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(57) ABSTRACT 

In the heating of a substrate in a lithographic process, 
temperature conditions for heating a substrate on Which a 
resist is formed exert a large in?uence upon the pattern 
dimensions; and the pattern dimensions vary greatly in the 
heating from only one of the surfaces of the substrate. There 
is provided a substrate heating apparatus for heating a 
substrate before or after irradiation of light for performing a 
pattern by using a photosensitive material formed on a 
substrate or by using a material Which is photosensitive to 
charged particles formed on the substrate. The substrate 
heating apparatus includes an upper heater Which serves as 
a heat source for heating the substrate from the top surface 
thereof; a loWer heater Which serves as a heat source for 
heating the substrate from the bottom surface thereof; and a 
heat-conducting heater block provided on the loWer heater; 
on Which heater block the substrate is placed; making it 
possible to individually set the temperatures of the upper and 
loWer heaters. 
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SUBSTRATE HEATING APPARATUS, SUBSTRATE 
HEATING METHOD, SEMICONDUCTOR 

INTEGRATED CIRCUIT DEVICE, PHOTOMASK 
AND LIQUID CRYSTAL DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate heating 
apparatus, a substrate heating method, a semiconductor 
integrated circuit device, a photomask and a liquid-crystal 
device. 

[0003] 2. Description of the Related Art 

[0004] As a heating method of a conventional substrate 
heating apparatus, an oven-type heating method or a hot 
plate-type heating method is employed. A substrate heating 
apparatus having an oven-type heating method of these 
methods is designed to indirectly heat a Workpiece to be 
heated, for eXample, a substrate in a heating atmosphere 
inside a heat insulation chamber Which serves also to shield 
heat on the precondition that a plurality of substrates are 
heated at a time. 

[0005] On the other hand, in recent years, a substrate 
heating apparatus employing a hot-plate-type heating 
method has been generally used due to the necessity of 
forming What is commonly called “inline processing” With 
other apparatuses for the purpose of reducing the adhesion 
of particles onto a substrate and Without human intervention. 

[0006] An eXample of a conventional substrate heating 
apparatus employing a hot-plate-type heating method Will 
noW be described With reference to the schematic vieW of 
FIG. 1. 

[0007] As shoWn in FIG. 1, a substrate heating apparatus 
101 basically comprises a heater 111 and a heater block 112 
formed on the heater 111. 

[0008] In order to heat a substrate 121 by using the 
substrate heating apparatus 101, the substrate 121 is placed 
on the heater block 112 and the heater block 112 is heated 
by the heater 111 so as to heat the substrate 121 from the rear 
surface of the substrate 121. Therefore, the substrate 121 is 
heated via the heater block 112 by the heater 111. 

[0009] In recent years, resist materials have been 
improved in order to form patterns ?ner than those of the 
knoWn art. For eXample, a resist material utiliZing a catalytic 
reaction during heating time has been developed, and such 
a resist material has been used in a semiconductor device 
manufacturing process. In such resist materials, acid gener 
ated in a resist material due to irradiation of light or 
irradiation of a charged particle beam reacts With a func 
tional group having a high reactivity to acid due to heating 
after the irradiation, and the solubility characteristic of the 
resist material With respect to the developing solution varies, 
thus forming a pattern. The above-mentioned resist is gen 
erally called a chemical ampli?cation-type resist. 

[0010] HoWever, use of a chemical ampli?cation-type 
resist causes temperature conditions for heating after eXpo 
sure or after the charged particle beam is irradiated to affect 
the reaction speed. For eXample, as shoWn in the relation 
vieW of FIG. 14 betWeen the line Width variation amount of 
a pattern and heating temperature, it can be seen that the 
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temperature conditions during the heating period cause the 
line Width of the pattern to vary. Therefore, presence of a 
temperature distribution on the surface of the substrate 
brings about undesirable results in high-precision pattern 
formation. 

[0011] In a conventional oven-type substrate heating appa 
ratus, since the heating chamber is opened and closed When 
a heating process is started, the reproducibility of tempera 
ture and the controllability of the temperature inside the 
heating chamber are loW. Also, since the substrate is indi 
rectly heated, the temperature distribution under the sub 
strate surface is considerably poor. Further, also in the 
conventional substrate heating apparatus employing a hot 
plate-type heating method, the temperature distribution of 
the substrate surface is poor. For these reasons, it is not 
possible to form high-precision patterns. 

[0012] An eXample of the above Will be described beloW 
With reference to FIG. 15. In FIG. 15, the vertical aXis 
shoWs differences from the reference dimension (line Width= 
1.0 pm) of the pattern, i.e., dimensional variations of the 
pattern, and the horiZontal aXis shoWs measurement posi 
tions With respect to the effective area (a 110 mm square) in 
a photomask. 

[0013] The patterns measured in the eXample are formed 
by the processes described beloW. That is, an acid catalytic 
reaction-type resist is coated on a glass substrate having a 
thickness of 6 mm and heated to remove a resist solvent. 
Then, the resist ?lm is irradiated With an electron beam, after 
Which the glass substrate is heated by the substrate heating 
apparatus of a hot-plate-type heating method. Then, a devel 
opment process is performed to form a pattern. 

[0014] The dimensional variations of the resist pattern in 
this case Were 3o=0.045 pm. 

[0015] It can be seen in FIG. 15 that (a) the dimensional 
variation varies from a positive variation to a negative 
variation toWard a particular direction (the front side in the 
draWing in this example). That is, since heating is performed 
only from the rear surface of the glass substrate in the 
substrate heating apparatus of a hot-plate-type heating 
method, the pattern dimension distribution depends upon the 
parallel relation betWeen the heater block and the substrate. 
For this reason, When the parallel relation is poor, variations 
in pattern dimensions having directivity occur. 

[0016] Also, (b) a large variation of the pattern dimension 
occurs near the outer peripheral portion of the substrate. This 
is caused by the heat loss Which occurs due to the convection 
of air. 

[0017] Such phenomena as the above-described (a) and (b) 
appear conspicuously in cases Where thermal conductivity is 
as loW as in a glass substrate and the thermal capacity 
increases With the thickness of the substrate. In particular, in 
the manufacture of photomasks, it is practically impossible 
to obtain patterns having high dimensional precision. 

[0018] Further, (d) also in a silicon substrate having rela 
tively high thermal conductivity, problems similar to those 
described above have been reported [47th Symposium On 
Semiconductor Integrated-Circuits, Proceeding Papers 
(1994), Yamamoto et al., P60], presenting a considerable 
problem in a manufacturing process. 
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SUMMARY OF THE INVENTION 

[0019] The present invention has been achieved to solve 
the above-described problems. It is an object of the present 
invention to provide a substrate heating apparatus and a 
substrate heating method which excel in achieving unifor 
rnity of pattern dimension and Which excel in reducing 
dirnensional variations in the portion under the substrate 
surface, and to provide a semiconductor integrated circuit 
device, a photornask, and a liquid-crystal display device, in 
each of Which each substrate is heated by the substrate 
heating apparatus. 

[0020] To achieve the above-described objects, according 
to the present invention there is provided a substrate heating 
apparatus, a substrate heating method, a semiconductor 
integrated circuit device, a photornask and a liquid-crystal 
device. 

[0021] More speci?cally, the substrate heating apparatus, 
used in a manufacturing process for semiconductor devices, 
heats a substrate before or after irradiation of light for 
forming a pattern by using a photosensitive material formed 
on a substrate, or before or after irradiation of a charged 
particle beam for forming a pattern by using a material, 
Which is photosensitive to charged particles, formed on a 
substrate. The substrate heating apparatus comprises a ?rst 
heater Which is a heat source for heating a substrate from the 
obverse surface thereof and a second heater Which is a heat 
source for heating the substrate from the rear surface thereof, 
Wherein the temperatures of the ?rst and second heaters can 
be set individually. 

[0022] The surface of the ?rst heater on the substrate must 
be spaced from the surface of this substrate, and the space 
is set to be 10 mm or smaller. It is preferable that a recessed 
portion be formed on at least a part of the surface of the ?rst 
heater on the substrate side. Further, the second heater 
comprises a third heater Which constitutes the central portion 
of the second heater and the area adjacent to the central 
portion of the second heater, and a fourth heater disposed 
around the side peripheral portion of the third heater. 

[0023] In the substrate heating apparatus, the ?rst heater 
Which heats a substrate from the obverse surface thereof and 
the second heater Which heats the substrate from the rear 
surface thereof are provided; therefore, it becomes possible 
to heat the substrate from both sides. Therefore, heat loss on 
the surface of the substrate is suppressed, and the surface 
temperature of the substrate reaches a stable temperature at 
an early stage. 

[0024] Further, since the temperatures of the ?rst and 
second heaters can be set individually, it becomes possible 
to set the surface temperature of the substrate at any desired 
value. 

[0025] Further, since a recessed portion is formed in at 
least a part of the surface of the ?rst heater on the substrate 
side, it is possible to obtain uniform heat radiation on the 
surface of the substrate. Therefore, the surface of the sub 
strate is uniformly heated. 

[0026] Further, since the second heater comprises a third 
heater Which constitutes the central portion of the second 
heater and the area adjacent to the central portion of the 
second heater, and a fourth heater disposed around the side 
peripheral portion of the third heater, heating from the rear 

Jun. 7, 2001 

surface of the substrate is controlled so that the temperature 
of the surface of the substrate becornes uniforrn When the 
substrate is heated to an increased temperature. 

[0027] The substrate heating method comprises the step of 
heating a substrate before or after irradiation of light for 
forming a pattern by using a photosensitive material formed 
on the substrate, or before or after irradiation of a charged 
particle beam for forming a pattern by using a material, 
Which is photosensitive to charged particles, formed on the 
substrate, Wherein the substrate is heated at a temperature T1 
from the obverse surface thereof and heated at a temperature 
T2 from the rear surface thereof into a temperature state 
independently of the heating from the obverse surface of the 
substrate. The temperatures T1 and T2 should preferably 
satisfy the relation of 0.72 T1/T2§ 1.6. 

[0028] In the above-described substrate heating method, 
since the substrate is heated at a temperature T2 from the rear 
surface thereof and the substrate is heated at a temperature 
T1 from the obverse surface to a temperature state indepen 
dent of the heating from the rear surface of the substrate, 
heat loss on the surface of the substrate is suppressed, and 
the surface temperature of the substrate reaches a stable 
temperature at an early stage. Further, the surface tempera 
ture of the substrate reaches a desired temperature, and a 
desired temperature distribution is formed by appropriately 
setting the ratio of temperature T1 to temperature T2. 

[0029] Further, since the temperatures T1 and T2 are set so 
as to satisfy the relation of 0.7§T1/T2§ 1.6, dirnensional 
variations in the pattern are reduced to less than conven 
tional dirnensional variations in a pattern because the surface 
of the substrate is heated uniforrnly. 

[0030] When the temperatures are set to T1/T2<0.7, since 
the temperature T1 on the obverse surface of the substrate 
becomes much loWer than the temperature T2 on the rear 
surface of the substrate, the effect of suppressing heat loss 
from the surface of the substrate tends to decrease. Also, 
When the temperatures are set to 1.6<T1/T2, the temperature 
T2 on the rear surface of the substrate becomes very loW and 
it becomes dif?cult to obtain a stable substrate surface 
temperature distribution for a substrate having a large ther 
rnal capacity. 

[0031] The semiconductor integrated-circuit device is 
formed by heating a substrate in a lithographic process 
conducted in the manufacture of semiconductor integrated 
circuit devices by using a substrate heating apparatus which 
comprises a ?rst heater for heating a substrate from the 
obverse surface thereof, from Which a semiconductor inte 
grated-circuit device is formed, and a second heater for 
heating the substrate from the rear surface thereof and Which 
is capable of individually setting the temperatures of the ?rst 
and second heaters. 

[0032] In the semiconductor integrated-circuit device, 
since the substrate is heated in a lithographic process in the 
manufacture of semiconductor integrated-circuit devices 
using a substrate heating apparatus Which heats a substrate 
from above and beloW, the portion under the surface of the 
substrate is heated alrnost uniformly, and therefore, dirnen 
sional variations in the pattern are reduced. Therefore, since 
a high-precision pattern can be formed, variations in the 
electrical characteristics due to dirnensional variations in the 
pattern are reduced. 
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[0033] The photomask is formed by heating a substrate in 
a lithographic process conducted in the manufacture of 
photomasks by using a substrate heating apparatus Which 
comprises a ?rst heater for heating a substrate Which con 
stitutes a photomask from the obverse surface thereof and a 
second heater for heating the substrate from the rear surface 
thereof and Which is capable of individually setting the 
temperatures of the ?rst and second heaters. 

[0034] In the photomask, since the substrate is heated in a 
lithographic process in the manufacture of photomasks by 
using a substrate heating apparatus for heating a substrate 
Which constitutes the photomask from both sides thereof, the 
portion under the surface of the substrate is heated almost 
uniformly. Therefore, dimensional variations in the pattern 
can be reduced. 

[0035] The liquid-crystal display device is formed by 
heating a substrate in a lithographic process conducted in the 
manufacture of liquid-crystal display devices by using a 
substrate heating apparatus Which comprises a ?rst heater 
for heating a substrate Which constitutes a liquid-crystal 
display device from the obverse surface thereof and a second 
heater for heating the substrate from the rear surface thereof 
and Which is capable of individually setting the temperatures 
of the ?rst and second heaters. 

[0036] In the liquid-crystal display device, since a sub 
strate is heated in a lithographic process in the manufacture 
of liquid-crystal display devices by using a substrate heating 
apparatus for heating a substrate Which constitutes a liquid 
crystal display device from both sides of the substrate, the 
portion under the surface of the substrate is heated almost 
uniformly and therefore, dimensional variations in the pat 
tern are reduced. Therefore, since a high-precision pattern 
can be formed, variations in the electrical characteristics due 
to dimensional variations in the pattern are reduced. 

[0037] The above and further objects, aspects and novel 
features of the invention Will become more apparent from 
the folloWing detailed description When read in connection 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a schematic vieW of a conventional 
substrate heating apparatus; 

[0039] FIG. 2 is a schematic vieW of a ?rst embodiment 
of a substrate heating apparatus of the present invention; 

[0040] FIGS. 3A to 3F are illustrations of a recessed 
portion formed in a ?rst heater; 

[0041] FIG. 4 is an illustration of the shape of a projecting 
portion provided in the recessed portion; 

[0042] FIG. 5 is a schematic vieW of a second embodi 
ment of a substrate heating apparatus; 

[0043] FIG. 6 is a schematic vieW of the construction of 
a second heater; 

[0044] FIG. 7 is an illustration of a substrate heating 
method of the present invention; 

[0045] FIG. 8 is a resist pattern dimensional variation 
distribution vieW in accordance With the ?rst embodiment of 
the present invention; 
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[0046] FIG. 9 is a chromium pattern dimensional varia 
tion distribution vieW in accordance With the second 
embodiment of the present invention; 

[0047] FIG. 10 is a chromium pattern dimensional varia 
tion distribution vieW in accordance With a third embodi 
ment of the present invention; 

[0048] FIG. 11 is a chromium pattern dimensional varia 
tion distribution vieW in accordance With a fourth embodi 
ment of the present invention; 

[0049] FIG. 12 is a chromium pattern dimensional varia 
tion distribution vieW in accordance With a tWenty-ninth 
embodiment of the present invention; 

[0050] FIG. 13 is a chromium pattern dimensional varia 
tion distribution vieW in accordance With a thirtieth embodi 
ment of the present invention; 

[0051] FIG. 14 is a vieW of the relation betWeen the 
amount of variation in the line Width of a pattern and heating 
temperature; and 

[0052] FIG. 15 is a resist pattern dimensional variation 
distribution vieW of the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] A?rst embodiment of a substrate heating apparatus 
of the present invention Will be described beloW With 
reference to the schematic vieW of FIG. 2. 

[0054] ShoWn in FIG. 2 is a substrate heating apparatus 1 
for heating a substrate 21 before and after irradiation of light 
Which forms a pattern by using a photosensitive material 
formed on the substrate 21, or before and after irradiation of 
charged particles Which form a pattern by using a material 
Which is photosensitive to charged particles formed on the 
substrate 21. 

[0055] Referring to FIG. 2, the basic arrangement of the 
substrate heating apparatus 1 Will be described beloW. 

[0056] A ?rst heater 11 is disposed Which serves as a heat 
source for heating the substrate 21 from the obverse surface 
thereof. The ?rst heater 11, for eXample, has pattern Wiring 
arranged on the entire surface thereof on the heating surface 
side. 

[0057] Hereinafter, the surface of the substrate 21 refers to 
the surface of one side of the substrate 21, and the other 
surface of the substrate 21 refers to the rear surface. The 
obverse surface and the rear surface are referred to as both 
surfaces. 

[0058] Further provided is a second heater 12 Which 
serves as a heat source for heating the substrate 21 from the 
rear surface thereof. The second heater 12, for eXample, has 
pattern Wiring arranged on the entire surface thereof on the 
heating surface side. 

[0059] In the substrate heating apparatus 1, a substrate 21 
is placed on the second heater 12, and a heater block 13 
made from a heat-conducting material for uniformly heating 
the placed substrate 21 is provided. The heater block 13 is 
formed from, for eXample, a material having a high thermal 
conductivity, a copper plate having a thickness of 20 mm 
being used in this eXample. 



US 2001/0003013 A1 

[0060] The ?rst heater 11 is placed in a state in Which the 
distance to the surface of the substrate 21 placed on the 
second heater 12 is close to, for example, 30 min or less. 

[0061] Though not shown, it is possible to provide a heater 
block on a side facing the substrate of the ?rst heater 11. It 
is also possible to place the substrate 21 directly on the 
second heater 12 Without providing the heater block 13. 

[0062] A recessed portion 14 is formed on the surface of 
the ?rst heater 11 on the substrate 21 side, the recessed 
portion 14 being formed by a continuously or stepWise 
varying surface. Further, the ?rst heater 11 has a ventilation 
opening 14 a formed in a central portion of the recessed 
portion 14. 

[0063] On the heater block 13, a side block 15 is formed 
along the side of the substrate 21 placed on the heater block 
13. The side block 15 is formed from a heat-conducting 
material, such as an alurninurn-type or copper-type material. 

[0064] It is possible to individually set the temperatures of 
the ?rst heater 11 and the second heater 12. 

[0065] As a means therefor, for example, a ?rst tempera 
ture controller 31 is connected to the ?rst heater 11 so that 
the temperature of the ?rst heater 11 is controlled indepen 
dently by the ?rst temperature controller 31. Also, a second 
temperature controller 32 is connected to the second heater 
12 so that the temperature of the second heater 12 is 
controlled independently by the second temperature control 
ler 32. By connecting the ?rst temperature controller 31 and 
the second temperature controller 32 individually in the 
manner described above, the temperatures of the ?rst heater 
11 and the second heater 12 can be controlled independently. 
Further, the ?rst temperature controller 31 and the second 
temperature controller 32 may be formed as a single tern 
perature controller. 

[0066] In FIG. 2, cross sections of the ?rst heater 11, the 
heater block 13, and the substrate 21 are shoWn. 

[0067] Examples of the recessed portion 14 formed in the 
?rst heater 11 Will be described With reference to FIG. 3A 
to FIG. 3F. 

[0068] As shoWn in FIG. 3F, the recessed portion 14, 
Which is a cone-shaped space, is formed in a part of the 
surface (the bottom surface in the draWing) of the ?rst heater 
11 facing the substrate (not shoWn). The diameter (or radius) 
R of an opening 14D of the recessed portion 14 is set in the 
range of 0.5r§R§1.4r When the diameter (or radius) of the 
inscribed circle With respect to the external shape of the 
square substrate in a state in Which the square substrate (not 
shoWn) heated by the substrate heating apparatus 1 is seen 
in plane vieW is denoted as r. In the opening 14D in this 
example, the height of the cone-shaped space is set at 4 min 
and the radius r of the opening is set at 76 min for a square 
substrate of a 152 mm square. 

[0069] The radius of the opening 14D of the recessed 
portion 14 is set at from one half of the radius of a circular 
substrate to the radius of the circular substrate for a case in 
Which the substrate 21 heated by the substrate heating 
apparatus 1 is a circular substrate (including a substrate on 
Which an orientation ?at or notch is formed), such as a 
silicon Wafer. 

[0070] In another example, as shoWn in FIG. 3B, 21 
dorne-shaped recessed portion 14 formed as part of a spheri 
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cal shape is formed in a part of the surface (the bottom 
surface in the draWing) of the ?rst heater 11 facing the 
substrate (not shoWn). The radius R of the opening 14D of 
the recessed portion 14 is set in the range of 0.5réRé 1.4r 
When the radius of the inscribed circle With respect to the 
external shape of this square substrate in a state in Which the 
square substrate (not shoWn) heated by the substrate heating 
apparatus 1 is seen in plane vieW is denoted as r. In the 
opening 14D in this example, the height of the cone-shaped 
space is set at 3 min and the radius r of the opening is set at 
76 min for the square substrate of a 152 mm square. 

[0071] The radius of the opening 14D of the recessed 
portion 14 is set at from one half of the radius of this circular 
substrate to the radius of the circular substrate for a case in 
Which the substrate 21 heated by the substrate heating 
apparatus 1 is a circular substrate (including a substrate on 
Which an orientation ?at or notch is formed), such as a 
silicon Wafer. 

[0072] In a further example, as shoWn in FIG. 3C, a 
dorne-shaped recessed portion 14 formed as a circular 
cylinder-shaped space is formed in a part of the surface (the 
bottom surface in the draWing) of the ?rst heater 11 facing 
the substrate (not shoWn). The radius R of the opening 14D 
of the recessed portion 14 is set in the range of 0.5réRé 1.4r 
When the radius of the inscribed circle With respect to the 
external shape of the square substrate (not shoWn) in a state 
in Which the square substrate heated by the substrate heating 
apparatus 1 is seen in plane vieW is denoted as r. In the 
opening 14D in this example, the height of the circular 
cylinder-shaped space is set at 2 min and the radius r of the 
opening is set at 76 min With respect to a square substrate of 
a 152 mm square. 

[0073] The radius of the opening 14D of the recessed 
portion 14 is set at from one half of the radius of this circular 
substrate to the radius of the circular substrate for a case in 
Which the substrate 21 heated by the substrate heating 
apparatus 1 is a circular substrate (including a substrate on 
Which an orientation ?at or notch is formed), such as a 
silicon Wafer. 

[0074] The above-described shapes of the recessed portion 
14 are examples. The recessed portion 14 may be formed 
into other shapes if it is formed as a continuously or stepWise 
varying surface. For example, as shoWn in FIG. 3D, the 
recessed portion 14 may be formed as a part of an ellipsoid 
shaped space; as shoWn in FIG. 3E, the recessed portion 14 
may be formed as a part of a non-spherical-shaped space; 
and as shoWn in FIG. 3F, the recessed portion 14 may be 
formed as a plurality of circular-cylinder-shaped spaces (tWo 
circular-cylinder-shaped spaces in the draWing) such that the 
radius of the opening 14D becomes smaller as the height of 
the opening 14D increases. 

[0075] Further, the recessed portion 14 may be formed in 
such a Way that a part of the interior thereof is formed into 
a projecting shape. Examples of the shape of such a recessed 
portion Will be described beloW With reference to FIG. 4. 

[0076] In FIG. 4, the ?rst heater 11 is shoWn in a sectional 
perspective vieW When seen from the substrate 21 located 
above. 

[0077] As shoWn in FIG. 4, a part of the bottom 14A of 
the recessed portion 14 formed as a circular-cylindrical 
space is formed into a projecting shape. Hereinafter, that 
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portion formed into a projecting shape Will be referred to as 
a projecting portion 71. The projecting portion 71 shoWn in 
this ?gure is formed of ring portions 73 and 73 such that, for 
example, the outer section has a rectangular cross section 
and a ring-shaped shape, and also includes a circular 
cylinder-shaped portion 74. Further, the projecting portion 
71 is formed inside the recessed portion 14. More speci? 
cally, each of the surfaces 72A, 73A and 74A on the 
substrate 21 side of the projecting portion 71 has a height 
equal to that of the surface 11A on the substrate 21 side of 
the ?rst heater 11 and are present inside the recessed portion 
14. 

[0078] The cross-sectional shape of the projecting portion 
71 is not limited to the above-described rectangular cross 
section and may be of shapes other than the rectangular cross 
section, for eXample, a cross section having a curvature (e.g., 
a half-circular cross section, a semi-half-circular cross sec 

tion, and so on) or a polygonal cross section. Further, the 
projecting portion 71 may be formed in such a Way that a 
plurality of ring-shaped projecting portions are arranged. 
The arrangement thereof may be in a concentric form or in 
a scattered form. 

[0079] Further, though not shoWn, the projecting portion 
71 is formed of a plurality of projecting portions, and each 
of them has a rectangular outer shape cross section and is 
formed into a semi-rectangular parallelepiped. Each project 
ing portion is arranged, for eXample, as a circular shape 
inside the recessed portion 14. More speci?cally, the surface 
of each projecting portion on the substrate 21 side is formed 
With a height equal to that of the surface 11A of the ?rst 
heater 11 on the substrate 21 side and in such a manner as 
to be present inside the recessed portion 14. 

[0080] The arrangement of the projecting portion 71 is not 
limited to a circular shape and may be in the form of lattice 
points or other shapes. Further, the projecting portion 71 
may be formed in such a Way that a plurality of projecting 
portions are arranged in a circular shape. The arrangement 
thereof may be in a concentric form or in a scattered form. 

[0081] Since the above-described substrate heating appa 
ratus 1 comprises the ?rst heater 11 for heating a placed 
substrate 21 from the obverse surface thereof and a second 
heater 12 for heating the substrate 21 from the rear surface 
thereof, the substrate 21 is heated from the obverse and rear 
surfaces. Further, the distance betWeen the surface of the 
substrate 21 and the ?rst heater 11 is small. Therefore, heat 
loss on the surface of the substrate 21 is suppressed, and the 
temperature of the surface of the substrate 21 reaches a 
stable temperature at an early stage. 

[0082] Since the ?rst temperature controller 31 is con 
nected to the ?rst heater 11 and the second temperature 
controller 32 is connected to the second heater 12 so that the 
temperatures of the ?rst heater 11 and the second heater 12 
can be controlled individually, the temperatures of the ?rst 
heater 11 and the second heater 12 are set individually. 
Therefore, it becomes possible to set the surface temperature 
of the substrate 21 to any desired value. 

[0083] Since the recessed portion 14 formed from a con 
tinuously or stepWise varying surface is formed on the 
surface of the ?rst heater 11 on the substrate 21 side, uniform 
heat radiation can be obtained on the surface of the substrate 
21. Therefore, the surface of the substrate 21 is heated 
uniformly. 
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[0084] Furthermore, since the recessed portion 14 is pro 
vided on the surface of the ?rst heater 11 on the substrate 21 
side and the radius R of the opening 14D of the recessed 
portion 14 is set in the range of 0.5réRé 1.4r When the 
radius of the inscribed circle With respect to the eXternal 
shape of a square substrate (not shoWn) in a state Where the 
square substrate heated by the substrate heating apparatus 1 
is seen in plane vieW is denoted as r, heat loss in the outer 
peripheral portion of the substrate 21 is cancelled. There 
fore, the substrate 21 is heated almost uniformly. Further, the 
surface of the substrate reaches an almost uniform tempera 
ture also for the circular substrate in a similar manner as 
described above. 

[0085] Further, since the side block 15 is placed on the 
heater block 13 lateral to Where the substrate 21 is placed, 
heat loss due to convection in the side peripheral portion of 
the substrate 21 is reduced. 

[0086] Furthermore, since the heater block 13 is provided, 
the heat of the second heater 12 is made uniform by this 
heater block 13, an almost uniform temperature is achieved 
on the entire surface on Which the substrate is placed, and the 
substrate 21 is heated in that temperature state. 

[0087] In a second embodiment of the substrate heating 
apparatus 1, a substrate heating apparatus having improved 
heat insulation Will be described With reference to the 
schematic vieW of FIG. 5. In FIG. 5, the illustration of the 
?rst temperature controller 31 and the second temperature 
controller 32 is omitted. 

[0088] As shoWn in FIG. 5, the substrate heating appara 
tus is provided With a side Wall 41 around the entire 
circumference on each side peripheral portion of the ?rst 
heater 11 and the side block 15 in the substrate heating 
apparatus 1 described in FIG. 1. This side Wall 41 is formed 
from stainless steel having a height of, for eXample, about 20 
mm. 

[0089] The material of the side Wall is not limited to 
stainless steel, and the side Wall may be formed from other 
metallic materials or a ceramic material. 

[0090] The outer shapes of the ?rst heater 11, the second 
heater 12, the heater block 13 and the side block 15 
described here are formed into, for eXample, a circular shape 
When seen in plane vieW. 

[0091] In FIG. 5, cross sections of the ?rst heater 11, the 
heater block 13, the substrate 21 and the side Wall 41 are 
shoWn. 

[0092] In the arrangement in Which the side Wall 41 is 
provided as described above, the space formed beloW the 
?rst heater 11 is surrounded by the ?rst heater 11, the heater 
block 13, the side block 15 and the side Wall 41. Therefore, 
the side Wall 41, together With the ?rst heater 11 and the 
heater block 13, forms a circular-cylindrical heating space 
51. 

[0093] Since the side Wall 41 is provided as in the above 
described arrangement, the heating space 51 formed 
betWeen the ?rst heater 11 and the heater block 13 on the 
second heater 12 is hermetically sealed, and the heating 
space 51 is formed into a circular-cylindrical shape. There 
fore, uniform heat radiation can be obtained on the substrate 
21. 
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[0094] Next, another construction of the second heater 12 
Will be described With reference to the schematic vieW of 
FIG. 6. 

[0095] As shoWn in FIG. 6, the second heater 12 com 
prises a third heater 61 Which constitutes the central portion 
and the area adjacent to the central portion of the second 
heater 12, and a fourth heater 62 disposed around the side 
peripheral portion of the third heater 61. Temperature con 
trol sections for individually controlling temperature are 
each connected to the third heater 61 and the fourth heater 
62. 

[0096] With the above-described arrangement, since the 
second heater 12 is formed of the third heater 61 and the 
fourth heater 62 disposed around the side peripheral portion 
of the third heater 61, it becomes possible to control the 
temperatures of the third heater 61 and the fourth heater 62 
individually. Therefore, heating from the rear surface of the 
substrate 21 is controlled so that the temperature distribution 
on the surface of the substrate 21 becomes uniform When the 
substrate 21 is heated to an increased temperature. 

[0097] The number of the arrangements of the heater in 
the second heater 12 is not limited to tWo divisions in the 
manner as described above and may be three or more 
divisions. 

[0098] Next, the substrate heating method of the present 
invention Will be described beloW With reference to FIG. 7. 

[0099] As shoWn in FIG. 7, the substrate heating method 
is a method of heating the substrate 21 from the obverse 
surface thereof at temperature T1 before or after irradiation 
of light for forming a pattern using a photosensitive material 
22 formed on the substrate 21, or before or after irradiation 
of charged particles for forming a pattern using a material 
(not shoWn) Which is photosensitive to charged particles 
formed on the substrate 21, and heating from the rear surface 
of the substrate 21 to a temperature state independent of 
heating from the obverse surface of the substrate 21. 

[0100] The temperatures T1 and T2 are set so as to satisfy 
the relation of 0.7§T1/T2§ 1.6. 

[0101] In the above-described substrate heating method, 
since the substrate is heated at a temperature T2 from the rear 
surface thereof and the substrate is heated at a temperature 
T1 from the obverse surface to a temperature state indepen 
dent of the heating from the rear surface of the substrate, 
heat loss from the surface of the substrate is suppressed, and 
the surface temperature of the substrate 21 reaches a stable 
temperature at an early stage. Further, the surface tempera 
ture of the substrate 21 reaches a desired temperature and a 
desired temperature distribution is formed by appropriately 
setting the ratio of temperature T1 to temperature T2. 

[0102] Further, since the temperatures T1 and T2 are set so 
as to satisfy the relation of 0.7§T1/T2§ 1.6, the surface of 
the substrate 21 is heated uniformly. Therefore, dimensional 
variations in the pattern are reduced to less than the con 
ventional dimensional variations in the pattern. 

[0103] If the temperatures are set to T1/T2<0.7, since the 
temperature on the obverse surface of the substrate 21 
becomes very loW, the heating of the substrate 21 is the same 
as heating only from the rear surface thereof. Since this is the 
same as the conventional heating method, it becomes dif? 
cult to make the surface temperature of the substrate 21 to 
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have a uniform temperature distribution. Also, When the 
temperatures are set to 1.6<T1/T2, the temperature on the 
rear surface of the substrate 21 becomes very loW, and the 
heating of the substrate 21 is the same as heating only from 
the obverse surface thereof, and it becomes difficult to make 
the surface temperature of the substrate 21 to have a uniform 
temperature distribution. 

[0104] In order to realiZe the above-described substrate 
heating method, the substrate heating apparatus 1 having the 
construction described in FIGS. 2, 3C and 5 is used. 

[0105] A description Will be given beloW of a method of 
heating the substrate 21 in a case in Which the substrate 
heating apparatus 1 is used. 

[0106] In this description, as an example, for the substrate 
21 to be heated, a glass substrate for a photomask Was used. 
This substrate 21 is formed from quartZ glass, and there are 
tWo types: a square substrate, called a 6025 substrate of a 6 
inch (152 mm) square having a thickness of 0.25 inch (6.25 
mm), and a square substrate, called a 5009 substrate of a 5 
inch (127 mm) square having a thickness of 0.09 inch (2.29 

[0107] In the ?rst embodiment, a chromium (Cr) ?lm, 
about 100 nm thick, is formed on the 6025 substrate, and 
further, a chemical ampli?cation-type electron beam nega 
tive resist is coated to a thickness of 400 nm by a rotational 
coating method. 

[0108] Thereafter, the 6025 substrate Was baked. The set 
baking conditions Were, for example, a temperature atmo 
sphere of 105° C. and a baking time of 12 minutes. Then, by 
using a vector scanning-type electron beam draWing appa 
ratus (acceleration voltage: 20 kV), a line and space pattern 
having a line Width of 1.0 pm and a pitch of 1:1 Was draWn. 

[0109] As heating conditions after draWing, the substrate 
21 Was heated by using the substrate heating apparatus 1 
having the construction described in FIG. 2, 3C and 5, 
Wherein the ?rst heater is used in Which a recessed portion 
Which is a circular-cylindrical space is formed. The space 
betWeen the surface of the substrate 21 and the ?rst heater 
11 at that time Was set at 1 mm, and the temperature ratio of 
the temperature T1 of the ?rst heater 11 to temperature T2 of 
the second heater 12 Was set at T1/T2=1.1. 

[0110] After the substrate 21 Was heated under the above 
described conditions, the substrate 21 Was cooled to the 
room temperature (e.g., 23° C.). Then, spray development 
for 4 minutes Was performed using a tetramethylammonium 
hydroxide aqueous solution (0.38N). 

[0111] The relationship betWeen the dimensional varia 
tions in the thus obtained resist pattern after being developed 
and the measurement positions is shoWn in the resist pattern 
dimensional variation distribution vieW of FIG. 8. In FIG. 
8, the vertical axis shoWs the differences from the reference 
dimension (line Width=1.0 pm), i.e., the dimensional varia 
tions, and the horiZontal axis x and the horiZontal axis y 
shoW the measurement positions Within the effective area 
(110 mm squared) in the photomask. 

[0112] It can be con?rmed as shoWn in FIG. 8 that the 
dimensional variations in a resist pattern occur in an almost 
concentric form from the center to the outer peripheral 
portion. This shoWs that the surface temperature distribution 
of the substrate 21 can be set to a desired distribution state 
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by appropriately setting the space between the ?rst heater 11 
and the substrate 21, the temperature T1 of the ?rst heater 11 
and the temperature T2 of the second heater 12. 

[0113] In a second embodiment, an etching step for a 
chromium ?lm Was performed by using a resist pattern 
formed on the 6025 substrate in order to form a chromium 
pattern. Regarding heating conditions after draWing in this 
example, a temperature ratio T1/T 2 of the temperature T1 of 
the ?rst heater 11 to the temperature T2 of the second heater 
12 Was 0.9, and a condition Was used under Which a resist 
pattern having a uniform line Width such that the resist 
pattern obtained after being developed does not tend to be 
concentric can be obtained. The other conditions Were the 
same as those described in the ?rst embodiment. 

[0114] In normal ?ne pattern formation, the etching speed 
in the outer peripheral portion of the substrate 21 increases 
due to a phenomenon knoWn as a loading effect in dry 
etching Which is one of the etching steps. For this reason, 
occurrence of variations in the pattern dimensions presents 
a problem. 

[0115] The chromium pattern dimensional variation dis 
tribution vieW shoWn in FIG. 9 shoWs the line Width 
distribution of the chromium pattern formed after dry etch 
ing. In FIG. 9, the vertical axis shoWs differences from the 
reference dimension (line Width=1.0 pm), i.e., dimensional 
variations, and the horiZontal axis X and the horiZontal axis 
y shoW the measurement positions Within the effective area 
(a 110 mm square) in the photomask. 

[0116] It can be seen in FIG. 8 that, due to the loading 
effect, there are positive dimensional variations on the 
central portion side and negative dimensional variations 
toWard the peripheral portion. As described above, it Was 
found that there is a distribution Which is characteristic of 
the etching step. For the etching conditions, a parallel 
plate-type reactive ion etching apparatus Was used, a mixture 
gas of oxygen (O2) and chlorine (C12) Was used as the 
etching gas, the mixture ratio Was set at O2/Cl2=1:7, the RF 
output Was at 250 W, and the etching atmosphere Was at 16 
Pa. 

[0117] As a result, the dimensional variations in the chro 
mium pattern Were 3o=0.027 pm. 

[0118] In a third embodiment, in order to cancel the 
in?uence of the loading effect due to etching, the chromium 
?lm formed on the substrate Was etched under the etching 
conditions described in the second embodiment by using the 
resist pattern made under the same conditions as the heating 
conditions of the ?rst embodiment. 

[0119] In this Way, results such as those shoWn in FIG. 10 
Were obtained. In FIG. 10, the vertical axis shoWs differ 
ences from the reference dimension (line Width=1.0 pm), 
i.e., the dimensional variations in the chromium pattern, and 
the horiZontal axis X and the horiZontal axis y shoW the 
measurement positions Within the effective area (a 110 mm 
square) in the photomask. 

[0120] The dimensional variations in the chromium pat 
tern obtained here Were 3o=0.014 pm. That is, it Was 
con?rmed that the dimensional variations can be reduced by 
52%. This is due to the fact that the heating conditions Were 
set so that the dimension distribution of the resist pattern is 
such that it cancels the loading effect Which occurs in 
etching. 
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[0121] Since it becomes possible to make the dimensional 
distribution of the resist pattern into a desired distribution 
state by appropriately setting the heating conditions as 
described above, variations in the pattern dimensions after 
etching are minimiZed. 

[0122] In a fourth embodiment, formation of a resist 
pattern on a 6025 substrate Will be described beloW. 

[0123] Achromium ?lm, about 100 nm thick, Was formed 
on a 6025 substrate by sputtering in a similar manner as 
described in the ?rst embodiment. Then, a chemical ampli 
?cation-type electron beam negative resist Was coated to a 
thickness of 400 nm by a rotational coating method. 

[0124] In this fourth embodiment, thereafter, the 6025 
substrate Was baked under the folloWing conditions: a tem 
perature atmosphere of 105° C. and a baking time of 12 
minutes. Then, a line and space pattern having a line Width 
of 1.0 pm and a pitch of 1:1 Was draWn using a vector 
scanning-type electron beam draWing apparatus (accelera 
tion voltage: 20 kV). 

[0125] After draWing, in a similar manner as described in 
the ?rst embodiment, a heater in Which the recessed portion 
14 having a circular-cylindrical space Was formed Was used, 
and a substrate 21 Was heated by using the substrate heating 
apparatus 1 described in FIG. 2, 3C and 5. The space 
betWeen the surface of the substrate 21 and the ?rst heater 
11 Was set at 1 mm. In this fourth embodiment, the heating 
temperature Was set at 105° C., the heating time at 12 
minutes, and the temperature ratio of the temperature T1 of 
the ?rst heater 11 to the temperature T2 of the second heater 
12 at 0.9. 

[0126] After the substrate 21 Was heated under the above 
described conditions, the substrate 21 Was cooled to room 
temperature (e. g., 23° C.). Thereafter, spray development for 
four minutes Was performed using a tetramethylammonium 
hydroxide aqueous solution (0.38N). 

[0127] As a result, a resist pattern dimensional variation 
distribution vieW such as that shoWn in FIG. 10 Was 
obtained. In FIG. 10, the vertical axis shoWs differences 
from the reference dimension (line Width=1.0 pm), i.e., 
dimensional variations, and the horiZontal axis x and the 
horiZontal axis y shoW the measurement positions Within the 
effective area (a 110 mm square) in the photomask. 

[0128] It can be seen in FIG. 11 that the dimensional 
variations Were greatly reduced. In this case, the dimen 
sional variations in the developed resist pattern Were 
3o=0.018 pm, and it Was con?rmed that the dimensional 
variations can be reduced to 40% by improving the unifor 
mity of temperature in comparison With the dimensional 
variations in the resist pattern of 3o=0.045 pm in a case in 
Which the conventional heating apparatus Was used. 

[0129] Next, a ?fth embodiment to a tWelfth embodiment 
Will be described beloW. Concerning the processing condi 
tions, conditions other than the heating temperature, the 
heating time, the temperature ratio Tl/T2 of the temperature 
T1 of the ?rst heater 11 to the temperature T2 of the second 
heater 12, as shoWn in Table 2, Were set in the same manner 
as in the ?rst and second embodiments. 

[0130] As a result, the dimensional variations in the devel 
oped resist pattern are shoWn in Table 1. For each condition, 
the dimensional variations Were reduced to less than the 
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dimensional variations of 3o=0.045 pm in the resist pattern 
formed by the conventional heating method. 

TABLE 1 

Em- Heating Heating Dimensional Concentration 
bodi- Tempera- Time Temperature Variation of Developing 
ment ture (O C.) (min) Ratio T1/I‘2 30 (pm) Solution (N) 

5 50 90 0.8 0.023 0.38 
6 90 30 0.8 0.020 0.38 
7 100 15 0.9 0.016 0.38 
8 110 8 0.9 0.021 0.38 
9 110 12 0.9 0.019 0.38 

10 110 15 0.9 0.017 0.38 
11 150 10 1.1 0.023 0.54 
12 200 6 1.3 0.031 0.54 

[0131] It is preferable that the range of the temperature 
ratio Tl/T2 be set in the range of 0.7§T1/T2§ 1.6. 

[0132] By setting Tl/T2 in the above-described range, the 
surface of the substrate 21 is heated almost uniformly. 
Therefore, the dimensional variations in the pattern are 
reduced to less than the conventional dimensional variations 
in the pattern. 

[0133] When the temperature ratio is set to T1/T2<0.7, 
since the temperature T1 of the ?rst heater 11 on the obverse 
surface of the substrate 21 is much loWer than the tempera 
ture T2 on the rear surface of the substrate 21, the effect of 
heat loss from the surface of the substrate 21 tends to 
decrease. 

[0134] When, on the other hand, the temperature ratio is 
set to 1.6§T1/T2, since the temperature T2 on the rear 
surface of the substrate 21 is very loW, it becomes dif?cult 
to obtain a stable substrate surface temperature distribution 
for a substrate having a large thermal capacity. 

TABLE 2 

Heating Dimensional 
Temperature Heating Time Temperature Variation 

Embodiment (O C.) (min) Ratio Tl/T2 30 (,um) 

13 90 30 0.8 0.037 
14 90 30 0.9 0.028 
15 110 12 0.8 0.048 
16 110 12 0.9 0.027 
17 110 12 1.0 0.025 
18 110 12 1.1 0.014 
19 110 12 1.2 0.039 
20 110 12 1.0 0.043 
21 110 12 1.1 0.035 
22 110 12 1.2 0.024 
23 110 12 1.4 0.034 

[0135] Next, a description Will be given of the validity of 
the limitation of the temperature ratio T1/ T2. 

[0136] A thirteenth embodiment to a tWenty-third embodi 
ment shoWn in Table 2 shoW the dimensional accuracy of the 
chromium pattern obtained by etching a chromium ?lm by 
using a resist pattern on Which a correction effect is per 
formed under heating control. The etching conditions are the 
same as those described in the second embodiment. The 
other process conditions are the same as those described in 
the ?rst embodiment except for the heating temperature, the 
heating time, the temperature ratio Tl/T2 of the temperature 
T1 of the ?rst heater 11 to the temperature T2 of the second 
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heater 12 and except that the space betWeen the surface of 
the ?rst heater 11 and the surface of the second heater 12 Was 
set at 2 mm. 

[0137] The results shoWn in Table 2 shoWs that it is 
possible to form a desired temperature distribution for each 
heating condition in order to improve the line Width accu 
racy of the chromium pattern by varying the temperature 
ratio T1/T2. When the conventional heating method Was 
used, the dimensional variations in the chromium pattern 
Were 3o=0.053 pm. Therefore, in the thirteenth embodiment 
to the tWenty-third embodiment, it becomes possible to 
improve the dimensional accuracy of the chromium pattern 
more than in the pattern formation technology employing 
the conventional heating method. 

[0138] It can be con?rmed in the thirteenth to tWenty-third 
embodiments that the optimum value of the temperature 
ratio Tl/T2 differs depending upon the heating temperature 
and the space betWeen the ?rst heater 11 and the surface of 
the second heater 12. 

[0139] Next, a description Will be given of the validity of 
the distance betWeen the surface of the substrate 21 and the 
rear surface of the ?rst heater 11. 

[0140] A tWenty-fourth embodiment to a tWenty-eighth 
embodiment shoWn in Table 3 shoW the dimensional accu 
racy in the chromium pattern obtained by etching a chro 
mium ?lm by using a resist pattern on Which a correction 
effect Was exercised under heating control. The etching 
conditions are the same as those described in the second 
embodiment. The other process conditions are the same as 
those described in the ?rst embodiment except for the 
heating temperature, the heating time, the temperature ratio 
Tl/T2 of the temperature T1 of the ?rst heater 11 to the 
temperature T2 of the second heater 12, and the space 
betWeen the ?rst heater 11 and the surface of the substrate 
21. 

[0141] The results shoWn in Table 3 shoW that When the 
distance betWeen the surface of the substrate 21 and the rear 
surface of the ?rst heater 11 is set at 10 mm or less, a desired 
temperature distribution can be formed for each heating 
condition in order to improve the accuracy of the line Width 
of the chromium pattern. In the tWenty-eighth embodiment, 
on the other hand, the dimensional variation is a value 
slightly better than the dimensional variations, 3o=0.053 
pm, in the chromium pattern When the conventional heating 
method Was used, but almost close to the value of the 
conventional dimensional variation. Accordingly, if the dis 
tance betWeen the surface of the substrate 21 and the rear 
surface of the ?rst heater 11 is 10 mm or less, it becomes 
possible to improve the dimensional accuracy in the chro 
mium pattern to better than the pattern formation technology 
employing the conventional heating method. 

TABLE 3 

Space 
Between 

Em- Heating Heating Substrate Dimensional 
bodi- Temperature Time Temperature and First Variation 
ment (O C.) (min) Ratio T1/I‘2 Heater (mm) 30 (pm) 

24 110 12 1.2 3 0.031 
25 110 12 1.2 5 0.042 
26 110 12 1.3 7 0.039 
27 110 12 1.3 10 0.043 
28 110 12 1.3 12 0.049 
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[0142] Next, in a tWenty-ninth embodiment, resist pattern 
formation on a 5009 substrate Will be described below. 

[0143] Initially, a chromium ?lm, about 100 nm thick, Was 
formed on the 5009 substrate by sputtering. Further, a 
chemical ampli?cation-type resist Was coated into a thick 
ness of 400 nm by a rotational coating method. 

[0144] Thereafter, baking for 12 minutes Was performed in 
a temperature atmosphere of 105 ° C. Then, by using a vector 
scanning-type electron beam draWing apparatus (accelera 
tion voltage: 20 kV), a line and space pattern having a line 
Width of 1.75 pm and a pitch of 1:1 Was draWn. 

[0145] After draWing, the substrate 21 Was heated by 
using the substrate heating apparatus 1 constructed as 
described in FIG. 2, 3C and 5, Wherein a heater in Which the 
recessed portion 14 Which is a circular-cylindrical space Was 
formed is used as the ?rst heater 11. The space betWeen the 
surface of the substrate 21 and the ?rst heater 11 at that time 
Was set at 1 mm. The set heating conditions Were a heating 
temperature of 105° C., a baking time of 12 minutes, and a 
temperature ratio T1/T21.1 of the temperature T1 of the ?rst 
heater 11 to the temperature T2 of the second heater 12. 

[0146] After the substrate 21 Was heated under the above 
described conditions, the substrate 21 Was cooled to room 
temperature (e.g., 23° C.). Thereafter, spray development for 
four minutes Was performed using a tetramethylammonium 
hydroxide aqueous solution (0.38N). 

[0147] As a result, a resist pattern dimensional variation 
distribution vieW such as that shoWn in FIG. 12 Was 
obtained. In FIG. 12, the vertical axis shows differences 
from the reference dimension (line Width=1.75 pm), i.e., 
dimensional variations, and the horiZontal axis X and the 
horiZontal axis y shoW the measurement positions Within the 
effective area (a 110 mm square) in the photomask. 

[0148] It can be seen in FIG. 12 that the dimensional 
variations Were greatly reduced. In this case, the dimen 
sional variations in the developed resist pattern Were 
3o=0.013 pm, and it Was con?rmed that the dimensional 
variations can be reduced greatly by improving the unifor 
mity of temperature. 

[0149] Next, in a thirtieth embodiment, an example of 
forming a resist pattern on a silicon substrate Will be 
described beloW. 

[0150] A silicon Wafer of a 6 inch (152 mm) square Was 
used as the substrate 21, and a chemical ampli?cation-type 
resist Was coated into a thickness of 700 nm on the substrate 
21 by a rotational coating method. 

[0151] Thereafter, baking is performed for tWo minutes in 
a temperature atmosphere of 90° C. Then, a line and space 
pattern having a line Width of 0.30 pm and a pitch of 1:1 Was 
draWn using a light source having a center Wavelength of 
248 nm. 

[0152] After draWing, a substrate 21 Was heated by using 
the substrate heating apparatus 1 constructed as described in 
FIG. 2, 3C and 5, Wherein a heater in Which the recessed 
portion 14 having a circular-cylindrical space Was formed 
Was used. The space betWeen the surface of the substrate 21 
and the ?rst heater 11 Was set at 1 mm. The heating 
conditions Were set as folloWs: the heating temperature at 
105° C., the heating time at 2 minutes, and the temperature 
ratio of the temperature T1 of the ?rst heater 11 to the 
temperature T2 of the second heater 12 at 1.0. 
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[0153] After the substrate 21 Was heated under the above 
described conditions, the substrate 21 Was cooled to room 
temperature (e.g., 23° C.). Thereafter, spray development 
Was performed for three minutes using a tetramethylammo 
nium hydroxide aqueous solution (0.38N). 

[0154] As a result, a resist pattern dimensional variation 
distribution vieW such as that shoWn in FIG. 13 Was 
obtained. In FIG. 13, the vertical axis shoWs differences 
from the reference dimension (line Width=0.3 pm), i.e., the 
dimensional variations, and the horiZontal axis x and the 
horiZontal axis y shoW the measurement positions Within the 
effective area (a 110 mm square) in the Wafer. 

[0155] It can be seen in FIG. 13 that the dimensional 
variations Were greatly reduced. In this case, the dimen 
sional variations in the developed resist pattern Were 
30=0.011 pm, and it Was con?rmed that the dimensional 
variations can be reduced greatly by improving the unifor 
mity of temperature. 

[0156] In the above description, examples are given in 
Which a chemical ampli?cation-type resist Which is photo 
sensitive to an electron beam is used With focus centered on 
a glass substrate for a photomask of a speci?c siZe. HoWever, 
the above-described examples are only examples, and the 
present invention is not limited thereto. 

[0157] The present invention can be used in manufactur 
ing processes for photomasks and liquid-crystal display 
devices and in a manufacturing process for semiconductor 
devices. An effective substrate heating apparatus and sub 
strate heating method are achieved because there is an effect 
for considerably suppressing a standing Wave effect in the 
portion under the surface of the substrate When making the 
temperature uniform also in a heating process for any 
desired photoresist including a chemical ampli?cation-type 
resist Which is photosensitive to electron beams and light. 

[0158] Next, a description Will be given of a product such 
that the above-described substrate heating apparatus 1 of the 
present invention is applied to a lithographic process for 
forming a pattern. In the folloWing description, the same 
components as those described With reference to FIG. 2 are 
given the same reference numerals in parentheses. 

[0159] An example of the above-described product is a 
semiconductor integrated-circuit device. 

[0160] The semiconductor integrated-circuit device is 
formed by heating a substrate in a lithographic process 
conducted When a pattern Which constitutes the semicon 
ductor integrated-circuit is formed on the substrate [e.g., a 
semiconductor substrate or SOI (Silicon on Insulator) sub 
strate]21. 
[0161] The heating is performed by using the substrate 
heating apparatus 1 Which comprises the ?rst heater 11 for 
heating the substrate 21 from the obverse surface thereof and 
the second heater 12 for heating the substrate 21 from the 
rear surface thereof and Which is capable of individually 
setting the temperatures of the ?rst heater 11 and the second 
heater 12. 

[0162] In the semiconductor integrated-circuit device, 
since the substrate is heated in a lithographic process in the 
manufacture of semiconductor integrated-circuit devices by 
using the substrate heating apparatus 1 for heating the 
substrate 21 from both sides thereof, the portion under the 
surface of the substrate 21 is heated almost uniformly, 
resulting in a reduction in the dimensional variations of the 
pattern. Therefore, since a high-precision pattern can be 
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formed, variations in the electrical characteristics caused by 
dimensional variations in the pattern can be reduced. 

[0163] An example of the above-described product is a 
photomask for use in a lithographic process for manufac 
turing semiconductor devices. 

[0164] The photomask is formed by heating a substrate in 
a lithographic process conducted When a pattern is formed 
on the substrate 21. 

[0165] The heating is performed by using the substrate 
heating apparatus 1 Which comprises the ?rst heater 11 for 
heating the substrate 21 from the obverse surface thereof and 
the second heater 12 for heating the substrate 21 from the 
rear surface thereof and Which is capable of individually 
setting the temperatures of the the ?rst heater 11 and the 
second heater 12. 

[0166] In the photomask, since the substrate is heated by 
using the substrate heating apparatus 1 for heating the 
substrate 21 from both sides thereof in a lithographic process 
conducted in the manufacture of photomasks, the portion 
under the surface of the substrate 21 is heated almost 
uniformly, resulting in a reduction in dimensional variations 
of the pattern. 

[0167] The above-described liquid-crystal display device 
is formed by heating a substrate in a lithographic process 
conducted When a pattern is formed on the substrate 21 
Which constitutes the liquid-crystal display device. 

[0168] The heating is performed by using the substrate 
heating apparatus 1, described With reference to FIG. 2, 
Which comprises the ?rst heater 11 for heating the substrate 
21 from the obverse surface thereof and the second heater 12 
for heating the substrate 21 from the rear surface thereof and 
Which is capable of individually setting the temperatures of 
the the ?rst heater 11 and the second heater 12. 

[0169] In the above-described liquid-crystal display 
device, since the substrate is heated by using the substrate 
heating apparatus 1 for heating the substrate 21 Which 
constitutes the liquid-crystal display device from both sides 
thereof in a lithographic process conducted in the manufac 
ture of photomasks, the portion under the surface of the 
substrate 21 is heated almost uniformly, resulting in a 
reduction in dimensional variations of the pattern. There 
fore, since a high-precision pattern can be formed, variations 
in the electrical characteristics and image quality, caused by 
dimensional variations of the pattern, are reduced. 

[0170] According to the substrate heating apparatus of the 
present invention as described above, since a ?rst and a 
second heater are provided on both sides of the substrate, it 
becomes possible to heat the substrate from both sides 
thereof. Therefore, heat loss from the surface of the substrate 
is suppressed, and the surface temperature of the substrate 
reaches a stable temperature at an early stage. Further, since 
the temperatures of the ?rst and second heaters can be set 
individually, it is possible to set the surface temperature of 
the substrate to any desired value. 

[0171] Therefore, in resist pattern formation, it is possible 
to obtain a resist pattern having a high dimensional accuracy. 
Also, since the pattern dimension can be made With a desired 
distribution, it becomes possible to form a pattern having 
high accuracy through combination With etching. Therefore, 
it becomes possible to manufacture high-performance 
devices and photomasks in a high yield. 

[0172] According to the substrate heating method of the 
present invention, since the substrate is heated at tempera 
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ture T1 from the obverse surface thereof and is heated at 
temperature T2 from the rear surface thereof, heat loss from 
the surface of the substrate can be suppressed. Therefore, the 
surface temperature of the substrate reaches a stable tem 
perature at an early stage. Also, regarding the surface 
temperature of the substrate, a desired temperature distribu 
tion can be obtained by appropriately setting the ratio of 
temperature T1 to temperature T2. 

[0173] Further, since the temperatures T1 and T2 are set so 
as to satisfy the relation of 0.7§T1/T2§ 1.6, the surface of 
the substrate can be heated uniformly, and therefore, dimen 
sional variations in the pattern can be reduced to less than 
conventional dimensional variations in the pattern. 

[0174] According to the substrate heating apparatus of the 
present invention, since the substrate is heated in a litho 
graphic process conducted in the manufacture of semicon 
ductor integrated-circuit devices by using a substrate heating 
apparatus for heating the substrate from both sides thereof, 
it is possible to heat the portion under the surface of the 
substrate almost uniformly. Therefore, dimensional varia 
tions in the pattern can be reduced, and a high-precision 
pattern can be formed, resulting in a reduction in variations 
of the electrical characteristics caused by dimensional varia 
tions in the pattern and resulting in an improved yield. 

[0175] According to the photomask of the present inven 
tion, since a substrate is heated in a lithographic process 
conducted in the manufacture of photomasks by using a 
substrate heating apparatus for heating the substrate Which 
constitutes the photomask from both sides thereof, it is 
possible to heat the portion under the surface of the substrate 
almost uniformly. Therefore, dimensional variations in the 
pattern can be reduced, and the yield can be improved. 

[0176] According to the liquid-crystal display device of 
the present invention, since the substrate is heated in a 
lithographic process conducted in the manufacture of liquid 
crystal display devices by using a substrate heating appara 
tus for heating the substrate Which constitutes the liquid 
crystal display device from both sides thereof, it is possible 
to heat the portion under the surface of the substrate almost 
uniformly, resulting in a reduction in dimensional variations. 
Therefore, since a high-precision pattern can be formed, it is 
possible to reduce the variations in the electrical character 
istics caused by dimensional variations in the pattern and 
improve the yield. 

[0177] Many different embodiments of the present inven 
tion may be constructed Without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the speci?c 
embodiments described in this speci?cation. To the contrary, 
the present invention is intended to cover various modi? 
cations and equivalent arrangements included Within the 
spirit and scope of the invention as hereafter claimed. The 
scope of the folloWing claims is to be accorded the broadest 
interpretation so as to encompass all such modi?cations, 
equivalent structures and functions. 

What is claimed is: 
1. A substrate heating apparatus for semiconductor 

devices, said substrate heating apparatus comprising: 

a ?rst heater for heating a semiconductor substrate from 
the obverse surface thereof; 

a second heater, having provided therein an area Where the 
substrate is placed, for heating the substrate from the 
side on Which the substrate is placed; and 
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control means for controlling the temperatures of the ?rst 
and second heaters independently of each other. 

2. A substrate heating apparatus according to claim 1, 
Wherein said ?rst heater is disposed at a distance of 10 nm 
or less from the surface of the substrate. 

3. A substrate heating apparatus according to claim 2, 
Wherein a recessed portion is formed on the surface of said 
?rst heater on the substrate side. 

4. A substrate heating apparatus according to claim 1, 
Wherein a recessed portion is formed on the surface of said 
?rst heater on the substrate side. 

5. A substrate heating apparatus according to claim 1, 
Wherein said second heater further comprises a third heater 
Which constitutes the central portion and the area adjacent to 
the central portion of said second heater, and a fourth heater 
disposed around the side peripheral portion of said third 
heater. 

6. A substrate heating apparatus according to claim 3, 
Wherein said second heater further comprises a third heater 
Which constitutes the central portion and the area adjacent to 
the central portion of said second heater, and a fourth heater 
disposed around the side peripheral portion of said third 
heater. 

7. A substrate heating apparatus according to claim 4, 
Wherein said second heater further comprises a third heater 
Which constitutes the central portion and the area adjacent to 
the central portion of said second heater, and a fourth heater 
disposed around the side peripheral portion of said third 
heater. 

8. A substrate heating apparatus according to claim 1, 
Wherein a side Wall is further provided betWeen said ?rst and 
second heaters so as to make it possible to hermetically seal 
the space around the substrate placed in said substrate 
placed area by said ?rst and second heaters and said side 
Wall. 

9. A substrate heating apparatus according to claim 3, 
Wherein a side Wall is further provided betWeen said ?rst and 
second heaters so as to make it possible to hermetically seal 
the space around the substrate placed in said substrate 
placed area by said ?rst and second heaters and said side 
Wall. 

10. A substrate heating apparatus according to claim 4, 
Wherein a side Wall is further provided betWeen said ?rst and 
second heaters so as to make it possible to hermetically seal 
the space around the substrate placed in said substrate 
placed area by said ?rst and second heaters and said side 
Wall. 

11. A substrate heating apparatus according to claim 8, 
Wherein a side Wall is further provided betWeen said ?rst and 
second heaters so as to make it possible to hermetically seal 
the space around the substrate placed in said substrate 
placed area by said ?rst and second heaters and said side 
Wall. 

12. A substrate heating apparatus according to claim 9, 
Wherein a side Wall is further provided betWeen said ?rst and 
second heaters so as to make it possible to hermetically seal 
the space around the substrate placed in said substrate 
placed area by said ?rst and second heaters and said side 
Wall. 
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13. A substrate heating method, comprising the steps of: 

forming a photosensitive material into a ?lm on a sub 

strate; 

heating said substrate on Which the photosensitive mate 
rial is formed into a ?lm; and 

irradiating the photosensitive material on said heated 
substrate With light or charged particles, Wherein an 
obverse surface of said substrate on Which said photo 
sensitive material is formed into a ?lm is heated at 
temperature T1 and a rear surface, on a different side of 
said obverse surface, of said substrate is heated at 
temperature T2. 

14. A substrate heating method according to claim 13, 
Wherein said temperatures T1 and T2 have a relation of 
0.7§T1/T2§1.6. 

15. A substrate heating method according to claim 13, 
further comprising the steps of: 

developing said photosensitive material irradiated With 
light or charged particles; and 

processing said substrate With said photosensitive mate 
rial as a mask. 

16. A substrate heating method, comprising the steps of: 

forming a photosensitive material into a ?lm on a sub 

strate; 

irradiating said photosensitive material With light or 
charged particles; and 

heating said substrate after the irradiation of said charged 
particles, Wherein an obverse surface of said substrate 
on Which said photosensitive material is formed into a 
?lm is heated at temperature T1 and a rear surface, on 
a different side of said obverse surface, of said substrate 
is heated at temperature T2. 

17. A substrate heating method according to claim 16, 
Wherein said temperatures T1 and T2 have a relation of 
0.7§T1/T2§ 1.6. 

18. A substrate heating method according to claim 16, 
further comprising the steps of: 

developing said photosensitive material irradiated With 
light or charged particles; and 

processing said substrate With said photosensitive mate 
rial as a mask. 

19. A semiconductor integrated-circuit device manufac 
tured by a method according to claim 15. 

20. Aphotomask manufactured by a method according to 
claim 15. 

21. A liquid-crystal display device manufactured by a 
method according to claim 15. 

22. A semiconductor integrated-circuit device manufac 
tured by a method according to claim 18. 

23. Aphotomask manufactured by a method according to 
claim 18. 

24. A liquid-crystal display device manufactured by a 
method according to claim 18. 


