wo 2012/161342 A2 I} 00O 0 O O A

(43) International Publication Date
29 November 2012 (29.11.2012)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2012/161342 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification: Not classified

International Application Number:
PCT/JP2012/063828

International Filing Date:

23 May 2012 (23.05.2012)
Filing Language: English
Publication Language: English
Priority Data:
61/489,078 23 May 2011 (23.05.2011) US
13/477,585 22 May 2012 (22.05.2012) US

Applicant (for all designated States except US): NIKON
CORPORATION [JP/JP]; 12-1, Yurakucho I-chome,
Chiyoda-ku, Tokyo, 1008331 (JP).

Inventor; and

Inventor/Applicant (for US ornly): MORIMOTO, Shi-
geru [JP/JP]; ¢/o NIKON CORPORATION, 12-1, Yurak-
ucho 1-chome, Chiyoda-ku, Tokyo, 1008331 (JP).

Agent: TATEISHI, Atsuji; TATEISHI & CO., Karakida
Center Bldg., 1-53-9, Karakida, Tama-shi, Tokyo, 2060035
(JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: MOTOR, DESIGN METHOD AND MANUFACTURING METHOD OF MOTOR, STAGE DEVICE, AND EXPOS-

(57) Abstract: A distribution (E?LB#191) of an element to improve coetciv-

URE APPARATUS
Fig. 3
A Mu2 c MU3 8081
Al | W‘A\ —h -

(B)

|
PN TAR ¢ PEN N AN Tk

80B2

Mu2 MU3

/<C
LLLET TTIC TTPT DITL T

LD T TP TITT TIRE 1] 2

MAGNETIC HIG
FLUX DENSITY “OW H

© o
4

v 7

R

Maa

ity for each magnet is decided, based on analysis results of magnetic fields
within a plurality of magnets (M?26#191 and the like), and by structuring
each of the plurality of magnets based on the distribution, it becomes pos-
sible to realize a permanent magnet having strong magnetic force and high
heat-resisting performance whose residual magnetic flux density and coer-
civity are both improved, using a small amount of an element which im-
proves coercivity. And, by designing a magnet unit using the permanent
magnet, and a motor using the magnet unit, it becomes possible to obtain a
motor with high performance.
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Description

Title of Invention
MOTOR, DESIGN METHOD AND MANUFACTURING METHOD OF
MOTOR, STAGE DEVICE, AND EXPOSURE APPARATUS

Technical Field

The present invention relates to motors, design methods
and manufacturing methods of motors, stage deVices, and
exposure apparatuses, and more particularly, to a motor
structured using amagnet unit including a plurality of magnets
and a coil unit including a plurality of coils, a design method
and a manufacturing method of the motor, a stage device
provided with the motor, and an exposure apparatus provided

with the stage device.

Background Art

As a driving source of magnetic levitation trains,
electrically-powered cars, hybrid cars, machine tools,
movable stages of exposure apparatuses and the like, motors
and the like which generate a force through the interaction
of a magnetic field and an electric current are used, such
as a linear motor to obtain a linear motion, a rotary motor
toobtamqarotationalmotion,andalsoeaplanarmotortoobtain
a planar motion. These motors are structured so that one of
a magnet unit including'a plurality of permanent magnets and
a coil unit including a plurality of coils serves as a mover
(or a rotor) while the other serves as a stator, and the mover

is driven in a uniaxial direction, a rotation direction, or
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a planar direction with respect to the stator.

Performance of the motors described above depends
heavily on thé properties of the permanent magnets.
Properties used to describe the permanent magnets are, for
example, residual magnetic flux density Br, coercivity Hc,
BH product (or maximum energy product BHp.x) and the like. Here,
residual magnetic flux density Br is the magnetic flux density
remaining when the intensity of the magnetic field in a
hysteresis curve (demagnetizing curve) becomes =zero, and
coercivity Hc is the intensity of the demagnetization field
required to reduce the magnetic flux density to zero.

Making a strong permanent magnet requires high residual
magnetic flux density Br and high coercivity Hc (and also high
BHpax) . Since the intensity of a magnet is proportional to the
magnetic flux density, a magnet with higher residual magnetic
flux density Br makes a stronger magnet. Furthermore, a
magnet with higher coercivity Hc can continue to maintain
higher magnetic force in a stable manner.

As strong permanent magnets used in motors, rare
earth-containing magnets are promising. Representing such
magnets are; samarium-cobalt magnet (Smy;Coi7); neodymium iron
boron magnet (Nd;Fei4B), and the like. These magnets, however,
possess properties of demagnetizing under a high temperature
environment. Therefore, to increase coercivity Hc, for
example, dysprosium Dy can be added (for example, refer to
PTL1l). With dysprosium Dy, however, there is a problem of
dysprosium being expensive, with prices being unstable.
Further, by adding dysprosium Dy, résidual magnetic flux

density Br decreases. Therefore, it wasdifficult to increase
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both residual magnetic flux density Br and coercivity Hc (also,
BHpax) using only a small amount of dysprosium Dy.
Citation List
Patent Literature

[PTL, 1] U.S. Patent Application Publication No.

2008/0245442

Summary of Invention

The present invention was made under the circumstances
described above, and froma first aspect, the present invention
is a design method of a motor which is structured using a magnet
unit including a plurality of magnets and a coil unit including
a plurality of coils, the method comprising: deciding a
distribution of an element which improves coercivity inside
the plurality of magnets for each of the plurality of magnets,
based on results of an analysis performed of a magnetic field
induced by the plurality of magnets included in the magnet
unit arranged corresponding to the coil unit; and designing
the magnet unit using the plurality of magnets which are each
structured based on the distribution of the element which
improves the coercivity.

According to this method, the distribution of the
element which improves coercivity for each of the plurality
of magnets is decided, based on results of the analysis of
magnetic fields within the plurality of magnets, and the
plurality of magnets are each structured based on the
distribution. This allows a permanent magnet having strong
magnetic force and high heat-resisting performance whose

residual magnetic flux density and coercivity are both
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improved to be realized, using a small amount of an element
which improves coercivity. And, by designing a magnet unit
using the permanent magnet, and a motor using the magnet unit,
it becomes possible to improve the performance of the motor.

From a second aspect, the present invention is a
manufacturing method of a motor, comprising: designing a motor
using the design method of a motor of the present invention;
and manufacturing the motor according to results of the
designing.

According to this method, a motor having a large driving
force can be manufactured.

From a third aspect, the present invention is a first
motor which is designed using the design method of a motor
of the present invention, and is manufactured according to
results of the design.

According to this motor, a motor having a large driving
force can be obtained.

From a fourth aspect, the present invention is a second
motor which is structured using a magnet unit including a
plurality of magnets and a coil unit including a plurality
of coils, wherein the magnet unit is designed wusing the
plurality of magnets which are each structured based on a
distribution of an element which improves coercivity inside
the plurality of magnets for each of the plurality of magnets,
the distribution being decided based on results of analyzing
a magnetic field induced by the plurality of magnets included
in the magnet unit arranged corresponding to the coil unit.

According to this motor, the distribution of the element

which improves coercivity for each of the plurality of magnets
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is decided, based on results of the analysis of magnetic fields
within.thé plurality of magnets, and the plurality of magnets
are each structured based on the distribution. This allows
a permanent magnet having strong magnetic force and high
heat-resisting performance whose residual magnetic flux
density and coercivity are both improved to be realized, using
a small amount of an element which improves coercivity. And,
by designing a magnet unit using the permanent magnet, and
a motor using the magnet unit, it becomes possible to improve
the performance of the motor.

From a fifth aspect, the present invention is a stage
device, comprising: the second motor of the present invention;
a stage support member in which one of the magnet unit and
the coil unit structuring the motor is provided; and a stage
in which the other of the magnet unit and the coil unit is
provided, and is supported by the stage support member.

According to this stage device, a stage device which can
perform a high speed drive can be obtained.

From a sixth aspect, the present invention is an
exposure apparatus which transfers a pattern formed on a mask
onto an object, the apparatus comprising: the stage device
of the present invention serving as a moving device of at least
one of the mask and the object.

According to this apparatﬁs, an exposure apparatus
having a high throughput that drives at least one of a mask

and an object at a high speed can be obtained.

Brief Description of Drawings



WO 2012/161342 PCT/JP2012/063828

10

15

20

25

Fig. 1(A) is a perspective view indicating an external
appearance of a linear motor related to an embodiment, and
Fig. 1(B) is an XY sectional view of the linear motor.

| Fig. 2(A) is an enlarged view of a YZ cross-section of
the linear motor, and Fig. (2B) is a view showing an arrangement
and directions of magnetic poles of permanent magnets included
in a mover (magnet unit).

Fig. 3(A) is a view showing an arrangement of permanent
magnets within a magnet unit, Fig. 3(B) is a view showing a
magnetic flux density distribution within the permanent
magnets in the magnet unit obtained by a magnetic field
analysis, and Fig. 3(C) 1s an enlarged view showing ellipse
C in Figs. 3(A) and 3(B).

Figs. 4(A) and 4(B) are views showing results of
demagnetization evaluation of the permanent magnets.

Fig. 5 1s a chart showing results on performance
evaluation of the linear motor.

Fig. 6 1is a perspective view showing a schematic
structure of an exposure apparatus of an embodiment.

Fig. 7 1is a perspective view showing a schematic

structure of a reticle stage device.

Description of Embodiments

Hereinafter, an embodiment of the present inventionwill
be described, using Figs. 1 to 7.

Fig. 1(A) 1s a perspective view showing an external
appearance of a linear motor 80 related to the present
embodiment, and Fig. 1(B) is an XY sectional view of a schematic

structure of linear motcor 80. Linear motor 80 1is a
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moving-magnet type linear motor which employs a driving method
uSing the Lorentz force (electromagnetic force). Linear
motor 80 1s structured from a stator (hereinafter indicated
using the same numerical references as coil unit 80A)
consisting of a plate shaped coil unit 80A whose longitudinal
direction is the driving direction (X-axis direction in this
case), and a mover (hereinafter indicated using the same
numerical references as magnet units 80B; and 80B;) consisting
of magnet units 80B; and 8082which.are.placed<n1both.the front
and rear surfaces (+-Y sides) of stator 80A.

Fig. 2(A) shows a concrete structure of linear motor 80.
Coil unit 80A includes 14 coils (five U-phase coils, five
V-phase coils, and four W-phase coils) which make up a
three-phase coil. Fig. 2(A) shows eight coils; U2, V2, W2,
U3, v3, W3, U4, and V4. These coils are arranged spaced
constantly apart in the X-axis direction inside a base 80A,
which is made of a nonmagnetic body.

As shown in Fig. 2(B), magnet unit 80B; includes 40
permanent magnets (hereinafter, simply called magnets) My
(i=1 to 5, j=1 to 8), arranged in the X-axis direction on a
yoke member 80Bip. As magnet M;5, a rare earth-containing
magnet is employ such as, for example, neodymium iron boron
magnet (Nd;Fei4B). Further, as yoke member 80Bip, a magnetic
body 1s employed which has high permeability and large
saturation magnetization. Incidentally, the magnet unit can
be configured, for example, by preparing 40 magnets
individually, or by dividing one magnet into 40 areas according
to the directions of the magnetic poles.

In magnet Mjj, 8 magnets (for example, magnets M1, Mz,
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Mz3, Mg, Mps, Mzg, Mz7, and Mpg) whose directions of the magnetic
poles within an XY plane and widths in the X-axis direction
are different serve as a unit (unit MU2), which is classified
into one of five units MUl to MU5. Figs. 2{(A) and 2(B) show
magnets which are facing 8 coils U2, V2, W2, U3, V3, W3, U4,
and V4 within coil unit 80A.

Magnet unit 80B; is also configured in a similar manner
as magnet unit 80B;. However, magnet unit 80B; is placed so
that the directions of the magnetic poles of the magnets within
magnet unit 80B, are opposite to the directions of the magnetic
poles of the magnets within magnet unit 80B;, with the center
(reference line Lc) of coil unit 80A serving as a reference.

The arrangement of the magnets in magnet units 80B; and
80B,, or more specifically, the directions df the magnetic
poles in the XY plane and the widths in the X-axis direction
of the magnets are decided so that a magnetic field (magnetic
flux density) with a sinusoidal distribution is induced on
the center (reference line Lc) of coil unit 80A. In Fig. 2(B),
the directions of the magnetic poles of eachmagnet (directions
from S-pole to N-pole) are indicated using arrows. The
directions of the magnetic poles are shifted by an angle of
45 degrees with respect to the directions of the magnetic poles
of adjacent magnets. For example, the directions of the
magnetic poles of magnets Mpi, M2z, Mz, Mg, Mzs, My, Mz, and
Myg in unit MUZ2 rotate in sequence at an angle of -45 degrees,
and the direction of the magnetic pole of magnet Ms3; in unit
MU3 adjacent to unit MU2 becomes the same as the direction
of the magnetic pole of magnet sz |

However, the angle shifted of the directions of the
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magnetic poles is not limited to 45 degrees. For example, a
structure can be employed of rotating the directions of the
magnetic poles by increasing the number of magnets to make
the angle to be shifted smaller than 45 degrees. Further, the
angle to be shifted can be set as required so that the
directions of the magnetic poles return in the end to the
original angle in one unit, without making the angle to be
shifted equal between all the magnets.

The widths of the magnets in the X-axis direction are
set so that magnets whose directions of the magnetic poles
are in the Y-axis direction have larger widths than those of
magnets whose directions of the magnetic poles are in other
directions. For example, as for unit MU2, the widths of
magnets My, and Mpg are larger than the widths of other magnets
Mz1, M2, M23, Mzs, Mzs, and Mz7;. The width of a unit in the X-axis
direction is decided so that to an array pitch of one U-phase
coil, V-phase coil, and W-phase coil each, two units of magnets
are arranged. However, the widths of the magnets in the X-axis
direction are not limited to these structures, and can be
appropriately set.

A design method of a motor of the present invention will
be described, using linear motor 80 described above as an
example.

Ina first step, linear motor 80, especially magnet units
80B; and 80B, (and coil unit 80A) included in linear motor 80
are designed. As previously described, corresponding to the
structure (arrangement of coils and the like) of coil unit
80A, the arrangement of magnets M;; (i=1 to 5, j=1 to 8) on

yoke members 80B;y; and 80B;p inside magnet units 80B; and 80B,;,
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namely, the directions of the magnetic poles, the width and
the like of each magnet, are decided so as to induce a magnetic
field of a predetermined magnetic flux density distribution
on reference line Lc (for example, a position where coil unit
BO0A is located at the time of driving). According to this
arrangement, magnet units 80B; and 80B, are designed, as shown
in Fig. 3(A).

In a second step, a magnetic field is analyzed, which
i1s induced by magnets M;j; in magnet units 80B; and 80B; designed
in the manner described above, or namely, in a magnetic circuit
structured by magnets M;iy (i=1 to 5, j=1 to 8), yoke members
80B;ip and 80Byp, and the like. For the analysis, for example,
an electromagnetic field analysis using a finite element
method can be employed. Further, in the analysis, adding to
the placement and the like of magnets M;j; and yoke members 80Bjo
and 80B;; decided above, properties of each magnet such as
residual magnetic flux density, coercivity, permeability and
the like determined by the composition of the magnets,
permeability (furthermore, dependence of the permeability on
the intensity of the magnetic field) of the yoke members and
the like are considered.

From magnetization I and intensity of magnetic field H
that each magnet has, a magnetic field (magnetic flux density)
B induced by magnets M;y is given, as B=I+pH. Here,coefficient_
u is permeability. Inside the magnets, because magnetization
I itself induces a demagnetizing field Hd(>0), magnetic flux
density B becomes smaller than magnetization I only by an
amount of the magnetic flux density occurring due to

demagnetizing field Hd. Further, because magnetic fields
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induced by magnetization of adjacent magnets and
magnetization of yoke members 80B;; and 80B,; act as a
demagnetized field (magnetized field), magnetic flux density
B becomes smaller (or larger).

According to themagnetic field analysis described above,
the magnetic field (magnetic flux density distribution)
inside the magnets is obtained, as shown in Fig. 3(B). Fig.
3(C) shows an enlarged view of the magnetic flux density
distributions inside magnets M3, Mzs, Mps, Mg, Myy, Msg, and
Ms3; indicated by an ellipse C in Figs. 3(A) and 3(B). In an
area Eip inside the magnets, such as for example, the ~Y section
of magnet M4 whose direction of the magnetic pole is in the
+Y direction, the vicinity of the border with magnet My, of
magnets Mz; and Mys positioned on both sides of magnet Mz, the
+Y section of magnet M;¢ whose direction of the magnetic pole
is in the -X direction, the -Y section of magnet M;g whose
direction of the magnetic pole is in the -Y direction, and
the vicinity of the border with magnet Mzs of magnets M;; and
M;3; positioned on both sides of magnet Myg, it can be seen that
the magnetic field is weaker (magnetic flux density is lower)
than other areas.

In the above analysis results, this means that in area
Eis where the magnetic field is weak, the demagnetizing field
induced by the magnetization that each magnet has, themagnetic
field generated by the adjacent/opposing magnets, or the
demagnetized field (to be collectively called a demagnetized
field) induced by the yoke member (or the space formed with
coil wunit 80A) is strong. When intensity H’ of such

demagnetized field is larger than coercivity Hc of each magnet
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(H’>Hc), the magnet is demagnetized, which decreases its
function as a magnet. Accordingly, H’>Hd is to be obtained
so that magnets M;y (i=1 to 5,j=1 to 8) serve as magnets
structuring magnet units 80B; and 80B;. Meanwhile, as for
other areas having a strong magnetic field, this means that
demagnetization field H’ is weak. In such areas, even if
coercivity Hc 1is somewhat smaller, the magnet is not
demagnetized. Accordingly, only in area Epy within magnets
Mij; (i=1 to 5,3=1 to 8) where the magnetic field is weak,
coercivity Hc higher than the other areas having a stronger
magnetic field becomes necessary.

To obtain higher coercivity Hc, an element to increase
coercivity Hc can be added to the rare earth-containing magnet,
which is the neodymium iron boron magnet (Nd,Fei4B) as
previously described. Here, dysprosium Dy will be chosen.
This allows high coercivity Hc, and will also make
demagnetization difficult under an envirbnment of high
temperature. However, there is a problem of dysprosium Dy
being expensive, and having an unstable cost. Further, adding
dysprosium Dy causes a decrease in residual magnetic flux
density Br.

Therefore, in a third step, based on the above analysis
results, addition distribution of dysprosium Dy is decided
so that dysprosium Dy is added only in area (the area having
a strong demagnetized field) Epp having a weak magnetic field
within the magnet, or a relatively higher amount of dysprosium
Dy is added to area E;p than the other areas. Here, the addition
distribution is decided to be equal to area E;pz. This allows

high coercivity Hc to be obtained in area Epz, and in the other
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areas, residual magnetic flux density Br 1is maintained
strongly. Accordingly, in the individual magnets considered
as a whole, both the residual magnetic flux density and
coercivity are improved using a small amount of dysprosium
Dy, and a magnet having strong magnetic force and high
heat-resisting performance can be obtained.

Further, along with déciding the addition distribution
of an element to improve coercivity Hc, for example, a
distribution of adding an element to improve residual magnetic
flux density Br, or a distribution of adding an element to
improve heat-resisting performance can also be decided. 1In
such a case, because priority is given to adding elements that
improve coercivity Hc, these distributions should be decided
so that the elements are added to areas other than area Eg,
felatively more than the amount added to area Eig.

Incidentally, in the second step, while the aréa where
the magnetic field is weaker than a predetermined threshold
value (the magnetic flux density is lower than the threshold
value) 1is obtained as area Eig, iﬁ the third step, in order
to obtain high residual magnetic flux density and high

coercivityusing a small amount of dysprosium Dy, the threshold

.value has to be appropriately selected based on the placement

of each magnet, that is, the directions of the magnetic poles,
residual magnetic flux density, coercivity and the like. As
an example, the threshold value is preferably given with a
magnetic flux density at the maximum inflection point of a
demagnetizing curve for each magnet, an average of the magnetic
flux density inside each magnet and the like, serving as a

reference. Further, in the present embodiment, while only one
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threshold value was set, the threshold value is not limited
to this. For example, a plurality of threshold values can be
set based on the magnitude of the magnetic flux density of
the magnets, and the amount of dysprosium Dy added, the
distribution state of dysprosium Dy, or both the amount and
the distribution state can be decided according to each
threshold value. |

In a fourth step, dysprosium Dy is added based on the
distribution of addition obtained above, and magnets M;; (i=1
to 5,j=1 to 8) are each structured. As shown in Fig. 3(C),
here, area Eis is in contact with a part of the border of the
magﬁets. Therefore, for example, by applying dysprosium
oxide, dysprosium fluoride, or an alloy powder containing
dysprosium to the surface of the part of the border of the
magnets and performing a high-temperature processing to
diffuse dysprosium Dy inside the magnets, dysprosium Dy can
be added restricting the area to area Eig. Incidentally,
details on addition of elements such as dysprosium Dy and the
like are disclosed, for example, in Kokai (Japanese Unexamined
Patent Application Publication) WNo. 2010-135529 (the
corresponding U.S. Patent Application Publication No.
2011/0210810) .

Magnet units 80B; and 80B; are designed using magnets
Miy (i=1 to 5, j=1 to 8) structured in the manner described
above, and linear motor 80 is Structure using magnet units
80B; and 80B;.

Here, the arrangement (of the directions of the magnetic
poles, width and the like of each magnet) of magnets M;y (i=1

to 5, j=1 to 8) within magnet units 80B; and 80B, can be decided
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again (perform step 1), and then steps 2, 3, and 4 can be
repeatedlyperformed. This makes it possible to design linear
motor 80 which has a more suitable structure.

Demagnetization properties were evaluated of a magnet
structured in the manner described. The evaluation results
are indicated in Figs. 4(A) and 4(B). While it can be seen
from Fig. 4(A) that demagnetization occurs at a temperature
equal to or higher than room temperature (of around 20 degrees)
in the magnet without dysprosium Dy added, demagnetization
does not occur until around 60 degrees in the magnet (developed
product) of the present embodiment. Incidentally, the
temperature of 60 degrees 1is the upper limit of the
environmental temperature in which the linear motors are used
in exposure apparatus 10 that will be described later on.
Further, from Fig. 4(B), while it can be seen that the magnet
to which dysprosium Dy has been added entirely shows the same
demagnetization properties as the demagnetization properties
of the magnet of the present embodiment, the magnetic force
is weak. Accordingly, it can be seen that a magnet having
strong magnetic force and high heat-resisting performance has
been obtained by effectively improving both the residual
magnetic flux density and coercivity using a small amount of
dysprosium Dy.

When the design of the present embodiment is used,
because dysprosium Dy is diffused locally and selectively,
and is not diffused evenly throughout the magnets M;; (i=1 to
5, j=1 to 8), the amount of dyspfosiunlDy'added.can.be reduced.
In this case, in eachmagnet, it can be said that the positional

relation between the direction of the magnetic flux and the
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area where dysprosium Dy is distributed differs depending oﬁ
which section the magnet is placed in the ﬁagnetic circuit.
For example, as for magnet Mys in magnet unit 80B;, when the
direction of the magnetic pole is in a first direction (in
this case, -Y direction), dysprosium Dy is distributed in an
area where dysprosium Dy is in a first state with respect to
the first direction (distributed on the tip side of the arrow
indicating the magnetic pole direction), whereas, regarding
magnet 28, when the direction of the magnetic pole is in a
second direction (in this case, +Y direction), dysprosium Dy
is distributed in an area where dysprosium Dy is in a second
state different from the first state with respect to the second
direction (distributed on the reér end side of the arrow
indicating the magnetic pole direction).

Incidentally, in the above embodiment, while the
distribution of area E;p was obtained for all of the magnets
Miy (i=1 to 5, j=1 to 8), and dysprosium Dy was added selectively
in the areas, the present embodiment is not limited to this
structure. For example, when the design method of the present
embodiment is applied only to magnets (areas) having magnetic
poles in one predetermined direction in one unit of MUl to
MU5, a similar effect can be obtained at least regarding such
magnets.

Evaluation was performed of the performance of linear
motor 80 designed and manufactured using the magnet described
above. Fig. 5 shows evaluation results concerning two
prototypes (No. 1 and No. 2) and a current model. 1In the two
prototypes, compared to the current model, magnetic flux

density was improved by 4.0% and 2.5% (not shown), thrust
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constant was improved by 6.52% and 4.08%, and the amount of
heat generation was reduced by 11.87% and 7.69%.

Exposure apparatus 10 structured using linear motor 80
designed and manufactured in the manner described above will
be described.

Fig. 6 shows a schematic configuration of exposure
apparatus 10 related to the present embodiment. Exposure
apparatus 10 is a scanning type exposure apparatus for liquid
crystals used to transfer a pattern of a reticle serving as
a mask onto a glass plate for liquid crystals serving as a
substrate, using a step-and-scan method. |

Exposure apparatus 10 is equipped with an illumination
system 12, a reticle stage device 14, a plate stage device

16, a projection optical system which is not shown, a main

'section column 18 in which the projection optical system is

provided and the like.

Main section column 18 is structured froma surface plate
24 horizontally held Viava plurality of (in this case, four)
vibration isolation pads 22 on the upper surface of a base
frame (frame caster) 20 mounted on an installation floor, a
first column 26 fixed on surface plate 24, a second column
which is not shown provided on the first column 26 and the
like.

Of the sections, surface plate 24 structures a base of
a plate stége which will be described later on, and a movement
plane 24a of the plate stage is formed on the upper surface
of surface plate 24.

In the first column 26, the projection optical system

which i1s not shown is held with the optical axis direction
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serving as a Z-axis direction. As the projection optical
system, a double telecentric dioptric system is used here that
has a projection magnification, for example, of equal
magnification.

The second column is fixed to the upper surface of the
first column 26 in a state surrounding the projection optical
system, and on the second column, a reticle stage base 28 shown
in Fig. 6 is fixed horizontally. A movement plane 28a of a
reticle stage RST is formed on the upper surface of reticle
stage base 28.

Vibration from the installation floor to main section
column 18 structured in the manner described above is insulated
at the micro-g level by vibration isolation pads 22.

Illumination.systen112jgsstructuredxmithealight source
unit, a shutter, a secondary lightbsource forming optical
system; a beam splitter, a condensing lens system, a reticle
blind, an image-forming lens system and the 1like (each of which
are not shown) as disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 9-320956, and
illuminates a rectangular shaped (or an arc shaped)
illumination area on reticleR (refer to Fig. 7) held on reticle
stage RSTwithauniformilluminance. Illumination system12,
as shown in Fig. 6, is supported on the upper part of reaction
force cancelling frames 40A and 40B serving as a pair of holding
members provided separately from main section column 18, via
aparrofsubportnembers13Aand13B,respectively. The lower
ends of reaction force cancelling frames 40A and 40B are
connected to the installation floor at the sides of base frame

20.
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Reticle stage device 14, as shown in Fig. 7, is equipped
with reticle stage RST, and a pair éf linear motors 30 and
32 structuring a driver which drives reticle stage RST along
movement plane 28a.

More particularly, a plurality of air pads which are not
shown are placed on the lower surface of reticle stage RST,
and these air pads support reticle stage RST by levitation
via a predetermined clearance with respect to movement plane
28a. 1In the center of reticle stage RST, a recess section 15
having a rectangular sectional shape is formed, and reticle
R is made to be fixed to the inner bottom section of recess
section 15 by vacuum suction and the like. 1In the inner bottom
section (the rear surface side of reticle R) of recess section
15, a rectangular opening (omitted in drawings) is formed which
forms a path of the illumination light.

Linear motor 30 is placed above reticle stage base 28
(refer to Fig. 6), and is structured from a stator (magneto
stator) 30Amade up of a magnetic pole unit which has a U-shaped
cross—section and extends in a scanning direction (in this
case, a Y-axis direction), and a mover (rotor) 30B made up
of an armature unit which is integrally fixed to a side surface
on one side in the X direction (-X side) of reticle stége RST.
Stator 30A is actually fixed to the tip of a protruding portion
on the upper part of reaction force cancelling frame 40A.

Linear motor 32, as shown in Fig. 7, is placed above
reticle stage base 28 (refer to Fig. 6), and is structured
from a stator (magneto stator) 32A made up of a magnetic pole
unit which has a U-shaped cross-section and extends in the

Y-axis direction, and amover (rotor) 32Bmade up of an armature
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unit which is integrally fixed to a side surface on the other
side in the X direction (+X side) of reticle stage RST. Stator
32A is actually fixed to the tip of a protruding portion on
the upper part of reaction force cancelling frame 40B.

As linear motors 30 and 32, linear motors are used that
employ a driving method using the Lorentz force
(electromagnetic force) whose structures are similar to
linear motor 80 previously described. Magnetic pole units
(stators 30A and 32A) and armature units (movers 30B and 32B)
of linear motors 30 and 32 correspond to magnet units 80By and
80B, and coil unit 80A of linear motor 80, respectively.
However, linear motors 30 and 32 are moving-coil type motors,
and the length of the magnetic pole unit and the driving
direction (Y-axis direction) is shorter than the armature unit.
Besides this point, linear motors 30 and 32 are structured
in a similar manner as linear motor 80.

As described in detail so far, according to linear motor
80 of the present embodiment, its design method, and its
manufacturing method, the magnetic field induced by the
plurality of magnets M;; (i=1 to 5, j=1 to 8) included in magnet
units 80B; and 80B, which are arranged corresponding to coil
unit 80A is analyzed, and based on the results of the analysis,
the distribution is decided of the elements which improves
the coercivity inside each magnet, and based on the
distribuﬁion,eachcﬁfthepluralityofn@gnetsarestructured.
This makes it possible to realize a permanent magnet having
strong magnetic force and high heat-resisting performance
whose residual magnetic flux density and coercivity are both

improved, using a small amount of an element which improves
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coercivity. And, by designing a magnet unit using the
permanent magnet, and amotor using the magnet unit, it becomes
possible to design and manufacture a motor with high
performance that has a large driving force and is drivable
at a high speed.

Further, reticle stage device 14 of the present
embodiment uses linear motors 30 and 32 structured in a similar
manner as linear motor 80, as a driving source. By this
arrangement, a stage device can be obtained with high
performance that can drive reticle stage RST at a high speed.

Further, exposure apparatus 10 of the present embodiment
is equipped with reticle stage device 14 which uses linear
motors 30 and 32 having a structure similar to linear motor
80. By this arrangement, an exposure apparatus can be
obtained which drives a mask at a high speed and has a high
throughput.

Incidentally, while linear motors 30 and 32 structured
similar to linear motor 80 of the present invention were used
as the driving source of reticle stage RST in reticle stage
device 14 and exposure apparaﬁus 10 of the present embodiment,
linear motors 30 and 32 can also be used as the driving source
of plate stage PST in plate stage device 16.

Further, in the above embodiment, while the scanning
type exposure apparatus for liquid crystals equipped with
linear motors structured similar to linear motor 80 was
described, besides such apparatuses, it is alnatter of course
that the linear motor structured similar to linear motor 80
and the stage device equipped with such linear‘motor can also

be applied in a similar manner to a scanning stepper used when
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manufacturing semiconductor devices. Further, the present
embodiment can also be suitably applied, as amatter of course,
to exposure apparatuses like a stationary type exposure
apparatus such as a projection exposure apparatus (a so-called
stepper) and the like using a step-and-repeat method, or to
an electron beam exposure apparatus (EB exposure apparatus),
or also to a laser repair apparatus or other apparatuses
equipped with an XY stage.

Further, the design method and manufacturing method of
linearmotor 80 in the above embodiment is not limited to linear
motors, and can also be used in rotary motors and planar motors.

Further, linear motor 80 of the above embodiment is not
limited to usage in stage devices and exposure apparatuses,
and can also be suitably used in linear motor cars, electric
cars, hybrid cars and the like, in motors used in a high
temperature environment.

Incidentally, the disclosures of all the Patent
Application Publications and the U.S. Patent Application
Publications that are cited in the description so far related
to exposure apparatuses and the like are each incorporated

herein by reference.

Industrial Applicability

The motor of the present invention is suitable as a power
source of a stage device that can perform a high speed drive.
The design method and the manufacturing method of the motor
ofthepresentinventionaresuitableforrealizmm;épermanent
magnet having high residual magnetic flux density and

coercivity, and designing and manufacturing a motor with high
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performance by using the permanent magnet. Further, the stage
device of the present invention is suitable for driving a stage
at a high speed. Further, the exposure apparatus of the

present invention is suitable for exposing an object.
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Claims

1. A design method of a motor which is structured using
a magnet unit including a plurality of magnets and a coil unit
including a plurality of coils, the method comprising:

deciding a distribution of an element which improves
coercivity inside the plurality of magnets for each of the
plurality of magnets, based on results of an analysis performed
of a magnetic field induced by the plurality of magnets
included in the magnet unit.arranged<:orresponding to the coil
unit; and

designing the magnet unit using the plurality of magnets
which are each structured based on the distribution of the

element which improves the coercivity.

2. The design method of a motor according to claim 1
wherein

in the deciding, the distribution of the element which
improves the coercivity is decided from a distribution of an
area whose intensity of the magnetic field inside each of the

plurality of magnets is smaller than a threshold value.

3. The design method of a motor according to claim 2
wherein

the distribution of the element which improves the
coercivity is decided so that the area whose intensity of the
magnetic field in each of the plurality of magnets is smaller
than the threshold value contains more of the element which

improves the coercivity than an area whose intensity of the
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magnetic field is larger than the threshold value.

4. The design method of a motor according to claim 2
wherein

a distribution of an added element different from the
element which improves the coercivity is decided so that an
area whose intensity of the magnetic field in each of the
plurality of magnets is larger than the threshold wvalue
contains more of the added element than the area whose
intensity of the magnetic field is smaller than the threshold

value.

5. The design method of a motor according to any one
of claims 2 to 4 wherein

the threshold value is decided from at least one of a
direction of a magnetic pole, a residual magnetic flux density

and the coercivity of each of the plurality of magnets.

6. The design method of é motor according to any one
of claims 2 to 5 wherein

the threshold value is given from a magnetic flux density
at a maximum inflection point of a demagnetizing curve for

each of the plurality of magnets.

7. The design method of a motor according to any one
of claims 1 to 6 wherein

the plurality of magnets are arranged to structure a
magnetic flux density distribution that corresponds to a

placement of a plurality of coils included in the coil unit
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on a reference plane of the coil unit.

8. The design method of a motor according to any one
of claims 1 to 7 wherein

in the designing, the plurality of magnets which are
structured by partially adding the element to improve the
coercivity are used, based on the distribution of the element

which improves the coercivity.

9. The design method of a motor according to any one
of claims 1 to 8 wherein

each of the plurality of magnets 1is a vrare
earth-containing magnet which contains at least Nd;Fei,B, and

the element which improves the coercivity is dysprosium.

10. The design method of a motor according to any one
of claims 1 to 9 wherein

the motor is a linear motor in which one of the magnet
unit and the coil unit serves as a mover and the other serves
as a stator, and the mover moves in a uniaxial direction with

respect to the stator.

11. A manufacturing method of a motor, comprising:

designing a motor using the design method of a motor
according to any one of claims 1 to 10; and

manufacturing the motor according to resulté of the

designing.

12. A motor which is designed using the design method
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of a motor according to any one of claims 1 to 10, and is

manufactured according to results of the design.

13. A motor which is structured using a magnet unit
including a plurality of magnets and a coil unit including
a plurality of coils, wherein

the magnet unit is designed using the plurality of
magnhets which are each structured based on a distribution of
an element which improves coercivity inside the plurality of
magnets for each of the plurality of magnets, the distribution
being decided based on results of analyzing a magnetic field
induced by the plurality of magnets included in the magnet

unit arranged corresponding to the coil unit.

14. The motor according to claim 13 wherein

the distribution of the element which improves the
coercivity is decided from a distribution of an area whose
intensity of the magnetic field inside each of the plurality

of magnets is smaller than a threshold wvalue.

15. The motor according to claim 14 wherein

the distribution of the element which improves the
coercivity is decided so that the area whose intensity of the
magnetic field in each of the plurality of magnets is smaller
than the threshold value contains more of the element which
improves the coercivity than an area whose intensity of the

magnetic field is larger than the threshold value.

16. The motor according to claim 14 wherein
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a distribution of an added element different from the
element which improves the coercivity is decided so that an
area whose intensity of the magnetic field in each of the
plurality of magnets is larger than the threshold value
contains more of the added element than the area whose
intensity of the magnetic field is smaller than the threshold

value.

17. The motor according to any one of claims 14 to 16
whérein

the threshold value is decided from at least one of a
direction of a magnetic pole, a residual magnetic flux density

and the coercivity of each of the plurality of magnets.

18. The motor according to any one of claimsvl4 to 17
wherein

the threshold value is given from a magnetic flux density
at a maximum inflection point of a demagnetizing curve for

each of the plurality of magnets.

19. The motor according to any one of claims 13 to 18
wherein

the plurality of magnets are arranged to structure a
magnetic flux density distribution that corresponds to a
placement of a plurality of coils included in the coil unit

on a reference plane of the coil unit.

- 20. The motor according to any one of claims 13 to 19

wherein
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the plurality of magnets which are structured by
partially adding the element to improve the coercivity are
used, based on the distribution of the element which improves

the coercivity.

21. The motor according to any one of claims 13 to 20
wherein

the plurality of magnets are each a rare
earth-containing magnet which contains at least Nd;Fe;;B, and

the element which improves the coercivity is dysprosium.

22. The motor according to any one of claims 13 to 21
wherein

the motor is a linear motor in which one of the magnet
unit and the coil unit serves as a mover and the other serves
as a stator, and the mover moves in a uniaxial direction with

respect to the stator.

23. A stage device, comprising:

the motor according to claim 22;

a stage support member in which one of the magnet unit
and the coil unit structuring the motor is provided; and

a stage in which the other of the magnet unit and the
coil unit is provided, and is supported by the stage support

member.

24. An exposure apparatus which transfers a pattern
formed on a mask onto an object, the apparatus comprising:

the stage device according to claim 23 serving as a
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moving device of at least one of the mask and the object.
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