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(57) Abstract: There are provided a substrate transferring apparatus for continuously loading/unloading a plurality of substrates in
and from a process chamber to reduce time spent on transferring the substrates and to improve productivity and a substrate processing
system using the same. The substrate transfer apparatus is installed in the transfer chamber and transfers substrates between first and
second process chambers which is positioned lateral sides of the transfer chamber and a load rock chamber. The substrate transfer
apparatus includes a driving unit to supply a rotational force, a spindle connected to the driving unit, first swivel plate arms to
load/unload substrate to/from first process chamber, and second swivel plate arms to load/unload substrate to/from second process
chamber. Since substrates before and after being processed are rapidly exchanged during the simultaneous or continuous process of
plural substrates, processing rate increases and overall productivity can be increased.
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Description
SUBSTRATE TRANSFER EQUIPMENT AND HIGH SPEED

SUBSTRATE PROCESSING SYSTEM USING THE SAME
Technical Field

The present invention relates to a substrate transferring apparatus and a substrate
processing system, and more particularly, to a substrate transferring apparatus for con-
tinuously loading/unloading a plurality of substrates in and from a process chamber to
reduce time spent on transferring the substrates and to improve productivity and a

substrate processing system using the same.

Background Art

Recently, a cluster system capable of simultaneously process a plurality of
substrates is commonly employed in substrate processing systems for manufacturing
liquid crystal displays, plasma panel displays, and semiconductor devices.

In general, the cluster system refers to a multi-chamber type substrate processing
system including a transfer robot (or a handler) and a plurality of substrate processing
modules provided around the transfer robot.

The cluster system includes a transfer chamber and the transfer robot provided in
the transfer chamber to be freely rotatable. Process chambers for performing processes
of processing substrates are mounted to the sides of the transfer chamber. Such a
cluster system simultaneously processes a plurality of substrates or continuously
performs various processes to increase an amount of processing substrates. In order to
increase the amount of processing substrates, a plurality of substrates is simultaneously
processed in a single process chamber to increase the amount of processing substrates
per unit time.

However, although the plurality of substrates is simultaneously (or continuously)
processed in the process chamber, when substrates before and after being processed are
not effectively exchanged in the process chamber, loss of time is generated.

Moreover, when a conventional cluster system includes a hexagonal transfer
chamber (basically, including four process chambers and two load lock chambers), due
to the area occupied by the transfer chamber, the area of the cluster system and the
width of the entire cluster system that is important to the arrangement of the cluster
system in a manufacturing line increases more than a desired width and the scale of a
vacuum system required for maintaining the transfer chamber in a vacuum state
increases, so that apparatus cost and installation cost increase. In addition, the area of
the transfer chamber more increases as the number of provided process chambers

increases.
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Thus, a substrate processing system capable of simultaneously (or continuously)
processing the plurality of substrates and of effectively exchanging the substrates
before and after being processed in the process chamber to process the plurality of

substrates is required.
Disclosure of Invention

Technical Problem

Therefore, the present invention is directed to provide a substrate transfer apparatus
having a structure in which substrates are effectively processed and a substrate
processing system using the same.

The present invention also provides a substrate transfer apparatus in which time
spent on transferring substrates is reduced to improve productivity and a substrate
processing system using the same.

The present invention also provides a substrate transfer apparatus having a small
system area and a substrate processing system using the same.

The present invention also provides a substrate transfer apparatus having a structure
in which time spent on processes is reduced and a substrate processing system using
the same.

The present invention also provides a substrate transfer apparatus having a structure
in which the availability of a process chamber is improved and a substrate processing
system using the same.

The present invention also provides a substrate transfer apparatus having a
remarkably reduced the system area and the system width and a substrate processing
system using the same.

The present invention also provides a substrate transfer apparatus in which an un-
necessary vacuum area is reduced to minimize apparatus cost and installation cost and
a substrate processing system using the same.

The present invention also provides a substrate processing system capable of ef-
fectively using the layout of a space in a semiconductor manufacturing factory.

The present invention also provides a substrate processing system in which the
number of processing modules corresponding to one transfer robot is reduced to
improve throughput.

The present invention also provides a substrate processing system including a
substrate transfer apparatus having a small driving area.

Technical Solution

In accordance with an exemplary embodiment, the present invention provides an

apparatus for transferring substrates. The apparatus for transferring substrates between

a load rock chamber and first and second process chambers to process a plurality of
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substrates, which comprises a driving unit to supply a rotational force; at least one
spindle connected to the driving unit; a plurality of first swivel plate arms to load/
unload the substrates to the first process chamber; and a plurality of second swivel
plate arms to load/unload the substrates to the second process chamber.

Preferably, each of the first and second swivel plate arms comprises at least one
swivel plate arm to load substrates before being processed; and at least one swivel
plate arm to unload processed substrates.

Preferably, the first swivel plate arms and the second swivel plate arms are
separately mounded, and the spindle includes at least two different spindles which
rotate independently.

Preferably, the driving unit includes at least one driving unit to supply a rotational
force through the at least two different spindles.

Preferably, each of the first swivel plate arms and the second swivel plate arms
includes a horseshoe-shaped end effector having an opening with an opened side and a
support having an upper side to which rims of the substrate are positioned.

Preferably, the end effector includes an entrance path through which the end
effector of an atmospheric pressure transfer robot installed in the load rock chamber
enters and exits to transfer and receive the substrates.

In accordance with another exemplary embodiment, the present invention provides
a substrate processing system using the apparatus for transferring substrates, the
system comprises a first process chamber including at least two substrate supporting
tables; a second process chamber including at least two substrate supporting tables; a
transfer chamber in which the substrate transfer apparatus is installed; a first substrate
entrance formed between the first process chamber and the transfer chamber; a second
substrate entrance formed between the second process chamber and the transfer
chamber; and a third substrate entrance formed between the transfer chamber and the
exterior; wherein the substrate transfer apparatus receives and transfers the substrates
before and after being processed from and to the exterior through the third substrate
entrance, such that the substrates before being processed are transferred to the first or
second process chamber and the processed substrates processed in the first or second
process chamber are transferred to the exterior through the third substrate entrance.

Preferably, the substrate processing system further comprises a load rock chamber
connected to the third substrate entrance, and the load rock chamber comprises an at-
mospheric pressure transfer robot to transfer the substrates under atmospheric pressure.

Preferably, the substrate processing system further comprises a cooling chamber to
cool the processed substrates discharged through the third substrate entrance.

Preferably, the first and second process chambers comprise plasma chambers in

which plasma processes are carried out.
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Preferably, the first process chamber comprises a plasma chamber in which a
plasma process is carried out and the second process chamber comprises a cooling
chamber to cool heated substrates after being processed.

Preferably, the substrate processing system further comprises a fourth substrate
entrance formed between the transfer chamber and another exterior, and the substrate
transfer apparatus receives the substrates before being processed from the exterior
through the third substrate entrance and transfers the processed substrates to the
exterior through the fourth substrate entrance.

Preferably, the substrate processing system further comprises a load rock chamber
connected to the fourth substrate entrance, and the load rock chamber includes an at-
mospheric pressure transfer robot to transfer the substrates under the atmospheric
pressure.

Preferably, the substrate processing system further comprises a cooling chamber to
cool the processed substrates discharged through the fourth substrate entrance.

In accordance with another exemplary embodiment, the present invention provides
an apparatus for transferring substrates. An apparatus for transferring substrates in a
transfer chamber between a load rock chamber and process chambers to process a
plurality of substrates, which comprises transfer members scattered and disposed on
the verge of the transfer chamber; and the plurality of transfer members to simul-
taneously receive a plurality of substrates provided to a standby position of the transfer
chamber through the load rock chamber to transfer the plurality of substrates to the
upper sides of substrate supporting tables respectively installed in the process
chambers, and to receive respective substrates from the upper sides of the substrate
supporting tables to concentrately transfer the same to the standby position of the
transfer chamber.

Preferably, each of the transfer members comprises a driving unit to supply a
rotational force; two spindles connected to the driving unit; and a plurality of swivel
plate arms to load/unload the substrates to/from the corresponding substrate supporting
tables.

Preferably, each of the swivel plate arms comprises: a swivel plate arm to load
substrates before being processed; and a swivel plate arm to unload processed
substrates.

Preferably, each of the swivel plate arms comprises a horseshoe-shaped end effector
having an opening with an opened side and a support having an upper side to which
rims of the substrate are positioned.

Preferably, the transfer members are unfolded such that the end effectors of the
swivel plate arms are positioned in the upper sides of the corresponding substrate

supporting tables, and are folded such that the end effectors of the swivel plate arms
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are vertically aligned with a single aligning line at the standby position of the transfer
chamber.

In accordance with another exemplary embodiment, the present invention provides
a substrate transfer apparatus installed in a transfer chamber to transfer substrates
between a load rock chamber and process chambers to process a plurality of substrates.
The substrate transfer apparatus comprises a plurality of spindles disposed on the verge
of the transfer chamber to be spaced apart from each other; a driving unit to supply a
driving force to the plurality of spindles; and a plurality of swivel plate arms re-
spectively installed to the plurality of spindles to swivel for the loading/unloading the
substrates to/from the corresponding process chambers.

Preferably, each of the swivel plate arms comprises a horseshoe-shaped end effector
having an opening with an opened side and a support having an upper side to which
rims of the substrate are positioned, and end effectors of the swivel plate arms swivel
to be positioned in the upper sides of corresponding substrate supporting tables and to
be vertically aligned with a single aligning line at a standby position of the transfer
chamber.

Preferably, each of the swivel plate arms comprises at least two rod-antenna type
extensible plate arms.

Preferably, each of the swivel plate arms swivel toward the substrate supporting
tables at the standby position of the transfer chamber and the extensible swivel plate
arms are withdrawn step by step such that the end effectors are positioned in the upper
sides of the substrate supporting tables.

In accordance with another exemplary embodiment, the present invention provides
a substrate processing system. A substrate processing system comprises a transfer
chamber in which a substrate transfer apparatus is installed; and first and second
process chambers connected to the lateral sides of the transfer chamber through first
and second entrances and including two substrate supporting tables; the substrate
transfer apparatus including four transfer members disposed on the verge of the
transfer chamber to be spaced apart from each other, wherein the transfer members are
unfolded to simultaneously receive four substrates provided from the exterior to a
standby position of the transfer chamber and to transfer the four substrates on the upper
sides of four substrate supporting tables installed in the first and second process
chambers, and are folded to receive the respective substrates from the upper sides of
the four substrate supporting tables and to transfer the respective substrates to the
standby position of the transfer chamber.

Preferably, each of the transfer members comprises a driving unit to supply a
rotational force; two spindles connected to the driving unit; and a plurality of swivel

plate arms to load/unload the substrates to/from the substrate supporting tables.
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Preferably, each of the swivel plate arms comprises a horseshoe-shaped end effector
having an opening with an opened side and a support having an upper side to which
rims of the substrate are positioned, and the transfer members swivel such that end
effectors of the swivel plate arms swivel are positioned in the upper sides of cor-
responding substrate supporting tables and are vertically aligned with a single aligning
line at the standby position of the transfer chamber.

Preferably, each of the swivel plate arms comprises at least two rod-antenna type
extensible plate arms.

Preferably, the substrate processing system, further comprises a load rock chamber
connected to in front side of the transfer chamber through a third substrate entrance,
wherein the load rock chamber comprises an atmospheric pressure transfer robot to
transfer the substrates under atmospheric pressure.

Preferably, the front side of the transfer chamber has a shape in which the third
entrance is depressed inwardly.

Preferably, the substrate processing system further comprises a cooling chamber
positioned in the load rock chamber to cool processed substrates discharged to the load
rock chamber through the third substrate entrance.

Preferably, the first and second process chambers comprise plasma chambers in
which plasma processes are carried out.

In accordance with another exemplary embodiment, the present invention provides
a substrate processing system. A substrate processing system comprises a first process
chamber including one substrate supporting table; a second process chamber including
one substrate supporting table; a transfer chamber in which a substrate transfer
apparatus is installed; a first substrate entrance formed between the transfer chamber
and the exterior; a second substrate entrance formed between the first process chamber
and the transfer chamber; and a third substrate entrance formed between the second
process chamber and the transfer chamber; and the substrate transfer apparatus receives
and transfers the substrates before and after being processed from and to the exterior
through the first substrate entrance, such that the substrate transfer apparatus transfers
the received substrates before being processed to the first or second process chamber
through second or the third substrate entrance and receive the processed substrates
processed in the first or second process chamber through the second or third substrate
entrance and transfers to the exterior through the first substrate entrance.

Preferably, the substrate processing system further comprises a load rock chamber
connected to the first substrate entrance, wherein the load rock chamber comprises an
atmospheric pressure transfer robot to transfer the substrates under the atmospheric
pressure.

Preferably, at least one of the first and second process chambers comprises a plasma



WO 2007/126289 PCT/KR2007/002133

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

chamber.

Preferably, at least one of the first and second process chambers comprises a
cooling chamber.

Preferably, at least one of the first and second process chambers comprises an
aligning chamber.

Preferably, the substrate transfer apparatus comprises a driving unit to supply a
rotational force; at least one spindle connected to the driving unit; a plurality of first
swivel plate arms to load/unload the substrates to/from the first process chamber; and a
plurality of second swivel plate arms to load/unload the substrates to/from the second
process chamber.

Preferably, the first swivel plate arms and the second swivel plate arms are
separately mounded, and the spindle includes at least two different spindles which
rotate independently.

Preferably, the driving unit includes at least one driving unit to supply a rotational
force through the at least two different spindles.

Preferably, each of the first swivel plate arms and the second swivel plate arms
includes a horseshoe-shaped end effector having an opening with an opened side and a
support having an upper side to which rims of the substrate are positioned.

Preferably, wherein the end effector includes an entrance path through which the
end effector of an atmospheric pressure transfer robot installed in the load rock
chamber enters and exits to transfer and receive the substrates

In accordance with another exemplary embodiment, the present invention provides
a substrate processing system. A substrate processing system comprises a load rock
chamber including an index in which a plurality of carriers are installed in front
thereof; and a plurality of processing groups disposed in the rear side of the load rock
chamber and stacked in multi-layers, and one of the plurality of process groups
comprises a first transfer chamber to which a first substrate transfer apparatus is
installed; and first and second process chambers connected to the lateral sides of the
first transfer chamber through first and second entrances and including two substrate
supporting tables, and another one of the plurality of processing groups comprises a
second transfer chamber to which a second substrate transfer apparatus is installed; and
first and second aligning chambers connected to the lateral sides of the second transfer
chamber through first and second entrances and including two substrate aligners.

Preferably, the first transfer members are unfolded to simultaneously receive four
substrates provided to a standby position of the first transfer chamber and to transfer
the four substrates on the upper sides of four substrate supporting tables installed in the
first and second process chambers, and are folded to receive the respective substrates

from the upper sides of the four substrate supporting tables and to transfer the
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respective substrates to the standby position of the first transfer chamber.

Preferably, the second transfer members are unfolded to simultaneously receive
four substrates provided to a standby position of the second transfer chamber and to
transfer the four substrates to at least two substrate aligners installed in the first and
second aligning chambers, and are folded to receive the respective aligned substrates
from the at least two substrate aligners and to transfer the respective aligned substrates
to the standby position of the second transfer chamber.

Preferably, another one of the plurality of processing groups comprises a third
transfer chamber to which a third substrate transfer apparatus is installed; and a cooling
chamber connected to the side of the third transfer chamber through first entrance to
cool at least one substrate.

Preferably, each of the first, second, and third substrate transfer apparatuses
comprises a driving unit to supply a rotational force; at least one spindle connected to
the driving unit; and a plurality of swivel plate arms mounted to the spindle at different
heights and to be positioned at corresponding positions in association with the spindle.

Preferably, each of the swivel plate arms comprises a horseshoe-shaped end effector
having an opening with an opened side and a support having an upper side to which
rims of the substrate are positioned, and the transfer apparatuses swivel such that end
effectors of the swivel plate arms are positioned at corresponding positions and are
vertically aligned with a single aligning line at the standby positions of the first,
second, and third transfer chambers.

Preferably, the first substrate transfer apparatus comprises a plurality of swivel plate
arms to simultaneously receive a plurality of substrates provided to a standby position
of the first transfer chamber and to transfer the substrates to the substrate supporting
tables on the upper sides of the first and second process chamber, to receive respective
substrates from the upper sides of the substrate supporting tables, and to transfer the
substrates to be concentrately transferred to the standby position of the first transfer
chamber.

Preferably, each of the substrate aligners comprises a spin chuck to load the
substrate; a sensor to detect the alignment of the substrate loaded on the spin chuck;
and an elevator to adjust a height of the spin chuck according to heights of the swivel
plate arms.

Preferably, the load rock chamber comprises an atmospheric pressure transfer robot
to transfer the substrates under the atmospheric pressure.

Preferably, the first and second process chambers comprise plasma chambers to
perform a plasma process.

Preferably, the load rock chamber comprises a double-armed atmospheric pressure

transfer robot having four end effectors to take four substrates from the carriers at once
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and to transfer the four substrates to the first transfer chamber or the second transfer
chamber, and each of the first and second transfer chambers comprises a third substrate
entrance, through which the substrates from the load rock chamber enter and exit, and
which are aligned with each other such that the transfer of the substrates is enabled

when the atmospheric pressure transfer robot moved up and down.

Advantageous Effects

According to the present invention, substrates before and after being processed are
rapidly exchanged in the substrate processing system in which a plurality of substrates
is simultaneously or continuously processed, so that processing rate of the system can
be increased and overall productivity of the substrates can be increased. Since a
substrate transfer apparatus to simultaneously load and unload the substrate is
provided, the process chamber is very easily implemented to process the plurality of
substrates. Time for transferring substrates is reduced and as a result productivity
increases. The area and width of the system are significantly reduced so that apparatus
cost and installation cost can be minimized. Respective chambers for processing,
aligning, and cooling the substrates are overlapped with each other so that a total
bottom area of the substrate processing system can be reduced. Due to this, the clean
room can be narrower than the conventional one and costs for the air-conditioning
apparatus of the clean room can also be reduced. Moreover, since the traveling
distance of the atmospheric pressure transfer robot for transferring the aligned
substrates to a place for the process of the substrates or for transferring the processed
substrates to the place for the cooling of the substrates is short and unnecessary
operation such as a direction change does not need, time for the transfer of the

substrates can be reduced and yield thereof can be increased.

Brief Description of the Drawings

The above and other features and advantages of the present invention will become
more apparent to those of ordinary skill in the art by describing in detail preferred em-
bodiments thereof with reference to the attached drawings in which:

FIG. 1 is a view illustrating an overall structure of a substrate processing system
according to a first embodiment of the present invention;

FIG. 2 is a plan view illustrating the substrate processing system of FIG. 1;

FIG. 3 is a perspective view illustrating a substrate transfer apparatus installed in a
transfer chamber;

FIG. 4 illustrates an example in which the substrate transfer apparatus having an
upper part and a lower part to be independently driven;

FIG. 5 is a perspective view illustrating the structure of a swivel plate arm;

FIGS. 6 to 10 are views sequentially illustrating substrate exchanging operation
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performed by the substrate transfer apparatus;

[78] FIG. 11 illustrates an example in which a substrate transfer apparatus having two
driving shafts is employed;

[79] FIGS. 12 and 13 are views illustrating a modification of the substrate transfer

apparatus having a spindle and a driving unit respectively divided into right parts and

left parts;

[80] FIG. 14 is a view illustrating a substrate transfer apparatus to employ four separate
spindles;

[81] FIGS. 15 and 16 are views illustrating a modification of the substrate transfer

apparatus having a plurality of spindles and driving unifts;

[82] FIG. 17 is a plan view of a substrate processing system according to a second
embodiment of the present invention;

[83] FIG. 18 is a view illustrating the flow of substrates transferred by the substrate
transfer apparatus;

[84] FIGS. 19 and 20 are views illustrating modifications of the substrate processing
system according to the embodiment of the present invention;

[85] FIG. 21 is a view illustrating an overall structure of a substrate processing system

according to a third embodiment of the present invention;

[86] FIG. 22 is a plan view of the substrate processing system of FIG. 21;

[87] FIG. 23 is a perspective view of a substrate transfer apparatus installed in a transfer
chamber;

[88] FIGS. 24 to 27 are perspective views illustrating the first to fourth transfer members

of the substrate transfer apparatus;
[89] FIGS. 28 to 31 are views sequentially illustrating substrate exchanging operations

performed by the substrate transfer apparatus;

[90] FIG. 32 is a view illustrating a transfer member having an extensible swivel plate
arm;
[91] FIG. 33 is a view illustrating a modification of a substrate processing system to

employ the substrate transfer apparatus having the transfer members illustrated in FIG.
32;

[92] FIG. 34 is a view illustrating an overall structure of a substrate processing system
according to a fourth embodiment of the present invention;

[93] FIGS. 35 to 37 are plan views illustrating the substrate processing system whose
first, second, and third processing groups are illustrated in FIG. 34;

[94] FIG. 38 is a perspective view illustrating a first substrate transfer apparatus
provided in a first transfer chamber;

[95] FIG. 39 is a perspective view illustrating a second substrate transfer apparatus

installed in a second transfer chamber;
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FIG. 40 is a perspective view illustrating a third substrate transfer apparatus
installed in a third transfer chamber;

FIG. 41 is a perspective view illustrating a structure of a swivel plate arm;

FIG. 42 to 46 are views sequentially illustrating substrate exchanging operations
performed by the first substrate transfer apparatus;

FIG. 47 is a front sectional view illustrating the second processing group;

FIGS. 48 to 50 are views sequentially illustrating substrate exchanging performed
by the second substrate transfer apparatus;

FIG. 51 is a plan view illustrating a modification of the second processing group;

FIG. 52 is a front sectional view illustrating another modification of the second
processing group in which an aligning chamber and a cooling chamber are arranged on
both sides;

FIG. 53 is a view illustrating a modification of a substrate processing system
according to the embodiment of the present invention;

FIG. 54 is a plan view illustrating a substrate processing system according to a fifth
embodiment of the present invention;

FIG. 55 is a perspective view illustrating a substrate transfer apparatus provided in
the transfer chamber of FIG. 54;

FIG. 56 illustrates an example the substrate transfer apparatus having an upper
driving unit and a lower driving unit which are separated from each other;

FIG. 57 is a perspective view illustrating a structure of a swivel plate arm;

FIG. 58 is a plan view illustrating a substrate processing system having a separately
driven type substrate transfer apparatus;

FIG. 59 is a plan view illustrating a modification of the swivel plate arm; and

FIG. 110 is a plan view illustrating a substrate processing system having a plurality

of processing groups.

Best Mode for Carrying Out the Invention

This invention may, however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments
are provided as teaching examples of the invention. In the drawings, the thickness of
layers and regions are exaggerated for clarity. Like numbers refer to like elements.
Detailed description of well-known functions and structures that can undesirably make
the subject matter of the present invention confuse will be omitted. A substrate
transferring apparatus according to the present invention and a substrate processing
system using the same will now be described more fully hereinafter with reference to
the accompanying drawings, in which preferred embodiments of the invention are

shown.
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Embodiment 1

FIG. 1 is a view illustrating an overall structure of a substrate processing system
according to a first embodiment of the present invention, and FIG. 2 is a plan view il-
lustrating the substrate processing system of FIG. 1. Referring to FIG. 1, the substrate
processing system according to the embodiment of the present invention includes first
and second process chambers 500 and 600 and a transfer chamber 400 disposed
between the first and second process chambers 500 and 600. An index 100 in which a
plurality of carriers 110 are mounted is installed in front of a load lock chamber 200.
The index 100 is referred to as an equipment front end module (hereinafter, referred to
as 'EFEM") and is referred to as including the load lock chamber on occasion. If
necessary, the load lock chamber 200 may include a cooling chamber 300 for cooling
the processed substrates.

The load lock chamber 200 includes an atmospheric pressure transfer robot 210
operated under the atmospheric pressure. The atmospheric pressure transfer robot 210
transfers substrates between the transfer chamber 400 and the index 100. The at-
mospheric pressure transfer robot 210 operates to transfer substrates W between the
carriers 110 and the transfer chamber 400. The atmospheric pressure transfer robot 210
is implemented by a robot including a double arm structure with four end effectors to
take four substrates W out of the carrier 110 and to put the same into the transfer
chamber 400. The atmospheric pressure transfer robot 210 can ascend and descend.
Various robots used for common semiconductor manufacturing processes as well as
the double arm type robot of this embodiment of the present invention may be used as
the atmospheric pressure transfer robot 210. For example, robots having various
structures such as a robot having a blade type arm to handle eight substrates W with
one arm, a robot including four or more arms, and a combination of the above-
mentioned robots may be used.

Respective two of substrate supporting tables 520, 522, 620, and 622 are provided
in first and second process chambers 500 and 600 in the front end, in the rear end, and
on respective paths where the swivel plate arms of a substrate transfer apparatus 800
swivel.

The first and second process chambers 500 and 600 include a plasma source 700 as
vacuum chambers to perform a predetermined plasma processing process. The first and
second process chambers 500 and 600 may be configured to perform various substrate
processing operations. For example, the first and second process chambers 500 and
600 may be ashing chambers to remove photoresist using plasma, chemical vapor
deposition (CVD) chambers to depose insulating layers, etch chambers to etch

apertures or openings in the insulating layers in order to form interconnection
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structures, physical vapor deposition (PVD) chambers to depose barrier layers, or PVD
chambers to depose metal layers.

The substrates W processed by the substrate processing system according to this
embodiment of the present invention are typically wafer substrates for manufacturing a
semiconductor circuit or glass substrates for manufacturing a liquid crystal display
(LCD). A plurality of processing systems may be required in order to perform all of the
processes required for completely manufacturing an integrated circuit or a chip other
than the substrate processing system according to this embodiment of the present
invention. However, in order to clarify the present invention, a common structure or
structures that can be understood by those skilled in the art are omitted.

The substrate processing system according to this embodiment of the present
invention includes the transfer chamber 400 located in the center and the first and
second process chambers 500 and 600 respectively disposed at the lateral sides of the
transfer chamber 400. At least two substrate supporting tables 520, 522, 620, and 622
are installed in the first and second process chambers 500 and 600. The transfer
module 400 includes the substrate transfer apparatus 800.

A first substrate entrance 510 is formed between the transfer chamber 400 and the
first process chamber 500, and a second substrate entrance 610 is formed between the
transfer chamber 400 and the second process chamber 600. A third substrate entrance
410 is formed between the transfer chamber 400 and the load lock chamber 200. The
first to third substrate entrances 510, 610, and 410 are opened and closed by slit valves
(not shown).

The exchange of the substrates before and after being processed in the transfer
chamber 400 performed by the atmospheric pressure transfer robot 210 is carried out
under the atmospheric pressure where the first and second substrate entrances 510 and
610 are closed and the third substrate entrance 410 is opened. On the other hand, the
exchange of the substrates before and after being processed performed, between the
first and second process chambers 500 and 600 and the transfer chamber 400 by the
substrate transfer apparatus 800, is carried out in a vacuum state where the third
substrate entrance 410 is closed and the first and second substrate entrances 510 and
610 are opened.

FIG. 3 is a perspective view illustrating a substrate transfer apparatus installed in a
transfer chamber. Referring to FIG. 3, the substrate transfer apparatus 800 includes a
driving unit 840 to provide a rotational force, a single spindle 830 connected to the
driving unit 840, and a plurality of swivel plate arms 810 mounted in the spindle 830.

The plurality of swivel plate arms 810 include a plurality of first swivel plate arms
to load/unload the substrates on/from the first process chamber 500 and a plurality of

second swivel plate arms to load/unload the substrates on/from the second process
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chamber 600. The first and second swivel plate arms are alternately arranged.
However, the first and second swivel plate arms may be sequentially arranged. The
plurality of swivel plate arms 810 may be divided into loading arms 820 and unloading
arms 822. In this case, the unloading arms 822 are preferably arranged to be lower than
the loading arms 820. The loading arms 820 and the unloading arms 822 make pairs,
and in an embodiment, as illustrated in the drawing, the eight swivel plate arms that
make four pairs are provided. As illustrated in FIG. 2, the plurality of swivel plate arms
810 are unfolded in the sector form, can swivel, ascend, and descend. The loading arms
820 and the unloading arms 822 make pairs to operate.

Although not shown in the drawing, the driving unit 840 includes an electric motor
to generate a rotational force and a gear assembly to transmit the generated rotational
force to the spindle 830 such that the plurality of swivel plate arms 810 perform
desired operations. Thus, the plurality of swivel plate arms 810 are mounted in the
spindle 830 and, as illustrated in FIG. 2, are symmetrically unfolded in the sector form
and folded at different radiuses of rotation about the transfer chamber 400.

FIG. 4 illustrates an example in which the substrate transfer apparatus having an
upper part and a lower part to be independently driven. Referring to FIG. 4, the
substrate transfer apparatus 800 alternatively includes lower and upper spindles 830a
and 830b to which the loading arms 820 and the unloading arms 822 are separately
mounted and lower and upper driving units 840a and 840b to separately drive the
lower and upper spindles 830a and 830b. Here, the two lower and upper spindles 830a
and 830b are preferably aligned on the same shaft.

FIG. 5 is a perspective view illustrating the structure of a swivel plate arm.
Referring to FIG. 5, the plurality of swivel plate arms 810, installed in the substrate
transfer apparatus 800, include horseshoe-shaped end effectors 812 having openings
813 with opened sides and a plurality of supports 814 whose upper sides to which rims
of the substrates are positioned. The openings 813 are provided to allow lift pins
installed in the substrate tables to enter and exit. The end effectors 812 have entrance
paths 815 through which end effectors 212 of the atmospheric pressure transfer robot
210 enter and exit. The swivel plate arms 810 can be modified in other forms with the
scope of the present invention.

FIGS. 6 to 10 are views sequentially illustrating substrate exchanging operation
performed by the substrate transfer apparatus. Firstly, referring to FIG. 5A, as
indicated by an arrow S10, in a state where the first and second substrate entrances 510
and 610 are closed, substrates W1 before being processed are transferred to the
substrate transfer apparatus 8900 when the third substrate entrance 410 is opened.
When the transfer of the substrates W1 is finished, the third substrate entrance 410 is

closed and the transfer chamber 400 is switched to the same vacuum state as the
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interiors of the first and second process chambers 500 and 600. Absolutely, a pumping
system for the vacuum state is provided in the system according to this embodiment of
the present invention, but is omitted for convenience.

Next, as indicated by an arrow S20 in FIG. 5B, when the lift pins of the plurality of
supporting tables 520, 522, 620, and 622 ascend, processed substrates W2 are elevated
to a predetermined height. In association with this operation, the first and second
substrate entrances 510 and 610 are opened. At this time, the height of the elevated lift
pins of the front substrate supporting table 520 and 620 is relatively lower than that of
the lift pins of the rear substrate supporting tables 522 and 622. Thus, the rotation of
the loading arms 820 for the loading/unloading does not interfere with the lift pins.

Continuously, as indicated by an arrow S30 in FIG. 5C, the loading arms 820 and
the unloading arms 822 of the substrate transfer apparatus 800 to make pairs sym-
metrically swivel and are unfolded in the sector form. At this time, the processed
substrates W1 are transferred from the lift pins to the unloading arms 822. When the
processed substrates W1 is transferred, continuously, as indicated by an arrow S40 in
FIG. 5D, the unloading arms 822 return to the initial position of the transfer chamber
400. As indicated by an arrow S50, the lift pins ascend again to receive the substrates
W2 before being processed from the loading arms 820.

As indicated by an arrow S60 in FIG. 5E, the loading arms 820 also return to the
initial position of the transfer chamber 400. Simultaneously, the first and second
substrate entrances 510 and 610 are closed again. As indicated by an arrow S70, the lift
pins descend to place the substrates W2 before being processed on the substrate
supporting tables 520, 522, 620, and 622.

The transfer chamber 400 is switched to the atmospheric pressure state and the third
substrate entrance 410 is opened. The atmospheric pressure transfer robot 210 of the
load lock chamber 200, as indicated by an arrow S80 in FIG. 5SE, receives the
processed substrates W1 from the unloading arms 822 and exit from the transfer
chamber 400.

Such the sequential operations of exchanging the substrates S10 to S80 are con
tinuously and simultaneously performed within a range where the prior and post
operations do not interfere with each other in order to minimize time required to
exchange the substrates. It can be understood that the operations S10 and S80 are si-
multaneously performed during the repeated exchange of the substrates. In other
words, the exchange of the substrates is performed between the transfer chamber 400
and the load lock chamber 200 by which the processed substrates unloaded in the prior
operation are exchanged with the substrates before being processed to be loaded simul-
taneously.

The unloaded processed substrates W1 are transferred to the cooling chamber 300
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by the atmospheric pressure transfer robot 210 and are cooled to be accumulated in the
carriers 110. Although the cooling chamber 300 is separately provided in this
embodiment of the present invention, if the transfer chamber 400 performs the cooling
function, the separate cooling chamber 300 may be omitted. Alternatively, one of the
first and second process chambers 500 and 600 may serve to as a cooling chamber. For
example, it is possible to implement the first process chamber 500 as a plasma
chamber and the second process chamber 600 as a cooling chamber. In this case, the
first process chamber 500 performs the plasma process of the substrates, the substrate
transfer apparatus 800 transfers the processed substrates from the first process chamber
500 to the second process chamber 600 to cool. The cooled substrates may be
transferred from the second process chamber 600 to the load rock chamber 200.

As such, according to the substrate processing system in accordance with this
embodiment of the present invention, in order to simultaneously process a plurality of
substrates, the first and second process chambers 500 and 600 are arranged in parallel
and the transfer chamber 400 is positioned between the first and second process
chambers 500 and 600. The substrate transfer apparatus 800 is provided to enable the
fast exchange of the substrates in this configuration, so that a great deal of substrates
can be simultaneously processed and rapidly exchanged. In this embodiment,
respective two substrates in the first and second process chambers 500 and 600, total
four substrates can be simultaneously processed and exchanged in one process.**

The substrate processing system of the present invention can be modified by the
following alternate embodiments.

FIG. 11 illustrates an example in which a substrate transfer apparatus having two
driving shafts is employed. Referring to FIG. 11, the substrate transfer apparatus 800
can be divided into a left part and a right part to be independently driven. In other
words, the swivel plate arms of the first process chamber 500 to transfer the substrates
and the swivel plate arms of the second process chamber 600 to transfer the substrates
can be separately driven.

The above-structured substrate transfer apparatus, as illustrated in FIG. 12, includes
first and second spindles 830a and 830b separated from each other, and first and
second driving units 840a and 840b to independently drive the same. Moreover, as il-
lustrated in FIG. 13, the above-structured substrate transfer apparatus may include first
to fourth spindles 830a to 830d divided into upper parts and lower parts to be driven
and first to fourth driving units 840a to 840d.

In addition, as illustrated in FIGS. 8, 9A, and 9B, the substrate transfer apparatus
can be alternatively modified to include four or eight spindles 830a to 830d or 830a to
830h and four or eight driving units 840a to 840d or 840a to 840h. As such, various

modifications of the substrate transfer apparatus 800 of the first and second process
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chambers 500 and 600 to transfer the substrates and the spindles and the driving units,
which separately drive the swivel plate arms 810 to load and unload the substrates, are

possible.

Embodiment 2

FIG. 17 is a plan view of a substrate processing system according to a second
embodiment of the present invention and FIG. 18 is a view illustrating the flow of
substrates transferred by the substrate transfer apparatus.

Referring to drawings, the substrate processing apparatus according to the second
embodiment of the present invention includes the same structure as the first
embodiment, and further includes a load rock chamber 250 having an atmospheric
pressure transfer robot 260 disposed and an index 150 in the rear side. A fourth
substrate entrance 420 is further formed between the transfer chamber 400 and the rear
load rock chamber 250. In the substrate processing system, the substrates before being
processed are loaded to the front side and the processed substrates are unloaded to the
rear side. Here, the rear load rock chamber 250 may include a cooling chamber 300 to
cool the substrates. Arrows S100 to S130 in FIG. 18 indicate the flow of the substrates
before being processed and the processed substrates performed by the substrate
transfer apparatus 800 step by step.

FIGS. 19 and 20 are views illustrating modifications of the substrate processing
system according to the embodiment of the present invention.

As illustrated in FIG. 12, the first and second process chambers 500 and 600 re-
spectively include four substrate supporting tables 520 to 526 and 620 to 626, and the
substrate transfer apparatus 800 may include sixteen swivel plate arms to correspond to
the same. Otherwise, as illustrated in FIG. 13, only the second process chamber 600 is
provided without the first process chamber 500, and the substrate transfer apparatus
800 may include eight swivel plate arms. At least one cooling chamber 300 to cool the
substrates may be provided to correspond to the number of the substrates to be
processed.

Although the substrate processing system of the present invention is described to
include a single layer of the process chamber in the above embodiment, a plurality of
process chambers and transfer chambers can be configured by multi-layers. In the
multi-layer structure, the substrate transfer apparatus provided in the transfer chambers

may be driven independently or simultaneously.

Embodiment 3
FIG. 21 is a view illustrating an overall structure of a substrate processing system

according to a third embodiment of the present invention and FIG. 22 is a plan view of
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the substrate processing system of FIG. 21.

Referring to FIGS. 14 and 15, the substrate transfer apparatus according to this
embodiment of the present invention includes first and second process chambers 1500
and 1600 and a transfer chamber 1400 disposed therebetween. An index 1100 in which
a plurality of carriers 1110 are mounted is installed in front of a load lock chamber
1200. The index 1100 is referred to as an equipment front end module (hereinafter,
referred to as 'EFEM’) and is referred to as including the load lock chamber on
occasion. If necessary, the load lock chamber 1200 may include a cooling chamber
1300 for cooling the processed substrates.

The load lock chamber 1200 includes an atmospheric pressure transfer robot 1210
operated under the atmospheric pressure. The atmospheric pressure transfer robot 1210
transfers substrates between the transfer chamber 1400 and the index 1100. The at-
mospheric pressure transfer robot 1210 operates to transfer substrates W between the
carriers 1110 and the transfer chamber 1400. The atmospheric pressure transfer robot
1210 is implemented by a robot including a double arm structure with four end
effectors to take four substrates W out of the carrier 1210 and to put the same into the
transfer chamber 1400. The atmospheric pressure transfer robot 1210 can ascend and
descend. Various robots used for common semiconductor manufacturing processes as
well as the double arm type robot of this embodiment of the present invention may be
used as the atmospheric pressure transfer robot 1210. For example, robots having
various structures such as a robot having a blade type arm to handle eight substrates W
with one arm, a robot including four or more arms, and a combination of the above-
mentioned robots may be used.

Respective two of substrate supporting tables 1520, 1522, 1620, and 1622 are
provided in first and second process chambers 1500 and 1600 in the front end, in the
rear end, and on respective paths where the swivel plate arms of a substrate transfer
apparatus 1800 swivel.

The first and second process chambers 1500 and 1600 include a plasma source 1700
as vacuum chambers to perform a predetermined plasma processing process. The first
and second process chambers 1500 and 1600 may be configured to perform various
substrate processing operations. For example, the first and second process chambers
500 and 600 may be ashing chambers to remove photoresist using plasma, chemical
vapor deposition (CVD) chambers to depose insulating layers, etch chambers to etch
apertures or openings in the insulating layers in order to form interconnection
structures, physical vapor deposition (PVD) chambers to depose barrier layers, or PVD
chambers to depose metal layers.

The substrates W processed by the substrate processing system according to this

embodiment of the present invention are typically wafer substrates for manufacturing a
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semiconductor circuit or glass substrates for manufacturing an LCD. A plurality of
processing systems may be required in order to perform all of the processes required
for completely manufacturing an integrated circuit or a chip other than the substrate
processing system according to this embodiment of the present invention. However, in
order to clarify the present invention, a common structure or structures that can be
understood by those skilled in the art are omitted.

The substrate processing system according to this embodiment of the present
invention includes the transfer chamber 1400 located in the center and the first and
second process chambers 1500 and 1600 respectively disposed at the lateral sides of
the transfer chamber 1400. At least two substrate supporting tables 1520, 1522, 1620,
and 1622 are respectively installed in the first and second process chambers 1500 and
1600. The transfer module 1400 includes the substrate transfer apparatus 1800.

A first substrate entrance 1510 is formed between the transfer chamber 1400 and
the first process chamber 1500, and a second substrate entrance 1610 is formed
between the transfer chamber 1400 and the second process chamber 1600. A third
substrate entrance 1410 is formed between the transfer chamber 1400 and the load lock
chamber 1200. The first to third substrate entrances 1510, 1610, and 1410 are opened
and closed by slit valves (not shown). Especially, a front side 1402 of the transfer
chamber 1400 has a shape in which the third entrance 1410 is depressed inwardly.
According to this structural feature, since the internal area of the transfer chamber
1400 can is reduced, the scale of a vacuum system required for maintaining the transfer
chamber 1400 in a vacuum state can be also reduced.

The exchange of the substrates before and after being processed in the transfer
chamber 1400 performed by the atmospheric pressure transfer robot 1210 is carried out
under the atmospheric pressure where the first and second substrate entrances 1510 and
1610 are closed and the third substrate entrance 1410 is opened. On the other hand, the
exchange of the substrates before and after being processed performed, between the
first and second process chambers 1500 and 1600 and the transfer chamber 1400 by the
substrate transfer apparatus 1800, is carried out in a vacuum state where the third
substrate entrance 1410 is closed and the first and second substrate entrances 1510 and
1610 are opened.

FIG. 23 is a perspective view of a substrate transfer apparatus installed in a transfer
chamber, and FIGS. 24 to 27 are perspective views illustrating the first to fourth
transfer members of the substrate transfer apparatus.

Referring to FIGS. 15 to 17D, the substrate transfer apparatus 1800 includes the
first to fourth transfer members 1810a, 1810b, 1810c, and 1810d scattered and
disposed on the verge of the transfer chamber 1400.

The first to fourth transfer members 1810a, 1810b, 1810c, and 1810d simul-
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taneously receive four substrates to a standby position (See FIG. 28) of the transfer
chamber 1400 through the third substrate entrance 1410 and transfer the four substrates
to the upper sides of the substrate supporting tables 1520, 1522, 1620, and 1622 which
are installed in the first and second process chambers 1500 and 1600, and receive
respective substrates from the upper sides of the substrate supporting tables 1520,
1522, 1620, and 1622 to concentrately transfer the same to the standby position of the
transfer chamber 1400.

Each of the first to four transfer members 1810a, 1810b, 1810c¢, and 1810d includes
a driving unit 1830 to provide a rotational force, a spindle 1820 connected to the
driving unit 1830, and two swivel plate arms 1840 and 1850 mounted on the spindle
1820. The two swivel plate arms 1840 and 1850 may be divided into a loading arm
1840 and an unloading arm 1850. In this case the unloading arm 1850 is preferably
disposed lower than the loading arm 1840.

As illustrated, the substrate transfer apparatus 1800 includes eight swivel plate
arms 1840 and 1850 to make total four pairs. The swivel plate arms 1840 and 1850, as
illustrated in FIG. 28, can swivel, ascend, and descend in order to move between the
standby positions where the swivel plate arms 1840 and 1850 are vertically aligned
with a single aligning line for the reception and transfer of the substrates from and to
the atmospheric pressure robot 1210, and a scattering position where the swivel plate
arms 1840 and 1850 are unfolded upward the scattered substrate supporting tables. The
loading arms 1840 and the unloading arms 1850 make pairs to operate.

The first transfer member 1810a includes two swivel plate arms 1840 and 1850 to
load/unload the substrates on/from the substrate supporting table 1622 of the second
process chamber 1600 at the standby position, and the second transfer member 1810b
includes two swivel plate arms 1840 and 1850 to load/unload the substrates on/from
the substrate supporting table 1620 of the second process chamber 1600 at the standby
position. The third transfer member 1810c includes two swivel plate arms 1840 and
1850 to load/unload the substrates on/from the substrate supporting table 1520 of the
first process chamber 1500 at the standby position, and the fourth transfer member
1810d includes two swivel plate arms 1840 and 1850 to load/unload the substrates on/
from the substrate supporting table 1522 of the first process chamber 1500 at the
standby position.

On the other hand, the first to fourth transfer members 1810a, 1810b, 1810c, and
1810d have different heights to avoid collision with each other when the first to fourth
transfer members 1810a, 1810b, 1810c, and 1810d are gathered at the standby position,
and may be alternately or sequentially arranged.

Although not shown in the drawing, the driving unit 1830 includes an electric motor

to generate a rotational force and a gear assembly to transmit the generated rotational
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force to the spindle 1820 such that the swivel plate arms 1840 and 1850 perform
desired operations. Thus, the swivel plate arms 1840 and 1850 are mounted in the
spindle 1820 and, as illustrated in FIGS. 15 and 17A to 17D, are symmetrically
unfolded and folded at different radiuses of rotation about the transfer chamber 1400.
In other words, the first and fourth transfer members 1810a and 1810d swivel sym-
metrically to each other and the second and third transfer members 1810b and 1810c
swivel symmetrically to each other.

As illustrated in FIGS. 24 to 27, the swivel plate arms 1840 and 1850 of the first to
fourth transfer members 1810a, 1810b, 1810c, and 1810d include horseshoe-shaped
end effectors 1842 having openings 1843 with opened sides and a plurality of supports
1844 whose upper sides to which rims of the substrates are positioned. The openings
1843 are provided to allow lift pins installed in the substrate tables to enter and exit.
The end effectors 1842 have entrance paths 1845 through which end effectors 1212 of
the atmospheric pressure transfer robot 1210 enter and exit. The swivel plate arms
1840 and 1850 can be modified in other forms with the scope of the present invention.

The substrate processing system of the present invention can be modified by the
following alternate embodiments.

FIGS. 19 and 20 are views illustrating an example in which a transfer member
1810a' having an extensible plate arm is employed.

Referring to FIGS. 19 and 20, the swivel plate arm 1840' includes first to third rod-
antenna type extensible plate arms 1841-1, 1841-2, and 1841-3. The first extensible
plate arm 1841-1 is a part to be connected to the spindle 1820, the second extensible
plate arm 1841-2 is a part to be extended from the first extensible plate arm 1841-1,
and the third extensible plate arm 1841-3 is a part to be extended from the second
extensible plate arm 1841-2 and has an end to be connected to the end effector 1842.

The transfer members 1810a’ of the substrate transfer apparatus 1800 having the
above-mentioned structure, as illustrated in FIG. 33, are operated such that each of the
swivel plate arms 1840' swivels toward respective substrate supporting tables 1522,
1520, 1622, and 1620 from the standby position of the transfer chamber 1800a and
after that the extensible plate arms 1841-1, 1841-2, and 1841-3 are withdrawn step by
step to position the end effector 1842 in the upper sides of the substrate supporting
tables. In other words, the transfer members 1810a' swivel in a state of shrinking the
extensible plate arms 1841-1, 1841-2, and 1841-3 in order to reduce the radius of
rotation, and extends to position the end effector 1842 at the substrate supporting table.

Due to such extensible structure, as illustrated in FIG. 33, the radiuses of rotation of
the transfer members 1810a’ of the substrate transfer apparatus 1800 can be reduced so
that the overall area of the transfer chamber can be also reduced.

FIGS. 28 to 31 are views sequentially illustrating substrate exchanging operations
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performed by the substrate transfer apparatus.

Firstly, referring to FIG. 28, as indicated by an arrow S110, in a state where the first
and second substrate entrances 1510 and 1610 are closed, substrates before being
processed are transferred to the substrate transfer apparatus 1800 when the third
substrate entrance 1410 is opened. When the transfer of the substrates is finished, the
third substrate entrance 1410 is closed and the transfer chamber 1400 is switched to the
same vacuum state as the interiors of the first and second process chambers 1500 and
1600. Absolutely, a pumping system for the vacuum state is provided in the system
according to this embodiment of the present invention, but is omitted for convenience.

Next, as the lift pins (not shown) of the plurality of supporting tables 1520, 1522,
1620, and 1622 ascend, processed substrates are elevated to a predetermined height. In
association with this operation, the first and second substrate entrances 1510 and 1610
are opened. At this time, the height of the elevated lift pins is different according to
position of the corresponding transfer members where the substrates are transferred.
Thus, the rotation of the swivel plate arms 1840 and 1850 for the loading/unloading
does not interfere with the lift pins.

Continuously, as indicated by an arrow S120 in FIG. 29, the swivel plate arms 1840
and 1850 of the first to fourth transfer members 1810a to 1810d of the substrate
transfer apparatus 1800 swivel toward the upper sides of the respective corresponding
substrate supporting tables and are unfolded. At this time, the processed substrates are
transferred from the lift pins to the unloading arms 1850 of the first to fourth transfer
members 1810a to 1810d. When the processed substrates is transferred, continuously,
as indicated by an arrow S130 in FIG. 30, the unloading arms 1850 return to the central
standby position as the initial position of the transfer chamber 1400. The lift pins
ascend again to receive the substrates before being processed from the loading arms
1840.

As indicated by an arrow S140 in FIG. 31, the loading arms 1840 also return to the
initial position of the transfer chamber1400. Simultaneously, the first and second
substrate entrances 1510 and 1610 are closed again. The lift pins descend to place the
substrates before being processed on the substrate supporting tables 1520, 1522, 1620,
and 1622.

The transfer chamber 1400 is switched to the atmospheric pressure state and the
third substrate entrance 1410 is opened. The atmospheric pressure transfer robot 1210
of the load lock chamber 1200, as indicated by an arrow S150 in FIG. 31, receives the
processed substrates from the unloading arms 1850 and exit from the transfer chamber
1400.

Such the sequential operations of exchanging the substrates S110 to S150 are con-

tinuously and simultaneously performed within a range where the prior and post
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operations do not interfere with each other in order to minimize time required to
exchange the substrates. It can be understood that the operations S110 and S150 are si-
multaneously performed during the repeated exchange of the substrates. In other
words, the exchange of the substrates is performed between the transfer chamber 1400
and the load lock chamber 1200 by which the processed substrates unloaded in the
prior operation are exchanged with the substrates before being processed to be loaded
simultaneously.

The unloaded processed substrates are transferred to the cooling chamber 1300 by
the atmospheric pressure transfer robot 1210 and are cooled to be accumulated in the
carriers 1110. Although the cooling chamber 1300 is separately provided in this
embodiment of the present invention, if the transfer chamber 1400 performs the
cooling function, the separate cooling chamber 1300 may be omitted. Alternatively,
one of the first and second process chambers 1500 and 1600 may serve to as a cooling
chamber. For example, it is possible to implement the first process chamber 1500 as a
plasma chamber and the second process chamber 1600 as a cooling chamber. In this
case, the first process chamber 1500 performs the plasma process of the substrates, the
substrate transfer apparatus 1800 transfers the processed substrates from the first
process chamber 1500 to the second process chamber 1600 to cool. The cooled
substrates may be transferred from the second process chamber 1600 to the load rock
chamber 1200.

As such, according to the substrate processing system in accordance with this
embodiment of the present invention, in order to simultaneously process a plurality of
substrates, the first and second process chambers 1500 and 1600 are arranged in
parallel and the transfer chamber 1400 is positioned between the first and second
process chambers 1500 and 1600. The substrate transfer apparatus 1800 is provided to
enable the fast exchange of the substrates in this configuration, so that a great deal of
substrates can be simultaneously processed and rapidly exchanged. In this
embodiment, respective two substrates in the first and second process chamber 1500
and 1600, total four substrates can be simultaneously processed and exchanged in one
process.

Although the substrate processing system of the present invention is described to
include a single layer of the process chamber in the above embodiment, a plurality of
process chambers and transfer chambers can be configured by multi-layers. In the
multi-layer structure, the substrate transfer apparatus provided in the transfer chambers

may be driven independently or simultaneously.

Embodiment 4

FIG. 34 is a view illustrating an overall structure of a substrate processing system
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according to a fourth embodiment of the present invention, and FIGS. 35 to 37 are plan
views illustrating the substrate processing system whose first, second, and third
processing groups are illustrated in FIG. 34.

Referring to FIGS. 21 to 22C, the substrate processing system according to this
embodiment of the present invention includes a load rock chamber 2200 and first,
second and third processing groups a, b, and ¢, which are disposed to be accumulated
in multi-layers in the rear side of the load rock chamber 220.

An index 2100 in which a plurality of carriers 2110 are mounted is installed in front
of a load lock chamber 2200. The index 2100 is referred to as an equipment front end
module (hereinafter, referred to as 'EFEM’) and is referred to as including the load lock
chamber on occasion.

The load lock chamber 2200 includes an atmospheric pressure transfer robot 2210
operated under the atmospheric pressure. The atmospheric pressure transfer robot 2210
transfers substrates between first, second, and third transfer chambers 2400a, 2400b,
and 2400c respectively corresponding to the processing groups and the index 2100.
The atmospheric pressure transfer robot 2210 is implemented by a robot including a
double arm structure with four end effectors to take four substrates W out of the carrier
2210 and to put the same into the first, second, and third transfer chambers 2400a,
2400b, and 2400c of the respective layers. The atmospheric pressure transfer robot
2210 can ascend and descend. Various robots used for common semiconductor manu-
facturing processes as well as the double arm type robot of this embodiment of the
present invention may be used as the atmospheric pressure transfer robot 2210. For
example, robots having various structures such as a robot having a blade type arm to
handle eight substrates W with one arm, a robot including four or more arms, and a
combination of the above-mentioned robots may be used.

As illustrated in FIGS. 21 to 22C, the first, second, and third processing groups a, b,
and c are stacked in the multi-layers. The first processing group a positioned in the first
layer includes first and second process chambers 2500a and 2500b to simultaneously
process four substrates, the second processing group b positioned in the second layer
includes first and second aligning chambers 2600a and 2600b to align substrates before
being processed, and the third processing group c positioned in the uppermost layer
includes a cooling chamber 2700 to cool the processed substrates.

As such, in the substrate processing system 2010 according to this embodiment of
the present invention, in plan view, the aligning chambers are disposed to overlap with
the cooling chamber in the process chambers so that a total bottom area of the substrate
processing system can be reduced. Thus, manufacturing costs of a clean room can be
reduced, and the direction changing operation of the atmospheric pressure robot 2210

can be eliminated during the transfer of the substrates from the second transfer
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chamber 2400b to the first transfer chamber 2400a and from the first transfer chamber
2400a to the third transfer chamber 2400c. Moreover, since the transfer distance is
short, a rapid transfer of the substrates is enabled.

Referring to FIG. 35, the first processing group a positioned in the first layer
includes the first and second process chambers 2500a and 2500b and the first transfer
chamber 2400a disposed therebetween.

Respective two of substrate supporting tables 2520 and 2522 are provided in first
and second process chambers 2500a and 2500b in the front and rear ends, and on
respective paths where swivel plate arms of a first substrate transfer apparatus 2800a
swivel.

The first and second process chambers 2500a and 2500b include a plasma source
(not shown) as vacuum chambers to perform a predetermined plasma processing
process.

A first substrate entrance 2510a is formed between the first transfer chamber 2400a
and the first process chamber 2500a, and a second substrate entrance 2510b is formed
between the first transfer chamber 2400a and the second process chamber 2500b. A
third substrate entrance 2410 is formed between the first transfer chamber 2400a and
the load lock chamber 2200. The first to third substrate entrances 2510a, 2510b, and
2410 are opened and closed by slit valves (not shown).

The exchange of the substrates before and after being processed in the first transfer
chamber 2400a performed by the atmospheric pressure transfer robot 2210 is carried
out under the atmospheric pressure where the first and second substrate entrances
2510a and 2510b are closed and the third substrate entrance 2410 is opened. On the
other hand, the exchange of the substrates before and after being processed performed,
between the first and second process chambers 2500a and 2500b and the first transfer
chamber 2400a by the first substrate transfer apparatus 2800a, is carried out in a
vacuum state where the third substrate entrance 2410 is closed and the first and second
substrate entrances 2510a and 2510b are opened.

The first and second process chambers 2500a and 2500b may be configured to
perform various substrate processing operations, for example, such as ashing chambers
to remove photoresist using plasma, chemical vapor deposition (CVD) chambers to
depose insulating layers, etch chambers to etch apertures or openings in the insulating
layers in order to form interconnection structures, physical vapor deposition (PVD)
chambers to depose barrier layers, or PVD chambers to depose metal layers.

The substrates W processed by the substrate processing system according to this
embodiment of the present invention are typically wafer substrates for manufacturing a
semiconductor circuit or glass substrates for manufacturing a liquid crystal display

(LCD). A plurality of processing systems may be required in order to perform all of the
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processes required for completely manufacturing an integrated circuit or a chip other
than the substrate processing system according to this embodiment of the present
invention. However, in order to clarify the present invention, a common structure or
structures that can be understood by those skilled in the art are omitted.

Referring to FIGS. 22B and 26, the second processing group b positioned in the
second layer includes the first and second aligning chambers 2600a and 2600b and the
second transfer chamber 2400b disposed therebetween.

The first and second aligning chambers 2600a and 2600b include respective one
spin chuck 2640 disposed on paths where swivel plate arms of a second substrate
transfer apparatus 2800b swivel.

The first and second aligning chambers 2600a and 2600b are chambers to align the
substrates before performing process in the first and second process chamber 2500a
and 2500b, and include substrate aligners having the spin chuck 2640, a detecting unit
2650, i.e., a sensor, and an elevator 2660 to adjust the height of the spin chuck 2640
according to the height of the swivel plate arms. The substrate aligner may be
configured to swivel the spin chuck 2640 by placing the substrate thereon such that the
detecting unit 2650 positioned in the upper side of the substrate detects a position of
the substrate. Here, the detecting unit 2650 includes a charge coupled device (CCD)
and a corresponding light source and detects the positions of the substrates. On the
other hand, as illustrated in FIG. 47, according to the positions of the first and second
swivel plate arms, the spin chuck 2640 of the first aligning chamber 2600b is disposed
to be lower than the position of the spin chuck 2640 of the second aligning chamber
2600a.

A first substrate entrance 2610a is formed between the first transfer chamber 2400a
and the first aligning chamber 2600a, and a second substrate entrance 2610b is formed
between the second transfer chamber 2400b and the second aligning chamber 2600b. A
third substrate entrance 2412 is formed between the second transfer chamber 2400b
and the load lock chamber 2200. The first to third substrate entrances 2610a, 2610b,
and 2412 are opened and closed by slit valves (not shown).

Referring to FIG. 37, the third processing group c positioned in the uppermost layer
includes a third transfer chamber 2400c aligned with the second transfer chamber
2400b and a cooling chamber 2700 disposed at a side thereof. A first substrate entrance
2710 is formed between the third transfer chamber 2400c and the cooling chamber
2700, and a third substrate entrance 2414 is formed between the third transfer chamber
2400c and the load lock chamber 2200. The first and third substrate entrances 2710
and 2414 are opened and closed by slit valves (not shown).

As understood without description, the cooling chamber 2700 is a chamber to cool

four substrates processed in the first and second process chambers, must include a
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cooling stage to which the four substrates are placed, and may further include a cooling
gas supply to supply a cooling air to the substrates. Since the configuration and method
of cooling the substrates are conventional and already known to those skilled in the art,
the configuration and the method are omitted.

FIGS. 23A to 23C are perspective views of first, second, and third substrate transfer
apparatuses provided in the first, second, and third transfer chambers.

Firstly, referring to FIG. 38, the first substrate transfer apparatus 2800a includes a
driving unit 2840 to provide a rotational force, a single spindle 2830 connected to the
driving unit 2840, and eight swivel plate arms 2810 mounted in the spindle 2830.

The eight swivel plate arms 2810 include a plurality of first swivel plate arms to
load/unload the substrates on/from the first process chamber 2500a and a plurality of
second swivel plate arms to load/unload the substrates on/from the second process
chamber 2500b. The first and second swivel plate arms are alternately arranged.
However, the first and second swivel plate arms may be sequentially arranged. The
swivel plate arms 2810 may be divided into loading arms 2820 and unloading arms
2822. In this case, the unloading arms 2822 are preferably arranged to be lower than
the loading arms 2820. The loading arms 2820 and the unloading arms 2822 make
pairs, and in an embodiment, as illustrated in the drawing, the eight swivel plate arms
that make four pairs are provided. As illustrated in FIG. 35, the plurality of swivel
plate arms 2810 are unfolded in the sector form, can swivel, ascend, and descend. The
loading arms 2820 and the unloading arms 2822 make pairs to operate.

Although not shown in the drawing, the driving unit 2840 includes an electric motor
to generate a rotational force and a gear assembly to transmit the generated rotational
force to the spindle 2830 such that the plurality of swivel plate arms 2810 perform
desired operations. Thus, the plurality of swivel plate arms 2810 are mounted in the
spindle 2830 and, as illustrated in FIG. 35, are symmetrically unfolded in the sector
form and folded at different radiuses of rotation about the first transfer chamber 2400a.

Although the substrate processing system of the present invention is described to
include a single spindle, the substrate processing system may include spindles installed
to the lateral sides thereof.

FIG. 39 is a perspective view illustrating the second substrate transfer apparatus
installed in the second transfer chamber.

Referring to FIG. 39, the second substrate transfer apparatus 2800b, like the first
substrate transfer apparatus 2800a, includes a driving unit 2840 to provide a rotational
force, a single spindle 2830 connected to the driving unit 2840, and four swivel plate
arms 2810 mounted in the spindle 2830. The second substrate transfer apparatus 2800b
may include a plurality of driving units and a plurality of spindles connected to the

respective driving units such that the four swivel plate arms 2810 can swivel inde-
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lower side, to load/unload the substrates on/from the first aligning chamber 2600a and
second two swivel plate arms to load/unload the substrates on/from the second aligning
chamber 2600b. The first and second swivel plate arms are sequentially arranged.
However, the first and second swivel plate arms may be alternately arranged. As il-
lustrated in FIG. 47, according to the positions of the first and second swivel plate
arms, the spin chuck 2640 of the first aligning chamber 2600b is disposed to be lower
than the spin chuck 2640 of the second aligning chamber 2600a.

FIG. 40 is a perspective view illustrating a third substrate transfer apparatus
installed in the third transfer chamber. Referring to FIG. 40, the third substrate transfer
apparatus 2800c, like the first substrate transfer apparatus 2800a, includes a driving
unit 2840 to provide a rotational force, a single spindle 2830 connected to the driving
unit 2840, and four swivel plate arms 2810 mounted in the spindle 2830. The four
swivel plate arms 2810 are for loading/unloading the substrates on/from the cooling
chamber 2700.

Although not shown in the drawing, the first substrate transfer apparatus may
include upper and lower spindles to which the loading arms 2820 and the unloading
arms 2822 are separately mounted and a driving unit with upper and lower driving
units to drive the upper and lower spindles.

FIG. 41 is a perspective view illustrating a structure of a single swivel plate arm.

Referring to FIG. 41, the plurality of swivel plate arms 2810, installed in the first,
second, and third substrate transfer apparatuses 2800a, 2800b, and 2800c, include
horseshoe-shaped end effectors 2812 having openings 2813 with opened sides and a
plurality of supports 2814 whose upper sides to which rims of the substrates are
positioned. The openings 2813 are provided to allow lift pins installed in the substrate
tables to enter and exit. The end effectors 2812 have entrance paths 2815 through
which end effectors 2212 of the atmospheric pressure transfer robot 210 enter and exit.
The swivel plate arms 2810 can be modified in other forms with the scope of the
present invention.

FIG. 42 to 46 are views sequentially illustrating substrate exchanging operations
performed by the first substrate transfer apparatus.

Firstly, referring to FIG. 42, as indicated by an arrow S210, in a state where the first
and second substrate entrances 2510a and 2510b are closed, substrates W2 before
being processed are transferred to the substrate transfer apparatus 2800a when the third
substrate entrance 2410 is opened. When the transfer of the substrates W2 is finished,
the third substrate entrance 2410 is closed and the first transfer chamber 2400a is

switched to the same vacuum state as the interiors of the first and second process
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chambers 2500a and 2500b. Absolutely, a pumping system for the vacuum state is
provided in the system according to this embodiment of the present invention, but is
omitted for convenience.

Next, as indicated by an arrow S220 in FIG. 43, when the lift pins of the plurality of
supporting tables 2520 and 2522 ascend, processed substrates W1 are elevated to a pre-
determined height. In association with this operation, the first and second substrate
entrances 2510a and 2510b are opened. At this time, the height of the elevated lift pins
of the front substrate supporting table 2520 is relatively lower than that of the lift pins
of the rear substrate supporting tables 2522. Thus, the rotation of the loading arms
2820 for the loading/unloading does not interfere with the lift pins.

Continuously, as indicated by an arrow S230 in FIG. 44, the loading arms 2820 and
the unloading arms 2822 of the first substrate transfer apparatus 2800a to make pairs
symmetrically swivel and are unfolded in the sector form. At this time, the processed
substrates W1 are transferred from the lift pins to the unloading arms 2822. When the
processed substrates W1 is transferred, continuously, as indicated by an arrow S240 in
FIG. 45, the unloading arms 2822 return to the initial position of the first transfer
chamber 2400a. As indicated by an arrow S250, the lift pins ascend again to receive
the substrates W2 before being processed from the loading arms 2820.

As indicated by an arrow S260 in FIG. 46, the loading arms 2820 also return to the
initial position of the first transfer chamber 2400a. Simultaneously, the first and second
substrate entrances 2510a and 2510b are closed again. As indicated by an arrow S270,
the lift pins descend to place the substrates W2 before being processed on the substrate
supporting tables 2520 and 2522.

The first transfer chamber 2400a is switched to the atmospheric pressure state and
the third substrate entrance 2410 is opened. The atmospheric pressure transfer robot
2210 of the load lock chamber 2200, as indicated by an arrow S280 in FIG. 46,
receives the processed substrates W1 from the unloading arms 2822 and exit from the
first transfer chamber 2400a.

Such the sequential operations of exchanging the substrates S210 to S280 are con-
tinuously and simultaneously performed within a range where the prior and post
operations do not interfere with each other in order to minimize time required to
exchange the substrates. It can be understood that the operations S210 and S280 are si-
multaneously performed during the repeated exchange of the substrates. In other
words, the exchange of the substrates is performed between the first transfer chamber
2400a and the load lock chamber 2200 by which the processed substrates unloaded in
the prior operation are exchanged with the substrates before being processed to be
loaded simultaneously.

FIGS. 48 to 50 are views sequentially illustrating substrate exchanging performed
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by the second substrate transfer apparatus.

Firstly, referring to FIG. 48, as indicated by an arrow S210, substrates W1 before
being processed are transferred to the substrate transfer apparatus 2800b when the third
substrate entrance 2412 is opened. When the transfer of the substrates is finished, the
third substrate entrance 2412 is closed and simultaneously the first and second
substrate entrances 2610a and 2610b are opened. Continuously, as indicated by an
arrow S220 in FIG. 49, one of the first swivel plate arms and one of the second swivel
plate arms of the second substrate transfer apparatus 2800b symmetrically swivel and
are unfolded to place the substrates W1 on the corresponding spin chucks 2640, and as
indicated by an arrow S230 in FIG. 50, return to the initial positions. When the
alignment of the substrates in the first and second aligning chambers 2600a and 2600b
is finished, the alignment of the rest two substrates is carried out like the above-
mentioned operations. When the two alignments of the four substrates are finished, the
aligned substrates are transferred from the second transfer chamber 2400b to the first
transfer chamber 2400a by the atmospheric pressure transfer robot 2210.

The atmospheric pressure transfer robot 2210 can transfer the substrates from the
second transfer chamber 2400b to the first transfer chamber 2400a in a state of
adjusting the height directly after taking the substrates from the second transfer
chamber 2400b. In other words, since the third substrate entrances 2410 and 2412 of
the first and second transfer chambers 2800a, 2800b are aligned with each other, the at-
mospheric pressure transfer robot 2210 can rapidly transfer the substrates from the
second transfer chamber 2400b to the first transfer chamber 2400a without the
direction change.

Meanwhile, the substrates processed in the first and second process chambers
2500a and 2500b are transferred to the third transfer chamber 2400c by the at-
mospheric pressure transfer robot 2210. In this operation, the atmospheric pressure
transfer robot 2210 can rapidly transfer the substrates from the first transfer chamber
2400a to the third transfer chamber 2400c without the direction change. The substrates
are transferred to and cooled in the cooling chamber 2700 by the third substrate
transfer apparatus 2800c installed in the transfer chamber 2400c, and are taken out and
accumulated in the carrier 2100 by the atmospheric pressure transfer robot 2210.

In this embodiment, since the four substrates W are simultaneously processed in the
first and second process chambers 2500a and 2500b, twenty-four substrates W are si-
multaneously cooled in the cooling chamber 2700. However, time for the cooling of
the substrates may be longer than time required for processing the substrates. In this
case, by considering entire efficiencys, it is considerable to dispose the cooling
chambers 2700 to the lateral sides of the third transfer chamber 2400c.

The substrate processing system can be modified by the following alternative em-
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chamber 2600d to align the substrates respectively. As illustrated in FIG. 51, the first

and second aligning chambers 2600c and 2600d may be configured, like the first and

second process chambers 2500a and 2500b, such that two substrates can be aligned in
one chamber.

FIG. 52 is a front sectional view illustrating a modification of the second processing
group. As illustrated in FIG. 52, in the modified second processing group b', any one of
the first and second aligning chambers 2600a and 2600b is substituted with the cooling
chamber 2700. When the second processing group b' is employed, the third processing
group can be omitted.

As illustrated in FIG. 52, since time for aligning the substrates is very short, one
chamber is preferably substituted with the cooling chamber. In this case, the second
and third substrate transfer apparatuses 2800d and 2800e must be disposed in the
second transfer chamber 2400b. In other words, the second upper substrate transfer
apparatus 2800d is used for the transfer of the substrates to be aligned, and the third
lower substrate transfer apparatus 2800e is used for the transfer of the substrates to be
cooled. Here, since the second substrate transfer apparatus 2800d transfers one
substrate once, the driving unit preferably drives the swivel plate arms to transfer the
substrates independently.

The substrate processing system according to this embodiment of the present
invention, as illustrated in FIG. 53, may include a single cooling chamber 2700
disposed in the upper side of the second processing group b by removing the third
processing group c¢. The cooling chamber 2700 may include stages to which four
substrates are simultaneously placed, and the four substrates are directly loaded in the

cooling chamber 2700 by the atmospheric pressure transfer robot 2210.

Embodiment 5

FIG. 54 is a plan view illustrating a substrate processing system according to a fifth
embodiment of the present invention.

Referring to FIG. 54, the substrate processing system according to this embodiment
of the present invention includes first and second process chambers 3400 and 3410, a
transfer chamber 3300 disposed therebetween, and a load rock chamber 3200 provided
in front of the transfer chamber 3300. An index 3100 in which a plurality of carriers
3110 are mounted is installed in front of a load lock chamber 3200. The index 3100 is
referred to as an equipment front end module (hereinafter, referred to as 'EFEM’) and is
referred to as including the load lock chamber on occasion. If necessary, the substrate

processing system may include a cooling chamber (not shown) for cooling the
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processed substrates.

The load lock chamber 3200 includes an atmospheric pressure transfer robot 3210
operated under the atmospheric pressure. The atmospheric pressure transfer robot 3210
transfers substrates between the transfer chamber 3300 and the index 3100. The at-
mospheric pressure transfer robot 3210 operates to transfer substrates W between the
carriers 3110 and the transfer chamber 3300. The atmospheric pressure transfer robot
3210 is implemented by a robot including a double arm structure with four end
effectors to take two substrates W out of the carrier 3110 and to put the same into the
transfer chamber 3300 at once. The atmospheric pressure transfer robot 3210 includes
a track 3220 along which the atmospheric pressure transfer robot 3210 moved laterally.
Various robots used for common semiconductor manufacturing processes as well as
the double arm type robot of this embodiment of the present invention may be used as
the atmospheric pressure transfer robot 3210.

The first and second process chambers 3400 and 3410 are vacuum chambers to
perform the plasma process. Respective substrate supporting tables 3402 and 3412 are
provided in first and second process chambers 3400 and 3410 on respective paths
where the swivel plate arms of a substrate transfer apparatus 3500 swivel. The first and
second process chambers 3400 and 3410 may be configured to perform various
substrate processing operations. For example, the first and second process chambers
3400 and 3410 may be ashing chambers to remove photoresist using plasma, chemical
vapor deposition (CVD) chambers to depose insulating layers, etch chambers to etch
apertures or openings in the insulating layers in order to form interconnection
structures, physical vapor deposition (PVD) chambers to depose barrier layers, or PVD
chambers to depose metal layers.

The substrates W processed by the substrate processing system according to this
embodiment of the present invention are typically wafer substrates for manufacturing a
semiconductor circuit or glass substrates for manufacturing an LCD. A plurality of
processing systems may be required in order to perform all of the processes required
for completely manufacturing an integrated circuit or a chip other than the substrate
processing system according to this embodiment of the present invention. However, in
order to clarify the present invention, a common structure or structures that can be
understood by those skilled in the art are omitted.

The transfer chamber 3300 includes a substrate transfer apparatus 3500. A first
substrate entrance 3310 is formed between the transfer chamber 3300 and a load rock
chamber 3200. A second substrate entrance 3320 is formed between the transfer
chamber 3300 and the first process chamber 3400, and a third substrate entrance 3330
is formed between the transfer chamber 3300 and the second process chamber 3410.
The first to third substrate entrances 3310, 3320, and 3330 are opened and closed by
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slit valves (not shown).

The exchange of the substrates before and after being processed in the transfer
chamber 3300 performed by the atmospheric pressure transfer robot 3210 is carried out
under the atmospheric pressure where the second and third substrate entrances 3320
and 3330 are closed and the first substrate entrance 3310 is opened. On the other hand,
the exchange of the substrates before and after being processed performed, between the
first and second process chambers 3400 and 3410 and the transfer chamber 3300 by the
substrate transfer apparatus 3500, is carried out in a vacuum state where the first
substrate entrance 3310 is closed and the second and third substrate entrances 3320 and
3330 are opened.

FIG. 55 is a perspective view illustrating a substrate transfer apparatus provided in
the transfer chamber of FIG. 54.

Referring to FIG. 55, the substrate transfer apparatus 3500 includes a driving unit
3540 to provide a rotational force, a single spindle 3530 connected to the driving unit
3540, and a plurality of swivel plate arms 3510 mounted in the spindle 3530. The
plurality of swivel plate arms 3510 include first two swivel plate arms to load/unload
the substrates on/from the first process chamber 3400 and second two swivel plate
arms to load/unload the substrates on/from the second process chamber 3410. The first
and second swivel plate arms are alternately arranged. However, the first and second
swivel plate arms may be sequentially arranged. The plurality of swivel plate arms
3510 may be divided into loading arms 3520 and unloading arms 3522. In this case,
the unloading arms 3522 are preferably arranged to be lower than the loading arms
3520. The loading arms 3520 and the unloading arms 3522 make pairs, and in an
embodiment, as illustrated in the drawing, the four swivel plate arms that make two
pairs are provided.

As illustrated in FIG. 54, the plurality of swivel plate arms 3510 are unfolded in the
sector form. Although not shown in the drawing, the driving unit 3540 includes an
electric motor to generate a rotational force and a gear assembly to transmit the
generated rotational force to the spindle 3530 such that the plurality of swivel plate
arms 3510 perform desired operations. Thus, the plurality of swivel plate arms 3510
are mounted in the spindle 3530 and, as illustrated in FIG. 54, are symmetrically
unfolded in the sector form and folded about the spindle 3530.

FIG. 56 illustrates an example the substrate transfer apparatus having an upper
driving unit and a lower driving unit which are separated from each other.

Referring to FIG. 56, a substrate transfer apparatus 3500a according to this
embodiment of the present invention includes lower and upper spindles 3530a and
3530b to which the loading arms 3520 and the unloading arms 3522 are separately

mounted and lower and upper driving units 3540a and 3540b to separately drive the
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lower and upper spindles 3530a and 3530b. Here, the two lower and upper spindles
3530a and 3530b are preferably aligned on the same shaft.

FIG. 57 is a perspective view illustrating a structure of a swivel plate arm.

Referring to FIG. 57, the plurality of swivel plate arms 3510, installed in the
substrate transfer apparatus 3500, include horseshoe-shaped end effectors 3512 having
openings 3513 with opened sides and a plurality of supports 3514 whose upper sides to
which rims of the substrates are positioned. The openings 3513 are provided to allow
lift pins installed in the substrate tables to enter and exit. The end effectors 3512 have
entrance paths 3515 through which end effectors 3512 of the atmospheric pressure
transfer robot 3510 enter and exit. The swivel plate arms 3510 can be modified in other
forms with the scope of the present invention.

The substrate transfer is performed by the substrate transfer apparatus of the present
invention as follows.

In a state where the second and third substrate entrances 3320 and 3330 are closed,
substrates W before being processed are transferred to the loading arm 3520 of the
substrate transfer apparatus 3500 when the first substrate entrance 3310 is opened.
When the transfer of the substrates W is finished, the first substrate entrance 3310 is
closed and the transfer chamber 3300 is switched to the same vacuum state as the
interiors of the first and second process chambers 3400 and 3410. Absolutely, a
pumping system for the vacuum state is provided in the system according to this
embodiment of the present invention, but is omitted for convenience.

Next, the processed substrates W stay on substrate supporting tables 3402 and 3412
of the first and second process chambers 3400 and 3410. When the lift pins of the
supporting tables 3402 and 3412 ascend, the processed substrates W are elevated to a
predetermined height. In association with this operation, the second and third substrate
entrances 3320 and 3330 are opened. The loading arm 3520 and the unloading arm
3522 of the substrate transfer apparatus 3500 make pairs and are unfolded in the sector
form. At this time, the processed substrates W are transferred from the lift pins to the
unloading arms 3522.

After the transfer of the substrates W, the unloading arms 3522 return to the initial
positions of the transfer chamber 3300. The lift pins ascend again to receive the
substrates W before being processed. The loading arms 3520 return to the initial
positions of the transfer chamber 3300, and simultaneously the second and third
substrate entrances 3320 and 3330 are closed again. In association with this operation,
the lift pins descend to place the substrates W before being processed on the substrate
supporting tables 3402 and 3412. Next, the transfer chamber 3300 is switched to the at-
mospheric pressure state and the first substrate entrance 3310 is opened. The at-

mospheric pressure transfer robot 3210 of the load rock chamber 3200 receives the
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processed substrates W from the unloading arms 3522 and exits from the transfer
chamber 3400.

Such the sequential operations of exchanging the substrates are continuously and si-
multaneously performed within a range where the prior and post operations do not
interfere with each other in order to minimize time required to exchange the substrates.
The exchanges of the substrates before and after being processed are simultaneously
performed by the substrate transfer apparatus 3500 of the transfer chamber 3300 and
the atmospheric pressure transfer robot 3210. In other words, the exchange of the
substrates is performed between the transfer chamber 3400 and the load lock chamber
3200 by which the processed substrates unloaded in the prior operation are exchanged
with the substrates before being processed to be loaded simultaneously. The unloaded
processed substrates W are accumulated in the carriers 3110 by the atmospheric
pressure transfer robot 3210.

If the unloaded substrates W need to be cooled, the substrate processing system
may include a cooling chamber to cool the substrates. To this end, the cooling chamber
may be installed at a proper position of the substrate processing system. Alternately,
one of the first and second process chambers 3400 and 3410 may serve to as a cooling
chamber. For example, it is possible to implement the first process chamber 3400 as a
plasma chamber and the second process chamber 3410 as a cooling chamber. In this
case, the first process chamber 3400 performs the plasma process of the substrates, the
substrate transfer apparatus 3500 transfers the processed substrates from the first
process chamber 3400 to the second process chamber 3410 to cool. The cooled
substrates may be transferred from the second process chamber 3410 to the load rock
chamber 3200.

If the substrates W before being processes required to be aligned, the substrate
processing system may further include an aligning device to align the substrates. To
this end, the aligning device may be installed to a proper position in the substrate
processing system. Alternately, one of the first and second process chambers 3400 and
3410 may be used as the aligning device. For example, it is possible to implement the
first process chamber 3400 as a plasma chamber and the second process chamber 3410
as the aligning device. In this case, the substrate transfer apparatus 3500 transfer the
substrates in the second process chamber 3410 to be aligned before being processes
before the first process chamber 3400 performs the plasma process of the substrates,
and the substrates are transferred to the first process chamber 3400 to perform the
plasma process.

As such, according to the substrate processing system in accordance with this
embodiment of the present invention, in order to simultaneously process a plurality of

substrates, the first and second process chambers 3400 and 3410 are arranged in
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parallel and the transfer chamber 3300 is positioned between the first and second
process chambers 3400 and 3410. The substrate transfer apparatus is provided to
enable the fast exchange of the substrates in this configuration, so that substrates
before and after being processed can be simultaneously processed and rapidly
exchanged.

FIG. 58 is a plan view illustrating a substrate processing system having a separately
driven substrate transfer apparatus, and FIG. 59 is a plan view illustrating a mod-
ification of the swivel plate arm.

Referring to FIG. 58, the separately driven substrate transfer apparatuses 3500a and
3500b are divided into right and left parts to be independently driven and are installed
in a transfer chamber 3300. In other words, one substrate transfer apparatus 3500a
transfers the substrates of the first process chamber 3400 and the other substrate
transfer apparatus 3500b transfers the substrates of the second process chamber 3410.
Since the detailed configurations of the separately driven substrate transfer apparatuses
3500a and 3600b are the same as those in FIGS. 32 and 33, the description is omitted.
As illustrated in FIG. 59, the separately driven substrate transfer apparatuses 3500a and
3600b may include L-shaped swivel plate arms 3510'.

FIG. 110 is a plan view illustrating a substrate processing system having a plurality
of processing groups.

Referring to FIG. 110, the substrate processing system includes a plurality of
processing groups 3600, 3610, and 3620. The plurality of processing groups 3600,
3610, and 3620, like the configuration as illustrated in FIG. 54, the transfer chamber
located in the center and the plasma process chambers respectively disposed at the
lateral sides of the transfer chamber. Among the plurality of processing groups 3600,
3610, and 3620, first and third processing groups 3600 and 3620 face each other and
second processing groups 3610 are disposed in the rear side. The atmospheric pressure
transfer robot 3210 positioned in the load rock chamber 3200 includes tracks 3220 and
3230 arranged in a T-shape.

The atmospheric pressure transfer robot 3210 moves along the tracks 3220 and
3230 to transfer the substrates between the carriers 3110 of the index 3100 and the first
to third processing groups 3600, 3610, and 3620. The two process chambers provided
in the first to third processing groups 3600, 3610, and 3620 may be chambers to
perform the plasma process. Otherwise, any one of them may be a cooling chamber or
an aligning device. Alternately, both of two process chambers, provided in any one of
the first to third processing groups 3600, 3610 and 3620 may be cooling chambers or
aligning devices. As such, at least one of the plurality of process chambers provided in
the first to third processing groups 3600, 3610 and 3620 may be a cooling chamber

and/or at least one aligning device.
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The invention has been described using preferred exemplary embodiments.
However, it is to be understood that the scope of the invention is not limited to the
disclosed embodiments. On the contrary, the scope of the invention is intended to
include various modifications and alternative arrangements of the substrate transfer
apparatus and the substrate processing system of the present invention within the ca-
pabilities of persons skilled in the art using presently known or future technologies and
equivalents. The scope of the claims, therefore, should be accorded the broadest inter-
pretation so as to encompass all such modifications and similar arrangements.
Industrial Applicability

As described above, according to the present invention, substrates before and after
being processed are rapidly exchanged in the substrate processing system in which a
plurality of substrates is simultaneously or continuously processed, so that processing
rate of the system can be increased and overall productivity of the substrates can be
increased. Since a substrate transfer apparatus to simultaneously load and unload the
substrate is provided, the process chamber is very easily implemented to process the
plurality of substrates. Time for transferring substrates is reduced and as a result pro-
ductivity increases. The area and width of the system are significantly reduced so that
apparatus cost and installation cost can be minimized. Respective chambers for
processing, aligning, and cooling the substrates are overlapped with each other so that
a total bottom area of the substrate processing system can be reduced. Due to this, the
clean room can be narrower than the conventional one and costs for the air-
conditioning apparatus of the clean room can also be reduced. Moreover, since the
traveling distance of the atmospheric pressure transfer robot for transferring the
aligned substrates to a place for the process of the substrates or for transferring the
processed substrates to the place for the cooling of the substrates is short and un-
necessary operation such as a direction change does not need, time for the transfer of

the substrates can be reduced and yield thereof can be increased.
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Claims

An apparatus for transferring substrates between a load rock chamber and first
and second process chambers to process a plurality of substrates, comprising:

a driving unit to supply a rotational force;

at least one spindle connected to the driving unit;

a plurality of first swivel plate arms to load/unload the substrates to the first
process chamber; and

a plurality of second swivel plate arms to load/unload the substrates to the second
process chamber.

The apparatus for transferring substrates of claim 1, wherein each of the first and
second swivel plate arms comprises:

at least one loading swivel plate arm to load substrates before being processed;
and

at least one unloading swivel plate arm to unload processed substrates.

The apparatus for transferring substrates of claim 1, wherein the first swivel plate
arms and the second swivel plate arms are separately mounded, and the spindle
includes at least two different spindles which rotate independently.

The apparatus for transferring substrates of claim 3, wherein the driving unit
includes at least one driving unit to supply a rotational force through the at least
two different spindles.

The apparatus for transferring substrates of claim 2, wherein each of the first
swivel plate arms and the second swivel plate arms includes a horseshoe-shaped
end effector having an opening with an opened side and a support having an
upper side to which rims of the substrate are positioned.

The apparatus for transferring substrates of claim 5, wherein the end effector
includes an entrance path through which the end effector of an atmospheric
pressure transfer robot installed in the load rock chamber enters and exits to
transfer and receive the substrates.

A substrate processing system using the apparatus for transferring substrates of
claim 1, the system comprising:

a first process chamber including at least two substrate supporting tables;

a second process chamber including at least two substrate supporting tables;

a transfer chamber in which the substrate transfer apparatus is installed;

a first substrate entrance formed between the first process chamber and the
transfer chamber;

a second substrate entrance formed between the second process chamber and the

transfer chamber; and
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a third substrate entrance formed between the transfer chamber and the exterior;
wherein the substrate transfer apparatus receives and transfers the substrates
before and after being processed from and to the exterior through the third
substrate entrance, such that the substrates before being processed are transferred
to the first or second process chamber and the processed substrates processed in
the first or second process chamber are transferred to the exterior through the
third substrate entrance.

The substrate processing system of claim 7, further comprising a load rock
chamber connected to the third substrate entrance, wherein the load rock
chamber comprises an atmospheric pressure transfer robot to transfer the
substrates under atmospheric pressure.

The substrate processing system of claim 7, further comprising a cooling
chamber to cool the processed substrates discharged through the third substrate
entrance.

The substrate processing system of claim 7, wherein the first and second process
chambers comprise plasma chambers in which plasma processes are carried out.
The substrate processing system of claim 7, wherein the first process chamber
comprises a plasma chamber in which a plasma processes is carried out and the
second process chamber comprises a cooling chamber to cool heated substrates
after being processed.

The substrate processing system of claim 7, further comprising a fourth substrate
entrance formed between the transfer chamber and another exterior, wherein

the substrate transfer apparatus receives the substrates before being processed
from the exterior through the third substrate entrance and transfers the processed
substrates to the exterior through the fourth substrate entrance.

The substrate processing system of claim 12, further comprising a load rock
chamber connected to the fourth substrate entrance, wherein the load rock
chamber includes an atmospheric pressure transfer robot to transfer the substrates
under the atmospheric pressure.

The substrate processing system of claim 13, further comprising a cooling
chamber to cool the processed substrates discharged through the fourth substrate
entrance.

An apparatus for transferring substrates in a transfer chamber between a load
rock chamber and process chambers to process a plurality of substrates,
comprising transfer members scattered and disposed on the verge of the transfer
chamber;

wherein the plurality of transfer members to simultaneously receive a plurality of

substrates provided to a standby position of the transfer chamber through the
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load rock chamber to transfer the plurality of substrates to the upper sides of
substrate supporting tables respectively installed in the process chambers, and to
receive respective substrates from the upper sides of the substrate supporting
tables to concentrately transfer the same to the standby position of the transfer
chamber.

The apparatus for transferring substrates of claim 15, wherein each of the transfer
members comprises:

a driving unit to supply a rotational force;

two spindles connected to the driving unit; and

a plurality of swivel plate arms to load/unload the substrates to/from the cor-
responding substrate supporting tables.

The apparatus for transferring substrates of claim 16, wherein each of the swivel
plate arms comprises:

a loading swivel plate arm to load substrates before being processed; and

an unloading swivel plate arm to unload processed substrates

The apparatus for transferring substrates of claim 16, wherein each of the swivel
plate arms comprises a horseshoe-shaped end effector having an opening with an
opened side and a support having an upper side to which rims of the substrate are
positioned.

The apparatus for transferring substrates of claim 18, wherein the transfer
members are unfolded such that the end effectors of the swivel plate arms are
positioned in the upper sides of the corresponding substrate supporting tables,
and are folded such that the end effectors of the swivel plate arms are vertically
aligned with a single aligning line at the standby position of the transfer
chamber.

A substrate transfer apparatus installed in a transfer chamber to transfer
substrates between a load rock chamber and process chambers to process a
plurality of substrates, the substrate transfer apparatus comprising:

a plurality of spindles disposed on the verge of the transfer chamber to be spaced
apart from each other;

a driving unit to supply a driving force to the plurality of spindles; and

a plurality of swivel plate arms respectively installed to the plurality of spindles
to swivel for the loading/unloading the substrates to/from the corresponding
process chambers.

The substrate transfer apparatus of claim 20, wherein each of the swivel plate
arms comprises a horseshoe-shaped end effector having an opening with an
opened side and a support having an upper side to which rims of the substrate are

positioned, and end effectors of the swivel plate arms swivel to be positioned in
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the upper sides of corresponding substrate supporting tables and to be vertically
aligned with a single aligning line at a standby position of the transfer chamber.
The substrate transfer apparatus of claim 20, wherein each of the swivel plate
arms comprises at least two rod-antenna type extensible plate arms.

The substrate transfer apparatus of claim 22, wherein each of the swivel plate
arms swivel toward the substrate supporting tables at the standby position of the
transfer chamber and the extensible swivel plate arms are withdrawn step by step
such that the end effectors are positioned in the upper sides of the substrate
supporting tables.

A substrate processing system comprising:

a transfer chamber in which a substrate transfer apparatus is installed; and

first and second process chambers connected to the lateral sides of the transfer
chamber through first and second entrances and including two substrate
supporting tables;

the substrate transfer apparatus including four transfer members disposed on the
verge of the transfer chamber to be spaced apart from each other,

wherein the transfer members are unfolded to simultaneously receive four
substrates provided from the exterior to a standby position of the transfer
chamber and to transfer the four substrates on the upper sides of four substrate
supporting tables installed in the first and second process chambers, and are
folded to receive the respective substrates from the upper sides of the four
substrate supporting tables and to transfer the respective substrates to the standby
position of the transfer chamber.

The substrate processing system of claim 24, wherein each of the transfer
members comprises:

a driving unit to supply a rotational force;

two spindles connected to the driving unit; and

a plurality of swivel plate arms to load/unload the substrates to/from the substrate
supporting tables.

The substrate processing system of claim 25, wherein each of the swivel plate
arms comprises a horseshoe-shaped end effector having an opening with an
opened side and a support having an upper side to which rims of the substrate are
positioned, and

the transfer members swivel such that end effectors of the swivel plate arms
swivel are positioned in the upper sides of corresponding substrate supporting
tables and are vertically aligned with a single aligning line at the standby position
of the transfer chamber.

The substrate processing system of claims 24 or 26, wherein each of the swivel



42

WO 2007/126289 PCT/KR2007/002133

[28]

[29]

[30]

[31]

[32]

[33]

plate arms comprises at least two rod-antenna type extensible plate arms.

The substrate processing system of any one of claims 24 to 26, further
comprising a load rock chamber connected to in front side of the transfer
chamber through a third substrate entrance, wherein the load rock chamber
comprises an atmospheric pressure transfer robot to transfer the substrates under
atmospheric pressure.

The substrate processing system of claim 28, wherein the front side of the
transfer chamber has a shape in which the third entrance is depressed inwardly.
The substrate processing system of claim 28, further comprising a cooling
chamber positioned in the load rock chamber to cool processed substrates
discharged to the load rock chamber through the third substrate entrance.

The substrate processing system of claim 24, wherein the first and second
process chambers comprise plasma chambers in which plasma processes are
carried out.

A substrate processing system comprising:

a load rock chamber including an index in which a plurality of carriers are
installed in front thereof; and

a plurality of processing groups disposed in the rear side of the load rock
chamber and stacked in multi-layers, wherein

one of the plurality of process groups comprises:

a first transfer chamber to which a first substrate transfer apparatus is installed;
and

first and second process chambers connected to the lateral sides of the first
transfer chamber through first and second entrances and including two substrate
supporting tables, and

another one of the plurality of processing groups comprises:

a second transfer chamber to which a second substrate transfer apparatus is
installed; and

first and second aligning chambers connected to the lateral sides of the second
transfer chamber through first and second entrances and including two substrate
aligners.

The substrate processing system of claim 32, wherein the first transfer members
are unfolded to simultaneously receive four substrates provided to a standby
position of the first transfer chamber and to transfer the four substrates on the
upper sides of four substrate supporting tables installed in the first and second
process chambers, and are folded to receive the respective substrates from the
upper sides of the four substrate supporting tables and to transfer the respective

substrates to the standby position of the first transfer chamber.
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The substrate processing system of claim 32, wherein the second transfer
members are unfolded to simultaneously receive four substrates provided to a
standby position of the second transfer chamber and to transfer the four
substrates to at least two substrate aligners installed in the first and second
aligning chambers, and are folded to receive the respective aligned substrates
from the at least two substrate aligners and to transfer the respective aligned
substrates to the standby position of the second transfer chamber.

The substrate processing system of claim 32, wherein another one of the plurality
of processing groups comprises:

a third transfer chamber to which a third substrate transfer apparatus is installed;
and

a cooling chamber connected to the side of the third transfer chamber through
first entrance to cool at least one substrate.

The substrate processing system of claim 35, wherein each of the first, second,
and third substrate transfer apparatuses comprises:

a driving unit to supply a rotational force;

at least one spindle connected to the driving unit; and

a plurality of swivel plate arms mounted to the spindle at different heights and to
be positioned at corresponding positions in association with the spindle.

The substrate processing system of claim 36, wherein each of the swivel plate
arms comprises a horseshoe-shaped end effector having an opening with an
opened side and a support having an upper side to which rims of the substrate are
positioned, and

the transfer apparatuses swivel such that end effectors of the swivel plate arms
are positioned at corresponding positions and are vertically aligned with a single
aligning line at the standby positions of the first, second, and third transfer
chambers.

The substrate processing system of claim 32, wherein the first substrate transfer
apparatus comprises a plurality of swivel plate arms to simultaneously receive a
plurality of substrates provided to a standby position of the first transfer chamber
and to transfer the substrates to the substrate supporting tables on the upper sides
of the first and second process chamber, to receive respective substrates from the
upper sides of the substrate supporting tables, and to transfer the substrates to be
concentrately transferred to the standby position of the first transfer chamber.
The substrate processing system of claim 34, wherein each of the substrate
aligners comprises:

a spin chuck to load the substrate;

a sensor to detect the alignment of the substrate loaded on the spin chuck; and
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an elevator to adjust a height of the spin chuck according to heights of the swivel
plate arms.

The substrate processing system of claim 32, wherein the load rock chamber
comprises an atmospheric pressure transfer robot to transfer the substrates under
the atmospheric pressure.

The substrate processing system of claim 32, wherein the first and second
process chambers comprise plasma chambers to perform a plasma process.

The substrate processing system of claim 32, wherein the load rock chamber
comprises a double-armed atmospheric pressure transfer robot having four end
effectors to take four substrates from the carriers at once and to transfer the four
substrates to the first transfer chamber or the second transfer chamber, and

each of the first and second transfer chambers comprises a third substrate
entrance, through which the substrates from the load rock chamber enter and
exit, and which are aligned with each other such that the transfer of the substrates
is enabled when the atmospheric pressure transfer robot moved up and down.

A substrate processing system has at least one process group comprising:

a first process chamber including one substrate supporting table;

a second process chamber including one substrate supporting table;

a transfer chamber in which a substrate transfer apparatus is installed;

a first substrate entrance formed between the transfer chamber and the exterior;

a second substrate entrance formed between the first process chamber and the
transfer chamber; and

a third substrate entrance formed between the second process chamber and the
transfer chamber,

wherein the substrate transfer apparatus receives and transfers the substrates
before and after being processed from and to the exterior through the first
substrate entrance, such that the substrate transfer apparatus transfers the
received substrates before being processed to the first or second process chamber
through second or the third substrate entrance and receive the processed
substrates processed in the first or second process chamber through the second or
third substrate entrance and transfers to the exterior through the first substrate
entrance.

The substrate processing system of claim 43, further comprising a load rock
chamber connected to the first substrate entrance, wherein the load rock chamber
comprises an atmospheric pressure transfer robot to transfer the substrates under
the atmospheric pressure.

The substrate processing system of claim 43, wherein at least one of the first and

second process chambers comprises a plasma chamber.
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The substrate processing system of claim 43, wherein at least one of the first and
second process chambers comprises a cooling chamber.

The substrate processing system of claim 43, wherein at least one of the first and
second process chambers comprises an aligning chamber.

The substrate processing system of any one of claims 43 to 47, wherein the
substrate transfer apparatus comprises:

a driving unit to supply a rotational force;

at least one spindle connected to the driving unit;

a plurality of first swivel plate arms to load/unload the substrates to/from the first
process chamber; and

a plurality of second swivel plate arms to load/unload the substrates to/from the
second process chamber.

The substrate processing system of claim 48, wherein the first swivel plate arms
and the second swivel plate arms are separately mounded, and the spindle
includes at least two different spindles which rotate independently.

The substrate processing system of claim 49, wherein the driving unit includes at
least one driving unit to supply a rotational force through the at least two
different spindles.

The substrate processing system of claim 43, wherein each of the first swivel
plate arms and the second swivel plate arms includes a horseshoe-shaped end
effector having an opening with an opened side and a support having an upper
side to which rims of the substrate are positioned.

The substrate processing system of claim 51, wherein the end effector includes
an entrance path through which the end effector of an atmospheric pressure
transfer robot installed in the load rock chamber enters and exits to transfer and

receive the substrates.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The present application includes four groups of inventions: Group 1 (claims 1-14), Group 2 (claims 15-31), Group 3 (claims 32-
42), and Group 4 (claims 43-52).

The only common technical feature among Groups 1, 2, 3 and 4 is a substrate transferring apparatus for transferring substrates
from a load lock chamber to a process chamber. However, this feature lacks novelty and/or inventive step with respect to the
document cited in this ISR: KR 10-2005-0092278 A. Thus, there is no technical relationship left over the prior art among the
claimed inventions, leaving the claims without a single general inventive concept.

Hence, there is a lack of unity "a posteriori”.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. & As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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KR10-2005-0092278 A 21.09.2005 None
KR10-2005-0045339 A 17.05.2005 None
US2005-0211169 A1l 29.09.2005 CN1674220A 28.09.2005
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