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Abstract
A single wafer processing IC fabrication

with flexible and distributed configuration is
getting more important. The cluster tool is
such an IC fabrication equipment. It consists
of the cassette module, transport module, and
process module. In this research, the model
of a cluster tool is constructed using
distributed colored timed Petri net (DCTPN).
The emulator and controller of the cluster
tool are further constructed. The standards of
SECS, HSMS and GEM are used to develop
the intelligent module controller. Finally, the
web-based remote controller is developed
and the SPC module is built in the cluster
tool.

Keywords: cluster tool, distributed colored
timed Petri net, intelligent module controller,
web-based remote controller.
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The IC fabrication industry plays an
important role in the rapid growth of
information technology. Moreover, the short
product lifecycle, quick product change, and
competitive market make the traditional

]

o\



batch-type production and fixed equipment
IC fabrication insufficient to customerized
market. A flexible, distributed configuration
and single wafer processing IC fabrication is
required. The cluster tool, as shown in Fig. 1,
has multiple chambers with single-wafer
processing. It is a key for the customerized
market. In particular, the cluster tool can be
space and mini

operated in a small

environment.

Fig. 1 Cluster tool platform

The cluster tool consists of the cassette
module, transport module, and process
module. Due to standardized control and
mechanical interface, each module can be
attached to a cluster tool and integrated into
the cluster tool control system. Besides, the
foundation of the cluster tool controller is the
cluster tool module communication (CTMC)
environment. The cluster tool controller and
module controller can communicate over an
Ethernet — TCP/IP network. However, the
message transmitted from each controller is
not in a standard format. The message format
between the cluster tool controller and the
module controller will be standardized using
module controller. The
intelligent module controller employs agent

the intelligent

technology to ensure message delivery and

server loading balance. Based on the

proposed intelligent module controller, the
new coming module can be quickly
configured and integrated into the system.

The virtual manufacturing (VM) is
getting popular in the Internet era. It can
provide a total solution for short lifecycle and
customerized production. One way to
achieve the virtual manufacturing is running
the simulation model] for the cluster tool. The
distributed colored timed Petri net (DCTPN)
will be proposed to mode! the behaviors of
the cluster tool and run the simulation of the
cluster tool.

On the other hand, the Internet-based
manufacturing system is suitable for global
and distributed manufacturing. The design,
research and manufacturing need not be
located at the same site. The web-based
control is the key of Internet based
manufacturing, A web-based control of the
cluster tool will be proposed. Using the
browser, the cluster tool can be controlled by

the remote user.
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(1) DCTPN Model of Cluster
Controller and Emulator

Modeling of the cluster tool using
DCTPN and the characteristic behavior of
the cluster tool is great benefits. The
emulator is designed and implemented using
DCTPN.

Tool

1. DCTPN Introduction:

Carl Adam in 1962 proposed Petri net
theory. Petri net can not only model a
complex system in a graphic point of view
but

also have complete mathematical



definition. In order to extend the capacity of
the ordinary PN, Kuo [4] proposed the
following extensions: color attributes, time
property, distributed modular
communication module, and arc multiplier.
This new kind of Petri net is called
distributed colored timed Petri net (DCTPN}).
A distributed hierarchical DCTPN is an
eleven-tuple structure, DCTPN = (P, T, Pq,
Ty, Pe, P4, T, A, B, F, C), where P, is a set of
timed places; T, is a set of timed transitions;

design,

Py is a set of immediate places; Ty is a set of
immediate transitions; P,
communication places; P4 is a set of COM

is a set of

server places; Ty, is a set of macro transitions;
A is a set of directed arcs; B is a set of
inhibitor arcs; F is a set of interrupt arcs; C is
the color set of transitions and places. The
definitions and theorems of DCTPN are
given in [3]. The icon definition of the
DCTPN is shown in Fig. 2.
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Fig. 2 Icon Definition of the DCTPN

2. Structure of a Cluster Tool:

A cluster tool consists of the cluster tool
transport module
process module controller, intelligent module

controller, controller,

controller, recipe management module,
monitoring module, SPC module, in-situ

metrology module, break down module,

scheduling and dispatching module. Three
process functions (RTCVD/Polysilicon,
RTCVD/Nitride, and RTO) and one clean
function are integrated into a cluster tool.

3. Modeling of a Cluster Tool:

DCTPN plays a major role to construct
The
intelligent module controller of a cluster tool

the cluster tool controller model.

can be modeled in terms of several individual
Each module of
communication agent module. The cluster

modules. consists
controller can be modeled in the superior
DCTPN net. Based on the sequence diagram,
the flow chart is easily constructed in Fig 3
and can be transformed into the DCTPN net.
Fig. 4 and Fig. 5 shows the DCTPN models of
the cluster controller in the upper part and
lower part. In this research, the intelligent
module controllers of the process and
transport modules are constructed. Fig. 6
shows the flow chart of the intelligent robot
module and the transport
intelligent module controller is modeled as

controller,

Fig. 7. The robot-scheduling program for
either moving to destination position or
returning to home position is determined by
the place, P_15. The speeds of the robot
movement, wafer pickup, and wafer
place-down can be modeled by DCTPN
subnets, including single end-effector robot
(SEER) and dual-effector robot (DEER). The
operation flow chart of the DEER and SEER
robots are described in Fig. 8. The DCTPN
models of DEER and SEER robot motions
are shown in Fig. 9 and Fig. 10. The cluster
tool cannot work when the key module, such
as transport module, is broken or under
maintenance. Therefore, the maintenance



behavior and the fault diagnosis of the cluster
tool modules, e.g. the robot module, cassette
module, and process modules, must be
included in the DCTPN mode]. The activities
of the fault analysis and machine
maintenance are modeled in the intelligent
module level. The breakdown module is
shown in Fig. 11. To analyze the failure modes
and effects is an important thing to identify
the various possible faults. For this reason, a
fault tree plays a major role in solving the
problems. Using a fault tree, the various
possible failure modes and effects can be
easily identified. For the robot module, most
fault conditions can be divided into four
cases including servo, peripheral, vacuum
state and controller. The fault message will
be sent to the cluster tool controller through
NTUNet and the fault problem will be
identified. After solving the fault problem,
the message of finish repair will be issued,
and the robot can work normally again.

Fig. 4 Upper part of cluster tool controller
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Fig. 5 Lower part of cluster too] controller
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Fig. 6 Operation flow of an intelligent robot module

controller

Fig. 8 The operation flow chart of the DEER and




SEER robots are described

Fig. 11 The breakdown module

(2) Remote Control of the Cluster Tool

The remote control method will be
introduced and the architecture of the control
system will be discussed.

1. Remote control architecture and method:
The remote control application adopts
three-tier  architecture. The  three-tier
architecture includes front-end presentation,
logical computation, and data layer. The
front-end presentation layer shows data to the

The
stores/accesses

client. logical
data

mathematical operations, The data layer

computation layer

and perform

stores all kinds of information in the PC or

workstation. The major advantage of the
three-tier architecture is that every tier is
independent. It is further elaborated below.

B Front End Presentation Layer: The
Internet Explorer 5.01 is used as the
browser.

M Jlogical Computation Layer: It may
contain IIS, which can transform data to
the form of HTML in the database using
ASP and ActiveX control. Equipment
(cluster tool} can use IS to show the
real-time data, sound and image on the
remote monitoring system.

B Data Layer: SQL server can be used.
The monitoring computer momentarily

checks the control state table of the server,
and compares the control table of the
monitoring computer. If there is no
corresponding counterpart, the monitoring
computer performs the mapping statement.
The users in the remote computer can
connect to the specific homepage on the
specific server, and change the corresponding
state table in the ASP program or ActiveX
control program, such as the NetMeeting™
object. The monitoring computer transforms
the statement in the state table into the
standard language of equipment
communication, such as GEM, SECS-II, and
CTMC. Eventually, the message is sent to the
cluster tool controller by the monitoring
computer. Based on the NetMeeting™ object,
which is the ActiveX control, the image and
sound can be transferred from the factory to
the remote side.



2. Web-based Remote Controller:

The web-based remote controller sends
the status of the cluster tool and the on-site
image and sound to the remote browser. The
remote engineers can take action to the
emergency and control the cluster tool
controller in the factory. In order to get the
information from the factory, the CCD
cameras and web-based control are required.
Therefore, the remote engineer can real-time
contro! the cluster tool and the manager from
the remote side can administrate the local
operators in terms of critical condition. Using
ASP technique, the login data can be checked
and stored in the database of the server, as
given in Fig. 12. After entering the controller,
the user can manage the jobs of the cluster
too! and run the cluster tool controller on the
remote side through Internet. The server of
the real-time controller, including ActiveX™
control objects, is implemented on the IISTM
sever. The user from the remote side can
faunch the local control programs and fully
operate the function of the cluster controller,
as shown in Fig. 14. Due to the limited
network bandwidth, there exists a time delay
in transmitting images and sound. The
serious time delay may block some alarms
from receiving. In order to overcome this
problem, the situation table of the cluster tool
is constructed. Therefore, the text can be
quickly transferred and the remote user is
easily aware of the information from the
cluster tool.
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Fig. 13 Control from the remote side

(3) Design of the Intelligent Module
Controller

The intelligent module controller will be
constructed. The agent based module
controller is developed using DCOM
technology.

The cluster tool consists of process
modules, transport modules and cassette
modules. All modules communicate in
CTMC environment and have many types of
message flows. The intelligent module
controller has to coordinate the six types of
message flows. Using the agent technology,
the intelligent module controller can ensure
the loading balance and message delivery.
The architecture of the intelligent module
controller is flexible and can be easily
reconfigured due to the characteristics of
DCOM.

The intelligent module controller meets
the CTMC standard and consists of control
applications. The decision logic built in the
control applications can control the status of
the process module. The intelligent module



controller can specify a set of SECS-II
messages to support the CTMC service.
Moreover, the agent technology is applied to
the
coordinates the message in the cluster tool

intelligent module controller and
controtler. The module agent communicates
with the cluster tool controller in the upper
level and sends commands to the process
module controller in the lower level, as
shown in Fig. 14. The command format of the
module agent is SECS-II. The operation
procedure of the module agent is described as
follows. First, the module agent identifies the
cassette modules, transport modules and
process modules. Second, the module agent
connects to the database in order to obtain
the data from the scenario table. After getting
the data, the module agent determines the
order of the process sequence. The way to
find the order of the process sequence is to
check the scenario identity and decide the
the

beginning of the message flow. According to

scenario number, which indicates
the flow chart, the module agent is developed
using DCOM technology. Based on DCOM
technology, the agent module is constructed
as a DCOM server and executed on any
registered server computers. Therefore, the
DCOM server can achieve the loading
balance of the server computers that run
programs to control the process module.

o B R

The flexible cluster tool modei was
constructed in detail using DCTPN. The
model can be easily reconfigured to fit in the
real status of the cluster tool setup, including
the robot module, process modules and

breakdown module. Each module can

incorporate with the breakdown module. The
associated fault tree of the breakdown
module is constructed by DCTPN. Based on
the DCTPN modeling and
environment, the cluster tool can be easily
controlled and
evaluated. The cluster tool controller and

simulation
reconfigured, modeled,

web-based controller were developed. The
computer in the remote side can easily
control the cluster tool controller through
intranet or internet. Other computers through
the WWW browser can control the computer
that installs the cluster tool controller. The
intelligent module controller was constructed
based on agent technology and DCOM
technique. Using the agent technology, the
intelligent module controller can ensure the
loading balance and message delivery. The
intelligent module controller communicates
with the module emulator in terms of
SECS-II protocol and GEM specification
through HSMS or SECS-I. Finally, the model
of SPC module was developed for quality
control. The SPC server using DCOM
technique can decide the control rules and
take action to the status that is out of the
control.

The model of the intelligent module
controller is constructed using the DCTPN.
The module agent is constructed as the
DCOM server using Microsoft Visual C++
6.0 and Active Template Library 3.0 (ATL).
The user can use CTPNDesign program to
setup the DCOM server and run the DCOM
server on any server computer. The types of
the DCOM server, including process module,
robot module and cassette module, are
chosen by the user.

The controller

intelligent module



includes the NTUNet, ODBC driver, ActiveX
control component and the module agent, as
shown in Fig. 15. The intelligent module
controller communicates with the process
module based on SECS-II and GEM
standards, which are AtiveX control of
FASTech™. All scenarios of the process
module and the intelligent module controller
follow the scenario table and behavior table.
In this work, SECSimPro™ or the process
module simulator simulates the real process
module. The process module emulator is
constructed using FASTech™ ActiveX
Control and modified according to the type
of the process module. First, the message
from the cluster tool controller is sent to the
process module. Then, the process module
retrieves the messages and handles the
messages. Before processing the wafer, the
recipe must be confirmed and loaded into the
process module controller. If the setup of the
process module is ready, the process module
starts to process the wafer in the chamber as
given in Fig. 16. The process module will
retrieve the SECS-II messages and response
it to process the wafer.

Fig. 14 The function of the module agent
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Fig. 15 The component of intelligent module

controller

Fig. 16 Process module controller
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