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(57) ABSTRACT 

A blank for a halftone phase shift photomask in the present 
invention comprises a transparent substrate and a halftone 
phase shift ?lm provided thereon, and said halftone phase 
shift ?lm has a multilayer construction in Which at least a 
?rst layer capable of being etched With a chlorinated gas and 
a second layer capable of being etched With a ?uorinated gas 
are disposed in this order from the side near said transparent 
substrate. A ?lm made of tantalum silicides is suitable to use 
as the second layer of the halftone phase shift ?lm. When 
such a blank is ?rst etched With a ?uorinated gas and then 
etched With chlorinated gas, because an etching selective 
ratio to a transparent substrate made of synthetic quartz and 
the like can be taken sufficiently While maintaining the 
applicability to the exposure light With a short Wavelength 
that is characteristic of silicide materials in addition to good 
chemical stability and good processing properties that are 
characteristic of tantalum materials, patterning in high pre 
cision Will be made possible. As a result, it is possible to 
obtain an ideal halftone phase shift photomask excellent in 
stability after mask processing and in the applicability to the 
short Wavelength. 
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BLANK FOR HALFTONE PHASE SHIFT 
PHOTOMASK AND HALFTONE PHASE SHIFT 

PHOTOMASK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a photomask that is 
used for producing high density integrated circuits like LSI 
and VLSI or for forming other microscopic patterns, and to 
a blank for producing the such a photomask, especially 
relates to a halftone phase shift photomask by Which pro 
jection image in ?ne dimension can be obtained and to a 
blank for producing the halftone phase shift photomask. 

[0003] 2. Description of the Related Art 

[0004] Semiconductor integrated circuits, including IC, 
LSI and VLSI, are produced by repeating the lithography 
process of using a photomask, especially in case of forming 
?ne circuit patterns, it is studied to use phase shift photo 
masks disclosed in, for example, Japanese Patent Applica 
tion Laid-Open No. 58-173744, Japanese Patent Application 
Publication No. 62-59296 and others. 

[0005] Although phase shift photomasks With various 
types of constitution are proposed, among them, for 
example, halftone phase shift photomasks disclosed in J apa 
nese Patent Application Laid-Open No. 4-136854, US. Pat. 
No. 4,890,309 and others attract attentions from the vieW 
point of possibility of being put to practical use in early time. 

[0006] As for halftone phase shift photomasks, in litera 
tures, including, for example, Japanese Patent Application 
Laid-Open Nos. 5-2259 and 5-127361, the improvement of 
yield rates by reducing the number of production processes, 
the constitution With possibility of reducing the cost, pref 
erable materials and others have been proposed. 

[0007] In the folloWing, a common halftone phase shift 
method and a common halftone phase shift photomask Will 
be brie?y explained With reference to the accompanying 
draWings. 

[0008] FIG. 14(a) to FIG. 14(a) are vieWs shoWing the 
principle of a halftone phase shift method (a halftone phase 
shift photo lithography), and FIG. 15(a) to FIG. 15(a) are 
vieWs shoWing the principle of a photomasking method 
using a photomask except a phase shift photomask. FIG. 
14(a) and FIG. 15(a) are sectional vieWs of a photomask, 
FIG. 14(b) and FIG. 15(b) shoW the amplitude of light on 
a photomask, FIG. 14(c) and FIG. 15(c) shoW the amplitude 
of light on a Wafer, and FIG. 14(a) and FIG. 15(a) shoW the 
strength of light on a Wafer. Reference numerals 911 and 921 
denote substrates, 912 denotes a halftone phase shift ?lm in 
Which the phase of incident light is substantially shifted by 
180 degree and the transmittance of transmitted light is 
Within the range of 1 to 50%, 922 denotes a 100% light 
shielding ?lm, and 913 and 923 denote incident light. 

[0009] In a conventional photomasking method, as shoWn 
in FIG. 15(a), the 100% light shielding ?lm 922 made of 
chromium or the like is formed on the substrate 921 con 
sisting of quartZ glass to form a light transmission part (an 
aperture) in a desired pattern. In this case, the distribution of 
light strength on a Wafer is broadened toWard the end as 
shoWn in FIG. 15(a), resulting in inferior resolution. 
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[0010] On the other hand, in a halftone phase shift method, 
because the phase of light transmitted through the halftone 
phase shift ?lm 912 is substantially inverted to that of light 
transmitted through the aperture, light strength on boundary 
parts of patterns on a Wafer becomes Zero as shoWn in FIG. 
14(a), Which can prevent light from broadening toWard the 
end. In this case, therefore, resolution can be improved. 

[0011] Here, it should be noted that, in phase shift photo 
lithography that belongs in types except a halftone phase 
shift method, because a light shielding ?lm and a phase 
shifter ?lm are formed in different patterns With different 
materials, the plate making process is needed to be repeated 
at least 2 times, While because it is enough to form only one 
pattern in the halftone phase shift photo lithography, it is 
essentially needed to carry out the plate making process only 
once and this is a big advantage in halftone phase shift 
lithography. 

[0012] In the halftone phase shift ?lm 912 of a halftone 
phase shift photomask, tWo functions, that is, phase inver 
sion and permeability control are needed. Out of them, as for 
the phase inversion function, it is suf?cient that phase Will be 
substantially inverted betWeen exposure light transmitting 
through the halftone phase shift ?lm 912 and exposure light 
transmitting through the aperture. Here, if the halftone phase 
shift ?lm 912 is considered as an absorption ?lm that is 
shoWn, for example, in pages 628 to 632 of “Principles of 
Optics” Written by M. Born and E. Wolf, since multiplex 
interference can be ignored, phase change 6 of vertically 
transmitted light Will be calculated using the folloWing 
expression. And When the value of (I) is Within the range of 
mun/3 (n is an odd number), the above-mentioned phase 
shift effect Will be obtained. 

Expression (1) 

[0013] Further, in expression (1), q) is a phase change 
caused to light vertically transmitting through a photomask 
in Which a multilayer ?lm of (m-2) layers is formed on the 
substrate, Xk>k+1 is a phase change occurring in the interface 
betWeen a kth layer and a (k+1)th layer, uk and dk are the 
refractive index and ?lm thickness of the kth layer, respec 
tively and )L is the Wavelength of exposure light, providing 
that the layer of k=1 is the above mentioned transparent 
substrate and the layer of k=m is air. 

[0014] On the other hand, the transmittance of exposure 
light transmitted through the halftone phase shift ?lm 912 
for obtaining a halftone phase shift effect is determined by 
the dimension, area, arrangement, shape and the like of a 
transcription pattern, and differs depending on patterns. 

[0015] In order to substantially obtain the above-men 
tioned effect, the transmittance of exposure light transmitted 
through the halftone phase shift ?lm 912 should be Within 
the range of the optimum transmittance i some percents, 
Where the center value is the optimum transmittance deter 
mined by the pattern. 

[0016] Generally, this optimum transmittance greatly var 
ies Within the Wide range of 1 to 50% depending on 
transcription patterns When the transmittance in the aperture 
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of the halftone phase shift ?lm is set to 100%. That is, in 
order to adapt to all patterns, halftone phase shift photo 
masks having various transmittances are needed. 

[0017] In a practical situation, the phase inversion func 
tion and the transmittance control function are determined 
by a complex refractive index (a refractive index and an 
extinction coef?cient) and ?lm thickness of a material 
forming the halftone phase shift ?lm. In case of a multilayer 
structure, the phase inversion function and the transmittance 
control function are determined depending on a complex 
refractive index and a ?lm thickness of each layer. In other 
Words, it is possible to use a material adjustable its ?lm 
thickness so as to control phase difference calculated by the 
above mentioned expression (1) Within the range of mun/3 
(n is an odd number) as a halftone phase shift ?lm of a 
halftone phase shift photomask. 

[0018] As thin ?lm materials for photomask patterns, 
tantalum based materials are commonly knoWn as shoWn in, 
for example, Japanese Patent Application Laid-Open No. 
57-64739, Japanese Patent Application Publication Nos. 
62-51460 and 62-51461. Because tantalum based materials 
are extremely excellent in processing properties, chemical 
stability after being processed, and others, they have been 
vigorously studied and tried to apply them in halftone phase 
shift ?lms by oxidiZing or nitriding tantalum as disclosed in, 
for example, Japanese Patent Application Laid-Open Nos. 
5-257264, 7-134396 and 7-281414. Furthermore, With the 
advancement of shortening the Wavelength of exposure light 
in connection With the minuteness of LSI patterns, studies 
have also been carried out to use materials of tantalum 
silicides that are able be applied to exposure light of shorter 
Wavelength as shoWn in, for example, Japanese Patent 
Application Laid-Open No. 6-83027. 

[0019] HoWever, generally, dry etching of tantalum sili 
cides is carried out using an etching gas of ?uorinated 
compounds, including CF4, CHF3, SF6, CZFG, NF3, CF4+H2 
and CBrF3, but there Was such a problem that in this case, 
the ?uorinated-etching gas also etches a transparent sub 
strate of synthetic quartZ and the like, and therefore, dry 
etching With high precision can not be carried out. Generally, 
concerning the production of a halftone phase shift photo 
mask, the high precision control of the phase angle is 
indispensable, but if a quartZ substrate is also etched When 
etching a halftone phase shift ?lm as mentioned above, 
errors Will be induced in phase difference by etching depth. 
Furthermore, because etching of a halftone phase shift ?lm 
has an important role in controlling pattern dimensions, it is 
desired to set conditions so that the uniformity and repro 
ducibility of pattern dimensions can be obtained as good as 
possible, but there may be such a problem that a margin in 
the range for setting conditions becomes narroW due to the 
addition of a neW parameter of an etching selective ratio to 
quartZ. This problem Will be induced because the optimum 
etching process for attaching much importance to dimension 
control does not alWays accord With that for attaching much 
importance to phase difference control. That is, materials of 
tantalum silicides for a halftone phase shift ?lm in them 
selves shoW excellent processing properties and chemical 
stability after being processed, but When phase difference 
control in high degree is further taken into consideration, the 
patterning With high precision Will be difficult. 
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SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide a 
halftone phase shift photomask capable of providing an 
improved etching selective ratio to substrate materials such 
as a quartZ substrate, as Well as maintaining desirable 
properties of tantalum silicides including applicability to 
exposure light With the short Wavelength, excellent process 
ing properties, and chemical stability after processing. 

[0021] Another object of the present invention is to pro 
vide blanks for a halftone phase shift photomask that permit 
to form halftone phase shift photomasks With such excellent 
properties. 

[0022] Another object of the present invention is to pro 
vide a halftone phase shift photomask capable of providing 
an etching selective ratio to substrate materials such as a 
quartZ substrate Whether a material of tantalum silicides is 
used or not. 

[0023] A halftone phase shift photomask to be provided in 
the present invention comprises a transparent substrate and 
a halftone phase shift ?lm provided on said transparent 
substrate, characteriZed in that said halftone phase shift ?lm 
has a multilayer construction in Which at least a ?rst layer 
capable of being etched With a chlorinated gas and a second 
layer capable of being etched With a ?uorinated gas are 
disposed in this order from the side near said transparent 
substrate, and that said halftone phase shift ?lm also com 
prises apertures made by removing part of said halftone 
phase shift ?lm in a prescribed pattern. 

[0024] The present invention also provides a blank 
enabling to produce such a halftone phase shift photomask. 
The blank for a halftone phase shift photomask comprises a 
transparent substrate and a halftone phase shift ?lm provided 
on said transparent substrate, characteriZed in that said 
halftone phase shift ?lm has a multilayer construction in 
Which at least a ?rst layer capable of being etched With a 
chlorinated gas and a second layer capable of being etched 
With a ?uorinated gas are disposed in this order from the side 
near to said transparent substrate. 

[0025] When the blank having the halftone phase shift ?lm 
With such a multilayer construction is ?rst etched With a 
?uorinated gas, the second layer of the halftone phase shift 
?lm is patterned in a prescribed shape. Next, the halftone 
phase shift ?lm of the blank is etched With a chlorinated gas 
in the pattern coincident With that etched With the ?uorinated 
gas, and thus the ?rst layer of the halftone phase shift ?lm 
is patterned coincidentally With the second layer, but the 
transparent substrate is not substantially etched. As a result, 
only the halftone phase shift ?lm can be precisely etched. 
And it is also possible to control freely the phase angle and 
transmittance by forming 2 or more layers constituting a 
halftone phase shift ?lm With respective different materials 
and by controlling the thickness of each layer. 

[0026] Because the phase angle and transmittance of a 
halftone phase shift photomask can be controlled in high 
precision as Well as improving an etching selective ratio to 
the transparent substrate, it becomes possible to obtain a 
projection image With precise minute dimensions by using 
the halftone phase shift photomask. 

[0027] As a method of improving the etching selective 
ratio to the substrate, it is knoWn to provide an etching 
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stopper layer between the substrate and the halftone phase 
shift ?lm. By this known method, however, the etching 
stopper layer Will remain in the aperture of the accomplished 
halftone phase shift photomask to affect the phase angle and 
light transmittance in the aperture. To the contrary, any no 
etching stopper layer remains at the aperture in the present 
invention. 

[0028] The ?rst layer of the halftone phase shift ?lm is 
disposed at a portion near the transparent substrate, and it is 
formed of a material capable of being etched With a chlo 
rinated gas. For example, the material capable of being 
etched With a chlorinated gas may be selected from among 
tantalum based materials and chromium based materials, 
and the ?rst layer can be formed of the thus selected 
material. 

[0029] The second layer of the halftone phase shift ?lm is 
disposed at a portion distant from the transparent substrate 
in comparison With the ?rst layer. It is preferable that the 
second layer is formed of tantalum silicide based material. 
Though the tantalum silicide based material does not have so 
large etching selective ratio to the transparent substrate, it is 
excellent in processing properties, chemical stability and 
applicability to a light exposure With a short Wavelength. 
Accordingly, When a halftone phase shift layer made of the 
tantalum silicide based material (namely, the second layer) 
is formed on the transparent substrate via the other halftone 
phase shift layer having a large etching selective ratio to the 
transparent substrate (namely, the ?rst layer), it is possible to 
use the layer made of the tantalum silicide based material 
With a large etching selective ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a vieW schematically shoWing a section 
of an example (a ?rst example) of a blank for a halftone 
phase shift photomask in the present invention. 

[0031] FIG. 2 is a vieW schematically shoWing a section 
of an example (a second example) of the a blank for a 
halftone phase shift photomask in the present invention. 

[0032] FIG. 3 is a vieW schematically shoWing a section 
of an example (a ?rst example) of a halftone phase shift 
photomask in the present invention. 

[0033] FIG. 4 is a vieW schematically shoWing a section 
of an example (a second example) of the halftone phase shift 
photomask in the present invention. 

[0034] FIG. 5(a) to FIG. 5(e) are vieWs explaining the 
process of producing the ?rst example of the photomask 
shoWn in FIG. 3 With the use of the ?rst example of the 
blank shoWn in FIG. 1. 

[0035] FIG. 6(a) to FIG. 6(a) are vieWs explaining the 
process of producing the second example of the photomask 
shoWn in FIG. 4 With the use of the second example of the 
blank shoWn in FIG. 2. In particular, FIG. 6(a) and FIG. 
6(b) shoW the etching process of a light shielding layer, and 
FIG. 6(c) and FIG. 6(a) schematically shoW sections of 
etching forms. 

[0036] FIG. 7(a) and FIG. 7(b) are vieWs schematically 
shoWing the production process of a blank for a halftone 
phase shift photomask and the section of the obtained blank 
in example 1. In particular, FIG. 7(a) shoWs the section of 
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the blank and FIG. 7(b) shoWs the section of a test piece 
obtained by a lift off method. 

[0037] FIG. 8 is a graph shoWing the spectra of transmit 
tance and re?ectance of the blank for a halftone phase shift 
photomask obtained in example 1. 

[0038] FIG. 9(a) to FIG. 9(c) are vieWs schematically 
shoWing the production process of a blank for a halftone 
phase shift photomask and the section of the obtained blank 
in example 2. 

[0039] FIG. 10(a) and FIG. 10(b) are vieWs schematically 
shoWing the production process of a blank for a halftone 
phase shift photomask and the section of the obtained blank 
in example 3. In particular, FIG. 10(a) shoWs the section of 
the blank and FIG. 10(b) shoWs the section of a test piece 
obtained by a lift off method. 

[0040] FIG. 11 is a graph shoWing the spectra of trans 
mittance and re?ectance of the blank for a halftone phase 
shift photomask obtained in example 3. 

[0041] FIG. 12 shoWs the section of a test piece obtained 
by a lift off method in examples 4, 5 and 6. 

[0042] FIG. 13 is a graph shoWing the transmission spec 
trum of the blank obtained in example 6. 

[0043] FIG. 14(a) to FIG. 14(a') are vieWs explaining the 
principle of a halftone phase shift photo lithography. 

[0044] FIG. 15(a) to FIG. 15(a') are vieWs explaining the 
principle of a conventional photomasking method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] A halftone phase shift photomask to be provided in 
the present invention comprises a transparent substrate and 
a halftone phase shift ?lm provided on the transparent 
substrate, the halftone phase shift ?lm is characteriZed in 
that it has a multilayer construction in Which at least a ?rst 
layer that can be etched With a chlorinated gas and a second 
layer that can be etched With a ?uorinated gas are disposed 
in this order from the side near the transparent substrate, and 
it also comprises an aperture made by removing part of the 
halftone phase shift ?lm in a prescribed pattern. 

[0046] Furthermore, the present invention Will provide a 
blank for a halftone phase shift photomask, With Which a 
halftone phase shift photomask like this can be made. The 
Blank for a halftone phase shift photomask to be provided by 
the present invention comprises a transparent substrate and 
a halftone phase shift ?lm provided on the transparent 
substrate, the halftone phase shift ?lm is characteriZed in 
that it has a multilayer construction in Which at least the ?rst 
layer that can be etched With a chlorinated gas and the 
second layer that can be etched With a ?uorinated gas are 
disposed in this order from the side near the transparent 
substrate. The transparent substrate is formed With a trans 
parent material, for example, synthetic quartZ that can be 
etched With a ?uorinated gas but not etched With a chlori 
nated gas. 

[0047] The present invention has succeeded in developing 
a halftone phase shift photomask in Which the pattern 
processing is possible in high precision and a blank therefor 
by making a halftone phase shift ?lm to be a multilayer 
construction and by forming one layer of the multilayer With 
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a material that can take a sufficiently high etching selective 
ratio to a transparent substrate. 

[0048] In the present invention, on a transparent substrate 
of the blank for a halftone phase shift photomask, a halftone 
phase shift ?lm having a multilayer of 2 or more plies is 
formed. Individual layer constituting a halftone phase shift 
?lm is formed With a halftone phase shift material different 
from that of forming adjacent layers. In the plural layers 
constituting a halftone phase shift ?lm, the ?rst layer, Which 
is the nearest layer to the transparent substrate, is formed 
With a material that can be etched With a chlorinated dry 
etching gas and is preferably provided just on the transparent 
substrate. As a chlorinated dry etching gas, it is possible to 
use a gas containing C12, CHZCI2 and the like, or a gas in 
which 02 is further added in such a gas, but such a chlori 
nated gas substantially can not etch a transparent substrate 
made of synthetic quartZ and the like. Moreover, the second 
layer to be laminated adjacent to the ?rst layer on the etched 
surface side of the above-mentioned ?rst layer is formed 
With a material that is possible to be etched With a ?uori 
nated dry etching gas. 
[0049] When the blank having a halftone phase shift ?lm 
With a multilayer construction like this are ?rst etched in a 
prescribed pattern With a ?uorinated dry etching gas, the 
second layer of the halftone phase shift ?lm is etched. Then, 
When the halftone phase shift ?lm of this blank is next 
etched in the same pattern state With a chlorinated dry 
etching gas, the ?rst layer of the halftone phase shift ?lm is 
etched but the transparent substrate is not substantially 
etched. As a result, it is possible to etch only the halftone 
phase shift ?lm precisely. And it is also possible to control 
freely the phase angle and transmittance by forming 2 or 
more layers constituting a halftone phase shift ?lm With 
respective different materials and by controlling the thick 
ness of each layer. 

[0050] Because the phase angle and transmittance of a 
halftone phase shift photomask can be controlled in high 
precision, it becomes possible to obtain a projection image 
With precise minute dimensions by using the halftone phase 
shift photomask. 
[0051] As a method of improving the etching selective 
ratio to a substrate, it is knoWn to provide an etching stopper 
layer betWeen the substrate and the halftone phase shift ?lm. 
By this knoWn method, hoWever, the etching stopper layer 
Will be remained in the aperture of the accomplished half 
tone phase shift photomask to affect the phase angle and 
light transmittance in the aperture. To the contrary, since no 
etching stopper layer is remained in the aperture in the 
present invention, it is possible to control in high precision 
the phase difference and light transmittance difference 
betWeen the aperture and pattern part of the halftone phase 
shift ?lm. 

[0052] In the present invention, as the second layer (that 
is, a layer outer than the ?rst layer) of the halftone phase 
shift ?lm, a layer of a halftone phase shift material having 
an element composition comprising tantalum, silicon and 
oxygen as essential elements is preferably used. A layer of 
a halftone phase shift material having an element composi 
tion comprising tantalum, silicon and oxygen as essential 
elements is a layer containing at least one of TaSix, TaOx, 
SiOx and TaSixOy as a main component. 

[0053] In cases Where the second layer is formed With a 
material of such tantalum silicides, it is possible to maintain 

Jun. 28, 2001 

excellent processing properties and chemical stability after 
processing that are characteristic of tantalum based materi 
als, and the applicability to exposure light of the short 
Wavelength that is characteristic of silicide based materials. 
A material of tantalum silicides can be used as a halftone 
phase shift ?lm because they have an enough light trans 
mission property to ?uorinated krypton excimer laser lithog 
raphy (Wavelength of exposure light is 248 nm) and ?uori 
nated argon excimer laser lithography (Wavelength of 
exposure light is 193 nm). 

[0054] Furthermore, because the ?rst layer of the halftone 
phase shift ?lm can be etched Without substantially invading 
a transparent substrate made of synthetic quartZ and the like 
by making the halftone phase shift ?lm to be multilayer and 
by preparing the ?rst layer, Which can be etched With a 
chlorinated gas, betWeen the second layer having an element 
composition comprising tantalum, silicon and oxygen as 
essential elements and the transparent substrate, it is pos 
sible to take an etching selective ratio to the transparent 
substrate suf?ciently high. 

[0055] Therefore, it is possible to realiZe high precision 
patterning by the use of a layer having an element compo 
sition comprising tantalum, silicon and oxygen as essential 
elements as the second layer, because an etching selective 
ratio to a transparent substrate made of synthetic quartZ and 
the like can be taken suf?ciently While maintaining the 
applicability to the short Wavelength that is characteristic of 
silicide materials in addition to good chemical stability and 
good processing properties that are characteristic of tanta 
lum materials. As a result, it is possible to obtain an ideal 
mask member that is excellent in stability after mask pro 
cessing and in the applicability of short Wavelength. More 
over, a halftone phase shift photomask With high precision 
can be produced in a high yield and loW cost. 

[0056] The ?rst layer of a halftone phase shift ?lm is 
prepared near a transparent substrate and is a layer that can 
be dry etched With a chlorinated gas. This ?rst layer can be 
formed With a material having an element composition 
comprising tantalum or chromium as an essential element. 

[0057] As a material that has an element composition 
comprising tantalum as an essential element and can be form 
the ?rst layer, a material having an element composition in 
Which tantalum is an essential element and silicon is not 
contained substantially can be used. FIG. 8 shoWs the 
typical optical characteristic spectra of a blank for a halftone 
phase shift photomask that can be obtained by laminating 
the ?rst layer formed of such a tantalum based material and 
the second layer having an element composition comprising 
tantalum, silicon and oxygen as essential elements. Gener 
ally, these optical characteristic spectra are considered to be 
suf?ciently applicable in practical use, but there are some 
cases Where re?ectance on the ?lm surface is someWhat 
high. That is, the re?ectance of exposure light on the ?lm 
surface is required to be 30% or less (from 0 to 30%), 
preferably 20% or less in some cases. In case of such a 
requirement, the third layer may be prepared betWeen the 
halftone phase shift ?lm and the transparent substrate to 
change the re?ectance spectra. Even if the etching selective 
ratio of the third layer to the transparent substrate is loW, 
suf?ciently thin thickness of the third layer Will not cause 
large errors in phase difference. As an example, it is possible 
to form a ?lm having an element composition comprising 
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tantalum, silicon and oxygen as essential elements in thick 
ness of several tens to 100 angstroms betWeen the ?rst 
layer in Which tantalum is an essential element and silicon 
is substantially not contained and the transparent substrate. 
In this case, it becomes possible to change freely the 
re?ectance spectrum by changing the thickness of the third 
thin ?lm Within the above-mentioned range, Which does not 
have large in?uence to the phase difference of the mask even 
if the etching selective ratio is Worse, because of thin ?lm 
thickness. 

[0058] Furthermore, as another method, it is possible to 
control the re?ectance spectrum by adding a very small 
amount of oxygen and/or nitrogen to a material in Which 
tantalum is an essential element and silicon is substantially 
not contained. Therefore, the ?rst layer of the halftone phase 
shift ?lm can be formed With a material having an element 
composition comprising further oxygen and/or nitrogen, 
along With tantalum as essential components. A layer of a 
material having an element composition comprising oxygen 
and/or nitrogen, along With tantalum as essential compo 
nents is a layer that contains at least one of TaNx, TaOx and 
TaNxOy, along With Ta as main components. 

[0059] As a material that has an element composition 
comprising chromium as an essential element and can form 
the ?rst layer, a material having an element composition 
comprising oxygen, ?uorine and/nitrogen, along With chro 
mium as essential elements can be used. This material 
contains one or more components of metal chromium (Cr), 
CrOx, CrFx, CrNx, CrFxOy, CrNxOy, CrFxNy and CrFx 
NyOZ. 
[0060] As another material that has an element composi 
tion comprising chromium as an essential element and can 
form the ?rst layer, a material having an element composi 
tion comprising silicon, along With chromium as an essential 
element can be used. This material contains metal chromium 
(Cr) and/or CrSix. 
[0061] A further material that has an element composition 
comprising chromium as an essential element and can form 
the ?rst layer, a material having an element composition 
comprising tantalum, along With chromium as an essential 
element can be used. This material contains metal chromium 
(Cr) and/or a chromium-tantalum alloy (CrTax). 
[0062] In addition, it is possible to use a material having 
an element composition comprising one or more of the 
above-mentioned oxygen, ?uorine, nitrogen, silicon, tanta 
lum and others, along With chromium as essential elements. 
For example, in cases Where tantalum and silicon, along 
With chromium are essential elements, the material contains 
at least one of CrSix, TaSix and CrTaxSiy as a main 
components, along With one or both of metal chromium (Cr) 
and a chromium-tantalum alloy (CrTax). 

[0063] Furthermore, in cases Where tantalum, oxygen, 
?uorine and nitrogen, along With chromium are essential 
elements, the material contains at least one of CrOx, CrFx, 
CrNx, CrFxOy, CrNxOy, CrFxNy, CrFxNyOZ, TaOx, TaFx, 
TaNx, TaFxOy, TaNxOy, TaFxNy, TaFxNyOZ, CrTaxOy, 
CrTaxFy, CrTaxNy, CrTaxFyOZ, CrTaxNyOZ, CrTaxFyNZ 
and CrTaWFxNyOZ, along With one or both of metal chro 
mium (Cr) and a chromium-tantalum alloy (CrTax) as main 
components. 
[0064] A halftone phase shift ?lm With multilayer con 
struction having at least the ?rst layer and the second layer 
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is preferable to be formed on a transparent substrate so that 
the phase difference 4) obtained from the folloWing expres 
sion (1) is Within the range of mun/3 radian (here, n is an 
odd number): 

Expression (1) 

[0065] Wherein, q) is a phase change caused to light ver 
tically transmitting through a photomask or a blank for a 
photomask in Which a halftone phase shift ?lm consisting of 
(m-2) layers is formed on the transparent substrate, Xk’k’d is 
a phase change occurring in the interface betWeen a kth layer 
and a (k+1)th layer, uk and dk are the refractive index and ?lm 
thickness of the kth layer, respectively, and )t is the Wave 
length of exposure light, providing that the layer of k=1 is 
the transparent substrate and the layer of k=m is air. 

[0066] Moreover, it is preferable that a halftone phase shift 
?lm is formed in such a ?lm thickness as the halftone phase 
shift ?lm has the transmittance of exposure light Within the 
range of 1 to 50% provided that a transparent substrate has 
a transmittance of exposure light as 100%, in order to 
control transmittance to be optimum corresponding to any 
pattern. 

[0067] In a halftone phase shift photomask or a blank 
therefor of the present invention, a light shielding ?lm may 
be formed in succession just on or under a halftone phase 
shift ?lm. It is possible to prevent the solariZation of the 
resist due to the overlap of adjoining shots in the process of 
a halftone phase shift photo lithography by preparing a light 
shielding layer. Further, it is possible to control the tran 
scription properties of a transcribing and forming pattern 
With this light shielding ?lm. 

[0068] For the reason that a light shielding ?lm is required 
to be excellent in plate making properties, durability and 
others, a light shielding ?lm is preferable to be formed using 
a material having an element composition comprising chro 
mium as an essential element. In case of preparing a light 
shielding ?lm of chromium materials, plate making of a light 
shielding ?lm may be carried out using a Wet etchant of 
cerium nitrates after a pattern in a halftone phase shift ?lm 
is formed by a gas dry etching as described later. 

[0069] In the present invention, there are some cases 
Where a ?lm comprising chromium and/or a chromium 
tantalum alloy as main components is formed as the ?rst 
layer of the halftone phase shift ?lm. In this case, it is feared 
that the ?rst layer of the halftone phase shift ?lm is invaded 
by a Wet etchant of cerium nitrates to cause some problems 
in pattern formation. 

[0070] HoWever, corrosive resistant of the ?rst layer com 
prising chromium and/or a chromium tantalum alloy as main 
components to Wet etchants can be improved by adding 
oxygen, ?uorine and/or nitrogen as mentioned above, or by 
making an alloy through the addition of an other metal like 
silicon, tantalum or the like. 

[0071] Furthermore, because as mentioned later, the ?lm 
thickness of the ?rst layer comprising chromium and/or a 
chromium tantalum alloy as main components is often thin, 
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the layer has inherently loW possibility of being invaded by 
Wet etchants, and if the layer is invaded, the invasion is often 
stopped at the degree substantially not to adversely affect the 
transcription property. 

[0072] The production method of a blank for a halftone 
phase shift photomask and the method of producing a 
halftone phase shift photomask by carrying out the halftone 
phase shift photo lithography using the blank in the present 
invention Will be explained in the folloWing. 

[0073] FIG. 1 is a schematically sectional vieW shoWing 
a ?rst example of a blank for a halftone phase shift photo 
mask in the present invention. In FIG. 1, a reference 
numeral 110 denotes a transparent substrate, 120 denotes a 
halftone phase shift ?lm With multilayer construction, 121 
denotes a ?rst layer having an element composition com 
prising chromium as an essential element, and 122 denotes 
a second layer having an element composition comprising 
tantalum, silicon and oxygen as essential elements. 

[0074] The Blank for a halftone phase shift photomask in 
the ?rst example have the halftone phase shift ?lm 120 
having a multilayer construction composed of the second 
layer 122 having an element composition comprising tan 
talum, silicon and oxygen as essential elements and the ?rst 
layer 121 having an element composition comprising chro 
mium as an essential element, and the ?rst layer 121 and the 
second layer 122 are laminated and formed in this order on 
the transparent substrate 110. 

[0075] And, the second layer 122 has processing proper 
ties and chemical stability, Which are characteristic of tan 
talum based materials, and can be etched With a ?uorinated 
gas. The ?rst layer 121 can be etched With a chlorinated gas 
after etching the second layer 122 With a ?uorinated gas. At 
this time, since the transparent substrate 110 made of syn 
thetic quartZ and the like is not substantially etched With a 
chlorinated gas, it is possible to take a sufficiently high 
etching selective ratio of the ?rst layer 121 to the transparent 
substrate 110. As a result, high precision patterning can be 
achieved When a photomask is formed. 

[0076] In the ?rst example, since the second layer 122 
formed of a tantalum silicide material is prepared as one 
layer of the halftone phase shift ?lm 120, a photomask 
produced using this blank is applicable to exposure light of 
the short Wavelength, including ?uorinated krypton excimer 
laser (Wavelength is 248 nm) and ?uorinated argon excimer 
laser (Wavelength is 193 nm). 

[0077] In the ?rst example, for the purpose of obtaining 
some good phase shift effects When a halftone phase shift 
photomask is produced, the halftone phase shift ?lm 120 is 
formed on the transparent substrate 110 so that the phase 
difference 4) that is obtained from the folloWing expression 
When m=4, is Within the range of mun/3 radian (here, n is 
an odd number): 

[0078] Wherein, q) is a phase change caused to light ver 
tically transmitting through a blank for a photomask in 
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Which the halftone phase shift ?lm 120 With 2 layer con 
struction is formed on the transparent substrate 110, Xk>k+1 
is a phase change occurring in the interface betWeen a kth 
layer and a (k+1)th layer, uk and dk are the refractive index 
and ?lm thickness of the kth layer (the ?rst layer 121 of a 
chromium material and the second layer 122 of a tantalum 
silicide material) respectively, and )L is the Wavelength of 
exposure light, providing that the layer of k=1 is the trans 
parent substrate 110 and the layer of k=m is air. 

[0079] Moreover, in order to obtain a substantial phase 
shift effect When a halftone phase shift photomask is pro 
duced, the halftone phase shift ?lm 120 is formed in such a 
?lm thickness as the halftone phase shift ?lm 120 has a 
transmittance of exposure light Within the range of 1 to 50% 
provided that the transparent substrate 110 has a transmit 
tance of exposure light as 100%. 

[0080] As the ?rst layer 121 having an element composi 
tion comprising chromium as an essential element, it is 
possible to form a chromium metal layer, a chromium oxide 
layer, a chromium nitride layer, a chromium oxide nitride 
layer or others, all of Which can be etched With a chlorinated 
gas. This ?rst layer 121 made of a chromium material can be 
easily formed by the sputtering method that has been con 
ventionally applied for forming thin ?lms for photomasks. If 
metal chromium is used as a target and a mixed gas in Which 
oxygen and/or nitrogen are mixed With a sputtering gas of 
argon is used, the chromium oxide layer, the chromium 
nitride layer or the chromium oxide nitride layer can be 
obtained. It is possible to conduct the adjustment and control 
of a refractive index by changing sputtering pressure or 
sputtering current, as Well as changing the mixing ratio of 
gases. It is possible to form such a thin ?lm made of a 
material of chromium compounds by applying technologies, 
including the vacuum deposition, the CVD method, the ion 
plating method and the ion beam sputtering method, as Well 
as the sputtering method. 

[0081] The second layer 122 made of a material having an 
element composition comprising tantalum, silicon and oxy 
gen as essential elements can be easily formed by the 
sputtering method that has been conventionally applied for 
forming thin ?lms for photomasks. For example, a tantalum 
silicide oxide ?lm can be obtained by using tantalum silicide 
as a target and by using a mixed gas in Which oxygen is 
mixed With a sputtering gas of argon. It is possible to 
conduct the adjustment and control of the refractive index of 
a tantalum silicide oxide ?lm by changing sputtering pres 
sure or sputtering current, as Well as changing the mixing 
ratio of gases. It is possible to form such a thin ?lm made of 
tantalum silicides by applying technologies, including the 
vacuum deposition, the CVD method, the ion plating 
method and the ion beam sputtering method, as Well as the 
sputtering method. 
[0082] Synthetic quartZ as the transparent substrate 110 is 
transparent to exposure light of the short Wavelength, 
including ?uorinated krypton excimer laser (Wavelength is 
248 nm) and ?uorinated argon excimer laser (Wavelength is 
193 nm) and further can take a high etching selective ratio 
of the ?rst layer 121 to the transparent substrate 110 in cases 
Where the ?rst layer 121 of a chromium compounds based 
thin ?lm is subjected to etching processing With a chlori 
nated gas When producing a photomask. 

[0083] Next, another example of a blank for a halftone 
phase shift photomask in the present invention Will be 


















