask substrate, the integrated circuit pattern being
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by reduction-projecting, by nmeans of a projection optical system the
exposure light which has transmtted through the nask substrate, QH%
integrated circuit pattern being thus transferred; and (d) a |igh EC 2003
screening netal region provided in the peripheral region of the first
maj or surface of the mask substrate. 47. An optical nmask conprising: (a) a
mask substrate which has first and second najor surfaces and is
transparent with respect to far ultraviolet or vacuumultraviolet rays;

(b) an integrated circuit pattern region of the first major surface of the
mask substrate; and (c) an integrated circuit pattern on the mask
substrate, Eﬁgsigggggggﬁqeg[rcuit pattern being formed, in the integrated
circuit pattern region of the mask substrate, of a halftone |ight

shi el di ng_paiiper mhe6h: 6OIPRASRScampEesiay: paltern, the integrated circuit
pattern being inmaged on a photo resist filmformed on a first major

surface of a(genmicpRdUCkAbsitRheer ahe@hCinaguitti Aaaf @hd B¥cond major
reducti on-projecting, by means of a projection optical system the

exposure |igbtrdatel drasitransisddrecht Wi ongle spgde pash rsubsisaie€let he
integrated circuit pattern being - 27 3 0 DEC 1003 thus transferred.
or vacuum ultraviolet rays:
{b) a Lebenson type phase shift means formed on said first
major surface or second major surface;
{c) an integrated circuit pattern region of the first major
surface of the mask substrate; and
{(d} an integrated circuit pattern on a mask substrate, the
integrated circuit pattern being formed, in said
integrated circuit pattern region of the mask substrate,
of a light shielding pattern which comprises a resist
pattern, the integrated circuit pattern being imaged on
a photo resist £ilm formed on a first major surface of a
semiconductor integrated circuit wafer, by reduction-
projecting, by means of a projection optical system, the
exposure light which has transmitted through the mask
substrate, the integrated circuit pattern being thus
transferred.
49. An optical mask comprising:
{a) a mask substrate which has first and second major
surfaces and is transparent with respect to farultraviolet

rays or vacuum ultraviolet rays;

(b) an integrated circuit pattern region of the first major
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48. An optical mask conprising: (a) a mask substrate which has first and
second major surfaces and is transparent with respect to far U|tG?§kﬁg@m
or vacuumultraviolet rays; (b) a Lebenson type phase shift neans on
said first major surface or second najor surface; (c) an integrated
circuit pattern region of the first maor surface of the mask substrate;
and (d) an integrated circuit pattern on a mask substrate, the integrated
circuit pattern being forned, in said integrated circuit pattern region of
the mask substrate, of a light shielding pattern which conprises a resi st
pattern, the integrated circuit pattern being inmaged on a photo resist

filmformed gpraskkr st ABRORasUr Eaecet@hta; sem conductor integrated circuit
waf er, by reduction- projecting, by nmeans of a projection optical system

the exposureclightiwighathas dirmnsin daed oy eugbhthea sasdubstibsteat e, the
integrated circuit pattern being thus transferred. 49. An optical mask
conpri sing: £A anbtegkassbstiateivhpehtkas beristy dedreecorid maier surfaces
and is transparent with respect to far ultraviolet rays or vacuum
ul traviol et iaysgrébdaniobeyred ek on rmg itorpattt ehe megkosumdttdheefir st
major - 28 3 0 DEC 7003

of a halftone light shielding pattern which comprises a

resist pattern, the integrated circuit pattern being

imaged on a photo resist film formed on a first major

surface of a semiconductor integrated circuit wafer, by

reduction-projecting, by means of a projection optical

system, the exposure light which has transmitted through

the mask substrate, the integrated circuit pattern being

thus transferred; and

(d) a protective film covering the integrated circuit

pattern region and tﬁe light shielding pattern.

Further, outlines of still others of the inventicns
disclosed in the present application will be briefly
described below.

50. The present invention comprises

{a) the step of depositing a transparent conductive film
on a first major surface of a mask substrate,

(b) the step of depesiting a resist filmon the transparent
conductive film,

(c) the step of writing a predetermined integrated circuit

pattern on the resist film in the state in which the

transparent conductive film is grounded,
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surface of the mask substrate; (c) an integrated circuit pattern on the
mask substrate, the integrated circuit pattern being forned, in said
integrated circuit pattern region of the mask substrate, of a habgt Qq
i ght shielding pattern which conprises a resist pattern, the in é& @H
circuit pattern being imged on a photo resist filmfornmed on a first
maj or surface of a sem conductor integrated circuit wafer, by

reducti on-projecting, by nmeans of a projection optical system the
exposure light which has transmtted through the mask substrate, the
integrated circuit pattern being thus transferred; and (d) a protective

filmcoveringhgd @t%g{ Y e he it it g %atdtegrrerlorpelgfgor&zae@c&ﬂéaﬁ ld

shi el di ng pa tern her, outlines of still others of the inventions

di scl osed i ﬁ@@t@beﬁﬁntwﬁQPEb9Q¥lP@hM@Mﬁe@@ﬂH@ﬁ%iﬂerﬂ%@%@ﬂ%ﬁﬁﬂgﬂ(WV 50.
The present |nvent|on conpriseS (a) 'the step of depositing a transparent

conductive fd4 r@heoaranEFwenﬁat@ﬁdﬁ@tiagefpfm arBskesdbst sateilb)s the step
of depositing a resist | mon the transparent conductive film (c) the

step of wri tidwnad Predeteriiraedmnbhbegsatedcsi s Euite maii eubswrddeg resi st
filmin the state in which the transparent conductive filmis grounded, -
29 (e) the step of helding the optical mask, which has been
fabricated by the foregoing steps (a) tb {(d), in the state
in which the light shielding pattern constituted of the

conductive film and the resist film
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3 0 DEC 2003 (d) the step of perform ng a developing treatnent after the
step (c), whereby a light shielding pattern constituted of the transparent
.conductive filmand the resist filmis formed on the first najoqgaﬁifmﬁﬁ
of the mask substrate, (e) the step of holding the optical nask, I'C as
been ‘fabricated by the foregoing steps (a) to (d) , in the state in which
the light shielding pattern constituted of the conductive filmand the
resist film3 0 DEC 2003 is not contacted with the nounting portion of an
aligner, and then, irradiating far ultraviolet rays or vacuumultraviol et
rays froma second major surface side of the optical mask, and 5 (f) the
step of reduction-projecting by neans of a projection optical systemthe
exposure |ight which has transmtted through the nmask substrate, whereby,
on a phot &5rB8tsEontpRtEs Midfothe fmowatkag opostiPRceLoRM  seni conduct or
integrated circuit wafer, the integrated 10 circuit ;pattern is

QO

transf er r e@ligneryhandndd@n ot 35T (BIrt WETEAERCLLTIEHYS g a

resist filmon a first _nmajor surface of a mask substrate, (b) the step of
deposi t i ngVacHiPe PLESRTEO SfoFfiked i TePm 13 $?¢ﬂ¥ﬂnm?ﬁ8rr§§§§? §1m (c) the
step of wiil489,3 Rhe Sp il Tasdk f% 21 ¢
5 (f) the step of reduction-projecting by means of a
projection optical system the exposure light which has
transmitted through the mask substrate, whereby, on a
photo resist film formed on a first major surface of a
semiconductor integrated circuit wafer, the integrated
10 circuit pattern ié transferred.
51. The invention comprises
(a) the step of depositing a resist film on a first
major surface of a mask substrate,
{b) the step of depositing a water—soiuble conductive
15 film oh the resist film,
(c) the step of writing a predetermined iﬁtegrated
circuit pattern on the resist film in the state in
which the water-soluble conductive film is grounded,
(d) the step of rémoving the water-soluble conductive
20 film by performing a developing treatment after the
step (c), and forming a light shielding pattern, which
comprises a resist film, on the first major surface of
the mask substrate,

(e) the step of holding the optical mask, which has

25 been fabricated through the foregoing steps (a) to
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circuit pattern on the resist filmin the state in which the water-soluble
conductive filmis grounded, (d) the step of renoving the water-sol uble
conductive 20 filmby perform ng a devel oping treatnment after thg l@t%ﬁ
(c), and formng a light shielding pattern, which conprises a r'gi ﬁlﬂ
on the first major surface of the mask substrate, (e) the step of hol ding
the optical mask, which has 25 been fabricated through the foregoing steps
(a) to .3 0 DEC 2003 (d), in the state in which the light shielding pattern
thereof is not contacted with the nounting portion of an aligner, and
then, irradiating far ultraviolet rays or vacuumultraviolet rays froma
second major surface 5 side of the optical mask,, and (f) the step of

gt i ch(PAE by ShEYsRRRE il s RSl Rou b bR e oG R T rbnt o
PhOLO 1851 SknbrbBe! QUTHAOR ol TR N f8EnpLadOpRRT oo o
Fiim whi chochRarrony ands cth. M FhatindTRaR! o) lafigndy' ST a0e
of a mask sgps{hehtm ﬁﬁkr%QQdﬁéHJgﬁ&éﬁﬁféﬁrﬁr§bégﬁd|ﬁgﬁbrsgﬁ?%yéglfi|”1t0
5 side of the optical mask, and '
(£) the step of reduction-projecting by means of a
projection optical system the exposure light which has
transmitted through the mask substraté, whereby, onto
a photo resist film formed on a first major surface of
10 a semiconductor integrated circuit wafer, the
integrated circuit pattern is transferred.
52. The invention comprises
(a) the step of depositing a light screening film,
which comprises a metal, on the whole of a first major
15 surface of a mask substrate,
| (b) the step of patterning the light screening film to
form a common light shielding pattern on the first
major surface of the mask substrate,
(c) the step of depositing a resist film on the whole
20 of the first major surface of the mask substrate after
the foregoing step (b), and
(d) the step of patterning the resist film, whereby a
light screening pattern for transferring an integrated-
circuit pattern onto an integrating circuit pattern

25 reqgion is formed on the first major surface of the
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forma common |ight shielding pattern on the first major surface of the
mask substrate, (c) the step of depositing a resist filmon the widl BEC 003
of the first major surface of the nask substrate after the foregoing step
"(b), and (d) the step of patterning the resist film whereby a 1ight
screening pattern for transferring an integrated- circuit pattern onto an
Integrating circuit pattern 25 region is formed on the first major surface
of the 3 0 DEC 2003 mask substrate. 53. The invention conprises (a) the
step of depositing a resist filmon a first nmajor surface of a mask
substrate and, thereafter, 5 patterning the resist film whereby a |ight
shielding pattern for formng an integrated circuit pattern is forned, .
(b) the step of depositing a phase shift filmon the first nmajor surface
of the mas %%SsﬁPgﬁErﬂF?er the 10 foregoing step (a), (c) the step of

di gging a groove in ,the phase shift filmso as to produce a phase

di fference %gtwﬁgﬁ tR¥enLLgRt CPRPS 1H§iSch have transmitted through the mask
substrat e, égb( on the nmpunting portion of an

! g% th% ste? gf nmoynt,i ng, | [
al i gner, the?opti'taf “HHsRIf @BPPEATLER St Fr SfFh-Sthef1lm on a first
major surface of a mask substrate and, thereafter,

5 patterning the resist film, whereby a light shielding
pattern for forming an integrated circuit pattern is
formed,

(b) the step of depositing a phase shift film on the
first major surface of the mask substrate after the

10 foregoing step (a),

(¢c) the step of digging a groove in the phase shift
film so as to produce a phase difference between the
light rays which have transmitted through the mask
substrate,

15 (d) the step of mounting, on the mounting pbrtion of
an aligner, the optical mask fabricated through the
foregoing steps (a) to (c), and then, irradiating far
ultraviclet rays or vacuum ultraviolet rays from a
second major surface side of the optical mask, and

20 (e) the step of reduction-projecting by means of a
projection optical system the exposure light which has
transmitted through the mask substrate, whereby, onto
a photo resist film formed on a first major surface of
a semiconductor integrated circuit wafer, the

25 integrated circuit pattern is transferred.
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foregoing steps (a) to (c), and then, irradiating far wultraviolet rays or
vacuumul traviolet rays froma second major surface side of the optical
‘mask, and 20 (e) the step of reduction-projecting by neans of a ph%jection

optical systemthe exposure |ight which has transmtted through tRd Bfs}0]
substrate, whereby, onto a photo resist filmformed on a first major
surface of a sem conductor integrated circuit wafer, the 25 integrated
circuit pattern is transferred. 3 0 DEC 2003 54. The invention conprises
(a) the step of depositing a resist filmon a first nmjor surface of a
mask substrate, and then, pattering this resist filmto forma halftone
pattern, which is 5 a pattern for form ng an integrated circuit pattern .
and has the function of causing a phase difference between the transmtted
light rays TRRwinvgnEhen campAdsey of the transnitted |ight rays than-
that of the light rays which have transmtted through the mask 10
substrate, (@) éhﬁa%?%@ of depatifgnanat mesdsintlilgn porta ofingtan al i gner
the optical_ mask fabgicated through the foregoing step (a), and then,

i rradiati nFHE SHEFESF oPEt 2 rB§SKoFubsETaReUl ither, rpgttérdmga 15

second nmmj Qr_.surface side of the optical _mask, and c) the step of
reduction{ '%ﬂﬁ??&ﬁ%ygh%%ngoosoﬁg a halftone pattérg, which is

5 a pattern for forming an integrated circuit pattern
and has the function of causing a phase difference
between the transmitted light rays and lowering the
intensity of the transmitted light rays than that of
the light rays which have transmitted through the mask

10 substrate,
(b) the step of mounting on the mounting portion of an
aligner the optical mask fabricated through the
fo;egoing step (a), and then, irradiating far
ultraviolet rays or vacuum ultraviolet rays from a
15 second major surface side of the optical mask, and
| (c) the step of reduction-projecting by means of a
projection optical system the exﬁosure light which has
transmitted through the mask substrate, whereby, onto
a photo resist film formed on a first major surface of
20 a semiconductor integrated circuit wafer.
55. The iﬁvention comprises
(a) the step of depositing a resist film on a first
major surface of a mask substrate, and then,
patterning this resist film to form a halftone pattern

25 which is a pattern for forming an integrated circuit
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projection optical systemthe exposure |light which has transmtted through
the mask substrate, whereby, onto a photo resist filmfornmed on ajmig tZME
maj or surface of 20 a sem conductor integrated circuit wafer. 55. "Th

i nvention conprises (a) the step of depositing a resist filmon a first
maj or surface of a mask substrate, and then, patterning this resist film
to forma halftone pattern 25 which is a pattern for formng an integrated
circuit 3 0 DEC 2003 pattern and has the function of causing a phase

di fference between the transmtted light rays and |lowering the intensity
of the transmtted light rays than that of the |ight rays which have
transmtted 5 through the nask substrate, (b) the step of using the

hal ft one pattern as an_ etchi ng mask, and diggin groovgs in the mask
substrat e PakpeEBdarfohashéns IHRCHHIRA ebY %Sgﬁ s BPffErence of the

transmtted |ight rays is adjusted, 10 (c¢)_the. st of _nounting on the
nmount i ng pBLEfEResreahetyeegn %rﬁ¥§ﬁﬁ$%€?eﬂn§kggngF¥§tEEdthrough t he

vacuam Ut 1ROPSRES £ SRSt cnthfef Ernan T oe8 LiaRtor AN opti cal
oK, oo LRah kA d B A A R LROhA08 BalBRIRl @ prolecton
5 through the mask substrate,
(b) the step of using the halftone pattern as an
etching mask and digging grooves in the mask substrate
exposed from therefrom, whereby the phase difference
of the transmitted light rays is adjusted,

10 (c) the step of mounting on the mounting portion of an
aligner the optical mask fabricated through the
foregoing steps (a) and (b), and then, irradiating far
ultraviolet rays or vacuum ultraviolet rays from a
second major surface side of the optical mask, and

15 (d) the step of reduction-projecting by means of a
projection optical systém the-exposure light which has
transmitted through the mask substrate, whereby, onto
a photo resist film formed on a first major surface of
a semiconductor integrated circuit wafer, the

20  integrated circuit pattern is transferred.

56. The invention comprises

(a} the step of depositing, on a first major surface
of a mask substrate, a phase adjusting film for
adjusting the phase of the transmitted light,

25 (b} the step of depositing a resist film on the phase
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transmtted through the mask substrate, whereby, onto a photo resist film
formed on a first major surface of a sem conductor integrated cir
waf er,

conprises (a) the step of depositing, on a first mgjor surface

substrat e,

the 20 integrated circuit pattern is transferred. 56. The

a phase adjusting filmfor adjusting the phase of the

transmtted light, 25 (b) the step of depositing a resist filmon

3 0 DEC 2003 adjusting film and then,

a halftone pattern, which is a pattern for formng an integrated

pattern and has the

transmtted light rays and lowering the intensity of the transmt
than that of the light rays which have transmtted through the mask
substrat e, adijeisttirey sfshm ofanditiger hepaskeradagpaitia resish L1iBhi ng mask
and shaving off the phase adjusting film 10 which is exposed fromthe

hal ft one pawmt diarm vihdialfene lgatipesmpuwhicdr iss poRAtPLEED £0Br edet er mi ned

t hi ckness,

wher eby the phase difference of the transmtted |ight

adj ust ed, (f@rming sarplotegpated ngloauike PASHIEM@ESbhaothe an

(c),

and tmﬂﬂcﬁkqnuﬁﬁu¢¢ﬁﬁ¥%ﬁ a phase difference between

5

10

15

20

25

transmitted light rays and lowering the intensity of

the transmitted light than that of the light rays

which have transmitted through the mask substrate,

(c) the step of using the halftone pattern as an
etching mask and shaving off the phase adjusting film,
which is exposed from the halftone pattern, wholly or
by an amount corresponding to a predetermined
thickness, whereby the phase difference of the
transmitted light rays'is'adjusted,

(d) the step of mounting on the mounting portion of an
aligner the optical mask fabricated through the
foregoing steps (a) to (c), and then, irradiating far
ultraviolet rays or vacuum ultraviolet rays from a
second major surface side of the optical mask, and

(e) the step of reduction-projecting by means of a
projection optical system the exposure light which has
transmitted through the mask substrate, whereby, onto
a photo resist film formed on a first major surface of
a semiconductor integrated circuit wafer, the
integrated circuit pattern is transferred.

57. The inwvention is constituted in such a manner-
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patterning this resist film to form
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function of causing a phase difference between the 5

ted |ight

rays is
15

al i gner the optical nmask fapricated through the foregoing sﬁeps (a) to



ultraviolet rays or vacuumultraviolet rays froma second major surface
side of the optical mask, and (e) the step of reduction-projecting by neans
of a 20 projection optical systemthe exposure |ight which has E]h

t hrough the mask substrate, whereby, onto a photo resist fl|ﬂ1f0 ﬂg@ RAIK
first major surface of a sem conductor integrated circuit wafer, the
integrated circuit pattern is transferred. 25 57. The invention is
constituted in such a manner. 3 0 DEC 2003 that, in the preceding |Item 54,
55 or 56, a light screening netal region is provided in the peripheral
portion of the first major surface of the mask substrate. 5 58. The

I nvention is constituted in such a manner that, in any one of the

o a0 | cabh3¥oo 1B BacEYing, R the 55 OFneSrn ettt | & conat o
to 57, 1 heSRETERAAG AebPL Hey %ﬁﬁ?%ﬂﬁe{iii g% SR RIS T but T ess
o B L i L
|ntegratedsﬁbggg eV|ce according to an enbodi nent
5 58. The invention is constituted in such a manner
that, in any one of the foregoing Items 50, 51 and 53
to 57, the wavelength of the exposure light is at
' least 100 nm but less than 250 nm.
59. The invention is constituted in such a manner
10 that, in any one of the foregoing Items 50, 51 and 53
to 57, the wavelength of the exposure light is at

least 100 nm but less than 200 nm.

BRIEF DESCRIPTION OF THE DﬁAWINGS
15 .Fig. 1A is a plan view of the optical mask used
“-in the method of manufacturing a semiconductor
integrated circuit device according to an embodiment
of the present invention, Fig. 1B is a sectional view
taken along the line A-A in Fig. 1A, and Fig. 1C is a
20 sectional view of the essential part of the optical
mask, showing the state in which the optical mask
shown in Fig. 1A and 1B is mounted on a predetermined
apparatus.
Fig. 2A to Fig. 2C are sectional views of the

25 essential part during manufacturing steps of the
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of the present invention, Fig. 1B is a sectional view taken along the line
A-Ain Fig. 1A and Fig. 1Cis a 20 sectional view of the essential part of
the optical nmask, showi ng the state in which the optical mask sh@@{C 003
Fig. 1A and 1B is nounted on a predeterm ned apparatus. Fig. 2Ato Fig. 2C
are sectional views of the 25 essential part during manufacturing steps of
the 3 0 DEC 2003 optical mask shown in Fig. 1. Fig. 3 is a graph showing
the spectral transmissivity of a typical electron beamresist film Fig.
4 is a sectional view of the essential part 5 of a sem conductor wafer,
wherein the photo resist pattern transferred onto the sem conductor wafer

by the useypiiddie mpik cehowRsknsheyn in Fig. 1, is synbolically shown.
Fig. 5 is an explanatory diagram of a reduction 10 projection exposure

system Fig. 6 i ¥Fiygsextional grap shovhfgeshenspakbtpant of the
sem conductor wafer during a manufacturing step for the manufacture of a
sem conducttransm g ot ey cof cai tydéeateeldbtliog béans reessiecd ifOilah. vi ew of
the essential part of the sem conductor wafer during the step, which
foll ows the step Bimwt iis R gsedtiénalt Wéewandf &beuessential part
5 of a semiconductor wafer, wherein the photo resist
pattern transferred onto the semiconductor wafer by
the use of the optical mask shown in Fig. 1, is
symbolically shown.
Fig. 5 is an explanatory diagram of a reduction
10 projection exposure system.
Fig. 6 is a sectional view of the essential part
of the semiconductor wafer during a manufacturing step
for the manufacture of a semiconductor integrated
circuit device.
15 Fig. 7 is a sectional view of the essential part
of the semiconductor wafer during the step, which
follows the step shown in Fig. 6, for the manufacture
of the semiconductor integrated circuit device.
Fig. 8 is a sectional view of the essential part
20 of the semiconductor wafer during the step, which
follows the step shown in Fig. 7, for'the manufacture
of the semiconductof integrated circuit device.
Fig. 9 is a sectional view of the essential part

of the semiconductor wafer during the step, which

25 follows the step shown in Fig. 8, for the manufacture
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of the sem conductor integrated circuit device. Fig. 8 is a sectional view
of .the essential part 20 of the sem conductor wafer during the s88df(wvifidich
follows the step showmn in Fig. 7, for the manufacture of the sem conductor
integrated circuit device. Fig. 9 is a sectional view of the essential part
of the sem conductor wafer during the step, which 25 follows the step shown
in Fig. 8 for the manufacture 3 0 DEC 2003 of the sem conductor integrated
circuit device. Fig. 10Ato Fig. 10C are sectional views of the essential
part during manufacturing steps for the manufacture of the optical mask
according to another 5 enbodi nent of the present invention. Fig. 11Ato
Fig. 11C are sectional views of the essential part during manufacturing:

oL eps Tor N R BRI ao ob SRR et A gt S| another
according Lo i1 anolggreSTROdI Rk, 8L d Nl MBS Pll L0 48815 2
T2a and i ¢oaohFlabofrbs e Be, Bnhgr dn b A G BB B s Toount e
on a predenﬁ%ﬂﬂfﬁ@%ufgpéfaiﬁé'optical mask according to another

5 embodiment of the present invention.

Fig. 11A to Fig. 11C are sectional views of the
essential part during manufacturing steps for the
manufacture of the optical mask according to still
another embodiment of the invention.

10 Fig. 12A is a plan view of the optical mask
according to still another embodiment of the
invention, Fig. 12B is a sectional view taken along
the line A-A in Fig. 12A, and Fig. 12C is a sectional
view of the essential part of the optical mask shown

15 in Fig. 12A and Fig. 12B, showing the state in which

| the optical mask is mounted on a predetermined
apparatus.

Fig. 13A and Fig. 13B are flow charts showing
the steps of manufacturing the optical mask shown in

20 Fig. 12.

Fig. 14A and Fig. 14B are sectional views of the
essential part during manufacturing steps for the
manufacture of the optical mask shown in Fig. 12.

Fig. 15A is a plan view of the optical mask

25 according to still another embodiment of the present
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Fig. 13A and Fig. 13B are flow charts show ng the steps of manufacturing
the optical mask shown in 20 Fig. 12. Fig. 14A and Fig. 14B are sectional
views of the essential part during manufacturing steps for the

manuf acture of the optical mask shown in Fig. 12. Fig. 15A is a pl ah D&l &003
of the optical mask 25 according to still another enbodi nent of the present
3 0 DEC 2003 invention, and Fig. 15B is a sectional view of the essential
part of the optical nmask shown in Fig. 15A, showing the state in which the
optical mask is nounted on a predeterm ned apparatus. 5 Fig. 16 is an

expl anat ory di agram whi ch shows the optical mask hol di ng neans when a
predeterm ned pattern is witten on an optical mask. Fig. 17Ais a

sectional yiew of the essential art of the,optical mask according to
still anot RBVENEE°BH 3dmdkI ‘ofl‘:’[EEeLEI rﬁ/e‘?ﬁ?foﬁ?gﬁb'ldvléfa& °§7§(iﬁes a sectional

et O e Santl Al DAl L O L% OLLERLpo SRS lioRg e bt [0
wel o naveHRAZR L) A LR PR SKEL 08 R 13 ol o0
secti onal Xhegspggd%Q%rmined apparatus.

5 Fig. 16 is an explanatory diagram which shows
the optical mask holding means when a predetermined
pattern is written on an optical mask.

Fig. 17A is a sectional view of the essential
part of the'optical mask according to still another

ia¢ embodiment of the invention, and Fig. 17B is a
sectional view of the essential part of the optical
mask, showing the state in which, when exposure
treatment is carried out, the exposure light rays
which have transmitted through the respective portions

15 of the optical mask shown in Fig. 17A are phase-

-inverted.

Fig. 18A to Fig. 18 C are sectional views of the
essential part during manufacturing steps for the
manufacture of the optical mask shown in Fig. 17.

20 Fig. 19A is a sectional view of the essential
part of the optical mask according to still another
embodiment of the invention, and Fig. 19B is a
sectional view of the essential part of the optical
mask shown in Fig. 19A, showing the state in which the

25 exposure light rays which have transmitted through the
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essential part during manufacturing steps for the manufacture of the
optical mask shown in Fig. 17. 20 Fig. 19A is a sectional view of the
essential part of the optical mask according to still another eridogh[n#d}
of the invention, and Fig. 19B is a sectional view of the essential part
of the optical mask shown in Fig. 19A, showing the state in which the 25
exposure light rays which have transmtted through the 3 0 DEC 2003
respective portions of the optical nask are phase- inverted. Fig. 20Ais a
sectional view of the essential part of the optical mask according to
still another 5 enbodinent of the invention, and Fig. 20B is a sectional
view of the essential part of the optical mask shown in Fig. 20A, show ng

the state |fedfbChibBCnoRXRBRLT 81 tHY JV/ Y nfds e pRASALL L €0 L hrough

the respecti portlo e opti cal are phase 10 1 nverted. Fig.
21Ais a SQE&&QP?%dVIeM/Of the essential part of the optical mask
according to st another enbodi nent of the invention, and Fig. 21Bis a

secti onal V|em/ofF£§e §§§GEE'§|5EE%Hd%HT mgé%:g%rgﬁgﬁégggﬁtﬂglstep for the
manuf acture of the optical nmask shown In Fig. 21A Fig. 22A is a sectional
of the essgij@lopatheObptical mask according to still another
5 embodiment of the invention, and Fig. 2OBlis a
sectional view of the essential part of the optical
mask shown in Fig. 20A, showing the state in which the
exposure light rays which have transmitted through the
respective portions of the optical mask are phase-
10 inverted.

Fig. 21A is a sectional view of the essential
part of the optical mask according to still another
embodiment of the invention, and Fig. 21B is a
sectional view of the essential part during.a

15 manufacturing step for the manufacture of the optiéal
mask shown in Fig. 21A.

Fig. 22A is a sectional of the essential part of
the optical mask according to still another embodiment
of the invention, and Fig. 22B is a sectional view of

20 the essential part during a manufacturing step for the
manufécture of the optical mask shown in Fig. 22B.

Fig. 23A to Fig. 23D are sectional views of the
essential part during manufacturing steps for the

manufacture of the optical mask according to still

25 another embodiment of the invention.
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the optical mask according to still another enbodi nent of the invention,
and Fig. 22B is a sectional view of 20 the essential part during a
manufacturing step for the manufacture of the optical nask shomm ﬁ[ﬁt%
22B. Fig. 23A to Fig. 23D are sectional views of the essential pr
manuf acturing steps for the manufacture of the optical mask accordlng to

still 25 another enbodi nent of the invention. 3 0 DEC 2003 Fig. 24A is a
sectional view of the essential part of the optical mask according to
still another enbodinent, and Fig. 24B is a sectional view of the

essential part of the optical mask shown in Fig. 24A, 5 showing the state
in which the optical mask is nmounted onto a predeterm ned apparatus.

DESCRI PTI ON OF T@@{g@;&e?%t;l\@ggﬁ on§ Vﬁ Bgm Vi n%sa%det ail ed

description of the nven erns used in

oo Sor t pARD AL ANS LA cal | AREKO BB dg e PRV SRORHELSSE TRANS @

maj or surface of sem uctor wa

cor.r espondighg, lﬁéﬁﬁ%ﬁ%L”éﬂdtf f Ebbpl eg'%%%&fﬁﬁé¥rqiew

Qb
photol i thogra 'St conduct or i Ategr &t Cl rcui X??enlconductor

|t egr at ed il fa 5 YPSHE B E) RS oaemanfmw HREET i Sﬁfbcoﬂﬁk{‘“ or

substrate) neans
5 showing the state in which the optical mask is mounted

onto a predetermined apparatus.

DESCRIPTION OF THE PREFERRED EMBODIEMNTS

Before giving a detailed description of the

10 present invention, the meanings of some terms used in
the present application will first be explained.

1. Device surface means a major surface of a
semiconductor wafer, on which a device pattern
corresponding to a plurality of chip regions is formed

15 by photolithography.

2. Semiconductor integrated circuif wafer
(semiconductor integrated circuit substrate) or
semiconductor wafer (semiconductor substrate) means a
menocrystalline silicon substrate (generally, in an

20 approximately plane, circular shape), a sapphire
substrate, a glass substrate or another insulating,
semi-insulating or semiconducteor substrate or a
composite substrate comprising them, which is used for .
the manufacture of a semiconductor integrated circuit.

25 3. Organic SOG (Spin On Glass) is generally an
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nmonocrystalline silicon substrate (generally, in an 20 approxi mately

pl ane, circular shape), a sapphire substrate, a glass substrate or ﬁqEEWﬁﬁ
-insulating, sem-insulating or sem conductor substrate or a conpoé
substrate conprising them which is used for the manufacture of a

sem conductor integrated circuit. 25 3. Organic SOG (Spin On G ass) is
generally an 3 0 DEC 2003 interlayer dielectric filmmterial which is
formed in such a manner that a high-nolecular resin in which various

or ganof uncti onal groups are bonded to a siloxane polyner or a copol yner
prepared fromsil oxane 5 pol yner and anot her nononer is dissolved in a

sol vent and spin-coated on a sem conductor wafer. In general, the organic

SOG has t hq ffredtiuyer hefel sk ke £ RARE R aUNGHIMY QNI K93 £hacks are
hard to be caused™ therein after its curing, so that the organlc OG film

10 can be fQred sRiBYdRitRAE CX. hf@@&ﬁol@@th&a@e‘éuﬁ'ﬂrPWhﬁzﬁer les
interlayer filmmterials, there are sone which are fornmed into filns by

the CVD (Creifiedls o\ﬁmomwﬁam)grau ¥hareetboided HPrper is mentioned,
an etching 15 stopper whose etching selectlve ratio to the concerned

et ching st gfpexdrd rpobpﬂelerofllagf@dspd:ﬁymef:egﬁ:@@a&@d( IfrcaReFL Idxd$e MENt i Oned
that the etching selective ratio IS X, it nmeans that the
etching rapelymek iand another monomer is dissolved in a solvent
and spin-coated on a semiconductor wafer. In general,
the organic SOG has the feature that, unlike in case
of the inorganic S0G, cracks are hard to be caused
therein after its curing, sco that the o;ganic S0G film
10 can be formed somewhat thick. Among the organic
siloxane series interlayer film materials, there are
some which are formed into films by the CVD (Chemical
Vapor Deposition).
4. When etching stopper is mentioned, an etching
15 stopper whose etching selective ratio to the concerned
etching stopper film is 4 or higher is referred to (in
case it is mentioned that the etching selective ratio .
of A to B is X, it means that the etching rate of A is
X, and the etching rate of B is 1). As etching
20 stopper films, coated stopper films and the like are
also included.
5. Masking layers generally means resist films
but, here, include inorganic masks, non-photosensitive .
organic ﬁasks and the like, too.

25 6. When “light screening region”, “light
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X, and the etching rate of Bis 1). As etching 20 stopper filns, coated
stopper films and the like are also included. 5. Masking |ayers generally
nmeans resist filnms but, here, include inorganic nmasks, non-photose?ﬁhkﬁﬁﬁj

organi c masks and the like, too. 25 6. Wen "light screening region
"light 3 0 DEC 2003 screening film or "light shielding pattern" is
mentioned, it indicates that the above-nentioned region has the optical

characteristic that, of the exposure light irradiated to the region, |ess
than 40%is allowed to transmt through the region. In general, what

all ows 30% or | ess of the exposure light to transmt through the region is
used. On the other hand, when "transparent” and "trgpsparent filnl are
mentioned, PELPRBIBEtES R hAF HHdTS P ﬁiglflﬁé”&ptteﬁfgpléﬁ%ﬁ%{%?‘?%tic

t hat, of the_exanure Iigh% irrgdiaged to the concerned reg%g%? 60% or
more is al | ohkd BBLERRAS Tt 2FhFBEgRCPY S TR CgenEFal & IrAt 90% or

f h irradiated light to.t it through jt i d. 7.
"Reci St pat t8PhsCibars BFF P phtFer fiadbt inGae By BALEE A

oot osensiL1 Ve pgas, Ll pLBYeLhgocl! ARG aRRA LEMLANG, LS o o

such resist “pafter _ _ ning at-all wth
respect to the portion,eanegrprd 18,3030 I pgl uded.

general, what allows 30% or less of the exposure light to
transmit through the regicn is used. On the other hand,
when "transparent” and "transparent film" are mentioned,
it indicates that the film has the optical characteristic
that, of the exposure light irradiated to the cbncerned
region, 60% or more is allowed to transmit through it. 1In
general, what allows 90% or more of such irradiated
exposure light to transmit through it is used.

7. "Resist pattern" means a film pattern obtained
by patterning a photosensitive organic film by the
lithography technique. In addition, as such resist
pattern, a mere resist film which has no opening at all
with respect to the portion concerned is also included.

8. The pattern surface of a mask is divided into
the following regions: The region in which the integrated
circuit pattern transferred is disposed "integrated
circuit pattern region", the region coveredwith apellicle

"pellicle-covering region",

- 44 -



8. The pattern surface of a mask is divided into the follow ng regions:
The region in which the integrated circuit pattern transferred is di sposed

"integrated circuit pattern region", the region covered with a qgithhﬁ&
"pellicle-covering region”, 3 0 DEC 1003 the pellicle-covering re er

than the integrated circuit pattern region "peripheral region oi t he
circuit pattern”, the external region covered with no pellicle "peripheral
region", the inner region of the 5 peripheral region in which an optical
pattern is formed "inner peripheral region", and the other _pOFEIOﬂ of the
peri pheral region mhich is used for vacuum suction or the like "outer

peri pheral region". 9. In the field of sem conductors, ultraviolet 10 rays

about 400" ik BURSht i%%} -k 'a%teate%%ymrﬂ“@%‘csﬁ?éﬁt t“%ﬁ'séﬁ%%?if EQS‘Q
r ultraviole
rgbgh P:;g ﬁ%%?%gkgﬁ§%§8 eng%%lggg %ﬂh 3?%%#%ﬁ?°ﬁ|5 8{ Lh?R 388 Rm
ol oos are EarEG BAERSERL L PR o?&%#r%és 2 SHBeteentsh o%ot e 7
o E5o0 of PSR RobeRcr T B g SOPFREJEATLH b2 LR8 vooum
5 peripheral region in which an optical pattern is
formed "inner peripheral region”, and the other
portion of the peripheral region which is used for
vacuum suction or the like “outer peripheral region”.
9. In the field of semiconduqtors, ultraviolet
10 rays are divided as follows: Ultraviolet rays which
have a wavelength less than about 400 nm but higher
than about 50 nm are called ultraviolet rays, rays
which have a wavelength of 300 nm or higher are called
near ultraviolet rays, rays having a wavelength less
15 than 300 nm but higher than 200 nm are called far
ultraviolet rays, and rays which have a wavelength 200
nm or less are called vacuum ultraviolet rays. Main
embodiments of the present invention have been
described with respect mainly to the vacuum
20 ultraviolet range with a wavelength of 200 nm or less,
but, if alteration is made as described with reference
to the following embodiments, then it is a matter of
course that the présent invention is applicable even
in case of the far ultraviolet range based on an KrF

25 excimer laser having a wavelength less than 250 nm but
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but, if alteration is made as described with reference to the follow ng
enbodi nents, then it is a matter of course that the present invention is
“appl i cable even in case of the far ultraviol et range based on a K%E &b
exci mer | aser having a wavel ength | ess than 250 nm but 3 0 DEC 23@§] ié r
than 200 nm Further, it is also possible to apply the principle of the
present invention even to the shortest wavel ength end range of the
ultraviolet rays having a wavel ength | ess than 100 nm but higher 5 than
50 run. 10. Wien "netal™ is mentioned concerning the nmask |ight-screening
material, chromum chromum oxide and sim|lar conmpounds of other netals
are neant; and, froma w der viewoint, single substances, 10 conpounds, .

and conposifigghahi €Ragaghocamt ai ?ué‘tﬁék?' iteligmtsArgbdaysla thght
screening function are also included. 11. "Hal ftone mask"” is a kind of

phase shiftappepktR@dphaacaphal bifordesiddsint ninbeésbibReebanl@nsnm ssivity
of the halftone filmserving as a shifter and also as a |ight screening

filmis at tieasihotbebttwheesehbdh 40% argngbeoghase liddawiwuet ther eof
as conpared with the portion in which no halftone shifter inverts the
phase of theaysghavirg a2waVedeaqtdn legze yimsel 6hi fh Baskhiighex ki nd
5 than 50 nm.
10. When “metal” is mentioned concerning the

mask light-screening material, chromium, chromium

oxide and similar compounds of other metals are meant;

and, from a wider viewpoint, single substances,

10 compounds, and composites which each contain a metal
element and have a light screening function are also
included.

11. "Halftone mask” is a kind of phase shift
mask and has a halftone shifter in which the

15 Transmissivity of the halftone film serving as a
shifter and also as a 1ight screening fiim is at least
1% but less than 40%, and the phase shift amount
thereof as compared with the portion in which no
halftone shifter inverts the phase of the light.

20 12. “Levenson type phase shift mask” is a kind
of phase shift mask constituted in such a manner that
the phases of openings adjacent to each other but
separated from each other by a light screening region
are inverted with respect to each other, so that, by

25 the interference action thereof, a clear picture is
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of phase shift mask constituted in such a manner that the phases of

~openi ngs adj acent to each other but separated from each ot her %[kl%g@
'screening region are inverted with respect to each other, so tha@ ﬁ

the interference action thereof, a clear picture is 3 3 DEC 2003 i ntended
to be obtained. In the follow ng enbodi ments, description wll be nmade, if
requi red, by dividing each enbodinent into a plurality of sections or
enbodi ments for 5 conveni ence's sake, but,-unless particularly specified,
they are not irrelevant to each other; but each is in a relationship of
being a nodification of a part or the whole of the other or a detailed or
suppl enentary expl anation of the other. 10 Further, in the foll ow ng
enbodi ment sinttendedeto obergbealhagd.t o t he nunber and the |ike (|nclud|ng
the nunber of individual elenents, nunerical value, anount, range, etc.)
of elenents, the Imventi follewing ehbaﬂﬁménta,tHESﬁniﬁﬁidhrwmbEr, but can

be nore or 15 less than the specific nunber, unless otherwi se specified
and except Homadesesifucbqairede bgsdiwtidiag idadis eisadimenyi ¢wref the
principle that limtation is nade to a specific nunber. Further, in the
fol | owi ng entmidirehity ¢f $echiols omt embodfimemtrsefdihat the constitutional
elenen%s convenience’s sake, but, unless particularly
specified, they are not irrelevant to each other; but
each is in a relationship of being a modification of a
part or the whole of the other or a detailed or
supplementary explanation of the other.
10 Further, in the following embodiments, in case
of referring to the number and the like (including the
number of individual elements, numerical value,
amount, range, etc.) of elements, the invention is not
limited to the specific number, but can be more or
15 less than the specific number, unless otherwise
specified and except for cases such as the case where
it is clear in view of the principle that limitation
is made to a specific number.
Further, in the following embodiments, it is a
20 matter of course that the constitutional elements
(including the element steps etc.) of the embodiments
are not always indispensable unless otherwise
specified and excepting cases such as the case where

it is considered that, in view of the principle, the

25 constitutional elements are clearly indispensable).
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(including the el enent steps etc.) of the enbodinents are not always

i ndi spensabl e unl ess otherwi se specified and excepting cases sucgwm$gfmq
case where it is considered that, in view of the principle, the 25
constitutional elenents are clearly indispensable). 3 9 DEC 2003 Sim larly,
in the foll ow ng enbodi nents, when the shape, the positional rel ationship,
etc. of a constitutional element are referred to, those which are
substantially approximate or simlar to the 5 particular shape and the |ike
are included unless otherw se specified and excepting cases such as the
case where it is nsi,dered, .in view of the principle, that it is clearly
not so. The sane %gpﬁ&aéﬁgPiéQ'g%%ﬂfQ¥;?Wkﬂ%b@W%0®%menbﬁedWh&mericaI val ue
and range. %Qngﬁgggr,t en seq%con uctor integrated circuit device is
referred to I n thé-present BPecifitat iberationstipe BECeonsi dered t hat not

only device : m_gondugt or_or_ipsul ator substrate such as a
silicon ma?g?s%é%gégﬁﬁﬁﬁeégﬁﬂﬁq t%??wr?£k5¥? etoputhaseowhich TFT

(Tin-Fi |l m Tgagsi t | ce. made on _anpfher insulating substrate
made of gl ass SEEEQEEH%Q%ll?%ﬁgﬁ#*ﬁ&?@%ﬁafﬁﬁnﬁfmb ari bdi Bherystal or the

how e Gescl pe L 1 dor Bt Che Bherte o Bl EaeH gt o W11 20
otherwise specified and excepting cases such as the
case where it is considered, in view of the principle,
that it is clearly not so. The same thing applies
also to the above-mentioned numerical value and range.

10 Further, when semiconductor integrated circuit
device is referred to in the present specification, it
is to be considered that not only device made on a
semiconductor or insulator substrate such as a silicon
wafer, a sapphire substrate or the like, but also a

15 TFT (Tin-Film-Transistor) and the device made on
another insulating substrate made of glass such as STN
(Super-Twisted-Nematic) liquid crystal or the like are
also included.

The embodiments of the present invention will

20 now be described in detail on the basis of the
drawings. In all the drawings for explaining the
embodiments, the elements which have the same
functions are referenced by the same reference
numerals and symbols, whereby the repetition of the

25 description thereof is omitted. Further, in the
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draﬁﬁngs. In all the drawi ngs for explaining the enbodinents, the elenents
whi ch have the same functions are referenced by the sane reference

nuneral s and synbols, whereby the repetition of the 25 descriptiongﬂgﬁt%qﬁ
is omtted. Further, in the ~ 3 0 DEC 7A enbodi nents of the invention,

p- channel type M SFET (Metal Insulator Sem conductor Field Effect
Transistor) will be abbreviated to pMS, while an n- channel type M SFET
will be abbreviated to nMS. 5 Enbodinent 1. Fig. 1A is a plan view of the
photo mask used for the nethod of manufacturing a sem conductor
integrated circuit device according to an enbodi nent 10 of the invention,
Fig. 1B is a sectional viewtaken along the line A-Ain Fig. 1A and Fig.
1Cis a seemboddmentanof tHhe jthaint 1G5k shpwBhbAnEl1dtybd MiGpeH 9. 1B,
showi ng the state in which the photo mask is nounted og a predetermned °

appar at us. THetBlokasulRtidmeenitvdriducidr argepdopirgedtf or easi er
understanding of the description, but not forned in the actual product.

The phot o nBERN$RALOgIcatidilng e @hbrev fabedi tenpMIE,i §ha leehinc!e. f or

i maging and transferring onto a
channel type MISFET will be abbreviated to nMIS.

Embodiment 1:

Fig. 1A is a plan view of the photo mask used
for the method of manufacturing a semiconductor
integrated circuit device according to an embodiment

10 of the invention, Fig. 1B is a sectional view taken
along the line A-A in Fig. 1A, and Fig.'lc is a
sectional view of the photo mask shown in Fig. 1A and
Fig. 1B, showing the state in which the photo mask is
mounted on a predetermined apparatus. The broken

15 lines 'in Fig. 1A are provided for easier understanding

 of the description, but not formed in the actual
product.

The photo mask 1PAl according to this Embodiment
1 is a reticle for imaging and transferring onto a

20 semiconductor wafer the original picture of a
semiconductor integrated circuit pattern, which is for
example five times as large as the actual dimensions,
through a reduction projection optical system or the
like; this reticle is used in a projection aligner

25 using as a light source vacuum ultraviolet rays such
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20 sem conductor wafer the original picture of a sem conductor integrated
circuit pattern, which is for exanple five tines as |large as thg}ﬁftgg

'di mensions, through a reduction projection optical systemor th '

this retlcle is used in a projection aligner 25 using as a |ight source
vacuum ul travi ol et rays such 3 QED L~03 as, e.g., a argon fluoride (ArF)
excimer |aser beam (with a wavel ength of 193 nm or a fluorine gas (F2)
| aser beam (with a wavel ength of 157 nm. A nask substrate |a constituting
this photo mask 5 1PAl1 conprises, for exanple, a transparent synthetic
quartz glass or the like fornmed into a square shape. The region surrounded
by the innernost broken line in Fig. 1A shows the above-nentioned

integrated &%$rceig.,pat aegon duor.iden (Ais) i @tegmatedaserCpelhmpattern 10
region, a light shielding pattern Ib for transferring the integrated

circuit patteibhoatwanedengtonddctlon nmef erx arflﬁoslﬁébgds nget)y 1, the
i ght shielding attern b is forned of a resist film The structura
detai | s suckA%ertheamafwith aawdvelengticloessSdfnmhis 15 resist filmwill
be described later. The region lying outside this integrated circuit
pattern region |sAt%%Sbe$ﬂbﬁ§rateréglGmnﬂtnﬂutxm@thlsEphOﬁaeﬂathegrated
circuit pattern. O this peripheral region, the region surrounded by the
br oken 2 1PAl comprises, for example, a transparent synthetic
quartz glass or the like formed into a square shape.
The region surrounded by the innermost broken line in
Fig. 1A shows the above-mentioned integrated circuit
pattern region. 1In this integrated circuit pattern
10 region, a light shielding pattern 1lb for transferring
the integrated circuit pattern onto a semiconductor
wafer. In this Embodiment 1, the light shielding
pattern 1lb is formed of a resist film. The structural
details such as the material and the thickness of this
15 resist film will be described later.

The region lying outside this inteérated circuit
pattern region is the peripheral region of the above-
mentioned integrated circuit pattern. Of this
peripheral region, the region surrounded by the broken

20 line outside the integrated circuit pattern region is
the region corresponding to the above-mentioned inner
peripheral region, where a mark pattern 1lmr for
detecting the information of the photo mask 1PAl is

formed. In this Embodiment 1, this mark pattern lmr

25 is also formed of the above-mentioned resist film. As
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20 line outside the integrated circuit pattern region is the regiﬁn
correspondi ng to the above-nentioned i nner peripheral region, whab 8EG 10er K
pattern Int for detecting the information of the photo mask 1PAl is
formed. In this Enbodinment 1, this mark pattern 1nr 25 is also fornmed of

t he above-nentioned resist film As 3 0 DEC 2003 this mark pattern 1nr,
there are, for exanple, an aligning mark and a calibrating mark used for
the photo mask manufacture. The aligning mark is a mark wused for making
the alignnment between the photo nmask 5 1PAl1 and an inspection equi pnent or
an aligner so that the aligning mask inspect the position of the photo
mask | PAl at the time of nounting the photo nmask | PAl  onto "predeterm ned
appar at us ofhifeMagkp@atitarn daqur premereratéap abrgagamphert gy . the

calibrating 10 mark is a mark used for neasuring the msalignnment, the
shape st at e3dLIPABIpHAT Rnst & e Jpkttrat ing rmask ensedcEvradhe The mark
attern Inmr js a pattern which is not transferred onto the sem conduct or
p " p i : -
waf er. Fur t RBPTO: R@ske gagm fagtiy eout Sihde aldigningenarki5ipesi phekal regi on
is the above-nﬁntioned outer peripheral region through which, at the tine
of rmounti ngSEHe IPR0ME kkisk threaRr ldrgnmentidhetweren pohei pho2ootaishke
I nspectd on | pmrent_or,the aligner, the photo mask 1PAl cones into direct
pecty o FBKL IS - -
cont act> Wi t ) Lﬁﬁihﬁspectlon equipment or an aligner so that
the aligning mask inspect the position of the photo
mask IPAI at the time of mounting the photo mask IPAI
onto “predetermined apparatus of the inspection
equipment or the aligner. Further, the calibrating
10 mark is a mark used for measuring the misalignment,
the shape state of the pattern or the pattern transfer
accuracy. The mark pattern lmr is a pattern which is
not transferred onto the semiconductor wafer.
Further, the region lying outside this inner
15 peripheral region is the above-menticned outer
peripheral region through which, at the time of
mounting the photo mask 1PAl onto a mounting portion 2
of the inspection equipment or the aligner, the photo
mask 1PAl comes into direct contact with the mounting
20 portion 2. In this Embodiment 1, a pattern forming
resist film is not formed in the outer peripheral
region. If a resist film is formed in this outer
peripheral region, then, when the photo mask 1PAl is

mounted onto the inspection equipment or the aligner,

25 the above-mentioned resist film is peeled off or
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20 portion 2. In this Enbodinment 1, a pattern formng resist filmis not
formed in the outer peripheral region. If aresist filmis formed in this
‘outer peripheral region, then, when the photo mask 1PAl is nnuni@ﬂgf?mﬁ
the inspection equipment or the aligner, 25 the above-nentioned resi | m
is peeled off or 3 0 DEC 2003 shaven off, as a result of which foreign
matters are produced; but, in this Enbodinment 1, no resist filmis forned
in the outer peripheral region, so that inconveniences such as the
peeling-off of the resist 5 filmdue to nechanical shocks and the _
production of foreign matters could be prevented. As the nmounting porthon
2, a nmounting portion with a vacuum hol ding nechanismis shown by way of

I f t ture of the |
gﬁg{ﬂ; ?rasEeB]?iP%@tghgiv(\ﬁnPﬁg ?grgggl@ab@oq’ﬂl e%cﬂﬁé%n W{:&?gsagﬁom In Fig.

2A, a nmask mrdwiced s bat, CQHthib“En@oHﬁ&P@rfntnéyPéQ%tCffﬂ;ﬁxrt%5 t hen

substrate wth a thickness of, e.g, about 6 mmis prepared,

as shown i nfdimed 28h theesusbrf pbﬂiaﬁéwlcfké?ffon}@op{@&e”'es of

absorbing vacuumultraviol et rays such as .g., an Ar xcimer | aser beam
or an F, |asmnberiencseapphiRdasvehet pRaMiglf s & feiRe rsyikace of the

mask substrate | a by the spin-coat
5 film due to mechanical shocks and the production of
foreign matters could be prevented. As the mounting
portion 2, a mounting portion with a vacuum holding
mechanism is shown by way of example.
/" Next, an example of the method for the
10 ;ﬁanufacture of the photo mask 1PAl shown in Fig. 1
will be described.

First, as shown in Fig. 2A, a mask substrate 1la
comprising a transparent synthetic quartz substrate
with a thickness of, e.q, about 6 mm is prepare&, and

15 then, as shown in Fig. 2B, a resist film_lR which has
the properties of absofbing vacuum ultraviolet rays
such as, e.g., an ArF excimer laser beam or an F,

- laser beam is applied over the whole of a major

surfacé of the mask substrate la by the spin-coat

20 method or the like. This resist film 1R is a resist
film which is sensitive to an electron beam. Here, a
novolac series resist film was formed to a thickness
of, e.q., about 150 nm.

Subsequently, as shown in Fig. 2C, the light

25 shielding pattern 1b and the mark pattern lmr each
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20 nethod or the like. This resist film1lRis a resist filmwhichis
sensitive to an electron beam Here, a novolac series resist filﬁlﬁﬁf
formed to a thickness of, e.g., about 150 nm Subsequently, as s 8 i 2803
Fig. 2C, the light 25 shielding pattern |b and the mark pattern |int each
3 Q DEC 2003 conprising a resist filmwere forned by the same nethod as
the method of formng a desired pattern in an ordinary photo nmask

manuf acturing process. Here, a neasure to counter the charging of the

el ectron beam 5 which will be described | ater, was taken. Further, the
peri pheral portion of the photo mask 1PAlL will serve as a portion
contacted with the projection aligner, so that the resist filmwas

renoved; ang 3 f ekgn tterg.due to the 10 ;
peel i ng- of f (c))?lb?ﬁ%ls{{#;\% ng- oﬁﬁgfﬁfrﬁew%géi E?W?’Enﬁk’aih%%t ed. For this’
resist fil muék ! @H e lm SHRP | f Q. ., a copol yner of
a- met hyl styl engogng%a%rﬁcﬁlmor oacr;ﬁcf%g#gn%vgﬁg&%ﬁ&iﬂ?%%&% ne

di azi de, 15aﬂOMQH§%a&95bhd¥Bjd&gQ”H%ﬁﬁgsgﬁﬁffﬁgéé&%%%%%ﬂgép%%qmnﬁified

chl oronet hyl at ed pol yStyl ene was used. A So-ca | .
Mo a  phenel Fesihoor aHa fthe RhaRoLdy ' OF BRG M2 B, 11O TN
5 which will be described later, was taken. Further,
the peripheral portion of the photo mask 1PAl will
serve as a portion_contacted with the projection
aligner, so that the resist film was removed; and
thus, the occurrence of foreign matters due to the
10 peeling-off or the shaving-off of the resist film was
prevented.

For this resist film IR, a material composed
mainly of, e.g., a copolymer of a—methylstylene and oa-
chloroacrylic acid, novolac resin and quinine diazide,

15 novolac resin and polymethyl pentene-l-sulfone, or
chloromethylated polystflene was used. A so-called
chemically amplified resist composed by incorporating
an inhibitor and an acid generating agent into a
phenol resin or a novolac resin can be used. As the

20 material of the resist film IR used here must have a
light screening characteristic with respect to the
light source of the projection aligner and also have
the characteristic of having sensitivity to the light

source of the pattern lithography system, in the photo

25 mask manufacturing process, such as, €.g., an electron
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20 material of the resist filmIR used here nust have a |ight screening
characteristic with respect to the light source of the projectio @t&%mﬁr
and al so have the characteristic of having sensitivity to the IiS%
source of the pattern |lithography system in the photo 25 nask

manuf acturing process, such as, e.g., an electron 3 0 DDEC 2003 beam or
light with a wavel ength of 230 nmor higher; the material of the resist
filmIRis not limted to the above-nmentioned materials but can be
variously altered. Further, the filmthickness is not [imted 5 to 150
rim either, but can be a value which can satisfy the above-nentioned
condition. Fig. 3 shows the spectral Transmi ssivity of a typical electron

beam resi stbéahnor! Nigate vt YRRRANSEL T & ﬁ?@igﬁoﬁrahﬁgﬁgk%c series.
nm Tts

resin is 10 fornmed into a filmthi ckness” of about 1

transni ssi vihg inateppadxiofatdle) Fa Gstats a1 neve! 80hbt Qﬁni%ea- tobout 150
to 230 nm the electron beam resist filmexhibits a surticient nask effect

with respechetabareAmEneXein®e nlasafi DEaABwEtdag M@V%E%hglﬁ_fz of 193 run,
an F. laser beamwi th a wavel ength of 157 nm and the Iike. re, vacuum

ul travi ol etaltgsedi t Furtharel ehet Hidh 200 0kNews |@ssae €1 arpteyed, but the
present invention is not limted to this. As the nask material for the KrF
exci merd | aske 150 nm, either, but can be a wvalue which can
satisfy the above-mentioned condition.
Fig. 3 shows the spectral Transmissivity of a
typical electron beam resist film. In case a
polyphenol series resin or a novolac series resin is
10 formed into a film thickness of about 100 nm, its
transmissivity is approximately zero at a wavelength
of, e.qg., about 150 to 230 nm; the electron beam
resist film exhibits a.sufficient mask effect with
respect to an ArF excimer laser beam with a wavelength
15 of 193 nm, an F, laser beam with a wavelength of 157
-nm, and the like. Here; vacuum ultraviolet rays with

a wavelength of 200 nm or less are employed, but the

present invention is not limited to this.

As the mask material for the KrF excimef-laser
20 beam or the like with a wavelength of 248 nm, it is
necessary to use other material or to add an absorbing
agent into the resist film. Further, after the light
shielding pattern 1b and the mark pattern 1lmr
comprised of a resist film are formed, it is effective

25 to subject the resist film to a so-called hardening
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20 beamor the like with a wavel ength of 248 nm it is necessary to use
other material or to add an absorbing agent into the resist film_ Further
“after the light shielding pattern |b and the mark pattern 1nr cdfdifl <8t
of aresist filmare fornmed, it is effective 25 to subject the resist film
to a so-called hardening 3 0 DEC 2M treatnent perforned by addi ng a heat
treatnent step or powerfully irradiating ultraviolet rays previously, for
t he purpose of enhancing the resistance to the exposure light irradiation.
Further, for the purpose 5 of preventing the oxidation of the resist film
It is also effective to keep the pattern surface in an atnosphere of an

I nert gas such as, e.g., nitrogen (N.). Further, as the pattern witing.of

t he reSISttf@dﬂmedﬁﬁ S Yrhde E%egéﬁﬂﬂ bSaHbWEIHﬁ%ﬁ#ﬂgﬁéﬂéiiéhSEBO am of

pattern witing by uItraV|oIet ys mnt a wavel

hi gher canp@mml@pﬁfﬁhlgﬂfn Stﬁ)lft&v%lbﬁerﬁ'i;%s% rB{fﬁ%On lies in

using the "resist fi'lmdirectly as he mask and providing a ractically

usabl e masloyt R Wirpdife G i é&gﬂlyncﬁﬁ?léhéhge%\é@a@ﬁﬁ hd e screened,

the resist materi al and t he mask subsirate material, other wavel engths and
nmaterial s @Expodhy@ heigieedirfydideisge ofutthérphebe ERekpuPpbsd he pattern

was transferred by a reduction projection exposure
5 of preventing the oxidation of the resist film, it is

also effective to keep the pattern surface in an
atmosphere of an inert gas such as, e.g., nitrogen
(N;). Further, as the pattern writing of the resist
film, not only the electron beam writing but also the

10 pattern writing by ultraviolet rays with a wavelength
of, e.g., 230 nm or higher can also be épplied. The
spirit of the present invention lies in using the
resist film directly as the mask and providing a
practically usable mask structure. Accordingly, as

15 the wavelength to be screened, the resist material and

' the mask substrate material, other wavelengths and
materials may also be used. ////
By the use of this'photo mask 1PAl, the pattern

was transferred by a reduction projection exposure

20 system. As the projection light of the reduction
projection exposure system, an ArF excimer laser beam
with a wavelength of, e.g., about 193 nm was used; the
numerical aperture NA of the projection lens was for
example about 0.68; the coherence ¢ of the light

25 source used was for example 0.7. On the semiconductor
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20 system As the projection |ight of the reduction projection exposure
system an ArF exciner |aser beam wth a wavel ength of, e.g.,]@EpEULI93 nm
was used; the nunerical aperture NA of the projection | ens was for

exanpl e about 0.68; the coherence a of the light 25 source used was for
exanple 0.7. On the sem conductor 3 9 DEC HO3 wafer which would be used as
a projected substrate, an ordinary positive resist filmwith a sensitivity
to ArF was forned to a thickness of, e.g., about 300 nm The alignnent
bet ween the reduction projection 5 exposure system and the photo mask 1PAl
was made by detecting the mark pattern 1nr fornmed on the photo mask 1PA1l.
For this alignnment, a heliumneon (He-Ne) |aser beamw th a wavel ength of,
e.g., 633 rvaf®es whiel. wbuddt bet hised tawe arpro pattednsubstranst,i tanf ed 10 of
a resist filmhas no light screening effect, and. thus, the contrast

bet ween t heoTdHRArvhpeR1kave resdsm thidon rhrttugh séeshikipgt tern | nr and
the light which has transmtted through the light transmtting portion
cannot be obtRivied. formed ftReastdiicknesd igfht 9bgai aheutdd@lonm.he mark
pattern Int_was detected. As a result, as shown in Fig. 4, the

seni conductBre | #1 LGRBERE Prtween pae aedusttidn preiechisoR 1PAL was
projected onto a major surface (first major surface) of a sem conductor
waf er §§ an%XQQﬂ?ﬁﬁrﬁyﬁESF and the photo mask 1PAl was made by

detecting the mark pattern lmr formed on the photo
mask 1PAl. For this alignment, a helium-neon (He-Ne)
laser beam with a wavelength of, e.g., 633 nm was
used. Due to this, the mark pattern lmr constituted

10 of a resist film has no light screening effect, and
thus, the contrast between the light which has
transmitted through the mark pattern lmf and the light
which has transmitted through the light transmitting
portion cannot be cobtained. Thus, the scattered light

15 at the edge of the mark pattern lmr was detected. As

. a result, as shown in Fig. 4, the semicohductor

integrated ciréﬁit pattern on the photo mask 1PAl was
projected onto a major surface (first major surface)
of a semiconductor wafer 3, and ordinary heat

20 treatment and developing steps were carried out to
form a resist pattern 4. As a result, approximately
the same pattern transfer characteristic was obtained
as in the case of using a photo mask (hereinafter

referred to merely as the photo mask) formed on a mask

25 substrate by the use, as a light shielding pattern, of
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20 treatnent and devel oping steps were carried out to forma requEEzgm
pattern 4. As a result, approxinmately the sanme pattern transfer
‘characteristic was obtained as in the case of using a photo mask
(hereinafter referred to nmerely as the photo mask) fornmed on a mask 25
substrate by the use, as a light shielding pattern, of 3 0 DEC 2003 5 a
metal filmsuch as, e.g., chromnum (Cr). The resist pattern 4 could be
formed with a depth of field in which for exanple, at 0.19 m and a
| i ne-and-space of 0.19 nn could be formed with a focal depth of 0.4 m
Fig. 5 shows an exanple of the reduction projection exposure system used
for this exposure treatnent. The exposure light emtted froma |ight -
source 5a of mévealeflitmi suchr aggcte.eqn exyinsuiasy st@m) 10 Brérradi ates the
photo mask 1PAl through a fly's eyes |ens 5b, irradiation shape adjusting
aperture 5Scresistopatheen HeosaddSihe fadferhdvitimia rdepbR. ofhifsiefi@ot o mask
| PA1 is placed in the state in which the major surface (first major
surface) onimtwithchhfoti ghampIeshiatl di.ng pat,t @and i fiieesndssgheect ed
downward (toward the sem conductor wafer 3 side). Therefore, the
above- nent iohedl. BXpos wreuld ghe fermedadilidhed ffoamal tdephilmckfsocface (second
maj or surface) side of the
5 pm .
Fig. 5 shows an example of the reduction
projection exposure system used for this exposure
treatment. The exposure light emitted from a light
source 5a of the reduction projection exposure system
10 5 irradiates the photo mask 1PAl through a fly’s eyes
lens 5b, irradiation shape adjusting aperture 5c, a
condenser lenses 5dl1, 5d2 and a mirror 5e. This photo
mask 1PAl is placed in the state in which the major
surface (first major surface) on which the liéht
15 shielding pattern is formed is directed downward
(toward the semiconductor &afer 3 side). Therefore,
the above-mentioned exposure light is irradiated from
the back surface (second major surface) side of the
photo mask 1PAl. By so doing, the mask pattern
20 written on the photo mask 1PAl is projected through a
projection lens 5f onto the semiconductor wafer 3
which is a sample substrate. On the first major
surface of the photo mask 1PAl, a pellicle lp for
preventing a defective transfer of the pattern due to

25 the attachment of foreign matters is provided in some
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phdto mask -1PAl. By so doing, the mask pattern 20 witten on the photo mask
1PAl is projected through a projection lens 5f onto the sem conductor
wafer 3 which is a sanple substrate. on the first nmjor surfacqgfhgiﬂ@
photo mask 1PAl, a pellicle 1p for preventing a defective transf %e
pattern due to 25 the attachment of foreign matters is provided in sonme 3 0O
DEC 2003 cases. The photo mask 1PAl is vacuum sucked onto a mask stage 5h
controlled by a mask position control neans 5g, and aligned by a position
detecting neans 5i, whereby the center of the photo mask 1PAl1 and the 5
optical axis of the projection lens 5f are accurately aligned. The
sem conductor wafer 3 is vacuum sucked onto a sanple stand 5). The sanple
stand 5] i scgdeged Then pht ctmaek SkPabi db vacmwalse ked tdrecdigecti on of
the optical axis of the projection lens 5f, that is, 10 in the Z-axis
direction, mask t$eageshhgeobkrodlpdabyd a masin pos stibme SomtFbd Z st age 5k
and the XY stage 5m’" are driven by respective driving nmeans 5pl, 5p2 in
response t A&k ro¥, confnAddghednby @aipesddritamoldetsyat bmy Smeand can
therefore be noved to a desired 15 exposure position. The position is
accur at el y ToniWRRERLY byhg rgsserpedcitdicomhgitst arask nbtal and the the
positign of a mrror 5q fixed to the z stage 5k. Further, as the position
detectﬁnglﬁﬁﬁﬁp axys of the projection lens 5f are accurately
aligned. The semiconductor wafer 3 is vacuum-sucked
onto a sample stand 5j. The sample stand 5j is placed
on a Z stage 5k which is movable in the direction of
the optical axis of the projection lens 5f, that is,
10 in the Z-axis direction, and the Z stage 5k is placed
on an XY stage 5m. The Z stage 5k and the XY stage 5m
are driven by respective driving means 5pl, 5p2 in
response to control commands from a main control
system 5n and can therefore be moved to a desired
15 exposure position. The position is accurately
monitored, by a laser precision-~distance meter 5r, as
the position of a mirror 5q fixed to the z stage 5k.
Further, as the position detecting means 5i, an
ordinary halogen lamp for example is used. 1In other
20 words, 1t is not necessary to use any special light
source for the position detecting means 5i (it is not
necessary to introduce any novel technique or
difficult technique anew), but a known reduction
projection exposure system can be used. Therefore,

25 The costs of the products manufactured by the use of
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ordinary hal ogen | anp for exanple'is used. In other 20 words, it is not
necessary to use any special light source for the position detecting.
nmeans 5i (it is not necessary to introduce any novel technique oryj EC 2003
difficult technique anew), but a known reduction projection exposur%
system can be used. Therefore, 25 The costs of the products manufactured by
the use of 3 0 DEC 2003 the photo mask 1PA1 on which the light shielding
pattern is forned of a resist filmare not increased. Next, the case where
the technical concept of the present invention is applied to the process
of 5 manufacturing a sem conductor integrated circuit device which has,
for exanple, a twn well type CMS (Conplinmentary MS) circuit wll be .
descri bed byhéhphotisematkFilgal 6nt whdciritthe 6Lighe skiélanay vi ew of the
essential part 10 of the sem conductor wafer 3 during a step for the ‘
manuf act ur epatbherrois Themsdnbdorduetsarstwaff EIm Jareonpt.i saerehgedexanpl e, a
pl ane and approxi mately circular sem conductor thin-plate. A sem conductor
substrate 3s consWéxu: i hiyet hessewheaedddteort ewdireic gl ISonoapti s€s f or
exanpl e n-type Si single-crystal, and, above the sem conductor wafer 3,
for exanpl eth@ pregent 6nV§n&lpmN¥ﬂ &npkw&dftﬂrmnb pnockssnodel | 6n, for
exanple phosphorus or As, which is an n-type inpurity,
manufacturlng a semiconductor integrated circuit
device which has, for example, a twin well type CMIS
(Complimentary MIS) circuit will be described by the
use of Figs. 6 to 9.
Fig. 6 is a sectional view of the essential part
10 of the semiconductor wafer 3 during a step for the
manufacture thereof. The semiconductor wafer 3
comprises, for example, a plane and approximately
circular semiconductor thin-plate. A semiconductor
substrate 3s constituting the semiconductor wafer 3
15 comprises for example n-type Si single-crystal, and,
above the semiconductor wafer 3, for example an n-well
6n and p-well 6p are formed. In the n-well 6n, for
example phosphorus or As, which is an n~type impurity,
is introduced. Further, in the p-well 6p, for example
20 boron, which is a p-type impurity, is introduced.
on a major surface (first major surface) of this
semiconductor substrate 3s, an isolating field oxide
film 7 is formed by the LOCOS (Local Oxidization of
Silicon) method or the like. The isclating portion

25 may be formed in a groove shape. In other words, by
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I's introduced. Further, in the p-well 6p, for exanple 20 boron, which is a
p-type inpurity, is introduced. On a major surface (first major Syﬁpgf?%30f
this sem conductor substrate 3s, an isolating field oxide film

formed by the LOCOS (Local Oxidization of Silicon) nethod or the |ike. The
I solating portion 25 may be forned in a groove shape. In other words, by 3
0 DEC 2003 burying an-insulator filminto a groove dug in the thickness
direction of the sem conductor substrate 3s, the isolating portion may be
formed. In an active region surrounded by this field 5 oxide film7, an

nM SQn and a pM SQ are forned. The gate oxide filnms 8 of the nM SQn and
pM SQpo each, conprises for exanple a silicon oxide film which is forned
by the therHﬁFYgBBdépréﬁﬁﬂ%QFﬁf(ﬁlkmmﬁthea greevRedugt Aa glwee el ectrodes

9 of the n M and tggF;O pM SQo_are each_fornmed in such a manner that a
gate form hIFKPRSEMIFESHED r W geRicordeEaFssubssrate 3s,

pol ycrystalline.silican is deposited hy the CVD nethod or the |ike, and
t hen, . t he thh? &EBE?%P@@'HQ Lo ®agf RRY BERR- phot ol i t hogr aphy t echni que

the photo mask 1PA BR02FRA e GaR) GEHORPdedat HOsS FAdEn not
particyarl ¥, sqe ETMECY, W nlgh S0 sl QT a PR qP PO O 18 PM A

gate oxide films 8 of the nMISQn and pMISQp each
comprises for example a silicon oxide film, which is
formed by the thermal oxidation method or the like.
Further, the gate electrodes 9 of the nMISQn and the

10 PMISQp are each formed in such a manner that a gate
forming film comprising, for example, low-resistance
polycrystalline silicon is deposited by the CVD method
or the like, and then, the thus deposited film is
formed by the photolithography technique using the

15 above-mentioned reduction projection exposure system 5

~ and the photo mask 1PAl and the ordinary etching

technique. Though not particularly so limited, the
gate length is, for example, about 0.18 um. A
semiconductor region 10 of the nMISQOn is formed in a

20 self~aligning manner with respect to the gate
electrode 9, by introducing, for example, phosphorus
or arsenic into the semiconductor substrate 3S by the
ion implantation method or the like using the
electrode 9 as a mask. Further, a semiconductor

25 region 11 of the pMISQp is formed in a self-aligning
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sem conductor region 10 of the nMS is fornmed in a 20 self-aligning
manner with respect to the gate electrode 9, by introducing, for exanple,
-phosphorus or arsenic into the semiconductor substrate 3S by the WdrJEl 2003
i mpl antation nethod or the like using the electrode 9 as a mask. Further, a
sem conductor 25 region 11 of the pMSQ is forned in a self-aligning J O
EEC 2003 nanner with respect to the gate electrode 9 by introducing for
exanpl e boron into the senm conductor substrate 3s by the ion inplantation
met hod or the |I|ike using the gate electrode 9 as a mask. However, 5 the
gate electrode 9 is not limted to the formation of, e.g., a single
substance filmof |owresistance polycrystalline silicon, but the

f ti de. 9, i | i fi - f le,

Lhere oy Hardier 96ith FeSEEEPIEQOLhe WALOWTALaMId | hE: o0 XA
t hats i4.i.Ci . { t Lligi bal t

TPl go gt rddUELAF £6Y Chushiflle, BBroh Surd WIS b RUOAGRAFRDT CODR 1

there can @dﬂ%é¥%ég¢§§yﬁ€tgPé??§ﬁlEﬁglﬁgyé€§§§”m HdigtyE e pRt ai ned in

such a manner that a 15 m Such as, ., tuhgstén rs provided on a

T Soch, 20, W8 421 JAEE BLLLESRAL TLDNOMALE, BN AL poncct o

5 the gate electrode 9 is not limited to the formation
of, e.g., a single substance film of low-resistance
polycrystalline silicon, but the formation of the gate
electrode 9 is variously modifiable; for example,
‘there may be employed a so-called polycide structure

10 obtained in such a manner that a silicide layer such
as, e.g., tungsten silicide or cﬁbalt silicide is
provided on a low-resistance polycrystalline silicon
film; or there can also be employed a so-called
polymetal structure obtained in such a manner that a

15 metal film such as, e.g., tungsten is provided on a
low-resistance polycrysﬁalline silicon film through a
barrier conductor film such as, e;g., titanium nitride
or tungsten nitride.

First, on such semiconductor substrate 3s, an

20 interlayer dielectric film 12 comprising for example a
silicon oxide film is deposited by the CVD method or
the like as shown in Fig. 7, and then, on the upper
surface of the interlayer dielectric film 12, a
polycrystalline silicon film is deposited by the CVD

25 method or the like. Subsequently, the polycrystalline
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First, on such sem conductor substrate 3s, an 20 interlayer dielectric film
12 conprising for exanple a silicon oxide filmis deposited by the CvD
method or the like as shown in Fig. 7, and then, on the upper su}l Be 208
the interlayer dielectric film212, a polycrystalline silicon filmis
deposited by the CVv/D 25 nethod or the |ike. Subsequently, the
polycrystalline 3 0 DEC 2003 silicon filmis patterned by the
phot ol i t hography techni que using the above-nentioned reduction projection
exposure system5 and the photo mask 1PA1 and the ordinary etching
techni que, and thereafter, an 5 inpurity is introduced into a predeterm ned
region of the polycrystalline silicon filmthus patterned, whereby

TGS 10k BeeR, RO IR AL Bhe ALEELLDBa AR (0 Fi 0. 8
db h
Com 1L A AN e LS ORI 1T o

S0 11 m bhoIBauael kigalhes dbaif Horfd ERodppbRackARle B fons of the

sem conduc regi ons 15 wring 13L, b

phot ol i t hoghaphye! 8¢dInA ‘é%dHiﬁéjf?éﬁﬁWEuée”&h&“%ﬁe H&drOn 4Yf O] ection
exposure system5 and thé photo sk TPAL: Flrther ter a ‘metal film
conprisi ngihphre%gmalse idtHIdusRd Adt®ra §Predetermined reglon of
the polycrystalline silicon film thus patterned,
whereby wirings 13L and a resistor 13R are formed.
After this, as shown in Fig. 8, on the semiconductor
substrate 3s, an SOG (Spin On Glass) film 14
10 comprising for example a silicon oxide film is
deposited by the coating method or the like; and then,
in the interlayer dielectric film 12 and the SOG film
14, connecting holes 15 are bored so as to expose
portions of the semiconductor regions 10, 11 and the
15 wiring 13L, by the photolithography technique using
._the above-mentioned reduction projection éxposure
system 5 and the photo mask 1PAl. Further, after a
metal film comprising for example aluminum {(AL) or an
AL alloy is deposited by the sputtering method, this
20 metal film is patterned by the photolithography
technique and the ordinary etching technique using the
reduction projection exposure system 5 and the photo
mask 1PAl and the ordinary etching technique, whereby |

a first layer wiring 16L1 is formed as shown in Fig.

25 9. After this, a second layer wiring is formed in the
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AL alloy is deposited by the sputtering nethod, this 20 netal filmf £C 2003
patterned by the photolithography technique and the ordinary etchrﬁa
technique using the reduction projection exposure system5 and the photo
mask 1PAl and the ordinary etching technique, whereby a first |ayer wring
16L1 is forned as shown in Fig. 25 9. After this, a second layer wiring is
formed in the 3 0 DEC 2003 sane nanner as in case of formng the first

| ayer wiring 16LI, thus manufacturing a sem conductor integrated circuit.
Thus, according to this Enbodinent 1, for 5 exanple the follow ng effects
can be obtained: (1). The light shielding pattern | b and the mark pattern
liar on the photo nask 1PAl are constituted of a resist film whereby the

netal fil mselnehinghsdepad oin ¢9581 68 Ebemlinghtehehifel it ppétern and the.
step of 10 renoving the resist filmused as a etching nask used for the °

metal fil mwdtrchigidl 65ei, behwelgigdfaduariag Ghisemitddhd@®mbAact uring costs of
the photo mask | can be reduced. Further, the accuracy of the pattern

di mensi ons imtdagmatpbtairmaskt 1PAL1 can be enhanced. 15 Further, the defects
on the photo mask 1PAl can be decreased. (2). Since the various patterns
conprising a redlmsts,fidanardimptterokidedmbodtimentr dgi ofvwof t he

5 example the following effects can be obtained:

(1). The light shielding pattern 1lb and the mark
pattern lmr on the photo mask 1PAl are constituted of
a resist film, whereby the metal film etching step for
forming the light shielding pattern and the step of

10 - removing the resist film used as a etching mask used
for the metal film etching can be deleted. Due to
this, the manufacturing costs of the photo mask 1 can
be reduced. Further, the accuracy of the pattern
dimensions on the photo mask 1PAl can be enhanced.

15 Further, the defects on the photo mask 1PAl can be

 decreased.

(2). sSince the various patterns comprising a
resist film are not provided in that region of the
outer periphery of the photo mask 1PAl with which the

20 mounting portion 2 of the inspection equipment or the
aligner is contacted, it becomes possible to prevent
the occurrence of foreign matters due to the peeling-
off or shaving-off of the above-mentioned resist film
on the photo mask 1PAl when the photo mask IPAI is

25 mounted onto the inspection equipment on the aligner
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outer periphery of the photo mask 1PA1 with which the 20 nounting portion 2
of the inspection equipnent or the aligner is contacted, it becones

. possible to prevent the occurrence of foreign natters due to the peeling-
of f or shaving-off of the above-nentioned resist film on the phdf@Firdsi
1PA1 when the photo mask I PAl is 25 nmounted onto the inspection equi pnent
on the aligner 3 0 DEC MJ3 doe to nechani cal shocks. (3). Due to foregoing
Item (2), the deterioration in the inspection accuracy and the
deterioration in the transfer accuracy of the exposure 5 patterns due to

t he peeling-off and shaving-off of the photo mask 1PAl can be prevented.
(4). Due to foregoing Item(2), it beconmes possible to present the

occurrencegek homlectdbitdl sigf@eds and open-circuit defects between thé
patterns 10 on the sem conductor wafer 3 due to the peeling-off and the -

shaving-of f of theyeyud dd |BAYd NG PPEER (IRSkehBAL. (5). Due to

foregoing Items (1) to (4), it becones possible to enhance the reliability
of the, I1HetemieaHidOrin NtIreiSsestist heday¥aey ahl) tHaie to foregoing

items (2) to (4), the manufacturing yield of the Sem conductor integrated
circuit dedetesicaathioreniangesl.transfer accuracy of the exposure
5 patterns due to the peeling-off and shaving-off of the
photo mask 1PAl can be prevented.

(4). Due to foregoing Item (2), it becomes
possible to present the occurrence of short-circuit
defects and open-circuit defects between the patterns

10 on the semiconductor wafer 3 due to the peeling-off
and the shaving-off of the resist film on the photo
mask 1PAl.

(5). Due to foregoing Items (1) to (4), it
becomes possible to enhance the reliability of the.

15 semiconductor integrated circuit device.

(6). Due to foregoing Items (2) to (4), the

manufacturing yield of the semiconductor integrated

circuit devices can be enhanced.

20 Embodiment 2:
This Embodiment'z is identical with foregoing
Embodiment 1 except that the method of manufacturing
the photo mask 1PAl differs from that of Embodiment 1.
In case of manufacturing the above-mentioned

25 ordinary photo mask, when the resist pattern used as
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20 Enbodi nent 2: This Enbodinment 2 is identical with foregoing %5q§£i nt
| except that the nethod of manufacturing the photo nmask 1PAl difflars om
that of Enbodinent 1. In case of manufacturing the above-nentioned 25

ordi nary photo mask, when the resist pattern used as 3 0 DEC 7003 an
etching mask for patterning the netal filmfor formng the |ight shielding
pattern is formed by an electron beamwiter or the like, the static
electrification by the electrons produced at the time 5 of perform ng

el ectron beamwiting can be prevented by which the netal filmfor formng
the light shielding patternis electrically connected to the earth.
Accordingly, it is not necessary to perform electrification preventing .
treat nent. ad dfovieireg , maskchse phtrennfiacgt whengateel afiole-forenti oned photo
mask 1PAl according to the present invention, when a pattern is fornmed on
the resi st fladmng Ry 1hghtisehdelding eattrt@rrbasn formed Hprafiorming the
light shielding pattern, the electrons irradiated 15 are cut off from
escape si ncdadtromsikesmberites ba thed ke r ddiststfatic IR are al i ke
insulators; and thus, they are charged to adversely affect the formation
of the reglmcatfbeationeby the elghtromselngiadpged tatnfhe time

5 of performing electron beam writing can be prevented
by which the metal film for forming the light
shielding pattern is electrically connected to the
earth. Accordingly, it is not necessary to perform
electrification prevenﬁing treatment.

10 However, in case of manufacturing the above-
mentioned photo mask 1PAl according to the present
invention, when a pattern is formed on the resist film
IR by the use of an electron beam writer for forming
the light shielding pattern, the electrons irradiated

15 are cut off from escape since the mask substrate la
and the resist film 1R ére alike insulators; and thus,
they are charged to adversely affect the formation of
the resist pattern (i.e., the light shielding
pattern).

20 Thus, according to this Embodiment 2, the photo
mask is manufactured in the following manner for
example:

First, as shown in Fig. 10A, a transparent
conductive film 17 is deposited on the mask substrate

25 la. As the transparent conductive film 17, an ITO
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20 Thus, according to this Enbodi nent 2, the photo nmask is nmanufactured in
the followi ng manner for exanple: First, as shown in Fig. 10A, %
transparent conductive film17 is deposited on the nask subst rad8 DER5NY,.
As the transparent conductive film17, an ITO3 0 DEC HO3 (indium- tin
oxide) filmcan be used for exanple. This transparent conductive film 17
need not be processed. The reference nuneral 18 denotes the earth.
Subsequently, as shown in Fig. 10B, on this 5 transparent conductive film
17, the above-nentioned resist filmI1lR is provided by coating as in case
of foregoing Enbodiment 1. the transparent conductive film17 is
electrically connected to the earth 18. After this, as shown in Fig. 10C

“predet er mi T‘SlecﬂinIﬂ)a-i_t teimsoxide) | kot sAhebdl nGeRRIASF Netdingd, t he mask
pattern 1nr) are witten on the resist film1R by the use of the electron

beam wri t erchilsh s Fesent a€6RAdEBEvEOfi RS 1FMREIEINdt et he el ectrons
irradiated to the nask substrate |la are allowed to 15 escape to the earth

18 t hr ough privedssatbpamied refuhteride entiméal71 8Adenotesulthe i t becones
possi ble to suppress inconveniences such as the deterioration in shape of

t he resi st egattther nSabdeguendsi t iamadhowhi 1h Hilg.t d0Bhe o3t athis
electrification by the
5 transparent conductive film 17, the above-mentioned
resist film 1R is provided by coating as in case of
foregoing Embodiment 1. the transparent conductive
film 17 is electrically connected to the earth 18.
After this, as shown in Fig. 10C, predetermined
10 patterns (the light shielding pattern 1lb and the mask
pattern 1lmr) are written on the resist film 1R by the
use of the electron beam writer. In this case,
according to this Embodiment 2, the electrons
irradiated to the mask substrate la are allowed to
15 escape to the earth 18 through the transparent
" conductive film 17. As a result, it becﬁﬁes possible
to suppress inconveniences such as the deterioration
in shape of the resist pattern and the positional
shift due to the static electrification by the
20 electrons. In this way, the photo mask 1PA2 is
manufactured.
Further, the following method may alternatively
be adopted. First, after the mask substrate la is

prepared as shown in Fig. 11A, the resist film 1R is

25 provided by coating, as shown in Fig. 11B, on a major
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20 el ectrons. In this way, the photo mask I1PA2 is manufactured. Further,
the followng method may alternatively be adopted. First, after the mask
substrate la is prepared as shown in Fig. 11A the resist film 1R 3IEIE57]
provi ded by coating, as shown in Fig. 11B, on a mgjor 3 0 DEC 20, 03 surface
of the mask substrate la as in case of foregoing Enbodi nent 1.
Subsequently, according to this Enbodi nent 2, a water-soluble conductive
organic film19 is coated on the resist film1R As the 5 water-sol uble
conductive organic film19, for exanple ESPACER (manufactured by Showa
Denko K. K.) AQUASAVE (rmanufactured by Mtsubishi Rayon Co., Ltd.) or the

| i ke was usert-faAfd eof tthes,maskt Hebstabeei NaWhisCh nt keysavaiser - sol ubl e
conductive organic film19 is 10 electrically connected to the earth 18, .

the above- fimsregaitell Emisad fmenbehm vilis gaénedy featcvaaigar kiged out.
After this, at the tinme of developing the resist film the water-soluble
conduct i ve Wrigarfimpddimen® Jasa wateredolBpleheocadace-inentdapadisret hod, the
static 15 electrification by the el ectron beamcould be prevented, and

i nconveni edfddd it Hisascadkedbporbpei rgsish €hape 18f. the pakterns and the
positional shift of the patterns could be prevented. The photo mask 1PA3

i s mandf actdtEF 5P huh ke vegnductive organic film 19, for example

ESPACER (manufactured by Showa Denko K.K.) AQUASAVE
(manufactured by Mitsubishi Rayon Co., Ltd.) or the
like was used. After this, in the state in which the
water-soluble conductive organic film 19 is

10 electrically connected to the earth 18, the above-
mentioned electron beam writing treatment was carried
out. After this, at the time of developing the resist
film, the water-soluble conductive organic film 19 was
removed. By the above-mentioned method, the static

15 electrification by the electron beam éouid be
preveﬁted, and inconveniences such as the abnormality
in shape of the patterns and the positional shift of
the patterns could be prevented. The photo mask 1PA3
is manufactured in this way.

20
Embodiment 3:

In this Embodiment 3, a light screening region

constituted of a metal film is provided in the
vicinity of the outer periphery of a mask substrate

25 constituting a photo mask, and openings are provided
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20 Enbodinent 3: In this Enbodinment 3, a light screening region
constituted of a netal filmis provided in the vicinity of the outer
periphery of a nmask substrate 25 constituting a photo mask, and openi ngs
are provided 3 9 DEC 2D33 in the |light screening region, whereby an nes 2003
informati on detecting pattern for reading the information of the p%ﬁto
mask concerning, e.g., the above-nentioned aligning mark, the calibrating
mark, etc. Except for 5 this point, Enbodinent 3 is identical with '
foregoing Enbodinents 1, 2. Fig. 12 shows a concrete exanple of the photo
mask according to this Enbodinent 3. Fig. 12Ais a plan view of the photo
mask, Fig. 12B is a sectional 10 view taken along the line A-A and Fig. -

12C is a_ secidranalig s detienppls: BRskuneRatn A o &l Alf 18, which the

phot o mask shown in g. 12A and Fi g: noanted on a pré rm ned

apparatus. detdt ind=Hactdbit 1dr Pehlighl $hechdeBnRAlA he Iond! 1 oMt

screening netal region) is is formed in“the vicinity of the er periphery
of a maj or pthAGRsK cond@skinybsElgle LReCARBILLIEMY 1ot 0 mask 1PA4.

This light shielding pattern-lc conpiises a netal film such as, e.g.,
chrom um (@Ligaithg s ethe "c& PhAALing mark, etc. Except for
5 this point, Embodiment 3 is identical with forégoing
Embodiments 1, 2.
Fig. 12 shows a concrete example of the photo
mask according to this Embodiment 3. Fig. 12A is a
plan view of the photo mask, Fig. 12B is a sectional
10 view taken along the line A-A, and Fig. 12C is a
sectional view of the photo mask, showing the state in
which the photo mask shown in Fig. 12A and Fig. 12B is
mounted on a predetermined apparatus.
In this Embodiment 3, a light shielding pattern
15 {(light screening metal region) lc is formed in the
vicinity of the outer éériphery of a major surface of
a mask substrate la constituting a photo mask 1PA4.
This light shielding pattern lc comprises a metal film
such as, e.g., chromium (Cr) and is formed in a plane
20 frame shape with a width, along the vicinity of the
outer periphery of the mask substrate la so as to
surround the above-mentioned integrated circuit
pattern region of the mask substrate la. The region

in which this light shielding pattern 1c is formed

25 corresponds to the peripheral region, i.e., the inner
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20 frame shape with a width, along the vicinity of the outer periphery of
‘the mask substrate la so as to surround the above-nentioned inte@mgg§9m%
‘circuit pattern region of the mask substrate la. The region in which this
i ght shielding pattern is is forned 25 corresponds to the peripheral
region, i.e., the inner 3 3 DEC 2003 peripheral region and the outer
peripheral region, of the integrated circuit pattern of the
above-nentioned photo nask 1PAl. By the way, in this Enbodinment 3, a mark
pattern 5 1ma which has the sane function as the above-nentioned mark
pattern Inr is forned in a portion of this light shielding pattern 1c.

Her e, however,. the rk pattern. 1lma is fornmed by light transmtting
regi ons boﬂﬁfﬁéhe t??ﬁ%?%fa?ﬂethﬁgﬁPt§ﬁiQQE%ﬁ§ﬁ£§ieﬁ$B+%nrNBfe 10
specifically, LQﬁE?arktgfttern Ilma is forne a manner that

f in h
portions o FHRHEH Y rﬁ%ﬁﬁ%%?tﬁ??ﬁ&r“tﬁg:qq513 e mblpaetern 1c are

renmoved to ?%R%§e t.h nsparent nmask substrate |a |ying beneath.
Accordingl?,l' ek fment 3, in case the aligner 15 described in

connection with E.g. .5 i.s used, ji.n.othe wor ds, .in _case .that such an
al i gner as uses ?ﬁgg‘&ﬁ A8 e ogfdht | EW%OSWH Pirk& A% RAYLSFRi on

e 50 g VB RIP L IR | 22l PunbREofONY e Unodd'Sudd 8L8nlll o Nas
mark pattern Imr is formed in a portion of this light
shielding pattern lc. Here, however, the mark pattern
lma is formed by light transmitting regions bored'in
portions of the light shielding pattern lc. More

10 specifically, the mark pattern lma is formed in such a
manner that portions of the metal film constituting
the light shielding pattern lc are removed to expose
the transparent mask substrate la lying beneath.
Accordingly, in this Embodiment 3, in case the aligner

15 described in connection with Fig. 5 is used, in other
words, in case that such an aligner as uses an
ordinary halogen lamp or the like for the position
detection of the photo mask is used, the contrast of
the light which has transmitted through the mark

20 pattern 1lma can be sufficiently obtained, so that the
recognizing ability of the mark pattern lma can be
enhanced. Due to this, the relative alignment between
the photo mask 1PA4 and the aligner can be carried out -

with ease and yet with high accuracy. According to

25 the result of the examination made by the present
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20 pattern | ma can be sufficiently obtained, so that the recognizing
ability of the mark pattern Ima can be enhanced. Due to this, the relative
-al i gnment between the photo mask 1PA4 and the aligner can be carried out

wi th ease and yet with high accuracy. According to 25 the result OQUT?FZW3
exam nation nmade by the present 3 CL'LC 2C33 inventor, alignnment equal to
that of the above- nentioned ordi nary photo nask has becone possible.
Further, in this Enbodinent 3, as shown in Fig. 12C, the nounting portion
2 of the inspection 5 equipnment or the aligner is directly contacted with
the light shielding pattern | c. However, since a resist filmis not forned
on the | i gHOVENTO il 1grment eqezlthe bbatr péntbeohbbwesi gn matters due
to the peeling-off and the shaving-off of the resist film10 is not brought
about evenmqﬁgqﬁﬁﬁﬂuﬁ¥ﬁ¥ﬁéﬁyJE#Q¢Qsmaﬁbuhaédb@ﬂomﬁePbﬁ§@@ﬂd4N1equipnent‘
or the aligner. _Further, the chromumor the like constituting the |I|ight
shi el di ng patter A 4 -EN&E mady thls tBRRod Hrenk cdir r @fc8hewnf dneFgg.matters due

to the peeling-qff 15 or. shaving-off_of the chrom umor the like is not
caused, eiﬁﬁgg.%ﬂﬁﬂQQQRQ%RQPﬂp% ef feEtthe {REPregtieam described in

Eﬁgggf%g? eg,\.ltign{e%ﬁ?ﬁis %&r Eqrﬁ)géjlilerr;nis 1d£1@gcgfyogg%itgg%édAlei%hi nthis
the light shielding pattern lc. However, since a
resist film is not formed on the light shielding
pattern lc¢, the occurrence of foreign matters due to
the peeling-off and the shaving-off of the resist film

10 is not brought about even if the photo mask 1PA4 is
mounted on the inspection equipment or the aligner.
Further, the chromium or the like constituting the
light shielding pattern lc is hard, so that the
occurrence of foreign matters due to the peeling-off

15 or shaving-off of the chromium or the like is ﬁot
caused, either. Therefore, the same effegt as the
effect described in conhection with foregding
Embodiment 1 can be obtained.

Also in this Embodiment 3, a light shielding

20 | pattérn la constituted of a resist film 1R is likewise
disposed in the integrated circuit pattern region in
the center of the mask substrate la, as in the cases
of foregoing Embodiments 1, 2.

Next, an example of the flow of a series of

25 manufacturing steps for the manufacture of the photo
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20 pattern la constituted of a resist film1R is |ikew se disposed in the
integrated circuit pattern region in the center of the nmask substrate |a,
~as in the cases of foregoing Enbodi nents 1, 2. Next, an exanple gm[qu%m
flow of a series of 25 manufacturing steps for the manufacture of the p
0 DEC 2003 nmask 1PA4 according to this Enbodinment 3 will be described.
The. ordinary photo nask manufacturing step can be divided into the step
of manufacturing a substrate 5 (mask bl anks) on which the |ight screening
filmmade of chrom numor a semitransparent filmto be described later is
formed on a whol e major surface of the mask substrate and the photo mask
manuf act ur nagksfl@p4f accoravimonda tdehs cBmblodimentnBeyidiebecircuit formi ng
10 pattern on the mask bl anks. The substrate and the photo mask are '
“manuf act ur d@scmidefii-erent work sections or sites in some cases. The photo
mask nanufacturing step according to this Enbodinment 3 is divided into a
mask bl anks 15 n#ERaf asddnasy Phefo Mavmmant fyREuskng| 8EAg pantern
formng step for form.ng, in the outer peripheral , portion of the mask
substrat e, bg gavilsed ithe &R P by F3GsupiBPedt FBRSEAFRSSers, and a

resi st attern rm ng step. The respective steps.are _.
5 P (mask Ranks onlahigh theplfght scregnlng film made

of chrominum or a semitransparent film to be described
later is formed on a whole major surface of the mask
substrate and the photo mask manufacturing step for
forming a semiconductor integrated circuit forming
10 pattern on the mask blanks. The substrate and the
photo mask are manufactured in different work sections
or sites in some cases.
The photo mask manufacturing step according to
this Embodiment 3 is divided into a mask blanks
15 manufacturing step, a common light shielding pattern
forming step for forming, in the outer peripheral
portion of the mask substrate, a pattern ﬁsed in
common by various projection aligners,land a resist
pattern forming step. The respective steps are
20 carried out in different work sites or in different
manufacturing companies in some cases.
For example, Fig. 13A shows the above-mentioned
common light shielding pattern manufacturiné step. As
for the common pattern, various common patterns can be -

25 prepared in accordance with the respective
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20 carried out in different work sites or in different manufacturing

‘ I n sonme cases. For exanple, Fig. 13A shows the above-nentioned
-comon |ight shielding pattern manufacturing step. As for the COQﬂP@Q:Z%
pattern, various compn patterns can be 25 prepared in accordance wth

conpani es

respective 3 0 DEC 7003 sem conduct or

the projection aligners used for the exposure treatnent. First,

comon |ig
pattern 1c
defects is
t he common
made (Step
15 accordi
during the

and devel o
great!y sh

10

15

20

25

integrated circuits manufactured or

after the

ht shielding pattern (corresponding to the |ight shielding
shown 5 in Fig. 12) (Step 100), the absence or presence of

i nspected (Step 101). Here, in case that no defect is found,

t he commonsérjbondhcebdi ngtegraded digrastidckethrmsfactenetieosdtplot o mask: at
light shielding pattern form ng stage (Step 102). On 10 the
ot her handpropectient hdtigoems dskedctfordingg expasikettoRabmente like is
103), and the common light shielding pattern is stocked after
the correEirsh,(8teprithe cramsmatldghdb@leieldlrdhePdhbeBNnask manufacture
ng to this Enbodi ment 3, the mask substrate can_ be stocked
(BABEBSRABR 1pantPadhe itdghdt sfiieldbinhpatherAabGf 8BPWR ng ti e

oft Bhdd. 1Ph &5EP0f OHe IHHLOF presence o

defects is inspected (Step 10l1). Here, in case that
no defect is found, the common light shielding pattern
is stocked as a completed photo mask at the common
light shielding pattern forming stage (Step 102). On
the other hand, in case that some defects exist,
correction or the like is made (Step 103), and the
common light shielding pattern is stocked after the
correction (Step 102).

As stated above, 'in the photo mask manufacture
according to this Embodiment 3, the mask substrate can
be stocked during the photo mask manufacturing sﬁep,
so that the manufacturing time and developing time of
the semiconductor integrated circuit devices can be
greatly shortened. In case of the ordinary photo
mask, the substrate cannot be stocked during an
intermediate‘step for the mask substrate manufacture,
so that the whole course ranging from the deposition

of the light screening film (the mask blanks

pingﬁtine ofé§the seniconguctgr I nt egr at ed circuitfdevices can be

manufacturing step) to the patterning of predetermined -

patterns must be continuously carried ocut, while,
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20 mask, the substrate cannot be stocked during an internediate step for
~the mask substrate manufacture, so that the whole course ranging @m ‘ tﬁﬁ
- deposition of the light screening film (the mask bl anks nanufacturiﬁg1C v

step) to the patterning of predeterm ned 25 patterns nust be continuously
carried out, while, 3 3 CEC 2003 according to this Enbodi nent 3, the photo
masks processed as far as the conmmon |ight shielding pattern
manuf acturi ng step can be stocked. Due to this, in case of manufacturing
or devel oping a sem conductor 5 integrated circuit apparatus, at the tinme
of formng the concrete mask patterns for a seniconduc&%r I nt egrated

e

circuit paccondinhdqdamindnbedsrebhel  phBBoPRASR BAF started fromthe

‘stage where the photo nmask was stocked, io %haththﬁ phot %5 10 -
manuf act uPLRFESSRI s FAT HorERAcEemPOR 9Pk SRIEAEING R T Fbr i ng t he

e, ThRTHAE TGRS RV (P CoBCERBCBPat N 7 cEBnER P Avafti on T8

ovi cos WSS d TAUNEITCLRENY (S ERES LOPIREVET SBPASETIEE L ypes.

o o G R UR RGBS B e shes g n o, 1o

mask the concrete mask patterns for a semiconductor
integrated circuit pattern, the manufacture of the
photo mask can be started from the stage where the
photo mask was stocked, so that the photo mask

10 manufacturing time can be shortened. Due to this, the
step of forming the semiconductor integrated circuit
pattern can be terminated in a shorter‘fime.
Therefore, the technical concept of the present
invention 1is partiéularly suited to the manufacture of

15 a photo masks for logic devices which are high in the
frequéncy of developing_product types.

Further, in case of the photo mask iPA4 at the
stage shown in Fig. 13A, the light screening portion
is mainly the outer peripheral portion of the mask

20 substrate, so that a metal film such as a 6hromium
(Cr) film may not be provided in the central portion
of the substrate {mask blanks) in which a light
screening film or a semitransparent film is formed

over the whole major surface of the mask substrate or

25 in the portion in which an element pattern is
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20 substrate, so that a netal filmsuch as a chromium (Cr) filmmay not be

provided in the central portion of the substrate (mask blanks) in which a

: light screening filmor a semtransparent filmis formed over the whole
maj or surface of the mask substrate or 25 in the portion in mhicq

el ement pattern is 3 0 DEC 2003 scheduled to be fornmed (that is, “ﬁﬂﬁﬂgm

above- nentioned integrated circuit pattern region). or even if the netal

filmexists, defects such as pinholes etc. do not matter, so that the

qual ity managenent of 5 the mask bl anks can be alleviated, and thus, the

yield of the k .bl anks can be greatly enhanc d ubsequently, Fig. 13B
shows t he %]h%@ﬁi?f}r?:ﬁgb& gB"—?‘SFl g&ﬁﬁtnd-sa ridsj p%‘??‘é‘?n First, the mask

bl ank which th ht .shi el di tt 10 for med o,
and, 1 UHESRREaNPY: CRLEBFRLPE BAERULY BT APEASRLI SOF ITVARS

bt eoted L BEORUESL SR1E) SRTRRL oL ANd g, LPTRRG peeby
pattern | bshowgal BoFi gacig). (Shenyls 194 Spgﬁgﬂ%&ﬁé fenbflePgg! i ons such

as a def EC I I’ISDEC I on an I MeNSi ona 1 on ar carrie out to

the ”Bsgk SHRétﬁQEE E?Bﬁﬂslgéi‘h bl 28388 fidteq w%@g?preﬁacglaaa passed

t hese 1 nspections, etion of a ot'o mask ows (Step 106).
of the mask blanks can be greatly enhanced.

Subsequently, Fig. 13B shows the manufacturing
step for forming a resist pattern. First, the mask
blanks on which the common light shielding pattern is

10 formed is used; and, in the integrated circuit pattern
region, the resist film is subjected to exposure,
development and hardening treatment, whereby a device
manufacturing resist pattern (corresponding to the
light shielding pattern 1lb shown in Fig. 12) (Step

15 104). Subsequently, inspections such as a defect
inspection and a dimensional inspection are carried

| out to the mask substrate (Step 105). In case the
inspected product has passed these inspections, the
completion of a photo mask follows (Step 106).

20 However, As a result of these inspections, the resist
film of the photo masks which have failed to pass the
inspections and thus are below the standards are
removed (Step 107), which are put to reuse. As stated
above, in this Embodiment 3, the mask blanks with

25 common light shielding patterns can be reused. 1In
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20 However, As a result of these inspections, the resist filmof_the p% to
masks which have failed to pass the inspections and thus are bel dlvDEhdl
-standards are renoved (Step 107), which are put to reuse. As stated
above, in this Enbodinent 3, the mask bl anks with 25 conmmon |ight shi el ding
patterns can be reused. In 3 9 DEC 2003 ot her words, in case the |ight
shielding pattern for the manufacture of devices is forned of a netal
film it is difficult to renove it for reuse, in view of securing the
quality of the photo nmask. However, to 5 renove and reuse the resist film
as according to this Enbodinent 3 does not take nmuch time, and further, it
can be easPEhegowerdisthdm dasfertihey Lishtquarieldbng t PRLEBRBt 5CFask. Thus;
it follows that the effective utilization of resources becones possible. 10
Next, an ekbfpmangfackareoedr ey ingfurbttinimed dktdhdRehl| ThéMdescri bed
concerni ng ,each step .of the above-nentioned $hoto mask, manufact uri ng
‘steps. Firdf 18sddhdiFult Fog remere et FeEFfwi th VRFYhOFi ght screening
properties such.as, .e.qg, a.l5 chromumfilmis_deposjted on maj or surface
of 5  maskSSEBSEAG EE TRTE i SHoaMerER Y R EKpaHATREE * D5 t he
phot ol Lt hography techni que d the.etc@% chnj ﬁh e? .t he
above-brent ESH‘EH%I iaé’%}t rahss 3:Iq-‘r?g LSt er fﬁ% %%dggﬁgygﬁrrl gét é?‘% | ma are
formed on the qiment 3 does not take much time, and further, it
can be easily done without lowering the gquality of the
photo mask. Thus, it follows that the effective
utilization of resources becomes possible.
10 Next, an example of the concrete manufacturing
method will be described concerning each step of the
above-mentioned photo mask manufacturing steps.
First, as shown in Fig. 14A, a metal film with
high light screening properties such as, e.g, a
15 chromium film is deposited on a major surface of a
mask substrate la, and thereafter, this is patterned
by the photolithography technique and the etching
technique, whereby the above-mentioned light shielding
pattern 1c and the mark pattern lma are formed on the
20 major surface of the mask substrate la. In the
integrated circuit pattern region in the central
portion of the mask substrate la, the light shielding
pattern lc is not formed, an opening is bored, and

thus, the transparent mask substrate la is exposed.

25 The steps as far as this step correspond to the
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20 maj or surface of the mask substrate la. in the integrated circuit
pattern region in the central portion of the nask substrate la, the |ight
-shielding pattern |Ic is not formed, an opening is bored, and thypgﬂﬁmgj
transparent mask substrate la is exposed. 25 The steps as far as this step
correspond to the 3 0 DEC 2093 manufacturing steps shown in Fig. 13A. Next,
as shown in Fig. 14B, on the mgjor surface of the mask substrate |la on
which the step of formng the comon light shielding pattern is conpleted,
the 5 above-nentioned resist film1R is coated so as to cover the |ight
shielding pattern 1c, and thereafter, the above-nentioned water-soluble
conduct i vemanghacturfingnstepiss shpphi do dig.hd 3Pesi st film 1R t hus coat ed.

Subsequently, as in case of the foregoing Enbodinent 10 2, the

above- ment i oned Beéxtiras bbawnwint Fag-t dd&mom theasnaiar isgrfacene

integrated circuit pattern region of the mask substrate la, in order to
forma |ighf thai sRakngupstrate flor orhalsal ddrikier oht EQFBLBE circuit
pattern, in the state_in which the water 15 sol uble conductive film19 is
el ectri cal Fhecennaenediohs shdeddimg prttanels (famplekedestB® film 1R was
subjected to a devel gping treatnent, the water-sol uble conductive organic
film 1D wadbPERORERL 1A KES1sts TidFbviR i4F KPLES, 5Q #FghP shi el di ng
attern Ib : '

P cover the light shielding pattern lc, and thereafter,

the above-mentioned water-soluble conductive organic

film 19 is applied on the resist film 1R thus coated.

Subsequently, as in case of the foregoing Embodiment

10 2, the above-mentioned electron beam writing treatment
was carried in the integrated circuit pattern region
of the mask substrate la, in order to form a light
shielding pattern for the semiconductor integrated
circuit pattern, in the state in which the water-

15 soluble conductive film 19 is electrically connected
to the earth 18. After this, the resistrfilm 1R was
subjected to a developing treatment, the water-soluble
conductive organic film 19 was removed, and thus, as
shown in Fig. 12, a light shielding pattern 1lb

20 comprising a resist film was formed in the integrated
circuit pattern region of the mask substrate la. The
steps as far as this step correspond to the
manufacturing steps shown in Fig. 13B.

According to such Embodiment 3, the following

25 effects can be obtained in addition to the effects
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20 conmprising a resist filmwas fornmed in the integrated circuit pattern
region of the mask substrate la. The steps as far as this step gﬁngzaﬁid
.to the manufacturing steps shown in Fig. 13B. According to such nt
3, the followng 25 effects can be obtained in addition to the effects 3 0
DEC 2003 obtai ned by the foregoing Enbodinents 1, 2: (1). Since the |ight
shielding pattern Ic is provided in the outer periphery of the mask
substrate la of the photo mask 1PA4, and, by renoving a portion 5 thereof,
the mark pattern Ima is formed, the accuracy in detection of the mark
pattern can be enhanced. Accordingly, the ability of detecting the

i nf or mat i opbtainede byhéhe ﬁmﬂeqniag<ﬁmbqﬂimﬁn@mcﬁd 22). Due to foregoing
Item (1), the accuracy _ in 10 detection of the calibrating mark of the
photo mask 1PA4(éan éénéﬁhéﬁ@edMQﬁﬁuﬁk%QﬁdﬁﬂﬁnE§%¢¢£Pth@ pRioto mask
1PA4, so that it is _possible to enhance the inspection accurac¥ of the
phot o nmaskPIPKidedTidy &her Outaie R iTY tf ofnNe HBaPRoFBLABEREE can be 15

enhanced. (3). Due to.foregoing Item (1), the accuracy in alignment
bet ween t hé2pRt &%%QQOEPA%%\% LA a1 3%herbY CeMPBLRANANRRE L 1PRer ef or €,

the acguragy | bhe', 1 anshet, Qe e 2l LA 8o 2040 LR semggnguct or waf er

in detection of the mark pattern can be enhanced.
Accordingly, the ability of detecting the information
of the photo mask 1PA4 can be enhanced

(2). Due to foregoing Item (1), the accuracy in

10 detection of the calibrating mark of the photo mask
1PA4 can be enhanced in case of inspecting the photo
" mask 1PA4, so that it is possible to enhance the
inspection accuracy of the photo mask 1PA4.
Therefore, the reliability of the photo mask 1 can be
15 enhanced.

(3). Due to foregoing Item (1), thg accuracy in_
alignment between the photo mask 1PA4 and the aligner
can be enhanced. Therefore, the accuracy in the’
transfer of the patterns onto the semiconductor wafer

20 and the alignment accuracy can be enhanced.

(4). Due to foregoing Items (1), (2), (3), the
reliability and manufacturing yield of the
semiconductor integrated circuit devices manufactured
by the use of the photo mask 1PA4 can be enhanced.

25 (5). The mask blanks with the common light
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20 and the alignnent accuracy can be enhanced. (4). Due to foregoing Itens
(1), (2), (3), the reliability and manufacturing yield of the
: sem conductor integrated circuit devices manufactured by the use of the
photo mask 1PA4 can be enhanced. 25 (5). The mask bl anks with thg[dqeqeen
light -3 3 DEC 2333 shielding pattern can be reused. In other words, the
effective utilization of resources becones possible. (6). The quality
managenent of the mask blanks in the photo nask manufacturing steps can be
5 alleviated, and thus, the yield of the mask bl anks can be greatly
enhanced. (7). Due to foregoing Itens (5) and (6), the <costs of the photo
mask 1PA4 ghiebdidgcpaasedn sant bal rdused.ostin oftHdre wamrdsondet or
integrated circuit 10 device can be decreased. (8). The mask substrate |la
can be stoelfédctirviengtillieastiens odf resuimdsirbecpnde pbesdbiesk 1PA4, so
that the length of tine required for the manufacture and devel opnent of
sem conduct or in{éyratbd quaduty hanceemeas: cah thee guash | ylahkst ened.
Enbodi ment 4: This enbodiment 4 relates to an exanple of the case where a
t r anspar ent.nt khe- phbtepaiisikc mangfiach-w@oifqratephscan peevent foreign
matters fromattaching to
5 alleviated, and thus, the yield of the mask blanks can
be greatly enhanced.
(7). Due to foregoing Items (5) and (6), the
costs of the photo mask 1PA4 can be decreased, so that
the costs of the semiconductor integrated circuit
10 device can be decreased.
(8). The mask substrate la can be stocked during
the steps of manufacturing the photo mask 1PA4, so
that the length of time required for the manufacture
and development of semiconductor integrated circuit

15 devices can be greatly shortened.

-Embodiment 4:
This embodiment 4 relates to an example of the

case where a transparent thin-film pellicle which

20 functions to prevent foreign matters from attaching to
the photo mask pattern forming surface (first major
surface) is disposed on the major surface of the photo
mask. This Embodiment 4 is identical with the
foregoing Embodiments 1 to 3 except for the above-

25 mentioned point. Here, description will be made with
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t he photo mask pattern form ng surface (first mgjor surface) is disposed
on. the major surface of the photo nmask. This Enbodinent 4 is ide éi I
-with the foregoing Enbodinments 1 to 3 except for the above 25 ne ﬂéﬁ§@3
point. Here, description will be made with 3 9 DEC 2903 reference to the
use of the photo mask constituted in such a manner that a |ight shielding

" pattern conprising a netal filmis provided in the vicinity of the outer

peri phery of the mask substrate as in case 5 of the photo nask descri bed,
for exanple, in connection with foregoing Enbodi nent 3." Fig. 15 shows a
concrete exanple of the photo mask according to this Enbodi nent 4. Here,
Fig. 15A teferphae toewhef uskeofhdthe meskc amabkigongsBtiuted i0 sectiona
view of the photo mask taken along the line A-Ain Fig. 15A show ng the.
state in whiich shaaphetrothatsia ildgmduraheicelghing palkeeern ned apparatus.
According to this Enbodinment 4, a pellicle 1p is fixed in a state joined
t hrough a pempirdséngt dckietgllsifiars mfotisied i} okhauyiGéBLEYi Pt ngj or
surface) of a photo mask 1PA5. The pellicle is a structural body which
has a transp&r ester PRrdpdery SfolilfedaifeSWPs hratrt 8% ntRe828Pst ance from
the major surface or the nmajor ang bﬁck surfaces, of the mask substrate, in

20 order t8TatBedPROrS JRskates T RGP ¢ hB

connection with foregoing Embodiment 3.
Fig. 15 shows a concrete example of the photo
mask according to this Embodiment 4. Here, Fig. 15A
is a plan view of the photo mask, and Fig. 15B is a
10 sectional view of the photo mask taken along the line
A-A in Fig. 15A showing the state in which the photo
mask is mounted on a predetermined apparatus.
According to this Embodiment 4, a pellicle 1p is
fixed in a state joined through a pellicle sticking
15 frame lpf to a major surface (first méjor surfaée) of
. a phofo mask 1PA5. The pellicle is a structural body
| which has a transparent film and is provided over a
predetermined distance from the major surface or the
major and back surfaces of the mask substrate, in
20 order to avoid foreign matters from attaching to the
photo mask. This predetermined distance is designed
by taking into consideration the foreign matters
attaching to the protective film surface and the
transferability of the foreign matters onto the

25 semiconductor wafer. In this Embodiment 4, the

- 79 -



photo mask. This predeterm ned distance is designed by taking into
consideration the foreign matters attaching to the protective film surface
and the transferability of the foreign matters onto the 25 senic ﬂ 5
wafer. In this Enbodinment 4, the 3 0 DEC 2003 pellicle 1p is disﬁ@g ﬂf-@
pellicle cover region of a photo mask 1PA5. That is, the pellicle 1p is

di sposed so as to plane-w se overlap the whole of the above-nentioned
integrated circuit pattern region of 5 the photo nmask 1PA5 and a portion of
the light shielding pattern 1c of the above-nentioned inner peripheral
region. According to this Enbodi ment 4, the base portion of the pellicle

sticking ﬂeﬁhrﬂ{iéih s 19 peghedafixed p@liiela woaled diggEasd yogont act ed.

with the | |e ding pattern lc in the above-nmenti oned i nner

peri pheraly frﬂﬂ&f‘ fsit hepRHot arms ki d PABhe Apedliesyl tp tibe pellicle
sticking fr | pf can be prevented from being peeled off. Further, if a

resist filgmmdppdad sl 45 e éh@n@ﬂﬁiheobv@&hdp(ﬂhdﬂwhqkﬂloﬁlﬁhstlcklng
frame |pf 1S mounted, then, when the pellicle 1p is mounted and renoved,

it becomesbwauisent Dinédei peehiageds tintuithpatssint redinmeffor the
generation of foreign matters. In this Enbodinment 4, the pellicle sticking
20 frae |ytfe iphgod neadsknlBAStand di pectliprcorft ddieed ighth
shielding pattern lc of the above-mentioned inner
peripheral region.
According to this Embodiment 4, the base portion
of the pellicle sticking frame 1lpf is joined and fixed
10 in a state directly contacted with the light shielding
pattern lc in the above-mentioned inner peripheral
region of the phote mask 1PA5. As a result, the
pellicle sticking frame lpf can be prevented from
being peeled off. Further, if a resist film is formed
15 at the position at which the pellicle sticking frame
1pf is mounted, then, when the pellicle lp is mounted
and removed, it becomes a cause for the peeling-off of
the resist film and for the generation of foreign
matters. In this Embodiment 4, the pellicle sticking
20 frame lpf is joined in a state directly contacted with
the light shielding pattern lc, so that the generation
of such foreign matters can be prevented. Such an
effect is obtained also by joining and fixing the

pellicle stacking frame 1lpf in a state directly

25 contacted with the mask substrate la. Further, this
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the light shielding pattern 1c, so that the generation of such foreign
matters can be prevented. Such an effect is obtained al so by jOI@U qgﬂ
~fixing the pellicle stacking frane Ipf in a state directly 25 contacg

with the mask substrate la. Further, this 3 0 DEC 2003 Enbodi nent 4 is al so
constituted in such a manner that, as shown in Fig. 15B, no resist filmis
formed in the portion in which the photo mask 1PA5 and the . nounting
portion 2 of the projection aligner are 5 contacted. As a result, the
occurrence of foreign matters due to the peeling-off and shaving-off of
the resist filn1can li kewi se be prevented as in the cases of foregoing

Embodi ”en}%n e?ﬁ Fyrihel r&)sé%c%@é&?ﬂ@@ﬂ'gﬁ %uéﬁt %' n 10

calibrati pa tern 1 ormed I1nt ing pattern Ic.

Thi s posi tﬂrmcaalg tg@cswglfm]e ppﬁééerﬂolggsggtafmt gsn ffoqrme(aet ecting the

posi ti onal nf or hot'o’ mask Irectly om the photo mask 1

Itsel T wheyy, g Wiéﬁrf‘hésg\ﬂétw bERN 1R 5t e Phaled mask 1 by

t he use ofq%he el*ec ron eam witer ccording to this Enbodi nent 4, when

a pr edet qq’&o SO S Cof Cehé ﬁ@éss&elba patilgelet drarned in the
|ntegrate CIrCUI attern region of the mask substrate by the use of the

el ectron Regm yaid®r . a0 4 hedBK Rald d¢cdfPehbet B€ HBgkigubstrate la is

read
' matters due to the peeling-off and shaving-off of the

resist film can likewise be prevented as in the cases
of foregoing Embodiments 1 to 3.
Further, in this Embodiment 4, a position

10 calibrating mark pattern lmb is formed in the light
shielding pattern lc. This position calibrating mark
pattern lmb is a pattern for detecting the positional
information of the photo mask 1 directly from the
photo mask 1 itself when a predetermined pattern is

15 written on the photo mask 1 by the use of the electron
beam writer. According to this Embodiment 4, when a
predetermined integrated circuit pattern is pattern-
formed in the integrated circuit pattern region of the
mask substrate by the use of the electron beam writer,

20 the mask pattern lmb in the mask substrate la is read
out at a rate of one per several seconds, whereby
pattern writing is carried out, correcting (adjusting}
the position to be irradiated by the electron beam for
writing the pattern during the pattern writing step.

25 As a result, the pattern writing position accuracy of
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out- at a rate of one per several seconds, whereby pattern witing is
carried out, correcting (adjusting) the position to be irradiated by the
-electron beamfor witing the pattern during the pattern witing step. 25
~As aresult, the pattern witing position accuracy of 3 0 DEC 2033 gk 7303
el ectron beamwiter can be enhanced. The provision of such a mark pattern
Inb is, for exanple, -for the follow ng reason: In case of an ordinary
el ectron beamwiter, the witing treatnent 5 to the photo mask is carried
out in vacuum As for the holding of the photo mask in vacuum as
synbolically shown in Fig. 16, the nmask substrate la or a cassette 21 on

whi ch the sk substrate la is_ .mounted |s pushed to three pins 20a of a
mask hoIdiHS“ﬁd§¥%$EQQﬂ1 x%ﬁ”%?%%@iﬁ@nsgﬁggnﬁ?nFﬁg'electron beam writer;
and thus, the magk substr.ate |la or thﬁ cassette %1 IS chani&?IIy fixed,

by a push pin 2007¢ BERPYISIPLRE TR BrHKnBRy T EFBcEPEn BearFriter, a

position detecti rk ,patterp, tom nounted on the 15 magk_hol ding portion
20 is det e&xgagpalnegl [?rﬁoaq [ ye ofgfl?‘f’hlég ﬁﬁ?f?@‘t h]énm‘lr"?f’?naét Bt her eby correct

pat tern —wii g NG Aos 1oNAL.SLE DY { DEopaR iRl MEiflon of Lhe

el ectron bean. Su on fhe ~na ng portion 20

é stage) | S (PR ddd8 %1047, TER' bRECIn2BATuC hB2oLhe relative
the holding of the photo mask in vacuum, as |
symbolically shown in Fig. 16, the mask substrate la
or a cassette 21 on which the mask substrate la is
mounted is pushed to three pins 20a of a mask holding

10 portion 20 on a moving stage of the electron beam
writer; and thus, the mask substrate la or the
cassette 21 is mechanically fixed by a push pin 20b.
Here, in case of the ordinary electron beam writer, a
position detecting mark pattern 20m mounted on the

15 mask holding portion 20 is detected a plurality of-
times during the writing to thereby correct pattern
writing the positional ﬁhift by the positional drift
of the electron bean. The mask substrate la on the
mask holding portion 20 (stage) is mechanically fixed

- 20 as mentioned above, so that the relative positional
relationship between the mark pattern 20m of the mask
holding portion 20 and the mask substrate la should be
constant, but, in actuality, by the shocks caused by
the stage which moves at high speed, a slight

25 positional deviation is caused between the mark
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rel ati onshi p between the mark pattern 20m of the mask hol ding porg'%g ép
and the mask substrate |a should be constant, but, in actuality, b hall
shocks caused by the stage which noves at high speed, a slight 25

posi tional deviation is caused between the mark 30 QEC 2.03 pattern 20m and
the mask substrate la in some cases. Due to this, in spite of the fact
that the position of the nask substrate la is read out fromthe mark
pattern 20m during the el ectron beamwiting step, a 5 positional deviation
is caused of the witten pattern. Thus, according to this Enbodi nent 4,
the position correcting mark pattern Inb is disposed on the photo mask

1PAS (the pRekerdbobmALAd dhe W@l sihsdile te DOSEbhaNchBgEeof can be,
directly detected 10 fromthe mask substrate la itself. As a result, 'the

posi ti onal pdevicat k@fsi, Nehudipgig caloso die gav AR tHe pBeiRobdi ag of the .
mask substrate |la can be corrected, so that the error in arrangenent of

the patterggecaBskbeuetiradeseda Juchrendmike PRtdRIPhéMRakk constituted 15
depending on, e.g., whether the pattern position lies in the |ight

transmtti pgttegnooar dult inlge thieghil ecifare bearm regi edagasdepnf ar mat i on
detection 1s executed in accordance with the reflected state of a position
det ect 5ng pesidtdvnalddeedhitden iightcd(sded raflitiedyt beten psttbenposition
det ecti ng neans, _
~Thus, according to this Embodiment 4, the
position correcting mark pattern lmb is disposed on
the photo mask 1PAS (the mask substrate la) itself so
that the position thereof can be directly detected
10 from the mask substrate la itself. As a result, the
positional deviation including also the deviation in
the holding of the mask substrate la can be corrected,
so that the error in arrangement of the patterns can
be decreased. Such a mark pattern lmb is constituted
15 depending on, e.g., whether the pattern positicn lies
| in the light transmitting region or in the light
screening région; and information detection is
executed in accordance with the reflected state of a
position detecting beam or a detection light
20 jrradiated there. As the position detedting means,
there can be used the type which uses the electron
beam of the electron beam writer, the type which uses
the laser beam by a laser lighter or other types.

Particularly, the application of a system or apparatus

25 having a high positional accuracy is desirable. This
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there can be used the type which uses the electron beam of the electron
beamwiter, the type which uses the |aser beamby a laser |ighter or
.other types. Particularly, the application of a system or appargﬁwg éﬁH
havi ng a high positional accuracy is desirable. This 3 0 OEC 209 ;
pattern Inb can also be fornmed at the step of formng the comon I|ight
shielding pattern in the above-nentioned photo mask manufacture, and it is
al so effective to formthis mark pattern 1nb at the above- 5 nentioned nask
bl anks manufacturing step. According to such Enbodi nent 4, the follow ng
effects can be obtained in addition to the effects obtained by foregoing

Embodi ment gy ]Qatt%ﬂpelrﬁkpecé)ﬁl%i§$?bépf5§mt350¥jtd%ﬂeogt§e €qfl0 photo mask

1PA5, it is possible to prevent foreign matters fromattaching to the

phot o mask £#finganché lcodifordl 50sROSThbLEq1 AGSHRRERSS 9 RhRVENt {he

deterioration of the transferred pattern due™to the foreign matters. 15

(2). Since dredatdiCichad | Sk P8 hadRemdRhrhstuk8l, Ngddl Bta 1§t ahg i rectly
contacted with the light shielding pattern 1c or the mask substrate la, it

i's  possiblexfiartpivayerd tden |t -GEFREPhELePAl 1RBNakOERNGoRE St film
from bei ng peeled off or shaved 20 off when the pellicle Ip is nounted or
renoved. Dueentioned mask blanks manufacturing step.

According to such Embodiment 4, the following
effects can be obtained in addition to the effects
obtained by foregoing Embodiment 3:

(1). Since the pellicle lp is provided on the

10 photo mask 1PAS5, it is possible to prevent foreign
matters from attaching to the photo mask 1PA5, and it
is also possible to suppress or prevent the
deterioration of the transferred pattern due to the
foreign matters.

15 (2). Since the pellicle sticking frame 1pl is
joined in a state directly contacted with the ligﬁt
shielding pattern lc of the mask substrate la, it is
possible to prevent the light-screening-pattern
forming resist film from being peeled off or shaved

20 off when the pellicle lp is mounted or removed. Due
to this, it is possible to prevent the occurrence of
foreign matters dué to the peeling-off or shaving-off
of the resist film.

(3). Since the electron beam writing position

25 correcting mark pattern lmb is provided on the phoﬁo
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tothis, it is possible to prevent the occurrence of foreign matters due
to the peeling-off or shaving-off of the resist film (3). Since_the

el ectron beamwiting position 25 correcting mark pattern 1nmb iéﬂﬂEBQmHed
~on the photo 3 0 DEC 2003 mask 1PA5 itself, it becomes possible to enhance
the positional accuracy in the pattern witing by the electron beam
witer. 5 Enbodinment 5: This Enbodinent 5 relates to the case where the
present invention is applied to a so-called phase shift mask which causes
a difference between the phases of the exposure light rays transmtting

t hrough 10 the photo mask. This Enbodinent 5 is identical wth foregoing

Enbodi ment smakk a PAsexasl ff orit heecdhiove- pessipnedtBoeRhankbied t he/A shows a
sectional view of the essential 15 part of the phase shift nask. On a

maj or surf pos itfiionstl nRjcrr sy fﬁ@?&h@f?@tﬂaﬁk ¢ubstihgt 8yl @heconstituting a
phase shift mask 1PS1, a phase shift ilmldis formed so as to cover
| i ght shi eledieag. romattesmsed iedc and the mask substrate |a. The phase 20
shi-ft filmld nmay conprise, for exanple, a transparent SOG (Spin On d ass)
film(E ther an organic SOG film
5 Embodiment 5:
This Embodiment 5 relates to the case where the
present invention is applied to a so-called phase
shift mask which causes a difference between the
phases of the exposure light rays transmitting through
10 the photo mask.
This Embodiment 5 is identical with foregoing
Embodiments 1 to 4 except for the aboveémentioned
point.
Fig. 17A shows a sectional view of the essential
15 part of the phase shift mask. On a major surface
(first major surface) of a mask substrate la
| constituting a phase shift mask 1PS1l, a phase shift
film 14 is formed so as to cover light shielding
patterns 1lb, 1lc and the mask substrate la. The phase
20 shift film 1d may comprise, for example, a transparent
S0G (Spin On Glass) film (Either an organic SOG film
or an inorganic SOG film may be used. In case of an
organic SOG film, however, the exposure light is

absorbed, so that an optimum film thickness must be

25 set. From the optical viewpoint, the use of an
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or an inorganic SOG fil mmay be used. In case of an organic SOG film
however, the exposure light is absorbed, so that an optinmumfilmthickness
-rmust be 25 set. Fromthe optical viewpoint, the use of an 3 0 DEC 2003
inorganic SOG filmis preferable), and, at a predeterm ned position of the
phase shift filmi1d, a groove 1dl with a predeternined depth i §0f8C 7el.
The depth of this groove 1dl is set to such a depth that 5 the phase of

t he exposure light which has transmtted through the region in which the
groove id is formed and the phase of the exposure |ight which has
transmtted through the region in which the groove 1dl1 is not forned are

inverted WAdr-§&8P8CE0E0 82N 1 gt E%-fe%@bﬁieg- B6B ,Shows the state in which
t he exposure light rays 22a, 22 irradiated fromthe back surface (second

maj or surfaegdetifRfifbdt pesiRSknSuFsthat pHazeolsHilr: Mimseldhidt mask 1PS1
are phase-inverted wth respect to each other. The exposure |ight 22a

passes thrgrgbvdoléhewhiehati pektetirak neer deptiofid omiese gmet film Id
On 'the other hand, the exposure light 22b passes through the portion in
whi ch the @gepoNeckdthis gugoire 1duchsasdaptdo tswath thedgptdsetlodtt he exposure
light 22b is inverted with respect to the phase of the exposure 20 |ight
22a, 9 thatetprasgpofuthel eghbsizie ildightvedtieth has phasesmittbedespect to
t he exposure |ight 22a. Mre _ _ .
through the region in which the groove 1d is formed
and the phase of the exposure light which has
transmitted through the region in which the groove 1dl
is not formed are inverted with respect to each other.
10 Fig. 17B shows the state in which the exposure light
rays 22a, 22b irradiated from the back surface (second
major surface) side of the mask substrate la of the
phase shift mask 1PS1 are phase-inverted with respect
to each other. The exposure light 22a passes through
15 the relatively thick portion of the phase shift film
1d. On the other hand, the exposure light 22b passes
through the portion in which the groove 1dl is dug to
such a depth that the phase of the exposure light 22b
is inverted with respect to the phase of the exposure
20 light 22a, so that the exposure light 22b is inverted
in phase with respect to the exposure light 22a. More
specifically, a phase difference of, e.g., 18B0° is
caused. As a result, in the mutually adjacent

transmitting portions, a phase shift effect is

25 obtained; and thus, the resolution of the pattern
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specifically, a phase difference of, e.g., 180 is caused. As a result, in
the nmutually adjacent transmtting portions, a phase shift effect is 25
‘obtained; and thus, the resolution of the pattern 3 0 DEC 2003 tr afJE&rHid
onto the sem conductor wafer can be enhanced. Further, in the phase shift
mask 1PS1 according to this Enbodi nent 5, the phase shift film 1d covers

5 the whol e surface of the major surface of the mask substrate la. Thus, in
case the phase shift mask IPSI is nounted on an inspection equi pnent or an
aligner, the phase shift filmld of the phase shift nmask 1PS1 cones into
contact with the nmounting portion of the 10 inspection equi pnent or the

aligner. Aegemdifdined amtd thidaarsesn@ictof egetag Eahodenents 1 to 4, the
nmounting portion of the inspection equipnent or the aligner is not

directly cemthacicedi.with the patterns (the light shielding pattern 1b,
etc.) constituted of 15 a resist filmon the nmask substrate la, so that the
peel i ng-of f or tFershad, ndroftheofplidee redsi &t haskn B8l hocbbdimgunti ng of
t he phase shift mask 1PS1 can be prevented, and the occurrence of foreign
matters dudco ttd itshEmddvalierarents onege pedsagsbiftofidmatdngoiversan 20 be
prevented. Next, an exanple of the nmethod for the
5 the whole surface of the major surface of the mask
substrate la. Thus, in case the phase shift mask 1PS1
is mounted on an inspection equipment or an aligner,
the phase shift film 1d of the phase shift mask 1PS1
comes into contact with the mounting portion of the
10 inspection equipment or the aligner. Accordingly, as
in the cases of foregoing Embodiments 1 to 4, the
mounting portion of the inspection equipment or the
aligner is not directly contacted with the patterns
(the light shielding pattern lb, etc.) constituted of
15 a resist film on the mask substrate la, so that the
peeling-off or the shaving-off of the resist film due
“ to the mounting of the phase shift mask 1PSl can be
prevented, and the occurrence of fofeign matters due
to the above-mentioned peeling-off or shaving-ff can
20 be prevented.
Next, an example of the method for the
manufacture of the phase shift mask 1PS1 according to
this Embodiment 5 will be described. First, as shown

in Fig. 18A, the above-mentioned light shielding

25 pattern lb constituted of a resist film and the light
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nmanuf act ure of the phase shift mask 1PS1 according to
w Il be described. First, as showmm in Fig. 18A, the above-nentioned |ight

this Enbodi ment 5

-shielding 25 pattern Ib constituted of a resist filmand the light J 0 DEC

Z@03 shielding pattern Ic constituted of a metal filmare fornedd®MEE HE)I

mask substrate la in the same manner as in the cases of foregoing
Enbodi nents 3, 4. Subsequently, as shown in Fig. 18b, on a mgjor s
(the first major surface) of. the mask substrate |la, the phase sh
conprising, e.g., an SOG filmis deposited, and then, an el ectron
resist film23 is deposited on the thus deposited phase shift fil

After thisshdeliding ¢aanidran IeaBiesititéd| 923, mé0ad desir agepattern is
witten by an electron beam. witing treatnent, and then, as shown in

Fig. 18c,

filmis fornmed via an ordinary step. Here, also,

Tormesi in pAld erasR3Iaeonsitd ul 2dinfthéesahecihaaneheam

15 el ect ri fiinc &hieor a@resy erft | oy dgceiatigeBmbodismanopt 8¢d. 4 .After this,

use of the resist pattern 23a as an etching mask, the phase shift filmld

urf ace
ift id
beam
m 1d.

resi st

by the

exposed fr Smbisleguanddiyst gsatshawn 23a Bag. rkbibvednbg sadhingurdaicer m t he

groove |Idl. Thereafter, the resist pattern 23a was 20 renoved, whereby the

phase §hi f t{ tivgs 1€ 1xeS1 mtjmah Surfate) Qff Wae oaski ashstrate la,

10

15

20

25

the phase shift 1d comprising, e.g., an SOG film is
deposited, and then, an electron beam resist film 23
is deposited on the thus deposited phase shift film
1d. After this, on this electron beam resist film 23,
a desired pattern is written by an electron beam
writing treatment, and then, as shown in Fig. 18c¢c, a
resist pattern 23a constituted of the electron beam
resist film is formed via an ordinary step.

Here, also, the above-mentioned static
electrification preventing treatment was adopted.
After this, by the use of the resist pattern 23a as an
etching mask, the phase shift film 1d expésed from the
resist pattern 23a was removed by etching to form the
groove 1dl. Thereafter, the resist pattern 23a was
removed, whereby the phase shift mask 1PS1 shown in
Fig. 17 was obtained.

According to such Embodiment 5, it is possible
to obtain, for example, the effect that the resolution
of the patterns transferred onto the semiconductor

wafer, in addition to the effects obtained by
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According to such Enbodinent 5, it-is possible to obtain, for exanple, the
effect that the resolution of the patterns transferred onto the

. sem conductor 25 wafer, in addition to the effects obtai ned by 30 %E%,Z%QS
f oregoi ng Enbodi ment 3. Enbodi nent 6: This Enbodiment 6 rel ates t o UCEL 2203
nodi fi-cation of 5 the phase shift mask according to foregoi ng Enbodi nent

5. Except for this point, Enbodinent 6 is identical wth foregoing
Enbodiments 1 to 5. in this Enbodi nent 6, the phase shift filmldis
removed in the above-nentioned outer peripheral region 10 of the mask
substrate |l a constituting the phase shift mask 1PS2, and thus, the |ight

shi el di ng paLb§6RngS EMbodaxReTed,, as shown in Fig. 19A. Fig. 19B shows the
state in which“this phase shift nmask 1PS2 is nounted on the aligner or the

li ke, synbolically depicting how 15 the phase inversi on between the
exposure light rays 22a, 22b is effected when the exposure |ight rays are
I rradi at edphbemitneatb&ck surface side (the second major surface) of the
phase shift mask 1PS2, wherein the nounting portion 2 is directly

contacted with tirei20Embghtimenitel6dire] giadist eron danod L f heaphonoodiask 1PS2
Therefore, in case of this Enbodinent 6, the sanme effects as those of
f oregobng Ehkogheset shiifito asdamccording to foregoing Embodiment
5. Except for this point, Embodiment 6 is identical
with foregoing Embodiments 1 to 5.
In this Embodiment 6, the phase shift film 1ld is
removed in the above-mentioned outer peripheral region
10 of the mask substrate la constituting the phase shift
mask 1PS2, and thus, the light shielding pattern lc¢ is
exposed, as shown in Fig. 19A. Fig. 19B shows the
state in which this phase shift mask 1PS2 is mounted
on the aligner or the like, symbolically depicting how
15 the phase inversion between the exposure light rays
22a, 22b is effected when the exposure light rays are
irradiated from the back surface side (the second
major surface) of the phase shift mask 1PS2, wherein
the mounting portion 2 is directly contacted with the
20 light shielding pattern lc of the photo mask 1PS2.
Therefore, in case of this Embodiment 6, the same
effects as those of foregoing Embodiments 1 to 5 can
be likewise obtained. The manufacture of this phase

shift mask 1PS2 can be achieved in such a manner that,

25 after or before the step shown in Fig. 18B, a resist
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be |i kew se obtained. The manufacture of this phase shift mask 1PS2 can be
achieved in such a manner that, 25 after or before the step shown in Fig.

. 18B, a resist 30 OEC HUD pattern is forned so as to expose the og@q& 23
peri pheral region of the outer periphery of the major surface o Re”
mask-substrate la is exposed and yet cover the portions other than the
above-nentioned outer 5 peripheral region, and then, this resist pattern is
used as an etching mask to etched off the phase shift filmld exposed
therefrom Enbodinent 7: 10 This Enbodinment 7 relates to the case where the
present invention is applied to a semtransparent shift mask (the

above- nent pafedrhalikt gaemeaskh asEtecpixgoye tilis qoteat , péhighénhadi nent 7
is identical wth foregoing Enbodinents 1 to 6. 15 Fig. 20 shows an

exanmpl e of rejechabfft ehe oyRerphpasd pHdy olmskhd RG8j@c coudiaget oft hi s
Enbodiment 7. In the integrated circuit pattern region of this phase
shift maskthBSmas& Bablttanaeepdia dran (adfedrend igdt coheel thag pattern) | el
for transferring the 20 sem conductor integrated circuit pattern is formned.
Thi s hal ft pnetpaniseonthes tihsncdhst ighawd-mEntaiorsd stuteér| m whi ch has been
described in connection with foregoing Enbodinent 1, etc., but this
hal ft ofie peripheral region, and then, this resist pattern is

used as an etching mask to etched off the phase shift

film 1d exposed therefrom.

Embodiment 7z

10 This Embodiment 7 relates to the case where the
present invention is applied to a semitransparent
shift mask (the above-mentioned halftone mask).
Except for this point, this Embodiment 7 is identical
with foregoiﬁg Embodiments 1 to 6.

15 Fig. 20 shows an example of the halftone type
phase shift mask 1PS3 aqcording to this ﬁmbodiment 7.
In the integrated circuit pattern region 6f this phase
shift mask 1PS3, a halftone pattern (halftone light
shielding pattern) lel for transferring the

20 semiconductor integrated circuit pattern is forﬁed.
This halftone pattern lel is constituted of a resist
film which has been described in connection with
foregoing Embodiment 1, etc., but this halftone
pattern lel is semitransparent with respect to the

25 exposure light, and the film thickness thereof is
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pattern lel is semtransparent with respect to the 25 exposure |ight, and
the filmthickness thereof is f adjusted to the val ue which i nvert 9 0tk 2003
~phase of the exposure light. Fig. 20B shows how t he phase inversion of

. the exposure light rays 22a, 22b which have been irradiated fromthe back
surface (second 5 major surface) side of the phase shift mask 1PS3
according to this Enbodinent 7 is effected. The exposure |ight 22a which
has passed through the halftone pattern let is inverted in phase with
respect to the exposure light 22b which has passed through the 10
transparent portion. In other words, the phases of these exposure |ight

rays 22a, 220l bahéwamé%féﬁhlﬁtregvcs et Rfasd er tynsm ssivity
of the halftone pattern lel iIs such that the light 'intensity of the

exposure Héygoéggévjﬁgﬁtha$qkfam$gtg&ghéSh@hr@ygh hheehal ft one pattern
lel is about 2 to 10% wth respect to the exposure Ilght 22a before its

transm ssi gmvdyigh dhechal éi?@@uﬁ@t !.eriyhﬂ ehys Dheref2one whien hal ftone
pattern lel serves substantially as a [ight screening portion and yet has

20 the effeciveofbermki gridiabedntiesyn phet bagkokutfacd r(@wfard ed patterns
cl ear and sharp. The nethod of patterning the halftone pattern lel is the
sane a$ t henajpat termiace es hdel of the phghe shiidhtdimagkpdtRStn | b
according to this Embodiment 7 is effected. The
exposure light 22a which has passed through the
halftone pattern lel is inverted in phase with respect
to the exposure light 22b which has passed through the
10 transparent portion. In other words, the phases of
these exposure light rays 22a, 22b deviate by 180°
from each other. Further, the transmissivity of the
halftone pattern lel is such that the light intensity
of the exposure light 22a which has transmitted
15 through the halftone pattern lel is aBout 2 to 10%
with fespect to the exposure light 22a before its
transmission through the halftone pattern.lel.
Therefore, the halftone'pattern lel serves
substantially as a light screening portion and yet has
20 the effect of making the boundary portion of the
transferred patterns clear and sharp. The method of
patterning the halftone pattern lel is the same as the
patterning method of the light shielding pattern 1b

accordiBng to foregoing Embodiments 1 to 6.

25 In case of the phase shift mask for ArF, the
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accordi 8ng to foregoing Enbodinents 1 to 6. 25 In case of the phase shift
mask for ArF, the 30 DEC 2"03 3 0 DEC KO3 absorption of the resia tDEthi @m
-constituting the mask is large, so that, in order to realize bot h
transm ssivity of about 2 to 10% as nenti oned above and phase inversion at
the sanme time, adjustnment nust 5 be nade of the resist filmfor formng the
hal ftone pattern lel. on the other hand, in case of the phase shift mask
for an F, laser beamw th a wavel ength of 163 nm the absorption by the
resist filmis small, so that this phase shift mask is favorable in
realizing 10 the above-nentioned transmssivity of about 2 to 10% and
phase i nveabsorpationhe fsahe tigsds tByf isue cdndoitwbhng 7thehsaskf ést s

obtai ned by foregoing Enbodinents 1 to 6 can al so be obtained. 15

Enbodi ment 18rg&hi soEmbedi  meam & ded dieesreal kz@odpthchheon of the hal ftone
type phase shift mask according to foregoing Enbodi nent 7. Except for this
poi nt, Entgansevissdviidyl gdhtaboat W tie (e @$ nierhbeardeabPsve 20 to 7. In
t hi's Enbodi nent 8, the phase difference is set depending on the

fil mthi ckA@ss PBRSehdyaasige atpftherspna ot ipat fEIRSTRBBESBYEF to bring

t he
be made of the resist film for forming the halftone

pattern lel. On the other hand, in case of the phase
shift mask for an F, laser beam with a wavelength of
163 nm, the absorption by the resist film is small, so
that this phase shift mask is favorable in realizing
10 the above-mentioned transmissivity of about 2 to 10%
and phase inversion at the same time.
By such Embodiment 7, the effects obtained by

foregoing Embodiments 1 to 6 can also be obtained.

15 Embodiment 8:

This Embodiment 8 relates to a modification of
the halftone type phase shift mask according to
foregoing Embodiment 7. Except for this point,
Embodiment 8 is identical with foregoing Embodiments 1

20 to 7. _

In this Embodiment 8, the phase difference is
set depending on the film thickness of the halftone
pattern, so that it is necessary to bring the
thickness into a predetermined range. Due to this, it

25 becomes difficult to set the intensity of the light
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thickness into a predeterm ned range. Due to this, it - 25 becones
difficult to set the intensity of the Iight 30 CEC 2203 passi ng 8Al&lghl} he
‘hal ftone pattern in sone cases. Thus, according to this Enbodi nent 8, the
above nentioned phase difference is not set only by the film thickness of
the halftone pattern, but the phase 5 difference is set by adjusting the
filmthickness and the depth of grooves dug in the mask substrate (that

is, the thickness of the mask substrate in the groove- fornmed portions). As
a result, according to this Enbodinent B, the effect that the intensity
setting of 10 the light which transmts through the halftone pattern can
be facilitapesising ohtaughrdthe addiftione tatithen eff esdme abisésed by -
foregoi ng Enbodiments 1 to 7. Further, the range of materials for formng
the hal ftone patTkeus, cancbedingr easetiislEmbiogim2zbA showshe Lmpneset e '
exanpl e of the halftone type phase shift mask 1PS4. In this halftone type
phase shi f tmemskode$4phabe Halffeoeacpatitsemotl st wasly eoyletieel £0lm a thin
filmand semtransparent; and thus, phase inversion was realized by the

t hi ckness ofh2okn@eshaff tbaehpaftons peaXtena + hatt Hilvkrelbasef the mask
substrate la in the portions of the grooves 1g fornmed .in the mask
substrat e |@iffpEeRGef LonsepablerdiNeL iRgs ther fdd myth kekness odnd novol ac

series resin with a y
the depth of grooves dug in the mask substrate (that

is, the thickness of the mask substrate in the groove-
forﬁed portions). As a result, according to this
Embodiment 8, the effect that the intensity setting of
10 the light which transmits through the halftone pattern
can be facilitated, is obtained in addition to the
effects obﬁained by foregoing Embodiments 1 to 7.
Further, the range of materials for forming the
halftone pattern can be increased.
15 Fig. 21A shows a concrete example of the
halftone type phase shift mask 1PS4. In this halftone
| type phase shift mask 1PS4, the halftone pattern le2
was rendered into a thin film and semitransparent; and
thus, phase inversion was realized by the thickness of
20 the halftone pattern le2 and the thickness of the mask
substrate la in the portions of the grooves lg formed
“in the mask substrate la. The halftone pattern le2
was formed by the use of a novolac series resin with a
thickness of, e.g., about 50 nm. As a result, the

25 transmissivity of the halftone pattern le2 became 5%.
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t hi ckness of, e.g., about 50 nm As a result, the 25 transm ssivity of the
hal ftone pattern 1le2 becanme 5% 3-9 DEC 2203 However, this transnissivity
islimted to 5% but can be variously altered; in a range of

2 to 20% selection satisfying the purpose can be made. The phasgjﬂEEEZ

i nversion in this case was about 900. Due to 5 this, grooves If with a
depth of about 90 nmwere dug in the mask substrate la so that the
exposure light which has transmtted through the photo mask 1PS4 coul d
obtain a phase inversion of about 180" in total. The filmthickness of the
hal ftone pattern 1e2 is not 10 limted to this value but can be variously

altered; tHovefidmm tHick RS dmys Hev by uss ellimdtelatot B8 phaseanmay be
|nverted in accordance with the refractive index of the material, the

exposur e | pghtvamiveisangtdltemdd; b Thisnpbase, sbi.gt ,mabbultP$4 i fornmed i'n
the follow ng manner for exanple: First, as in case foregoing Enbodi nent
7, etc., thed, gilsisidiseripiyiegntie pudpbbhe bahf beneapa.tern [ e2 are
formed on the mask substrate |la as shown in Fig. 21B, and 20 thereafter,
by the use Ta® ghadsenginwests iofn tire thightcasai eadi ahopst O6F n Iuantot he

hal ftone pattern I e2, the portions of the mask substrate |la which are
exposed f kb heagmooues sl seitived ydepthedf orbopl 4R ampwere dug

in the mask substrate la so that the exposure light
which has transmitted through the photo mask 1PS4
could obtain a phase inversion of about 180° in total.
The film thickness of the halftone pattern 1e2 is not

10 limited to this wvalue but can be variously altered;
the film thickness may be adjusted so that the phase
may be inverted in accordance with the refractive
index of the material, the exposure light wavelength,
etc.

15 This phase shift mask 1PS4 is formed in the
following manner for example: First, as in case
foregoing Embodimcnt 7, etc., the lighc shielding
pattern lc and the halftone pattern le2 are formed on
the mask substrate la as shown in Fig. 21B, and

20 thereafter, by the use as etching mask of the light
shielding pattern lc and the halftone pattern le2, the
portions of the mask substrate la which are exposed
from there are selectively etched off by an amount
corresponding to a predetermined depth. By so doing,

25 the grooves 1f shown in Fig. 21A are formed in a self-
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corresponding to a predeterm ned depth. By so doing, 25 the grooves I|f
shown in Fig. 21A are forned in a self 'J 9 C. CL C K O aligning nmanner
. Wth respect to the halftone pattern 1e2, and thus, the photo ma$k [LPSH]i s
manuf actured. According to this Enbodi ment B, the hal ftone type phase
shift mask 1PS4 with a transmssivity of, e.g., 5 5% could be manufactured.
In case of the exanple shown in Fig. 21A the portion of the mask
substrate la which lies in the mark pattern 1lma region is also renoved by
etching and dug in at the time of formng the grooves 1f, in order to
sinplify the mask 10 manufacturing step, but it is also possible not to

renove by h Pgqt QFt L, 9Bn0kthe et skstHAlf dme pytHgran this
regi on. Ed%%% ngﬁ? @?n€5£Th?s E%gogiﬁent 9 relates to aihodification of

the hal ftofg,t ypRaPEREE, SPhét phBek aeew dima tie ranesn ng-&abodi ments 7,
8. In this Enbodinent 9, in order to give a solution to the problem

described Afco£@DAGCELOBN ST Amboreae@inty S5 Ml £ tind heyphase of 20 the
above-nmenti oned exposure light is adjusted not only by the hal ftone

pattern bughdyepsnyfdi ngsk 1d54f eient & itrmans ichs ptane-of seeogerl aps the
hal ftone pattern. By this neasure, according to Enbodinent 9, the effect
that the i pteasuly betmangfattulred.i giih case of the example

shown in Fig. 21A, the portion of the mask substrate

la which lies in the mark pattern lma region is also

removed by etching and dug in at the time of forming

the grooves 1f, in order to simplify the mask

10 manufacturing step, but it is also possible not to

remove by etching the portion of the mask substrate la

lying in this region.

Embodiment 9:
15 This Embodiment 9 relates to a modification of
the halftone type phase shift mask according to
| foregoing Embodiments 7, 8. In this Embodiment 9, in
order to give a solution to the problem described in
connection with foregoing Embodiment 8, the phase of
20 the above-mentioned exposure light is adjusted not
only by the halftone pattern but by providing a
different film which plane-wise overlaps the halftone
pattern. By this measure, according to Embodiment 9,
the effect that the intensity setting of the light

25 transmitting through the halftone pattern can be
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25 transmtting through the halftone pattern can be 3 0 OEC KID facilitated
as in case of foregoing Enbodi nent 8, can be obtained, in addition to the
ef fects obtained by foregoing Enbodinments | to 7. Further, the r ﬂ%ﬁﬁot
materials for formng the halftone pattern can be 5 increased. Fig N
shows a concrete exanple of the halftone type phase shift mask according
to Enbodinment 9. In this halftone type phase shift mask 1PS5, between a
hal ftone pattern 1e3 sinmilar to that of 10 foregoing Enbodinent 8 and a
mask substrate la, a transparent phase adjusting film1lg conprising, e.g.,
a silicon oxide filmis provided, so that, adjusting the filmthickness
of the hal faedd ifatest ms 1B case e Ifcrrrmqﬂzhn@k edphenhe8phadd adj usting
film15 1g, the above-nentioned phase inversion is realized. This phase.
shi ft maskbppsbtiadneshméd adgditiommin &he reihects| pbhagernhiier: First, as
shown in FEig. 22B, on a nmajor surface (first najor surface) of the nask

substrate ﬁ&reﬂﬁénﬁhéﬂ?QQﬁmﬁQQQK}fWQrﬂ1ggEH¥QQﬁﬁN| $5ar99.9fa silicon
oxi de f|In1|s faqr he s utterin t hod, the CVD nethod (Chemi ca
Vapor | DepBSLEFgR) Sl TrHh ‘P ARGt OREN CABr B8 rer - on the
phase ﬁdjustln% f|In1lg t hus forned a light shielding pattern 1c and the
hal ft oRe increased.

Fig. 22A shows a concrete example of the
halftone type phase shift mask according to Embodiment
9. In this halftone type phase shift mask 1PS5,
between a halftone pattern leld similar to that of
10 foregeing Embodiment 8 and a mask substrate la, a
transparent phase adjusting film lg comprising, e.g.,
a silicon oxide film is provided, so that, by
adjusting the film thickness of the halftone pattern
le3 and the film thickness of the phase adjusting film
15 1lg, the above-mentioned phase inversion is realized.
This phase shift mask 1PS5 is formed, for
examplé, in the following manner: First, as shown in
Fig. 22B, on a major surface (first major surface) of
the mask substrate la, the phase adjusting film 1lg
20 comprising, e.g., a silicon oxide film is formed by
the sputtering method, the CVD method (Chemical Vapor
Deposition) method or the coating method, and
thereafter, on the phase adjusting film 1g thus
formed, a light shielding pattern lc and the halftone

25 pattern le3 are formed as in the cases of foregoing
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25 pattern 1e3 are fornmed as in the cases of foregoing 3 D CEC 2CD3

Enbodi nents 7, 8, etc. Subsequently, only with the above-nentioned

“hal ftone pattern 1e3, the phase inversion obtained was about 900,3BE pia)
the phase adjusting filmlg lying beneath the halftone pattern 5 1e3 and
the light shielding pattern 1c was dug by, e.g., about 90 nm by the use of
the halftone pattern 1e3 and the light shielding pattern Ic as an etching
mask, whereby a phase inversion of about 180 in total was obtained. In
this way, the halftone mask 1PS5 10 shown in Fig. 22A is manufactured.
According to this Enbodinment 9, |ikew se, a halftone type phase shift

mask 1PS5 MRedimardiisnd ss§ wi@he of Subgpquemkkbul @R bE Whgﬁufggét ured. The:
fil mthickness of the halftone pattern 1e3 is_not limted to this value as
in case of aPVemeIH IRPEhRA Hetne seattrFRet 23al §5 RPASS  Enbodi ment 9,
in order to sinplify the mask manufacturing step, the phase adjusting film
g porti oANVEEHO R pEReErvad ndbeeli Of 4SS%J€%aFeHBQeBha5? et chi ng at

possi bl & naIs Gth Lo Lhelpord | BROBRCRNEABhRed ERANTS HaR AT m | g whi ch
lies iy thiysreglpn, Fpodiment; d05; 25 Thi 8 EHDQMI (RU! oY fg) ates to a
e.g., about 90 nm by the use of the halftone pattern
le3 and the light shielding pattern lc as an etching
mask, whereby a phase inversion of about 180° in total
was obtained. In this way, the halftone mask 1PS5
10 shown in Fig. 22A is manufactured. According to this
Embodiment 9, likewise, a halftone type phase shift
mask 1PS5 with a transmissivity of, e.g;, 5% could be
manufactured. The film thickness of the halftone
pattern le3 is not limited to this value as in case of
15 foregoing Embodiment 8. Further, also in this
Embodiment 9, in order to simplify the mask
manufacturing step, the-phase adjusting film 1g
portion in the mark pattern lma region is also removed
by etching at the time of patterning the phase
20 adjusting film 1g, but it is also possible not to etch
off the portion of the phase adjusting film lg which

lies in this region.

Embodiment 10:

25 This Embodiment 10 relates to a modification of
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3°0 DEC 2003' the hal ftone type phase shift mask according to foregoing
Enbodi ments 7, 8, 9 and a nodification of the nethod for the manufacture
-of the above-nentioned halftone type phase, shift nask. Except fng&ﬂ 03
above 5 nentioned point, this Enbodinent 9 is identical with foreg 3
Enbodinents 1 to 9. In this Enbodi nent 10, |ikew se, the <constitution for
giving a solution to the problem described in connection with foregoing
Enbodi nent 8. 10 As a result, this Enbodi ment 10 can obtain the effect
that the intensity setting of the Iight which transmts through the

hal ftone pattern can be facilitated, is obtained as in the cases of

f or egoi ng Ehigodiaddiones type iphamklish bft tmaskeaetprdisgobrai ned 15 by
foregoing Enbodiments | to 7. Further, the range of materials selected for
form ng t héorgariage Baladimentsan’ bed i ntranded. mpdisigapienoP ft he net hod
for the manufacture of the halftone type phase shift nmask according to

this 20 EFBSIMMEACAT IR @B 2Esk¥ ¢ el BYer aPeVPrRgNEsCIFdy. 23
sk SubbPRALEnea Libe Eiifise AN EIG B bat (VGRS HARFROPAT orn Lmn
as 25 gentloned AR e AR AR ADddidde: °55¢8 2hheidgi"dien
foregoing Embodiments 1 to 9. -
In this Embodiment 10, likewise, the
constitution for giving a solution to the problem
described in connection with foregoing Embodiment 8.

10 As a result, this Embodiment 10 can obtain the effect
that the intensity setting of the light which
transmits through the halftone pattern can be
facilitated, is obtained as in the cases of foregoing
Embodiments 8, 9, in addition to the effects obtained

15 by foregoing Embodiments 1 to 7. Further, the range
of materials selected for forming the halftone pattern
can be increased.

An example of the method for the manufacture of
the halftone type phase shift mask according to this

20 Embodiment 10 will now be described by referring to
Fig. 23.

First, as shown in Fig. 23A, on a major surface
(first major surface) of s mask substrate la, a light
shielding pattern lc and a mark pattern lma as

25 mentioned above are formed as in the cases of forgoing
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3'0 DEC 2003 Enmbodi nents 1 to 9. In other words, the above- nentioned
common |ight shielding pattern forming step is carried out. Subsedddéit|Hi}
. as shown in Fig. 23B, on the nmgjor surface of the mask substrate la, a 5
resi st mask 24 which is transparent to the exposure |light is formed by
coating so as to cover the above- nentioned Iight shielding pattern is and
t he above- nentioned mask substrate la, and further, on the thus provided
resist film24, aresist film25 with light 10 screening properties as used
in foregoing Enbodinent 7 was formed of a thin filmand nade
sem transparent. Here, as the transparent resist film24, a PGVA 24
(pol ygl yci gpboddmeadtsyllatte) %r heoltiher whoimds i she ealpyeof the positive.
type was used. Further, the 15 resist film25 with Iight screening
properti es meas i ohedmednmnon Helgise sifialdbvyl patserneformsng whiegh has a
t hi ckness of about 50 nmand is, e.g., of the negative type. After this,
on the resiist clirinhe?s owt . désbseduenttdgr.ateed Siawiuiin pfatgerd3Bas witten by
the 20 use of an electron beam 26 or the like.- Here, also, a static
el ectrifi cani dhepmajen iswF iaeatrertheasaskonabeteatesler athis, an

ordi nary devel oping treatnment was conducted to develop the resist film 25,
wher eby a E&SASENEAFAR 24 Whikah | k5 florapiPageshohl FRe S¥PRS§re23C

light is formed by coating so as to cover the above-
mentioned light shielding pattern lc and the above-
mentioned mask substrate la, and further, on the thus
provided resist film 24, a resist film 25 with light

10 screening properties as used in foregoing Embodiment 7
was formed of a thin film and made semitransparent.
Here, as the transparent resist film 24, a PGMA 24
(polyglycidyl methacrylate) or the like which is,
e.g., of the positive type was used. Further, the

15 resist film 25 with light screening properties was
formed by the use of a novolac series resin which has
a thickness of about 50 nm and is, e.g., of the
negative type. After this, on the resist film 25, a
desired integrated circuit pattern was written by the

20 use of an electron beam 26 or the like. Here, also, a
static electrification preventing treatment was
conducted. After this, an ordinary developing
treatment was conducted to develop the resist film 25;
whereby a halftone pattern le4 is formed as shown in

25 Fig. 23cC.
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3 0 DEC 2033 Subsequently, the major surface of  the mask substrate |a was
subjected to an ordinary exposure treatnent to expose the portion of the

- resist film24 which is exposed fromthe hal ftone pattern 1le4 having 5
light screening properties, and thereafter, a devel oping treatnerf] i 2003
performed whereby, as shown in Fig. 23D, beneath the hal ftone pattern le4,
a phase adjusting filmlg constituted of the resist film24 and in a .
self-alinging manner with respect to the 10 hal ftone pattern le4 so as to
pl ane-wi se overlap the halftone pattern led4. In this way, a phase shift
mask 1PS6 was manufactured. In the structure of this phase shift mask
1PS6, the phase sdpsetiiergtiiyl,mthe ms jorowuwdsEhamnlof beneanaskhe hal ft one
pattern le4. The 15 phase adjustment of the exposure light which transmits
t hrough t heupbageatshilfit wamsls ubPse tesl edleart rediga X ieeXPPBERrehi ckness of
the halftone pattern 1e4 and the filmthickness of the phase adjusting
filmilg. Atreatmestl to gxasss mher S kvul At behe capF 288 BéddWMed? the 20
light which has transmitted through the stacked pattern regiqn consisting
of the hal ¥héab pat expesBss fram thee bSO PRt R F—?I“mh%dlé‘ﬁd the |ight
which has transmtted through the mask substrate_|la. Further, the
t r ansnPssi yilgRtof CrsE NG ISP R T &S reE oAt bfhed®out to be about 5%

Thus, the hal fton . : .
develoP%ng treatment is performed whereby, as shown 1in

Fig. 23D, beneath the halftone pattern le4, a phase
adjusting film lg constituted of the resist film 24
and in a self-alinging manner with respect to the

10 halftone pattern le4 so as to plane-wise overlap the
halftone pattern le4. In this way, a phase shift mask
1PS6 was manufactured. In the structure of this phase
shift mask 1PS6, the phase adjusting film lg is
provided only beneath the halftone pattern le4. The

15 phase édjustment of the exposure light which tfansmits
through the phase shift mask 1PS6 is made through the
film thickness of the halftone pattern le4 and the
film thickness of the phase adjusting film lg. As a
result, phase inversion could be realized between the

20 light which has transmitted through the stacked
pattern region consisting of the halftone pattern led
and the phase adjhsuting film 1g and the light which
has transmitted through the mask substrate la.
Further, the transmissivity of the stacked pattern

25 region turned out to be about 5%. Thus, the halftone
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3 B DEC 2' 03 type phase shift mask 1PS6 with a transm ssivity of about 5%
could be fabricated as in the cases of foregoing Enbodi nents 8, 3, Coe
~ Enbodi ment 11: This Enbodinent 11 relates to a nodification of f ﬂéﬁii%@ﬁ
Enbodi ment 1. Through the result of the exam nation nmade by the present
i nventor, the follow ng has been found: 10 It is also effective that,
after, on the major surface of the mask substrate, the |ight shielding
pattern for formng the integrated circuit pattern and the mark pattern
is formed of the above-nentioned resist film and thereafter, on the
above-nentioned maj or surface, 15 a transparent protective filmis forned

So as to ¢ | is@hRte+S hiqghdi hdth Bs geASH e o £t he
mechani cal eg?réeﬁgtla%eofﬂilﬁg :ﬂ{iagklf 1%62%%%%6‘1%’% n ?or madﬂlof0 t he

above- ment gpgd E§Skcohlll WE TAb Mt athaseth Fivsthgsesbysshutting of f the
oxygen by the 20 protective film the change in the filmquality of the

l'i ght shi ekdi-BgoRalyt embodamedt ofg the, resd st filmcan be prevented. Fig.
24. shows a concCreté exanple of this Enbodinment 11. Over the whole of a
pajg;Bsurface 25 (first major surface) of a mask substrate la 3 D C E C 2;
? 5 Embodiment 11:
This Embodiment 11 relates to a modification of
foregoing Embodiment 1.
Through the result of the examination made by
the present inventor, the following has been found:
10 It is also effective that, after, on the major surface
of the mask substrate, the light shielding pattern for
forming the integrated circuit pattern and the mark
pattern is formed of the above-mentioned resist film,
and thereafter, on the above-mentioned major surface,
15 a transparent protective film is formed so as to cover
the light shielding pattern. By this measure, the
| mechanical strength of the light shielding pattern
formed of the above-mentioned resist film can be
enhanced. Further, by shutting off the oxygen by the
20 protective film, the change in the film quality of the
light shielding pattern formed of the resist film can
be prevented. |
Fig. 24 shows a concrete example of this

Embodiment 11. Over the whole of a major surface

25 (first major surface) of a mask substrate la
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" constituting the photo mask | PA6, a protective filmlh conprising, e.g., a
silicon oxide filmor a silicon conpound coating. in case the protective
filmlh was conprised of a silicon oxide filmor the like, the 5
protective film1lh was formed by, e.g., the sputtering nmethod gy e gD
met hod. Further, in case the protective film1lh was conprised of a 'silicon
conpound <coating, it was subjected to heat treatnent at about 100 to
200' 3 C after the coating thereof. 10 Further, in the photo nask 1PA6
according to this Enbodinent 11, the protective film 1lh covers the whole
maj or surface of the mask substrate la. Thus, in case of nounting the

15 pr of el 9QRS T TR 148 GF 1 KT BHB BRAs ke RPAG S T Lobactanan Lkt nhne o
Ther ef or o CRRET 1S s caster o1 -ORE0 AY LeAb dib i L X5 B5% he mount ng
Girect |y GARBRIT Shehiine ol rarre (108 ProfRctifs siir pifee™ 15 "arc)
gggffh;9éﬁgmﬁé¥f§% 3# ;§o$#ig%gﬁhégﬁggﬁgﬁlﬁfgﬁgrué?ﬁga% éogﬁ%SL-tggntioned
the pebl i TR Te B e nhv it Br FasanoERell BY B o e FELhgL e 1
method or the CVD method. Further, in case the
protective film lh was comprised of a silicon compound
coating, it was subjected to heat treatment at about
100 to 200° ¢ after the coating thereof.
10 Further, in the photo mask 1PA6 according to
this Embodiment 11, the protective film lh covers the
whole major surface of the mask substrate la. Thus,
in case of mounting the photo mask 1PA6 on the
inspection equipment, the aligner or the like, the
15 protective f£ilm lh of the photo mask 1PA6 is contacted
with the mounting portion of the inspection equipment,
the aligner or the like. Therefore, as in the cases
of foregoing Embodiments 1 to 9, the mounting portion
of the inspection equipment, the aligner or the like
20 is not directly contacted with the pattern (the light
shielding pattern lb, etc.) constituted of a resist
film on the mask substrate la, so that the peeling-off
or shaving-off of the resist film due to the above-
mentioned mounting can be prevented, and the

25 occurrence of foreign matters due to the peeling-off
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can be also applied to the photo masks according to foregoing Enbodi nents
2.to 4. In the above, the invention achieved by the 5 present inventor has
been concretely described on the basis of its enbodinments, but itJ§§fa?:
matter of course that the inventionis not limted to the foregoing
enbodi-nments but can be variously nodified wthout departure fromthe gist
of the invention. 10 For exanple, foregoing Enbodinents 1 to 10 have been
described with reference to the case where the wring is of the ordinary
Wiring structure, but the inventionis limted to this, but the wiring may
alternatively be formed by, e.g., the so-called 15 damascene nethod or the

duel damasgeng yaRhRade AC CIfIdNG d bl £ty éntibd L Ndrd s 6 fRGch Aean

i nsul at or m or wring 1s forne y burying a conductor film into a

groove for .a hele 164t Liéﬁ?ﬁﬂﬂﬂﬂgl | iREkS Ack8rd@nhave been 20
descri bed mn{h referenceto the case ere a sem conductor substrate

conprisingfggﬁﬁdi tlhoSiSiaaNauctpPrg i s used, but the invention is not
limted to such case, but, for exanple, an SO (Silicon On Insul ator)

substrate consti iyt @byl BHiitrehtt i sSenieeadubyotheayer on an
insulator U 2] 3 layer, or an epitaxial substrate conprising an
5 present inventor has been concretely described on the
basis of its embodiments, but it is a matter of course
that the invention is not limited to the foregoing
embodiments but can be variously modified without
departure from the gist of the invention.

10 For example, foregoing Embodiments 1 to 10 have
been described with reference to the case where the
wiring is of the ordinary wiring structure, but the

’invention is limited to this, but the wiring may
alternatively be formed by, e.g., the so-called

15 damascene method or the duel damasceﬁe method
according to which a wiring is formed in an insulator
film or a wiring is formed by burying a conductor film
into a groove for a hole.

Further, foregoing Embodiments 1 to 10 have been

20 described with reference to the case where a
semiconductor substrate comprising an elemental
semiconductor is used, but the invention is not
limited to such case, but, for example, an SOI
{Silicon On Insulator) substrate constituted by

25 providing a thin semiconductor layer on an insulator
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ebftaxial | ayer provided on a sem conductor substrate. In case that the
mark pattern is formed of a resist-filmin foregoing Enbodinents 1. 11, an

gk

-5 absorbing material which absorbs the nmark detecting |ight (suéhf $ Loy
e.g., the probe light of a defect inspection equipnent (the probe |ight
being light which has a wavelength, of, e.g., 500 nm, greater than the
exposure wavel ength)) nmay be added to the resist 10 film In the above,
the invention achieved by the present inventor has been described, minly,
with reference to the case where the invention is applied to the nmethod
for the manufacture of a sem conductor 15 integrated circuit device with a
CM S ci r cuileyetri,clor bl epgsadahesybsetchtod evmprzaihgnaeonstituting the.
background of the invention, but the invention is not limted to this, but
can al so bepappkilied tl@ayers@rncottkdtar 4 Regieteductorustbderace.with a -
menory 20 circuit such as, e.g., a DRAM (Dynam ¢ Random Access Menory),

an SRAM (Static RAngoNEALbEES tenmapk @atterdn ash hermmeg¢ ¢EERROM El ectric
Erasabl e Read only Electric Erasable Read Only Menory) or the like, a
sen1conducFGﬁlﬁﬁtééﬂaté@-QQQﬁﬂquﬁaﬂmhdem¢ntﬁlbgltl2580|rCU|t such as,
e.g., a mcroprocessor or the like, 3 0 CE C 2CJ3 or a

mi xed- 8i scPEEErEdRFoReH e iiadadduiqly pbsorbs the mark detecting
light (such as, e.qg., the probe light of a defect

inspection equipment (the probe light being light

which has a wavelength, of, e.g., 500 nm, greater than

the exposure wavelength)) may be added to the resist
10 film.

In the above, the invention achieved by the
present inventor has been described, mainly, with
reference to the case where the invention is applied
to the method for the manufacture of a semiconductor

15 integrated circuit device with a CMIS circuit which
belongs to the field of utilization constituting the
background of the invention, but the inveﬁtion is not
limited to this, but can also be applied to a
semiconductor integrated circuit device with a memory

20 circuit such as, e.qg., a DRAM (Dynamic Random Access
Memory), an SRAM (Static Random Access Memory) or a
flash memory (EEPROM; Electric Erasable Read Only
Electric Erasable Read Only Memory) or the like, a
semiconductor integrated circuit device with a logic

25 circuit such as, e.g., a microprocessor or the like,
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sen conductor circuit device in which the above- nentioned nenory cir
and logic circuit are provided on one and the same semi conductor 30 [El
‘substrate. 5 Further, the technical concept of the present invention
not limted to the application to the nmethod of manufacturing

sem conductor integrated circuit devices but can also be applied to the
met hod of manufacturing other electronic devices (electronic 10 circuit
devices) etc. such as, e.g., aliquid crystal substrate and a magnetic
head. Further, the pellicle is stuck or bonded to the nask substrate in
the portion provided with no resist, whereby a good fixing characteristic
i s provi de®r | IEXedrd igerare-compasenthe lpadedciteries contact-fixed on a
chrom num (netal) screening filmin the periphery of the mask, a specially
excel | ent fISR¥PRIVFERE FLEEREL @devégRi Bint wdichuithigebavee- fi xi ng of the
pellicle to the mask 20 holder of the mask is made in such a manner that
the pel|i AIRNEIORGWBRRQFY x@HroWLE B8Rt 1pOifi 6drsmith@ramsk peri phery

whi ch has no re%%%% film that-is, onto the surface of a quartz nask
substrat e, BESEIARMi 9 Ot ard pbhei BAMGuERTASONLUS o AR ®r a net al
25 conpound fil m portion; ﬂﬂ% t hus, . a ?ood fixin% 3 9 DEC 2093
characteristic fdYEE byEh BFRR1IGRIJEQPGEPEN s the present

invention is not limited to the application to the b
method of manufacturing semiconductor integrated
circuit devices but can also be applied to the method
of manufacturing other electronic devices (electronic

10 circuit devices) etc. such as, e.qg., a liquid crystal
substrate and a magnetic head.

Further, the pellicle is stuck or bonded to the
mask substrate in-the portion provided with no resist,
whereby a good fixing characteristic is provided. 1In

15 particular, in case the pellicle is contact-fixed on a
chromihum (metal) screening film in the periphery of
the mask, a specially excellent fixing characteristic
is exhibited.

Further, the fixing of the pellicle to the mask

20 holder of the mask is made in such a manner that the
péllicle is contact-fixed onto that portion of the
mask periphery which has no resist film, that'is, onto
the surface of a quartz mask substrate, a screening
metal portion such as, e.g., chrominum or a metal

25 compound film portion; and thus, a good fixing
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exhi bited. The effects achieved by the typical ones of the inventions
disclosed in the present application will 5 be briefly described beI3
- (1). According to the present invention, in the periphery of th%ﬂﬂﬁﬁiﬁhl
mask, any of various patterns conprising a resist filmare not provided in
the region with which the nounting portion of the 10 inspection equi pnent,
the aligner or the like is contacted, whereby the occurrence of foreign
matters due to the peeling-off or shaving-off of the resist filmon the
optical mask due to the nechani cal shocks caused when the optical mask is
nounted on the 15 inspection equipnent, the aligner or the like can be
suppressed or prevented., (%). Due to foregoing Item (1), the _deteriorati.on
of the det cEBPRFACERELFLAG dod lowedhdy ﬁh‘élﬁh}b‘?‘%f@roﬁle‘éhéﬁiﬁg- é8f of the
resist filmop.the 20 photo mask and the deterioration in the transfer
accur acy ofeFH%bé§$ sure pattern can be prevented. (3). Due to foregoing
sible to prevent the short-cjrcuit defects, open-

It 1), it b
ci?ghgt)de;ectgfqgﬁé.ggi?ﬁéénaF eyt OYnhsh RIS <RRe8 oRBUENET waf er

T oot e nREpehPIoRE" a26c8Re"Y® heTpedlen® Shf1 2t YA GRAT T M 0"

5 be briefly described below.

(1). According to the present invention, in the
periphery of the optical mask, any of various patterns
éomprising a resist film are not provided in the
region with which the mouﬁting portion of the

10 inspection equipment, the aligner or the like is
contacted, whereby the occurrence of foreign matters
due to the peeling-off or shaving-off of the resist
film on the optical mask due to the mechanical shocks
caused when the optical mask is mounted on the-

15 inspection equipment, the aligner or the like can be
suppressed or prevented.

(2). Due to foregoing Item (1), the
deterioration of the detecting accuracy due to the
peeling-off or shaving-off of the resist film on the

20 photo mask and the deterioration in the transfer
accuracy of the exposure pattern can be prevented.

(3). Due to foregoing Item (1), it becomes
possible to prevent the short-circuit defects, open-
circuit defects, etc. between the patterns on the

25 semiconductor wafer due to the peeling-off or shawving-
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(4). Since a light screening netal region is provided in the outer

peri phery of the mask substrate of the optical mask, and, by reqﬂybﬂgzﬁh

. portion of 5 this light screening netal region, a nmark pattern for g
detecting the informati on of the optical mask is formed, the ability of
detecting the information of the optical mask can be enhanced. (5). Due to
foregoing Item (4), the detecting 10 accuracy of the calibrating mark on
the optical mask can be enhanced in case of inspecting the optical mask,
so that the inspecting accuracy of the optical mask can be enhanced.
Therefore, the reliability of the optical nmask can be enhanced. 15 (6).
Due to fore%%in% Item (4), the accuracy in the alignment between the .
optical masRIEn@L Fdeamesist Tam mn citreketo Apaskdi ngly, the transfer
accuracy of the %tterns transferred onto the sem conductor wafer and the
al i gnment accuracg danSB8cenRaddadt Aryegning anebal oregdpngistems (1) to
(6), the reliahility of the sem conductor integrated circuit devices
manuf act ur e§TBY RS e the Ot eFpReeiPheisk 0hcEde dmAgKt subRErptesent

i nvention can Qﬁﬁenh%nce . (8),. Due,tq foregoing Itens (1) to (6), the 25
yield of th& sémcORYIE o WA ergAitdbd BY r VLG eBOBtaopERL2003

manuf acg ur ed, hy &Eﬁh%sgc?%éﬂE%énﬁéégﬂ EEE¥6§FC£r35?ﬁ pattern for
detecting the information of the optical mask is
formed, the ability of detecting the information of
the optical mask can be enhanced.
(5). Due to foregoing Item (4), the detecting

10 accuracy of the calibrating mark on the optical mask
can be enhanced in casé of inspecting the optical
mask, so that the inspecting accuracy df the optical
mask can be enhanced. Therefore, the reliability of
the optical mask can be enhanced.

15 (6). Due to foregoing Item (4), the accuracy in
the alignment between the optical mask and the aligner
can be enhanced. Accordingly, the transfer accuracy
of the patterns transferred onto the semiconductor
wafer and the alignment accuracy can be enhénced.

20 (7). Due to foregoing Items (1) to (6), the
reliability of the semiconductor integrated circuit
devices manufactured by the use of the optical mask
according to the present invention can be enhanced.

(8). Due to foregoing Items (1) to (6), the

25 yield of the semiconductor integrated circuit devices
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to the present invention can be enhanced. 3 0 CEO 243 Clains : 1. A nethod
for manufacturing a sem conductor integrated circuit device conprising the
‘steps of: (a) irradiating ultraviolet exposure light froma second L or
surface side of a mask substrate, the mask substrate having an in&@ﬁt%ﬂ@é
circuit pattern wthin an integrated circuit pattern region over its first
maj or surface, the integrated circuit pattern including a |ight shielding
pattern which includes a resist pattern whose transmttance to the
ultravi ol et exposure light is substantially zero fromits resist coating
over the first major surface of the mask substrate, the integrated circuit

pattern reginin@eidOusyehed it lLIicle fixed to the first major
surface of the mask substrgtgﬁgtng% St SMtfe Rt 19Rl i maekraceardingui t

pattern regitoh; tiid)pté ek ki - i.nt e rakﬁﬁ*circ it pattern onto a
photoresist film J%er§g§ge%?ggﬁgégﬁa€e%b%%a %ﬂc%é'exposing t he
photoresist filmto the exposure light transmtted through the mask
substrate with optical reduction projection. 2. A nmethod for manufacturing
a sem conductor integrated circuit device according to Claim1l, wherein a
wavel ength of said exposure light is at 100 nm or over but |ess than 250
nm 3. A nethod for manufacturing a sem conductor integrated circuit device
according to Claim?2, wherein the wavel ength of said exposure light is at
100 nmor over but less than 200 nm 4. A nmethod for manufacturing a

sem conductor integrated circuit device according to daim3, wherein a

| ight-shielding netal region is provided at a
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peri pheral portion over the first major surface of said mask substrate. 109
3 0 DEC 2003 5. A nethod for manufacturing a sem conductor integrated
circuit device according to Gaim4, wherein said pellicle is fixeg oy ;7]
contact on said light- shielding metal region. 6. A nethod for B
manuf acturing a sem conductor integrated circuit device conprising the
steps of. (a) irradiating ultraviolet exposure light froma first or second
maj or surface side of a mask substrate, the mask substrate having an

i nt egr at e@laimisr:cuit pattern within an integrated circuit pattern region
over its first major surface, the integrated circuit pattern including a

| i ght shielding pattern which includes a resist pattern whose

transm ttance AdgméthddUor ndatihefuridgrpsethitondabior iht%gﬁatleatoafmiitadévﬁcéer o from
its resist coating over the first major surface of the mask substrate,
whi | e cortoamprisingathd skepsdifng the first major surface of the mask substrate
with a mask hol di ng mechani smat an outer peripheral region of the first
maj or surf ace(@¥irtagiating ultenielet sxposunkdight fram pessicond paajoe surface sideot
exist; (b).transferring the integrated cifcuit pattern pntpo a photoresist
film ové;f ISk LSEARs theomask sunsrae hgying A integrated cpruitpatierR: filmto

o BRSPSt
0 1 SRR e EWESSERNER bSO BRI 2
for manuiReistphiermwhBse fanssisice toUtRE ulfrSHofdt'epobure light is

substantially zero from its resist coating over the first major surface of the

mask substrate, the integrated circuit pattern region being covered with a

pellicle fixed to the first major surface of the mask substrate at an outside of

the integrated circuit pattern region;

(b) transferring the integrated circuit pattern onto a photoresist film
over a device surface of a wafer by exposing the photoresist film to the
exposure light transmitted through the mask substrate with optical reduction
projection.

2. A method for manufacturing a semiconductor integrated circuit device
according to Claim 1, wherein a wavelength of said exposure light is at 100 nm
or over but less than 250 nm.

3. A method for manufacturing a semiconductor integrated circuit device
according to Claim 2, wherein the wavelength of said exposure light is at 100
nm or over but less than 200 nm.

4. A method for manufacturing a semiconductor integrated circuit device
according to Claim 3, wherein a light-shielding metal region is provided at a

peripheral portion over the first major surface of said mask substrate.
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device according to Caim?7, wherein the wavel ength of said exposure |ight
Is at 100 nmor over but less than 200 nm 9. A nethod for manufacturing a
sem conductor integrated circuit device according to Caim S8, Whﬁ)ﬁgp @
light-shielding netal region is provided at a peripheral portion Xdhe
first major surface of said mask substrate. 110 3 C DEC 223 10. A net hod
for manufacturing a sem conductor integrated circuit device according to
Caim9, wherein a pellicle is provided over the first major surface of
sai d maskd-subshmagthod domanufachiring & seraicondueonintegretedeireuibdeviee n, said
pellicle being fixed by copntact qn said light-shielding netal region. 11.
A met hod A°EPTHBR LR lm‘i"n\dﬂﬁ"eélbﬁﬁlém irde by fixer Ry cantagt en paidilightyevi ce
conpri si nsg.é%ae ste of.. (a) irradiating ultraviolet exposure |ight froma
first or W& MEj2OFCBI%%yr f ace side of a mask substrate of a Levenson type

phase shifting, ma e _mas ubstrate. havi an in r.ated.ci.rcuit
ot er n vl hi 7 Tnetinf 36 mPBtacict ¢ Srpisoptndior BeeMOER eIt o1 o
surface, 1 krcuit pattern including a light shielding
pattern\ﬁ#ﬁhﬁﬁ%@ﬁ&%@gﬂ%stesist pattern whose transmttance to the
ultravi ol et exposure light is substantially zero fromits resist coating

over the fir st(apitradiating fudtraviolettexposaklightfzomsa first(dr)secondmbaori ng t he
integrated circuyit pattern gnto a photoresist filmover a device surface
of a waf @urfaﬁeék@ﬁagf Adgnaskesubstiats, dhe masksubstratethaving padntegrategnt

transmtted through the. mask substrate with optical reduction projection.
120" A rotGiRSY BRI WAL 3 FHEeEAed Firc R @aRe ] To2ion gVSE B8 TESTRAIAY dovi ce

o di ng B! e Mntdpratddlifhilt fatfShhenife AMight sHictAR S tferh W' S 2t
includes a resist pattern whose transmittance to the ultraviolet exposure light
is substantially zero from its resist coating over the first major surface of the
mask substrate, while contacting and holding the first major surface of the
mask substrate with a mask holding mechanism at an outer peripheral region of
the first major surface of the mask substrate, where the resist pattern does not
exist;

(b) transferring the integrated circuit pattern onto a photoresist film
over a device surface of a wafer by exposing the photoresist film to the
exposure light transmitted through the mask substrate with optical reduction
projection.

7. A method for manufacturing a semiconductor integrated circuit
device according to Claim 6, wherein a wavelength of said exposure light is
at 100 nm or over but less than 250 nm.
8. A method for manufacturing a semiconductor integrated circuit
device according to Claim 7, wherein the wavelength of said exposure light
is at 100 nm or over but less than 200 nm.
9. A method for manufacturing a semiconductor integrated circuit device
according to Claim 8, wherein a light-shielding metal region is provided at a
peripheral portion over the first major surface of said mask substrate.
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nm or over but less than 250 nm 13. A nmethod for manufacturing a

sem conductor integrated circuit device according to Caim1l2, wherein the
wavel engt h of said exposure light is at 100 nm or over but |ess @Dﬁp ﬁ%o
nm 14. A method for manufacturing a sem conductor integrated cir3 L v
device according to Caim13, wherein a |light-shielding netal region is
provided at a peripheral portion of the first major surface of the mask
substrate. 111 3 0 DEC 2D3 15. A nethod for nmanufacturing a sem conduct or
integrated circuit device according to Caim1l4, wherein a pellicle is
provi ded Ker Ameethiodsor mgrarfacturingcesemicondiidtomintegsated imuet davies t o
cover said integrated,circuit pattern therewith, said ellicle being fixed
by cont ac@ccerdingita Claynt?, svheretn agelinlels prayi .ow.thnrfplr@bmam syrkase f or

optical reduction,projection exposure,.conprising: (a) a mask substrate
whi ch hasoef?%all fnaékcﬁugégﬁf?os%%ﬁ Cg\{ﬁrfsg}jﬁgl%@tch substantial |y transparent
wth respect..-to ultrawi,ol et expesure li,ght: (b) an.i,nteqgrated.circuit
pattern LSt ? ﬁ‘}g Rqﬁ%]p%%ﬁexgg a%@té?t)o%%ldq}égﬁ%éaa&& g&egal (c) an
integratq.fdl fd'r{cuit pattern within an integrated circuit pattern region

over the B st maj or surface of the mask substrate, the integrated circuit

pattern 11aving femddortiurufaaiirisbariciitoRtiubRt thtcpragy diduiinc! uding a

light shielding pattern which inclFudes a resist paltern whose

transm t tdeviee temphiging theastepd ¢f: exposure light is substantially zero from
its resist coating over the first major surface of the mask substrate, the
i ntegrated ci feypimragiatingnitraviolet expoanss bghtefitonna first grisscondsnajorfi | m over
a device surface, of .a wafer by exposing the photaoresist filmto the

exposur e SUrkaee sident arquhs{ratrgﬂf 2 h&venson type phase shifting mask the

mask substrate having an integrated circuit pattern within an integrated circuit

pattern region over its first major surface, the integrated circuit pattern

including a light shielding pattern which includes a resist pattern whose
transmittance to the ultraviolet exposure light is substantially zero from its
resist coating over the first major surface of the mask substrate;

(b) transferring the integrated circuit pattern onto a photoresist film over a
device surface of a wafer by exposing the photoresist film to the exposure
light transmitted through the mask substrate with optical reduction projection.
12. A method for manufacturing a semiconductor integrated circuit device
according to Claim 11, wherein a wavelength of said exposure light is at 100
nm or over but less than 250 nm.

13. A method for manufacturing a semiconductor integrated circuit device
according to Claim 12, wherein the wavelength of said exposure light is at 100
nm or over but less than 200 nm.

14, A method for manufacturing a semiconductor integrated circuit device
according to Claim 13, wherein a light-shielding metal region is provided at a

peripheral portion of the first major surface of the mask substrate.
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mask substrate with optical reduction projection; (d) an outer peripheral
region, where the resist pattern does not exist, disposed over a

peri pheral region over the first major surface of the mask substrate. 17.
A nethod for manufacturing a sem conductor integrated circuit de¥d € 200]
conprising the steps of., (a) irradiating ultraviolet exposure light froma
second maj or surface side of a mask substrate, the mask substrate having
an integrated circuit pattern wthin an integrated circuit pattern region
over its first major surface, the 112 3 D DEC 2003 integrated circuit
pattern ikcl udh method fghmastfashutingga pehicenduetbi oitegratddciecnibdeviesi st
pattern; (b) ,ransf?nriqg tﬂe integ#ateﬁ circuit pattern onto a photoresist
fil m overacgordipg t¢ Elaim 14hcuhepeima peklicle isypravidsdiavsr theclirsh Bradesriace; i | m t o

t he exposuyre.li transmtted throu he sk sybstratg with optical
ouer Dorptshid ik sudi2Re S s BF dvir B el B it PRl fhefliin Bl

i nt egr at 1 [ ' ' 1AL 7 in a wavel engt h of
Shi A pdliLle bire ARH BF cofGEPORLERA lighe shitldint nctliRigy O 1o o O
met hod fOFG.WBnWrﬁépﬁkEdlﬁﬁaﬁ( ﬁﬁrﬂmw&@vﬁmidnrﬁm%@m 'dsaré,tcoﬁmiisiﬁ

according to Claim 18, wherein the wavel ength of said exposure |i g%t s at

100 rimor ova) ahmask ssstratawhicld hasnfir@nd/sevent adajoosurfaces and is i ng a

sem conductor integrated circuit device conprising the steps of: (a)

i rradi at isugstantiallyi transparsni osith sespeghto elixavielet expesuse lightond nmaj or

Suriace stde o) nThteerated Circuit pattern region over the first major Surface of <9 2" &
said mask substrate;

(c) an integrated circuit pattern within an integrated circuit pattern region
over the first major surface of the mask substrate, the integrated circuit pattern
having been drawn by an electron or laser beam and including a light shielding
pattern which includes a resist pattern whose transmittance to the
ultraviolet exposure light is substantially zero from its resist coating over the
first major surface of the mask substrate, the integrated circuit pattern being
transferred onto a photoresist film over a device surface of a wafer by
exposing the photoresist film to the exposure light transmitted through the
mask substrate with optical reduction projection;

(d) an outer peripheral region, where the resist pattern does not exist,
disposed over a peripheral region over the first major surface of the mask
substrate.

17. A method for manufacturing a semiconductor integrated circuit
device comprising the steps of:
(a) irradiating ultraviolet exposure light from a second major surface side

of a mask substrate, the mask substrate having an integrated circuit pattern

within an integrated circuit pattern region over its first major surface, the
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pattern wthin an integrated circuit pattern region and a |ight shielding
netal region outside the integrated circuit pattern region over its first
maj or surface, the integrated circuit pattern including a |ight shielding
pattern which includes a resist pattern; (b) transferring the int ig\r@p?ﬂm
circuit pattern onto a photoresist filmover a device surface of t

by exposing the photoresist filmto the exposure light transmtted through
t he mask intdgsatedtaraiit patbgrni ineludirg adight shizldingqatenn wHich Ancletlbsod f or

manuf acturi ng a sem conductor integrated circuit device according to Claim
20, wher desishpal&m@y; engt h of said exposure light is at 100 nmor over but

| th 250 113 .30 CEC 2:'3 22, A nmethod f facturi

s:fn'scongﬂct or(bS Tﬁ"’@ﬁ%ﬁﬂ@& the rl%fﬁgk'at@i@lréﬁltr%@@g@ ant%{;a gggéréglﬁ{u’lrﬁi!;g%%érﬂei n the
| t f id i ght i. 100 \ t t 200

hm 25 lavdee SaERest R anA S b Rhgt e dbe PROHIRERO R 15 dhe Sreas ahty

v . | . RLDATRAt ‘h

dov o SESRTAND i AEUE Rhg OB rRShACA b ough SPTBERRRYT 1, ..

circuit pafterQmehod fof Eﬁdxﬁif&cztgﬁhg@h nsec{rﬂfggﬂfiﬁbr:’to‘rfrg ate@tikAitMevice

| i ght-shielding netal region. 0 nuffacturing a

sem condugtordingttedrlaimd % iwltdrein 4 @vavetengtRdfrshil egpdduee Highpss &f 100 a)
irradiating ultraviolet exposure light froma first or second nmajor surface

si de of amuslovenbut lessd¢hari 250Imwenson type phase shifting nmask, the nask
substrate having an integrated circuit pattern within an integrated circuit
pattern egi oh metbedifos mamdactusingra samicepductondntegratgd girsyitcdavics t

pat tern el ugh 9, bl T, WA E L AAILEER Aatd chpsha Tt 57188
nm or over but less than 200 nm.

20. A method for manufacturing a semiconductor integrated circuit
device comprising the steps of*

(a) irradiating ultraviolet exposure light from a first or second major
surface side of a mask substrate, the mask substrate having an integrated circuit
pattern within an integrated circuit pattern region and a light shielding
metal region outside the integrated circuit pattern region over its first major
surface, the integrated circuit pattern including a light shielding pattern which
includes a resist pattern;

(b) transferring the integrated circuit pattern onto a photoresist film over a
device surface of a wafer by exposing the photoresist film to the exposure light
transmitted through the mask substrate with optical reduction projection.

21. A method for manufacturing a semiconductor integrated circuit device
according to Claim 20, wherein a wavelength of said exposure light is at 100

nm or over but less than 250 nm.
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(b) transferring the integrated circuit pattern onto a photoresist film
over a device surface of a wafer by exposing the photoresist filmto the
exposure light transmtted through the nmask substrate with optic h .
reduction projection. 25. A nethod for manufacturing a seniconduc? el 220
integrated circuit device according to Caim24, wherein a wavel ength of
sai d exposure light is at 100 nmor over but |less than 250 nm 26. A

e tord nd2 oF oA gt (3 et as Aee i A Gar e A S BE U dEvIcfent i s at
100 |. th 20 14 J. 27. A 1 df
ronuf oot deeprfihe BEIiEE 1 P ibrefirthe Hhveldna of i koo Tettin 1100, (o o aim
26, wh i i -shi gl di t al i i i ded at i ph |
20 e el of oVEP B RN Al A IR 2 T O L P ey 58, " hetrod for

on d | | nask | method fo
o her 3" A& REMEO %@‘E%@%ﬁﬁf%%?g?ﬁ%&ﬁ“&?d ifbltaed ?g@éﬂ'o??" e, ;o
mask su b%cf:@fcﬁn@ t @?aifrp22:,%ﬁ%reﬁﬁh gellf@l@egir(lﬁ& ef!dvel :tﬁe fiftk Wedin isuﬂ%béj of

pellicle being “fixed by contact On sai I'ght -shi el ding nmetal region. 29,

A et hod shRf maABK shissifaié 5o ds o SGFErGainedgRatetl ire it Habiednt isafdpéllidR \Beifg
conprising the steps of (a) irradiating ultraviolet exposure light froma

second nHjxud uchmeaet oni shid dight-shizhlilig sndial region. t he nask substrate having
an integrated circuit pattern within an integrated circuit pattern region
over its Xirst Amethodstor irenaifadtheng atsegriednehictirninteigrated airceit devivel udi ng a
| i ght shielding pattern which includes a resist pattern, the integrated
circuit pemupisng i depvefing covered with a pellicle fixed to the first

maj or surface of . the nmask substrate at an outside of the integrated circuit
pattern (a) irradiating ultraviolet exposure light from a first or second major surface

side of a mask substrate of a Levenson type phase shifting mask, the mask
substrate having an integrated circuit pattern within an integrated circuit pattern
region over its first major surface, the integrated circuit pattern including a light
shielding pattern which includes a resist pattern;

(b) transferring the integrated circuit pattern onto a photoresist film over
a device surface of a wafer by exposing the photoresist film to the exposure light
transmitted through the mask substrate with optical reduction projection.
25. A method for manufacturing a semiconductor integrated circuit device
according to Claim 24, wherein a wavelength of said exposure light is at 100
nm or over but less than 250 nm.
26. A method for manufacturing a semiconductor integrated circuit device
according to Claim 25, wherein the wavelength of said exposure light is at 100

nm or over but less than 200 nm.
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region; (b) transferring the integrated circuit pattern onto a pho%gresist

filmover a device surface of a wafer by exposing the photoresist iDEn 2R
the exposure light transmtted through the nask substrate with optical
reduction projection. 30. A nethod for manufacturing a sem conductor
Integrated circuit device according to Caim29, wherein the wavel ength of
sai d exposure light is at 100 nmor over but less than 200 nm 31. A

met hod for manufacturing a sem conductor integrated circuit device
according to Caim 30, wherein a light-shielding netal region is provided

2% B AR S R GG SRR ©
|t eorat edeaidifyld IR 56, wAGER! 4Bt LReRiAk Mot reBARIE pRodiaby A SN o ding

metal redi6n I s°provi a~ perfFpheéra naj or

f . ] [ ' .xed b t act
surt ace Sl BTIRRISHOAS rMAARBEL U, nhek aibdded by contact or
ser condut of ANAREH #6F Shdfithdrufifyl £ SenfESRICEN tibhred Reuft devit)

irradiating ultraviolet exposure light froma second major surface side of

a mask sulesbidihe to OiniRE kwhetesi 4 pbRidais digpévadi oviee e fifd nedih Guifacalt ern
within an integrated circuit pattern region over its first major surface,

t he i nt egaid edsk subsirdte spas tecoversalditieprated|cighit pattes, daithpglHtlecbeinghi ch
includes a resist pattern, the mask substrate al so having a conductive
| ayer underddbngonthet oresdidiight-shebding mdtal fegiast.  naj or surface of the nmask
substrate, a transmttance of the resist filmto the ultraviolet exposure
| i ght beid¥y subsuethed &1t manufagturinga semsicoaductor idegratag avanit dewice f i r st
maj or surface of the mask substrate;

comprising the steps of:

(a) irradiating ultraviolet exposure light from a second major surface side of

a mask substrate, the mask substrate having an integrated circuit pattern within an
integrated circuit pattern region over its first major surface, the integrated circuit
pattern including a light shielding pattern which includes a resist pattern, the
integrated circuit pattern region being covered with a pellicle fixed to the first
major surface of the mask substrate at an outside of the integrated circuit pattern
region;

(b) transferring the integrated circuit pattern onto a photoresist film over a
device surface of a wafer by exposing the photoresist film to the exposure

light transmitted through the mask substrate with optical reduction projection.

30. A method for manufacturing a semiconductor integrated circuit device
according to Claim 29, wherein the wavelength of said exposure light is at 100
nm or over but less than 200 nm.

31. A method for manufacturing a semiconductor integrated circuit device
according to Claim 30, wherein a light-shielding metal region is provided at a

peripheral portion of the first major surface of the mask substrate.
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(b) transferring the integrated circuit pattern onto a photoresist film
over a device surface of a wafer by exposing the photoresist filnﬂﬁﬁ¢6?ﬁ3
exposure light transmtted through the mask substrate with opticaltv bty &
reduction projection. 34. A nethod for manufacturing a sem conduct or
Integrated circuit device according to Caim33, wherein the wavel ength of
sai d exposure light is at 100 run or over but less than 200 nm 35. A
met hod fqr. manufacfuring a sem conductor integrated circuit deyice

§2t- angha

accor di ng% o ch &sthed forjRaneiapiuring aspmicApdRgiPT Hitegratad GEGHIHEVICE provi ded

G T RCL W R
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L e AR bl b s e L T £ e e e
oo 0 .1 A B SRR s S
I nt t | £ CUl ion. 37. A tical k bl ank f tical
00 SO AR, 1o o O, OPL oo, ek ek Yor ot ca

I th of Lo - i ' : : 200
s L ey S i

proj ect i QmANPaBstQte, SREIRIASE sOBstrdté hating Gnftekraved kirsU Pattefrewiai ag fir st
and second major surfaces at a

integrated circuit pattern region over its first major surface, the integrated circuit

pattern including a light shielding pattern which includes a resist pattern, the mask
substrate also having a conductive layer underlying the resist film over the first
major surface of the mask substrate, a transmittance of the resist film to the
ultraviolet exposure light being substantially zero from its resist coating over the
first major surface of the mask substrate;

(b) transferring the integrated circuit pattern onto a photoresist film over a
device surface of a wafer by exposing the photoresist film to the exposure light
transmitted through the mask substrate with optical reduction projection.

34. A method for manufacturing a semiconductor integrated circuit device
according to Claim 33, wherein the wavelength of said exposure light is at 100
nm or over but less than 200 nm.

35. A method for manufacturing a semiconductor integrated circuit device
according to Claim 34, wherein a light-shielding metal region is provided at a
peripheral portion of the first major surface of the mask substrate.

36. An optical mask blank for optical reduction projection exposure,

comprising:
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mask hol der of a mask draw ng apparatus, the first major surface being
coated with a resist filmwhich serves as a |light shielding fil irER "
respect to ultraviolet exposure light for wafer exposure; (b) detéec ihé An
alignnment pattern in a peripheral region over the first major surface of
the mask substrate; (c) drawing an integrated circuit pattern in an
integrated circuit pattern region over the first major surface of the mask
substrate in accordance with the detection of the alignment pattern. 39. A
manuf act uri ng (8 ervaslosubsirabpwhieh hagdstrand syeond anajos gutfaremangyr oj ect i on
exposure ,according to Caim38, wherein a wavelength of said exposure
light is latsuhzsﬁ@nhnllmrwparemmtheg@pmat@ yygviniet evqoosmﬁhght,act uri ng met hod
of an optical pask for optical reduction projection exposure accordi ng to
d ai m 39, wher®)@ light shasldingmetalsovesiagregiosoeverdheifiyst magorssurians ¢fm o

over bUts@gi than 200 nm 117 3 0 CE C 22" 'J 3 41. An optical mask for
optical r aaskrd BPE%tlon exposure, conprlsing (a) a mask substrate

whi ch has firs 68 and second maj Qr urfat; 6}1 .S sub antially transparent
with respect t )antqpswwgqglg&yw gdhg i Sf\"ts SIS @YAIMETSEIPR ui t

SHETYDx i g et i gty IO
o SR MRS I 1 L 27
et oD, 47, RRERES e PR B RS PRI EESRLC,
phot or esigleofdin® thClaliR 3ROSR tHeORhvEIEARH B datd ekﬁéﬁ%hlght is at 100
nm or over but less than 200 nm.
38. A manufacturing method of an optical mask for optical reduction
projection exposure, comprising:
(a) placing a mask substrate having first and second major surfaces at a
mask holder of a mask drawing apparatus, the first major surface being coated
with a resist film which serves as a light shielding film with respect to
ultraviolet exposure light for wafer exposure;
(b) detecting an alignment pattern in a peripheral region over the first
major surface of the mask substrate;
(c) drawing an integrated circuit pattern in an integrated circuit pattern
region over the first major surface of the mask substrate in accordance with the
detection of the alignment pattern.
39. A manufacturing method of an optical mask for optical reduction
projection exposure according to Claim 38, wherein a wavelength of
said exposure light is at 100 nm or over but less than 250 nm.
40. A manufacturing method of an optical mask for optical

reduction projection exposure according to Claim 39, wherein the wavelength of

said exposure light is at 100 nm or over but less than 200 nm.
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t he mask substrate with optical reduction projection; (d) a light shielding
nmetal region disposed outside the integrated circuit pattern regi,on over
the first nmajor surface of the mask substrate. 42. An optical ma W [E6r230
optical reduction projection exposure, conprising: (a) a mask substrate

whi ch has first and second major surfaces and is substantially transparent
wWith respect to ultraviolet exposure light; (b) a phase shifter fornmed at

the fir 4107 Okn BRGEATRa for RHERBIeduEHD bR Gion GupoRiird, RORGEAIAM Cf rouit

pattern region over the first major surface of sai mask substrate; (d) an
i nt egrated ci riapamagshtsubstrateivwliich has firsttandrsatentd niajoruurfaces awd s r egi on

over a first major surface of the mask substrate, the integrated circuit
pattern suhstandally transpagent with sespieaytopdiresioletgxpesuredightides a resi st

attern, the integrated ircuit pattern being transferred.ontq a.
Dhot or osi st f 1P dyaeeptek et buPeh e gn ayer e BT et St st
photoresirﬁﬁS 'dtﬁ’(r%:f%'the exposure light transmtted through the nmask

substrate w opticéal reduction projection. 118 3 0 CLC 2133 43. An
optical mask f(gyapmitested Eiftifit patter vALlEA tanditeidied direuit pafeim &gt () a
mask substrate which has first and second major surfaces and is

subst ant iceder p firsemajarsanfacedof the magle substrate, ithe mtegrated argquaspatterni ght ;  (b)
an int egr,atlgg Ci r@;‘lt pattern region over, the first major, surface of said

mask subdRelding 3 bightshielding,pattern veneh ingludes: a wsist Ratteimn theintegragdat ed

the 1 nt egtsbBoeleFEbPihe irBiorfed biidia RGeah MARE s o dedfiee BRfhiifta ™ ©
pattern WaifePolR&pH4AS tRe pRStoddsift FhPiothe eRBosure light transmitted through

the mask substrate with optical reduction projection;

(d) a light shielding metal region disposed outside the integrated circuit
pattern region over the first major surface of the mask substrate.

42.  An optical mask for optical reduction projection exposure, comprising:

(a) a mask substrate which has first and second major surfaces and is
substantially transparent with respect to ultraviolet exposure light;

(b) a phase shifter formed at the first major surface of the mask
substrate;

(c) an integrated circuit pattern region over the first major surface of said
mask substrate;

(d) an integrated circuit pattern within an integrated circuit pattern region
over a first major surface of the mask substrate, the integrated circuit pattern
including a light shielding pattern which includes a resist pattern, the integrated
circuit pattern being transferred onto a photoresist film over a device surface of a
wafer by exposing the photoresist film to the exposure light transmitted through

the mask substrate with optical reduction projection.
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integrated circuit pattern being transferred onto a photoresist filmover a
device surface of a wafer by exposing the photoresist filmto the exposure
light transmitted through the mask substrate with optical reduddilbh &
projection; (d) a protective filmcovering the halftone |ight shielding
pattern and the integrated circuit pattern region over the first major
surface of the mask substrate. 44. A nethod for manufacturing a

sem conductor integrated circuit device conprising the steps of: (a)

i rradi at i43g ul Anaptisabmask perseptical refuctipn prpjgctipn xpesurecaamaprisiagor surface
side of a mask substrate, the mask substrate having an jntegrated circuit
pattern wit hi(d amaskisulstate which bas firgt and secondomainr syviaces arst? fSrst major

sur f ace, tpe i.mﬁe&rated circuit pattern includi ngﬁ_a light shielding
patt er n \WHPtANY aesparentaith respgek todfirayiolt exppsine Hetance to the
ultraviolet exposure light .is.substantially zero. fromits.resist.coating
over the firstbyan brtegtasteiSt Pafesh fegion et st Ay stAceedeidh o 1 cui ¢

pattern rélggogﬁ gﬁ_&g covered with a protective film (b) transferring the
i nt egr at (lﬁ cl,) pattern onto a photoresist filmover a device surface

Cransm t ed e baoRpRatoabape] Ren Sithh A iharitey EHERR bofied @flon. . on
119 3 0 Gver & fitst tiajot sarface ofthelb

LE AlbsHRRK theintSithicddi aﬁd;ﬁan?n
proj ecti on exposure, conprising: %a?las mask sdlbtg%}ratelml o as first and

second nah@ladiig 4 REERNa ML Shiviiag phiteml wiichliadinEas 8 Mésid gaftehigIRECt tO
ul traviolet exposure light; (b) an integrated circuit pattern region of the

first Wﬁjiﬂle:ﬁﬁaléd aireup patiemtbeiig stansfebetoatea pholorasist filneovert gdevicecui t
pattern within an integrated circuit pattern region
surface of a wafer by exposing the photoresist film to the exposure light
transmitted through the mask substrate with optical reduction projection;
(d) a protective film covering the haiftone light shielding pattern and the
integrated circuit pattern region over the first major surface of the mask

substrate.
44. A method for manufacturing a semiconductor integrated circuit device
comprising the steps of:

(a) irradiating ultraviolet exposure light from a first or second major surface
side of a mask substrate, the mask substrate having an integrated circuit pattern
within an integrated circuit pattern region over its first major surface, the
integrated circuit pattern including a light shielding pattern which includes a resist
pattern whose transmittance to the ultraviolet exposure light is substantially zero
from its resist coating over the first major surface of the mask substrate, the
integrated circuit pattern region being covered with a protective film;

(b) transferring the integrated circuit pattern onto a photoresist film over a
device surface of a wafer by exposing the photoresist film to the exposure light

transmitted through the mask substrate with optical reduction projection.
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over a first major surface of the mask substrate, the integrated circuit
pattern having been drawn by an el ectron or |aser beam and including a
light shielding pattern which includes a resist pattern whose . "
transmttance to the ultraviolet exposure light is substantiallylZ£&F 3 Brom
its resist coating over the first major surface of the mask substrate, the
integrated circuit pattern being transferred onto a photoresist filmover
a device surface of a wafer by exposing the photoresist film to the
exposur e 45. ghtAn catisal nagd{driopticghredinetiom projectbmt exgqtosum, Chmppisingal
reducti on pr?’ ection; (d) a light shielding netal region disposed outside
t he i nt egr at edaghmeaskisubpateavhich bgs dinstandrsecorad majes surtices asdiif ace of the
mask substrate. 120 . ) i

substantially transparent with respect to ultraviolet exposure light;

(b) an integrated circuit pattern region of the first major surface of said
mask substrate;
(c) an integrated circuit pattern within an integrated circuit pattern region

over a first major surface of the mask substrate, the integrated circuit pattern

having been drawn by an electron or laser beam and including a light shielding

pattern which includes a resist pattern whose transmittance to the ultraviolet

exposure light is substantially zero from its resist coating over the first major

surface of the mask substrate, the integrated circuit pattern being transferred onto a

photoresist film over a device surface of a wafer by exposing the photoresist film

to the exposure light transmitted through the mask substrate with optical reduction

projection,;
(d) a light shielding metal region disposed outside the integrated circuit

pattern region over the first major surface of the mask substrate.
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