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A Wireless robotic Manipulator for Semiconductor Manufacturing
Equipment

by

Jevin E. Scrivens

Submitted to the Department of Mechanical Engineering in May 1997
in Partial Fulfillment of the Requirements for the Degree of

Master of Science in Mechanical Engineering
Abstract:

Silicon wafer processing is an extremely refined and sensitive operation. Processing often
takes place in clean rooms filtered to better than class 1. However even under these
precautions, particle contamination still causes failures in the microchips produced in
these environments. One source of these contaminants is the production equipment itself.
Particularly, the wire carriers connecting the robots can shed micro particles which are
deposited onto the wafers in process. The wires within these carriers also possess a
considerable failure rate which causes machine down time and contamination of the
environment due to the repair operation. These combined factors illustrate the need to
minimize the use of wire carriers.

The solution to these problems is the concept of the wireless robot. The wireless robot
uses inductive power transfer and optical communication to operate the end effector of
the robot. This takes advantage of the fact that for many types of production equipment,
the robots only need to execute more complex motions at discrete locations.

In its overall operation, the robot is positioned in front of an operation station where a
pair electromagnetic coils would be aligned. The primary coil would be fixed to the
station and the secondary coil would be attached to the robotic manipulator. The primary
coil would be charged by a high frequency AC supply, and the property of
electromagnetic induction would cause a similar voltage to be produced in the secondary
coil. This voltage would then be supplied to the electronics of the manipulator as a power
source.

Robot control would be achieved through the use of optical transfer rather than a
hardwired voltage transfer. This technique is similar to well known processes used in
fiber optics, however in this process the transfer median is an air gap rather than a fiber
optic cable. This design calls for the use of only one way transmission where the
transmitters are on the base and the receptors are on the robot. Two way transmission for
feedback is possible and available for future use.

This design also lends itself to a variety of other applications including factory
automation robots and other environments in which operation is required in discrete
locations or sensitive environments.

Thesis Supervisor: Alexander Slocum
Title: d'Arbeloff Associate Professor of Mechanical Engineering
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Chapter 1

Introduction

The Wireless Robot is a solution to some of the problems in semiconductor

manufacturing. It allows complete omission of wires connecting the mobile wafer

manipulators and a stationary base thereby solving the problem by removing the cause.

1.1 Problem

Silicon wafer processing is an extremely refined and sensitive operation.

Processing often takes place in clean rooms filtered to better than class 1. Even if mini

environments are used around equipment, it is important to minimize contaminant

generation inside the equipment. This level of filtration is important because of sensitivity

of the wafers. Particle contamination causes failure of microchips produced in these

operations. Even a single particle is sufficient to fail a microchip. Even though the air is

filtered to remove outside contaminants, there are still a significant number of failures

due to contamination. One source of these contaminants is the production equipment

itself. Particularly, the wire carriers connecting the robots constantly shed micro particles

that are deposited onto the wafers in process. These wire carriers are made of plastic and

are designed to organize and direct the wires supplying the robots with power and

transferring information between the robots and outside computers.

Another major problem with wire carriers is the failure rate of the wires within

them. As the wires are constantly being moved with the robot they ultimately fatigue and



break. Causing considerable down time due the compromise of room air cleanliness from

the repair operation. These combined factors illustrate the need to minimize the use of

wire carriers.

1.2 Solution

An extreme solution to this problem would be the elimination of components

causing the contamination. This means removing the moving wires attached to the robot.

In normal cases the wire provides both power and control. Power may take the form of

either electrical or mechanical energy. Control usually takes the form of electricity. This

idea broke the problem down into two components, transmission of control and

transmission of power

The solution to these problems is the wireless robot concept. The wireless robot

uses inductive power transfer and optical communication to operate the end effector of

the robot. This takes advantage of the fact that for many types of production equipment,

the robots only need to execute more complex motions at discrete locations.

In theory the manipulator will be placed in front of an operation station, where the

robot would then be powered by electromagnetic induction. By having actual power

transfer with no physical connection, there is no chance to spark or otherwise create any

micro-particle contaminants. The lack of wire harness would also eliminate the possibility

of wear in a movable mechanical connection.

Control of the robot would also be accomplished through a non-physical

connection. Through the use of infra-red LED's and infra-red logic detectors, digital

control of a stepper motor may be obtained.



Chapter 2

Concept Exploration

With the basic operational requirements of the robotic manipulator established, a

methodology of achieving those requirements must now be established. This requires the

evaluation of several concepts in both power transfer and in control

2.1 Power Transfer

The transfer of power without wires does not necessarily require the development

of new technology. The first step is to evaluate some of the current, well established

methods that have already been tried and proven in other applications.

The three power transfer methods considered are:

* Battery Power

* Geared power train

* Electromagnetic induction

2.1.1 Battery

The concept of battery power appears to be a sound concept, however, in a

manufacturing environment this type of mechanism has several shortcomings. Due to the

limited capacity of batteries the actual operation time of the manipulator would be

limited. In order to work at all it would have to operate under one of two conditions.

In order to maintain a decent operating time, the manipulator may require the use

of very large batteries. However, large batteries are expensive and heavy and this may



pose some design problems depending on the operation. Also, as with all rechargeable

batteries, regular replacement is required. If the batteries were to operate throughout an

entire day then they would have to be extremely large capacity meaning even higher

weight and longer recharging.

The other option is to use smaller batteries with frequent recharging cycles. The

problem with this concept is that the recharging time takes away from production time.

And frequent recharging cycles decrease the life of the battery.

2.1.2 Geared Power Train

The second concept is the geared power train. This concept satisfies both power and

control issues but loses sight of the overall goal of the project. A mechanical power train

in any form (gear, pulley, or chain) entails moving parts. These moving parts will rub

together resulting in friction and wear. The wear of the mechanisms will cause particle

contamination, which is part of the initial problem.

2.1.3 Electromagnetic Induction

The third concept is electromagnetic induction. This concept will prove itself to be the

best choice for this application and will also present itself to a variety of other

applications. Electromagnetic induction is a well proven technology and is the basis for

the common electrical transformer (fig. 2-1).

The transformer is a passive electrical device consisting of two closely coupled coils

(called the primary and the secondary) in a magnetic core. An AC voltage applied across

the primary coil appears on the secondary. During operation, the primary coil creates a

alternating magnetic field which is directed by the core material to pass through the

secondary coil. This alternating magnetic field within the secondary coil creates a voltage

across the coil.



AC Transformer

Figure 2-1

In the wireless operation, the power transfer apparatus is very similar to a

transformer. Except in this case the core material will be split into two halves and the coil

halves do not touch, but are separated by a small air gap. This split core arrangement (fig

2-2) will provide the inductive transfer. One coil half again operates as the primary coil

and is located on the stationary base unit. The second coil half is located on the

manipulator and operate as the secondary coil. The secondary coil effectively receives the

power transmitted by the primary and delivers it as an AC voltage for use by the

manipulator circuitry.

Due to the properties of magnetic fields, the small gap does not have extremely

negative effects on the power transfer. However large gaps result in considerable loss.

With just a small gap, the two coil halves operate effectively as a transformer.



Split Core Transformer

Figure 2-2

2.2 Control

After power has been transferred to the manipulator, there must be some method,

also wireless, of controlling the manipulator. The design of the control interface began

with the analysis of three wireless data transfer methods:

* Radio transmission

* Power signal modulation

* Infra-red transmission

2.2.1 Radio Transmission

To transfer data in a radio signal would require the use of a modulated carrier wave.

The carrier wave's amplitude or frequency could be modulated giving an AM of FM

signal. However as any car occupant knows, radio signals are subject to a great deal of

interference. Interference comes from various outside sources including electrical motors

and especially the power transmission. The method of power transfer selected is a high



frequency induction system. The basis of induction is the generation of electromagnetic

fields, which is also the median of radio transmission. With high intensity magnetic fields

being generated in such close proximity, radio reception is subject to a great deal of

interference.

2.2.2 Modulated Power Signal

Data transfer in the form of the modulated power signal is an interesting concept,

however data transfer in this method is a complicated issue. It requires precise study and

control of the power signal and power consumption. This type of transfer is better suited

for wire connected DC transfers rather than high frequency induction systems. This type

of communications configuration is an unnecessary increase in the complexity of the

design. Also it's use would not help in proving the technology of the wireless robot.

2.2.3 Infra-red LED and Detector pair

Infra-red data transfer is the method chosen to control the robot because of it's

simplicity and resilience. Infra-red flashes can be used to transmit digital information

without any form of encryption or decryption. The motor used in the manipulator is a

stepper motor, which operates under two channel binary communication. The stepper

driver is instructed by voltage pulses to either step clockwise or step counter clockwise.

The construction of an optical interface for communication is a simple task of wiring the

controller to flash an infra-red light instead of connecting directly to the stepper driver. A

logic detector is used to detect the light and send a voltage to the stepper driver when

detected.

This type of system is not subject to electromagnetic interference and operates on

a line of sight basis with low level infra-red light. Hence, it has no effect on surrounding

equipment. This system may be subject to interference from ambient IR light sources,

however, interface blocks can easily designed to shield the detector form extraneous

sources.



Chapter 3

Power System Development

This chapter will discuss the actual development of the power transfer system. As

stated in the previous chapter, an inductive transfer system will be used. This chapter will

discuss some of the details of that design process.

The initial idea for the power supply was to use a switching power supply.

Switching power seemed optimal because of it's relatively high power density compared

to normal AC transformers. The AC and switching systems differ in the sense that the AC

transformer uses a 60Hz sine wave input while the switching supply uses a square wave

and operates at a higher frequency. The advantage of the switching power supply in this

particular application is the high frequency nature of it's operation.

The voltage induced on the secondary coil is proportional to the time rate of

change of the magnetic field passing through the secondary coil. By oscillation the field at

a higher frequency, lower field intensity is needed than if using a lower frequency. Lower

field intensity is more desirable because of losses incurred within the magnetic material

and especially over the air gap. Higher field intensity also means higher forces imposed

on the coils and the system itself.

3.1 Initial Switching Design

Initially the system used was a switching power supply (fig. 3-1), however it did

not provide the necessary effectiveness. Later analysis revealed that the switching design



was faulty and was effectively sending a fluctuating DC voltage across the coil rather than

the required AC voltage.

Figure 3-1

3.2 Amplifier Drive Design

Compensation for the errors in the stepper drive, the system was changed to use

an 800Hz sine wave generated by a function generator and amplified by a servo amplifier
(fig 3-2). This high power output signal was then sent to the primary coils of each station,
which were connected to each other in series. From the secondary coil on the robotic

manipulator, the transferred power is rectified and filtered through two large parallel

capacitors. A DC voltage of 12V is then delivered to the stepper driver satisfying it's

voltage requirements.

Basic Switching Supply Circuit Diagram

10 Q

Vcc

Inductive
Coils
(in Parallel)

Power
MOSFET

I

- Ground



Figure 3-2

3.2.1 Series connection of primary coils

Since the secondary coil is only in front of one primary at a time, the other primary

will not have a closed magnetic loop and will therefore have a much lower inductance

and will be essentially seen as a resistor to the circuit. When the secondary comes in front

of the next primary, it's magnetic path will again be closed. After the inductance

increased, the circuit will be seen as a transformer again while first coil is seen as a

resistor.

3.2.2 Servo Amplifier Drive

The most efficient design for this system is a switching system operating in the range

of 20kHz. The initial power supply design is intended to provide this, however due to

design errors it was not capable of the required power transfer.

Once the errors were recognized the intent was to mimic the intended switching

drive with the combination of a function generator and an amplifier. However, the

bandwidth of the amplifier used was limited to 800Hz and this is the reason for the

800Hz input signal in this system.



3.2.3 Coil design

Figure 3-3

The purpose of the power drive is to create an alternating voltage in coil and core

assembly, which will effectively induce a voltage of sufficient amperage in a matching

coil. First, a pot core configuration was selected and Phillips Magnetics 4229 cores and

core material 3C81 were obtained (fig 3-3).

Pot cores of this diameter were chosen because of their large size and suitability to

high frequency operation. In this design, a large diameter core was deemed necessary to

compensate for any misalignment that may occur in the positioning of the manipulator in

relation to the base. In practice the use of a precision motion controller will eliminate that

error and an optimal core may be chosen without the need to compensate for positioning

error.

Next, the coil assemblies were completed using 100 turn coils (fig 3-4). The

assemblies were made with 100 turns in order to roughly optimize the inductive coupling.

... M.... ,......, • .. .. . ... . .. . .. . . . . . . .. . .. . .. . . . . . .. . . .. . .. . . .. . .. . . .. . .. . .



A fewer number of turns would not have provided enough inductance for the system,

since it is a general rule of thumb that more turns make better transformers. Too many

turns may cause saturation of the magnetic field at the current levels required by the

stepper driver. Saturation of the field will severely decrease the efficiency of the power

transfer.

Figure 3-4
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Chapter 4

Control System Development

This chapter will discuss the development of the control system, beginning with

the motion control board and the interface between the host computer with the motion

control interface board.

4.1 Motion Control

Operation of the wireless robot is achieved through the use of a motion control

board. In this application, the motion controller needs to operate in both stepper mode and

servo mode simultaneously. Stepper mode is required to operate the wireless axis. In

order to minimize the complexity of the wireless interface, open loop control was

necessary and this could only be achieved through stepper control. The primary axis, the

linear track, was already equipped with a servo motor and encoder. Therefore, a motion

controller was required to be compatible with both of these existing systems. Another

requirement of the motion controller was top possess several uncommitted digital outputs

and inputs. These outputs were required to operate the pneumatics at the operation

stations and turn on the power supply when required. The search for a motion controller

with these characteristics revealed the NuLogic Flex Motion controller. The Flex Motion

controller along with it's interface board, the UMI Flex, provided 4 axes of motion

control, two of which could be used in stepper mode. It also provided 24 uncommitted

digital I/O ports. The Flex Motion is a PC based motion controller for use in Windows

3.1, Windows 95, or Windows NT environments. Programming may be achieved through



an included interface program, or the languages of C, Visual C, Visual Basic, or the Lab

View environment.

4.2 Wireless Interface

The design of the optical interface is intertwined with configuration of the motion

actuators. There are two choices for motor configurations in control systems: servo and

stepper. In this design, one way transmission is preferred to eliminate the complexity of a

feedback channel. In order to use one way transmission or open loop control, the motor

has to operate as a stepper motor. Servo operation requires some sort of position or

velocity feedback, while stepper operation requires only one way transmission of step and

direction. This little fact narrowed the possibilities of which type of motor could be used

so the use of a stepper motor was chosen for this design. With the stepper configuration

confirmed, design of the design the appropriate interface could now proceed.

4.2.1 Interface Concept

In normal operation, the stepper driver is directly connected to the motion

controller and is controlled by a voltage on the signal lines. This design required the

substitution of the signal lines with and infra-red interface (fig 4-1). In basic operation,

the controller needs to transmit two channels of information to the driver, step CW and

step CCW. As a result of this, two channels of infra-red interface consisting of two IR

LED's and two IR receivers are required. In the search for this equipment, there was

trouble using normal IR transistors. Simple connection to the system was not possible

because decoding circuitry was required. However, IR logic detectors provided the exact

functionality required for the operation.



Infra-Red Interface Diagram
IR Emitters I

Step

Direction

R Detectors

I---

Figure 4-1

The logic detectors (fig. 4-2) operate within TTL level circuitry and when IR light of

minimal intensity is detected the output lead is driven to high (5V).



Figure 4-2

4.2.2 Interface Circuit Design

Normally the currents involved in connecting a computer to the stepper driver are
minimal, so the computer is capable of handling the direct connection. However in this
case the computer is being used to control infra-red LED's. The LED's require higher
current values than the stepper driver, so to avoid burning out the motion control board in
the computer, an interface was built to buffer the control card from those currents. The
buffer consisted of using a TTL level integrated circuit, (in this case an inverter), whose
outputs would be directly connected to the infrared LED's.

Infra-Red Logic Detector



Interface Circuit Diagram
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Figure 4-3

The inverter is used in this case because the step outputs from the computer

normally on. If the LED's were connected without inversion, then they would also be

normally on. This would cause a problem during transition from one station to another

because movement would cause the logic detectors to see an off transition and this would

register as a step to the stepper driver. This transition would cause unregistered

movement of the motor and unpredictability in actuator location. By using the inverter,

the LED's are normally off and no change is seen by the driver during transition from one

station to the other.
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4.3 Supplemental Interfaces

4.3.1 Pneumatic Control Interface

The pneumatics for the wafer lifts are controlled by the digital I/O ports from the

motion controller. Within the operation program, the pneumatics are connected to port 3

of the digital I/O. The outputs are connected to minor interface circuitry to gain sufficient

power to switch the pneumatic valves.

Pneumatic Interface Circuit Diagram

Figure 4-4

4.3.2 Power Control Interface

Switching of the power to the primary coils is also controlled by the computer.

The power switch is connected to port 2 of the digital I/O ports. Since the voltage of the

power supply is a high frequency alternating voltage, mechanical relays were used to

physically connect the control voltage to the amplifier. When the switch is off, the relays

are in the normally closed position which are connected to ground. When turned on the

relay the two signal lines to the amplifier input, providing the high power voltage to the

coils.



Power Control Circuit Diagram

Figure 4-5



Chapter 5

Prototype Development

The aim of this project is to develop a prototype proving that the operation a wireless

robot is feasible. To prove wireless operation, the prototype had to perform controlled,

repeatable operations at multiple stations. The first application of this technology is in the

silicon wafer processing industry. In this application the robot needed to perform as a

wafer manipulator, moving silicon wafers from one station to another without moving

wires.

5.1 Operation Concept

To demonstrate wireless technology, a prototype needed to be developed. The

concept of this prototype called for a wafer manipulator with at least operation stations.

During operation, wafers would be continually rotated between the stations keeping a

constant flow of material in process. Original concepts included both two axis

manipulators and single axis manipulators.

The two axis manipulator systems required the second axis to lift and drop for

placing and retrieving wafers. One of the most advanced in the two axis manipulators

systems was straight lime motion system (fig. 5-1). This actuator in this system (fig. 5-2),

is a geared linkage of three arms which would provide straight line motion derived from a

rotary motor.



Straight Line Motion Manipulator System

Figure 5-1



Figure 5-2

The straight line manipulator concept is significant because of it's ability to

achieve straight line motion without moving the primary axis. Straight line motion is

often required and in some current systems, it's motion is achieved by controlled coupling

of the secondary rotary axis and the primary axis. Eventually it was decided that this

concept was more complex than necessary for this wireless robot project. The idea is

sound and may be more appropriate and necessary in actual production equipment.

The other design concept was the simple rotary system (fig. 5-3). It simply rotated

a wafer carrier while the lifting action was achieved through pneumatic manipulators

located at each station. In operation, the manipulator rotates the carrier to position over

the station and the pneumatic lifts the wafer out of the carrier or drops a wafer into the

carrier.



Figure 5-3

5.2 System Design

From the point of concept development, detailed design began with the with the

interface. The interface needed to align the primary and secondary pot cores together and

as well as the infra-red LED's and logic detectors for step CW and step CCW. In order to

achieve this alignment, two similar blocks were designed for transmission and reception.

They were both designed to hold two pot cores each because that was the requirement of

the previous switching system. The difference between the two designs is that the

transmission block (fig. 5-4) holds IR LED's and the reception block holds logic

detectors.



Figure 5-4

With the servo amplifier drive system the interface required only one transfer coil.

This left a corresponding coil slot in the reception assembly (fig. 5-5)and transmitter

assembly (fig.5-6) open. Using this interface, the coils, LED's, and detectors are

automatically aligned with the step CW LED and detector on the top and CCW on the

bottom.

Figure 5-5

Reception Assembly
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Figure 5-6

The wafer manipulator (fig. 5-7) operates by rotary motion. The motion is

simplified by using pneumatic actuators at the operation station to achieve the required

lifting action.



Wafer Manipulator

Figure 5-7

The stepper motor, stepper driver, and receiver assembly are combined in an

aluminum housing to complete the electrical components of the manipulator (fig. 5-8)

C --



Manipulator Assembly W/O Wafer Holder

Figure 5-8

The completed manipulator (fig. 5-9) adds the wafer manipulator to the electrical

components. The manipulator is designed to hold two wafers simultaneously so that a one

wafer may be picked up and another dropped at a station in one operation.



Figure 5-9

In the complete prototype (fig. 5-10) the manipulator assembly is mounted on a 6

foot screw drive linear track. There are two operation stations complete with transmission

assembly and corresponding pneumatic actuator.

33
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Figure 5-10



Chapter 6

Programming

In any computerized motion control application, some type of programming is

required to instruct the computer on which operations to complete. For this project

programming was done using the Flex Motion board interface program. This program

allows users to send individual commands to the motion controller or create macros

which contain the desired commands. This can be manually stepped with the push of a

button. The interface utility also allows users to create programs.

Programs are similar to macros in the sense that they contain the desired

commands. However, programs differ in that they are run through completely and not

stepped. When a program is created, it is stored on the Flex Motion board rather than the

host computer. This allows the controller to perform complex operations without

performing complex operations on the main CPU. Once a program has been created and

stored on the control board, it may be run by simply sending the run command with the

corresponding program number.

These programs operate the axes 2 and 6, which are the primary and wireless axes

respectively. These two also correspond to the servo and stepper axes, respectively. This

setup is used because an original test setup was established on axes 1 and 5, and stepper

axes are possible only on axes 5 and 6.

6.1 Initial Control

Initially, operations were carried out by manually stepping through macros

containing the desired steps. This method was used to test each type of command needed



in the operation of the wireless robot. The end functions required in operation were

movement on axis 2 and 5, switching of pneumatic actuators and switching of coil power

supply. These operations were completed using the following commands:

load_target_pos

start

setportmomo

Sets the desired position of the particular axis

Starts motion on the selected axes sending them to their desired

position

Changes the voltage of the selected pin in the digital output from

the control board to either hi (5 Volts) or low (0 Volts).

After each operation was tested and proved, a macro containing the complete

operation of the wireless robot was created. This manual operation macro is

OPREATIONS 1. This program stepped trough the entire operation process of the

wireless robot.

6.2 Program Control

After the successful operation of OPERATIONS 1 another macro was then created

to operate the robot in program mode. This macro is OPPROG1_2. The macro is

essentially the same as OPEARTIONS 1 with the addition of the following commands:

wait

load_prog_delay

Instructs the computer to wait until a desired condition is met

before proceeding to the next command in the program. In these

programs the wait condition is the completed motion on a desired

axis

Waits for a set amount of time before executing the next command

in the program.

These commands were added to enable the program proper flow properly and

smoothly. The wait commands tell the program to wait for motion to complete on axes 2

and 6. The load_prog_delay was used to give time for the pneumatic actuators to



complete their motion. Without these commands the entire program would run in the time

that it takes to send all commands, about one or two seconds.

Programming the manipulator to operate properly also involves solving the

problem of predicting the position of axis 6, the wireless axis. Since the axis is open loop

with no position feedback there is no way to know the position of the manipulator.

Because of this, the manipulator must be manually reset at power up. While there is

power in the manipulator, it will hold its position and move as instructed. However,

during transition from one station to another, the power is interrupted and when it is re-

engaged, the manipulator jumps from it's desired position. Repeated trials in positioning

revealed that the jump is consistent and predictable. With this information, the operation

programs were created with compensation for the step.



Chapter 7

Conclusions and Future Work

This thesis is another step in the development of new manufacturing processes.

These developments work towards the goal of creating better methods of manufacturing.

This final chapter summarizes this project and offers possible improvements and new

applications for future work.

7.1 Achievements of Thesis Work

This prototype was successful in proving the feasibility of wireless robots. In its

operation, the wireless manipulator was moved to an operation station and proceeded to

unload and load wafers for processing. The robot achieved these tasks through the use of

inductive coupling and infra-red transfer. The mobile robot simply contained one pot core

and coil, two infra-red logic detectors, a stepper driver, stepper motor, and wafer holder.

Although this prototype did not possess any of the extra features that a production unit

may possess, it is successful in accomplishing its tasks and proving the feasibility of a

wireless robot for semiconductor manufacturing equipment.

7.2 Possible Improvements

Possible improvements for this prototype include the use of another transmission

channel to enable and disable the stepper motor. The motor could be disabled while it is

between operation stations. Disabling the motor will dramatically reduces the power

requirements of the driver. It may also allow the capacitors to hold sufficient charge to

maintain the driver logic circuitry during a transition. The maintenance of the logic



circuitry may eliminate the jump that occurs when the driver is recharged by the next

coil.

The addition of even another channel could be used to reset the position of the

manipulator. A limit switch could be used as a home switch for the rotation of the of the

wafer holder. A homing program could then be used to find the home position of the

manipulator. This would eliminate the need of the manual resetting operation which sets

the manipulator to a position known by the computer.

Other possible improvements for this prototype include:

* Install a brake to stop motion during transition

* Enable gearing to resist undesired motion and give more accurate positioning

* Supplement battery to maintain memory in more complicated electronics

* Use a 20kHz power supply

This project was successful in demonstrating the technology of wireless

manipulators. The power supply designed for this system was sufficient in delivering the

required power to the end effector. However, for future projects, it is recommended that

the development of the power transmission system be designed by persons skilled in

power electronics.

7.3 Future Applications

The technology demonstrated in project is not limited to semiconductor

manufacturing. This technology has the possibility to revolutionize the manufacturing

industry.

With the use of wireless robots, manufacturing sites may be able to have an

automated delivery system to restock assembly sites. The deliveries would be carried out

by robots made small through the lack of need for large batteries for operation. Systems

similar to this idea are already in existence. However, in this case the robotic

manipulators could be mounted on the mobile robot rather than at each station. This

modification would minimize the bulkiness of the complete operation.



The concept of the wireless robot is a technology which enables robotic

manipulators to be used without the hindrance of a cumbersome wire tether. The possible

uses for this technology apply to almost any robotic manipulator system and other

applications yet to be discovered.
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Figure A-4
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Figure A-5
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Figure A-7
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Figure A-8
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BASMOV2.MAC
Basic move on Axis 2
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 4, 0180
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
Board ID = 1, read_pos, dev = 02, Retn Vect = FF
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 7, F000
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
Board ID = 1, read_pos, dev = 02, Retn Vect = FF

BASMOV5.MAC
Basic move on Axis 5 no read_pos
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, load_targetpos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20

Setl256.MAC
Setup and enable axes 1 2 5 6
Board ID = 1, kill, dev = 0, Retn Vect = FF, 007e
Board ID = 1, enable_axes, dev = 0, Retn Vect = FF, 0000
Board ID = 1, config_axis, dev = 1, Retn Vect = FF, 2100, 3100
Board ID = 1, config_axis, dev = 2, Retn Vect = FF, 2200, 3200
Board ID = 1, config_axis, dev = 5, Retn Vect = FF, 2500, 4500
Board ID = 1, config_axis, dev = 6, Retn Vect = FF, 2600, 4600
Board ID = 1, set_axis_mode, dev = 5, Retn Vect = FF, 0001
Board ID = 1, set_axis_mode, dev = 6, Retn Vect = FF, 0001
Board ID = 1, config_step_mode_pol, dev = 5, Retn Vect = FF, 4
Board ID = 1, config_step_mode_pol, dev = 6, Retn Vect = FF, 4
Board ID = 1, load_loop_params, dev = 1, Retn Vect = FF, 64, 0, 400, 400, 2, 0, 0, 0
Board ID = 1, load_loop_params, dev = 2, Retn Vect = FF, 64, 0, 400, 400, 2, 0, 0, 0
Board ID = 1, enable_axes, dev = 0, Retn Vect = FF, 0366
Board ID = 1, enable_encs, dev = 20, Retn Vect = FF, 007e

Setio.MAC
Setup and enable I/O port 1
Board ID = 1, set_port_dir, dev = 2, Retn Vect = FF, 0
Board ID = 1, setport_pol, dev = 2, Retn Vect = FF, FF
Board ID = 1, setport_pol, dev = 3, Retn Vect = FF, FF

Cfgmov5.MAC
Configuration and speed set for Axis 5
Board ID = 1, load_vel, dev = 05, Retn Vect = FF, 3, 2000
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 2, 2000
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, load_targetpos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, load_vel, dev = 05, Retn Vect = FF, 0, A000



Operationsl.MAC
Operation macro w/pneumatics on Axis 5 station 1
rem MOVE TO STATION 1
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 4, 0180
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
rem ROTATE TO START POSITION
Board ID = 1, set_port_momo, dev = 2, Retn Vect = FF, 100
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
rem GET WAFER FROM STATION 1
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 100
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 001
rem PLACE WAFER AT STATION 1
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, C8
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, setport_momo, dev = 3, Retn Vect = FF, 100
rem TURN FOR TRANSPORT AND DROP PLATE 1
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, setport_momo, dev = 3, Retn Vect = FF, 001
rem MOVE TO STATION 2
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 7, F000
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
rem POSITION RESET AFTER TRANSPORT
Board ID = 1, resetpos, dev = 05, Retn Vect = FF, 0, 66
rem GET WAFER FROM STATION 2
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 200
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, C8
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 002
rem PLACE WAFER AT STATION 2
Board ID = 1, load_targetpos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 200
rem POSITION FOR TRANSPORT AND DROP PLATE 2
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, setport_momo, dev = 3, Retn Vect = FF, 002
rem MOVE TO STATION 1
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 4, 0180
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
rem RESET AFTER TRANSPORT
Board ID = 1, reset_pos, dev = 05, Retn Vect = FF, 0, 66
rem ROTATE BACK TO 0
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20



OpProgl_2.MAC

Wireless Operation program reset for step back startup
Board ID = 1, begin_store, dev = 98, Retn Vect = FF
rem MOVE TO STATION 1
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 4, 0180
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 400, 200
rem ROTATE TO START POSITION
Board ID = 1, set port_momo, dev = 2, Retn Vect = FF, 100
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 1F4
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
rem GET WAFER FROM STATION 1
Board ID = 1, set port_momo, dev = 3, Retn Vect = FF, 100
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 001
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
rem PLACE WAFER AT STATION 1
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, C8
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 100
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
rem TURN FOR TRANSPORT AND DROP PLATE 1
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 001
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
rem MOVE TO STATION 2
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 7, F000
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 400, 200
rem POSITION RESET AFTER TRANSPORT
Board ID = 1, reset_pos, dev = 05, Retn Vect = FF, 0, 62
rem GET WAFER FROM STATION 2
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 200
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, C8
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 002
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO



rem PLACE WAFER AT STATION 2
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 200
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
rem POSITION FOR TRANSPORT AND DROP PLATE 2
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 64
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, set_port_momo, dev = 3, Retn Vect = FF, 002
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
rem MOVE TO STATION 1
Board ID = 1, load_target_pos, dev = 02, Retn Vect = FF, 4, 0180
Board ID = 1, start, dev = 00, Retn Vect = FF, 4
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 400, 200
rem RESET AFTER TRANSPORT
Board ID = 1, reset_pos, dev = 05, Retn Vect = FF, 0, 62
rem ROTATE BACK TO 0
Board ID = 1, load_target_pos, dev = 05, Retn Vect = FF, 0, 0
Board ID = 1, start, dev = 00, Retn Vect = FF, 20
Board ID = 1, wait, dev = 0, Retn Vect = 0, 1C, 2000, 200
Board ID = 1, load_delay, dev = 0, Retn Vect = 0, 0, 7DO
Board ID = 1, end_store, dev = 98, Retn Vect = FF


