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WAFER HANDLING AND FAB AUTOMATION

The transition from 200- to 300-mm
wafers will bring a 30–40% reduction in
die costs, but the high cost of building
the new fabs and the greater unit value
per wafer combine to make yields, de-
fect incidence, tool throughput, and
downtime critical factors in achieving an
acceptable return on investment. To

achieve their financial goals, chip manu-
facturers must demand the highest levels
of sophistication in the tools used
throughout the manufacturing process,
including during wafer handling, trans-
port, and storage. 

Unlike in 200-mm-wafer production,
the handling of heavier and more ex-
pensive 300-mm wafers must be auto-
mated to ensure the safety of the wafers
and of the fab personnel who handle
heavy lots of 25 wafers, which can weigh
more than 40 lb. This process change re-
quires the use of overhead or floor-based
closed pod–type carriers. Furthermore,
with ever-decreasing linewidths, the

manufacture of 300-mm wafers necessi-
tates significantly tighter process toler-
ances than the manufacture of 200-mm
wafers, requiring process tool improve-
ments. Equipment also must run longer
without failure, experience less down-
time, and be more efficient with con-
sumable materials than the systems used

in today’s 200-mm fabs.
This article describes

the BXi controller, a sin-
gle integrated process
control system from
Berkeley Process Control
(Richmond, CA), which

has been developed to meet the automa-
tion challenges of 300-mm wafer fabri-
cation. After comparing traditional pro-
cess control technology with integrated
single-controller technology, the article
presents two case studies of the new
technology’s incorporation into pro-
cess tools.

Limitations of Multiple-
Controller Architecture

In the 300-mm fab, automation and
process control have become critical
determinants of return on investment,
requiring new control architectures. In

Using an integrated
controller to manage
wafer-handling systems

Mario Lento, Berkeley Process Control

The availability of a single system to coordinate
all machine control tasks will improve tool 
performance, throughput, and reliability.



300-mm wafer processing, the traditional multiple-controller
architecture used in 200-mm fabs is not a viable option. Tra-
ditionally, the control system for a semiconductor tool con-
sists of a computer or PC that serves as the master computer
of the wafer-handling system (front-end) and process con-
trol (process module) systems. The master computer manages
the activities of all the devices that the front-end and process
module computers control.

Wafer-handling systems are typically designed with a front-
end computer to oversee a number of subcomputers associ-
ated with mechanisms that deliver wafers to and from various
process chambers. To accomplish this oversight, the front-
end computer issues macrocommands to a number of robots
and other wafer-handling subsystems. All of the wafer-
handling subsystems, which include robots, wafer aligners,
and pod door openers (PDOs), are sold with specially de-
signed subcomputers, which are connected to the front-end
computer via RS-232 or other serial interfaces. (In some ap-
plications, the front-end computer must control some motion
and input/output (I/O) functions to run specific devices and
mechanisms used in the transfer of wafers to and from the
process modules.) The use of subcomputers arose because of
the unfeasibility of creating a custom multiaxis motion con-
trol system out of various I/O boards, which are programmed
in their own languages and plug into one or more of the PCs.

Typically, each process module employs one dedicated
computer per process chamber to receive, process, and re-
turn wafers to the handling system. Toolmakers usually es-
tablish different departments to design front-end systems
and process modules, even though the process control de-
partment is responsible for creating the master control system
to manage the front-end and process module computers.

Figure 1 is a schematic diagram of a system that relies on a
master computer to manage the front-end computer and a
number of process chamber computers. The master com-
puter also is responsible for a series of other functions, such
as connecting the tool to the factory network to provide de-
tailed tracking data on each wafer, exchanging front-opening
unified pods (FOUPs) with other tools to ensure that unpro-
cessed wafers enter the tool and processed wafers leave it, and
providing tool-system diagnostics.

Figure 2 illustrates a multi-
ple-controller system in which
a master computer commands
the front-end system to trans-
fer aligned wafers into and out
of the process chambers that
the master computer oversees.
In a hypothetical example
using this type of system, the
master computer decides to use
robot 1 to transfer a wafer from
PDO 1 to a notch aligner. It
then signals the aligner to align
the wafer and subsequently
signals robot 2 to pick up the
aligned wafer and transfer the

wafer into process chamber 1.
This simple process requires several steps. After the master

computer has performed a number of checks and has deter-
mined that it is safe to begin the transfer of a wafer from PDO
1 into process chamber 1, the front-end computer must query
the PDO 1 computer to ensure that it is safe for robot 1 to
reach past its open door and get a wafer. Then the front-end
computer queries the robot 1 computer to assess whether the
latter can be instructed to pick up the wafer (i.e., by deter-
mining that there is no wafer on its end-effector or that it is
in an idle state). Once the front-end computer is satisfied
that it can safely obtain a wafer from one of the slots in PDO
1, a “get” command is issued to robot 1 to pick up a wafer

from the PDO and wait in a safe position. Before the front-
end computer can issue a command to transfer the wafer
onto the aligner, however, it must query the state of robot 2
to ensure that it is not within the collision zone when robot
1 places a wafer onto the aligner.

Next, the front-end computer queries the aligner comput-
er to ensure that it is safe to place a wafer on it. After the
aligner reports its state, the front-end computer has enough
state information to determine whether it is safe for the trans-
fer to take place. Now the front-end computer can issue the
“put” command to robot 1 to place the wafer onto the align-
er. After robot 1 has put the wafer onto the aligner, it reports
its state to the front-end computer. The front-end comput-
er then instructs robot 1 to report its state, and wait.

Once the front-end computer assesses that it is safe to
proceed, the align command is sent to the aligner. After the

Figure 1: Schematic diagram of a multiple-controller system that relies on a master
computer to manage the front-end computer and a number of process chamber
computers.
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aligner has completed its func-
tion, it reports back to the
front-end computer. Then the
front-end computer sends a
pick-and-place command to
robot 2 to pick up the wafer
from the aligner, transfer it to
process chamber 1, place it
into the process chamber,
move to a safe position, report
its state to the front-end com-
puter, and wait.

After robot 2 has sent the
message to the front-end com-
puter that it has completed its
task, the front-end computer
sends a command to the master
computer that a wafer has been
delivered to the process cham-
ber. Then the master computer
sends a command to the pro-
cess chamber computer to close the process door. After the
master computer has been signaled that the door has been
closed, it issues a start-process command. At that point, the
front-end computer has received enough information to
safely issue a command to robot 1 (which has been waiting)
to pick up another wafer and place it onto the aligner.

This example illustrates that several devices connected to-
gether cannot easily share information about their states.
Consequently, control system engineers are forced to write
software that attempts to gather all the state information
needed so that processes and motions can occur. Unfortu-
nately, the master computer is never aware of the state of any
of the devices it is connected to until the device stops and
data exchange takes place. In this way, when any device con-
nected to the master computer needs to know the state of any
other device, it must wait for each device to relay this infor-
mation to the master computer. Meanwhile, each device must
wait, since any motion or process would alter its state.

Integrated Control Technology

A control system suitable for 300-mm fabrication must be
able to manage all machine control tasks, including motion,
I/O, scheduling, logic, and networking traffic. In addition,
all nodes on the machine network must automatically share
state information. The single-controller architecture antici-
pates that devices in an asynchronous tool must know about
one another’s states so that they can safely overlap tasks.

The integrated control technology under discussion here
can be used to directly manage all of a tool’s wafer-handling
system I/O devices, servomotors, multiaxis robotic mecha-
nisms, slides, notch aligners, and PDOs. The eight-axis con-
troller is built around a 64-bit RISC processor and an open
100-Mb Ethernet-based I/O architecture, and includes six
internally powered drives. It also includes light-curtain and
e-stop circuitry with force-guided contactors to the drives.

Two or more controllers can be networked and function as
one. Once the Ethernet cables are connected and the con-
trollers are powered up, all variable, I/O, and motion states are
automatically known to each controller. The same state in-
formation is also available via the dynamic link library run-
ning on the master PC, which facilitates seamless integration
with the fab’s information management systems.

Parallel Operations. Unlike traditional multicontroller sys-
tems, the real-time state-aware approach to machine control
enables subsystems to run in parallel rather than serially.
“Dumb” controllers that are not designed to share their real-
time states are eliminated, along with the associated serial
ports with their inherent communications latencies. For ex-
ample, as soon as a robot has placed a wafer in a notch align-
er and passed through the collision zone on its way back to its
starting position, the aligner can begin to perform its task.
Similarly, a second robot can remove the wafer from the
aligner as soon as alignment is achieved. Should one of the
robots fault and stall in the collision zone, the system can re-
spond within microseconds and prevent a crash.

Autocalibration Technology. The calibration of such wafer-
handling subsystems as robots and wafer aligners within very
tight tolerances is among the challenges faced by 300-mm
fab operators. Traditionally, whenever a wafer-handling de-
vice is suspected of performing out of specification or actu-
ally harms a wafer, or when a component that interacts with
the wafer-handling device is worked on or replaced, the de-
vice must be recalibrated (often described as “retaught”). A
highly trained specialist performs this task by using a hand-
held teach pendant to jog the robot to the required locations,
which are then recorded and stored. Once the locations have
been determined (generally within a fraction of a mm), the
robot’s R (radius), Z (height), and Theta (angular) positions
are captured. This entire exercise often requires that the spe-
cialist crawl around the tool to achieve visual access (some-
times using mirrors) to all the locations. Since any contact

Figure 2: Diagram of a system based on a multiple-controller architecture.
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with the tool can generate particles, the technician must use
extreme care to minimize contaminating the tool. In the case
of a wafer-handling robot, such reteaching typically causes a
tool to be out of commission from 2 to 6 hours.

In contrast, the integrated control technology enables a
robot to be retaught its positions in 2–4 minutes with the
push of a button. The desired teach points can be referenced
by latching onto the positions of the robot’s axes when a
through-beam or reflective sensor is triggered by a known
feature of the robot. Another reteaching method includes
capturing axis information precisely after a change in torque
is reflected by the robot’s end-effector when it lightly touch-
es a known datum located within a nominal location.
Many robots are equipped with a laser that is used for map-
ping wafers in a cassette. This laser also can be used as a
sensing device.

Diagnostics. Another feature of integrated control tech-
nology is that the single controller can diagnose the condition
of the controlled subsystems using a variety of techniques. For
example, the controller can precisely monitor the amount of
torque it takes to actuate each of a robot’s axes and compare
that information with the values of a signature, or bench-
mark, mechanism. If the robot requires three times the bench-
mark amount of torque to command a profiled move, there

is a good chance that something is wrong with its bearings.
The controller can also evaluate the condition of a belt by
carefully driving the robot to its internal hard stop, applying
a prescribed amount of torque at the precise point of contact,
and comparing the amount of travel (stretch) or slippage that
occurred to that of a signature device. In both these cases,
if the controller determines that a component is no longer

performing in specification, the operator can be alerted to
take preventive action when the tool undergoes its next
scheduled maintenance. This monitoring capability reduces
the likelihood that robots will fail catastrophically and
cause unscheduled machine downtime or even destroy costly
300-mm wafers.

Figure 3: Screen capture of real-time motion and process data that can be seen by browsing a tool via a laptop PC.

A feature of integrated
control technology is that 
the single controller can
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