€37

10

15

20

25

MANUFACTURING METHOD OF SEMICONDUCTOR INTEGRATED
| CIRCUIT DEVICE, OPTICAL MASK THEREFOR, ITS

MANUFACTURING MEHTOD, AND MASK BLANKS

BACKGROUND OF THE INVENTION

_1 Fleld of the Inventlon

The present lnventlon relates to a manufacturlng'“

; method of semlconductor 1ntegrated 01rcu1t device,

optlcal-mask therefor, its manufacturing method,_and:
mask blanks and, more particularly,ﬂto a'technique
Whlch can be effectlvely applled to -the exposure

technlque used at the process of a manufacturlng

- semiconductor 1ntegrated crrcult dev1ce.

2. Descrlptlon of the Related Art

In the manufacture of a semlconductor 1ntegrated

' c1rcu1t dev1ce, the llthography technique is used as

the method of transferrlng micro patterns onto
semicondudtor wafers. In the 11thography technlque, a

'proﬁection ekpdsure system is mainiy'used; the pattern
of a photolmask provided dn:the projection,alignerris.

transferred onto a semiconductor wafer to thereby form

- a dev1ce pattern.

The ordlnary photo mask examlned by the present

'1nventor is made by process1ng a 1lght screenlng

material such as chromlnum (Cr) or the like formed on .
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a'transParent quartz'substrate; In'other'words,.the

' photo mask is- constltuted in such a manner that'a-

1lght screening film comprlsed of chromlum or the like

'_1s-formed 1n-a deslred shape on.the quartz substrate.

The processing of the light screening film is carried

out, for example,jin the.fo11OWing manner: After an

electron-bean-sensitive resist is applied onto the

light screening film, a desired pattern is written on |

-the electron—beam-sensitive resist by an electron beam
‘lithography system. Subsequently, after the resistor

'pattern_oflthe_desired shape is_formed by development,

the'light screening film is:processed by dry etching -
or wet etching by the usé of the thus obtained resist

pattern as a mask. After this, the resist is removed,

cleaning'or the iike'is carried out,'and thus, a light
'shielding pattern of a.desired-shape'is formed on the

transparent quartz substrate.

Further, recently, various mask structures have
been proposed for. the purpose of enhan01ng the
resolutlon of 11thography. . For example, in Japanese'
Patent Lald—Open No. 136854/1992, there is disclosed a
mask structure constltuted ‘in such a manner that, as a
means for enhanc1ng the resolutlon of a single

transparent pattern, the portlon surroundlng the

”.s1ng1e transparent pattern is made semltransparent, in
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.other wbrds,'the light screening portion of the photo

mask is made semitransparent; and thus, the phase of

~ the slight amount of light-passing through this
'semltransparent portlon and the phase of the llght
passing through the transparent pattern are lnverted

'_w1th respect to each other. In other words, llght

that is below the sensrtlvrty of the photo re51st for

- transferrlng the pattern 1s let to pass through the

-semltranSparent fllm, and the phase of this lrght and

the phase of the light which has passed through thep’
transparent pattern are inverted with respect to each

other. The light which has passed through the

'semltransparent film is 1nverted in phase with respect
f to the llght whlch has passed through the transparent

: pattern whlch is the major pattern, so that its phase

is inverted in the boundary portron.ofgthe patterns,

-and thus, the light intensity in_the'boundary portion
'approaches 0. As a result, the ratio between the

_1ntens1ty of the llght which has passed the

transparent pattern and the 1ntens1ty of the 11ght in

"the pattern boundary portlon becomes large, and thus, .
"a light 1ntensrty distribution with a contrast hlgher
_:than in the case of the techniques. us1ng no

- ‘semitransparent f;lm is obtained. This is called a

25

halftone type phase shift mask. In the manufacturing
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_process of the.halﬁtone type phase shift mask, the

~ 1light screening film of the'above-mentioned'ordinary
-:Phpto mask ishaltered to a halftone.phase'shift film,
. so that the halftone type-phase35hift mask is.

Ianufactured by approximately the'same process as the
above-mentloned ordlnary photo mask manufacturlng

process.

Further, for example in Japanese Patent Lald-

-0pen No. 289307/1993, -a method of forming a light

screenlng film by the use of a reslst 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

20

'it-screens the vacuum ultraviolet rays with a
 wavelength below about 200 nm. According, 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

enhancement'in'dimensional'accuracy thereof, and the
reductlon of defects thereof becomes poss1ble., -
- Further, in. Japanese Patent Lald-Open No.

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

- called halftone mask constltuted in such a manner

- that, on a substrate whlch 1s transparent w1th respect
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to the exposure light, a phase shift film comprising a

semitransparent material which absorbs the exposure

'1ight is provided._ In case of the technlque dlsclosed

in this Japanese Patent Lald-Open No. 181257/1993 the

“mask vacuum-holdlng 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 strength of the phase shift

film comprising a semiAtransparent material is high'

even in the perlphery 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. | |

Further, in Japanese Patent Lald-Open No.

i.15830/1997 for example, there is dlsclosed ‘the
'technlque according to whlch, after a llght shleldlng

' pattern is formed on a mask ‘substrate, a phase shift

film is formed to a,film'thiokness greater-than the
film thickness oorreSponding_to the target phase
differenCe,'and a desired portion provided with the

phase dlfference 1s etched by an amount correspondlng

to the target phase dlfference.

However, in case of the above—mentloned

technlque accordlng to whlch the llght shleldlng
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pattern on the phot6=mask is formed by a resist £film, -

‘there are not dlsclosed the problematlc p01nt

) encountered when the photo mask is actually used in

the process of manufacturlng a semiconductor

1ntegrated dev1ce, the problematlc point encountered

_ln the actual photo mask manufacture, and the measures

tc'connter these problematic'points; and the present

inyentor has-fonnd that the'ahove-mEnticned technique

has the fdllowing problems. |
More apeci:ically, 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 defectidn of various kinds of information. For

| example, 1n case of a photo mask defect 1nspectlon

system,_an aligner and the like which are used at

present, a halogen-lamp or the'llke is mainly used-forf'

the alignment of'the'photo mask. Accordingly, in case

- the photo mask is mounted on a defect inspection

'system or an aligner, if the-detection mark on the

photo mask is;forMed'by a resist £ilm pattern, then:noc

~high contrast'can be obtained since the resist mask is

-high in light transmiSsiVity; and'thus,'the detection

of the pattern 1s dlfflcult. Due to this, it becomes

dlfflcult to allgn the photo mask with the defect
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inspection system or the aligner,'and thus, there -

arises the problem_that'no good inspection or exposure

- .can be made.

Further, when the photo mask is mounted onto the

defect 1nspectlon system or the aligner, forelgn '

matters are.produced. In case of the above-mentioned

technique,'whendthe photo'mask'is mounted onto the

_defect'inspection system or the aligner, the resist .

£ilm of the photo mask comes lnto d1rect contact w1th

'a photo mask flxlng member (such as, e. g., A vacuum

flxlng member)_of the defect 1nspectlon 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,

the lens of the.inspection sYstem or.the.aligner,,
contaminate the 1ns1de of the chamber or attach to the
surface of the semlconductor wafer, as a result of
which a deterloratlon ln the 1nspectlon accuracy or.

the transfer accuracy of the pattern lS brought about,

'and defects such as short-clrcult or open—clrcult

' defects of the pattern are caused- and thus, the

rellablllty and manufacturlng yleld of the

semlconductor lntegrated circuit devrces fall, this

.. being another problem. -
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SUMMARY OF THE INVENTION

Thus, it is the object of the present invention

'to prov1de a. method of manufacturlng a semlconductor

1ntegrated circuit dev1ce us1ng a photo mask
constituted in. such a manner that a resist film 1s
made to function as a llght screenlng fllm, wherein

the information detecting ability of the above-

'mentioned-photo'mask?can be enhanced.

Further,'another'object of_the_invention is to
provide a method of-manufacturing a SemiCOnductor_-'
lntegrated 01rcu1t device u31ng a photo mask

constltuted in such a manner that the resist mask is

- made to functlon as a llght screenlng fllm, whereln

the accuracy in the allgnment of the photo mask w1th

the 1nspect10n equlpment or the exposure devxce_can be

enhanced.

still anotﬁer object of the invention is to -
provide a method of manufacturing'a semisonductor
integrated circuit device using a photo mask
constitutedfin'such a manner that a resist'film is.

made to function as a light screening film, wherein -

the inspection accuracy of the photonmask inspection

equlpment.
Still another object of the 1nventlon is to -

prov1de a method of manufacturlng a semlconductor.
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1ntegrated clrcult device usrng a photo mask

_constituted 1n such a manner that a res1st mask is

made to functlon as a light screenlng fllm,_whereln :
thé‘acéuracy in'the:pattern'tranSfer of the aligner
can be enhanced._ | | |
Further, stlll another object ‘of the 1nventlon
is to prov;de a semlconductor-lntegrated circuit
device using a photo mask cqnstitﬁted'in_sueh a manner
that a resist filmtis-made'to'fuhction as a light._

screenlng £ilm, whereln the occurrence’ of forelgn '

- matters- can be suppressed or prevented.

"~ Further, still enother Object of the invention

is to provide a semiconductor integrated circuit

- 'device u81ng a photo mask constltuted in such a. manner
'15":-that a resist film 1s made functlon as a light
-screenlng fllm, wherein the rellablllty and
'manufacturlng yield of semlconductor 1ntegrated

' circuit devices can be_enhanced.

The above-mentioned ahd'other objects and novel

_features of the present invention will be apparent
| from the description in the speC1flcat10n and the.

| accompanylng draw1ngs.

Qutlines of‘the representative_ones'ef the
inventions disclosed in the present application will

be briefly described below.
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Acccrding to the present invention, when an

“-optical mask is mounted to a predetermined*apparatus
- such as a lnspectlon equlpment or an aligner, a llght

_shleldlng pattern compr1s1ng a res18t film on the mask

substrate ‘'of- the optlcal mask is dlsPosed on the major
surface of the mask substrate in such a manner that
the 1lght shleldlng pattern and the flttlng portlon of
the predetermlned apparatus.ls not contacted w1th.

' 'Further,'according to the invention,'when-the-'

- optical mask is mounted onto the predetermlned
=apparatus, a predetermlned treatment is carrled out on

the major_surface of the_mask substrate of the_optlcal

mask in the state in which the fitting portion of the

'predetermlned apparatus is contacted w1th a region ln

Wthh the 1Lght shleldlng pattern compr1s1ng the -

-resist f11m does not exist.

Further; accbrding to the invention,ra light

'shleldlng pattern comprLSLng a resist f11m is dLSposed

in an integrated c1rcu1t pattern reglon of a flrst
mask substrate, in the-outer“perlphery of the above-
mentioned integrated circuit pattern regicn,.a light
screenlng metal reglon made of a metal 1s dlsposed--
and an openlng 1s prov1ded in the 11ght screenlng

metal reglon, and a optlcal mask 'is used whlch is

_constltuted in such a manner that a mask pattern for

- 10 -
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detecting the information of the optical mask is

~ formed.

' - Further, according_to_the invention,'a light
shielding pattern.comprising'a resist film is disposed

in an integrated circuit ‘pattern region of a first

" major surface of a mask sﬁbstrate; 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
conStituted in such a manner that an opening is
prov1ded in the 11ght screenlng metal region, and a

mark pattern for detectlng the 1nformatlon of the

optlcal mask is formed, 1s mounted onto an aligner,

exposure llght is 1rrad1ated from a second major

surface s1de of' the mask substrate, in the state in

which the flttlng portion of the allgner is contacted

'Wlth a region 1n which the 11ght shleldlng pattern

compr1s1ng a res1st fllm does not exlst, and- exposure
light which has transmltted through the optlcal mask

is projected by reductlon exposure_onto the

' semiconductor wafer, whereby the integrated circuit

‘pattern is transferred onto‘the“semicohductor wafer..

Further, according'to the invention, a light

shielding pattern_comprisihg~a resistffilm is disposed

on ahhintegrated circuit pattern region of a first

- 11 -
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ma]or surface of a mask substrate; 1n the outer

'perlphery of the 1ntegrated circuit pattern region, a

llght screenlng_metal region made of a metal is
disposed- anzopening is previded in the light -
screenlng metal reglon, and a mark pattern for

detectlng the 1nformat10n of the optlcal mask; and

: further, there ;s used an opt1ca1 mask const;tuted,in
such a manner that a pellicle which‘is-fixed in the
' state in which the‘baSe,portion of thefpellicle.is-

10

ccntacted'with the light'SCreening metal region or the
mask“substrate is'diSpesed'on the first major surface
s1de of the mask.

Further, accordlng to the 1nventlon, when the

| optical mask is mounted to the predetermined
gtapparatus, a predetermlned treatment is carrled out,

- .on the major surface of the mask substrate of the

optlcal mask, ;n the state in wh;ch the f;tt;ng~“

portion'of'the-predetermined“apparatus is contacted

with a region in'which a halftene pattern comprising a -

resist fllm does not exlst.

Further, accordlng to the 1nventlon, a light

‘shielding pattern comprising a re51st film is dlsppsed
fin an integrated circuit pattern region on a first
‘major surface of the mask substrate; in the outer

 periphery of the integrated circuit pattern region, a

-12 -
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light screenlng metal reglon compr1s1ng a metal is

dlsposed- an openrng is provided in the llght

screenlng'metal reglon, and,a mark pattern for

- detecting the information'of the'optical mask; and
' further, on the flrst major surface of the mask

..substrate, there is prov1ded a phase shift fllm for

cau51ng the exposure 1lght which has transmltted

through the optlcal mask to produce a phase

’ dlfference._

Further, outllnes of other ones of the-

lnventlons dlsclosed in the present appllcatlon w1ll

- be brlefly descrlbed below.

1. A method of manufacturlng a semiconductor

integrated circuit device, comprising:

(a) the step of'irradiating'far ultraviolet or vacuum .
_ultraviolet'exposure 1ight from a-second major surface -

: srde of a ‘mask substrate, the mask substrate hav1ng on

a first ma]or surface thereof a llght shleldlng

‘pattern which 1s.anj1ntegrated circuit pattern-on a

‘mask and comprises a photo resist pattern; and

(b) the step of reductionéprojecting, by a projeotion

E optical system, said exposure light whlch has

transmltted through said mask substrate, whereby the-
lntegrated-01rcu1t_pattern is 1maged on a photo reslst
£film formed on a first major surface of a
o : ____ﬂ__;#_____;~———
heet Has Been Repla“d
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semiconductor integrated circuit wafer and.thus
transferred. | .

2. The method of manufaeturing_a.semisunductor'
integrated eircuit'device according to Claim 1,
wherein the wauelength:of the'exposure light is at
least 100 nm less than 250 nm. |

3. The method of manufacturing a semiconductor

_integrated'circuit'device ‘according to Claim 2,

wherein the wavelength of said exposure llght 1s at
least 100 nm but less than 200 nm. ' |

4 The method of manufacturlng a semiconductor
1ntegrated clrcult device accordlng to CIalm 3,
whereln, 1n the per1phera1 portlon of the first major
surface of the mask substrate, a 11ght screenlng metal_
region is provided. . '

5. The method of manufacturlng a semiconductor

. integrated c1rcu1t device according to Claim 4,

- wherein, onethe first major surface of said mask

substrate, a pellicle is provided so as to cover said

. integrated circuit pattern, said'pellicle being

contact-fixed'on said 1ight”screening metal region.

6. A method of manufacturing'a semiconductor

1ntegrated Cchult dev1ce, comprLSLng-

(a) the step of 1rrad1at1ng far ultrav1olet or vacuum

1trav101et exposure llght_from a first major surface

heet Has Been Replaced
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or a second major surface s1de of the’ mask substrate
in the state in which the perlpheral region of the
mask substrate 'is held on a mask holdlng mechanlsm,

the mask substrate having on the first major surface

lthereof a llght shleldlng pattern whlch is an

- lntegrated clrcult pattern on a mask and comprlses a

photo resist pattern, the resist pattern being not
provided on the per1phera1 reglon, and :

(b) the step of reductlon—prOJectlng, by a pro;ectlon

.optical system, the exposure 11ght whlch-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

semlconductor 1ntegrated circuit wafer and thus

'transferred.

7. The method of manufacturlng a semlconductor

1ntegrated Gerﬂlt accordlng to Cla1m 6, wherein the-
wavelength of the exposure light is at least 100 nm

but less than 250 nm.

8._The method of manufacturing a semiconductor

ilntegrated circuit accordlng to Clarm 1, Whereln,

whereln the wavelength of the exposure llght 1s at
least 100 nm but less than 200 nm.
9. The method_of manufacturlng a semiconductor

integrated circuit device:according to Claim 8,

- This Sheet Has Been Replaced
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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

'1ntegrated 01rcu1t dev1ce according to Claim 9,

'wherein, on the first major surface of-the mask

substrate, a pellicle is prov1ded so as to cover said

1ntegrated 01rcu1t pattern, said pellicle being

_contact-fixed on said light screening metal region.
11.°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 second ma]or surface Slde of a mask substrate, the

-.mask substrate hav1ng, 1n ‘an 1ntegrated circuit

- pattern region of,the flrst major surface thereof, a

light shielding pattern which is an integrated circuit

pattern on a mask and compriSes a photo resist pattern

and having a light screenlng metal region prov1ded 1n

the peripheral region of the first major surface- and
(b)_the step of reduction-prOJecting, by a progection
optical system, said exposure light which has |

transmitted tbrough the:mask substrate,~whereby, on'a-

photo res1st film. formed on a first major surface of a

;semiconductor 1ntegrated circuit wafer, the 1ntegrated'

This Sheet Has Been Replaced
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circuit pattern is imaged-and thus7transferred.-

12. The method'of'manufacturing a semiconductor

.1ntegrated 01rcu1t dev1ce aocordlng to Claim 11,

_whereln the wavelength of the exposure light is at

least 100 nm but less thdn 250 nm.

13. The“method of'manufacturing a_semioonductor
integrated oirouit device acoording to CIaim'lz,
wherein the wavelength of the exposure light 1s at

least 100 nm but less than 200 nm.

'14 The method of manufacturlng a semlconductor
1ntegrated circuit device acoordlng to Clalm 13,

fwhereln, on the flrst major surface of the mask

substrate, a pelllcle is prov1ded so as to cover the

1ntegrated circuit pattern, the pelllcle being

oontacteflxed on the 1lght screening metal reglon,.'

315;.A method of manufacturing a semiconductor

1ntegrated 01rcu1t device,- compr1s1ng-

~(a) the step of. lrradlatlng far ultraviolet or vacuum

ultraviolet exposure 11ght from a_flrst major surface_'

. or a second major surface side_of a mask substrate,

the mask substrate having, in'an integrated circuit -

pattern reglon of the flrst major surface thereof, a -

11ght shleldlng pattern whlch is an 1ntegrated clrcult
 pattern on.a mask and comprises a photo resist

'pattern, wherein a pelliole is contactefixed in that

is Sheet Has Been Replaced
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‘part of the peripheral'portion'of the-inteérated
'circuit pattern region‘in which'the photo resist
pattern is not formed 'so as cover sald 1ntegrated
circuit pattern, and

(b) the step of reductlon-prOJectlng, by a pro;ectlon '
'_optical system, sald;exposure 11ght whlch.has
transmitted through-theemask substrate, whereby, on'a.
"photo resisttfiim formed on a.first major surface'or a
Semiconductor integrated oircuit wafer,'the integrated
__01rcu1t pattern is 1maged and thus transferred._

16. The method of manufacturlng a semiconductor

- integrated c1rcu1t device accordlng to C1a1m 15,
wherein the wavelength of the exposure llght is at

| 1east 100 nm but less than 250 nm.

: 17 The method of manufacturlng a semlconductor

-lntegrated circuit dev1ce accordlng to Clalm 16,
| wherein the wavelength ‘of the exposure light is at .
 least 100 nm but less than 200 nm. |
18. The,method'of”manufacturing a semiconduotor |
~ integrated circuit device according to Claim 17,
_wherein; in thelperipheral portion of the ﬁirst major
surfaoe.of the mask substrate, adliéht screening metal
region'is'provided. '_ | |
°19. The method of manufacturing a semiconductor

integrated circuit_deuioe according to Claim 18,

Thls Sheet Has Been Replaced
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_'whereln, on the flrst major surface of sald mask

substrate, the pelllcle is contact-flxed on sald llght

.'screenlng metal region.

20. A method of manufacturlng a semlconductor
1ntegrated c1rcu1t dev1ce, compr1s1ng-

(a) the step of irradiating far ultrav161et or’vaeuum
-nltraviolet exposure iight from a.first major surface

side or a second major surface side of a mask

substrate, the mask substrate having, on the first

major surface”thereof, a halftone light shielding

pattern eonprising aﬁphoto resist pattern which

-constitutes an integrated circuit pattern on a .mask;

_and

(b) the_step of redncticn-projecting,.by_a'projection

qptical_system;'the expesure.iight which has

transmitted thrdugh the mask substrate, whereby,'on a
photO'resist'film'formed on a first'major surface of a -
semiconductor lntegrated clrcult wafer, the 1ntegrated
CerUlt pattern is rmaged and thus transferred.

21. The metnod of.mannfacturlng a.semlconductor

- integrated circuit device acdbrding to. Claim 20,

whereln the wavelength of the exposure llght is at

jleast 100 nm but less than 250 nm.
 22. The method of manufacturlng a semiconductor

:integrated circuit device'according to Claim 21,1

- This Sheet Has Been Rep
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whereln the. wavelength of the exposure llght is at
least 100 nm but less than 200 nm. |
23,_The methoduof manufacturlng a semiconductor

integ:ated circuit device according to Claim 22,

'wherein;_in'the pe:ipheral portion of the first major

surface'of the,maskfsubstrate, a light screening metal

regionlis provided.

24. The_uethdd of manufactufing a semiconduetor'
iutegrated-circuit deviee aceording'to claim 23,
wherein, On'the'first majo:'surface of the mask

substrate,_a_peilicle is provided so as to cgverzsaid

.integreted circuit pattern, said pellicle being

_contaetefiied_on the light screening region.

? 25. A method of manufacturing a'semiednductor_
integrated”eircuit device, comprising:

~ (a) the step of irradiatiug far ultraviolet or vacuum

ultraviolet exposuretlight from'a first major surface

side or a second major surface side of a mask

"substrate, which has, on the first major surface

'thereofg a light shielding'pettern which is an

integrated circuit pattern on a Lebenson type phase
shift_mask_and comprises a photo'resist'pattern; end
(b)'theestep of reduction—projecting, by a projection
optlcal system, the exposure 1lght whlch has |

transmitted through said mask substrate, w hereby, on a .

This Sheet Has Been Replaced
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first major surface of a semiconductor 1ntegrated

circuit wafer, said integrated circuit pattern is

timaged and thus transferred.

26. The method of manufacturing a semiconductor

lintegrated circuit'device according to Claim 25,
-wherein the wavelength of the exposure light is at

least 100 nm but 1ess than 250 nm.

27. The method of manufacturing a semiconductor

integrated c1rcu1t dev1ce according to CIaim-26,

wherein, wherein the wavelength of the exposure light

is at least 100 nm but less than 200 nm.

28.° The method of manufacturing a semiconductor

integrated circuit device according to 01ahm 21,

.wherein, in the peripheral portion of the first major
'gsurface, a 1ight screening metal region lS prov1ded.
29. The method of-manufacturing a semiconductor

. integrated circuit device according to Claim 28,

wherein, on the first major surface of the mask

'substrate, a pellicle is prov1ded so as to cover said

integrated c1rcu1t_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

Been Rep laced
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or a second major surface side of a mask substrate,

the mask substrate having,'in'an integrated circuit

'pattern region of the first. ma]or surface thereof, a

light shleldlng pattern whlch is an 1ntegrated circuit

pattern on a mask and comprlses ‘a photo resist
pattern, wherein a pellicle is contact—flxed in the

peripheral portion of the integrated circuit pattern

of said first major surface so as to cover said
integrated 01rcu1t pattern, and (b) the step of

reductlon-prOJectlng, by a pro;ectlon optlcal system,

. the exposure light which has transmltted through the

mask substrate, Wherehy, on a photo resist film formed
on a first major surface of afsemiconductor integrated

c1rcu1t, the lntegrated 01rcu1t pattern is 1maged and

thus transferred..

31. The method of manufacturlng a semlconductor

_1ntegrated 01rcu1t device accordrng to Claim 30,'

wherein’the navelength of the exposure ;ight is at-

least 100 nm but less than 250 nm.

32. The method of manufacturlng a semlconductor

“integrated clrcult-dev1ce-accord1ng to Claim 31,
-wherein the wavelength of the exposure llght is at
:_least 100 nm but less than 200 nm.

33. The method of manufacturlng a semlconductor

integrated circuit device accord;ng to Claim 32,

_rr;;e——~””’;~;;i_

en Replaced-
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wherein, in the peripheral"portion of the first major

surface of the mask substrate, -a light screenlng metal'

reglon is prov1ded.

34, The method of manufacturlng a semlconductor

:lntegrated circuit device accordlng to Clalm 33,

wherein, on the first major surface of the mask

-substrate, a'peilicle is prOVided so as to cover the

_integrated circuit pattern, the peilicle being .

contact-flxed on the 11ght screenlng metal reglon.'

35, A method of manufacturlng a semiconductor

1ntegrated clrcult dev1ce, compr1s1ng'

~(a) ‘the step of 1rrad1at1ng far ultrav1olet or vacuum
'ultrav1olet exposure llght from a first major surface
‘or a second_major surface side of a mask substrate,_

15

the mask substrate having, in an integrated circuit .

- pattern region of said first major surface thereof, a

light shielding pattern which is anpintegrated circuit

pattern on a mask and comprises a photo resist

:_patterh;'wherein a protective film is formed on the

photo re51st pattern so as to cover sald 1ntegrated

'1_.c1rcu1t pattern region of the flrst major surface, and

25

(b) the step of reductlon-prOJectlng, by a progectlon
optical system, the exposure light Wthh has
transmltted through the mask substrate, whereby, on a

photo re31st film formed on a first major surface . of a

This Shect Has Been Replaced

n- Ly




10

15

20

25

semiconductor integrated circuit wafer, the integrated“
‘circuit pattern is imagedfand thus transferred.-
'36. The method of manufacturing‘a semiconductor_
'integrated circuitfdevice according to Claim”35,

: whereln the wavelength of the exposure 11ght is at

1east 100 nm but less than 250 nm.

37. The method of manufaoturlng a semlconductor

.1ntegrated circuit device accordlng to Claim 36,

whereln the wavelength of the exposure llght is at

.1east 100 nm but less than 200 nm.

38. A method of manufacturlng a semlconductor
1ntegrated olrcult dev1ce, comprlslng-

(a) the step of 1rrad1at1ng far ultrav1olet or vacuum

1ultrav1olet exposure light from_a first major surface

or a second major surface side of a mask substrate,

the mask substrate_having, in anfintegrated circuit -
pattern-reQion of the first major'surfaoe thereof, a

light_shieldingtpattern_which_is an integrated circuit

_'pattern:on a mask and comprises a photo resist

pattern, Wherein'a conductive ground"film is formed

beneath sald photo resist pattern on sald first ma]or

"_surface- and -

(b) the step of reductlon-prOJectlng, by a projection

'optlcal system, said exposure llght which has

transmltted through the mask, whereby, on a photo _
______—____________,_
is Sheet Has Been Replaced

REE T



10

15

20

25

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 manufacturlng a semlconductor

1ntegrated circuit device according to Claim 38,

wherein the wavelength of-the-exposure light is at

_least 100 nm but iess 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 -

1east 100 nm but less than 200 nm.

"41 Mask blanks for the reductlon prOJectlon exposure

of vacuum ultraviolet rays, comprlslng. _
(a) a mask substrate whlch has first and second major

surfaces and is transparent with respect to far

" ultraviolet rays or'vacuum ultraviolet rays with a -

wauelength of at least 100 nm but less than 250 nm;

(b) a reglon coated w1th a light screenlng metal fllm_'

_whlch region lS formed on the flrst major surface of

the mask substrate, and

- (c) an opening region prov1ded in the portlon

corresponding to an lntegrated clrcult pattern reglon B

1n the ‘central portlon of the reglon coated w1th a .
1lght screening metal fllm.
eet Has Been Replaced
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42. The'method of manufacturlng a semiconductor'
1ntegrated clrcult dev1ce accordlng to Clalm 41,
wherein the wavelength of the exposure llght is at
least 100 nm but less than 200 nm. .

43 A method of manufacturlng ‘an opt1cal mask for
performlng the reductlon pro;ectlon exposure of a
semiconductor 1ntegrated circuit device, wherein far
ultraviolet-rays or vacuum ultraviolet rajs'are used

as the exposure light,'compriSing-

'(a) the step of placing a mask substrate on a

processed-mask holdlng portlon -of a mask wrlter,

(b) the step of detecting a pos;tlon detecting pattern

provided in the peripheral portion of a first major

 surface of the mask substrate, and
(e) the step of callbratlng an lntegrated circuit

pattern to the position where it is to be written, on

the basis of the result of the above—mentioned

detection, whereby the 1ntegrated circuit pattern is .

wrltten on an 1ntegrated 01rcu1t pattern region on

said first major.surface. p

44. The method of'manufacturing afsemiconduotor‘

integrated circuit device according to Claim 43,

wherein the wavelength of the exposure llght is at

least 100 nm but less than 250 nm. |

45. The method-of manufacturlng a semiconductor-_

-

et Has Been Replaced
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integrated circuit.device according'to Claim 44,

'wherein the wavelength of the exposure light is at

least 100 nm but 1ess than 200 nm.

46 'An optical mask compr1s1ng-”

.(a) a mask substrate which has first and second major
'surfaces and is transparent With respect to far
‘iultrav101et or vacuum ultravrolet rays,_

" (b) an_integrated circuit pattern region of the first
' major*surface'of the_mask’substrate;" | |

- (o) an'integrated circuit pattern on the.mask

substrate, the integrated circuit pattern heing formed

'of a 11ght shielding pattern in said 1ntegrated

circuit pattern ‘region of the mask substrate and being

1maged on a photo res18t film formed on a first major

'surface of a semiconductor 1ntegrated circuit wafer,

by reduction-pro]ecting, by means of a projectlon

-optical system, the exposure light which has

transmitted-through the mask substrate, the integrated

circuit pattern being thus transferred- and

(d) a light screening metal | region provxded in the
peripheral region of the first major surface of the

mask substrate.,

47 An optical mask comprising-f

(a) a mask substrate which has first and second major _

‘surfaces and 1s-transparent w1th respect to far

This Sheet Has Been Replaced
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ultraviolet or vacuum ultraviolet rays;
(b)'an'integrated=circuit pattern region'Of the-first.5
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'1ight[shie1ding-

pattern which comprises a photo resist pattern, the
integrated circuit pattern belng 1maged on a photo

resist fllm formed on a first major surface of a

' semlconductor 1ntegrated circuit wafer, by reductlon-

prOJectlng, by means of a projection optlcal system,

the exposure light whlch has transmltted through the

'mask substrate, the 1ntegrated c1rcu1t pattern belng

.48, An optlcal mask comprising:

(a) a mask substrate.which_has'first and seccnd majcr

surfaces andlis transparent with respect to far

ultraviolet or vacuum ultraviolet rays;
(b) a Lebenson type-phase'shift means formed on said
first major surface or second major surface,

(c) an. lntegrated circuit. pattern reglon of the flrst _

'major surface of the mask suhstrate,'and"

(d) an lntegrated 01rcu1t pattern on a mask substrate,'

the integrated circuit pattern belng formed,'in'said-

Sheet Has Been: Replaced
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integrated circuit pattern region of the mask

-substrate,*of ahlight shielding pattern which

comprises a photo resist pattern, the'integrated

" circuit pattern being umaged on a photo resist f£ilm

' - formed on a first major surface of a. semiconductor

integrated circuit wafer, by reduction-prOJecting, by
means of a progection optical system, the exposure
light Wthh has transmitted through the mask

substrate, the 1ntegrated 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 far
uitraviolet-rays or vacuum ultraviolet rays- .

(b) an 1ntegrated 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, in said integrated circuit pattern region of
the mask'substrate, of a halftone iight shielding
pattern which comprises a photo resist pattern, the
1ntegrated circuit pattern being 1maged on ‘a photo
res1st.f11m_formed on a first-major surface of_a
semiconductor integrated circuit-wafer,-by_reductioné

projecting, by means of a_projection optical_system,

is Sheet Has Been Replaced
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the exposure light which has'transmitted through the

mask substrate,.the integrated circuit pattern-heing.

thus transferred; and | |

(d) a protectlve fllm coverlng the 1ntegrated 01rcu1t

pattern region and the llght shleldlng pattern.
Further, outllnes of still others of the

lnventlons dlsclosed 1n the present appllcatlon w111

‘be briefly descrlbed below.

50. The present 1nventlon cqmpriSes

- (a) the step of depoSiting a'transparent conductive

film on a flrst major surface of a mask substrate,

_(b) the step of depos1t1ng a resist f11m on the

transparent conductlve film,

(c) the step of wrlt;ng'a predetermined integrated

circuit pattern on the resiSt film in the state in

‘which the transparent conductive film is grounded,

(d) the step of performlng a developlng treatment
after the step (c), whereby a light shielding pattern
constltuted of the transparent conductlve fllm and the:

res1st fllm is formed on the- flrst major surface of

'the mask substrate,
(e) the step of holdlng the opt1ca1 mask, Whlch has
been fabrlcated by the fore901ng steps (a) to (d), in

“the state in wh;ch the 11ght shielding pattern

ccnstituted of the conductive film and the resist film
cet Has Been Replaced
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is not contacted with the mounting portion of an

aligner, and then, irradiating far ultraviolet rajs or

_ vacuum ultrav1olet rays from a second major surface

31de of the optlcal mask, and

(f) the step of reductlon-prOJectlng by means of a

o pro;ectlon opt1ca1 system the_exposure llght whlch_has"
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 transmitted through the mask substrate, whereby, on a_

. photo resist film'formed on a first major surface of a

semicOnductor integrated ciréuit wafer, the_integrated
c1rcu1t pattern is transferred.

51 The lnventlon comprlses

(a) the.step of deposxtlng_a resist £film on a:first'

major"surface of'a mask substrate,

~{b) the step of depos1t1ng a water-soluble conductive

‘15

film on the re31st fllm,'
(c) the step of wrltlng a predetermlned 1ntegrated

circuit pattern on the res1st film in the state in

‘which the water—soluble conductlve film is grounded,

(d) the step of remov1ng the water—soluble conductlve

fllm by performlng a developlng treatment after the

step (c), and forming a light shleldlng pattern,'whlch:

'comprlses a resist film, on the flrst major surface of
the mask substrate, |

:(e) the step of holding the optical mask, Which has -

been fabricated through the foregoing steps (a) to

- 31 -



.10

15

20

25

- (d),. in the state in which the light shielding pattern

thereof is not contacted w1th the mountlng pOIthD of
an allgner, and then, 1rrad1at1ng far ultrav1olet rays
or wvacuum ultraVLolet rays from a second major surface
s1de of the optlcal mask, and ) '

(f) the step of reductlon—projectlng by means of -a

progectlon optlcal.system the exposure-llght which has

:transmitted through'the mask substrate, whereby, onto

a photo resist film formed on a first major surface of

a semlconductor 1ntegrated clrcult wafer, the

'1ntegrated c1rcu1t pattern is transferred.

52. The lnventlon comprlses _
(a) the step of deposrtlng a llght screenlng fllm,

which comprlses a metal, on the whole of a first: major

: surface of ‘a. mask substrate,

(b) the step of patternlng the llght screenlng fllm to

- form a common 1lght shleldlng pattern on the f1rst

major surface of the mask substrate, :

(c) the step of depositing a res1st film on the whole'

- of the first major surface of the mask substrate after'_

the foreg01ng step (b}, and

“(d)-the step of patterning the resist film,-whereby'a-
-llght screenlng pattern for transferrlng an 1ntegrated'
-c1rcu1t pattern onto an 1ntegrat1ng c1rcu1t pattern

.region 1s,formed on the f;rst major surface of the

_:32._
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mask substrate.

53 The lnventlon comprlses

(a) the step of deposxtlng a reSlSt £ilm on a first
major surface of a mask substrate and, thereafter,

patternlng the resxst film, ‘whereby a light shleldlng

- pattern for fprmlng an 1ntegrated clrcult pattern is

formed,

(b) the step of dep051t1ng a phase shlft f11m on the

;flrst ma‘jor surface of the mask substrate after the

foregoing step (a),. - .
(c) the step of dlgglng 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,

(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—prejeeting.by means of a _:

projection optical system the ekposdre light which has
transmltted through the mask substrate, whereby, onto
a photo resist film formed on a flrst major surface of.

a semiconductor 1ntegrated circuit wafer, ‘the

'.integrated circuit-pattern is transferred. -
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54. The invention comprises

(a) the step of depositing a resist film on a first

fmajor surface of a mask substrate; and then, pattering

this resist film to form a halftone pattern, which is
a pattern for forming an'integrated circuit'pattern

and has the function of causing a phase difference

_ between the transmltted llght rays and lowerlng ‘the

1ntens1ty of the transmltted 11ght rays than that of

 the llght-rays.whlch have transmitted through the mask

substrate, _

(b) the step of mountlng on the mounting portlon of an
allgner the opt1ca1 mask fabrlcated through the
fore901ng step-(a); and then, 1rrad1at1ng far
ultraviolet-rafs or vacuum ultraviolet rays from a

second major_surface:side of the opticalimask, and

(c) the step of reduction-projecting by means of_a |
- projection optical system the exposure light which has
.transmitteo through the mask_Substrate, whereby;.onto

. a photofresist:film'formed on a first major surface of

a semiconductor integrated circuit wafer.
55. The lnventlon comprises

(a) the step of depositing a re51st fllm on a flrst

'Imajor surface of a mask substrate, and then,
.patternlng thls resist film to form a halftone pattern

‘which is a pattern for forming an integrated circuit

- 34 -
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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 substrate,

(b) the step of usrng the halftone pattern as an

-_etchlng mask and dlgglng grooves in the mask substrate

exposed from therefrom, whereby the phase difference

of the transmltted 11ght rays is adjusted,

(e) the step of mountlng on the mountlng portlon of an.__

alrgner the optlcal mask fabrloated through the

'foregoing'steps_(a) and (b), and then, irradiating far
"ultraviolet rays or vacuum uitraviolet.rays from a
;second'major surface_side_of the'opticallmask,.and
_.(aj.the:step'of reduétion-prdjeoting by means of a
-;projection optical,system theﬁexposure.iight_which has

transmitted through'the-mask substrate, whereby, onto

a photo resist film formed on a first major surface of
a semiconductor lntegrated clrcult wafer, the
integrated circuit pattern is transferred.

56 The 1nventlon comprlses |

(a) the step of depos1t1ng, on a flrst major surface

of a mask substrate, a phase adJustlng film for

fadjustlng the phase of the transmrtted 1lght,

(b) the step of depos1t1ng a res15t film on the phase
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‘adjusting film, and then, patterning this'resist film

to form a halftone'pattern,-whioh is a pattern for
ﬁorming an integrated circuit pattern and has the

function of causing"a phase difference between the

“'transmitted light rays and 1owering the intensity of .
- the transmltted light than that of the light rays

- which have transmltted through the mask substrate,'

(c) the step of using the halftone pattern-as an

etchlng mask and shav1ng off the phase ad]ustlng film,

_whlch is. exposed from the halftone pattern, wholly or

by an amount correspondlng to a predetermlned

thickness, whereby the phase difference of the

transmltted 1lght rays is adjusted,

(d) the step of mountlng on the mountlng portlon of an

aligner the opt1ca1 mask fabrlcated through the

foreg01ng 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 reductron-progectlng by means of a

_progectlon opt1cal system the exposure llght whlch has

transmltted through the mask substrate, whereby, onto

-a photo resist fllm formed on a flrst major surface of

T a semlconductor 1ntegrated c1rcu1t wafer, the

lntegrated clrcult pattern is transferred.

57 The lnventlon is constltuted in- such a manner
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that, in the preceding Item 54, 55 or 56,'a light
screening metal regioniis provided in the peripheral

portlon of the first major surface of the mask

._substrate.

58 ‘The 1nventlon is constltuted in such a manner
that, in any. one of the foreg01ng 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
that, in any'one of the foregoing Items 50, 51 and 53

'-to 57 the wavelength of the exposure llght is at

least 100 nm but less than 200 nm.'

'ERIEE DESCRI?_TION 'OF THE DRAWINGS
Fig. lA:is a plan'view of the optical mask used
in the method of manufaotnring a semiconductor
integrated-circuit device according to an embodiment
of the present 1nventlon, Flg. 1B is a sectlonal v1ew
taken along the llne A-A in Fig.- 1A, and Fig. 1C is a

sect10na1 view of the essentlal part of the optlcal

mask, show1ng the state in which the optical mask

shown in Fig. lA and 1B is mounted on a predetermlned

apparatus._

Flg. 2A to F1g.-2c are sectional views of the

essent1a1 part durlng manufacturlng steps of the
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optlcal mask shown in Fig. 1..

Flg. 3 is a graph showrng the spectral

transm1ssrv1ty of a typical electron beam resist film.

Flg 4 1s a sectlonal view of ‘the essentlal part
of a semiconductor wafer, wherein the photo resist
pattern transferred.onto\the semiconductor'wafer by
the use of the optioal.mask shown in Fig. 1, is
symbollcally shown.

Flg. 5 1s an explanatory dlagram of a reductlon '

'prOJectlon exposure system.

Flg. 6 is a sectlonal view of the essentlal part_'

f the semlconductor wafer durlng a manufacturlng step

 for the manufacture of a semiconductor 1ntegrated

circuit device.

Flg. 7 is a sectlonal view of the essentlal part

' of the semlconductor wafer during the step, which

follows the step shown 1n Flg. 6, for the manufacture

"of the semlconductor 1ntegrated c1rcu1t dev1ce.

Flg. 8 1s a sectional v1ew of the essentlal part

of the semlconductor_wafer during the step, which

.folloWS'the'step'shown'in Fig} 7,'for the manufacture

of the semlconductor 1ntegrated Cchult dev1ce.

Flg. 9 is a sectlonal view of the essent1a1 part

~.of the semrconductor wafer during the step, which

follows the.step shown in Fig. 8; for the manufacture
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Fig. 12.

of the semiconductor integrated circuit device.

Fig. 10A to Flg. 10C are ‘sectional views of the

'-_essentlal part durlng manufacturlng steps for the

manufacture of the optlcal mask accordlng to another
embodlment of the present lnventlon.

Fig. 11A to Fig. llc are sectlonal views of the

' essential part during manufacturing steps for the
‘manufacture of the'cptical mask_acccrding-to still

another embodiment of the invention.

" 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 APA.in Fig. 12A, and Fig. 120 is a sectional

| view of the essent1a1 part of the optlcal mask shown

in Flg. 12A and Flg. 123, show1ng the state in which
the optlcal mask is mounted on a predetermlned
apparatus._

Flg. 13A and Fig. 13B are flow charts show1ng

the steps of manufacturlng the. optlcal mask shown in

' Fig. 14A and Fig. 14B are sectional views of the
esSential part during manufacturing steps for the
manufacture of the optiCalzmask shown in Fig. 12.

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

“according to still another embodiment of the present

- 39 -
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invention, and Fig. 15B is a sectional view of the

essential part . of the 0ptical mask shown in Fig. 15A,

show1ng the state in which the optlcal mask 1s mounted

on a predetermined apparatus.

Flg. 16 is an explanatory dlagram which shows

the optlcal mask holdlng means when a predetermlned

pattern is wrltten on an optlcal mask.

Flg. 17a 1s a sectlonal view of the essentlal

part of the optlcal mask accordlng to Stlll another

sect10na1 view of the essentlal part of the opt1cal
mask, showrng the state in whlch, when exposure

treatment is oarried'out,-the exposure light rays

'which have transmitted through the reSpeotive portions

. of the optlcal -mask shown in 'Fig. 17A are phase—

lnverted. _'
Fig. 18A to Fig. 18 C are sectional views of the

essential part during manufacturing steps for the

' manufacture of the optioal mask shown in Fig. 17.

20

Pig. 19A_is a sectional view of the éessential

'_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 shownlin_Fig. 194, showing the state in which the

_exposure light rays which have transmitted through the
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respeCtiwe'portions'of the optical'mask'are phase—

lnverted. o | | |
Fig. 20A is a sectlonal view of the essentlal

part of the-optlcal mask accordlng to Stlll another:

embodlment of the 1nvent10n, and Flg. 2OB is a

sectional view of the essentlal part of the opt1ca1

mask shown in Flg.'ZOA, show1ng'the state in whlch the

-exposure light rays which have transmltted through the

_respectlve portlons of the optlcal mask are phase-'

inverted.

Fig._zlA-is a sectional view of the essential

_partfof'the optical mask according to still another

'fembodimenthof_the'invention, and Fig. 21B is a

sectional view of the eSSential part during a

manufacturlng step for the manufacture of the opt1ca1

' mask shown ln Flg. 21A.

Flg. 22A 1s a sectlonal of the essentlal part of
the optlcal mask accordlng-to-stlll another embodiment.
of the 1nventlon, and Flg. 223 is a sectlonal v1ew of

the essentlal part during a manufacturlng step for the

manufacture of the optlcal mask shown in Fig. 22B.

'_Fig. 23A to Fig. 23D.arensectiOnal views of the

essential part during'manufactoring steps'for the

manufacture of the optlcal mask accordlng to st111

another embodiment of the 1nventlon.
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_Fig. 24A is' a sectional view of the essential

part of the,opfical'mask according to still another

embodiment, and Fig.-24B is a sectional:view of the-

'essential part of the optical mask shown in Fig. 24a,

showing the state in which the optical mask is mounted

onto a predetermined apparatus.

| DESCRIPTION OF THE PREFERRED EMBODIEMNTS
Before glVlng a detalled descrlptlon of the

present 1nventlon, the meanings of somenterms used in

'the-present application will'first be explained;

1 Dev1ce surface means a major surface of-a

- semlconductor wafer, on which a dev1ce pattern

correspondlng to a plurallty of Chlp regions is formed'

by photolithography.

2. Semieonduetor'integrated circuit wafer

~(semiconductor integrated circuit substrate) or

semiconductor wafer (semiconductor substrate) means a -

monocrystaliiﬂe silicon substrate (generaliy;-in an

'.approximately'plane,Jeircular shape), a sapphire

substrate, a glass substrate or another_insulating,
semi~insulating or semiconductor 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 éenerally an .
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interlayer dielectric film material which is formed in

such a manner that a highémolecular'resin in which

various organofunctlonal groups are bonded to a-

siloxane polymer or a copolymer prepared from 51loxane

: polymer and another monomer is dlssolved in a_ solvent

and spln-coated on a semlconductor wafer. In general,

the organlc SOG has the feature that, unllke in case

of. the 1norgan1c SOG, cracks are hard to be caused

therein after its curlng, so that the organic SOG fllm'

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 DepOSltlon)

'4. When etching stopper is mentloned, ‘an etching

stopper whose etching. selectlve ratio to the concerned

'_etchlng 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 etchlng rate of B is 1). As etching

:'stopper fllms, coated stopper films and the llke are

also 1nc1uded., -

5. Masking layers generally means resist'films
but, here, include 1norganlc masks, non-photosens1t1ve
organic. masks and the llke, too.

6. When ”llght_screenlng region”, “light
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screening.film".or #1light shielding pattern” is

mentioned, it-indioates:that'the-above-mentioned

reglon has the optlcal characterlstlc that, of the

. exposure llght 1rrad1ated to the reglon, less than 40%

"is allowed to transmlt through the reglon. In

general, what allows 30%.or less_of the exposure light

to transmit through the region 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 1ight'irradiated'

to the concerned reglon; 60% or more is allowed to

- transmit through lt._ In general, what: allows 90% or

more of such'irradiated exposure light to transmit 1

. through it is used.

7. “Photo resist pattern" means a fllm pattern

':obtalned by patternlng a photosensmtlve organlc fllm

' by the photolithography technique. 1In addltlon, as

such photo resist pattern, a mere resist film which

has no opening at all with respect to the portlon

-concerned is also 1ncluded.

8. The pattern surface of a mask is d1v1ded 1nto
the fOIIOW1ng reglons. “The region in whlch the

_1ntegrated c1rcu1t pattern transferred is disposed

»integrated circuit pattern region”, the region

covered with a pellicle “pellicle-covering region”,
/
heet Has Been Replaced
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'ivthe'pellicle-covering region other than the'integrated

.circuit-pattern'region."peripheral region of the

circuit pattern”, the external region covered with no

pellicle "peripheral region" the'inner-regionsof the

: 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 semiconductors, ultraviolet
rays'are'divided'as follows-, Ultraviolet rays which

have a wavelength less “than about 400 nm but higher

_'than about 50 nm are called ultrav1olet rays,'rays

- which have a_wavelength of 300 nm or higher are called

near ultraviolet rays, rays having a wavelength less

fthan 300 nm but higher than 200 nm are called far

' ultrav1olet rays,'and rays which have a wavelength 200 .

nm or 1ess are called vacuum ultrav1olet rays.-_Main
embodiments of the present invention have been

described with respect mainly to the vacuum

ultraviolet range with a wavelength of:ZOOInm or less,

but, if alteration is made as described with'reference
to the following embodiments, then it is a matter of

course that the present'invention is'applicable”even-

~ in case of the far ultraviolet range based on an KrF

excimer laser having a'wavelength less than 250 nm but -
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' r.higher than 200enm. Fﬁrther, it is also possible to

apply-the principle of the:present invention even to
the shorteSt wavelengthﬁend_,range of the'ﬁltraviolet
rays having a waveIength less than 100 nm but higher
than 50 nm. - | | o o

- 10. When *metal” is mentioned cbhcerning'the

mask'1ight—screening"material;'ChrOmium; chromium
_oxide'andisimilar compounds of other metals are meant;

and, from a wider viewpoint, single substances,

compounds, and compqsites'which each contain a metal
eleﬁeat and'haﬁe_a_iight screening function are also
included. - | |

11. "Halftone mask” is a kind of phase shift

mask and has a haiftone shifter in_which the

.Transﬁissivity.of_the.halftohe film serving as a
' shifter and also as a Iight screeningrfilm is'at least -

‘1% but less than-40%}_and_the phase shift amount

thereof'as compared with'the portion in which no

_ halftone shlfter inverts the phase of the light.
20

12. “Levenson type phase Shlft mask” ls a klnd

. of phase Shlft mask constltuted in such a manner that

the phases of openlngs adjacent to each other but

separated from each other by a llght screenlng reglon

are 1nverted_w1th respect tc-each other,-so that, by

the interference action thereof, a clear picture is
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1ntended to be obtalned. _
h In the fOllOWlng embodlments, descrlptlon will
be made, if requlred, by d1v1d1ng each embodlment into

a plurality of. sectlons or embodlments for

'convenlence s sake, but,iunless partlcularly

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'eiplanation of;the-bther.

Further, in the follow1ng embodlments, ‘in case

of referrlng to the- number and the like (1nc1ud1ng the

'number of ;nd1v1dual elements, numerical value,

amount, range, etc.) offelements, the invention is not

limited to the'specific'number, but can be more or

less than the lpeclflc number, unless otherw:.se

" specified and except for cases such as the case where

it is clear in view of the prlnclple that lrmltatlon
is made to a speclflc number.
Further, in the folloWLng embodlments, it is a

matter of eourse that ‘the constitutional elements

~ (including the elementrsteps etg.) of the.embodiments_"

.are not always indispensabie.unleés otherwise

specified'and'exeeptihg_cases.such as the case where .
it is conSidered that, in view of the principle, the

constitutional elements are clearly'indiépensable).
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Slmllarly, in the following embodlments, when

‘the. shape, the pOSltlonal relationship, etc. of a

constitutional element are referred to, those whlch

" are substantially approximate or similar to the

‘particular shape and the like are'included unless

otherwise specified'and exéepting cases such as the

*case where 1t is cons1dered, in view of the pr1n01ple,

that 1t is clearly not so. The same thing applies
alSo to the above-mentioned numerical value and range,
| Fnrther,fwhen semieonductor integrated cireuit
dev1ce is referred to in the present specrflcatlon, it

is to be cons1dered that not only dev10e made on a

: semlconductor or insulator substrate such as a s111con.f

wafer, a sapphire snbstrate or the like, but also 'a

'TFT (Tln-Fllm—Tran51stor) and the device made on’

another 1nsu1at1ng substrate made of glass such as STN )

(Super-Tw1sted-Nemat1c) 11qu;d crystal_or_the like are

also included.

The embodiments of the present inventidn_will

now he'described_in detail on the basis of the

' drawings. In all the drawings for explaining the

_embediments, the elements which have the same

functions are referenced by the same reference
numerals and symbols, whereby the repetition of the

description thereof is omitted. Further, in the
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embodiments of the invention,'a'p-channel typejMISFET
(Metal Insulator Semiconductor Field Effect
Transistdr) will be abbreviated to pMIS, while an”n_

channel type MISFET will be abbreviated to nMIs.

_ Embodlment 1:

Flg. 1A is a plan v1ew of the photo mask used

vfor the method of manufacturlng a semlconductor

'1ntegrated Cchu1t device accordlng to an. embodlment

of the 1nvent;on, Flg..lB is a sectlonal view taken

: 1dng'thet1ine”A-A in:Fig; 1A, and Fig. 1C is-a

_sectlonal view of the photo mask shown in Flg. lA and

Flg. lB, show1ng the state in whlch the photo mask is

mounted on a predetermlned apparatus. The broken

lines in Flg. 1A are provrded for easmer understanding

" of the descrlptlon, but not formed in the actual

product. _ o

The photo magk lPAl.aceording to this Embodiment
1 is a reticle for imaging and transferring onto a
semicondnctor wafer-the'original picture'of'a

semlconductor lntegrated 01rcu1t pattern, whlch is for'

"-example flve times as large as the actual dlmens10ns,
~ through a reductlon progectlon optlcal.system or the

- like; this_reticle iS'used_in'a projection aligner -

using as a light source vacuum.ultraviolet-rays'such
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as, e.g., a argon'fluoride_(ArF) excimer laser beam
(with a wavelength of 193 mm) or a fluorine gas (F;)
laser beam (with a wavelength of 157 nm) |

‘A mask substrate 1a constituting this photo mask

'1PA1 comprises, for example, a transparent synthetic

quartz glass or the like formed into a square shape.

The region surrounded by the 1nnermost broken 11ne in

| Fig. 1A shows the above-mentioned.1ntegrated circuit
pattern region. In this_integrated circuit pattern
'region, a light Shielding pattern'lb for transferring

~ the integrated. c1rcu1t pattern onto a semiconductor

wafer.' In this Embodiment 1, the 1ight shielding
pattern 1b is formed of a res1st film. The structural .
details suchhas-the.material and the thickness of this
resist film will be described later.

The region lying outs1de ‘this 1ntegrated c1rcuit

pattern region is the peripheral-region of the ahove— _

" mentioned integrated circuitfpattern, of this

peripheral region, the region-surrounded_by the broken
line outside.the integrated circuit pattern region is

the region corresponding to the above-mentioned inner

‘peripheral region, where a mark pattern lmr for
| detecting the,information.of_the photO'mask_lPAl is

' ‘formed. In this Embodiment 1, this mark'pattern lmr

is also formed of the_above-mentioned resist'film.'.ns_
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this_mark pattern Imr, there ere;'for example, an

aligning mark and a calibrating mark used for the

 photo mask manufacture. The aligning mark is a mark
‘used for:naking the alignment between:the photo mask

1PAl and an inspeetion equipment or an aligner so'thet

the allgnlng mask lnspect the posltlon of the photo

mask IPAI at the time of mountlng the photo mask IPAI _

~ onto predetermlned apparatus of the 1nspect;on '

equipment or ‘the aligner. Further, the calibreting '

mark is a mark used for measuring the misalignment,

_the shape state of the pattern or the pattern transfer

'éccuracy. ‘The mark pattern lmr is a pattern which is

not transferred onto the lemlconductor wafer.

Further, the reglon 1y1ng outSLde this inner

-3per1pheral reglon is the above—mentloned outer

f'perlpheral region through which, at the time of

mounting'the photo mask 1PAl onto a'mounting portion 2

of the 1nspectlon equlpment or the aligner, the photo

mask 1PA1 comes 1nto direct contact w1th the mountlng

portlon 2. In this Embodlment 1, a pattern forming -

_resist- fllm is not formed in the outer perlpheral

region. If a re51st fllm is formed in this outer
peripheral-reg;on, then, when the photo mask 1PAl is
mounted onto the inspection equipment or the aligner,

the above-mentioned resist £ilm is peeled off or
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- shaven off, as a result of whlch forelgn matters are |

produced- but, in thls Embodlment 1, no res1st fllm is

- formed in the outer perlpheral reglon, so that

1nconven1ences such as the peellng-off of the reslst

| fllm ‘due to mechan1cal shocks and the productlon of

foreign matters could be prevented.,.As the mounting -

portion 2, a mounting portion mith a vacuum'holding

- mechanism is shown by way of_exampie.

| Next,'an example of the method for the
Aén

ufacture of the photo mask 1PA1 shown in Flg. 1

. will be described.

First,_as shown in Fig.”zA, a mask substrate'la'h

comprlsrnq a transparent synthetlc quartz substrate

with a thlckness of, e.q, about 6 mm is prepared, and

then, as shown in Flg. 2B, a re51st fllm 1R whlch has

the propertles of absorblng vacuum ultraviolet rays

“such as, e.g., an ArF excimer laser beam or an Fz

'-.=laSer beam is applied'over the whole of a major .

20

25

surface of the mask substrate la by the spin-doat

. method or the like, Thls res1st fllm 1R is a resist’
. fllm whlch is sensrtlve to an electron beam. Here, a
,novolac series re81st film was formed to a thickness

' of, e. g., about 150 nm

Subsequently, as shown 1n Flg. 2C, the llght

3sh1eld1ng pattern 1b and the- mark pattern 1mr each
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comprising azresist film were formed by the same

| method as the method of forming a_desiredlpattern in

an ordinary photo mask manufacturing process. Here, a

_measure to COunter_the_charging_of'the electron'beam,

which will beddescribed later, was'taken.'.Fufther,._

-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

_peellng-off or the shav1ng-off of the resist fllm was '

prevented.

For this resist'film 1R,'a'materia1 composed -

'-;malnly of, e. g., a copolymer of a-methylstylene -and o-

_chloroacryllc acld, novolac resin and qulnlne dlazlde,'

novolac resin and polymethyl pentene—l-sulfone, or i_
chloromethylated polystylene was used. A so-called
chemically ampllfled resist composed by 1ncorporat1ng
an inhibitor and an acid generating agent into a.
phenol resin or a novolac resin can be used. As the
mater1a1 of the resist film IR used here must have a
1lght screenlng characterlstlc with respect to the

llght source of the proyectlon allgner and also have

'the characterlstlc of hav1ng sens1t1v1ty to the llght

source of the pattern 11thography system, in the photo

mask.manufacturing process, such as, e.g., an electron
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the material of the resist film IR is not 1imited.to

the above—mentioned materials but can be variously :
altered. Further, the film thickness is not limited

- to 150_nm, either, but can be a value which can

satisfy the aboveamentioned condition.

Fig. 3 shows the spectral Transmlss1v1ty of a

_ typlcal eleotron beam res1st fllm. In case a
7polyphenol:ser1es resin or a novolac series resin is .
formed into. a film thickness of about 100'nm, its

transmissivity is apprQXimately zero at a wavelength

of,‘e;g;, about 150 to 230 nm; the electron beam
resist film exhibits a Suffioient mask effect with

respect to an ArF excimer'laSer beam with a wavelength

~of 193 nm, an F2 laser beam.w1th a wavelength of 157

nm, and the like. Here, vacuum ultrav1olet rays with
a wavelength of 200 nm or less are employed, but the
present invention is not limited to thls.-

A8 the mask materlal for the KrF excimer laser

beam'or the 1ike-with.a wavelength of 248 nm, it is

‘necessary to use other material or to add an absorbing

agent into the resist £ilm. Further,'after the-light

_ shleldlng pattern 1b and the mark pattern 1mr

oomprlsed of a re51st £ilm are formed, it is effectlve

to subject the res1st'f11m to a-so-called hardening
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| treatment performed by adding a heat treatment step or

powerfully-irradiating ultraviolet rays previously; '

for the purpose of enhancing'the resistance to the

| exposure iight irradiation. Further, for the purpose_

of preventing the oxidatien of thezresiSt £ilm, it_is

also effectlve to keep the pattern surface in an
atmosphere of an lnert gas such as, e.g., nltrogen
(N;). Further, as the pattern wrltlng of the res1st
filn, not only the electrqn beam_wrltlng but also the
pattern-Writing by ultraviblet rays_with a wavelength
6f; e.g., 230 nm or higher can also be applied. The :
splrlt of the present 1nventlon lles in u81ng the

res1st film dlrectly as the mask and prov1d1ng a

: practlcally usable mask structure. Accordingly, as
'the wavelength to be screened, the resrst materlal and |
" the mask substrate materlal, other wavelengths and
materials may also be used. ;;7/' - -
' By the use of this phot ask 1PA1 the pattern
" was transferred by a reduction pro;ectlon exposure

-systam. As the projection 1lght of the reductlon

projection’ exposure system, an ArF exc1mer_laser beam

‘with a wavelength of, e.g., about 193 nm was used; the
jnumerieal aperture NA of the projection lens was for

example about-0.68; the coherence O of the light

source used was for example 0.7- On the semiconductor
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wafer which wouid be used as a projected substrate, an

- ordinary positive resist film with a sensitivity to

ArF'was-formed to a thiokness of;'e g.,'about 300 nm.

| The allgnment between the reductlon pro;ectlon
.exposure system and the: photo ‘mask 1PAl was made by

_deteotlng the mark pattern 1mr formed on the photo

mask 1PAl. For thls allgnment, a hellumyneon (He—Ne)

laser beam with a wavelength,of, e.g., 633 nm was

~ used. Due to this, the mark pattern lmr constituted

of a resist film has no light screening effect, and .

thus, the oontrastibetween the'light which has

" transmitted through the mark pattern 1lmr and the light

‘which has.transmitted through the light transmitting

portion'cannotfbe obtained. Thus, the scattered light:

at thefedge of the mark pattern lmr was detected. Aas

'ra”reSult, as shown in Fig. 4, the semicon&uctor

-

'1ntegrated clrcult pattern on the photo mask 1PAl was

pro:ected onto a major surface (first major surface)

' of a semiconductor wafer 3, ‘and oxrdinary heat

treatment and developlng steps were carried out to

form a resist pattern 4. As a result, approx1mately

the same pattern transfer characterlstlc was ‘obtained

as in the case of us1ng a photo mask (herelnafter

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

Substrate-by the use, as a llghttshleldlng_pattern, of
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a metal film such as, e. g, chromlnum (Cr). The _
resist pattern 4 could be formed with a depth of fleldi"
in which for example, at 0.19 pm, and a llne-and-space
of 0.19 pm could be formed w1th a focal depth of 0.4
pm. | | |

| Fig. 5 shows an example of the reduction

progectlon exposure system used for thls exposure

treatment. ‘The exposure llght emltted from a 1lght

‘'source 5a'of_the reduction pro]eotlon exposure system

5 irradiates the photo mask IPAlfthrough_a fly’s eyes

. iehs 5b,.irradiation shape adjustingpaperture-sc, a

condenser'lenses 5d1)_5d2_ahd a mirror Se. 'This.photo
mask 1PAl is placed in the state in which the'major

surface (first major surface) on which the lidht

.shleldlng pattern is fqrmed is d1rected downward _

' (toward the semlconductor wafer 3 31de) | Therefore,

' theraboveementloued exposure light is irradiated from
-the back surface (secohd-major surface)"side of the

pphoto mask 1PAl. By so doing, the mask pattern

written on the photo mask 1PA1 is projected through a

pro]ectlon lens 5f onto the semiconductor wafer 3

which is a Sample substrate; On the flrst major
'.surface of the photo mask lPAl, a pelllcle 1p for

preventlng a_defectlveztransfer of the pattern due to .

the attachmehtlof foreign matters is provided in some
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ICases. The photo mask 1PA1 is vacuum-sucked onto a

mask stage 5h controlled by a mask pos1tlon control .

means 5g, and allgned by a p081t10n detectlng means

51, whereby the center of the photo mask 1PA1 and the

optical axis of the prOJectlon lens 5f are accurately

' aiigned. The semicondnctor wafer.3 is vacuumssucked

‘onto a sample stand 5j. The sample stand 5§ is placed

on a Z stage 5k which is movable in the direction of
the optical axis of the projection lens 5f, that is,

in the Z-axis direction, and the 2 stage 5k is'placed

.on an XY stage 5m. The Z stage 5k and the kY.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

exposure pos1tlon. The p051tlon is accurately

"monltored, by a laser nrecision-distance meter 5r, as
the position of a mirror 5q fixed to the z stage 5k.

' Further, as the p081t10n detectlng means 51, an

ordlnary halogen lamp for example is used. In other

words, it is not necessary to use any spe01al 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,

‘The costs of the'products manufactured by the.use_of
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the photo mask-lPAl on which the light shielding

Zpattern is formed of a res1st film are not 1ncreased.

Next, the case where the technical concept of .

the present invention is applled to the process of

'manufacturing a semiconductOr integrated circuit

dev1ce which has, for example, a tw1n well type- CMIS

(Complimentary MIS) c1rcu1t will be described by the

_use of Figs. 6 to 9.

Fig. 6 is a sectional view of the essential part

of the semiconductor wafer 3 during a step fcr 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
_ comprises for example n-type si s1ng1e-crysta1, 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 fl
boron, which is atp;tYpe impurity, is introdoced.

| _bﬂ.afmajor surface. (first major surface) of.this
semiconductor substrate 3s, an isolating field oxide
film 7 is formed by the LOCOS (Local 0x1dization of

Silicon) method or the like. The isolating portion

.may-be formed in a groove shape. In other words, by
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burying an .insulator film.into'a'groove dug in the

_thickness direction of the semiconductor substrate 3s,

the isolating portion may be formed.

In an actlve reglon surrounded by th1s field

oxlde film 7, an nMISQOn and a pMISQp are formed. The

gate ox1de films 8 of the nMISQn and pMISQp each
comprlses for example a sillcon oxide film, Wthh is
formed by the thermal oxldatlon method or the like.
Further, the gate electrodes 9 of the nMISQn and the
pMISQp are each formed in such a manner that a gate

forming f11m compr1s1ng, for example, low-res1stance

-polycrystalline silicon isideposited by the CVD method
‘'or the like, and then, the thus depositedifilm is

.formed by the photolithography technique using the‘

above-mentioned reduction projection exposure system 5

" and the photo mask lPAljand the ordinary etching
: technique. Though not particularly so limited, the

| gate length 1s, for example, about 0.18 um. A

semiconductor reglon 10 of the nMISQn is formed in a
self-allgnlng manner w1th respect to the gate
electrode'S 'bY'introducing,'for example;'phosphorus
or arsenlc 1nto the semlconductor substrate 38 by the
ion 1mplantatlon method or the 11ke us1ng the
electrode 9 as a mask. Further, a semlconductor

region 11 of the pMISQp is formed in a'self-aligning
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manner with respect to the gate electrode 9 by

introdncing for example boron into the semiconductor

_’substrate 3s by the ion implantation method or the

like using the“gate eleqtrode_B as a mask. However,
the gate electrode 9 is not limited to the formation

of,:e.g., a-éingle substanoe £ilm of low-resistance

| polydrystalline Silicon;'but the'formation of the gate

electrode 9 is varlously modlflable, for example,

-ithere may be employed a so-called polyclde structure-

obtalned in such a manner that a SL1101de-1ayer such;
as, e.g., tungsten silicide or cobalt silicide is
provided on a lowatesistanoe polycrystalline silicon
film; or there can also be employed a so-called
polymetal struoture-obtained:in suoh_a manner that a -

metal film such as}_e;g.; tungsten is provided on a

' low-resistance polycrystalline silicon film through a
'barrler conductor film such as, e g., tltanlum nitride

‘or tungsten nltrlde.

First, on such semiconductor suhstfate 3s, an
interlayer dielectric filn 12_comprising for example ai
silicon oxide film is deposited by the CVD'method or’
the llke as shown 1n Flg. 7, and then, on the upper
surface of the interlayer dlelectrlc film 12, a

polycrystalllne SLllcon fllm is deposited by the CVD .

" method or the like. Subsequently,“the polycrystalline
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silicon-film is patterned by the photolithography

technique us1ng the above-mentloned reduction
pro;ection exposure system 5 and the photo mask 1PA1

and the ordlnary etching technlque, and thereafter,.an

impurity iS'introduced into;a-predetermined_region:o£ 
.the polycrystalline silicon_film thus-patterned, |
7whereby'wirings 13L-and a resistor 13R are formed.

| After thls, as shown in Flg. 8, on the semlconductor

substrate 3s, an SOG (Spin Oon Glass) £ilm 14

compr1S1ng for example a s111con oxide film is

.depOSLted by the coatlng method or the like; and then,_

in the interlayer dielectric fllm 12 and the S0G film

14, connecting holes 15 are bored so as to expose

portions of'the_semiconductor regions'lo,.ll and the

wiring 13L, by the photOIithogrephy technique'uSing'

the above-mentloned reduction pro;ectlon exposure

gsystem 5 and the photo mask 1PA1. Further, after a

metal film comprising for example aluminum (AL) or an

AL allby is'deposited by the sputtering method, this

metal film is patterned by. the photollthography

technlque and the ordinary etchlng technlque uSLng the

_ reductlon,projectlon exposure system 5 anq_the photo

mask 1PAl and the ordinary etching technique, whereby

a first layer wiring 16L1 is_formed as shown in Fig.

'h9. After this; a.second-laYer wiring is formed in the
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same manner as in case of forming the first layer
wiring 16L1 thus manufacturlng a semlconductor
1ntegrated 01rcu1t. |

Thus, according to th1s Embodlment 1, for

ekample the followlng effects_can be obtained:

(1) The light'shielding pattern 1b and the mark

pattern lmr on the photo mask 1PAl are constltuted of

a resist film, whereby the metal film etchlng step for
'formlng the llght shieldlng pattern and the step of
- removing the resist film used as a etchlng mask ‘used -

for the metal film etchlng can be deleted. Due_to

this, the manufacturing costs of the-photo_mask 1 can

be reduced. _Further,,the aécnracy of the pattern -

| .dimensions on the photb mask 1PA1=can be enhanced.

Further, the defects on the photo mask lPAl can be;'

;'decreased.

(2). Since the varieus patternS'cbmprising'a
resrst fllm are not prov1ded in that region of the
outer perlphery of the photo mask 1PAl with whlch the
monnt1ng.port10n-2 of the 1nspect10n equlpment or the

aligner is contacted, it becomes possible to prevent

. the occurrence ofrforeign matters due tofthe.peeling—_

off or shaving-off of the abdve—mentioned reSist film

on the photo mask 1PAl when the photo mask IPAI'is

mOunted onto the inspeetion equipment on the aiigner
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‘doe to-mechanicallshccks.

(3). Due to foregoing Item (2), the
deterloratlon in the 1nspectlon accuracy and the

deterloratlon ln the transfer accuracy of the exposure'

' patterns due to the peellng-off and shav1ng-off of the

photo mask 1PA1 can be prevented.
(4). Due to foregoxng Item (2), lt becomes

poss1ble to present the occurrence of short-c1rcuit

~ defects and open-circuit defects between the patterns

on the semiconductor wafer 3 due to the peelingéoff'_

p and the shaving-off of the reeist film on the photo
mask 1PAlL. | |

(5). Due tc_foregoing Items-(l) to (4), it |
becomes possible to enhance the'reliability-of then.
semiconductcr integrated circuit deuice.-l |

h (6). Due to foregcing Items (2) to (4), the
manufacturing'yield of the Semiccnductor.integrated

circuit devices can be enhanced. .

Embodiment 22

Thls Embodlment 2 1s 1dent1cal w1th foregolng

-Embodlment 1 except that the. method of manufacturlng

" the photo_mask 1PAl dlffers from that of Embodiment 1.

In case of manufacturing the above-mentioned

ordinary'phcto mask, when the resist_pattern used as
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. an etchlng mask for patternlng the metal fllm for

formlng the llght shleldlng pattern is formed by an
electron beam writer or the like, thetstatlc

electrification by the electrons_prodnced at_the'time

-'of performing electron beam writing can be prevented

by which the metal fllm for formlng the llght

shleldlng pattern is electrlcally connected to the

.earth. Accordlngly, it is not necessary to perform

electrification preventlng treatment.
However, in case’ of manufacturlng'the above~

mentioned photo mask 1PAl according to the present

'iinvention, when a_pattern]is'formed'on the resist £ilm
IR by the use of an electrOn beam writer for forming-

| the-light shielding pattern, the electrons irradiated

are cut off from escape since the mask substrate la

N and the res1st film 1R are allke lnsulators- and thus,_'

they are charged_to adversely affect_the formation of
the resist-pattern.(i.e., the 1ight shielding |
pattern). ' . | .

Thus, accordlng to this Embodlment 2, the photo

mask is manufactured in the follow;ng manner for

r'example. .

First, as shown in Flg. 10, a transparent

'conductlve fllm 17 is dep051ted on the mask substrate

la. As the transparent conductive £ilm 17, an ITO
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(indium'— tin oxide) film can be used forrexample._

_Thls transparent conductlve film 17 need not be

processed. The reference numeral 18 denotes the
earth. Subsequently, as shown in Figqg. 108, on this

transparent conductive film 17, the above-mentioned

resist film 1R is provided by coatlng as in case of
- foregoing Embodiment 1. the.transparent conductive

‘£ilm 17 is electrically connected to the earth 18.

After this, as shown in Fig, 10C, predetermined

.patterns (the light shielding pattern 1b and the mask

pattern imr) 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

- lrradlated to the mask substrate la are allowed to
:escape to the earth 18 through the transparent
'"conductlve film 17. s a result, it becomes possible
“to suppress inconuenienceS“such as the'deterioration

- 1n shape of the resist pattern and the p031tlona1

Shlft due to the statlc electrlflcatlon by the

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. 11aA, the resist film 1R is

provided by coating,vas shown in Fig. 11B, on a major
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surface of the mask substrate 1a.as in case of

foregoing Embodiment 1. Subsequently, according to
this Embodiment 2, a water-soluble conductive organic

film 19 is coated on the resist film 1R. As the

'1water-solub1e:éonductive organic .film 19, for example

ESPACER (manufactured by Showa Denko.K.K;) AQUASAVE

(manufactured by Mitsubishi Rayon Co., Ltd.) .or the

'iike-was-used.d'After this, in the state in which the

water-soluble conductive'organie £ilm 19 is

electrically connected to the earth 18, the.above?

. mentioned electron beam writing treatment was carried

out. After thisg at'the time of developing the“resist

'_film,'the water-soluble conduetive organic.film 19 was
'removed. Bylthe'above-mentioned ﬁethbd, the‘static_
_electrlflcatlon by" the electron beam could be |
~ prevented, and inconveniences such as the abnormallty

in shape of the patterns and the-pos1tlona1 shift of

the patterns could be prevented. The photo mask 1PA3

is manufactured in this way.

Embodlment 3._'

In thlS Embodlment 3, a llght screenlng reglon

:constltuted of a metal film is prov1ded in the-

v1c1n1ty of the outer perlphery of a mask substrate

-constltutlng a photo mask, and openlngs are provided

- 67 -~



10

15

in the light screening ‘region, whereby an information
detectlng pattern for reading the lnformation of the

‘iphoto mask concerning, e. g., ‘the above-mentloned

allgnlng mark, the calibrating mark, etc. Except for

+this point, Embodiment §-is identical with fore901ng

; Embodiments 1, 2.

Flg. 12 shows a concrete example of the photo

mask according to th1s Embodrment 3. Fig. 12A is a

plan view of the photo mask, Flg. 123 is a sect10na1

view taken along the llne A—A, and Fig. 12C is a

“sectlonal view of the photo mask, show1ng the state in

which the_photo mask shown in Flg. 12A and Flg. 12B is
mounted on a predetermined apparatus.

In this Embodiment.3, a 1i§ht'shieiding pattern

-(1lght screenlng metal reglon) lc is formed in the
.iv1c1n1ty of the outer perlphery of a major surface of
Sa mask substrate la constltutlng a photo mask 12A4.

'Thls llght shleldlng pattern 1c comprlses a metal film

"f_such as, e,g., chromium (Cr) and is formed in a plane

20

25

'frame shape with a width, along the vicinity of the

- outer periphery of the mask substrate la so as'to

surround the aboveementioned integrated circuit

i pattern"regiOn of the mask substrate la. . The region

in which this light_Shieldingzpattern_1c-is_formed '

;corresponds_to'the peripheral region, i.e., the inner
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peripheral region and the outer peripheraliregion, of

the integrated circuit pattern of the above-mentioned

photo mask 1PAl.

By the way, in this Embodiment 3, a mark pattern

~ 1ma which has the same function as the above—mentioned

mark pattern lmr is formed in a portion of . this light

shielding pattern lc. Here, however, the mark pattern

Ima is formed by light transmitting regions bored in
portions of the light shielding'patternilc. More
specirioally}'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 substratella lying beneath.-

Accordingly, in this Embodiment 3, in case the aligner
described in connection with Fig. Sgis 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

pattern lma can be sufficiently obtained, so that the

recogniZing ability of the-mark pattern lma can be

enhanced.: Due to this, the relative alignment hetween_

~the photo mask 1PA4 and the aligner can be oarried out °

Wlth ease and yet_With high accuracy, _According to

the result of the examination made by the present
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'inVentor, alignmentiequal to that of the above-

mentioned ordinary photo mask'has beoome possibie._
Further, 1n thlS Embodlment 3, as shown in Flg.
12C, the mountlng portlon 2 of the 1nspectlon
equlpment or the allgner_ls dlrectly.contacted with .
the'lightfshielding pattern ic. However, einoe a
resist film'is not formed on the light shielding

pattern 1lc¢, the occurrence of foreign'matters due to

| the peeling-off and the shaving-off of the resist film

is not brought about even if the photo mask 1PA4 is
mounted on the inspeotion“equipment or the aligner. '

Further, the chromium or the like constituting the

-light shielding pattern lc is hard, 80 that the

occurrence of foreign matters-due ﬁo_the peeling-off

~or shaving-off of the chromium or the like is not

 caused, either. 'Therefore, the same effect as the

effect described. 1n connection w1th fore901ng
_Embodlment 1 can be obtalned.

Also in this Embodiment 3, a light shielding

pattern la constitﬁted of a resist film 1R is likewise
' disposed in the integrated circuit'pattern'region in

' the center of the mask substrate la;‘es in the cases

of_foregoing Embodiments 1, 2. |
Next, an'exemple of the flow of a series of

manufacturing steps for the mahufacture of the photo-
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mask 1PA4 according to this Embodiment 3 will be

described.

The ordinary photo mask manufacturing step can

- be divided into-the'step of manufécturing a substrate

(mask-blanks) on which the light screening film made

- of chrominum or a semitransparent film to be described

later is'fermed'en a whole major surface of the mask

substrate and the'photo mask manufacturing step fdr

" forming a semiconductor integrated circuit forming

pattern on the mask bianksﬁ The substrate and the‘

'_ photo mask are manufactured in different work sections

or sites in some caSes.j-

The photo mask manufacturlng step accordlng to

" this Embodiment 3 is d1v1ded into a mask blanks

'manufacturlng step, a common 11ght shleldlng pattern

forming step for forming, in the outer perlpheral

Jportion of the mask substrate, a pettern used in

common by various projection aligners, and a resist

pattern forming etep; The respective steps are :

Icarried out in different work'sites or in different

imanufacturing cdmpanies'in some cases.

For example, Flg. 133 shows the above—mentloned

common llght shleldlng pattern manufacturlng step. As

for the common pattern, various common patterns can be

prepared in accordance with the respective
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psemlconductor 1ntegrated c1rcu1ts manufactured or the -
'prOJectlon allgners used for the exposure treatment
| First, after the common llght shielding pattern

.(correspondlng to the light shleldlng pattern lc shown'

_1n Fig. 12) (Step 100), the absence or presence of

defects is 1nspected (Step 101). Here, in case that'

" no defect is found, the common llght shleldlng pattern

is stocked as a completed photo mask at the common

_llght shleldlng pattern~form1ng 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
correctlon (Step 102) -

As stated above, in the photo mask manufacture

accordlng to this Embodlment 3, the mask substrate can

be'stocked during the photo mask manufacturing step,

. so that the manufacturing time and developing time of

20
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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 whble courSe ranging from the deposition

- of the light screening fllm (the mask blanks
' manufacturlng step) to the patternlng of predetermlned

~ patterns must be contlnuously carried out, while,
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| accordlng to thls Embodiment 3 the photo masks

processed as far as the common llght shleldlng pattern

manufacturlng step can be stocked. Due to thls, in

' case of manufacturlng or developlng a semlconductor

- lntegrated circuit apparatus, at the time of forming

the concrete mask patterns for a semlconductor
1ntegrated c1rcu1t pattern, the manufacture of the
photo mask can_be started from the stage where_the
photo mask was stocked, sO that the photo mask

manufacturing time can be shortened. Due to this, the

'step of formlng ‘the semlconductor 1ntegrated circuit
pattern can be termlnated in a shorter time.

.|Therefore, the techn1ca1 concept of the present

invention is partlcularly suited to the manufacture of

a photo masks for 1og1c dev1ces whlch are hlgh in the

'frequency of developlng product types.

Further, ln case of the photo mask 1PA4 at the
staqe shown 1n Fig. 13A, the llght screenlng portlon

is mainly the outer perlpheral_portron oflthe mask

substrate, so that a metal film such as a chromium

(Cr) film may not be provided in the central'portion'

of the substrate (mask blanks) in”Which.a liéht

‘'screening film or a semitransparent film is ‘formed

over the whole major surface of the maSk substrate or

in the portion in which an element pattern is
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-scheduled to be ‘formed (that is, in the above-

mentioned 1ntegrated c1rcu1t pattern region) Or even

if the metal film ex1sts, defects such as pinhcles

etc do not matter, so that the. quality management of

_the mask blanks can be alleViated, and thus, the y1eld

of the mask blanks can be.greatly enhanced.
Subsequently, Fig. 133 shows the manufacturing '

step for forming a res1st_pattern. First, the mask

" blanks on which the common light shielding pattern‘is

formed is used; and, .in the integrated circuit pattein

region, the resist film is subjected to exposure,

'development and hardening treatment, whereby a dev1ce

manufacturing resrst pattern (corresponding to the

'light shielding pattern 1b shown in Fig. 12) (Step

104); Subsequently, inspections such as a defect

- inspection and a dimensional inspection are carried

out to the mask substrate (Step 105). 1In case the

inSpected product has passed these 1nspections, the

.completion of a photo mask follows (Step 106).

However, As a result -of these 1nspections, the resist
film of the photo masks which have failed to pass the
inspections.and thus are:below the standards are
removed (Step*107),hwhich'arefput to“reuse; As stated
abcve,vin this Embodiment_3,_the mask blanks with

common light.shielding patterns can be reused. In
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other words, in case the light shielding pattern for

the manufacture of devices is formed of a metal film,

it is difficult to removelit.for reuse, in view of -

' securing the quality of the photo mask.h'However, to

remove and reuse the resist film as according to this
Embodiment 3 does not take much time,.and-further, it

can be easily done_without lowering the quality of the .

'; photo mask. Thus, it follows that the effective

utlllzatlon of resources becomes possxble.-'
' Next, an example of the concrete manufacturlng

method will be descrlbed concernlng each step of the _

tabove—mentloned photo mask manufacturlng steps.

- First, as shown in Fig. 142, a metal film with

_hiéh 1ight screening properties such'as,'e.g, a .

chromium'film is deposited on a major surface of a

- mask substrate 1a, and thereafter, thlS ls patterned

fby the photollthography technique and the etchlng

technique, whereby the above—mentloned llght shleldlng '

cpattern lc and the mark pattern lma are formed on the

major surface of the mask substrate la. In the

' lntegrated 01rcu1t pattern reglon in the central

R portlon of the mask substrate 1a, the light shleldlng

pattern 1c is not formed, an opening is bored, and
thus; the transparent_maskisubstrate 1a is exposed..

The steps as far as this step correspond to the
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" manufacturing steps shown in ?ig.'lSA.,

‘Next, as.shown in Fig. 14B; on the major surface

of the mask suhstrate'la on which theVstep of forming

.'che common light.shielding pattern'is completed, the

above—mentloned resrst f11m lR is coated so as to

| cover “the llght shleldlng pattern lc, and thereafter,'

7the above-mentloned water—soluble conductlve organlc

fllm 19 is applled on- the res15t fllm 1R thus coated.
Subsequently, as in case of ‘the fore901ng Embodlment

2, the above-mentioned electron beam wrltlng treatment

‘was carried in the‘integrated circuit pattern region'
. of the mask substrate la, in order to form a 1lght
':shleldlng pattern for the semlconductor 1ntegrated

‘circuit pattern, in the state in which the water-

soluble conductive £film 19 is electrically connected

to the earth 18. After.this;.the resist film 1R was

subjected to a‘deueloping'treatment, the water-soluble
conductive organic film 19 was removed, and thus, as

shown in Fig. 12, a light shieiding pattern. 1b

_ comprising-a resist film was formed in the integrated .

circuit pattern reglon ‘of the mask substrate la. The

—steps as far as thls step correspond to the

_manufacturlng steps shown in Flg. 135.'

According to such Embodiment 3, the follow1ng

‘effects can be obtained in addition to the effects
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- obtained by the foregoing Embodiments.l,'Z:

(1). Since the light shielding pattern lc is
provided in the outer periphery-of'the mask.substrate'

la of the photo mask 1PA4, and, by removing a portion

~ thereof, the mark pattern 1ma is formed, the accuracy

in detection of the mark pattern can be.enhanced.

Accordingly, the ability of detecting the information

of the photo mask 1pPa4 can be enhanced |
(2). Due to foreg01ng Item (1), ‘the accuracy in

detectlon of the callbratlng mark of the photo mask

1PA4 can be enhanced in case of 1nspect1ng the photo

j mask 1PA4, so that lt lS possrble to enhance the

1nspect10n_accuracy of the photo mask 1PA4.

Therefore, the IEllablllty of the phcto mask 1 can be

-enhanced.

(3). Due’ to foreg01ng Item (1), the accuracy in

allgnment ‘between the photo mask 1PA4 and the allgner

can be enhanced. Therefore, the accuracy in the

transfer of the patterns onto the semlconductor wafer

_ and the alignment accuracy can be enhanced

(4) Due to foregoing Items (1), A2), (3), the

reliability and manufacturing yield of the:
‘semiconductor integrated_circuitydevices manufactured

| by the use of the photo mask 1PA4 can be enhanced.

(5). The mask blanks with the common light
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shielding pattern can be reused. In other words, the

effective utilization of resources becomes possible.

(6). .The'quality management of the mask blanks
in the photo mask manufacturlng steps can be

allevxated, and thus, the yleld of the mask blanks can

“be greatly enhanced.

(7) Due to foreg01ng Items (5) and (6), the

~ costs of the photo mask 1PA4 can be decreased, so that_
" the costs of the semlconductor integrated circuit

.dev1ce can be decreased.

(8) The mask substrate la can be stocked durlng

the steps of manufacturlng the photo mask 1PA4, 8o

'that the length of time requlred for the manufacture

and. development of semlconductor 1ntegrated circuit

devices can be greatly shortened.

Embodlment 4:

This embodlment 4 relates to an example of the
case where a transparent thin-film pellicle which
functions to'prevent'foreign matters from attaching to

the photo mask pattern formlng surface (first major

:surface) is dlsposed on the ma]or surface of the photo

mask. This Embodlment 4 1s 1dent1cal w1th the

.fore901ng Embodlments 1 to 3 except for the above- -

mentioned point.  Here, descrlptlon w111 be made w1th
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reference to the.use-of the photo mask constituted in
such a manner that a llght shleldlng pattern |

comprising a metal f11m is. prov1ded in the v1c1n1ty of
the outer perlphery of the mask substrate as in case

of the photo mask descrlbed, for example, in

connectlon with- fore901ng Embodlment 3.

Flg. 15 shows a concrete example -of the photo

mask.accorclng to thls Embodiment 4. Here, Fig. 15A

'is a plan view of the phcto mask,'and Fig. 15B is a

sectlonal view of the photo mask taken along the line
A-A 1n Fig. 15A show1ng the state in which’ the photo
mask is mounted on a predetermlned apparatus.
Accordlng to this Embodiment 4, a pelllcle lp is
fixed 1n a state jolned through a pelllcle stlcklng

frame lpf to a major surface (flrst major surface) of

.a photo mask 1PA5. The pelllcle 1s a structural body

“which has a transparent fllm and 1s prov1ded over a .

predetermined distance from the maJor_surface or the

majorfand back surfaces of the mask substrate, in

order to aVoid foreignimatters from attaching to the

photo mask. This predetermlned dlstance is deSLgned

' by taklng 1nto conS1deratlon the forelgn matters

“attaching to the protective f11m surface and the'

transferability of the foreign matters onto the

semiconductor_Wafer.'_In this Embodiment 4, the
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pellicle 1p is disposed in a pellicle cdver'region'ofg
a photo mask 1PAS5. That is, the pellicle 1p is

diéposed So as to plane-wise overlap the whole of the

'above-mentioned'integrated'circuit pattern region of

the photo mask 1PA5 and a portion of the light

shielding pattern lc of the above-mentioned inner

| peiipheral rggioﬁ.

. According to this Embodiment 4, the base portion

- of the pellicle sticking'frame_lpf is joined and fixed

10

in a state directly contacted_ﬁith the light shielding

pattern lc in the'abbve-mentioned inner peripheralf"

region of the photo mask .1PAS. . As a result, the

pellicle sticking frame 1pf can be prevented from
being peeled off. Further, if a resist film is formed

at the position at which the pellicle sticking frame

lpf:is mdunted, then, when_the-peiliC1e.1p is mounted

-and removed, it_becpmés-a cause for the peeling-off of

the resist film and for the generation'of foreign

_'fmatters. In this Embodiment 4, the pellicle sticking
20

frame 1pf 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 éhd'fixing the

'-pellicle stacking_framéllpf_in a state directly

contacted with the mask substrate la. Further, this
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Embodiment 4 is also constituted in such a manner

that, as shown in Fig. 15B, no resist film is formed

in_the portlon in which the photo mask 1PA5 and the

mounting portion 2 of'the projection aligner are'

contacted. As a result, the occurrence of foreign

matters due to the peeling-off and shav1ng-off of the

resist film can likew1se be prevented as in the cases

of fore901ng Embodiments 1 to 3.

Further, in this Embodiment 4, a p051tion

_calibrating mark pattern Imb is formed in the light

.,shielding pattern lc. This posrtion calibrating mark

pattern Imb is a pattern for detecting the posrtional
information of the photo mask 1 directly from the
-photo mask 1 1tse1f when a predetermined pattern is

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,

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 he_irradiated by the ‘electron beam for
writing the pattern during the pattern writing step.

As a result, the pattern writing position accuracy of
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the electron beam writer'can be enhanCed.-

The provisioniof_such a mark pattern 1lmb is, for
example, for the following reason: 1In case of an
ordinary electron beam writer, the writing treatment

to. the photo mask is carried out in vacuum. As.for

'the holding of the photo mask in vacuum, as: _
_”symbolically shown in Fig. 16, the mask substrate 1a

5or a cassette 21 on which the mask substrate la is

mounted is pushed to three pins 20a of a mask holding
portion 20 on a moving stage of. the electron beam -
writer; and thus,.the.mask substrate.la or the

cassette 21 is‘meohanically fixed by a push pin 20b.

' Here, in case of the ordinary electron beam writer, a

position detecting mark pattern 20m mounted on the

mask holding portion 20'is'detected a plurality of

| times during the writing to thereby correct pattern

'_writing the pos1tiona1 shift by the pOSitional drift

of the electron bean. The mask substrate la on the

mask holding portion 20 (stage) is mechanically fiked'

as mentioned above, 80 that the relative pOSltlonal

relationship between the mark pattern 20m of the mask

"holdlng portion 20 and the mask substrate 1a should be
constant, but, in actuality, by the.shocks caused by

. the stage which moves at high-speed; a SIight'

positional deviation is,caused between the mark
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pattern 20m and the mask substrate la in semepcases.-

" Due to this, in spite of the fact that the position of

the mask substrate :la is read-out frbm‘the mark

pattern 20m during.the electron.beam writing'step,-

pos1t10nal dev1at10n is caused of the wrltten pattern..p
Thus, accordlng to this Embodlment 4 the

_pOSltlon correcting mark pattern lmb is disposed on

- the photo mask 1PA5 (the mask’ substrate la) itself so

that.the position_thereof'can be directly detected

.from the mask SubStrate la itself. As a'result,vthe'

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 1lmb is constituted

.depending'on, e.g.; whether the pattern position lies
in the llght transmlttlng region or in the llght o

_screenlng region; and 1nformatlon detectlon is

executed in accordance w1th the reflected state of a

position detectlng beam or a detection llght

-irradiated there. As the position detecting means,

there can be used the type which uses the electron

~ beanm of'the electron beam writer,'the'type which uses

the 1aser beam by a laser llghter or’ other types._

'Partlcularly, the appllcatlon of a system or. apparatus

' hav1ng a high positional accuracy is desirable. This

-~ 83 -



mark pattern lmb.can also be formed at the step of
- forming the common light shielding;pattern in the

;above-mentloned photo mask manufacture, and it lS also

effectlve to form thls mark pattern lmb at the above-

_mentloned mask blanks manufacturlng step.

Accordlng to such Embodiment 4, the follow1ng

effects can be obtalned in addltion to the effects

o obtalned by foregOLng Embodlment 3:

10

15

25

(1) ' Slnce the pelllcle 1p 1s prov1ded on the
photo mask 1PA5, it is pos31b1e to prevent foreign
matters from attachlng to the photo mask 1PA5,.and it
is also poss1b1e to suppress or prevent the
deterloratlon of the transferred pattern due to the

foreign matters.

(2). | Slnce the pelllcle stlcklng frame 1pl is

'301ned in a. state dlrectly contacted wrth the llght |
'{ shleld;ng_pattern-lc or the_mask substrate la, ;t is
_pcssible to.prevent theﬂ1ight-screening-pattern
_ B forming'reSist film from beiné peeled.cff or shaved
.20 off when the pelllcle l1p is ‘mounted or removed. 'Due-
: to this, 1t lS poss1ble to prevent - the occurrence of

, forelgn matters due to the peeling-off or shav1ng—off

of the resist fllm. '

(3). Slnce the electron beam wrltlng pOS1tlon

correcting mark pattern 1lmb ls_prov1ded.on the.photo
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‘mask 1PAS itself, it becOmes posSible to enhance the

p051t10na1 accuracy .in the pattern ertlng by the

electron beam wrlter.

Embodiment 5:.

This Embodlment 5 relates to the case where the

__present 1nventlon is applled to a so-called phase

shift mask whlch causes a dlfference between the

phases of the exposure llght rays transmlttlng through

the photo mask.

Thls Embodlment 5 is identical Wlth foregoing
Embodlments l to 4 except for the above-mentloned
pornt. _ | _ 5

.Fig. 17A shows a sectional view of.the essehtial'

part of the phase shift mask. On a major surface '

(Eirst major surface) of a mask substrate la

'hconstltutlng a phase Shlft mask 1ps1, a phase shift

film 1d is formed so as to cover light shielding-

-patterns b, 1c and the'mask-substrate la. The phase
_shlft film 1d may comprlse, for example, a transparent
'SOG (Spln On Glass) fllm (Elther an organic SOG film
‘or an ;norganlc SOG film may be used. In case o: an

- organic SOG-film; however, the expcsure light is

absorbed;.so that an optimum film thickness must be.

set. From the-cptical vieWpoint, the use of an
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ihorganic SOG film iS-preferable), and, at a 1
predetermihed_pOsitiou of the-phase shift film 1d, a

groove 1dl with a predetermined depth is formed. The

_depthfof thiS'groove 1dl is set to'such'a depth that

the phase of the exposure light whlch has transmltted
through the reglon ‘in Wthh the groove 1d is formed
and the phase of the exposure llght which has

transmltted through the region in whlch the groove 1d1

- is not formed are inverted with respect to each other.
" Fig. 17B shows the state in which the exposure light

- rays 22a, 22b irradiated from the back surface (second

major surfaoe) side of thegmask_substratella of the
phase shift mask 1PS1 are phase-inverted_with respect
to each other. The eXposure‘light 22a passes through
the relatlvely thlck portion of the phase shift fllm
1d. On the other hand, the exposure llght 22b passes
through-the portion in whlch the groove 1d1 is dug to

such a depth‘that the phase of the ekposure light 22b

is inverted with respect to the phase of the exposure
‘light 22a, ‘so that the‘exposure'light'ZZb is inverted
'in phase Withlrespect to the exposurellight 22a. More

specifically, a phase difference of, e.q., 180° is

caused. - As a result, in the mutually adjacent

'transmitting portions;_a%phase'shift effect is

’ obtained;,and thus, the resolution of the pattern ]
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transferred onto the semiconductor wafer can be
enhanced.'

Further,.ln the phase Shlft mask 1PSl accordlng

 to thls Embodlment 5, the phase shift.film 1d covers

-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'moﬁnting_portion of the.
inspection equipment or the aligner.' Accordingly} as
in the cases of foregOLng Embodlments 1 to 4, the

mountlng portion of ‘the inspection equlpment or the

- aligner is not dlrectly contacted wrth the patterns

'(the light shleldlng.pattern.lb, etc.) constituted cf

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'lPSl_can_be :
prevented, and the occurrence of foreign matters due

to the above-mentioned peeling-off or shaving-ff can

_be prevented.

: Next, an example of the method for the

_manufacture of the phase Shlft mask 1PSl accordlng to

thls_Embodlment 5 will be described. First, as ‘shown

'in-Fig; 18A, the above-mentioned_light shielding

pattern 1b ccnstituted of a'resist'film and the light
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shielding pattern'ic constituted-ef a metal fiIm are

formed on the_mask'substrate_la in the same manner as

in the cases of fbregoing'Embediments 3, 4.

Subsequently, as shown in Fig. 18b, on a major surface
(the first major.surface).of the mask substrate la,
the phase shift 14 comprising, e.g., an SOG film_is
'depOSited,.and then} an electron beam resist fiim'23
is deposited on the thus deposited phase shift film
1d. After thlS, on thls electron beam res1st £ilm 23,

a desired pattern is written by an electron beam :

- writing treatment, and then, as shown in Fig. 18c, a

resist pattern 23a constituted of the electron beam

VreSist'film_is formed via-an'ordinary Step.

.Here,'alsq, the aboveementioned_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 exposed from the.

- resist pattern 23a was removed by etching to form the

groove 1ldl. Thereafter,_the resist-pattern 23a was

‘removed, whereby the phase shift mask 1PS1 shown in.

-rFig. 17 was obtained.

Accordlng to such Embodlment 5, it is possible

to obtaln, for.example, the effect that the resoluthn

of the patterns transferred onto the semlconductor

wafer, in addltlon to the effects obtalned by
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'foregoing.Embodimént 3.

'Embodlment 62

This Embodiment 6 relates to a modlflcatlon of

'-the'phase Shlft mask accordlng to foregorng_Embodlment

5. Except for this point} Embodiment 6 is identical

with. fore901ng Embodlments 1 to 5.

In this Embodlment 6, the phase shift f11m 1d is

o _removed in the above-mentloned outer perlpheral region

10
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20

of. the mask substrate 1la constltutlng the phase Shlft

mask 1Ps2, and thus, the llght shleldlng pattern lc is

-exposed, as shown in Flg. 19A. Fig. 19B shows the

state in which this phase shift mask 1PS2 is mounted
on the aligner or the like, symbolically depicting how

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 iPSZ; wherein

the mounting portlon 2 is dlrectly contacted with the

_ llght shielding pattern 1c of the photo mask 1P52._.

-Therefore, ln case of this Embodlment 6, the same

effects as those of fore901ng Embodiments 1 to 5 can’

be 11kew1se obtained. The manufacture of this phase

Shlft mask 1PSZ can be" achleved in such ‘a manner that,.

after or before the step shown in Flg. 18B, a resist
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'_ pattern is-formed so'as to expose the outer peripheral

.reglon “of the outer perlphery of the major surface of

the mask substrate la is exposed and yet cover the .

i portrons other than the above—mentloned outer _

perrpheral reglon,.and then, thls resist pattern is

-used as an etchlng mask to etched off the phase shift.

fllm 1d exposed therefrom.

”_Embodiment 7:

‘This Embodiment 7'reiates to the case where the

.present 1nvent10n is applled to a semltranSparent

shift mask (the above—mentloned halftone mask) .

Except for thls point, thlS'Embodlment 7 is identical

with foregorng Embodiments 1 to 6
Flg. 20 shows an example of the halftone type

phase shift mask 1ps3 accordrng to this Embodlment 7.

- In the lntegrated circuit pattern regron of this phase.
- shift mask 1PS3, a halftone pattern (halftone llght

- .shielding pattern) lel for transferrlng the

semlconductor rntegrated circuit pattern is formed.;

This halftone pattern lel ls.constrtuted of a_res1st

film which has been descrihedhin_connection_with

- foregoing Embodiment 1, ete., but thisﬂhalftone'

| pattern lel is semitransparent with respect to the

exposure light, and the film thickness thereof is
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adjusted to the value which inverts the phase of the

exposure light. Fig. 20B shows how the phase
inversion of the exposure light rays 22a, 22b which
have been irradiated from the back surface”(second '

major surface) side of the phase'shift_mask 1Ps3

_according to this Embodiment 7 is effected. The

exposure lightj22a'which has passed through the

halftone pattern'leJ:is inverted in phase with respect

to the exposure light 22b which has passed through the

transparent portion. In other words, the phases of

'these exposure 11ght rays 22a, 22b devrate by 180°

. from each other. Further, the transm1ss1v1ty of the

halftone pattern lel is such that the light 1nten31ty
of the exposure light 22a whlch has transmitted

through the halftone pattern lel is about 2 to 10%

© with respect to the exposure llght 22a before its
_transmission through'the halftone pattern lel.
: Therefore, the halftone pattern lel serves

'substantlally as a light screenlng portlon and yet has

the effect of making the boundary portlon of the

transferred patterns olear and sharp. The method of

: patternlng the halftone pattern lel is the same as the
:patternlng method of the 1lght shleldlng pattern 1b

:_accordisng to foregoing Embodimentsfl,to'G.

In case of the phase shift'mask for ArF, the
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absorption of the resist film constituting'the mask is
large, 50 that, in order to realize both the

transm1551v1ty of about 2 to 10% as mentloned above

- and phase inversion at the same time, adjustment must

be made of the resist film for forming the halftohe

~ _ pattern lel. On the othet 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 thls phase Shlft mask is favorable in rea1121ng

the above-mentloned transm1ss1v1ty of about 2 to 10%

‘and- phase 1nvers1on at the same tlme..

By such Embodlment 7, the effects obtalned by

foreg01ng Embodlments 1 to 6 can also be obtained.

Embodlment 8:

Thls Embodlment 8 relates to a modification of .

"-the halftone type phase shift mask. accordlng to.

foregoing Embodiment 7. E;cept for this point,

Embodiment. 8 is .identical with foregoing Embodiments 1
to 7.

In this Embodiment 8, the phase difference is

"_.;set depehding'on the film thickness of the halftone

25

pattern, so that it is necessary to bring the

'thlckness into a predetermlned range. Due to this, it

- becomes dlfflcult to set the lnten51ty of the llght
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‘passing through the halftone pattern in some cases.

Thus, accordlng to th1s Embodlment 8, the above- -

‘mentloned phase dlfference is not set only by-the film .

thlckness of the halftone pattern, but the phase

.dlfference is set by ad)ustlng the fllm thickness and

 the depth of'grooves dug in the mask substrate (that

is, the thickness of the mask substrate in the groove-

-formed_portions). As a result, according to this

Embodiment 8, the effect that the intensity setting of

the'1ight_which'tranSmits:through the halftone pattern

can be facilitated, is obtained in addition to the

effects obtained by foregoing Embodiments 1 to 7.

Further, the range of materials for forming the

halftone pattern can be 1ncreased.

Flg. 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

the halftone pattern le2 and the thlckness of the mask

-hsubstrate la in the portlons of the grooves lg formed

-in the mask substrate la. The halftone pattern le2

was formed by the use of a novolac séries‘resin-with a

-thlckness of, €.9., "about 50 nm. As a result, the

transm1551v1ty of the halftone pattern le2 became 5%.
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‘However, this transmissivity is limited to 5% but can

be variously altered; in a range of, e.g.; about 2 to

20%, selection satisfying the purpose can be made.

‘The phase‘inVersion'in this case was about‘90°,.Due to

this, grooves 1f with a depth of about 90 nm were dug

in the mask substrate la so that the exposure llght

- which has transmitted through the photo mask 1Ps4
“could obtaln a phase inversion of about 180° In total.
: The fllm thlckness of the halftone pattern le2 is not
'llmlted to this value but can be varlouslylaltered;

" 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.

This phase shift mask 1PS4 is formed in . the

follow1ng manner for example: Flrst, as 1n ‘case

foregoing'Embodiment 17, etc., the llght sh;eldlng
pattern lc and the halftone”pattern 1e2 are formed on
the mask substrate 1a as shown . 1n Fig. ZlB, and
thereafter, by the use as etchlng mask of the llght
shleldlng pattern 1c and_the halftone_pattern le2, the
portions of the mask substrate 1a'whichtare exposed

from there are selectively etched off by au amount

‘corresponding to.a predetermined depth. Byfsoldoing,_'

the-grooves.lf shown.in_Fig, 21A'are formed in'a_self-
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aligning manner with respect to the halftone pattern

- le2, and thus, the photo mask 1PS4 1s manufactured.
'Acoord;ng to this Embodlment,si the halftone type

. phase:shift mask IPS4 with a transmissivity of, e.g.,

5% could'be_mahufactured. In case of.the example

shown in Fig. 21A, the portioh_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

”manufacturlng step, but it is. also poss1b1e not to

fremove by etching- the portlon of the mask substrate la

lying in this region.

Embodiment 9-

' Thls Embodlment 9 relates to a modlflcatlon of

the halftone type phase Shlft mask accordlng to

foreg01ng Embodlments 7, 8. In this Embodlment 9, in

order to glve a solution to the problem descrlbed 1n

_connectlon with foregoing Embodiment 8, the phase of

the above-mentloned exposure light is adjusted not

only by the halftone pattern but by providing a

different film which plane-wise overlaps the halftone

pattern. By thls measure, accordlng to Embodlment 9,

_ the effect that the intensity settlng of. the light

transmlttlng-through the halftone,pattern can be
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facllltated as in case of foreg01ng Embodlment 8, can
be obtained, in addltlon ‘to the effects obtalned by
fore901ng Embodlments l to 7. Further, the range of
materlals for formlng the halftone pattern can be
increased.. | '

Flg. 22A shows a concrete example of the
halftone type phase Shlft mask accordlng to Embodlment

9. In thlS halftone type phase Shlft mask lPSS,

'between a halftone pattern le3 s1m11ar to that of
__fore901ng Embodlment 8 and a mask substrate la, a’

transparent phase adjustlng f11m 1g comprlslng, e.qg.,

a silicon ox1de fllm is prov1ded, so that, by

adjusting the film thickness of the halftone pattern.

le3 and the f£ilm thickness of the phase adjusting film

‘1g, the above-mentioned phase inversion is realized.

This phase Shlft mask lPSS is formed,_for
example, in the follow1ng manner. Flrst, as shown 1n"
Fig. 22B, on a major surface (flrst majqr surface) of
the mask suhstrate 1a,'the phase adjusting film.lg B

comprising, e.g., a silicon oxide film is formed by

| the sputtering method, the CVD method (Chemical Vapor

'Deposition)'method or the_ccating method, and

thereafter, on the phase_adjusting film 1g thus _
formed, a light Shieldinglpattern_lc and the halftone

pattern le3 are rormed'as in the cases of foregoing
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Embodiments 7, 8, etc. Subsequently, only with the

above-mentioned halftone pattern 1e3 the phase

 inversion obtained was_about 90°;-so that the phase

adjusting film 1g lying'beneath the halftone pattern

le3 and the iight shielding pattern 1lc was_dug by,

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
shown in Fig. 22A is manufactured. According to this

Embodiment 9, 11kew1se, a halftone type phase shift.

mask 1PS5 with a transmiss1v1ty 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

foregoing Embodiment 8. Further, also .in this

' Embodiment 9, in order to simplify the mask

manufacturing step, the phase adjusting-film'lg-
portion in the mark pattern ima region is also removed

by etching at the time of patterning the phase

‘adjusting film lg, but it is also poss1ble not to etch

off the portion of the phase adjusting film 1g which

lies in this region.

'Embcdiment 10:

" This Embodiment 10 relates to a modification of:
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the halftone type phase Shlft mask according to
foreg01ng Embodlments 7, 8, 9 and a modification of
the method for the manufacture of ‘the above-mentioned

halftone typerhase'shift mask. Except for the above-

‘mentioned point, this Embodiment 9. is identical with

.foregoing Embodiments 1 to 9.

bIn this Embodiment 10, likewise, the

-constitution forVining a solution to the problem
described in connection with foregoing Embodiment 8.

‘As a result, this Embodiment:lo 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 ]
by foregoing'Embodiments'l to 7. Further, the range

of materials selected for forming the halftone pattern :

‘can be 1ncreased.

An’ example of the method for the manufacture of
the halftone type phase shlft.mask accordlng to this
Embodiment 10 w111 now be descrlbed by referring to
Fig. 23._ '

| First,'as shown in Fig. 23Af'on a major surface
(flrst major surface) of s mask substrate la, a llght
shielding pattern lc and a mark pattern lma as

mentloned above are formed as in the-cases of forgoing
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Embodiments 1 to 9. In other words, the above-
mentioned common light shielding pattern forming step

is carried out. Subséquently, as shown in Fig. 23B,

~on the major surface of the mask substrate la, a

resist mask 24 which is transparent. to the exposure

light is formed by coating so as to cbver'the above-

mentioned light shielding pattern lc and the above-
‘mentioned mask substrate ia,'and further, on the thus.

" provided resist film 24, a resist film 25 with light

screening properties és-used in foregoing Embodiment 7
was formed of a thin film and made semitransparent.
Here, as the trahspafénf resist film'24;.a PGMA 24

(polyglycidyl methacrYlate) or the like which is,

~e.g., of the positive type was used. Further, the

resist'filmlzs 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

desixéd'integrated circuit pattern was written by the

- use of an_electron beam 26'orfthe like. Here, also, a

static electrification preventing treatment was

'conducted. After this, an ordinary developing |
'treatment.was conducted td_develop the resist.film 25;'
whereby a*halftone'patterh led is formed as shown in

Fig. 23C.
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-Subsequéntly, the major-éurface of the mask -

-,. substrate la was subjected to an ordinary.exposure_
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treatment to expose the portion of the resist film 24

- which is exposed from the halftone pattern le4 having

light screening properties, and thereafter, a
developing tréﬁtmenf'is performed whereby, as shown in'
Fig. 23D,lbeneath'the'halftohe_pattern 1e4; a phaSe.
adjﬁsting film 1g constituted oflthe resist film 24
ahd in a self—alihging.manner with respect to the

halftone pattern le4 so as to plane-wise ovérlap-the~

hélftone pattern le4. In this way, a phase shift mask

1PS6 was manufactured. In the structure of this phase |

-_shift'mask 1pseé, the'phase.adjusting film 1g is

provided:only beneath the halftone pattern'1e4. The
phase édjustméntﬂof the ékpoSure light Whiqﬁ transmits
thrbugh‘the.phase Shiftwmask_lPSG-is made through the
film ﬁhickness of the ha1ftoﬁe.ﬁattern'1e4 and the
film thickness of the.phase adjustiné”filmflg. -Aé'a
result, phase inveréion pou1d.be realized between the

light which has transmitﬁed:through the stacked

pattern_region consiéting-of.the.halftone pattern led

‘and the phase adjhsuting film 1g and the light which

has transmitted through the mask substrate la.

Further, the trahsmissivity of'the_stacked'pattern

. region turned’out to be ébout 5%._'Thus, the halftone
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type phase shift mask 1PS6 with a transmissivity of

‘about 5% could be fabricated as in the cases of

:forégcing Embodiments;é,_9, etc.

Embodiment 11:
| This Embodiment 11 relates to a modification of
foregoing-Embodiment 1. |

Through the result of the examination made by

'the_preSentxinventdf, the followihg has been_fduhd:

It is also effec£ive_£hat, aftér,'on the major'surface
of the mask sﬁbstfate,;the'light'shielding_pattern for
forming the intégrated circuit_pattern_and thg'mark
péttérn is formed of the above-mentioned resist film,

and'thereafter, on the above—mentiohed major surface,

_é}transﬁarent protective film is formed so as to cover .
the light shieldihg_patterh; By this measure, the

' mechanical strength of the light shielding patfern'

formed of the above-mentioned resist film can be
enhanced. - Further, by shutting off the oxygen by the
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 whqle;of.a-majqrisurfacé

(first major surface) of'é.hask substrate la
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constituting the photo mask 1PA6, a protective film 1h
comprising, e.g., a'silicon oxide film orfa silicdn
compound coating In case the protectlve fllm lh was.

comprlsed of a 5111con oxide film or the 11ke, the

protective film l1h was formed by,.e.g., the sputtering

method or the CVD method. Further, in case the

'.protective £ilm lh Wasfcomprised of a Silicon compound'

coating, it was subjected to heat treatment at about

100 to 200° C after the coatlng thereof.

Further, in the photo mask 1PA6 accordlng to

this Embodiment llf,the protective film lh_covers the.:

whole major surface eftthe mask substrate la. Thue,

in case of_meunting_the photo maskflPAG'On the

inspectibn equipment,'the aligner or the like, the

_ protectlve film 1h of the photo mask 1PA6 is contacted_:
~with the mounting portlon of the lnspectlon equlpment,

'l the-allgner or the llke. Therefore, as in the cases

of foreg01ng Embodlments 1 to 9, the mountlng portlon

| of the 1nspect10n equlpment, the allgner or the like

is not directly contacted-wrth the pattern (the light

'shielding pattern 1b, etc') COnstituted of a resist

£ilm on the mask substrate la, so that the peellng-off

or shav1ng-off of the res1st film due to the above—

;mentloned meunting can be prevented, and the

oecurrence of foreign'mattershdue-to the peeling-off
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or shaving-off.can also be preVented. This structure

can be also applled to the photo masks- accordlng to.

foreg01ng Embodiments 2 to 4.

In the above, the invention achleved by the

present lnventor has’ been concretely descrlbed on the
bas1s of 1ts embodlments, but it is a matter of course

- that the invention is not limited to the foregoing

embodimentshbnt can be variously modified without
departure from the gist of . the lnventlon.;'

For example, foreg01ng Embodlments 1 to 10 have '

;'been-descrlbed with reference to the case where the

wiring is of the ordinary wiring structure, but the.

invention is.iimited'to-this, but the wiring may

alternatively beiformed by, e.g., the so-called

' damascene method or the duel damascene method
: accordlng to which a w1r1ng is formed in an insulator

~film or a w1r1ng is formed by burylng a conductor £ilm

into a groove for a hole._

Further, foregoing Embodiments 1 to 10. have been

. described with reference tO'the ease where a
-semlconductor substrate comprlslng an elemental

'semlconductor is used, but the - lnventlon is not

l;mlted to ‘such case, but, for.example, an SOI-
(Silicon On Insulator) substrate constituted'by

providing a thin semiconductor layer on an insulator
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layer,'or'an epitaxial:substrate oomprising an

.epltax1al layer provrded on a semlconductor substrate.

In case that the mark pattern is formed of a

-re51st fllm in foregOLng Embodiments 1, 11, an
: absorblng materlal whlch absorbs- the mark detecting_
llght (such as,-e de, the probe llght of a defect

-lnspectlon equlpment (the probe 1ight belng llght

whlch has a wavelength, of, e.g., 500 nm, greater than
the exposure-wavelength))_may be added to the resist _
fi1n. _ ; _' e | _ o

In the above, the invention achleved by the

present 1nventor has been descrlbed, malnly, with

'reference to the case where the invention is applied

to the method for the manufacture of a semiconductor

integrated oircuit device with a CMIS circuit which

',”belongs to the field: of utlllzatlon constltutlng the

background of the 1nvent10n, but the invention is not

limited to this, but can also be applied to a

semiconductor integrated circuit device with a memory

 circuit such as, e.g., a DRAM (Dynamic Random Access -
.Memory),'an SRAM (Static Random -Access Memory) or a
flash memory (EEPROM- Electrlc Erasable Read Only

'Eleotrlc Erasable.Read Only_Memory) or_the lrke, a

semiconductor integrated circuit device with a.logic

_circuit such as, e.qg., a microprocessor or the like,
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or a mixed-discrete—componentseleaded tjpe
semicdnduCter circuit device'in whiCh'the above-
mentioned memory circuit and logic_circuit_are
provided on one.and the_same'semiconduCtor substrate.

Further, the technical coneept_of the present

invention is not limited to the application to the -

method of manufacturing'semiconductor integrated

circuit devices but can also be applied to the method

~of manufacturing other electronic devices (electronic

“circuit devices) etc. such as, e.g., a iiquid.crystal

substrate and a magnetic head.

. Further, the pelllcle is stuck or bonded" to the

.mask substrate ln the portlon prOVLded with no resist,

- whereby a good flxlng characterlstlc is provided. In

:partlcular, in case the pellicle is contact flxed on a
- chromlnum (metal).screen;ng film in the per;phery of
'“the mask, a specially excellent fixing eharacteristic-

‘is exhlblted.

- Further, the f1x1ng of the pelllcle to the mask

holder of the mask is made in. such a manner that the’

pelllcle is contact- flxed onto that portlon of the

mask periphery which has no re51st-f11m, that' is, onte_

the surface of a quartz mask suhstrate, a_screening

“metal portion7such as, e.g., chrominum or a metal

compound "film pertibn; and thus, a good firing'
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- characteristic  followed by no shift or deviation is

"exhibited.;'

The effects achieved.by the typical onelef the

inventions disclosed in the‘present application ﬁill

.be brlefly descrlbed below. '

(1) Accordlng to the present 1nvent10n, in the

B perlphery of the optical mask, any of varlous patterns

_”comprlslng a re51st fllm are not prov1ded in the

reglon with which the mountlng portlon of the

_ 1nspectlon equlpment, the allgner or the llke is

centacted, whereby-the occurrence_of foreign matters

due to the peeling-off or shaving-off of the resist

" £ilm on the_Optical mask due to the mechanical shocks
caused when the optical mask is mounted on the_

-inspection eQuipment, the aligner or the like can be

suppressed or prevented.

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

'_'deterloratlon of the detectlng accuracy due to the

peellng-off or shav1ng—off of the resist film on the

~ photo mask and the deterloratlon in the transfer

accuracy of the exposure_pattern can be prevented.

(3). Due to foregoing Item (1), it becomes

_ _p0551b1e to prevent the short—clrcult defects, open-
_ c1rcu1t defects, etc. between the patterns on the

semlconductor wafer due to the peellng-off or shav1ng—
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_off of the res1st fllm on the photo mask.

(4) Slnce a llght screenlng metal region is

':prov1ded in the outer perlphery of the mask substrate
_.of the optlcal mask, and, by removing a portlon of
"this light screening metalﬁregion,'anmark pattern for
tdetecting'the'infornaticn,of the optical mask is

'formed,'the-ability of detecting the information of

the optlcal mask can be enhanced.
-(5) Due to foreg01ng Item (4), the detectlng

accuracy of the callbratlng mark on the optical mask

can he enhanced in case of inspectlng the optical -

mask, so that the 1nspect1ng_accuracy.of the optical

mask can be enhanCed.- Therefore, the reliability of

'the opt1ca1 mask can be enhanced.

(6). Due to foreg01ng Item . (4), the accuracy in

,'the allgnment ‘between the optical mask and the aligner

~ can be.enhanced.- Accordlngly, the transfer accuracy

of the patterns'transferred_onto.the-semiconductor-
wafer and the alignment accuracy can be enhanced.

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

- reliability of the semiconductor integrated circuit

devices manufactured by the use of'the'cptical mask

-according to the present invention can be’enhanced.

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

::yleld of the semlconductor lntegrated c1rcu1t deVLces

-_107—



manufactured by the use of the optlcal mask accordlng

to the present invention can be enhanced.
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What is claimed is:

1 A method of manufacturlng a semlconductor

=1ntegrated crrcult devrce, compr1s1ng- : (a) the step

of irradiating far ultravrolet or -vacuum ultravrolet

',exposure 1lght from a second major surface 31de of a

‘mask. substrate, sald mask substrate hav1ng on a flrst

major surface thereof a llght shleldlng pattern which
is an 1ntegrated c1rcu1t pattern on ‘a mask and

comprises a photo res1st pattern; and (b) the step

of reductlon-prOJectlng, by a progectlon-Optical
_system, said exposure light which has transmitted

'throughfsaid mask substrate,-whereby said integrated

circuit pattern is 1maged on. a photo resrst fllm

_ formed on a first major surface of a semiconductor

15 -

1ntegrated Cchult wafer and thus transferred.
2. The method of manufacturlng-a semiconductor

integrated circuit device according to Claim 1,

'wherein~the'wauelength:of said exposure light is at

least 100 nm less.than 250 nm.

'3.'The method,of manufacturing a semiconductor

"integrated-circuit device aceording to Claim 2,

. whereln sald wavelength of said exposure 11ght is at

least 100 mm but less than 200 nm.

4. The method of manufacturlng a semlconductor

integrated CerUlt devrce accordrng to Claim 3,
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wherein, in the.peripheral portion of the first major
surface of said mask substrate, a light screenlng
metal reglon is prov1ded.: |

5. The method of-manufaCturing a Semiconductor
integrated circuit device-according'to ciaim 4;

whereln, on the flrst major surface of sald mask

‘substrate, a pelllcle is prov1ded so as to cover sald

integrated clrcu;t pattern, sa;d pelllele belng

'cdntact—fixed;on Said 1ight-screehing metal region..

6. A method of manufacturing a semiconductor -
1ntegrated circuit dev1ce, compr1s1ng-

(a) the step of 1rrad1at1ng far u1trav1olet Oor vacuum

' ultraviolet exposure 1lght_from a_flrst-major surface

or a second major surface side of said mask substrate

in the state in which the peripheral region of said

y nask substrate'is-held on a mask_holding'meéhanism,_

said mask substrate havinngn the first major surface

_ thereof a llght shielding pattern whlch is an

1ntegrated c1rcu1t pattern on. a mask and comprlses a

photo res;st pattern, said res1st pattern being not
prov1ded on.sald-per;pheral_reglon; and |
(b) the step of reduction-projecting, by a projection

optlcal system,_sald exposure llght which. has

'transmltted through sald mask substrate, whereby said

lntegrated c1rcu;t_pattern is imaged on a photo reS1st
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film formed on a first major surface of a
semiconductor integrated circuit wafer and thus
transferred. |

| 7 The method of manufacturing a semiconductor'
integrated circuit according to CIaim.G, wherein the

Wavelength of said exposure light is at least 100 nm

. but less than 250 nm.

8..The method of manufacturing a semiconductor
integrated circuit according to Claim 7. wherein,
wherein the wavelength_of said exposure light is at
least 100 nm but less than 200 nm. | |

9. The method'of]manufacturing.a semiconductor

' integrated circuit device according to Claim 8,

wherein, in'the peripheral portion of tne'first major

surface of said mask substrate, a light screenlng

. metal region is prov1ded.

10. The method of manufacturing a semiconductor
integrated c1rcu1t deV1ce according to Claim 9,
wherein, on the first major surface of said mask

substrate, a pellicle 1s_prov1ded 80 as to cover said -

‘integrated circuit pattern, said pellicle being

contact-fixed on said light'screening metal'region.
11 A method of manufacturing a. semiconductor.
integrated circuit dev10e, compr1s1ng°

(a) the step of irradlating far ultraviolet or vacuum

- 111 -



10

15

20

25

UL

. ultraviolet exposure light from a first major surface

or second major surface side'of a'mask.substrate,'said
mask substrate having, in an integrated circuit
pattern region'oftthe,first major surface thereof, a

1ight shieldingipattern_whioh is an integrated'circuit'

pattern on a mask and comprises a photo resist pattern

and having a'light'screening.metal region provided in
the peripherai region'of said first major surface; and

(b) the step of reductlon-prOJectlng, by a pro;ectlon

foptlcal system, sald exposure llght whlch has

.transmltted through said mask substrate, whereby, on a'

photo res1st film formed on a flrst major surface of a
sem;conductor 1ntegrated c1rcu1t wafer, said
1ntegrated crroult.pattern is 1maged_and thus

transferred._.

- .12. The method_of-msnufecturing_a semiconductor

_integrated circuitrdevioe'acdording to Claim 11,

'wherein the wavelength of sald exposure light is at

least 100 nm but less than 250 nm.

.13..The.method of*manufacturlng-a semiconductor

' integrsted circuit device according to Claim 12,

wherein the wavelength of-said exposure light is at
1east 100 nm but less than 200 nm. |
14. The method of manufaoturlng a semloonductor

1ntegrated 01rcu1t dev1ce accordlng to Clalm 13,
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' wherein, on the first major_surface of said mask.

'suhstrate, a pellicle isfprovided so'as-to'cover:said'

integrated circuit pattern, said pellicle-being -

."contact-fixed on said light screening metal region.

15. A method of manufacturing a semiconductor

-1ntegrated circuit- device, compr1s1ng..

(a) the step of 1rrad1at1ng far ultrav1olet or vacuum
ultrav1olet exposure light from a first major surface

or a second major surface side of a mask substrate,

; said mask substrate’ hav1ng, in an 1ntegrated circuit-

pattern region of the first majorISurface thereof, a

1ight shielding pattern which 1s an integrated c1rcuit

pattern on a mask and comprises a photo resist

pattern, wherein a-pellicle is contact—fixed in that

part of the peripherallportion of said.integrated _

. circuit pattern regionQin'which said{photoeresist

~ pattern is not formed; and

(b) the step of reduction—pro;ecting, by a projection

optical. system, said exposure light ‘which has

' transmitted through said mask substrate, whereby, on a

photo res13t film formed on a first major ‘surface of a

_semiccnductor integrated circuit wafer, said

_integrated circuit pattern is 1maged and thus

transferred.

16. The-method.of'manufacturing a semiconductor
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lntegrated Cchult dev1ce according to Claim 15,

~ wherein the wavelength of said exposure 11ght is at

1east 100 nm but less than 250 nm.

17. The method of manufacturlng a semlconductor

: 1ntegrated clrcult deVrce accordlng to Claim 16, .

‘wherein the wave;ength of sald_exposure light is at

least 100 nm 'but less than 200 nm. |
18. The method of manufacturing a semiconductor:

integrated circuit device‘accbrding to Claim 17,

- wherein, in the peripherai-portion'of the first major

'surface of said mask substrate, a light screening

metal'regien is provided.
19. The method of manufacturing a semiconductor
integrated circuit device according to c1aim-18,

wherein, on the first major surface of said mask

- suhstrate, said.pellicle is contact-fixed on said

light screenlng metal reglen.

20. A method of manufacturlng a sem;conductor

'1ntegrated c1rcu1t dev1ce, compr1s1ng.

(a) the step of irradlatlng far ultrav101et or vacuum
ultraviolet exposure light from a first ma]or.surface
side or'a second major surface side of a mask
substrate,-Said mask subStrate having, on the first
major surface thereof, a halftone llght shleldlng

pattern compr1s1.ng a photo resist pattern Wthh
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eonstitutes an integrated'circuit pattern on-a'mask;

and

,(b) the step of reductlon—prOJectlng, by a pro;ectlon

opt1ca1 system, sald exposure llght whlch has

transmltted through sald mask substrate, whereby, on a'

- photo resist £ilm formed on a first major surface of a

semiconductor integrated circuit wafer, said

integrated circuit pattern is imaged and thus
~ transferred. |

10

21. The method of manufacturing a semiconductor

'.integrated circuit device according to Claim 20,

wherein'the'wavelengthboflsaid expoSure light is at
least 100 nm but less than 250 nm. |

22. The method of manufacturlng a semlconductor
integrated circuit dev10e=accordrng to Claim 21,
whereln the wavelength -of sald exposure 1lght is at
least 100 nm but less than 200 nm.
_ 23. The method of manufacturlng a semlconductor_
1ntegrated 01rcu1t dev1ce accordlng to Claim 22,

wherein, 1n the per1pheral portion of the flrst maJor

' surface of sald mask substrate, a light screenlng

metal reglon is prov1ded.

"24. The method of manufacturlng a semlconductor

' integrated-c1rcu1t dev1ce according to Claim 23,

wherein, on the first major surface of said mask
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substrate, a pelllcle is prov1ded 80 as to cover said

1ntegrated 01rcu1t pattern, said pellicle being -

‘contact-fixed on sald 11ght screenlng region.

25. A method of manufacturlng a semlconductor

- integrated circuit dev1ce,'compr1s1ng.

~(a) the step of irradiating far ultraviolet or vacuum

ultraviolet1eprsure_light from a first major surface

- side or a second major: surface side of a mask

substrate, which"has; on the first major surface
thereof, a light shleldlng pattern which is an
1ntegrated c1rcu1t pattern on a Lebenson type. phase
shrft:mask_and eomprlses a photo resist pattern; and

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

'optlcal system, the exposure 1lght which has

transmltted through sa1d mask substrate, whereby,'on a

. flrst major surface of - a semlconductor 1ntegrated

circuit wafer, sald lntegrated circuit pattern is
1maged-and thus transferred.

26 The- method of manufacturlng a semlconductor

_1ntegrated circuit devlce accordlng to Claim 25,
_ whereln the wavelength of said exposure 11ght is at

.1east 100 nm but less than 250 nm.'

h_27. The-method'of nanufacturlng a semiconductor '

- integrated circuit device according to Claim 26,

- wherein, wherein the wavelength of said”exp0sure light

- 116 -



15

20

25

AN AV

is at lealt 100 nm but less than 200 nm.
" 28. The method of manufacturlng a semlconductor

1ntegrated circuit device accordlng to Claim 27,

1 where;n,-ln the peripheral portlon_of said first major

sﬁrface;:a light screehing metal region'is provided..

29 The method of manufacturlng a semiconductor

1ntegrated clrcult dev1ce accordlng to Claim 28,

pwhereln, on the flrst'major surface of said mask

substrate, a pellicle is provided so as to cover said

- integrated circuit pattern, said"pellicle_being_

contact-fixed on-said.light aereening metal region;'
'30. A method of manufacturlng a semlconductor

lntegrated 01rcu1t device, compr131ng.

- {(a) the step of 1rrad1at1ng far ultrav;olet or vacuum

ultraﬁiblet exposure light from a first major surface

 or a second major surface side of a mask_substrate}

said mask substrate having, in an integrated circuit
pattera region of said first major.surface thereef, a
llght shleldlng pattern whlch is an lntegrated clrcult
pattern on a mask and comprises a photo reszst

pattern, whereln_a pelllcle is contact-flxed 1n the

_peripheral portion of said integrated circuit pattern

of said-first major'surfaceISO'as to cover said
integrated circuit pattern- and

(b) the step of reductlon-prOJectlng, by a prOJectlon

...117...



10

15

25

LTy

optical system, said exposure 1ight which has
transmitted through said mask'substrate, whereby, on a

photo resist film formed on a first'majbr'surface of a

"semiconductor integrated circuit, said integrated

circuit pattern is 1maged and thus transferred.

31. The method of manufacturing a semiconductor

_sintegrated 01rcu1t dev10e according to Claim 30,

wherein the wavelength of sald exposure 11ght is at

' least 100 nm but less than 250 nm.

32, The method of manufacturing a semiconductor_

integrated circuit dev1ce according-to Claim 31,

‘wherein the wavelength of said 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 said mask substrate, a 11ght screening

metal region 1s prov1ded.
34. The method of-manuiactﬁring a semiconductor

integrated circuit device according to Claim.33,

wherein, on the first major surface of said‘mask

substrate, a pellicle is provided so as to cover said

integrated circnit'pattern,'said pelliele being

_ contact- fixed on said light screening metal region.

35 A method of manufacturing a semiconductor :
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- integrated circuit device, compriSing:

(a) the step of irradiating far ultraviolet or vacuum
ultraViolet exposure 1ight from a first major surface

or a second major surface side of a mask substrate,

. said mask substrate haVing, in an integrated circuit

pattern region'ofnsaid first’majOr'surface thereof, a

light shielding pattern which is an integrated circuit

pattern on a mask and comprises -a photo reSist

~pattern, wherein a protective film is formed on said

photo reSist pattern SO as to cover said integrated

'circuit pattern region of said first ‘major surface,'

and :
(b) the step of reduction-prOjecting,:hy a projectiond

optical system, said exposure light which has

transmitted through said mask substrate, whereby, ona

' ' photo resist film formed on a-first'major'surface of a

sémiconductor integrated circuit wafer, said -

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 said 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,
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wherein the-wavelength-of said exposure light is at

.-least 100 nm but less than 200 nm.

38 A method of manufacturlng a semiconductor

lntegrated c1rcu1t dev1ce, compr151ng-

(a) the step of-lrradlat;ng far ultraviolet or_vacuum |

ultraviolet'expoenre 1ight-frpm a first major surface

© or a second major snrfaee side of a mask substrate,

said mask substrate having;-in an integrated circuit

pattern'region'of~said first major surface thereof, a -
light shleldlng pattern which 1s an integrated circuit

pattern on a mask and comprlses a photo res1st

_pattern, whereln a conductlve ground film is formed

beneath said photo 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-thrdugh said mask-substrate, whereby, on a

photo reszst film formed on.a first major surface of a

. semlconductor lntegrated clrcult wafer, sald

lntegrated clrcult pattern is imaged and thus'

.transferred,

39. The method of manufacturing a semiconductor

integrated’circuit deVice-accérding to Claim 38,

' wherein the wavelength of said exposure light is at

25

least 100 nm but less than 250 nm.
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40. The method of manufacturing a semiconductor
integrated circuit_device.accordingjto_Claim_39,

wherein the wavelength'of'said exposure light is at

_1east 100 nm but 1ess than 200 nm. .

41 Mask blanks for the reductlon progectlon

_exposure of vacuum ultrav101et rays,'comprLSLng.

(a) a mask substrate which has flrst and second ma]or'

surfaces and 1S transparent ‘with respect to far

- ultrav1olet rays or vacuum ultraV1olet rays w1th a
10

wavelength of at_least 100 nm but less than 250 nm;

(b) a region coated with a light screening netal'film'

:whlch region is formed on sald first major surface of

sald mask substrate- and

(c) an opening reglon prov1ded in the portlon

' correspondlng to an 1ntegrated c1rcu1t pattern region

) 1n ‘the central port;on of-sald region coated with a

light screening metal film.
 42. The method of manufacturing a semiconductor
integrated circuittdeuice'according to Claim 41,

wherein the wavelength of said exposure llght is at

_least 100 nm but 1ess than 200 nm. -

" 43. A method of manufaoturlng an. optlcal mask
for performlng the reductlon ‘projection exposure of ‘a
semiconductor 1ntegrated circuit dev1ce, wherein far

ultraviolet rays'orﬁvacuum ultraviolet rays are used
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as the exposure light;'cohprisingz-
(a) the step of plac1ng a mask substrate on a

processed-mask holdlng portlon of a mask wrlter,

'i(b) the step of detectlng a positlon detectlng pattern

prov1ded in the perrpheral portlon of a flrst major

surface of sald mask substrate, and

'(c) the step of callbrating an integrated circuit

pattern to the p031t10n where 1t is to be wrltten, on

) _the ba51s of the result of the above—mentloned

detection, whereby said 1ntegrated c1rcu1t pattern is-h
wrltten on an 1ntegrated c1rcu1t pattern reglon on
said flrst major surface. '

' 44. The method_of,manufacturing a semiconductor'
integrated circuit device'according'to 01aim_43,

'wherein the wavelength cf'said.erposure light is at

.. least 100 nm but:less'than 250 nm.

45. The-method-dfwmanufacturing a semiconductor

1ntegrated clrcult dev1ce accordlng to Clarm 44,

'whereln the wavelength of sald exposure llght is at

: least 100 nm but less than 200 nm. f'

46. An optlcal mask compr1s1ng-

“_(a) a mask substrate whlch has flrst and second major

surfaces and is transparent w1th respect to far

' ultrav1olet or vacuum ultravrolet rays-

(b) an 1ntegrated c1rcu1t:pattern region of the first
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_major'surface of said,mask substrate;

(c) an integrated circuit pattern on the mask

-substrate, said lntegrated circuit pattern being

formed of a: llght shleldlng pattern in said 1ntegrated
circult pattern region of sard mask substrate and
being imaged on a phoéto res15t fllm formed on a flrst
major surface of a semlconductor lntegrated circuit.

wafer, by reductlon-prOJectlng, by means of a

N projectron optical system, the exposure 11ght whlch

10

has transmltted through sald mask substrate, sald

.rntegrated c1rcu1t pattern belng thus transferred- and

'(d) a 11ght soreen;ng metal region provided in the

peripherai region-ofithe first major surface of said
mask substrate.
47 An optlcal mask compr1s1ng°

(a) a mask substrate which has flrst and second major

‘surfaces and is transparent with respect to far

=u1traviolet or vacuum ultraviolet rays;

(b) an integrated'cireuit pattern region;offthe first

' major surface of said mask substrate; and

(c) an integrated circuit pattern on the mask
substrate, Saidtintegrated_circuit pattern being

formed, in said integrated cirouit pattern region of -

~ said mask substrate, of a balftone light shielding

pattern which comprises a photo resistfpattern, said
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1ntegrated 01rcu1t pattern being imaged on a photo
resist film formed on a first ma]or surface of a
. .semiconductor integrated circuit wafer, by reductlon—_
l.prOJecting, by means of a progection optical system,

the exposure 11ght which has transmitted through said

mask substrate, said_integrated.circuit.pattern being
thus transferred. o -

48. An optical mask comprising:

. (a) a.mask substrate ivh'ich_ﬁas '_first a,nd' second major

10

surfaces .and is transparent with respect to far

: ..ultraviolet or Vacuum'ultraviolet rays;

15

20.

25

(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_said mask substrate, and

(d) an integrated circuit pattern on a mask substrate,

lsaid integrated circuit pattern being formed, in said .:.

integrated circuit pattern region of said mask

substrate, of a light shielding ‘pattern which

'comprises a photo re31st pattern, said integrated
circuit pattern being-lmaged on a photo resrst film
-formed on a first major surface of a semiconductor .
- integrated c1rcuit wafer, by reductron-progecting, by

- means of a projection optical system, the exposure

1lght which has transmitted through said mask

- 124 -~



L2

y

10

-15

20

(AN I

substrate; said integrated qircuit pattern being thus
tranSferred._ |

- 49. An optical mask comprrsrng-

(a) a mask substrate which has flrst and second major

surfaces and is transparent wmth respect to far

ultraviolet rays or vacuum ultraviolet rays;

(b) an integrated circuit pattern'region of the. first.

major surface of said mask substrate;

(c) an 1ntegrated c1rcu1t pattern on the mask

'substrate, said lntegrated c1rcu1t pattern being

formed, in said 1ntegrated clrcult pattern reglon of

‘said mask substrate, of a halftone llght shleldlng
.pattern which comprlses a photo resist pattern, sald

. integrated circuit pattern being imaged on a photo

resist f£ilm formed on a first.major-surface of a

" semiconductor integrated circuit wafer, by reduction-

' projecting, by means of a projection opticai system,

the exposure light which has transmitted through said

mask substrate, said integrated circuit pattern being -

 thus transferred; and |
' (d) a protective film covering said integrated circuit

pattern region and said light shielding pattern.
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