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Executive Summary:  The committee finds the DZero Run IIb Layer 0 project to be ready to begin the procurement process for the hybrids.  The barrier coat issue deserves investigation prior to procurement of the flexible printed circuits for the analog cable assemblies.  The committee makes several recommendations that should be considered prior to release of final specifications and drawings for fabrication for both the hybrids and the flexible printed circuits.

1. Introduction

The committee members met with several members of the DZero Run IIb silicon group at Fermilab on Thursday 12 February 2004, and reviewed aspects of the analog cables and hybrids designed as part of the Layer 0 silicon detector.  The charge to the committee is appended to this document.  Documentation provided to the committee can be found at the following location:

http://d0server1.fnal.gov/projects/run2b/Silicon/Readout/Hybrids/L0hybrid/L0_Hybrid_PRR.html.   

The electrical design of the hybrid and analog cables are quite mature, and have been developed and verified through numerous rounds of prototyping for the original Run IIb silicon tracker.  The Run IIb silicon tracker prototypes for L0 hybrids were fabricated by Amitron, while the prototype flexible printed circuits for the analog cable assemblies were produced by Dyconex.  The most significant conceptual change in the readout chain of the Layer 0 silicon detector relative to the original Run IIb silicon tracker design is the introduction of the pitch adapter.  The pitch adapter minimizes the number of different types of analog cables that are required for the Layer 0 silicon detector, and is also intended to make the detector fabrication process more robust.  This pitch adapter is very similar to a CDF component that has been satisfactorily prototyped. 

2. Observations and Recommendations

2.1 Hybrids


The completed Layer 0 silicon detector will include 48 identical Layer 0 ceramic hybrids that will eventually be assembled into eight similar but distinct types of subassemblies.  Given the complexity of the subassemblies and the small quantities involved, the silicon group’s plan to procure at least 100 hybrids in the production run appears to be prudent.  

The hybrid electrical design is quite mature, and the silicon group has successfully generated several functioning versions of prototype hybrids as part of the original Run IIb silicon tracker R&D phase.  The revision 2 prototype L0 hybrids fabricated by Amitron (originally procured as part of the Run IIb silicon tracker R&D) marginally fail to meet the flatness specifications, and are much thicker than the corresponding revision 1 L0 hybrids.  Note that both the revision 1 and revision 2 L0 hybrids satisfy the thickness specifications.  These dramatic differences are attributed to significant changes in the fabrication technique (using backside dielectric to control flatness for revision 1 hybrids and starting from a thicker substrate and lapping for revision 2 hybrids).  Both the revision 1 and revision 2 L0 hybrids have been successfully demonstrated to readout.

The revision 3 Layer 0 hybrid design is reported to have only small changes relative to the revision 2 hybrid.  The layout has been modified to make soldering of components on the top layer more reliable.  In addition, the use of backside dielectric to manage the hybrid flatness has been restricted to the inner 14 mm of the hybrid so that the BeO substrate will make better thermal contact with the underlying support structure.  Backside dielectric layers were used in the successful fabrication of the revision 1 L0 hybrids, but without the restriction on the outermost 2 mm on each side of the hybrid

While the committee endorses the proposed strategy to sole-source the revision 3 Layer 0 hybrid procurement to Amitron, the plan may not be entirely without (schedule) risk. The silicon group has significant experience developing and reviewing hybrid designs, and the electrical modifications are expected to be successful (because of the care taken during those internal reviews).  Experience has indicated that meeting the mechanical tolerances can be a challenge for the ceramic hybrid vendors.  The committee strongly endorses the silicon group’s plan to meet with the proposed vendor to discuss the details of the production process for the Layer 0 hybrid, and come to a satisfactory understanding on the issues involved.  

Recommendation:  Meet with Amitron to verify that fabrication of the revision 3 hybrids using backside dielectric over the restricted region will produce hybrids that satisfy the mechanical specifications.  Assuming the vendor confirms that the proposed procedure will work and agrees to employ that fabrication procedure, the hybrid drawings should be released for production (after the other issues mentioned in this report have been considered).

Since the committee failed to pursue details regarding the impact of the improved thermal contact that will be achieved by restricting the backside dielectric, we are not in a good position to comment on options if Amitron does not believe that the hybrid can be fabricated to tolerance with the above restrictions.

The committee has several detailed questions and comments on the specifications for the hybrids:

· Shorts and opens are not clearly defined for most traces

· Maximum resistance of clock lines is inconsistently specified in two locations

· There is a reference to the “glue channel depth” in the specifications

· Perhaps the specs should request delivery of available mechanical grade hybrids

· Specify that the backside ground strip gold must accept silver epoxy

· The minimum dielectric layer thickness and dielectric strength do not obviously preclude the possibility of HV breakdown—the layer stackup should be checked to insure that the finished hybrid will withstand the desired HV limit 

· Other minor details documented on a marked-up hardcopy of specifications (to be provided)

Recommendation:  Update the hybrid specifications as appropriate.

The committee did not hear about the plans for procurement of components to populate the hybrids, but it did appear that at least the new high voltage bypass filter capacitor and the new Molex connector had not been subjected to radiation evaluations. 

Recommendation:  Insure that all components are verified to be radiation hard as soon as possible and preferably prior to release of the drawings for hybrid fabrication.   

Recommendation:   A few fully populated revision 2 hybrids (with mated analog cables) should be tested to the specified high voltage limit to insure that no surprises are encountered (again preferably prior to release of the drawings for hybrid fabrication).  

2.2 Analog Cables


The Layer 0 silicon detector will include 48 analog cable assemblies of four different lengths.  Each cable assembly will be composed of top and bottom flexible printed circuits surrounded by spacers.  Since the silicon sensors have two different pitches, the complete detector will include 96 flexible printed circuits incorporated into eight different types of subassemblies.  Under the circumstances, the silicon group’s plan to procure at least 30 flexible printed circuits of each individual type appears reasonable.

The committee is quite impressed with the quality of the pieces of the prototype cables that have been fabricated by Dyconex, and endorses the proposed procurement plan to acquire these flexible printed circuits from Dyconex.  The committee notes that the silicon group is in the uncomfortable situation of depending upon a single qualified vendor for this particular product, but the vendor does have a reliable track record involving various projects at Fermilab.  The committee was pleased to learn that Frank Lehner has agreed to serve as liaison to Dyconex for the fabrication of these flexible printed circuits.  This should facilitate communications with the vendor.


The committee was informed that the lengths of the analog cables were evaluated two different ways, with consistent results.  However, final drawings of the analog cables were not yet available because the length had been adjusted within the past few days.


The committee has several questions and comments on the specifications for the flexible printed circuits for the analog cable assemblies:

· Type of gold plating is not specified (nor is the purpose of the wire-bonding pads)

· No barrier coat is specified between the copper and the gold on the circuit

· Covercoat details over HV trace not fully specified (type and dielectric strength)

· Covercoat and signal trace width not clearly specified on the drawing

· The length specification for the cables appears stringent

The length specification for the cables is surprisingly tight, and the documentation provided indicated that the fabricator was unable to meet those specs on their initial attempt.  It was asserted that Frank reports that Dyconex can meet that specification.  The silicon group should consider whether it really needs such a tight requirement on the length.

Recommendation:  Specify the essential constraints (even though the group has significant prior experience with the proposed vendor) to further reduce the risk of miscommunication. 

The committee was surprised to find that the specifications do not call for a barrier coat between the copper and gold (at least in the pad region where wirebonding will occur).  Our understanding was that the standard approach is to incorporate a barrier between the copper and gold to inhibit migration between the two metals, and several experts we contacted concurred with that assessment, although we did find another vendor who has been regularly manufacturing gold on copper circuits without barrier coats.      

Recommendation:  Verify that no barrier coat is used between the copper and gold on the prototype flexible printed circuits.  Verify that this configuration is likely to satisfy long term needs via literature searches, previous relevant experience (for example, CDF?), accelerated aging tests of wirebonds on available prototype cables, and accelerated aging of prototype flexible printed circuits followed by wirebonding tests (to verify the shelf life of those circuits).

 
As indicated in the specifications, the routing of the plating leads for various traces must be carefully reviewed to minimize the risk of breakdown.  

Recommendation:   An explicit reminder that the routing of plating leads is subject to silicon group review should be added to the drawings. 

Electrical continuity is apparently only verified via visual inspection of the plating on the traces.  Prototype cables should be closely examined to determine whether there are significant defects along the traces that result in “near misses” of opens.  Since the cables will be flexed during installation, it is remotely possible that opens may develop after plating.  Is it possible to verify the electrical continuity of the signal traces on the analog cables prior to cable assembly, and does the group intend to do so?

Recommendation:  Consider additional tests of robustness of flexible printed circuits.

Note that the details of the spacers between the layers of the analog cables have apparently not yet been finalized.  Prototypes have been fabricated, but the silicon group is considering other fabrication options that could have impact on alignment of cable assemblies.  The thickness of the spacers has not yet been finalized.  

Recommendation: Details regarding spacers and analog cable assembly procedures should be addressed in the near future, but should not delay the order for the flexible printed circuits.

The fabrication procedures for the completed analog cable assemblies were not detailed in the materials provided.  The completed assemblies must withstand the anticipated radiation doses, and should be subjected to environmental testing to assess the risk of failures due to aging or other environmental factors (tests at high temperatures and high humidity).  It was not clear to the committee whether the covercoat to be used to isolate the high voltage line will perform adequately after irradiation.  This matter should be resolved as soon as possible.

Recommendation:  Expose prototype analog cable assemblies to appropriate radiation, high voltage, and environmental tests as soon as feasible.

The proposed procurement plan is to sole-source the procurement and release all the flexible printed circuits for fabrication at the same time.  Fabrication of the flexible printed circuits is expected to take only five weeks (as opposed to about three months for the ceramic hybrids).

Recommendation:  Proceed with procurement of the flexible printed circuits as soon as the final drawings have been reviewed, the silicon group is satisfied that the specified lengths will indeed serve their purposes, the barrier coat issue has been resolved, and the other items outlined in this section have been considered.
2.3 Overall Design

The results of readout studies of the prototypes are quite impressive.  The noise suppression achieved is surprisingly good.  

The committee heard that simultaneous readout of SVX2 and SVX4 hybrids via a single sequencer was in progress.

Recommendation:  These readout chain tests should be pursued to completion.  It would also be useful to readout a Layer 0 prototype using the real trigger system available in the crate 79 test stand at DAB.

The committee was shown results of detailed estimates of capacitance for various prototype geometries.  

Recommendation:  It might be worthwhile to re-evaluate the capacitance calculations using the final geometry, and compare the result to the effective measurements available via the readout tests.

Very little information was provided regarding pull tests on wirebonds between either the SVX chips or the analog cables and the hybrid, or for the sensor to analog cable connection.

Recommendation:  Verify that bonds to analog cables and hybrids are secure.

The committee was informed that the Molex connector is rated for 40 mating cycles.

Recommendation:  Put a few pairs of connectors through at least 40 such mating cycles, and then inspect the quality of the contacts to verify that the connectors will serve the long term needs.

Recommendation:  Determine what the body of the Molex connector is made of, and verify via direct testing that the connector will withstand the anticipated radiation dose without failure.

The committee notes that the hybrid assembly procedures indicate that a cable will be attached to the hybrid for testing purposes prior to placement of the SVX chips.  We also heard that at least some members of the silicon group believe that once a test cable is connected to the hybrid it should remain attached through all steps until it is time to make the final assembly.  It is not obvious to the committee that these two viewpoints are entirely consistent.  

Recommendation:  Clarify plan for mating cable to hybrid.

The silicon group has performed significant developments and substantial prototyping to insure that the readout chain they have devised will function properly. 

Recommendation:  Consider the following additional tests:

· Acquire additional experience with the long-term performance and stability of the readout chain by running prototypes whenever possible  

· Compare results from simultaneous readout of sensors with overlaid analog cables on the Layer 0 prototype to readout of a single sensor 

· Seriously consider arranging for a system test in an appropriate magnetic field environment at different rates, particularly if the group decides against encapsulation of wirebonds that will be carrying varying currents


The pitch adapter design and prototype order builds upon CDF experience.

Recommendation:  The DZero group should also discuss their detailed plans for the pitch adapters with members of the CDF collaboration who are most familiar with their implementation of this solution.  And, of course, the readout chain including the pitch adapter should be tested as soon as the prototype pitch adapters become available.


The documentation provided did not clearly identify the assembly sequence or methods of electrical connections between the various components in this readout chain, and the drawings do not clearly show those connections.

Recommendation:  Clearly specify and review the ground and high voltage connections between the various components of the readout chain.  Verify that the insulating gaps between exposed high voltage and grounds are adequate. 

2.4 Documentation

While the committee recognizes that the project is under significant time pressure and that preparation for such reviews puts an additional burden on the already rather limited resources, we nevertheless also believe that it would likely be helpful to future committees if the materials to be reviewed were available at least a few days in advance.  Whenever possible, please also minimize modifications to materials after public posting on the review documentation pages.

The committee noted a few minor inconsistencies in the specifications provided, and those details should be addressed (details related to these observations to be communicated directly to the appropriate people).

While the presentations that were prepared were indeed quite informative, they did not address every one of the specific issues that the committee was asked to consider.  In particular, the procurement strategy was not outlined in the formal presentations.  Information on that subject was garnered via questions during the presentations.  In addition, the presentations did not provide insights regarding cost and schedule issues. 

The documentation did not include any information on the radiation testing of the various parts of the readout chain, and given the environment that these components will be exposed to, those components should be carefully evaluated to insure long-term reliability.  Clear documentation regarding which components and assemblies have undergone appropriate radiation testing would be most welcome.

3. Conclusion

The committee was very impressed with the tremendous progress and technical achievements that the silicon group has made in preparing the design of the Layer 0 detector on such a short timescale.  The design adopted for the Layer 0 detector makes good use of the experience gained during the development of the Run IIb silicon tracker, and the performance of the prototypes is very encouraging.  

The committee recognizes the significant time constraints of this project.  Delays have the potential to impact the time available to perform critical system tests with the completed detector, so there is real risk associated with failure to proceed expeditiously. 

The Molex connector should undergo additional testing.  Additional radiation testing should be performed on components in this readout chain.  Additional tests of the readout chain should also be pursued.

The committee finds the proposed number of parts to be procured to be sound.

We believe that the project should proceed with placement of the Layer 0 hybrid order as soon as possible in parallel with completing the internal review of the hybrid, and consideration of the recommendations listed above.  Then, final hybrid specifications and production drawings should be released for fabrication once the meeting with the vendor has reached a successful conclusion regarding detailed fabrication techniques to be adopted to insure that the mechanical specifications will be met.

We recommend placing the order for the flexible printed circuits for the analog cables assemblies once the drawings have been finalized, internally reviewed, and the group has considered the recommendations listed above.  In particular, the issue of the anticipated long-term reliability of wirebonds to pads without a barrier coat between the copper and gold should be investigated.

APPENDIX A

Charge to Production Readiness Review Committee

on the Analog Cables and Hybrids for the DZero Run IIb L0

Silicon Sub-Project

V. O’Dell

DZero Run IIb Project Manager

02/06/04

Thank you for agreeing to serve on the D0 Run IIb Silicon Sensor Production Readiness

Review Committee. The Committee is requested to review the overall readiness for

placing the production order for the hybrids and analog cables for the DZero Run IIb L0

detector

In particular the project would like the committee to evaluate the following items:

Have the parts been adequately prototyped and tested?

Have the parts been properly specified? Is the documentation adequate?

Have the drawings been properly reviewed and checked?

Is the strategy for procurement (vendor selection, spares ...) appropriate?

In addition the project would like to ask the committee to review the overall design of the

sensor/pitch adapter/analog cable/hybrid chain and confirm that confidence in the pitch

adapter design is sufficient to proceed with analog cable procurement.

The review date has been set for Thursday, February 12 at Fermilab. I would like to ask

that the Committee submit a report summarizing their findings to me by Thursday,

February 18.

Once again, thank you very much. The contribution of your time and expertise is very

much appreciated.
PAGE  
1

