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[DESCRIPTION]

[Title of Invention] COMMUNICATION METHOD, TRANSPORT SYSTEM,
AND COMMUNICATION DEVICE

[Technical Field]

[0001]

The present invention relates to a communication method of a
transport system, a transport system, and a communication device.
[Background Art]

[0002]

A system including overhead traveling carriages that transport
semiconductor wafers or the like and semiconductor manufacturing
apparatuses that process the semiconductor wafers or the like has
been disclosed (see, for example, Patent Literature (PTL) 1 and 2).
The overhead traveling carriage stops traveling above a loading port
provided in the semiconductor manufacturing apparatus, and
transfers semiconductor wafers or the like to and from the loading
port. An optical communication terminal connected to the
semiconductor manufacturing apparatus is provided above the
stopping position of the overhead traveling carriage. Upon stopping,
the overhead traveling carriage communicates with the optical
communication terminal for the purpose of transferring the
semiconductor wafers or the like (communication for performing
interlock  processing; so-called ‘“interlock communication”).
Accordingly, when, for example, transferring semiconductor wafers or
the like to the loading port, the overhead traveling carriage will not
move to the next step unless a specific condition is satisfied, and the
transfer of semiconductor wafers or the like from the overhead
traveling carriage to the loading port can therefore be performed
safely and reliably.

[Citation List]
[Patent Literature]
[0003]
[PTL 1] International Publication No. 2011/155040
[PTL 2] Japanese Patent No. 4471118
[Summary of Invention]
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[Technical Problem]
[0004]

The interlock communication is executed through optical
communication in the above-described system. With optical
communication, it is necessary to align optical axes between the
overhead traveling carriage and the optical communication terminal.
Communication problems caused by a skew between the optical axes
may therefore arise.

[0005]

The inventors of the present invention examined the use of
wireless communication such as Wi-Fi (registered trademark) instead
of optical communication. Specifically, the semiconductor
manufacturing apparatus is provided with a communication device,
and the overhead traveling -carriage executes the interlock
communication through  wireless communication with the
communication device. With wireless communication, there is no
need to align optical axes, which eliminates communication problems
caused by skew between the optical axes.

[0006]

However, with wireless communication, communication failures
may occur due to radio wave reflection and so on caused by the
surrounding environment, and it is therefore necessary to make the
wireless communication redundant.

[0007]

An object of the present invention is to provide a
communication method and the like which can make wireless
communication redundant in interlock communication in a transport
system.

[Solution to Problem]
[0008]

To solve the above-described problem, a communication
method according to one aspect of the present invention is a
communication method of a transport system, the transport system
including a plurality of transport carriages, each transporting a
transported object, and a plurality of communication devices
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connected one-to-one with corresponding ones of a plurality of
equipment onto which the transported objects are loaded. The
plurality of communication devices are communicably connected to
each other. The communication method includes: (a) transmitting,
from a specific transport carriage among the plurality of transport
carriages to the plurality of communication devices, a first signal
having a specific communication device among the plurality of
communication devices as a final transmission destination; and (b)
receiving, in the specific communication device, the first signal from
the specific transport carriage through a communication channel that
passes through at least one other communication device among the
plurality of communication devices. The first signal is a signal
communicated for the specific transport carriage to transfer the
transported object to or from a specific one of the equipment which
is connected one-to-one with the specific communication device.
[0009]

Through this, even if the specific communication device cannot
receive the first signal directly from the specific transport carriage
due to a communication failure, the specific communication device
can indirectly receive the first signal through a communication
channel that passes through another communication device. The
wireless communication can therefore be made redundant in interlock
communication in the transport system.

[0010]

Additionally, the plurality of communication devices may be
connected to each other by a hardwire cable.
[0011]

This enables more stable communication among the plurality of
communication devices than when using wireless connections.
[0012]

Additionally, the plurality of communication devices may be at
least three communication devices; the first signal may include time
information specifying a time for each of the at least one other
communication device to transmit the first signal to the specific
communication device; and in (b), each of the at least one other
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communication device may transmit the first signal to the specific
communication device at the time specified by the time information.
[0013]

Through this, a situation where each of the other
communication devices transmits the first signal to the specific
communication device at the same time can be suppressed, which
makes it possible to suppress the occurrence of collisions.

[0014]

Additionally, in (b), each of the at Ileast one other
communication device may transmit the first signal to the specific
communication device, and the communication method may further
include (c) transmitting a second signal from the specific
communication device to the specific transport carriage through a
communication channel passing through the at least one other
communication device, the second signal being a response signal
responding to the first signal.

[0015]

Through this, even if the specific transport carriage cannot
receive the second signal directly from the specific communication
device due to a communication failure, the specific transport carriage
can indirectly receive the second signal through a communication
channel that passes through another communication device.

[0016]

Additionally, the plurality of communication devices may be at
least three communication devices; each of the at least one other
communication device may receive the first signal from the specific
transport carriage with a radio wave strength; in (b), each of the at
least one other communication device may transmit the first signal
including the radio wave strength to the specific communication
device; and in (c), the specific communication device may transmit
the second signal to the specific transport carriage through a
communication channel that passes through a communication device,
among the at least one other communication device, that corresponds
to the radio wave strength that is the strongest radio wave strength
included in the first signal transmitted by the at least one other
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communication device.
[0017]

Through this, the second signal is transmitted through the
communication channel, of the communication channels that pass
through the other communication devices, that has the strongest
radio wave strength, which makes it possible to increase the likelihood
that the communication between the specific transport carriage and
the specific communication device will succeed.

[0018]

Additionally, a transport system according to one aspect of the
present invention is a transport system including a plurality of
transport carriages, each transporting a transported object, and a
plurality of communication devices connected one-to-one with
corresponding ones of a plurality of equipment onto which the
transported objects are loaded. The plurality of communication
devices are communicably connected to each other. A specific
transport carriage among the plurality of transport carriages
transmits, to the plurality of communication devices, a first signal
having a specific communication device among the plurality of
communication devices as a final transmission destination. The
specific communication device receives the first signal from the
specific transport carriage through a communication channel that
passes through at least one other communication device among the
plurality of communication devices. The first signal is a signal
communicated for the specific transport carriage to transfer the
transported object to or from a specific one of the equipment which
is connected one-to-one with the specific communication device.
[0019]

Through this, even if the specific communication device cannot
receive the first signal directly from the specific transport carriage
due to a communication failure, the specific communication device
can indirectly receive the first signal through a communication
channel that passes through another communication device. The
wireless communication can therefore be made redundant in interlock
communication in the transport system.
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[0020]

Additionally, the plurality of communication devices may be
connected to each other by a hardwire cable.
[0021]

This enables more stable communication among the plurality of
communication devices than when using wireless connections.
[0022]

Additionally, the plurality of communication devices may be at
least three communication devices; the first signal may include time
information specifying a time for each of the at least one other
communication device to transmit the first signal to the specific
communication device; and the specific communication device may
receive the first signal from the specific transport carriage through a
communication channel passing through the at least one other
communication device by each of the at least one other
communication device transmitting the first signal to the specific
communication device at the time specified by the time information.
[0023]

Through this, a situation where each of the other
communication devices transmits the first signal to the specific
communication device at the same time can be suppressed, which
makes it possible to suppress the occurrence of collisions.

[0024]

Additionally, the specific communication device may receive the
first signal from the specific transport carriage through a
communication channel passing through the at least one other
communication device by each of the at least one other
communication device transmitting the first signal to the specific
communication device; and the specific communication device may
transmit a second signal to the specific transport carriage through a
communication channel passing through the at least one other
communication device, the second signal being a response signal
responding to the first signal.

[0025]
Through this, even if the specific transport carriage cannot
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receive the second signal directly from the specific communication
device due to a communication failure, the specific transport carriage
can indirectly receive the second signal through a communication
channel that passes through another communication device.

[0026]

Additionally, the plurality of communication devices may be at
least three communication devices; each of the at least one other
communication device may receive the first signal from the specific
transport carriage with a radio wave strength; the specific
communication device may receive the first signal from the specific
transport carriage through a communication channel passing through
the at least one other communication device by each of the at least
one other communication device transmitting the first signal including
the radio wave strength to the specific communication device; and
the specific communication device may transmit the second signal to
the specific transport carriage through a communication channel that
passes through a communication device, among the at least one other
communication device, that corresponds to the radio wave strength
that is the strongest radio wave strength included in the first signal
transmitted by the at least one other communication device.

[0027]

Through this, the second signal is transmitted through the
communication channel, of the communication channels that pass
through the other communication devices, that has the strongest
radio wave strength, which makes it possible to increase the likelihood
that the communication between the specific transport carriage and
the specific communication device will succeed.

[0028]

Additionally, a communication device according to one aspect
of the present invention is a communication device in a transport
system, the transport system including a plurality of transport
carriages, each transporting a transported object, and a plurality of
the communication devices connected one-to-one with corresponding
ones of a plurality of equipment onto which the transported objects

are loaded. The plurality of communication devices are
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communicably connected to each other. When a specific transport
carriage among the plurality of transport carriages has transmitted,
to the plurality of communication devices, a first signal having the
communication device among the plurality of communication devices
as a final transmission destination, the communication device
receives the first signal from the specific transport carriage through
a communication channel passing through at least one other
communication device among the plurality of communication devices.
The first signal is a signal communicated for the specific transport
carriage to transfer the transported object to or from a specific one
of the equipment which is connected one-to-one with the
communication device.

[0029]

Through this, even if the communication device cannot receive
the first signal directly from the specific transport carriage due to a
communication failure, the communication device can indirectly
receive the first signal through a communication channel that passes
through another communication device. The wireless communication
can therefore be made redundant in interlock communication in the
transport system.

[0030]

Additionally, the plurality of communication devices may be
connected to each other by a hardwire cable.
[0031]

This enables more stable communication among the plurality of
communication devices than when using wireless connections.
[0032]

Additionally, the plurality of communication devices may be at
least three communication devices; the first signal may include time
information specifying a time for each of the at least one other
communication device to transmit the first signal to the
communication device; and the communication device may receive
the first signal from the specific transport carriage through a
communication channel passing through the at least one other
communication device by each of the at least one other
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communication device transmitting the first signal to the
communication device at the time specified by the time information.
[0033]

Through this, a situation where each of the other
communication devices transmits the first signal to the
communication device at the same time can be suppressed, which
makes it possible to suppress the occurrence of collisions.

[0034]

Additionally, the communication device may receive the first
signal from the specific transport carriage through a communication
channel passing through the at least one other communication device
by each of the at least one other communication device transmitting
the first signal to the communication device; and the communication
device may transmit a second signal to the specific transport carriage
through a communication channel passing through the at least one
other communication device, the second signal being a response
signal responding to the first signal.

[0035]

Through this, even if the specific transport carriage cannot
receive the second signal directly from the communication device due
to a communication failure, the specific transport carriage can
indirectly receive the second signal through a communication channel
that passes through another communication device.

[0036]

Additionally, the plurality of communication devices may be at
least three devices; each of the at least one other communication
device may receive the first signal from the specific transport carriage
with a radio wave strength; the communication device may receive
the first signal from the specific transport carriage through a
communication channel passing through the at least one other
communication device by each of the at least one other
communication device transmitting the first signal including the radio
wave strength to the communication device; and the communication
device may transmit the second signal to the specific transport
carriage through a communication channel that passes through a
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communication device, among the at least one other communication
device, that corresponds to the radio wave strength that is the
strongest radio wave strength included in the first signal transmitted
by the at least one other communication device.

[0037]

Through this, the second signal is transmitted through the
communication channel, of the communication channels that pass
through the other communication devices, that has the strongest
radio wave strength, which makes it possible to increase the likelihood
that the communication between the specific transport carriage and
the communication device will succeed.

[0038]

Additionally, when a specific transport carriage among the
plurality of transport carriages has transmitted, to the plurality of
communication devices, a first signal having as a final transmission
destination a specific communication device, among the plurality of
communication devices, that is different from the communication
device, the communication device may transmit the first signal
received from the transport carriage to the specific communication
device.

[0039]

Through this, when the communication device receives, from
the specific transport carriage, a first signal that is not addressed to
the communication device itself, the communication device transmits
(transfers) the first signal to the specific communication device. In
other words, even if the specific communication device cannot receive
the first signal directly from the specific transport carriage due to a
communication failure, the specific communication device can
indirectly receive the first signal through a communication channel
that passes through the communication device. The wireless
communication can therefore be made redundant in interlock
communication in the transport system.

[0040]

A communication method according to an aspect of the present

invention is a communication method of a transport system, the
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transport system including a plurality of transport carriages, each
transporting a transported object, and a plurality of communication
devices connected one-to-one with corresponding ones of a plurality
of equipment onto which the transported objects are loaded. The
communication method includes: (d) transmitting, from a specific
transport carriage among the plurality of transport carriages to at
least one of (i) the plurality of communication devices and (ii) at least
one other transport carriage of the plurality of transport carriages, a
first signal having a specific communication device among the
plurality of communication devices as a final transmission destination;
and (e) receiving, in the specific communication device, the first
signal through at least one of a communication channel passing
through at least one other communication device among the plurality
of communication devices and a communication channel passing
through the at least one other transport carriage. The first signal is
a signal communicated for the specific transport carriage to transfer
the transported object to or from a specific one of the equipment
which is connected one-to-one with the specific communication device.
[0041]

Through this, even if the specific communication device cannot
receive the first signal directly from the specific transport carriage
due to a communication failure, the specific communication device
can indirectly receive the first signal through at least one of a
communication channel that passes through another communication
device and a communication channel that passes through another
transport carriage. The wireless communication can therefore be
made redundant in interlock communication in the transport system.
[Advantageous Effects of Invention]

[0042]

According to the communication method and the like of the
present invention, wireless communication can be made redundant in
interlock communication in a transport system.

[Brief Description of Drawings]
[0043]
[FIG. 1]

- 11 -



10

15

20

25

30

35

FIG. 1 is an exterior view illustrating an overview of a transport
system according to Embodiment 1.

[FIG. 2]

FIG. 2 is a block diagram illustrating the functional
configuration of the transport system and a semiconductor
manufacturing apparatus according to Embodiment 1.

[FIG. 3]

FIG. 3 is a diagram illustrating an example of the application of
the transport system according to Embodiment 1.

[FIG. 4]

FIG. 4 is a sequence chart illustrating a first example of a
communication method of the transport system according to
Embodiment 1.

[FIG. 5]

FIG. 5 is a sequence chart illustrating a second example of a
communication method of the transport system according to
Embodiment 1.

[FIG. 6]

FIG. 6 is a sequence chart illustrating a third example of a
communication method of the transport system according to
Embodiment 1.

[Description of Embodiments]
[0044]

Embodiments will be described in detail hereinafter with
reference to the drawings.
[0045]

Note that all of the following embodiments describe specific
examples of the present invention. The numerical values, shapes,
materials, constituent elements, arrangements and connection states
of constituent elements, steps, orders of steps, and the like in the
following embodiments are merely examples, and are not intended to
limit the present invention. Additionally, of the constituent elements
in the following embodiments, constituent elements not denoted in
the independent claims, which express the broadest interpretation of
the present invention, will be described as optional constituent

- 12 -



10

15

20

25

30

35

elements for achieving more preferable embodiments. Note that
identical constituent elements may be given identical reference
numerals, and descriptions thereof may be omitted.

[Embodiment 1]

[0046]

Embodiment 1 will be described hereinafter with reference to
FIGS. 1 to 6.

[0047]

FIG. 1 is an exterior view illustrating an overview of transport
system 1 according to Embodiment 1. Note that FIG. 1 is a schematic
diagram, and the actual sizes of the constituent elements are not
limited to those illustrated in FIG. 1.

[0048]

Transport system 1 is a system for transferring a transported
object, and includes: a plurality of transport carriages for transporting
transported objects; a plurality of communication devices which are
connected one-to-one to corresponding ones of a plurality of
equipment onto which the transported objects are loaded; and travel
route 2 for the plurality of transport carriages to travel. Note that
FIG. 1 illustrates one transport carriage 30 of the plurality of transport
carriages. FIG. 1 also illustrates semiconductor manufacturing
apparatus 50. Although not a constituent element of transport
system 1 in the present embodiment, semiconductor manufacturing
apparatus 50 may be included as a constituent element of transport
system 1.

[0049]

In the present embodiment, the equipment is loading ports.
FIG. 1 illustrates a plurality of communication devices 10a to 10d and
a plurality of loading ports 20a to 20d. Communication device 10a
and loading port 20a have a one-to-one connection, communication
device 10b and loading port 20b have a one-to-one connection,
communication device 10c and loading port 20c have a one-to-one
connection, and communication device 10d and loading port 20d have
a one-to-one connection. In the following, each of the plurality of
communication devices will also be referred to as “communication
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devices 10", and each of the plurality of loading ports will also be
referred to as “loading ports 20”. In the present embodiment, the
plurality of communication devices 10 include at Ileast three
communication devices 10.

[0050]

Semiconductor manufacturing apparatus 50 illustrated in FIG.
1 is an apparatus that processes semiconductor wafers, and includes
FOUP intake/discharge port 51 for taking in and discharging FOUP
(Front Opening Unified Pod) 100 in which a semiconductor wafer is
stored. Note that FOUP 100 corresponds to the transported object
transported by transport system 1.

[0051]

Loading port 20 is a port onto which FOUP 100, which is the
transported object, is loaded; is disposed near FOUP intake/discharge
port 51 of semiconductor manufacturing apparatus 50; and exchanges
FOUP 100 with semiconductor manufacturing apparatus 50. FOUP
100 is transferred between loading port 20 and transport carriage 30.
For example, loading port 20 transmits and receives signals to and
from communication device 10 over a hardwire cable. Here, the one
semiconductor manufacturing apparatus 50 is provided with, for
example, four loading ports 20, and each loading port 20 is connected
one-to-one to one communication device 10. As such, the one
semiconductor manufacturing apparatus 50 and a plurality of (here,
four) communication devices 10 are connected via a plurality of (here,
four) loading ports 20.

[0052]

Transport carriage 30 is a carriage that transfers FOUP 100 to
and from loading port 20 and transports FOUP 100 along travel route
2, and includes gripper 31 which grips FOUP 100 on the inside of
transport carriage 30. Gripper 31 is capable of ascending and
descending, for example, and descends to the vicinity of loading port
20 when transferring FOUP 100 to and from loading port 20. Note
that gripper 31 may be provided so as to be mobile in a horizontal
direction.

[0053]
- 14 -
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Communication device 10 is a communication device that relays
the transmission and reception of signals communicated for
transferring the transported object between loading port 20 and
transport carriage 30, specifically, signals pertaining to interlock
processing (a first signal, and a second signal which is a response
signal responding to the first signal). The first signal and the second
signal are packets, for example. "“Interlock processing” is processing
which disables other operations unless a specific condition is satisfied.
Performing interlock processing in transport system 1 makes it
possible, when FOUP 100 is transferred to and from loading port 20
by transport carriage 30, to disable the system from moving to the
next step unless a specific condition is satisfied. The "“specific
condition” is, for example, a condition that a specific transport
carriage 30 has transmitted the first signal, which includes an
instruction for confirming whether or not a specific loading port 20 to
or from which FOUP 100 is to be transferred is currently in a state in
which the transfer is possible (an interlock processing execution
command), and has received the second signal, which includes a
response indicating that the transfer is possible (a response to the
interlock processing execution command) from the specific loading
port 20. This makes it possible for FOUP 100 to be transferred from
the specific transport carriage 30 to the specific loading port 20 safely
and reliably. Communication device 10 relays the exchange of the
first signal and the second signal between transport carriage 30 and
loading port 20. For example, communication device 10 transmits
and receives the first signal and the second signal pertaining to the
interlock processing to and from loading port 20 over a hardwire cable.
Note that communication device 10 and loading port 20 may transmit
and receive the signals wirelessly. For example, communication
device 10 is installed on a floor side of semiconductor manufacturing
apparatus 50.

[0054]

Additionally, communication device 10 wirelessly transmits and
receives the first signal and the second signal pertaining to the
interlock processing to and from transport carriage 30. Note that
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communication device 10 and transport carriage 30 may communicate
indirectly, via an access point or the like, or may communicate directly
without using an access point or the like.

[0055]

The plurality of communication devices 10a to 10d are
communicably connected to each other, and the first signal and the
second signal pertaining to the interlock processing are transmitted
and received among the plurality of communication devices 10a to
10d. For example, the plurality of communication devices 10a to 10d
are connected to each other by hardwire cables. For example, the
plurality of communication devices 10a to 10d are connected to each
other by a wired LAN (Local Area Network), RS-232-C, USB (Universal
Serial Bus), or the like. This enables more stable communication
among the plurality of communication devices 10a to 10d than when
using wireless connections. Note, however, that the plurality of
communication devices 10a to 10d may be connected to each other
wirelessly.

[0056]

Functional configurations of transport system 1 and
semiconductor manufacturing apparatus 50 according to the present
embodiment will be described next.

[0057]

FIG. 2 is a block diagram illustrating the functional
configuration of transport system 1 and semiconductor manufacturing
apparatus 50 according to Embodiment 1.

[0058]

First, the functional configuration of transport carriage 30
illustrated in FIG. 2 will be described. As illustrated in FIG. 2,
functionally speaking, transport carriage 30 includes carriage
controller 32 and carriage communicator 33.

[0059]

Carriage communicator 33 is a communication interface that
communicates with communication device 10 over a network.
Through carriage communicator 33, carriage controller 32 transmits,
to communication device 10, signals communicated for the purpose
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of transferring the transported object to and from the equipment
(loading port 20) connected one-to-one to communication device 10.
Specifically, through carriage communicator 33, carriage controller 32
transmits, to communication device 10, the first signal including the
interlock processing execution command for transferring a
transported object between loading port 20 and transport carriage 30.
For example, carriage communicator 33 broadcasts the first signal to
the plurality of communication devices 10a to 10d. Note, however,
that carriage communicator 33 may unicast the first signal to each of
the plurality of communication devices 10a to 10d. Carriage
controller 32 also receives the second signal, which is a result of
executing the above-described processing and is a response signal
responding to the first signal, through carriage communicator 33.
[0060]

Carriage controller 32 is a processor that controls carriage
communicator 33, and that controls transport carriage 30 by
communicating with the exterior (a communication device) through
carriage communicator 33. Specifically, carriage controller 32
controls operations of transport carriage 30 by transmitting the first
signal to carriage communicator 33 and then receiving the second
signal from carriage communicator 33 (i.e., confirming whether or not
a specific loading port 20 is currently in a state in which transfer is
possible).

[0061]

Next, the functional configuration of loading port 20 illustrated
in FIG. 2 will be described. As illustrated in FIG. 2, functionally
speaking, loading port 20 includes port controller 22 and interface 21.
[0062]

Port controller 22 receives the first signal from interface 21 and
confirms whether or not loading port 20 is currently in a state in which
transfer is possible. Port controller 22 then transmits the second
signal, which indicates whether or not loading port 20 is currently in
a state in which transfer is possible, to interface 21.

[0063]
Interface 21 is an input/output unit that inputs and outputs
- 17 -
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signals, and includes, for example, a receptacle for connecting a
connector provided in a parallel cable (D-sub 25-pin or the like). For
example, interface 21 has a configuration based on the SEMI E84
standard. The signals input and output by interface 21 are compliant
with communication standards such as the Centronics connector, IEEE
1284, and so on, for example.

[0064]

Next, the functional configuration of communication device 10
illustrated in FIG. 2 will be described. As illustrated in FIG. 2,
functionally speaking, communication device 10 includes interface 11,
first communicator 12, controller 13, and second communicator 14.
[0065]

Interface 11 is an interface for communicating with loading port
20; includes, for example, an IO port which handles 8 bits in one
direction (a total of 16 bits, bidirectionally); and can have a parallel
cable connected thereto. Interface 11 uses the same communication
standard as interface 21. To take communication device 10a as an
example, interface 11 of communication device 10a and interface 21
of loading port 20a are connected, and communication device 10a
relays the exchange of the first signal and the second signal between
transport carriage 30 and loading port 20a. The same applies for
communication devices 10b to 10d. In this manner, the plurality of
communication devices 10a to 10d are connected one-to-one to the
plurality of loading ports 20a to 20d, respectively.

[0066]

First communicator 12 is a communication interface that
communicates with transport carriage 30 over a network. First
communicator 12 includes an antenna, a transmission/reception
circuit for wireless signals, and the like. First communicator 12
receives the first signal from transport carriage 30, and transmits the
second signal to the transport carriage via a wireless network for
wireless communication (e.g., IEEE 802.11a, b, g, or n-compliant
wireless LAN), for example. For example, first communicator 12 has
a configuration based on the SEMI E84 standard.

[0067]
- 18 -



10

15

20

25

30

35

Second communicator 14 is a communication interface that
communicates with other communication devices 10. Second
communicator 14 is connected to second communicators 14 of the
other communication devices 10, and as a result, the plurality of
communication devices 10a to 10d are communicably connected to
each other. Additionally, for example, as described above, the
plurality of communication devices 10a to 10d are connected to each
other by hardwire cables, and second communicator 14 includes a
connector to which the hardwire cable is connected, a signal
transmission/reception circuit, and the like. For example, the
communication device 10 as illustrated in FIG. 2 is communication
device 10a, and the second communicator 14 of communication
device 10a is connected to the second communicator 14 of
communication device 10b. Second communicator 14 transmits and
receives the first signal and the second signal to and from second
communicators 14 of other communication devices 10. For example,
the first signal and the second signal received from one
communication device 10 among the other communication devices 10
(communication device 10b or the like) are transferred to another
communication device 10 among the other communication devices 10
(communication device 10c or the like). For example, second
communicator 14 has a configuration based on the SEMI E84 standard.
[0068]

Controller 13 is a processor that controls interface 11, first
communicator 12, and second communicator 14. Controller 13
performs processing for executing the interlock processing for
transferring FOUP 100 between loading port 20 and transport carriage
30.

[0069]

The first signal includes a destination (e.g., address information
such as a MAC (Media Access Control) address, a logical address, or
the like) indicating the specific communication device 10 that is the
final destination of the interlock processing execution command from
the specific transport carriage 30. Controller 13 confirms whether or
not the destination included in the first signal received by first
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communicator 12 from the specific transport carriage 30 s
communication device 10 including that controller 13. Controller 13
also measures a radio wave strength (e.g., RSSI (Received Signal
Strength Indication)) when first communicator 12 receives the first
signal from the specific transport carriage 30. Furthermore,
controller 13 compares radio wave strength included in the first signal
received by second communicator 14 from another communication
device 10.

[0070]

Note that controller 13 may be realized by a processor
executing a predetermined program, or by dedicated hardware.
[0071]

A problem arising when signals pertaining to the interlock
processing are exchanged through wireless communication, and a
method for solving the problem, will be described next with reference
to FIGS. 3 and 4.

[0072]

FIG. 3 is a diagram illustrating an example of the application of
the transport system according to Embodiment 1. Note that FIG. 3
is a schematic diagram, and the actual sizes of the constituent
elements are not limited to those illustrated in FIG. 3.

[0073]

In a semiconductor manufacturing factory or the like, a
plurality of semiconductor manufacturing apparatuses 50 are installed,
for example. For example, FIG. 3 illustrates semiconductor
manufacturing apparatuses 50a to 50c. Semiconductor
manufacturing apparatus 50a illustrated in FIG. 3 corresponds to
semiconductor manufacturing apparatus 50 illustrated in FIG. 1.
Transport carriages 30a and 30b are illustrated as a plurality of
transport carriages 30. Semiconductor manufacturing apparatus 50a
exchanges FOUPs 100 with each of loading ports 20a to 20d;
semiconductor manufacturing apparatus 50b exchanges FOUPs 100
with each of loading ports 20e to 20h; and semiconductor
manufacturing apparatus 50c exchanges FOUPs 100 with each of
loading ports 20i to 20m. A plurality of communication devices 10a
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to 10m are connected one-to-one to loading ports 20a to 20m,
respectively.
[0074]

In a semiconductor manufacturing factory or the like, when
signals pertaining to interlock processing are transmitted and
received through wireless communication, communication failures
may occur due to radio wave reflection and so on caused by the
surrounding environment, radio wave radiation from a variety of other
devices including the plurality of semiconductor manufacturing
apparatuses 50, communication dead points caused by overlapping
radio waves, and so on. It is therefore necessary to make the
wireless communication used for the interlock communication
redundant. Accordingly, in the present invention, the plurality of
communication devices 10 are communicably connected to each other
in units of groups, as an example of one way to achieve such
redundancy. For example, as illustrated in FIG. 3, the plurality of
communication devices 10a to 10d are communicably connected to
each other to form group A; the plurality of communication devices
10e to 10h are communicably connected to each other to form group
B; and the plurality of communication devices 10i to 10m are
communicably connected to each other to form group C. By grouping
the plurality of communication devices 10 in this manner, the wireless
communication used for the interlock communication can be made
redundant. This will be described with reference to FIG. 4, using a
specific example of the overall processing performed by transport
system 1.

[0075]

FIG. 4 is a sequence chart illustrating a first example of a
communication method of transport system 1 according to
Embodiment 1. It is assumed here that the specific transport
carriage 30 that performs the interlock processing is transport
carriage 30a. It is furthermore assumed that loading port 20 with
which the specific transport carriage 30a transfers FOUP 100 is
loading port 20d. In other words, the specific communication device
10 which is the destination of the first signal is communication device
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10d, which is connected one-to-one with loading port 20d. In the
following, of the plurality of communication devices 10a to 10d,
communication devices 10 aside from the specific communication
device 10d will be called “other communication devices 10a to 10c”.
[0076]

First, the specific transport carriage 30a among the plurality of
transport carriages 30 transmits, to the plurality of communication
devices 10a to 10d, the first signal, which has a final transmission
destination of the specific communication device 10d among the
plurality of communication devices 10a to 10d (step S11). Here, the
specific transport carriage 30a broadcasts the first signal to the
plurality of communication devices 10a to 10d. As illustrated in FIG.
4, although the other communication devices 10a to 10c successfully
receive the first signal from the specific transport carriage 30a,
communication device 10d, which is the final transmission destination,
does not successfully receive the first signal from the specific
transport carriage 30a due to a communication failure.

[0077]

Note that although the plurality of communication devices 10e
to 10m also can receive the first signal broadcast from the specific
transport carriage 30a, the plurality of communication devices 10e to
10m confirm that the destination included in the first signal
(communication device 10d) is a communication device 10 which does
not belong to the groups B and C, i.e., the groups to which the
plurality of communication devices 10e to 10m belong, and therefore
discard (ignore) the received first signal.

[0078]

Next, controllers 13 of the other communication devices 10a to
10c which have received the first signal confirm whether or not the
destination included in the first signal received by first communicators
12 from the specific transport carriage 30a is communication devices
10 including those controllers 13 (step S12a, step S12b, and step
S12c). Here, the destination is communication device 10d, and thus
each controller 13 confirms that the destination is communication
device 10d as opposed to communication devices 10 including the
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controller 13. Accordingly, when the specific transport carriage 30a
among the plurality of transport carriages 30 transmits, to the
plurality of communication devices 10a to 10d, the first signal having
a final transmission destination of the specific communication device
10d which, among the plurality of communication devices 10a to 10d,
is different from the specific communication device 10d, the other
communication devices 10a to 10c transmit, to the specific
communication device 10d, the first signal received from the specific
transport carriage 30a through communication channels that pass
through the other communication devices 10a to 10c, in step S14.
[0079]

Additionally, each controller 13 of the other communication
devices 10a to 10c confirms the radio wave strength when the
corresponding first communicator 12 receives the first signal from the
specific transport carriage 30a (step S13a, step S13b, and step S13c¢).
For example, communication device 10a measures radio wave
strength R1 when receiving the first signal, communication device 10b
measures radio wave strength R2 when receiving the first signal, and
communication device 10c measures radio wave strength R3 when
receiving the first signal. Each controller 13 of the other
communication devices 10a to 10c then processes the first signal
received by the corresponding first communicator 12 so as to include
the measured radio wave strength in the first signal. Accordingly,
the first signal transmitted by each of the other communication
devices 10a to 10c in step S14, described later, includes the radio
wave strength at which the signal was received.

[0080]

Communication device 10a then transmits the first signal,
including radio wave strength R1, to communication device 10d, which
belongs to the same group A as communication device 10a and which
is the final transmission destination. Likewise, communication
device 10b transmits the first signal, including radio wave strength
R2, to communication device 10d. Furthermore, communication
device 10c transmits the first signal, including radio wave strength
R3, to communication device 10d.
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[0081]

In addition to the address information of the specific
communication device 10d which is the final transmission destination,
the first signal transmitted by the specific transport carriage 30a to
the plurality of communication devices 10a to 10d also includes time
information specifying a time for transmitting the first signal to the
specific communication device 10d when each of the other
communication devices 10a to 10c belonging to the same group A as
the specific communication device 10d has received the first signal.
[0082]

For example, in transport system 1, a system clock of each
transport carriage 30 is synchronized with a system clock of each
communication device 10. For example, the first signal transmitted
to the plurality of communication devices 10a to 10d by the specific
transport carriage 30a includes, as the time information, information
indicating how many seconds after the present time the first signal is
to be transmitted to the specific communication device 10d.
Specifically, the first signal includes commands for communication
device 10a to transmit the first signal to the specific communication
device 10d 1.0 ms after the present time, for communication device
10b to transmit the first signal to the specific communication device
10d 1.5 ms after the present time, and for communication device 10c
to transmit the first signal to the specific communication device 10d
2.0 ms after the present time.

[0083]

Through this, a situation where each of the other
communication devices 10a to 10c transmits the first signal to the
specific communication device 10d at the same time can be
suppressed, which makes it possible to suppress the occurrence of
collisions.

[0084]

In this manner, by having each of the other communication
devices 10a to 10c transmit the first signal to the specific
communication device 10d, and specifically, by transmitting the first
signal to the specific communication device 10d at the time specified
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by the aforementioned time information, the specific communication
device 10d receives the first signal from each of the other
communication devices 10a to 10c. In other words, the specific
communication device 10d receives the first signal from the specific
transport carriage 30a through communication channels that pass
through the other communication devices 10a to 10c (step S14). The
communication channels that pass through the other communication
devices 10a to 10c are communication channels constituted by the
channels through which the specific transport carriage 30a and the
other communication devices 10a to 10c communicate, and the
channels through which the other communication devices 10a to 10c
and the specific communication device 10d communicate. In other
words, the communication channels that pass through the other
communication devices 10a to 10c are not channels through which
the specific communication device 10d communicates directly with the
specific transport carriage 30a without passing through the other
communication devices 10a to 10c.

[0085]

Through this, even if the specific communication device 10d
cannot receive the first signal directly from the specific transport
carriage 30a due to a communication failure, the specific
communication device 10d can indirectly receive the first signal
through the communication channels that pass through the other
communication devices 10a to 10c. The wireless communication can
therefore be made redundant in the interlock communication in
transport system 1.

[0086]

The specific communication device 10d transmits the first
signal to the specific loading port 20d connected one-to-one to the
specific communication device 10d. Having received the first signal,
loading port 20d confirms whether or not loading port 20d is currently
in a state in which transfer is possible. Loading port 20d then returns,
to the specific communication device 10d, the second signal indicating
whether or not loading port 20d is currently in a state in which
transfer is possible.
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[0087]

In the interlock processing, it is necessary to return, to the
specific transport carriage 30a, a response (i.e., the second signal) to
the interlock processing execution command (i.e., the first signal),
and thus the specific communication device 10d transmits the second
signal, which is a response signal responding to the first signal
received from loading port 20d, to the specific transport carriage 30a.
At that time, controller 13 of the specific communication device 10d
compares radio wave strengths R1 to R3, which are included in the
first signals transmitted from the other communication devices 10a to
10c. For example, controller 13 of the specific communication device
10d determines that radio wave strength R2 is the strongest of radio
wave strengths R1 to R3.

[0088]

The specific communication device 10d transmits the second
signal to the specific transport carriage 30a through a communication
channel that passes through communication device 10b, which of the
other communication devices 10a to 10c, corresponds to radio wave
strength R2 that is the strongest of radio wave strengths R1 to R3
included in the first signals transmitted from the other communication
devices 10a to 10c. In other words, the specific communication
device 10d transmits the second signal to communication device 10b
(step S16), and communication device 10b transmits the second
signal transmitted from the specific communication device 10d to the
specific transport carriage 30a (step S17).

[0089]

Accordingly, the second signal is transmitted through the
communication channel, of the communication channels that pass
through the other communication devices 10a to 10c¢, that has the
strongest radio wave strength, which makes it possible to increase
the likelihood that the communication between the specific transport
carriage 30a and the specific communication device 10d will succeed.
[0090]

The first example of the communication method of transport
system 1 described a communication method of transport system 1 in
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a case where the specific communication device 10d cannot receive
the first signal from the specific transport carriage 30a directly. With
reference to FIG. 5, the following will describe a case where the
specific communication device 10d has successfully received the first
signal from the specific transport carriage 30a in step S11.

[0091]

FIG. 5 is a sequence chart illustrating a second example of a
communication method of transport system 1 according to
Embodiment 1. The second example differs from the first example
in that the specific communication device 10d has successfully
received the first signal from the specific transport carriage 30a in
step S11, and in terms of the operations performed by the specific
communication device 10d as a result. As such, descriptions of
identical points will be omitted as appropriate, and will focus instead
on the different points.

[0092]

Like the other communication devices 10a to 10c, controller 13
of the specific communication device 10d confirms whether or not the
destination included in the first signal received by first communicator
12 from the specific transport carriage 30 is the specific
communication device 10d including that controller 13 (step S12d).
Here, the destination is communication device 10d, and thus
controller 13 of the specific communication device 10d confirms that
the destination is the specific communication device 10d including
that controller 13.

[0093]

Additionally, like the other communication devices 10a to 10c,
controller 13 of the specific communication device 10d confirms the
radio wave strength when first communicator 12 receives the first
signal from the specific transport carriage 30a (step S13d). For
example, the specific communication device 10d measures radio wave
strength R4 when receiving the first signal.

[0094]

Here, controller 13 of the specific communication device 10d

determines whether or not the measured radio wave strength R4 is at
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least a predetermined radio wave strength threshold which is a level
at which communication failures do not occur when the specific
communication device 10d and the specific transport carriage 30a
communicate.

[0095]

When, for example, radio wave strength R4 is less than the
predetermined radio wave strength threshold, there is a risk that the
transmission and reception of the first signal and the second signal
will fail due to a communication failure if the specific communication
device 10d and the specific transport carriage 30a communicate
directly. Accordingly, when radio wave strength R4 is less than the
predetermined radio wave strength threshold, controller 13 of the
specific communication device 10d waits, for a predetermined time,
for the first signal to be transferred from the other communication
devices 10a to 10c. The predetermined time may, for example, be a
time determined based on the time information included in the first
signal, or may be determined in advance. The same processing as
that in the first example is performed thereafter. For example, when
radio wave strength R4 is the strongest of radio wave strengths R1 to
R4, the specific communication device 10d transmits the second
signal to the specific transport carriage 30a through a communication
channel which does not pass through the other communication
devices 10a to 10c, i.e., directly from the specific communication
device 10d (step S18).

[0096]

When, for example, radio wave strength R4 is at least the
predetermined radio wave strength threshold, it is unlikely that the
transmission and reception of the first signal and the second signal
will fail due to a communication failure even if the specific
communication device 10d and the specific transport carriage 30a
communicate directly. Accordingly, when radio wave strength R4 is
at least the predetermined radio wave strength threshold, controller
13 of the specific communication device 10d does not wait for the first
signal to be transferred from the other communication devices 10a to
10c. In other words, the processing of steps S14 and S15 indicated
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in FIG. 5 need not be performed. Thereafter, the specific
communication device 10d transmits the second signal to the specific
transport carriage 30a directly from the specific communication
device 10d (step S18).

[0097]

In the communication method of transport system 1 described
with reference to FIGS. 4 and 5, the specific communication device
10d receives the first signal from the specific transport carriage 30a
through a communication channel that passes through the other
communication devices 10a to 10c belonging to the same group A.
However, the first signal may be received through another
communication channel different from the communication channels
which pass through the other communication devices 10a to 10c.
This will be described with reference to FIGS. 3 and 6.

[0098]

FIG. 6 is a sequence chart illustrating a third example of a
communication method of transport system 1 according to
Embodiment 1. It is assumed here that the specific transport
carriage 30 that performs the interlock processing is transport
carriage 30a. It is furthermore assumed that loading port 20 with
which the specific transport carriage 30a transfers FOUP 100 is
loading port 20m illustrated in FIG. 3. In other words, the specific
communication device 10 which is the destination of the first signal is
communication device 10m, which is connected one-to-one with
loading port 20m. In the following, of the plurality of communication
devices 10i to 10m illustrated in FIG. 3, communication devices 10
aside from the specific communication device 10m will be called
“other communication devices 10i to 10k”. Additionally, transport
carriages 30 excluding the specific transport carriage 30a among the
plurality of transport carriages 30 will also be called “the other
transport carriage 30b”. For example, it is assumed that, in the
communication with the specific communication device 10m, the other
transport carriage 30b is in a position where it is less likely for a
communication failure to occur than the specific transport carriage
30a. The plurality of transport carriages 30 are communicably
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connected to each other. Here, for example, the transport carriages
30a and 30b are assumed to belong to one group.
[0099]

In the third example, carriage controller 32 has a function for
transmitting the first signal, which includes the interlock processing
execution command, to the other transport carriage 30b using
carriage communicator 33. Carriage controller 32 also has a function
for, when the first signal transmitted from the specific transport
carriage 30a has been received from carriage communicator 33,
transmitting that first signal to the specific communication device
10m. The first signal includes the address information of the final
transmission destination as described above, and thus the other
transport carriage 30b can transmit the first signal to the specific
communication device 10.

[0100]

First, the specific transport carriage 30a among the plurality of
transport carriages 30 transmits the first signal which has a final
transmission destination of the specific communication device 10m to
at least one of the plurality of communication devices 10i to 10m
among the plurality of communication devices 10i to 10m and the
other transport carriage 30b (step S21). Here, the specific transport
carriage 30a broadcasts the first signal to both the plurality of
communication devices 10i to 10m and the other transport carriage
30b. For example, first communicator 12 of the other communication
device 10i has successfully received the first signal from the specific
transport carriage 30a. However, communication device 10m, which
is the final transmission destination, has not successfully received the
first signal from the specific transport carriage 30a due to a
communication failure. Additionally, the other transport carriage 30b
has successfully received the first signal from the specific transport
carriage 30a.

[0101]

Next, carriage controller 32 of the other transport carriage 30b
that has received the first signal confirms the destination included in
the first signal received from the specific transport carriage 30a by
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carriage communicator 33 (step S22a), and controller 13 of the other
communication device 10i confirms whether or not the destination
included in the first signal received from the specific transport
carriage 30a by first communicator 12 is the other communication
device 10i including that controller 13 (step S22b). Here, the
destination is communication device 10m. As such, carriage
controller 32 confirms that the destination is communication device
10m, and controller 13 confirms that the destination is communication
device 10m as opposed to controller 13 of the other communication
device 10i. Accordingly, in step S24 (described later), the other
transport carriage 30b and the other communication device 10i
transmit, to the specific communication device 10m, the first signal
received from the specific transport carriage 30a through
communication channels that pass through the other transport
carriage 30b and the other communication device 10i.

[0102]

Additionally, carriage controller 32 of the other transport
carriage 30b confirms the radio wave strength when carriage
communicator 33 receives the first signal from the specific transport
carriage 30a (step S23a), and controller 13 of the other
communication device 10i confirms the radio wave strength when first
communicator 12 receives the first signal from the specific transport
carriage 30a (step S23b). For example, the other transport carriage
30b measures radio wave strength R5 when receiving the first signal,
and the other communication device 10i measures radio wave
strength R6 when receiving the first signal. Carriage controller 32 of
the other transport carriage 30b then processes the first signal
received by the corresponding carriage communicator 33 so as to
include the measured radio wave strength R5 in the first signal.
Additionally, controller 13 of the other communication device 10i then
processes the first signal received by the corresponding first
communicator 12 so as to include the measured radio wave strength
R6 in the first signal. Accordingly, the first signal transmitted by the
other transport carriage 30b and the other communication device 10i
in step S24, described later, includes the radio wave strengths at
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which the signal was received.
[0103]

The other transport carriage 30b then transmits the first signal
including radio wave strength R5 to communication device 10m, which
is the final transmission destination. Communication device 10i also
transmits the first signal, including radio wave strength R6, to
communication device 10m, which belongs to the same group C as
communication device 10i and which is the final transmission
destination.

[0104]

As described in the first example with reference to FIG. 4, in
addition to the address information of the specific communication
device 10m which is the final transmission destination, the first signal
transmitted by the specific transport carriage 30a to the plurality of
communication devices 10i to 10m and the other transport carriage
30b may also include time information specifying a time for
transmitting the first signal to the specific communication device 10m
when the other transport carriage 30b belonging to the same group
as the other communication devices 10i to 10k and the specific
transport carriage 30a, which belong to the same group C as the
specific communication device 10m, has received the first signal.
[0105]

Through this, a situation where each of the other
communication devices 10i to 10k and the other transport carriage
30b transmits the first signal to the specific communication device
10m at the same time can be suppressed, which makes it possible to
suppress the occurrence of collisions.

[0106]

In this manner, by having the other communication device 10i
and the other transport carriage 30b transmit the first signal to the
specific communication device 10m, the specific communication
device 10m receives the first signal from each of the other
communication device 10i and the other transport carriage 30b. In
other words, the specific communication device 10m receives the first
signal through at least one of a communication channel that passes
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through the other communication device 30i and a communication
channel that passes through the other transport carriage 30b (both,
here) (step S24). The communication channel that passes through
the other transport carriage 30b is a communication channel
constituted by a channel through which the specific transport carriage
30a and the other transport carriage 30b communicate and a channel
through which the other transport carriage 30b and the specific
communication device 10m communicate, and is a channel which is
different from the channel through which the specific communication
device 10m communicates directly with the specific transport carriage
30a.

[0107]

Through this, even if the specific communication device 10m
cannot receive the first signal directly from the specific transport
carriage 30a due to a communication failure, the specific
communication device 10m can indirectly receive the first signal
through at least one of the communication channel that passes
through the other communication device 10i and the communication
channel that passes through the other transport carriage 30b. The
wireless communication can therefore be made redundant in the
interlock communication in transport system 1.

[0108]

The specific communication device 10m transmits the first
signal to the specific loading port 20m connected one-to-one to the
specific communication device 10m. Having received the first signal,
loading port 20m confirms whether or not loading port 20m is
currently in a state in which transfer is possible. Loading port 20m
then returns, to the specific communication device 10m, the second
signal indicating whether or not loading port 20m is currently in a
state in which transfer is possible.

[0109]

The specific communication device 10m transmits the second
signal, which is a response signal responding to the first signal
received from the loading port 20m, to the specific transport carriage
30a. At that time, controller 13 of the specific communication device
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10m compares radio wave strengths R5 and R6, which are included in
the first signals transmitted from the other communication device 10i
and the other transport carriage 30b (step S25). Then, for example,
controller 13 of the specific communication device 10m determines
that radio wave strength R5 is the strongest of radio wave strengths
R5 and R6.

[0110]

The specific communication device 10m transmits the second
signal to the specific transport carriage 30a through the
communication channel that passes through the other transport
carriage 30b, which corresponds to radio wave strength R5 that is the
strongest of radio wave strengths R5 and R6. In other words, the
specific communication device 10m transmits the second signal to the
other transport carriage 30b (step S26), and the other transport
carriage 30b transmits the second signal transmitted from the specific
communication device 10m to the specific transport carriage 30a
(step S27).

[0111]

Accordingly, the second signal is transmitted through the
communication channel, of the communication channels which pass
through the other communication device 10i and the other transport
carriage 30b, that has the strongest radio wave strength, which
makes it possible to increase the likelihood that the communication
between the specific transport carriage 30a and the specific
communication device 10m will succeed.

[Embodiment 2]
[0112]

Embodiment 2 of the present invention will now be described.
In the present embodiment, two communication devices 10 are
provided as the plurality of communication devices communicably
connected to each other. In this manner, the plurality of
communication devices need not be three or more devices, as
described in Embodiment 1, and may instead be two devices, as in
the present embodiment. In this case, one of communication devices
10 is a specific communication device 10, and the other is one of the
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other communication devices 10. There is therefore no risk of
collisions when the other communication device 10 transmits the first
signal to the specific communication device 10, and thus the first
signal need not include the time information. Additionally, when
there is one other communication device 10, the radio wave strengths
cannot be compared with two or more other communication devices
10, and thus the first signal need not include the radio wave strength.
[Other Embodiments]

[0113]

Although a communication method, transport system 1, and
communication device 10 according to the present invention have
been described thus far on the basis of embodiments, the present
invention is not limited to the foregoing embodiments. Variations on
the present embodiment conceived by one skilled in the art and
embodiments implemented by combining constituent elements from
different other embodiments, for as long as they do not depart from
the essential spirit of the present invention, fall within the scope of
the present invention.

[0114]

For example, although communication device 10 is installed on
a floor side of semiconductor manufacturing apparatus 50 in the
foregoing embodiments, communication device 10 may be installed
on a ceiling side instead. 1In this case, in the communication between
communication device 10 and transport carriage 30, which travels
along travel route 2 provided on the ceiling side of a semiconductor
manufacturing factory or the like, the distance between transport
carriage 30 and communication device 10 is shorter, and the
surrounding environment and so on therefore have less influence on
the communication. The radio wave strength can therefore be
increased. However, according to the present invention, the wireless
communication in the interlock communication of transport system 1
can be made redundant even if the radio wave strength between
communication device 10 and transport carriage 30 is weak (i.e., in a
state where a communication failure may occur). Thus according to
the present invention, it is possible to avoid placing restrictions on
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the location where communication device 10 is installed, which makes
it possible to increase the freedom of installation and eliminate
problems caused by communication failures.

[0115]

Additionally, for example, although communication device 10 is
installed near loading port 20 in the foregoing embodiments as
illustrated in FIGS. 1 and 3, communication device 10 need not be
installed near loading port 20 as long as communication device 10
and loading port 20 are connected one-to-one.

[0116]

Additionally, for example, although the equipment connected
one-to-one to communication device 10 is loading port 20 in the
foregoing embodiments, the equipment is not limited thereto. The
equipment may be semiconductor manufacturing apparatus 50, for
example. In other words, each of the plurality of communication
devices 10 may be connected one-to-one to corresponding ones of a
plurality of semiconductor manufacturing apparatuses 50, and a
single communication device 10 may handle a plurality of loading
ports 20. In this case, the first signal includes not only the address
information of the specific communication device 10 that is the final
transmission destination, but also address information and the like of
loading port 20, among the plurality of loading ports 20 of a specific
semiconductor manufacturing apparatus 50, to and from which
transfers will be made.

[0117]

Additionally, for example, the equipment may be a group of
semiconductor manufacturing apparatuses 50 which takes a collection
of a plurality of semiconductor manufacturing apparatuses 50 as a
single unit. In other words, each of the plurality of communication
devices 10 may be connected one-to-one to a corresponding group of
a plurality of semiconductor manufacturing apparatuses 50, and a
single communication device 10 may handle a plurality of
semiconductor manufacturing apparatuses 50. In this case, the first
signal includes not only the address information of the specific
communication device 10 that is the final transmission destination,
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but also address information of semiconductor manufacturing
apparatus 50, in a specific group of semiconductor manufacturing
apparatuses 50, in which loading port 20 to and from which transfers
will be made is provided, as well as address information and the like
of that loading port 20.

[0118]

Additionally, for example, the equipment may be a group of
loading ports 20 which takes a collection of a plurality of loading ports
20 as a single unit. In other words, each of the plurality of
communication devices 10 may be connected one-to-one to a
corresponding group of a plurality of loading ports 20. In other
words, a single communication device 10 may be connected one-to-
one to a collection of a plurality of loading ports 20.

[0119]

Furthermore, the equipment need not be loading port 20,
semiconductor manufacturing apparatus 50, or the like involved in
semiconductor manufacturing. For example, the equipment may be
an item unrelated to semiconductor manufacturing, such as a
placement stand.

[0120]

Additionally, for example, although the first signal includes the
time information specifying the time at which each of the other
communication devices 10 are to transmit the first signal to the
specific communication device 10 in the foregoing embodiments, the
first signal need not include the time information.

[0121]

Additionally, for example, although the first signal includes the
radio wave strength when each of the other communication devices
10 receives the first signal from the specific transport carriage 30 the
foregoing embodiments, the first signal need not include the radio
wave strength. In this case, for example, the specific communication
device 10 may transmit the second signal to the specific transport
carriage 30 through communication channels that pass through each
of the other communication devices 10 which have transmitted the
first signal to the specific communication device 10. In other words,

- 37 -



10

15

20

25

30

35

the specific communication device 10 may transmit the second signal
to the specific transport carriage 30 through the communication
channels of all communication devices 10 which are successfully
communicating with the specific transport carriage 30 directly,
regardless of the radio wave strength. In this case, the second signal
may include time information specifying a time at which each of the
other communication devices 10 is to transmit the second signal to
the specific transport carriage 30, and each of the other
communication devices 10 may transmit the second signal to the
specific transport carriage 30 at the time specified by that time
information. Through this, a situation where each of the other
communication devices 10 transmits the second signal to the specific
transport carriage 30 at the same time can be suppressed, which
makes it possible to suppress the occurrence of collisions.

[0122]

Additionally, for example, although the specific transport
carriage 30 transmits the first signal to both the plurality of
communication devices 10 and the other transport carriage 30 in the
third example described in the foregoing embodiment, the first signal
may instead be transmitted only to the other transport carriage 30,
without being transmitted to the plurality of communication devices
10.

[0123]

Additionally, for example, although the other transport carriage
30 is only the one transport carriage 30b in the third example
described in the foregoing embodiment, there may be a plurality of
the other transport carriages 30. In this case, carriage controllers
32 of the plurality of other transport carriages 30 which have received
the first signal confirm the destination included in the first signal
received by carriage communicators 33 from the specific transport
carriage 30a; carriage controllers 32 of the plurality of other transport
carriages 30 confirm the radio wave strengths when carriage
communicators 33 receive the first signal from the specific transport
carriage 30a; and the specific communication device 10m receives the
first signal through at least one of a communication channel that

- 38 -



10

15

20

25

30

35

passes through the other communication device 30i and a
communication channel that passes through the plurality of other
transport carriages 30.

[0124]

Additionally, for example, the steps in the communication
method of transport system 1 may be executed by a computer (a
computer system). The present invention can then be implemented
as a program for causing a computer to perform the steps included in
the method. Furthermore, the present invention can be implemented
as a non-transitory computer-readable recording medium, such as a
CD-ROM, in which the program is recorded.

[0125]

For example, when the present invention is implemented by a
program (software), each step is performed by executing the program
using hardware resources such as a CPU, memory, and input/output
circuitry of the computer. In other words, each step is executed by
the CPU obtaining data from the memory, the input/output circuitry,
and the like and performing computations, outputting computation
results to the memory, the input/output circuitry, and the like, and so
on.

[0126]

Each of the plurality of constituent elements included in
transport system 1 of the foregoing embodiments may be
implemented as a dedicated or general-purpose circuit. These
constituent elements may be implemented as a single circuit or as a
plurality of circuits.

[0127]

Additionally, the plurality of constituent elements included in
transport system 1 of the foregoing embodiments may be
implemented through LSI (Large-Scale Integration), which is a format
used for integrated circuits (ICs). These constituent elements can
be implemented individually as single chips, or may be implemented
with a single chip including some or all of the constituent elements.
LSI may be referred to as “system LSI”, “super LSI”, or “ultra LSI”
depending on the degree of integration.
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[0128]

The integrated circuit is not limited to LSI, and may be
implemented as dedicated circuits or general-purpose processors.
As described above, a programmable FPGA or a reconfigurable
processor where the connections and configurations of circuit cells
within the LSI can be reconfigured may be used.

[0129]

Furthermore, if other technologies that improve upon or are
derived from semiconductor technology enable integration technology
to replace LSI, then naturally it is also possible to use those
technologies to create integrated circuits for the constituent elements
included in transport system 1.

[0130]

Additionally, embodiments achieved by one skilled in the art
making various conceivable variations on the embodiments,
embodiments achieved by combining constituent elements and
functions from the embodiments as desired within a scope which does
not depart from the spirit of the present invention, and the like are
also included in the present invention.

[Industrial Applicability]
[0131]

The present invention can be used in a transport system or the
like that performs an interlock processing using wireless
communication.

[Reference Signs List]
[0132]

1 Transport system

2 Travel route

10, 10a - 10m Communication device

11, 21 Interface

12 First communicator

13 Controller

14 Second communicator

20, 20a - 20m Loading port (equipment)

22 Port controller
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30, 30a, 30bTransport carriage
31 Gripper

32 Carriage controller

33 Carriage communicator

50, 50a - 50c Semiconductor manufacturing apparatus
51 FOUP intake/discharge port
100 FOUP
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[CLAIMS]
[Claim 1]

A communication method of a transport system, the transport
system including a plurality of transport carriages, each transporting
a transported object, and a plurality of communication devices
connected one-to-one with corresponding ones of a plurality of
equipment onto which the transported objects are loaded, the
plurality of communication devices being communicably connected to
each other, and the communication method comprising:

(a) transmitting, from a specific transport carriage among the
plurality of transport carriages to the plurality of communication
devices, a first signal having a specific communication device among
the plurality of communication devices as a final transmission
destination; and

(b) receiving, in the specific communication device, the first
signal from the specific transport carriage through a communication
channel that passes through at least one other communication device
among the plurality of communication devices,

wherein the first signal is a signal communicated for the
specific transport carriage to transfer the transported object to or
from a specific one of the equipment which is connected one-to-one
with the specific communication device.

[Claim 2]

The communication method according to claim 1,

wherein the plurality of communication devices are connected
to each other by a hardwire cable.

[Claim 3]

The communication method according to claim 1 or 2,

wherein the plurality of communication devices comprises at
least three communication devices,

the first signal includes time information specifying a time for
each of the at least one other communication device to transmit the
first signal to the specific communication device, and
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in (b), each of the at least one other communication device
transmits the first signal to the specific communication device at the
time specified by the time information.

[Claim 4]

The communication method according to any one of claims 1 to
3,

wherein in (b), each of the at least one other communication
device transmits the first signal to the specific communication device,
and

the communication method further comprises (c) transmitting
a second signal from the specific communication device to the specific
transport carriage through a communication channel passing through
the at least one other communication device, the second signal being
a response signal responding to the first signal.

[Claim 5]

The communication method according to claim 4,

wherein the plurality of communication devices comprises at
least three communication devices,

each of the at least one other communication device receives
the first signal from the specific transport carriage with a radio wave
strength,

in (b), each of the at least one other communication device
transmits the first signal including the radio wave strength to the
specific communication device, and

in (c), the specific communication device transmits the second
signal to the specific transport carriage through a communication
channel that passes through a communication device, among the at
least one other communication device, that corresponds to the radio
wave strength that is the strongest radio wave strength included in
the first signal transmitted by the at least one other communication
device.

[Claim 6]
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A transport system comprising a plurality of transport carriages,
each transporting a transported object, and a plurality of
communication devices connected one-to-one with corresponding
ones of a plurality of equipment onto which the transported objects
are loaded, and the plurality of communication devices being
communicably connected to each other,

wherein a specific transport carriage among the plurality of
transport carriages transmits, to the plurality of communication
devices, a first signal having a specific communication device among
the plurality of communication devices as a final transmission
destination,

the specific communication device receives the first signal from
the specific transport carriage through a communication channel that
passes through at least one other communication device among the
plurality of communication devices, and

the first signal is a signal communicated for the specific
transport carriage to transfer the transported object to or from a
specific one of the equipment which is connected one-to-one with the
specific communication device.

[Claim 7]

The transport system according to claim 6,

wherein the plurality of communication devices are connected
to each other by a hardwire cable.

[Claim 8]

The transport system according to claim 6 or 7,

wherein the plurality of communication devices comprises at
least three communication devices,

the first signal includes time information specifying a time for
each of the at least one other communication device to transmit the
first signal to the specific communication device, and

the specific communication device receives the first signal from
the specific transport carriage through a communication channel
passing through the at least one other communication device by each
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of the at least one other communication device transmitting the first
signal to the specific communication device at the time specified by
the time information.

[Claim 9]

The transport system according to any one of claims 6 to 8,

wherein the specific communication device receives the first
signal from the specific transport carriage through a communication
channel passing through the at least one other communication device
by each of the at least one other communication device transmitting
the first signal to the specific communication device, and

the specific communication device transmits a second signal to
the specific transport carriage through a communication channel
passing through the at least one other communication device, the
second signal being a response signal responding to the first signal.

[Claim 10]

The transport system according to claim 9,

wherein the plurality of communication devices comprises at
least three communication devices,

each of the at least one other communication device receives
the first signal from the specific transport carriage with a radio wave
strength,

the specific communication device receives the first signal from
the specific transport carriage through a communication channel
passing through the at least one other communication device by each
of the at least one other communication device transmitting the first
signal including the radio wave strength to the specific communication
device, and

the specific communication device transmits the second signal
to the specific transport carriage through a communication channel
that passes through a communication device, among the at least one
other communication device, that corresponds to the radio wave
strength that is the strongest radio wave strength included in the first
signal transmitted by the at least one other communication device.
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[Claim 11]

A communication device in a transport system, the transport
system including a plurality of transport carriages, each transporting
a transported object, and a plurality of the communication devices
connected one-to-one with corresponding ones of a plurality of
equipment onto which the transported objects are loaded, and the
plurality of communication devices being communicably connected to
each other,

wherein when a specific transport carriage among the plurality
of transport carriages has transmitted, to the plurality of
communication devices, a first signal having the communication
device among the plurality of communication devices as a final
transmission destination, the communication device receives the first
signal from the specific transport carriage through a communication
channel passing through at least one other communication device
among the plurality of communication devices, and

the first signal is a signal communicated for the specific
transport carriage to transfer the transported object to or from a
specific one of the equipment which is connected one-to-one with the
communication device.

[Claim 12]

The communication device according to claim 11,

wherein the plurality of communication devices are connected
to each other by a hardwire cable.

[Claim 13]

The communication device according to claim 11 or 12,

wherein the plurality of communication devices comprises at
least three communication devices,

the first signal includes time information specifying a time for
each of the at least one other communication device to transmit the
first signal to the communication device, and

the communication device receives the first signal from the

- 46 -



10

15

20

25

30

35

specific transport carriage through a communication channel passing
through the at least one other communication device by each of the
at least one other communication device transmitting the first signal
to the communication device at the time specified by the time
information.

[Claim 14]

The communication device according to any one of claims 11 to
13,

wherein the communication device receives the first signal from
the specific transport carriage through a communication channel
passing through the at least one other communication device by each
of the at least one other communication device transmitting the first
signal to the communication device, and

the communication device transmits a second signal to the
specific transport carriage through a communication channel passing
through the at least one other communication device, the second
signal being a response signal responding to the first signal.

[Claim 15]

The communication device according to claim 14,

wherein the plurality of communication devices comprises at
least three devices,

each of the at least one other communication device receives
the first signal from the specific transport carriage with a radio wave
strength,

the communication device receives the first signal from the
specific transport carriage through a communication channel passing
through the at least one other communication device by each of the
at least one other communication device transmitting the first signal
including the radio wave strength to the communication device, and

the communication device transmits the second signal to the
specific transport carriage through a communication channel that
passes through a communication device, among the at least one other
communication device, that corresponds to the radio wave strength
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that is the strongest radio wave strength included in the first signal
transmitted by the at least one other communication device.

[Claim 16]

The communication device according to any one of claims 11 to
15,

wherein when a specific transport carriage among the plurality
of transport carriages has transmitted, to the plurality of
communication devices, a first signal having as a final transmission
destination a specific communication device, among the plurality of
communication devices, that is different from the communication
device, the communication device transmits the first signal received
from the transport carriage to the specific communication device.

[Claim 17]

A communication method of a transport system, the transport
system including a plurality of transport carriages, each transporting
a transported object, and a plurality of communication devices
connected one-to-one with corresponding ones of a plurality of
equipment onto which the transported objects are loaded, the
communication method comprising:

(d) transmitting, from a specific transport carriage among the
plurality of transport carriages to at least one of (i) the plurality of
communication devices and (ii) at least one other transport carriage
of the plurality of transport carriages, a first signal having a specific
communication device among the plurality of communication devices
as a final transmission destination; and

(e) receiving, in the specific communication device, the first
signal through at least one of a communication channel passing
through at least one other communication device among the plurality
of communication devices and a communication channel passing
through the at least one other transport carriage,

wherein the first signal is a signal communicated for the
specific transport carriage to transfer the transported object to or
from a specific one of the equipment which is connected one-to-one
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