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Plasma cleaning is the most effective dry process to remove surface contaminates 

from a SAW (Surface Acoustical Wave) device. Consistent gas pressures, flows, and 

good electrical connections between the chamber shelves are necessary for the process to 

function predictably. In addition, operation of the monitoring system must be transparent 

to the plasma cleaning unit. This Thesis describes a simple solution to the complex 

problem of monitoring a plasma cleaning system. The monitoring system uses the 

Lab VIEW® G programming language and hardware, both products of National 

Instruments, Inc.®, to monitor critical parameters necessary to achieve a consistent 

process when cleaning these devices. 



3 7 * 

/*9( 

AO. 7 5 1 0 3 

DESIGN OF A MONITORING SYSTEM FOR A 

PLASMA CLEANING MACHINE 

THESIS 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

Master of Science 

By 

Terry M. Fooks, B.S. 

Lewisvilie, Texas 

May, 1999 



ACKNOWLEDGMENTS 

The writer wishes to express his gratitude to the many people who assisted with 

this project. Throughout this endeavor, their guidance and encouragement kept the dream 

alive. For this, he is deeply indebted. 

During the course of the venture, Dr. Perry R. McNeill was instrumental in raising 

the author's professional standards while providing inspiration and guidance. His 

motivation, timely guidance, and persistence throughout the author's undergraduate and 

graduate work is priceless and exceeds the duties of his profession. 

The members of the Advisory Committee have also been extremely helpful. 

Wayne Bratcher, the Industrial Representative, supported the author's efforts in countless 

ways. His suggestions and technical guidance were crucial to the completion of the 

project. The author would also like to thank Dr. George W. Watt and Dr. Phillip R. 

Foster for the hours they spent reviewing this work and their patience. 

The writer is grateful to RF Monolithics for approving and funding the project. 

Without the company's cooperation, none of this would be possible. 

Finally, completion of this Thesis would not have been possible without the 

patience, encouragement, understanding, and consideration of the author's family. To his 

wife and daughter, who endured countless days and nights of being without a husband 

and father, a very special thank you is extended. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES _v 

LIST OF ILLUSTRATIONS m 

Chapter 

1. PLASMA CLEANING SYSTEM PROBLEM DEFINITION 1 

Introduction 1 

Project Feasibility 2 

Instrumentation 3 

2. PLASMA CLEANING MONITORING SYSTEM PROJECT DEFINITION 9 

Introduction 9 

Literature Search 9 

Gas Pressures and Flows 10 

Electrode Conductivity 11 

Sensors 17 

I/O Board Requirements and Selection J8 

Input Voltage Levels 18 

Data Acquisition Speed and Timing 20 

Software Requirements 22 

iii 



Functional Requirements 23 

Data Requirements 25 

Programming Language Selection 26 

Introduction to Lab View® 26 

The Front Panel %1 

The Block Diagram 28 

3. PROJECT DESIGN AND IMPLEMENTATION 30 

Introduction 30 

Hardware Implementation 30 

Mechanical Hardware 33 

Software Program 34 

Main VI 35 

Sub Vis 40 

Sub-Sub-Vis 42 

Experimental Data 43 

4. CONCLUSIONS AND RECOMMENDATIONS 50 

Conclusion 50 

Recommendations 53 

APPENDIX A Sensor Specification 55 

APPENDIX B LAB-PC-1200 I/O Board Specifications 60 

REFERENCES 71 

IV 



LIST OF TABLES 

Page 

Table I Input Signal Reference Table 23 

Table II Data Analysis Summary before Modification 46 

Table III Data Analysis Summary after Modification 47 

Table IV DC Bias Voltage Errors 48 



LIST OF ILLUSTRATIONS 

Page 

Figure 1 Block Diagram of the Plasma cleaner 4 

Figure 2 Plasma Cleaning Process Flow Diagram 5 

Figure 3 Plasma Cleaning System Block Diagram 6 

Figure 4 Electrodes on the Power Shelf of the Plasma Cleaning Machine.. 12 

Figure 5 Power Shelf Extended Out For Loading 13 

Figure 6 RF Circuit for the Plasma Cleaning System 14 

Figure 7 DC Bias Voltage Divider Circuit 16 

Figure 8 Digital Sequencing Signal Conditioning Circuit 19 

Figure 9 Input Signal Block Diagram 20 

Figure 10 Plasma Cleaning System Timing Diagram 21 

Figure 11 Process Flow Diagram 24 

Figure 12 Sample front Panel 28 

Figure 13 Sample Block Diagram 29 

Figure 14 Manifold Drawing 31 

Figure 15 Electrical Schematic 32 

Figure 16 Enclosure Block Diagram 33 

Figure 17 Manifold Block Diagram 34 

vi 



Figure 18 Main VI Front Panel 36 

Figure 19 Main VI Block Diagram 37 

Figure 20 Wait for RESET WHILE Loop 38 

Figure 21 SET Occurrence Code 38 

Figure 22 Sequencing WHILE Loop 39 

Figure 23 Argon Pressure Sub-VI 41 

Figure 24 Argon Pressure Out of Range Condition 42 

Figure 25 DC Bias Voltage Sub-VI 43 

Figure 26 Oxygen Flow Sample Channel VI 44 

Figure 27 Pressure Delta before Modification 45 

Figure 28 Flow Delta before Modification 45 

Figure 29 Pressure Delta after Modification 47 

Figure 30 Flow Delta after Modification 48 

Figure 31 Schematic Diagram after Modification 49 

Figure 32 New Electrical Design 54 

Vll 



CHAPTER 1 

PLASMA CLEANING SYSTEM 

PROBLEM DEFINITION 

Introduction 

Plasma cleaning is an essential step in the manufacturing process of SAW 

(surface acoustical wave) devices at RF Monolithics, Inc. (RFM). RFM, a Dallas, Texas 

based company, is engaged in the design, manufacture, and packaging of SAW devices. 

Established in 1979, RFM's product lines include low cost resonators, filters, oscillators, 

clocks, wireless products, and military devices. 

The need for a reliable product is essential. One aspect of achieving reliable 

products is to remove contaminants from the die mounted inside each device. Plasma 

etching removes organic contaminates1 from the surface of the device. These 

contaminates can lower frequency by mass loading the surface which reduces the velocity 

of the surface acoustical wave. Contaminates also reduce bondability and can induce 

latent defects such as corrosion which shorts the device electrically. This low-

temperature plasma consists of an accumulation of ions, electrons, neutral gases, 

chemically active atoms, and free radicals2. RF energy excites the gas molecules causing 

them to break apart allowing free radicals to combine with organic surface layers and 

forming gaseous by-products. These by-products, which are usually harmless, are 

removed from the chamber by a vacuum pump and vented into the atmosphere2. 



The current plasma cleaning system used to produce these devices is deficient of 

the necessary controls and instrumentation to insure proper operation. The problem is 

how to provide monitoring capabilities to the plasma cleaning system resulting in reduced 

scrap and increased reliability. Several research questions had to be addressed before 

pursuing this project. First, does this project fit into the overall future factory plans? 

Second, if the project does fit into the plans, what type of instrumentation will be needed 

to insure proper operation? Finally, is this project cost effective for the production of 

these devices? These questions must be addressed before any detailed project definition 

is formed. 

Project Feasibility 

The project is worthy of pursuance if it is shown to fit the future factory plans as 

illustrated by the project's cost effectiveness. Cost effectiveness will be discussed later. 

The current factory philosophy is to move a group of devices or arrays from one work 

cell to the next, or batch processing as opposed to an automated production line 

connected by conveyors resulting in continuous processing. This method of 

manufacturing works well in low volume and/or high-mix product manufacturing 

environment. However, the quantities have increased for RFM to the point that a new 

philosophy must be adopted shifting to higher volume processing techniques utilizing 

integrated lines featuring high volume continuous processing within the next two years. 

The current plasma cleaning system will be replaced with an in-line system having a 

larger capacity, but that doesn't eliminate the need for this project. Most systems on the 



market today have some process monitoring capabilities. The plasma cleaner used in this 

project does not have the electrical circuitry necessary to monitor gas flows and 

pressures. A system that can be upgraded to not only monitor the plasma system, but also 

be enhanced to control the new system to meet future needs is necessary. Therefore, the 

monitoring system needs to be flexible and upgradeable with a payback period of less 

than six months. 

Instrumentation 

The current plasma cleaning system utilized in production is not equipped with 

control feedback or even with monitoring capabilities to insure proper input from the 

vital variables of the process. These variables are RF Forward and Reflected Power, Gas 

Pressures, Gas Flows3, Vacuum measurement, and Electrode Connection. Of these 

important variables, only RF power has a feedback loop to control the output. The 

feedback loop only tunes the RF circuit to the load. Two possible gases can be used with 

the current system, Argon and Oxygen. These gases may be used separately or mixed 

together. Argon is a noble gas used to generate free radicals while O2 is one of several 

oxidizing gases used in RFM's plasma cleaning system to remove organic contaminates 

from the surface4 of the die to be cleaned. Dies are individual pieces of a sawn quartz 

wafer with sputtered inter-digital aluminum pattern on the surface of the quartz. 

Dynamic line pressures and flow rates of the gases are essential to thoroughly clean the 

surface of the dice. A block diagram of the parameters of the plasma cleaning system to 

be monitored is shown in Figure 1. Just as important as gas flow and pressure is the 



electrode connection (electrodes are attached to each shelf). Shelves are alternately 

connected to positive and negative terminals of the RF generator to create the plasma. 

During the process, shelves extend to load and unload product. If the shelves are not 

reconnected properly, poor electrical connection of any one shelf will result in partial 

cleaning of the devices. Electrical tests are only performed on the devices after the 

assembly is completed. Each substrate is comprised of384 cells. Each cell when sawn 

makes a single device. The rows and columns of the array are electrically inter-

connected making in process testing impractical and cost prohibitive; therefore, 

monitoring the plasma cleaning process is critical. Based on company data, this system 

could save an estimated $6,900.00 dollars per month. 

Argon 

Oxygen 

Vacuum 

Flow 
Meter 

Vacuum 
Oauge 

Solenoid 

Solenoid Flow 
Meter 

RF Generator 

Ground Shelf 

Power Shelf 

Chamber 

Figure 1 

Block Diagram of the Plasma Cleaner 



The plasma cleaning system is a simple Time/Event Driven Sequential Process5. 

Timing relays, a timer, and a vacuum sensor make up the system. These devices either 

reach a pre-determined time or vacuum level that triggers the next sequence in the 
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Plasma Cleaning Process Flow Diagram 



process. The Process Flow Diagram and The System Block Diagram are shown in 

Figures 2 and 3 respectively. The Timing Diagram is shown in Figure 8. 

Set Point 
Plasma Timer Vacuum 

Process 
Gases 

RF Power 

Figure 3 
Plasma Cleaning System Block Diagram 

The critical variables having the greatest impact on the process are pressures* 

flows, and electrode connection. The criticality of these variables requires monitoring to 

insure process consistency. Monitoring these variables requires two pressure transducers 

and two flow meters, allowing both gases to be monitored. A voltage divider circuit for 

measuring the direct current (DC) bias voltage to determine electrical connection of the 

shelves is also required. The correct sequence of events must occur before and after the 

crucial portion of the process is monitored. Four ON/OFF signals must be monitored to 

insure proper sequencing. These signals are Auto/Manual, Reset, Vacuum/Bleed, and 

Solenoid Engagement. These signals are, regardless of their voltage level, digital input to 

the monitoring system. The monitoring system contains pressure transducers, flow 

meters, an Input/Output board capable of measuring analog signals and reading digital 

lines, and a computer with a software program to control the monitoring system. The 

Input Signal Block Diagram is shown in Figure 9, 

The payback should be less than six months based on the scrap lost due to low 

frequency failures at final test. There are five shelves in the system, two with a positive 



polarity and three at ground potential. Each positive shelf of the plasma cleaning system 

holds six arrays giving a maximum of twelve arrays per cleaning cycle. Low frequency 

failures usually happen with several consecutively processed arrays, leading one to 

believe that the shelves are not properly seated. Estimating the price of each device to be 

$0.75 with 384 devices on each array equates to $288.00 for each array. Six arrays are 

ruined upon each occurrence of low frequency failures caused by improper plasma 

cleaning costing RFM $1,728.00. Improper cleaning occurs an average of 4 times a 

month. The inability to monitor this process costs the company $6,912.00 a month or 

$82,944.00 over the course of a year. 

Determining the payback analysis is based on the following assumptions: 

Annual Interest Rate = 8% 

Cash outlay = $9,000.00 for the monitoring system 

Payback must be less than 6 months 

From the equation6 F=P( 1 +i)n 

Where "F" is the future worth, "P" is the principle, "i" is the interest rate, and "n" 

is the number of annual interest periods. 

F=$9000 (1+Q.08)05 = $9,353.07 

With the monthly cost of scrap = $6,912.00 

The payback period is =$9,353.07/$6,912.00=: 1.35 months 

Plasma cleaning SAW devices is essential to the manufacturing process. 

Monitoring this process is required to insure consistent functioning of the process. The 

current system needs a monitoring system to insure that the input variables remain within 
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process limits to insure that the process is consistent. All necessary instrumentation is 

readily available, and the estimated payback is less than two months. A detailed project 

definition is needed to determine an actual cost. 



CHAPTER 2 

PLASMA CLEANING MONITORING SYSTEM 

PROJECT DEFINITION 

Introduction 

A more detailed project definition was needed before beginning the hardware 

design process. The feasibility of the project has been established. The critical process 

parameters, as already shown, are gas pressure, gas flow, and electrode conductivity. The 

operating levels of these parameters are needed to determine the types of sensors required 

to monitor the process. Additional necessary required information was the relay 

activation voltage for sequencing and the power supply signals available for the plasma 

cleaning system. Once these entities are established, the sensor, I/O board, and the 

software requirements can be defined. 

Literature Search 

Research for this project was not limited to any one particular source. One of the 

easiest sources is the Internet using its many search engines. Textbooks and trade 

publications were also a vital source of information. Research for the programming 

language began by searching for companies that develop the computer language "G." 

Several were found. Hewlett-Packard® and National Instruments, Inc.® were the two 

computer packages exhibiting the most promise. 
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The Internet was used to find user groups, scientific papers, and application notes 

using both Hewlett-Packard® and National Instruments, Inc.® packages. The library was 

used to search for plasma systems; however, most available material concerns the physics 

on the subject of high-temperature plasma, whereas this project's focus was on the 

monitoring of low-temperature plasma for industrial use. The telephone was crucial in 

finding information about plasma systems by contacting and requesting information from 

various equipment manufacturers as well as discussing the project with the 

manufacturer's engineering staff. Textbooks were the final source of general information 

needed to complete this project. 

Results of the literature search reveal removing photoresist, etching 

semiconductors, and cleaning surfaces for wettability and bondability8 utilize plasma 

cleaning. Lab VIEW® is used for data acquisition and control in many of these areas. 

Laboratory instrumentation projects use Lab VIEW® to monitor experiments9. Another 

article discusses an In-Situ Pollution Sampling System that uses Lab VIEW®10. Other 

articles found Lab VIEW® utilized in process monitoring and diagnosis11 and tracking 

rebar corrosion12. The most interesting use of LabVIEW® monitoring a process is using 

ultrasonics to monitor and control the curing process of composites13. 

Gas Pressures and Flows 

Gas pressures and flows are two of the most critical process parameters required 

to produce a consistent cleaning process. " With these parameters, it is almost always 

possible to find a good operating window. That is, it is usually possible to select process 
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parameters of power, pressure, gas composition, and time so that the part can be 

adequately cleaned without doing damage to the part.. ,"7 The gas pressures used in this 

process have two states, static and dynamic. Figure 1 shows the Plasma Cleaning System 

Block Diagram. The static line pressure is measured when gas is not flowing. Should the 

regulator not be tightened and the gas bottle emptied into the atmosphere, the vacuum 

pump will pull atmospheric gases into the system there by allowing the flow meter to 

register a correct value, thus giving the operator a false indication that the plasma cleaner 

is operating correctly. For this reason it is very important to the operation of the system to 

mistake proof the process. The process was originally setup for a 35 - 40 psig static 

pressure range, but flexibility is desired. These gas pressure and flow ranges were 

empirically derived by the process engineer who originally set up the process. When gas 

is flowing through the system, the dynamic line pressure drops to between 26 and 32 

psig. The gas pressure and flow meters, on the original equipment, are measured with 

non-calibrated mechanical gauges. The accuracy of the gas and flow meters is +/- 5 psig 

and +/- 5 seem. Additionally, the pressure gauges and regulator are located in a 

mechanical chase outside of the clean room inaccessible to the operator. The flow 

regulators, are located on the front panel of the plasma cleaner, are prone to sticking. A 

stable repeatable process is very difficult to achieve under these conditions. 

Electrode Conductivity 

Three different approaches were explored in determining how to monitor the 

electrode conductivity of the chamber shelves and to ensure good electrical connection 
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for uniform cleaning throughout the process. A shelf and the electrodes are shown in 

Figure 4. 

— — 
IBIIlllBlli WMMM 

Electrodes 

Figure 4 

Electrodes on the power shelf of the plasma cleaning machine 

The shelves are pulled out breaking the electrical connection for loading and unloading 

populated arrays. It is crucial that the shelves make a good electrical connection prior to 

initiating the cleaning process to establish and maintain uniform gas ionization inside the 

chamber. The plasma only exists in half of the chamber with one shelf not connected 

properly. The three possible methods of detecting proper shelf engagement considered; 
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measuring the radio frequency (RF) output power, measuring the 

- mm 

m 
s » 

Figures 

Power shelf extended out for loading 

feedback voltage in the motor control circuit, and measuring the DC bias between the 

positive and ground shelves. 

Measuring the RF output power proved unpredictable because of the automatic 

tuning circuitry incorporated into the equipment. The RF generator has a RF signal output 

of 13.56 MHz14. The schematic diagram with the equivalent circuit is shown Figure 6. 
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The Phase/Mag (phase angle/magnitude) detector located between the power supply and 

the tuning circuit measures the forward and reflected power. The forward output power 

is measured in watts which the RF generator supplies to the system (forward power is 

preset to 300 watts with a potentiometer located on the front panel of the generator). The 

reflected power is the measure of power reflected back to the generator caused by a 

mismatch in the load. The RF load is a combination of the shelves and substrates. The 

substrates, when placed on the power shelves, adds to the load. The shelves are part of 

R F t n Q Phase/ H h 
Mag 

Reflected 

Forward 

hambe 

Figure 6 

RF Circuit for the Plasma Cleaning System 

the RF circuit in parallel with each other and in series with the tuning circuit. The 

impedance increases with one shelf removed causing the circuit to become unbalanced. 

The tuning circuit increases the capacitance to balance the circuit thus reducing the 
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reflected power. The RF generator, when the circuit is tuned, delivers 300 Watts of 

power to the chamber regardless of the number of shelves that are properly connected. 

This approach was discarded very early because of the system's ability to adjust for 

varying loads. 

Using the feedback voltage from the motor driver circuit was not feasible in 

determining the shelf s continuity. Sensing an unbalanced condition through the op-amp 

driver circuit, the feedback in the circuit varies the voltage to the motors. The motors are 

driven in a clockwise or counter-clockwise direction depending upon the polarity of the 

applied voltage. The feedback voltage amplitude of the driver circuit is dependent upon 

the amount of mismatch in the RF circuit. The theoiy was that this voltage would be 

useful in indirectly determining electrode conductivity, but that proved incorrect. Load 

variations resemble shelf conductivity when looking at the feedback voltage. Coupled 

with the ability of the circuit to compensate for load variations, this option proved 

unreliable in measuring electrode conductivity. 

A discussion of this project with an engineer from March Instruments, Inc.® 

resulted in measuring the bias voltage to determine shelf conductivity15. The bias current 

increases when one or more shelves are removed. A DC potential difference is created 

between the power and ground shelves because the electrons from the plasma migrate 

toward the power shelf. Since there is no path to ground for DC current to travel, the bias 

voltage remains until the RF power is turned off causing the plasma to cease. When all 

shelves are properly seated, the bias voltage across the shelves is around 80 VDC ± 

10VDC. The bias voltage is approximately 150 VDC ± 10VDC initially, but quickly 
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settles to approximately 125 VDC ± 10VDC with one shelf dislodged from its connector. 

The voltage increases to 250 VDC ± 10VDC with all the shelves disconnected. The 

difference between 80 VDC ± 10VDC and 125 VDC ± 10VDC is sufficient to reliably 

determine proper shelf conductivity during the plasma cleaning process. The only 

obstacle left to work through is the voltage level. A signal conditioning circuit had to be 

designed. The circuit in Figure 7 is a simple voltage divider and is used to reduce the 

input voltage level to one compatible to the I/O board. VOUT (VM) is equal to 5 volts when 

the DC Bias voltage is 250VDC. Using the voltage divider rule, 

VR2 = (R2*Vin)/(Ri+R2) = 5 VDC = (R2*250VDC)/(Ri+R2) 

Or 5*Ri+5*R2 = 250*R2 or Ri =49*R2 

If R2 is chosen to be 5 kO, then Ri = 245kf2 

The total power dissipated is P = I2*RTOTAL
 = lmA2*250kO = 250mW 

Where RTOTAL = RI+R 2 

Note: For safety reasons, lA watt resistors were chosen. 

Vin „ 
250 V C_> 

245k 
1/2 W 

vout 

5k 
1/2 W 

Figure 7 

DC Bias Voltage Divider Circuit 
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Sensors 

The sensors for the gas pressures have to handle static pressures of 40 psig and a 

working or dynamic pressure of around 28 psig ± 2 psig. The rated pressure of the 

transducer should have a margin of safety of at least 20 psig to reduce the probability of 

damaging the sensor. In addition, working at a lower percentage of full-scale range will 

prolong the diaphragm's life in the sensor simply because mechanical stresses are 

reduced on the diaphragm. 

The operating range of the pressure transducer selected was 0 -100 psig, the 

supply voltage is 10-30 VDC, and the accuracy is ± 1% of full scale at room temperature. 

The output voltage is 1-5 volts. The data sheet for the transducers is in Appendix A. The 

mechanical flow meter mounted on the front panel has a maximum working flow of 100 

standard cubic centimeters per minutes (seem). Considering this, the flow meter selected 

has a working range of 0 - 100 seem. The full-scale output voltage of both types of 

sensors was selected for 5 VDC eliminating additional voltage divider circuits. The 

response time is 800 ms and the repeatability is ± 0.5 % of full scale. Finally, the meter 

has an accuracy of ± 1.5 % full Scale. These transducers and meters were selected 

because the system operating range was close to the midpoint of their full-scale range. 
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I/O Board Requirements and Selection 

The Input / Output (I/O) board is mounted in the computer chassis. The 

requirements are first defined before the board selection is made. The board 

requirements are dependent upon several system parameters. The input voltage levels, 

the data acquisition speed and timing, number of inputs, and future upgrades are the 

requirements of greatest interest in completing this project. Once these requirements 

were defined, the I/O board was selected. 

Input Voltage Levels 

Input voltages for this project are both analog and digital. The analog input 

voltages are the output voltage from the pressure sensors, flow meters, and bias voltage 

from the shelves. The output voltage range selected for the 0-100 psig pressure sensors 

is 1 to 5 VDC. The flow meters have the option of either 4 - 2 0 mA or 0 to 5 VDC 

output. For this project, the 0 to 5 VDC option is chosen; however, the current output is 

still available for future use. The DC bias voltage between the shelves has an output of 

250 VDC maximum. The voltage divider circuit is designed to reduce this DC bias 

voltage such that the maximum level is less than 5 VDC. The voltage used to activate 

the relays internal to the plasma system is 15 ± 1 VDC. These signals act as on/off 

signals, but at a higher voltage level than a TTL signal; therefore, these signals were 

conditioned with a 5.1 volt zener diode and resistor that are treated as digital. This circuit 

is shown in Figure 8. 
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O Vout 
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Figure 8 

Digital Sequencing Signal Conditioning Circuit 

All analog input signals have maximum of 5 VDC input to the I/O board. The 

conditioned signals used to monitor the sequencing of the system are treated as digital 

allowing them to be input into a digital port on the I/O board. Figure 9 shows the input 

signals to the I/O board. 



20 

Analog Signals Digital Signals 
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Figure 9 

Input Signal Block Diagram 

Data Acquisition Speed and Timing 

The speed of data acquisition should not be critical when monitoring RFM's 

manually operated plasma cleaning system. A process timing analysis of the timing of 

the system using the process flow discussed in Chapter 1 as shown in Figure 10. This 

analysis shows that timing is not important in the sequencing of monitoring as shown by 

the process timing analysis. Since the timing and speed are not important, a low-cost 

board will meet RFM's requirements. 
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Plasma Cleaning System Timing Diagram 

The number of analog channels needed to monitor the plasma cleaning system is 

five. The number of digital signals that require monitoring is four; therefore, the I/O 

board requirements are as follows: 

a) Minimum of 5 analog input channels, 5 VDC maximum 

b) Minimum of 4 digital channel, TTL compatible 
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c) Easily programmable 

d) Low cost 

e) Digital output capabilities for future use to control the process 

f) Reliability 

The board selected for this project was a LAB-PC-1200 from National Instruments, 

Inc.®. The board specification sheet is located in the Appendix B. Pertinent I/O board 

specifications are a sampling rate of lOOkS/s (100,000 samples per second) using a single 

channel with a sample and hold acquisition time of 14 microseconds maximum. The 

digital I/O ports are TTL compatible and can be configured into one single 24 bit digital 

port or three 8 bit ports. The analog channels available are 8 single ended or 4 

differential I/O ports. This board meets all RFM's requirements and is capable of 

handling upgrades in the future. 

Software Requirements 

The software used to control data acquisition and recording activities requires a 

customized program. Several factors must be considered before the program can be 

written. Three of the most important factors are functional requirements, data 

requirements, and programming language selection. Once the requirements and language 

were established, the hardware design and programming process were started. 
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Functional Requirements 

The functional requirements define necessary monitoring system activities to 

successfully meet the project goals of monitoring critical parameters, displaying their 

status, and recording out of ranges conditions. There are five analog and four digital 

signals required to meet RFM's objectives. The system must first monitor the plasma 

system utilizing the digital input signals. These signals track process sequencing and 

display the system status on the monitor for operator verification. The analog signals are 

electrical equivalents of gas pressures, gas flows, and DC bias voltage. Any out of range 

condition must be recorded. The program must convert the electrical signals to their 

physical equivalents. The software must read both analog and digital signals, display 

their status on the monitor, and record any out of range condition. Table I summarizes 

the signals for this project. The Process Flow Diagram with the Monitoring System 

added is shown in Figure 11. The next step of this project was to define the data 

requirements. 

Signal Type Channel Pin Number Voltage 
Argon Pressure Analog ACHO 1 0-5 VDC 
Oxygen Pressure Analog ACH1 2 0-5 VDC 
Argon Flow Analog ACH2 3 0-5 VDC 
Oxygen Flow Analog ACH3 4 0-5 VDC 
DC Bias Analog ACH4 5 0-5 VDC 
Analog Ground Ground AGND 11 GND 
Digital Ground Ground DGND 13 GND 
Vacuum/Bleed Digital PAO 14 5.1 VDC 
Auto/Manual Digital PA1 15 5.1 VDC 
Reset Digital PA2 16 5.1 VDC 
Solenoid Digital PA3 17 5.1 VDC 

Table I 

Input Signal Reference Table 
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Process Flow Diagram after Monitoring System was Added 
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Data Requirements 

The main purpose of the monitoring system is to generate a historical database to 

monitor the system and determine if it is operating within specified limits. When 

examining the purpose and deciding necessary data, there are several factors to consider. 

The most important question to ask is "How will this data be used?" Data will be used to 

determine the root causes of electrical test failure at final test. Since surface 

contamination causes mass loading on the SAW, the frequency will be lower at final test 

with contaminants on the surface. This is not the only reason for low frequency failures; 

therefore, if the plasma cleaning system is functioning properly, one possible failure 

mechanism can be eliminated. Another factor in determining the data requirements is lot 

tracking, or how does one know which substrate was processed through the plasma 

cleaner and when? The shop floor control software currently in use has each array 

recorded after it is processed through the system. The links between the shop floor 

control software tracking system and the monitoring system are the date and time. 

Naturally, the sensors' output voltage level will be required. Next, it needs to be known 

which sensor experienced the out-of-range condition, and whether the reading was high 

or low when compared to the range. With a way to trace an array through the plasma 

cleaning process and knowing how the plasma system was operating at that time, a 

history of the process is generated. 
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Programming Language Selection 

Selection of an appropriate programming language to complete this project was a 

simple process of elimination. The first criterion is that the language be easy to use for a 

non-programmer eliminating languages such as "Visual Basic", "C", "C++", etc. 

Research turned up several a graphical programming language, "G", options. The 

choices are DasyLab®, LabTech®, Lab VIEW®, and HP-VEE®. The use of this language 

reduced programming to clicking and dragging icons from the tool palette and wiring 

them together. This was a significant improvement over learning syntax and other 

characteristics of the different programming languages. The last criterion was to have 

some familiarity with the software manufacturer. Either HP VEE® (Visual Engineering 

Environment) or Lab VIEW® (Laboratory Virtual Instrument Engineering Workbench®) 

would have worked equally as well for this project. Lab VIEW® was chosen over HP 

VEE® for two main reasons: familiarity with the product and the fact that the I/O board 

was manufactured by National Instruments, Inc.®, the creator of Lab VIEW®. 

Introduction to Lab VIEW® 

Lab VIEW® is a "G" programming language utilizing an engineering 

programming format for simplified usage. Application examples are simple DC voltage 

measurement, monitoring and controlling oil refineries, and controlling critical 

experiments on the Space Shuttle. It is an easy to use graphical programming language 

relieving the user from the tedious details of programming in the usual coded syntax. 

Each graphical program is called a Virtual Instrument or VI. Complex Vis are generally 
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made up of sub-Vis which can be operated as stand-alone programs. Vis are made up of 

two main parts, the Front Panel and the Block Diagram. The Front Panel, which can be 

made to look and work just like bench-top instruments, is the user interface where 

information is entered and the results are viewed. The Block diagram is the area where 

program flow, logic and mathematical functions are developed by the user. 

The Front Panel 

The Front Panel of the VI contains Controls and Indictors that emulate the 

Controls and Indicators of a bench-top instrument. A sample Front Panel is shown in 

Figure 12. Controls simulate switches, slide bars, knobs, or other inputs which are 

activated by the user to control the virtual instrument to achieve the desired response. 

Indicators are graphs, digital readouts, proportionally filled thermometers, or any other 

graphical representation of events controlled or monitored by the VI. Control and 

Indicator icons are located in the Controls Palette. These icons represent coded 

subroutines. When a control icon is placed on the front panel, a corresponding terminal 

icon is automatically placed in the Block Diagram. 
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Sample Front Panel 

The Block Diagram 

The Block diagram is Graphical Source Code, "G", of the VI. In the block 

diagram, Sub-Vis, formula blocks, Boolean function icons, and user generated functions 

are wired together forming the flow and logic of the VI. The Block Diagram executes the 

control commands from the Front Panel and returns data to the Front Panel. The icon 

terminals are graphically wired together identifying the program path or flow of various 

operations. Lab VIEW® has many Vis and sub-Vis in its library; however, it is not 

necessary to use existing VI s. Users can create their own virtual instruments tailored to 

a specific application. Programming a VI is beyond the scope of this paper; however, it 

is simple to do with "click and drag" operations. Detailed analysis of the Plasma 

Cleaning Monitoring System program is discussed in Chapter 3. A sample block diagram 

is shown in Figure 13. 
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Project definition is the most important step in any project. The system variables 

were defined, types of sensors identified, and voltage levels verified. The remaining 

hardware requirements were outlined and the programming language was selected. The 

next step was to design and implement the system. 

high limit (0.0) P i 
low limit (0.0) E H 

MB 

channel (0) 

Figure 13 

Sample Block Diagram 



CHAPTER 3 

PROJECT DESIGN AND IMPLEMENTATION 

Introduction 

Implementation of the hardware, writing the software, and integrating the two are 

the next steps after the hardware and programming language are selected. The hardware 

integration of the project entails connecting the interface circuits to the I/O board and 

plumbing the manifold with flow meters pressure sensors. Writing the software for this 

project includes developing Vis, sub Vis, and sub sub Vis to monitor signals from flow 

meters and pressure sensors. These signals are synchronized with the operations of the 

plasma cleaning system and record any operational errors to a file. Integration of the 

hardware and software entails sampling the flow meters and sensors output signals while 

using the digital input signals to synchronize the monitoring operation. Before 

integration can be completed, data must be collected and analyzed to insure the 

monitoring system meets the requirements. 

Hardware Implementation 

Hardware for this project consisted of both mechanical and electrical. The 

mechanical aspect consisted of purchased items including the enclosure, cabling, various 

fasteners, and tubing and fittings. Designing and fabricating a manifold to accommodate 

the flow and pressure sensors is required. The manifold drawing is shown in Figure 14. 

30 
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Manifold Drawing 

Additional hardware includes an ER-8 relay board that will be used in the future. 

The relay board was hard wired in for convenience. The ER-8 relay board requires a SC-

2053 adapter board used to separate the I/O ports, which is also manufactured by 

National Instruments, Inc. ®. The cable adapter board allows signals to be separated 

enabling the use of the ER-8 relay board. Each relay is operated by a TTL digital signal 



32 

from one of the data lines on port A, B or C of the LAB-PC1200 I/O board. The adapter 

board also allows digital and analog signals to pass through the I/O board and activate the 

relays. The analog signals for this project are Argon pressure, Oxygen pressure, Argon 

flow, Oxygen flow, and shelf DC bias voltage. The digital signals are Auto/Manual, 

Vacuum/Bleed, Reset, and Solenoid engagement. The schematic is shown in Figure 15. 
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Figure 15 

Electrical Schematic 
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Mechanical Hardware 

The enclosure used in this project is made of sheet aluminum and houses the relay 

board, adapter board, terminal block, and power supply. It also serves as a shield to 

reduce unwanted electrical noise. This enclosure is located between the plasma cleaning 

system and the computer. Figure 16 is a block diagram of the enclosure and its contents. 

Enclosure 

Terminal Board 

Adaptor Board 

Relay Boa rd 

Figure 16 

Enclosure Block Diagram 

The manifold is made out of aluminum and is used to supply a place to connect 

the flow meters and pressure transducers in the gas lines. The gas lines going from the 

wall of the system to the manifold are plastic. The lines are stainless steel from the 

manifold to the flow meters. The pressure transducers are connected directly to the 
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manifold. The stainless steel lines, because of their rigid characteristics, hold the flow 

meters in the upright position while bending around the system relays. The block 

diagram is shown in Figure 17. Connecting the signals from the plasma system and 

enclosure is a standard 25 conductor shielded cable with a 1 to 1 pin out, (i.e., pin 1 of 

the connector on one end is electrically connected to pin 1 on the other connector). 

Going from the enclosure to the data I/O board is a 25-conductor ribbon cable. 

© ® 

QL I— 

Gas Input SS tubing — <D 
u_ 

Manifold 

Figure 17 

Manifold Block Diagram 

Software Program 

The Lab VIEW® program monitors the operation of the plasma cleaning system 

and records out of range conditions critical to its operation. The program is broken down 

into three levels that are the main VI, sub-Vis, and sub-sub-Vis. The main VI controls 



35 

the flow of the program while the sub Vis compare voltage levels and determines 

ON/OFF or out of range conditions. The sub sub-Vis sample the assigned digital and 

analog lines which makeup the input to the sub Vis. 

Main VI 

The main VI controls the flow in which the plasma system's parameters are 

monitored. The front panel for the main VI consists of nine indicators and one control. 

Indicators are program outputs and controls are user inputs. In this program, five 

indicators are graphical representations of gauges and meters as shown in Figure 18. The 

remaining four indicators simulate indicator lights. The single control on the front panel 

allows the user to determine the sampling rate of the analog and digital signals. Actual 

control of the monitoring system is accomplished with the Block Diagram. The program 

flow in the Block Diagram is from left to right and top to bottom. Figure 19 shows the 

Block 
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Main VI Front Panel 

Diagram for the plasma cleaning monitoring system. 

The program first calls up the sub VIA/M; "AUTO/MANUAL" a digital input, 

and determines its state that is input to the True/False case structure. If the output of the 

sub VI is false, a message will be displayed on the monitor informing the user that the 

plasma cleaning system is in "Manual" mode. If the signal is true, the program 

progresses to the next step, a WHILE loop. 
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Main VI Block Diagram 

There are three WHILE loops in the main VI. The first WHILE loop waits for the 

momentary "Reset" switch activation that initiates the processes as shown in Figure 20. 

The loop will continue to execute until either A/M goes false or the Reset sub VI outputs 

a true signal. The A/M signal is wired directly to an AND gate while the "RESET" 
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Wait for RESET WHILE loop 

signal is passed through an inverter which is wired into the AM) gate. During normal 

operation, the A/M signal will be true and the RESET condition when TRUE terminates 

the WHILE loop execution. When the RESET condition is TRUE, the case structure 

executes the TRUE condition which sets an occurrence, see Figure 21. The programs 

"H True H"" 
This box SETsthe. 
RESET button and starts 
the plasma cleaning 

Figure 21 

SET Occurrence Code 

exits the WHILE loop and generates an occurrence. The program enters the second 

WHILE loop and the generated occurrence is wired into the wait for occurrence. The 

TRUE condition wired into the Wait for Occurrence allows the Wait for occurrence to 

ignore the previous occurrence. The WHILE loop has a 10,000 millisecond (10 seconds) 

delay before execution. After 10 seconds, the V7B, VACUUM/BLEED, sub VI is called. 

The 10 second delay allows the operator plenty of time after the RESET is pressed to 
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press the V/B switch. If the V/B signal is False, the WHILE loop is terminated. When 

the V/B sub VI outputs a TRUE condition, the TRUE condition of the case structure is 

executed. This is the third WHILE loop in the main VI. See Figure 22 below. 
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Sequencing WHILE Lopp 

The WHILE loop continues to execute as long as "V/B" or "Sole Eng" (solenoid 

engagement) and' A/M" are true. When "Sole Eng" sub VI outputs a False condition, 

the case structure executes the TRUE case that is the analog inputs from the sensors that 

measure the critical parameters. 

Since the current process only uses Argon, the oxygen pressure and flow inputs 
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are placed in a case structure and disabled. The sampling rate or delay is input from the 

Front Panel by the user. Once the Sole Eng (solenoid engagement) outputs a true, the 

indicators on the Front Panel are zeroed out. The V/B sub VI goes false and the program 

waits for the "Reset" input to go true. 

Sub Vis 

Sub-Vis perform task similar to sub routines in one of a syntax orientated 

programming languages. They are called by the main program one or more times during 

the execution of the program. For the monitoring system, sub-Vis sample analog 

channels connected to the sensors or digital channels connected to either switches or 

relays monitoring the progress of the cleaning cycle. All five of the analog sub-Vis 

perform similar functions. The exception is the DC Bias sub-VI, which compares the 

sample to a minimum voltage level. The other four sub-Vis determine whether sampled 

voltages are within specified ranges. The digital sub-Vis are identical, only the channel 

inputs are different. 

The Argon Press, Argon Pressure, sub-VI duplicates the same logic and format as 

the Qxy Press, oxygen pressure, and Argon and Oxy Flow sub-Vis. The mathematical 

equation in the formula node differs between pressure and flow sub-Vis because of the 

conversion factors used to convert from voltage outputs to pressures and flow rates. The 

Argon Press sub-VI is representative of the operation of all analog input sub-Vis. The 

Main VI sequences through the program to the Argon Press sub-VI shown in Figure 23. 
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Execution of the sub-VI starts by calling the sub-VI Argon Press, an abbreviation 

for Argon Pressure Channel Sampling. This embedded VI is examined later in this paper. 

The pressure transducer voltage signal is sampled by the VI and converted to its digital 

equivalent in the Data I/O board. This digital equivalent is compared to the HIGH and 

LOW limits using the "In Range" function found under Comparison on the Function 

Palette. The input signal is also sent to the Formula Node where the voltage level is 

converted to a pressure equivalent. If the input is within the range, the condition 

statement is TRUE and the pressure reading is passed onto the Front Panel of the Main 

VI. In order to verify proper operation of the VI, a TRUE/FALSE Indicator was placed 
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on the Front Panel of the sub-VI. A FALSE condition starts the series of event to 

determine whether the signal is above or below the desired range. 

The input signal is compared to the LOW limit. If the outcome of that 

comparison is TRUE, a message of the out of range condition, time and date stamp, and 

the actual input voltage level are sent to the file "errorlog" in the hard drive. The FALSE 

condition performs the same function except the error message is different. The FALSE 

condition is shown in Figure 24 below. 
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Figure 24 

Argon Pressure Out of Range Condition 

The DC Bias sub-VI, shown in Figure 25, reads the designated analog channel 

and compares the output signal to the upper limit of 1.85 VDC. If the signal is less than 
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1.85 VDC, the voltage level reading is passed to the front panel and displayed on the 

computer monitor. If, however, the bias voltage exceeds the upper limit, an error 

message, data and time stamp, and actual voltage reading are clustered together and 

appended to the file "errorlog' in text format. The actual voltage level is passed to the 

front panel for display. 
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Figure 25 

DC Bias Voltage Sub-VI 

Sub-Sub-Vis 

The sub-sub-Vis for this project are data acquisition Vis from the Function pallet 

of Lab VIEW®. The Vis are saved under a different name and the default values were 
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changed in order to retain the correct analog or digital input channel. Figure 26 shows 

the Oxygen Flow Sample Channel VI. Changing the default values is simple. Input the 

"Device", "Channel", and limits in the appropriate input box. Select the "Operate" menu 

from the top tool bar and click on the "Make Current Values Default". 

device sample 

I 5 T 7 
channel (0) 

high limit (0 0)low limit (0 0} 

Figure 26 

Oxygen Flow Sample Channel VI 

Experimental Data 

Data for this project was collected over a one-month period when the plasma 

cleaning system was operating twenty-four hours a day and seven days a week. During 

this period, there was 18,000 Argon pressure and flow readings sent to the file "errorlog" 

The oxygen section of the acquisition system was disabled since oxygen is not currently 

used in production. The reason for the abundant file entries was that the difference 

between the new sensors and the mechanical gauges. This was discovered during the 

initial setup and checkout of the monitoring system. The pressure and flow readings 

were not adjusted since these variables are critical to the process and they have been 
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running at these settings for some time. Additionally, the sampling rate of the monitoring 

system was set at one sample every thirty seconds. This sampling rate allows thirty 

voltage output readings every complete cycle when an out-of-range condition exist. The 

results of the data analysis are charted in Figures 27 and 28 and summarized in Table JI. 
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Mean Standard 
Deviation 

CpU Cpi Cpk 

Pressure 36.83 1.39 0.76 0.44 0.44 

Flow 3.38 0.193 0.857 0..871 0.857 

Table II 

Data Analysis Summary before Modifications 

Cp„ is the upper process capability. Cpi is the Iowa: process capability. Cpk is the process 

capability. The process capability number is a statistical method of determining whether 

the process is capable of staying in statistical control. A CPk value of 1.33 is considered 

in statistical control based on RFM Quality Standards and Policies that meet the 

requirements of QS 9000. The formulas for calculating these capability indices are as 

follows: 

CpU= ( grand average - lower specification limit) / (3 * Standard deviation) 

Cpi = (upper specification limit - grand average ) / (3 * Standard deviation) 

Cpk = the lesser of Cpi or Cpu 

The monitoring system was not statistically capable of staying in control due to several 

factors. The unshielded ribbon cable between the relay board and the I/O board was 

picking up electrical noise and there is noisy electrical power coming into the room. De-

coupling capacitors were added to the circuit as shown in Figure 31 and the results are 

shown in Figures 29 and 30 and summarized in Table III. 
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Mean Standard 
Deviation 

CpU Cpi Cpk 

Pressure 36.83 -0.377 2.54 1.87 1.87 

Flow 3.38 0.043 3 9 8 3.82 3.82 

Table EI 

Data Analysis Summary after Modifications 

Pressure Delta after Modification 

Output Delta (Output - Average) 

Figure 29 

Pressure Delta after Modification 

After the de-coupling capacitors were added to the circuit, the data clearly shows that the 

process is statistically capable. It should be noted at this point that noise is still present at 

the input to the I/O board. 
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Flow Delta after Modification 

Output Delta (Output - Average) 

Figure 3d 

Flow Delta after Modifications 

During the same period, there were three instances where the DC bias voltage 

exceeded its limit. The results are shown in Table IV. 

The DC Bias is too High 9/10/98 6:44 AM 2.485352 

The DC Bias is too High 9/11/98 12:17 AM 1.984863 
The DC Bias is too High. 9/11/98 4:05 AM 2.485352. 

Table IV 

DC Bias Voltage Errors 

The two readings of2.485352 volts, which equate to a bias voltage of 124 volts, show 

that one shelf was not connected properly. The 1.984863 volts sample equates to a DC 

Bias voltage of 99 volts meaning the shelf was making poor electrical contact or an oxide 

was forming on the electrodes and contacts. 
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Schematic Diagram after Modification 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 

During the course of this project, the question "How to provide monitoring 

capabilities to an existing plasma cleaning machine that results in reduced scrap and 

increased reliability?" was answered. Answering this question involved determining the 

project feasibility, identifying the proper hardware, and selecting the programming 

software. Once the instrumentation and tools to complete the project were determined, 

integration between the plasma cleaning machine, hardware, and software was 

accomplished. Upon completion of the integration process, data was taken to determine 

proper operation. De-coupling capacitors to enhance the monitoring system operation 

were added as a result of data analysis. 

Project feasibility was determined by two factors. Those factors are future factory 

plans and cost effectiveness. The future factory plans include high volume processing 

techniques utilizing integrated production lines. The monitoring system falls within the 

plans of automatically monitoring processes to increase yields and improve reliability. 

The cost analysis for the project was estimated at $9000.00 with an estimated payback of 

1.35 months. The actual cost of the system was $6743.00. Data shows that in one 

month, $10,368.00 would have been saved if the monitoring system were utilized 

properly. During the data collection period, operators were instructed to use the plasma 



cleaner normally and to ignore the monitoring system: therefore, the loss was not averted. 

Instrumentation consisted of pressure transducers, flow sensors, and an I/O board. 

The pressure transducers have an electrical output voltage range of 1 to 5 VDC and the 

flow sensors output range is 0 to 5 VDC. These output signals match the selectable input 

voltage range of the LAB-PC-1200 I/O board. The relay and adapter boards are 

incorporated in the design to allow control of the process in the future. A power supply 

was added to power the pressure transducers and flow sensors. Signal conditioning was 

used to reduce the plasma cleaner relay activation voltage from 15 VDC to 5 VDC. The 

relay activation voltage was used to monitor the plasma cleaner process sequencing 

through Port B digital lines. The sequencing and sensor outputs were connected to the 

adapter board using a standard printer cable and from the adapter board to the I/O board 

mounted in the computer with a ribbon cable. 

The monitoring software was written in the "G" programming language 

Lab VIEW®. The main Virtual Instrument, VI, monitors the plasma cleaner sequencing 

via the relay activation voltages through the use of WHILE loops and Boolean controlled 

CASE structures. Sensor output voltages are monitored utilizing the sub Vis during pre-

determined sequences. When an out of range condition exists, an error message is sent to 

a file along with the time and date of the occurrence. The sensor output voltage is also 

recorded in that file for analysis. 

Analysis of the data collected indicted that electrical noise was causing erroneous 

readings of the sensor output voltages. With a specification of ± 2.5 psig, the standard 

deviation of the pressure readings was 1.39 psig resulting in a Cpk of 0.44. With a flow 
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meter tolerance of ± 0.5 seem, the standard deviation was 0.193 seem and a Cpk of 0.857. 

These results were unacceptable. De-coupling capacitors were added to the circuit as 

shown in Figure 31 reducing the noise to an acceptable level. The results show an 

increase in the Cpk value from 0.44 tol .87 for the pressure measurement and 0.857 to 

3.82 for the flow measurements. The Cpk value for an acceptable level is 1.33 for a 

process that is in statistical control and stable and 1.67 for a process that is in statistical 

control and not stable. 

The project was economically feasible since the monitoring system detected three 

DC Bias voltages out of range. If the out of range conditions had been detected by the 

operator, it would have resulted in savings of $10,368.00 dollars. Because these devices 

were low in frequency, they were scrapped. The hardware aspect of this project had few 

problems. The printed circuit boards used were project boards that resulted in sub-

standard assembly quality. Routing of the DC Bias voltage coaxial cable proved critical. 

Discussions with a colleague from RFM resulted in using a shielded coaxial cable has 

and routing it as short as possible16. If a short routing is not achieved, the RF field will 

be disturbed and the reflected power cannot be controlled by the tuning circuit in the 

plasma cleaning system. The software portion of the project presented few problems. 

The only problems encountered were the usual errors of omissions in the logic and 

familiarization with some of the functions of Lab VIEW® which were all corrected to 

insure proper execution of the program. 
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Recommendations 

Results from the data taken show that several enhancements should be made to 

improve the capability and operation of the system. Stemming from this project are fiye 

recommendations to improve the monitoring system. Enhancements needed for the 

system are improved printed circuit boards, power conditioner, replace the ribbon cable, 

connect the relays, and modify the software. Making these alterations will convert the 

system function from monitoring to control. 

The printed circuit boards in the system were project boards. These boards were 

chosen because they were inexpensive and the project was unproven. Fabricating 

customized circuit boards would eliminate jumper wires that are small antennas and 

contribute to the noise in the system. Along with the customized boards, addition of 1 Hz 

unity gain active filters would further reduce noise. The new design is shown in Figure 

32. These modifications would improve the process capability. Adding a power 

conditioner to the incoming power line would filter out electrical noise coming into the 

clean room and from other machinery. Replacing the ribbon cable with a shielded cable 

between the relay board and the I/O board would further reduce the electrical noise in the 

system. 

The other changes needed are the connection of the relay board and modifying the 

program. Connecting the relay to abort the cleaning cycle when an undesirable condition 

occurs will save several thousand dollars a month as shown by the data. The data proves 

that three instances during data collection activities where a total of $10,368.00 would 

have been avoided in one month. The software would require slight modification in the 
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sub-Vis. The file "errorlog" would still be maintained, but the system would shut down 

and the error condition corrected before the cycle could be restarted. This would be 

accomplished by adding a WRITE TO DIGITAL LINE VI to the existing Vis and the 

error message would appear on the monitor describing the error and outlining the 

corrective actions. These improvements would convert the monitoring system into a 

control system. 

Lab-PC-1200 I/O Board Connector 

12 Vdc 

RED WHT 741 

BLK 

RED WHT 
741 

BLK 

741 

Vacuum/ 
Bleed 

Auto/ 
Manual 

Reset Solenoid 

741 

10k 
1/4 W 

10k 
1/4 W 

10k 
1/4 W 

10k 
1/4 W 

5.1V 5.1V 5.1V 245k 
1/2 W 

.1jiF 

1/2 W 

,AR 

Figure 32 

New Electrical Design 
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Flow Meters 

Flow Medium: Please note that GFM Mass Flowmeters are designed to work with clean 

gases only. Never try to meter liquids with any GFMs. 

If necessary, it is recommended that gases are filtered upstream from 

the Mass Flowmeter to prevent any impediments from getting into the 

sensor tube and other passages. 

GFM Mass Flowmeters are available in an Aluminum/Brass construction for 

basic non-corrosive gases, or of 316 stainless steel construction for more aggressive 

gases. Aalborg makes no expressed or implied guarantees of corrosion resistance of mass 

flow meters as pertains to different flow media reacting with components of meters. It is 

the customers' sole responsibility to select the model suitable for a particular gas based 

on the fluid contacting (wetted) materials offered in the different models. 

Accuracy: +_ 1.5% of full scale, including linearity for gas temperatures of 59°F to 

77°F (15°C to 25°C) and pressures of 5 to 60 psia (0.35 to 4.1 bars); optional 1% of full 

scale "certified calibration accuracy" associated with a given set of temperature and 

pressure values. 

Repeatability: +_0.5% of full scale. 

Temperature: 

Coefficient: 0.15% of full scales/°C. 

Pressure 
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Coefficient: 

Time constant: 

Response Time: 

0.01% of Ml scale/psi (0.07 bar). 

800 ms. 

Generally, 2 seconds to within 2% of actual flow reading 

over 25% to 100% of full scale. 

Gas Pressure: 500 psig (34.5 bars) max; 20 psig (1.4 bars) optimum. 

Gas and Ambient Temperature: 32 to 122°F (0 to 50°C). 

Leak Integrity: 1 * 10E-7 sees He max to outside environment. 

Materials in Fluid 

Contact: GFM17/GFM37/GFM47 

Anodized aluminum, brass, 316 stainless steel; Viton® o-rings standard; 

Buna-N® or Kalrez® o-rings optional. 

GFM17S/GFM37S/GFM47S 

316 stainless steel, Viton® o-rings standard; Buna-N® or Kalrez® o-rings 

optional. 

Readings: Readings are in engineering units for a given gas (i.e. liters/min, ml/min, 

scfh, etc.). Optionally, 0 to 100% calibrations are available. Unless 

specified otherwise, direct reading N2 calibrations in engineering units are 

supplied. 

Power Requirements: +12 VDC, 200mA minimum; DC power jack is center positive; 

750mA M (medium time-lag) resettable fuse and polarity protected. +24 

VDC optional. 
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Inlet and Outlet Connections: lA inch (GFM17 and GFM37) or 3/8 inch (for 

GFM47) compression fittings. Optional VCR® or 1/8 inch, 3/8 inch 

compression fittings. 

Output Signals: Linear 0-5 VDC (1000 ohms minimum load impedance) and 4-20 

mA (50-250 ohms loop resistance). 

Display: 3 Vi digit LCD, 0.5 inch high characters. The LCD display is built into the 

upper block element that may be tilted over 90 degrees for optimal 

viewing comfort. Remote or panel mounting remote reading is optional. 

Pressure Sensor Specifications 

MSP-300-XXXX-Y-3-Z Connection Information 

1-5 V output, 10-30 V 
input 

Wire Color/External Connections 

Red 

+y Supply 

Black 

-V Supply(GND) 
Part Number Interpretation 

..XXXX-P- 100, 250, 500, 1000, 2500, 5000, 10,000psi 

White 

+VOutput 

XXXX-B- 7, 17, 35, 70, 175, 350, 700 bar 
P = psi B = bar 
N=l/4" NPT, M=M14xlmm, U=9 / 16 -18UNF 

General Specifications 

Output 1-5V,@ 10-30 V Supply | 
Overpressure 2 times rated pressure 
Burst Pressure 5 times rated Pressure or 20,000psi, whichever is less 

I Accuracy 1% of full-scale output at room temperature 
(includes non-linearity, hystersis and repeatability) 

Zero Offset +1-2% FS ® 25°C 
Span Tolerance +1-2% FS ® 25°C 
weight 3 ounces nominal(85 grams) | 
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Envirc 

Operating Temperature Range 

mmental Specifica 

-4° to 185°F 

tions * | 

-20° to 85°C ^ ^ | 
Compensated Temperature Range 30° to 130°F 0° to 55°C 
Thermal Zero Shift +/-2% of FS 
Thermal Sensitivity +1-2% of FS 
Durability 10E8 cycles at room temperature 
Fluid Compatibility Any gas or liquid compatible with 17-4 stainless I 

steel 
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Analog Output Signal Connections 

Lab-PC-1200 

Pins 10 through 12 on the I/O connector are analog output signal pins. 

Pins 10 and 12 are the DACOOUT and DACIOUT signal pins. 

DACOOUT is the voltage output signal for analog output channel 0. 

DACIOUT is the voltage output signal for analog output channel 1. 

Pin 11, AGND, is the ground-reference point for both analog output channels as well as 

analog input. 

The following output ranges are available: 

Output signal range 

- Bipolar output V* 

- Unipolar output 0 to 10 V* 

*Maximum load current 2 mA for 12-bit linearity 

Logical Input and Output 

Absolute maximum voltage rating 0.5 to +5.5 V with respect to DGND 

Digital I/O lines: 

- Input logic low voltage 0.3 V min 0.8 V max 

- Input logic high voltage 2.2 V min 5.3 V max 

- Output logic low voltage 0.4 V max 

(at output sink current = 2.5 mA) 

- Output logic high voltage 3.7 V min 

(at output source current = -2.5 mA) 
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- Input leakage current 1 jiA min 1 A max 

(0 < V in < 5 V) 

Table 4-1. Analog Input Recommended Setting Time Versus Gain 

Gain Setting Time (Accuracy 0;Q24% (=-1 LSB» 
1 10 us us typ, 14 jxs max 
2-10 13 HS-typ, 16 fis max 
20 15 |ts typ, 19 [is max 
50 27 (is typ, 34 [imax 
100 60 (is typ, 80 p.s max. 

Table 4-2. 1200 Series Maximum Recommended Data Acquisition Rates 

Acquisition Mode Gain Rate 
Single-channel 1,2, 5, 10,20, 50, 100 100 kS/s 
Multi-channel 1 90kS/s^ 

2, 5, 10 77 kS/s 
20 66.6 kS/s 
50 37 kS/s 
100 16.6 kS/s 

The recommended data acquisition rates in Table 4-2 assume that voltage levels on all the 

channels included in the scan sequence are within range for the given gain and are driven 

by low-impedance sources. 

Specifications 

This appendix lists the specifications for the 1200 Series boards. These specifications a,re 

typical at 25°C unless otherwise stated. 
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Analog Input Characteristics 

Number of channels Eight single-ended, eight pseudo differential or four 

differential, software selectable 

Type of ADC 

Resolution 

Max sampling rate. 

Input signal ranges 

.. Successive approximation 

.12 bits, 1 in 4,096 

. 100 kS/s single channel 

Board Gain 
(Sofiware-
Selectable) 
1 

Board Range 
(Software-
Selectable) 
5 V OtoIQV 

2 2.5 V 0 to 5 V 
5 1 V Oto 2 V 
10 500 mV 0 to 1 V 
20 250 mV Q to 500 mV 
50 100 mV 0 to 200 mV 
100 50 mV Oto 100 mV 

Input coupling DC 

Max working voltage 

(signal + common mode) In differential or NRSE mode, the negative 

input/AISENSE should remain within 5 V (bipolar input range) or -5 to +2 V (unipolar 

input range) of AGND. The positive input should remain within -5 V to +10 V of 

AGND. 

Over voltage protection 35V powered on, 25 V powered off 

Inputs protected.... ACH<0..7> 

FIFO buffer size 512 S 
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Data transfers DMA, interrupts, programmed I/O 

Dither Available 

Transfer Characteristics 

Relative accuracy !0.5 LSB typ dithered, 1.5 LSB max undithered 

DNL 1 LSB max 

No missing codes 12 bits, guaranteed 

Offset error 

Pre-gain error after calibration . . . . 10 jiV max 

Pre-gain error before calibration... 20 mV max 

Post-gain error after calibration.... 1 mV max 

Post-gain error before calibration . .. 200 mV max 

Gain error (relative to calibration reference) 

After calibration 0.02% of reading max 

Before calibration 2% of reading max 

Gain not = 1 with gain error adjusted 

To 0 at gain =1 0.8% of reading max 

Amplifier Characteristics 

Input impedance 

Normal powered on 100 GO in parallel with 50 pF 

Powered off 4.7 kD min 

Overload 4.7 kQ min 

Input bias current 100 pA 



65 

Input offset current 100 pA 

CMRR 70 dB, DC to 60 pz 

Dynamic Characteristics 

Bandwidth 

Small signal (-3 dB) 

Settling time for full-scale step 

Gain 
1-10 

Bandwidth 
250 kHz 

20 150 kHz. 
50 60 kHz 
100 30 kHz 

Gain Settling Time 
(Accuracy !0.024% 

1 10 |is typ, 14 jis max 
2-10 IS (is typ, 16 us max 
20 15 us typ, 19 (j.s max: 
50 27 |is typ, 34 us max 
100 60 jis typ, 80 |j.s max 

System noise (including quantization error) 

Gain 
100 

Dither off Dither on Gain 
100 0.5 LSB rms 0.7 LSB rms 

Stability 

Recommended warm-up time 15 min 

Offset temperature coefficient 

Pre-gain 15 nV/°C 
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Post-gain 100 |xV/°C 

Gain temperature coefficient 40 ppm/°C 

Output, Lab-PC-1200 Only 

Output Characteristics 

Number of channels Two voltage 

Resolution 12 bits, 1 in 4,096 

Typical update rate 1 kS/s, system dependent 

Type of DAC Double buffered 

Data transfers Interrupts, programmed I/O 

Transfer Characteristics 

Relative accuracy (INL) 0.25 LSB typ, 0.50 LSB max 

DNL 0.25 LSB typ, 0.75 LSB max 

Monotonicity 12 bits, guaranteed 

Offset error 

After calibration 0.2 mV max 

Before calibration 0.2 mV max 

Gain error (relative to internal reference) 

After calibration 0.004% of reading max 

Before calibration 1% of reading max 

Voltage Output 

Ranges 0 to 10 V, 5 V, software selectable 

Output coupling DC 
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Output impedance 0.2 Q typ 

Current drive 2 mA 

Protection Short circuit to ground 

Power-on state 0 V 

Dynamic Characteristics 

Settling time to 

Full-scale range (FSR) 5 |j,s 

Output coupling DC 

Output impedance 0.2 Q typ 

Current drive 2 mA 

Protection Short circuit to ground 

Power-on state 0 V 

Digital I/O 

Number of channels 24 I/O (three 8-bit ports; 

Uses the 82C55APPI 

Compatibility TTL 
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Digital logic levels 

Level Min Max 
Input low voltage -0.3 V 0.8 V 
Input high voltage 2.2 V 5.3 V 
Output low voltage 
(I out = 2.5 mA) 0.4 V 
Output high 
voltage 

- -

(Iout = -4&nA) 4,2 V 
(I out = 2.5 mA) 3.7 V 

Power-on state All ports mode 0 input 

Protection -0.5 V to 5.5 powered on, 0.5 V powered off 

Data transfers Interrupts, programmed I/O 

Timing I/O 

Number of channels 

Protection 

Resolution 

Counter/timers 16 bits 

Compatibility TTL 

Base clock available 2 MHz 

Base clock accuracy ±50 ppm max 

Max source frequency 8 MHz 

Min source pulse duration 125 ns 

Min gate pulse duration 100 (as 

. 3 counter/timers 

. -0.5 V to 5.5 powered on, 0.5 V powered off 
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Digital logic 

Level Min Max 
Input low voltage -0.3 V 0.8 V 
Input high voltage 2.2 V 5.3 V 
Output low voltage 
(I out = 2.1 mA) 0.45 V 
Output high 
voltage 
(I out = 0.92 mA) 3.7 V 

Protection -0.5 to 5.5 V powered on, 0.5 V 

powered off 

Data transfer 100 us 

Digital Trigger 

Compatibility TTL 

Response Rising edge 

Pulse width 50 ns min 

Bus Interface 

Type Slave 

Power Requirement 

Power consumption 

Lab-PC-1200 185 mA at 5 VDC(5%) 

Lab-PC-1200 AI 150 mA at 5 VDC (5%) 

Power available at I/O connector +4.65 to +5.25 V fused at 1 A 
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Physical 

Dimensions 17.45 by 10.56 cm (6.87 by 4.16 in.) 

I/O connector 50-pin male 

Environment 

Operating temperature 0° to 50°C 

Storage temperature -55° to 150°C 

Relative humidity 5% to 90% non-condensing 
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