
US 20070153245Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0153245 A1 

Endo et al. (43) Pub. Date: Jul. 5, 2007 

(54) 

(75) 

(73) 

(21) 

(22) 

(62) 

(30) 

Nov. 13, 2003 
May 17, 2004 

SEMICONDUCTOR MANUFACTURING 
APPARATUS AND PATTERN FORMATION 
METHOD 

Inventors: Masayuki Endo, Osaka (JP); Masaru 
Sasago, Osaka (JP) 

Correspondence Address: 
MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 (US) 

Assignee: MATSUSHITA ELECTRIC INDUS 
TRIAL CO., LTD., Osaka (JP) 

Appl. No.: 11/715,852 

Filed: Mar. 9, 2007 

Related US. Application Data 

Division of application No. 10/ 983,655, ?led on Nov. 
9, 2004, noW Pat. No. 7,195,860. 

Foreign Application Priority Data 

(JP) ............................... .. JP 2003-383784 

(JP) ............................... .. JP 2004-146217 

Publication Classi?cation 

(51) Int. Cl. 
G031; 27/52 (2006.01) 
G031; 27/42 (2006.01) 
G021; 3/00 (2006.01) 
G03C 5/00 (2006.01) 
G03F 7/00 (2006.01) 
G03F 7/26 (2006.01) 
G021; 21/02 (2006.01) 
G021; 9/00 (2006.01) 

(52) Us. or. .......................... ..355/30;430/302;430/322; 
430/331; 355/53; 359/649; 

359/656 

(57) ABSTRACT 

A semiconductor manufacturing apparatus includes a liquid 
supplying section for supplying a liquid onto a stage for 
holding a Wafer on Which a resist ?lm is formed; an exposing 
section for irradiating the resist ?lm With exposing light 
through a mask With the liquid provided on the resist ?lm; 
and a removing part for removing, from the liquid, a gas 
included in the liquid. Thus, the liquid from Which the gas 
has been removed is provided on the resist ?lm, and there 
fore, foams included in the liquid or formed during the 
exposure can be removed. Accordingly, exposure abnormal 
ity such as di?craction abnormality can be prevented, result 
ing in forming a resist pattern in a good shape. 
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SEMICONDUCTOR MANUFACTURING 
APPARATUS AND PATTERN FORMATION 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119 on Patent Application Nos. 2003-383784 and 2004 
146217 respectively ?led in Japan on Nov. 13, 2003 and 
May 17, 2004, the entire contents of Which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
manufacturing apparatus used for manufacturing semicon 
ductor integrated circuits by employing immersion lithog 
raphy and a pattern formation method using the semicon 
ductor manufacturing apparatus. 

[0003] In accordance With the increased degree of inte 
gration of semiconductor integrated circuits and doWnsiZing 
of semiconductor devices, there are increasing demands for 
further rapid development of lithography technique. Cur 
rently, pattern formation is carried out through photolithog 
raphy using exposing light of a mercury lamp, KrF excimer 
laser, ArF excimer laser or the like, and use of F2 laser lasing 
at a shorter Wavelength is being examined. HoWever, since 
there remain a large number of problems in exposure sys 
tems and resist materials, photolithography using exposing 
light of a shorter Wavelength has not been put to practical 
use. 

[0004] In these circumstances, immersion lithography has 
been recently proposed for realiZing further re?nement of 
patterns by using conventional exposing light (for example, 
see M. SWitkes and M. Rothschild, “Immersion lithography 
at 157 nm”, J. Vac. Sci. Technol., Vol. B19, p. 2353 (2001)). 

[0005] In the immersion lithography, a region in an expo 
sure system sandWiched betWeen a projection lens and a 
resist ?lm formed on a Wafer is ?lled With a liquid having a 
refractive index n, and therefore, the NA (numerical aper 
ture) of the exposure system has a value n~NA. As a result, 
the resolution of the resist ?lm can be improved. 

[0006] NoW, a conventional pattern formation method 
employing the immersion lithography Will be described With 
reference to FIGS. 13A through 13D. 

[0007] First, a positive chemically ampli?ed resist mate 
rial having the folloWing composition is prepared: 

[0008] Base polymer: poly((norbornene-5-methylene-t 
butylcarboxylate) (50 mol %)-(maleic anhydride) (50 mol 
%)) . . . 2 g 

[0009] Acid generator: triphenylsulfonium tri?ate . . . 0.06 

g 

[0010] Quencher: triethanolamine . . . 0.002 g 

[0011] Solvent: propylene glycol monomethyl ether 
acetate . . . 20 g 

[0012] Next, as shoWn in FIG. 13A, the aforementioned 
chemically ampli?ed resist material is applied on a substrate 
1 so as to form a resist ?lm 2 With a thickness of 0.35 pm. 
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[0013] Then, as shoWn in FIG. 13B, With a liquid (Water) 
3 provided on the resist ?lm 2, pattern exposure is carried 
out by irradiating the resist ?lm 2 With exposing light 4 of 
AIF excimer laser With NA of 0.68 through a mask 5. 

[0014] After the pattern exposure, as shoWn in FIG. 13C, 
the resist ?lm 2 is baked With a hot plate at a temperature of 
1000 C. for 60 seconds, and the resultant resist ?lm is 
developed With a 2.38 Wt % tetramethylammonium hydrox 
ide developer. In this manner, a resist pattern 211 made of an 
unexposed portion of the resist ?lm 2 and having a line 
Width of 0.09 pm is formed as shoWn in FIG. 13D. As shoWn 
in FIG. 13D, hoWever, the resist pattern formed by the 
conventional pattern formation method is in a defective 
shape. 

SUMMARY OF THE INVENTION 

[0015] The present inventors have variously examined the 
reason Why the resist pattern formed by the conventional 
immersion lithography is in a defective shape, resulting in 
?nding the folloWing: When a movable stage provided in the 
exposure system for holding a Wafer moves, ?ne foams are 
formed Within the liquid 3, and these foams cause abnor 
mality of aberration and diffraction of a projection lens. In 
particular, When the movable stage is moved With a liquid 
standing up above the surface of the Wafer, the air is 
sWalloWed up into the liquid in the form of foams through 
a boundary betWeen a resist ?lm and the liquid. 

[0016] Accordingly, When the pattern exposure is per 
formed through the liquid including such ?ne foams; the 
resultant resist pattern is in a defective shape. For example, 
as shoWn in FIG. 13D, the resist pattern 211 formed by the 
conventional pattern formation method employing the 
immersion lithography is in a defective shape. When a resist 
pattern in such a defective shape is used for etching a target 
?lm, the resultant pattern of the target ?lm is also in a 
defective shape, Which disadvantageously loWers the pro 
ductivity and the yield in the fabrication process for semi 
conductor devices. 

[0017] In consideration of the aforementioned conven 
tional problem, an object of the invention is forming a resist 
pattern in a good shape by employing the immersion lithog 
raphy. 

[0018] In order to achieve the object, according to the 
present invention, in a semiconductor manufacturing appa 
ratus employing the immersion lithography and a pattern 
formation method using the apparatus, a gas included in a 
liquid provided on a resist ?lm in exposure is removed. 

[0019] Speci?cally, a degassing mechanism or a mecha 
nism for spraying an immersion liquid is used for removing 
the gas. 

(Aspects Using Degassing Mechanism) 
[0020] The ?rst semiconductor manufacturing apparatus 
of this invention using a degassing mechanism includes a 
stage for placing a substrate on Which a resist ?lm is formed; 
a liquid supplying section for supplying a liquid onto the 
stage; an exposing section for irradiating the resist ?lm With 
exposing light through a mask With the liquid provided on 
the resist ?lm; and a degassing section for removing a gas 
included in the liquid, and the degassing section includes a 
removing part for removing a gas from the liquid having 
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been supplied from the liquid supplying section; a supplying 
path for supplying, onto the resist ?lm, the liquid from Which 
the gas has been removed; and a recovering path for recov 
ering, to the removing part, the liquid having been supplied 
onto the resist ?lm. 

[0021] In the ?rst semiconductor manufacturing appara 
tus, the liquid from Which the gas has been removed by the 
degassing section is provided on the resist ?lm, and there 
fore, the liquid used in the exposure includes no foams. As 
a result, a ?ne pattern can be formed in a good shape. 

[0022] The second semiconductor manufacturing appara 
tus of this invention using a degassing mechanism includes 
a liquid supplying section for supplying a liquid to be 
provided on a stage for placing a substrate on Which a resist 
?lm is formed; an exposing section for irradiating the resist 
?lm With exposing light through a mask With the liquid 
provided on the resist ?lm; and a degassing section for 
removing, from the liquid, a gas included in the liquid, and 
the degassing section degases the liquid provided on the 
stage by the liquid supplying unit. 

[0023] In the second semiconductor manufacturing appa 
ratus, the liquid provided on the stage is degassed by the 
degassing section, and hence, the liquid having been 
degassed is provided on the resist ?lm. Therefore, the liquid 
used in the exposure includes no foams. As a result, a ?ne 
pattern can be formed in a good shape. 

[0024] The third semiconductor manufacturing apparatus 
of this invention using the degassing mechanism includes an 
exposing section for irradiating, With exposing light through 
a mask, a resist ?lm formed on a substrate that is placed on 
a stage and on Which the resist ?lm is formed, With a liquid 
provided on the resist ?lm; a liquid supplying section for 
supplying the liquid betWeen the resist ?lm and the exposing 
section; a liquid recovering section for recovering the liquid 
having been supplied onto the resist ?lm; and a controlling 
section for controlling a liquid supplying operation of the 
liquid supplying section, a liquid recovering operation of the 
liquid recovering section and an operation of the stage. 

[0025] In the third semiconductor manufacturing appara 
tus, the controlling section appropriately adjusts a How rate 
and a ?oWing direction of the liquid caused on the stage and 
a movement rate and a moving direction of the stage. 
Therefore, the air can be prevented from being sWalloWed up 
into the liquid through the edge of the substrate in moving 
the stage, and hence, no foams are formed. As a result, a ?ne 
pattern can be formed in a good shape. 

[0026] In the third semiconductor manufacturing appara 
tus, the controlling section preferably controls the liquid 
supplying operation and the liquid recovering operation and 
adjusts the operation of the stage in such a manner that a 
How rate and a ?oWing direction of the liquid caused on the 
resist ?lm by the liquid supplying operation and the liquid 
recovering operation substantially accord With a movement 
rate and a moving direction of the stage. 

[0027] In the ?rst semiconductor manufacturing appara 
tus, the liquid recovered through the recovering path to the 
removing part is preferably degassed in the removing part 
and supplied onto the resist ?lm through the supplying path. 

[0028] In the third semiconductor manufacturing appara 
tus, the liquid recovering section and the liquid supplying 
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section are preferably mutually connected, and the liquid 
having been recovered by the liquid recovering section 
preferably ?oWs into the liquid supplying section. Thus, the 
cost of the liquid can be reduced and the liquid can be stably 
supplied. 

[0029] The ?rst pattern formation method of this invention 
using a degassing mechanism includes the steps of forming 
a resist ?lm on a substrate; performing pattern exposure by 
selectively irradiating the resist ?lm With exposing light With 
a liquid provided on the resist ?lm; and forming a resist 
pattern by developing the resist ?lm after the pattern expo 
sure, and the step of performing pattern exposure includes a 
sub-step of removing a gas included in the liquid provided 
on the resist ?lm. 

[0030] In the ?rst pattern formation method, the liquid 
provided on the resist ?lm is alWays degassed, and hence, no 
foams are formed in the liquid used in the exposure. As a 
result, a ?ne pattern can be formed in a good shape. 

[0031] The second pattern formation method of this inven 
tion using a degassing mechanism includes the steps of 
forming a resist ?lm on a substrate; performing pattern 
exposure by selectively irradiating the resist ?lm With 
exposing light With a liquid provided on the resist ?lm after 
placing, on a stage, the substrate on Which the resist ?lm is 
formed; and forming a resist pattern by developing the resist 
?lm after the pattern exposure, and the step of performing 
pattern exposure includes a sub-step of supplying the liquid 
onto the resist ?lm and recovering the liquid from above the 
resist ?lm in such a manner that a How rate and a ?oWing 
direction of the liquid caused on the resist ?lm substantially 
accord With a movement rate and a moving direction of the 
stage. 

[0032] In the second pattern formation method, in the step 
of performing pattern exposure, the air can be prevented 
from being sWalloWed up into the liquid provided on the 
stage through the edge of the substrate in moving the stage, 
and hence, no foams are formed. As a result, a ?ne pattern 
can be formed in a good shape. 

[0033] The ?rst or second pattern formation method pref 
erably further includes, after the step of performing pattern 
exposure, a step of recovering the liquid for recycle. 

(Aspects Using Mechanism For Supplying Immersion Liq 
uid Through Spray) 

[0034] The present inventors have found that foams 
formed in an immersion liquid are remarkably reduced by 
spraying the liquid to be stored and that spraying the 
immersion liquid on a foam itself reduces the diameter of the 
foam and increases the How rate, so as to improve foam 
breaking poWer. 

[0035] Speci?cally, When a liquid is sprayed, the diameter 
of each liquid drop is very small and the How rate of the 
liquid drop is higher as compared With a general case Where 
the liquid is alloWed to How into a vessel. Accordingly, for 
example, When a liquid is supplied through spray on a liquid 
previously stored in a vessel, the force of the sprayed liquid 
colliding against the liquid face of the previously stored 
liquid is larger than that obtained in the case Where the liquid 
is alloWed to How into the vessel. At this point, since drops 
of the sprayed liquid have very small diameters, the spayed 
liquid is rapidly permeated in the liquid surface of the stored 
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liquid because the repulsion of the liquid surface is small. In 
other Words, When a liquid is sprayed, foams are minimally 
formed, and in the case Where the sprayed liquid collides 
against a previously formed foam, the foam is easily van 
ished. 

[0036] The following aspects of the present invention 
Were devised on the basis of the aforementioned ?nding. In 
the case Where an immersion liquid is temporalily stored, the 
immersion liquid is sprayed to be stored, so as to vanish 
foams formed in the liquid to be provided betWeen a resist 
?lm and a projection lens. These aspects are speci?cally 
practiced as folloWs: 

[0037] The fourth semiconductor manufacturing appara 
tus of this invention includes a stage for placing a substrate 
on Which a resist ?lm is formed; a liquid supplying section 
for supplying a liquid onto the stage; and an exposing 
section for irradiating the resist ?lm With exposing light 
through a mask With the liquid provided on the resist ?lm, 
and the liquid supplying section includes a storing part for 
storing the liquid and a spraying noZZle for spraying the 
liquid into the storing part. 

[0038] In the fourth semiconductor manufacturing appa 
ratus, foams formed in the immersion liquid to be provided 
betWeen the exposing section and the resist ?lm can be 
vanished. Accordingly, the abnormality of aberration of the 
projection lens can be prevented, resulting in forming a 
resist pattern in a good shape. 

[0039] In the fourth semiconductor manufacturing appa 
ratus, the liquid supplying section preferably includes a 
noZZle for alloWing another liquid to How into the storing 
part. Thus, When another liquid is alloWed to How into a 
vessel to be stored through the noZZle and the liquid is 
sprayed on the stored liquid through the spraying noZZle, the 
sprayed liquid is mixed With the stored liquid While vanish 
ing foams formed in the stored liquid. Furthermore, since the 
sprayed liquid can be added to the stored liquid little by 
little, the composition of the mixed liquid can be easily 
adjusted. HoWever, the sprayed liquid and the stored liquid 
need not have different compositions but may have the same 
composition. 
[0040] In this case, the noZZle for alloWing another liquid 
to How is preferably a spray noZZle. 

[0041] In the fourth semiconductor manufacturing appa 
ratus, the exposing section and the liquid supplying section 
are preferably disposed Within one chamber. 

[0042] Alternatively, in the fourth semiconductor manu 
facturing apparatus, it is preferred that the exposing section 
is disposed Within a chamber and that the liquid supplying 
section is disposed outside the chamber. Thus, the inside of 
the chamber can be prevented from being contaminated by 
the liquid stored in the storing part. 

[0043] The third pattern formation method of this inven 
tion includes the steps of forming a resist ?lm on a substrate; 
spraying a liquid to be stored; performing pattern exposure 
by selectively irradiating the resist ?lm With exposing light 
With the stored liquid provided on the resist ?lm; and 
forming a resist pattern by developing the resist ?lm after the 
pattern exposure. 

[0044] In the third pattern formation method, the liquid is 
sprayed to be stored and the stored liquid is provided on the 
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resist ?lm, and hence, foams formed in the liquid can be 
vanished. Accordingly, the abnormality of aberration of a 
projection lens can be prevented, resulting in forming a 
resist pattern in a good shape. 

[0045] In the third pattern formation method, in the step of 
spraying a liquid, the liquid is stored by spraying the liquid 
on another liquid previously stored. Thus, since the sprayed 
liquid is added to the previously stored liquid, the sprayed 
liquid is mixed With the stored liquid While vanishing foams 
formed in the stored liquid. Furthermore, since the sprayed 
liquid can be added to the stored liquid little by little, the 
composition of the mixed liquid can be easily adjusted. 
HoWever, the sprayed liquid and the stored liquid need not 
have different compositions but may have the same compo 
sition. 

[0046] In the third pattern formation method, the step of 
spraying a liquid and the step of performing pattern expo 
sure are preferably executed in parallel. 

[0047] In any of the semiconductor manufacturing appa 
ratuses and the pattern formation methods of the invention, 
When the exposing light is UV such as g-line or i-line, or far 
UV such as KrF excimer laser or ArF excimer laser, the 
liquid is preferably Water. 

[0048] Alternatively, in any of the semiconductor manu 
facturing apparatuses and the pattern formation methods of 
the invention, When the exposing light is vacuum UV such 
as F2 laser, the liquid is preferably per?uoropolyether. 

[0049] In any of the semiconductor manufacturing appa 
ratuses and the pattern formation methods of the invention, 
the immersion liquid preferably includes an antifoaming 
agent. Thus, foams formed in the liquid can be largely 
removed by the antifoaming agent, and hence, pattern failure 
derived from the in?uence of the foams occurring in the 
exposure can be largely reduced. 

[0050] As the antifoaming agent, a foam breaker, a foam 
inhibitor or a defoaming agent may be used. A foam breaker 
is adsorbed onto a foam and enters the surface ?lm of the 
foam through the function of surface tension. Thereafter, the 
foam breaker expands over the surface ?lm of the foam 
through the surface tension, and this reduces the thickness of 
the surface ?lm, so that the surface ?lm can be ultimately 
broken. A foam inhibitor is adsorbed onto the surface ?lm of 
a foam together With a foaming substance in a liquid. When 
the foam inhibitor is adsorbed, the surface tension of the 
surface ?lm of the foam is loWered, so as to reduce the 
thickness of the surface ?lm. Therefore, the foam becomes 
unstable and breaks When it reaches the liquid surface. A 
defoaming agent is adsorbed onto the surface ?lm of a foam 
in a liquid. When such foams are adsorbed to one another in 
the liquid, the foams are broken on the adsorbed interfaces, 
and hence, the foams are combined to form a large foam. 
The large foam has a large ascending force and hence 
ascends to the liquid surface at a high speed. 

[0051] As described so far, in the semiconductor manu 
facturing apparatus and the pattern formation method using 
the same according to this invention, no foams are formed 
in a liquid provided on a resist ?lm, and hence, the abnor 
mality of the aberration of a projection lens and exposure 
abnormality such as focus failure can be prevented. As a 
result, a resist pattern can be formed in a good shape. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
used for realizing a pattern formation method employing 
immersion lithography according to Embodiment l of the 
invention; 
[0053] FIGS. 2A, 2B, 2C and 2D are cross-sectional vieWs 
for shoWing procedures in the pattern formation method 
using the semiconductor manufacturing apparatus of 
Embodiment l of the invention; 

[0054] FIG. 3 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
according to a modi?cation of Embodiment l; 

[0055] FIG. 4 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
used for realiZing a pattern formation method employing the 
immersion lithography according to Embodiment 2 of the 
invention; 

[0056] FIGS. 5A, 5B, 5C and 5D are cross-sectional vieWs 
for shoWing procedures in the pattern formation method 
using the semiconductor manufacturing apparatus of 
Embodiment 2; 

[0057] FIG. 6 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
used for realiZing a pattern formation method employing the 
immersion lithography according to Embodiment 3 of the 
invention; 

[0058] FIG. 7 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
according to Modi?cation l of Embodiment 3; 

[0059] FIG. 8 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
according to Modi?cation 2 of Embodiment 3; 

[0060] FIG. 9 is a schematic cross-sectional vieW of a 
principal part of a semiconductor manufacturing apparatus 
according to Modi?cation 3 of Embodiment 3; 

[0061] FIGS. 10A, 10B, 10C and 10D are cross-sectional 
vieWs for shoWing procedures in a pattern formation method 
according to Embodiment 4 of the invention; 

[0062] FIGS. 11A, 11B, 11C and 11D are cross-sectional 
vieWs for shoWing procedures in a pattern formation method 
according to Embodiment 5 of the invention; 

[0063] FIGS. 12A, 12B, 12C and 12D are cross-sectional 
vieWs for shoWing procedures in a pattern formation method 
according to Embodiment 6 of the invention; and 

[0064] FIGS. 13A, 13B, 13C and 13D are cross-sectional 
vieWs for shoWing procedures in a conventional pattern 
formation method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment l 

[0065] FIG. 1 schematically shoWs the cross-sectional 
structure of a principal part of a semiconductor manufac 
turing apparatus used for realiZing a pattern formation 
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method employing immersion lithography according to 
Embodiment l of the invention. 

[0066] As shoWn in FIG. 1, the semiconductor manufac 
turing apparatus of Embodiment 1 includes an optical sys 
tem 30 that is provided Within a chamber 10 and Works as 
a light source for exposing a design pattern onto a resist ?lm 
(not shoWn) applied on a principal surface of a Wafer 20; a 
degassing section 40 for degassing (defoaming) a liquid 25 
provided on the resist ?lm of the Wafer 20 in the exposure 
for increasing the value of the numerical aperture of expos 
ing light; and a liquid supplying section 45 for supplying the 
liquid 25 to the degassing section 40. 

[0067] BeloW the optical system 30, an exposing section 
(projection lens) 34 for projecting, through the liquid 25 
onto the resist ?lm, the exposing light emitted from the 
optical system 30 and entering through a mask (reticle) 32 
having a design pattern to be transferred onto the resist ?lm 
and a movable stage 36 for holding the Wafer 20 are 
disposed. The exposing section 34 is held to be in contact 
With the surface of the liquid 25 provided on the resist ?lm 
of the Wafer 20 so as to cover the movable stage 36 (or the 
Wafer 20) in the exposure. Also, the movable stage 36 is held 
on a surface plate 38 movably against the exposing section 
34. 

[0068] The degassing section 40 includes a degassing 
section body 41 for degassing the liquid 25; a recovering 
path 42 for recovering the liquid 25 having been provided 
onto the movable stage 36 to the degassing section body 41; 
and a supplying path 43 for supplying the liquid 25 having 
been degassed onto the movable stage 36. 

[0069] The liquid 25 having been recovered to and 
degassed by the degassing section body 41 is supplied onto 
the movable stage 36 again so as to be used in next exposure. 
At this point, the degassing section body 41 may not recover 
the Whole liquid 25 having been supplied onto the movable 
stage 36 but may mix a part of the recovered liquid 25 With 
a fresh liquid 25 neWly supplied from the liquid supplying 
section 45, degas the mixed liquid 25 in the degassing 
section body 41 and provide the degassed liquid 25 onto the 
movable stage 36 again. 

[0070] The degassing section body 41 may employ any of 
a nitrogen dissolving method, a gas-liquid separating ?lm 
method using a ?lm of amorphous ?uoropolymer or the like 
With a ?lter mesh siZe of, for example, approximately 0.1 
pm, a thermal degassing method, a vacuum degassing 
method, a nitrogen gas bubbling method, a ?lm degassing 
method, a reducer adding method, a reducing method using 
a catalytic resin and other knoWn techniques. 

[0071] NoW, the pattern formation method using the semi 
conductor manufacturing apparatus of FIG. 1 Will be 
described With reference to FIGS. 2A through 2D. 

[0072] First, a positive chemically ampli?ed resist mate 
rial having the folloWing composition is prepared: 

[0073] Base polymer: poly((norbornene-5-methylene-t 
butylcarboxylate) (50 mol %)-(maleic anhydride) (50 mol 
%)) . . . 2 g 

[0074] Acid generator: triphenylsulfonium tri?ate . . . 0.06 

g 

[0075] Quencher: triethanolamine amine . . . 0.002 g 
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[0076] Solvent: propylene glycol monomethyl ether 
acetate . . . 20 g 

[0077] Next, as shown in FIG. 2A, the aforementioned 
chemically ampli?ed resist material is applied on a substrate 
20 so as to form a resist ?lm 21 With a thickness of 0.35 pm. 

[0078] Then, as shoWn in FIG. 2B, With a liquid 25 of 
Water provided betWeen the resist ?lm 21 and the projection 
lens 34, pattern exposure is carried out by irradiating the 
resist ?lm 21 With exposing light 35 of ArF excimer laser 
With NA of 0.65 through a mask (not shoWn). At this point, 
as shoWn in FIG. 1, the liquid 25 is degassed in the degassing 
section body 41 through the recovering path 42 of the 
degassing section 40 during the exposure When it is supplied 
onto the resist ?lm 21 and the resultant degassed liquid 25 
is restored onto the movable stage 36 through the supplying 
path 43. 

[0079] After the pattern exposure, as shoWn in FIG. 2C, 
the resist ?lm 21 is baked With a hot plate at a temperature 
of 100° C. for 60 seconds, and the resultant resist ?lm is 
developed With a 2.38 Wt % tetramethylammonium hydrox 
ide developer. In this manner, a resist pattern 21a made of an 
unexposed portion of the resist ?lm 2 and having a line 
Width of 0.09 pm is formed as shoWn in FIG. 2D. 

[0080] In this manner, according to the pattern formation 
method of Embodiment l, the liquid 25 provided on the 
resist ?lm 21 is degassed (defoamed) during the pattern 
exposure. Therefore, even When foams are formed Within 
the liquid 25 due to the movement of the movable stage 36, 
the formed foams are removed. As a result, it is possible to 
prevent abnormality of the aberration and the diffraction of 
the exposing light 35 that are otherWise caused by the foams 
When the exposing light passes through the liquid 25. 
Accordingly, exposure abnormality such as focus failure is 
prevented, so that the resist pattern 21a made of the resist 
?lm 21 can be formed in a good shape. 

[0081] The present inventors have con?rmed through 
measurement With laser scanning of the liquid 25 that the 
diffraction of light is not affected if 100 ml of the liquid 25 
includes approximately 30 or less foams With a diameter of 
approximately 0.1 pm or more. Accordingly, in the exposure 
shoWn in FIG. 2B, the liquid 25 may be alWays degassed or 
appropriately degassed so as to satisfy this condition. 

Modi?cation of Embodiment l 

[0082] NoW, a modi?cation of Embodiment 1 Will be 
described With reference to the accompanying draWing. 

[0083] FIG. 3 schematically shoWs the cross-sectional 
structure of a principal part of a semiconductor manufac 
turing apparatus used for realiZing a pattern formation 
method employing the immersion lithography according to 
the modi?cation of Embodiment 1. In FIG. 3, like reference 
numerals are used to refer to like elements shoWn in FIG. 1 
so as to omit the description. 

[0084] As shoWn in FIG. 3, in the semiconductor manu 
facturing apparatus of this modi?cation, a liquid 25 provided 
onto a Wafer 20 is directly supplied from a liquid supplying 
section 45, and the liquid 25 having been provided onto the 
Wafer 20 is degassed by a degassing section 40 during 
exposure. The liquid 25 supplied from the liquid supplying 
section 45 may or may not be previously degassed. More 
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over, there is no need to alWays perform the degassing 
process but it may be appropriately performed When, for 
example, foams are formed Within the liquid 25. 

[0085] Alternatively, the liquid 25 having been used in the 
exposure may be recovered to the degassing section 40 and 
degassed therein, so that the degassed liquid 25 may be 
supplied onto the Wafer 20 again thereafter. 

[0086] In this manner, according to this modi?cation, the 
liquid 25 provided onto the resist ?lm is alWays or appro 
priately degassed (defoamed) in the pattern exposure. There 
fore, even When foams are formed in the liquid 25 due to the 
movement of the movable stage 36, the formed foams are 
removed. As a result, it is possible to prevent the abnormal 
ity of the aberration and the diffraction of the exposing light 
that are otherWise caused by the foams When the exposing 
light passes through the liquid 25. Accordingly, the exposure 
abnormality such as focus failure is prevented, so that the 
resist pattern made of the resist ?lm can be formed in a good 
shape. 

Embodiment 2 

[0087] FIG. 4 schematically shoWs the cross-sectional 
structure of a principal part of a semiconductor manufac 
turing apparatus used for realiZing a pattern formation 
method employing the immersion lithography according to 
Embodiment 2 of the invention. In FIG. 4, like reference 
numerals are used to refer to like elements shoWn in FIG. 1 
so as to omit the description. 

[0088] As shoWn in FIG. 4, in the semiconductor manu 
facturing apparatus of Embodiment 2, a liquid used for 
increasing the value of the numerical aperture of exposing 
light is partially provided onto the principal surface of a 
Wafer 20, namely, provided in the form of drops, instead of 
employing the pooling method of Embodiment l and the 
modi?cation in Which the Whole Wafer 20 is immersed in the 
liquid. 
[0089] In the dropping method of this embodiment, the 
liquid 25 in the form of drops is alloWed to How during the 
movement of the movable stage 36 at a How rate for 
preventing the air from being sWalloWed up into the liquid 
25. Speci?cally, the movement rate V1 of the movable stage 
36 against the surface plate 38 is set to be substantially equal 
to the How rate V2 against the surface plate 38 of the liquid 
25 provided betWeen the Wafer 20 (the resist ?lm) and the 
exposing section 34. Thus, the relative rate betWeen the 
Wafer 20 and the liquid 25 is substantially Zero, and there 
fore, the air can be prevented from being sWalloWed up into 
the liquid 25 through the edge of the Wafer 20. 

[0090] Speci?cally, the semiconductor manufacturing 
apparatus includes a liquid supplying section 50 for provid 
ing the liquid 25 previously having been degassed onto the 
Wafer 20 through a supplying noZZle 51; a liquid recovering 
unit 53 for recovering the liquid 25 having been provided on 
the Wafer 20 through a recovering noZZle 52; and a control 
ling section 54 for controlling the operations of the liquid 
supplying section 50, the liquid recovering unit 53 and the 
movable stage 36. 

[0091] The controlling section 54 controls the liquid sup 
plying section 50 and the liquid recovering unit 53 so as to 
synchroniZe the How rate V2 and the ?oWing direction of the 
liquid 25 caused on the Wafer 20 With the movement rate V1 
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and the moving direction of the movable stage 36. For 
example, With supplying nozzles and recovering nozzles 
additionally provided apart from the supplying nozzle 51 
and the recovering nozzle 52, When the moving direction of 
the movable stage 36 is changed, the controlling section 54 
may select any of the plural supplying nozzles and the plural 
recovering nozzles so as to make the liquid 25 How along a 
direction according to the changed moving direction of the 
resist ?lm. 

[0092] In this manner, since the movement rate V1 and the 
moving direction of the movable stage 36 substantially 
accord With the How rate V2 and the ?oWing direction of the 
liquid 25 provided on the Wafer 20 in Embodiment 2, the air 
can be prevented from being sWalloWed up into the liquid 25 
through the interface betWeen the liquid 25 and the resist 
?lm. 

[0093] Speci?cally, the present inventors have con?rmed 
the following: In the case Where the movement rate V1 of the 
movable stage 36 is, for example, 100 mm/s through 1000 
mm/ s, if a difference betWeen the How rate V2 of the liquid 
and the movement rate V1 is 110% or less, the number of 
foams With a diameter of 0.1 pm or more included in 100 ml 
of the liquid is approximately 30 or less. 

[0094] NoW, the pattern formation method using the semi 
conductor manufacturing apparatus of FIG. 4 Will be 
described With reference to FIGS. 5A through 5D. 

[0095] First, a positive chemically ampli?ed resist mate 
rial having the folloWing composition is prepared: 

[0096] Base polymer: poly((norbornene-5-methylene-t 
butylcarboxylate) (50 mol %)-(maleic anhydride) (50 mol 
%)) . . . 2 g 

[0097] Acid generator: triphenylsulfonium tri?ate . . . 0.06 

g 

[0098] Quencher: triethanolamine amine . . . 0.002 g 

[0099] Solvent: propylene glycol monomethyl ether 
acetate . . . 20 g 

[0100] Next, as shoWn in FIG. 5A, the aforementioned 
chemically ampli?ed resist material is applied on a substrate 
20 so as to form a resist ?lm 21 With a thickness of 0.35 pm. 

[0101] Then, as shoWn in FIG. 5B, a liquid 25 of Water is 
supplied to and recovered from a portion betWeen the resist 
?lm 21 and the projection lens 34 at a How rate V2 
synchronized With the movement rate V1 of the movable 
stage 36 With a rate difference of 110% or less. Under these 
conditions, pattern exposure is carried out by irradiating the 
resist ?lm 21 With exposing light 35 of ArF excimer laser 
With NA of 0.65 through a mask (not shoWn). At this point, 
as shoWn in FIG. 4, the liquid 25 is alWays or appropriately 
degassed in the degassing section 40 also during the expo 
sure When it is supplied onto the resist ?lm 21. 

[0102] After the pattern exposure, as shoWn in FIG. 5C, 
the resist ?lm 21 is baked With a hot plate at a temperature 
of 1000 C. for 60 seconds, and the resultant resist ?lm is 
developed With a 2.38 Wt % tetramethylammonium hydrox 
ide developer. In this manner, a resist pattern 21a made of an 
unexposed portion of the resist ?lm 21 and having a line 
Width of 0.09 pm is formed as shoWn in FIG. 5D. 
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[0103] Alternatively, the liquid 25 having been recovered 
by the liquid recovering unit 53 is transferred (circulated) to 
the liquid supplying section 50 so as to be supplied onto the 
Wafer 20 again. Thus, the immersion liquid 25 can be 
repeatedly recycled, resulting in effectively reducing the 
cost and an exhausted substance. 

[0104] In this manner, in the pattern formation method of 
Embodiment 2, the How rate V2 of the liquid 25 having been 
previously degassed and provided on the resist ?lm 21 is 
made to substantially synchronize With the movement rate 
V1 of the movable stage (With a rate difference of, for 
example, 110% or less) in the pattern exposure, and there 
fore, even When the movable stage 36 is moved, foams are 
not formed Within the liquid 25. As a result, since the 
abnormality of the aberration and the diffraction of exposing 
light 35 otherWise caused by foams When the exposing light 
passes through the liquid 25 can be prevented, exposure 
abnormality such as focus failure is prevented, so that the 
resist pattern 21a made of the resist ?lm 21 can be formed 
in a good shape. 

[0105] Although Water is used as the liquid 25 used for 
increasing the value of the numerical aperture of the expos 
ing light in Embodiment 1, the modi?cation of Embodiment 
1 and Embodiment 2, per?uoropolyether may be used 
instead of Water. 

[0106] Also, although the ArF excimer laser is used as the 
exposing light, KrF excimer laser, F2 laser, Kr2 laser, ArKr 
laser, Ar2 laser or Xe2 laser may be used instead. 

Embodiment 3 

[0107] FIG. 6 schematically shoWs the cross-sectional 
structure of a principal part of an exposure system, that is, 
a semiconductor manufacturing apparatus, used for realizing 
a pattern formation method employing the immersion lithog 
raphy according to Embodiment 3 of the invention. 

[0108] As shoWn in FIG. 6, the exposure system of 
Embodiment 3 includes an illumination optical system 130 
provided Within a chamber 110 and Working as a light source 
for exposing a design pattern onto a resist ?lm (not shoWn) 
applied on a Wafer 120; and a liquid supplying section 140 
for supplying, onto the resist ?lm of the Wafer 120, an 
immersion liquid 121A used for increasing the value of the 
numerical aperture of exposing light in the exposure. 

[0109] BeloW the illumination optical system 130, a pro 
jection lens 131 for projecting, onto the resist ?lm through 
the liquid 121A, the exposing light emitted from the illu 
mination optical system 130 and entering through a mask 
(reticle) 122 having a design pattern to be transferred onto 
the resist ?lm; a Wafer stage 132 for holding the Wafer 120; 
and a surface plate 133 for holding the Wafer stage 132 are 
disposed. The projection lens 131 is held to be in contact 
With the surface of the liquid 121A supplied onto the resist 
?lm of the Wafer 120 during the exposure. 

[0110] The liquid supplying section 140 includes a vessel 
141 for temporarily storing the liquid 121A, a supplying 
nozzle 142 for supplying the stored liquid 121A onto the 
Wafer 120, and a storing spray nozzle 143 for spraying fresh 
liquid 121A to be stored in the vessel 141. 

[0111] In Embodiment 3, the liquid supplying section 140 
stores the liquid 121A sprayed into the vessel 141, and 








