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SPIN-COATING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a spin-coating
device, a spin-coating method using the same, and a method
of selecting optimum spin-coating conditions.

BACKGROUND ART

[0002] A spin-coating device is one of typical apparatuses
used to apply a resist material to a semiconductor substrate
such as a silicon wafer or a mask substrate. In the case of
such a spin-coating device, a substrate is fixed on a rotary
table and a resist material is dripped onto a central portion
of the substrate. Next, the rotary table on which the substrate
is fixed is rotated at high speed to generate a centrifugal
force, so that a photoresist is spread to an end portion from
the center of a semiconductor substrate and a resist layer is
formed on a substrate surface.

[0003] Inthe case of spin-coating, it is necessary to control
the thickness of a film layer on a substrate to reach a target
value. Therefore, there are various control methods pro-
posed. For example, described in PTL 1 is controlling a
variation in film thickness caused by a substrate processing
temperature by adjusting the rotation rate of a substrate in
relation to the measured temperature of the substrate.
Described in PTL 2 is uniformly applying a resist material
to a surface of a wafer, of which an end portion has a sharp
shape, by combining different rotation steps with each other.
Described in PTL 3 is suppressing a variation in film
thickness by coating a substrate surface with coating liquid,
holding the substrate surface without rotation for a certain
period of time, and then performing spin-coating by means
of rotation thereafter. In addition, described in PTL 4, PTL
5, and PTL 6 is improving the structure of a rotary table or
a component attached thereto in order to form a more
uniform coating film.

CITATION LIST

Patent Literature

[0004] [PTL 1] JP-A-2010-40921

[0005] [PTL 2] JP-A-2012-256780

[0006] [PTL 3] JP-A-2006-231262

[0007] [PTL 4] JP-A-2018-202318

[0008] [PTL 5] JP-A-2016-73240

[0009] [PTL 6] JP-A-2014-22452

[0010] As shown in these examples, in film thickness

control in the related art, the final film thickness is made
closer to an ideal state by adjusting operating conditions
such as the rotation rate of a spin-coating device or the
structure thereof. In these methods, a coating test is per-
formed under certain operating conditions or with a certain
structure, the obtained coating film is analyzed, and the
result of analysis is compared with a target quality to
determine whether or not the operating conditions or the
structure has a problem. In a case where it is determined that
the operating conditions or the structure needs to be
adjusted, the operating conditions or the structure is based
on deviation between the result of the test and a target value.
Then, the coating test is performed again under the reset
operating conditions or with the reset structure, and the same
analysis and determination are performed.
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[0011] In such a method, the thickness of the coating film
during or after formation is not directly detected during
operation of the spin-coating device. Therefore, the operat-
ing conditions or the structure of the spin-coating device at
the time of the test cannot be evaluated until the results of
analysis of the coating film obtained in the test are accu-
mulated and evaluated. Accordingly, in the case of a method
in the related art, a large number of trials and errors are
needed to be made until figuring out the ideal operating
conditions or the ideal structure of the spin-coating device
(so-called optimal condition establishment). Particularly, in
the case of products such as a resist substrate, which has a
relatively short life cycle and require mass production, time
and cost required for such “optimal condition establishment”
are not favorable in the market competition.

[0012] Therefore, the present inventor has examined
means for shortening a period of time required for the
above-described optimal condition establishment in manu-
facture of a resist substrate in which a spin-coating device is
used. As a result, the present inventor has succeeded in
directly and quickly evaluating the operating conditions of a
spin-coating device during operation by directly measuring
the thickness of a film formed of coating liquid during
operation of the spin-coating device. That is, the present
invention is as follows.

[0013] (Invention 1) A spin-coating device including a
film thickness measurement unit (1), and an operation
adjustment unit (2), in which the film thickness measure-
ment unit (1) measures a real-time thickness of a film formed
of coating liquid by means of interferometry, and the opera-
tion adjustment unit (2) adjusts operation of the spin-coating
device in accordance with the real-time thickness of the film
formed of the coating liquid.

[0014] (Invention 2) The spin-coating device according to
Invention 1, in which the film thickness measurement unit
(1) includes a light source (101), an irradiation unit (102), a
light receiving unit (103), a spectroscopic unit (104), and a
film thickness calculation unit (105), and the operation
adjustment unit (2) includes a memory (201) and a control
unit (202).

[0015] (Invention 3) The spin-coating device according to
Invention 1, in which the film thickness measurement unit
(1) measures a real-time thickness of a film formed of a
resist material by means of optical interferometry, the opera-
tion adjustment unit (2) stops rotation of the spin-coating
device when the real-time thickness of the film formed of the
resist material reaches a predetermined range, and the spin-
coating device is for applying the resist material onto a
substrate.

[0016] (Invention 4) A spin-coating method which uses the
spin-coating device according to Invention 1.

[0017] (Invention 5) A method of selecting optimum spin-
coating conditions which uses the spin-coating device
according to Invention 1.

SUMMARY OF INVENTION

[0018] [Spin-Coating Device] A “spin-coating device”
described in the present specification is a device also called
a spin coater or a spinner. The spin-coating device of the
present invention includes a film thickness measurement
unit (1) and an operation adjustment unit (2) which will be
described later and has all other functions and portions
required for a general spin-coating device. That is, a main
body of the spin-coating device of the present invention
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includes a rotary table for installation of a coating target, a
nozzle that drips coating liquid onto the coating target, a
rotation mechanism and a circuit for rotation of the rotary
table, and a control unit of the rotation mechanism. The
spin-coating device of the present invention can include an
outer cylinder, enclosing means such as a lid or lock means,
a display unit, and an input unit such as a touch panel or a
button, which are attached to the main body. The specifica-
tions and operating conditions of the main body and attach-
ments thereof are appropriately designed in accordance with
the material and shape (the thickness and the diameter) of
the coating target and the characteristics of the coating
liquid. The coating liquid applied to the spin-coating device
of the present invention is not limited as long as the coating
liquid has appropriate fluidity that enables spin-coating and
the thickness of a film formed of the coating liquid can be
measured by means of interferometry during the spin-
coating. Such coating liquid is, for example, various reactive
or non-reactive coating materials or lamination materials
and is typically a photosensitive material such as a resist
material.

[0019] [Film Thickness Measurement Unit (1)] The spin-
coating device of the present invention includes the film
thickness measurement unit (1). The film thickness mea-
surement unit (1) can measure the thickness of a film that is
formed of coating liquid and that is formed on a surface of
a coating target by means of interferometry regardless of the
state of operation of the spin-coating device of the present
invention (regardless of whether or not the spin-coating
device is being rotated).

[0020] The film thickness measurement unit (1) irradiates
the surface of the coating target with light from an irradia-
tion unit (102) that is generated by a light source (101), and
a light receiving unit (103) detects interference light from
the surface. Generally, an LED is used as the light source
(101), and white light is emitted from the irradiation unit
(102). In a case where a measurement target is a resist
material (resist liquid), control is performed such that the
wavelength of light emitted from the irradiation unit (102)
does not fall into the photosensitive wavelength range of the
resist material. In this case, the wavelength of the light
emitted from the irradiation unit (102) is controlled to be
equal to or greater than 400 nm, preferably equal to or
greater than 430 nm and equal to or smaller than 700 nm,
and more preferably equal to or greater than 440 nm and
equal to or smaller than 700 nm. The positional relationship
between the irradiation unit (102), the light receiving unit
(103), and the rotary table (a distance from a reference point
such as the central portion of a substrate, a peripheral portion
of the substrate, or the surface of the film formed of the
coating liquid) is not limited as long as the accuracy of
measurement can be secured.

[0021] The detected interference light is sent to a spectro-
scopic unit (104) so that the spectroscopic intensity of the
interference light is measured. The measured value of the
spectroscopic intensity is sent to a film thickness calculation
unit (105). The film thickness calculation unit (105) uses a
calculation program, in which a function defined by param-
eters such as light irradiation conditions (A: wavelength, ®:
angle of incidence) and optical constants of the coating
liquid (n: refractive index, k: extinction coefficient) is used,
to output the real-time thickness of the film formed of the
coating liquid. Here, comparison between an actual mea-
surement value and a theoretical value is performed, and a
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value obtained through correction of the actual measurement
value is output as the real-time thickness of the film formed
of the coating liquid present on the coating target at the time
of irradiation with the light. The calculation program and a
correction method can be adopted from a variety of con-
ventional methods without any limitation.

[0022] By continuously irradiating the surface of the coat-
ing target with the light from the irradiation unit (102), the
film thickness measurement unit (1) can measure the thick-
ness of the film formed of the coating liquid that changes
moment by moment during the operation of the spin-coating
device. The film thickness measurement unit (1) can output,
in conjunction with the operation adjustment unit (2) which
will be described later, data about a change with time in film
thickness from the measured value obtained by the film
thickness measurement unit (1). In this case, the film thick-
ness measurement unit (1) and the operation adjustment unit
(2) also function as a device monitoring the thickness of the
film formed of the coating liquid. An interval between times
of measurement can be freely set in accordance with desired
accuracy and desired application time. Generally, the num-
ber of measured values output by the film thickness calcu-
lation unit (105) per second is set to 1 or more and 20 or less,
preferably 2 or more and 10 or less.

[0023] [Operation Adjustment Unit (2)] The spin-coating
device of the present invention includes the operation adjust-
ment unit (2). The operation adjustment unit (2) is directly
incorporated in the control unit provided in the main body of
the spin-coating device of the present invention, or is
communicably connected to the control unit provided in the
main body of the spin-coating device. The operation adjust-
ment unit (2) receives the real-time thickness of the film
formed of the coating liquid which is output by the film
thickness measurement unit (1) and stores the real-time
thickness in a memory (201). A control unit (202) of the film
thickness measurement unit (1) compares the real-time
thickness of the film formed of the coating liquid that is
stored in the memory (201) with a film thickness value (a
prescribed thickness) set in advance and determines whether
or not the real-time thickness of the film formed of the
coating liquid has reached the prescribed thickness. In a case
where the control unit (202) determines that the real-time
thickness of the film formed of the coating liquid has
reached the prescribed thickness, the control unit (202)
generates an operation change command for the spin-coating
device of the present invention, and the operation change
command is transmitted to the control unit provided in the
main body of the spin-coating device of the present inven-
tion.

[0024] The prescribed thickness is appropriately set in
accordance with the target value/ideal value of the thickness
of the film formed of the coating liquid. For example, in a
case where the prescribed thickness coincides with or is
brought close to the target value/ideal value of the thickness
of the film formed of the coating liquid, the operation
adjustment unit (2) transmits an operation stoppage com-
mand or an operation stoppage preparation command to the
control unit provided in the main body of the spin-coating
device of the present invention. Then, the rotation of the
rotary table of the spin-coating device of the present inven-
tion is stopped or a transition to a stoppage preparation mode
is performed.

[0025] [Display Unit (3)] The spin-coating device of the
present invention can include a display unit (3) for display-
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ing the thickness or the like of the film formed of the coating
liquid that is generated by the film thickness measurement
unit (1), the display unit (3) being the same as or different
from the display unit attached to the main body of the
spin-coating device of the present invention. A user of the
spin-coating device of the present invention can observe or
monitor operation of the spin-coating device of the present
invention by means of the real-time thickness of the film
formed of the coating liquid that is displayed on the display
unit (3), a change with time of the film formed of the coating
liquid, past coating data, the state of operation of the rotary
table, or the like.

[0026] The user can input, the input unit attached to the
main body of the spin-coating device of the present inven-
tion or an input unit different from the above-described input
unit, the operation change command for the spin-coating
device of the present invention in response to contents
displayed on the display unit (3).

[0027] [Communication Means (4)] The spin-coating
device of the present invention can be provided with com-
munication means (4) for connection between the main
body, the attachments thereof, the film thickness measure-
ment unit (1), the operation adjustment unit (2), and the
display unit (3). The communication means (4) is not
particularly limited as long as the communication means (4)
is adaptive to a device to be connected. Generally, a cable,
a wireless LAN, Bluetooth (registered trademark), infrared
communication, near field communication (NFC), and the
like which are short-range communication means are suit-
able. In addition, it is also possible to issue an operation
instruction or perform observation via an external terminal
with the spin-coating device of the present invention con-
nected to the Internet.

[0028] FIG. 1 shows a relationship of each part in the
spin-coating device of the present invention. FIG. 2 sche-
matically shows the way in which irradiation with light and
detection of light are performed by the irradiation unit (102)
and the light receiving unit (103) of the spin-coating device
of the present invention. In FIGS. 1 and 2, some of actual
circuits, connection means, and components are not shown.
FIGS. 1 and 2 are reference diagrams for understanding an
example of disposition of each part and do not show the
actual size and shape of the device. The present invention is
not limited to states as shown in FIGS. 1 and 2.

[0029] [Spin-coating method] In a spin-coating method of
the present invention, the above-described spin-coating
device is used. With the spin-coating method of the present
invention, it is possible to acquire the real-time thickness of
a film formed of coating liquid in parallel with spin-coating
and to perform operation control of the spin-coating device
based on the acquired thickness during the spin-coating.

[0030] [Method of Selecting Optimum Spin-Coating Con-
ditions] With such a spin-coating device of the present
invention, it is possible to simultaneously perform produc-
tion and invention of a substrate with a coating film in
parallel with each other and to adjust and control spin-
coating conditions in accordance with values measured in
real time for each product. In addition, with the spin-coating
device of the present invention, it is possible to detect a
change with time in coating liquid film thickness and thus it
is possible to accurately and simply cause the time of
rotation of a rotary table or the rotation rate of the rotary
table to fit a target/ideal value.
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[0031] Therefore, the spin-coating device of the present
invention is particularly effective in selecting optimum
spin-coating conditions in test production or pilot produc-
tion.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 schematically shows a spin-coating device
of the present invention.

[0033] FIG. 2 schematically shows the way in which
irradiation with light and detection of light are performed by
the spin-coating device of the present invention.

[0034] FIG. 3 schematically shows an example of the
spin-coating device of the present invention.

[0035] FIG. 4 is a graph that shows a change with time in
real-time thickness of a resist material in Example 1.

DESCRIPTION OF EMBODIMENTS

Example 1

[0036] A film formed of a resist material was formed on a
substrate by means of a spin-coating device of the present
invention.

[0037] (Spin-Coating)

[0038] By means of the spin-coating device of the present
invention, spin-coating was performed while measuring the
film thickness of the resist material. FIG. 3 shows the
spin-coating device used here. A nozzle (5) drips 6 ml of a
resist material (6) onto a central portion of a substrate. The
dripped resist material (601) is spread to reach an end
portion of the substrate because of a centrifugal force caused
by rotation of a rotary table (8) (rotation speed: 3200 rpm),
so that a film (602) is formed. A film thickness measurement
unit (1) irradiates the film (602) formed of the resist material
(6) with light having a wavelength equal to or larger than
400 nm and equal to or smaller than 700 nm three times per
second at regular intervals. The film thickness measurement
unit (1) calculates the real-time thickness of the resist
material (6) on the substrate from the thickness of the film
(602) at a point irradiated with the light. Note that FIG. 3 is
a schematic diagram for helping understanding of this
example, and does not precisely reproduce the shape or
disposition of the actual device. For example, the rotary
table, a portion of a material on the rotary table, a member
to which the nozzle is connected, a portion of communica-
tion connection means, a power source, and the like are not
shown.

[0039] The real-time thickness of the resist material (6) on
the substrate which is output from the film thickness mea-
surement unit (1) is stored in a memory (201) of a PC (2)
functioning as an operation adjustment unit (2) together with
other data related to coating. The PC (2) converts stored data
into display data by means of a predetermined program.
[0040] In the operation adjustment unit (2), a desired
thickness of the resist material (6) on the substrate is
prescribed as target values. In a case where the real-time
thickness of the resist material (6) on the substrate that is
received from the film thickness measurement unit (1)
matches the target values, the operation adjustment unit (2)
transmits a rotary table stoppage command to the spin-
coating device. In the present example, as the target values,
a minimum value was set to 1100 nm and a maximum value
was set to 1250 nm so that the resist material forms a film
having a thickness of 1000 nm on the substrate in the end
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after baking. A control unit of the PC (2) compared the
real-time thickness of the resist material (6) generated on the
substrate with the target values (the minimum value and the
maximum value) and stopped the rotary table (8) when the
real-time thickness of the resist material (6) generated on the
substrate reached a target range (a range of 1100 nm to 1250
nm).

[0041] A screen (301) of the PC which functions as a
display unit (3) displays a change with time in real-time
thickness of the resist material (6) on the substrate in
accordance with the display data output from the PC (2). In
the present example, a graph shown in FIG. 4 was displayed
on the screen (301) for purpose of observing a change with
time in real-time thickness of the resist material (6). The
vertical axis of the graph in FIG. 4 represents the thickness
(nm) and the horizontal axis represents time (seconds).
[0042] Rotation of the rotary table (8) was started 30
seconds after the start of measurement of time. After the start
of the rotation, the real-time thickness of the resist material
(6) on the substrate was rapidly decreased in about 10
seconds and reached the target range (a range of 1100 nm to
1250 nm) 70 seconds after the start of the measurement of
time. Therefore, the PC (2) transmitted a rotation stoppage
command to a main body of the spin-coating device. As a
result, the operation of the rotary table (8) was stopped and
the spin-coating ended. Throughout a time from the start to
the end of the spin-coating, the temperature of a spin-coating
atmosphere (the inside of a chamber where the rotary table
of the spin-coating device was placed) and the temperature
of a discharge portion of the nozzle were constant at 23° C.
[0043] (Drying and Baking) The obtained substrate was
dried and heated to obtain a substrate (a substrate A1) coated
with the film formed of the resist material.

[0044] (Film Thickness Measurement) At a plurality of
points on the substrate Al, the thickness of the film formed
of the resist material was measured by means of interfer-
ometry.

Example 2

[0045] Spin-coating, drying, and heating were performed
on a new substrate in the same manner as the substrate A1
to obtain a substrate A2. In the case of the spin-coating of the
substrate A2, operation of the rotary table (8) was stopped
after 72 seconds from the start of measurement of time.
Although there was a period, in which the temperature of the
spin-coating atmosphere (the inside of the chamber where
the rotary table of the spin-coating device was placed) or the
temperature of the discharge portion of the nozzle changed
from 23° C., within a time from the start to the end of the
spin-coating of the substrate A2, there was no change in
conditions set for the film thickness measurement unit (1)
and the PC (2). At a plurality of points on the substrate A2,
the thickness of the film formed of the resist material was
measured by means of interferometry.

Example 3

[0046] Furthermore, spin-coating, drying, and heating
were performed on a new substrate in the same manner as
the substrate A1l to obtain a substrate A3. In the case of the
spin-coating of the substrate A3, operation of the rotary table
(8) was stopped after 79 seconds from the start of measure-
ment of time. Although there was a period, in which the
temperature of the spin-coating atmosphere (the inside of the
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chamber where the rotary table of the spin-coating device
was placed) or the temperature of the discharge portion of
the nozzle changed from 23° C., within a time from the start
to the end of the spin-coating of the substrate A3, there was
no change in conditions set for the film thickness measure-
ment unit (1) and the PC (2). At a plurality of points on the
substrate A3, the thickness of the film formed of the resist
material was measured by means of interferometry.

Reference Examples 1, 2, and 3

[0047] Separately, optimum operating conditions for a
spin-coating device main body were determined by means of
a method in the related art such that the film formed of the
resist material has a thickness of 1000 nm in the end. The
above-described optimum operating conditions were deter-
mined in consideration of the temperature of the spin-
coating atmosphere. Spin-coating was performed under the
determined optimum operating conditions. The obtained
substrate was dried and heated under the same conditions as
Examples 1, 2, and 3 to obtain three substrates (substrates
B1, B2, and B3) each of which was coated with a film
formed of a resist material.

[0048] For each of the substrates B1, B2, and B3 as well,
the thickness of the film formed of the resist material was
measured by means of interferometry under the same con-
ditions as Examples 1, 2, and 3.

[0049] [Evaluation]

[0050] No significant difference in average film thickness
and degree of variation in film thickness was observed
between the substrates A1, A2, and A3 and the substrates B1,
B2, and B3. From this, it can be found that film thickness
measurement performed during spin-coating in Examples
did not damage formation of a coating liquid (resist mate-
rial) film.

[0051] Inthe spin-coating of Examples 1, 2, and 3, a rotary
table stoppage command of the PC (2) was generated
without being affected by a change in temperature of the
spin-coating atmosphere, and the length of spin-coating time
was adjusted to an optimum length by means of the stoppage
command. However, in the spin-coating of Reference
Examples 1, 2, and 3, it was necessary to determine in
advance the optimum operating conditions for the spin-
coating device main body in consideration of the tempera-
ture of the spin-coating atmosphere. Therefore, so-called
optimal condition establishment was complicated in com-
parison with the case of Examples.

INDUSTRIAL APPLICABILITY

[0052] The spin-coating device of the present invention, a
spin-coating method using the same, and a method of
selecting optimum spin-coating conditions simplify a step of
manufacturing various products manufactured with spin-
coating. The present invention particularly contributes to
reduction of the manufacturing cost and improvement of the
quality of a precision-processed product such as a resist
substrate.

REFERENCE SIGNS LIST

[0053] 1: film thickness measurement unit
[0054] 101: light source

[0055] 102: irradiation unit

[0056] 103: light receiving unit

[0057] 104: spectroscopic unit
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[0058] 105: film thickness calculation unit
[0059] 106: communication unit
[0060] 2: operation adjustment unit
[0061] 201: memory
[0062] 202: control unit
[0063] 203: communication unit
[0064] 3: display unit
[0065] 301: screen
[0066] 4: communication means (cable)
[0067] 5: nozzle
[0068] 6: coating liquid
[0069] 601: dripped resist material
[0070] 602: film formed of the resist material
[0071] 7: substrate
[0072] 8: rotary table
[0073] 9: rotation mechanism

1. A spin-coating device comprising:

a film thickness measurement unit (1); and

an operation adjustment unit (2),

wherein the film thickness measurement unit (1) measures
a real-time thickness of a film formed of coating liquid
by means of interferometry, and

the operation adjustment unit (2) adjusts operation of the
spin-coating device in accordance with the real-time
thickness of the film formed of the coating liquid.
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2. The spin-coating device according to claim 1,

wherein the film thickness measurement unit (1) includes
a light source (101), an irradiation unit (102), a light
receiving unit (103), a spectroscopic unit (104), and a
film thickness calculation unit (105), and

the operation adjustment unit (2) includes a memory (201)
and a control unit (202).

3. The spin-coating device according to claim 1,

wherein the film thickness measurement unit (1) measures
a real-time thickness of a film formed of a resist
material by means of optical interferometry,

the operation adjustment unit (2) stops rotation of the
spin-coating device when the real-time thickness of the
film formed of the resist material reaches a predeter-
mined range, and

the spin-coating device is for applying the resist material
onto a substrate.

4. A spin-coating method which uses the spin-coating
device according to claim 1.

5. A method of selecting optimum spin-coating conditions
which uses the spin-coating device according to claim 1.
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