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(57) ABSTRACT 

An exposure method for exposing a workpiece on the basis 
of near-?eld light escaping from an opening of a mask. The 
method includes projecting non-polarized exposure light 
having a predetermined Wavelength, emitted from a laser 
light source and passed through a depolarization device and 
a diiTusion device, onto an exposure mask having a light 
blocking ?lm formed With a plurality of rectangular open 
ings therein, the openings having (i) a Width in a WidthWise 
direction not greater than one-third of the Wavelength of the 
exposure light and (ii) tWo or more lengthwise directions 
extending along the mask surface, so that near-?eld light 
escaping from the openings performs exposure of a pattern 
on the basis of the openings. 
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EXPOSURE METHOD, EXPOSURE MASK, AND 
EXPOSURE APPARATUS 

[0001] This application is a divisional application of 
copending US. patent application Ser. No. 10/654,913, ?led 
on Sep. 5, 2003. 

FIELD OF THE INVENTION 

[0002] This invention relates to an exposure method, an 
exposure mask, and an exposure apparatus for use in the 
manufacture of semiconductor devices or optical devices. 

[0003] Reduction in siZe and thickness of electronic 
devices has been particularly desired in recent years, and this 
has made stricter the requirements for smallness of a semi 
conductor chip to be incorporated into such electronic 
devices. For example, as regards the design rule for a mask 
or reticle pattern, it is being reduced more and more, in order 
to accomplish mass-production of a 130 nm line-and-space 
(L & S) pattern. The line-and-space is an image as projected 
upon a Wafer, being in a state in Which the line and the space 
have an even Width, and thus, it is a scale that represents the 
resolution of exposure. 

[0004] Projection exposure apparatuses mainly used in 
recent years generally comprise an illumination optical 
system for illuminating a mask by use of a light ?ux emitted 
from a light source, and a projection optical system disposed 
betWeen a mask and an object to be exposed. In the 
illumination optical system, in order to obtain a uniform 
illumination region, the light ?ux from the light source is 
introduced into a light integrator such as a ?y’s eye lens 
having a plurality of rod lenses, for example, and a light exit 
surface of the light integrator operates as a secondary light 
source surface to Koehler-illuminate the mask surface 
through a condenser lens. 

[0005] The resolution R of a projection exposure appara 
tus is given by the folloWing equation, on the basis of the 
wavelength 7» of a light source and the numerical aperture 
(NA) of the exposure apparatus. 

[0006] It is seen from this that, by shortening the Wave 
length, or by enlarging the NA the resolution can be 
improved. 

[0007] On the other hand, the focus range in Which a 
certain imaging performance can be maintained is called a 
depth of focus, and the depth of focus (DOF) is given by the 
folloWing equation. 

[0008] It is seen from this that, by shortening the Wave 
length, or by enlarging the NA, the depth of focus becomes 
smaller. If the depth of focus is small, the focus adjustment 
becomes di?icult to accomplish, and the ?atness of a sub 
strate or focus precision should be improved. Basically, 
therefore, the depth of focus should desirably be larger. 

[0009] It Would be understood from equations (1) and (2) 
that shortening the Wavelength, rather than increasing the 
NA, is effective. 

[0010] For this reason, in recent years, light sources are 
changing from conventional ultra-high pressure Hg lamps to 
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short-Wavelength KrF excimer lasers (the Wavelength is 
about 248 nm) or ArF excimer lasers (the Wavelength is 
about 193 nm). 

[0011] HoWever, the proportional constants kl and k2 
usually take a value of about 0.5 to 0.7. Even if a certain 
resolution enhancing method such as a phase shift method is 
used, constants kl and k2 Would not go beloW about 0.4. 
Therefore, it is difficult to improve the resolution by decreas 
ing the proportional constants. Further, in projection expo 
sure apparatuses, it is said that, generally, the resolution has 
its limit approximately at the Wavelength of a light source 
used. Even When an excimer laser is used, it is dif?cult for 
a projection exposure apparatus to form a pattern not greater 
than 0.10 um. Additionally, if there is any light source 
having a shorter Wavelength present, optical materials to be 
used for the projection optical system (i.e., the lens glass 
material) could not transmit exposure light of such a short 
Wavelength, and thus (because of the resultant failure of 
projection upon an object to be exposed), the exposure 
Would end in failure. More speci?cally, almost all the glass 
materials have a transmissivity nearly equal to Zero in the 
deep ultraviolet region. Synthetic quartZ, Which can be 
produced by use of a special production method, can trans 
mit exposure light having a Wavelength of about 248 nm. 
HoWever, the transmissivity of the synthetic quartz 
decreases steeply for Wavelengths not greater than 193 nm. 
For these reasons, it is very dif?cult to develop a practical 
glass material having a suf?ciently large transmissivity to 
exposure light having a Wavelength not greater than 150 nm, 
corresponding to a ?ne pattern of 0.10 pm, or narroWer. 
Furthermore, in addition to the transmissivity, a glass mate 
rial to be used in the deep ultraviolet region must satisfy 
certain conditions from several standpoints, such as dura 
bility, refractivity, unifor'mess, optical distortion, machin 
ability, and so on. These factors also make the development 
of a practical glass material di?icult. 

[0012] To such a problem, exposure apparatuses, Which 
are based on the principle of a near-?eld optical microscope 
(Scanning Near-Field Optical Microscope: SNOM) have 
been recently proposed as the measure for enabling micro 
processing With an order not greater than 0.1 um. US. Pat. 
No. 6,171,730 proposes an apparatus in Which a mask being 
elastically deformable in a direction of a normal to the mask 
surface is closely contacted to a resist and in Which, by use 
of near-?eld light seeping or escaping from a small-opening 
pattern formed on the mask surface and having a siZe not 
greater than 100 nm, an object to be exposed is locally 
exposed, thereby exceeding the limit of the Wavelength of 
light. 

[0013] When the exposure is performed on the basis of 
near-?eld light, there is a phenomenon that the intensity 
distribution of near-?eld light produced is changeable With 
the direction of polarization of light projected through a 
small-opening pattern. For example, When the small-open 
ing pattern has a Width of about a half of the Wavelength of 
light to be projected, and if a comparison is made to a case 
Wherein the electric-?eld direction of light incident on the 
small-opening pattern of the mask is perpendicular to the 
lengthWise direction of the small-opening pattern (i.e., the 
electric-?eld direction of the incident light is in the same 
direction as the WidthWise direction of the small-opening 
pattern) and a case Wherein they are parallel to each other 
(i.e., the electric-?eld direction of the incident light is in the 
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same direction as the lengthwise direction of the small 
opening pattern), the intensity itself of the near-?eld light 
escaping from the small-opening pattern is the same, in both 
cases. However, regarding the intensity distribution in the 
latter case, Wherein the near-?eld light escaping from the 
small-opening pattern is in a direction perpendicular to the 
lengthWise direction of a small-opening pattern (i.e., it is in 
the WidthWise direction of the small-opening pattern), the 
near-?eld light in the former case has a smaller expansion of 
the intensity distribution. Based on this, a ?ner pattern can 
be formed by controlling the direction of polarization of the 
light impinging on the small-opening pattern. 

[0014] For example, Japanese Laid-Open Patent Applica 
tion No. 2000-112116 proposes that a mask to be used for 
the exposure, Which is based on the near-?eld light, is 
provided With polarizer elements adapted to transmit only 
such light as being polarized in a direction parallel to the 
lengthWise direction of a small-opening pattern, thereby to 
control the polarization direction of the light. 

[0015] HoWever, in the near-?eld light exposure mask 
With a polarizer, as proposed in Japanese Laid-Open Patent 
Application No. 2000-112116, in regard to every region 
Where a small-opening pattern is present, it is necessary to 
provide a polarizer corresponding to the direction of the 
small-opening pattern. This results in increased cost of mask 
production. 

[0016] Furthermore, if the Width of the small-opening 
pattern is made smaller than one-third of the exposure 
Wavelength in an attempt to form a still ?ner pattern, there 
is a possibility that the aspect ratio of a pattern to be formed 
on the resist decreases. 

SUMMARY OF THE INVENTION 

[0017] In accordance With an aspect of the present inven 
tion, there is provided an exposure method for exposing a 
Workpiece on the basis of near-?eld light escaping from an 
opening of a mask, the improvements residing in that 
non-polarized exposure light from a light source is projected 
onto an exposure mask having a light blocking ?lm and a 
plurality of rectangular openings formed in the light block 
ing ?lm, the openings having a Width in a WidthWise 
direction not greater than one-third of the expo sure light and 
having its lengthWise directions extending in tWo or more 
directions along the mask surface, so that near-?eld light 
escaping from the openings is produced, thereby to perform 
exposure of a pattern on the basis of the openings. 

[0018] In accordance With another aspect of the present 
invention, there is provided an exposure mask having a light 
blocking ?lm and an opening formed in the light blocking 
?lm, for use in exposure of an object to be exposed, by use 
of near-?eld light escaping from the opening, the improve 
ments residing in that the opening comprises a plurality of 
rectangular openings having a Width in a WidthWise direc 
tion not greater than one-third of exposure light, and having 
lengthWise directions extending in tWo or more directions 
along the mask surface. 

[0019] In accordance With a further aspect of the present 
invention, there is provided an exposure apparatus having 
light projecting means and an exposure mask, for exposing 
a Workpiece on the basis of near-?eld light escaping from the 
mask, the improvement residing in that the light projecting 
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means projects non-polarized exposure light to the exposure 
mask, and that the exposure mask has a light blocking ?lm 
and an opening formed in the light blocking ?lm, the 
opening including a plurality of rectangular openings having 
a Width in a WidthWise direction not greater than one-third 
of the exposure light and having lengthWise directions 
extending in tWo or more directions along the mask surface. 

[0020] In accordance With a further aspect of the present 
invention, there is provided an exposure method for expos 
ing a Workpiece on the basis of near-?eld light escaping 
from an opening of a mask, the improvements residing in 
that non-polarized exposure light from a light source is 
projected onto an exposure mask having a light blocking 
?lm and a plurality of rectangular openings formed in the 
light blocking ?lm, that near-?eld light escaping from the 
openings is produced, thereby to perform exposure of a 
pattern on the basis of the openings, and that the Widths of 
the openings are smaller than that at a cross-point betWeen 
a curve on a coordinate of a Width of opening the openings 
versus a near-?eld light intensity for an incident-light elec 
tric-?eld direction perpendicular to a lengthWise direction of 
a small opening pattern and a curve on the same coordinate 
for an incident-light electric-?eld direction parallel to a 
lengthWise direction of the small-opening pattern. 

[0021] These and other objects, features and advantages of 
the present invention Will become more apparent upon a 
consideration of the folloWing description of the preferred 
embodiments of the present invention taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A is a schematic vieW of an exemplary 
exposure mask according to the present invention. 

[0023] FIG. 1B is a schematic and sectional vieW of an 
exemplary exposure mask according to the present inven 
tion. 

[0024] FIG. 2 is a schematic and sectional vieW of an 
exemplary exposure apparatus according to the present 
invention. 

[0025] FIG. 3 is a vieW for illustrating the polarization 
direction in the present invention. 

[0026] FIG. 4 is a schematic and sectional vieW of an 
exposure apparatus according to an embodiment of the 
present invention. 

[0027] FIG. 5 is a vieW for illustrating the dependence, 
upon the electric-?eld direction, of the relation betWeen the 
contrast of near-?eld intensity produced from a small 
opening pattern and the opening Width. 

[0028] FIG. 6 is a vieW for illustrating the dependence, 
upon the electric-?eld direction, of the relation betWeen the 
near-?eld intensity produced from a small-opening pattern 
and the opening Width. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Preferred embodiments of the present invention 
Will noW be described With reference to the attached draW 
ings. 



US 2007/0065734 A1 

[0030] An exposure method, an exposure mask and an 
exposure apparatus to be provided in accordance With the 
present invention are such as described above. 

[0031] Referring noW to the drawings, an exemplary expo 
sure method 1 according to the present invention Will be 
explained ?rst. Here, embodied forms of the present inven 
tion Will be described in detail With reference to FIGS. 1A, 
1B and 2. 

[0032] FIGS. 1A and 1B shoW the structure of an exposure 
mask according to the present invention. FIG. 2 is a vieW 
Which illustrates an example of the structure of an exposure 
apparatus, using such an exposure mask. 

[0033] Referring to FIGS. 1A and 1B, an exposure mask 
100 according to the present invention Will be explained. 
FIGS. 1A and 1B illustrate an exposure mask to be used in 
the exposure apparatus shoWn in FIG. 2. FIG. 1A illustrates 
the front surface side, and FIG. 1B is a sectional vieW. Here, 
in the present invention, the “front surface” refers to the 
surface on Which a light blocking ?lm is provided, and the 
“rear surface” refers to the opposite side. 

[0034] The exposure mask 100 shoWn in FIGS. 1A and 1B 
comprises a mask supporting member 104, a mask base 
material 101, and a light blocking ?lm 102. The light 
blocking ?lm 102 is formed upon the mask base material 
101, and small openings are formed in this light blocking 
?lm 102 to de?ne a desired pattern 103. The small-opening 
pattern 103 formed on the exposure mask 100 includes 
patterns of rectangles or is de?ned by connecting rectangles. 
These rectangles have a Width in the WidthWise direction, 
Which is not greater than one-third of the light Wavelength 
of the exposure light source, and their lengthWise directions 
extend in at least tWo directions along the mask surface. The 
mask base material 101 is made of an elastic material, and 
it is present there as a thin ?lm. 

[0035] Although it Will be described later With reference to 
FIG. 2, this exposure mask is mounted With its rear surface 
facing the inside of a pressure adjusting vessel of the 
near-?eld exposure apparatus, and pressure adjustment is 
applied thereto to adjust ?exure of the mask. 

[0036] The near-?eld exposure apparatus shoWn in FIG. 2 
generally consists of a pressure adjusting system, an expo 
sure mask, a light source, and an object to be exposed. As 
described above, the exposure mask is mounted With its rear 
surface facing the pressure adjusting system, and it is 
disposed to be opposed to the object to be exposed. 

[0037] As regards the object to be exposed, a resist 202 is 
provided on the surface of a substrate 203. The resist 202 
and the substrate 203 are mounted on a stage 207 and, by 
moving the stage 207, relative alignment of the substrate 203 
relative to the exposure mask 201 With respect to tWo 
dimensional directions along the mask surface, is carried 
out. Subsequently, the stage 207 is moved in a direction of 
a normal to the mask surface, and the exposure mask 201 
and the substrate 203 are brought into close contact With 
each other so that the clearance betWeen the front surface of 
the exposure mask 201 and the resist surface 202 of the 
substrate 203 becomes not greater than 100 nm, throughout 
the entire surface. 

[0038] After this, exposure light 210 transformed from an 
exposure light source 209 is transformed by a collimator 
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lens 211 into parallel light and, thereafter, the light is 
directed through a glass WindoW 212 into the pressure 
adjusting vessel 205. The light illuminates the exposure 
mask 201 from its rear surface side (top in FIG. 2), and the 
resist 202 is exposed With near-?eld light escaping from a 
small-opening pattern 204 formed in the light blocking ?lm 
on the mask base material 206, Which is at the front surface 
of the exposure mask 201. 

[0039] Here, in the present invention, the exposure light 
210 emitted from the exposure light source 209 can illumi 
nate the rear surface of the exposure mask 201, With light 
having an electric-?eld strength along a plane parallel to the 
exposure mask 201, Which strength is substantially omnidi 
rectionally uniform in that plane. Namely, non-polarized 
light can be used. 

[0040] As described hereinbefore, as long as the Width of 
the small-opening pattern is not less than about half of the 
exposure Wavelength, the intensity distribution of the near 
?eld light (in the WidthWise direction of the small-opening 
pattern) produced from the small opening becomes narroWer 
When light polariZed in a direction parallel to the lengthWise 
direction of the small-opening pattern is projected, as com 
pared With a case Wherein light polarized With its electric 
?eld direction perpendicular to the lengthWise direction of 
the small-opening pattern is projected. HoWever, if the Width 
of the small-opening pattern is made smaller than one-third 
of the exposure Wavelength so as to form a ?ne pattern, and 
Wherein light being polarized in the parallel direction is 
projected, the aspect ratio of a pattern formed on the resist 
decreases. 

[0041] This is because of the folloWing reason. If the 
Width of the small-opening pattern becomes not greater than 
one-third of the Wavelength of light projected, the intensity 
of near-?eld light escaping from the small-opening pattern 
in a case Wherein the electric-?eld direction of the light 
incident on the small-opening pattern of the mask is parallel 
to the lengthWise direction of the small-opening pattern 
becomes almost the same as the intensity of light, Which is 
directly transmitted through the light blocking ?lm portion, 
other than the small openings. Therefore, in the light inten 
sity distribution adjacent to the small openings, this directly 
transmitted light is superposed With the near-?eld light as 
background light, such that the light intensity contrast 
betWeen the opening area and the non-opening area, adjacent 
to the small openings, largely decreases. 

[0042] HoWever, as shoWn in FIG. 5, the intensity of 
near-?eld light escaping from the small-opening pattern in a 
case Wherein the electric-?eld direction of the light incident 
on the small-opening pattern of the mask is perpendicular to 
the lengthWise direction of the small-opening pattern, is 
larger than the intensity of light, Which is directly transmit 
ted through the light blocking ?lm portion, other than the 
small openings. Therefore, in the light intensity distribution 
adjacent to the small openings, the in?uence of superposi 
tion of this directly transmitted light With the near-?eld light 
as background light is smaller, so that the decrease of light 
intensity contrast betWeen the opening area and the non 
opening area, adjacent to the small openings, can be made 
smaller. 

[0043] Therefore, if the Width of the small-opening pattern 
is not greater than one-third of the Wavelength of light 
projected, the aspect ratio of a pattern to be formed on the 
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resist can be made larger in the case Wherein the light 
polarized With its electric-?eld direction being perpendicular 
to the lengthwise direction of the small-opening pattern is 
projected, as compared With the case Wherein the light 
polarized With its electric-?eld direction being parallel to the 
lengthWise direction of the small-opening pattern is pro 
jected. 

[0044] Further, as shoWn in FIG. 6, if the Width of the 
small-opening pattern is not greater than one-third of the 
Wavelength of light projected, as compared With the inten 
sity of near-?eld light escaping from the small-opening 
pattern in a case Wherein the electric-?eld direction of the 
light incident on the small-opening pattern of the mask is 
parallel to the lengthWise direction of the small-opening 
pattern (i.e., the electric-?eld direction of the incident light 
is in the same direction as the lengthWise direction of the 
small-opening pattern), the intensity of near-?eld light 
escaping from the small-opening pattern in a case Wherein 
they are perpendicular to each other (i.e., the electric-?eld 
direction of the incident light is in the same direction as the 
WidthWise direction of the small-opening pattern) is larger. 
Here, the calculation results, in a case Wherein the light 
blocking ?lm is Cr (complex dielectric constant: —l3.l+ 
14.3i) and the thickness of the light blocking ?lm is 100 nm, 
are shoWn. 

[0045] Thus, by projecting light having an electric-?eld 
strength along a plane parallel to the rear surface of the 
near-?eld mask, Which strength is uniform in the omni 
direction in that plane, to the near-?eld mask from the rear 
surface of the mask, it is assured that, regardless of the 
direction in Which the lengthWise direction of the small 
opening pattern of the near-?eld mask is placed, the intensity 
of near-?eld light escaping from the small-opening pattern 
on the basis of a component of the light incident on the 
small-opening pattern and having an electric-?eld direction 
perpendicular to the lengthWise direction of the small 
opening pattern, is made larger than the intensity of near 
?eld light based on a parallel component. 

[0046] For this reason, even With a near-?eld mask having 
a small-opening pattern, Which includes lengthWise direc 
tions extending in tWo or more directions along the near 
?eld mask surface, it is assured that, When the projected light 
passes through the small-opening pattern, only the polarized 
light component Whose electric-?eld direction is substan 
tially in the same direction as the WidthWise direction of the 
small-opening pattern (i.e., in the direction perpendicular to 
the lengthWise direction) escapes from the small-opening 
pattern as near-?eld light, such that, in regard to a small 
opening pattern having plural directionalities, uniform expo 
sure With a small contrast decrease can be accomplished. 

[0047] The present invention uses light, as the exposure 
light 210, having an electric-?eld strength along a plane 
parallel to the near-?eld mask surface, Which strength is 
omnidirectionally uniform in that plane. Thus, all the polar 
ized light components are included in the exposure light and, 
therefore, the angular dependence With respect to the length 
Wise direction of the small openings is eliminated. Namely, 
even if the lengthWise direction of the small openings is 
oriented in any direction, such as the x direction, the y 
direction, and a direction intermediate betWeen the x and y 
directions, as shoWn in FIG. 3, since the exposure light has 
an omnidirectionally uniform electric-?eld strength along a 
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plane parallel to the near-?eld mask surface in that plane, a 
uniform electric-?eld component can be applied to the small 
openings in every direction. As a result, provided that the 
size of the small openings is not greater than 100 nm, the 
mask itself does not transmit light having a polarization 
direction parallel to the lengthWise direction of the small 
opening, but it operates to selectively transmit light only 
having a polarization direction perpendicular thereto, to 
thereby produce a near-?eld. Thus, regardless of the length 
Wise direction of the small opening, a pattern can be 
produced uniformly. 
[0048] As regards an exposure light source that can emit 
light having an electric-?eld strength along a plane parallel 
to the mask surface, Which strength is omnidirectionally 
uniform in that plane, a non-polarization light source, such 
as an Hg lamp, is an example. Further, as a light source 
having an electric-?eld strength along a plane parallel to the 
near-?eld mask surface, Which strength is omnidirectionally 
uniform in that plane, light normally having a polarization, 
such as a laser, may be used, if it is sufficiently depolarized 
by passing it through a depolarization plate or a diffusion 
plate, for example. Namely, it is su?icient that the exposure 
light 210, before it is projected upon the exposure mask, is 
in the state in Which the electric-?eld strength along a plane 
parallel to the near-?eld mask surface is omnidirectionally 
uniform in that plane (i.e., depolarized). 

[0049] Next, referring to FIG. 2, the manner of closely 
contacting the exposure mask and the resist/ substrate Will be 
explained in detail. 

[0050] If the front surface of the exposure mask 201 and 
the resist surface 202 of the substrate 203 are both com 
pletely ?at, they can be closely contacted to each other, 
throughout their entire surfaces. Practically, hoWever, the 
mask surface or the resist/substrate surface contains surface 
irregularities or Waviness. Therefore, only by simply 
approximating them and contacting them to each other, the 
resultant stage Would be a distribution of closely-contacted 
portions and non-closely-contacted portions. 
[0051] In consideration of this, pressure is applied in a 
direction from the rear surface of the exposure mask 201 
toWard the front surface thereof, to cause ?exure of the 
exposure mask 201 based on elastic deformation thereof, to 
thereby press the mask against the resist 202 or substrate 
203. As a result of this, the thin ?lm portion can be closely 
contacted, throughout the entire surface thereof. 

[0052] As an example of such a pressure application 
method, as shoWn in FIG. 2, the exposure mask 201 is 
mounted With its front face facing toWard the outside of the 
pressure adjusting vessel 205 While the rear face faces to the 
inside of the pressure adjusting vessel 205. Then, by using 
pressure adjusting means 213, such as a pump, for example, 
a high pressure gas is introduced into the pressure adjusting 
vessel 205, to produce a pressure, higher than the outside 
atmospheric pressure, inside the pressure adjusting vessel 
205. 

[0053] As an alternative example, the inside of the pres 
sure adjusting vessel 205 may be ?lled With a liquid, Which 
is transparent With respect to the exposure light 210 and, by 
using a cylinder, the pressure of the liquid inside the pressure 
adjusting vessel 205 may be adjusted. 

[0054] NoW, a high pressure gas is introduced into the 
pressure adjusting vessel 205 by the pressure adjusting 
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means 213 to increase the pressure inside the pressure 
adjusting vessel 205, by Which the front surface of the 
exposure mask 201 and the resist surface 202 on the sub 
strate 203 are closely contacted to each other, throughout the 
entire surface thereof. 

[0055] When pressure is applied in the manner such as 
described above, in accordance With Pascal’s principle, the 
repulsive force acting betWeen the front surface of the 
near-?eld mask 201 and the resist surface 202 becomes 
uniform. This provides an advantageous effect that no large 
force is applied locally to the exposure mask 201 or the resist 
surface 202 on the substrate 203, and this thereby prevents 
local breakage of the exposure mask 201, the substrate 203 
and the resist 202. 

[0056] Here, by controlling the pressure inside the pres 
sure adjusting vessel 205, the pressing force acting betWeen 
the exposure mask 201 and the resist 202 or substrate 203, 
that is, an adhesive force betWeen them, can be controlled. 
For example, When the surface irregularity or Waviness of 
the mask surface or the resist or substrate surface is large, the 
pressure inside the pressure adjusting vessel may be set at a 
relatively higher level to increase the adhesive force, thereby 
removing non-uniformess of clearance betWeen the mask 
surface and the resist or substrate surface due to such surface 
irregularities or Waviness. 

[0057] In this example, for close contact betWeen the 
exposure mask 201 and the resist 202 or the substrate 203, 
the rear surface of the exposure mask is disposed inside the 
pressure adjusting vessel 205, and pressure is applied from 
the rear surface side to the front surface side of the exposure 
mask 201 due to the pressure difference betWeen the inside 
pressure of the pressure adjusting vessel and the outside 
atmospheric pressure. HoWever, as an inverse structure, the 
front surface of the near-?eld mask and the resist or substrate 
may be disposed inside a reduced pressure vessel so that, 
due to a pressure difference With the outside atmospheric 
pressure, Which is higher than the inside pressure of the 
reduced pressure vessel, pressure is applied in a direction 
from the rear surface side to the front surface side of the 
near-?eld mask. AnyWay, a pressure difference may be 
produced so as to provide a higher pressure at the rear 
surface side, as compared With the front surface side of the 
near-?eld mask. 

[0058] After completion of the exposure based on near 
?eld light, separation of the exposure mask and the resist or 
substrate is carried out as folloWs. 

[0059] By using the pressure adjusting means 213, the 
pressure inside the pressure adjusting vessel 205 is made 
smaller than the outside atmospheric pressure, to separate 
the metal thin ?lm of the exposure mask 201 from the resist 
surface 202 of the substrate 203. 

[0060] When the pressure is reduced in the manner 
described above to separate the exposure mask 201 from the 
resist 202 or substrate 203, in accordance With Pascal’s 
principle, the attracting force acting betWeen the front sur 
face of the exposure mask 201 and the resist surface 202 of 
the substrate 203 becomes uniform. This provides an advan 
tageous effect that no large force is applied locally to the 
exposure mask 201 or the resist surface 202 on the substrate 
203, and this thereby prevents local breakage of the expo 
sure mask 201, the substrate 203 and the resist 202. 
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[0061] Here, by controlling the pressure inside the pres 
sure adjusting vessel 205, the attracting force acting betWeen 
the exposure mask 201 and the resist 202 or substrate 203, 
that is, the tensile force betWeen them, can be controlled. For 
example, When the attracting force betWeen the mask surface 
and the resist or substrate surface is large, the pressure inside 
the pressure adjusting vessel may be set at a relatively loWer 
level to increase the tensile force, thereby facilitating the 
separation. 

[0062] As described hereinbefore, in the pressure appli 
cation system structure for the close contact, When, as an 
inverse structure to What Was shoWn in FIG. 2, the front 
surface of the exposure mask and the resist or substrate are 
disposed inside a reduced pressure vessel so that, due to a 
pressure difference With the outside atmospheric pressure, 
Which is higher than the inside pressure of the reduced 
pressure vessel, a pressure is applied in a direction from the 
rear surface side to the front surface side of the exposure 
mask, for the separation, the inside pressure of the vessel 
may be made higher than the outside atmospheric pressure. 

[0063] AnyWay, for the separation, a pressure difference 
may be produced so as to provide a loWer pressure at the rear 
surface side, as compared With the front surface side of the 
near-?eld mask. 

[0064] As described, by closely contacting the exposure 
mask With the resist or substrate and by using non-polar 
iZation light as the exposure light, the near-?eld intensity 
escaping from the small opening becomes uniform, such 
that, Without the provision of polariZer elements in the 
exposure mask, non-uniformess of exposure of the resist can 
be reduced. 

[0065] Next, a speci?c example Will be described. 

[0066] This example concerns an exposure apparatus 
Which uses a mask according to the present invention. A 
description Will be made in conjunction With FIGS. 1A, 1B, 
and 4. 

[0067] In the exposure mask 100, a Si substrate Was 
chosen for a mask supporting member 104. Upon this Si 
substrate, a SiN ?lm, as a mask base material 101, Was 
formed With a thickness of 500 nm, in accordance With an 
LPCVD (a LoW Pressure Chemical Vapor Deposition) 
method. Further, upon the top of the SiN ?lm, Which 
provides the mask surface, a Cr ?lm as a light blocking ?lm 
layer 102 is formed With a thickness of 50 nm, in accordance 
With a sputtering method. Small openings (opening diameter 
not greater than 100 nm) of a siZe not greater than the 
Wavelength to be used With the Cr material of the light 
blocking ?lm layer 104, are formed on an electron beam 
resist into a desired pattern, by means of an EB lithographic 
method. While using this resist as a mask, in accordance 
With a dry etching method, the Cr material of the light 
blocking ?lm layer 102 is etched, to provide a pattern of the 
mask. As shoWn in FIG. 1A, the pattern of this mask may 
include small openings having lengthWise directions extend 
ing in many directions. Namely, it may include any small 
opening pattern. Subsequently, at the surface on the opposite 
side of the light blocking ?lm layer 102, patterning With a 
siZe of 26 mm><26 mm is carried out in accordance With a 
photolithographic method, to that portion of the exposure 
mask Which should be made into a thin ?lm portion. Then, 
a SiN material in that portion is removed by an RIE (a 
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Reactive Ion Etching) method using CF4 gas. The remaining 
SiN is used as an etching mask 106, and the substrate 
described above is dipped in an aqueous solution of 30 Wt % 
potassium hydroxide, being War'med at 110° C., by Which Si 
is etched so that Si material only at that portion to be made 
into a thin ?lm can be removed. With the processes 
described above, an exposure mask 100 supported by a Si 
Wafer can be produced. 

[0068] In this example, SiN is used as a base material of 
the mask, While Cr is used as a light blocking ?lm. HoWever, 
the concept of the present invention is not limited to the use 
of a particular material. As regards the base material of the 
mask, preferably, it should be a material being transmissive 
to light of the Wavelength to be used for the exposure and, 
also, it should have suf?cient mechanical strength When 
formed into a ?lm. As regards the light blocking ?lm, on the 
other hand, preferably, it should be a material having no 
in?uence upon an object to be exposed and also be a material 
Which does not transmit light of the Wavelength to be used 
for the exposure. Additionally, it may preferably have a 
thickness by Which light can be attenuated su?iciently. 

[0069] Referring noW to FIG. 4, an exposure process 
carried out With this example Will be explained in detail. 

[0070] A mask, having been produced in the manner 
described above, is mounted into an exposure apparatus 
shoWn in FIG. 4, for use thereof. 

[0071] After this, in order to approximate a uniform clear 
ance betWeen resist 402 (object to be exposed) and a thin 
?lm mask of an exposure mask 401, throughout entire 
surface of the resist 402, an alignment operation is carried 
out betWeen the exposure mask 401 and a substrate 403 
being coated With the resist 402. Then, compressed air is 
introduced into a pressure adjusting vessel 405 at a pressure 
of 40 kPa, Whereby a pressure difference is produced 
betWeen the front surface and the rear surface of the expo 
sure mask 401. All of the thin ?lm masks are ?exed, and a 
small uniform clearance is approximated With the resist 402, 
at a clearance not greater than 100 nm. 

[0072] After this, light emitted from an exposure light 
source 409, Which comprises a Hg lamp of g-line (Wave 
length 436 nm), i-line (Wavelength 365 nm), or a second 
harmonic generation (SHG) laser having a Wavelength 860 
nm, may be passed through a depolariZation plate 408 to 
su?iciently depolariZe it. Thereafter, it may be passed 
through a collimator lens 411 to provide parallel light. 

[0073] As described, by irradiating the Whole exposure 
mask surface With exposure light having an electric-?eld 
strength along a plane parallel to the near-?eld mask surface, 
Which strength is made omnidirectionally uniform in that 
plane, it is assured that a near-?eld is produced from small 
openings of the exposure mask at a uniform intensity, such 
that, in the exposure based on the near-?eld, non-uniformess 
of exposure can be reduced. 

[0074] For the separation, to the contrary to approximating 
the exposure mask to the resist 402, the inside pressure of the 
pressure adjusting vessel 405 is reduced by using a pump to 
a pressure loWer than the atmospheric pressure by about 40 
kPa, and the exposure mask is separated from the resist 402. 

[0075] In this example, the light source used as an expo 
sure light source 409 is provided by depolariZing light from 
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an Hg Lamp or SHG laser. HoWever, the invention is not 
limited to this. Any light source, Which emits light having a 
Wavelength With Which a resist 407 that is used can be 
exposed, may be used. For example, When a photoresist, 
Which can meet g-line (Wavelength 436 nm) or i-line (Wave 
length 365 nm) is used as a resist 407, a blue LED or a HeCd 
laser (light Wavelength 325 nm or 442 nm), a GaN series 
blue semiconductor laser (light Wavelength 410 nm or less), 
or a third harmonic generation (THG) laser of another 
infrared laser, may be used. 

[0076] When normally polarized light, such as a laser, is 
used, before the light is projected on an exposure mask, it 
may be passed through a depolarization plate or a diffusion 
plate to cause suf?cient depolariZation of it. 

[0077] According to another aspect of the present inven 
tion, in FIG. 6, the Widths of the openings are so determined 
that they are smaller than that at a cross-point betWeen a ?rst 
curve on a coordinate of the Widths of the openings versus 
a near-?eld light intensity for an incident-light electric-?eld 
direction perpendicular to a lengthWise direction of a small 
opening pattern and a second curve on the same coordinate 
for an incident-light electric-?eld direction parallel to the 
lengthWise direction of the small-opening pattern. 

[0078] With this feature, uniform exposure to the pattern 
is accomplished. 

[0079] As described hereinbefore, in accordance With the 
present invention, an opening pattern can be exposed uni 
formly. Particularly, When light having an electrical-?eld 
strength along a plane parallel to the mask surface is 
projected to small openings of the mask, the near-?eld 
intensity escaping from the small openings in the near-?eld 
mask, having an opening pattern including lengthWise direc 
tions extending in tWo or more directions, can be made 
uniform. As a result, the pattern can be exposed uniformly. 
This removes the necessity of the provision of polariZer 
elements in the mask, and it effectively increases the pro 
ductivity and decreases the cost, on the other hand. 

[0080] While the invention has been described With ref 
erence to the structures disclosed herein, it is not con?ned to 
the details set forth and this application is intended to cover 
such modi?cations or changes as may come Within the 
purpose of the improvements or the scope of the folloWing 
claims. 

1-12. (canceled) 
13. An exposure method for exposing a Workpiece on the 

basis of near-?eld light escaping from an opening of a mask, 
the method comprising: 

projecting non-polarized exposure light having a prede 
termined Wavelength, emitted from a laser light source 
and passed through a depolariZation device and a 
diffusion device, onto an exposure mask having a light 
blocking ?lm formed With a plurality of rectangular 
openings therein, the openings having (i) a Width in a 
WidthWise direction not greater than one-third of the 
Wavelength of the exposure light and (ii) tWo or more 
lengthWise directions extending along the mask sur 
face, so that near-?eld light escaping from the openings 
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performs exposure of a pattern on the basis of the 
openings. 

14. An exposure method according to claim 13, Wherein 
the non-polarized light has an electrical-?eld strength along 
a plane parallel to a surface of the mask surface, Which is 
substantially uniform in omni-direction in that plane. 
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15. An exposure method according to claim 14, Wherein 
only a polariZation component having an electrical-?eld 
direction in the same direction as the WidthWise direction of 
the rectangular openings is caused to escape from the 
opening as the near-?eld light. 

* * * * * 


