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Description

Background of the Invention

1. Field of the Invention

[0001] This invention relates to a method of producing
a photomask.
[0002] The invention can be utilized for photomasks
used for forming various pattern images, a method of
producing such photomasks, a method of exposing using
such photomasks and a method of manufacturing sem-
iconductor devices using such photomasks. For exam-
ple, it can be utilized for photomasks used for the tech-
niques of forming various patterns in semiconductor de-
vice manufacture processes, a method of producing such
photomasks and a method of exposing using such pho-
tomasks. Further, it can be applied to an exposing appa-
ratus and also to a method of semiconductor device man-
ufacture, for instance a method of manufacturing such
semiconductor devices as memory devices, logic oper-
ational devices, CCD devices, LCD devices, etc.

2. Description of the Related Art

[0003] The related art will now be described by taking
the field of semiconductor devices as an example. When
manufacturing a semiconductor device, various patterns
are formed. In such semiconductor device manufacture,
a pattern transfer process or commonly termed litho-
graphic process is used mainly for transferring a photo-
mask pattern on a resist material on a semiconductor
wafer.
[0004] With a recent trend for finer semiconductor de-
vice structures, it is becoming more and more difficult to
obtain a fine pattern with a desired resolution. As an ex-
ample, the prior art photomask has a problem that the
resist pattern size obtained by transfer is not in accord
with a fine mask pattern size and is smaller than a desired
value. Accordingly, in the prior art the mask pattern size
is set to be greater than the resist pattern size that is
obtainable by the transfer. Further, to solve the above
problem and for the purpose of resolution improvement,
investigations have been conducted about making short-
er the wavelength of light of exposing in exposure appa-
ratus used in the lithographic process, phase shifting
masks for shifting the light phase, a shape change illu-
mination process, in which the shape of a light source is
changed, a pupil filter process, in which a filter is provided
in an emission pupil in condenser lens system, and a
FLEX process, in which exposing is done a plurality of
times at different focus positions.
[0005] A general example of the prior art method will
now be given. Fig. 1 is a graph illustrating the concept
underlying the prior art method example. In this method,
the transfer resist pattern size is determined by experi-
ments or simulation with a plurality of different defocus
values, thus obtaining a mask pattern size versus defo-

cus curve 1. From this curve 1, the range of mask pattern
size in a design tolerance range 2 is obtained. From this
mask pattern size range depth of focus 3 is obtained, the
numerical value of which indicates the performance of
the lithography.
[0006] Further, there is a ED tree method which cor-
relatively deals with the depth of focus and the exposure
dose latitude. An example of this method is shown in Fig.
2. Curves 41 to 46 as shown, represent the relation be-
tween the exposure dose and the defocus for respective
percentage changes in the transfer resist pattern size
from the design mask pattern size. Assuming a design
tolerance condition of the transfer resist pattern size that
the percentage change therein from the design value is
within � 10 % (see curves 43 and 44 in Fig 2) and that
the exposure dose latitude that is necessary is 20 % in
range as shown by 5 in Fig. 2, the depth of focus is as
shown by 3 in the Figure.
[0007] In simulation evaluation in various prior art tech-
niques, the parameters that are evaluated are mostly two
in number.
[0008] In EP 0 313 013 a lithographic process analysis
and control system is described which provides a mod-
eled version of a lithographic process in the three dimen-
sions of feature width, focus and exposure. This system
uses the model to quickly determine the range of focus
and exposure limits for obtaining the desired feature
width.
[0009] In the prior art methods of evaluation as exem-
plified above, no considerations are given to the fluctu-
ations of the exposure dose and also the fluctuations of
the mask pattern size of the mask. Therefore, the depth
of focus that is obtainable is greatly aloof from the actual
process condition, and it is greater than the actual depth
of focus. Besides, in this method it is impossible to obtain
quantitative evaluation of other parameters such as the
exposure dose latitude and the mask pattern size lati-
tude.
[0010] In the ED tree method (Fig. 2; see e.g. B.J. Lin,
"Methods to Print Optical Images at low-K1 Factors",
SPIE vol. 1269, pp. 2-13 (1990)), again no considerations
are given to the fluctuations of the mask pattern size on
the mask. In this case, there is a fatal drawback that it is
impossible to obtain the mask pattern size latitude in ad-
dition to the serious drawback that the calculated depth
of focus is extremely aloof from the actual process con-
dition.
[0011] In the prior art method, the evaluation by sim-
ulation required an enormous amount of experiments for
making up for the great aloofness from the actual process
condition. The experiment requires time and cost, and in
this case it is difficult to obtain efficient and systematic
evaluation. Particularly, in the distal device development
without established apparatus or material, there is a se-
rious drawback that it is very difficult to find out the rela-
tionship among various techniques.
[0012] Further, as patterns are finer, a serious problem
is posed by adverse effects of mask pattern size fluctu-
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ations on the transfer pattern, which has previously been
any problem. In the prior art, it has been impossible to
carry out evaluation by taking the mask pattern size fluc-
tuations into considerations. Giving no considerations to
the mask pattern size fluctuations means that the eval-
uation has heretofore been made under the assumption
that the mask pattern size of the mask is in accord with
the design mask pattern size and is fixed at all times.
Actually, however, there are fluctuations in the mask pro-
duction process, and it is impossible to perfectly eliminate
the mask pattern size fluctuations. Hence, it has been
indispensable for proper condition setting to let the mask
pattern size fluctuations be reflected on the evaluation,
but this has heretofore been impossible.

Object and Summary of the Invention

[0013] An object of the invention is to provide a method
of producing a photomask which can solve the problems
discussed above in the prior art, permit mutual correlation
of a large number of parameters, for instance three or
more parameters, to be found out, permit optimum con-
dition to be obtained from such correlation, permit reduc-
tion of aloofness from the actual process condition, per-
mit quantitatively grasping various performances, permit
reduction of time and cost, permit taking the influence of
mask pattern size fluctuations into considerations and
permit actual optimization.
[0014] To attain the above object of the invention, the
present invention provides a method as specified in claim
1.
[0015] In another method not forming part of the inven-
tion, when obtaining the exposure dose latitude, combi-
nations of plurality of defocus and mask pattern size val-
ues in predetermined ranges of the defocus latitude and
the mask pattern size latitude are set. The combinations
are suitably as finely set as possible in the predetermined
ranges of the defocus latitude and the mask pattern size
latitude. On the basis of and for each of these combina-
tions, transfer patterns are obtained by varying the ex-
posure dose. The transfer patterns for the various expo-
sure doses may be obtained by a calculation operation
using simulation or the like, by actual measurement in
experiments or by combining both these means. Suitably,
the operation is carried out in the mode of obtaining trans-
fer resist patterns in the photolithography. The transfer
patterns which are obtainable by the above various
means are checked as to whether they meet the design
tolerance condition. For example, a check is made as to
whether the size, area, shape, etc. of the patterns meets
the tolerance condition at the time of the design (i.e., at
the time of semiconductor device design in case of a
mask for the semiconductor device formation). According
to this check is obtained the exposure dose latitude as
the range of exposure dose meeting the tolerance con-
dition in all the predetermined ranges of the defocus lat-
itude and the mask pattern size latitude. At least one of
mask parameters is set such as to maximize the expo-

sure dose latitude. The mask parameter may be the
shape and size of the design pattern, the transmissivity
and phase of the transmitting area, the transmissivity and
phase of the light shielding area, etc.
[0016] A photomask with a transmitting area thereof
having two portions for transmitting light at mutually dif-
ferent phases is a commonly called phase shift mask. In
this case, it is possible to increase the resolution by set-
ting the phase difference most suitably to 180°. It is pos-
sible to provide other phase differences depending on
the design.
[0017] The phase difference may be provided by form-
ing a phase shift section or a commonly called shifter
section by changing the thickness of a portion of a light
transmissive substrate, of glass for instance, by engrav-
ing that portion. Alternatively, it may be provided by form-
ing a phase shift section or commonly called shifter sec-
tion with a film of a phase shift material (a resist, SiO2,
etc.) such that the thickness of the film provides a phase
difference of 180°, for instance. Further, a portion for pro-
viding for a phase difference may be formed by changing
the optical path length by changing the refractive index
with doping. Various further means may also be used to
this end.
[0018] A photomask with the light shielding area there-
of transmits light in such an extent as not to sensitize a
sensitizer exposed in the photolithographic process and
also transmits light at a different phase from that of the
transmitting area.
[0019] In a method of designing a photomask the mask
parameter is one member or a combination of two or
more members of the group consisting of the mask pat-
tern size, the phase of the transmitting area, the trans-
missivity of the light shielding area and the phase of the
light shielding area.
[0020] A method of producing a photomask having a
transmitting area and a light shielding area comprises
the steps of setting a plurality of combinations of defocus
and mask pattern size values in predetermined ranges
of the focus latitude and the mask pattern size latitude,
obtaining transfer patterns by varying the exposure dose,
and checking whether the transfer patterns meet a design
tolerance condition, thereby obtaining the exposure dose
latitude as the range of exposure dose meeting the tol-
erance condition in all the predetermined ranges of the
focus latitude and the mask pattern size latitude, a mask
parameter being set for maximizing the obtained expo-
sure dose latitude.
[0021] When obtaining the exposure dose latitude,
combinations of pluralities of defocus and mask pattern
size values in predetermined ranges of the focus latitude
and the mask pattern size latitude are set. The combina-
tions are suitably as finely set as possible in the prede-
termined ranges of the focus latitude and the mask pat-
tern size latitude. On the basis of and for each of these
combinations, transfer patterns are obtained by varying
the exposure dose. The transfer patterns for the various
exposure doses may be obtained by a calculation oper-
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ation using simulation or the like, by actual measurement
in experiments or by combining both these means.
[0022] The transfer patterns obtained as above are
typically transfer resist patterns in the photolithography,
and the operation is suitably carried out in the mode of
obtaining transfer resist patterns in the photolithography.
The transfer patterns which are obtainable by the above
various means are checked as to whether they meet the
design tolerance condition. For example, a check is made
as to whether the size, area, shape, etc. of the patterns
meets the tolerance condition at the time of the design
(i.e., at the time of the semiconductor device design in
case of a mask for the semiconductor device formation).
According to this check is obtained the exposure dose
latitude as the range of exposure dose meeting the tol-
erance condition in all the predetermined ranges of the
defocus latitude and the mask pattrern size latitude. At
least one of mask parameters is set such as to maximize
the exposure dose latitude. The mask parameter may be
the shape and size of the design pattern, the transmis-
sivity and phase of the transmitting area, the transmis-
sivity and phase of the light shielding area, etc.
[0023] In the above way, it is possible to obtain the
condition for optimizing the mask design, thus permitting
production of the optimum mask.
[0024] When obtaining the mask design optimization
condition, it is possible to simultaneously set the optimiz-
ing condition for the exposing condition.
[0025] A method of exposing using a photomask hav-
ing a transmitting area and a light shielding area com-
prises the steps of setting combinations of pluralities of
defocus and mask pattern size values in predetermined
ranges of the defocus latitude and the mask pattern size
latitude, obtaining a transfer pattern by varying the ex-
posure dose, and checking whether the transfer pattern
meets a design tolerance condition, thereby obtaining
the exposure dose latitude as the range of exposure dose
meeting the tolerance condition in all the predetermined
ranges of the defocus latitude and the size latitude, the
exposure being set for maximizing the obtained exposure
dose latitude. Such exposure parameter may be lens nu-
merical aperture (NA), partial coherency, exposure
wavelength, light source shape, pupil filter structure, etc.
[0026] A further method of exposing with a photomask
having a transmitting area and a light shielding area, com-
prises the steps of setting combinations of pluralities of
defocus and mask pattern size values in predetermined
ranges of the defocus latitude and the mask pattern size
latitude, obtaining tansfer patterns by varying the expo-
sure dose, and checking whether the transfer patterns
meet a design tolerance condition, thereby obtaining the
exposure dose latitude as the range of exposure dose
meeting the tolerance condition in all the predetermined
ranges of the defocus latitude and the mask pattern size
latitude, a mask parameter being set for maximizing the
obtained exposure dose latitude.
[0027] When optimizing the photomask design condi-
tion for obtaining the exposure dose latitude according

to the predetermined defocus latitude and mask pattern
size latitude, the condition of exposing using the photo-
mask is optimized simultaneously, thereby obtaining the
optimum exposing condition.
[0028] The optimum condition of exposing is advanta-
geously determined like the setting of the optimum con-
dition of the mask formation.
[0029] A method of manufacturing a semiconductor
device in photolithography uses a photomask having a
transmitting area and a blocking area, the photomask
being obtained by setting combinations of pluralities of
defocus and mask pattern size values in predetermined
ranges of the defocus latitude and the mask pattern size
latitude, obtaining transfer patterns by varying the expo-
sure dose, and checking whether the transfer patterns
meet a design tolerance condition, thereby obtaining the
exposure dose latitude as the range of exposure dose
meeting the tolerance condition in all the predetermined
ranges of the defocus latitude and the mask pattern size
latitude.
[0030] The semiconductor device may suitably be fine-
ly integrated LSIs, for instance logic devices, CCD de-
vices, LCD devices, memory devices, etc.
[0031] The above object of the invention is attained by
a producing a photomask having a transmitting area and
a blocking area, by setting combinations of pluralities of
exposure dose and mask pattern size values in prede-
termined ranges of the exposure dose latitude and the
mask pattern size latitude, obtaining transfer patterns by
varying the defocus in the neighborhood of the just focus,
and checking whether the transfer patterns meet a design
tolerance condition, thereby obtaining the defocus lati-
tude as the range of defocus meeting the tolerance con-
dition in all the predetermined ranges of the predeter-
mined ranges of the defocus latitude and the mask pat-
tern size latitude, a mask parameter being set for maxi-
mizing the obtained exposure dose latitude.
[0032] According to the invention, when obtaining the
defocus latitude, combinations of pluralities of exposure
dose and mask pattern size values in predetermined
ranges of the exposure dose latitude and the mask pat-
tern size latitude are set. The combinations are suitably
as finely set as possible in the predetermined ranges of
the exposure dose latitude and the mask pattern size
latitude. On the basis of and for each of these combina-
tions, transfer patterns are obtained by varying the defo-
cus in the neighborhood of the just focus. (In the speci-
fication, by the term "just focus" is meant a focus position
of the greatest light intensity distribution and contrast.)
The transfer patterns for the various defocuses may be
obtained by a calculation operation using simulation or
the like, by actual measurement in experiments or by
combining both these means. Suitably, the operation is
carried out in the mode of obtaining transfer resist pat-
terns in the photolithography. The transfer patterns which
are obtained by the above various means are checked
as to whether they meet the design tolerance condition.
For example, a check is made as to whether the size,
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area, shape, etc. of the patterns meets the tolerance con-
dition at the time of the design (i.e., at the time of semi-
conductor device design in case of a mask for the sem-
iconductor device formation). According to this check is
obtained the defocus latitude as the range of defocus
meeting the tolerance condition in all the predetermined
ranges of the exposure dose latitude and the mask pat-
tern size latitude. At least one of mask parameters is set
such as to maximize the defocus latitude. The mask pa-
rameter may be the shape and size of the design pattern,
the transmissivity and phase of the transmitting area, and
transmissivity and phase of the light shielding area, etc.
[0033] A photomask with the transmitting area thereof
has two portions for transmitting light at mutually different
phases.
[0034] As for the phase difference, it is most suitably
set to 180° for resolution increase. It is possible to provide
other phase differences as well depending on the design.
[0035] The phase difference may be provided by form-
ing a phase shift section or a commonly called shifter
section by changing the thickness of a portion of a light
transmissive substrate, of glass for instance, by engrav-
ing that portion. Alternatively, it may be provided by form-
ing a phase shift section or commonly called shifter sec-
tion with a film of a phase shift material (a resist, SiO2,
etc.) such that the thickness of the film provides a phase
difference of 180°, for instance. Further, a portion for pro-
viding for a phase difference may be formed by changing
the optical path length by changing the refractivity with
doping. Various further means may also be used to this
end.
[0036] A photomask with the light shielding area there-
of transmits light in such an extent as not to sensitize a
sensitizer in the photolithographic process and also
transmits light at a different phase from that of the trans-
mitting area.
[0037] In a method of producing a photomask, the
mask parameter is one member or a combination of two
or more members of the group consisting of the mask
pattern size, the phase of the transmitting area, the trans-
missivity of the light shielding area and the phase of the
light shielding area.
[0038] The above object of the invention is in general
attained by a method of producing a photomask having
a transmitting area and a light shielding area, which com-
prises the steps of setting combinations of pluralities of
exposure dose and mask pattern size values in prede-
termined ranges of the exposure dose latitude and the
mask pattern size latitude, obtaining transfer patterns by
varying the defocus in the neighborhood of the just focus,
and checking whether the transfer patterns meet a design
tolerance condition, thereby obtaining the defocus lati-
tude as the range of defocus meeting the tolerance con-
dition in all the predetermined ranges of the exposure
dose latitude and the mask pattern size latitude, a mask
parameter set for maximizing the obtained defocus lati-
tude.
[0039] According to the invention, when obtaining the

defocus latitude, combinations of pluralities of exposure
dose and mask pattern size values in predetermined
ranges of the exposure dose latitude and the mask pat-
tern size latitude are set. The combinations are suitably
as finely set as possible in the predetermined ranges of
the exposure dose latitude and the mask pattern size
latitude. On the basis of and for each of these combina-
tions, transfer patterns are obtained by varying the defo-
cus in the neighborhood of the just focus. The transfer
patterns for the various defocuses may be obtained by
a calculation operation using simulation or the like, by
actual measurement in experiments or by combining both
these means.
[0040] The transfer patterns that are obtained are typ-
ically transfer resist patterns in photolithography, and
suitably the operation is carried out in the mode of ob-
taining transfer resist patterns in the photolithography.
The transfer patterns which are obtained by the above
various means are checked as to whether they meet the
design tolerance condition. For example, a check is made
as to whether the size, area, shape, etc. of the pattern
meets the tolerance condition at the time of the design
(i.e., at the time of semiconductor device design in case
of a mask for the semiconductor device formation). Ac-
cording to this check is obtained the defocus latitude as
the range of defocus meeting the tolerance condition in
all the predeteremined ranges of the exposure dose lat-
itude and the mask pattern size latitude. At least one of
the mask parameters is set such as to maximixe the de-
focus latitude. The mask parameters may be the shape
and size of the desgin pattern, the transmissivity and
phase of the transmitting area, the transmissivity and
phase of the light shielding area, etc.
[0041] In the above way, the mask design optimizing
condition is obtained, thus permitting the manufacture of
the optimum mask.
[0042] When obtaining the mask design optimization
condition, the optimization condition for the exposing
condition can be obtained simultaneously.
[0043] A method of exposing in a photolithographic
process, comprises the steps of setting combinations of
pluralities of exposure dose and mask pattern size values
in all predetermined ranges of the exposure dose latitude
and the the mask pattern size latitude, obtaining transfer
patterns by varying the defocus, and checking whether
the transfer patterns meet a design tolerance condition,
thereby obtaining the defocus latitude as the range of
defocus meeting the tolerance condition in all the prede-
termined ranges of the exposure dose latitude and the
mask pattern size latitude, an exposure parameter being
set for maximizing the defocus latitude. The exposure
parameter may be lens numerical aperture (NA), partial
coherency, exposure wavelength, light source shape,
pupil filter shape, etc.
[0044] A method of exposing using a photomask hav-
ing a transmitting area and a light shielding area com-
prises the steps of setting combinations of pluralities of
exposure dose and mask pattern size values in prede-
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termined ranges of the exposure dose latitude and the
mask pattern size latitude, obtaining transfer patterns by
varying the defocus in the neighborhood of the just focus,
checking whether the transfer patterns meet a design
tolerance condition, and thereby obtaining the defocus
latitude as the range of defocus meeting the tolerance
condition in all the predetermined ranges of the exposure
dose latitude and the mask pattern size latitude, a mask
parameter being set for maximizing the obtained defocus
latitude.
[0045] The optimum condition of the photomask can
be set by means described above.
[0046] When optimizing the photomask design condi-
tion for obtaining the defocus latitude according to the
predetermined exposure dose latitude and the mask pat-
tern size latitude, the condition of exposing using the pho-
tomask is optimized simultaneously to obtain the opti-
mum exposing condition.
[0047] The optimum condition of exposing can be ad-
vantageously determined in a similar way to the setting
of the optimum condition of the mask formation.
[0048] A method of manufacturing a semiconductor
device in photolithography using a photomask having a
transmitting are and a light shielding area comprises the
steps of setting combinations of pluralities of exposure
dose and mask pattern size values in predetermined
ranges of the exposure dose latitude and the mask pat-
tern size latitude, obtaining transfer patterns by varying
the defocus in the neighborhood of the just focus, and
checking whether the transfer patterns meet a design
tolerance condition, thereby obtaining the defocus lati-
tude as the range of defocus meeting the tolerance con-
dition in all the predetermined ranges of the exposure
dose latitude and the mask pattern size latitude, a mask
parameter being set for maximizing the defocus latitude.
[0049] The semiconductor device may suitably be fine-
ly integrated LSIs, for instance logic circuits, CCDs,
LCDs, memory devices, etc.
[0050] A photomask having a transmitting area and a
light shielding area is obtained, by a further method not
forming part of the invention, by setting combinations of
pluralities of exposure dose and defocus values in pre-
determined ranges of the exposure dose latitude and the
defocus latitude, obtaining transfer patterns by varying
the mask pattern size, and checking whether the transfer
patterns meet a design tolerance condition, thereby ob-
taining the mask pattern size as the range of mask pattern
size meeting the tolerance condition in all the predeter-
mined ranges of the exposure dose latitude and the de-
focus latitude, a mask parameter being set for maximiz-
ing the mask pattern size latitude.
[0051] When obtaining the mask pattern size latitude,
combinations of pluralities of exposure dose and defocus
values in predetermined ranges of the exposure dose
latitude and the defocus latitude are set. The combina-
tions are suitably as finely set as possible in the prede-
termined ranges of the exposure dose latitude and the
defocus latitude. On the basis of and for each of these

combinations, transfer patterns are obtained by varying
the mask pattern size in the neighborhood of a predeter-
mined mask pattern size. The transfer patterns for the
various mask pattern sizes may be obtained by a calcu-
lation operation using simulation or the like, by actual
measurement in experiments or by combining both these
means. Suitably, the operation is carried out in the mode
of obtaining transfer resist patterns in the photolithogra-
phy. The transfer patterns which are obtainable by the
above various means are checked as to whether they
meet the design tolerance condition. For example, a
check is made as to whether the size, area, shape, etc.
of the patterms meet the tolerance condition at the time
of the design (i.e., at the time of semiconductor device
design in case of a mask for the semiconductor device
formation). According to the check is obtained the mask
pattern size latitude as the range of mask pattern size
meeting the tolerance condition in all the predetermined
ranges of the exposure dose latitude and the defocus
latitude. At least one of mask parameters is set such as
to maximize the mask pattern size latitude. The mask
parameter may be the shape and size of the design pat-
tern, the transmissivity and phase of the transmitting ar-
ea, the transmissivity and phase of the light shielding
area, etc.
[0052] A photomask with the transmitting area thereof
has two portions for transmitting light at mutually different
phases.
[0053] The phase difference is most suitably 180° for
obtaining an increased resolution. It is possible to provide
other phase differences as well depending on the design.
[0054] The phase difference may be provided by form-
ing a phase shift section or a commonly called shifter
section by changing the thickness of a portion of a light
transmissive substrate, of glass for instance, by engrav-
ing that portion. Alternatively, it may be provided by form-
ing a phase shift section or commonly called shifter sec-
tion with a film of a phase shift material (a resist, SiO2,
etc.) such that the thickness of the film provides a phase
difference of 180°, for iinstance. Futher, a portion provid-
ing for a phase difference may be formed by changing
the Optical path length by changing the refractivity with
doping. Various further means may also be used to this
end.
[0055] A photomask with the light shielding area there-
of transmitting light in such an extent as not to sensitize
a sensitizer exposed in the photographic process and
also transmitting light at a different phase from that of the
transmitting area.
[0056] In a method of producing a photomask, the
mask parameter is one member or a combination of two
or more members of the group consisting of the mask
pattern size, the phase of the transmitting area, the trans-
missivity of the light shielding area and the phase of the
light shielding area.
[0057] A method of producing a photomask having a
transmitting area and a light shielding area comprises
the steps of setting combinations of pluralities of expo-
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sure dose and defocus values in predetermined ranges
of the exposure dose latitude and the defocus latitude,
obtaining transfer patterns by varying the mask pattern
size latitude, and checking whether the transfer patterns
meet a design tolerance condition, thereby obtaining the
mask pattern size latitude as the range of mask pattern
size meeting the tolerance condition in all the predeter-
mined ranges of the exposure dose latitude and the de-
focus latitude, a mask parameter being set for maximiz-
ing the mask pattern size latitude.
[0058] When obtaining the mask pattern size latitude,
combinations of pluralities of exposure dose and defocus
values in predetermined ranges of the exposure dose
latitude and the defocus latitude are set. The combina-
tions are suitably as finely set as possible in the prede-
termined ranges of the exposure dose latitude and the
defocus latitude. On the basis of and for each of these
combinations, transfer patterns are obtained by varying
the mask pattern size. The transfer patterns for various
defocuses may be obtained by a calculating operation
using simulation or the like, by actual measurement in
experiments or by combining both these means.
[0059] The transfer patterns are typically transfer resist
patterns in photolithography, and the operation is suitably
carried out in the mode of obtaining transfer resist pat-
terns in the photolithography. The transfer patterns which
can be obtained by the above various means are checked
as to whether they meet the design tolerance condition.
For example, a check is made as to whether the size,
area, shape, etc. of the patterns meets the tolerance con-
dition at the time of the design (i.e., at the time of semi-
conductor device design in case of a mask for the sem-
iconductor device formation). According to this check is
obtained the mask pattern size latitude as the range of
mask pattern size meeting the tolerance condition in all
the predetermined ranges of the exposure dose latitude
and the mask pattern size latitude. At least one of mask
parameters is set such as to maximize the mask pattern
size latitude. The mask parameter may be the shape and
size of the design pattern, the transmissivity and shape
of the transmitting area, the transmissivity and phase of
the light shielding area, etc.
[0060] In the above way, the mask design optimization
condition is obtainable for producing an optimum mask.
[0061] When obtaining the mask design optimizatin
condition, the optimization condition of the exposing con-
dition can be obtained simultaneously.
[0062] A method of exposing in a photographic proc-
ess comprises the steps of setting combinations of plu-
ralities of exposure dose and defocus values in prede-
termined ranges of the exposure dose latitude and the
defocus latitude, obtaining transfer patterns by varying
the mask pattern size, and checking whether the transfer
patterns meet a design tolerance condition, thereby ob-
taining the mask pattern size latitude as the range of
mask pattern size meeting the tolerance condition in all
the predetermined ranges of the exposure dose latitude
and the defocus latitude, an exposure parameter being

set for maximizing the mask pattern size latitude.
[0063] A method of exposing using a photomask hav-
ing a transmitting area and a light shielding area com-
prises the steps of setting combinations of pluralities of
exposure dose and defocus values in predetermined
ranges of the exposure dose latitude and the defocus
latitude, obtaining transfer patterns by varying the mask
pattern size, and checking whether the transfer patterns
meet a design tolerance condition, thereby obtaining the
mask pattern size latitude as the range of mask pattern
size meeting the tolerance condition in all the predeter-
mined ranges of the exposure dose latitude and the de-
focus latitude, a mask parameter being set for maximiz-
ing the mask pattern size latitude.
[0064] The optimum condition of the photomask can
be set by the means described above.
[0065] A method of exposing uses a photomask having
a transmitting area and a light shielding area, in which
when optimizing the photomask design condition for ob-
taining the mask pattern size latitude according to the
predetermined defocus latitude and exposure dose lati-
tude, the condition of exposing using the photomask is
optimized simultaneously to obtain the optimum expos-
ing condition.
[0066] The optimum condition of exposing when using
the mask can be advantageously determined in a manner
similar to that of setting the optimum condition of the mask
formation.
[0067] A method of manufacturing a semiconductor
device in photolithography uses a photomask having a
transmitting area and a light shielding area and compris-
es the steps of setting combinations of pluralities of ex-
posure dose and defocus values in predetermined rang-
es of the exposure dose latitude and the defocus latitude,
obtaining transfer patterns by varying the mask pattern
size, and checking whether the transfer patterns meet a
design tolerance condition, thereby obtaining the mask
pattern size latitude as the range of mask pattern size
meeting the tolerance condition in all the predetermined
ranges of the exposure dose latitude and the defocus
latitude, a mask parameter being set for maximizing the
mask pattern size latitude.
[0068] The semiconductor device may be finely inte-
grated LSIs, for instance logic circuits, CCDs, LCDs,
memory devices, etc.
[0069] Referring to Figure 3, when obtaining the defo-
cus latitude, combinations of pluralities of exposure dose
and mask pattern size values in predetermined ranges
of the exposure dose latitude (target exposure dose lat-
itude I) and the mask pattern size latitude (mask line width
latitude II as target transfer pattern size) are set. The
combinations are suitably as finely set as possible in the
predetermined ranges of the exposure dose latitude I and
the mask pattern size latitude II. Further, on the basis of
and for each of these combinations, transfer patterns are
obtained by varying the defocus in the neighborhood of
the just focus. The transfer patterns are obtained by sim-
ulation, by experiments or by combining both these

11 12 



EP 0 905 566 B9

8

5

10

15

20

25

30

35

40

45

50

55

means. In consequence, it can be known that the transfer
pattern that is obtained at each point meets or does not
meet a resolution condition. The boundary R between
the zone, in which the resolution condition is met, and
the zone otherwise, can be obtained by taking a plurality
of (as many as possible) points. In Fig. 3, the resolution
condition is met in the zone under the boundary R. On
the basis of this, the depth of focus DOF III on the R
surface is obtained, and from this value the defocus lat-
itude is obtained.
[0070] On this basis, a mask parameter is set for max-
imizing the defocus latitude.
[0071] In the method of photomask manufacture ac-
cording to the invention, the optimum value of the pho-
tomask is determined by combining the defocus latitude
with pluralities of data in predetermined ranges of the
exposure dose latitude and the mask pattern size latitude
and obtaining the permissible range of the combinations.
It is thus possible to obtain the optimum condition for the
mask formation.
[0072] In the method of exposing the photomask which
is formed under the above optimum condition is used.
Thus, the photomask can be used for satisfactory pattern
formation. Further, it is possible to make exposing under
the optimized proper exposing condition.
[0073] In the method of manufacturing a semiconduc-
tor device the photomask which is formed under the
above optimum condition is used. Thus, it is possible to
obtain a semiconductor device having satisfactory per-
formance, and the method of suited for finer integration.

Brief Description of the Drawings

[0074]

Figs. 1 and 2 are views for describing a method of
exposing in the prior art;
Fig. 3 is a view for describing the constitution of the
invention; and
Fig. 4 is a contour line view corresponding to thresh-
old providing transfer pattern size, as obtained from
exposure dose and resist sensitivity, for describing
embodiments of the invention.

Detailed Description of the Preferred Embodiments

[0075] Now, embodiments of the invention will be de-
scribed in detail with reference to the drawings without
any sense of limiting the invention as well as examples
which are useful for understanding the invention but do
not form part of the invention.
[0076] In the transfer pattern shape formation by ex-
posing on a resist material formed on a material to be
exposed, for instance a semiconductor wafer, what is
used for reduction projection may be referred to as reticle,
and what is used for unity magnification projection may
be referred to as mask. Also, what corresponds to a mas-
ter plate may be called mask, and what is obtained by

duplicating such a master plate may be called mask. In
the specification, the reticles and masks having the
above various meanings are collectively referred to as
mask.
[0077] A first example will now be described in detail.
[0078] This is an example of an attenuated phase-shift-
ing mask under exposing conditions of exposure wave-
length of 248 nm, NA of 0.45 and σ of 0.3.
[0079] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
mask pattern size latitude was set to � 0.05 Pm (on 5
times reticle). In case of transferring a 0.3 Pm contact
hole, five combinations of the half-light shielding area
amplitude transmissibity and the mask pattern size (on
5 times reticle) were set as 25 % and 1.50 Pm, 30 % and
1.60 Pm, 35 % and 1.75 Pm, 40 % and 1.85 Pm, and 45
% and 1.95 Pm. With each of these different masks, the
following was made.
[0080] In the first place, for each of these five masks
the exposure dose was set such that a transfer contact
hole of 0.3 Pm could be obtained under the conditions
of defocus of 0 Pm and no mask pattern size deviation.
[0081] Then, the defocus was set to 0 Pm, � 0.25Pm,
� 0.50Pm, � 0.75 Pm and � 1.00 Pm. The mask pattern
size deviation on the 5 times reticle was set to -0.05 Pm,
0.00 Pm and 0.05 P m. The deviation of the exposure
dose from the setting value was set to -20 %, -15 %, -10
%, -5 %, 0 %, 5 %, 10 %, 15 % and 20 %. The simulation
parameters as noted above are desirably continuous val-
ues, but discrete values were provided by taking the cal-
culation time into considerations. For all these combina-
tions of parameter values, light intensity distributions
were obtained by using a light intensity simulator based
on the scalar diffraction theory.
[0082] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0083] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check is made as to whether the size meets a predeter-
mined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.3 Pm was
within 10 %.
[0084] From the result of the check, the range of ex-
posure dose, in which resist patterns obtained with all
the combinations of the defocus and mask pattern size
values meet a predetermined tolerance condition, was
obtained and made to be the exposure dose latitude.
[0085] Among the five combinations of the half-light
shielding area transmissivity and mask pattern size ob-
tained in the above procedure, the greatest exposure
dose latitude could be obtained with the amplitude trans-
missivity of the half-light shielding area transmissivity of
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45 % and the mask pattern size of 1.95 P m.
[0086] The mask obtained in this example sufficiently
met the depth of focus of 2.0 Pm and the mask pattern
size latitude of � 0.05 Pm (on 5 times reticle). Further,
it had sufficiently great exposure dose latitude to permit
exposing with sufficient latitude, and it was possible to
obtain a sharp resist pattern shape.
[0087] While this example was applied to the attenu-
ated phase-shifting mask, this is by no means limitative,
similar effects are obtainable with masks of conventional
systems and also with phase shift masks of other sys-
tems. Further, while this example concerned with contact
hole patterns, this is only exemplary, and similar effects
are obtainable with other patterns than the contact hole
patterns.
[0088] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0089] Further, as for the defocus latitude, mask pat-
tern size latitude and mask pattern size latitude, the val-
ues in this example are by no means limitative, and it is
possible to adopt other conditions as well.
[0090] A second example will now be described.
[0091] This is an example of the optimization of the
exposing condition of a half-tone system phase shift
mask. In this example, with exposure wavelength of 248
nm and NA of 0.45, judgment is made as to which of
exposing conditions of σ of 0.3 nd 0.5 is to be adopted.
[0092] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
mask pattern size latitude was set to �0.05 Pm (on 5
times reticle). Further, the amplitude transmissivity of the
half-light shielding area of the half-tone system phase
shift mask was set to 40 %, and the mask pattern size
(on 5 times reticle) when transferring a contact hole of
0.3 Pm was set to 1.85 P m in case of σ of 0.3 and to
1.75 Pm in case of σ of 0.5. Under these two different
exposing conditions, the following was made.
[0093] In the first place, under each of the two exposing
conditions the exposure dose was set such that a transfer
contact hole of 0.3 Pm could be obtained under the con-
ditions of defocus of 0 Pm and no mask pattern size de-
viation.
[0094] Then, the defocus was set to 0 Pm, �0.25 Pm,
�0.50 Pm, 0.75 Pm and � 1.00 Pm. The mask pattern
size deviation on the 5 times reticle was set to -0.05 Pm,
0.00 Pm and 0.05 P m. The deviation of the exposure
dose from the setting value was set to -20 %, -15 %, -10
%, -5 %, 0 %, 5 %, 10 %, 15 % and 20 %. The simulation

parameters as noted above are desirably continuous val-
ues, but discrete values were provided by taking the cal-
culation time into considerations. For all these combina-
tions of parameter values, light intensity distributions
were obtained by using a light intensity simulator based
on the scalar diffraction theory.
[0095] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, where obtained and made to
be transfer resist patterns.
[0096] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.3 Pm was
within 10 %.
[0097] From the result of this check, the range of ex-
posure dose, in which resist patterns obtained with all
the combinations of the defocus and mask pattern size
valuee meet a predetermined tolerance condition, was
obtained and made to be the exposure dose latitude.
[0098] Of the above two different values of σ set in the
above procedure, the maximum exposure dose latitude
could be obtained with σ = 0.3. Thus, σ = 0.3 was adopted.
[0099] The mask obtained in this example sufficiently
met the depth of focus of 2.0 Pm and the mask pattern
size latitude of � 0.05 m (on 5 times reticle). Further, it
had sufficiently great exposure dose latitude to permit
exposing with sufficient latitude, and it was possible to
obtain a sharp resist pattern shape.
[0100] While this example was applied to the half-tone
system phase shift mask, this is by no means limitative,
similar effects are obtainable with masks of conventional
system and also with phase shift masks of other systems.
Further, while this example concerned with contact hole
patterns, this is only exemplary, and similar effects are
obtainable with other patterns than the contact hole pat-
terns.
[0101] Further, while transfer resist patterns were ob-
tained by a process of obtaining the contour lines of the
light intensity distribution obtained by the light intensity
simulation based on the scaler diffraction theory, this is
by no means limitative, and it is possible to use light in-
tensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distribution by experiments. In obtaining transfer
resist patterns from light intensity distribution, it is possi-
ble use development simulators or other calculation proc-
esses. Further, it is possible to obtain transfer resist pat-
terns directly by transfer experiments.
[0102] Further, as for the defocus latitude, mask pat-
tern size latitude and resist patern size latitude, the values
in this example are by no means limitative, and it is pos-
sible to adopt other conditions as well.
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[0103] A third example will now be described.
[0104] This is an example of the optimization of the
exposing condition for a photomask having a transmitting
area and a light shielding area. In this example, a judg-
ment was made as to which one of four different exposing
conditions is to be adopted, the conditions being such
that σ of 0.3 and 0.5 with exposure wavelength of 248
nm and NA of 0.45 and σ of 0.3 and 0.5 with exposure
wavelength of 365 nm and MA of 0.57.
[0105] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
mask pattern size latitude was set to � 0.05 Pm (on 5
times reticle). In case of transferring a 0.5 Pm contact
hole, with the mask pattern size set to 2.5 Pm (on 5 times
reticle) the following was made under each of the four
exposing conditions.
[0106] In the first place, under each of the four expos-
ing conditions the exposure dose was set such that a
transfer contact hole of 0.5 Pm could be obtained under
the conditions of defocus of 0 Pm and no mask pattern
size deviation.
[0107] Then, the defocus was set to 0 Pm, �0.25 Pm
and � 0.50 Pm, � 0.75 Pm and � 1.00 Pm. The mask
pattern size deviation on the 5 times reticle was set to
-0.05 Pm, 0.00 Pm and 0.05 Pm. The deviation of the
exposure dose from the setting value was set to -20 %,
-15 %, -10 %, -5 % %, 0 %, 5 %, 10 %, 15 % and 20 %.
The simulation parameters as noted above are desirably
continuous values, but discrete values were provided by
taking the calculation time into considerations. For all
these combinations of parameter values, light intensity
distributions were obtained by using a light intensity sim-
ulator based on the scalar diffraction theory.
[0108] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0109] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check is made as to whether the size meets a predeter-
mined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0110] From the result of the check, the range of ex-
posure dose, in which resist patterns obtained with all
the combinations of the defocus and mask pattern size
values meet a predetermined tolerance condition, was
obtained and made to be exposure dose latitude.
[0111] Among the four exposing conditions obtained
in the above procedure, the maximum light exposure lat-
itude was obtained in the case of the exposure wave-
length of 248 nm, NA of 0.45 and σ of 0.3. This condition
was thus adopted.
[0112] The mask obtained in this example sufficiently

met the depth of focus of 2.0 Pm and the mask pattern
size latitude of � 0.5 Pm (on 5 times reticle). Further, it
has sufficiently great exposure dose latitude to permit
exposing with sufficient latitude, and it was possible to
obtain a sharp resist pattern shape.
[0113] While this example was applied to a photomask
having a transmitting area and a light shielding area, this
is by no means limitative, and similar effects are obtain-
able with phase shift masks, etc. Further, while this ex-
ample concerned with contact hole patterns, this is only
exemplary, and similar effects are obtainable with other
patterns than the contact hole patterns.
[0114] Further, while the transfer resist patterns were
obtained by a process cf obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer patterns from light intensity distributions, it is possible
to use development simulators or other calculation proc-
esses. Further, it is possible to obtain transfer resist pat-
terns directly by transfer experiments.
[0115] Further, as for the defocus latitude, mask pat-
tern size latitude and resist pattern size latitude, the val-
ues in this example are by no means limitative, and it is
possible to adopt other conditions as well.
[0116] A fourth example will now be described.
[0117] This is an example of a photomask having an
exposing area and a transmitting area under the expos-
ing conditions of exposing wavelength of 365 nm, NA of
0.57 and σ of 0.3.
[0118] As lithographic process setting values, the de-
focus latitude was set to 1.0 Pm (� 0.5 Pm), and the
mask pattern size latitude was set to � 0.5 Pm (on 5
times reticle). In case of transferring a 0.5 Pm contact
hole, four different mask pattern sizes of 2.40Pm,
2.45Pm, 2.50Pm and 2.55Pm were set on 5 times reticle.
With each of these mask pattern sizes, the following was
made.
[0119] In the first place, for each of these four masks,
the exposure dose was set such that a transfer contact
hole of 0.5 Pm could be obtained under the conditions
of defocus of 0 Pm and no mask pattern size deviation.
[0120] Then, the defocus was set to 0 Pm, � 0.25 Pm
and �0.5P m. The mask pattern size deviation on the 5
times reticle was set to -0.05Pm, 0.00Pm and 0.05Pm.
The deviation of the exposure dose from the setting value
was set to -20 %, -15 %, -10 %, -5 %, 0 %, 5 %, 10 %,
15 % and 20 %. The simulation parameters as noted
above are desirably continuous values, but discrete val-
ues were provided by taking the calculation time into con-
siderations. For all these combinations of parameter val-
ues, light intensity distributions were obtianed by using
a light intensity simulator based on the scalar diffraction
theory.
[0121] With these light intensity distributions, light in-
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tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer patterns.
[0122] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0123] From the result of the check, the range of ex-
posure dose, in which resist patterns obtained with all
the combinations of the defocus and mask pattern size
values meet a predetermined tolerance condition, was
obtained and made to be the exposure dose latitude.
[0124] Among the four patterns obtained by the above
procedure, the maximum exposure latitude coupled be
obtained with the mask pattern size of 2.40 Pm. Thus,
this condition was adopted.
[0125] The mask obtained in this example sufficiently
met the depth of focus of 1.0 Pm and the mask pattern
size latitude of � 0.05 Pm (on 5 times reticle). It had
sufficiently great exposure dose latitude to permit expos-
ing with sufficient latitude, and it was possible to obtain
a sharp resist pattern shape.
[0126] While this example was applied to a photomask
having a transmitting area and a light shielding area, this
is by no means limitative, and similar effects are obtain-
able with phase shift masks or the like. Further, while this
example concerned with contact hole patterns, this is on-
ly exemplary, and similar effects are obtainable with other
patterns than the contact hole patterns.
[0127] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction therory,
this is by no means limitative, and it is possible to use
light intensity simulator based on the vector diffraction
theory or other theories. Further, it is possible to obtain
light intensity distributions by experiments. In obtaining
transfer resist patterns from light intensity distributions,
it is possible to use development simulators or other cal-
culation precesses. Further, it is possible to obtain trans-
fer resist patterns directly by transfer experiments.
[0128] Further, as for the defocus latitude, mask pat-
tern size latitude and resist pattern size latitude, the val-
ues in this embodiment are by no means limitative, and
it is possible to adopt other conditions as well.
[0129] A first embodiment of the invention will now be
described.
[0130] This embodiment is an example of application
of the invention to half-tone system phase shift mask un-
der the exposing conditions of exposure wavelength of
246 nm, NA of 0.45 and σ of 0.3.
[0131] As lithographic process setting values, the ex-

posure dose latitude was set to � 5 %, and the mask
pattern size latitude was set to � 0.05 Pm (5 times reticle).
For transferring a contact hole of 0.3 Pm, five different
combinations of the amplitude transmissivity of the half-
light shielding area and mask pattern size (on 5 times
reticle) were set as 25 % and 1.50 Pm, 30 % and 1.60
Pm, 35 % and 1.75 Pm, 40 % and 1.85 Pm, and 45 %
and 1.95 Pm. With each of these five different masks,
the following was made.
[0132] In the first place, for each of these five masks
the exposure dose was set such that a transfer contact
hole of 0.3 Pm could be obtained under the conditions
of defocus of 0 Pm and no mask pattern size deviation.
[0133] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %. The mask
pattern size deviation on 5 times reticle was set to -0.05
P m, 0.00 Pm, and 0.05 Pm. Further, the defocus was
set to 0 Pm,�  0.25Pm, � 0.50Pm, � 0.75Pm, �1.00Pm,
and � 1.25Pm. The simulation parameters as noted
above are desirably continuous values, but discrete val-
ues were provided by taking the calculation time into con-
siderations. For all these combinations of parameter val-
ues, light intensity distributions were obtained by using
a light intensity simulator based on the scalar diffraction
theory.
[0134] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0135] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.3 Pm was
within 10 %.
[0136] From the result of the check, the range of de-
focus, in which the resist patterns obtained with all the
combinations of the exposure dose and mask pattern
size values meet a predetermined tolerance condition,
was obtained and made to be the defocus latitude.
[0137] Among the five combinations of the half-light
shielding area transmissivity and mask pattern size ob-
tained by the above procedure, the maximum defocus
latitude could be obtained with the combination of the
amplitude transmissivity of the half-light shielding area
of 45 % and the mask pattern size of 1.95 Pm.
[0138] The mask obtained in this embodiment suffi-
ciently met the exposure dose latitude of �5% and the
mask pattern size latitude of � 0.05 Pm (on 5 times ret-
icle). Further, it had sufficiently great defocus latitude to
permit exposing with sufficient latitude, and it was pos-
sible to obtain a sharp resist pattern shape.
[0139] While in this embodiment the invention was ap-
plied to the half-tone system phase shift mask, this is by
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no means limitative, and similar effects are obtainable
with conventional system masks and other system phase
shift masks. Further, while this embodiment concerned
with contact hole patterns, this is only exemplary, and
similar effects are obtainable with other patterns than the
contact hole patterns.
[0140] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0141] Further, as for the exposure dose latitude, de-
focus latitude and mask pattern size latitude, the values
in this embodiment are by no means limitative, and it is
possible to adopt other conditions as well.
[0142] A second embodiment of the invention will now
be described.
[0143] This embodiment is an example of application
of the invention to optimization of the exposing condition
of a half-tone system shift mask. In this embodiment, with
exposure wavelength of 248 nm and NA of 0.45, a judg-
ment was made as to which one of the exposing condi-
tions of σ of 0.3 and 0.5 is to be adopted.
[0144] As lithographic process setting values, the ex-
posure dose latitude was set to � 5 %, and the mask
pattern size latitude was set to � 0.05 Pm (5 times reticle).
Further, the amplitude transmissivity of the half-tone sys-
tem phase shift mask was set to 40 %, and the mask
pattern size (on 5 times reticle) when transferring a con-
tact hole of 0.3 Pm was set to 1.85 Pm in case of σ of
0.3 and 1.75 Pm in case of σ of 0.5. Under each of these
two exposing conditions, the following was made.
[0145] In the first place, under each of the two exposing
conditions the exposure dose was set such that a transfer
contact hole of 0.3 Pm could be obtained under the con-
ditions of defocus of 0Pm and no mask pattern size de-
viation.
[0146] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %. The mask
pattern size deviation on 5 time reticle was set to -0.05
P m, 0.00 Pm, and 0.05 Pm. Further, the defocus was
set to 0 Pm, � 0.25 Pm, � 0.50 Pm, � 0.75 Pm, � 1.00
Pm, and 1.25 Pm. The simulation parameters as noted
above are � desirably continuous values, but discrete
values were provided by taking the calculation time into
considerations. For all these combinations of parameter
values, light intensity distributions were obtained by using
a light intensity simulator based on the scalar diffraciton
theory.
[0147] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were

obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0148] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set set such that the
deviation from a design mask pattern size of 0.3 was
within 10 %.
[0149] From the result of the check, the range of de-
focus, in which resist patterns obtained with all the com-
binations of the exposure dose and mask pattern size
values meet a predetermined tolerance condition, was
obtained and made to be the defocus latitude.
[0150] Of the two values of σ obtined by the above
procedure, the maximum defocus latitude could be ob-
tained with σ = 0.3. Thus, σ = 0.3 was adopted.
[0151] The mask obtained in this embodiment suffi-
ciently met the exposure dose latitude of � 5 % and the
mask pattern size latitude of � 0.05 Pm (on 5 times ret-
icle). Further, it has sufficiently great defocus latitude to
permit exposing with sufficient latitude, and it was pos-
sible to obtain a sharp resist pattern shape.
[0152] While in this embodiment the invention was ap-
plied to the half-tone system phase shift mask, this is by
no means limitative, and similar effects are obtainable
with masks of conventional systems and also with phase
shift masks of other systems. Further, while this embod-
iment concerned with contact hole patterns, this is only
exemplary, and similar effects are obtainable with other
patterns than the contact hole patterns.
[0153] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trnsfer
resist patterns from light intensity distributions, it is pos-
sible to use development simulators or other calculation
processes. Further, it is possible to obtain transfer resist
patterns directly by transfer experiments.
[0154] Further, as for the exposure dose latitude, mask
pattern size latitude and resist pattern size latitude, the
values in this embodiment are by no means limitative,
and it is possible to adopt other conditions as well.
[0155] A third embodiment of the invention will now be
described.
[0156] This embodiment is an example of application
of the invention to optimization of the exposing conditions
of a photomask having a transmitting area and a light
shielding area. In this embodiment, a judgment was
made as to which one of four different exposing condi-
tions, namely those in which σ is 0.3 and 0.5 with expo-
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sure wavelength of 248 nm and NA of 0.45 and those in
which σ is 0.3 and 0.5 with exposure wavelength of 365
nm and NA of 0.57, is to be adopted.
[0157] As lithographic process setting values, the ex-
posure dose latitude was set to � 5 %, and the mask
pattern size latitude was set to � 0.05 Pm (on 5 times
reticle). Further, the mask pattern size when tansferring
a contact hole of 0.5 Pm was set to 2.5 Pm (on 5 times
reticle)L. Under each of these four exposing conditions,
the following was made.
[0158] In the first place, under each of the four expos-
ing conditions, the exposure dose was set such that a
transfer contact hole of 0.5 Pm could be obtained under
the conditions of defocus of 0 Pm and no mask pattern
size deviation.
[0159] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %, and the
deviation of the mask pattern size on the 5 times reticle
was set to -0. 05Pm, 0.00Pm, and 0.05Pm. The defocus
was set to 0Pm, �0.25 Pm, � 0.50Pm, � 0.75Pm, �1.00
Pm, and � 1.25 Pm. The simulation parameters as noted
above are desirably continuous values, but discrete val-
ues were provided by taking the calculation time into con-
siderations. For all these combinations of parameter val-
ue, light intensity distributions were obtained by using a
light intensity simulator based on the scalar diffraction
theory.
[0160] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0161] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0162] From the result of the check, the range of de-
focus, in which resist pattens obtained in all the combi-
nations of the exposure dose and mask pattern size val-
ues Meet a predetermined tolerance condition, was ob-
tained and made to be the defocus latitude.
[0163] Among the four exposing conditions obtained
in the above procedure, the maximum defocus latitude
could be obtained in the case with exposure wavelength
of 248 nm, NA of 0.45 and σ of 0.3. This condition was
adopted.
[0164] The mask obtained in this embodiment suffi-
ciently met the exposure dose latitude of �5 5 % and
mask pattern size latitude of � 0.05 Pm (on 5 times ret-
icle). Further, it had sufficiently great defocus latitude to
permit exposing with sufficient latitude, and it was pos-
sible to obtain a sharp resist pattern shape.
[0165] While in this embodiment the invetion was ap-

plied to the photomask having a transmitting area and a
light shielding area, this is by no means limitative, and
similar effects are obtainable with phase shit masks and
the like as well. Further, while this embodiment con-
cerned with contact hole patterns, this is only exemplary,
and similar effects are obtainable with other patterns than
the contact hole patterns.
[0166] Futher, while the transfer patterns were ob-
tained by the process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0167] Further, as for the exposure dose latitude, mask
pattern size latitude and resist pattern size latitude, the
values in this embodiment are by no means limitative,
and it is possible to adopt other conditions as well.
[0168] A fourth embodiment of the invention will now
be described.
[0169] This embodiment is an example of application
of the invention to a photomask having a transmitting
area and a light shielding area under exposing conditions
of exposure wavelength of 365 nm, NA of 0.57 and σ of
0.3.
[0170] As lithographic process setting values, the ex-
posure dose latitude was set to � 5 %, and the mask
pattern size latitude was set to � 0.05 Pm (5 times reticle).
In addition, the mask pattern size on 5 times reticle when
transferring 0.5 Pm contact hole was set to 2.40 Pm, 2.45
Pm, 2.50 Pm and 2.55Pm. With these four different pat-
terns, the following was made.
[0171] In the first place, for each of the four masks the
exposure dose was set such that a transfer contact hole
of 0.3 Pm could be obtained under the conditions of de-
focus of 0Pm and no poattern size deviation.
[0172] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %, and the
deviation of the mask pattern size on the 5 times reticle
was set to -0.05 Pm, 0.00 Pm and 0.05 Pm. The defocus
was set to 0 Pm, � 0.25 Pm, �0.50 Pm, � 0.75 Pm, �
1.00 Pm, and � 1.25 Pm. The simulation parameters as
noted above are desirably continuous values, but dis-
crete values were provided by taking the calculation time
into considerations. For all these combinations of param-
eter values, light intensity distributions were obtained by
using a light intensity simulator based on the scalar dif-
fraction theory.
[0173] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in exposing apparatus and
empirically obtained resist sensitivity. Further, contour
lines 6 as shown in Fig. 4, corresponding to the light in-
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tensity threshold values, where obtained and made to be
transfer resist patterns.
[0174] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that devi-
ation from a design mask pattern size of 0.5 Pm was
within 10 %
[0175] From the result of the check the range of defo-
cus, in which resist patterns obtained with all the combi-
nations of the exposure dose and mask pattern size val-
ues meet a predetermined tolerance condition, was ob-
tained and made to be the defocus latitude.
[0176] Among the four different pattern sizes obtained
in the above procedure, the maximum defocus latitude
could be obtained with the mask pattern size of 2.40 Pm.
This condition was adopted.
[0177] The mask obtained in this embodiment suffi-
ciently met the exposure dose latitude of � 5 % and the
mask pattern side latitude of �0.05 Pm (5 times reticle).
Further, it had sufficiently great defocus latitude, and it
was possible to obtain a sharp resist pattern shape.
[0178] While in this embodiment the invention was ap-
plied to the photomask having a transmitting area and a
light shielding area, this is by no means limitative, and
similar effects are obtainable with phase shift masks and
the like as well. Further, while this embodiment con-
cerned with contact hole patterns, this is only exemplary,
and similar effects are obtainable with other patterns than
the contact hole pattens.
[0179] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0180] Further, as for the exposure dose latitude, mask
pattern size latitude and resist pattern latitude, the values
in this embodiment are by no means limitative, and it is
possible to adopt other conditions as well.
[0181] A further example will now be described.
[0182] This is an example of a half-tone system phase
shift mask under exposing conditions of exposure wave-
length of 248 nm, NA of 0.45 and σ of 0.3.
[0183] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
exposure dose latitude of � 5 %. When transferring a
contact hole of 0.3 Pm, five combinations of the amplitude
transmissivity of the half-light shielding area and mask
pattern size (on 5 times reticle) are set as 25 % and 1.50
Pm, 30 % and 1.60 Pm, 35 % and 1.75 Pm, 40 % and

1.85 Pm, and 45 % and 1.95 Pm. With each of these five
different masks, the following was made.
[0184] In the first place, for each of these five masks
the exposure dose was set such that a transfer contact
hole of 0.3 Pm could be obtained under the conditions
of defocus of 0 Pm and no mask pattern size deviation.
[0185] Then, the defocus was set to 0Pm, � 0.25Pm,
� 0.50Pm, 0.7 Pm, � 1.00 Pm, and the deviation of the
exposure dose from the setting value was set to -5 %, 0
% and 5 %. The deviation of the mask pattern size on
the 5 times reticle was set to -0.20Pm, -0.15Pm, -0.10Pm,
-0.05Pm, 0.00Pm, 0.05Pm, 0.10Pm, 0.15Pm, and
0.20Pm. The simulation parameters as noted above are
desirably continuous values, but discrete values were
provided by taking the calculation time into considera-
tions. For all these combinations of parameter values,
light intensity distributions were obtained by using a light
intensity simulator based on the scalar diffraction theory.
[0186] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity values, were obtained and made to be transfer
resist patterns.
[0187] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.3 Pm was
within 10 %.
[0188] From the result of the check, the range of mask
pattern size, in which resist patterns obtained with all the
combinations of the defocus and exposure dose values
meet a predetermined tolerance condition, was obtained
and made to be the exposure dose latitude.
[0189] Among the five combinations of the half-light
shielding area transmissivity and mask pattern size ob-
tained by the above procedure, the maximum mask pat-
tern size latitude could be obtained with the combination
of the amplitude transmissivity of the half-light shielding
area transmissivity of 45 % and the mask pattern size of
1.95 Pm
[0190] The mask obtained in this example sufficiently
met the defocus latitude of 2.0 Pm and the exposure lat-
itude of �5 %. Further, it had sufficiently great mask pat-
tern size latitude to permit exposing with sufficient lati-
tude, and it was possible to obtain a sharp resist pattern
shape.
[0191] While in this example was applied to the half-
tone system phase shift mask, this is by no means limi-
tative, and similar effects are obtainable with masks of
conventional systems and also with phase shift masks
of other system. Further, while this example concerned
with contact hole patterns, this is only exemplary, and
similar effects are obtainable with other patterns than the
contact hole patterns.
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[0192] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0193] Further, as for the exposure dose latitude, de-
focus latitude and mask pattern size latitude, the values
in this example are by no means limitative, and it is pos-
sible to adopt other conditions as well.
[0194] Another example will now be described.
[0195] This is an example of optimizing the exposing
conditions of a half-tone system phase shift mask. In this
example, a judgment was made as to which one of two
exposing conditions, namely with σ of 0.3 and 0.5, with
exposure wavelength of 248 nm and NA of 0.45, is to be
adopted.
[0196] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
exposure dose latitude was set to � 5 %. Further, the
amplitude transmissivity of the half-light shielding area
of the half-tone system phase shift mask was set to 40
%, and the mask pattern size (on 5 times reticle) when
transferring a contact hole of 0.3 Pm, was set to 1.85 Pm
for σ of 0.3 and 1.75 Pm for σ of 0.5. Under each of these
two exposing conditions, the following was made.
[0197] In the first place, for each mask the exposure
dose was set such that a transfer contact hole of 0.3 Pm
could be obtained under the conditions of defocus of 0
Pm and no mask pattern size deviation.
[0198] Then, as simulation parameters, the defocus
was set to 0Pm, �0.25Pm, �0.50Pm, �0.75Pm and
1.00Pm, and the deviation of the exposure dose from the
setting value was set to -5 %, 0 % and 5 %. Further, the
deviation of the mask pattern size on the 5 times reticle
was set to -0.20 Pm, -0.15 Pm, -0.10 Pm, -0.05 Pm, 0.00
Pm, 0.05 Pm, 0.10 Pm, 0.15 Pm, and 0.20 Pm. The sim-
ulation parameters as noted above are desirably contin-
uous values, but discrete values were provided by taking
the calculation time into considerations. For all these
combinations of parameter values, light intensity distri-
butions were obtained by using a light intensity simulator
based on the scalar diffraction theory.
[0199] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0200] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a

check was made ass to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.3 was
within 10 %.
[0201] From the result of the check, the range of mask
pattern size, in which resist patterns obtained with all the
combinations of the defocus and mask pattern size val-
ues meet a predetermined tolerance condition, was ob-
tained and made to be the mask pattern size latitude.
[0202] Of the two values of σ obtianed in the above
procedure, the maximum mask pattern size latitude could
be obtained with σ = 0.3. Thus, σ = 0.3 was adopted.
[0203] The mask obtained in this example sufficiently
met the defocus latitude of 2.0 Pm and the exposure dose
latitude of � 5 %. Further, it had sufficient mask pattern
size latitude to permit exposing with sufficient latitude,
and it was possible to obtain a sharp resist pattern shape.
[0204] With the exposing conditions and masks as de-
termined in the above, it was possible to sufficiently meet
the defosus latitude of 2.0 Pm and the exposure dose
latitude of � 10 % and obtain a sharp resist pattern shape.
In consequence, it was possible to manufacture semi-
conductor devices with satisfactory yield.
[0205] While this example was applied to the half-tone
system phase shift mask, this is by no meams limitative,
and similar effects are obtainable with masks of conven-
tional systems and also with phase shift masks of other
systems. Further, while this example concerned with con-
tact hole patterns, this is only exemplary, and similar ef-
fects are obrtianable with other patterns than the contact
hole patterns.
[0206] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distibutions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0207] Further, as for the exposure dose latitude, the
defocus latitude and the mask pattern size latitude, the
values in this example are by no means limitative, and it
is possible to adopt other conditions as well.
[0208] A further example will now be described.
[0209] This is an example of optimizing the exposing
conditions of a usual photomask having a transmitting
area and a light shielding area. In this example, a judg-
ment was made as to which one of four different exposing
conditions, namely those with σ of 0.3 and 0.5 with ex-
posure wavelength of 248 nm and NA of 0.45 and those
with of 0.3 and 0.5 with exposure wavelength of 365 nm
and NA of 0.57, is to be adopted.
[0210] As lithographic process setting values, the de-
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focus latitude was set to 2.0 Pm, and the exposure dose
latitude was set to �5 %. Further, the mask pattern size
(on 5 times reticle) when transferring a contact hole of
0.5 Pm was set to 2.5 Pm. Under these four exposing
conditions, the following was made.
[0211] In the first place, for each mask the exposure
dose was set such that a transfer contact hole of 0.5 Pm
could be obtained under the conditions of defocus of 0
Pm and no mask pattern size deviation.
[0212] Then, as simulation parameters the defocus
was set to 0 Pm, �0.25Pm, �0.50Pm, �0.75Pm, and
�1.00Pm, and the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %. The
deviation of the mask pattern size on the 5 times reticle
was set to -0.20 Pm, -0.15Pm, -0.10Pm, -0.05Pm, 0.00
Pm, 0.05Pm, 0.10Pm, 0.15 Pm, and 0.20 Pm. These
simulation parameters are desirably continuous values,
but discrete values were provided by taking the calcula-
tion time into considerations. For all these combinations
of parameter values, light intensity distributions were ob-
tained by using a light intensity simulator based on the
scalar diffraction theory.
[0213] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
[0214] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0215] From the result of the check, the range of mask
pattern size, in which resist patterns obtained with all the
combinations of the defocus and mask pattern size val-
ues meet a predetermined tolerance condition, was ob-
tained and made to be the mask pattern size latitude.
[0216] Among the four exposing conditions obtained
in the above procedure, the maximum mask pattern size
latitude could be obtained in the case with exposure
wavelength of 248 nm, NA of 0.45 and σ of 0.3. This
condition was thus adopted.
[0217] The mask obtained in this example sufficiently
met the defocus latitude of 2.0 Pm and the exposure dose
latitude of � 5 %. Further, it had sufficiently great mask
pattern size latitude, and it was possible to obtain a sharp
resist pattern shape.
[0218] With the exposing conditions and masks as de-
termined in the above, it was possible to sufficiently meet
the defocus latitude of 2.0 Pm and the exposure dose
latitude of � 10 % and obtain a sharp resist pattern shape.
In consequence, it was possible to manufacture semi-
conductor devices with satisfactory yield.
[0219] While this example was applied to the usual

photomask having a transmitting area and a light shield-
ing area, this is by no means limitative, and similar effects
are obtainable with phase shift masks and the like as
well. Further, while this example concerned with contact
hole patterns, this is only exemplary, and similar effects
are obtainable with other patterns than the contact hole
patterns.
[0220] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulator or other calcula-
tion processes. Further, it is possible to obtain transfer
resist patterns directly by transfer expeiments.
[0221] Further, as for the exposure dose latitude, the
defocus latitude and the mask pattern size latitude, the
values in this example are by no means limitative, and it
is possible to adopt other conditions as well.
[0222] A further example will now be described.
[0223] This is an example of to a photomask having a
transmitting area and a light shielding area under the
exposing conditions of exposure wavelength of 365 nm,
NA of 0.57 and σ of 0.3.
[0224] As lithographic process setting values, the de-
focus latitude was set to 1.0 Pm (� 0.5 Pm), and the
exposure dose latitude was set to �5 %. Further, the
mask pattern size on 5 times reticle for transferring a
contact hole of 0.5 Pm was set to 2.40Pm, 2.45Pm,
2.50Pm, and 2.55Pm. With each of these four patterns,
the following was made.
[0225] In the first place, for each of the four masks the
exposure dose was set such that a transfer contact hole
of 0.5 Pm could be obtained under the conditions of de-
focus of 0Pm and no mask pattern size deviation. Then,
the defocus was set to 0Pm,�0.25Pm, and�0.50 Pm,
and the deviation of the exposure dose from the setting
value was set to -5 %, 0 % and 5 %. Further, the deviation
of the mask pattern size on the 5 times reticle was set to
-0.20 Pm, -0.15 Pm, -0.10 Pm, -0.05 Pm, 0.00 Pm, 0.05
Pm, 0.10 Pm, 0.15 Pm, and 0.20 Pm. The simulation
parameters as noted above are desirably continuous val-
ues, but discrete values were provided by taking the cal-
culation time into considerations. For all these combina-
tions of parameter values, light intensity distributions
were obtained by using a light intensity simulator based
on the scalar diffraction theory.
[0226] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines 6 as shown in Fig. 4, corresponding to the light
intensity threshold values, were obtained and made to
be transfer resist patterns.
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[0227] As the diameter of the contour linee, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0228] From the result of the check, the range of mask
pattern size, in which resist patterns obtained with all the
combinations of the defocus and mask pattern size val-
ues meet a predetermined condition, was obtained and
made to be the mask pattern size latitude.
[0229] Of the four patterns obtained in the above pro-
cedure, the maximum mask pattern size latitude could
be obtained with the mask pattern size of 2.40 Pm. Thus,
this condition was adopted.
[0230] The mask obtained in this example sufficiently
met the depth of focus of 1.0 Pm and the exposure dose
latitude of � 5 %. Further, it had sufficient exposure pat-
tern latitude to permit exposing with sufficient latitude,
and it was possible to obtain a sharp resist pattern shape.
[0231] While this example was applied to the photo-
mask having a transmitting area and a light shielding ar-
ea, this is by no means limitative, and similar effects are
obtainable with phase shift masks and the like as well.
Further, while this example concerned with contact hole
patterns, this is only exemplary, and similar effects are
obtainable with other patterns than the contact hole pat-
terns.
[0232] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0233] Further, as for the exposure dose latitude, the
defocus latitude and the mask pattern size latitude, the
values in this example are by no means limitative, and it
is possible to adopt other conditions as well.
[0234] A further example will now be described.
[0235] This is an example of optimizing the exposing
condition of a photomask which has a usual light shielding
area for substantially perfectly shielding light and a trans-
mitting area. In this example, in flex exposing with expo-
sure wavelength of 365 nm, NA of 0.57, σ of 0.6 and
number of light emission times of 2, a judgment was made
as to which one of two different exposing conditions with
focal point pitch of 1.5 Pm and 2.0 Pm is to be adopted.
[0236] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
mask pattern size latitude was set to � 0.05 Pm (on 5
times reticle). Further, the mask pattern size when trans-

ferring a contact hole of 0.5 Pm was set to 0.5 Pm. Under
each of these two exposing conditions, the following was
made.
[0237] In the first place, under each of the two exposing
conditions the exposure dose was set such that a transfer
contact hole of 0.5 Pm could be obtained under the con-
ditions of defocus of 0 Pm and no mask pattern size con-
dition.
[0238] Then, the defocus was set to 0 Pm, � 0.25 Pm,
� 0.50 Pm, � 0.75 Pm, and � 1.00 Pm, and the deviation
of the mask pattern size on the 5 times reticle was set to
-0.05 Pm, 0.00 Pm, and 0.05 Pm. Further, the deviation
of the exposure dose from the setting value was set to
-20 %, -15 %, -10 %, -5 %, 0 %, 5 %, 10 %, 15 %, and
20 %. The simulation parameters as noted above are
desirably continuous values, but discrete values were
provided by taking the calculation time into considera-
tions. For all these combinations of parameter values,
light intensity distributions were obtained by using a light
intensity simulator based on the scalar diffraction theory.
[0239] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines corresponding to the light intensity threshold
values were obtained and made to be transfer resist pat-
terns.
[0240] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0241] With these values of the defocus, mask pattern
size and resist pattern size, the range of exposure dose
in the predetermined tolerance condition range, i.e., the
exposure dose latitude, could be obtained.
[0242] Of the two exposing conditions obtained in the
above procedure, the maximum exposure dose latitude
could be obtained with the focal point pitch of 1.5 Pm.
[0243] The method of exposing in this example suffi-
ciently met the depth of focus of 2.0 Pm and the mask
pattern size latitude of � 0.05 Pm (on 5 times reticle).
Further, because of sufficiently great exposure dose lat-
itude, it was possible to obtain exposing with sufficient
latitude, and it was possible to obtain a sharp resist pat-
tern shape.
[0244] While this example was applied to the photo-
mask having a usual light shielding area and a transmit-
ting area, this is by no means limitative, and similar effects
are obtainable with shift masks and the like as well. Fur-
ther, while this example concerned with contact hole pat-
terns, this is only exemplary, and similar effects are ob-
tainable with other patterns than the contact hole pat-
terns.
[0245] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
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the light intensity distributions obtained by the light inten-
sity simiulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0246] Further, as for the defocus latitude and the
mask pattern size and resist pattern size tolerance con-
ditions, the values in this example are by no means lim-
itative, and it is possible to adopt other conditions as well.
[0247] A fifth embodiment of the invention will now be
described.
[0248] This embodiment is an example of application
of the invention to optimizing the exposing condition with
respect to a photomask having a usual light shielding
area substantially perfectly shielding light and a trans-
mitting area. In this embodiment, in flex exposing with
exposure wavelength of 365 nm, NA of 0.57, σ of 0.6 and
number of exposing times of 2, a judgment was made as
to which one of two different exposing conditions, i.e.,
focal point pitches of 1.5 Pm and 2.0 Pm, is to be adopted.
[0249] As lithographic process setting values, the ex-
posure dose latitude was set to � 5 %, and the mask
pattern size latitude was set to �0.05 Pm (on 5 times
reticle). Further, the mask pattern size when transferring
a contact hole of 0.5 Pm, was set to 0.5 Pm. Under each
of these two exposing conditions, the following was
made.
[0250] In the first place, under each of the two exposing
conditions, the exposure dose was set such that a trans-
fer contact hole of 0.5 Pm could be obtained under the
conditions of defocus of 0 Pm and no mask pattern size
deviation.
[0251] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0 % and 5 %. The
deviation of the mask pattern size on the 5 times reticle
was set to -0.05Pm, 0.00Pm, and 0.05Pm. The defocus
was set to 0Pm, � 0.25Pm, �0.50Pm, �0.75 Pm,
�1.00Pm, and �1.25 Pm. The simulation parameters as
noted above are desirably continuous values, but dis-
crete values were provided by taking the calculation time
into considerations. For all these combinations of param-
eter values, light intensity distributions were obtained by
using a light intensity simulator based on the scalar dif-
fraction therory.
[0252] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines corresponding to the light intensity threshold
values were obtained and made to be transfer resist pat-
terns.
[0253] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a

check was made as to whether the size meets a preder-
mined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0254] With these exposure dose, mask pattern size
and resist pattern size values, the range of defocus in
the predetermined tolerance condition ranges, that is,
the defocus latitude, could be obtained.
[0255] Of the two exposing conditions obtained in the
above procedure, the maximum defocus latitude could
be obtained with the focal point pitch of 2.0 Pm. This
condition was thus adopted.
[0256] The method of exposing in this embodiment suf-
ficiently met the exposure dose latitude of �5 % and the
mask pattern size latitude of � 0.05 Pm (on the 5 times
reticle). Further, because of sufficiently great defocus lat-
itude, it was possible to obtain exposing with sufficient
latitude and also obtain a sharp resist pattern shape.
[0257] While in this embodiment the invention was ap-
plied to the photomask having a usual light shielding area
and a transmitting area, this is by no means limitative,
and similar effects are obtainable with phase shift masks
and the like as well. Further, while this embodiment con-
cerned with contact hole patterns, this is only exemplary,
and similar effects are obtainable with other patterns than
the contact hole patterns.
[0258] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of
the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by experiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to to use development simulators or other cal-
culation processes. Further, it is possible to obtain trans-
fer resist patterns directly by transfer experiments.
[0259] As for the exposure dose latitude, and the mask
pattern size and resist pattern size tolerance conditions,
the values in this embodiment are by no means limitative,
and it is possible to adopt other conditions as well.
[0260] A further example will now be described.
[0261] This is an example of optimizing the exposing
condition with respect to a photomask having a usual
light shielding area substantially perfectly shielding light
and a transmitting area. In this example, in flex exposing
with exposure wavelength of 365 nm, NA of 0.57, σ of
0.6 and number of exposing times of 2, a judgment was
made as to which one of two exposing conditions, i.e.,
focal point pitches of 1.5 Pm and 2.0Pm, is to be adopted.
[0262] As lithographic process setting values, the de-
focus latitude was set to 2.0 Pm (� 1.00 Pm), and the
mask pattern size latitude was set to � 0.05 Pm (on 5
times reticle). Further, the mask pattern size when trans-
ferring a contact hole of 0.5 Pm was set to 0.5 Pm. Under
each of these two exposing conditions, the following was
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made.
[0263] In the first place, under each of these exposing
conditions, the exposure dose was set such that a trans-
fer contact hole of 0.5 Pm could be obtained under the
conditions of defocus of 0Pm and no mask pattern size
deviation.
[0264] Then, the deviation of the exposure dose from
the setting value was set to -5 %, 0, % and 5 %, and the
defocus was set to 0Pm, � 0.25Pm, � 0.50Pm, �
0.75Pm, and � 1.00 Pm. The deviation of the mask pat-
tern size on the 5 times reticle was set to -0.2 Pm, -0.15
Pm, -0.10 Pm, -0.05 Pm, 0.00 Pm, 0.05 Pm, 0.10 Pm,
0.15 Pm, and 0.20 Pm. These simulation parameters as
noted above are desirably continuous values, but dis-
crete values were provided by taking the calculation time
into considerations. For all these combinations of param-
eter values, light intensity distributions were obtained by
using a light intensity simulator based on the scalar dif-
fraction theory.
[0265] With these light intensity distributions, light in-
tensity threshold values giving transfer pattern sizes were
obtained from exposure dose in the exposing apparatus
and empirically obtained resist sensitivity. Further, con-
tour lines corresponding to the light intensity threshold
values are obtained and made to be transfer resist pat-
terns.
[0266] As the diameter of the contour lines, the contact
hole size in the resist patterns was obtained. Then, a
check was made as to whether the size meets a prede-
termined contact hole size tolerance condition. The resist
pattern size tolerance condition was set such that the
deviation from a design mask pattern size of 0.5 Pm was
within 10 %.
[0267] With these defocus, exposure dose and resist
pattern size values, the range of mask pattern size in
predetermined tolerance condition ranges, i.e., the mask
pattern size latitude, could be obtained.
[0268] Of the two exposing conditions obtained in the
above procedure, the maximum mask pattern size lati-
tude could be obtained with the focal point pitch of 1.5
Pm. This condition was thus adopted.
[0269] The method of exposing in this example suffi-
ciently met the defocus latitude of 1.5 Pm and the expo-
sure dose latitude of � 5 %. Further, it permitted mask
production with sufficient mask pattern size latitude, and
it also permitted a sharp resist pattern shape to be ob-
tained. Thus, it was possible to manufacture semicon-
ductor devices with satisfactory yield.
[0270] While this example was applied to the photo-
mask having a usual light shielding area and a transmit-
ting area, this is by no means limitative, and similar effects
are obtainable with phase shift masks and the like as
well. Further, while this example concerned with contact
hole patterns, this is only exemplary, and similar effects
are obtainable with other patterns than the contact hole
patterns.
[0271] Further, while the transfer resist patterns were
obtained by a process of obtaining the contour lines of

the light intensity distributions obtained by the light inten-
sity simulation based on the scalar diffraction theory, this
is by no means limitative, and it is possible to use light
intensity simulator based on the vector diffraction theory
or other theories. Further, it is possible to obtain light
intensity distributions by expeiments. In obtaining trans-
fer resist patterns from light intensity distributions, it is
possible to use development simulators or other calcu-
lation processes. Further, it is possible to obtain transfer
resist patterns directly by transfer experiments.
[0272] Further, as for the exposure dose latitude, de-
focus latitude and resist pattern size tolerance condition,
the values in this example are by no means limitative,
and it is possible to adopt other conditions as well.
[0273] As has been described in the foregoing, accord-
ing to the invention it is possible to provide a method of
producing a photomask which permits finding out corre-
lations of many parameters, for instance three or more
parameters, to one another, permit obtaining the opti-
mum condition from these correlations, permit the aloof-
ness from the actual condition to be reduced, permit
quantitative grasping of various kinds of performance,
permit influence of mask pattern size fluctuations, etc.
into considerations, and permit actual optimization.
[0274] For example, by utilizing the invention it is pos-
sible specifically to obtain quantitative evaluation of pa-
rameters in the exposing process and those in the mask
manufacture in consideration of the actual process. Par-
ticularly, by selecting the exposure dose latitude, defocus
and mask pattern size as parameters and accurately
evaluating the correlation of these parameters to one an-
other in various exposing conditions, it is possible to man-
ufacture semiconductor devices with satisfactory yield or
build processes of manufacture with high efficiency and
at low cost.

Claims

1. A method of producing a photomask having a trans-
mitting area and a light shielding area said transmit-
ting area and said shielding area forming a mask
pattern, said mask pattern having a mask pattern
size specified by a linewidth or a contact hole size,
said mask pattern size fluctuating as a consequence
of fluctuations in the mask production process, said
mask pattern being used for obtaining transfer pat-
terns on a resist material on a semiconductor device
by use of a lithographic process, in said lithographic
process exposing steps being done at a focus posi-
tion and with an exposure dose.
wherein designing said photomask comprises the
steps of
setting a plurality of combinations of exposure dose
and mask pattern size values in predetermined rang-
es of an exposure dose latitude (I) and a mask pat-
tern size latitude (II),
obtaining transfer patterns by varying the defocus in
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the neighborhood of the just focus, and
checking whether the transfer patterns meet a trans-
fer pattern tolerance condition, thereby obtaining the
defocus latitude (III) as the range of defocus meeting
the tolerance condition in all the predetermined rang-
es of the exposure dose latitude (I) and the mask
pattern size latitude (II),
wherein:

a mask parameter is set for maximizing the ob-
tained defocus latitude (III), which mask param-
eter is chosen from the following mask param-
eters: the shape of the mask pattern, the mask
pattern size, the transmissivity and shape of the
transmitting area, and the phase difference be-
tween light shielding and transmitting areas.

Patentansprüche

1. Verfahren zum Herstellen einer Photomaske mit ei-
nem lichtdurchlässigen Bereich und einem lichtab-
schirmenden Bereich, wobei der lichtdurchlässige
Bereich und der lichtabschirmende Bereich ein Mas-
kenmuster bilden, das Maskenmuster eine Masken-
mustergröße aufweist, die durch eine Linienbreite
oder eine Kontaktlochgröße spezifiziert ist, die Mas-
kenmustergröße infolge von Schwankungen im
Maskenherstellungsprozess schwankt, mittels eines
lithographischen Prozesses über das Maskenmu-
ster Übertragungsmuster in einem Lackmaterial auf
einer Halbleitervorrichtung erhalten werden, wäh-
rend des lithographischen Prozesses Belichtungs-
schritte mit einer Fokusposition und einer Belich-
tungsdosis durchgeführt werden;
das Ausbilden der Photomaske die Schritte aufweist:

Einstellen einer Mehrzahl von Kombinationen
von Belichtungsdosis- und Maskenmustergrö-
ßenwerten in vorgegebenen Bereichen eines
Belichtungsdosisspielraums (I) und eines Mas-
kenmusterspielraums (II),
Erzielen von Übertragungsmustern durch Vari-
ieren des Defokus in der Umgbung des genauen
Fokus, und
Prüfen, ob die Übertragungsmuster eine Über-
tragungsmustertoleranzbedingung erfüllen, wo-
durch der Defokusspielraum (III) als der Bereich
des Defokus gewonnen wird, der die Toleranz-
bedingung in all den vorgegebenen Bereichen
des Belichtungsdosisspielraums (I) und des
Maskenmustergrößenspielraums (III) erfüllt,
wobei:

ein Maskenparameter zur Maximierung des
erhaltenen Defokusspielraums (III) einge-
stellt wird und der Maskenparameter aus
den folgenden Maskenparametern ausge-

wählt wird: der Form des Maskenmusters,
der Maskenmustergröße, der Durchlässig-
keit und Form des lichtdurchlässigen Be-
reichs, und der Phasendifferenz zwischen
lichtabschirmenden und lichtdurchlässigen
Bereichen.

Revendications

1. Procédé de production d’un masque photolithogra-
phique ayant une zone de transmission et une zone
de protection de la lumière, ladite zone de transmis-
sion et ladite zone de protection formant un motif de
masque, ledit motif de masque ayant une dimension
de motif de masque spécifiée par une largeur de
ligne ou une dimension de trou de contact, ladite
dimension de motif de masque fluctuant en consé-
quence des fluctuations dans le processus de pro-
duction de masque, ledit motif de masque étant uti-
lisé pour obtenir des motifs de transfert sur un ma-
tériau de résine photosensible sur un dispositif semi
conducteur par l’utilisation d’un processus lithogra-
phique, dans ledit processus lithographique des éta-
pes d’exposition étant accomplies au niveau d’une
position de concentration et avec une dose d’expo-
sition,
dans lequel la conception dudit masque photolitho-
graphique comprend les étapes consistant à
définir une pluralité de combinaisons de dose d’ex-
position et de valeurs de dimension de motif de mas-
que dans des plages prédéterminées d’une latitude
de dose d’exposition (I) et une latitude de dimension
de motif de masque (II) ;
obtenir des motifs de transfert en modifiant la décon-
centration à proximité de la concentration juste ; et
vérifier si les motifs de transfert satisfont une condi-
tion de tolérance de motif de transfert, obtenant ainsi
la latitude de déconcentration (III) comme la plage
de déconcentration satisfaisant la condition de tolé-
rance dans toutes les plages prédéterminées de la
latitude de dose d’exposition (I) et de la latitude de
dimension de motif de masque (II),
dans lequel:

un paramètre de masque est défini pour maxi-
miser la latitude de déconcentration obtenue
(III), lequel paramètre de masque est choisi par-
mi les paramètres de masque suivants : la forme
du motif de masque, la dimension du motif de
masque, la capacité de transmission et la forme
de la zone de transmission et la différence de
phase entre les zones de protection de la lumiè-
re et de transmission.

37 38 



EP 0 905 566 B9 (W1B1)

21



EP 0 905 566 B9 (W1B1)

22



EP 0 905 566 B9 (W1B1)

23



EP 0 905 566 B9 (W1B1)

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 0313013 A [0008]

Non-patent literature cited in the description

• B.J. LIN. Methods to Print Optical Images at low-K1
Factors. SPIE, 1990, vol. 1269, 2-13 [0010]


	bibliography
	description
	claims
	drawings

