High Priority Requirements for MBPC

Identified by the

Integrated Metrology Association (IMA)
March 2001
This is a prioritized list of Tasks for the IMA.  Items 1-3 are new topics the IMA will begin addressing in July 2001.  The IMA will continue its activities that are addressing Items 4-6.  These priorities were established through brainstorming during the IMA meetings in October 2000 and March 2001.   The Appendices describe the intermediate steps in arriving at these high-level objectives.

_____________________________________________
Below are the three requirements the IMA will begin to address in its next projects.

1. Standards Needed:
It is clear that a lack of standards is the single biggest impediment to implementing Integrated Metrology and MBPC on a large scale 

· Intent: We need additional standards to address

· (1) Measurement metrics for the robustness of process models used in MBPC

· (2) Tunable parameters (prioritized) that should be made available R/W for each tool type; this could be done through the ECS

· (3) APC Framework Standard enhancement: traceability, components standards (FDC, other plug-in’s)

· (4) Data collection and time-stamping

· Who does this: The IMA should assist in developing these standards.  The IMA should endorse the adoption of existing standards where appropriate.

(Brooks Automation is willing to share their list of tuning parameters for some processes.)
2. ROI:                                                                                                                          Propose a Standard Methodology for Calculating ROI for MBPC Projects 

· Intent:  Offer a common methodology for calculating the ROI for MBPC applications, that can be accepted by both the seller and the end customer of the MBPC product.  This will allow them to begin the conversation accepting the basic premise of the ROI calculation.

· Who does this:  Get working group from among IMA members, spearheaded by Peter Solomon.  Start with simple delta (before-after MBPC) in Cost of Ownership (COO) model used by SEMATECH (Wright, Williams & Kelly, Austin, TX), and modify it for a methodology appropriate for integrated metrology.  Provide simple calculator on IMA web site to IMA Members. 

3. Education:
Provide Educational Training and Resources on MBPC to the Industry at Large

· Intent: The intent is to provide education on the use of MBPC to users and OEMs in the semiconductor industry.  Education includes terminology, where APC applies, case studies / examples of APC success, differences in APC capabilities and model types (SPC, FDC, MBPC, etc.).  Utilize the ITRS as an educational tool through what it lists for MBPC.   Note that education in MBPC necessarily requires differentiation and understanding of other APC components.
· Who does this: IMA should make a concerted effort to influence the ITRS, especially in the metrology and FI sections of the roadmap.  IMA could offer classes on APC.  Members could contribute to the classes.  Advertise courses on the IMA web site with links from the SEMATECH web site.

_______________________________________________________

The next three objectives are already being worked.

IMA members currently serve on two SEMI Standards Task Forces aimed at developing standards for integrating metrology tools onto the EFEM of 300 mm process tools.  The IMA is funding a standards writer to accelerate writing the standards. The IMA is committed to completing that standards work.  The resulting IM standards for the EFEM will address three of the important requirements identified below:

4. EFEM Standard is Addressing the Data Header Requirement :                     Capturing the context in which data was collected is required to make the data useful for both FDC and MBPC. 

· Intent: Data integrity and traceability are critical to good control.  Standards must be generated to specify what contextual information must be captured with the data for MBPC.
· Who does this: IMA needs to drive SEMI standards for what data gets logged to provide the needed information.  This falls on the SEMI Standards Task Force for Integrated Metrology-Communications.

5. EFEM Standard is Addressing the Standard Communications Requirement : Using standardized communications, be able to share metrology data and process control data with everyone who needs it.

· Intent: The IC Manufacturer (or Process owner) must control the final outcome of sequential processes.  Individual tools may have separate MBPC systems operating on data taken before a process, during a process, and/or soon after a process.  Metrology data, process tool data, and the MBPC actions (e.g. recipe changes) taken at each separate tool need to be made available to the factory CIM system, where a supervisory MBPC system will use the data for control over the entire sequence of process steps and over many parallel tools.  Standards need to be created to instruct what information needs to be shared and how it will be shared.
· Who does this: SEMI Standards Task Force for Integrated Metrology-Communications for metrology tools.  IMA members should get involved in other SEMI task forces for influence there.

6. A Follow-On Project to the EFFEM Standard should Address the Special Sensor Requirements :
All sensor “systems” should have certain capabilities to provide a guaranteed level of reliability, quality and accuracy

· Intent: All sensors should comply with a checklist of capabilities including (1) health reporting capability, (2), (self) calibration mechanism, etc.  
· Who does this: This checklist could be developed by the IMA, endorsed by SEMATECH and transferred to SEMI for standardization.

______________________________________________________

The limited capabilities of the IMA prevent it from addressing the important requirements listed below.  We wish to emphasize that these are important issues that should be addressed.

7. ROI :
Identify processes that could most benefit (best ROI) from MBPC 

· Intent:  Have the IC Manufacturers SWAG

· which processes would most benefit from retrofitting MBPC

· what wafer feature(s) must be controlled

· guess which process parameters to "tweek" to achieve control


· which new processes and process tools probably will require MBPC to achieve the process control goals.

· what wafer feature(s) must be controlled

· guess which process parameters to "tweek" to achieve control

· Who does this: IC Manufacturers in the IMA could do this as a homework assignment and report at the next IMA Meeting.  Maybe they would want to compare notes through SEMATECH before "going public."

8. ROI :
Document real-world examples of ROI in MBPC

· Intent: Collect and document case-studies that quantitatively show the Return on Investment achieved by IC manufacturers who have implemented MBPC to solve a specific process control problem.  Document the method the IC Manufacturer used to decided to use MBPC to solve the problem.  Point out the most difficult (costly) problems that had to be overcome.  Publish these examples so the entire semiconductor community can see the business viability of implementing MBPC.

· Who does this: Must get commitment from IC Manufacturers to share real numbers and experiences.  IC Manufacturers working through SEMATECH.  (Member Companies are more likely to share sensitive information if they know they have control through SEMATECH membership.)  Use a Consulting Firm to do the work?  IMA hire a business school professor & graduate student? 

9. Identify the MBPC Owner :
“Process Owner” owns model and upkeep of MBPC.

· Intent: Whoever owns the process has signed up for ownership of control of the process.  Whether it’s the IC manufacturer (the default in most cases), a process tool maker, the sensor manufacturer, or a third party, the owner is responsible for controlling the process.  To do this, information from the process tool, the sensor, and other equipment in the factory needs to be made available to the process owner.  Ownership requirements force information sharing to the process owner.
· Who does this: All involved here need to figure out a way to adequately share information to those who are willing and able to warranty the control of the process.  Remote recipe or other modification has to be available.

10. Robust Process Models :
It is important to understand the parameters and calculation of model robustness

· Intent: Development of robust process models could be a topic of MBPC education.  Reliability is a parameter of robustness.  Much of robustness material is proprietary to SW providers, fabs and foundaries.  This is a technically complicated topic.
· Who does this: IMA could provide a directory resource guide (universities, publications, etc.) to aid in the understanding of robustness.

11. More Sensors :
Appropriate Sensors can only be created through shared knowledge.

· Intent: Guidance from IC Manufacturers is necessary to describe what is required for MBPC on a process-by-process basis.  Sensor manufacturers need to be tuned into the product needed and asked for by the IC Manufacturers.  Everyone needs to know that customization will be required to meet these needs.
· Who does this: IC manufacturers and sensor manufacturers, with some input from tool manufacturers.

12. Data Rates :
Data coming out of the process or measurement tool should be made available with time-stamping and sufficient rate and determinism to support MBPC

· Intent: Data rate requirements depend on ex vs. in-situ, sensor type, type of data, etc.  One size doesn’t fit all.  Components are: how often you get the data, how quickly you get the data (relative to the length of the process), and accuracy of timestamp.  Accuracy of sensor could enter into the problem.
· Who does this: This is a standards issue that is driven in-part by user requirements (process engineers) and tool feasibility.  IMA could drive data access and time-stamping first.  This will help identify the parameters of the larger problem.

13. MBPC Software :
MBPC standardization is needed.

· Intent: Basic models for each technology need to identify which parameters need to be available for model-based control.   A framework needs to define data to be shared, timing/rate requirements, and hardware/communication methods. Look at factory level CIM standards efforts to describe how communication of data between tools will be handled.
· Who does this: SEMI Standards efforts (such as IM-C Task Force for sensors).  e-Diagnostics team needs to be involved if data line from tool needs to be shared.  

Appendix A

How This Priority List was Developed:

On October 2000, 85 IMA meeting attendees were divided into four separate groups of IC Manufacturers, Process Tool OEMs, Sensor Manufacturers, and Software Providers.  Each group answered the following questions:

1. If your company was involved with a Fault Detection and Classification (FDC) Project, what problems would you face?

2. If your company was involved with a Model Based Process Control Project (MBPC), what problems would you face?

The responses were categorized by Jimmy Hosch and are listed in Appendix B of this document.

The categorized list of FDC Problems was handed off to representatives in the e-Diagnostics activities for their use.  The IMA decided to focus on MBPC because no one else is focused on it and integrated measurement sensors will play a critical role in obtaining the timely wafer-sate measurements required for MBPC. 

In March 2001, 17 IMA meeting, attendees were formed into teams -- each with representatives from the IC manufacturers, Sensor Manufacturers, and Software Suppliers.   The categories of problems in Apendix B were reformatted into requirement statements.  The prioritized list of requirements is shown in this document.

The IMA identified the (3) most urgently needed requirements it believes it can successfully address.  Some (3) requirements are already being addressed by current IMA-lead SEMI Standards Task Forces.  The solutions for other (7) important requirements are outside the current capabilities of the IMA.  
Appendix B
Common Groups of 

"Problems with MBPC"

Every line item in the original lists of MBPC Problems contributed in the Oct 2000 IMA Meeting was assigned by Jimmy Hosch to one of the categories below.  This listing is an attempt to group like items together.  The reference number at the beginning of each line points to the location in the original list of MBPC Problems and indicates which group originated the item:


Ref. No.

Prefix
    Group











7.n.m 
= IC Manufacturers
= Red Group


8.n.m 
= Process Tool OEMs
= Green Group


9.n.m 
= Sensor Manufacturers
= Yellow Group


10.n.m
= Software Providers
= Blue Group

---------------------------------------------------------------------------------------------

Return on Investment

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.

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

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

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

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

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

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.

10.4.1  Need real-world examples of ROI from MBPC

---------------------------------------------------------------------------------------------

Education Needs

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

10.5.1  Educate industry on control theory

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

8.5.2  Who do you train?  

8.5.1  Customers.  Vendors.

8.5.3  Where do responsibilities lie?

10.5.2  Need for taxonomy of terms and capabilities associated with MBPC

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

Who Owns MBPC?

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.

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

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

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

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

8.2.4  How is model updated, maintained?

8.2.6  MBPC – Who is primary responsible for model upkeep?

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

9.3.1  Define where the MBPC actually resides - on the sensor, on the process tool controller, on a piggy-back controller, on the factory CIM system?  Who is responsible for the MBPC?

9.8.4.2  What level of feedback modification activity permitted?

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

---------------------------------------------------------------------------------------------

How To Make Robust Process Models

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

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.

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

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.

8.2.4  How is model updated, maintained?

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

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

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

8.3.2  How does R2R control update fault detectors?  How does FDC update MBPC?

8.4.2  Develop statistical guarantees to avoid divergence.

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

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

---------------------------------------------------------------------------------------------

Access to the Process Tool Recipe

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.

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

* Hosch's interpretation: 


Requirement: The MBPC algorithm of the end user must be able to change tool recipe parameters, like gas flow rates, RF power levels, and process times before the lot starts, before each wafer starts, and in real-time.


Intent: The end user wants to implement MBPC algorithms (that change recipe parameters) on process tools that are different than the MBPC algorithm delivered by the tool supplier without having to make major modifications to the software on the process tool.

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

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.

7.5.5.2  Who controls recipe changes?  How are they controlled?

9.8.5  Personnel safety standards for feedback activity

9.3.3  Only one decision point can exist

9.3.4  Does this control point/responsibility become a standard?

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

9.2.1.1  Lack of SECS compliance for recipe adjustment

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.)

---------------------------------------------------------------------------------------------

More Sensors Needed

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.

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

9.1.2  Local sensor-software solution may be needed to avoid measurement latency following wafer processing.

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

9.1.1  Since Sensor solutions are process tool specific, classify sensors by process tool type

9.3.5  Need to identify/characterize process control models, how they are used and parameter limits to help define sensor requirements.

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.

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

9.1.3  Pilot studies needed to validate MBPC results using specific sensor for specific process

---------------------------------------------------------------------------------------------

Data Rates

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?

9.2.3.3  Are real time (>1 measurement/second) supported by the APC Framework?

9.3.7  Classification of time delays important

9.3.7.1  Making real-time measurements place quite different demands on the sensor than only making the measurement between wafer runs.

9.3.7.2  Time synchronization standards may be required for real-time measurements and for run-to-run measurements.

---------------------------------------------------------------------------------------------

Data Header Information for Linking Wafer Data to MBPC (and FDC) Actions

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?

7.5  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.)

7.5.3  The order of measuring samples across the wafer and the order of measuring wafers within the lot must be controlled and tracked to insure the MBPC is delivered the measurement it is expecting in the time sequence it is expecting it.  This even applies when only a sample of all wafers is measured.

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

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.

9.4.4  Wafer ID, logistics

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

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.

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.

9.4.3  Sensor data will be combined with wafer performance data downstream

---------------------------------------------------------------------------------------------

Standards Needed

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.)

10.3.1  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

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

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

9.2.3  APC Framework compliance must be clearly defined and requires certification of conformance by a third party service. 

9.2.3.4  What work on the framework standard remains?

9.2.3.1  Clear definition of compliance required

10.3.7  Compliance / verification of adherence to standards

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).

9.2.4.1  Metrology standards for physical integration needed

9.2.4.2  New sensors may have physical integration standard requirements

---------------------------------------------------------------------------------------------

Standardize Communications

*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.

*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.

*8.1.4  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.

*7.5.5.5  How do we best feed forward data to 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.

*Hosch's interpretation:


Requirement: Using standardized communications, be able to share metrology data and process control data with process tools, specialized sensors on process tools, stand-alone metrology tools, and the factory CIM system.


Intent: The IC manufacturer must control the final outcome of sequential processes.  For example, to control the etched CD produced with photolithography followed by etch, several MBPC loops will be used.  The wafer-track, stepper, and etcher will each have their separate MBPC systems operating on metrology data collected before the process, during the process (real-time), and/or soon after the process ends (in-line).  Both the metrology data and the MBPC actions (recipe changes) taken at each separate tool must be available to the factory CIM system, where a supervisory MBPC system will use the data for control over the entire sequence of process steps and over many lithography tools and etchers.

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 the sensors




9.2.1.3  SECS pass through and multiple SCES ports needed for different kinds of sensor data

---------------------------------------------------------------------------------------------

Special Sensor Requirements

9.4  ACCESS TO TOOL RELATED DATA )for correct set-up of the sensor for correct operation.  Eg. film stack and nominal thicknesses for reflectometer or ellipsometer measurements)



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

---------------------------------------------------------------------------------------------

MBPC Software Needs

10.3.5  Standards for MBPC in terms of minimum capabilities

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

10.3.2  Standard MBPC scenarios; standard baseline control models

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

7.5.5.4  How to build MBPC interface to host computer?

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



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.

---------------------------------------------------------------------------------------------



Hosch could not interpret

7.2  TOOL LEVEL



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

7.5.5.1  How will it interface with the tool ( model?

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

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


9.8  E-DIAGNOSTICS CONSIDERATIONS



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










