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1.
Executive Summary

This report contains the results of the US ATLAS PIXEL baseline review and baseline recommendations by the committee to the Project Manager.

The committee congratulates the U.S. ATLAS Pixel Group for the significant progress made in the subsystem to date. It also recognizes the quick turn around time in preparing the very comprehensive proposal to baseline the subsystem.

The committee has evaluated the request by the Project Manager to determine the overall probability of success for a 2-layer baseline system. The review committee has broken down the probability of success into four components and offered recommendations against them. The overall probability of success will be determined by the Project Manager as part of his decision of whether to baseline the Pixel Project or not. The four components are:

Technical Feasibility

Schedule

Management

Cost    

· Technical Feasibility

The technical approach to design and manufacture a 2–layer PIXEL Detector is feasible.

The Electronics 0.25um and optional 0.8um–DMILL processes are suitable to manufacture front-end ASIC chips. The PIXEL Mechanics approach of making the module a stand-alone and inserting it in the Inner Detector can also be accomplished.

The Flex Hybrids, Optical Hybrids, Sensors and Final Module Assembly have already been demonstrated to be technically feasible.  

· Schedule

The probability of meeting the ATLAS needs dates is low for the 2-layer approach. There is 0 float in the Electronics proposed schedule, and the Electronics is the critical path item in the ATLAS PIXEL Detector schedule. 

· Management

The technical management of the U.S. ATLAS PIXEL Project is quite exceptional, however the planning, scheduling and control management part must be strengthened.

The management should add resources in the area of project management. The absence of project engineers to perform planning, scheduling, and control management at the Subsystem and Electronics levels was quite noticeable by the reviewers. 

· Cost

The probability of meeting the proposed baseline costs is low. Some of the reasons why the proposed baseline costs are likely to increase are: 


For the Electronics, there is a likelihood of additional submission iterations of the front-end ASIC chip, and the additional integration and interface problems to resolve because of the introduction of the 0.25um front-end ASIC chip.


For the PIXEL Mechanics, there probably will be additional costs to finish the PIXEL support, SCT thermal enclosure, and rail efforts. In addition, the costs can not be validated until the design of the stand-alone module is more mature.  

It was very difficult to validate the labor cost estimates because:


The schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.  


The schedule is not sufficiently task -based to determine if the proposed detail costs are sufficient to complete the project.

2. 
Introduction

When the U.S. ATLAS Project was first reviewed in May 1997, a decision was made to keep the Pixel work in an R&D mode since there were several uncertainties, which could have been translated into an extremely large contingency. A sum of $7,217.3K was put in escrow for definition at a later time. 

The U.S. Atlas Pixel Group has now petitioned the US ATLAS Project Manager to baseline the Pixel Subsystem, thereby requesting the release of additional funding in accordance with the definition presented at the US ATLAS Pixel Baseline Review Meeting. 

The Project Manager appointed a committee to be formed to advise him of the probability of success of the US ATLAS Pixel Subsystem, to produce the required deliverables and adequately meet the ATLAS Pixel Performance Specification. The committee consisted of:

John Bercovitz 

Greg Derylo 

Gunther Haller 

Steve Kane 

Ronald Lipton 

Paul O’Connor 

Larry Premisler (Chairman)

The Project Manager charged the committee to consider the technical feasibility, schedule, management and cost estimate, of the proposed baseline project. The complete charge is enclosed as Appendix A.  

The Review Committee has broken down the probability of success item into four components. The committee will offer its recommendations against these items only. The Project Manager will determine the overall probability of success as part of his decision of whether to baseline the Pixel Project or not. The components are: 

Technical Feasibility



Schedule





Management





Cost





The comments of the review committee are divided into a ‘PIXEL Detector ’ section, followed by specific comments on the tasks. Formal recommendations from the review committee are provided in the Summary of Recommendations section of the report. The Overall Probability of Success components with a recommendation against each one will be discussed in each section. The tasks are:

Electronics

Mechanics

Module Assembly

Hybrids

Optical Hybrids

Sensors
3.
General Remarks
The committee was pleased with the organization of the meeting, and the very clear and professional presentations. 

The committee was very pleased with the general progress made on the subsystem to date.

 It also recognizes the quick turn around time in preparing the very comprehensive proposal to baseline the subsystem.  

4. PIXEL Detector

The PIXEL Detector is the innermost part of the ATLAS Inner Detector and plays a key role in Inner Detector tracking and b-physics and b-tagging. For proper b-tagging performance, 3 layers are needed. 

Because of the Pixel Electronics Front End ASIC chip problem, the Inner Detector installation schedule would have slipped. This slippage was due to the fact that the Inner Detector cannot be installed on ATLAS without the PIXEL Detector. To allow for the Inner Detector to be installed, the collaboration has recently agreed to change the PIXEL Detector from an integrated PIXEL/SCT structure to a PIXEL independent unit that can be installed at a later date after the rest of the Inner Detector is installed. This moved the date for PIXEL Detector integration and testing at the surface from the beginning of 2004 to April 2005. The April 2005 date is compatible with the LHC 7/1/2005-startup date. This should allow the US ATLAS PIXEL group approximately an additional year to solve the electronics front end ASIC problem, and manufacture the required deliverables in time for the Detector integration and testing task.

The US ATLAS PIXEL group has proposed some tradeoffs. Given the schedule and cost constraints, the US ATLAS PIXEL group is proposing a 2- layer system as a baseline that will be adequate in meeting the INITIAL ATLAS performance requirements.  A 2 layer system will result in approximately a 30% degradation of the jet rejection at a b-jet efficiency of 50%, due to increased and fake track rates and an increased number of tracks with non-unique PIXEL hit allocations. This has a significant impact on the SUSY, Higgs and SM physics performance in ATLAS. The US ATLAS PIXEL Group also proposes to upgrade the PIXEL system to add the additional 3rd layer as part of additional funds from management contingency. 

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The subsystem and its components technical approach are feasible. Given enough time and funds, a 2-layer working PIXEL Detector can be manufactured for ATLAS.

SCHEDULE

The probability of meeting the ATLAS need dates is low for the 2-layer approach. There is 0 float in the Electronics proposed schedule, and the Electronics is the critical path item on the ATLAS PIXEL Detector schedule. The US PIXEL group is suggesting that if the 7/2005 LHC startup be delayed to 2006, the Pixel installation into the Inner Detector can be pushed off an additional 8 months. 

MANAGEMENT 

The technical management of the US ATLAS PIXEL Project is quite exceptional, however the planning, scheduling, and control management part must be strengthened. The management should add resources in the area of project management. The absence of project engineers to perform the planning, scheduling and control management functions was quite noticeable by the reviewers. 

COST   

The probability of meeting the proposed baseline costs is low. 

Some of the reasons why the proposed costs are low are:

1.The likelihood of additional submission iterations of the front end chip. 

2.The additional integration and interface problems to resolve because of the introduction of the 0.25um front end ASIC chip.

3.Finishing the PIXEL support, SCT thermal enclosure and rails efforts.

In addition, it was very difficult to validate the labor cost estimates because:

1. The schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.

2.  The schedule is not sufficiently task based to determine if the proposed detail costs are sufficient to complete the project.
5.
 Electronics

The main electronics components in WBS 1.1.1.3 for the on-detector PIXEL electronics system are the front-end chip the VDC-p VCSEL driver and the DORIC-p optical receiver chip. The front-end chip, is an effort by Bonn/CPPM/LBL and the VDC-p and DORIC-p by OSU/Siegen/Wuppertal.

Overall a lot of work has been performed with good results. Progress has been made in all areas. Large unexpected occurrences were the increase of cost of the Honeywell process, which was the targeted solution for the B-layer, and problems with the fabrication at DMILL which required a large debugging effort to find out why the circuits did not work as expected. All this required replanning, which is difficult in any project. The team coped well with the problems and has a good plan on how to proceed.

The front-end chip is the main concern. Good results were obtained from a HP 0.8 um submission, however that process is obsolete. A full design FE-D submitted in the rad-hard 0.8 um-DMILL process was not entirely successful in regards to full functionality and noise performance. Problems arose due to some design errors, inadequate DRC rules from the vendor, and a problem with subthreshold leakage of NMOS devices in certain layout geometries. The design team was able to debug the chip using focused ion beam repair, and two redesigned layouts are now in fabrication. In parallel, the foundry is addressing the leakage problem by fabricating the updated FE-D with varying process parameters. These devices are scheduled to be available at the end of November. 

The submitted design is tailored for the outer layer. It needs to be more densely integrated for use by the B-layer and it may not be able to fit into the space available.  In addition, there is a concern that dynamic registers do not satisfy requirements in regards to Single Event Upsets (SEU). SEU insensitive registers are difficult or impossible to fit. The noise performance of the full-chip is not satisfactory and it is not clear what the reason is. 

The disappointing results of the FE-D1 run along with the recent results of RD-49 have encouraged the design team to explore 0.25 micron bulk CMOS as an alternative solution. The Electronics team now proposes IBM’s 0.25um CMOS process as the production option, TSMC’s 0.25um process for prototyping, and DMILL as the second source for outer layer production. Although having multiple vendors can reduce risk, the manpower needed for design support, process characterization, and chip testing should not be underestimated. In addition, flex hybrid design and module assembly procedures will also need more work to deal with the different chip areas, wafer diameters, and die thicknesses.

This plan, (development of 0.25um CMOS FE chip), is supported by the committee to reduce risk. However, it results in a large design effort for the transfer of the design, which needs to be supported in regards to schedule, cost, and manpower. In particular, the presented schedule has serious resource conflicts in FY01 when major design and test tasks will be pursued on large chips in two technologies in parallel. Bonn is supposed to deliver library cells and some of the analog blocks. A CPPM engineer (transferring to LBL in 1/01) is responsible for the analog front-end. LBL is responsible for the system integration and most of the digital pixel logic.

Although there are ionizing radiation results available for the IBM process, there are questions about the post-radiation performance of the pixel design. SEU performance needs to be predicted using cross-section estimates, and then measured for each design. Radiation degradation results for the TSMC process are similar, but must be verified by ATLAS.

The critical item is the analog front-end, since all previous designs operated off 5 V and have now to be redesigned for 2V to 3V supply voltages. In addition devices used for the leakage-current compensation are not available in these processes. A more detailed plan is needed on how many submissions of test chips are required to obtain a satisfactory IC. The present two full-chip IBM submissions may not be sufficient. The committee feels that the schedule, which contains no float, is overly optimistic. 

The consensus of the committee is that the contingency (29%) of the electronics cost estimate is low due to manpower problems and the potential need for additional iterations.

There does not seem to be a worked-out plan for the B layer electronics at this time, in light of the recent need to replan the fabrication process used as outlined above. The group has to increase the confidence level by tests to determine whether the 0.25 um will meet the requirements in the high-radiation B location. There is a back-up solution using the outer layer devices if later replacement is included.  

System test with detectors, hybrids, and support chips is essential to investigate system behavior and digital/analog cross talk. A thorough test of system functionality in beam tests should be planned. The schedule does not include any explicit milestones for these important tasks. 

The power distribution system assumes up to 140-m long cables, having a voltage drop of several volts in each direction, without regulation or level sensing. There is a major concern that the electronics running voltages down to 2 V will not be able to handle the voltage transients. Pick-up noise performance of the whole system is another concern. No specification on the power supply rejection ratio of the FE- and opto-chips has been presented. More work in regards to transient protection of low voltages is required to establish a power distribution system. Full system tests with all prototype components are necessary. Funding of the whole plan up to USA15 has still to be resolved.

Even if the IC performance is adequate with the anticipated power supplies, the low voltage-cabling plan is problematic. Several kW of power will be dissipated in cables, which will require active cooling, and extremely heavy gauge, expensive copper runs. 

Radiation qualification of the custom ICs is a major task and the manpower and milestones must be more carefully planned.

In general, the schedule needs to include more detailed task descriptions in order to develop a complete schedule and work plan. Resource loading is missing but needed to estimate the number of personnel required in a time window. Links within a sub-system and between systems have to be completed. Because the schedule is not sufficiently task based, a bottoms-up estimate to determine whether the budget proposed is sufficient to complete the project is difficult.

Management needs to put more emphasis on project management and make the transition from R&D to a base-lined project. Milestones should be established to allow for thorough IC verification. More manpower will be necessary to accommodate this transition to a production-oriented methodology.

A high percentage of the design manpower (about 70%) comes from base/infrastructure support at LBNL and OSU. There is a substantial risk to the project in such heavy reliance on this infrastructure support, which has fallen below expected levels in recent experience. 

It would be prudent for the collaboration to develop fallback plans in case additional IC iterations are needed, or if planned levels of base manpower do not materialize.

There is still no project electronics engineer allocated for the electronics. This position should be filled as soon as possible.

In view of the critical nature of the pixel electronics to all ATLAS, the committee found that overall coordination of the electronics effort needs to be strengthened. An effort should be made to improve communication and make collaboration-wide resource allocation decisions, otherwise disconnects could have an adverse schedule impact. 

Within the US ATLAS plan, schedule slippage in the IC development impacts flex hybrid and module assembly tasks. 

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

Both the 0.8um-DMILL and the 0.25um processes are technically feasible. There are chips for ATLAS using the DMILL process that are in the preproduction stage with acceptable yields. Every effort should be made to help the vendor resolve the manufacturing process Front-End Chip problems through the use of outside experts in the chip manufacturing and processing area. The 0.25um process has no LHC ATLAS or CMS manufacturing legacy to date. Only prototype chips have been fabricated to date.   

SCHEDULE

There is 0 float in the Electronics proposed schedule, and the Electronics is the critical path item on the ATLAS PIXEL Detector system. In addition, the schedule may be further jeopardized because of additional submittals of the 0.25um process during the design/development phase will probably be required. Also the radiation testing of the 0.25um process Front End Chip is likely to take longer than expected.   

MANAGEMENT

Management should increase the effort in the area of project management. Milestones should be established to allow for thorough IC verification. More manpower will be necessary to accommodate this transition to a production-oriented methodology.

The absence of a project engineer to perform the planning, scheduling and control management functions was quite noticeable by the reviewers. 

COST   

It is the committee’s opinion that the proposed costs and contingency estimates may be low. The costs can grow due to: 

1. The likelihood of additional submission iterations of the 0.25um process front end chip.

2.The additional integration and interface problems to resolve because of the introduction of the 0.25um front end ASIC chip.

3 Radiation testing of the 0.25um process front-end chip was probably underestimated.

In addition, it was very difficult to validate the labor cost estimates because:

1.    The schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.

2. The schedule is not sufficiently task based to determine if the proposed detail costs are sufficient to complete the project.

6.
Mechanics

In September 2000, the decision was made to change the PIXEL mechanics from an integrated PIXEL/SCT structure to a stand-alone unit capable of being installed in the Inner Detector as an independent module.  As a result, there was only a conceptual description on the items that changed and an identification of the items that did not change presented at the review meeting.

It was noted that the mechanical design team is very capable and is providing the necessary support to the program.  Structural supports, disks, and support services have been well considered and are realistically achievable. It should be noted that the amount of heat generated in the detector services cabling and optical drivers needs to be well understood in order to ensure reliable performance.

The new fully insertable requirement is a major design and development effort that is not fully understood at this early stage.  A thorough assessment of this portion of the project is therefore difficult at this time.  It was the opinion of the reviewers that the U.S. Atlas group should take the leading role in the design of the Thermal Barrier, which will be an integral part of the pixel detector installation process.  Although not currently part of the team’s base scope, the synergy to be gained from this integration makes this group the logical choice for this effort.

The bottom line costs seem reasonable to complete the mechanics task, but cannot be validated until the design is more mature. The contingency of 33% may be adequate but will have to be reevaluated when the design is more mature. Reevaluating the learning achieved from the R&D effort already performed for the old design may reduce support structure costs. The costs did not reflect the large amount of learning from the old design. In addition, the tolerance requirements should be reevaluated to determine if they could be relaxed in an effort to reduce structural support fabrication costs.  

The slack of four months in the schedule may not be enough to cover unforeseen problems.

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The approach of making the PIXEL Mechanics as a stand-alone module and inserting it in the Inner Detector is feasible.

SCHEDULE

The schedule looks realistic but the float of four months to cover unforeseen problems may not be sufficient.   

MANAGEMENT 

The management and structure looks adequate for the mechanics task.

COST   

The bottom-line costs and the contingency, less the additional design costs to complete the Thermal barrier, look reasonable. Base lining the Mechanics at this time is probably premature and the committee recommends waiting until the design is mature enough for a more accurate estimate. It was very difficult to validate the detail cost estimates because the schedules were not resource loaded.  The reviewers require resource- loaded schedules to estimate the number of personnel required in a time window.

7.
Module Assembly & Test

Plans for module assembly and test are adequately advanced. Procedures have been developed for module assembly and testing and a flow diagram with all of the essential steps was presented. These procedures seem reasonable and seem capable of producing modules at the required rate. Given the schedule risk in other parts of the project it is likely that there will be considerable pressure to increase these rates as much as possible.

In the future, the group should carefully consider the limiting factors in production rates and try to maximize their capacity. This may mean that additional manpower will need to be assigned to assembly and testing. The yield estimates are reasonable but have considerable uncertainty. Lower than expected yields with associated debugging and rework time could considerably influence production rates and overall costs. Rework tests have been done, but yields are not yet understood. Given the complexity and value of the modules the extensive testing planned for chips and modules is reasonable. It is important that this testing is not sacrificed because of schedule needs. Wirebonding is a critical step, and the committee recommends that it either be concentrated at LBL or other sites. If performed at other sites LBL should extensively qualify and monitor these sites. LBL should explore the purchase of an additional wirebonder, either used or new. Multiple probing of die can lead to failures in the wirebonding operation and rework. Care must be taken to insure that the wirebonding site is not over the pad area where the die was probed. Wirebonding to these sites will cause a high impedance connection over time and effect circuit performance. 

The testing concept and plan for the TurboPLL Test Station that was presented is a good approach for production testing. The versatility of the test station will help in deciding the optimum approach to be used for in-processing testing.

The bottom line costs seem reasonable to complete the module assembly/test tasks.

The contingency of 37% looks adequate to complete the project for the scope defined in the proposal.

The slack of 4 months in the schedule is probably adequate to cover unforeseen emergencies. Planning to use only 50% of the module-manufacturing rate is an excellent approach to gain slack if needed.

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The module assembly and testing approach is technically feasible. There is minimum risk associated with the proposed approach. 

SCHEDULE

The schedule looks realistic and there is a plan to increase slack if required.   

MANAGEMENT 

The management and management structure looks adequate for the module assembly and testing tasks.

COST   

The bottom line costs and contingency look reasonable. It was very difficult to validate the detail labor cost estimates because the schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.

8.0 
Flex Hybrids

The status of the Flex Hybrids was clearly explained and understood. In the committee’s judgment, the probability of success is very high. The project is well under control including the materials and assembly procedures.

A possible risk exists with the few vendors being qualified to manufacture the Flex Hybrids. The hybrid team is aware of this and is currently searching for other sources of supply. Tolerance issues exist, but do not look like showstoppers. The committee recommends that the hybrid group address cleanliness in its process.  An unclean process usually causes many unexplained manufacturing rejects during production.  

The integration density of the flex hybrids is extremely high; about 56,000 channels on 15 cm( of Kapton for the B-layer modules. The potential for signal integrity problems in a fully populated hybrid running at maximum trigger rate is appreciable. Although the

Electrical integrity and reliability of the hybrids at DC has been well addressed, high-speed operation cannot be verified until full production versions of the FE and MCC chips are available. 

The bottom line costs seem reasonable to complete the Flex Hybrid task.

The contingency of 34% looks adequate to complete the project for the scope defined in the proposal.

The slack of seven months in the schedule is probably adequate to cover unforeseen emergencies. This float will probably be seriously eroded or completely gone due to the high probability of the Electronics being late. There may be performance problems but will not be known until the modules have been produced. The pacing part for the flex hybrid at this point in time is the MCC chip. 

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The approach to design and manufacturing the Flex Hybrids is technically feasible.

SCHEDULE

The schedule looks realistic. The float maybe eroded due to the strong possibility of the Electronics being late.   

MANAGEMENT 

The management and management structure looks adequate for the flex hybrid task. However, there is only one key person on this project.  

COST   

The bottom line costs and contingency look reasonable. It was very difficult to validate the detail labor cost estimates because the schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.

9.0
Optical Hybrids

The optical hybrid consists of an opto-package and the opto-hybrid board. There are two main options for the opto-package, the Taiwanese design and an OSU design. 

The OSU design was presented in more detail. They devised an opto-package consisting of a cap and a base that carries the VCSEL and the PIN diode. It is based on manual micro mold injection technology that seems to be working as shown by the tests performed. The performance and repeatability needs to be documented in more detail. Once installed, the electronics is difficult to repair. Data for expected reliability of those components should be obtained via e.g. accelerated aging tests. The precise die placement jig is still a concern. Since the total quantity for the project is a few hundred manual assemblies, this is feasible. OSU plans to use student labor. 

The schedule and budget seem adequate.

The effects of low-temperature down to –20C and radiation on the performance of the package needs still to be tested, especially with respect to the long-term failure rate.

Since a single point failure of the optical hybrid disrupts signals from 6 modules, rigorous reliability qualification testing is essential.

A decision will be made early next year on which solution to pursue.

The bottom line costs seem reasonable to complete the Optical Hybrid task.

The contingency looks adequate to complete the project for the scope defined in the proposal.

The schedule looks reasonable.

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The approach to design and manufacturing the Optical Hybrids is technically feasible.

SCHEDULE

The schedule looks realistic.    

MANAGEMENT 

The management and management structure looks adequate for the optical hybrid task. However, there is only one key person on this project.  

COST   

The bottom line costs and contingency look reasonable. It was very difficult to validate the detail labor cost estimates because the schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.
10.
Sensors

Sensor R&D is complete and the first pre-production sensor order has been placed. The sensor design has been studied and tested and is well understood. Costs and schedule appears to be well under control. The sensor order has been split 50-50 between two vendors. One of the vendors has a good track record. The second is less expensive but has less experience in detector production. This split is a reasonable approach to optimize cost vs. risk and provides a fallback path if one vendor fails. Testing resources at the universities are in place and have been used for previous experiments. Testing resource and manpower that is available is modest but it appears that the detectors will be available from the vendors sufficiently early with respect to chips that the testing rate should not be as issue.

PROBABILITY OF SUCCESS ASSESSMENT

TECHNICAL FEASIBILITY     

The approach to design and manufacturing the Sensors is technically feasible and very low risk.

SCHEDULE

The schedule looks realistic and the float is about five months to a year.   

MANAGEMENT 

The management and management structure looks adequate for the sensors. 

COST   

The cost estimate was developed from the bottom up and the bottom line cost and contingency of 28% looks reasonable.
11. Summary of Recommendations

Rec 5-1
The committee supports the development of the 0.25um CMOS Front End chips as a viable option. The recent results of the RD-49 CERN research project has indicated that this process is radiation tolerant in the LHC radiation environment. To minimize schedule risk, the committee also recommends working with the two identified vendors that manufacture ASICs with this process. The design of the Front-End ASIC chip is very challenging and the ATLAS collaboration should support the effort with its top experts in this area. 

Rec 5-2
To keep all the viable options open, work should still continue on the 0.8um-DMILL process, which was also shown to be radiation tolerant in the LHC environment. Other chip types that have been submitted for preproduction runs and prototyping have acceptable manufacturing yields. Every effort should be made to help the vendor resolve the manufacturing process problems through the use of outside experts in the chip manufacturing and processing area.

Rec 5-3
SEU performance needs to be predicted using cross-section estimates and then measured for each design. There are still open areas that still have to be addressed in the post-radiation performance of the pixel design.

Rec 5-4
The committee believes that more than 2 submissions of test chips are likely to be required to obtain a satisfactory ASIC. A more detailed plan on how many submissions is being requested. 

Rec 5-5
The committee recommends that additional testing be performed on the 0.25um process to insure that the chip will work in the high radiation “B” location especially in regards to single-electron effects (SEE), upset, and latch-up.

Rec 5-6  
System test with detectors, hybrids, and support chips are essential to investigate system behavior and digital/analog cross talk. The committee recommends that a thorough test of system functionality including beam tests should be planned with milestones for doing so and incorporated into the schedule. The beam test and large- scale system test are not necessarily identical.  

Rec 5-7
The committee recommends more planning of the LV power distribution system. Major technical concerns about cabling, noise pickup, over current and transient protection remain unresolved. Their impact on the cost and schedule should be thoroughly analyzed.  
Rec 5-8
Radiation qualification of the custom ICs is a major task. The committee recommends that the manpower and milestones must be more carefully planned. It is the opinion of the committee that the costs to accomplish these tasks may have been underestimated.

Rec 5-9
In general, the schedule needs to include more detailed task descriptions to be able to develop a complete schedule and work plan so that the costs can be validated. 

Rec 5-10
Management should increase the effort in the area of project management.  Milestones should be established to allow for thorough IC verification. More manpower will be necessary to accommodate this transition to a production-oriented methodology.

Rec 5-11
It would be prudent for the collaboration to develop fallback plans in case additional IC iterations are needed, or if planned levels of base manpower do not materialize.

Rec 5-12
There is still no project electronics engineer allocated for the electronics. This position should be filled as soon as possible.

Rec 5-13
 In view of the critical nature of the pixel electronics to all ATLAS, the committee found that overall coordination of the electronics effort needs to be strengthened. An effort should be made to improve communication and make collaboration-wide resource allocation decisions, otherwise disconnects could have an adverse schedule impact.

Rec 6-1
As a result of the recent change to implement a fully insertable design, the committee recommends that this design be reviewed again next year when it will be more mature. It is the opinion of the committee that the mechanics can not be baselined until the redesign effort is completed in March 2001.

Rec 6-2
The U.S. Atlas group should take the leading role in the design of the Thermal Barrier, which will be an integral part of the pixel detector installation process.

Rec 6-3
The amount of heat generated in the support services cables and optical hybrids needs to be understood.  Also, CDF experience has shown that the Elco connectors need keeper plates to keep the connectors together for the cable bundles.  

Rec 6-4
Support structure costs may be reduced by reevaluating the learning achieved from the old design. The costs did not reflect the large amount of learning from the old design.  

Rec 6-5
In addition, the support structure tolerance requirements should be reevaluated to determine if they could be relaxed. 

Rec 6-6
It should be noted that the Thermal Barrier’s inclusion in the management contingency does not meet the criteria for inclusion in management contingency (a deliverable where the decision can be deferred). There cannot be a pixel system, even at the reduced deliverables, without the thermal barrier. It is the committee’s recommendation that the thermal barrier design and production effort be included in the baseline and something else be put into management contingency in its place, or the mechanics be baselined at a later date. The PIXEL Group estimate to complete the design is roughly $0.5M plus design and engineering labor.

Rec 7-1
The group should carefully consider the limiting factors in production rates and try to maximize their capacity. The possible delays in the Electronics area will probably have to be compensated for in the module/test area to keep the overall program on schedule.

Rec 7-2
Wirebonding is a critical step, and the committee recommends that it either be concentrated at LBL or other sites. If performed at other sites LBL should extensively qualify and monitor these sites. LBL should explore the purchase of an additional wirebonder, either used or new. 

Rec 7-3
Multiple probing of die can lead to failures in the wirebonding operation and rework. Care must be taken to insure that the wirebonding site is not over the pad area where the die was probed. Wirebonding to these sites will cause a high impedance connection over time and effect circuit performance.

Rec 8-1
The committee recommends that the hybrid group address cleanliness in its process. An unclean process usually causes many unexplained manufacturing rejects during production.  

Rec 9-1
The performance and repeatability needs to be documented in more detail.

Rec 9-2
Once the Optical Hybrid is installed, the electronics is difficult to repair. The committee recommends performing burn-in prior to module assembly to weed out any infant mortality hybrids.

Rec 9-3
The committee recommends additional package tests (accelerated aging tests) to determine the effects of –20C operation and radiation on the performance and the long-term failure rate of the hybrid.

Rec 9-4 
Since a single point failure of the optical hybrid disrupts signals from 6 modules, the committee recommends performing rigorous reliability qualification testing

12.0 Conclusions

The committee recognizes and congratulates the U.S. ATLAS PIXEL Group for the significant progress made in the subsystem to date. It also recognizes the quick turn around time in preparing the very comprehensive proposal to baseline the subsystem.

The committee has also taken into account in its recommendations to the Project Manager, the recent decision made in September 2000 to convert the PIXEL Mechanics from an integrated PIXEL/SCT structure to a stand-alone unit capable of being installed in the Inner Detector as an independent module. The September 2000 decision was the result of the schedule impact to the Inner Detector brought about by the PIXEL Electronics Front End ASIC chip problem. 

Given enough time and funds, a 3-layer working PIXEL Detector can be manufactured for ATLAS. The PIXEL group is requesting funds for three layers but has petitioned the Project Manager to release funds for a 2-layer system as baseline funding because of scheduling and cost restraints.

The committee has evaluated the request by the Project Manager to determine the overall probability of success for a 2-layer system. The review committee has broken down the probability of success into 4 components and offered recommendations against them. The overall probability of success will be determined by the Project Manager as part of his decision of whether to baseline the Pixel Project or not. The four components are:

Technical Feasibility

Schedule

Management

Cost    

· Technical Feasibility

The technical approach to design and manufacture a 2–layer PIXEL Detector is feasible.

The Electronics 0.25um and optional 0.8um–DMILL processes are suitable to manufacture front-end ASIC chips. The PIXEL Mechanics approach of making the module a stand-alone and inserting it in the Inner Detector can also be accomplished.

The Flex Hybrids, Optical Hybrids, Sensors and Final Module Assembly have already been demonstrated to be technically feasible.  

· Schedule

The probability of meeting the ATLAS needs dates is low for the 2-layer approach. There is 0 float in the Electronics proposed schedule, and the Electronics is the critical path item in the ATLAS PIXEL Detector schedule. 

· Management

The technical management of the U.S. ATLAS PIXEL Project is quite exceptional, however the planning, scheduling and control management part must be strengthened.

The management should add resources in the area of project management. The absence of project engineers to perform planning, scheduling, and control management at the Subsystem and Electronics levels was quite noticeable by the reviewers. 

· Cost

The probability of meeting the proposed baseline costs is low. Some of the reasons why the proposed baseline costs are likely to increase are: 


For the Electronics, there is a likelihood of additional submission iterations of the front-end ASIC chip. The additional integration and interface problems to resolve because of the introduction of the 0.25um front-end ASIC chip.


For the PIXEL Mechanics, the additional costs to finish the PIXEL support, SCT thermal enclosure, and rail efforts. In addition, the costs can not be validated until the design of the stand-alone module is more mature.  

It was very difficult to validate the labor cost estimates because:


The schedules were not resource loaded. The reviewers require resource-loaded schedules to estimate the number of personnel required in a time window.  


The schedule is not sufficiently task based to determine if the proposed detail costs are sufficient to complete the project.

We would like to thank the organizers for their hospitality and the pleasant meeting facility.


13.0 Appendix A: Charge to the Committee

When the U.S. ATLAS Project was first reviewed in May 1997, a decision was made to keep the Pixel work in an R&D mode since there were several uncertainties which could have been translated into an extremely large contingency.  So we put a sum of $7,217.3k in escrow for definition later.  Now the U.S. ATLAS Pixel group will present a baseline for your review.  The purpose of this review is to assess the management, technical feasibility, the cost estimate and schedule of the proposed project and to advise the Project Manager on its probability for success.  

The review committee should address the following questions:

· Does the management of the project appear to have the capability to carry the project to success?  Is the US ATLAS  Pixel  group large enough and strong enough?  All the commitments of this group should be considered.  

· Is the proposed project technically feasible?  Are the proposed construction techniques viable?  Is the necessary R&D being done and will it yield fruit on the required time scale?

· Is the proposed schedule highly realistic?  Does it have a very high probability of being achieved?  Is there adequate contingency in the schedule?  Have all the risks to the schedule milestones been identified and are there measures in place to mitigate against these risks?  Have fallback plans been considered and developed?  Is the proposed schedule resource loaded?  Are the resources identified adequate?  Is the procurement plan well developed?  Is the reliance on vendors well understood and does the schedule take cognizance of the uncertainties in vendor deliveries?  Have the resources been identified to properly oversee the procurements? 

· Is the cost estimate sufficiently well developed that the committee can recommend with confidence that there is a high probability the project will be completed within the estimate?  Is there a well-developed basis for the estimate?  Has an adequate contingency analysis been performed?

· In the rest of the U.S. ATLAS Detector Construction Project we have identified certain deliverables as Management Contingency.  These are items that do not need to be committed to now – but if the ATLAS experiment deems them high enough priority and sufficient resources are available, could be part of the baseline in several years.  Do the deliverables designated as part of the Management Contingency for the Pixels make sense.

14.0 Appendix B: Schedule of the November Review Meeting

Lawrence Berkeley National Laboratory, Berkeley, California
Thursday November 2, 2000

0830    Executive Session

0915    Overview(TBD)

0945    Summary of US Deliverables, Cost and Schedule(M. Gilchriese)

10:15   Discussion

10:30   Break

10:45   WBS 1.1.1.3 - Electronics(K. Einsweiler)

11:30   Discussion

11:45   WBS 1.1.1.2 - Sensors(S. Seidel)

12:15   Discussion

12:30   Lunch

13:30   WBS 1.1.1.4 - Hybrids(R. Boyd/P. Skubic)

14:05   Discussion

14:15   WBS 1.1.1.6 - Optical Components(K. K. Gan)

14:35   Discussion

14:40   WBS 1.1.1.5 - Module Assembly/Test(Gilchriese, Garcia-Sciveres,

Richardson)

15:40   Discussion

15:45   Break

16:00   WBS 1.1.1.1 - Mechanics(Anderssen, Miller)

17:00   Discussion

17:15   WBS 1.1.1.7 - Misc.(M. Gilchriese)

17:25   Discussion

17:30   Executive Session

19:00   Dinner

Friday November 3, 2000

0830    Executive Session

Details of Costs and Schedules - no presentations

0900    WBS 1.1.1.1 - Mechanics

0945    WBS 1.1.1.2 - Sensors

1015    Break

1030    WBS 1.1.1.3 - Electronics

1100    WBS 1.1.1.4 - Hybrids

1115    WBS 1.1.1.6 - Optical Components

1130    WBS 1.1.1.5 - Module Assembly/Test

12:00   Discussion

12:30   Lunch

1:30    Continue Discussion and/or Executive Session

1700    Closeout

1800    Adjourn
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