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DESCRIPTION 

 

Title of Invention 

STORAGE APPARATUS 

 

Technical field 

[0001] The present invention relates mainly to a storage apparatus with a rotating 

shelf. 

 

Background Art 

[0002] Conventionally, it is known that a storage apparatus for storing a reticle and the 

like is used for semiconductor integrated circuit manufacturing.  PTL 1 discloses this 

type of a storage apparatus. 

 

[0003] The storage apparatus in PTL 1 includes a housing which forms at least one 

closed area for storing an object such as wafers or reticles.  An object storage 

apparatus is disposed in the housing.  The object storage apparatus has a plurality of 

annular shelves, which are disposed in parallel in the vertical direction.  The object 

storage apparatus includes means for realizing a rotary motion around a vertical rotation 

axis.  The object storage apparatus comprises a plurality of storage modules.  The 

object storage apparatus is rotated by an electric driving device in such a manner that a 

respective storage module disposed in the object storage apparatus enters into an arrival 

position of an object-handling device.  An object stored in the storage module is 

operated by the object-handling device. 

 

Citation List 

[0004] Patent Document 1: Japanese Unexamined Pat. App. Pub. No. 2009-545141 

 

Summary of invention 

Technical Problem 

 

[0005] For example, it has been demanded to place devices such as various sensors 

and cameras inside the object storage apparatus for the quality management of the 

object such as a reticle.  With the configuration in PTL 1, however, when electric 

power is to be supplied to the sensors from an electric power source provided outside 

the object storage apparatus, twists of the electric power supply cable occur because the 



F 000 198 PCT SG         2  
 

object storage apparatus rotates. 

 

[0006] The present invention has been made in view of the circumstances described 

above, and a primary object of the present invention is to provide a storage apparatus 

allowing that electric power can be supplied to a device disposed on a rotating shelf, 

while maintaining rotation of the rotating shelf. 

 

Solution to Problem and Advantageous Effects 

 

[0007] Problems to be solved by the present invention are as described above.  

Solutions to the problems and advantageous effects thereof will now be described. 

 

[0008] A first aspect of the present invention provides a storage apparatus 

configuration for storing an object as follows.  The storage apparatus includes a 

housing, a fixed part, a rotating part and a rotating shaft driving part.  The fixed part is 

disposed in the housing and is fixed its position against the housing.  The rotating part 

is connected to the fixed part through a rotating shaft extending in the vertical direction 

and rotates relative to the fixed part. The center of the rotation is the rotating shaft.  

The rotating shaft driving part rotates the rotating shaft.  The fixed part includes a 

power-transmission unit that transmits electric power in a non-contact state.  The 

rotating part includes a rotating shelf, a power drive device and a power-receiving unit.  

The object is disposed on the rotating shelf.  The power drive device is disposed so as 

to rotate integrally with the rotating shelf and it is driven by electric power.  The 

power-receiving unit supplies the power transmitted from the power-transmission unit 

to the power drive device. 

 

[0009] This enables to realize a wireless power feeding to the power drive device that 

rotates with the rotating part as required.  

 

[0010] It is preferable that the storage apparatus includes the following configuration.  

That is, the power-transmission unit includes a support and a conductor.  The support 

surrounds at least a part of the outer circumferential of the rotating shaft.  The 

conductor is disposed on the support along the direction in which the support extends.  

The power-receiving unit includes a coil formed by winding a conductive component.  

When a magnetic field is generated by a current flowing through the conductor of the 

power-transmission unit, an induced current is generated in the coil of the 
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power-receiving unit. 

 

[0011] In this way, it is possible to realize a wireless power supply with a simple 

configuration. 

 

[0012] In the storage apparatus, the conductor may be formed by a circuit pattern of a 

printed board. 

 

[0013] This makes it possible to provide a low-cost and compact power-transmission 

unit.  

 

[0014] It is possible to provide for the following configuration of the storage apparatus.  

That is, the support may have a conductor guiding part formed to extend in the 

circumferential direction.  The conductor is disposed along the conductor guiding part. 

 

[0015] In this case, the power-transmission unit can be formed with a simple 

configuration. 

 

[0016] In the storage apparatus, it is preferable that the power-transmission unit 

includes a magnetic sheet provided on a side opposite to a side where the conductor and 

the power-receiving unit face each other. 

 

[0017] This enables, that the magnetic sheet serves as a back yoke, which allows that a 

magnetic flux resulting for an energized conductor can be concentrated on the side of 

the power-receiving unit.  This enables the power-transmission efficiency of the 

power-transmission unit to be improved with a compact configuration. 

 

[0018] In the storage apparatus, it is preferable that another component is disposed or 

a gap is formed between the conductor and the magnetic sheet. 

 

[0019] This allows to separate the conductor and the magnetic sheet by a distance in a 

simple manner, so that it is possible to prevent the magnetic flux resulting from the 

energized conductive material to flow to the side opposite to the power-receiving unit. 

 

[0020] In the storage apparatus, it is preferable that a plate member made of a 

non-magnetic material is disposed between the conductor and the magnetic sheet. 
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[0021] Thus, with a compact configuration, it is possible to effectively reduce the flow 

of the magnetic flux resulting from the energized conductive material to the side 

opposite to the power-receiving unit. 

 

[0022] It is preferable that the storage apparatus has the following configuration.  

That is, the storage apparatus includes at least two power-receiving units disposed in a 

circumferential direction around the rotating shaft.  The power-transmission unit is 

disposed to face a rotation track of the power-receiving unit.  When viewed in a 

direction parallel to the rotating shaft, the power-transmission unit is formed in a circle 

arc shape having an opening, which extends along a circumferential direction of the 

rotating shaft and is disposed to always overlap with at least one of the power-receiving 

units. 

  

[0023] In this way, it is possible to realize a miniaturization of the power-transmission 

unit and a stable wireless power supply. 

 

[0024] It is preferable that the storage apparatus has the following configuration.  

That is, the opening is formed in a size that make it possible to pass the rotating shaft 

there through.  The power-transmission unit is detachably mounted to an outer 

circumferential side of the rotating shaft. 

 

[0025] This enables, that the installation/removal of the power-transmission unit is 

facilitated, so that the maintenance workability can be improved.  

 

[0026] In the storage apparatus, it is preferable that the power drive device includes at 

least one of a temperature sensor, a humidity sensor, a gas component detector and a 

camera. 

 

[0027] Accordingly, the information related to the storage condition in the rotating 

shelf using the power drive device can therefore be readily obtained. 

 

Brief Description of Drawings 

 

[0028] [FIG. 1] An external perspective view showing a configuration of a storage 

apparatus according to a first embodiment of the present invention. 
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[FIG. 2] A front view of a storage apparatus. 

[FIG. 3] A plan view of a storage apparatus. 

[FIG. 4] A sectional perspective view showing the details of a reticle storage 

unit in a housing and a driving configuration for driving the reticle storage unit. 

[FIG. 5] A perspective view showing the configuration of a power-transmission 

unit. 

[FIG. 6] A sectional view showing the configuration of the power-transmission 

unit and a power-receiving unit. 

[FIG. 7] A perspective view showing the configuration of the power-receiving 

unit. 

[FIG. 8] A part plan view showing the configuration of a stable wireless power 

supply. 

[FIG.9] A part plan view showing a state that the rotating shelf has rotated 

from the state of FIG. 8. 

[FIG. 10] A part plan view showing the configuration of a wireless power 

supply in a second embodiment of the present invention. 

[FIG. 11] A perspective view showing the configuration of a circuit pattern of a 

multilayer board in the second embodiment of the present invention. 

[FIG. 12] A sectional view showing the configuration of a power-transmission 

unit and a power-receiving unit in the second embodiment of the present invention. 

 

Description of Embodiments 

 

[0029] Next, an embodiment of the present invention will now be described with 

reference to the drawings.  FIG. 1 is an external perspective view showing a 

configuration of a storage apparatus 100 according to an embodiment of the present 

invention.  FIG. 2 is a front view of the storage apparatus 100.  FIG. 3 is a plan view 

of the storage apparatus 100. FIG. 4 is a sectional perspective view showing the details 

of a reticle storage unit 31 being provided in a housing 1 and a driving configuration for 

driving the reticle storage unit. 

 

[0030] The storage apparatus 100 in a first embodiment as shown in FIG. 1, is placed 

in a clean room such as of a semiconductor integrated circuit factory or a liquid crystal 

substrate factory, and is used to store a reticle (tool) for exposure of a semiconductor or 

a liquid crystal substrate.  The storage apparatus 100, as shown in FIG. 1 to FIG. 3 

(FIG. 2 and other Figs.), is essentially furnished with the housing 1, a base stand (fixed 
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part) 11, a reticle storage rack (rotating part) 31, a case storage rack 51 and a motor 

(rotating shaft driving part) 81. 

 

[0031] The housing 1, made from a metal plate for example, is formed with a hollow 

approximately cuboidal shape.  Inside the housing 1, a storage space being sealed from 

the outside is formed. 

 

[0032] The storage apparatus 100 includes a purge device (not shown).  This purge 

device can prevent a contamination of reticles housed by filling a purge gas in the 

storage space inside the housing 1.  Without any limitation, the term purge gas may 

include air or nitrogen gas. 

 

[0033] The base stand 11 is disposed at the lower part in the storage space and is fixed 

in the housing 1, as shown in FIG 2.  The base stand 11 includes a support case 12 and 

a power-transmission unit 14, as shown in FIG.4. 

 

[0034] The support case 12 is formed with a hollow cylindrical shape in which its axis 

is directed along the vertical direction.  The support case 12 has a shape, which is 

closed at its upper end.  The rotating shaft 15 extending in the vertical direction is 

rotatably supported in the center of upper surface of the support case 12 and defines a 

central axis. 

 

[0035] The power-transmission unit 14 is mounted on the upper surface of the support 

case 12.  The power-transmission unit 14 can transmit electric power in a non-contact 

state to the later-described power-receiving unit 34 mounted in the reticle storage rack 

31.  Further details of the configuration of the power-transmission unit 14 are 

described below. 

 

[0036] The reticle storage rack 31 stores a large number of reticles.  As shown in 

FIG.4, the reticle storage rack 31 includes a rotating shelf 32, a detection apparatus 

(power drive device) 33 and a power-receiving unit 34.  The reticle storage rack 31 is 

disposed at a position higher than the base stand 11 and is configured to rotate with the 

rotation of the rotating shaft 15. 

 

[0037] The rotating shelf 32 includes a plurality of shelf boards 37 disposed with a gap 

in the vertical direction.  The respective shelf boards 37 are formed in a hollow ring 
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shape.  The shelf boards 37 are mounted to the rotating shaft 15 by a plurality of 

support beams 38 radially fixed to the rotating shaft 15.  The support beams 38, for 

example eight per one shelf board 37, are arranged and are disposed at front and rear 

positions with equal intervals in the circumferential direction.  When the shaft 15 is 

rotationally driven by the motor 81 described below, then the plurality of shelf boards 

37 rotate simultaneously.  Accordingly, the rotation phase can be changed so that the 

rotating shelf 32 is oriented in a desired direction.  The rotating shaft 15 can rotate in 

normal and reverse directions. 

 

[0038] As shown in FIG. 3, a plurality of storage areas 39 are defined such that the 

storage space on the upper side of the respective shelf boards 37 is divided into a 

plurality of storage areas in the circumferential direction.  Although not shown, in the 

respective storage areas 39, a reticle storage module formed in a hollow box shape is 

placed on the shelf board 37.  Reticles are stored vertically aligned within the reticle 

storage module.  It is possible to freely move the respective reticles in or out from the 

reticle storage module, as necessary. 

 

[0039] By appropriate rotating the rotating shelf 32, the position of the shelf board 37 

and therewith the rotation phase of the storage area 39 where the specific reticle storage 

module is disposed can be adjusted so as to align the accessible rotation phase with a 

reticle transport device 76 described below.  Under these conditions, using the reticle 

transport device 76, a desired reticle can be freely pulled out or put in the reticle storage 

module. 

 

[0040] A detection device 33 shown in FIG. 4, for example, is fixed to the shelf board 

37, and can acquire the information related to a storage state such as a temperature and a 

humidity in the reticle storage shelf 31 and a position of the reticle storage module.  

Examples of the detection device 33 include a known temperature sensor, a humidity 

sensor, a camera, a gas component detector and the like, however, without being limited 

to these elements.  The position and number of the detection device or devices 33 

disposed on the rotating shelf 32 can be arbitrarily determined depending on the 

circumstances.  The detection device 33 rotates integrally with the rotating shelf 32 if 

the rotating shelf 32 rotates.  The detection device 33 is driven by the electric power 

supplied from the power-receiving unit 34 through a cable 35.  

 

[0041] The detection device 33 transmits the detected information to an apparatus and 
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the like (for example, the terminal device 91 shown in FIG. 1) disposed outside of the 

storage apparatus 100 by wireless communication.  The wireless communication may 

be implemented according to a known standard such as a wireless LAN for example.  

This configuration allows the administrator of the storage apparatus device 100 to easily 

determine the storage state of the reticle storage shelf 31 from the outside on the display 

or the like of the terminal device 91. 

 

[0042] As shown in FIG. 4, the power-receiving unit 34 is mounted to a support beam 

38 supporting a lowermost shelf board 37 belonging to the rotating shelf 32, such that 

the power-receiving unit points in a downward direction.  The power-receiving unit 34 

obtains wirelessly electric power from the power-transmission unit 14 and then supplies 

the electric power to the detection device 33 through the cable 35. 

 

[0043] As shown in FIG. 2, the case storage rack 51 includes a storage shelf 52 and a 

buffer shelf 53.  The storage shelf 52 and the buffer shelf 53 may serve to store a 

transport case (not shown) used to convey the reticle.  The storage shelf 52 is formed 

with a cylindrical shape as a whole, and is disposed below the reticle storage shelf 31, 

as shown in FIG.4.  This storage shelf 52 includes a plurality of shelf boards disposed 

in the vertical direction, and these shelf boards will rotate by a motor (not shown).  As 

shown in FIG.2, the buffer shelf 53 is fixed immediately above a case opening device 

66 described below.  This buffer shelf 53 is used for the purpose of temporarily storing 

a transport case waiting for processing in the case opening device 66, for example. 

 

[0044] For example, the motor 81 is provided in the form of an electric motor, and is 

fixed inside the support case 12.  The electric power for driving the motor 81 is 

supplied from the electric power source (not shown) using a cable.  The driving force 

of the motor 81 is transmitted to the rotating shaft 15 by an appropriate driving 

transmission mechanism, so that the rotating shaft 15 is driven. 

 

[0045] The storage apparatus 100 includes a delivery port 61, the case opening device 

66, a case transport device 71 and the reticle transport device 76, in addition to the 

housing 1, the reticle storage rack 31 and the case storage rack 51 

 

[0046] As shown in FIG.1, the delivery port 61 includes an upper port 62 and a lower 

port 63. 
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[0047] The upper port 62 is disposed somewhat upward in the front of the housing 1.  

The upper port 62 has two openings 62a and 62b of which the upper surfaces are 

capable of opening.  A transfer case holding a reticle can be delivered through the 

openings 62a and 62b to the storage apparatus 100 by an overhead transfer vehicle (not 

shown). 

 

[0048] The lower port 63 is disposed lower than the upper port 62 in the front of the 

housing 1.  The lower port 63 has two openings 63a and 63b of which the upper 

surfaces are capable of opening.  A transfer case holding a reticle can be delivered 

through the openings 63a and 63b to the storage apparatus 100 by an operator or a robot 

and the like. 

 

[0049] The transport case transported to the delivery port 61 will be transported by the 

case transport device 71 to the case opening device 66 or the case storage shelf 51. 

 

[0050] The case opening device 66 is disposed in the above storage space, which 

achieves a state where the internal reticle can be taken out after opening the transport 

case. 

 

[0051] As shown in FIG. 3, the case transport device 71 is disposed on the side close 

to the delivery port 61 in the storage space.  The case transport device 71 is composed 

as an articulated arm robot includes a hand 72 and two arms 73 and 74 and the like.  

Furthermore, the case transport device 71 can move in the vertical direction driven by a 

motor (not shown). 

 

[0052] The case transport device 71 can transported the transport case between the 

upper port 62 or the lower port 63, the case opening device 66, and the case storage rack 

51, by operating the hand 72 and the arms 73 and 74 while rising and falling as needed. 

 

[0053] As shown in FIG. 3, the reticle transport device 76 is disposed in the 

above-storage space at a position facing the case transport device 71, with the case 

opening device 66 interposed there between in planar view.  As with the case transport 

device 71, the reticle transport device 76 is composed as an articulated arm robot 

includes a hand 77 and two arms 78 and 79.  Furthermore, the reticle transport device 

76 can move in the vertical direction driven by a motor (not shown). 
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[0054] The reticle transport device 76 can transport a reticle between the case opening 

device 66 and the reticle storage shelf 31, by operating the hand 77 and the arms 78 and 

79 while rising and falling as needed. 

 

[0055] To continue, a wireless power supply structure for supplying electric power to 

the detection device 33 disposed on the reticle storage shelf 31 is described in detail 

with reference to FIGS. 4 to 9.  FIG. 5 is a perspective view showing the configuration 

of the power-transmission unit 14.  FIG. 6 is a sectional view showing the 

configuration of the power-transmission unit 14 and the power-receiving unit 34.  FIG. 

7 is a perspective view showing the configuration of the power-receiving unit 34.  FIG. 

8 is a part plan view showing the configuration of the wireless power supply.  FIG. 9 is 

part plan view showing a state that the rotating shelf 32 has rotated from the state of 

FIG. 8.  Moreover, FIGS. 8 and 9 shows a state in which the shelf board 37 is removed 

from the rotating shelf 32. 

 

[0056] As shown in FIG. 4, the wireless power supply structure includes the 

power-transmission unit 14 mounted on an upper portion of the support case 12 in the 

base stand 11 and a plurality of (two power-receiving units 34 in the embodiment) 

power-receiving units 34 mounted to the lowermost support beams 38 in the reticle 

storage rack 31. 

 

[0057] As shown in FIGS. 4 and 5, the power-transmission unit 14 is formed in a 

circle arc shape having an opening 14a and extending along a circumferential direction 

with respect to the rotating shaft 15.  The power-transmission unit 14 has a base plate 

(base member) 21, a winding support block (support) 22 and a primary coil 23.  

Although not shown in FIGS. 4 and 5, as shown in FIG. 6, the power-transmission unit 

14 further has a magnetic sheet 3. 

 

[0058] For example, the base plate 21 is formed as a slender plate which is 

approximately circle arc shaped and made of a non-magnetic material such as aluminum 

metal.  The base plate 21 is formed into a thin plate having a thickness of about several 

mm and the like.  The base plate 21 is detachably mounted to the upper surface of the 

support case 12 by fixing members (for example, screws) not shown. 

 

[0059] A winding support block 22 is formed as a slender plate which is  

approximately circle arc shaped, as is the case for the base plate 21, and is fixed to an 



F 000 198 PCT SG         11  
 

upper surface of the magnetic sheet 3 described below.  For example, the winding 

support block 22 is formed by injection molding of a synthetic resin.  As shown in FIG. 

5, in the upper surface of the winding support block 22, two rail portions 22a formed 

thin and long in the circumferential direction are formed. 

 

[0060] The respective rail portions 22a are composed as a mortise groove whose upper 

side (near the power-receiving unit 34) is open and which is formed over the whole 

circumferential direction of the winding support block 22 formed in the circle arc shape.  

A primary coil 23 can be accommodated in the mortise groove.  The two rail portions 

22a are disposed in a concentric circle arc shape.  As a result, a relatively convex 

arc-shaped convex portion (conductor guiding part) 25 is provided between the inner 

circumferential side rail portion 22a and the outer circumferential side rail portion 22a 

in the upper surface of the winding support block 22. 

 

[0061] The primary coil 23 is formed by winding a slender litz wire (conductor) 27 as 

a good conductor of electricity along the rail portion 22a.  Specifically, as shown in 

FIG. 5, after disposing the litz wire 27 toward the other end side from one end side in 

the circumferential direction of the winding support block 22 along the single rail 

portion 22a, it is folded at the other end side to be disposed along the other rail portion 

22a, and is then folded back again at the one end side.  In this manner, the primary coil 

23 is being formed by revolving plural times the litz wire 27 about the convex portion 

25 while alternately providing the litz wire 27 on the two rail portions 22a.  In the 

primary coil 23, an alternating current can flow from an inverter (not shown). 

 

[0062] In the present embodiment, the litz wire 27 is wound so that a plurality of 

layers in the vertical direction are formed and the litz wire revolves plural times about 

the convex portion 25 in each layer.  This enables, that a strong magnetic flux can be 

generated with a compact configuration. 

 

[0063] The opening 14a is formed with a size that make it possible to pass the rotating 

shaft 15 there through.  In detail, the distance between both ends of the base plate 21 is 

formed so as to be substantially equal to the diameter of the rotating shaft 15.  Thereby, 

the rotating shaft 15 is capable of being inserted into or out of the power-transmission 

unit 14 through the opening 14a.  Consequently, attaching/detaching of the 

power-transmission unit 14 is facilitated which leads to improved maintainability.  

Moreover, it is easy to mount the power-transmission unit 14 for retrofitting to an 



F 000 198 PCT SG         12  
 

existing storage apparatus. 

 

[0064] The magnetic sheet 3 is formed as a slender sheet, which is approximately 

circle arc shaped as is the case with the base plate 21, and is fixed to an upper surface of 

the base plate 21.  The magnetic sheet 3 is made of an appropriate magnetic material 

and is formed in a thin sheet shape. The thickness of the magnetic sheet 3 can be 1 mm 

or less for example. 

 

[0065] As shown in FIG 6, the magnetic sheet 3 is provided below the winding 

support block 22 and above the base plate 21 to be interposed between the primary coil 

23 and the base plate 21. 

 

[0066] The magnetic sheet 3 provided as above serves as a back yoke and allows to 

prevent the magnetic flux generated in the energized primary coil 23 from leaking 

downward, thereby concentrating the magnetic flux upward.  As a result, a strong 

magnetic field can be generated on the power-receiving unit 34 side. In addition, the 

effect that the magnetic flux is intercepted by the magnetic sheet 3 can prevent the 

generation of eddy currents in the base plate 21.  Thus, the eddy current loss in the 

base plate 21 is suppressed, and the power transmission efficiency of the 

power-transmission unit 14 can be improved. 

 

[0067] The winding support block 22 (specifically, a portion corresponding to the 

bottom of the rail portion 22a) is disposed between the primary coil 23 and the magnetic 

sheet 3.  It is preferable that the portion is formed to have a certain thickness.  As 

shown in FIG. 6, it is considered that the length L1 from the inner base surface of the 

rail portion 22a to the base surface of the winding support block 22 may be several mm 

for example.  Only the length L1 is disposed between the primary coil 23 and the 

magnetic sheet 3. 

 

[0068] As shown in FIG. 7 as a perspective view seen from below, the 

power-receiving unit 34 includes a base block (base member) 41, a magnetic core 42 

and a secondary coil 43. 

 

[0069] The base block 41 is formed of a resin and the like.  The magnetic core 42 is 

made of a ferrite core and the like, and is fixed at the lower part of the base block 41.  

The magnetic core 42 is formed as a horizontally positioned E-shape, and in a base 
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surface thereof, two mortise grooves 42a having a linear shape and being opened 

downward are formed.  The secondary coil 43 is formed by winding an electric wire 

(conductive component) 47 around the above-described magnetic core 42. 

 

[0070] A winding guide member 44 is fixed to the base surface of the base block 41.  

As shown in FIG. 7, although only one winding guide member 44 is shown, two 

winding guide members 44 are disposed at both ends of the magnetic core 42 in the 

longitudinal direction of the mortise grooves 42a, respectively.  Each winding guide 

member 44 has a turn guide 45.  An electric wire 47 forming the secondary coil 43 is 

wound around the turn guides 45. 

 

[0071] The secondary coil 43 is disposed corresponding to the respective mortise 

grooves 42a.  Namely, as shown in FIG. 7, the secondary coil 43 is formed by winding 

the electric wire 47 around the mortise grooves 42a in the magnetic core 42. 

 

[0072] With the above configuration, when an alternating current flows through the 

primary coil 23 of the power-transmission unit 14, in the power-receiving unit 34 facing 

the power-transmission unit 14 in vertical direction, an induced current will flow in the 

secondary coil 43.  Under these conditions, it is possible to supply electric power to the 

power-receiving unit 34 in a non-contact state from the power-transmission unit 14. 

 

[0073] In the wireless power supply structure in the present embodiment, as shown in 

FIG. 8, the power-transmission unit 14 is fixed to the upper surface of the support case 

12 so as to surround the outer circumference of the rotating shaft 15.  On the other 

hand, the two power-receiving units 34 are disposed at positions corresponding to 

rotation phases differing from each other by 180 ° about the rotating shaft 15, and their 

longitudinal directions are arranged such as to be parallel to the tangential direction of 

the primary coil 23 of the power-transmission unit 14. In other words, a rotation locus 

of the power-receiving units 34 forms a circle. The power-receiving units 34 are 

mounted oriented in the downward direction to the support beam 38 of the reticle 

storage rack 31. 

 

[0074] The power-transmission unit 14 is formed in a circle arc shape, and its central 

angle defines an angle slightly larger than 180 °.  Accordingly, the large opening 14a 

that make it possible to pass the rotating shaft 15 is formed in the power-transmission 

unit 14.  In addition, as shown in FIGS. 8 and 9, although the opening 14a is formed in 
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the power-transmission unit 14 as described above, the power-transmission unit 14 can 

always transmit electric power since it faces always at least one of the power-receiving 

units 34 in the vertical direction.  In this condition, regardless of the rotation phase of 

the rotating shelf 32, a stable wireless power supply can be realized. 

 

[0075] The detection device 33 shown in FIG. 4 is electrically connected to both two 

power-receiving units 34 by a cable 35.  Furthermore, the alternating current outputted 

from the power-receiving unit 34 is converted into a direct current by a rectifier 36.  

The rectifier 36 is mounted to rotate with the rotating shaft 15.  Although FIG. 4 shows 

an example in which the rectifier 36 is mounted to the support beam 38, the position of 

the rectifier 36 can be changed as appropriate. As a result, electric power can be 

supplied to detection device 33 from any one of the power-receiving units 34.  As 

described above, since the wireless power supply structure is disposed between the base 

stand 11 and the rotating shelf 32 that relatively rotated to each other, no electric wire is 

twisted, even if the rotating shelf 32 rotates, and a stable electric power can be supplied 

to the detection device 33.  

 

[0076] As described above, the storage apparatus 100 of the present embodiment 

includes the housing 1, the base stand 11, the reticle storage rack 31 and the motor 81.  

The base stand 11 is disposed in the housing 1 and is fixed its position against the 

housing.  The reticle storage rack 31 is connected to the fixed part through the rotating 

shaft 15 extending in the vertical direction 15 and rotates relatively to the base stand 11, 

the rotation center being the rotating shaft 15.  The motor 81 rotates the rotating shaft 

15.  The base stand 11 includes a power-transmission unit 14 that transmits electric 

power in non-contact state.  The reticle storage rack 31 includes the rotating shelf 32, 

the detection device 33 and the power-receiving unit 34.  A reticle is disposed on the 

rotating shelf 32.  The detection device 33 is disposed so as to rotate integrally with the 

rotating shelf 32 and is driven by electric power.  The power-receiving unit 34 supplies 

the electric power transmitted from the power-transmission unit 14 to the detection 

device 33. 

 

[0077] This enables, to realize a wireless power feeding to the detection device 33 

disposed on the rotating reticle storage rack 31. 

 

[0078] Further, in the storage apparatus 100 of the present embodiment, the 

power-transmission unit 14 includes the winding support block 22 and the litz wire 27.  
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The winding support block 22 surrounds parts of the outer peripheries of the rotating 

shaft 15.  The litz wire 27 is disposed on the winding support block 22 along the 

direction in which the winding support block 22 extends.  The power-receiving unit 34 

includes the secondary coil 43 formed by winding the electric wire 47.  When a 

magnetic field generated by a current flowing through the litz wire 27 of the 

power-transmission unit 14, an induced current is generated in the secondary coil 43 of 

the power-receiving unit 34. 

 

[0079] In this way, it is possible to realize a wireless power supply with a simple 

configuration. 

 

[0080] Further, in the storage apparatus 100 of the present embodiment, the winding 

support block 22 having a convex portion 25 is formed to extend in the circumferential 

direction.  The litz wire 27 is disposed along the convex portion 25. 

 

[0081] In this way, the power-transmission unit 14 can be realized with a simple 

configuration. 

 

[0082] In addition, in the storage apparatus 100 of the present embodiment,  

the power-transmission unit 14 includes the magnetic sheet 3 provided on the side 

opposite to the side where the litz wire 27 and the power-receiving unit 34 face each 

other. 

 

[0083] This enables, that the magnetic sheet serves as a back yoke, which allows that 

an energized magnetic flux caused by energizing the litz wire 27 is concentrated on the 

side of the power-receiving unit 34.  This enables with a compact configuration an 

improvement of the power-transmission 14 efficiency of the power-transmission unit. 

 

[0084] Furthermore, in the storage apparatus 100 of the present embodiment, the 

winding support block 22 is another member, which is disposed between the litz wire 27 

and the magnetic sheet 3. 

 

[0085] This allows that the litz wire 27 and the magnetic sheet 3 can be simply 

separated by a distance, so that it is possible to prevent the magnetic flux resulting from 

energizing the litz wire 27 to flow to the side opposite to the power-receiving unit 34. 
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[0086] Further, the storage apparatus 100 of the present embodiment includes the two 

power-receiving units 34 disposed on the circumference around the rotating shaft 15.  

The power-transmission unit 14 is disposed to face the rotation track of the 

power-receiving units 34.When viewed in a direction parallel to the rotating shaft 15, 

the power-transmission unit 14 is formed in a circle arc shape having the opening 14a 

and which extends along a circumferential direction of the rotating shaft 15, and is 

disposed to always overlap with at least one of the power-receiving units 34. 

 

[0087] In this way, it is possible to realize miniaturization of a power-transmission 

unit 14 and a stable wireless power supply. 

 

[0088] Furthermore, in the storage apparatus 100 of the present embodiment, 

the opening 14a in the power-transmission unit 14 is formed in a size that make it 

possible to pass the rotating shaft 15 there through.  The power-transmission unit 14 is 

detachably mounted to an outer circumferential side of the rotating shaft 15. 

 

[0089] Consequently, attaching/detaching of the power-transmission unit 14 is 

facilitated and leads to improvements to the maintenance work. 

 

[0090] Further, in the storage apparatus 100 of the present embodiment, 

the detection device 33 can be provided as a temperature sensor, a humidity sensor or a 

camera and the like. 

 

[0091] Thereby, it is possible to readily obtain the information related to the storage 

condition and the like in the rotating shelf 32 using the detection device 33. 

 

[0092] Next, a second embodiment will be described.  FIG. 10 is a part plan view 

showing the configuration of the wireless power supply having a power-transmission 

unit 14x of the second embodiment.  FIG. 11 is a perspective view showing the 

configuration of the circuit pattern 29 as a multilayer board 28 of the second 

embodiment of the present invention.  FIG. 12 is a side perspective view showing a 

configuration of the power-transmission unit 14x and power-receiving unit 34 of the 

second embodiment.  Further, in the description of the present embodiment, members 

that are the identical or similar as those of the above-described embodiment are given 

the same reference numerals in the figures, and a description thereof can be omitted. 
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[0093] As shown in FIG. 10, the power-transmission unit 14x of the present 

embodiment includes the base plate 21, the magnetic sheet 3, the multilayer board 

(printed board) 28 and a resin plate (plate member) 4.  Specifically, in the multilayer 

board 28, a board made of for example glass fiber corresponds to a support, and a circuit 

pattern 29 formed of for example copper foil provided on the surface of that substrate 

corresponds to a conductor. 

 

[0094] The multilayer board 28 is disposed on the resin plate 4 provided on the 

magnetic sheet 3.  In the present embodiment, the multilayer board 28 is composed as 

a six-layer board, and the circuit pattern 29 of each layer is formed in slender loop shape 

that reciprocates along an arc shape of the outer shape of the multilayer board 28 as 

shown in FIG 11.  The circuit pattern 29 of each layer is electrically connected to the 

upper side or lower side of the circuit pattern 29 via a through hole.  This enables, that 

a six-turn primary coil is formed. 

 

[0095] As shown in FIG. 12, the resin plate 4 is provided below the multilayer board 28 

and above the base plate 21 to be interposed between the multilayer board 28 and the 

magnetic sheet 3.  The resin plate 4 is made of a resin of non-magnetic material with a 

low magnetic permeability.  This resin is a non-conductive material.  The resin plate 

4 has a predetermined thickness and is formed in a plate shape having the same shape as 

the multilayer board 28 in a planar view.  The magnetic sheet 3 is disposed on one side 

of the resin plate 4 in the thickness direction, and the multilayer board 28 is disposed on 

the other side.  It is considered that the thickness of the resin plate 4 may be several 

mm for example. 

 

[0096] In this way, in the present embodiment, the power-transmission unit 14x 

having the same function as the first embodiment can be configured by a printed circuit 

board, which makes is possible to realize a cost reduction and a compact configuration. 

 

[0097] Further, in the present embodiment, since the resin plate 4 is disposed between 

the multilayer board 28 and the magnetic sheet 3, it is possible to avoid that the 

magnetic flux generated by the circuit pattern 29 flows to the side opposite to the 

power-receiving unit 34 with a compact configuration.  Thereby, the hysteresis loss in 

the magnetic sheet 3 and the eddy current loss in the base plate 21 are suppressed and 

therewith the power-transmission efficiency can be improved. 
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[0098] While a preferred embodiment and variations of the present invention have 

been described above, the above configurations may be modified, for example, as 

follows. 

 

[0099] Although the reticle storage rack 31 is configured to rotate integrally as a 

whole, the invention is not limited to this realization.  For example, the reticle rack 31 

may be configured that every shelf board 37 rotates individually.  In this case, the 

above wireless power supply structure may be disposed between the respective shelf 

boards 37. 

 

[0100] In the winding support block 22, the configuration may be such that the mortise 

groove-shaped rail portion 22a is omitted and the convex portion 25 may be changed to 

a simple configuration in which a convex shape is formed.  In that case, the primary 

coil 23 is formed by disposing (wrapping) the litz wire 27 along the convex portion 25. 

 

[0101] In the power-transmission unit 14, the litz wire 27 may be disposed to 

reciprocate along the winding support block 22 while turning the litz wire only once 

instead of turning a plurality of times around.  This configuration may be interpreted as 

forming the primary coil 23 which has single winding. 

 

[0102] The number of windings of the primary coil 23 in the power-transmission unit 

14 and secondary coil 43 in the power-reception unit 34 can be appropriately changed, 

respectively. 

 

[0103] The detection device 33 can be fixed to, for example, the support beam 38 of 

an appropriate portion of the rotating shelf 32. 

 

[0104] Also, a battery capable of temporarily storing electric power may be provided 

to the reticle storage rack 31.  In this case, the electric power is to be supplied from the 

battery to the detection device 33 by charging the battery with the power supplied from 

the power-receiving unit 34. 

 

[0105] The power-transmission units 14 and 14x may be formed in a closed 

circular-shape without the opening 14a.  In that case, the number of the 

power-receiving units 34 may be one. 
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[0106] The power-transmission unit 14 and the power-receiving unit 34 may be 

changed to a configuration in which they face each other in the radial direction instead 

of the configuration facing each other in the axial direction of the rotating shaft 15. 

 

[0107] In the power-transmission unit 14, the resin plate 4 may be provided between 

the winding support block 22 and the magnetic sheet 3.  In this case, the winding 

support block 22 may be thinly formed. 

 

[0108] For example, by using a small spacer, the winding support block 22 or the 

multilayer board 28 may be disposed upward from the magnetic sheet 3 to form a gap 

therebetween. 

 

[0109] At least one of the magnetic sheet 3 and the resin plate 4 may be omitted. 

 

[0110] It is possible to also supply an electric power to a power drive device not being 

a detection device 33 thorough the above power-transmission unit 14 and 

power-reception unit 34. 

 

[0111] Also, the storage apparatus 100 can be used to store objects not being a reticle, 

for example, semiconductor integrated circuit wafer. 

 

Reference Signs List 

[0052] 1   housing 

   11 base stand (fixed part) 

   14 power-transmission unit 

31 reticle storage shelf 

32 rotating shelf 

   33 detection device (power drive device) 

   34 power-receiving unit 

   81 motor 

   100 storage apparatus 
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CLAIMS 

[Claim 1] 

 A storage apparatus which stores objects, comprising: 

a housing; 

a fixed part being disposed in the housing and being fixed its position against 

the housing; 

a rotating part which is connected to the fixed part through a rotating shaft 

extending in the vertical direction and rotates relative to the fixed part, the center of 

rotation being the rotating shaft; and 

a rotating shaft driving part which rotates the rotating shaft;  

wherein 

the fixed part comprises a power-transmission unit which transmits electric 

power in a non-contact state; and 

the rotating part comprises: 

a rotating shelf on which objects are disposed; 

a power drive device which is disposed so as to rotate integrally with the 

rotating shelf and is driven by electric power; and 

a power-receiving unit which supplies the electric power transmitted from the 

power-transmission unit to the power drive device. 

 

[Claim 2] 

 The storage apparatus according to claim 1, wherein 

the power-receiving unit includes: 

a support which surrounds at least a part of the outer circumferential of the 

rotating shaft, and 

a conductor disposed on the support along the direction in which the support 

extends, 

wherein the power-receiving unit comprises a coil formed by winding a 

conductive component, and 

when a magnetic field is generated by a current flowing through the conductor 

of the power-transmission unit, an induced current is generated in the coil of the 

power-receiving unit. 

  

[Claim 3] 

The storage apparatus according to claim 2, wherein 

the conductor is provided by a circuit pattern of a printed board. 
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[Claim 4] 

The storage apparatus according to claim 2, wherein 

the support has a conductor guiding part formed to extend in the 

circumferential direction, and 

the conductor is disposed along the conductor guiding part. 

 

[Claim 5] 

The storage apparatus according to any one of claims 2 to 4, wherein 

the power-transmission unit has a magnetic sheet provided on a side opposite 

to a side where the conductor and the power-receiving unit face each other. 

 

[Claim 6] 

The storage apparatus according to claim 5, wherein 

another component is disposed or a gap is formed between the conductor and 

the magnetic sheet. 

 

[Claim 7] 

The storage apparatus according to claim 6, wherein 

a plate member made of a non-magnetic material is disposed between the 

conductor and the magnetic sheet. 

 

[Claim 8] 

The storage apparatus according to any one of claims 1 to 7 comprising: 

at least two power-receiving units disposed in a circumferential direction 

around the rotating shaft, wherein  

the power-transmission unit is disposed to face a rotation track of the 

power-receiving unit, and 

when viewed in a direction parallel to the rotating shaft, the 

power-transmission unit is formed in a circle arc shape having an opening which 

extends along a circumferential direction of the rotating shaft, wherein the 

power-transmission unit is disposed to always overlap with at least one of the 

power-receiving units. 

 

[Claim 9] 

The storage apparatus according to claim 8, wherein 
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the opening is formed in a size that make it possible to pass the rotating shaft 

there through, and 

the power-transmission unit is detachably mounted to an outer circumferential 

side of the rotating shaft. 

 

[Claim 10] 

The storage apparatus according to any one of claims 1 to 9, wherein 

the power drive device includes at least one of a temperature sensor, a humidity 

sensor, a gas component detector and a camera. 

 

  


