Penn Budget Explanation for Nov 6 US-ATLAS Phase-1 Upgrade Scrubbing Meeting
Mitch Newcomer
Responsibilities:
Penn will take responsibility for the design, development and production of the analog signal processing electronics for the LTDB for the Demonstrator board(s) and for Phase 1 design and production of the LTDB’s.   To do this properly it will be necessary to keep an overall perspective of the complete analog signal processing chain from the calorimeter input through the FEB’s preamp, shaper and summing circuits (not changed in phase 1) to the Layer Sum Board (LSB’s ) that will be modified as required to accommodate new granularity, across the new backplane with increased granularity and finally through the LTDB.  The analog section of LTDB has two objectives:
1) Provide each of the 320 ADC’s on the LTDB with an appropriately shaped radiation tolerant differential input using as little power as necessary. 
2) Reconstruct the legacy pre-upgrade analog signal to the lower granularity Tower Builder Board (TBB) board.
All components of the LTDB must be rad tolerant to at least 1MRad ionizing radiation and insensitive to ~1013  1MeV Niel neutrons. 
Given the aggressive installation and test schedules, the relatively modest radiation levels (considering modern deep sub micron CMOS processes) and low complexity of the signal processing objectives we have chosen to follow a Commercial Off The Shelf  (COTS) approach instead of designing custom ASICs.    While this approach is likely to be somewhat more expensive than a full custom ASIC, it has the compelling benefits of early availability of prototype circuits for tests with the ADC’s and elimination of the risk of a 6-9 month delay if the first version ASIC requires revision. 
The signal processing design and development for the all COTS analog LTDB design will be addressed under WBS1.1.3.1.  WBS 1.1.3.1.1  is intended cover initial prototyping of the COTS approach:  test, validate and revise as necessary the proposed signal processing paths with an analog prototype board using radiation qualified parts.  Work began in FY12 with a first prototype board and we became aware quickly that  SPICE models provided by vendors for op amps and ADC drivers are more optimistic than the fabricated designs turn out to be.   This led us to choose wider bandwidth parts with slightly higher power dissipation.  (The LTDB board design calls for a maximum 320 input channels, so minimizing power dissipation is an important design goal.)  These new parts must be radiation qualified quickly in FY13.    Much of the engineering design work has been carried out already we believe the schematic design is largely complete at the channel level.
At  the October 24th BNL LTDB workshop we concluded that a controlled saturation of large signals must be done on the LSB, not on the LTDB as we originally proposed.  This controlled saturation is useful to ensure proper tagging of the BCID associated with the calorimeter signals and would be a potential improvement over the current approach of responding to saturation with a flat top signal for the duration of the saturation period.  We will take advantage what we have already learned about controlled saturation on the LTBD prototypes to simulate and build a couple of example channels of LSB to be included on the next LTDB prototype board.   These channels will be useful for early testing and importantly development of a model of the controlled saturation technique.    We are requesting $1000  to cover costs of the second version of the LTDB prototype board.   We expect this second prototype to be useful for radiation sensitivity tests, crosstalk tests and for qualification of the LTDB analog signal processing to be used on the mezzanine boards.    
 We estimate .04 FTE, EE from Mitch Newcomer to validate or adjust component values so that the second version of a prototype meets the LTDB requirements.  In addition we will ask Nandor Dressnandt to  begin work on (.02 FTE, EE) developing a simple analog SPICE model of the signal transfer function from  the shaper outputs to the ADC inputs for use by Saclay in their physics driven signal simulation.  Mike Reilly and Walter Kononenko (.03FTE, ET) will share responsibility for ordering parts and setting up transistor tests in our parametric analyzers. Susan Fowler has learned our Cadence IC tools and is working on a compact layout for the next LTDB prototype board with guidance from Godwin Mayers.      
The  COTS parts we are using (OPA2836, THS4521) operate at  low voltages and current which significantly lowers power dissipation.  This is important for the 320 ADC drivers but doesn’t match the voltage requirements for the 80 outputs going to the TBB unless we change the input resistor on each TBB channel. At the August CERN LAr workshop we decided to use a higher voltage summing op amp (OPA890) on the LTDB to drive the TBB output to avoid the need to retest all modified TBB’s.  As a result, the analog mezzanine board we are designing will require two positive (+ 2.5, 5V)  and two negative (-2.5,5V)  regulators.  We are not aware of any radiation tolerant negative regulators and so in WBS 1.1.3.1.3 we propose to design a COTS based negative regulator or qualify an existing negative regulator for radiation tolerance at the LAr FEC locations.  Our budget request for WBS1.1.3.1.3 assumes we need to design regulators from COTS parts.   The qualification and design involves the work of the following people. Mitch Newcomer for analog simulation, design and finalized test validation (.08FTE), Godwin Mayers to build test fixtures and do preliminary functional tests ( .1 FTE),  Mike Reilly, Walter Kononenko  (.1 FTE total) to order parts, and manage testing, shipping and receiving of candidate devices for  pre and radiation tests  along with about .2FTE of student help.     
In Q2 FY13 we expect to begin work on WBS 1.1.3.1.2,    the first high density prototype mezzanine board.  At the moment we believe it will be a 40 channel low profile board suitable for stuffing on both sides of the 320 channel LTDB mother board.   Conceptual work is already under way to estimate the area of the board.  A four channel layout unit is particularly useful due to the available 4 channel version of the THS4521 ADC driver and the requirement to sum up to 4 channels to meet the legacy granularity of the TTB.  The area may of this 4 channel unit may be as small as 2.25 sq cm.  Thus the central part of the 40channel board may be as small as 22.5 sq cm  neglecting the area for connectors, I/O signal routing and regulators.   One important part of the mezzanine concept is that it would be the only part of the LTDB that would be customized (by stuffing options) to match the requirements of specific LAr sub detector sections.   This high density prototype will be used for demonstrator testing and will be significantly more complex than the low channel count first prototypes used to gain familiarity with the COTS parts, for radiation qualification, and to validate the basic circuit designs.    The mezzanine board will be 6 or more layers with fine geometry and will likely cost $2500 for 25 boards.  Assuming a parts cost of $4/channel not including connectors we would require $4000 to stuff all boards.  While some assembly would be done in house, the majority will need to be done at an assembly house.  This will cost ~50/board.  Our overall M&S request for mezzanine boards for the demonstrator and copies to remain at Penn, BNL and other interested institutions is $7100.  
Personnel working on WBS 1.1.3.1.2 will be Mitch Newcomer, .22FTE,  to organize and report on the work as well as participate in and review the mezzanine design, Nandor Dressnant, .13 FTE,  to sophisticate the analog model of the finalized mezzanine design, Godwin Mayers, .21 FTE to help with the design and layout of the mezzanine board and perform the in house stuffing of the fabricated boards as required,  Mike Reilly (.28 FTE)  to order parts, choose PCB vendors and help to develop a  platform for testing the mezzanine boards.   Walt Kononenko (.09 FTE) will provide student supervision for testing and help maintain a test database and students (.64 FTE)  will perform tests and learn to debug and fix boards with non functional channels.      
The Travel budget includes several trips to BNL for discussion and combined testing of the LTDB analog front end with digital sections being developed there and three trips to Europe covering at least one ATLAS upgrade meeting and two LAr collaboration meetings.       
