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MANUFACTURING METHOD OF SEMICONDUCTOR INTEGRATED 

CIRCUIT DEVICE, OPTICAL MASK THEREFOR, ITS 

MANUFACTUR~N~ MEHTOD, AND MASK.BLANKS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relate$.to·a manufacturing 
. - . 

method ·of semiconductor integrated circuit device, 

optical ·mask :therefor·, its manufact:uring method, and 

10 mask blanks and, more particularly, to a technique 

which can be effectively applied to·the exposure· 

technique used at the process of a manufacturing· 

semiconductor integrated circuit device. 

2 • Description of the Related Art 

15 In the manufacture of a sem.ico~ductor integrated 

circuit device, the lithography technique is used as 

the method of t;rans.ferring micro patterns onto· 

semiconductor wafers. In the lithography technique, a 

projection exposure system is mainly used; the pattern 

20 of a photo mask provided on the projection .aligner. is 

transferred onto a semiconductor wafer to thereby form 

a device pattern·. 

The ordinary photo mask examined by the present 

inventor is made by.processing a light screening 

25 material. such as chrominum (Cr) or.the like formed on 
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a transparent quartz· substrate. In other words, the 

photo mask is constituted in such a manner that a 

light screening film comprised of chromium or the like 

is .formed in a desired shape on the quartz substrate. 

•5 The processing of the light screening fi;Lm is carried 

out, .for example,. in the following manner:· After an 

electron-beam-sensitive resist. is applied onto the 

light screening film, a desired pattern is written on 

the electron-beam-se"nsitive resist by an electron beam 

l,O lithography. system. subsequently, after the resistor 

pattern of the .desired shape is .formed by development, 

the light screening film is.processed by dry etching 

or wet etching by the use of the thus obtained resist 

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

, 15 cleaning or the like is ca.rried out, and thus, a light 

· shielding pattern of a desired s~ape is formed on the 

transparent quartz substrate. 

Further, recently, various mask structures have 

been proposed for the purpose of enhancing t~e 

. 20 resolution of lithography.· For example, in Japanese 

Patent Laid-Open No.· 136854/1992,. there is disclosed a 

mask structure constituted ·in such a manner that, as a 

means for enhancing the resolution.of a single 

transparent pattern, the portion surrounding the 

25 single transparent pattern is made semitransparent, in 
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other words, the light screening portion of the photo 

mask is made ·semitransparent; and_ thus, the phas_e of 

the slight amount of light passing through this 

semitransparent portion and the phase of the_ light 

5 ·passing· through the trans.parent pattern are inverted 

with re~p~ct to each other. In other words, light 

that is below th·e sensitivity of the photo resist for 

tr~nsferring the pattern is let to pass through the 

semitransparent fiim, and the phase Of this light and 

. 10 .· the ~hase of the light which has passed through the 

transparent patt~rn are inverted with respect· to each 
• ' I ' 

other. The light which has passed through the 

semitransparent film is· inverted in pha$e with respect 

to the light which has passed through the transparent 

15 pattern which is the major pattern, so that its phase 

is inverted in the boundary portion of_ the patterns, 

and thus; the light intensity in the boundary portion 

· approaches O. As a result, the ratio between the 

. intens.ity of the light which has passed the . . 
20 transparent pattern and the· intensity of the light in 

the pattern boundary portion becomes large; and thus, 

a light intensity distribution with a contrast higher 

than in the case of the techniques using no 

·semitransparent ~ilm is obtained. This is called a 

25 halftone type phase shift mask. In the manufacturing 
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process of the.halftone type phase shift mask, the 

light scree~ing film of the above-mentioned ordinary 

photo mask is altered to a halftone ph~se shift film, 

so that the halftone type phas:e: shift mask is 

5 manufactured by approximately the same process as the 

above-mentioned ordinary photo mask manufacturing 

process • 

. Further, for example in Japanese Patent Laid­

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

· 10 screening film by the use of a resist film for the 

purpose of simplifying the photo mask manufacturing. 

process and .enhancing the precision. This method 

utilizes the properties of an ordinary electron-beam­

sensiti ve or a~ ordinary light-sensitive resist that 

15 it screens the.vacuum. ultraviolet rays with a 

wavelength below about 200 nm. According. to this 

method, ~he step of etching the light screening film 

and the step of. remo.ving the resist are disused; and 

.thus, the reduction in cost of photo mas~s, the 

20. enhancement in dimensional accuracy thereof, and the 

reduction of defects thereof becomes possible •. 

Further, in Japanese Patent Laid-Open No. 

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

called halftone mask constituted in such a manner 

·25. that, on a substrate which is transparent witn respect 
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to the exposure light, a phase shift film comprising a 

semitransparent material which absorbs the exposure 

light is provided. I.n case of the technique disclosed 

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

5 mask vacuum-holding surface is the mask substrate 

surface, so that exposure is executed with the mask 

surface directed to the exposure light squrce. In 

this case, the mechanical s.trength of the phase shi.ft 

film comprising a semi-transparent material is high 

10 even in the periphery of_ the_ mask, and there is no 

problem in respect of the mask absorption and the 

like. F1?-rther,. as for the mask ~lignment, :the mask 

has light screening properties, and thus, there seems 

to be no problem. 

15 Further, in Japanese Patent Lai!i-Open No. 

l58J0/1997 for example, there is disclosed.the 

technique according to which, .after a· light shielding 

pattern is forme~ on a mask substrate, a phase shift 

film is formed to a ,film thickness greater than the 

20· film thickness corresponding to the target phase 

difference, and a desired portion provided with the 

phase difference is etched by an amount corresponding 

to·the target phase difference. 
. . 

However, in case of the· above-mentioned 

25 technique according to which the light shielding 
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pattern on the photo· mask is formed by ·a resist film; 

there are. not disclosed the probl~atic point_ 

encountered when the photo mask is actualiy used in 

the process of manufacturing a semiconductor 

5 integrated device, the problematic point e~countered 

in the actual photo mask manufacture, and the measures 

ta· counter these problematic points; and the present 

inventor· has found that the above-mentioned technique 

has the following probl~. 

10 More specifically, it is difficult to detect the 

predetermined patterns such as, e.g., the alignm~nt 

mark, the pattern measuring mark or the product 

decision·mark on the ~hoto mask, which are used for 

the defection of various kinds of information. For 

15 example, in case of a photo mask defe~t inspection 

system, an aligner and the like which are used at 

present, a halogen-lamp or the like is mainly used for 

the alignment of the photo mask. Accordingly, in case 

the photo mask is mounted on a defect inspection 

20 system or an aligner; if the detection mark on the 

photo mask is formed by a resist film pattern, then no· 

high contrast can be obtained since the resist mask is 

·high in light transmissivity; and thus, the detection 

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

25 difficult to align the photo mask with the defect 
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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 

5 defect inspection syste~·or the aligner, foreign 

matters are produced. In case of the abpve-menti9ned 

technique, when the photo mask·is mounted onto the· 

defect inspection SYS.tem Or -the aligner I the resist 

film of the photo _mask comes into direct contact with 

10 a photo mask fixing member (such as, e.g., .a vacuum 

fixing member) of the defect inspection system or the 

aligner, so that, upon the breakage or peeling-off of 

the resist film, foreign matters are produced. These 

foreign matters attach to the surface of, for example, 

15· the lens of the. inspection system or the.aligner, 

contaminate the inside of the chamber or attach to the 

surface of the semiconductor wafer, as a result of 

which a deterioration in the inspection accuracy or 

the transfer accuracy of the pattern is brought about, 

20 and defects such as short-circuit or open-circuit 

defects of the pattern are caused; and thus, the 

reliability and manufacturing yield of the 

semiconductor integrated circuit devices fall, this 

being another problem. 

25 
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SUMMARY QF THE INVENTION 

Thus, it is the object of the present invention 

to provide. a. method of manufacturing a semiconductor 

integrated circuit device using a· photo mask 

5 constituted in s~ch a manner that a resist film is 

made to function as a light screening film, wherein 

the information detecting ability of the above­

mentioned photo mask can be enhanced. 

Further, another object of the invention is to 

10 provide a m~thod of manufacturing a semiconductor 

integrated circuit device using a photo mask 
\ 

constituted in such a manner that the resist mask is 

made to function as a light scree.ning film, wherein 

the accuracy in the alignment of the photo mask with 

15 the inspection equipment or the exposure device can be 

enhanced. 

Still another object of the invention is to 

provide a method of manufacturing·a semiconductor 

integrated circuit device using a photo mask · 

20 constituted ·in· such a manner that a ·resist film is. 

made to function as a light screening film, ·wherein 

the inspection accur~cy of the photo mask inspection 

equipment. 

Still another object of the invention is to 

25 provide a method of manufacturing a semiconductor 
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integrated circuit device using a photo mask 

constituted in such a manner that a resist mask is 

made to function as a light screening film, wherein 

the· ac·curacy in the .pattern transfer of the aligner 

5 can be enhanced. 

Further, still another object of the invention 

is t_o provide a semiconductor integrated circuit 

device using a photo mask constituted in such a manner 
~ 

that· a resist film is made to function as a light 

10 screening film, wherein the occurrence of foreign 

matte~s·can be suppressed or prevented. 

Further, still another object of the invention 

is to provide a semiconductor integrated circuit 

'device·using a photo mask constituted in such a manner 

15 ' that a resist film is made ·function as a light 

screening film, wherein the reliability and 

manufacturing yield of semiconductor integrated 

circuit devices can be enhanced. 

The above-mentioned and other objects and novel 

20 features of the present invention will be apparent 

from the description in the specification and the · 

accomp.anying drawings. 

Outlines of the representative ones of the 

inventions disclosed iri the present applic~tion will 

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

optical mask is mounted to a predetermined apparatus 

·such as· a inspection equipment or an aligner, a light 

shielding pattern comprising a resist film on the mask 

5 substrate·ofthe optical mask.is disposed on the major 

surface of the mask substrate.in such a manner that 

the light shielding pattern and the fitting portion of 

the predetermined apparatus is·not· contacted with. 

Further,· according to the invention, when _the 

. 10 optical mask is mounted onto the predetermined 

-apparatus, a predetermined treatment is carried out on 

.the major surface of the mask substrate of the optical 

mask in the state in which the fitting portion of the 

predetermined apparatus is contacted with a region in 

15 which the light shielding pattern comprising the 

·resist film does not exist. 

Further, accbrding to the invention, a light 

shielding pattern comprising a resist film is disposed 

in an integrated circuit pattern region of a first 

· 20 mask substrate; in the outer periphery of the above­

mentioned integrated circuit pattern region, a light 

screening metal region made of a metal is disposed; 

and an opening is provided in the l~ght screening 

metal region, and a optical mas~ is used which is 

25 .constituted in such a manner that a mask pattern for 
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detecting the information of the optica.l mask is 

formed. 

Further, according to the invention, a light 

shielding pattern comprising a resist film_ is disposed 

5 in an integrated circuit ·pattern region of a first 

major surface of a mask subs.~rate; in the outer 

periphery of the integrated circuit pattern region, a 

light screening metal region comprising a metal is 

disposed; and further, when an optical mask 

10 constituted in such a manner that an opening is 

provided in the light screening metai region, and a 

mark pattern for detecting the information.of the 
. . 

optical ~sk is formed, is mounted onto an aligner, 

exposure light is irradiated from a second major 

15 surface side of' the mask substrate, in the state in 

which the fitting portion of the aligner is contacted 

with a region in which the light shielding pattern 

co~prising a resist film does not exis.t; and exposure 

light which-has transmitted through the optical mask 

20 is projected by reduction exposure onto the 

semiconductor wafer, whereby the integrated circuit 

.pattern is transferred onto·the semiconductor wafer •. 

Further, according ·to the invention; a light 

shielding pattern comprising a resist.film is disposed 

25 on an integrated circuit pattern "region of a first 
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major surface· of a mask substrate; in the outer 

periphery of the integrated circuit pattern region, a 

light screening metal region made of a metal is 

disposed; an opening is provided in the light . ·· 

5 screening metal region, and a· mark pattern for 

detecting the information of the optical mask; and 

further, there is· used an optical mask constituted in 

such a manner that a pellicle which is· fixed in the 

state in which the base portio~ of the pellicle. is 

10 contacted with the light screening metal region or the 

mask substrate is disposed· on the first major surface 

side of the mask. 

Further, according to the invention, when .the 

optical mask is mounted to the predetermined 

15 apparatus,. a predetermined treatment is _carried put, 

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

optical mask, in the ·state in which the f jJ:ting -

portion_ of the-predetermined apparatus is contacted 

with a region in which a halftone pattern comprising a 

20 resist film does not exist. 

Further, according to the invention, a light 

shielding pattern comprising a resist film is disp9sed 

. in an integrated circuit pattern region on a first 

major surface of the mask substrate; in tlie outer 

25 periphery of the integrated circuit pattern region, a 
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light screening metal region comprising a metal is 

disposed; an openi~g is provided in the light 

screening metal region, and .a mark pattern for 

detecting the information of the optical mask; ·and 

5 further, on the first maj'or surface of the mask 

10 

. substrate, there is provided a phase shift film for 

causing the exposure light which has transmitted 

through the optical mask to produce a phase 

difference. 

Further, outlines of other ones of the · 

inventions.disclosed in the present application will 

be briefly described below. 

1. A method of manufacturing a .semiconductor 

integrated circuit device, comprising: 

15 (a) the step of irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a second major surface 

side of a mask substrate, the mask substrate havinq on 

a first major surface thereof a.light shielding 

pattern which is .an ·integrated cir~uit pattern on a 

20 mask and comprises a· photo ·resist pattern·;. and 

(b) the step of reduction-projecting, by a pr.ojection 

optical system, said exposure light which has 

transmitted through said.mask substrate, whereby the· 

integrated· circ_uit pattern is imaged on a· photo resist 

25 film .fo·rmed on a first. major surface of a 
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semiconductor integrated :.circuit wafer and thus 

transferred. 

2. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 1, 

5 wherein the wavelength 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 light is at 

10 least 100 nm but.less than 200 nm. 

4. The method of manufacturi~g a semiconductor 

integrated ~ircuit device according to Claim 3, 

wherein, in the peripheral 'portion.of the first major 

surface of the mask substrate, a light screening metal 

15 region is provided. 

5. The method of manufacturing.a semiconductor 

integrated circuit device according to Claim 4, 

wherein, on the first major sur.face of said mas.k 

substrate, a pellicle is provided so as to cover said 

20 integrated cir.cuit pattern, said pellicle being 

contact-fixed on said light screening metal region. 

6. A method of manufacturing a s·emiconductor 

integrated circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 

25 ultraviolet exposure light.from a first major surface 
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or a second major surface sid·e of the' mask substrate 

in the state in which the peripneral re~ion of the 

m~sk substrate is held on a mask holding mechanism, 

the mask substrate having on the firs·t major surface 

5 thereof a light shielding pattern which is an 

integrated c:i,rcuit pattern on a mask and comprises a 

photo resist pattern, the r~sist pattern being not 

provided on. the peripheral region; and · 

(b) the step of reduction-projecti~g, by a projection 

10 optical system, the exp9sure light which has 

transmitted through said mask substrate, whereby the 

integrate~ circuit pattern.is imaged on a photo resist 

film formed on. a first major surface of a 

semiconductor integrated· circuit wafer and thus 

15 transferred • 

. 7. The method of manufacturing a semiconductor 

integrated circuit according to Claim 6, wherein the 
. ' 

wavelength of the exposure light is at least 100 nm 

but less· than 250 nm •. 

20 8. The method of manufacturing a semiconductor 

·integrated circuit according to Claim 7, wherein, 

wherein_ the wavel~ngth of ·the exposure light is at 

least 100 nm but less than 200 nm. 

9. The method of manufacturing a semiconductor 

25 integrated circuit device according to Claim 8, 
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wherein, in the peripheral portion of th:e firs~ major 

surfac.e of the . mask substrate, a light screening metal 

region is provided. 

10. The method of manufacturing a semiconductor 

5 ·integrated circuit device according to Claim 9, 

wh~rein, on the first major surface of the mask 

substrate, a·pellicle is provided. so as to cover said 

integrated circuit pattern, said pellicle being 

contact-fixed on said light screen:i,ng metal region. 

· 10 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 major surface side of a mask s~bstrate,. the 

15 mask ·substrate having, in an integrated ~ircuit 

pattern region of .the first major surface thereof, a 

light shielding pat~ern which is an integrated circuit · 

pattern on a mask and comprises a photo resist pattern 

and having a light screening metal r"egion provided in 

20 the peripheral region of the first major surface; a~d 

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

optical system, said exposure light which has 

transmitted through the mask substrate, whereby, on a 

photo resist film formed on.a first major surfaqe of a 

25 ·semiconductor integrated circuit wafer, the integrated 
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circuit pattern is imaged· and thus· transferred. 

12. The me1;.hod of manufacturing a semiconductor 
... 

integrated· circuit device according to. Claim 11, 

wherein the .wavelength of the exposure light is at 

5 least 100 nm but less than 250 nm. 

13. The method of manufacturing a semiconductor 

integrated circuit device according to Claim·12, 

wher~in the wavelength of the exposure light is at 

ieast 100 nm but less than 200 nm. 

10 14~ The method. of manufacturing a semiconductor 

integrated circuit device according to Claim 13, 

wherein, on the first major .surface of the mask 

substrate, a pellic·le is provided so as to cover the 

integrated circuit pattern, the pellicle being 

15 contact-fixed on the l~~ht scr.eening met~l region •. · 

15 •. 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 

20 or a second major surface side_ of a mask substrate, 

the mask substrate having, in.an integrated ~ircuit· 

pattern region of the first major.surface thereof, a 

light shielding pattern. which is an integrated circuit 

pattern on. a mask and comprises a ·photo r·esist 

25 pattern, wherein a pell.icle is contact-fixed in that 
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part of the perip~eral portion of the integrated 

circuit pattern region in which the photo resist 

pattern is not formed so as cover said integrat~d 

circuit pattern; and 

5 (b) the step of ~eduction-projecting, by a projection 
. ! . 

optical system, said exposure light which has 

transmitted through the mask substrate, whereby, on a 

photo resist film formed on a first major surface of a 

semiconductor int~grated circuit wafer, the integrated 

10 circuit pa~tern is imaged and thus transferred. 

16. The method of manufacturing a semiconductor 

i~tegrated circuit device according to Claim 15, 

wherein the wavelength of _the exposure light is at 

least 100 nm but less than 250 nm. 

15 · 17• The method of manufacturing a sentico~ductor 

· integrc;lted clrcuit device_ according to Claim 16, 

wherein the wavelength of the exposure light is at 

least 100 nm but less than 200 nm. 
I 

18. The method of manufacturing a semiconductor 

20 integrated circuit device according to Claim 17, 

wherein, in the peripheral portion of the first major 

surface of the mask substrate, a light screening metal 

region is provided. 

·19. The method of manufacturing a semiconductor 

25 integrated circuit device according to Claim 18, 
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wherein, on the first major surface of said mask 

substrate, the pellicl'e is contact-fixed on said light 

screening metal region. 

20. A method of manufacturing a semicond~ctor 

s integrated circuit device, comprising: 

(a) the step of irradiating.far ultraviolet or vacuum 

ultraviolet exposure light from a .. first major surface 

s.ide or a second maj~r surface side of. a mask 

substrate, the mask substrate having, on the first 

10· major surface.thereof, a halftone light shielding 

pattern comprising a photo resist pattern which 

constitutes an integrated circuit pattern on a.mask; 

and 

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

· 1s optical system, the exposure lig·ht which has 

transmitted through the mask substrate·, whereby, on a 

photo ·resis·t "film formed on a first major surface of a 

sem.iconductor integrated circu,it wafer, the integrated 

circuit pattern is imaged and thus transferred-. 

20 21. The method of manufacturing a semiconductor 

integrated circuit device according to.Claim 20, 

wherein the wavelength of the exposure light is at 

least 100 nm but less than 250 nm. 

22. The method of manufacturing a semiconductor 

2s· integrated circuit device according to Claim 21, 
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wherein the wavelength of the exposure light is at 

least 100 nm but less than 200 nm. 

23. The methodof manufacturing a semiconductor 

integrated circuit device according to Claim 22, 

5 wherein, in the periphera·1 portion of the firs·t major 

surface of the mask substrate, a light screening metal 

region is provided. 

24. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 23, 

10 wherein, on the.first major surface of the mask 

substrate, a pellicle is provided so as to cover said 

integrated circuit pattern, said pellicle being 

contact,;,.fixed on the light screening region. 

25. A method of manufacturing a semiconductor 

15 integrated circqit devi~e, comprising: 

. 20 

(a) the step· of irradiating _far ultraviolet or vacuum 

ultraviolet exposure light from a first major surface 

side or a second major sq.rface·side of a mask 

substrate, which ~as, on the first major surf ace 

·thereof, a light shielding.pattern which is an 

integrated circuit pattern on a Lebenson type phase 

shift ma.sk and comprises a photo resist pattern; and 

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

optical 'system, the exposu~e light which·has 

25 transmitted through said mask substrate, whereby, on a 
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first maj.or surface of a semiconductor integrated 

circuit wafer, said integrated circuit pa,t.tern is 

· imaged and thus transferred. 

26. The method of manufacturing a semiconductor 

5 integrated circuit device according to Claim 25, 

wherein the wavelength of the .exposure light is at 

least 100 run but less than 250 nm. 

27. The method of manufacturing a semiconductor 

iµtegrated circuit device according to Claim 26, 

10 wherein, wherein the. wavelength of the exposure light 

is at least loo· run· but less than 200 nm. 

28.· The method of manufacturing a semiconductor. 

integrated circuit device according to Claim 27., 

wherein, in the periphera-1 portion of the· first major 

15 surface, a light screening metal region ~s provided. 

29. The met~od of. manufacturing a semiconductor 

.integrated circuit device according to Clailll 28, 

wherein, on the first major surface of the mask 

· substrate, a pellicle is provided so as to cover said 

20 integrated circuit.pattern, the pellicle being 

contact-fixed on the light screening metal region. 

30. A method of manufacturing a semiconductor 

integrated circuit device, comprising: 

(a) the.· step of irradiating far ultraviol.et or vacuum 

· 2·5 ultraviolet exposure light from a first major surface 

B R!eplaced 
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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.major surface thereof, a 

ligh~ shielding pattern which is an integrated circuit 

5 pattern· on a mask and comprises a photo .resist 

pattern, wherein a pellicle is contact-fixed in the, 

peripheral portion of tlie integrated circuit pattern 

of said first major surfac~ so as to cover sai~ 

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

10 reduction-projecting,· by a projection optical systelJ\, 

the exposure light which has transmitted through the 

mask subs~rate, whereby, on a photo resis.t. film formed 

on a first major surface of a semiconductor integrated 

circuit,. the int·egrated circuit pattern is imaged and 

15 thus transferred •. 

31. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 30, 

wherein the wavelength of the exposure light is at· 

least 100 nm but less than 250 nm. 

20 32. The method of manufacturing a semiconductor 

integrated Circuit device according to Claim 31, . 

·wherein the.wavelength of the exposure light is at 

least 100 nm but less than 200 nm. 
. . . . 

33. The method of manufacturing a semiconductor 

25 integrated.circuit device according to Claim 32, 

-. 22 -
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wherein·, in the peripheral ·portion of the first major 

surface of the ma13k substrate, ·a light screening metal 

region is. provided. 

34. The method of manufacturing a semiconductor 

5 integrated circuit device according to Claim 33, 

wherein, ·on the first major surface of· the mask 

substrate, a pellicle is provided so as to cover the 

integrated circuit· pattern, the pellicle being 

contact-fixed on.the light sc:r:eening metal. region. 

10 35. A method of manufacturing a semiconductor 

integrated circuit device, comprising: 

(a) ·the step of irradiating far ultraviolet or vacuum 

· ultraviolet exposure light from a first major surface 

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

15 the mc;lsk substrate having, in· an integra:ted circuit 

pattern region of said first major surface thereof, a 

light shielding pattern which is an integrated circuit 
. . . ' 

pattern on a mask and comprises a photo resist 

pattern, wherein a protective film is formed on the 

20 photo resist pattern· so as to cover said integrated 

circuit pattern region of the first major surface; and 

(bj the step of reduction~projecting, by a projection 

optical system, the exposure light which has 

transmitted through the mask substrate, whereby, on a 

25 photo resist film formed on a first major surface of a 

- 23 -



semiconductor integrated circuit wafer, the integrated 

circuit pattern is imaged·and thus transferred. 

36. The method of inanufacturing a semiconductor 

integrated circuit device according_ to Claim.35, 

5 wherein the wavelength of the exposure light is at 

least 100 nm but less than 250 nm. 

37. The method of manufacturing a semiconductor 

.integrated circuit device according to Claim 36, 

wherein the wavelength of the exposure light is at 
I 

10 least 100 nm but less than 200 nm. 

38. A method of manufacturing a ·semiconductor 

integrated circuit device, comprising·: 

(a) the step o~ irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a first major surface 

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

the mask substrate_having, in an ·integrated circuit 

pattern region of the first major surface thereof, a 

light shielding pattern which is an integrated circuit 

pattern·on a mask and comprises a photo re~ist 

. ·20 pattern, wherein a conductive 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 

25 transmitted through the mask, whereby, on a photo 
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resist film formed on a first major ~urface of a 

semiconductor integrated circuit wafer, said 

integrated circuit pattern is imaged and thus 

transferred. 

5 39. The method of manufacturing· a semiconductor 

integrated circuit device according to Claim 381 

wherein the wavelength of-the·exposure light is at. 

least 100 nm.but less than 250 nm. 

40. The method of manufact~ring a.semiconductor 

10 in-,:egrated circuit device according to Claim 39, 

wherein the wavelength of the exposure ~ight is at 

least 100 nm but less than 200 nm. 

41. Mask blanks for the reduction projection exposure 

of vacuum ultraviolet rays, comprising: 

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

surfaces and is transparent with respect_ to far 

ultraviolet rays or vacuum ultraviolet rays with a 

wavelength of at least 100 :rim but. less than 250 nm; 

(b) a region coated with a light screening ·metal film 

20 which region is formed on the first majo:r; surface of 

the mask substrate; and 

(c) an opening region provided- in the portion 

corresponding to an integrated circuit pattern region 

in the·central portion of the region coated with a 

25 light screening metal film. 
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42. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 41, 

wherein the wavelength of the exposure light is at 

least .100 run but less than 200. nm. 

5 43. A method of manufacturing'an optical mask for 

performing the reduction projection exposure of a 

semi~onductor integrated circuit device, wherein far 

ultraviolet rays or vacuum ultraviolet rays are used 

as the exposure light, comprising: 

1 O (a) the step of placing a mask substrate on a 

processed-mask holding portion of a mask writer; 

(bl the step of detecting a position detecting pattern 

provided in the peripheral portion of a first major 

surface of the mask-substrate; and 

15 (c) the step of calibr~ting an integrated circuit 

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

the basis of the result of the above-mentioned 

detection, whereby the integrated circuit pat~ern is 

written on an integrateq circuit pattern region on 

20 said first major.surface. 

44 •. The method of manufacturing a ·semiconductor 

integrated circuit device according to Claim 43, 

wherein the wavelength of the exposure. light is at 

least 100 nm but less than 250 nm. 

25 45. The method· of manufacturing a semiconductor 
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integrated circuit device according to Claim 44, 

wherein the wavelength of the exposure light is at 

least 100 nm but less than 200, nm. 

46. An optical mask comprising: · 

5 (a) a· mask sub1;1tr!lte which has first and second major 

surfaces and is transparent with respect to far 

ultraviolet or vacuum ultraviolet rays; 

(b) an integrated circuit pattern region of the first 

major surface of the mask substrate; 

10 (c) an integrated circuit patt~rn on the mask 

substrate, the integrated circuit pattern being formed 

·of a light shielding pattern in s~id integrated 

circuit pattern region of the mask s.ubstrate and being 

imaged ~n a photo resist film' formed on a first major 

· 15 ·surface of a seni~conductor·integrated ci~cuit wafer, 
. . 

by reduction-projecting,. by means of a projection 

optical system, the exposure light which has 

transmitted .through the mask substrate, the integrated 

circuit pattern being thus transferred; and 

20 (d) a light screening metal regio·n provided in the· 

peripheral region of the.first major surface of the 

:mask substrate. 

47. An optical mask comprising: 

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

25 surfaces and is transparent with 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 

major surface of the mask substrate; and 

(c) an integrated circuit pattern on the.mask 

5 substrate, the integrated circuit pattern being 

formed, in the integrated circuit pattern region of 

the mask substrate, of a halftone light shielding 

pattern which comprises a photo resist pattern, the 

integrated circuit pattern being imaged· on a photo 

10 resist film formed on a f~rst major surface of a 

semiconductor integrated circuit wafer,. by reduction­

projecting, by means of a projection optical system, 

the exposure light which has transmitted through the 

mask substrate, the integrated circuit pattern being 

15 thus transferred. 

48. An optical mask comprising: 

(a) a mask substrate. which has· first and second major 
. . 

surfaces and i.s transparent .with respect to far 

ultraviolet or vacuum ultraviolet rays; 

20 (b) a Lebenson type·phase shift means formed on said 

first major surface or second major surface; 

(c) an integrated circuit pattern region of the first 

major surface of the mask substrate; and 

(d) an integrated circuit pattern on·a mask substrate, 

~5 the integrated circuit pattern being formed, in said 
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integrate~ circuit pattern region of the mask 

substrate, of a light shielding pattern which 

comprises a photo resist pattern, the integrat~d . 

circuit pattern being itna.ged on a photo resist film 

5 formed on a first major surface of a.semiconductor 

integrated circuit wafer, by reduction-projecting, by 

means of a projection optical system,·the exposure 

light which has transmitted through the mask 

substrate, the integrated circuit pattern being thus 

10 transferred. 

49. A~ optical mask comprising: 

·(a) a mask substrate which.has first and second _major 

surfaces and is.transparent with respect to far 

ultraviolet rays. or vacuum ultraviolet rays; 

15 (b) an integrate~ 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 

20' the mask substrate, of a halftone light shielding 

pattern which comprises a photo resist pattern, the 

integrated circuit pattern being ·imaged_ on a photo 

resist film formed on a first major surface of a 

semiconductor integrated circuit wafer, by reduction-

25 projecting, by. means of a projection optical system, 



,, 

tne exposure light which has transmitted through the 

mask substrate, the integrated c.ircuit pattern being 

thus transferred;·and 

(d) a protective film covering the integrated circuit 

5 pattern region and the light shielding pattern. 

Further, outlines of still others of the 

inventions disclosed in the present application will 

be briefly described below. 

50. The present invention comprises 

10 (a) the step of depositing, a transparent conductive 

film on a first major surfac.e of a mask· substrate, 

(b) the step of depositing a resist film ·on the. 

transparent conductive film, 

(c) the step of writing a predetermined integrated 

15 circuit pattern on the resist film in the state in 

which the transparent conductive film is grounded, 

(d) the step of perfoi::ming a developing treatment 

after the step (c), whereby a light sh~elding pattern 

constituted of· the .transparent conductive film arid the 

20 resist film is formed on the first major surface of 

the mask substrate, 

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

been fabricat~d by the foregoing· steps (a) to· (d), in 

the state in which the light shielding pattern 

25 constituted of the conductive film and the resist film 

-
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is not contacted with the mounting portion of .an 

aligner, and then, ~rradiating far ultraviolet rays or 

vacuuin ultraviolet rays from a second major surface 

side of the optical mask, and. 

5 (f} the step of reduction-projecting by means of a 

projection optical system the exposure light which has 

transmitted through the mask substrate, whereby, on a 

photo resist film formed on a first major surface of a 

semiconductor integrated circuit wafer-, the integrated 

10 circuit pattern is transferred. 

51. The invention comprises 

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

major surface of a mask substrate, 

(b) the step of depositing a water~soluble conductive 

15 film on the resist film, 

(c) the step of writing a predetermined il),tegrated 

circuit pattern on the resist film in the state in 

which the water-soluble conductive film is grounded, 

(d) the step of removing the water-solubl~ conductive 

20 film by performing a developing treatment after the 

step (c), and forming a light shielding pattern, which 

comprises a resist film, on the first major surface of 

the mask substrate, 

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

25 been fabricated through the foregoing steps (a) to 
, 
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(d), in the state in which the light shielding pattern 

thereof is not contacted with the mounting portion of 
i 

an aligner, and then, irradiating far ultraviolet rays 

or vacuum ultraviolet rays from a secol)d major surface 

5 side of the optical mask,· and 

(f) the step pf reduction-projecting by means of .a 

projection optical system the exposur~ light which has 

transmitted through the mask substrate, whereby, onto 

a photo resist film.formed on a f~rst major surface of 

10 a semiconductor integrated circuit wafer, 'the 

integrated circuit pattern is transferred. 

52. The invention comprises 

(a) the step of depositing a light screening.film, 

which comprises a metal, on the whole of a first·major 

15 surface of a.mask substrate, 

(b) the step of patterning the light screening film to 

form a.· ·common light· $hielding p~ttern on the firs.t 

major surface of the mask substrate, 

(c) the step of depositing a resist film on the whole · 

20 of the first major surface of the mask substrate after· 

the foregoing step (b), and 

(d) the step of patterning the resist film,. whereby a · 
' . 

· light screening pattern for transferring an integrated 

circuit pattern onto an ~ntegrating circuit pattern 

25 . region is· .formed on the first major surface of the 
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mask substrate. 

53. The invention comprises 

(a) the step Of· depositing a resist film on a first 

~ajor surface of a mask substrate an.d, _thereafter, 

5 patterning the resist film, whereby a light shielding 

pattern for forming an integrated circuit patter~ is 

formed, 

(b) the step of depos~ting a phase shift film on the 

, firs~ major surface of the mask substrate after the 

10· foregoing step (a),. 

(c) the step of digging a groove· in the phase shift 

film so as to produce a phase difference between the 

light rays which have transmitted through the mask 

substrate, 

15 (d) the step of mounting, on the mountin9 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 

20 (e).the step of reduction-projecting by means of a 

projection optical system the exppsure light which has 

transmitted-through.the mask substrate, whereby, onto 

a photo resist film formed on a.firs~ major surface of 

a semiconductor integrated clrcuit wafer, the 

25 integrated circuit pattern is transfer~ed.· 
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54. The invention comprises 

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

major surface of a mask substrate, and then, pattering 

this. resist film to form a halftone pattern, which is 

5 a pattern for forming an·integrated circuit pattern 

and has the function of causing a phase difference 

between the transmitted light rays and lowering the 

intensity of the transmitted light rays than that of 

the light rays which have transmitted through the mask 

·10 substrate, 

(b) the step of mounting on the mounting portion of an 

aligner the optical mask f.abricated through the 

foregoing step- (a) ,· and then, irradiating far 

ultraviolet rays or vacuum ultraviolet rays from a 

15 second major sur·face side of the optical mask, and 

(c.) the step of reducti?n-projecting by means of a 

. projection optical system the exposure light which has 

. transmitted through the mask substrate, whereby, onto · 

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

20 a semiconductor integrated circuit wafer. 

55. The invention comprises · 

(a) the step of depositing a res~st film on a first 

major surface of a mask substrate, and then, 

patterning thl.s resist film to form a halftone pattern 

25 which is a patt~rn for forming ari integrated circuit 
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pattern and has the function of causing a phase 

difference between the transmitted light rays and 

lowering the intensity of t~e transmitted light rays 

than that of the light rays which have transmitted 

5 through the mask sub.strate, 

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

. etching mask and digging grooves in the mask substrate 

exposed from therefrom,_. whereby the phase difference 

of the.transmitted light rays is· adjusted, 

l 0 · ( c) the step of mounting on the mounting portion of ·an 

aligner the optical mask fabricated through the 

foregoing steps (a) and (b), -and then, irradiating far 

ultraviolet rays or vacuum ultraviolet rays from a 

second major surface side of the.optical mask, and 

15 (d) the step of reduction-projecting by means of a 

_projection optical system the exposure.light which has 

·transmitted through the-mask substrate, whereby, onto 

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

a semiconductor integrated circuit wafer, the 

20 integrated circuit pattern·is transferred. 

56. The ·invention comprises 

(a) the step of depositing, on a first major surface 

of a mask substrate, a phase adjusting film for 

:adjusting the phase of the transmitted light, 

25 (b) the step of depositing a resist film on the phase 
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adjusting film, and then, patterning 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 

5 ·transmitted light rays and lowering the intensity of -

_the transmitted light than that of the light rays 

which have transmitted through the mask substrate, 

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

etching mask and shaving off the phase adjusting film, 

10 which is exposed from the halftone pattern, wholly· or 

by an amount corresponding to a predetermined 

thickness, whereby the phase difference of the 

transmitted light rays is adjusted, 

(d) the step of mounting on.the mounting portion of an 

15 aligner the optical mask fabricated thro~gh the 

foregoing steps (a) to (c)I and then, irradiating far 

ultraviolet rays or vacuum ultraviolet rays from a 

second major surface side of' the' optical mask, and 

(e) the step of reduction-projecting by means of a 

20 projection optical.system the exposure light which has 

transmitted through the mask ·substrat_e, whereby, onto 

a photo resis~ film formed on· a first major surface of 

a semiconductor integrated circuit·wafer, the 

integrated circuit pattern is transferred. 

· 25 57. The invention is constituted in such a manner· 
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that, in the preceding-Item 54, 55 or 56,·a light 

screening metal region is provided in the peripheral 

portion. of the first major· surface of the mask 

su:t:>strate. 

5 58. ·The invention is constituted in such a manner 

that, in any.one of the foregoing Items 50, 51 and 53 

to 57, the wavelength of the exposure light is -at· · 

least 100 nm but less than 250 mil. 

59. The invention is constituted in such. a manner 

10 that, in any one of the foregoing Items 50, 51 and 53 

t'o 57, the wavelength of the exposure. light is at 

least 100 nm but less than.200' nm. 

15 
..... · 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a plan view of the optical mask used 

in the method of manufacturing a semiconductor 

integrated circuit device according.to an·embodi'ment 

of the present invention, Fig. lB is a sectional.view 

taken along the line A-A in Fig •. · 1A, and Fig. lC is a 

20 sectional view of the essential part of· the optical 

mask, . showing the state in which the optical mask 

shown in Fig. lA and lB is mounted on a predetermined 

apparatus •. 

Fig. 2A to Fig.. 2C .are sectional views of the 

25 essential part during manufacturing steps of the 
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optical mask shown in Fig. 1. 

Fig. 3 is a graph_ showing the spectral 

transmissivity of a typical eiectron beam resist film. 

Fig. 4 is a· sectional view of _the essential part 

5 of a semiconductor wafer, wherein the photo ~esist 

pattern transferred onto the semiconductQr wafer by 

the use of the optical mask shown in Fig. 1, is 

symbolically shown. 

Fig. 5 is an explanatory diagram Qf a reduction 

10 · projection exposure system. 

Fig. 6 is a ·sectional view of the essential part 

of the semiconductor wafer during a manufacturing ~tep 

for the manufacture of a semiconductor integrated 

c'ircuit device. 

15 Fig. 7 is a sectional view of the essential part 

of the semiconductor wa~er during the step, which 

·follows the step shown in Fig. 6, for the manufacture 

of the semiconductor· integrated circuit device. 

Fig. ~- ~s a· sectional view. of the essential part 

20 of the semiconductor wafer during the step, which 

follows the step shown in Fig. 7, for the manufacture 

of the semiconductor integrated circuit device. 

Fig. 9 is a sectional view of the essential part 

.. of the semiconductor wafer during the step, which 

25 follows the step shown in Fig. 8, for the manufacture 
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of the semiconductor integrated circuit device. . 

Fig. lOA to Fig. _lOC are.sectional views of the 

essential part during.manufacturing steps for the 

manufacture of the optical mask according to another 

5 embodiment of the present invention. 

Fig. llAto Fig. llC are sectional views of the 

ess~ntial part during manufacturing steps for the 

·manufacture of the·optica1 mask according· to still 

another embodiment of the invention. 

10 Fig. 12A is a plan view of the optical mask 

according to still another embodiment of the 

invention, Fig. 12B is a sectional V'iew taken a1ong 

·the line A-A in Fig. 12A, and.Fig. 12C is a sectional 

view.of the. ~ssent~a1 part of.the optical mask shown 

15 in Fig. 12A and F!g~ 12B, showing the state' in which 

t~e optical mask is mounted on a predetermined 

appar~tus. 

Fig. 13A ·a'.nd Fig. 13B· are flow charts showing 

the steps of manufacturing the.optical mask sh9wn in 

20 Fig. 12. 

Fig. 14A and Fig. 14B are sectional views of the 

essential part during manufacturing steps for the 

manufacture of the optical mask shown in Fig. 12. 

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

25 ··according to still another embodiment of the present 
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invention, and Fig. lSB is a sectional view of the 

essential part of the optical mask shown in Fig. lSA, 

showing the state in which the optical mask is mounted 

on a predetermined apparatus. 

Fig.· 16 is.an explanatory diagram which shows 

the optical mask holding means when a predetermined 

pattern is written on an optical mask. 

Fig •. 17A is a sectional view of the essential 

part of the.optical mask according to still another 

10 embodiment of the invention, and Fig. 17B isa 

sectional view of the essential part of the optical 

mask, showing the· state in which, when exposure 

treatment is carried· out, the exposure iight rays 

which hav.e transmitted through the respective portions 

15 of the optical mask shown in ··Fig. l 7A are phase-

20 

inverted. 

Fig~ 18~ to Fig. 18 c are sectional views of the 
. . 

essential part during manufacturing steps for the 

manufacture of the optical mask shown in Fig. i1. 
Fig. l9A is a sectional view of the essential 

part of the optical mask according to still. another 

embodiment of the invention, and Fig. 19B is a 

sectional view of the essential part of_ the optical 

mask shown in Fig. 19A, showing the state in which the 

25 . exposure light rays which have transmitted.through the 
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respective portions of the optical mask are phase­

inverted. 

Fig. 20A is a sectional view of the essential" 

part o~ the optical mask according to still another 

5 embodiment of the invention, and Fig. 20B is a 

sectional view of the essential part of the optical 

mask shown in Fig.· 20A, showing the state in which the 

exposure light rays which have·transmitt~d through the 

respective portions of the optical mask are phase-

10 invert~d .. 

Fig. 21A is· a sectional view of the essential . 

part of the optical mask according to still another 

embodiment of the inventi<?n; and.Fig. 21B is a 

sectional view of th~ essential part during a 

·15 manufacturing step· for the manufacture of the optical 

mask shown in Fig. 21A • 

. Fig. ·22A is_ a sectional of the essential pa~t of 

the optical mask according to still another embodiment. 

of the invention~ and Fig. 2°2B is a sectional view of 

20 the essential· part during a manufacturing step for the 

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

Fig. 23A to Fig. 23D are sectional views of the 

essential part during manufacturing steps for the 

manufacture of the optical mask according to still 

25 another embodiment of the invention. 
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Fig. 24A.is' a sectional view of the.essential 

part o.f the optical 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, 

5 showing the state in which the optical mask is mounted 

onto a predetermined apparatus. 

DESCRIPTION OF THE PREFE!UmD EMBODIEMNTS 

Before giving· a detailed description of the 

10 present invention, the meanings of some.terms used in 

the present application will first be explained. 

1. Device surface means a major surface of ·a 

semiconductor wafer, on which a device pattern 

corresponding to a plurality of chip regions is formed 

15 by photolithography. 
. . 

2. Semiconductor integrated circuit wafer 

(semiconductor integrated circuit substrate) or 

semiconductor wafer (semiconductor substrate) means a 

monocrystailine silicon substrate (generally, in an 

20 . approximately plane, _circular shape), a sapphire 

substrate, a glass substrate or another insulating, 

semi-in~ulating or se1niconductor substrate or a 

compos·ite substrate comprising them·, which is u~ed for 

the manufacture of a semiconductor integrated circuit. 

25 . 3. Organic SOG {Spin on Glass) _is generally an . 
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interlayer diele~tric film material which is formed in 

such a manner that a high-molecular resin in which 

various organofunctional groups are bonded to a . 

siloxane polymer or a copol~er prepared from siloxane 

5 polymer and another monomer is dissolved in a solvent 

and s~in~coated on a semiconductor wafer. In general, 

the organic SOG has the.feature that~· unlike iri case 

of the inorganic SOG, cracks are hard to be ~aused 

therein after its curing, so that the organic SOG film 

10 can be formed somewhat thick. Among the organic 

siloxane series interlayer film.materials, there are 

some which are formed into films by the CVD (Chemical 

Vapor Deposition). 

4. When etching stopper is mentioned, ·an etching 

15 stopper whose etching. selective ratio to the concerned 
.·. 

etching stopper film is 4 or higher is referred to (in 

case it is.mentioned that the etching selective ratio. 

of A to B is x, it means that the etching rate of A is 

X, · and the etching rate of B is 1) • As etching 

· 20 stopper films, coated stopper films and the like· are 

also included. 

25 

5. Masking. layers genera·lly means resist films 

but, here, include inorganic masks, non-photosensitive 

organic masks and the like, too. 

6. When •light screening region•, •light 
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screening film" or "light shielding pattern" is 

_mentioned, it indicates that the above-mentioned 

region·has the optical characteristic that, of the 

exposure light irradiated to the region, less than 40% 

5 ·is allowed to transmit through the region. In 

general, what allows 30%.or less of the exposure light 

to transmit through the region.is used. on the other 

hand, when "tr~nsparent" and "transparent film" are 

mentioned, it indicates- that the film has the optical 

10 characteristic that, of the exposure light irradiated 

to the concerned region, 60% or more is allowed.to 

transmit through it. In ·general, what allows 90% or 

more of such.irradiated exposure light to transmit 

through it is .used. 

15 7 •. "Photo resist pattern" means a film pattern 

obtained by patterning ·a photosensitive qrganic film 

by the photolithography·technigue. In addition, as 

such phQto resist pattern, a me~e resist film whi9h 

has no opening at all with respect to the portion 

20 concerned is also included. 

8. The pattern surface of a mask is divided into 

the following ·regions: 'The ~egion in which the 

integrated circuit ·pattern transferred is disposed 

"integrated circuit pattern region", the region 
. . . 

25 covered with a.pellicle "pellicle-covering region", 
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the pellicle-covering region other than the integrated· 
' circuit pattern region •peripheral r~gion of the 

circuit pattern", the external region covered with no 

peilicle •peripheral region", the inner region of the 

5 peripheral reg;ionin which an optical pattern is 

.. formed u 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 

· 10 rays are divided as. follows:. Ultraviolet rays which 

have a wavelength less than about 400 nm but higher 

than about 50 nm are cal.led ultraviolet rays, rays 

which have a. wavelength o·f 300 nm or higher are called 

near ultraviolet rays, rays having a wavelength less 

15 than 300 nm but higher than 200 nm are called far 

ultraviolet rays, and rays which have a wavelength 200 

nm or less are called vacuum ultraviolet rays. Main 

embodiments of the present invention have been 

described with respect mainly.to the vacuum· 

20 ultraviolet range·with a wavelength of 200 nm or less, 

but, if alteration is made as described with reference 

to the following embodiments, then it is a matter of 
. ' 

course that the present invention is applicable even 

in case of.the far ultraviolet range based on an KrF 
' ' 

25 excim.er las·er having a wavelength less than 250. nm but 
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higher than 200 nm. Further, it is also possible to 

apply the principle of the present invention even to 

the shortest wavelength end range of the ultraviolet 

rays having a wavelength les·s than 100 nm but higher 

5 than ·50 nm. 

· 10. When umetal" is mentioned concerning ·the 

mask light-screening material, chromium, chromium 

oxide and similar compounds of other metals are meant; 

and, from a wider viewpoint, single substances, 

10 compounds, and composites which each contain a metal 

element and have a light screening function·. are also 

included. 

11. uualftoile mask" is a kin4 of phase shift 

mask and has a halftone shifter in which the 

15 Transmissivity .of the halftone film serving as a 
.. 

shifter and also as a light screening film is at least 

1% but less than 40%, and the phase shift amount 

thereof as compared with the portion in which no 

halftone shifter inverts the phase o~ the light .• 

20 12. uLevenson type phase shift mask" is a kind 

of phase shift mask constituted in such a manner that 

.the phases of openings adjacent tQ each other but 

separated from each Other by,a light screening region 

are inverted with respect to each other, so that, by 

25 the interference action thereof, a clear picture is 
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intended to be obtained. 

In the following embodiments, description will 

be made, if required, by dividing each embodiment into 

a plurality of sections or embodiments for 

5 convenience's sake, but, .unless particularly 

specified, they are not irrelevant· to· each_oth~r; but 

' each is in a relationship of being a modification of a 

part or the whole of the other or a detailed or 

supplementary explanation of :the· other. 

. 10 Further, in the following embodiments, in case 

of referring to the- .number and the like (including the 

number of :j.ndividual elements, numerical value, 

amount, rangei etc.) of elements, the invention is not 

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

15 less than the specific number, unless otherwise 

·· specified and except for ·cases such as the case where 

it is clear in view of the .principle that limitation 

is made to a specific number. 

Further, in the following embodiments, it is a 

20 matter of course that the constitutional elements 

(including the element steps etc. ) of the . embodiments 
' ' 

are not always indispensable .unless otherwise 

specified and excepting cases.such as the case where. 
. ' 

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

25 constitutional elements are clearly indispensable). 
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Similarly, in the following embodiments, when 

the shape, the positional relationship, etc. of a 

constitutional element are referred to, those which 

are substantially approximate or similar to "the 

5 particular shape and the like are included unless 

otherwise specified and excepting cases such as the 

case where it is considered, in view of the principle, 

that it is clearly not so. The same thing applies 

also to the _above-mentioned numerical value and range. 

10 Further'· when semiconductor integrated circuit 

device is referred to in the present_ specification, it 

is to be considered that not only device made on a 

semiconductor or insulator substrate such as a silicon. 

wafer, a sapphire substrate or the like, but also·a 

15 TFT (Tin-Film-Transistor) and the device made on· 

another .ir~sulating . substrate made. of 9la~s such as STN 

(Super-Twisted-Nematic) liquid crystal or the like are 

also included. 

, 20 

The embodiments of the present invention will 

now be described in detail on the basis of the 
. . 

drawings. In all the drawings for explaining the 

embodiments, the el~ents which have the same 

functions are referenced by the same ·reference 

numerals and symbols, whereby the repetition of the 

25 description thereof is omitted. Further, in the 
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embodiments of the invention, a p-channel type.MISFET 

(Metal Insulator Semicon_ductor Field Effect 

Transistor) will be abbreviated to pMIS,_ while an n­

channel type MISFET will be abbreviated to nMIS. 

Eiiibodiment 1: 

Fig. lA is a plan view of the photo mask used 

for the method of manufacturing a s~iconductor 

integrated circuit device according to an embodiment 

10 of the invention, Fig. lB is a sectional view ~aken 

.. along the line~ A-A in Fig. lA, and Fig. lC is· a 

sectional view of the photo mask shown in Fig. lA and 

Fig. lB, showing the state in which the photo mask is 

mounted on a predetermined apparatus. The broken 

15 lines in Fig.· lA _are provided for easier understanding 

of the description, but not formed in the actual 

product. 

The photo mask lPAl according to this Embodiment 

1 is a reticl~ for imaging.and transferring onto a 

20 semiconductor wafer.tile original picture of a 

semiconductor integrated circuit patter~, which is for 

example five times as large as the actual .dimensions,· 

through a reduction projection optical system or the 

·like; this reticle is used in a projection aligner · 

25 using as a light source vacuum ultraviolet rays such 
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as, e.g., a argon fluoride (ArF) excimer laser beam 

(with a wavelength of 193 _run) or a fluorine gas (F2 ) 

laser beam (with a wavelength of 157 nm). 

A mask substrate la constituting this photo mask 

5 lPAl comprises, for example, a transparent synthetic 

quartz glass or the like formed into a square shape. 

The region surrounded by.the innermos~ broken line in 

Fig. lA shows the above-mentioned integ~ated circuit 

pattern region. In this integrated circuit pattern 

10 region, a light shielding pat.tern lb for transfe~ring 

the integrated circuit pattern onto a semiconductor 

wafer. ·In this Embodiment 1, the light shielding 

pattern lb is formed of a resist film. The structural 

details such as the material and the thickness of this 

15 resist film.will be described later. 

The region lying outside.this ~ntegrated ~ircuit 

pattern region is the peripheral.region of the above­

. mentioned integrated circuit pattern. Of this 

peripheral region, the region surrounded by the broken 

20 line outside the integrated circuit pattern region is 

the region corresponding to the above-mentioned inner 

peripheral region, where a mark pattern lmr for 

detecting the information of the photo mask lPAl is 

formed. In this Enlbodiment 1, this mark pattern lmr 

25 is also formed of the above-mentioned resist film. As 
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this mark pattern lmr, there are, for example, an 

aligning mark and a calibrating mark used for the 

photo mask manufacture. The aligning mark is a mark 

use4 for.· making the alignment between the photo· mask 

5 lPAland an inspection equipment or an aligner so that 

the aligning mask.inspect the position .of the photo 

mask IPAI at the time of mounting the photo mask IPAI 

onto "predetermined apparatus o.f the inspection 

equipment or "the aligner. Further I.· the calibrating 

10 mark is a mark used for measuring the misalignment~ 

· the shape state of the pattern or the pattern transfer 

accuracy. The mark pattern lmr is a pattern which is 

not transferred onto the semiconductor wafer. 

Further, the region lying outside this inner 

·15 peripheral region is the above-mentioned outer 

peripheral region through which, at the time of 

mounting the photo mask lPAl onto a mounting portion 2 

of the inspection equipment or the aligner, the photo 

mask lPAl c;omes.into direct contact with the mounting 

20 portion 2. In this Embodiment 1, a pattern forming · 

resist film is not formed in the outer peripheral 

region. If a resist film is formed in this outer 

peripheral reg~on, then, when the photo mask lPAl is 

mounted ·onto the inspection equipment or the ~ligner, 

25 · the above-mentioned resist film is peeled off or 
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. shaven off, as a result of which foreign matters are 
' . . 

produced; but, in this Embodiment 1, no resist film· is 

formed in the outer peripheral region, so that 

inconveniences· such as the peeling-off of· the resist 

5 film.due to mechanical shocks and the production of 

foreign matters could be prevented •. AS the mounting 

portion 2, a mounting portion ~ith a vacuum holding 

mechanism is shown by way of. example. 

10 

·~ . Next, an .example of the ~ethod for the 

('anufacture of the photo mask lPAl shown in Fig. 1 

will be described. 

First1 as shown in Fig. 2A, a mask substrate la 

comprising a transparent synth~tic quartz substrate 

with a thickness of, e.g,. about 6 mm is prepared, and 

15 · then,· as shown in Fig. 2B, a resist film lR which has 

the properties of .absorbing vacuum ultraviolet rays 

such as, e.q., an ArF excimer laser beam or· an F2 

··laser beam is applied · over the whole of a major 

surface of the mask substrate la by the spin-coat 

20 method or the like. This resist film .lR is a resist .. 

film which is sensitive to an electron.beam. Here, a 

novolac series resist film was formed to a thickness 

of~ e.g., about 150 nm. 

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

25 :shielding pattern lb.and the mark pattern lmr each 
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comprising a resist film were ·farmed by the same 

method as ~he method of forming a desired pattern in 

an ordinary photo mask manufacturing process. He~e, a 

measure to counter the charging of the electron beam, 

5 which will be described later, was taken. · Further, 

the peripheral.portion ~f the photo mask lPAl will 

serve as a portion ·contacted with the projection 

aligner, so that the resist film was removed; and 

thus, the occurrence of foreign matters due to the 

10 peeling-off or the shaving-off of the resist film was· 

prevented. 

For this resist film lR, a material composed 

mainly of, e.CJ., a .copolymer of a~methylstylene·and a­
~h~oroacrylic acid, novolac resin and quinine diazide, 

15 novolac resin and polymet_hyl pentene-1-s.ulfone, or 

chloromethylated polystylene was used. A so-called 

chemically ainplif ied resist composed by incorporating 

an inhibitor and an acid generating agent into ·a 

phenol resin or a novolac resin can be used. As the 

20 mate~ial of the resist film IR used here must have ~ 

light screening characteristic with respect to the 

light source of the projection aligner and also have 

the characteristic of having sensitiv.ity to the ·light 

source of the pattern lithography system, in the photo 

25 mask manufacturing process, such as, e.g., an electron 
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beam or light with a·wavelength of 230 run or higher; 

the material of the resist film IR is not limited to 

the above-mentioned materials but can be variouslr 

altered.· Further, the film thickness is not limited 

5 . to 150 nm, either, but can be a value which can 

satisfy the above-mentioned condition. 

Fig. 3 shows the spectral Transmissivity of a 

typical electron beam resist film~ In case.· a 

~olyphenol series resin or a novolac series resin is 

10 formed into.a film thickness of about 100 run, its· 

transmissivity is approx.:Unately zero at a wavelength 

of,. e.g., about 150 to 230 run; the el~ctron beam 

resist film exhibits a sufficient mask effect with 

respect to an ArF excimer laser beam with a wavelength 

15 of. 193 nm, an F2 laser beam with a wavelength of 157 

nm, and the like. Here, vacuum ultraviolet rays with 

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

present invention is.not limited to this. 

----··---·· ···:AS·· the mask material for the KrF excimer laser 

20 beam· or the like with. a wavelength of 248 nm, it is 

necessary to use other material or to add an absorbing 

agent into the resist film. Further,· after the light 

shielding pattern lb and the mark p~ttern lmr 

comprised of a resist film are formed, it is effective 

25 to subject the resist film ~o 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 light irradiation. Further, for the purpose 

5 of preventing the oxidation of the resist film, it is 

also effective to keep the pattern surf ace in an 

atmosphere of an inert gas such as, e.g., nitrogen 

(N2 ). · Further,. as the pattern writing of the resist 

film, not only the electron beam writing but also the 

10 pattern writing by ultraviolet rays with a wavelength 

of, e.g., 230 nm or higher can also be applied. The 

spirit of the present invention lies in using the 

resist film directly as the mask and providing a 

practically usable mask structure. Accordingly, as 

15 the wavelength to be screened, the resist material and 

the mask substrate material, other wav~lengths and 

materials may also be: used. · / j ·. . . 
By the use o_f this ·phot~ask lPAl, the pattern 

was transferred by a reduction project·ion exposure 

20 ·system. As the projection light of the.reduction 

projection· exposure system, an ArF excimer laser beam 

with a wavelength of, e.g., about 193 nm was used; the 

numerical apertu~e NA of the projection lens was for 

example about 0.68; the coherence <I of the light 

25 source used was for example O ~- 7 • on the semiconductor 
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wafer which would be used as a projected substrate, an 

ordinary positive resist film with a sensitivity to 

ArF was formed to a thickness of, e.g., about 300 nm. 

The alignment between the reduction projection . 

5 . exposure system and the·photo mask lPAl was made by 

detecting the mark pattern lmr formed on the photo 

mask lPAl ~ For this alignment, a helium-neon (He-Ne) 

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

used. D\le to this, the mark pattern lmr constituted 

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

thus, the contrast between the light which has 

transmitted through the mark pattern lmr and the light 

which has.transmitted through the light transmitting· 

portion cannot be obtained. Thus, the scattered light 

15 at the edge of ·the ma~k pattern lmr was detected. As 

a result, ~s shown in Fig. 4, the semiconductor 

·integrated circuit.pattern on the photo mask lPAl was 

projected onto a major surface (first major surface) 

of a semiconductor wafer 3 1. and ordinary heat 

20 treatment and developing steps were carried out to 

form a resist pattern 4. ~ a result, approximately 

the same pattern transfer characteristic was obtained 

as in the case of using a photo mask (hereinafter 

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

25 substrate by the use, as a light shielding pattern, of 
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a metal film such as, e.g., chrominum (Cr). The 

resist pattern 4 could be formed with a depth of field 

in which for example, at o·.19 µm, and a line-and-space 

of 0.19 µm could be formed with a focal depth of 0.4 

5 µm. 

Fig. 5 shows an example of the reduction 
. : . 

projection exposure system used for this· exposure 

treatment. The exposure light emitted from a• light · 

source Sa of the reduction prqjection exposure system 

10 5 irradiates the·photo mask lPAl through a fly's eyes 

lens Sb, irrad~ation shape ad~usting_aperture Sc, a· 

condenser· lenses Sdl, Sd2 and a mirror Se. This photo 

mask lPAl is p·laced ·in the state in which the major 

surface (first major surface) on which the light 

lS shielding pattern is fQrmed is directed downward 

(toward the semiconductor wafer 3 side). Therefore, 

the: above-mentioned exposure light is irradiated from 

the back .surface (second major surface).· side of the 

photo mask . ~PAl. By so doing, the ~ask patter·n 

20 written on the_ photo mask lPAl is projected through a 

projection lens Sf onto the semiconductor wafer 3 

which is ·a sample substrate. On the.'.first major 

surface of the photo mask lPAl, a pellicle lp for 

preventing a defective transfer of the pattern due to . 

25 the attachment of foreign matters is provided in some 
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cases. The photo mask lPAl is vacuum-sucked onto a 

mask stage Sh controlled by· a mask position control.· 

means Sg; and aligned by a position detecting means 

Si, whereby the center of the photo mask lPAl and the 

S ~ptical axis of the projec~ion lens Sf are accurately 

aligned. The semiconductor wafer 3 is vacuum-sucked 

onto a sample stand Sj. The sample stand Sj is placed 

on a z stage Sk which is movable in the direction of 

the optical axis of the projection lens Sf, that is, 

10 in the Z-axis direction, and t~e Z stage Sk is placed 

on an XY stage Sm. The z stage Sk and .the XY. stage Sm 

are driven by respective driving means Spl, Sp2 in 

response to control comm.ands from a main control 

system Sn and.can therefore be moved to a desired 

15 exposure position. The position is accurately 
. . 

monitored, by a laser precision-distance meter .Sr, as 

the position of a mirror Sg fixed to the z stage Sk. 

Further, as the position detecting means Si, an 

ordinary halogen lamp for example is used. In other 

20 words, it is not necessary to use any special light 

source for the position·detectinq means Si (it is not 

necessary to introduce any novel technique or 

·difficult technique anew), but a ·known reduction 

projection exposure system can be used. Therefore, 

2S The costs of the products manufactured by the use of 
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the photo mask lPAl on which the light shielding 

pattern is ;forme~ of a resist film are not increased. 

Next, the case where the .technical concept of 

the present invent~on is applied to the process of 

5 manufacturing a semicondu-ctor integrated circuit 

device which has, for example, a t~in well type CMIS 
. ' 

(Complimentary MIS) circuit will be described by the 

use of Fig~. 6 to 9. 

Fig. 6 is a sectional view of the essential part 

10 of the semiconductor wafer 3 during a step for the 

manufacture· thereof. The semi~onduptor wafer 3 

comprises, for example, a plane and approximately 

circular semiconductor thin-plate. A semiconductor 

. substrate 3s consti't;uting the semiconductor wafer 3 

15 comprises for example n""'.type Si single-crystal, and,. 

above the semiconductor wafer 3, for example an n-well 

6n and p-well 6p are formed. In the n-well 6n, for 

example phosphorus or As, which is an n-type impurity, 

is introduced. Further, in the p-well 6p,· for example 

20 boron, which is a p-type impurity, is introduced. 

on a major surface. (first major surface) of this 

semiconductor substrate 3s, an isolating field oxide 

film 7 is formed by the LOCOS (Local Oxidization of 

Silicon) method or the like. The isolating portion 

25 may be formed in a groove sh~pe. 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 active region surrounded by this field 

5 . oxide film 7, an nMISQn and a pMISQp are formed. The 

gate oxide films 8 of the nMISQn and pMISQp each 

comprise~ for example a silicon·oxide film, which is 

formed by the thermal oxidation metnod or the like. 

Further, the gate electrodes 9 of the.nMISQn and the 

10 pMISQp are each formed in such a manner that a gate 

forming film comprising, for example, low-resistance· 

polycrystalline silicon is deposited by the CVD method 

or the like, and then, the thus deposited film is 

formed by" the photolithography technique using th.e 

15 above-mentioned reduction projection exposure system 5 

and the photo mask lPAl and the ordinary etching.· 

technique. Though not particu;tarly so limited, the 

gate length is, for example, about 0.18 µm. A 

semiconductor region 10 of the nMISQn is: formed in a 

20 self-aligning manner with respect to the gate 

electrode 9, by introducing, for example; ·phosphorus 

or arsenic into the semiconductor substrate 35 by the 

ion implantation method or the like using the 

electrode 9 as a mask. Further, a semiconductor 

25 region 11 of the pMISQp is formed in a self-aligning 
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manner with respect-to the gate electrode_9 by 

introducing for example boron into the semiconductor 

.·substrate 3s by the ion implantation method or the 

like using the gate e.lectrode 9 as a mask. However, 

5 the gate ·electrode 9 is· not iimited to the format.ion 

of, e.g., a single substance film of low-resistance 

polycrystalline silicon, but the formation Of the gate 

electrode 9 is variously modifiableJ for example, 

there may be employed a so-called polycide structure 

10 obtained in such a manner that a silicide layer s.uch 

as , . e.g. , tungsten silicide or cabal t silicide is 

provided on a low-resistance polycrystalline silicon 

f ilmJ or there can also be employed a so-called 

polymetal structure obtained.· in such a manner that a 

15 metal film such as, e.g.-, tungsten is provided on a 

low-resistance polycrystalline silicon fiim through a 

barrier conductor film such as, e.g., titanium nitride 

or tungsten nitride. 

First, on such semiconductor substrate 3s, an 

20 interlayer dielectric film 12 comprising for example a 

silicon oxide film is deposited by the CVD method or· 

the like as shown in.Fig. 7, and then,· on the upper 

surface of the interlayer dielectric film 12, a 

polycrystalline.silicon film is.deposited by the cvn. 

25 method or the like. Subsequently, the polycrystalline 
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silicon·film is patterned by the photolithography 

technique using the above-mentioned reduction : 

projection exppsure system 5 and the photo mask lPAl 

and the ordinary etching technique, and thereafter, an 

5 impurity is introduced into . a predetermined region of 

the polycrystalline silicon film thus patterned, 

whereby wirings 13L·and a resistor 13R are formed. 

After this, as shown in Fig. 8, on the semiconductor 
·, 

substrate 3s, an SOG (Spin on Glass) film 14 

10 comprising for example a silicon oxide film is 

deposited by the coating method or the like; and th~n, 

in the int~rlayer dielectric film 12 and the SOG film 

14, connecting hole~ 15 are bored so as to expose 

portions of the semiconductor regions 10, 11 and the 

15 wiring 13L, by the photolithography tech~ique using. 

the above-mentioned reduction projection exposure 

system 5 and the phot? mask lPAl. Further, after a 

metal film comprising for example aluminum (AL) or an 

AL alloy is deposited by the sputtering metll.od, this 

20 metal film is patterned by.the photolithography 

technique and the ordinary etching tec~nique using the 

reduction projection exposure system·s an<i the photo 

mask lPAl and the ordinary etching technique, whereby 

a first layer wiring i6Ll is formed as shown in Fig. 

25 9. After this, a second layer wiring is formed in the 
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same manner as in case of forming the first layer 

wiringl6Ll, thus manufacturing a semiconductor 

integrated circuit. 

Thus, according to this Embodiment 1, for 

· 5 example the follo:wing ef f.ects can be obtained: 

(1). The light shielding pattern lb and the mark 

pattern lmr on the photo mask .lPAl are constituted of 

a resist· film, whereby the metal film etch·i:rig step for 

forming the light shielding pattern and the step of 

10 removing the resist film used as a etching mask·used · 
. . 
for·· the metai film etching can be deleted. · Due to 

this, the manufacturing costs of the. photo' mask 1 can 

be reduced. Further, . the accuracy of the pattern 

dimensions on the photo mask lPAl can be enhanced. 

15 Further, the defects on the p~oto mask lPAl can be 

decreased. 

(2). Since the various patterns ·comprising a 

resist f·il.in. are not provided in that region of .the 

outer periphery of the photo mask lPAl with which the 

20 mounting po~tion 2 of the inspection equipment or the 

aligner is contacted, it becomes possible to prevent 

the occurrence of foreign matters due to. the peeling­

of f or· shaving-o~f of the above-mentioned resist; film 

on the photo ma·sk lPAl' when the photo mask IPAI is 

25 mounted onto the inspection equipment on the aligner 
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doe to· mechanical shocks. 

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

deterioration in the insp~ction.accuracy and the 

deterioration in the transfer accuracy of the exposure 

5 patterns . .due to the peeling-.off and shaving-off of the 

photo mask lPAl can be prevented. 
-(4'). Due to foregoing Item (2), it becomes 

possible to present the occ~rrence ·of short-circuit 

defects and open-circuit defects between th~ patterns 

·· 10 on the semiconductor wafer 3 due to the peeling.:...of f 

and the shaving-off of the resist film on the photo 

mask lPAl. 

(5). Due to foregoing Items (1) to (4), it 

become.s possible to enhance the reliability ·of the. 

15 semiconductor integrated circuit device. 

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

manufacturing yield of the semiconductor integrated 

circuit devices can be enhanced. 

20 Embodiment 2: 

This Embodiment 2 is identica.l ·with foregoing 

·Embodiment 1 except that the.method of manufacturing 

the photo mask lPAl differs from that of Embodiment 1. 

In.case of manufacturing the ·above-mentioned 

25 ordinary photo mask, when the resist pattern used as 
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an etching mask for patterning the metal film for 

forming the·light shielding pattern is formed by an 

electron beam writer or the like, the static 

electrification by ~he electrons produced at the time 

5 ~f performing electron beam writing can be prevented 

by which the metal film for forming the light 

shielding pattern is electrically connected to the 

.earth. · .Accordingly, it is not necessary to perform 

electrification preventing treatment. 

10 However, in case of manufacturing the above-

mentioned photo mask lPAl according to the present 

invention, when a pattern is formed on the resist film 

IR by the use of an electron beam writer for forming 

the light shielding pattern, the electrons irradiated 

15 are cut off from escape since the mask substrate la 

and the resist film iR are alike· insulators; and thus, 

they are charged to adversely affect· the formation· of 

the resist pattern (i.e., the light shielding 

pattern). 

20 Thus, acc.ording t~ this Embodiment 2, the photo 

mask is manufactured in the following manner for 

example: 

First, as shown in Fig. lOA, a transparent. 

conductive film 17 is deposited on the mask substrate 

25 la. As the transparent conductive film .17, an ITO 
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(indi:um - _tin oxide) film can be used for example. 

This transparent conductive film 17 need not be 

processed. The reference numeral 18 denotes the 

earth. Subsequently, as shown in Fig. lOB, on this 

5 transparent conductive film 1 7, -the above-mentioned 

resist film lR is provided by coating as in case of 

foregoing Embodiment 1. the transparent conductive 

film 17 is electrically connected to the earth 18. 

After this, as shown in Fig_. lOC, predetermined 

10 patt~rns (the light shielding pattern lb and the mask 

pattern lmr)· are written on the resist film lR by the 

use of the electron beam writer. In this case, 

according to this Embodiment 2, the electrons 

irradiated to the mask substrate la are allowed to 

15 escape to the earth_l8 through the transparent 

conductive film 17. As a result, it becomes possible 

to suppress inconveniences·. such as the deterioration 

in shape of the resist pattern and the positional 

shift due to the static electrification by the 

·20 electrons. In this way, the photo.mask 1PA2 is 

manufactured. 

Further, the ·following method may alt~rnatively 

be adopted. First, after the mask substrate la is 

prepared ~s shown in Fig. llA, the resist film lR.is 

25 provided by coating, ·as shown in Fig. llB, on a major 
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surface of the mask substrate la 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 lR. As the 

5 water-soluble conductive organic .film 19, for example 

ESPA<;ER (manufac~ured by Showa Denko K.K~) AQUASAVE 

(manufactured by Mitsubishi Rayon C.o., Ltd.) .or the 

like was used. After this, in the state in which- the 

water-soluble conductive" organic film 19 is 

10 electrically connected to the earth 18, the above­

mentioried electron beam writing treatme~t was carried 

out. After this, at the time of developing the resist 

film, the water-soluble conductive organic film 19 was 

removed. By the above-mentioned method, the ·static 

15 electrificatipn by"the electron beam could be 

prevented, and inconveniences such as th~ abnormality 

in shap~ of the patterns and the positional shift of 

the patterns could be prevented. The photo mask 1PA3 

is manufact~red in this way. 

20 

Embodiment 3: 

In this Embodiment 3, a light screening region 
. . 

constituted of a metal film is provided in the 

vicinity of the outer periphery of a mask substrate 

25 constituting a photo mask, and openings are provided 

- 67 -



·' 

:in the light screening reqion, whereby an information 

detecting pattern for reading the information of the 

photo mask concer~ing, e.g.,· the above-mentioned. 

aligning mark, the calibrating mark, etc. Except for 

5 this point, Embod;i.ment 3 ·is identical with foregoing 

Embodiments 1, 2. 

Pig. 12 shows a concrete example of the photo 

mask according, to this Embodiment 3. Fig. 12A is a 

pla~ view of the photo ~ask, Fig. 12B is a· sectional 

10 view tak·en along the. _line A-A, and Fig. 12C is a 

.sectional view of the photo mask, showing the state in 

which the pho.to mask shown in Fig. 12A and Fig. 12B is 

mo~nted on a predetermined apparatus. 

· In this Embodiment.3, a light.shielding pattern 

15 . (light screening metal region) le is.formed in the 

vicinity of the outer periphery of a major ·surface of 

a mask substrate· la· constituting a photo mask 1PA4. 

20 

This light.· shielding· pattern le.comprises a metal film 

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

frame shape with a width, along the vicinity of the 

outer periphery of the mask substrate la so as to 

surround the ~hove-mentioned integ~ated circuit 

pattern region of the mask substrate la.~ . The region 

in which this light shielding pattern le is formed 

25 .corresponds to the peripheral region, i.e., the inner 
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peripheral region and the outer peripheral· region, of 

the integrated circuit pattern of the abov~-mentioned 

photo mask lPAl. 

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

5 lma which has the same function as the above-mentioned 

mark pattern lmr is formed in a portion of this light 

shielding pattern le. Here, however, the mark pattern 

lma is formed by light transmitting regions bored in 

portions of the light shielding pattern • 1c. More 

10 specifically, the mark pattern lma is formed in such a 

manner that portions of the metal film constituting 

the light shielding pattern le are removed to expose 

the transparent mask substrate la lying beneath. 

Accordingly, in this Embodiment 3, in case the aligner 

15 described in connection with Fig. 5 is used, in other 

words, in case that such an aligner as uses an 

ordinary halogen lamp or the like for the position 
·. . 

detection of the photo mask is used, the contrast of 

the light which has transmitted through .the mark 

20 pattern lma can be sufficiently obta~ned, so that the 

recognizing ability of the mark pattern lma can be 

enhanced. Due to this I the relative alignment between 

·the photo mask. 1PA4 arid the aligner can be carried out 

with ease and yet _with high accuracy. According to 

25 the result of the examination made by the present 
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inventor, alignment equal to that of the above­

mentioned ordinary photo mask has become possible. 

Further, in this Embodiment 3, as shown in Fig. 

12C, the mounting portion 2 of the inspection 

5 equip~ent or the aligner is directly contacted with 

the light shielding pattern le. However, since a 

resist film is not formed on the light shielding 

pattern.lq, the occurrence of foreign matters due·to 

the peelin·g-off and the shaving-off of the resist film 

10 is not brought about even if the photo mask 1PA4 is 

mounted on the inspection ·.equipment or the aligner. 

Further, the chromium or the like constituting the 

light shield_ing pattern le is hard, so that the 

occurrence of foreign matters due to the peeling-off 

15 or shaving-off of the chromium or the. like is not 

caused, ei~her~ Therefore, the sa~e effect as the 

effect described. in connection with foregoing 

Embodiment 1 can be obtained. 

Also in this Embodiment 3, a light shielding 

20 pattern la constituted of a resist film lR is ·likewise 

disposed in the integrated circuit pattern region in 

the center of the mask substrate la, as in the cases 

of foregoing Embo~iments 1, 2. 

Next, an example of the flow of· a series of· 

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

described. 

The ordinary·'photo mask manufacturing step can 

be diviqed into· the step of manufacturing a substrate 

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

of chrominum or a ·semitransparent film to be described 

later is-formed on a whole major surface of the mask 

substrate and the photo mask manufacturing step for 

··forming a semiconductor integrated circuit forming 

10 pattern on the mask blanks. The substrate and the 

photo mask are manufactured in different work sections 

or sites in .some cas·es. · 

The photo mask manufacturing s~ep according to 

this Embodiment 3 is divided into a mask blanks 

15 manufacturing step, a common light shielding pattern 

forming step for forming, in the outer p~ripheral 

portion of the mask substrate, a pattern used in 

common by various projection aligners, and a resist 

pattern forming step~ The respective steps are 

20 carried out in different work.sites or in different 

·manufacturing companies in some cases. 

For example, Fig. 13A shows the above..,;.mehtioned 

common light shielding patte~n manufacturing step. As 

for the common ·pattern, various common patterns can be 

25 prepared in accordance with the respective 
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semiconductor integrated circuits manufactured or.the 

projection alignex:s used for the exposure treatment. 

Fi;rst, after the .. common light shielding pattern 

(corresponding to the light shielding pattern le shown 

5 in Fig. ·12) · (Step 100), the abs.ence or presence of 

defects is inspected (Step 101). · Here,- in case that 

no defect is found, the common light shielding pattern 

is stocked as a completed photo mask at the common 

light shielding pattern· forming stage (Step 102}. On 

10 the other hand, in case that some defects exist, 

·correction or the like is made -(Step ~03), and the 

common light shielding pattern is stocked after the 

correction (Step 102). 

As ~tated above, in the photo mask manufacture 

15 according ·to this Embodiment 3, the mask substrate can 

be stocked during the photo mask manufac~uring step, 

so that the manufacturing time and developing time of 

the semiconductor integrated circuit devices can ·be 

greatly shortened. In cas_e of the ordinary photo 

20 mask, the substrate cannot be stocked during an 

intermediate step for the mask substrate manufacture, 
. . 

so that the whole coux:se ranging from the· deposition 

of the light screening film (the mask blanks 

manufacturing step) to the .patterning of predetermined 

.25 patterns must be continuously carried out, while, 
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according to this Embodiment 3, the photo masks 

processed as far as the common l~ght shielding pattern 

manufacturing step can be stocked. Due to this, in 

case of manufacturing or developing a semiconductor 

5 integrated ci~cuit apparatus, at the time of forming 

the concrete mask patterns for a semiconductor 

integrated ci~cuit pattern, the manufacture of the 

photo mask can be started from the stage where the 

photo mask was stocked, so that the photo mask 

10 manufacturing time can be shortened. Due·. to this, the 

step of forming.the ~emiconductor integrated circuit 

pattern can be terminated in a shorter time. 
. . . 

. Therefore, the technical concept of the present 
. . 

invention is particularly suited to the manufacture of 

is a photo masks for logic devices which are high in the 

frequency of developing product types. 

Further, in case of the photo mask 1PA4 at the 

stage shown in Fig. 13A, the. l.ight screening portion 

is mainly the 9uter peripheral portion of the mask 

. 20 substrate, so th~t a metal film such as a chromium 

(Cr) film may not be provided in the c~ntral portion 

of the substrate (mask blanks) in which a light 

screening film or a semitransparent film is 'formed 

over the whole major surface of the mask substrate or 

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

.mentioned integrated circuit pattern region). Or even 

if the metal film exists, defects such as pinholes 

etc. do not m~tter, so that the.quality management of 

5 the mask blanks can be alleviated, and thus, the yield 

of the mask blanks can be·. greatly enhanced. 

Subsequently, Fig~ 13B shows the manufacturing 

s~ep for forming a resist pattern. First, the mask 

blanks on which the common light shielding pattern is 

10 formed is used; and, in the integrated circuit pattern 

region, the resist film is subjected to exposure, 

development and hardening treatment, whereby a device 

manufacturing resist pattern.(corresponding to the 

light shielding pattern lb shown in Fig. 12) (Step 

15 104). ~ubseguently, inspections such as a defect 

·inspection and a dimensional inspection are carried 

out to the mask substrate (Step 105). Iri case the. 

inspected product has passed these in~pections, the 

completion of a photo mask follows (Step 106). 

20 .However, As a result of these inspections, the resist 

film of the photo masks which have failed to pass the 

inspections.a~d thus are below the standards are 

removed (Step · 107) , which are put to ·reuse• As stated 

aJ:jove, in this Embodiment 3, the mask blanks with 

25 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 remove it for reuse, in view of 

securing the quality of the photo mask. However, to 

5 remove and reuse the resist film as according to this 

Embodiment 3 does not take much tini.e~ and further, it 

can be easily done without lowering the quality of the 

photo mask. Thus, it follows that the effective 

utilization of resources becomes possible. 

10 Next, an example of the concrete manufacturing 

method will be described concerning.each step of the 

above-mentioned photo mask manufacturing steps. 

First, as shown. in Fig. 14A, a metal film with 

high light screening properties such as, e.g, a 

15 chromium film is deposited on a major surface of a 

mask substra~e la, and thereafter, this ~s patterned 

by the photolithography technique and the etching 

technique, whereby the.above-mentioned light shielding 

pattern le and the mark pattern lma are. formed on the 

20 major surface of the mask substrate la. In the 

integrated circuit pattern region in the central 

portion of the mask substrate la, the light shielding 

pattern le is not formed, an opening is bored, and 

thus, the transparent mask· subst~ate la is exposed. 

25 The steps as far as this step correspond to the 
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manufacturing steps shown in Fig. 13A. 

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

of the mask substrate la on which the· step of forming 

the common light shielding pattern is completed, the 

5 above-mentioned resist film lR:is coated so as to 

cover.the light shielding' pattern le, and therea~ter, 

the above-mentioned water-soluble conductive organic 

film 19 is applied on·the resist film lR thus coated. 

Subsequently~ as in case of.the foregoing Embod~ent 

10 2, the above-mentioned electron beam ·writing treatment 

was carried in the integrated circuit pattern region 

of the mask substrate la, in order to form a light 

shielding pattern for the semiconductor integrated 

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

15 soluble conductive film 19 is electrically connected 

to the earth · 18 • After this, the resist film lR was 

subjected to a developing treatment, the water-soluble 

conduotive organic film 19 was removed, and thus, as 

shown· in Fig. 1~, a light shielding pattern. lb 

20 comprising a resist film was formed in the integrated 

circuit pattern region of the mask substrate la. The 

-~teps as far.as this step correspond to the 

manu.facturing steps shown in Fig. 13B. 

According to such Embodiment 3, the following 

25 . effects can be obtained in addition to the effects 
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obtained by the foregoing Embodiments 1, 2: 

.( 1). Since the light shielding pattern le is 

provided in the outer periphery of the mask substrate 

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

5 thereof, the mark pattern lma is formed, the accuracy 

in de~ection of the mark pattern can be enhanced. 

Accordingly, the ability of detecting the information 

of the photo mask 1PA4 can be enhanced 

(2). Due to foregoing It~m (1), the accuracy in 

10 detection of the calibrating mark.of the photo mask 

1PA4 can be enhanced in case of inspecting the photo 

mask 1PA4, so that it is possible to enhance the 

inspection accur~cy of the photo mask 1PA4. 

Therefore, the reliability of the photo mask 1 can be 

15 enhanced. 

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

alignment between the photo mask 1PA4 and the aligner 

can be enhanced. Therefore, the accuracy in the· 

transfer of the patterns.onto the semiconductor wafer 

20 and the alignment accuracy can be enhanced. 

25 

(4)• Due to foregoing Items (1), (2), (3), the 

reliability and manufacturing yield of the· 

semiconductor integrated circuit_devices manufactµred 

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 reus.ed. In other words, the 

effective utilization of resources becomes possible. 
' ' 

(~).The quality management of the mask blanks 

in the photo mask manufacturing steps can be 

5 alleviated, and thus, the yield of the mask blanks can 

be greatly enhanced. 

(7). Due to foregoing Items (5) and (6), the 

costs of the photo mask 1PA4 can be decr~ased, so that 

· the costs of the semiconductor integrated circuit 

1 O device can be decreased. 

(8). The mask substrate la can be stocked during 

the steps of manufacturing the photo mask 1PA4, so 

that the length of time required for the ma~uf acture 

and development of semiconductor integrated circuit 

·15 devices can be greatly shortened. 

Embodiment 4: 

This embodiment 4 relates to an example of the 

case where a transparent thin-film pellicle which 

20 functions to prevent foreign matters from attaching to 

the photo mask pattern forming surface (first major 

surface) is disposed on the.major surface. of the photo 

mask. This Embodiment 4 is identical' with the 

.fo~egoing Embodiments 1 to 3.except for the above-

. 25 mentioned point •. Here, description ~ill be made with 
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reference to the use of the photo mask constituted in 

such a manner that a light shielding pattern . 

comprising a metal film is provided in the vicinity of 

the outer periphery of the ma.sk. substrate as in case 

5 of the photo mask described, for example, in . 

connection with foregoing Embodiment 3. 

Fig. 15 shows a concrete example ·Of the photo 

mask accor~ing to this Embodiment 4. Here, Fig. 15A 

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

10 sectionai view of the photo mask taken along the line 

A;_A in Fig. 15A showing the state in which.the photo 

mask is· mounted on a predetermined apparatus. 

According to this Embodiment 4, a pellicle lp is 

fixed in a state joined through a pellicle sticking 

15 frame lp.f to a major ·surface (first major surface) of 

a photo mask lPAS • The pellicle is a structural body .. 

which has a transparent film and is provided over a . 

predetermined distance from the majorsurfacE! or the 

major and back surfaces of the mask substrate,· in 

20 order to avoid foreign matters from attaching to· the 

photo mas·k ~ This predetermined distance. is designed 

by taking into consideration the foreign matters 

attaching to the protective film surface and the 

transfera~ility of th·e foreign matters on~o the 

.25 semiconductor wafer.· In this Embodiment 4, the 
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pellicle lp is disposed in a pellicle cover·region Of 

a photo mask lPAS. That is I the pellicle lp is 

disposed so as to plane-wise ove~lap the whole of the 

above-mentioned integrated circuit pattern region of 

5 the photo mask 1PA5 and a portion of the.light 

shielding pattern le of the above-mentioned inner 

peripheral region. 

_ .. According to this EiDbodiment 4 1 the base portion 

of the.pellicle sticking frame lpf is joined and fixed 

10 in a state directly contacted with the light shieiding 

pattern le in the· above-mentioned inner peripheral 

region of the photo mask .lPAS. _ As a result, the 

pellicle sticking frame lpf can l;>e prevented from 

being peeled off. Further, if a resist film is formed 

15 at the position at which the pellicle sticking frame 

lpf is mounted, then, when the pellicle ~p is mounted 

and removed, it becomes a cause for the peeling-off of· 

the resist film and for the generation of foreign 

matters. In this Embodiment 4, the pellicle sticking 

20 frame lpf is joined in a state directly contacted with 

the light shielding pattern le, so that the generation 

of·such foreign matters can be prevented. Such· an 

effect is obtained ~lso by joining and fixing the 

peliicle stacking frame lpf in a state directly 

25 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 portion in which the p~oto mask 1PA5 and the 

.mounting portion 2 of the projection aligner are 

5 contacted. As-a result, the occurrence of foreign 

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

resist film can likewise be prevented as in the cases 

of fc;>regoing Embodiments .1 to 3. 

Further, in this Embodiment 4, a position 

10 calibrating mark pattern lmb is formed in the light 

. s~ielding pattern le. This position calibrating mark 

pattern lmb is a pattern for detecting the positional 

information of the photo mask 1 directly from the 

photo mask 1 itself when a predetermined pattern is 

15 written on the photo mask 1 by the use of the electron 

beam writer. According to this Embodime~t 4, when a 

predetermined integrated circuit pattern is pattern­

formed ·in the integrated circuit pattern region of· the. 

mask substrate by the use of the electron beam writer, 

20 the mask pattern lmb in the ma~k substrate la is read 

out at a rate of one per several: seconds, whereby 

pattern"·writing is carried out, correcting (adjusting} 

the position to be . irradiated by the.· electron beam for 

writing ·the pattern during the pattern writing step. 

25 As a result, the pattern writing position accuracy of 
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the electron beam writer·can be enhanced. 

The provision of such a mark pattern lmb is, for 

example, for the following reason·: In case of an 

ordinary electron beam writer, the writing treatment 

5 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 substrat~ la 

·or a cassette 21 on which the.mask substrate la is 

moun:ted is pushed to three pins 20a of a mask holding 

10 portion 20 on a m~ving ·stage of.the electron beam 

writer; and thus, the mask s~bstrate. la or the 

cassette 21 is.mechanically fixed by a push pin 20b. 

Here~ in case of the ·ordinary electron beam writer, a 

position detecting mark pattern 20m mounted on the 

15 mask .holding portion 20 is detected a plurality of 

t~es during the. writing to thereby. corr~ct pattern 

writing the positional s~ift by the positional drift 

of the electron bean.- The mask· substrate la on the 

mask holding portion 20 (st·age) is mechanically fixed 

20 as· mentioned above, so that the relative positional 

relationship petween the mark pattern 20m of the mask 

holding portion 20 and the mask substrate la should. be 

constant, but, in actuality, by the shocks caused by 

the stage which moves at high speed, a slight 

25 positional deviation is caused between the mark 
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pattern 20m and the mask substrate fa in some cases.­

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

the mask substrate ·la is read out from the mark 

pattern 20m during the electron beam writing step, a 

5 positional deviation is caused of the written pattern. 

10 

Thus, according to this Embodiment 4, the 

position correcting mark pattern lmb is disposed on 

the photo mask 1PA5 (the mask'substrate la) itself so 

~hat the position thereof can be dir~ctly detected 

. from the mask substrate la itself. 
.. 

As a result, the 

positional deviation including also the deviation in_ 

the.holding of the mask substrate la can be corrected, 

so that the error- in arrangement of the patterns can 

be decreased. Such a mark pattern lmb is constituted 

. lS · depending on, e.g., whether the pattern position lies 

in the light transmitting region or in the light 

screening region; and information detection is 

executed in accordance with the reflected state of a 

position detecting beam or a detection light 

20 · irradiated there. As the position detecting means, 

there can be.· used. the type which uses the electron 

beam of the electron beam writer, the type which uses 

the laser beam by a laser lighter or·other types. 

·particularly, . the appl~cation of a system or. apparatus 

25 having a high positional accuracy is desirable. This 
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mark pattern lmb can also be· formed at the step of 

forming the common light shielding pattern in the 

above-mentioned photo mask manufacture, and it is also 

effective to form this mark pa~tern lmb at the above-

s ment.ioned mask blanks manufacturing step. 

-According to such Einbodiment 4, the following 

effects can be obtained in addition to the effects 

obtained by foregoing Embodiment 3: 

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

10 photo mask lPAS, it is possible to prevent foreign 

matters from attaching to the photo mask lPAS, and it 

is also possible to suppress or: prevent the 

deterioration of the transferred pattern due to the 

foreign matters. 

15 (2). Since the pellicle sticking frame lpl is 

joined in a state directly contacted wit~ the light 

shielding pattern le or the mask substrate la, it is 

possible to prevent the l·ight-screening-pattern 

forming resist film froni being peeled. off or shaved 

20 off when the pellicle lp is mounted or removed. Due· 

to this, it is possible to prevent·the occurrence of 

foreign matters due to the peeling-off or shaving-off 

of the resist film. 

(3). Since the electron beam writing position 

.25 correcting mark patt~rn lmb is provided_ on the photo 
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mask lPAS itself, it becomes possible to enhance the 

positional accuracy .in the pattern writing by the 

electron beam writer. 

5 Embodiment 5: 

This Embodiment 5 relates .to the case where the 

prese~t invention is applied to a so-called·phase 

shift mask which causes a difference between the 

phases of the· exposure light rays transmitting through 

.10 the photo mask. 

This Embodiment 5 is· identical with foregoing 

Embodiments 1 to 4 except for the above-mentioned 

point. 

Fig. 17A shows a sectional view of the essent.ial 

15. part of the phase shift mask. on a major surface 

(first major surface) of a mask substrate la 

.constituting a phase shift mask lPSl, a·phase shift 

film ld is formed so as to cover light shielding 

patterns lb, le and the mask substrate la. The phase 

20 shift film ld may comprise~ for example, a transparent 

SOG (Spin On Glass) film (Either an organic SOG film 

or an inorganic SOG film may be used.· In case of an 

organic SOG film, however, the exposure light is 

absorbed, so that an optimum film thickness must be. 

25 set. From the optical viewpoint, the use of an 

- 85 -



,. . }· 
< 

" > 

•· ... 

inorganic SOG film is preferable), and, at a 

predetermined position of the phase shift film ld, a 

groove ldl with a predetermined depth is formed. The 

. depth Of this· groove ldl is set to SUCh a depth that 

5 the phase of the exposure light which has transmitted 

through the region .in-which the groove ld is formed 

and the phase.' of the exposure light which has 

transmitted throug~·the region in which the groove ldl 

is not formed are inverted with respect to each other. 

10 Fig. 17B shows the state in which the exposure light 

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

major surface) side of the mask substrate la of the 

phase shift mask lPSl are phase-inverted with respe~t 

to each other •. The exposure light 22a passes through 

15 the relatively thick portion·of the phase shift film 
. . 

ld. on the other hand, the exposure lig~t 22b passes 

throug_h· the portion in which the groove ldl is dug t~ 

such a depth that the.ph~se of the exposure light.22b 

is inverted with respect to the phase of the exposure 

20 light 22a, ·so that the _exposure light 22b is.inverted 

in phase with respect to the exposure light 22a. More 

specifically, a phase difference of, ·e.g., 180° is 

caused. As a result, in the mutually adjacent 

transmitting portions, a phase ·shift effect is 

25 obtained; and thus, the resolution of the pattern 
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transferred onto the semiconductor wafer can be 

enhanced. 

Further, in the phase shift mask lPSl according 

to this Embodiment 5, the phase shift.film ld covers 

5 ·the whole surface of the major surface of the mask 

substrate la. Thus, in case the. phase shift mask lPSl 

is mounted on an inspection equipment or a·n aligner, 

the pha.se shift film ld of the phase shift mask lPSl 

comes into contact with the mounting portion of the. 

10 inspection equipment or the aligner. Accordingly, as 

in the cases of foregoing· Embodiments· 1 to 4, the 
. . 

mounting portion of .the inspection equipment or ~he 

- aligner is not di:r;ectly contacted with the patterns 

(the light shielding pattern.lb, etc.) constituted of 

15 a resist film on the mask substrate la# ·so that the 

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

to the mounting of the .phase shift mask lPSl can be 

prevented, and the occurrence of foreign matters due 

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

20 be ·prevented. 

Next, an example of the method for the 

manufacture of the phase shift mask lPSl- according to 

this Embodiment 5 will be described. First, as shown 

in Fig. 18A, the above-ment-ioned light shielding 

25 pattern lb con~tituted of a resist film and the light 
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shielding pattern le constituted· of a metal film are 

formed on the mask substrate la in the same manner as 

in the cases of foregoing Embodiments 3, 4. 

Subseq~ently, as shown in Fig. 18b, on a major surface 

5 (the first major surfa.ce) o~ the mask substrate la, 

the phase shift ld comprising, e.g .. , an SOG film. is 

deposited, _and then, an eiectron beam .resist film 23 

is deposit.ed on the thus depo111ited phase shift film 

ld. After this, on this electron beam resist film 23, 

10 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 

resist film is formed via· an ordinary step. 

Here, also, the above-mentioned static 

ts electrification preventing treatment was adopted. 

After this~ by the ~se of the resist.pat~ern 23a as an 

etching mask, the phase shift film ld exposed from the 

resist pattern 23a was removed by etching to form the 

groove ldl. Thereafter, . the resist pattern 23a was 

20 reinoved, whereby the phase shift mask lPSl shown in 

Fig. 17 was obtained. 

According to such Emboqiment 5, it· is·possible 

to obtain, for example, the effect that the resolution 

of the patterns transferred onto the semiconductor 

25 wafer, _in addition to the effects obtained by 
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foregoing Embodiment 3. 

Embodiment 6: 

This Embodiment 6 relates to a modification of 

s· the phase shift mask according to foregoing Embodiment 

5. Except for this point~ Embodiment 6 is identical 

with.foregoing Embodiments .l to s. 
In this Embodiment 6, the phase shift film ld is 

removed in the above-mentioned outer peripheral region 

10 of the mask substrate la constituting the phase shift 

mask lPS2, and thus, the light-shielding pattern le is 

exposed, as _shown in Fig. 19A. Fig. 19B ·shows the 

state in which this phase shift mask 1PS2 is mounted 

on the aligner or the like, symbolically depicting how 

15 the phase inversion between the e,xposure 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 shi.ft niask 1PS2, wherein 

the m~unting portion 2 is directly contacted with the 

20. light shielding pattern le of the photo mask·1PS2. 

-Therefore, in.case of this ~mbodiment 6, the same 

effects as those of foregoing Embodiments 1 to 5 can· 

be likewise obtained. The manufacture of this phase 

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

25 after or before the step shown in Fig. 18B, a resist 
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pattern is formed so as to expose the outer peripheral 

.region-of the outer periphery of the major surface of 
- . 

the mask substrate la is exposed and yet cover the 

portions ·other than the above-mentioned outer 

5 peripheral region, and then, this resist pattern is 

used as an etching mask to etched off the phase shift 

film ld exposed therefrom. 

10 

15 

Embodiment 7: 

This Embodiment 7 relates to the case where the 

. present invention is applied to a semitransparent 

shift mask (the above-mentioned halftone mask); 

Except for this point, this Embodiment 7 is identical 

with foregoing Embodiments 1 to 6. 

·Fig. 20 shows an example of the halftone type 

phase shift mask 1PS3 a~cording to this ~mbodiment 7. 

In the integrated circuit pattern region of this phase. 

shift mask 1PS3, a halftone pattern (halftone light 

.shielding pattern) lel for transferring the 

20 semiconductor integrated circuit pattern is formed. 

This halftone.pattez:n tel is constituted of a resist 

film whicQ. has- been described in connection with 

foregoing E~odiment 1, etc., but this.halftone 

~attern lel is semitransparent with respect to the 

25 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 

5 major surface) side of the phase shift mask 1PS3 

accordi~g to this Embodim'ent 7 is effected.- -The 

exposure light 22a which has passed through the 

halftone pattern ·lelis inverted in phase with respect 

to the exposure light 22b which.has passed through the 

10 transparent portion. In other words, the phases of 

these exposure light rays 22a, 22b deviate by 180° 

from each other. Fu,rther, _the transmissivity of the 

halftone pattern iel .is such that the light intensity 

of the exposure light 22a ~hich has transmitted 

15 . through the halftone pattern lel is about 2 to 10% 

with respect to the exposure light 22a b~fore its 

transmission through the halftone pattern lel. 

Therefore, the halftone- pattern lel serves 

substantially as a light· screening portion and yet has 

20 the effect of making the boundary.portion of the 

transferred patterns clear and sharp. The method of 

patterning the halftone pattern lel is the same as the· 

-patterning method of the light shielding pattern lb 

accordiBng to foregoing Embodiments 1 to· 6. 

25 In case of the phase shift mask for ArF, the 
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absorption of.the resist film constituting the mask is 

large, so that, in order to reaiize both the 

transmissivity of about 2 to 10% as mentioned above 

and phase inversion at the same time, ·adjustment must 

5 be made of the resist film for forming the halftone 

pattern lel. On the other hand, in case of the phase 

shift mask for an F2 laser beam·with a wavelength of 

.163 nm, the absorption by the resist film is small, so 

that ·this phase shift mask is favorable in real·izing 

10 the above-mentioned transmissivity of about 2 to 10% 

and phase inversion at the. same time •. 

By such Embodiment 7, the effects obtained by 

foregoing Embodiments 1 to 6 can also be obtained • 

. 15 Embodiment a: 

This' Einbodiment.8 relates to a modification of 

the halftone type phase shift mask.according to. 

foregoing Einbodiment 7. Except for this ppint, 

Embodiment. 8 is.-identical with foregoing Embodiments 1 

20 to 7. 

In this Embodiment 8, the ·phase difference is 

set depending on the film· thickness .of the halftone 

pattern, so that it is necessary to bring the 

thickness into a predetermined range. Due to this, it 

25. becomes difficult to set the intensity of the light 

' . 

- 92 -



-.. ,, 
.. ·.a. . 

passing through the halftone pattern in some cases. 

Thus, ac~ording to this Embodiment 8, the above­

mentioned phase difference is not set orily by the film 

thickness of the halftone pattern, but the phase 

5· difference ·is set by adjusting the film thickness and 

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

is, the thickness of the mask substrate in the groove­

formed porti.ons). As a result, according to this 

Embodiment 8,.the effect that the intensity setting of 

10 the light which transmits through the halftone pattern 

can be facilitated, is obtained in addition to the 

effects obtained by fore_going Embodiments· 1 to 7. 

Further, the.range of materials for forming the 

hal-ftone pattern can be increased. 

15 Fig_. 21A shows· a concrete example of the 

halftone type phase shift mask 1PS4 •. In this halftone 
.... 

type phase shift mask 1PS4, the halftone pattern le2 

was ·rendered· into a thin film and semitransparent; and 

thus, phase inversion was realized by the thickness of 

20 the halftone pattern le2 and the thickness of the mask 

substrate la in the portions of the grooves lg formed 

·in the mask substrate la. The halftone pattern le2 

was formed by the use of a novolac series resin with a 
. . . . 

thickness of, e.~., about 50 run. As a result, the 

25 transmissivity of the halftone pattern le2 became 5%. 
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However, this transmissivity is limited to 5% bu~ 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 

. 5. this, grooves lf with a depth of about 90 nm were dug· 

in the mask substrate la ·so that the exposure light 

which has transmitted through the photo mask 1PS4 

··could obtain a phase inversion of about 180°. in total. 

The film thickness of the halftone pattern le2·is not 

10 limited to this value but. can be variously altered; 

the film thickness may be adjusted·so that the phase 

may be· inverted in accordance with the refractive 

index of the material, the exposure light wavelength, 

etc. 

15 This phase shift mask 1PS4 is formed in the 

following manner for example: First, as in case 

foregoing Embodiment 7, etc., the light shielding 

pattern le and the halftone· ·pattern le2 are formed on 

the mask substrate la as shown.in Fig. 21B, and 

20 thereafter, by the use as etching.mask of the light 

shielding pattern le and the halftone pattern le2, the 

portions of the mask substrate la which· are exposed 

from there· are selectively etched off by an amount 

corresponding to a predetermined depth. By so.doing, 

25·. the grooves 1f shown in Fig. 21A are formed in a self-
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aligning manner with respect to the halftone pattern 

le2, and thus, the photo mask 1PS4.is manufactured. 

According to this Embodiment.a~ the halftone type 

phase shift mask 1PS4 with ·a transmissivity of, e.g., 

5 5% could be manufactured. In case of the example. 

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

la which lies in the mark pattern lma region is also 

rem~ved by etching and dug in at the time of forming 

the grooves lf, in order to simplify the mask 

10 manufacturing step, ·but it·is.also possible not to 

remove by etching the portion of the mask substrate la 

lying in this region. 

15 

Embodiment 9: 

This Embodiment 9 relates to ·a modification of 

the halftone type phase shift mask accor~ing to 

foregoing Embodiments 7, 8. In this Embodiment 9, in 

order to give a solution to the problem described in 

connection with foregoing Embodiment ·a, the phase of 

20 the above-mentioned exposure light is adjusted not 

only by the halftone pattern but by providing a 

·different fiim which plane-wise overlaps the halftone 

pattern. By this measure, according to Embodiment 9, 

the effect that the intensity setting of. the light 

25 transmitting through the halftone .patte~n can be 
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facilitated as in case of foregoing Embodiment 8, can 

be 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 

5 increased. 

Fig. 22A.shows a concrete example of the 

halftone type phase shi,ft ._mask . according to Embodiment 

9. ·In this halftone type phase shift. mc:isk !PSS'· 

· between a halftone pattern le3 similar to that of 

10 foregoing Embodiment 8 and .a mask substrate la, a 

transparent phase adjusting film lg comprising, e.g., 

a silicon oxide film is provided, so that, by 

adjusting the film thickness of the halftone pattern 

le3 and the film thickness of the phase adjusting film 

15 .lg, the above-mentioned phase inversion is realized. 

This phase shift mask lPSS is formed, for 

example, in the following manner: First, as shown in 

Fig. :22B, on a major surfac~ (first major surface) of 

the mask substrate la, the phase adjusting film lg 

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

the sputte.ring method, the CVD m.ethod (Chemical Vapor 

Deposition) method or the coating method, and 

thereafter, on the phase adjusting film lg thus 

formed, a light shielding pattern le and the halftone 

·25 pattern le3 are formed as in the cases of foregoing 
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Embodiments 7; · 8 ~ etc. Subsequently, only with the 

above-mentioned halftone 'pattern le3, the phase 

inversion obtained was about 90°, so that the phase 

adjusting film lg lying beneath the halftone pattern 

5 le3 and the light shielding pattern le was dug by, 

e.g., about 90 run by the use of the halftone pattern 

le3 and the light s~ielding pattern le as an etching 

mask, whereby a phase inversion of about 180° in total 

was obtained. In this way, the halftone mask 1PS5 

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

Embodiment 9, likewise, a half~one type phase shift 

mask lPSS with a transmissivity ~f, e.~., 5% could be 

manufactured. The film thickness of the.· halftone 

pattern le3 is not limited t~ this value as in case of 

15 foregoing Embodiment 8. Further_, als_o .in this 

Embodiment 9, in order to simplify the mask 
.... 

manufacturing step, the phase adjusting film· lg 

portion in the mark pattern lma region is also removed 

by etching at the time of patterning the phase 

20 adjusting film lg, but it is also possible not to etch 

off the portion of the phase adjusting film lg which 

lies in this region. 

Embodiment 10: 

25 This Embodiment 10 relates to a modification of . 
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the ha~ftone type· phase shift mask according to 

foregoing Embodiments 7, 8, 9 and a modification of 

the method ·for the manufacture of the above-mentioned 

halftone type phas~ shift :mask. Except for the above~ 

5 mentioned point, this Embodiment 9. is .identical with 

foregoing Embodiments 1 to 9. 

In this Embodiment 10, likewise, the 

constitution for giving a ~elution to the problem 

described in connection with foregoing Embodiment 8. 

10 As a result, this Embodiment 10 can obtain the effect 

that the intensity setting of the light which 

transmit~ through the halftone pattern can be 

facilitated, is obtained as in the cases of foregoing 

Embodiments a, 9, in addition ·to the .effects obtained 

15 by foregoing Embodiments 1 to 7. Furth~r, the range 

of materials selected for forming the halftone pattern 

can be increased. 

An example of the method for the manufacture of 

the halftone type phase shift mask according to this 

20 Embodiment. 10 will now be described by."ref~rring to 

Fig. 23. 

First, as shown in Fig. 23A,· on a major surface 

(first maj.or surface) of s mask substrate la, a light 

shielding pattern le and a mark pattern lma as 

25 mentioned above are formed as in the.cases of forgoing 
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Embodiments 1 to 9. In other words, the above­

rnentioned common light shielding pattern forming step 

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

on the major surface of the mask substrate la, a 

5 resist mask 24 which is transparent to·the exposure 

light is formed by coating so as to cover the above­

mentioned light shielding pattern le and the above­

mentioned mask substrate la, and further, on the thus 

provided resist film 24, a resist film 25 with light 

10 screening properties as used in foregoing Embodiment 7 

was formed of a thin film and made semitran.sparent. 

Here, ·as the transparent resist film.24, a PGMA 24 

(polyglycidyl methacrylate) or the like which is, 

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

15 resist film 25 with light screening properties was 

formed by the use of a novolac series resin which has 

a thickness of about 50 nm and is, e.g., of the 

negative type. After this, on the .res_ist film 25, a 

desi~ed integrated circuit pattern.was written by the 

20 use of an electron beam 26 or.the like. Here, also, a 

static electrification preventing treatmentw~s 

conducted. After this, an ordinary developing 

treatment was conducted to develop the resist film 25, 

whereby a halftone pattern le4 is formed as shown in 

25 . Fig. 23C. 
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Subsequently, the major surface of the mask · 

substrate la was subjected to an ordinary exposure 

treatment to expose the portion of th.e resist film 24 

which is exposed from the halftone pattern le4 having 

5 light screening properties, and.thereafter, a 

developing treatment is performed whereby, ~s shown in 

Fig. 23D, beneath the halftone pattern le4, a phase 

adjusting film lg constitu~ed of the resist film 24 

and in a self-alinging manner with respect to the 

10 halftone pattern le4 so as to plane-wise overlap the 

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

1PS6 was manufactured. In the structure of this phase 

shift mask 1PS6, the phase adjusting film lg is 

provided only beneath the halftone pattern 1e4. The 

15 phase adjustment of the exi;>osu.re light whic.h transmits 

through the.phase shift mask .1PS6 is mad~ through the 

film thickness of the halftone pattern·1e4 and the 

film thickness of the phase adjusting 'film lg. ·As a 

result, phase inversion could be realized petween the 

20 light which has transmitted.through the stacked 

pattern region consisting of the halftone pattern le4 

and the phase adjhsuting film lg and the light which 

has transmitted through the mask substrate la. 

Further, the transmissivity of the stacked pattern 

25 region turned· out to be about 5%. Thus, the halftone 
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type phase shift mask 1PS6 with a transmissivity of 

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

·foregoing Embodiments -8, 9, etc. 

5 Embodiment 11: 

This Embodiment 11 relates to a modification of 

foregoing Embodiment 1. 

Through the result of the examination made by 

the present inventor, the following has been found: 

10 It is also effective that, after, on the major surface 

of the mask substrat.e, . the light shielding pattern for 

forming the integrated circuit pattern and the mark 

pattern is formed of the above-mentioned resist film, 

and thereafter, on the above-mentioneq major surface, 

15 a transparent protective film is formed so as to cover 

the ~ight shielding pattern. By this me~sure, the 
. ·. 

mechanical strength of the light shielding pattern 

formed of the above-mentioned resist film-can be 

enhanced. Further, ·by .shutting off the oxygen by the 
. . 

20 protective .film, the change in.the film quality of the 

light shielding pattern formed of .the resist film can 

be prevented. 
.· 

Fig. 24 shows a concrete example of this 

Embodiment 11. over· the whole of a major surface 

25 (first major sur~ace) of a mask substrate la 
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constituting the photo mask 1PA6, a protective film lh 

comprising, e.g., a silicon oxide film or a silicon 

compound coating. In c~se the protective film lh was. 

comprised of a silicon oxide film or the like, the 

5 protective film lh.was formed by, e.g., the sputtering 

method or the CVD method. Further, in case the 

protective film lh was comprised of a silicon compound 

.coating, it was ·subjected. to heat treatment at about 

100 to 200° c after the coating thereof. 

10 Further,· in the photo mas~ 1PA6 according to 

this Embodiment 11,the protect'ive film lh covers the 

whole major surface of the mask substrate la. Thus, 

in case of mounting the photo mask 1PA6 on the 

in~pection equipment, the aligner or the like, the 

15 protective film lh ·of the photo mask 1PA6 is contacted 

··with the mounting portion of the inspect~on equipment, 

the aligner or the_ like. Therefore, as in the cases 

of.foregoing Emb6diments 1 to 9, the.mounting portion 

of the inspe~tion equipment, the aligner or the like 

20 is not directly contacted with the pattern (the light 

shielding pattern lb, etc.) constituted of a resist 

film on the mask substrate la, so that the peeling-;off 

or shaving-off of tbe resist film due to the above-

.mentioned mounting can be prevented, and the 

25 occurrence of foreign.matters due to the peeling-off 
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or shaving-off can also be prevented. This structure 

can be also applied to the photo masks according to 

foregoing Embodiments 2 to 4. 

In the above, the invention achieyed by the 

5 present inventor has·been concretely.described on the 

basis of its embodiments,. but it is a matter of course 

that the invention is not limited to ~he foregoing 

embodiments but can be variously modified without 

departure from the gist of the invention. 

10 For example, foregoing Embodiments 1 to 10 have 

been described with reference to the case where the 

wiring is of the ordinary wiring structure, but the. 

invention i~ limited to· this, but the wiring may· 

alternatively b.e· formed by, e.g., the so-called 

15 damascene method, or the duel damascene method 

according to which a wiring is fo~ed in an insulator 

film or a_ wiring is formed by burying a conductor film 

into a groove for a hole. 

Further, foregoing·Embodiments 1 to 10 have been 

20 described with reference to the case where a 

semiconductor substr~te comprising an elemental 

semiconductor is used, but the·invention is not 

limited· to such case, .but, for example, an SOI 

(Sil.icon On Insulator)· substrate constituted by 

25 providing a thin semiconductor layer on an insulator 
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layer, or an epitaxial substrate comprising an 

epitaxial layer provided on a semiconductor substrate. 

In case that the mark pattern is forined of a 

·resist·fiim in foregoing Embodiments 1, 11, an 

5 absorbing material which absorbs-the mark detecting 

light (such as, e.g., the· probe light of a defect 

inspecti~n equipment. (the probe·. light being light 

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

the exposure wavelength)) may be added to the resist 

10 film. 

15 

In the above, the invention achieved by the 

present inventor has been de~cribed, mainly, with 

reference to the ·.case where the invention is . applied 

to the method for the manufacture of a semiconductor 

integrated circuit device with a CMIS circuit which 

belongs to the field of utilization_ cons~ituting the 

background of the invention, but the invention is not 

lilnited to •this~ but can also be applied to a 

semiconductqr integ~ated circuit device with a memory 

20 circuit such as, e.g., a DRAM (Dynamic Random Access 

.Memory),· an SRAM (Static Random Access Memory) or a 

·flash memory (EEPROM; El.ectric Erasable R~ad Only 

Electric Erasable Read Only Memory) or the like, a 

semiconductor integrated circu.it. device with a. logic 

25 circuit such as, e.g., a microprocessor or the like, 
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or a mixed-discrete-components-loaded type 

semiconductor circuit device in which the above-

mentioned memory circuit and logic circuit are 

provided on one and the same semiconductor substrate. 

Further, the-technical concept of the present 

invention is not limited to the application to the b 

method of manufacturing semiconducto·r integrated 

circuit devices but can also be applied to the method 

. of manufacturing othe·r electronic devices (electronic 

10 circuit devices) etc. such as,· e.g., a liquid crystal 

substrate and a magnetic head. 

Further, the pellicle is stuck or bonded· to the 

mask substrate iri. the portion provided with ·no resist, 

whereby a good fixing characteristic is provided. In 

15 particular, in case the pellicle is contact-fixed on a 

chrominum (metal) screening film i~ the ~eriphery of 

the mask, a specially excellent flxing characteristic 

is exhibited. 

Further, the fixing of the peilicle to the mask 

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

pellicle is contact-fixed onto that portion of the 

mask periphery which has no re_sist film, that· is, onto 

the surface of a quartz mask substrate, a screening 

metal portioD: such as, e.g., chrominum or a metal 

25 compound.film portion; and thus, a good fixing 
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characteristic followed by no shift or deviation is 

·exhibited •. 

The effects achieved by the typical ones .of the 

inventions disclosed in the present application will 

5 be briefly described below. 

(1). According to the present invention, in the 

periphery of the optical mask, any of various patterns 

comprising a resist film are not provided in the 

region with which the mounting portion of the 

10 inspection equipment, the aligner or the lik~ is 

contacted, whereby·the occurrence of foreign matters 

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

film on the optical mask due to the mechanical shocks 

caused when the optical mask is mounted on the 

15 inspection equipment, the aligner or the like can be 

suppressed or prevented. 

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

.cieterioratio·n of ·the detecting accuraC::y due to the 

peeling-off or shaving-off of the resist film on the 

20 photo mask and the deterioration .in the transfer 

accuracy of the exposure pattern can be prevented. 

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

possible to prevent the short-circuit defects, open­

circuit defects, etc. between the patterns on the 

25 semiconductor wafer due to the peeling-off or shaving-
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off of the resi.st film on the photo mask. 

(4). Since a·l~ght screening metal region is 

provided in the outer periphery of the mask substrate 

of the optical mask, and, by removing· a p.ortion of 

5 ·this light screening metal region, a·mark pattern for 

detecting the information.of the optical mask is 

formed, the ability of detecting the information of 

the optical mask can be enhanced. 

( 5) • Due to foregoing Item ( 4) ,. the detecting 

10 accuracy of the calibrat~ng mark on the optical mask 

can be enhanced in case of inspecting the optical 

mask, so that the inspecting accuracy.of the optical 

mask can be enhanced.· Therefore, the reliability of 

the optical mask can be enhanced • 

15 

20 

. ( 6) • Due· to f.oregoing .Item ( 4) , the accuracy in 

the aiignment between the optical mask· and the aligner 

can be enhanced •. Accordingly, the transfer accuracy 

of the patterns transferreQ onto.the semiconductor 

wafer and the alignment· accuracy can be enhanced. 

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

reliability ~f the semiconductor integrated circuit 

devices manufactured by the use of the optical mask 

according to the pre~ent invention can be enhanced. 

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

25 .Yield of the semiconductor integrated circuit devices 
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to the present inventton can be enhanced. 
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What is claimed is: 

i·. A method of manufactµring a semiconductor 

integrated circuit device, comprising: , (a) the step 

of irradiating far ultraviolet or.vacuum ultraviolet 

5 _exposure light from a second major surface side of. a 

mask substrate, said mask substrate having on a first 

major surface thereof a light shielding· pattern whic:h 

is an integrated circuit pattern on·a mask and 

comprises a photo resist pattern1 and ( b) the .. st~p 

10 of reduction-projecting, by a projection optical 

system, said expbsure light which has transmitted 

through said mask substrate, whereby said integrated 

circuit pattern is imaged on a phot~ resist-film 

formed on a first major surface of a semiconductor 

15 integrated circuit wafer and thus transferred. 

20 

2. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 1, · 

wherein the wavelength of. said exposure light is at 
. . ' least 100 nm less than 250 run. 

3. The method-.of manufacturing a semiconductor 

integrated.circuit device according to-Claim 2, 

wherein said wavelength of said expo~ure light is at 

least 10.0 nm but· less than 200 run. 

4 •. The method of· manufac.turing a semiconductor 

25 integrated circuit device according to Claim 3, 
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wherein, in the peripheral portion of the first major 

surface of said mask substrate, a light screening 

metal region is provided •. 

5. The method of manufactur.ing a semiconductor 

5 integrated circuit device according to Claim 41 

wherein, on the 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 light screening metal region~. 

10 6. A method of manufacturing a semiconductor · 

.integrated circuit device; comprising: . . 

(a) the step of irradiating far ultraviolet or. vacuum 

ultraviolet exposure light from a first major surface 

or a second major surface side of said mask substrate 

15 in the state in which the perip.heral region of said 

mask substrate is· held on a mask holding· mechanism, 
. .. 

said mask. substrate having on the first major surface 

thereof a light shielding pattern which is an 

integrated circuit.pattern ona mask and comprises a 

20 photo resist pattern, said resis~ pattern being not 

provided on said peripheral regionJ and 

(b) the step of rE;?dUction-proj.ecting,_ by a projection 

optical system, said exposure light .which has 

transmitted through said mask substrate, whereby said 

25 integrated circuit pattern is imaged on a photo resist 
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film formed on. a first-major surface of a 

semiconductor integrated circuit wafer and thus 

transferred. 

7. The method o~ manufacturing a semiconductor 

5 · integrated circuit according to Claim 6, wherein the 

wavelength Of said exposure light is at least 100 nm 

but less· than 250 run. 

8. The method of manufacturing a semiconductor 

integrated circuit ·according to Claim 7 ,_ wherein, 

10. wh~rein the wa~elength of said exposure light is at 

least .100 run but less than 200 run. 

9. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 8, 

wherein, in the peripheral portion of the: first m~jor 

15 surface of said mask substrate, a light.screening 

metal region is provided~ 

10. The method of manufa~turing a semiconductor 

integrated.circuit device according to Claim 9, 

wherein, on the first major surface of said mas~ 

20 substrate, a :pellicle is provided so as to cover said 

integrated circuit pattern, said pellicle being 

cont~ct-fixed on said light screening metal.region. 

11. A method of· ·manufacturing a semiconductor 

integrated circuit device, comprising: 

25 (a) the step of irradiating far ultraviolet or vacuum 
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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 of the first major surface thereof, a 

5 light shielding pattern ~hich 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 reduction-projecting, by a projection 

10 ·optical.system; said exposure light which has 

transmitted through said mask substrate, whereby, on a 

photo .r;esist film formed on a first major surface of a 

semiconductor integrated circuit.wafer, said 

integrated circuit pattern is imaged and thus 

15 transferred. 

20 

12. The method of ·manufacturing a semiconductor 

integrated circuit devi'ce· acc"ording to.Claim il, 

wherein the wavelength of said exposure light is at 

least 100 nm but less than 250 nm.. 
13. The .method of manufacturing a semiconductor 

'. 
integrated circuit device according to Claiiit. 12, 

wherein.the wavelength of said· expos~re light is at 

least 100 nm but less than 200 nm. 

14. The method of manufacturing a semiconductor 

25 integrated circuit device· according.to Claim 13, 
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wherein, on the first major surface of said mask. 

substrate., a pellicle is provided so as to cover said 

integrated circuit pattern, sa.id pellicle being · 

contact-fixed on said light ·screening metal region. 

· 15. A method of manufacturing a semiconductor 

integrated circuit-device,· comprising:. 

(a). :the step of irradiating far ultraviolet or vacuum 

ultraviolet. exposure. light f·rom a first major surf ace 

or a second major surf.ace side of a mask substrate, 

10 said mask substrate·h~ving, in an integrated circuit· 

pattern region of the first major surface thereof, a 

l~ght shielding pattern which is a~ integrated circuit 

pattern on a mask and comprises a photo resist 

pattern, wherein a·pellicle is contact-fixed in that 

15 part of the peripheral portion of said integrated 

circuit pattern region· i~ which s·aid· photo resist 

pattern is not formed; and 
. . 

(b) the_step of reduction-projecting, by a projection 

optical.system, said .exposure light which has 

20 transmitted through said mask substrate,·· whereby, on a 

photo resist f ilni formed on a first major surface of a 

_semiconductor integrated circuit waf~r, said 

integrated circuit pattern.is imaged and thus 

transferred. 

25 16. The method of manufacturing a semiconductor 
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integrated circuit device according to Claim 15, 

wherein the wavelength of said exposure light is at 

least 100 nm but less-than 250 nm. 

17. The method of· manufacturing a semiconductor 

5 integrated circuit device according to Claim 16,_ 

wherein the wave~ength of said exposure light is at 

least 100 nm'but less than 200 nm. 

18. The method of manufacturing a semiconductor 

integrated circuit device· according to Claim 17, 

10 wherein, in the peripheral portion·of the first major 

surface of said mask substrat.e, a light screening 

metal region is provided. 

19. The method of manufacturing a semiconductor 

integrated circuit device according to Claim 18, 

15 wherein, on the.first major ·surface of· said mask 

.. substrate, said pellicle is contact-fixed on said 

light screening metal region •. 

20. A method of manufacturing a selniconductor 

integrated circuit device, comprising: 

20 (a) the step of irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a first major surface 

side or a secorid major surface side of a mask 

substrate,-said mask substrate having, on the first 

~ajar surface thereof, a halftone light shielding 

25 pattern comprising a photo resist pattern which 

... 114 -



t.: ~ - . 
" I If lllll llllll lllll lllll II llll . 

c l M S * 

c.on~titute~ an integrated circuit pattern on a mask; 

and 
. . ..·. . . 

. (b) the ste~ of reduction~projecting, by a projection 

optical system, said exposure light which. has 

· 5 transmitted t~rough said mask substrate, whereby, on a 

photo resist film formed on a first major surf ace of a 

semiconductor integrated circuit wafer, said 

integr~ted circuit pattern is imaged and thus 

transferred. 

10 21. The method of manufacturing a semiconductor· 

integrated circuit device according to Claim 2 0 1. 

wherein the wavelength of said exposure light is at 

least lOOnm but less tJl,an 250 nm. 

22. The method of manufacturing a semiconductor 

15 integrated circuit .device. according to Claim 21, 

wherein the wavelength-of said exposure light is at 

least 100 nm but less than 200 nm. 

,-23. The method of manufacturing a· semlconductor 

integrated circuit device according to Claim 22, 

20 w~erein, in the peripheral portion 9f the first major 

surface of said masksubstrate,'a ligtit screening 

metal region is provided. 

24. The method ,of manufacturing a semiconductor 

integrated circuit device according to Claim 23, 

25 wherein, on the f_irst major surface of said mask 
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substrate, a pellicle is provided.so as to cover said 

integrated circuit pattern, said pellicle being 

contact-fixed on said light· screening region. 

25. A method of manufacturing a semiconductor 

5 integrated circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a· first major surface 

side or a second major surface side of a mask 

substrate, which has, on the first major surface 

10 thereof, a light shielding pattern ~hich is an 

integrated circuit pattern on a Lebenson type phase 

shift mask and comprises· a photo resist pattern; and 

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

optical system, the e~posure light which has 

15 transmitted through said mask substrate, whereby, on a 

... first major surface of ·a semiconductor integrated 

circuit w~fer, said integrated circuit pattern is 

imaged and thus transferred. 

26. The method of manufacturing a semiconductor 

20 integrated circuit device according to Claim 25, 

wherein the wavelength of.said exposure light is at 

least 100 nm but les1;3 than 250 nm. 

2·7. Tne· method 'of manufacturing a semiconductor 
. ' 

integrated circuit device accor~ing to.Claim 26, 

· 25 wherein, wherein the wavelength of said e~posure light 
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is at least 100 nm but less than .200 nm. 

28. The method of manufacturinq a semiconductor 

integrated circuit device according to Claim 27, 

wherein, in the peripheral portion of ·said first major. 

5 s.urface; a liqht screeni.ng metal region is provided. 
. . 

29. The method of manufacturing a semiconduc.tor 

integrated circuit device according to .Claim 28, 

wherein, on the first _major surface of said mask 

substrate, a pellicle is provided so as to cover said 

10 integrated circuit pa-t;tern, saidpellicle_being 

contact-fixed on said light screening metal region. 

30. A method of manufacturing a semiconductor 

integrated circuit device, comprising: 

.(a) the step of irradiating far ultraviolet or vacuum 

15 ultraviolet exposure light from a first major surface 

or a second major surface side of a mask substrate, 

said mask substrate having,·ln an integrated circuit 

pattern region of said first major surfac·e thereof, a 

light shielding pattern which is an integrated circuit 

20 pattern on a mask and comprises a photo resist 

pattern, wherein a pellicle is contact-fixed in the 

peripheral portion of said integrated circuit pattern 

of said first major surface so ·as to cover said 

integrated circuit patte_rn; and 

25 (b) the step of _reduction-projecting, by a p,rojection. 
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optical system, said exposure light which has 

transmitted through said mask substrate, whereby, on a 

photo resist film formed on a first· major surface of a 

semiconductor integrated circuit, ~aid integrated 
. ' . .· ' . . 

s circuit pattern. is imaged and thus transferred. 

10 

31. The method of manufacturing a semiconductor 

integrated circuit device accor~ing to Claim 30, 

wherein the w~velength of said exposure light is at 

least 100 nm. but less than 250 mn. 
• I 

32. The method of manufacturing a semiconductor 

integrated circuit device· 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 

15 integrated circuit device according to Claim 32, . 

wherein, in the peripheral _portion of t~e· first major 

surface of said mask substrate, a light screening 

metal region is provided. 

34. The method of manufacturing a semiconductor 

20 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 circuit pattern, said pellicle being 

contact-fixed on said light screening metal region. 

35. A method of manufacturing a semiconductor 
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integrated circuit device, c~mprising: 

(a) the step of irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a first ~ajor surface 

or a second major surface side of a mask substrate, 

5 said mask·substrate having, in an·integrated circu-it 

pattern region of said first major surface thereof, a 

light shielding pattern which is an integrated circuit 

pattern on a mask and comi>rise·s a photo resist 

.pattern, wherein a protective film is formed on said 

10 photo resist_ pattern so.as to cove:r; said ~ntegrated 

circuit pattern region of said first-majo~ surface; 

and 

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

optical system, said exposure light which has 

15 transmitted through said. mask substrate, whereby, on a 

20 

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

semi~onductor"integrated ~ircuit wafer, "said 

integrated circuit pattern is imaged and thus 

transferred. 

3 6. The, method of manufacturing a .semic~:mductor 

integrated circuit device according to Claim 35·, 

wherein the wavelength of said expos~re light is at 

least 100 nm but less than 250 nm. 

31. The method of manufacturing a semiconductor 

25 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 manufacturing a semiconductor 

integrated circuit device, comprising: 

5· (a) the step of ·irradiat~ng far ultraviolet or vacuum 

ultraviolet exposure light from a .first major surface 

or a second major surface side of a mask ~~bstrate, 

said mask substrate having, in an integrated circuit 

pattern region of said. first major surface thereof, a 

10 light shielding pattern which is an integrated circuit 

pattern on a mask and comprises a photo resist 

pattern, wherein a conductive ground film is formed 

beneath said photo resist pattern on said first major 

surface; and 

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

.. optical system, said exposure light which has 

transmitted through said mask-substrate, Whereby, on a 
' . . 

photo resist film formed on-a first major surface of a 

semiconductQr integrated circuit wafer, said 

· 20 integrated . circuit pattern is imaged and thus 

.transferred. 

39. The method of manufacturing a semiconductor· 

integrated circuit device according to Claim 38, 

wherein the wavelength of 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 accordin_g: to Claim 39, 

wherein th~ wavelength of said exposure light is at· 

least 100 nm but less than 200 nm •. 

41. Mask blanks fo~ the reduction projection 

exposure Of vacuum .. ultraviolet rays 1 . comprising: 

(a) a mask substrate which has first and second major 
: . ; . 

surfaces and is transparent with respect to far 

ultraviolet rays or vacuum ultraviolet rays with a 

10 wavelength of at least 100 nm but less than 250 nm; 

(b) a region coated with a light screening metal film 

Which region is formed on said first major surface Of 

said mask substrateJ ·and· 

(c) an opening region provided in.the portion 

15 corresponding to an integrated circuit pattern region 

.. in the central portion· of said region coated with a 

light screening metal film. 

42. The method of manufacturing a semiconductor 

.integrated circuit device according to Claim_ 41, 

20 wherein the wavelength Qf said exposure light is at 

least 100 run but less than 200 nm. 

43. A method of manufacturing an_optical mask 

for performing the reduction projection exposure of a 

semiconductor integrated circuit device, wherein far 

25 ultraviolet rays or,vacuum ultraviolet rays are used 
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as the .exposure light, comprising: 

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

processed-mask holding portion of a mask writer; 

(b) the step of detecting a position detecting pattern 

s · provided in the peripheral portion of a first major 
. . . ' 

surface of said mask substrate; and 

(c) the step of calibrating an integrated circuit 

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

the bas is of the result of the above..;mentioried · 
' 

10 detection, whereby s~id integrated circuit pattern is 

written on an integrated circuit pattern region on 

said first major surface. 

44. The method of_ manufacturing a semiconductor 

integrated circui~ devic_~ according to Claim 43, 

15 wherein the wavelength of said exposure light is at 

... least 100 nm but ·less than 250 nm. 

45. The method of -manufacturinq a semiconductor 

integrated circuit device according to Claim 44, 

wnerein the wavelength of said exposure liqht is at 

20 least 100 nm but less than·200 nm. 

46. An.optical mask comprisin91 

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

surfaces and is transparent with respect to far 

ultraviolet or vacuum. ultraviolet rays; 

25 (b) an integrated circuit pattern.region of. ~he first 
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.major surface of said mask substrate; 

(c) an integrated circuit pattern on the mask 

-substrate, said integrated circuit pattern being 

formed of a light shieldinq pattern_in said integrated 

5 circuit pattern region o~ said mask substrate and 

being i.inaged on a photo resist film formed on a first 

major surface of a semiconductor integrated circuit 
. . 

w~fer-, by reduction-projecting, by means of a 

projection optical system, the expo~ure light which 

10 has transmitted through said mask substrate, said 

15 

. integrated circuit pattern being thus transferred; and 

(d) a light screening metal region provided in the 

peripheral regi~n of the f i~st major surface of sai~ 

mask substrate. 

47. An optical ~sk comprising: 

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

surfaces and is transparent with respect to far 

·. ultraviolet or vacuum ultraviolet rays; 

(b) an integrated·circuit pattern region.of the first 

20 major surface of said mask substrate; a~d 

(c) an integrated circuit pattern on the mask 

substrate; said integrated circuit pattern being 

formed, in said integrated circuit pattern region of 

said mask substrate, of a halftone light shielding 

25 pattern which comprises a photo resist pattern, said 
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integrated circuit pattern bei~g imaged on a photo 

resist film formed on a first major surface of a . 

semiconductor integrated circuit wafer, by reduction­

p~ojecting, by means of a projection optical system, 

5 the exposure light which.has transmitte~ through said 

mask substrate, said integrated.circuit pattern being 

thus transferred. 

48. An optical mask comprising: 

(a) a mask sub~trate which has first and second major 

10 surfaces and is transp·arent 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). ari integrated circuit pattern region of the first 

15 major surface Of said mask substrate; and 

.. (d) an integrated circuit p21tte.:i:n on a mask substrate, 

.said integrated circuit pattern being formed, in said 

integrated circuit pattern regi~n of said mask 

substrate, of a light shielding pattern which 

20. comprises a photo resist pattern, said integrated 

circuit pattern being imaged on a.photo resist fi~m' 

formed on a first major surface of a semiconductor 

integrated circuit wafer; by reduction-projecting, by 

means of a projection optical system, the.exposure 

25 light which has transmitted through said ·mask 
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substrate; said integ~ated circuit pattern being thus 

transferred. 

49. An optical mas~ comprising: 

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

5 surfaces and is transparent with respect to far 

ultraviolet rays or vacuum ultraviolet rays1 

(b) an integrated cii;cuit pattern region of ,the, first 

major surface of said mask substrate; 

(c) an integrated circuit pattern on·the mask 

10 substrate, said i~tegrated circuit pattern being 

formed, in said integrated circuit pattern regio_n of 

said mask substrate, of a halftone light shielding 

. pattern which comprises a photo resist pattern, said 

integrated circuit pattern being imaged o~ a photo 

·15 resist film formed on a first. major surface of a 

·.semiconductor integrated ·circuit wafer, by reduction­

projecting, by means·of a project~on optical system, 

the exposure light which has transmitted through said 

mask substrate, said integrated circuit pattern being 

20 thus transferred; and 

· (d) a protective film covering said integrated circuit 

pattern region and said light shielding pattern. 
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