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(57) ABSTRACT

A transfer device 17 in a semiconductor processing system
includes first and second actuation mechanisms 9A, 9having
first and second support sections movable on first and
second vertical planes, respectively, the latter being parallel
with each other. First and second movable blocks 18A, 18B
are supported on the first and second support sections so that
they may be horizontally moved by the first and second
actuation mechanisms. Disposed on the first and second
movable blocks are first and second handling mechanism
19A, 19B capable of extension and contraction for handling
a processing subject substrate W. A control section 20
controls the operation of the first and second actuation
mechanisms so that the first and second movable blocks may
not interfere with each other.
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TRANSFER DEVICE AND SEMICONDUCTOR
PROCESSING SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a transfer device
for use in a semiconductor processing system for transfer-
ring a substrate to be processed and a semiconductor pro-
cessing system having the transfer device. The term “semi-
conductor processing” used herein denotes various
processes performed to manufacture semiconductor devices
or a structure including, e.g., wiring and electrodes con-
nected to the semiconductor devices, on a substrate to be
processed such as a wafer or a glass substrate for LCD
(Liquid crystal display) or FPD (Flat Panel Display), by way
of forming a semiconductor layer, an insulating layer, a
conductive layer and the like in required patterns on the
substrate.

BACKGROUND OF THE INVENTION

[0002] A single wafer processing apparatus, which pro-
cesses substrates one by one, is one of systems for perform-
ing a semiconductor processing on a substrate to be pro-
cessed such as a semiconductor wafer. Further, there is a
multi chamber type semiconductor processing system,
wherein a plurality of such processing apparatuses are
coupled to each other via a common transfer chamber such
that various processes can be successively executed without
exposing a wafer to the atmosphere. Such a semiconductor
processing system may include a normal pressure processing
type as disclosed in Japanese Patent Laid-open Publication
No. 7-86375 and a vacuum processing type as disclosed in
Japanese Patent Laid-open Publication No. 2000-195925.

[0003] In the system disclosed in Japanese Patent Laid-
open Publication No. 7-86375, a plurality of processing
chambers are disposed in a line, and at least some of the
processing chambers are disposed vertically. A transfer
device movable parallel to the processing chambers is
disposed in order to transfer a substrate thereto. The transfer
device includes a moving base movable on rails. Stood on
the moving base is a pair of supports, which is connected to
a vertically movable housing via a vertical arm mechanism.
Provided in the housing is a horizontal arm mechanism
having a substrate supporting unit capable of supporting two
substrates.

[0004] In the system disclosed in Japanese Patent Laid-
open Publication No. 2000-195925, a transfer chamber
capable of being depressurized is surrounded by a plurality
of vacuum processing chambers and load lock chambers.
Processing chambers and load lock chambers are disposed
vertically at at least one location around the transfer cham-
ber. A transfer device is disposed in the transfer chamber and
includes a pair of small-sized arm mechanisms stretchable
and contractable horizontally. The small-sized arm mecha-
nisms are disposed such that they can revolve horizontally
and move up and down.

[0005] Both systems described above are equipped with
two substrate supporting units or two small-sized arm
mechanisms, but their transfer efficiencies are not no satis-
factory.

SUMMARY OF THE INVENTION

[0006] Ttis, therefore, an object of the present invention to
provide a transfer device and a semiconductor processing
system capable of improving transfer efficiency.
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[0007] In accordance with a first aspect of the present
invention, there is provided a transfer device for use in a
semiconductor processing system, including a first and a
second actuation mechanism having a first and a second
support section which are respectively movable in a com-
mon space on a first and a second vertical plane parallel with
each other; a first and a second movable block supported by
the first and the second support section so as to be moved
while being maintained horizontally in the common space
by the first and the second actuation mechanism, wherein the
first and the second movable block are extended from the
first and the second supporting unit toward the second and
the first vertical plane, respectively, by passing through a
vertical plane which is at a center between the first and the
second vertical plane; a first and a second handling mecha-
nism respectively disposed on the first and the second
movable block and capable of being extended and con-
tracted to handle substrates to be processed; and a controller
for controlling operations of the first and the second actua-
tion mechanism such that the first and the second movable
block do not interfere with each other in the common space.

[0008] In accordance with a second aspect of the present
invention, there is provided a semiconductor processing
system, including a transfer chamber having a plurality of
ports for loading or unloading a substrate to be processed; at
least one processing chamber, each processing chamber
being connected to one of the plurality of ports, for per-
forming a semiconductor processing on the substrate to be
processed; and a transfer device, disposed in the transfer
chamber, for loading or unloading the substrate to be pro-
cessed via the plurality of ports, the transfer device having
a first and a second actuation mechanism having a first and
a second support section which are respectively movable in
a common space on a first and a second vertical plane
parallel with each other; a first and a second movable block
supported by the first and the second support section so as
to be moved while being maintained horizontally in the
common space by the first and the second actuation mecha-
nism, wherein the first and the second movable block are
extended from the first and the second supporting unit
toward the second and the first vertical plane, respectively,
by passing through a vertical plane which is at a center
between the first and the second vertical plane; a first and a
second handling mechanism respectively disposed on the
first and the second movable block and capable of being
extended and contracted to handle substrates to be pro-
cessed; and a controller for controlling operations of the first
and the second actuation mechanism such that the first and
the second movable block do not interfere with each other in
the common space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 provides a perspective view for showing a
portion of a semiconductor processing system having a
transfer device in accordance with a preferred embodiment
of the present invention;

[0010] FIG. 2 illustrates a vertical cross sectional side
view of the system depicted in FIG. 1;

[0011] FIG. 3 describes a schematic plan view of the
overall system depicted in FIG. 1;

[0012] FIG. 4 offers a perspective view showing one
example of a large-sized arm mechanism of the transfer
device depicted in FIG. 1;
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[0013] FIG. 5 presents a perspective view showing one
example of a small-sized arm mechanism of the transfer
device depicted in FIG. 1;

[0014] FIG. 6 sets forth a perspective view showing
another example of the large-sized arm mechanism of the
transfer device depicted in FIG. 1;

[0015] FIG. 7 represents a cross sectional view showing a
modified example of the system depicted in FIG. 1;

[0016] FIG. 8 illustrates a perspective view showing a
semiconductor processing system having a transfer device in
accordance with another preferred embodiment of the
present invention;

[0017] FIG. 9 describes a cross sectional view showing a
driving unit of the transfer device depicted in FIG. 8;

[0018] FIG. 10 offers a perspective view showing a modi-
fied example of the system depicted in FIG. 8;

[0019] FIG. 11 provides a perspective view showing a
modified example of the system depicted in FIG. 10;

[0020] FIG. 12 presents a schematic plan view showing a
semiconductor processing system in accordance with
another preferred embodiment of the present invention;

[0021] FIG. 13 sets forth a schematic plan view showing
a semiconductor processing system in accordance with still
another preferred embodiment of the present invention;

[0022] FIG. 14 represents a perspective view showing a
transfer device in accordance with still another preferred
embodiment of the present invention;

[0023] FIGS. 15A and 15B describe schematic side views
showing a transfer device in accordance with still another
preferred embodiment of the present invention; and

[0024] FIG. 16 offers a perspective view showing a trans-
fer device in accordance with still another preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] Preferred embodiments of the present invention
will now be described with reference to accompanying
drawings, in which like reference numerals designate like
parts having substantially identical functions and configu-
rations and repeated description thereof will be made only
when necessary.

[0026] FIG. 1 provides a perspective view for showing a
portion of a semiconductor processing system having a
transfer device in accordance with a preferred embodiment
of the present invention. FIG. 2 illustrates a vertical cross
sectional side view of the system depicted in FIG. 1 and
FIG. 3 describes a schematic plan view showing the whole
system depicted in FIG. 1.

[0027] A semiconductor processing system 1 includes a
common transfer chamber (referred to as a vacuum transfer
chamber hereinafter) 3 which is formed of a housing 2
extending in a horizontal X direction (a left-right direction
in FIG. 3) and can be set to have a depressurized atmosphere
therein. Disposed on four side surfaces of the vacuum
transfer chamber 3 are a plurality (including different types)
of processing chambers (vacuum processing chambers) 4
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and load lock chambers 5 capable of being depressurized.
The vacuum transfer chambers and/or the load lock cham-
bers 5 are vertically disposed at multiple levels at at least one
location around the vacuum transfer chamber 3.

[0028] Formed on the four side surfaces of the transfer
chamber 3 for the respective chambers 4 and 5 are ports 7,
8, 10 and 11 for transferring a semiconductor wafer W
functioning as a substrate to be processed. Thus, the ports
are arranged vertically at a portion where the vacuum
processing chambers 4 and/or the load lock chambers 5 are
disposed at multiple levels. Respectively disposed at ports 7,
8, 10 and 11 are gate valves G for airtightly making
partitions between the transfer chamber 3, and the vacuum
processing chambers 4 and the load lock chambers 5.

[0029] Specifically, a multiplicity of, e.g., three, ports 7 is
formed at a first height on a side surface (a first side surface)
6a of the vacuum transfer chamber 3. The vacuum process-
ing chamber 4 is connected to each port 7 via a gate valve
G. Further, a multiplicity of, e.g., three, ports 8 is formed at
a second height on another side surface (a second side
surface) 65 opposite to the first side surface 6a. The vacuum
processing chamber 4 is also connected to each port 8 via a
gate valve G.

[0030] Depicted by solid lines in FIG. 2 is a state where
the vacuum processing chambers 4 on the first side surface
6a of the vacuum transfer chamber 3 and those on the second
side surface 65 thereof are disposed at different heights (i.e.,
the corresponding ports are provided at different heights). As
will be described later, the difference between the first height
and the second height corresponds to the height difference
between positions of movable blocks 18A and 18B when the
positions are exchanged in a Z direction (a vertical direc-
tion), wherein the movable blocks 18A and 18B are sup-
ported by a first and a second large-sized arm mechanism 9A
and 9B and have small-sized arm mechanisms 19A and 19B,
respectively. By exchanging the positions in the vertical
direction, the movable block 18A can be positioned either
above or below the movable block 18B.

[0031] In other words, two transfer units are movably
disposed in a length direction (the X direction) correspond-
ing to the first and the second height in the housing 2.
Accordingly, transfer efficiency can be improved and control
can be facilitated. Further, the vacuum transfer chambers 4
may not be necessarily disposed at different heights on the
left and the right side surface of the vacuum transfer
chamber 3. For example, as depicted by solid lines and
imaginary lines in FIG. 2, the vacuum processing chambers
4 can be disposed vertically at two levels on the left side
surface and also at the same levels on the right side surface.

[0032] Plural, e.g., four, ports 10 are formed vertically at
multiple levels (plural levels) on one end of the vacuum
transfer chamber 3, i.e., a front end surface (a third side
surface adjoining the first side surface) 6c. A load lock
chamber 5 is connected to each port 10 via a gate valve G.
A port 11 is formed at the first height on the other end of the
vacuum transfer chamber 3, i.e., a rear end surface 6d. The
vacuum processing chamber 4 is connected to the port 11 via
a gate valve G.

[0033] The semiconductor processing system 1 also
includes an inlet side transfer chamber having a normal
pressure atmosphere therein (also referred to as a normal
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pressure transfer chamber or an atmospheric transfer cham-
ber) 13. The normal pressure transfer chamber is formed of
a housing 12 extended in a horizontal Y direction (an
up-and-down direction in FIG. 3) running perpendicular to
the X direction, and is connected to the vacuum transfer
chamber 3 via the load lock chambers 5. The normal
pressure transfer chamber 13 is used for transferring the
semiconductor wafers W between the air side and the
vacuum transfer chamber 3.

[0034] Thus, plural, e.g., four, ports for loading and
unloading the wafers W are arranged horizontally on one
side surface (a front surface) of the normal pressure transfer
chamber 13. Connected to each port is a load port device 15
for mounting thereon a cassette 14 accommodating a num-
ber of wafers. Four ports are arranged vertically on another
side surface (a back surface) of the normal pressure transfer
chamber 13 and the above-mentioned load lock chambers 5
are connected thereto via gate valves G. Further, disposed at
one end of the normal pressure transfer chamber 13 is an
orienter 16 for performing a position aligning of the wafer.

[0035] A transfer device 17 is disposed in each of the
vacuum transfer chamber 3 and the normal pressure transfer
chamber 13. The transfer device 17 in the vacuum transfer
chamber 3 and the normal pressure transfer chamber 13 are
substantially identical. Therefore, only the transfer device 17
in the vacuum transfer chamber 3 will be described herein-
after, and a description for the transfer device 17 in the
normal pressure transfer chamber 13 will be omitted.

[0036] The transfer device 17 has a first and a second
large-sized arm mechanism (a first and a second actuation
mechanism) 9A and 9B, one on the right and one on the left,
each formed of a stretchable, contractable and revolvable
vertical multi-joint type robot. The first and the second
large-sized arm mechanism 9A and 9B respectively have a
first and a second support section (leading ends of the first
and the second large-sized arm mechanism 9A and 9B in this
embodiment). The support sections are respectively mov-
able on a first and a second vertical plane VP1 and VP2 (see
FIG. 2) running parallel to the X direction and parallel with
each other in a common space formed by the vacuum
transfer chamber 3.

[0037] Respectively supported at the leading ends of the
first and the second large-sized arm mechanism 9A and 9B
are a first and a second movable block (a first and a second
base portion) 18A and 18B, which are moved horizontally
by the first and the second large-sized arm mechanism 9A
and 9B. The first and the second movable block 18A and
18B are extended toward each other from the leading ends
of the first and the second large-sized arm mechanism 9A
and 9B, respectively. The leading ends of the first and the
second movable block 18A and 18B pass through a vertical
plane VPO (a central line of the vacuum transfer chamber 3),
which is at a center between the first and the second vertical
plane VP1 and VP2 (vertical planes on which the leading
ends of the first and the second large-sized arm mechanism
9A and 9B are moved), and terminate at positions not
reaching the second and the first vertical plane VP2 and
VP1, respectively.

[0038] A first and a second small-sized arm mechanism (a
first and a second handling mechanism) 19A and 19B, which
are stretchable and contractable, are disposed on the first and
the second movable block 18A and 18B, respectively. The
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first and the second small-sized arm mechanism 19A and
19B directly handle the wafers W when loading and unload-
ing the wafers W, i.e., substrates to be processed, to and from
the vacuum processing chambers 4 and the load lock cham-
bers 5. The first and the second small-sized arm mechanism
19A and 19B can rotate on a horizontal plane, and rotation
centers thereof are disposed on the vertical plane VPO (the
center line of the vacuum transfer chamber 3), which is at a
center of the first and the second vertical plane VP1 and
VP2.

[0039] The transfer device 17 further has a control section
(controller) 20 for controlling an operation thereof. The
control section 20 controls operations of the first and the
second large-sized arm mechanism 9A and 9B such that the
first and the second movable block 18A and 18B do not
interfere with each other in the common space formed by the
vacuum transfer chamber 3. That is, the control section 20
manipulates the first and the second movable block 18A and
18B and to exchange their positions vertically.

[0040] In this embodiment, the large-sized arm mecha-
nism is employed to move the movable blocks 18A and 18B
in the 7Z direction (vertical direction) and the X direction.
The large-sized arm mechanisms 9A and 9B are similar to a
transfer robot on the market (UTM-3500 Robot sold by
Assist Japan Co., Ltd.), but different therefrom in that two
large-sized arm mechanisms 9A and 9B are assembled such
that two movable blocks 18A and 18B are overlapped
vertically and back and forth.

[0041] The first and the second large-sized arm mecha-
nism 9A and 9B share a base (a base portion) 21 disposed on
a floor of the vacuum transfer chamber 3. Each of the first
and the second large-sized arm mechanism 9A and 9B has
a base side arm 22 which is vertically revolvably connected
to the base 21 and an intermediate arm 23 which is vertically
revolvably connected to a leading end of the base side arm
22. A leading end of each intermediate arm 23 functions as
a support section of the movable block and a vertically
standing portion 184 formed as a single unit with the
movable block 18A or 18B is vertically revolvably con-
nected thereto.

[0042] When the large-sized arm mechanisms 9A and 9B
cannot cover the whole vacuum transfer chamber 3 due to its
extensive length in the forward and backward direction, it is
possible to make the base 21 movable in the X direction. In
this case, as depicted by imaginary lines in FIG. 1, rails 24
can be prepared on the floor of the vacuum transfer chamber
3 to enable the base 21 to be driven on the rails 24 by a linear
motor.

[0043] Further, each of the first and the second large-sized
arm mechanism 9A and 9B may be configured to have an
individual base instead of the common base 21. For
example, at a position of a dashed line 25 at the center, the
base 21 can be divided into two parts on the right and the left
for the large-sized arm mechanisms 9A and 9B as shown in
FIG. 1, and the two parts can be made to move indepen-
dently on the their own rails 24. Consequently, wafers W can
be transferred with a higher degree of freedom.

[0044] FIG. 4 offers a perspective view showing an exem-
plary large-sized arm mechanism of the transfer device
depicted in FIG. 1. The large-sized arm mechanism 9A (9B)
has an individual base 21. At the base 21, a first driving unit
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26 for vertically revolvably operating the base side arm 22
is disposed. At a leading end of the base side arm 22, a
second driving unit 27 for vertically revolvably driving the
intermediate arm 23 is disposed. Disposed at a leading end
of the intermediate arm 23 is a third driving unit 28 for
vertically revolvably driving the movable block 18A. By
stretching, contracting and revolving the large-sized arm
mechanism 9A on the vertical plane, the movable block 18A
can be moved in the Z direction (vertical direction) and the
X direction while being maintained horizontally.

[0045] FIG. 5 presents a perspective view showing an
exemplary small-sized arm mechanism of the transfer device
depicted in FIG. 1. The small-sized arm mechanisms 19A
(19B) has a rotatable table 31 which is rotatably disposed on
the movable block 18A. Two multi-joint arms 19S and 19T
are disposed on the rotatable table 31. Each of the multi-joint
arms 19S and 19T has a horizontally revolvable base side
arm 19x; an intermediate arm 19y which is horizontally
revolvably connected to a leading end of the base side arm
19x; and a pick (a substrate supporting unit) 30 which is
horizontally revolvably connected to a leading end of the
intermediate arm 19y.

[0046] Preferably, a cover 32 is disposed on the rotatable
table 31 is to accommodate thereunder the multi-joint arms
19S and 19T when they are contracted. The cover 32 can
protect wafers W from particles even in a case where the
particles fall down when the positions of the movable blocks
18A and 18B are exchanged vertically. An opening 33 is
provided at the cover 32 so that the multi-joint arms 19S and
19T can stretch and contract horizontally. The opening 33
may be provided with a shutter.

[0047] An analogue of the multi-joint arms 19S and 19T
is disclosed in Japanese Patent Laid-open Application No.
6-338554. In the present embodiment, two multi-joint arms
19S and 19T are mounted on one movable block 18A (18B)
in order to exchange a processed wafer and an unprocessed
wafer efficiently. However, only one multi-joint arm can be
disposed on one movable block 18A (18B).

[0048] FIG. 6 sets forth a perspective view showing
another exemplary large-sized arm mechanism of the trans-
fer device depicted in FIG. 1. The large-sized arm mecha-
nism 9A (9B) has a parallel link structure. That is, the
large-sized arm mechanism 9A (9B) has a base 21; a pair of
base side arms 22 and 34 vertically revolvably connected
thereto; and a pair of intermediate arms 23 and 35 vertically
revolvably connected to leading ends of the pair of base side
arms 22 and 34. The leading ends of the pair of base side
arms 22 and 34 are coupled to each other by a link 36.
Leading ends of the pair of intermediate arms 23 and 35
function as support sections of the movable block, and the
vertically standing portion 184 are formed as a single unit
with the movable block 18A (18B) is vertically revolvably
connected thereto. In this structure, the third driving unit 28
(see FIG. 4) for horizontally controlling the movable block
18A (18B) becomes unnecessary since the movable block
18A (18B) is translated while being maintained horizontally.

[0049] In the structure shown in FIG. 6, a driving unit 37
for a small-sized arm mechanism 19 is preferably disposed
at the vertically standing portion 184 of the movable block
18A (18B). By doing so, a thickness of the movable block
18A (18B) can be made thinner, so that a space efficiency
can be improved in the transfer space inside the vacuum
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transfer chamber 3. It is preferable to arrange a harness of
electric wires and cables for the driving units 26, 27, 28 and
37 through hollow portions formed at rotation axes of the
driving units 26, 27 and 28, the arms 22 and 23, or the like,
not at the outside thereof.

[0050] Hereinafter, there will be described an operation of
the semiconductor processing system 1 shown in FIG. 3 in
a case where the vacuum processing chambers 4 are dis-
posed at different heights at both sides of the vacuum
transfer chambers 3 as described above.

[0051] First, an unprocessed wafer W is unloaded from a
cassette 14 mounted on a load port device 15 and then
loaded in one of the load lock chambers 5 by using the
transfer device 17 disposed in the normal pressure transfer
chamber 13. Particularly, the wafer W is handled by either
one of two multi-joint arms 19S and 19T disposed in the
small-sized arm mechanism 19A (19B) supported by the
large-sized arm mechanism 9A (9B). When a processed
wafer W is in the load lock chamber 5, the processed wafer
W is unloaded by the other one of the multi-joint arms 19S
and 19T and then the unprocessed wafer is loaded into the
load lock chamber 5.

[0052] After adjusting a pressure in the load lock chamber
5, the unprocessed wafer W is unloaded from the load lock
chamber 5 and then loaded into one of the vacuum process-
ing chambers 4. At this time, the transfer device 17 disposed
in the vacuum transfer chamber 3 is used for the exchange
of the processed wafer and the unprocessed wafer in the
vacuum processing chamber 4 or the exchange of the
unprocessed wafer and the processed wafer in the load lock
chamber 5. Since two multi-joint arms 19S and 19T are
disposed in the small-sized arm mechanism 19A (19B)
supported on the large-sized arm mechanism 9A (9B), an
operation of exchanging wafers can be performed quickly by
using both of the multi-joint arms 19S and 19T.

[0053] Hereinafter, there will be described in detail an
operational example of the small-sized arm mechanism 19A
(19B) moving in the Z direction and the X direction by the
large-sized arm mechanism 9A (9B) in the vacuum transfer
chamber 3 shown in FIG. 1.

[0054] The small-sized arm mechanism 19A performs a
transfer of the wafers W mainly between two upper load
lock chambers 5 of the multi-level load lock chambers 5 and
the vacuum processing chambers 4 at the first height on the
first side surface 64 of the vacuum transfer chamber 3 (a first
transfer route). The other small-sized arm mechanism 19B
performs a transfer of wafers W mainly between two lower
load lock chambers 5 of the multi-level load lock chambers
5 and the vacuum processing chambers 4 at the second
height (lower than the first height) on the second side surface
65 of the vacuum transfer chamber 3 (a second transfer
route).

[0055] When performing the transfer of wafers W across
the first and the second transfer route, the small-sized arm
mechanisms 19A and 19B on the movable blocks 18A and
18B are moved in the Z and the X direction and at the same
time rotated on horizontal planes. At this time, positions of
two movable blocks 18A and 18B are exchanged in the Z
direction (the vertical direction) if necessary, to prevent
them from interfering with each other.

[0056] Further, both of the small-sized arm mechanisms
19A and 19B can transfer the wafers W at an upper end side
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or a lower end side. Moreover, an operational example of the
small-sized arm mechanisms 19A and 19B is not limited to
the above-mentioned example.

[0057] Hereinafter, there will be described an operation of
the semiconductor processing system 1 shown in FIG. 3 in
case where the vacuum processing chambers 4 are disposed
vertically at two levels on both sides of the vacuum transfer
chamber 3 as depicted by the imaginary lines in FIG. 2.

[0058] In this case, the small-sized arm mechanism 19A
performs the transfer of wafers W between upper vacuum
processing chambers 4 and upper load lock chambers 5 (the
first transfer route). The other small-sized arm mechanism
19B performs the transfer of wafers W between lower
vacuum processing chambers 4 and lower load lock cham-
bers 5 (the second transfer route). In such a case, it is not
necessary to vertically exchange the positions of the small-
sized arm mechanisms 19A and 19B.

[0059] Further, when performing a transfer of wafers W
between the vacuum processing chambers 4 on the first side
surface 6a and the vacuum processing chambers 4 on the
second side surface 65, the small-sized arm mechanism 19A
(19B) is revolved and its stretching and contracting direc-
tions thereof are changed. And, when performing a transfer
of wafers W across the first transfer route (the upper end
side) and the second transfer route (the lower end side), each
of the small-sized arm mechanisms 19A and 19B is moved
vertically and the positions thereof are vertically exchanged,
if necessary.

[0060] FIG. 7 represents a cross sectional view showing a
modified example of the system depicted in FIG. 1. As
described above, the vacuum processing chambers 4 can be
disposed at different heights on both sides of the vacuum
transfer chamber 3 and the bases 21 can be provided
individually on the left and the right for the large-sized arm
mechanism 9A and 9B. In this case, a partition plate 29 for
partially partitioning the vacuum transfer chamber 3 can be
disposed at a position between the ports of the vacuum
processing chambers 4 of the first height and the ports of the
vacuum processing chambers 4 of the second height, as
shown in FIG. 7. By doing so, it is possible to prevent a
diffusion of contaminants between the vacuum processing
chambers of the first height and those of the second height.
Also in this case, the positions of the small-sized arm
mechanisms 19A and 19B are vertically exchanged if nec-
essary, when performing a transfer of wafers W between the
upper end side and the lower end side.

[0061] FIG. 8 illustrates a perspective view showing a
semiconductor processing system having a transfer device in
accordance with another preferred embodiment of the
present invention. FIG. 9 shows a cross sectional view of
driving units of the transfer unit shown in FIG. 8.

[0062] In such a semiconductor processing system 1, the
transfer device 17 is installed (by being offset) at a position
close to one end in a length direction of the vacuum transfer
chamber 3 in order to improve maintainability. Namely, a
base portion of two large-sized arm mechanisms 9A and 9B
is disposed at a position close to one end in the length
direction of the vacuum transfer chamber 3, e.g., a position
close to a load lock chamber 5. An opening 38, which can
be opened or airtightly closed selectively by a maintenance
door (not shown), is formed on one side surface (for
example, a first side surface) of the vacuum transfer chamber
3.
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[0063] The semiconductor processing system 1 further has
a structure for making use of, at an upper part thereof, an
increased stroke obtained by offsetting the base portion of
the large-sized arm mechanism 9A (9B). That is, an opening
39, which can be opened or airtightly closed selectively by
a lid (not shown), is provided at the upper portion (a ceiling
plate) of the vacuum transfer chamber 3. A curtain sensor (an
area sensor) 39s is disposed at the opening 39. Further, if the
large-sized arm mechanism 9A (9B) is made to have a
margin in the stroke thereof, the opening can be employed
even in a case where the base portion is not disposed at an
offset position in the vacuum transfer chamber 3.

[0064] The movable block 18A (18B) can be projected
upward from the opening 39 by stretching the large-sized
arm mechanism 9A (9B). By projecting the movable block
18A (18B) from the opening 39, it is possible to facilitate
maintenance of the movable block 18A (18B) and the
small-sized arm mechanism 19A (19B). The curtain sensor
39s serves to give the alarm to operators by detecting their
approach to the opening 39 in order to prevent the operators
from getting into unintentional contact with the movable
block 18A (18B) and the small-sized arm mechanism 19A
(19B).

[0065] As shown in FIG. 9, the large-sized arm mecha-
nisms 9A and 9B are revolvably supported by a lower
sidewall 6x of the vacuum transfer chamber 3 serving as a
common fixed base portion. The revolving centers of the
large-sized arm mechanisms 9A and 9B are disposed coaxi-
ally and, on an outer surface of the lower sidewall 6x,
driving units 26A and 26B of the large-sized arm mecha-
nisms 9A and 9B are disposed correspondingly to these axes.
By disposing the driving units 26A and 26B outside the
vacuum transfer chamber 3, it is possible to remove heat
generation units (driving units) from a vacuum atmosphere
which cannot readily dissipate the heat and at the same time
it is also possible to improve maintainability.

[0066] Specifically, the first driving unit 26A of the first
large-sized arm mechanism 9A is attached to the lower
sidewall 6x. A rotation axis 40A of the first driving unit 26 A
is airtightly and rotatably inserted into the vacuum transfer
chamber 3. The rotation axis 40A of the first driving unit
26A is a hollow axis. The first driving unit 26B of the second
large-sized arm mechanism 9B is attached to an outer side
of the first driving unit 26A. A rotation axis 40B of the first
driving unit 26B is airtightly and rotatably inserted through
the inside of the hollow rotation axis 40A.

[0067] FIG. 10 offers a perspective view showing a modi-
fied example of the system depicted in FIG. 8. In this
modified example, a ceiling portion 6y at one end side of the
vacuum transfer chamber 3 is formed higher than a ceiling
portion 6z at the other end side thereof. A sub-port 41 for
loading and unloading wafers W is formed at an upper
sidewall of the boundary between the higher ceiling portion
6y and the lower ceiling portion 6z. Connected to the
sub-port 41 via a gate valve (not shown) is a sub-module, for
example, a sub-processing chamber 42 for performing a
preheating, a cooling or the like of wafer. The sub-process-
ing chamber 42 is disposed on the lower ceiling portion 6z,
so that a space can be used effectively. An upper space under
the higher ceiling portion 6y is set to have dimensions
capable of disposing the small-sized arm mechanism 19A
(19B) thereat when the small-sized arm mechanism 19A
(19B) accesses the sub-processing chamber 42.
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[0068] Further, in the semiconductor processing system 1
shown in FIG. 10, a utility duct 43 is disposed by making
use of an empty space, so that space efficiency can be
improved. The duct 43 is formed of an angled pipe made of
plastic or the like, and a bundle of pipes, wires and the like
for utilities is inserted through the inside of the duct 43 to be
protected. The pipes and wires for utilities include pipes or
wires for electricity, water, nonreactive gas (e.g., nitrogen),
dry air and the like supplied from a factory to the semicon-
ductor processing system; and pipes for draining water, heat
exhaust and the like from the semiconductor processing
system to the factory.

[0069] FIG. 11 provides a perspective view showing a
modified example of the system depicted in FIG. 10. In this
modified example, a housing of the vacuum transfer cham-
ber 3 has a configuration capable of being divided into a
front portion and a rear portion. As described above, the base
portion of the large-sized arm mechanisms 9A and 9B is
offset and, thus, disposed at the front end side of the vacuum
transfer chamber 3. Accordingly, it becomes possible to
divide the housing of the vacuum transfer chamber 3 into a
standard portion 3A having the large-sized arm mechanisms
9A and 9B at the front and an optional portion 3B at the
back. The optional portion 3B at the back can be selected
from those of plural kinds having large and small sizes with
varying the number of process modules connected thereto.

[0070] FIGS. 12 and 13 present schematic plan views
showing semiconductor processing systems in accordance
with further preferred embodiments of the present invention.
In the embodiments described with reference to FIGS. 1 to
11, the small-sized arm mechanism 19A (19B) is revolvably
disposed on the movable block 18A (18B). In contrast, the
small-sized arm mechanism 19A (19B) does not make a
revolving movement in the embodiments shown in FIGS.
12 and 13. The transfer devices 17 shown in FIGS. 12 and
13 are identical to that shown in FIG. 1 excepting that the
small-sized arm mechanism 19A (19B) thereof does not
make a revolving movement.

[0071] In the embodiment shown in FIG. 12, vacuum
processing chambers 4 and load lock chambers 5 are dis-
posed only at one side of a vacuum transfer chamber 3. The
vacuum processing chambers 4 and the load lock chambers
5 are disposed at multiple levels at at least one location
around the vacuum transfer chamber 3. The small-sized arm
mechanism 19A (19B) is movable in the X direction, i.e., the
length direction of the transfer chamber, and the Z direction
by the large-sized arm mechanism 9A (9B) shown in FIG.
1, for example. Further, the small-sized arm mechanism 19A
(19B) is stretchable and contractable in the Y direction
running perpendicular to the X direction.

[0072] As depicted in FIG. 12, both the small-sized arm
mechanisms 19A and 19B access the ports of the vacuum
processing chambers 4 and the load lock chambers 5 by
stretching in a same Y direction. And, the small-sized arm
mechanism 19A (19B) performs a transfer of wafers W
between the vacuum processing chambers 4 and the load
lock chambers 5. Although the transfer device 17 has a
structure simpler than that shown in FIG. 1, it is appropriate
to a small-sized semiconductor processing system 1 as
illustrated in FIG. 12.

[0073] In the embodiment shown in FIG. 13, vacuum
processing chambers 4 and load lock chambers 5 are dis-
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posed at both sides of a vacuum transfer chamber 3. The
vacuum processing chambers 4 and the load lock chambers
5 are disposed at multiple levels at at least one location of
each side of the vacuum transfer chamber 3. The small-sized
arm mechanism 19A (19B) is movable in the X direction,
i.e., the length direction of the transfer chamber, and the Z
direction by the large-sized arm mechanism 9A (9B) shown
in FIG. 1, for example. Further, the small-sized arm mecha-
nism 19A (19B) is stretchable and contractable in the Y
direction running perpendicular to the X direction.

[0074] As depicted in FIG. 13, both of the small-sized arm
mechanisms 19A and 19B access the ports of the vacuum
processing chambers 4 and the load lock chambers 5 by
stretching in opposite Y directions. And, the small-sized arm
mechanism 19A (19B) performs a transfer of wafers W
between the vacuum processing chambers 4 and the load
lock chambers 5 at either one of the sides of the vacuum
transfer chamber 3. Although the transfer device 17 has a
structure simpler than that shown in FIG. 1, it is appropriate
for use in a semiconductor processing system 1 as illustrated
in FIG. 13, where a processing sequence for the wafers W
is somewhat limited.

[0075] FIG. 14 represents a perspective view showing a
transfer device in accordance with another preferred
embodiment of the present invention. The transfer device 17
has a first base 21A and a second base 21B independently
moving in the X direction on rails 24A and 24B. Respec-
tively disposed on the first and the second base 21A and 21B
are a first and a second elevation mechanism (reciprocator)
9S and 9T which slide in the vertical direction (the Z
direction). The first and the second elevation mechanism 9S
and 9T respectively have a first and a second support section
(leading ends of the first and the second elevation mecha-
nism 98 and 9T in this embodiment) moving on a first and
a second vertical plane which are parallel to the X direction
and also parallel with each other in a common space formed
by a transfer chamber (a vacuum transfer chamber or a
normal pressure transfer chamber) 50.

[0076] A first and a second movable block (a first and a
second base portion) 18A and 18B are respectively sup-
ported on the leading ends of the first and the second
elevation mechanism 9S and 9T and are horizontally moved
by the first and the second elevation mechanism 9S and 9T.
The first and the second movable block 18A and 18B are
respectively extended from the leading ends of the first and
the second elevation mechanism 9S and 9T toward each
other. The leading ends of the first and the second movable
block 18A and 18B pass through a vertical plane (a central
line of the vacuum transfer chamber 50), which is at a center
between the first and the second vertical plane described
above (vertical planes on which the leading ends of first and
the second elevation mechanism 9S and 97T are moved), and
terminate at a position not reaching the second and the first
vertical plane.

[0077] A first and a second small-sized arm mechanism (a
first and a second handling mechanism) 19A and 19B, which
are stretchable and contractable, are disposed on the first and
the second movable block 18A and 18B, respectively. The
first and the second small-sized arm mechanism 19A and
19B can rotate on horizontal planes, and rotation centers
thereof are disposed on the vertical plane (the center line of
the vacuum transter chamber 50), which is at a center of the
first and the second vertical plane.
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[0078] The transfer device 17 further has a control section
(a controller) 20 for controlling an operation thereof. The
control section 20 controls operations of the first and the
second base 21A and 21B and the first and the second
elevation mechanism 9S and 9T such that the first and the
second movable block 18A and 18B do not interfere with
each other in the common space formed by the transfer
chamber 50. That is, the control section 20 manipulates the
first and the second movable block 18A and 18B such that
their positions are exchanged vertically.

[0079] FIGS. 15A and 15B describe schematic side views
showing a transfer device in accordance with another pre-
ferred embodiment of the present invention. The transfer
device employs multi-joint arms instead of the elevation
mechanisms 9S and 9T depicted in FIG. 14. FIG. 15A
presents a state where the movable block 18A (18B) is
moved down; and FIG. 15B presents a state where the
movable block 18A (18B) is moved up. Remaining portions
of the transfer device can be configured in the same manner
shown in FIG. 14.

[0080] The transfer device 17 shown in FIGS. 15A and
15B has a base 21A (21B) moving on a rail 24A (24B). A
base side arm 22 is vertically revolvably connected to the
base 21A (21B). An intermediate arm 23 is vertically revolv-
ably connected to a leading end of the base side arm 22. A
movable block 18A (18B) is vertically revolvably connected
to a leading end of the intermediate arm 23 while being
maintained horizontally. The multi-joint arm stretches and
contracts such that the movable block 18A (18B) moves
only vertically. Also in this embodiment, the first and the
second movable block 18A and 18B are operated so that the
positions thereof can be exchanged vertically.

[0081] FIG. 16 offers a perspective view showing a trans-
fer device in accordance with still another preferred embodi-
ment of the present invention. In the embodiments described
with reference to FIGS. 1 to 15B, the base or the base portion
of the transfer device is disposed on or near the floor of the
transfer chamber. In the embodiment shown in FIG. 16,
however, a base (a base portion) 21 is disposed on a ceiling
of a transfer chamber (a vacuum transfer chamber or a
normal pressure transfer chamber) 50. The transfer device
depicted in FIG. 16 has the same structure as the transfer
device 17 shown in FIG. 1 excepting that it is upside down.
That is, a first and a second large-sized arm mechanisms 9A
and 9B are downwardly disposed on the base 21 to enable
downward stretching. Lower end portions of the first and the
second large-sized arm mechanisms 9A and 9B function as
support sections of movable blocks and movable blocks 18A
and 18B are vertically revolvably connected thereto.

[0082] Similarly, in case of the transfer device of the type
shown in FIG. 8 or the transfer device of the type shown in
FIG. 14, the base or the base portion thereof may also be
disposed at a ceiling side such that actuation mechanisms of
movable blocks stretch downward. Further, if necessary, it is
possible to combine an actuation mechanism of a movable
block with its base or base portion disposed at a floor side
and an actuation mechanism of a movable block with its
base or base portion disposed at a ceiling side.

[0083] As described above, semiconductor wafers can be
transferred reliably and efficiently through the use of the
transfer device and the semiconductor processing systems in
accordance with preferred embodiments of the present
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invention. For example, two small-sized arm mechanisms
(handling mechanisms) 19A and 19B can be disposed at
locations having a same coordinate in the X coordinate but
with different coordinates in the Z direction (vertical direc-
tion), if necessary. Also in such a case, each of the small-
sized arm mechanism 19A and 19B does not interfere with
an actuation mechanism of a movable block for the other
small-sized arm mechanism. Therefore, a wafer can be
transferred reliably and efficiently to a mounting position,
resulting in an improved processing throughput. Further, in
a structure where two actuation mechanisms of movable
blocks have a common base portion, an overall transfer
device becomes compact. Thus, space efficiency of a device
or a system can be improved.

[0084] Further, the present invention is not limited to the
illustrated preferred embodiments, and various changes and
modifications may be without departing from the spirit and
scope of the invention. For example, in addition to a wafer,
a LCD substrate can be used as a substrate. Further, a
small-sized arm mechanism (a handling mechanism) may be
implemented with a plurality of linearly slidable arms in lieu
of a multi-joint arm. In this case, by moving each arm
forward and backward, it is possible to extend and retract a
substrate supporting unit at a leading end thereof.

INDUSTRIAL APPLICABILITY

[0085] In accordance with the present invention, a transfer
device and a semiconductor processing system capable of
improving transfer efficiency are provided.

What is claimed is:
1. A transfer device for use in a semiconductor processing
system, comprising:

a first and a second actuation mechanism having a first
and a second support section which are respectively
movable in a common space on a first and a second
vertical plane parallel with each other;

a first and a second movable block supported by the first
and the second support section so as to be moved while
being maintained horizontally in the common space by
the first and the second actuation mechanism, wherein
the first and the second movable block are extended
from the first and the second supporting unit toward the
second and the first vertical plane, respectively, by
passing through a vertical plane which is at a center
between the first and the second vertical plane;

a first and a second handling mechanism respectively
disposed on the first and the second movable block and
capable of being extended and contracted to handle
substrates to be processed; and

a controller for controlling operations of the first and the
second actuation mechanism such that the first and the
second movable block do not interfere with each other
in the common space.

2. The transfer device of claim 1, wherein the first and the
second actuation mechanism have a common base movable
in an X direction horizontally running parallel to the first and
the second vertical plane.

3. The transfer device of claim 2, wherein the first and the
second actuation mechanism respectively have a first and a
second vertically driving mechanism, which are supported
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on the common base and vertically move the first and the
second movable block, respectively.

4. The transfer device of claim 3, wherein the first and the
second vertically driving mechanism respectively have a
first and a second multi-joint arm.

5. The transfer device of claim 1, wherein the first and the
second actuation mechanism respectively have a first and a
second base; and a first and a second vertically driving
mechanism respectively supported on the first and the sec-
ond base, the first and the second base being individually
movable in an X direction horizontally running parallel to
the first and the second vertical plane and the first and the
second vertically driving mechanism vertically moving the
first and the second movable block, respectively.

6. The transfer device of claim 5, wherein the first and the
second vertically driving mechanism respectively have a
first and a second reciprocator.

7. The transfer device of claim 5, wherein the first and the
second vertically driving mechanism respectively have a
first and a second multi-joint arm.

8. The transfer device of claim 1, wherein the first and the
second actuation mechanism respectively have a first and a
second multi-joint arm revolvably supported.

9. The transfer device of claim 8, wherein each of the first
and the second multi-joint arm is revolvably supported on a
fixed base portion.

10. The transfer device of claim 9, wherein revolving
centers of the first and the second multi-joint arm are
disposed coaxially.

11. The transfer device of claim 1, wherein each of the
first and the second handling mechanism has a handling arm
being extended and contracted horizontally and a member
for rotating the handling arm on a horizontal plane.

12. The transfer device of claim 11, wherein rotation
centers of the first and the second handling mechanism are
disposed on the vertical plane which is at the center between
the first and the second vertical plane.

13. The transfer device of claim 1, further comprising a
transfer chamber forming the common space, wherein the
transfer chamber includes a plurality of ports for loading or
unloading the substrate to be processed by using the first and
the second handling mechanism and the plurality of ports
have a first and a second port arranged vertically.

14. The transfer device of claim 13, further comprising a
first and a second load lock chamber for performing pressure
control and respectively connected to the first and the second
port.

15. The transfer device of claim 14, further comprising at
least one load port device, each load port device being
connected to one of the plurality of ports, and mounting
thereon a cassette accommodating a multiplicity of sub-
strates to be processed.

16. The transfer device of claim 14, wherein at least one
of' the plurality of ports is connected to a vacuum processing
chamber for performing a semiconductor process on the
substrate to be processed and the transfer chamber can be set
to have a depressurized atmosphere.

17. The transfer device of claim 13, wherein the plurality
of ports are disposed only at one side of the transfer chamber
and the first and the second handling mechanism extend in
a same Y direction, which is a horizontal direction perpen-
dicular to the first and the second vertical plane, to access the
plurality of ports.
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18. The transfer device of claim 13, wherein the plurality
of ports are disposed at two sides of the transfer chamber and
the first and the second handling mechanism extend in
opposite Y directions, which are horizontal directions per-
pendicular to the first and the second vertical plane, to access
the plurality of ports.

19. The transfer device of claim 13, wherein the first and
the second actuation mechanism respectively include a first
and a second multi-joint arm revolvably supported on a fixed
base portion and having coaxially disposed revolving cen-
ters, the revolving centers being disposed at a location offset
toward one side from a center of the transfer chamber.

20. A semiconductor processing system, comprising:

a transfer chamber having a plurality of ports for loading
or unloading a substrate to be processed;

at least one processing chamber, each processing chamber
being connected to one of the plurality of ports, for
performing a semiconductor processing on the sub-
strate to be processed; and

a transfer device, disposed in the transfer chamber, for
loading or unloading the substrate to be processed via
the plurality of ports,

the transfer device including:

a first and a second actuation mechanism having a first
and a second support section which are respectively
movable in a common space on a first and a second
vertical plane parallel with each other;

a first and a second movable block supported by the first
and the second support section so as to be moved while
being maintained horizontally in the common space by
the first and the second actuation mechanism, wherein
the first and the second movable block are extended
from the first and the second supporting unit toward the
second and the first vertical plane, respectively, by
passing through a vertical plane which is at a center
between the first and the second vertical plane;

a first and a second handling mechanism respectively
disposed on the first and the second movable block and
capable of being extended and contracted to handle
substrates to be processed; and

a controller for controlling operations of the first and the
second actuation mechanism such that the first and the
second movable block do not interfere with each other
in the common space.

21. The semiconductor processing system of claim 20,
wherein the plurality of ports include a first and a second
port arranged vertically and the system further comprises a
first and a second load lock, respectively connected to the
first and the second port, for performing pressure control.

22. The semiconductor processing system of claim 20,
wherein the processing chamber is a vacuum processing
chamber and the transfer chamber can be set to have a
depressurized atmosphere.

23. The semiconductor processing system of claim 20,
wherein a ceiling plate of the transfer chamber is provided
with an opening which is selectively opened in order to
project upward at least one of the first and the second
movable block.
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9
24. The semiconductor processing system of claim 20, formed on an upper sidewall defining a side portion of
further comprising: the upper space; and
a sub-processing chamber disposed on the second portion
an upper space formed, by installing a first portion of a of the ceiling of the transfer chamber and connected to
ceiling of the transfer chamber higher than a second the transfer chamber via the sub-port, wherein the

transfer device loads or unloads the substrate to be
processed in or from the sub-processing chamber via
the sub-port.

portion thereof, under the first portion, wherein at least
one of the first and the second handling mechanism can
be disposed in the upper space and a sub-port for
loading or unloading the substrate to be processed is L



