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WAFER DELIVERY DEVICE, WAFER STORAGE CONTAINER, AND

WAFER STORAGE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a wafer
delivery device, a wafer storage container and a wafer

storage system.

2. Description of the Related Art

[0002] A wafer delivery device to deliver a wafer
from/to a wafer storage container including a plurality
of rings with a holding element for holding a wafer is
known. The plurality of rings are vertically stacked in
the wafer storage container (for example, Patent

Literature 1).

Citation List
Patent Literature
[0003] [Patent Literature 1] Japanese Patent No.

4751827

Summary of Invention
Technical Problem
[0004] In the wafer delivery device according to the

above described Patent Literature 1, when delivering a
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wafer from/to any of a plurality of rings vertically
stacked, a support piece that supports rings needs to be
moved up or down and the rings also needs to be moved in
a circumferential direction 1in accordance with the
position of a supported element provided at a different
position for each of the rings. Therefore, the structure
of such a wafer delivery device is complicated. The
supported elements of the vertically adjacent rings are
misaligned in a circumferential direction, so that, if
the vertical position of the support piece is fixed at a
predetermined position in order to simplify the structure
of the wafer delivery device, the wafer delivery device
may be unable to deliver the wafer from/to each of a
plurality of rings at the same height.

[0005] A preferred embodiment of the present
invention provides a wafer delivery device, a wafer
storage container and a wafer storage system capable of
delivering the wafer at the same height from/to each of a

plurality of rings stacked in a vertical direction.

Solution to problem

[0006] A wafer delivery device according a preferred
embodiment of the present invention 1s a device that
delivers wafers from/to a wafer storage container
including a plurality of rings that include wafer holding

elements to hold a wafer. The wafer storage container
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includes the first ring and the second ring. The first
ring includes a first supported element being formed at a
first position in a plan view, and a first wafer holding
element holding the wafer above the first supported
element, and the second ring includes a second supported
element being formed at a second position different from
the first position in a plan view, and a second wafer
holding element holding the wafer above the second
supported element. The first ring and the second ring are
stacked alternately and vertically, and the first wafer
holding element of the first ring is located above the
second supported element of the second ring located above
and adjacent to the first ring and the second wafer
holding element of the second ring is located above the
first supported element of the first ring located above
and adjacent to the second ring. The wafer delivery device
includes a first ring support capable of
supporting the ring, a second ring support capable of
supporting another ring located above and adjacent to the
ring at the position above the wafer holding element of
the ring supported with the first ring support,
an elevating platform capable of moving vertically, the
elevating platform on which the wafer storage container
is placed, and a wafer delivery device to deliver the
wafer to/from the ring supported with the first ring

support. The first ring support includes a first support
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piece, which 1is fixed at the position in a vertical
direction and movable in a plan view, and a first driving
mechanism to drive the first support piece. The first
driving mechanism selectively switches in any of a first
state, a second state, and a third state. In the first
state, the first support piece is advanced to a position
overlapping with the first position and not overlapping
with the second position in a plan view and in the second
state, the first support piece is advanced to a position
overlapping with the second position and not overlapping
with the first position in a plan view and in the third
state, the first support piece is retreated to a position
not overlapping with the first and second positions in
a plan view.

[0007] When delivering a wafer from/to any of a
plurality of rings, the wafer delivery device allows the
ring to be supported at the same height by the first ring
support. Therefore, the delivery unit is capable of
deliver a wafer at a same height from/to any of a plurality
of the rings. In other words, the wafer delivery device
allows a wafer to be delivered at the same height from/to
each of a plurality of the rings stacked in a vertical
direction.

[0008] The first support piece of the wafer delivery
device according to a preferred embodiment of the present

invention may include a first claw that overlaps with the
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first position in a plan view in the first state and does
not overlap with the first position in a plan view in the
second state, and a second claw that is disposed at the
same position as the first claw in a vertical direction,
and does not overlap with the second position in a plan
view in the first state and overlaps with the second
position in a plan view in the second state. The first
support piece may include two claws.

[0009] The first claw and the second claw of the
wafer delivery device according to a preferred embodiment
of the present invention may be configured integrally and
supported rotatably about a drive axis. This achieves
simplified structure of the device without a 1link
mechanism.

[0010] The first claw and the second claw of the
wafer delivery device according to a preferred embodiment
of the present invention may be configured separately,
each of which 1is advanced and retreated by a 1link
mechanism. This avoids easily interference of the first
claw and the second claw with other components.

[0011] The first ring support of the wafer delivery
device according to a preferred embodiment of the present
invention may include a plurality of the first support
pieces and a single one of the first driving mechanism.
The first driving mechanism may have a mechanism to cause

a plurality of the first support pieces to work together
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and move with its driving force. This reduces the number
of the first driving mechanisms to be required.

[0012] The first ring support of the wafer delivery
device according to a preferred embodiment of the present
invention may include a plurality of the first support
pieces and a plurality of the first driving mechanisms.
Each of a plurality of the first driving mechanisms may
drive each of a plurality of the first support pieces.
This eliminates a 1link mechanism, achieving simplified
mechanism of the device.

[0013] The second ring support of the wafer delivery
device according to a preferred embodiment of the present
invention may include a second support piece that is
arranged above the first support piece and movable in a
plan view, and a second driving mechanism that drives the
second support piece. The second driving mechanism causes
the second support piece to advance to a position that
overlaps with the second position and does not overlap
with the first position in the first state in a plan view,
the second driving mechanism causes the second support
piece to advance to a position that overlaps with the
first position and does not overlap with the second
position in the second state in a plan view, and the
second driving mechanism causes the second support piece
to retreat to a position that does not overlap with the

first position and the second position in the third state
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in a plan view. The configuration that allows the second
support piece to advance or retreat realizes the function
to support the ring with the second ring support.

[0014] The second support piece of the wafer delivery
device according to a preferred embodiment of the present
invention may include two claws, a third claw and a fourth
claw. For example, the third claw overlaps with the second
position in a plan view in the first state, and the fourth
claw overlaps with the first position in a plan view in
the second state. In the first state, the second support
piece may be located at the same position as the third
claw in the vertical direction.

[0015] The third claw and the fourth claw of the wafer
delivery device according to a preferred embodiment of
the present invention may be configured integrally and
supported rotatably about a drive axis. This simplifies
the mechanism.

[0016] The third claw and the fourth claw of the wafer
handling device according to a preferred embodiment of
the present invention may be configured separately, each
of which may be advanced and retreated by a 1link
mechanism. This avoids the interference of the third claw
and the fourth claw with other components easily.

[0017] The second ring support of the wafer delivery
device according to a preferred embodiment of the present

invention may include a plurality of the second support
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pieces and a single one of the second driving mechanism.
The second driving mechanism may have a mechanism that
allows a plurality of the second support pieces to work
together and move by use of the driving force. This saves
the number of the second driving mechanisms required.
[0018] The second ring support of the wafer delivery
device according to a preferred embodiment of the present
invention may include a plurality of the second support
pieces and a plurality of the second driving mechanisms.
Each of the plurality of the second driving mechanisms
may drive each of the plurality of the second support
pieces. This achieves simplified mechanisms without a link
mechanism.

[0019] The wafer delivery device according to a
preferred embodiment of the present invention is provided
with a plurality of partially opening and closing modules
including the first and second ring supports. Each of the
first ring supports included in each of the plurality of
partially opening and closing modules may support any
different rings from each other of the plurality of
stacked rings. With this configuration, wafers can be

delivered at multiple positions and each of these

positions can be fixed at a predetermined height.

[0020] A wafer storage container according to a

preferred embodiment of the present invention 1is a
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container from/to the wafer delivery device delivers a
wafer. As described above, when the wafer delivery device
delivers the wafer from/to the wafer storage container,
the wafer is delivered from/to each of the plurality of
vertically stacked rings at the same height.

[0021] The wafer storage system according to a
preferred embodiment of the present invention includes
the wafer delivery device, a stocker that stores the wafer
storage container, and a crane that moves the wafer
storage container between the stocker and the wafer
delivery device. As the above, including the wafer
delivery device in this wafer storage system enables the
wafer to be delivered from/to each of the plurality of

vertically stacked rings at the same height.

Advantageous Effects of Invention

[0022] Preferred embodiment of the present invention,
is able to provide a wafer delivery device, a wafer
storage container and a wafer storage system, which are
capable of delivering a wafer at the same height from/to
each of a plurality of rings stacked in a vertical

direction.

Brief Description of the Drawings
[0023] FIG. 1 is a schematic side view illustrating a

wafer storage system according to the embodiment.
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FIG. 2 1s a schematic ©perspective view
illustrating a wafer storage container according to the
embodiment.

FIG. 3 (A) is a plan view illustrating a first
ring of FIG. 2. FIG. 3(B) is a plan view illustrating a
second ring of FIG. 2.

FIG. 4 is a sectional view along IV-IV line of
FIG. 3(A).

FIG. 5 1is a perspective view illustrating a
plurality of stacked rings.

FIG. 6 (A) 1s a side view illustrating a first
ring of FIG. 2. FIG.6 (B) is a side view illustrating a
second ring of FIG. 2.

FIG. 7 1is a perspective view illustrating a
wafer handling robot of FIG. 1.

FIG. 8 is a schematic front view illustrating a
ring opener of FIG. 1.

FIG. 9 1is a block diagram illustrating the
structure of a ring opener of FIG. 8.

FIG. 10 is a perspective view illustrating the
main part of the ring opener of FIG. 8.

FIG.11 is a  horizontally sectional view
illustrating the main part of the ring opener of FIG. 8.

FIG. 12 1s a horizontally sectional view
illustrating the main part of the ring opener of FIG. 8.

FIG.13 1is a plan view illustrating a first

10
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support piece of FIG. 8 in a neutral state.

FIG.14 (A) is a plan view illustrating a first
support piece of FIG. 8 in a first state. FIG. 14 (B) is a
plan view illustrating the first support piece of FIG. 8
in a second state.

FIG. 15 (A) is a plan view illustrating a second
support piece of FIG. 8 in a neutral state. FIG. 15 (B)
is a plan view illustrating the second support piece of
FIG. 8 in a first state. FIG. 15 (C) 1is a plan view
illustrating the second support piece of FIG. 8 1in a
second state.

FIG. 16 is a front view explaining an operation
example of the ring opener of FIG. 1

FIG. 17 1is a perspective view explaining an
operation example of the ring opener of FIG. 1

FIG. 18 is a perspective view illustrating the
main part of the ring opener according to the variation.

FIG. 19 (A) is a plan view illustrating a first
support piece according to the wvariation. FIG. 19 (B) 1is
a plan view illustrating a first support piece according

to other wvariation.

Detailed Description of the Preferred Embodiments
[0024] The preferred embodiments of the present
invention will be described hereinafter in detail with

reference to the drawings. The same or practically same

11
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components are denoted by the same characters in the
drawings so as to avoid a repeated explanation.

[0025] With reference to FIG. 1, a wafer storage
system 1 includes a wafer delivery device 100, stockers
2, a crane 3, a port 4, and a system controller 9.
Hereinafter, the word “UP” means towards or in a higher
position in a vertical direction, and the word “DOWN”
means towards or in a lower position in a vertical
direction. X direction is a horizontal direction and Y
direction 1is another horizontal direction perpendicular
to X direction, and Z direction is a vertical direction.
[00206] The stocker 2 stores wafer storage container
5. The stocker 2 is provided with a plurality of shelves
2a. The plurality of shelves 2a on which the wafer
storage container 5 are placed are arranged in X
direction and Z direction. The stockers 2 are installed
in a plurality of rows (two rows in the embodiment), for
example, facing each other in Y direction. With
reference to the drawing, one of the stockers 2 is, for
example, arranged above a ring opener 120 of the wafer
delivery device 100. The crane 3 is a carrying device
for carrying the wafer storage container 5. The crane 3
transfers the wafer storage container 5 between the
shelves 2a and the ring opener 120. The crane 3 is
arranged in the area between the stockers 2 facing each

other. The crane 3 travels on a traveling rail (not

12
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shown) disposed along X direction on a floor. The crane
3 includes a guide rail 3a extending in Z direction and
an elevating platform 3b capable of moving up and down
along the guide rail 3a.

[0027] The wafer delivery device 100 is provided with
a wafer handling robot 110 and the ring opener 120. The
details of the wafer handling robot 110 and the ring
opener 120 will be described later. The port 4 is a port
for delivering a FOUP (Front Opening Unified Pod) 8
between a carriage or a worker and the wafer storage
system 1. The carriage travels along the rail installed
in the ceiling of a semiconductor factory to transport
the FOUP 8. The carriage is an Overhead Hoist Transport
capable of carrying the FOUP 8. The carriage 1s also
referred to as a vehicle (transport vehicle), overhead
travel vehicle (overhead transport vehicle) or travel
vehicle. A worker may carry and put the FOUP 8 into the
wafer storage system 1 or receive the FOUP 8 carried out
from the wafer storage system 1. The FOUP 8, which
includes a box-shaped chassis having an opening and a door
to cover the opening, is placed on the port 4 by the
carriage or a worker. The door is detachable from the
chassis. One or more wafers are accommodated within the
FOUP 8.

[0028] The system controller 9 for controlling each

operation of the wafer storage system 1 is an electronic

13
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control unit including CPU (Central Processing Unit), ROM
(Read Only Memory), RAM (Random Access Memory). The system
controller 9 may be implemented in software such as a
computer program stored in ROM is loaded onto RAM and
executed through CPU, hardware such as an electronic
circuit. The system controller 9 may be made of a single
device or a plurality of devices such that one system
controller 9 is 1logically constructed by 1linking the
plurality of devices through communication network such
as the Internet or an Intranet.

[0029] Procedures to transfer wafers to the FOUP 8 from
the wafer storage container 5 stored in the stockers 2 in
the wafer storage system 1 will be described. For example,
the FOUP 8 is placed on the port 4 by a carriage or a
worker. The crane 3 moves the wafer storage container 5
to the ring opener 120 from the shelve 2a of the stockers
2. The ring opener 120 opens the wafer storage container
5 so as to take out a wafer from the wafer storage
container 5 and opens the door of FOUP 8. The wafer
handling robot 110 takes out wafers from the wafer storage
container 5 and place the wafers into the FOUP 8. The
predetermined number of wafers are put into the FOUP 8
and then the door of the FOUP 8 is closed. The wafers
transference from the wafer storage container 5 to the
FOUP 8 is now completed. As the above described steps can

be performed conversely to transfer wafers from the FOUP

14
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8 to the wafer storage container 5. In the wafer storage
system 1, wafers are automatically transferred between
the wafer storage container 5 and the FOUP 8.

[0030] The details of the wafer delivery device 100
will be described as follows.

[0031] The wafer delivery device 100 for delivering a
discoid wafer being a material for semiconductor element
from/to the wafer storage container 5 includes the wafer
handling robot 110 and the ring opener 120.

[0032] [Wafer storage container 5]

The wafer storage container 5 is used for the wafer
delivery device 100 to deliver wafers. As shown in FIGS.2,
3(A), and 3(B), the wafer storage container 5 is provided
with a plurality of rings 7 including holding elements 6
to hold a wafer W. Each of the rings 7 comprises a tray
for holding the wafer W thereon. Each of the rings 7
includes a plurality of first rings 10 and a plurality
of second rings 20, and the first rings 10 and the
second rings 20 are alternately stacked vertically.
Preferably, the second ring 20 may be the same as the
first ring 10. In this case, the first rings 10 rotated
by 180 degrees (point symmetry) are used instead of the
second rings 20, and they are stacked alternately. The
ring 7 is also referred to as “cell”.

[0033] As shown in FIG. 2, the wafer storage container

5 includes the rings 7 stacked almost without any gap in

15
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order to seal the side faces the plurality of the rings
as much as possible, a top plate 5a arranged above a
plurality of the stacked rings 7, and a bottom plate 5d
on which the plurality of stacked rings 7 are placed. The
top plate 5a and the bottom plate 5d are, for example,
plate-shaped components. The plurality of stacked rings 7
are pressed down by the weight of the top plate b5a.

[0034] As shown in FIG. 3(A), the first ring 10 includes
an outer ring frame 11, first supported elements 12, first
holding elements 13, engagement protrusions 14 and
engagement holes 15. The outer ring frame 11 having a
rectangular plate-frame-shaped in a plan view includes a
pair of frame webs 1lla and a pair of frame webs 11b
orthogonal to the frame webs 1lla. “A plan view” means a
viewpoint viewed from above or underneath (Z direction).
[0035] The first supported elements 12 are configured
to be supported by the ring opener 120. The first
supported elements 12 is a protrusion extending
(protruding) outward at the outer side of each of the pair
of frame webs 1lla in a plan view. The first supported
element 12 is formed at a first position in a plan view.
Specifically, two of the first supported elements 12 (four
first supported elements 12 in total) are disposed at both
edges of each of the pair of frame webs 1lla. Two of the
first supported elements 12 are provided at regions

(corners) including the edges of the frame web 1la at one
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of the pair of frame webs 1lla. On the other hand, two of
the first supported elements 12 is provided at a region
(region away from the corner) away in a predetermined
distance from the edges at the other of the pair of frame
webs 1la. Hereinafter, each position of the first
supported elements 12 of the first ring 10 in a plan view
is referred to as “a first position”.

[0036] As shown in FIGS. 3 (A) and 4, the first holding
elements 13, which are holding elements 6 of the first
ring, are disposed at the top edges of arms 13a connected
to each inside of a pair of the frame webs 11lb so as to
hold the wafer W above the first supported elements 12.
Two each (total four) of the arms 13a are arranged at the
inner side of each of the pair of frame webs 1lb of the
first ring and extend upward to the center of the first
ring 10 from the arm-attached-positions in a plan view
and further, the distal ends of the arms curve and extend
downwards. The first holding elements 13 are provided so
as to extend horizontally from the digital ends of the
arms 13a, which enables the wafer W to be held over four
of the first holding elements 13.

[0037] As shown in FIGS. 3(A) and 5, for example, each
of the engagement protrusions 14 of the first ring is
provided at each of a pair of the diagonal corners on the
upper surface of the outer ring frame 11 so as to protrude

upwards. The engagement holes 15 are formed so as to pass
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through the circumstance of the engagement protrusions 14
at the corners of the outer ring frame 11. For example,
the engagement protrusions 14 of the first ring are
inserted 1in engagement holes 25 of the above adjacent
second ring 20, which forms ventilation spaces 16
communicating with the edge sides within the outer ring
frame 11 of the first ring 10 and the edge sides of the
outer ring frame of the above adjacent second ring 20.

[0038] As shown in FIG.3 (B), for example, the second
ring 20 includes an outer ring frame 21, second supported
elements 22, second holding elements 23, engagement
protrusions 24 and engagement holes 25. The outer ring
frame 21 is in a rectangular plate-frame-shaped in a plan
view and includes a pair of frame webs 2la and a pair of
frame webs 21b orthogonal to the pair of frame webs 21la.
[0039] The ring opener 120 supports the first ring or
the second ring at the second supported elements 22
extending outward in a plan view from the respective outer
sides of the pair of frame webs 2la. When the first ring
10 and the second ring 20 are stacked (hereinafter, simply
referred to ‘in stacked state’), the second supported
elements 22 are disposed at a second position different
from the first position in a plan view. Specifically, two
each of the second supported elements 22 (total four) are
provided at the both edges of each of a pair of the frame

webs 2la. The pair of second supported elements 22 on the
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both edges of one of the pair of frame webs 2la are
provided at the area (area away from the vertex) away from
the associated edges of the frame web 2la 1in a
predetermined distance, and the pair of the second
supported elements 22 on the both edges of the other of a
pair of the frame webs 2la are provided at the area (corner
area) including the associated edges of the frame web 21a.
Hereinafter, each position of the second supported
elements 22 of the second ring 20 in a plan view is defined
as ‘second position’.

[0040] The second holding elements 23, which are a
plurality of the holding elements 6 of the second ring,
are disposed at the top edges of arms 23a connected to
each inside of a pair of the frame webs 21b so as to hold
the wafer W above the second supported elements 22. Two
each (total four) of the arms 23a are arranged at the
inner side of each of a pair of the frame webs 21b of the
second ring and extend upward to the center of the second
ring 20 from the arm-attached-positions in a plan view,
and the distal ends of the arms curve and extend
downwards. The second holding elements 23 are provided so
as to extend horizontally from the digital ends of the
arms 23a. This enables the wafer W to be held over four
of the second holding elements 23. In a stacked state,
the second holding elements 23 and the arms 23a are

arranged at the positions that do not overlap with the
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first holding elements 13 and the arms 13a in a plan view.
[0041] As shown in FIGS. 3(B) and 5, each of the
engagement protrusions 24 of the second rings 20 are
provided on the upper surface of each of a pair of the
corners diagonally to the outer ring frames 21 so as to
protrude upwards. The engagement protrusions 24 are
located at the position corresponding to the engagement
holes 15 of the first ring 10 when the first ring is
stacked just above the second ring, so that the engagement
protrusions 24 will be inserted in the engagement holes
15 of the above stacked first ring 10. The engagement
holes 25 of the second ring are through-holes formed
around the engagement protrusions 24 of the outer frame
ring 21. The engagement holes 25 are formed at the
position corresponding to the engagement protrusions 14
of the first ring 10 when the second ring is stacked on
the first ring, so that the engagement protrusions 14 of
the below adjacent first ring will be inserted into the
engagement holes 25. When the first rings and the second
rings are stacked on each other, the engagement
protrusions 14 of the below adjacent first ring 10 are
inserted into the engagement holes 25 and the engagement
protrusions 24 of the below adjacent second ring 20 are
inserted into the engagement holes 15, respectively. These
engagements of the engagement protrusions 14, 24 with the

engagement holes 15, 25 determines the appropriate
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positions of the first ring 10 and the second ring 20
without any horizontal misalignment. Ventilation spaces
26 to communicate the adjacent first ring 10 are formed
at the edges of the outer ring frame 21 of the second
rings 20.

[0042] As shown in FIGS. 3(A), (B) and 6(A), in the
stacked state, the first holding elements 13 and the arms
13a of the first ring 10 are located within the outer ring
frame 21 of the second ring 20 above adjacent to the first
ring 10. The first holding elements 13 of the first ring
10 are located above the second supported elements 22 of
the second ring 20 above adjacent to the first ring 10.
As shown in the FIGS. 3 (A), 3(B) and 6(B), in the stacked
state, the second holding elements 23 and the arms 23a of
the second ring 20 are located within the outer ring frame
11 of the first ring 10 above adjacent to the second ring
20. The second holding elements 23 of the below adjacent
second ring 20 are located above the first supported
elements 12 of the first ring 10 above adjacent to the
second ring 20.

[0043] As shown in FIG.5, in the stacked state, the
first ring 10 and the second ring 20 are stacked such that
the first supported elements 12 and the second supported
elements 22 are stacked alternately. A space S1 is formed
below the first supported elements 12 (between a first

supported element 12 of a first ring 10 and another first
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supported element 12 of another first ring 10 two steps
below the first ring 10.). Correspondingly, a space S2 is
formed below the second supported elements 22 (between a
second supported element 22 of a second ring 20 and
another second supported element 22 of another second ring
20 two steps below the second ring 20).

[0044] [Wafer handling robot 110]

A wafer handling robot 110 according to a preferred
embodiment shown in FIG.7 is a delivery unit for
delivering the wafer W to or from the ring 7 supported by
first support pieces 141, 171 of first ring supports 140,
170 to be described later (Refer to FIG.15). The wafer
handling robot 110 includes two robot arms 11lla, 111b.
The robot arms 11lla and 111b are provided with slide forks
112a, 112b for scooping up and transferring the wafer W,
respectively. The wafer handling robot 110 is located next
to the ring opener 120 and the port 4 (Refer to FIG.1).
For example, the wafer handling robot 110 or EFEM
(Equipment Front End Module) is included in the delivery
unit. However, any known devices may be used with no
limitation.

[0045] [Ring opener 120]

The ring opener 120 is a device for opening a plurality
of the stacked rings 7 in the vertical direction in the
wafer storage container 5 in order to access these rings

7 by the wafer handling robot 110. Further, the ring
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opener 1s a device also for closing a space between the
stacked rings 7 selectively 1in order to stack the
vertically opened rings 7 to each other at the wafer
storage container 5. As shown in FIGS.8 and 9, the ring
opener 120 includes a base of ring opener 121, a lifer
122, a pair of ball screws 123, a linear guide 124, first
partially opening and closing modules (partially opening
and closing modules)130, second partially opening and
closing modules (partially opening and closing module)160
and a controller 125. [00406] The base of ring opener
121 1is disposed at the bottom of the wafer delivery
device. The base of ring opener 121 accommodates wvarious
mechanisms. The base of ring opener 121 is maintained at
negative pressure in its inside, for example, with an
exhaust fan. The lifter 122 is a rectangular plate-shaped
elevating unit movable up and down above the base of the
ring opener 121. The wafer storage container 5 is placed
at the predetermined position on the lifter 122 by the
crane 3.

[0047] The ball screws 123 are drive units for driving
the lifter 122. For example, a driving mechanism to rotate
the ball screws 123 around the shaft center is provided
at a proximal end part of the ball screws 123 (for example,
the end part of the side of the base of ring opener 121).
Internal threads (not illustrated) integrally attached to

the lifter 122 are screwed together with the ball screws
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123. When the ball screws 123 are rotationally driven by
the driving mechanism, the internal threads screwed
together with the ball screws 123 move up and down, and
the lifter 122 formed integrally with the internal threads
moves up and down. This configuration eliminates the needs
for providing the driving mechanism (driving source) to
move in the vertical direction to the lifter 122. Instead
of the ball screws 123, other known drive units to drive
the lifter 122 may be used. The linear guide 124 for
guiding a vertical movement of the lifter 122 is fixed to
the base of ring opener 121.

[0048] In the configuration shown in at least any of
FIGS.9 to 12, the first partially opening and closing
module 130 , 1is provided with the first ring support 140
and the second ring support 150 to support the ring 7
(Refer to FIG.9). The first ring support 140 is provided
with a plurality of first support pieces 141 movable in a
plan view and a first driving mechanism 142 to drive the
plurality of first support pieces 141. The first support
pieces 141 are parts for supporting one of the first ring
10 and the second ring 20. The first support piece 141 is
fixed at a position in the vertical direction. The first
support piece 141 in plate-shaped is provided such that
the vertical direction is a direction of thickness of the
first support piece 141. The first support piece 141 1is

supported rotatably around a drive axis 145 provided such
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that the vertical direction is the axial direction of the
drive axis 145. The first support pieceld4dl includes a
first claw 141x, a second claw 141y and a base plate of
the support pieceldlz.

[0049] The drive axis 145 is attached to the base plate
of the support piece 141z. The first claw 141x, the second
claw 141y, and the base plate of the support piece 141z
are integrally formed. In other words, the first claw
141x and the second claw 141y integrally formed are
rotatably supported around the drive axis 145. The first
claw 141x and the second claw 141y extend outward from
the base plate of the support piece 141z in a plan view.
For example, an angle between the extending direction of
the first claw 141x and the extending direction of the
second claws 141y is preferably required to be 90 or more
degrees in a plan view.

[0050] The plurality of first support pieces 141 are
arranged at four positions (four corners in a plan view)
around the lifter 122. The first support pieces 141 are
arranged at the positions close to the ring 7 of the wafer
storage container 5 placed on the lifter 122. 1In details,
the first support pieces 141 are arranged at two pairs of
positions facing each other across the ring 7 close to
four respective corners of the ring 7 in a plan view.
[0051] The first driving mechanism 142 drives the

plurality of first support pieces 141 such that the first
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support pieces 141 are synchronously operate. As a
mechanism which causes the first support pieces 141 to
move in conjunction therewith by its driving force, the
first driving mechanism 142 includes a first actuator 143,
four first links 146, and a pair of second links 147. The
first actuator 143, as a drive source, drives the first
support pieces 141. The first actuator 143 is provided
with a lever 143a. The distal end of the lever 143a 1is
rotated around a drive shaft of the first actuator 143 in
a plan view.

[0052] A first link 146 1is coupled with each of the
first support pieces 141. The first link 146 is in a
flexed plate shaped. The first 1link 146 includes a
vertical portion and a horizontal consecutive portion
integral with the bottom edge of the vertical portion.
The top edge of the vertical portion of the first link
146 is fixed to the base plate 141z of the first support
piece 141. The horizontal portion of the first link 146
is arranged rotatably around a drive axis N which is the
same axis as the drive axis 145.

[0053] A pair of second links 147 in plate shaped is
provided such that the vertical direction is the thickness
direction. The second link 147 is coupled with two of the
first links 146 via a pivot. The pair of second links 147
have a geometrically symmetric structure to each other.

Each of the second links 147 includes a parallel portion
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and a connection portion. A pair of the parallel portions
extend parallel to each other. The connection portion
extends orthogonally to the parallel portion.

The both edges of each of the parallel portions of the
second links 147 are coupled with the horizontal portions
of the first links 146 via the pivot. In a plan view, a
parallel link L is provided with the parallel portion of
the second 1link 147 and the horizontal portion of the
first 1link 146 (Refer to FIG.12). The connection portions
of the second links 147 are overlapped with each other
and the distal end of the lever 143a is slidably inserted
in a long hole formed at the connection portions. A
scotch-yoke mechanism 148 is provided with such a pair of
second link 147.

[0054] The driving mechanism 142 selectively switches
to any of a first state, a second state, and a neutral
state (a third state) as shown in FIGS. 15(A) to 15(C).
For example, as shown in FIGS.11 to 13, the third state
is a neutral state in that the first support piece 141 is
arranged at and retreats to the position that does not
overlap with both of the first position and the second
position in a plan view by movement of the lever 143a of
the first actuator 143. 1In the neutral state, the first
claw 141x does not overlap with the first position and

the second position in a plan view and the second claw
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141y does not overlap with the first position and the
second position.

[0055] As shown in FIG.14 (A), the second links 147 are
moved from the neutral state via the scotch-yoke mechanism
148 in a plan view by rotating the first actuator 143 in
one rotation direction. Four first 1links 146 rotate
synchronously with each other around the drive axis N
through the operation of the parallel link L, so that four
first support pieces 141 rotate synchronously with each
other by approximately 45 degrees around the drive axis
145. As a result, the first support pieces 141 are
advanced to the position that overlaps with the first
position and does not overlap with the second position in
a plan view, which is the first state. In the first state,
the first claw 141x overlaps with the first position in a
plan view and the second claw 141y does not overlap with
the first position and the second position in a plan view.
[0056] Whereas, as shown in FIGS. 12 and 14(B), the
second links 147 are moved from the neutral state via the
scotch-yoke mechanism 148 in a plan view by rotating the
first actuator 143 in the other rotation direction. Four
first 1links 146 rotate synchronously with each other
around the drive axis N through the operation of the
parallel 1link L, so that four first support pieces 141
rotate synchronously with each other by approximately 45

degrees around the drive axis 145. As a result, the first
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support piece 141 is advanced to the position that
overlaps with the second position and does not overlap
with the first position in a plan view, which 1is the
second state. In the second state, the second claw 141y
overlaps with the second position in a plan view and the
first claw 141x does not overlap with the first position
and the second position in a plan view.

[0057] In the configuration shown in at least any of
FIGS. 9 to 11, the second ring support 150 is capable of
holding another ring 7 above adjacent to the ring 7 above
the holding element 6 of the ring 7 held by the first ring
support 140 (Refer to FIG.16). The second ring support
150 is a position setting unit to hold the bottom edge of
the ring 7 above the ring 7 held by the first support
piece 141 and determine the vertical position of the
bottom edge of the ring 7. The second ring support 150
forms a space for delivering the wafer W from/to the ring
7 by the wafer handling robot 110. The second ring support
150 includes a plurality of the second support pieces 151
movable in a plan view and a second driving mechanism 152
to drive a plurality of the second support pieces 151.
[0058] The second support piece 151 is a part for
supporting one of the first ring 10 and the second ring
20. The second support piece 151 is arranged above the
first support piece 141 and fixed at the position in the

vertical direction. The second support piece 151 in a
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plate shaped is provided such that the vertical direction
is the thickness direction. The second support piece 151
includes a base plate of the support piece 151z supported
rotatably around a drive axis 155 that is the same axis
as the drive axis 145

[0059] The drive axis 155 is attached to the base plate
of the support piece 151z. A third claw 151x, a fourth
claw 151y and the base plate of the support piece 151z
are integrally formed. The third claw 151x and the fourth
claw 151y integrally formed are supported rotatably around
the drive axis 155. In a plan view, the third claw 151x
and the fourth claw 151y are disposed to extend from the
base plate of the support piece 151z. For example, in a
plan view, an angle between the extending direction of
the third claw 151x and the extending direction of the
fourth claw 151y preferably may be 90 or more degrees. A
plurality of the second support pieces 151 are arranged
at four positions (four corners in a plan view)
surrounding the lifter 122 according to the embodiment.
The plurality of second support pieces 151 are arranged
above the plurality of first support pieces 141,
respectively.

[0060] In the configuration shown in at least any of
FIGS. 9 to 11, the second driving mechanism 152 drives
the plurality of second support pieces 151 such that the

plurality of second support pieces 151 operate
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synchronously with each other. As a mechanism which causes
the second support pieces 151 to move 1in conjunction
therewith by i1its driving force, the second driving
mechanism 152 includes the second actuator 153, four first
links 156 and a pair of second links 157. The second
actuator 153 formed similarly to the first actuator 143
is provided with a lever 153a. A scotch-yoke 158 1is
provided with the pair of second links 157.

[0061] As shown in FIG. 15(A), in the neutral state,
the second driving mechanism 152 enables the second
support piece 151 to be arranged and retreated at and to
the position that does not overlap with both of the first
position and the second position in a plan view. In the
neutral state, the third claw 151x does not overlap with
the first position and the second position in a plan view
and the fourth claw 151y does not overlap with the first
position and the second position in a plan view.

[0062] As shown in FIG.15 (B), in the first state, the
second actuator 153 is rotated in one drive direction and
the second link 157 moves on a horizontal surface via the
scotch-yoke mechanism 158. Four first 1link 156 rotate
synchronously with each other around the drive axis N in
one drive direction by the operation of the parallel 1link
L, so that four second support pieces 151 rotate
synchronously with each other in one drive direction

around the drive axis 155. As a result, the second support
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pieces 151 advances to the position that overlaps with
the second position and does not overlap with the first
position in a plan view. In the first state, the third
claw 151x overlaps with the second position in a plan view
and the fourth claw 151y does not overlap with the first
position and the second position in a plan view. In the
first partially opening and closing module 130, when the
first ring support 140 becomes in the first state, the
second ring support 150 also becomes in the first state,
so that the first supported element 12 and the second
supported element 22 are capable of holding the staggered
rings 7 vertically adjacent to each other.

[0063] As shown in FIG.15(C), in the second state, the
second actuator 153 1s rotated 1in the other drive
direction to move the second link 157 on a horizontal
surface via the scotch-yoke mechanism 158. Four first
links 156 rotate synchronously with each other in the
other drive direction around the drive axis N by the
operation of the parallel 1link L, so that four second
support pieces 151 rotate in the other rotation direction
around the drive axis 155. As a result, the second support
piece 151 advances to the position that overlaps with the
first position and does not overlap with the second
position in a plan view. In the second state, the third
claw 151x does not overlap with the first position and

the second position in a plan view and the fourth claw
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151y overlaps with the first position in a plan view.
[0064] The second partially opening and closing module
160 has a structure similar to one of the first partially
opening and closing module 130 shown in at least any of
FIGS. 9 to 11. Hereinafter, with respect to the second
partially opening and closing module 160, the points
different from the first partially opening and closing
module 130 will be described mainly while the same points
will be omitted in a proper manner.

[0065] The second partially opening and closing module
160 includes the first ring support 170 and the second
ring support 180 to support the ring 7 (Refer to FIG.9).
The first ring support 170 supports the ring 7 different
from the ring 7 supported by the first ring support 140
of the first partially opening and closing module 130.
The first ring support 140 includes a plurality of the
first support pieces 171 movable in a plan view and a
first driving mechanism 172 to drive a plurality of the
first support pieces 171.

[0066] The first support piece 171 is fixed at the
position in a vertical direction. The first support piece
171 is supported rotatably around the drive axis 175 which
is the same axis as the drive axis 145. A plurality of
the first support pieces 171 are arranged above a
plurality of the second support pieces 151, respectively.

The first driving mechanism 172 includes a first actuator
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173, four first links 176 and a pair of second links 177.
The first actuator 173 includes a lever 173a. A scotch-
yoke mechanism 178 is provided with the pair of second
links 177. The first driving mechanism 172, in the neutral
state, enables the first support piece 171 to be arranged
at and retreated to the position that does not overlap
with both of the first position and the second position
in a plan view. In the first state, the lever 173a moves
such that the first support piece 171 is arranged at the
position that overlaps with the first position and does
not overlap with the second position in a plan view. In
the second state, the lever 173a moves such that the first
support piece 171 1is arranged at the position that
overlaps with the second position and does not overlap
with the first position in a plan view.

[0067] The second ring support 180 is capable of
supporting another ring 7 above adjacent to the ring 7 at
the position above the holding element 6 of the ring 7
supported by the first ring support 170 (Refer to FIG.
16) . The second ring support 180 includes a plurality of
the second support pieces 181 movable in a plan view and
a second driving mechanism 182 to drive the plurality of
second support pieces 181.

[0068] The second support piece 181 is fixed on the
position in a vertical direction. The second support piece

181 is supported rotatably around a drive axis 185 which

34



10

15

20

25

is the same axis as the drive axis 145. A plurality of
the second support pieces 181 are disposed above the
plurality of first support pieces 171, respectively. The
second driving mechanism 182 includes a second actuator
183, four first links 186 and a pair of second links 187.
The second actuator 183 includes a lever 183a. A scotch-
yoke mechanism 188 is provided with the pair of second
links 187. In the neutral state, the second driving
mechanism 182 enables the second support piece 181 to be
arranged at and retreated to the position that does not
overlap with both of the first position and the second
position in a plan view. In the first state, the lever
183a moves such that the second support piece 181 1is
arranged at the position that overlaps with the second
position and that does not overlap with the first position
in a plan view. In the second state, the lever 183a moves
such that the second support piece 181 is arranged at the
position that overlaps with the first position and does
not overlap with the second position in a plan view.

[0009] As shown in FIGS. 9 and 10, the controller 125
controls respective operations of the ring opener 120.
The controller 125 is an electronic control unit including
Central Processing Unit (CPU), Random Access Memory (ROM),
and Read Only Memory (RAM). The controller 125 may be made
up of software in which a program stored in ROM is loaded

onto RAM and carried out through CPU. The controller 125
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may also be made up of hardware such as electronic
circuit. The controller 125 may be made up of a single
device or a plurality of devices. For the plurality of
devices, the controller 125 is 1logically formed by a
connection of these devices through communication network
such as the Internet or an Intranet. The system controller
9 as described above may have at least a part of functions
of the controller 125.

[0070] As shown in FIG.16, a vertical space Dl between
the first support piece 141 and the second support piece
151 is a space that allows the wafer W to be transferred
from the ring 7 supported by the first support piece 141
by use of the wafer handling robot 110. The space D1 is a
space that allows the ring 7 supported by the second
support piece 151 to be positioned above the holding
element 6 of the ring 7 supported by the first support
piece 141. A vertical space D2 between the second support
piece 151 and the first support piece 171, is a space
(corresponding to the thickness of 23 pieces of the rings)
that ensures that the uppermost ring 7 of 25 pieces of
the stacked rings 7 1is supported by the first support
piece 171 and that the bottommost ring 7 is supported by
the first support piece 141 in the wafer storage container
5. A vertical space D3 between the first support piece
171 and the second support piece 181 is a space that

allows the wafer W to be transferred from the ring 7
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supported by the first support piece 171 by use of the
wafer handling robot 110. The space D3 allows the ring 7
supported by the second support piece 181 to be positioned
above the holding element 6 of the ring 7 supported by
the first support piece 171.

[0071] As shown in FIG.9 and 10, the controller 125
controls a vertical movement of the 1lifter 122 by
controlling a drive of the ball screw 123. In addition,
the controller 125 controls a drive (forward and backward
movement to/from the first and second positions) of the
first support pieces 141, 171 and the second support
pieces 151, 181 by controlling respective operations of
the actuator 143, 153, 173 and 183 in cooperation with
the vertical movement of the lifter 122. The details will
be described later.

[0072] [Example of operations of wafer delivery device
100]

An example of operation of the wafer delivery device 100
to deliver two desired wafers of the plurality of wafers
W from/to the wafer storage container 5 by use of the
wafer handling robot 110 will be described as follows.
[0073] Before the wafer delivering operation, the wafer
storage container 5 is placed on the lifter 122 while the
lifter 122 is located at the position higher than, for
example, the second support piece 181 (position where, at

least, the second support piece 181 is placed more highly
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than the bottommost ring 7). Further, the first support
pieces 141,171 and the second support pieces 151, 181 are
in the neutral state separate from the first position and
the second position in a plan view.

[0074] Two rings 7(two second rings 20 illustrated in
the drawings) holding two (2) wafers to be taken out are
identified based on instructions from outside. For
example, The height-positions of the two second rings 20
so as to retrieve from a plurality of the rings 7 stacked
as the wafer storage container 5 are determined and each
of the predetermined height positions are recorded.
[0075] Next, the slide fork 112a of the wafer handling
robot 110 moves to the predetermined height-position that
allows the wafer W of the ring 7 supported by the first
support piece 141 to be received. The slide fork 112b of
the wafer handling robot 110 moves to the predetermined
height-position that allows the wafer W of the ring 7
supported by the first support piece 171. The lifter 122
starts moving down and the wafer storage container 5
starts moving down.

[0076] When the wafer storage container 5 moves down
to the height that allows the second support piece 181 to
enter into the space S1 (shown in FIG 5) formed below the
first ring 10 adjacent to an upper part of one second ring
20 of two second rings related to the wafer to be taken

out, the second actuator 183 is controlled to move the
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second support piece 181. The second support piece 181
advances (or is inserted) into the space S1 and then the
lifter 122 moves down. As a result, the first supported
element 12 of the first ring 10 is supported by the second
support piece 181.

[0077] When the wafer storage container 5 moves down to
the height that allows the first support piece 171 to
enter into the space S2 (shown in FIG 5) formed below the
one second ring 20 of two second rings related to the
wafer to be taken out, the first actuator 173 is
controlled to move the first support piece 171 so that
the first support piece 171 enters into the space S2 and
then the lifter 122 moves down. As a result, the first
supported element 12 of the first ring 10 is supported by
the first support piece 171. Therefore, as shown in FIGS.
16 and 17, the second ring 20 is supported while the space
between the second ring 20 and the above first ring 10 is
opened in the vertical direction. The wafer W held on the
second ring 20 is exposed.

[0078] When the wafer storage container 5 moves down to
the height that allows the second support piece 151 to
enter into the space S1 (shown in FIG 5) formed below the
first ring 10 adjacent to an upper part of the other
second ring 20 of two second rings related to the wafer
to be taken out, the second actuator 153 is controlled to

move the second support piece 151. The second support
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piece 151 enters into the space S1 and then the lifter
122 moves down, so that the first supported element 12 of
the first ring 10 is supported by the second support piece
151.

[0079] When the wafer storage container 5 moves down
to the height that allows the second support piece 141 to
enter into the space S2 (shown in FIG 5) formed below the
other second ring 20 of two second rings related to the
wafers to be taken out, the first actuator 143 1is
controlled to move the first support piece 141 so that
the first support piece 141 enters into the space S2 and
then the lifter 122 moves down, as a result, the first
supported element 12 of the first ring 10 is supported by
the first support piece 141. Therefore, as shown in FIGS.
16 and 17, the second ring 20 is supported while the space
between the second ring 20 and the above first ring 10 is
opened in the vertical direction. The wafer W held on the
second ring 20 is exposed.

[0080] Next, the lifter 122 stops moving down and the
wafer storage container 5 also stops moving down. The
wafer W of the second ring 20 supported on the first
support piece 141 is 1lifted up and transferred with the
slide fork 112a placed at the predetermined constant
height-position. The wafer W of the second ring 20
supported by the first support piece 171 is lifted up and

transferred with the slide fork 112b placed at the
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predetermined constant height-position. Now delivery
operations of the wafer W is completed.

[0081] An upper ring 7 adjacent to the ring 7 supported
by the first ring support 140 of the first partially
opening and closing module 130 may be supported by the
first ring support 170 of the second partial opening and
closing module 160. In this case, the second ring support
150 of the first partial opening and closing module 130
is arranged at a retreat position that does not overlap
with the first position and the second position in a plan
view, so that the second ring support 150 does not support
the ring 7. In the case of delivering all wafers W holding
the rings 7, the above described procedure may be carried
out for delivery of wafer W from/ all of rings 7.

[0082] The wafer delivery device 100 allows the ring 7
to be supported at the same height by the first ring
support 140, even if the wafer W is delivered from/to any
of a plurality of the rings 7. Therefore, the wafer
handling robot 110 is able to deliver the wafer W from/to
any of a plurality of the rings 7 at the same height. The
wafer W is delivered from/to each of the plurality of the
rings 7 stacked in a vertical direction at the same
height. When the wafer W is delivered from/to each of the
plurality of the rings 7, the necessity to change the
height of the wafer handling robot 110 can be reduced.

[0083] The first support pieces 141, 171 of the wafer
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delivery device 100 according to the preferred embodiment
include the first claw 141x and the second claw 141y,
respectively. The second support pieces 151, 181 of the
wafer delivery device 100 according to the preferred
embodiment include the third claw 151x and the fourth claw
151y, respectively.

[0084] The first claw 141x and the second claw 141y of
the wafer delivery device 100 are integrally formed and
are supported rotatably about the drive axis 145. This
eliminates needs for a link mechanism and can achieve
simplified mechanism. Correspondingly, the third claw
151x and the fourth claw 151y are integrally formed. This
eliminates needs for a link mechanism and can achieve
simplified mechanism.

[0085] The ring opener 120 of the wafer delivery device
100 according to the preferred embodiment illustrated in
FIG.9 includes first drive mechanisms 142, 172 and second
drive mechanisms 152,182 in the first partial opening and
closing module 130 and the second partial opening and
closing module 160, respectively. For example, the ring
opener 120 has a mechanism to allow a plurality of first
support piece 141 and a plurality of first support piece
171 to work together and move with a drive force of the
first drive mechanism 142 of the first module 130 and with
a drive force of the first drive mechanism 172 of the

second module 160, respectively. For example, a ring
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opener in another preferred embodiment is not limited to
this mechanism, and may have a driving mechanism combined
by the first driving mechanisms 142, 172. By driving the
plurality of the first support piece 141, 171 with the
combined driving mechanism, the driving mechanisms 142,
172 and sensors required can be reduced. Further, reliable
synchronization of the second support pieces, 151, 181 is
ensured.

[0086] The second ring supports 150, 180 of the wafer
delivery device 100 include the second support pieces 151,
181 and the second driving mechanisms 152, 182,
respectively. In the first state, the second mechanisms
152, 182 cause the second support pieces 151, 181 to be
advanced to the position that overlaps with the second
position and does not overlap with the first position in
a plan view. In the second state, the second mechanisms
152, 182 cause the second support pieces 151, 181 to be
advanced to the position that overlaps with the first
position and does not overlap with the second position in
a plan view. In the third state, the second support pieces
151, 181 are arranged and retreated at the position that
does not overlap with both of the first position and the
second position in a plan view. In this case, a function
of the second ring supports 150, 180 to support the ring
7 can be realized by the configuration that allows the

second support pieces 151, 181 to advance or retreat. A
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function of the wafer handling robot 110 to form a space
to scoop up a wafer W can be realized by the configuration
that allows the second support pieces 151, 181 to advance
or retreat. [0087] The second ring supports 150,180 of
the wafer delivery device 100 include a plurality of the
second support pieces 151, 181 and one second driving
mechanism 152, 182, respectively. This one second driving
mechanism 152, 182 has a mechanism that allows a plurality
of the second support pieces 151, 181 to work together
and move with its driving force. This enables the second
driving mechanisms 152, 182 to be shared for a plurality
of the second support pieces 151, 181, which saves the
second driving mechanisms 152, 182 required and the
sensors. This enables a plurality of the second support
pieces, 151, 181 to be combined and to be driven with one
driving source. Reliable synchronization of the second
support pieces, 151, 181 is ensured.

[0088] The wafer delivery device 100 is provided with
the first partially opening and closing module 130 and
the second partially opening and closing module 160. The
first ring supports 140 included in the module 130 is able
to support first of the plurality of stacked rings 7 and
the first ring supports 170 included in the module 160 is
able to support second of the plurality of stacked rings
7. With this configuration, the wafers can be delivered

at multiple places and each of these positions can be
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fixed at a predetermined height. Further, the wafers can
be delivered from/to the plurality of rings 7 at each of
the predetermined height in accordance with the number of
arms of the wafer handling robot 110.

[0089] The wafer storage container 5 is a container
from/to which the wafer W is delivered with the wafer
delivery device 100. As described above, when the wafer W
is delivered from/to the wafer storage container 5 with
the wafer delivery device 100, the wafer W is able to be
delivered from/to each of a plurality of the rings 7
stacked in a vertical direction at the same height.
[0090] The wafer storage system 1 includes the wafer
delivery device 100, the stocker 2, and the crane 3.
Since the wafer delivery device 100 is in the wafer
storage system 1, as described above, the wafer W is able
to be delivered from/to each of plurality of the rings 7
vertically stacked at the same height.

[0091] The ring opener 120 of the wafer delivery device
100 is capable of optionally opening (partially open) one
or more spaces between a plurality of the stacked rings
7. This achieves improvement of tact time and reduction
in height in comparison with a case opening all rings 7.
The number of spaces to be opened depends on the number
of the arms of the wafer handling robot 110, so that the
time for waiting without any operations of the wafer

handling robot 110 can be reduced.
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[0092] In addition, even if only a few wafers W are
delivered from/to FOUP 8, a decrease in handling
efficiency can be prevented. Therefore, if the wafers W
are dummy, only several pieces of the wafers are quickly
taken in and out many times. This remarkably shows the
effect. The dummy wafer is used to be inspected in the
device and reused (transferred between the wafer storage
container 5 and FOUP 8) many times while degrading its
quality gradually.

[0093] As shown in FIG.10, the vertical parts of the
first links 146, 156, 176, and 186 coupled with the
support pieces 141, 151, 171, and 181, respectively have
a nested structure, which reduces a storage space. The
actuators 143, 153, 173, and 183, the second links 147,
157, 177, and 187, and the scotch yoke mechanisms 148,
158, 178, and 188 are capable of being collected into the
base of ring opener 121 and quarantined. This reduces
concerns about dust generation, minimizing the impact of
dust on the wafer W.

[0094] Each of a plurality of stacked rings 7 is thin.
When the vertically adjacent rings 7 are supported by
support pieces at the same position in a plan view,
supported elements supported by the support pieces are
inevitably thinned, so that this may not obtain an enough
strength. Whereas, when the supported elements supported

by support pieces becomes thick in order to obtain an
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enough strength, each of the rings 7 also becomes thick,
which causes a new damage such that the vertical dimension
of the wafer storage container 5 becomes large. In the
wafer storage container 5 according to the preferred
embodiment of the present invention, however, the first
ring 10 and the second ring 20 including the first
supported element 12 and the second supported element 22
staggered in a plan view, respectively are alternately
stacked, so that the space S1 and S2 can be formed directly
below the first supported element 12 and the second
supported element 22 of the ring 7(Refer to FIG.5).
Therefore, the use of the spaces S1, S2 enables each of
support pieces 141, 151, 171 and 181 to ensure an easy
entrance into between two rings 7.

[0095] As the above, the preferred embodiment of the
invention has Dbeen described. However, a preferred
embodiment of the invention is not limited to the above
preferred embodiment and can be changed variously.

[0096] In the above preferred embodiment, the lifter
122 is moved up and down by the ball screw 123. However,
a device for moving the lifter 122 up and down is not
particularly limited, preferably, the lifter 122 may be
moved up and down by a belt mechanism. In the above
preferable embodiment, the ring 7 1is supported by the
second ring supports 150, 180. Alternatively, the ring

may be supported by a supporter having a well-known
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structure other than the above structure.

[0097] In the above-described preferred embodiment,
each of first driving mechanisms 142, 172 drives a
plurality of the first support pieces 141, 171, but it is
not limited to. The ring opener 120 may include a
plurality of the first driving mechanisms, each of which
may drive each of a plurality of the first support pieces.
Correspondingly, in the above-described preferred
embodiment, each of second driving mechanisms 152, 182
drives a plurality of the second support pieces 151, 181,
but it is not limited to. The ring opener 120 may include
a plurality of the second driving mechanisms, each of
which may drive each of a plurality of the second support
pieces.

[0098] For example, as shown in FIG.18, instead of the
first driving mechanism 142 (Refer to FIG.9), the ring
opener 120 may include four first driving mechanisms 144
such as an actuator. The driving shafts of the first
driving mechanisms 144 are directly coupled with the first
support pieces 141, respectively. Instead of the second
driving mechanism 152 (Refer to FIG.9), the ring opener
120 may include four second driving mechanisms 154 such
as an actuator. The driving shafts of the second driving
mechanisms 154 are directly coupled with the second
support pieces 151, respectively. Instead of the first

driving mechanism 172 (Refer to FIG.9), the ring opener
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120 may include four first driving mechanisms 174 such as
an actuator. The driving shafts of the first driving
mechanisms 174 are directly coupled with the first support
pieces 171, respectively. Instead of the second driving
mechanism 182 (Refer to FIG.9), the ring opener 120 may
include four second driving mechanisms 184 such as an
actuator. The driving shafts of the second driving
mechanisms 184 are directly coupled with the second
support pieces 181, respectively.

[0099] This configuration enables the first support
pieces 141 placed at four corners to work together
controllably with the actuators or the 1like, without
working together mechanically. This configuration enables
the first support pieces 171 placed at four corners to
work together controllably with the actuators or the like,
without working together mechanically. This configuration
enables the second support pieces 151 placed at four
corners to work together controllably with the actuators
or the like, without working together mechanically. This
configuration enables the second support pieces 181 placed
at four corners to work together controllably with the
actuators or the 1like, without working together
mechanically. Therefore, this configuration can achieve
simplified mechanism without any 1link mechanism. Mass
production of the same structures can improve the

assemblability.
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[0100] In the above-described preferred embodiment,
the wafer handling robot 110 includes two robot arms 11lla,
111b. However, the number of the arm 1is not limited to
two. One or three or more arms may be included. The ring
opener 120 opens or closes the spaces between a plurality
of the stacked rings 7 depending on the number of arms.
I.e., the number of the partial opening and closing
modules provided depends on the number of arms. In other
words, the same number of the delivery unit as the number
of arms depending on the number of the partial opening
and closing module (the number of opened or closed spaces)
are provided.

[0101] In the above-described preferred embodiment,
the first support pieces 141, 171 include two claws,
however, may include one claw. The second support pieces
151, 181 include two claws, however may include one claw.
With this configuration, a claw is moved so as to overlap
with any of the first position and the second position in
a plan view.

[0102] In the above-described preferred embodiment,
the first claw 141x and the second claw 14ly are
integrally formed. However, they may be separately formed.
For example, as shown FIG. 19(A), instead of the first
support piece 141 (Refer to FIG.11l), a first support piece
149a may be provided. The first support piece 149%a

includes a first claw 149b, a second claw 149c and a link
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mechanism 149d. The first claw 149b is rotatable about an
axis Gl. The second claw 149c is made up of different
component from one of the first claw 149b and rotatable
around an axis G2. The link mechanism 149d links the first
claw 149b to the second claw 149c together. For example,
as shown FIG. 19(b), instead of the first support piece
141 (Refer to FIG.1l1l), the first support piece 149e may
be provided. The first support piece 149e includes a first
claw 149f, a second claw 149g and a link mechanism 149h.
The first claw 149f is rotatable about an axis G3. The
second claw 149g is made up of different component from
one of the first claw 149f and rotatable about an axis
G4. The link mechanism 149h links the first claw 149f to
the second claw 149g together. The first claw 149f and
the second claw 149g are disposed so as to partially
overlap with each other.

[0103] Each of the first claw 149b and the second claw
149c formed separately is advanced and retreated by the
link mechanism 149d. Each of the first claw 149f and the
second claw 149g formed separately 1s advanced and
retreated by the link mechanism 149h. This easily avoids
interference of the first claw 14%9b, 149f and the second
claw 149c, 149g with other components. Further, use of
such a method that allows the first claws 149b, 149f and
the second claws 149c, 149g to work together by the link

mechanisms 149d, 149h enables the first claws 149b, 149f
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and the second claws 149c, 149g to enter into the spaces
31, S2 of the rings 7 with larger radius. This can
eliminate chamfering for avoiding the interference.
[0104] In the above-described preferred embodiment,
the third claw 151x and the fourth claw 151y are
integrally formed. However, as with the first claw 149D,
149f and the second claw 149c, 149g as described above,
the third claw and the fourth <claw may be formed
separately. This configuration easily avoids interference
between the third claw and the fourth claw with other
components, which can eliminate chamfering for avoiding
interference.

[0105] In the above-described preferred embodiment,
the first position of the first supported element 12 of
the first ring 10 in a plan view 1is not particularly
limited. Similarly, the second position of the second
supported element 22 of the second ring 20 in a plan view
is not particularly limited. The first position and the
second position may be different from each other in a plan
view. Each structure of the above-described preferred
embodiment and the above variation may be combined in a
proper manner. A preferred embodiment of the invention
can be changed without departing from the scope of the

invention.

Reference Signs List

52



10

15

20

25

1: wafer storage system

2: Stocker

3: Crane

5: Wafer storage container

6: Wafer holding element

7: Ring

10: First ring

12: First supported element

13: First holding element

20: Second ring

22: Second supported element

23: Second holding element

100: Wafer delivery device

110: Wafer handling robot (delivery unit)
122: Lifter (elevating platform)

130: first partially opening and closing
(partially opening and closing modules)
140, 170: First ring support

141, 171: First support piece

141x, 149b, 149f: First claw

141y, 149c, 149g: Second claw

142, 172: first driving mechanism

143: First actuator

146: First link

147: Second link

148: Scotch yoke mechanism
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149d:

145h:

150,

151,

151x:

151y:

152,
153:
156:
157:
158:

160:

Link mechanism

Link mechanism

180: Second ring support
181: Second support piece
Third claw

Fourth claw

182: Second driving mechanism
Second actuator

First link

Second 1link

Scotch yoke mechanism

second partially opening and

(partially opening and closing module)

W: Wafer
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CLAIMS

[Claim 1]. A wafer delivery device configured to deliver
wafers to or from a wafer storage container including a
plurality of rings including a wafer holding element to
hold a wafer,

wherein the wafer storage container includes,
the first ring including a first supported element being
formed at a first position in a plan view and a first
wafer holding element holding the wafer above the first
supported element, and

the second ring including a second supported element
being formed at a second position different from the first
position in a plan view, and a second wafer holding
element holding the wafer above the second supported
element,

wherein the first ring and the second ring are stacked
alternately and vertically, and the first wafer holding
element of the first ring is located above the second
supported element of the second ring located above and
adjacent to the first ring and the second wafer holding
element of the second ring is located above the first
supported element of the first ring located above and
adjacent to the second ring,

the wafer delivery device, comprising:

a first ring support capable of supporting the ring;
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a second ring support capable of supporting another
ring located above and adjacent to the ring at the
position above the wafer holding element of the ring
supported with the first ring support;

an elevating platform on which the wafer storage
container is placed, the elevating platform capable of
moving vertically ; and

a wafer delivery device to deliver the wafer to or
from the ring supported with the first ring support,

wherein the first ring support includes:

a first support piece fixed at the position in a
vertical direction and movable in a plan view ; and

a first driving mechanism to drive the first support
piece,

wherein the first driving mechanism selectively
switches in any of three states:

a first state of the first support piece being
advanced to a position overlapping with the first position
and not overlapping with the second position in
a plan view;

a second state of the first support piece being
advanced to a position overlapping with the second
position and not overlapping with the first position in
a plan view; and

a third state of the first support piece being

retreated to a position not overlapping with the first
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and second positions in a plan view.

[Claim 2]. The wafer delivery device according to
claim 1, wherein the first support piece includes:

a first claw overlapping with the first position in a
plan view in the first state and not overlapping with the
first position in a plan view in the second state; and

a second claw being disposed at the same position as
the first «claw 1n a vertical direction, and not
overlapping with the second position in a plan view in
the first state and overlapping with the second position

in a plan view in the second state.

[Claim 3]. The wafer delivery device according to
claim 2, wherein the first claw and the second claw are
configured integrally and supported rotatably about a

drive axis.

[Claim 4]. The wafer delivery device according to
claim 2, wherein the first claw and the second claw are
configured separately, each of which is advanced and

retreated by a link mechanism.

[Claim 57]. The wafer delivery device according to

any of claims 1 to 4,

wherein the first ring support includes a plurality
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of the first support pieces and a single one of the first
driving mechanism, and

wherein the first driving mechanism has a mechanism
to cause a plurality of the first support pieces to work

together and move with its driving force.

[Claim 6]. The wafer delivery device according to any
of claims 1 to 4, wherein the first ring support includes
a plurality of the first support pieces and a plurality
of the first driving mechanisms, and

wherein each of a plurality of the first driving
mechanisms drives each of a plurality of the first support

pieces.

[Claim 7]. The wafer delivery device according to any
of claims 1 to 6,

wherein the second ring support includes:

a second support piece arranged above the first
support piece and movable in a plan view; and

a second driving mechanism driving the second support
piece, and

wherein the second driving mechanism causes the second
support piece to advance to a position that overlaps with
the second position and does not overlap with the first
position in the first state in a plan view, the second

driving mechanism causes the second support piece to
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advance to a position that overlaps with the first
position and does not overlap with the second position in
the second state in a plan view, and the second driving
mechanism causes the second support piece to retreat to a
position that does not overlap with the first position

and the second position in the third state in a plan view.

[Claim 8]. The wafer delivery device according to
claim 7, wherein the second support piece includes:

a third claw that overlaps with the second position
in a plan view in the first state; and

a fourth claw arranged at the same position as the
third claw in a vertical direction and that overlaps with

the first position in a plan view in the second state.

[Claim 9]. The wafer delivery device according to
claim 8,

wherein the third claw and the fourth claw are
configured integrally, and supported rotatably about a

drive axis.

[Claim 10]. The wafer delivery device according to
claim 8,

wherein the third claw and the fourth claw are
configured separately, each of which are advanced and

retreated by a link mechanism.
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[Claim 11]. The wafer delivery device according to
any of claims 7 to 10, wherein the second ring support
includes a plurality of the second support pieces, and a
single one of the second driving mechanism, and

wherein the second driving mechanism has a mechanism
that allows a plurality of the second support pieces to

work together and move with the driving force.

[Claim 12]. The wafer delivery device according to
any of claims 7 to 10, wherein the second ring support
includes a plurality of the second support pieces and a
plurality of the second driving mechanisms, and

wherein each of the plurality of second driving
mechanisms drives each of the plurality of second support

pieces.

[Claim 13]. The wafer delivery device according to
any of claims 1 to 12 is provided with a plurality of
partially opening and closing modules including the first
and second ring supports,

wherein each of the first ring supports included in
each of the plurality of partially opening and closing
modules is able to support any different rings from each

other of the plurality of stacked rings.
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[Claim 14]. A wafer storage system including: the
wafer delivery device according to any of claims 1 to 13;

a stocker that stores the wafer storage container;
and

a crane that moves the wafer storage container between

the stocker and the wafer delivery device.
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