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(57) ABSTRACT

A method of producing a thin film transistor comprises irra-
diating a resist on a glass base plate with a ray from a light
source through a mask and, thereafter, developing the resist to
form contact holes, using an i-ray as the ray.
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THIN FILM TRANSISTOR, INTEGRATED
CIRCUIT, LIQUID CRYSTAL DISPLAY,
METHOD OF PRODUCING THIN FILM

TRANSISTOR, AND METHOD OF EXPOSURE
USING ATTENUATED TYPE MASK

RELATED APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 11/397,925, which claims priority from Japa-
nese Patent Application No. 2005-107183, filed Apr. 4, 2005,
and from Japanese Patent Application No. 2005-127474, filed
on Apr. 26, 2005.

TECHNICAL FIELD

[0002] Thepresent invention relates to a method of produc-
ing a thin film transistor on a glass base plate and a method of
exposing a photoresist on the glass base plate by using an
attenuated type mask.

BACKGROUND

[0003] Inacrystalline or polycrystalline thin film transistor
(hereinafter called a “TFT”) to be formed on a glass base plate
for a display panel such as a liquid crystal display panel,
miniaturization of a TFT is under study in order to upgrade
operation performance.

[0004] A glass base plate on which a TFT is formed is
remarkably varied in board thickness within its surface in
comparison with a semiconductor wafer. There exists such a
variation in board thickness of the glass base plate as approxi-
mately 9 pm per area of a square with a side of 100 mm (about
9 um/100 mm[7) (due to surface roughness or distribution of
board thickness of the base plate itself).

[0005] When forming a TFT on such a glass base plate as
mentioned above, exposure of a photoresist on the glass base
plate requires a depth of focus deeper than exposure for
producing a semiconductor device on a semiconductor wafer.
In other words, when producing a TFT by miniaturizing, it is
necessary to upgrade resolution of an exposure equipment to
be used then and also not to shallow the depth of focus. The
resolution of the exposure equipment is around 5 pm and 3 pm
at present. In this exposure equipment, should the resolution
be raised from the above-mentioned value, the depth of focus
becomes shallow.

[0006] When the resolution becomes high, e.g., over 0.8 pm
or so, the depth of focus becomes shallower than approxi-
mately 9 um/100 mm[], which is a variation in glass plate
thickness for forming a TFT, so that it becomes impossible to
form a desired resist pattern by using the photoresist on the
glass base plate. In the case of exposing a photoresist on a
glass plate having a great board thickness variation, differ-
ence of elevation of the photoresist surface is so great that a
deeper focus is required by an optical system of the exposure
equipment. An exposure process in production of a TFT
includes a formation process of contact holes requiring a deep
depth of focus. With the film thickness of the photoresist in
this case, usually the depth of focus at the time of exposure
becomes shallower than in the case of a line system pattern,
and it is necessary to devise not to shallow it.

[0007] For instance, the depth of focus for forming contact
holes of 0.5 pm[ is +0.9 pm, which is very shallow. If such
contact holes are formed for production ofa TFT that is to be
formed on a glass base plate by an exposure equipment, an
area off the depth of focus is so broad that the photoresist stays
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on the bottom of the contact holes and prevents opening of
through holes, so that there is no contacting a source area and
a drain area, for example.

[0008] Also, the contact holes of an exposure mask when
forming a TFT generally have a square shape. By exposing a
photoresist through such a mask, the contact holes for the TFT
formed on the photoresist are rounded at their corners to
become substantially circular. As a result, according to the
above-mentioned exposure method, it is hard to form holes
penetrating the photoresist.

[0009] In an exposure art, improving a resolution and a
depth of focus in an attenuated type mask (to be called an
“ATT mask” herein) is described on pages 39-40 of nonpatent
document 1.

[0010] Also, an artto exposea resist to be used in a machin-
ing process of a semiconductor wafer for a semiconductor
device and a semiconductor thin film and the like to be formed
on a glass base plate for a display panel by using an ATT mask
1s described in patent document 1.

[0011] Nonpatent document 1

[0012] “Ultrafine Machining Technique” issued Feb. 25,
1997, by Ohmsha.

[0013] Patent document 1

[0014] Japanese Patent Appln. Public Disclosure No. 2003-
234285 Official Gazette.

SUMMARY

[0015] The numerical aperture NA of the exposure appara-
tus described on page 40 of nonpatent document 1 is 0.5, and
the coherence factor ois 0.2. These values are, as described in
nonpatent document 1, values for an integrated circuit (LSI).
[0016] When forming a TFT on a glass base plate for a
display base plate or panel, the area of exposure at each time
on a photoresist on the glass base plate is determined in
consideration of a throughput. Because the area of exposure is
great, the resolution is important, but the depth of focus is
regarded as more important. This is because, as mentioned
above, the variation of the plate thickness of the glass base
plate is much greater than that of an Si wafer for LSI.
[0017] In nonpatent document 1, however, there are no
concrete values shown about the kind of an exposure optical
system, numerical aperture NA, coherence factor o, and the
like for enlarging the depth of focus in exposure when form-
ing a TFT on the glass base plate for the display panel.
[0018] In patent document 1, there is a description mainly
about the Si wafer for LSI, but not about concrete values of the
numerical aperture NA, coherence factor o, and the like for
obtaining a depth of focus necessary for exposure when form-
ing a TFT on the glass base plate for the display panel.
[0019] As mentioned above, the kind of the light source for
exposure, the coherence factor o, the kind of exposure optical
system to be used, the numerical aperture NA, and the like for
obtaining a deeper depth of focus for exposure of a resist
formed on a glass base plate for a display panel, particularly
to produce contact holes for a crystalline TFT, are not yet
known.

[0020] An object of several embodiments is to provide a
method of producing a TFT in which contact holes perfectly
penetrating a resist can be formed.

[0021] Another object of several embodiments is to provide
a method of exposure using an attenuated type phase shift
mask for obtaining a deep depth of focus suitable for exposure



US 2009/0051843 A1

to produce a TFT to be formed on a base plate having a great
variation in plate thickness, such as a glass base plate for a
display panel.

[0022] Several method embodiments of producing a TFT
comprise steps of irradiating a photosensitive material film,
that is, a photoresist on an incomplete TFT formed on a glass
base plate through a mask with a ray from the light source and
forming contact holes in the photoresist. As the ray, an i-ray is
used.

[0023] Ina firstembodiment of a method of production, the
mask has a contact hole pattern including either one of plural
rectangular (including oval and elliptic) light transmitting
areas and light screening areas for the TFT formed on the
glass base plate, and either one of the light transmitting areas
and the light screening areas have a shape in which the length
dimension in the direction of the long sides is at least 1.4 times
as long as the length dimension in the direction of the short
sides.

[0024] In the second embodiment of a method of produc-
tion, the mask is a screening-type chrome mask and has a
contact hole pattern including either one of plural rectangular
(including oval and elliptic) light transmitting areas and light
screening areas for the TFT formed on the glass base plate.
The optical system is a projection optical system of equal
magnification having the numerical aperture NA to be
obtained by the following formula (1) when k1 is a factor
having a value between 0.40 and 0.43, and R is the length
dimension in the direction of the short sides of the rectangle:

NA2=k1x0.365/R (1)

[0025] Inthe third embodiment of a method of production,
the mask is an ATT mask and has either one of plural rectan-
gular (including oval and elliptic) light transmitting areas and
light screening areas for the TFT formed on the glass base
plate. The optical system is a projection optical system of
equal magnification having the numerical aperture NA to be
obtained by the above formula (1) when k1 is a factor having
avalue between 0.38 and 0.48, and R is the length dimension
in the direction of the short sides of the rectangle.

[0026] In the first embodiment of a method of production,
the contact holes formed on the photosensitive material film,
that is, the photo resist, may have a rectangular planar shape
with at least each corner portion arc-shaped.

[0027] Inasecond embodiment of a method of production,
the contacthole pattern is a periodical pattern in which a pitch
in the direction of the long sides of the rectangle is the same
as or more than the sum of the length of a long side and the
length of a short side, and may be disposed in either one of the
light transmitting areas and the light screening areas.

[0028] In a third embodiment of a method of production,
the contacthole pattern is a periodical pattern in which a pitch
in the direction of the long sides of the rectangle is the same
as or more than the sum of the length of a long side and the
length ofa short side, and may be disposed in either one of the
light transmitting areas and the light screening areas.

[0029] All of these first to third embodiments of methods of
production can further comprise processing the resist to form
contact holes in the resist.

[0030] The contact holes to be formed in the resist of a
photosensitive material film may have a rectangular planar
shape with at least each corner portion being arc-shaped.
[0031] Thecontactholes to be formed in the resist can have
a rectangular planar shape of which the length dimension in
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the direction of the long sides is at least 1.4 times as long as
the length dimension in the direction of the short sides.
[0032] All of the first to third method embodiments of
exposure comprise steps of making a ray from the source for
exposure enter an optical system through an ATT mask and
irradiating the ray having passed through the optical system
on a resist layer made of a photosensitive material on the glass
base plate, using an i-ray as the ray, and using a projection
optical system of equal magnification having the numerical
aperture NA to be obtained by the previous formula (1) as the
optical system.

[0033] In the first method of exposure according to the
present invention, the ATT mask has a line pattern to be
formed on the resist layer. Also, in the equation (1), R is the
width of lines to be formed on the resist line.

[0034] Inthe second embodiment of a method of exposure,
the ATT mask has a contact hole pattern to be formed on the
resist layer on the glass base plate. Also, in the equation (1),
k1 is a factor having a value between 0.48 and 0.5, and R is the
bore diameter (or the long diameter) of the holes to be formed
in the resist layer.

[0035] In the third embodiment of a method of exposure,
the ATT mask has a contact hole pattern to be formed on the
resist layer on the glass base plate and has a contact hole
arrangement pitch at least four times as long as the pitchofthe
contact holes. Also, in the equation (1), k1 is a factor having
avalue between 0.48 and 0.5, and R is the bore diameter ofthe
holes to be formed in the resist layer.

[0036] According to the first through third embodiments of
methods of production, even when the photosensitive mate-
rial film is formed on a base plate with a great variation in
plate thickness, a depth of focus workable in the exposure
process can be obtained, and fine contact holes that can per-
fectly penetrate the photosensitive material film can be
formed.

[0037] Also, according to the first through third embodi-
ments of methods of exposure, it is possible to obtain a
method of exposure using an ATT phase shift mask capable of
obtaining a deep depth of focus suitable for exposure of a
resist layer for producing a TFT to be formed on a base plate
with a great variation in plate thickness, such as the glass base
plate for a display panel.

[0038] Additional aspects and advantages will be apparent
from the following detailed description of preferred embodi-
ments, which proceeds with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1is ablock diagram showing one embodiment
of exposure equipment suitable for carrying out the produc-
tion method and the exposure method according to the present
invention.

[0040] FIGS. 2A and 2B are views showing one embodi-
ment of an ATT mask to be used in an exposure process for
explaining embodiments of an exemplary production
method, of which FIG. 2A is a plan view of the ATT mask, and
FIG. 2B is a section of the ATT mask obtained along the line
2B-2B in FIG. 2A.

[0041] FIG. 3 is characteristic curves of the chrome mask
and the ATT mask showing a relation between the length of
the long sides and the depth of focus of the projection optical
system when the length of the long sides of a rectangular
mask pattern is varied, obtained by a first embodiment.
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[0042] FIG. 4 is a characteristic curve showing a relation
between the numerical aperture and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a second embodiment.
[0043] FIG. 5 is a characteristic curve graph showing a
relation between the coherence factor and the depth of focus
of a projection optical system of equal magnification of the
exposure apparatus in FIG. 1, obtained by a third embodi-
ment.

[0044] FIG. 6 is a characteristic curve showing a relation
between the numerical aperture and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a fourth embodiment.
[0045] FIG. 7 is a characteristic curve showing a relation
between the coherence factor and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a fifth embodiment.
[0046] FIG. 8 is a plan view of a TFT to be produced
through an exposure process using the exposure apparatus in
FIG. 1.
[0047]
8.
[0048] FIGS. 10A and 10B are views for explaining one
embodiment of an ATT mask to be used in the exposure
process for explaining the exposure method according to the
present invention and a resist pattern exposed to a transmitted
light of the ATT mask and then developed. FIG. 10A is a plan
view of the ATT mask, and FIG. 10B is a section of a pro-
cessed base plate for explaining a state exposed through the
mask pattern, obtained along the line 10B-10B in FIG. 10A.
[0049] FIGS. 11A and 11B are views for explaining one
embodiment of an ATT mask to be used in the exposure
process for explaining the exposure method according to the
present invention and aresist pattern exposed to a transmitted
light of the ATT mask and then developed. FIG. 11A is a plan
view of the ATT mask, and FIG. 11B is a section of a pro-
cessed base plate for explaining a state exposed through the
mask pattern, obtained along the line 11B-11B in FIG. 11A.
[0050] FIG. 12 is a characteristic curve showing a relation
between the numerical aperture and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a sixth embodiment.
[0051] FIG. 13 is a characteristic curve showing a relation
between the coherence factor and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a seventh embodiment.
[0052] FIG. 14 is a characteristic curve showing a relation
between the numerical aperture and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FI1G. 1, obtained by an eighth embodiment.
[0053] FIG. 15 is a characteristic curve showing a relation
between the coherence factor and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FI1G. 1, obtained by a ninth embodiment.
[0054] FIG. 16 is a characteristic curve showing a relation
between the pitch and the depth of focus of the ATT mask of
FIG. 11 when the equal pitch of the light transmitted portion
is varied, obtained by a tenth embodiment.

[0055] FIG. 17 is a characteristic curve showing a relation
between the numerical aperture and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by an eleventh embodi-
ment.

FIG.9is asection obtained along the line 9-9 in FIG.
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[0056] FIG. 18 is a characteristic curve showing a relation
between the coherence factor and the depth of focus of a
projection optical system of equal magnification of the expo-
sure apparatus in FIG. 1, obtained by a twelfth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0057] In the present invention, “rectangle” includes oval
and elliptic shapes. “Contact holes” means holes provided in
an insulating layer for linearly embedding conductors to elec-
trically connect between conductor layers provided on the
surface and underside of the insulating layer, between the
conductor and a source area, between the conductor and drain
areas, and between gate electrodes. In this specification, holes
to be provided in a photosensitive material film for forming
these holes by etching are also defined as contact holes.
[0058] Below are explained, firstly, an exposure equipment
to be used for both methods of producing a TFT and of
exposure and, then, an exemplary method of producing a
TFT.

[0059] Referring to FIG. 1, an exposure equipment 10 com-
prises, besides a light source 12 for exposure, a reflector 14
disposed in an optical path from the light source 12 for reflect-
ing an outgoing ray from the light source 12, two kinds of
intermediate lenses 16 and 18 for focusing the ray reflected
from the reflector 14, a reflector 20 for reflecting the ray from
the intermediate lens 18 so that it may be directed to an ATT
mask 24, a focusing lens 22 for irradiating the ATT mask 24
by focusing the ray reflected by the reflector 20, and a pro-
jection optical system 25 for irradiating a photosensitive
material layer, such as a resist film 30, formed on a processed
base plate such as a glass base plate 28 with the ray having
passed the ATT mask 24.

[0060] An exemplary light source 12 is a mercury lamp
which generates an i-ray having a wavelength of, e.g., 365
nm. The reflector 14, the intermediate lenses 16 and 18, the
reflector 20, and the focusing lens 22 are common optical
members and form an illumination optical system 23. The ray
from the light source 12 is focused by the illumination optical
system 23 to enter the ATT mask 24. The ATT mask 24 is a
mask whose light screening area has a 6% to 8% transmit-
tance.

[0061] The glass base plate 28 is one used for production of
a display panel such as a liquid crystal display panel, and in
the semiconductor thin film to be provided on the glass base
plate, a TFT for driving the display panel is formed as men-
tioned later.

[0062] A projection optical system 26 is a projection opti-
cal system of equal magnification for projecting an image of
the mask 24 on the resist film 30 at equal magnification, and
in the illustration, has an NA diaphragm 32, a pupil plane 34,
aplurality oflenses 36, and the like. The ray having passed the
ATT mask 24 enters the resist film 30 at equal magnification
through the projection optical system 26.

[0063] The resist film 30 is made of a photoresist material,
for example, a chemical amplitude type photoresist material
for i-ray. For instance, the photoresist material is applied to
the surface of the glass base plate 28 by an appropriate tech-
nique such as spin coating, and is thereafter dried to form the
resist film 30.

[0064] The numerical aperture of the illumination optical
system 23 including the focusing lens 22, eventually NA1,
which is the numerical aperture of the light incident on the
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ATT mask 24 from the focusing lens 22, can be obtained from
the following formula (2) when an open angle of the incident
light is 2¢.

NAl=sin ¢ @

[0065] Likewise, the numerical aperture in the projection
optical system 26, eventually NA2, which is the numerical
aperture for the light irradiating the resist film 30 from the
projection optical system 26 can be obtained from the follow-
ing formula (3) when the open angle of the incident light is 26.

NA2=sin 8 (3)

[0066] The ATT mask 24, as shown in FIGS. 2A and 2B,
includes a plurality of, for example, light permeable areas 40
having a rectangular planar shape and, for example, semi-
permeable areas 42 different from the areas 40 in light passing
characteristic. Because of the existence of the areas 40 within
the areas 42, the ATT mask 24 has the contact hole pattern of
the areas 40 formed like a matrix on one of the faces of a
light-permeable base plate, e.g., a glass base plate 44 for
mask.

[0067] In the ATT mask 24 shown in FIGS. 2A and 2B,
when the photosensitivity characteristic ofthe resist film 30 is
positive, the areas 40 form semi-transparent light transmitting
areas having a certain transmittance; however, if the photo-
sensitivity of the resist film 30 is negative, the areas 40 form
resist film screening areas, and the areas 42 form light trans-
mitting areas.

[0068] Inplace of'the ATT mask 24, a chrome mask, which
is an ordinary light screening mask having a contact hole
pattern such as mentioned above, can be used, and either the
chrome mask or an ATT phase shift mask 24 will do.

[0069] In case the ATT mask 24 is the latter ATT mask,
either of the following is usable: (A) a mask including light
screening areas having 6% to 8% transmittance and light
transmitting areas shifting the phase of the light by 180° and
having substantially 100% transmittance, or (B) a mask
including light screening areas having 6% to 8% transmit-
tance and shifting the phase of the light by 180° and light
transmitting areas having substantially 100% transmittance.
[0070] Materials of the light screening areas 42 vary
depending on which type of the above-mentioned masks is
used, but any publicly known materials, such as MoSiO,
MoSiON, and Cr, on the market can be used. Whichever ATT
mask 24 (either (A) or (B)) mentioned above is used, the mask
24 having such a contact hole pattern is produced before
exposing the resist film 30.

[0071] FIGS. 8 and 9 show one embodiment of a TFT 52
made of a crystalline or polycrystalline semiconductor
formed on a glass base plate 50 for a display panel such as a
liquid crystal display panel.

[0072] Referring to FIGS. 8 and 9, on one face of the glass
base plate 50 having, for example, a rectangular shape, a
transparent and electrically insulating foundation layer 54 is
formed, and on this foundation layer 54, a rectangular crys-
talline or polycrystalline silicon layer 56, which is separated
like an island per TFT element, is formed. In the silicon layer
56, a source area S and a drain area D are formed in prede-
termined separate positions. Between the source area S and
the drain area D, a channel area C is formed. Further on the
silicon layer 56, a gate insulating layer 58 is formed. On the
gate insulating layer 58, a layer or film for gate electrode is
formed. This layer for gate electrode is etched by using the
mask pattern of a gate electrode 60, thereby forming the gate
electrode 60. On the surfaces of the gate electrode 60, the gate
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insulating layer 58, and the foundation layer 54, an interlayer
insulating film, is formed. On an interlayer insulating film 66,
the resist film 30 is formed. The glass base plate 28 where the
resist film is formed is carried into a predetermined position
of an X-Y-Z-8 stage (not shown) of the exposure apparatus
shown in FIG. 1. The transmitting light having passed the
ATT mask 24, which has the contact holes shown in FIG. 2,
enters the resist film 30, which is then exposed. The exposed
resist film 30 is developed, and the mask pattern ofthe contact
holes is formed on the resist film 30. By using the resist film
30 where the mask pattern of the contact holes is formed as a
mask, the interlayer insulating film 66 shown in FIG. 9 is
etched, thereby forming the contact holes 68. At the same
time, the gate insulating layer 58 is formed on the surface that
is to be the channel area of the silicon layer 56.

[0073] The gate electrode 60 is formed on the gate insulat-
ing layer 58 so as to extend in the width direction ofthe silicon
layer 56 at the longitudinal central part of the silicon layer 56.
[0074] The source area S and the drain area D are formed
within the silicon layer 56 by ion implantation of predeter-
mined impurities into the silicon layer 56 exposed in the
bottom portion through the contact holes 68 formed in the
interlayer insulating film 66. Next, a source electrode 62 and
adrain electrode 64 are formed within the contact holes 68 by
filming material layers to form the source electrode and the
drain electrode on the silicon layer 56 exposed in the bottom
portion, for example, by sputtering.

[0075] The source electrode 62 and the drain electrode 64
are respectively formed on the source area S and the drain area
D, which are formed by ion-implantation of impurities into
the silicon layer 56 with the gate electrode 60 as a mask in an
electrically connected state through the contact holes 68.
[0076] The gate electrode 60, the source electrode 62, and
the drain electrode 64 are respectively electrically insulated
by interlayer insulation film or layers 66.

[0077] 1In the TFT 52 shown in FIGS. 8 and 9 using the
exposure apparatus 10 in FIG. 1 in a part of a production
process, the plural contact holes 68 for forming the source
electrode 62 and the drain electrode 64 are formed, penetrat-
ing the interlayer insulation film 66 such that the bottom
portions of the contact holes 68 may become the surfaces of
the source area S and the drain area D.

[0078] To form the contact holes 68 in the interlayer insu-
lating film 66, the resist film 30 is formed on the interlayer
insulating film 66 and exposed by the exposure apparatus 10
and then developed. In this exposure process, the ATT mask
24 shown in FIG. 2 is used in the exposure process. By this
exposure process, a mask for forming the contact holes 68 in
the interlayer insulating film 66 is formed. By selectively
etching or plasma-etching the interlayer film 66 by using this
mask, the contact holes 68 are formed in the interlayer insu-
lating film 66. When the resist film 30 is selectively exposed
by using the ATT mask 24 having the rectangular pattern
shown in FIG. 2A and then developed, the rectangular contact
holes 68 with at least the corner portions arc-shaped are
formed on the resist film 30 as shown in FIG. 8.

[0079] The depth of focus in case of such rectangular con-
tact holes, as shown in FIG. 3, becomes deeper as the long
sides become longer. Because the depth of focus is deep, it is
suitable for exposing the resist coated on the glass base plate
with great variation in plate thickness.

[0080] By selectively etching the interlayer insulating film
66 by using this mask, the contact holes 68 are formed in the
interlayer insulating film 66.
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[0081] As multiple contact holes 68 are arranged at equal
intervals and equal pitches, a hole-and-space pattern is
formed on the resist film 30.

Embodiment 1

[0082] In the ATT mask 24, by making a plurality of ATT
masks 24 with the short sides of the rectangular area 40 which
becomes, for example, a light transmitting area for forming
the contactholes 68 in the resist film 30 fixed. for example, at
0.5 um and with the long sides varied, the resist film 30 was
exposed by the exposure apparatus 10 shown in FIG. 1 so as
to form rectangular contact holes in the resist film 30.
Together with these plural ATT masks 24, a plurality of
chrome masks having the same shape as the AT T masks 24
were used.

[0083] The coherence factor o (Sin ¢/Sin «) of the projec-
tion optical system 26 of equal magnification was fixed, for
example, at 0.8. Also, the i-ray with 365 nm wavelength as a
ray for exposure and a chemical amplitude-type resist mate-
rial for i-ray as the resist film 30 were respectively used.
Further, a pitch XP between hole centers in the X direction of
the areas 40 in FIG. 2 was made the sum of the long side and
the short side (0.5 um), and a pitch YP between hole centers in
theY direction was made a quadruple (2 pm) of the short side
(0.5 um).

[0084] When the chrome mask was used, the numerical
aperture NA2 was determined as follows: 0.37 in case the
light transmitting area 40 is a square each side of whichis 0.5
um long; 0.33 in case of a rectangle measuring 0.5 pmx0.7
pm; 0.29 in case of a rectangle measuring 0.5 umx1 pm; and
0.28 in case of rectangles respectively measuring 0.5 pmx1.5
pm and 0.5 pmx2 pm.

[0085] When the ATT mask 24 was used, the numerical
aperture NA2 was determined as follows: 0.35 in case the
light transmitting area 40 is a square whose one side is 0.5 um
long; 0.25 in case of rectangles respectively measuring 0.5
umx0.7 um and 0.5 umx1 wm; and 0.26 in case of rectangles
respectively measuring 0.5 umx1.5 um and 0.5 umx2 pm.
[0086] FIG. 3 shows the relationship between the depth of
focus of the projection optical system 26 that resulted from
the above embodiment 1 and the length dimension of the long
side of the area 40 in the ATT mask 24 in FIG. 2. InFIG. 3, a
curve 70 with ¢ marks shows the characteristic of depth of
focus of the projection optical system 26 of the exposure
apparatus 10, when the chrome mask was used, while a curve
72 with M marks shows the results when the ATT mask 24 was
used. The axis of abscissa in FIG. 3 shows a length of the long
sides of the area 40 shown in FIG. 2, while the vertical axis
shows the depth of focus of the projection optical system 26
of the exposure apparatus 10. A characteristic of the deep
depth of focus is obtained when the length of the long sides of
the area 40 is 0.7 pm or over. In other words, in the axis of
abscissa, the proportion of the long side and the short side is
1.4 times when the long side is 0.7 um; twice when the long
side is 1 pm; quadruple when the long side is 2 pm; and five
times when the long side is 2.5 um. In the ATT mask 24 shown
in FIG. 2, the characteristic of the deep depth of focus is
obtained in case of a rectangular pattern where the length in
the direction of the long sides becomes at least 1.4 times as
long as the length of the short sides in the rectangular pattern
for forming the contact holes.

[0087] Whichever ATT mask 24 is used, the contact holes
were formed on the resist film 30 to penetrate it, and those
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contact holes had an oval shape corresponding to the rectan-
gular light transmitting area (40) as shown in FIG. 2(A).
[0088] Asisclear from FIG. 3, if the long side of the area 40
is longer than the short side (0.5 um), the depth of focus of the
projection optical system 26 becomes deep to an extent that
the long side is up to 1 pm, and if the long side is longer than
that, the depth of focus becomes substantially constant. As a
result, by making the area 40 rectangular in FIG. 3, the depth
of focus of the exposure apparatus 10 becomes deep.

[0089] As is clear from FIG. 3, when the length of the long
sides is made at least 1.4 times (0.7 wm) as long as the length
of the short sides in the area 40, the depth of focus of the
projection optical system 26 becomes deeper than when
either the light transmitting area or the light screening area is
square. The deep depth of focus can be steadily obtained at a
periodical pattern in case of the contact hole pattern when the
pitch in the direction ofthe long side of the rectangle becomes
equal to or greater than the sum of the length dimension of the
long side and the length dimension of the short side and the
pitch in the direction of the short side becomes triple or more
the length dimension of the short side. The contact holes may
be in either the light transmitting area or the light screening
area.

[0090] The characteristic curve 70 in FIG. 3 shows a char-
acteristic in case of using the chrome mask with a light trans-
mitting area for the area 40. It is understood that, in this case,
too, the depth of focus becomes deep by making the contact
holes rectangular. It is therefore understood that the present
invention is also effective for an ordinary chrome mask.
[0091] Itisunderstood that, when the ATT mask 24 is used,
the depth of focus becomes remarkably deep. Thus even on a
glass base plate with a great plate thickness variation, a deep
depth of focus can be used to form the contact holes 68 in the
resist film 30 to perfectly penetrate it, thereby improving a
yield ratio of the TFT production.

Embodiment 2

[0092] Inthe same shape as the AT'T mask 24 shown in FIG.
2, a chrome mask with the short side of the rectangular light
transmitting area or the light screening area 40 fixed at 0.5 pm
and the long side at 1 pm, respectively, is made, and by using
the chrome mask, the resist film 30 was exposed by the
exposure apparatus 10 shown in FIG. 1 with the numerical
aperture NA2 of the projection optical system 26 of equal
magnification varied so as to form a plurality of contact holes,
that is, dense contact holes arranged at a high density on the
resist film 30.

[0093] Inthis embodiment, too, the coherence factor o was
fixed at 0.8. Also, the i-ray of 365 nm in wavelength as an
exposure ray and the chemical amplitude type resist for i-ray
as the resist film 30, respectively, were used. Further, the pitch
XP in the X direction of the area 40 in FIG. 2 was made 1.5
um, and the pitch YP in the Y direction was made 2 um.
[0094] FIG. 4 shows the relationship between the depth of
focus of the projection optical system 26 of equal magnifica-
tion that resulted from the above-mentioned embodiment 2
and the numerical aperture NA2 of the projection optical
system 26 of equal magnification. In either case, the contact
holes 68 are formed on the resist film 30, perfectly penetrating
it, and the contact holes 68 have a rectangular shape as shown
in FIG. 2A.

[0095] As is clear from FIG. 4, the depth of focus becomes
the deepest when the numerical aperture NA2 of the projec-
tion optical system 26 of equal magnification is 0.29. The
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deep depth of focus is obtained when the numerical aperture
NA2i50.28710 0.315. Also, when the light transmitting area
or the light screening area 40 is a rectangle, the depth of focus
generally becomes as deep as +1.7 um or deeper.

[0096] InFIG. 4 concerning the embodiment 2, the depths
of focus become substantially the same when the numerical
apertures NA2 of the projection optical system 26 of equal
magnification are 0.28 and 0.3, respectively. When the lens
aberration is taken into consideration, the depth of focus
when the numerical aperture NA2 of the projection optical
system 26 of equal magnification is 0.28 becomes shallower,
so that it is optimum when the range of the numerical aperture
NA2 is between 0.29 and 0.315.

[0097] From such a range of the numerical aperture NA2 of
the projection optical system of equal magnification as above,
the range of k1, 0.40 to 0.43, corresponding thereto can be
obtained. The range of this k1 can be obtained in the follow-
ing manner.

[0098] In the formula (1) above, when R is set at 0.5 and
NA2 as 0.29, k1 becomes 0.40. Likewise, by setting R at 0.5
and NA2 as 0.315, k1 becomes 0.43.

Embodiment 3

[0099] A chrome mask of the same shape as that of the
mask 24 shown in FIG. 2 was prepared with the short sides of
the rectangular light transmitting area or the light screening
area 40 fixed at 0.5 um and the long side at 1 um. By using the
prepared chrome mask, the resist film 30 was exposed by the
exposure apparatus 10 shown in FIG. 1 with the coherence
factor o of the projection optical system 26 of equal magni-
fication varied so as to form dense contact holes on the resist
film 30.

[0100] At this time, the numerical aperture NA2 of the
projection optical system 26 of equal magnification was fixed
at 0.29. Also, the i-ray of 365 nm in wavelength and the
chemical amplitude type resist for i-ray were used, respec-
tively, as the ray for exposure and as the resist film 30. Further,
the pitch XP in the X direction of the light transmitting area or
the light screening area 40 in FIG. 2 was set at 1.5 pm and the
pitch YP in the Y direction at 2 pm.

[0101] FIG. 5 shows the relationship between the depth of
focus of the projection optical system 26 of equal magnifica-
tion and the coherence factor o of the projection optical
system 26 of equal magnification resulting from the above
embodiment 3. In either case, contact holes perfectly pen-
etrating the resist film 30 were formed on the resist film 30,
and the contact holes had an oval shape in correspondence to
the rectangle 40 shown in FIG. 2A.

[0102] As is clear from FIG. 5, there is a tendency that the
depth of focus becomes minimum when the coherence factor
ois 0.5. FIG. 5 shows that the depth of focus becomes deeper
when the coherence factor o is 0.5 or over and 0.5 and less.
[0103] Also, in case the area 40 is rectangular, the depth of
focus becomes deeper in the whole area than in case the light
transmitting area or the light screening area 40 is square, and
evidently there is no need to restrict the coherence factor o in
the chrome mask.

Embodiment 4

[0104] Inthe ATT mask 24 shown in FIG. 2, the ATT mask
24 with the short sides of the rectangular light transmitting
area or the light screening area 40 fixed at 0.5 um and the long
sides thereof at 1 um was prepared. In order to use the ATT
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mask 24 for exposure and to form dense contact holes on the
resist film 30, the resist film 30 was exposed with the numeri-
cal aperture NA2 of the projection optical system 26 of equal
magnification varied.

[0105] The coherence factor o was fixed at 0.8. Also, the
i-ray of 365 nm in wavelength and the chemical amplitude
typeresist fori-ray were respectively used as the exposureray
and as the resist film 30. Further, the pitch XP in the X
direction of the light transmitting area or the light screening
area 40 in FIG. 2 was set at 1.5 pm and the pitch YP in the Y
direction at 2 pum.

[0106] FIG. 6 shows the relationship between the depth of
focus of the projection optical system 26 of equal magnifica-
tion that resulted from the above embodiment 4 and the
numerical aperture NA2. In either case, holes perfectly pen-
etrating the resist film 30, for example, the contact holes, were
formed on the resist film 30, and the contact holes had a
rectangular shape in correspondence to the rectangle 40
shown in FIG. 2A.

[0107] As is clear from FIG. 6, the depth of focus becomes
the deepest when the numerical aperture NA2 of the projec-
tion optical system 26 of equal magnification is 0.25. The
depths of focus become substantially the same when the
numerical aperture NA2 of the projection optical system 26 of
equal magnificationis 0.24 and when it is 0.265, but when the
lens aberration is taken into consideration, because the depth
of focus becomes shallower when the numerical aperture NA
is 0.24, the range of the numerical aperture NA2 is preferably
between 0.25 and 0.265.

[0108] FIG. 4 shows a characteristic of an ordinary chrome
mask, while FIG. 6 shows a characteristic of an ATT mask.
Comparison between FIG. 4 and FIG. 6 reveals that the depth
of focus becomes deeper in case of the ATT mask and is very
effective when exposing and forming a TFT on a glass base
plate.

Embodiment 5

[0109] Inthe ATT mask 24 shown in FIG. 2, an ATT mask
24 with the short side of the rectangular area 40 fixed at 0.5
wm and the long side fixed at 1 um is prepared, and in order to
form dense contact holes on the resist film 30 by using the
ATT mask 24, the resist film 30 was exposed by the exposure
apparatus 10 shown in FIG. 1 with the coherence factor o
varied.

[0110] Thenumerical aperture NA2 was fixedat0.25. Also,
ani-ray of 365 nmin wavelength and the chemical amplitude-
typeresist for i-ray were used, respectively, as the light source
12 and the resist film 30. Further, the pitch XP in the X
direction of the area 40 in FIG. 2 was set at 1.5 um, and the
pitch YP in the Y direction was set at 2 pm.

[0111] FIG. 7 shows the relationship between the depth of
focus of the projection optical system 26 of equal magnifica-
tion resulting from the embodiment 5 and the coherence
factor o. In either case, contact holes 68 perfectly penetrating
the resist film 30 were formed on the resist film 30, and the
contact holes 68 had an oval shape in correspondence to the
rectangle (40) shown in FIG. 2(A).

[0112] FIG. 5 shows a characteristic of an ordinary chrome
mask, while FIG. 7 shows a characteristic of an ATT mask.
Comparison between FIG. 5 and FIG. 7 reveals that the depth
of focus becomes deeper in case of the ATT mask and is very
effective when exposing and forming a TFT on a glass base
plate.
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[0113] Where the coherence factor o is 0.3 or more, the
depth of focus of the projection optical system 26 of equal
magnification when the area 40 is rectangular becomes
deeper than when the area 40 is square (the shape of the
mask), so that evidently there is no need to restrict the coher-
ence factor o even in case of the ATT mask. Here, “when the
area 40 is square” means a case where the long side in FIG. 3
is 0.5 pm. Comparison was made between 1.2 pm, which is
the depth of focus in this case, and the depth of focus where
the coherence factor o in FIG. 7 is 0.3 or more.

[0114] Insucha case as above, a predetermined resolution
0.5 pm is obtainable even if the numerical aperture NA2 is
changed up to 0.3. From such a range of the numerical aper-
ture NA2, 1.e., between 0.25 and 0.3, the corresponding range
of k1 can be obtained. In other words, where R is the length
dimension (0.5 pum) in the direction of the short sides of the
rectangle in the above formula (1), the range of k1, i.e.,
between 0.34 and 0.41, can be obtained by substituting each
critical value between 0.34 and 0.41 in the above formula (1).
[0115] As is clear from the foregoing embodiments 2
through 5, if the resolutions are the same, in case that the area
40 is rectangular, it can be exposed with smaller numerical
aperture NA2 than where the area 40 is square. In such a way,
when the numerical aperture NA2 becomes small, a degree of
difficulty for producing lenses lowers.

[0116] Further, while the contact holes 68 for forming elec-
trodes 62, 64 of the source area S and the drain area D of the
TFT 52 are explained in the foregoing embodiments, these
techniques may be used not only for forming the contactholes
68 but for wiring the gate electrode 60. Further, needless to
explain, the contact holes provided in the wiring for connect-
ing the TFTs 52 to each other and electric source terminals to
each other can be likewise formed on the interlayer insulating
film 66, resulting in the same effect.

[0117] Although the mask pattern for forming contactholes
was rectangular in the foregoing embodiments, an oval-
shaped mask pattern also enables obtainment of a practicable
depth of focus of the projection optical system 26 of equal
magnification.

[0118] Next, an exemplary method of exposure is
described.
[0119] The ATT mask 124 to be used for the method of

exposure can be, as shown, e.g., in FIG. 10A, an ATT phase
shift mask for line having a line-and-space pattern with light
transmitting portions 140 and light screening portions 142
having the same width dimension formed at equal intervals
and equal pitches. FIGS. 10A and 10B are views for explain-
ing anembodiment of the ATT mask 124 and the resist pattern
exposed to the transmitting light through there and then
developed, of which FIG. 10A is a plan view of the ATT mask
124, and FIG. 10B is a section of the processed base plate for
explaining an exposed state of the mask pattern obtained
along the line 10B-10B in FIG. 10A.

[0120] The ATT mask 124 can also be an ATT phase shift
mask for contact holes having a dense contact hole pattern
with light transmitting portions 144 having the same width
dimension formed in a matrix-like shape at equal pitches, as
shown in FIG. 11A. In theillustration, the dimension between
the light transmitting portions 144 (i.e., light screening por-
tions 146) is the same as the width dimension of the light
transmitting portions 144. FIGS. 11A and 11B are views for
explaining an embodiment of the ATT mask 124 and the resist
pattern exposed to the transmitting light through there and
then developed. FIG. 11Ais a plan view of the ATT mask, and
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FIG. 11B is a section of the processed base plate for explain-
ing an exposed state of the mask pattern obtained along the
line 11B-11B in FIG. 11A.

[0121] Whichever above-mentioned pattern the ATT mask
124 may have, it is possible to use as the ATT mask 124 either
one comprising the light screening portions 142, 146 having
a 6-8% transmittance and the light transmitting portions 140,
144 having a substantially 100% transmittance and capable of
shifting the phase of the light by 180°, or one comprising the
light screening portions having a 6-8% transmittance and
capable of shifting the phase of the light by 180° and the light
transmitting portions having a substantially 100% transmit-
tance.

[0122] The materials of the light screening portions 142
and 146 vary with the types of the ATT mask 124, itis possible
to use publicly known materials on the market. Whichever
type of the ATT mask 124 is used, the ATT mask 124 having
such a pattern is produced before exposure of the resist layer
130.

[0123] By exposing the resist layer 130 by the exposure
apparatus 10 shown in FIG. 1 by use of the ATT mask 124
having the pattern shown in FIG. 10A and by developing the
resist layer 130 after the exposure, a line-and-space pattern
comprising remaining portions of the resist layer 130 at equal
intervals and equal pitches as shown by section in FIG. 10B
and portions from which the resist layer was removed, that is,
spaces 150 are formed in the resist layer 130 on a glass base
plate 128.

[0124] Inthe pattern shown in FIG. 10B, the spaces 150 left
after the resist layer 130 was removed correspond to the light
transmitting portions 140 of the pattern in FIG. 10A, and
portions 152 where the resist 1ayer 130 remains correspond to
the light screening portions 142 of the pattern in FIG. 10A.
[0125] When the resist layer 130 is exposed in the exposure
apparatus 10 by use of the ATT mask 124 having the mask
pattern shown in FIG. 11A and the resist layer 130 is devel-
oped after the exposure, a dense contact hole pattern with
contact holes at equal intervals and equal pitches as shown by
section in FIG. 11B is formed in the resist layer 130 on the
glass base plate 128.

[0126] In the exposure pattern shown in FIG. 11B, the
spaces 150 left after removing the resist layer 130 correspond
to the light transmitting portions 144 in FIG. 11A, and por-
tions 156 where the resist layer 130 remains corresponds to
the light screening portions 146 in FIG. 11A.

[0127] For instance, in the above-mentioned first exposure
method, if a photoresist (the chemical amplitude type resist
for i-ray) having a line-and-space pattern with lines arranged
at equal intervals of 0.5 um in width is to be formed, the
numerical aperture NA2 is ranged from 0.3 t0 0.32 in the deep
area of the depth of focus of the projection optical system 26
of equal magnification as shown by the rectangular dotted
frame in FIG. 12, and the coherence factor o ranges approxi-
mately from 0.75 to 0.85 (usually likewise in case of Cr mask)
in the deep area of the depth of focus as shown by the rect-
angular dotted line in FIG. 13. When the coherence factor ois
0.85 or greater, the depth of focus is deep, but it is very
difficult to produce an actual exposure optical system with
such a coherence factor o. Therefore, the coherence factor o
is set approximately between 0.75 and 0.85. Also, in the
above formula (1), when R=0.5 um, the range of k1, i.e,,
between 0.41 and 0.44, can be obtained by substituting both
critical values, between 0.3 and 0.32, of the numerical aper-
ture NA2 range in the above formula (1).
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[0128] Also, for instance, if the chemical amplitude type
resist for i-ray having a line-and-space pattern including lines
arranged at equal intervals of 0.8 pm in width is to be formed
by the i-ray (365 nm in wavelength) from the light source 12,
from the characteristic of the rectangular dotted frame in FIG.
12, the numerical aperture NA2 ranges from 0.18 to 0.2, and
the coherence factor o ranges approximately from 0.75 to
0.85.

[0129] For instance, in the above-mentioned second expo-
sure method according to the present invention, if a transmit-
ting light image of the mask 124 of a contact hole pattern
(with dense contact holes arranged at hole pitches of 1 pum)
including holes with a bore diameter of 0.5 um at equal
intervals on the resist (the chemical amplitude type resist for
i-ray) by the i-ray (365 nm in wavelength) from the exposure
source, from FIG. 17, the numerical aperture NA2 of the
projection optical system 26 of equal magnification ranges
from 0.35 to 0.363, and from FIG. 15, the coherence factor o
ranges approximately from 0.6 to 0.85 (usually likewise in
case of Cr mask). Also, in the formula (1), when R=0.5 pm,
the corresponding range of'k1, i.e., between 0.48 and 0.5, can
be obtained by substituting both critical values, between 0.35
and 0.365, of the numerical aperture NA2 range in the for-
mula (1).

[0130] Also, for instance, when the transmitting light
image of the ATT mask 124 having a dense contact hole
pattern (with a hole pitch of 1.6 um) including multiple holes
having a bore diameter of 0.8 pm is to be formed by the i-ray
(365 nm in wavelength) from the exposure source 12 on the
photoresist film 130 (the chemical amplitude type resist for
i-ray), the numerical aperture NA2 ranges from 0.22 to 0.23,
and the coherence factor o of the projection optical system 26
of equal magnification ranges approximately from 0.6 to 0.85
(usually likewise in case of Cr mask). In this case, the shape
of the holes of the ATT mask 124 is square, but the shape of
the resist pattern actually formed is circular.

[0131] Forinstance, in the above-mentioned third exposure
method, in case holes having a bore diameter of 0.5 um are to
be formed, the pitch between the centers of the holes of the
ATT mask 124 becomes 1.2 um or over. Also, the numerical
aperture NA2 of the projection optical system 26 of equal
magnification ranges from 0.35 to 0.365, and the coherence
factor o of the projection optical system 26 of equal magni-
fication ranges approximately from 0.3 to 0.55. In this case,
when R=0.5 um, the corresponding range of k1, i.e., between
0.48 and 0.5, can be obtained by substituting both critical
values between 0.35 and 0.365 of the numerical aperture NA2
range in the formula (1).

[0132] According to the exposure method using such an
ATT mask 124, the depth of focus of the projection optical
system 26 of equal magnification becomes deeper than in the
usual case of Cr mask. As the depth of focus becomes deep, a
highly fine pattern can be formed on the resist film 130 filmed
on the glass base plate with great variation in plate thickness.
Being able to form an image of a highly fine pattern on the
resist film 130 filmed on the glass base plate with great varia-
tioninplate thickness means that a highly integrated circuit of
the TFT can be formed on the glass base plate.

[0133] Also, in the exposure method of the present inven-
tion as mentioned above, if the resolution is the same as that
of the usual Cr mask, it is possible to expose with the numeri-
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cal aperture NA2 smaller than that of the usual Cr mask. If
NA2 becomes so small as mentioned, it facilitates production
of lenses.

Embodiment 6

[0134] In order to form a line-and-space pattern with lines
at equal intervals having the line width of 0.5 um and at equal
pitch of 1 um between line centers in the resist layer 130, the
mask shown in FIG. 10A was used as the ATT mask 124 to
expose the resist layer 130 by the exposure apparatus 10
shown in FIG. 1.

[0135] The i-ray of 365 nm in wavelength was used as the
exposure ray, and the chemical amplitude type resist agent for
i-ray was used as the resist layer 130.

[0136] Actually. a plurality of experiments were conducted
by fixing the coherence factor o at 0.8 and varying the
numerical aperture NA2 corresponding to the convergent
angle 6 of the projection optical system 26 of equal magnifi-
cation in FIG. 1.

[0137] FIG. 12 shows the relation between the depth of
focus of the projection optical system 26 of equal magnifica-
tion of the exposure apparatus 10 that resulted from the fore-
going embodiment 6 and the numerical aperture NA2 of the
projection optical system 26.

[0138] Asisclear from FIG. 12, the depth of focus becomes
the deepest when the numerical aperture NA2 of the projec-
tion optical system 26 of equal magnification is 0.3. Substan-
tially the same depth of focus results when the numerical
aperture NA is 0.29 and 0.32.

[0139] However, when the lens aberration is taken into
consideration, the depth of focus becomes shallower when
the numerical aperture NA is 0.29. [t is therefore evident that
a range of the numerical aperture NA2 is desirably between
0.3 and 0.32, as shown by the dotted frame in FIG. 12. Such
a range of the numerical aperture shows a more favorable
characteristic than that of the usual Cr mask.

[0140] At this time, R is 0.5 pm, and by substituting A=365
nm and the range of the numerical aperture NA2, i.e., between
0.3 and 0.32 into the formula (1) called the Rayleigh formula
to obtain a range of k1, a range from 0.41 to 0.44 can be
obtained as k1.

Embodiment 7

[0141] In order to form a line-and-space pattern having
equal intervals and equal pitches the same as those in embodi-
ment 6 on the resist layer 130, the ATT mask 124 shown in
FIG. 10A was used to expose the resist layer 130 under the
same condition as in the embodiment 6 by the exposure
apparatus 10.

[0142] What is different from the embodiment 6 is that a
plurality of experiments were conducted by fixing the
numerical aperture NA2 to 0.3 and varying the coherence
factor o, instead of fixing the coherence factor o at 0.8 and
varying the numerical aperture NA2.

[0143] FIG. 13 shows the relation between the depth of
focus of the projection optical system 26 of the exposure
apparatus that resulted from the foregoing embodiment 7 and
the coherence factor o.

[0144] As is clear from FIG. 13, the depth of focus of the
projection optical system 26 of equal magnification becomes
smaller in areas where the coherence factor o is smaller than
0.8, and becomes much lower than +2 jum when the coherence
factor o becomes lower than 0.75. However, when the coher-
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ence factor o becomes larger than 0.8, the depth of focus
becomes substantially constant.

[0145] The limit in production of the light source for the
coherence factor ois about 0.85 or aver. It is therefore evident
that the coherence factor o is desirably between 0.75 and
0.85, as shown by the dotted frame in FIG. 13.

Embodiment 8

[0146] In order to form a dense contact hole pattern where
a resist pattern has a plurality of rectangular holes in which
one side is 0.5 pm long, i.e., 0.5 pm in bore diameter and the
pitch between centers of the holes is 1 um on the resist layer
130, the mask shown in FIG. 11(A) was used as the ATT mask
124 to expose the resist layer 130.

[0147] The i-ray of 365 nm in wavelength was used as an
exposure ray, and the chemical amplitude-type resist agent
for i-ray was used as the resist layer 130.

[0148] Actually, a plurality of experiments were conducted
by fixing the coherence factor o at 0.8 and varying the
numerical aperture NA2.

[0149] FIG. 14 shows the relation between the depth of
focus that resulted from the foregoing embodiment 8 and the
numerical aperture NA2 of the projection optical system 26.
[0150] As is clear from FIG. 14, in the exposure apparatus
10 the depth of focus of the projection optical system 26 of
equal magnification becomes the deepest when the numerical
aperture NA2 is 0.35. Also, substantially the same depth of
focus results when the numerical aperture NA2 is 0.34 and
0.365.

[0151] However, when the lens aberration is taken into
consideration, the depth of focus of the projection optical
system 26 becomes shallower when the numerical aperture
NAZ2 is 0.34. It is therefore evident that the numerical aperture
NAZ2 is desirably in the range from 0.35 to 0.365, as shown by
the dotted frame in FIG. 14.

[0152] R at this time is 0.5 pm, and when obtaining the
range of k1 by substituting A=365 nm and the range of the
numerical aperture NA2 from 0.35 to 0.365, into the Rayleigh
formula (1), the range from 0.48 to 0.5 is obtained as k1.

Embodiment 9

[0153] 1Inorder to form the same dense contact hole pattern
as in the embodiment 8 on the resist layer 130, the mask
shown in FIG. 11A was used as the ATT mask 124 to expose
the resist layer 130 under the same condition as in the embodi-
ment 8.

[0154] Different from the embodiment 8, in place of vary-
ing the numerical aperture NA2 with the coherence factor o
fixed at 0.8, a plurality of experiments were conducted by
fixing the numerical aperture NA2 at 0.35 and varying the
coherence factor 0.

[0155] FIG. 15 shows a simulation result of the relation
between the depth of focus of the projection optical system 26
of the exposure apparatus 10 and the coherence factor o of the
projection optical system 26 when the numerical aperture
NA2 is fixed at 0.35 in the above-mentioned embodiment 9.
[0156] Asis clear from FIG. 15, the depth of focus becomes
small in an area where the coherence factor o is smaller than
0.8, and the depth of focus becomes greatly lower than +1.2
um when the coherence factor o becomes lower than 0.60.
However, when the coherence factor o becomes larger than
0.8, the depth of focus becomes substantially constant.
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[0157] The limit for producing the light source as for the
coherence factor o is, as mentioned above, approximately
0.85. Therefore, evidently, the coherence factor o is desirably
between 0.6 and 0.85, as shown by the dotted frame in FIG.
15.

Embodiment 10

[0158] In the resist pattern, in order to form on the resist
layer 130 the transmitting light of the ATT mask 124 of a
dense contact hole pattern having a plurality of rectangular
holes whose one sideis 0.5 pm, the mask shown in FIG. 11(A)
was used as the ATT mask 124 to expose the resist layer 130
by the exposure apparatus 10 shown in FIG. 1.

[0159] The i-ray of 365 nm wavelength and the chemical
amplitude type resist agent for i-ray were used, respectively,
as the exposure ray and as the resist layer 130.

[0160] Actually. a plurality of experiments were conducted
by fixing the numerical aperture NA2 of the exposure appa-
ratus 10 at 0.35, and varying the coherence factor o as well as
the distance between centers of holes (pitch between centers).
The coherence factor o was fixed at 0.8 when the pitch
between centers of holes was 1 um, and otherwise, at 0.4.
[0161] FIG. 16 shows the relation between the pitch
between the centers of the holes of the ATT mask 124 and the
depth of focus of the projection optical system 26 that resulted
from the above embodiment 10.

[0162] Asis clear from FIG. 16, when the pitch of the light
transmitting portion 144 having the same hole width dimen-
sion, i.e., the bore diameter of the ATT mask 124 exceeds 1
um, the depth of focus of the projection optical system 26
rapidly deepens, and the pitch between the centers of the
holes becomes substantially constant at the pitch of 2 um or
greater. [t is clear that the pitch is desirably 1.2 um or greater,
at which point the depth of focus becomes 2 pum or greater.
InFIG. 16, “isolation” means a case where there exists only a
single contact hole.

Embodiment 11

[0163] Inorderto form a dense contact hole pattern having
a plurality of rectangular holes having one side as long as 0.5
pm and arranged at a pitch of 2 pm between centers of holes
on the resist layer 130, the mask shown in FIG. 11 A was used
as the ATT mask 124 to expose the resist layer 130 by the
exposure apparatus shown in FIG. 1.

[0164] An i-ray of 365 nm wavelength and a chemical
amplitude type resist for i-ray were used, respectively, as the
exposure ray and the resist 130.

[0165] Actually, aplurality of experiments were conducted
by fixing the coherence factor o at 0.4 and varying the
numerical aperture NA2.

[0166] FIG. 17 shows the relation between the pitch
between centers of holes and the depth of focus of the pro-
jection optical system 26 that resulted from the above
embodiment 11.

[0167] As is clear from FIG. 17, the depth of focus of the
projection optical system 26 becomes the deepest when NA2
is 0.35. FIG. 17 shows by the dotted frame an area where
substantially the same depth of focus is attained when the
numerical apertures NA2 are 0.34 and 0.365, respectively.
[0168] However, actually, ifthe lens aberration is taken into
consideration, when the numerical aperture NA2 is 0.34, the
depth of focus of the projection optical system 26 becomes
shallow, so that it is evident that the range of the numerical
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aperture NA2 is preferably between 0.35 and 0.365. The
range of k1 at this time becomes from 0.48 to 0.5, as shown in
the embodiment 8.

Embodiment 12

[0169] Inorderto form a dense contact hole pattern having
aplurality of rectangular holes with one side as long as 0.5 pm
arranged at a pitch of 2 um between centers of the holes on the
resist layer 130, the mask shown in FIG. 11A was used as the
ATT mask 124 to expose the resist layer 130 by the exposure
apparatus shown in FIG. 1.

[0170] An i-ray of 365 nm wavelength and a chemical
amplitude resist agent fori-ray were used, respectively, as the
exposure ray and as the resist layer 130.

[0171] Actually, a plurality of experiments were conducted
by fixing the numerical aperture NA2 at 0.35 and varying the
coherence factor o.

[0172] FIG. 18 shows the relation between the coherence
factor o and the depth of focus of the projection optical
system 26 that resulted from the above embodiment 12.
[0173] Asisclear from F1G. 18, there is a tendency that the
depth of focus becomes maximum at the coherence factor o
of 0.4. Also, it is evident that the coherence factor o is desir-
ably between 0.3 and 0.55, in which range the depth of focus
becomes +2 pum or greater.

[0174] In the foregoing exposure method of the present
invention, for instance, when a line pattern mask according to
the present invention is used in production of a liquid crystal
display (LCD), produced parts of a dimension and a shape
substantially corresponding to the line pattern of the mask
pattern are formed in the LCD. Also, the value of the numeri-
cal aperture NA2 and the light source can be specified by each
exposlre apparatus.

[0175] Ttwill be obvious to those having skill in the art that
many changes may be made to the details of the above-
described embodiments without departing from the underly-

Feb. 26, 2009

ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

1. A thin film transistor comprising: a source area and a
drain area provided on a semiconductor thin film crystallized
on a glass base plate; a gate insulating film provided between
said source area and drain area on said semiconductor thin
film; a gate electrode provided on said gate insulating film; a
second insulating film provided on said gate electrode, said
source area, and said drain area; and contact holes provided
on said second insulating film and having a conductor layer
for electrically contacting at least one of said gate electrode,
said source area, and said drain area, wherein the sectional
shape of said contact holes is rectangular, and wherein the
length dimension in the direction of the long sides of the
contact holes in sectional shape is as long as or longer than 1.4
times the length dimension in the direction of its short sides.

2. An integrated circuit including a thin film transistor
provided on a semiconductor thin film crystallized on a glass
base plate,

wherein the sectional shape of the contact holes of said

integrated circuit is rectangular, and wherein the length
dimension in the direction of the long sides of the sec-
tional shape of said contact holes is 1.4 times as long as
or longer than the length dimension in the direction of its
short sides.

3. A liquid crystal display comprising a thin film transistor
constituting a drive circuit for a liquid crystal display cell
provided on a semiconductor thin film crystallized on a glass
plate,

wherein the sectional shape of the contact holes of said

circuit is rectangular, and the length dimension in the
direction of the long sides of the sectional shape of said
contact holes is 1.4 times as long as or longer than the
length dimension in the direction of'its short sides.

ok o ok %k
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