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1.  Introduction:

This document attempts to capture the problem areas industry participants believe are hindering the rapid adoption of Advanced Equipment Control (AEC) and Advanced Process Control (APC).  

On 18 Sept 2000, the Integrated Measurement Association hosted its annual meeting in conjunction with the AEC/APC Symposium in Lake Tahoe, NV.   The audience was divided into four groups according to their affiliation 

Group



           Group Leader
Semiconductor Manufacturers

Rick Markle, AMD; John Pace, IBM

Semiconductor Process Tool OEMs

Milt Godwin, Applied Materials

Sensor Manufacturers


Mike Whelan, Verity Instruments

Software Providers  


James Moyne

The participants in this meeting had just completed hearing three days of technical papers presented at the AEC/APC Symposium-XII .  The goal was to identify the participants' perceptions at that point in time.  The groups used brain storming methods to answer two questions:


1.1  WHAT PROBLEMS WOULD YOUR COMPANY ENCOUNTER IF IT WERE TO PARTICIPATE IN A FAULT DETECTION AND CLASSIFICATION (FDC) PROJECT?


1.2  WHAT PROBLEMS WOULD YOUR COMPANY ENCOUNTER IF IT WERE TO PARTICIPATE IN A MODEL BASED PROCESS CONTROL (MBPC) PROJECT?

The Group Leaders summarized the written inputs and orally presented their summaries during the meeting.   The IMA has typed up the written inputs of the participants.  The Group Leaders have written the summaries of the inputs that are published in this document.

2.  Operational Definitions


The following operational definition of terms were followed during this brainstorming collection of ideas:


2.1  APC (ADVANCED PROCESS CONTROL) CONSISTS OF TWO MAJOR ACTIVITIES:




--FDC (Fault Detection & Classification)




--MBPC (Model-Based Process Control) 


2.2  FDC



2.2.1  FDC answers two questions




2.2.1.1  Is the tool and process operating as expected?




2.2.1.2  If not, what is the cause of the excursion from normal operation?



2.2.2   Sensors required



2.2.2.1  Tool-State Sensors (e.g. RF Tuning vane position, throttle valve position, MFC valve position, and other actuator positions controlled by the PID loop controllers in the tool.) 


2.2.2.2  Process-State Sensors (e.g. gas flows, pressure, RF power, temperature, temporal signature of the OES, and other recipe specified parameters and process signatures)




2.2.2.3  OEMs now provide most of these sensors



2.2.3  Real-time sensor data is required



2.2.4   Sensor data is analyzed in real-time and/or after the wafer run to detect failures in an effort to minimize the number of wafers mis-processed.


2.3  MBPC



2.3.1 MBPC answers two questions




2.3.1.1  How far from target are the critical product features?




2.3.1.2  How much to change a pre-determined process variable "knob" to hit the target?



2.3.2  Sensors required =  Wafer-state sensors to measure the critical wafer feature(s) produced by the process, e.g. film thickness, line width, etch depth.  "Wafer-state" sensors in the broadest sense includes stand-alone metrology tools that measure features on the wafer.




2.3.2.1  Feed the measurement forward to the next process and/or back to the previous process




2.3.2.2  Assuming no FDC alarms exist, use a process model to calculate an appropriate process recipe adjustment to bring the product feature closer to the desired value.




2.3.2.3  Apply the adjusted recipe to the current or next wafer run to minimize the number of mis-processed wafers.

3.  Barriers to Implementing FDC
as seen by

IC Manufacturers

Group Leader: Rick Markle


3.1  DATA INTEGRITY

For example, the data needs to have a reliable stream, have a good signal/noise, etc.  All data must be associated with adequate sample information (such as lot, wafer slot or ID, recipe, recipe step info, tool events, occurrence, date/time, etc.)



3.1.1  How do we deal with interactions of model based control run-to-run changing recipes while a fault detection systems tries to control/alarm to a fixed recipe?



3.1.2  How can we maintain, on a wafer by wafer level, the history of processing?  We must maintain quality (consistency + trace ability) for our customers.

.


3.2  DATA COLLECTION RATES



3.2.1  “Real Time” data availability is as process is occurring.


3.3  DATA ACCESS

For example, the data needs to be available for use both in closed-loop tool-level control and FDC systems and for use in process level control FDC.  The rate of access to the data may need to be "Real Time", or in "Packages" after each wafer or each lot depending on the control/FDC rate desired.



3.3.1  Is the remote access available all the time?



3.3.2  Open command set to interactively control tool in real time.



3.3.3  E-Diagnostic – second network important, separate from FAB network (MSMS) is a must for large amounts of data required.



3.3.4  Procedures are needed on how to handle with detected faults remotely.



3.3.5  Need functionality to hide data/recipes/information (as # lots produces…) on the tool level.



3.3.6  E-Diagnostic – SECURITY.



3.3.7  How to get access to the sensor from outside without using the IC makers secure intranet (bypassing)


3.4  DATA STORAGE/MINING

To help solve FCD problems:



3.4.1  Need more sensor development, better and easier integration.



3.4.2  Integrated solution FDC (classification information a slate of active Database to interconnect with the product final yield DB/Data mining)


3.5  SENSOR HEALTH


3.5.1  My #1 problem is high cost, long time to market and poor performance caused by individual suppliers trying to provide complete systems alone:




3.5.1.1  Tool suppliers trying to build sensors




3.5.1.2  Sensor suppliers trying to write software




3.5.1.3  Analysis software suppliers trying to activate tool operation




Etc.



3.5.2  No supplier has shown itself to be competitive at the world class level in more than one topic, so these attempts to capture more market share are holding back progress and shrinking the total market.



3.5.3  Solution: Quit squabbling over the money and trust, respect each other’s expertise, and work together to deliver some integrated metrology systems that are truly integrated – with the tool, with the factory host, with my choice of APC software and with the way we need to do business (i.e. functional out of the box, delivered in a timely manner, supported after installation without us required to arbitrate disputes over responsibility).



3.5.4  We need tool matching capability for a family of distributed sensors in the Fab with respect to a reference tool.



3.5.5  Is sensor calibration an issue for this discussion?  If so, how do we deal with assuring ourselves sensors are calibrated?



3.5.6  FDC Sensor?  What if the sensor has a problem?  Shut down the sensor and run the production tool without the sensor data or shut down the production tool?



3.5.7  Sensors for FDC sometimes are difficult to integrate into the FAB systems so manufacturers would desire plug and play devices in order to save time.



3.5.8  What happens to the process tool when the sensor is down?


3.6  CONTROL CAPABILITY



3.6.1  When a PM is performed, all FDC models need to be reset.  Can we learn from certain maintenance events to minimize new model creation?



3.6.2  Fault:




3.6.2.1 Can be a deviation from defined set of critical parameter limits.  These can be defined by sensitivity analysis from multi variable analysis.




3.6.2.2  Need association of faults with specific defects which can be classified and therefore need potential root cause of the parameter deviation.




3.6.2.3  Performance of fault detection is dependent on the response time.




3.6.2.4  Max performance: at wafer level




3.6.2.5  Average performance at lot level (25 wafer size)



3.6.3  Run-to-run will converge with wafer-to-wafer eventually and coexist (on the same tool.)



3.6.4  How can we make sure the tool is as reliable as before in cases when remote access was taken from the supplier?



3.6.5  Model Based Process Control (MBPC) should be based on criticality of device parameters (from final test analysis) set up appropriate model based process control in order to adjust




3.6.5.1  at each wafer if needed (best response time) the appropriate set up of equipment parameters (critical set), or




3.6.5.2  at each run if variation within run is acceptable/given the criticality analysis.



3.6.6  How can an add-on sensor or algorithm be defined to the tool controller?



3.6.7  Who decides what will happen with the tool in case the manufacturer SPC gives different results as the suppliers SPC?



3.6.8  Is there a way to parse the information from a tool to allow only certain information to be released?



3.6.9  MBPC – Within-wafer and lot-to-lot feed forward lot/wafer context information must be available to the process tool.  Not just a lot number at a recipe step, recipe ID, slot, film thickness, uniformity, product, last tool used, reticle information, etc.



3.6.10  Need to focus on better tool and performance during the tool development.


3.7  LEVERAGE OPPORTUNITIES – TWEAK E-DIAGNOSTICS TO MEET OUR NEEDS.



3.7.1  If we select to do FDC off the tool, we need a “connection” to the tool for data collection.  The connection to the tool has been and is currently the biggest problem for the APC community.  E-diagnostics is proposing a new tool connection for data collection.  Is it the tool connection the APC community needs?  If not can it be modified to meet the APC community needs?


- We need one tool connect for APC and e-diagnostics.



3.7.2  If the e-Diagnostics tool connection does not support APC needs, the APC community will be set back several years in its need for a better tool connection.



3.7.3  As in-line metrology expands we’re seeing the possibility of two metrology tools in one machine.  Can we get designated spots in the tools to park metrology equipment?  Generic layout maybe?



3.7.4 Why don’t we put all this e-diagnostic effort in more reliable SLO and add the capabilities to the tool.


3.8  MISCELLANEOUS



3.8.1 Difficulty – maintaining wafer (and human) safety with automatic tool shutdown (or remote operation).  Solutions – lock outs, safety routines, ??

4.  Barriers to Implementing FDC
as seen by

Process Tool OEMs

Group Leader: Milt Godwin

Summary

 Who gets what info


Proprietary vs. non-proprietary


What parameters to whom?


Remote access

How to Remote


Supplier vs. 1000 tools


Standards for routine policy

Value


How to define a value


Excursion control

Sensors/Metrology


Dumb vs. smart


Size/ placement of tools

Data Flow / Format


Specific transfer


And control

Training

All of the detailed inputs from the group follow:


4.1  WHO GETS WHAT INFO?



4.1.2  Establish proprietary versus non-proprietary information in fabrication recipes and process.



4.1.3  Access to data, real time or otherwise, should be web based, not OEM, SECS or MODBUS???



4.1.4  Include appropriate security for protection of proprietary information.



4.1.5  Limited or no access to critical wafer data.  Need to share metrology data to be able to create better models.



4.1.6  Need software for data alignment’’



4.1.7  FDC Problem – There is not way for process tool to know the maintenance practice and history managed in the FAB.  This type of information is necessary for the tool to make informed/intelligent decision about FDC and Predictive Maintenance.  



4.1.8  Solution:  Open accessibility to maintenance manager.



4.1.9  Assure access to all necessary process parameters for each process within the machine architecture.



4.1.10  Remote access – pre and post equipment remote access required.  




4.1.10.1 Suggestion: IM-OEMs to communicate




4.1.10.2  Process equipment supplier – incoming wafer inspection; outgoing wafer inspection -B.R., SVG



4.1.11  Real time and W-W MBPC.  Access to the knobs to adjust process recipe parameters – set points.


4.2  HOW TO REMOTE

Access to customer data from tool (e-Diagnostics)



4.2.1  Topics – Remote monitoring

Example:  A supplier with ~ 1000 systems install base remote monitoring

Challenge:  How to monitor 1000 systems remotely, who is monitoring what has been monitored.



4.2.2  Suggestion:  Need proactive real time, i.e. Fab planning.   B.R. – SVG



4.2.3  e-diagnostics – problem #1 is




4.2.3.1  Remote data, tool monitoring




4.2.3.2  No standards for remote access




4.2.3.3  Highly confidential info requires security




4.2.3.4  Need standards for remote

4.3  SENSORS/EQUIPMENT PARTS/ FEATURES/RELIABILITY



4.3.1  FDC Problems - Many sensors are dumb.  They should have self-diagnostics and report features.  Otherwise the tool/APC system has to perform sensor health check.

Solution: this is probably a competitive area for sensor suppliers.



4.3.2  FDC Problem – Many sensors are not well calibrated.  There is sensor– to-sensor mismatch.  This prevents comparison of data from different sensors. I.e - same model with different serial #.

Solution: sensor calibration standards



4.3.3  Reliability of sensors must be improved to a very high level.  In addition we must work out supportability for system with sensors.  7X24X365!



4.3.4  FDC – Difference in size of metrology tools to be integrated in process tool – standardize metrology size and hardware interface.



4.3.5  Parts tracking information (standard format)

Consumption, part #, estimate lift time.


4.4  DATA FLOW/ FORMAT



4.4.1  General problems




4.4.1.1 Specify “standard” commands or stream messages.  Issue) develop standard messages


4.4.1.2 Develop security and firewalls .  Issue) Who has access?  FAB? OEM? 3rd Party?


4.4.1.3 Languages to be distributed with messages.  Issue)  Development of conversion s/w


4.4.1.4 Resources.



4.4.2  FDC – e-Diagnostics.  Problem – single line host connection by GEM/HSMS is not enough to send out all the data required to be accessed and analyzed.  Solution: Separation of GEM/HSMS link for tool automation and data/control I/F link.



4.4.3  Develop appropriate transfer parameters for each process type: dep, etch, implant, lithography, CMP, etc.



4.4.4  FDC - Recipe communications between process between process equipment and metrology tool ( standardize communication specification.



4.4.5  FDC/e-Diagnostics Problem – There will be an overlap in data content between Gem/HSMS link and e-diagnostic connectivity.  This puts too much burden on the tool controller to handle.  Solution: this may be a competitive area for tool suppliers.



4.4.6  Develop file structures that allow for multi-chamber process parameters, including sampling of individual processes, intermediate process states, and on-board metrology for process states.



4.4.7  Integration of tool trace data and sensor vendor oriented data.  How we should connect sensor vendor dedicated bus with each tool.



4.4.8  What is the expectation of where sensor data is “crunched” – inside smart sensor (DSP) or at OEM tool?



4.4.9  Problem: defining ownership of responsibility of outcome/ database integrity.  IC manufacturer is the system integrator responsibility for creating and ……………...the database of all factors influencing a specific lot’s outcome lies with them.  Biggest variable entering any tool is the wafer/facility feeds.  Experience and knowledge of wafer/tool performance greatest within IC manufacturer.


4.5  GOOD / BAD CONTROL



4.5.1  The goals are always very broad.  Need to define smaller tangible goals.



4.5.2  Tool suppliers require what kind of excursion makes how much impact on device yield or device performance degradation.



4.5 3  Device makers’ more specific requirement or expectation on FDC will help tool supplier to develop most beneficial APC (FDC) tools for device maker.



4.5.4  FDC & MBPC – Problem: legacy code and control scenarios – cost and lead time all increase as new and distinct system requirements are imposed.  Introducing new features while maintaining compatibility to past systems is challenging and expensive.  Old standards do not completely disappear.


4.6  TRAINING



4.6.1  IC manufacturers need to better train their people on the benefits of FDC and MBPC.  Still looked at as a burden in some areas. 

5.  Barriers to Implementing FDC
as seen by

Sensor Manufacturers

Group Leader: Mike Whelan

5.1  PHYSICAL INTEGRATION STANDARDS NEEDED FOR - 



5.1.1  Metrology sensors



5.1.2  New sensors


5.2  COMMUNICATION STANDARDS NEEDED



5.2.1  For interface to tool



5.2.2  For fault alarm interdiction by support personnel


5.3  ACCESS TO TOOL RELATED DATA



5.3.1  Recipe information that may be required for effective FDC



5.3.2  The appropriate process data



5.3.3  Combined with wafer performance data downstream



5.3.4  Wafer ID, logistics


5.4  SPECIFICATIONS FOR FDC DATA



5.4.1  Content and format



5.4.2  Validity



5.4.3  Reliability


5.5  SENSOR CALIBRATION AND MATCHING



5.5.1  Standard calibration methods



5.5.2  Matching for tool to tool repeatability



5.5.3  Tied to a reference standards


5.6  SENSOR HEALTH



5.6.1  Internal diagnostic



5.6.2  Sensor health reporting mechanism



5.6.3  Soft remote reset without power cycling


5.7  CLASSIFICATION OF SENSOR FOR FDC REQUIREMENT



5.7.1  By measurement type



5.7.2  By tool subsystem applicability


5.8  FAB & TOOL MANAGEMENT BUY-IN TO PARTNERING ON FDC SENSOR EVALUATIONS AND PILOT STUDIES


5.9  METROLOGY SENSOR SPECIFIC ISSUES



5.9.1  Credibility of the measurement data




5.9.1.1  Stable reference standards a possible solution




5.9.1.2How to handle metrology standard – in fab, between fabs



5.9.2  Standards for metrology data format



5.9.3  Need to correlate FDC with metrology data at appropriate point


5.10  E-DIAGNOSTICS CONSIDERATIONS



5.10.1  Defining which sensors will support e-Diagnostics and have remote data access



5.10.2 Security and data access standards




5.10.2.1  What level of tool data access permitted?




5.10.2.2  What level of feedback modification activity permitted?



5.10.3  Personnel safety standards for intervention activity



5.10.4  Remote supplier access to health and status reporting requirement

6.  Barriers to Implementing FDC
as seen by

Software Suppliers

Group Leader: James Moyne

SUMMARY: Same basic issues as MBPC, lead by data traceability and time stamping, access to tool data in a timely fashion, and standards for data representation coming from tool.


6.1  LACK OF TRACEABILITY, DATA SYNCHRONIZATION AND TIME STAMPING



6.1.1  Materials tracking (cassette#, wafer / slot#, recipe, lot, etc.) for every chamber station in tool



6.1.2  Need to be aware of tool events such as PM’s, start / end of processing, etc.; downtime and PM knowledge ( access to PM schedules and event notifications



6.1.3  Time stamping of data is critical

Time stamping may be a requirement for some systems


6.2  ADDRESSING INTERACTION OF APC COMPONENTS:  TECHNICAL ISSUES



6.2.1  Interaction with MBPC components; need for FDC to know R2R control recipe and need for FDC to communicate fault events and classifications to R2R control


6.3  STANDARDS AND DATA ACCESS TO TOOL AND MES: POLITICAL, TECHNICAL AND MANAGEMENT ARCHITECTURE ISSUES



6.3.1  Need ability to share tool data in real time with multiple application ( tool supplier should provide better data access, definition and time stamping



6.3.2  Tools often do not provide access to process data required for FDC, such as gas flows, power, endpoint, etc., and this data should be time stamped



6.3.3  High speed data access to tool faster than 10 ms / data point



6.3.4  A tool control system architecture that isolated data collection and reporting from tool control is needed (i.e., FDC should not impact tool performance and vice versa)



6.3.5  Standardize data output formats (use for XML?)



6.3.6  Common interface specification to tool for FDC



6.3.7  Standardization of FDC definitions



6.3.8  Standardized methods for querying equipment sensors, FAB databases, etc.



6.3.9  Leveraging off of standards in other industries (XML)



6.3.10  Equipment communication and behavior standards are needed such as replacements to SECS and GEM, adoption of OBEM?



6.3.11  Need mechanism and standards for Fab level performance data to put individual tool FDC process   in proper context



6.3.12  Tool FDC requirements specification: what needs to be provided, not how


6.4  ROI


6.5  EDUCATION

7.  Barriers to Implementing MBPC
as seen by

IC Manufacturers

Group Leader: John Pace


7.1  GENERAL COMMENTS



7.1.2  Model Based Process Control is important to IC Manufacturers and must be accomplished at the tool level and at the integrated process or CIM level.  If sufficient tool level control, stability, and predictability are missing then MBPC is difficult if not ineffective.  Tool level control, however, is only part of an IC Manufactures' need for MBPC since it is inadequate to only control individual, isolated tools.



7.1.3  IC Manufactures must be able to also control the integrated processing of many tools involved in the processes associated with the desired outcome.  For example, Photo masking and Etch patterning must both be controlled in order to achieve a desired Critical Dimension (CD.)



7.1.4  In order to meet IC Manufacturer's MBPC needs, suppliers will need to support both tool level and process level data communication.


7.2  TOOL LEVEL



7.2.1  Do the suppliers have the right to speak against specific models?


7.3  PROCESS / CIM LEVEL



7.3.1  Need to be able to define MBPC scenarios by technologies.  In this way, any metrology can be used in the MBPC without having to re-write the MBPC for each new technology.



7.3.2  Data flow needs to be standardized



7.3.3  RtR control models need to be forward compatible with MBPC system upgrades.  A RtR controller should not have to be re-written if the MBPC system is upgraded.



7.3.4  FABS are not yet in a state where within wafer (real time) or wafer-to-wafer control can be implemented without spikes causing chaos.  A few expectations such as end point detection exist, but in general IC Manufacturers do not current make process changes WW or WtW.  These capabilities, however, are expected to be critical for 300 mm and beyond.


7.4  INTEGRATED METROLOGY



7.4.1  Integrating metrology capabilities onto the process tool will greatly reduce the lot jeopardy for IC Manufacturers.  IM is considered a critical area for 200 mm Fab upgrades and essential for critical process tools for 300-mm purchase decisions.



7.4.2  Standards need to be created for several areas relating to Integrated Measurements.  IC Manufacturers need metrology and process equipment suppliers to standardize on how to integrate the metrology onto/into the process tool:





- electrically





- mechanically





- control wise (software).

7.5  DATA INTEGRITY

The data needs to have a reliable stream, have a good signal/noise, etc.  All data must be associated with adequate sample information (such as lot, wafer slot or ID, recipe, recipe step info, tool events, occurrence, date/time, etc.)



7.5.1  In order to support traceability, both metrology tools and process tools should support, say, OCR or whatever technology is being used for traceability.



7.5.2  The measured wafer must be the controlled wafer.  This means that simple slot integrity might not be sufficient.  We might need to use actual wafer ID scribe numbers at all (controlled) tools.



7.5.3  Measured values should belong to the lot that is being used in a MBPC controller if the MBPC uses a sampling of lots instead of 100% of the lots.



7.5.4  Who can help to develop models?  Suppliers? Independent experts?



7.5.5  Most IC Manufacturers and tool suppliers lack a strong understanding of MBPC modeling




7.5.5.1  How will it interface with the tool ( model?




7.5.5.2  Who controls recipe changes?  How are they controlled?




7.5.5.3  How is the MBPC re-initialized after PM’s, wet cleans, etc.?  Does it need to be?




7.5.5.4  How doe we create a robust model ( host interface?




7.5.5.5  How do we best feed forward data to model?



7.5.6  What is a good solution to modify (optimize) a model?  In case of ASIC manufacturing, there are often too many products and too many different jobs to optimize a model.


7.6  DATA HOOKS / LEGACY / INTEGRATION

IC Manufactures need more and better hooks into the process and metrology tools.  We need better data access in order to enable MBPC for Real-Time, Wafer-To-Wafer, and Run-to-Run.



7.6.1  It is almost impossible to do MBPC on legacy tools because of the limitations of the tool operating systems, etc.  (These very tools are often used to qualify new technologies!)



7.6.2   I have sensors, algorithm data storage and proof MBPC works.    To implement  MBPC, I have to interact with tool in real time.  A few operating system control hooks in the tool are essential.

8.  Barriers to Implementing MBPC
as seen by

Process Tool OEMs

Group Leader: Milt Godwin


8.1  WHERE TO IMPLEMENT MBPC



8.1.1  For several processes, comprehensive understanding of process performance dependence on each control parameter is required.  Tool supplies. Device makers, Universities.  Collaboration in this area required.



8.1.2  Define all specific APC loops within the process flow: intra-tool and inter-tool.



8.1.3  Define all modules within the process flow that require APC.



8.1.4  R2R Problem: Tool-level R2R controller needs to know downstream/upstream metrology data.  Solution: peer-to-peer communication standards I/F between tool-level R2R controllers and metrology tools.



8.1.5  There is not enough data in most cases to implement R2R/wafer to wafer control.  Additional metrology measurement in-situ or in line are required.


8.2  WHO OWNS MBPC?



8.2.1  APC – Assumption: greatest need is to make data available – real time and historic.  We should do this first.  Issues: what data? Sampled at what rate? How should it be tagged for identification and context?



8.2.2  How do we deal with the 3 model sources: tool vendor, customer, 3rd party?



8.2.3  Change control in customer FAB? Flexibility vs. risk!



8.2.4  How is model updated, maintained?



8.2.5  Industry consensus is required on who will take responsibility on result of MBPC.



8.2.6  MBPC – Who is primary responsible for model upkeep?



8.2.7  Where does the model reside – tool, FAB, vendor.



8.2.8  Who owns MBPC?  Customer or supplier?  Customer will have responsibility for model.



8.2.9  APC – Short term – with regards to integrated metrology – determine if the metrology module communicates to the a) factory host, b) tool controller, c) both.


8.3  HOW TO IMPLEMENT (TOOLS)



8.3.1  Record of changes on a per process step basis recorded on a per wafer basis to correlated those changes to measured characteristics/yield later in FAB.



8.3.2  How does R2R control update fault detectors?



8.3.3  Sensor repeatability and reliability are most important for MBPC.  Give sensor supplier requirement specification for APC use.



8.3.4  APC – long term – develop standardized web-based solutions.



8.3.5  MBPC – Management of process recipe and process parameter at equipment or external computer.  ( Standardize management system (HW and SW)




8.3.5.1  Will there be a standard format for MBPC from the IC?


8.4  WHAT IS VALUE of MBPC?



8.4.1  MBPC - Difficult to know key parameter which need to monitor, which is related to customer requirement, which is different for each customer.



8.4.2  Develop statistical guarantees to avoid divergence.



8.4.3  How to reduce damage risk caused by bad MBPC.  Some methodology is required to avoid excursion by MBPC.



8.4.4  Short loop (Integrated metrology tool) is preferred.  Who will supply good metrology unit?  Encourage metrology tool vendor to develop less expensive, more accurate tool.



8.4.5  Establish a value pro9ostion for each AOC loop to establish prioritization.



8.4.6  ROI is not typically clear.  Need to determine which parameters are having greatest impact on profits and identify a measure of improvement. 


8.5  TRAINING



8.5.1  Customers.  Vendors.



8.5.2  Who do you train?  



8.5.3  Where do responsibilities lie?

9.  Barriers to Implementing MBPC
as seen by

Sensor Manufacturers

Group Leader: Mike Whelan


9.1  SOLUTIONS ARE TOOL SPECIFIC



9.1.1  Classify by tool type



9.1.2  Local software solution may be needed to avoid latency



9.1.3  Pilot studies needed to validate specific solutions


9.2  STANDARDS ISSUES - 



9.2.1  Communication




9.2.1.1  Lack of SECS compliance for recipe adjustment




9.2.1.2  Need to standardize the data flow and communication to and from sensor




9.2.1.3  SECS pass through and multiple SCES ports needed



9.2.3  APC Framework compliance




9.2.3.1  Clear definition of compliance required




9.2.3.2  How do we map sensor, metrology, process tool and software into the standard?




9.2.3.3  Does real time (<1 second) fit in the APC Framework?




9.2.3.4  What work on the framework standard remains?



9.2.4  Physical




9.2.4.1  Metrology standards for physical integration needed




9.2.4.2  New sensors may have physical integration standard requirements


9.3  MBPC CONTROL ISSUES



9.3.1  Define where the MBPC actually resides - whose responsibility?



9.3.2  It may require the data flow and/or APC models from several sensors



9.3.3  Only one decision point can exist



9.3.4  Does this control point/responsibility become a standard?



9.3.5  Need to identify/characterize process control models, how they are used and parameter limits



9.3.6  Reporting mechanism needed to verify that the APC sensor is properly controlling (versus over control, poor control, etc.)



9.3.7  Classification of time delays important




9.3.7.1  Real time versus run to run have different requirements




9.3.7.2  Time synchronization standard may be required


9.4  ACCESS TO TOOL RELATED DATA



9.4.1  Recipe information that may be required for effective MBPC



9.4.2  The appropriate process data



9.4.3  Combined with wafer performance data downstream



9.4.4  Wafer ID, logistics


9.5  SENSOR HEALTH REPORT DESIRABLE



9.5.1  Internal diagnostics for the sensor



9.5.2  Sensor health reporting mechanism


9.6  SENSOR CALIBRATION AND MATCHING REQUIRED FOR QUALITY MBPC



9.6.1  Standard calibration methods



9.6.2  Matching for tool to tool repeatability



9.6.3  Tied to a reference standards


9.7  METROLOGY SENSOR SPECIFIC ISSUES



9.7.1Credibility of the measurement data




9.7.1.1  Stable reference standards a possible solution




9.7.1.2  How to handle metrology standard – in fab, between fabs



9.7.2  Standards for metrology data format



9.7.3  Need to correlate MBPC activity with metrology data at appropriate point


9.8  E-DIAGNOSTICS CONSIDERATIONS



9.8.1  How is it used for MBPC?



9.8.2  Defining which sensors will support e-Diagnostics and have remote data access and 



9.8.3  Which sensors have recipe modification/correction authority?



9.8.4  Security and data access standards




9.8.4.1  What level of tool data access permitted?




9.8.4.2  What level of feedback modification activity permitted?



9.8.5  Personnel safety standards for feedback activity



9.8.6  Remote supplier access to health and status reporting requirement

10.  Barriers to Implementing MBPC
as seen by

Software Suppliers

Group Leader: James Moyne

SUMMARY: Same basic issues as FDC, lead by access to tool process program data and data modification, data and wafer traceability, and ROI examples and prioritization.


10.1  LACK OF TRACEABILITY, DATA SYNCHRONIZATION AND TIME STAMPING



10.1.1  Wafer level traceability needed, but not even in 300mm specifications



10.1.2  Synchronization: If we are receiving data from multiple sources, how do we synchronize it?



10.1.3  Time stamping may be a requirement for some systems


10.2  ADDRESSING INTERACTION OF APC COMPONENTS:  TECHNICAL ISSUES



10.2.1  If MPPC changes the system, this has to be related to FDC so that FDC doesn’t generate false fault alarms



10.2.2  Detecting and adapting to changes: parts, recipes, quality metrics, etc.


10.3  STANDARDS AND TOOL ACCESS: MBPC REQUIRES ACCESS TO TOOL PARAMETER MODIFICATION



10.3.1  Ensuring that the tools support the remote parameter update necessary to effect R2R control (e.g., new GEM application note for parameter modification)… or at the very least support some way for process program parameter adjustment

Support for up/download of ASCII recipes



10.3.2  Standard MBPC scenarios; standard baseline control models



10.3.3  SECS I / II, GEM, HSMS are obsolete; does not fit the APC requirements of high performance data collection, synchronization, flexibility, etc.; need to adopt mainstream standards used in other industries (XML, HTTP, CORBA, etc.)



10.3.4  Alignment of standards at factory level (e.g., APC Framework, e-diagnostics, OBEM, etc.), with commercially viable boundaries.



10.3.5  Standards for MBPC in terms of minimum capabilities



10.3.6  Communication standards are not enough; standardization of use, e.g., scenarios



10.3.7  Compliance / verification of adherence to standards


10.4  ROI



10.4.1  Examples



10.4.2  Prioritization of MBPC ROI elements (Cpk, PM reduction, etc.)


10.5  EDUCATION



10.5.1  Educate industry on control theory



10.5.2  Need for taxonomy of terms and capabilities associated with MBPC



10.5.3  Convincing the SPC community that APC is not a “bad science”



10.5.4  Better (more in-depth) ITRS treatment of APC (roadmap, priorities, etc.)

10.6 BARRIERS TO MBPC ARE GENERALLY THE SAME AS THOSE TO FDC

#####
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