[image: image1.wmf]
a Division of Lucas Signatone Corporation

393-J Tomkins Ct.  Gilroy, CA  95020  ( Tel: 408-848-2851 ( Fax: 408-848-3352

e-mail: LucasLabs1@aol.com ( Website: www.lucaslabs.com

What is the CHAMBER ASSURANCE TOOL?

The CAT is a tool that was designed for the rapid, in-situ, characterization and diagnostics of the gas handling components on process equipment that operates under a vacuum.  The in-situ testing of the CAT provides the most accurate picture of the performance of these components under actual process conditions, unlike the artificial conditions of a test bench.

WHAT Does the CAT do?

In a battery of tests that can typically be performed in 1 hour the CAT tests the following parameters on the following components.

Pressure Sensors

Zero Offset


Gain (slope)


Deviations from Linearity


Signal Noise.

SYSTEM CHAMBER


Chamber Integrity (Leak rate)


Host Chamber Size (as a function of temperature)

Vacuum Pumping System

Pumping Speed vs. Pressure (dynamic)


Pumping Speed at a Given Pressure


Time to Reach Target Pressure


Base Pressure

MASS FLOW CONTROLLERS

For Each Test Point



Time to Come into Control



Flow Error



Standard Deviations in Flow (after control)



Maximum Flow Rate (overshoot)


Zero Offset


Gain (slope or span)


Deviations from Linearity.

How Does The CAT Work?

The CAT is based on the ideal gas laws, tempered with a great deal of experience.  Individual configurations are used to describe how each test should be run and to set limits for the results of each test.  These configurations are initially set up and saved and subsequently the technician running the CAT simply picks the configuration from the list of available systems.  

Prior to testing any systems during a shift the operator runs a series of self tests on the CAT.  These highly automated self tests ensure that the CAT is still operating within specifications and check the calibration of the CAT sensors and the integrity of the CAT Reference Assembly.

After the self test, the operator installs the CAT on a "Host" system and runs through an exhaustive battery of tests.  These tests typically take around an hour.  The CAT prompts the operator for all needed actions (which consists of opening and closing the vacuum valve and turning MFCs on and off at different flow rates).

In addition the CAT and Base Station provide an off-line testing capability for Pressure Sensors and Mass Flow Controllers.

Complete history capability allow the review of saved data at any time and scatter plots can be generated to identify trends or characterize the standard deviation in system performance.

What Are the Advantages of In-Situ Testing?

In-situ testing provides the most accurate picture of how the system or a component on that system will perform when the process is actually being run.  Removing components for bench testing subjects the component to very artificial conditions. Problems that occur because of a particular installation, interaction with other components or control systems are masked after removing the equipment from the machine.   Different power supplies, gases & control signals all are important performance factors which are not duplicated when bench testing.  When testing with the CAT, in-situ tests are performed on the components under the same conditions that as when process is running.  This effectively tests entire subsystems, not just a component in the subsystem.  For example, when testing a Chlorine MFC it is tested in the system with the same power supply, same control signals, same Chlorine supply and with the same plumbing that it runs with during process.  

In-situ testing, especially as performed by the CAT, can be significantly less perturbing to a system.  Removing components from a system increase the risk of component damage and also greatly increase the chance of system contamination.  It is unfortunate that it is all too common that a good component is damaged in removal or worse yet, a freshly calibrated component is damaged upon installation.  These situations lead to false confidence that the problem has been solved when it has, in fact, been worsened.  The breaking of gas lines when removing MFCs (or installing flow meters for tests) is a major source of very damaging contamination as well as potential leaks.  It is very time consuming to go through the proper techniques of purge cycling to remove an MFC.  The CAT only requires a few minutes to hook up and has a single electrical connection (to the pressure sensor) and a simple KF-25 vacuum connection to the chamber of the system.  The CAT Base Station enables complete evacuation of the connection to eliminate any chance of atmospheric contamination.

Why should I use the CAT?  Some of My Systems ALREADY Have Some Diagnostics.

The CAT provides several distinct and important advantages over other methods of in-situ testing.  The CAT is the most accurate in-situ test system available.  It provides more real time information than other methods.  It provides a common platform and a common reference against which all systems may be checked.  It has important data review and history features.  It is easy to set up and use. 

The CAT is the most accurate in-situ test system available.

The CAT is designed to eliminate all common sources of error when doing in-situ measurements.  It measures and corrects for pressure sensor performance, leak rates, chamber volume and can compensate for different temperature zones within a tested systems chamber.  Very few built in diagnostic procedures have even an adequate knowledge of their own chamber volume much less any other type of compensation.  The CAT offers complete testing of all parameters on all systems.  Most systems only offer a few tests.  The CAT also provides an off-line testing capability.

The CAT provides more real time information

Real time data and graphics convey much more complete and accurate information than systems which only provide numeric readings based on a few data points.  During it's testing the CAT acquires data several times per second.  This data is plotted on the screen and advanced data analysis algorithms convert the raw data into useful real time performance information.  Leak rate plots, manometer response graphs, pump speed curves and MFC flow rate graphs all provide extremely valuable data about the real time performance of the system.  The CAT can also uses its real time capability to increase the accuracy of its results.  For example, when doing flow rate calculations the CAT can actually determine when the MFC achieves controlled flow and makes its average flow rate determination based on data taken after control.  Most built in MFC tests only look at starting and ending pressure and thus ignore any overshoot or undershoot which is one of the things that can lead to very dramatic errors in the results.

The CAT provides a common test platform and common reference

The CAT provides a common test instrument which can be used to test almost all of your vacuum equipment.  This provides a common reference against which all systems in the fab can be measured.  This common standard is critical to achieve two very important goals in equipment maintenance, System Matching and System Reproducibility.  When a systems built in diagnostics are used the results may vary from machine to machine and may drift as machine performance drifts.  The CAT results are the same for all machines, even from vendor to vendor, and the CAT' built in self diagnostics capability minimizes drift.  The CAT test results and all history information on all systems are in a common format, which eases interpretation and makes it easy to actually use the results.

The CAT provides important data review and history features

The CAT saves all of its test results for later review and analysis.  Data from testing done today can be compared with both initial system fingerprinting and with any subsequent test.  In addition, any of the test parameters can be graphed in a scatter plot making it simple to identify performance trends.  For example:  While doing some research which involved performing repeated automatic pumping system test all of the data looked very similar in summary.  Upon graphing the data on a scatter plot, it became very evident that pump speed was starting out the same in each series of tests, but that it would drop as each test was repeated several times.  On a system this indicated a difference in system performance between the first wafer in a cassette and the last.  No other method of testing could provide the accuracy needed to detect the change and the data manipulation needed to identify it.

The CAT also allows the graphics from each test to be recalled and printed, and temporarily saves the raw data from each test.  All of this raw data, as well as the saved history data, can be imported from the CAT to a variety of systems and software packages for further manipulation and analysis.

Is the CAT easy to set up and use?

The CAT is easy to set up.  A short configuration file is used to describe how each system test is to be run and the limits for the results of each test should be.  After configuration the system can be run by almost anybody with very minimal training.  The operator simply selects the system to be tested from a list of those that have been configured and then is prompted for every subsequent action.  Complete context sensitive help is available for all items and actions.  All results are compared to the configuration limits and pass/fail results are generated (in addition to the actual results).  This procedure allows statistical based equipment maintenance.  The time required t complete a battery of tests on a system is approximately 1 to 1.5 hours including attachment of the CAT hardware.  The ease of use and short test time mean that the CAT is actually used in the busy fab, both for preventative maintenance and for equipment repair.  Many times other, less operator friendly, systems languish in the corner because they are too difficult to operate or take too long to use.

The CAT was designed to solve real world problems encountered by busy production fabs and research facilities.  It looks not only at paper performance, but at the very critical issues of reproducibility and system matching.  It provides accurate and complete information on a wide variety of equipment in a common, easy to interpret, format.  It offers unmatched real time performance data on the equipment operating under actual process conditions.  It offers history functions which make it simple to compare system performance over time and identify trends and it can export the history data to other computers.  Its ease of use and rapid testing allow full utilization of the CAT by minimally trained technicians with busy schedules.

How can the CAT save money?

The primary benefit of the CAT (CAT) is in quickly providing a complete picture of the performance of the gas handling components (MFCs, pressure sensors, vacuum pumps, chamber) on a process system.  Before the advent of the CAT, this complete analysis was almost never done, being time consuming, difficult and error prone.  However, this analysis is extremely necessary when performing equipment maintenance, adjusting component calibrations, system matching or process development.  Let us examine the benefits the CAT provides for each of these activities.

Periodic Equipment Maintenance (Testing)

The CAT is used to characterize the machine on a periodic basis (once a week, or once a month).  These results are compared to the initial characterization or "fingerprint" taken when the machine was new (known to be running good process).  Performance trends and component deterioration can be tracked and problems identified before they impact production.  In many cases where wafer inspection occurs several steps afterwards, this information can save many cassettes of wafers from going to scrap.  In an average fab the cost of "diagnostic scrap" (wafers which are processed before a malfunction is detected) can easily exceed $10,000,000/year.  The pass/fail results of each test (based on user defined configuration information) allows statistical based equipment maintenance to be performed, eliminating unneeded work, while indicating when work is needed.

Periodic Equipment Maintenance (Re qualification)

After a routine PM (such as chamber cleaning) or after any component change, the CAT can be used to quickly characterize the machine.  This characterization can be compared to historic data and the machine quickly re qualified.

Emergency Maintenance

When a process system goes down, it has traditionally been a difficult task to discover what went wrong and to bring the system back up.  This is especially true when more than one component has failed or is out of calibration and the replacement components are of unknown calibration.  The CAT will test and report on the performance of all of the gas handling components on the machine.  These tests will quickly identify all of the problem areas involving these components and repairs can be made quickly.  The off-line testing capability of the CAT/Base Station allows the replacement components to be tested before they are installed so that a poorly performing component is not replaced with a worse one.  If the problem does not involve any of the gas handling components, the CAT quickly eliminates those subsystems from consideration and allows the focus of the investigation to move on to the problem system.  Again in an average fab the loss in production time which can be eliminated by using the CAT easily can add up to well in excess of $10,000,000 in lost production.

Component Adjustment

The results of each test that the CAT performs (such as Zero Offset, Gain and Deviations from Linearity) allow components to be adjusted in-situ.  This in-situ adjustment is many times all that is needed to get a system back into specification and processing wafers as quickly as possible.  The need to remove components from the system with all of the time, personnel risk and risk of contamination that accompanies this work is eliminated.  For example, consider the amount of time needed to replace a Chlorine or Silane MFC which could have instead simply been adjusted in-situ (without breaking any gas lines).  In most instances, the savings in this activity alone would justify many times the purchase price of the CAT.

System Matching

It is quite common for identical machines, running the same basic process on the same types of wafers, to require different process recipes to get similar results.  Many times nobody knows exactly why these recipes must be "tweaked" into running.  Every time service is performed the recipe has to be re-tweaked in order to get optimum results.  These recipe variations are necessary to accommodate the uncharacterized differences between machines.  The CAT provides a common reference standard against which the performance of each process machine in the fab can be compared.  The components on each machine can then be adjusted so that they perform in the same manner and the same recipe can be run on every identical machine.  If adjustment is not possible, at least the reason for the recipe alteration can be documented and explained, so when the machine is changed during service or by simple aging, it can be quickly re characterized and the recipe adjusted accordingly.

Process Development

During process development and process research it is critical to know exactly how the machine is performing.  Results from a machine in an unknown state are hard to reproduce and present many problems when transferring the process to production.  The CAT allows the process development machine to be characterized and this "fingerprint" may be transferred along with the process.  This information dramatically speeds the shift of the process from development to production.

The CAT is a time saver.  It saves time when diagnosing problems, when servicing machines, when developing and transferring process, and when matching production systems.  It can also save wafers by identifying potential process problems before they impact the process and the wafers.

The CAT is very simple to use.  Once it has been configured for each system, a minimally trained technician can typically perform all of the testing on a system in 1 to 1.5 hours.  This saves the expense of having a highly trained engineer involved in a manual characterization that could take much more than a day per system.

The CAT' flexible configurations allows tests and result limits to be tailored to specific systems and processes.  The complete history facility allows trends to be identified and data to be printed and exported.  The CAT' in-situ testing techniques have been designed to eliminated sources of error and give the most realistic picture of how the machine is performing during process.

WHAT ABOUT N.I.S.T. TRACEABILITY?

Although we do not purport the CAT to be a calibration system per se, NIST certificates of traceability are available for the Reference pressure sensors.  In fact, the CAT uses the calibration data to mathematically correct the Reference pressure sensors back to the standard in real time.  All other tests are dependent upon the pressure sensor.  There does not exist an adequate NIST standard which is easily applicable to MFC flows of process gases into vacuum.  However, the CAT does use testing methods which are recognized by the NIST.  More important than NIST tracebility for most users, are the issues of reproducibility from day to day and from machine to machine.  The CAT excels at testing reproducibility and at system matching.

IS THE CAT EXPENSIVE?

The CAT costs more than some other testing instruments such as various individual bench testers.  But the combination of test capabilities, high utilization and valuable results lead to a short payback period in most situations.  In fact the vast majority of our sales are repeat sales where fabs are buying their third, fourth or fifth system.

CAN THE TESTING BE AUTOMATED?

Although the standard CAT is already highly automated, it requires an operator to perform some actions.  To reduce the amount of operator time needed, automation exists for many of the tests on many systems so that under these conditions the operator is only required during the MFC testing sequences.  In addition we will work with customers to supply fully automated versions of the CAT for their particular application.
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