
US 20010051499A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0051499 A1 

Shinozaki (43) Pub. Date: Dec. 13, 2001 

(54) SUBSTRATE ROTATING APPARATUS Publication Classi?cation 

(75) Inventor: Hiroyuki Shinozaki, KanagaWa-ken 
(JP) (51) Int. Cl.7 ................................................... .. B24B 29/00 

(52) US. Cl. ......................... .. 451/285; 451/287; 451/397 
Correspondence Address: 
ARMSTRONG,WESTERMAN, HATTORI, (57) ABSTRACT 
MCLELAND & NAUGHTON, LLP An apparatus for rotating a semiconductor substrate is 
1725 K STREET, NW, SUITE 1000 provided Which comprises a substrate holder for carrying the 
WASHINGTON’ DC 20006 (Us) substrate thereon, a rotor for directly or indirectly supporting 

the substrate holder, a magnetic ?oating mechanism for 
magnetically ?oating and supporting the rotor in a non 

(73) Assigneez Ebara Corporation, Tokyo (JP) contact state, 'and magnetic rotating mechanism for mag 
netically rotating the rotor. The magnetic ?oatmg mecha 
nism and magnetic rotating mechanism are formed as a 

(21) APPL NO; 09/875,134 single integral unit structure. The unit structure includes a 
?rst set of Windings for generating a magnetic ?eld to 

(22) Filed; Jun_ 7, 2001 provide the rotor With a rotating force, and a second set of 
Windings for generating a magnetic ?eld to ?oat and support 

(30) Foreign Application Priority Data the rotor at a predetermined position. The ?rst and second 
sets of Windings are disposed on a single yoke plate made of 

Jun. 9, 2000 (JP) ..................................... .. 2000/173689 a magnetic material. 

Z-AXIS 
A 2 1 
i 
l 

A 

i ......... _. . . ' . X-AXIS 

18 12 



Patent Application Publication Dec. 13, 2001 Sheet 1 0f 12 US 2001/0051499 A1 

NF 



Patent Application Publication Dec. 13, 2001 Sheet 2 0f 12 US 2001/0051499 A1 

Fig. 2 



Patent Application Publication Dec. 13, 2001 Sheet 3 0f 12 US 2001/0051499 A1 

Fig. 3 

U, a (Y-AXIS) 13-1 



Patent Application Publication Dec. 13, 2001 Sheet 4 0f 12 US 2001/0051499 A1 

.SQZH 405.200 
PM? 1.. 1Q 

m_ 

Ha‘ llllllll it / 

w 5E 



Patent Application Publication Dec. 13, 2001 Sheet 5 0f 12 US 2001/0051499 A1 

,.__.____._____.____.___i__\ 
L 

TON -, E 

M H 

.SQZH JONFZOO wHX<l B 

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , 

___.________ ___ _____._____-.4 

I | l l I I ||||\ 



Patent Application Publication Dec. 13, 2001 Sheet 6 0f 12 US 2001/0051499 A1 

Fig. 6 

18-1 
’l3—2 



Patent Application Publication Dec. 13, 2001 Sheet 7 0f 12 US 2001/0051499 A1 

hm QXTX Lu 
Mm 



Patent Application Publication Dec. 13, 2001 Sheet 8 0f 12 US 2001/0051499 A1 

8B 19. 

(a) 
it 

(b) 



Patent Application Publication Dec. 13, 2001 Sheet 9 0f 12 US 2001/0051499 A1 

H9. 9/] 
7 

/ 



Patent Application Publication Dec. 13, 2001 Sheet 10 0f 12 US 2001/0051499 A1 

Fig. 70A 

7 

V/ 

Fig. 705’ 

0 T H 

(b) 



Patent Application Publication Dec. 13, 2001 Sheet 11 0f 12 US 2001/0051499 A1 

Fig. 77 



Patent Application Publication Dec. 13, 2001 Sheet 12 0f 12 US 2001/0051499 A1 

jg. 72 

22 
12 

13 

(be 



US 2001/0051499 A1 

SUBSTRATE ROTATING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a substrate rotating 
apparatus, and in more detail to an apparatus for rotating a 
semiconductor substrate in a semiconductor device process 
ing station Where processes such as deposition, annealing, 
oXidiZation diffusion, sputtering, and etching of the semi 
conductor substrate are carried out. 

[0002] In the ?eld of a substrate rotating apparatus, an 
apparatus capable of rotating a semiconductor substrate at 
about 5-70 RPM is conventionally knoWn, and is used in an 
anneal processing station to improve temperature distribu 
tion across the substrate. For example, US. Pat. No. 5,965, 
047 describes such an apparatus, Wherein a semiconductor 
substrate and a substrate holder are mounted on a cylindrical 
holloW rotor. The holloW rotor has a relatively large diameter 
and is supported by ball bearings, and a rotating force is 
transmitted to it through a main rotating shaft to Which it is 
coupled by Way of gears. Since the rotational speed of the 
rotor is relatively loW and hence the circumferential speed of 
the rotor supporting members is relatively loW even though 
the diameter of the rotor is relatively large, operation of the 
apparatus is feasible even if contact type bearings are 
employed. 

[0003] In resent years, hoWever, circuit patterns formed on 
semiconductor substrates used in manufacturing semicon 
ductor devices have become increasingly narroW, and as a 
result, the prior art substrate rotating apparatus in Which 
contact type bearings are employed is no longer suitable for 
use, due to the generation of particles and other contami 
nants. To satisfy the environmental strictures necessary for 
manufacture of semiconductor substrates, it is required to 
employ a substrate rotating apparatus in Which magnetic 
bearings are employed to magnetically ?oat and support a 
holloW rotor in a non-contact state. 

[0004] US. Pat. No. 6,022,413 describes a substrate rotat 
ing apparatus for use in substrate processing stations in 
Which contact type bearings are not employed. The appara 
tus of the ’413 patent includes a holloW rotor as a rotating 
component, Which is ?oated by magnetic forces generated 
by magnetic bearings. The ?oated rotor is magnetically 
rotated by a motor. 

[0005] HoWever, the apparatus of the ’413 patent suffers 
from a design impediment in that its structure extending in 
the direction of its vertical or rotational aXis is excessively 
long. In addition, the diameter of the holloW rotor must be 
made relatively large in order to provide enough room for 
components of the apparatus eXtending through a central 
portion of the holloW rotor. In addition, the structure occu 
pying a long space in the direction of the vertical aXis is not 
desirable in term of maintenance of the apparatus. 

[0006] Therefore, taking into account design requirements 
and maintenance of a substrate rotating apparatus, a unit 
comprising magnetic bearings and a motor should be made 
as ?at as possible. US. Pat. No. 5,818,137 discloses an 
apparatus in Which magnetic bearings and a motor are 
combined or integrated into a ?at unit. HoWever, even this 
relatively ?at unit is not yet suf?ciently reduced in height 
due to restrictions imposed by the respective functions of the 
magnetic bearings and the motor. Speci?cally, since at least 
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tWo stator yoke plates are required in the apparatus of ’137 
patent, a suf?ciently ?at unit is unable to be realiZed. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made in vieW of the 
problems described above. Consequently, it is an object of 
the present invention to provide an apparatus for rotating a 
semiconductor substrate, Which is capable of meeting appa 
ratus performances required for the manufacture of neXt 
generation semiconductor devices With Wiring Widths 
(design rule) of 0.1 pm or less, and reducing the height and 
siZe of the apparatus by making integral With one another 
components required for generating forces for rotating and 
supporting a magnetic rotor. 

[0008] To achieve the object of the present invention, an 
apparatus for rotating a semiconductor substrate comprises 
a substrate holder for carrying the substrate thereon, a rotor 
for directly or indirectly supporting the substrate holder, a 
magnetic ?oating mechanism for magnetically ?oating and 
supporting the rotor in a non-contact state, and magnetic 
rotating mechanism for magnetically rotating the rotor, 
Wherein 

[0009] the magnetic ?oating mechanism and magnetic 
rotating mechanism are formed as an integral unit structure, 

[0010] the unit structure includes a ?rst set of Windings for 
generating a magnetic ?eld to provide the rotor With a 
rotating force, and a second set of Windings for generating 
a magnetic ?eld to ?oat and support the rotor at a predeter 
mined position, 

[0011] the ?rst and second sets of Windings are disposed 
on a single yoke plate made of a magnetic material. 

[0012] In the apparatus described above, it is preferable 
that the rotor is formed to have in a ring-shaped, and that the 
ring-shaped rotor indirectly supports the substrate holder by 
Way of supporting members. By utiliZing such a ring-shaped 
rotor, the apparatus as Whole is able to be formed to have a 
?at structure, thereby enabling a substrate having a large 
diameter to be processed. 

[0013] It is also preferable that the apparatus comprises a 
barrier Wall disposed betWeen the outer surface of the rotor 
and the inner surface of the yoke plate, in contact With only 
the yoke plate, resulting in that the ?rst and second sets of 
Windings are positioned on the yoke plate outside the barrier 
Wall. Since the sets of Windings are separated, by the barrier 
Wall, from a space Where a substrate is processed, they are 
protected from corrosion Which may otherWise occur Within 
the space. 

[0014] In the apparatus according to the present invention, 
it is further preferable to comprise beads made of a magnetic 
material Which are embedded in portions of the barrier Wall. 
These portions lay in magnetic ?uX paths through Which 
magnetic ?uXes generated from the ?rst and second sets of 
Windings pass. By employing the magnetic beads in the 
magnetic ?uX paths, a relatively large gap can be de?ned 
betWeen the barrier and the ring-shaped rotor, resulting in 
that a large object-free margin is provided for Whirling of the 
rotor. 

[0015] Still further, it is preferable for the apparatus 
according to the present invention to comprise magnets 
disposed on the top surface of the yoke plate near the rotor 
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or on the top surface of the rotor near the yoke plate, 
Whereby magnetic ?uxes are generated in a direction 
orthogonal to the top surface of the rotor. By use of such 
magnets, it is possible to improve the rigidity of passive 
stability axes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a lateral cross-sectional vieW shoWing an 
exemplary structure of a substrate processing station Which 
employs a substrate rotating apparatus according to the 
present invention; 
[0017] FIG. 2 is a horiZontal cross-sectional vieW along 
With the line A-A in FIG. 1, illustrating main components of 
a ?rst embodiment of the substrate rotating apparatus 
according to the present invention, together With horiZontal 
orthogonal axes X, Y of the apparatus; 

[0018] FIG. 3 shoWs, on the cross-sectional vieW in FIG. 
2, coordinate axes U, V, W of rotation driving Windings, and 
coordinate axes 0t, [3 of position controlling Windings of the 
substrate rotating apparatus according to the present inven 
tion; 
[0019] FIG. 4 is a diagram illustrating an electric connec 
tion con?guration for the rotation driving Windings of the 
substrate rotating apparatus according to the present inven 
tion; 
[0020] FIG. 5 is a diagram illustrating an electric connec 
tion con?guration for the position controlling Windings of 
the substrate rotating apparatus according to the present 
invention; 
[0021] FIG. 6 is a diagram for explaining a relationship 
betWeen a stator yoke plate and a barrier Wall of the substrate 
rotating apparatus according to the present invention; 
[0022] FIG. 7 illustrates a relationship among a ring 
shaped rotor, orthogonal three-dimensional coordinates, and 
six degrees of freedom of a rigid body, in the substrate 
rotating apparatus according to the present invention; 
[0023] FIGS. 8A and 8B are plan and lateral vieWs, 
respectively, of a ?rst exemplary structure of the ring-shaped 
rotor for use in the substrate rotating apparatus according to 
the present invention; 
[0024] FIGS. 9A and 9B are plan and lateral vieWs, 
respectively, of a second exemplary structure of the ring 
shaped rotor for use in the substrate rotating apparatus 
according to the present invention; 
[0025] FIGS. 10A and 10B are plan and lateral vieWs, 
respectively, of a third exemplary structure of the ring 
shaped rotor for use in the substrate rotating apparatus 
according to the present invention; 
[0026] FIG. 11 is a horiZontal cross-sectional vieW illus 
trating main components of a second embodiment of a 
substrate rotating apparatus according to the present inven 
tion; and 
[0027] FIG. 12 is a diagram illustrating an exemplary 
structure to improve rigidity of passive control axes of the 
substrate rotating apparatus, in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Exemplary embodiments of the present invention 
Will be described hereinafter With reference to the accom 
panying draWings. 
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[0029] FIG. 1 is a lateral cross-sectional vieW illustrating 
a substrate processing station Which employs an apparatus 
for rotating a semiconductor substrate according to the 
present invention. FIG. 2 is a horiZontal cross-sectional 
vieW taken along a line A-A in FIG. 1 or the X-Y plane of 
the apparatus. The substrate processing station comprises a 
chamber 1 Which in turn is provided With a large number of 
lamp heaters 2 disposed in an upper portion of a space Within 
the chamber 1. The chamber 1 is also provided With a 
substrate holder 4 disposed in its internal space for carrying 
a target substrate 3 to be processed. The substrate holder 4 
is supported through supporting members 5 on a ring-shaped 
rotor 7. 

[0030] On the outer peripheral side surface of the ring 
shaped rotor 7, a barrier Wall 8 is disposed With a predeter 
mined gap therebetWeen, and a stator yoke plate 6 is 
disposed in contact With the outer periphery of the barrier 
Wall 8. In other Words, the barrier Wall 8 is in contact With 
the inner periphery of the stator yoke plate 6. Rotation 
driving Windings 12 and position controlling Windings 13 
are secured on the stator yoke plate 6 at equal intervals in the 
circumferential direction as shoWn in FIG. 2. A displace 
ment of the ring-shaped rotor 7 in the X-axis direction is 
detected by a displacement sensor 9, While a displacement 
thereof in the Y-axis direction is detected by a displacement 
sensor 10. The substrate processing station further com 
prises a rotation sensor 11 for detecting a rotational speed of 
the rotor 7, a re?ector plate 14 Which re?ects irradiated heat 
from the lamp heaters 2, substrate push-up pins 15 for 
pushing up the substrate 3, coolant lines 16 for passing a 
coolant such as cooling Water therethrough, and a gate valve 
17. 

[0031] The substrate holder 4, supporting members 5, the 
stator yoke plate 6, ring-shaped rotor 7, sensors 9-11, and 
sets of Windings 12 and 13 on the plate 6 basically form the 
substrate rotating apparatus according to the present inven 
tion. HoWever, the substrate holder may also be supported 
directly by the ring-shaped rotor 7 Without the use of the 
supporting members 5. 

[0032] In the substrate processing station as described 
above, three-dimensional orthogonal coordinates are pro 
vided With the vertical axis being assigned as a Z-axis. The 
target substrate 3 is inserted into the center of the chamber 
1, mounted on the substrate holder 4, and then subjected to 
a desired processing. When the substrate 3 should be rotated 
during such processing, the substrate 3 is rotated around the 
Z-axis by the substrate rotating apparatus. The lamp heaters 
2 disposed above the substrate 3, supply the substrate 3 With 
thermal energy required for the processing. The ring-shaped 
rotor 7 is magnetically coupled to the stator yoke plate 6 and 
supported thereby. The stator yoke plate 6 is isolated from 
the substrate processing space of the chamber 1 by the 
barrier Wall 8 as mentioned above. In other Words, the stator 
yoke plate 6, rotation driving Windings 12 and position 
controlling Windings 13 are disposed outside the space 
Where the substrate 3 is placed. 

[0033] The target substrate 3 may be a silicon substrate, 
quartZ substrate, germanium substrate, or the like. The 
substrate holder 4 may be made of a material such as quartZ, 
silicon carbide (SiC), steatite (MgO.SiO2), mullite 
(3Al2O3.2SiO2), or the like. The supporting member 5 may 
be made of a material such as quartZ, silicon carbide (SiC), 
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steatite (MgO.SiO2), mullite (3Al2O3.2SiO2), stainless steel 
or the like. The ring-shaped rotor 7 may be made of a 
magnetic material such as permalloy (PB, PC), electromag 
netic stainless steel, Fe—Si steel, electromagnetic soft iron 
(SUY-B, SUY-P) or the like. When a permanent magnet is 
used as the rotor 7, a samarium/cobalt based magnet or an 
iron/neodymium/boron based magnet is applicable. Also, for 
improving the corrosion resistance, coating such as nickel 
plating is applied to the rotor 7. 

[0034] The barrier Wall 8 may be made of a non-magnetic 
material formed to have a cylindrical shape, and is in contact 
With the inner peripheral surface of the stator yoke plate 6, 
as is clearly illustrated in FIG. 6. A non-magnetic material 
suitable for the barrier Wall 8 may be an austenite-based 
stainless steel (SUS316, SUS304), polyether/ether ketone 
(PEEK) material, an aluminum alloy, and so on. 

[0035] The stator yoke plate 6 is comprised, as shoWn in 
FIG. 3, of a yoke plate 6-1, the rotation driving Windings 12 
and the position controlling Windings 13. The Windings 12 
are grouped into three types of Windings 12-1, 12-2, 12-3 for 
U, V and W phases, respectively. The Windings 12-1 com 
prises +U and —U phase Winding components, the Windings 
12-2 comprises +V and —V phase Winding components, and 
the Windings 12-3 comprises +W and —W phase Winding 
components. These Winding components are located as 
illustrated in FIG. 3. The Windings 13 are grouped into tWo 
types of Windings 13-1, 13-2. The Windings 13-1 comprises 
+0.0. and —(X aXis Winding components, and the Windings 
13-2 comprise +6 and —[3 aXis Winding components. These 
Winding components are located as illustrated in FIG. 3. The 
yoke plate 6-1, Which is made of a magnetic material, may 
be comprised of a structure of laminated silicon steel plates, 
such as solid permalloy (PB, PC), electromagnetic stainless 
steel plates or Fe-Si steel plates. A structure Which produces 
the least possible eddy current loss is preferred as the yoke 
plate. Speci?cally, a laminate of thin plates, and a material 
having a high resistance should be used as the plate 6-1. 
FIG. 3 also shoWs a relationship among the coordinate aXes 
U, V, W of the rotation driving Windings 12, the coordinate 
aXes 0t, [3 of the position controlling Windings 13, and the 
horiZontal orthogonal coordinates X, Y. As illustrated in 
FIG. 3, the coordinate aXes 0t and [3 of the position control 
Windings 13 are respectively coincident With the horiZontal 
orthogonal coordinates Y and X. 

[0036] Each of the rotation driving Windings 12 has a 
structure equivalent to a Winding of a conventional motor, 
and may be made of a quite normal Wiring material. The 
same applies to each of the position controlling Windings 13. 

[0037] FIG. 4 illustrates an electrical connection for the 
rotation driving Windings 12 Which are grouped to the 
Winding components 12-1, 12-2, 12-3, and FIG. 5 illustrates 
an electrical connection for the position controlling Wind 
ings 13 Which are grouped to the Winding components 13-1, 
13-2. As illustrated in FIG. 4, the +U and —U phase Winding 
components 12-1, +V and —V phase Winding components 
12-2 and +W and —W phase Winding components 12-3 are 
connected in a star con?guration. A U-phase current iu, 
V-phase current iv, and W-phase current iW are supplied 
from an intelligence poWer module (IPM) 18, respectively. 
A phase current detector 19 having three current detection 
components is provided to detect the respective phase cur 
rents iu, iv, iW. Here, the IPM 18 may be one that is 
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commonly used as a conventional motor controller, and the 
phase current detector 19 may be one that is commercially 
available. The phase currents detected by the phase current 
detector 19 are used for creating control signals Which are 
supplied to a vector control drive for a motor and the 
position controlling Windings 13. 

[0038] On the other hand, as shoWn in FIG. 5 as Well as 
FIG. 3, the coordinate aXes 0t, [3 of the Winding components 
13-1, 13-2 are positioned in correspondence to (in alignment 
With) the horiZontal plane motion coordinate aXes X, Y of 
the rotor 7, and the Winding components 13-1, 13-2 are 
supplied With currents 10., i[3 from IPM 20-1, IPM 20-2, 
respectively. The currents are detected by detectors 21-1 and 
21-2, respectively. In the constitution illustrated in FIG. 5, 
since the coordinate aXes 0t, [3 of the Winding components 
13-1, 13-2 are positioned in correspondence to (in alignment 
With) the horiZontal plane motion coordinate aXes X, Y, 
control signals (illustrated as ot-aXis and [3-aXis control 
inputs in FIG. 5) are processed in a controller (not shoWn), 
based on signals emitted from the displacement sensors 9 
and 10 for the X-aXis and the Y-aXis. Therefore, the IPMs 
20-1, 20-2 are controlled by the control signals, and can 
supply the currents 10., i[3 to the Winding components 13-1, 
13-2, respectively. This results in elimination of phase 
conversion to a poWer unit control signal for adjusting the 
Winding currents. 

[0039] It should be noted that, in order to process the 
position control signals in the controller (not shoWn), an 
output of the rotation sensor 11, and respective phase current 
values of the components 12-1 - 12-3 of the rotation driving 
Windings 12 and respective phase current values of the 
components 13-1, 13-2 of the position controlling Windings 
13 may be utiliZed in addition to the outputs of the displace 
ment sensors 9, 10. 

[0040] FIG. 7 is an explanatory vieW for shoWing siX 
degrees of freedom of the ring-shaped rotor 7 as a rigid body. 
As shoWn in FIG. 7, the siX degrees of freedom of the rotor 
include (1) a translational motion along the X-aXis in the 
horiZontal direction, (2) a translational motion along the 
Y-aXis in the horiZontal direction, (3) a translational motion 
along the Z-aXis in the vertical direction, (4) a gradient 
motion 0y about the X-aXis, (5) a gradient motion 0X about 
the Y-aXis, and (6) a rotational motion 00. 

[0041] FIGS. 8A and 8B are plan and lateral vieWs of a 
?rst embodied structure of the ring-shaped rotor 7, respec 
tively. The ring-shaped rotor 7 is a permanent magnet type, 
comprising a ring 7-1, and a permanent magnet 7-2 secured 
on the outer periphery of the ring 7-1. The ring 7-1 is made 
of a solid magnetic material, for eXample, PB, PC, Fe—Si, 
SUY-B, electromagnetic stainless, or the like. The perma 
nent magnet 7-2 is divided into four sections, a facing or 
opposite pair of Which are magnetiZed to the N-pole and the 
other pair of Which are magnetiZed to the S-pole. The 
permanent magnet 7-2 is made of Sm—Co based 
(samarium-cobalt based) magnet, Nd—Fe—B based (neo 
dium-iron-boron based) magnet or the like. The structure of 
the ring-shaped rotor 7 can readily ensure the rigidity of the 
passive control aXes (passive stability aXes) and a high 
motor ef?ciency. Generally, such a structure is referred to as 
a brush-less DC motor. 

[0042] FIGS. 9A and 9B are plan and lateral vieWs of a 
second embodied structure of the ring-shaped rotor 7, 
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respectively. The second ring-shaped rotor is an induction 
type, Which essentially requires a cage circuit that acts as a 
secondary current path in the ring-shaped rotor 7. HoWever, 
in stead of the cage circuit, the ring-shaped rotor 7 in this 
embodiment is made of a solid magnetic material, for 
eXample, PB, PC, Fe—Si, electromagnetic stainless, SuY-B, 
or the like to reduce the siZe. 

[0043] FIGS. 10A and 10B are plan and lateral vieWs, 
respectively, of a third embodied structure of the ring-shaped 
rotor 7. The third ring-shaped rotor 7 is a reverse salient pole 
type, Which is employed When a reluctance motor is used. 

[0044] Generally, When the siX degrees of freedom of the 
ring-shaped rotor 7 are represented in the orthogonal coor 
dinate system X, Y, Z as shoWn in FIG. 7 and Z-aXis is 
assigned as a rotation aXis, a total of ?ve degrees of freedom 
must be supported, including the translational motions in the 
orthogonal X-aXis and Y-aXis directions, the gradient 
motions 0y, 0X about the X-aXis and Y-aXis, and the trans 
lational motion in the Z-aXis direction. For this reason, tWo 
radial magnetic bearings or bearing-less motors are required, 
Which are disposed in the direction of the rotation aXis Z to 
stably support four degrees of freedom: the translational 
motions along the X- and Y-aXes and the gradient motions 
about the X- and Y-aXes. Other magnetic bearings are also 
required for the translational motion along the Z-aXis. 
Accordingly, a plurality of yoke plates Wrapped With Wind 
ings are required. 

[0045] HoWever, in the apparatus for rotating a semicon 
ductor substrate, especially having a large-diameter, accord 
ing to the present invention, instead of ?ve degrees of 
freedom (except for the motion of a rigid body about the 
rotation axis), three degrees of freedom including the trans 
lational motion along the Z-aXis and the gradient motions 
about X- and Y-aXes are supported by a passive control 
(passive stability), While only the translational motions 
along the X- and Y-aXes in the radial direction are supported 
by an active control, on the basis of “speci?cities”. There 
fore, a fully non-contact support of the rotor 7 can be 
achieved. In the folloWing, the speci?cities Will be enumer 
ated to demonstrate hoW fully non-contact function can be 
achieved. 

[0046] A) The diameter of the ring-shaped rotor (holloW 
rotor) 7 is large, for instance in a range of 300 to 450 mm: 

[0047] Thus, the stator yoke plate 6 has a large inner 
peripheral length. For this reason, even if only a small 
restoring force in the Z-aXis direction per unit peripheral 
length results from a magnetic suction force acting betWeen 
the stator yoke plate 6 and the ring-shaped rotor 7, the 
totaled restoring force over the entire inner periphery may be 
obtained. 

[0048] B) A static load in the direction of the vertical aXis 
(Z-aXis) is small: 

[0049] The gravitational force acting on the ring-shaped 
rotor 7 is equal only to the sum of Weights of the target 
substrate 3, substrate holder 4 and ring-shaped rotor 7. The 
substrate 3 has a Weight of 100 g at most, and thus When the 
substrate holder 4 and the ring-shaped rotor 7 are reduced in 
Weight, the gravitational force Will be correspondingly 
reduced. 

[0050] C) Adynamic load in the vertical direction (Z-aXis) 
is substantially Zero: 
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[0051] Therefore, it is not essential to actively control the 
Z-aXis because of the reasons set forth in B) and C). 

[0052] D) The rotor is ?at: 

[0053] Thus, the gradient motions of the rotor are stabi 
liZed by virtue of the gyro effect of the rotor 7. Accordingly, 
it is not essential to actively control the gradient motions 
about the horiZontal aXes X and Y. 

[0054] In the present invention, in vieW of the foregoing 
speci?cities A)-D), the single stator yoke plate 6 is provided 
With tWo sets of Windings, one set of Which are used as the 
rotation driving Windings 12 for generating a rotation driv 
ing magnetic ?eld, and the other set of Which is used as the 
position controlling Windings 13 for controlling the position 
of the rotor 7. In this Way, the respective forces associated 
With the rotation driving and supporting of the rotor 7 are 
integrally combined, thereby alloWing a reduction in height 
and siZe of the substrate rotating apparatus. 

[0055] FIG. 11 is a horiZontal cross-sectional vieW shoW 
ing main components of a second embodiment of the 
substrate rotating apparatus according to the present inven 
tion. The second embodiment differs from the ?rst embodi 
ment shoWn in FIG. 2 in the structure of the barrier Wall 8. 
Speci?cally, in the ?rst embodiment, there is a gap or a 
non-magnetic space interposed betWeen the barrier Wall 8 
attached to the stator yoke plate 6 and the ring-shaped rotor 
7. This gap functions as a main resistance on the magnetic 
circuit in the ?rst embodiment. 

[0056] In the second embodiment as shoWn in FIG. 11, to 
decrease the magnetic resistance, magnetic beads 8-1 are 
embedded in portions of the barrier Wall 8 Which is made of 
a non-magnetic material. The embedded beads 8-1 are 
located at magnetic paths in the barrier Wall 8 Where 
magnetic ?uXes generated from the sets of Windings 12 and 
13 pass through. To achieve this object, the beads 8-1 are 
located in positions Which correspond to the sets of Windings 
12 and 13. 

[0057] Speci?cally, supposing that the distance betWeen 
the inner surface of the stator yoke plate 6 and the outer 
surface of ring-shaped rotor 7 is the same in the ?rst and 
second embodiments, the main resistance on the magnetic 
circuit in the second embodiment Will be loWer than that in 
the ?rst embodiment. This is because of the effect the beads 
8-1 have in loWering magnetic resistance. It is, therefore, 
possible to increase the ef?ciency of the magnetic force in 
the second embodiment. Alternatively, supposing that the 
distance of the gap betWeen the inner surface of the barrier 
Wall 8 and the outer surface of the ring-shaped rotor 7 is the 
same in the ?rst and second embodiments, a Wider gap can 
be de?ned in the second embodiment in comparison With the 
?rst embodiment. This is advantageous in that a larger 
margin can be ensured for Whirling of the ring-shaped rotor 
7. 

[0058] In both of the embodiments, it is necessary to take 
into account a secondary current generated in the non 
magnetic region of the barrier Wall 8. Namely, it is desirable 
to set an electric resistance of the secondary current path to 
be as large as possible. For this purpose, a material having 
a high electrical resistance may be employed as the barrier 
Wall 8. Alternatively, it is possible to make slits or the like 
in the secondary current path in the barrier Wall. 
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[0059] FIG. 12 illustrates an exemplary structure for 
improving the rigidity of the passive control axes (passive 
stability axes), i.e., translation in the Z-axis direction, 0y 
gradient, and 0x gradient. Here, a permanent magnet 22 is 
disposed at an inner peripheral end of the top surface of the 
stator yoke plate 6 such that the poles of the magnet 22 are 
positioned in the Z-axis direction. By disposing the perma 
nent magnet 22 at the inner leading end on the top surface 
of the stator yoke plate 6, the magnetic ?uxes (D1 ?oW 
upWardly from the top surface of the ring-shaped rotor 7, 
causing a suction force to act in the Z-axis direction relative 
to the rotor 7. In this Way, it is possible to improve the 
rigidity of the passive stability axes, i.e., translation in the 
Z-axis direction, 0y gradient about the X-axis, and 0x 
gradient about the Y-axis. Alternatively, the permanent mag 
net 22 may be disposed on the top surface of the ring-shaped 
rotor 7 to ?oW magnetic ?uxes upWardly from the top 
surface of the rotor 7. For reference, in FIG. 13, (D0 
designates a magnetic ?uxes for rotation driving and posi 
tion control. 

[0060] According to the substrate rotating apparatus of the 
present invention described above, the folloWing advantages 
can be realiZed: 

[0061] In the substrate rotating apparatus, a set of coils or 
Windings for generating a rotary magnetic ?eld to provide a 
rotor With a rotating force and a set of coils or Windings for 
generating a position controlling magnetic ?eld to ?oat and 
support the rotor at a predetermined position are disposed on 
a single yoke plate made of a magnetic material, thereby 
making it possible to simplify the apparatus and reduce its 
height and siZe. In addition, it is possible to reduce costs of 
the apparatus over the conventional art, While at the same 
time providing greater freedom of design of the apparatus. 

[0062] By employing a ring-shaped rotor in the apparatus, 
a substrate having a larger diameter can be processed in a 
substrate processing station employing the rotating appara 
tus. It is also possible to reduce the height of the apparatus. 

[0063] When a barrier Wall is disposed betWeen the rotor 
and the yoke plate, the set of Windings for generating the 
rotary magnetic ?eld and the set of Windings for generating 
the position control magnetic ?eld are positioned outside of 
the barrier Wall. Accordingly, the sets of Windings are 
located outside of a processing space in Which the substrate 
is loaded, and hence the sets of coils can be protected from 
corrosion Which may otherWise result When a corrosive gas 
or the like is used in the space. 

[0064] When beads made of a magnetic material are 
embedded in portions of the barrier Wall to form magnetic 
paths along Which magnetic ?uxes pass, a Wider gap can be 
de?ned betWeen the inner surface of the barrier Wall and the 
outer surface of the ring-shaped rotor, thereby making it 
possible to ensure a larger margin for Whirling of the 
ring-shaped rotor. Further, the main magnetic resistance on 
the magnetic circuit is reduced, thereby making it possible 
to increase the ef?ciency of the magnetic force. 

[0065] Still further, since a magnet is disposed on the top 
surface of the yoke plate near the rotor, or on the top surface 
of the rotor near the yoke plate to generate magnetic ?uxes 
in a direction orthogonal to the top surface of the yoke plate, 
the rigidity of passive stability axes can be improved. 

[0066] While there has been described What are at present 
considered to be preferred embodiments of the invention, it 
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Will be understood that various modi?cations may be made 
therein, and it is intended to cover in the appended claims all 
such modi?cations as fall Within the spirit and scope of the 
invention. 

What is claimed is: 
1. An apparatus for rotating a semiconductor substrate 

comprising a substrate holder for carrying the substrate 
thereon, a rotor for directly or indirectly supporting the 
substrate holder, a magnetic ?oating mechanism for mag 
netically ?oating and supporting the rotor in a non-contact 
state, and magnetic rotating mechanism for magnetically 
rotating the rotor, Wherein 

the magnetic ?oating mechanism and magnetic rotating 
mechanism are formed as a single integral unit struc 

ture, 

the unit structure includes a ?rst set of Windings for 
generating a magnetic ?eld to provide the rotor With a 
rotating force, and a second set of Windings for gen 
erating a magnetic ?eld to ?oat and support the rotor at 
a predetermined position, 

the ?rst and second sets of Windings are disposed on a 
single yoke plate made of a magnetic material. 

2. An apparatus according to claim 1, Wherein the rotor is 
a ring-shaped rotor, and the ring-shaped rotor indirectly 
supports the substrate holder by Way of supporting mem 
bers. 

3. An apparatus according to claim 1, further comprising 
a barrier Wall disposed betWeen the outer surface of the rotor 
and the inner surface of the yoke plate in contact With only 
the yoke plate, resulting in that the ?rst and second sets of 
Windings are positioned on the yoke plate outside the barrier 
Wall. 

4. An apparatus according to claim 1, further comprising 
beads made of a magnetic material Which are embedded in 
portions of the barrier Wall, the portions lying in magnetic 
paths along Which magnetic ?uxes generated by the ?rst and 
second sets of Windings pass. 

5. An apparatus according to claim 1, further comprising 

magnets disposed on the top surface of the yoke plate near 
the rotor or on the top surface of the rotor near the yoke 
plate, for generating magnetic ?uxes in a direction 
orthogonal to the top surface of the rotor to thereby 
improve the rigidity of passive stability axes. 

6. An apparatus according to claim 1, Wherein the ?rst set 
of Windings comprise +U, —U, +V, —V, +W and —W phase 
Winding components and the second set of Windings com 
prise 0t and [3 axis Winding components, each component of 
the ?rst set of Windings is positioned correspondingly to 
each component of the second set of Windings, and the pairs 
of the components of the ?rst and second sets of Windings 
are located on the yoke plate at the vicinity of the inner 
surface thereof and at equal intervals in the circumferential 
direction thereof. 

7. An apparatus according to claim 7, Wherein the 0t and 
[3 axes are set to coincidence With the X and Y of the 
horiZontal plane motion coordinate. 


