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Comments
1.1 Detector Concept and Technology

· The criteria for choosing the proper sensor to be used in the PXL detector were presented.
· An extra year available/added into the initial schedule due to not having the beam pipe ready opened a possibility of using final sensors instead of the prototype one in the construction of the PXL detector. 

· The MAPS technology is a suitable choice for the PXL detector. The use of high resistivity (HR) epitaxial layer increases signal-to-noise ratio by increasing the amount of signal charge seen by hit pixels. The increase of S/N, reaching a factor of two, was reported by the sensors development group after analyzing results of the same circuit MIMOSA 26 implemented on standard, low resistivity (LR) and new, high resistivity wafers. HR wafers became a baseline for the development of the Ultimate sensors chip that is to be used in the construction of the PXL detector. An additional margin in S/N provides sufficient cushion for the design. It allows maintaining the detection efficiency and fake hit rate benchmarks after installation of individual sensors on the ladder supported by a thin kapton flex board and after unavoidable accumulation of radiation doses in the course of operation. 

· Phase1, MIMOSA26, Ultimate sensors are fabricated in AMS 0.35µm process. The foundry offered HR wafers provided by external suppliers as well as coming from internal sources. 10, 15 and 20 µm epitaxial layers thicknesses were tried out. The risk associated with relying on the HR substrate is its availability for the next run. The negotiations with AMS are handled through the CMP service that may be helpful (leverage). However, there is no guarantee if AMS can provide thicknesses of the epitaxial layer exceeding 10µm ±2µm for the next run. It is worth noticing that the design should still provide larger S/N comparing to the LR option even 10µm of thickness is used.
· Studies of degradation of performances while operating multiple chips on the ladder were presented. The degradation of noise performances by up to 45% with respect to the operation of a single device were observed at the maximum switching conditions. It is worth noting that these studies were done using a classical FR4 board instead of analyzing multiple circuits placed on the flex substrate. This leaves some room for speculations whether these tests conditions are really reflecting actual operation conditions. Kapton flex substrates are not available in their final form, thus a question on the degradation of performance while operating multiple chips simultaneously is still open.
· The first iteration of the Ultimate sensor, whose design is derived from the MIMOSA26 design, is planned for submission for fabrication on 01/17/2011. The sensors features zero suppression circuitry and there is no backup design considered by the collaboration as there is no other flavor of sensor fulfilling the needs. The Ultimate sensors implements features for extensive debugging. Resubmission of a corrected design is considered in case problems are experienced with the first submission. It must be stressed that the design of the Ultimate sensors uses components that were entirely validated on various past prototypes. Some parameters, like threshold dispersion of discriminators were tested in worst conditions (simultaneous switching of many discriminators).
· The main difference between the planned Ultimate sensor and the MIMOSA26 chip is doubling the active area. The length of columns is doubled. It is recommended to verify if the assumed value of current switched to in-pixel source follower (50 µA) is enough for the required speed of stabilization of readout levels in 3 clock ticks of the main clock. Simulation, based on precise extraction of parasitics, should provide valid answer to this question. Extract the column bus R+C+CC and simulate with a maximum FPN swing in both positive and negative direction in RD time (37 ns). The IPHC group actually carried out this simulation during the same day following this suggestion verifying that the settling time was more than adequate. 
· The sensors from the inner layer will be exposed to 90kRad of total ionizing dose within one year of operation. The design of MAPS devices foreseen for the STAR experiments does not use enclosed layout transistors (except two locations within a pixel). The accumulation of positive charges in ubiquitous oxides may lead to an increase of leakage currents (off-state intra transistors and inter transistors leakage currents). It was asked whether the overall power consumption increases after irradiation. Currently reported power consumption reaches closely the limits of capabilities for the proposed air cooling. Cooling of the PXL detector may face an additional challenge should the power dissipation increase as a result of the exposure to the ionizing dose.  IPHC responded verbally on measurements of radiated chips which showed that there was no power increase to the few percent level.
· The diodes in the Ultimate sensor built on HR wafers are operated at reverse voltages not exceeding the 0.7V-0.9V range. This does not achieve full depletion of the HR epitaxial layer; however the policy of having no changes to the design was adopted to lower the risk. The baseline for the pixel design is the CS amplifier from Mimosa 26 (fixed pixel pitch and other detector parameters).  

· The architecture of the Ultimate sensors assumes certain length of buffers for extraction of hits in the SuZe block. How big is the overload margin on the size of these buffers with respect to the best estimation of the expected hit rate? Are curling electrons included in the simulation of the hit rate? 
· Fabrication of the flex kapton cable based on Al seems to be solved both technologically and logistically.

· The design of individual blocks as well as the concept of the whole Ultimate sensors is well matured and neither significant questions nor recommendations for redesigning or improvements were raised during the review.

· Operation of the data acquisition system with the sensors chip at 160MHz has been demonstrated in a full prototype system using PHASE1 chips.
1.2 Fabrication,  characterization and production testing  
·  It would be desired to have plans including number of wafers to be produced to equip planned number of the PXL detector copies. Is production of spares planed for the same time?
We have produced an initial yield model that shows the number of wafers expected to be needed. It may be found at http://rnc.lbl.gov/hft/hardware/docs/PXL_yield_model_draft.pdf . The plan is still in draft form. We will re-evaluate the model after the initial assembly work done on the prototype test and update the estimates. It is desirable from the workflow perspective to plan for the production of all ladders and sectors to be continuous, but this will depend on the funding profile for the project.

· Tests of the final chip for the PXL detector will be carried out at LBNL. It is expected to catch failing chips before they are assembled into ladders.  Ladders will be tested before assembly into sectors. More precise schedule of tests, including more precise program of tests and goals should be presented. Extended tests environment for characterization, qualification and production testing was developed by the IPHC group. The environment includes custom hardware and commercial (PXI National Instruments) components, firmware, device setting libraries, procedures for testing individual blocks and functions of sensors. It was not well visible whether testing environment used by LBNL is compatible with that developed by IPHC. Should some technology transfer occur between IPHC and LBNL or both centers will be based tests on their systems focusing on different tasks, e.g. characterization vs. production testing? 

We have generated a preliminary testing plan for sensors in thinned and diced form and in ladders. This preliminary plan may be found at http://rnc.lbl.gov/hft/hardware/docs/Phase1/m22_phase1_ultimate_sensor_testing.pdf Naturally, this plan will be updated with actual bias value ranges and operation parameters when we have tested a sufficiently sized sample of the final PXL sensors. In practice, LBNL and IPHC have similar capabilities in sensor testing but have effectively focused on different tasks. The current areas of specialization are shown below

LBNL – 
Individual testing and characterization of sensors

Probe testing of thinned sensors at full RDO speed (160 MHz)



Sensor ladder design and testing



LU and SEU testing of sensors

IPHC - 
Individual testing and characterization of sensors



Beam testing and detailed analysis of sensors



Sensor design analysis testing



Radiation dose testing and analysis

There are areas of overlap where both institutions will perform similar testing but in general, the communication and collaboration on sensor testing is complimentary and efficient. The testing equipment (readout systems, testing PCBs, firmware, analysis software) are different at each institution with LBNL readout primarily geared to the PXL detector readout and IPHC having a more general system for the readout of many sensor designs. This difference allows for the cross checking of test results and elimination of RDO induced artifacts. 
1.3 Team involvements and commitment

The collaboration is planning on installation of the prototype detector (can be Phase-1 or PXL sensor Ultimate) in Q3or Q4 2012 and on installation of the final detector in Q3 or Q4 2013. The collaboration should present a clear schedule leading to the achievement of these goals. The collaboration should decide on the moment at which the design is frozen and no more options are considered for inclusion. A complete summary of the frozen state of the design should be presented.    
This schedule is now available as part of the HFT integrated package. The design for the PXL detector is now frozen. We intend to build the detector as designed with the existing sensor design (including required fixes in subsequent submissions) fabricated on high-resistivity silicon. The existing state of the design is available in the technical design supporting documentation for the CD-2/3 review.
In conclusion:

· The proposed design is well suited to meet the stated requirements for the STAR HFT PXL detector.

· The design, although a new approach to vertex detectors, appears to be well suited for the requirements and is consistent with good practice.

· The IPHC team producing detector chips and the readout collaboration centered at LBNL has demonstrated the skill and knowledge required to successfully carry out the project.

· The cost and schedule were not as carefully analyzed in this review as the technical points, but there did not to appear to be issues.  The schedule and decision points, however, need to be more clearly defined.

· The documentation with a few suggested additions was a quite adequate presentation of the design and implementation plan.

· While it was very encouraging to see high performance detectors routinely being produced with HR substrates from two sources, the continued availability of wafers with HR epitaxial layers is still the main uncertainty.
