Report on the Feasibility Study in to the ECAL Electronics Systems

1. Executive Summary

The Feasibility Study phase of the ECAL electronics systems has been successfully completed for the four major projects, and has been successfully started for the remaining three projects. The specifications of the ECAL electronics systems have been completed and detailed design has started.  The project plan has been completed and the staffing plan and spend profiles are in preparation and will be complete in July 2002.  The ECAL electronics design and development is on schedule.  There remains much work to be done, but there is every reason to believe that the system will be ready for an Electronics Systems Review in 3Q 2003 in preparation for production of the electronics in Q4 2003.

This Study has involved a large number of people who have formed the teams that will continue into the detailed design, prototyping and system testing phases of the project.  A number of new groups have joined the project, and there are very good prospects of further groups joining.  Although there will be many problems to be solved before this system is successfully delivered, the teams now contain the strength and experience required to resolve these problems as they arise.

2. Introduction

Following the endorsement of the Report of the Review of the ECAL Electronics System by the ECAL Steering Committee and the CMS Management and Collaboration Boards in March 2002, a formal  ' Feasibility Study ' of the system was launched in April 2002.  

The deliverables from the Feasibility Study are:

1. A complete specification of the electronics systems

2. A project plan

3. A staffing plan

4. The spend profile required to meet the project plan.

The Feasibility Study was organized into seven sub-projects, each with a project manager and deputies as appropriate.  These projects were:



Project
Manager

Deputies


1.
Front-end electronics
Geoff Hall
Magnus Hansen, Bernard Ille


2.
Data Links
Francois Vasey
Jim Grahl, Paulo Moreira


3.
Off-Detector electronics
Jean-Louis Faure
Philippe Busson, Joao Varela,                        





Robert Benetta 


4.
Electronics Integration
Werner Lustermann
Tony Lodge, Olivier Teller


5.
Power Systems
Claudio Rivetta
Alessandro Bartoloni



6.
Slow Controls
Gunther Dissertori


7.
Preshower Integration
Bo Lofstedt
Kostas Kloukinas


The emphasis in the first phase of the study was to prove the feasibility of the proposed systems that involved projects 1 to 4.  The remaining projects have started work, but they will require definitions from the main projects before sensible decisions can be made.  This report will focus on the results from the first four projects that in turn focused on solving the problems in the ECAL Barrel (EB).  The problems of the ECAL Endcap (EE) would be solved in a second study, based on the outcome of the present activity.    

3.1
The front-end electronics system.

The study concluded that the front-end electronics system proposed by the review would meet the required performance.  

The Very Front-End (VFE) board containing five FPPA (Floating Point PreAmplifier) chips and five ADCs (AD 9042), receives input signals from a row of five APDs, and feeds the digitized outputs to a Front-end (FE) board (Figure 1).   The FE board contains seven Fenix chips, which provide three functions within a single chip.  The data from a row of five crystals are stored until required by a Level 1 Trigger accept (L1 accept), the pulse shape data from a row of five crystals are corrected and summed to produce a strip energy, and finally the sum of all strip energies is summed to produce the energy deposited in the trigger tower  (25 crystals) and the fine grain bit as described in the CMS Trigger TDR.

[image: image1.wmf]Trigger

Data

DAQ

Data

TCC

CCS

FE

DCC

Partition

DAQ

Data

TTS

TTC

RCS

Local Triggers

In

Stand alone

Mode

Token Ring

Control Loops

TTC  optical link

TTS copper

link

Laser

Local copper control

link

Local copper control

link

To SRP

From SRP

SRP

To Regional Trigger


Figure 1
The arrangement of the Front-end electronics into VFE and FE boards

The trigger data is transmitted to the off-Detector electronics very through a serial digital data link consisting of a GOL serializer chip, a link system based on the CMS Tracker link technology, a digital receiver module and a deserializer.  The detail of the data links is described in the next section of this report.  

Each of the links is operated at 800 Mb/s, which is sufficient to complete the transfer of trigger data every 25ns. On receipt of a L1 accept, the data from the triggered event, that is stored in the memory of the five Fenix chips is transmitted to the Off-detector electronics through a separate serial data link also operated at 800 Mb/s.  For every L1 accept, ten time slices of data are transmitted off-detector in 7.5 (sec.

The front-end electronics will be controlled by the CMS Tracker clock and control system.  This system uses a 40Mhz digital optical link system, controlled from the off detector Front-end Control (CCS) boards, to distribute the control information to the FE board.

3.2 
Status of the Front-end electronics system  

The Front-end electronics system has been specified.  The final design review of the FPPA was successfully completed on June 14 and the chip will be submitted for fabrication as soon as possible with the expectation that it will returned at the end of October.  The AD 9042 ADC will be procured as soon as the FPPA has been successfully tested.   The VHDL code that describes the required functionality of the Fenix chips has been completed and transferred to RAL who have started the design of the ASIC version of the Fenix chip.  The FPGA version of the Fenix chip will be started immediately and the FE board design that will support both versions of the Fenix chips has been started at RAL.  The GOL chip is available in prototype quantities and the design of the Opto-Hybrid that houses the laser diodes has started.  The detail specification of the front-end electronics is given in Appendix 1.   

3.3
Project Plan

 The original schedule produced for the Review continues to be realistic.  The final design review of the FPPA was delayed, but the chip has been much improved as a result of the delay.  The schedule for the procurement of the ADCs will also be delayed, but with no impact on the overall schedule.  The detailed Project Plan is shown in figure 6. 

3.4 Staffing Plan

The team involved in the feasibility study of the front-end electronics (Appendix 1) will continue to be involved in the detailed design, prototyping and system test phases of the project.  The detailed plans for the testing of the FPPA chips is under discussion, but it is assumed that the process will deliver 5000 working chips each month.  Minnesota will perform the radiation qualification of batches of ADCs and it is assumed that the delivery rate from the manufacturers will be 7500 working Chips each month.  The VFE board will be designed at CERN and fabricated in industry.  Test of completed VFE boards will be performed by five regional test centres.  The first test centres will be established at Lyon and CERN who will establish the techniques required by testing the prototype boards.  Discussions to establish the other three test centres are continuing.  The testing of the FE electronics board will be done at RAL and LLR.  Each board test centre will need to maintain a testing rate of 15 boards a day.  

4.1 The Data Link System.

The study concluded that the Data Link system proposed by the review would meet the required performance.  
[image: image2.wmf]The ECAL serial digital data links will be based on the technology developed for the CMS Tracker analogue links.  The technology has been carefully qualified for operation in the environment found in the ECAL.  The system is shown in figure 2. The system consists of a data serializer chip, the GOL, a laser diode with attached fibre pigtail, a system of fibres and fibre interconnections and a receiver module.  The data transfer from the super module to the off-detector electronics takes place on ruggedized trunk cables containing 8 * 12 way fibre ribbons.

Figure 2
ECAL Data Link Architecture

4.2 Status of the Data Link System

Prototype link systems have been tested at both 800 Mb/s and 1600 Mb/s using combinations of commercial components, which will approach the final system with time.  The first tests used a GOL and laser diode mounted on an evaluation board driving a real fibre system into a Paroli receiver and Glink Deserializer.  The second test replaced the Paroli receiver with an 8 channel NGK receiver module which is very similar to the final 12 channel NGK receiver.

In these tests 'eye diagrams' at 800Mb/s, shown in figure 3, were observed.  Similar 'eye 
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diagrams' at 1600 Mb/s also show a good open diagram with a large stable region.

Figure 3
Eye diagram for the ECAL Link system at 800 Mb/s

Tests with the 8 channel NGK receiver have made good progress and are an invaluable aid the understanding the problems involved in constructing a large system.  The 12 channel NGK receiver is expected in August when tests will continue with the chosen deserializer chip.  Full readout chain tests will begin in January 2003 in preparation for the system tests with SM0 in April 2003.

A detailed specification of the data link system is given in Appendix 2.  

4.3 
Project Plan

The project plan presented to the review continues to be realistic.  The detailed plan is shown in figure 6.  

4.4   Staffing Plan

The ECAL Data Link project builds on the development work completed for the CMS Tracker. The Tracker Link Group has been very helpful in integrating the Group from Minnesota who have taken responsibility for the ECAL Data Links.  It is this collaboration that has very quickly demonstrated the data links working in the ECAL configuration.  It is anticipated that this collaboration will need some additional support when the project moves from development into production.

5.1
Off Detector Electronics System.

The study concluded that the off detector electronics system proposed by the review would meet the required performance with small changes to the architecture.  

The architecture of the off detector electronics system is shown in figure 4.    

[image: image4.wmf]Figure 4.
The Architecture of the Off Detector Electronics system

The Trigger data and the DAQ data are transmitted from the FE board in the front-end electronics system to the TCC (Trigger Concentrator Card) board and the DCC (Data Concentrator Card) board by independent serial data links.   Synchronized trigger data is transmitted to the regional trigger system in the case of the ECAL Barrel.  In the case of the ECAL Endcaps, the strip sums transmitted from the front-end systems and are summed into trigger tower energy sums on the TCC boards.  The DCC receives data from the FE and reduces the volume of data transmitted to the DAQ system by using information from the TCC board.  This data is processed in the Selective Readout Processor (SRP) board to select data for transmission to the DAQ.  The control of the Front-end system and the synchronization of the Off-Detector electronics is preformed by the CCS board.  This is based on the Tracker FEC board and ECAL will benefit from both the hardware and software development from the Tracker project.

5.2 Status of the Off Detector Electronics System.

The team working on the off detector electronics has previously developed the algorithms and prototype systems for an earlier architecture.  The system shown in figure 4 has now been agreed and the partitioning of responsibilities has also been agreed.  The algorithms are well developed and detailed design has started.  A Prototype system will be ready for the beam tests of the SM0 and SM1 starting in April 2003.  

5.3 Project plan

The project plan presented to the review continues to be realistic with changes to account for the changes in architecture.  The detailed plan is shown in figure 6.  

5.4 Staffing Plan

The team involved in the feasibility study of the off detector electronics (Appendix 3) will continue to be involved in the detailed design, prototyping and system test phases of the project. This very strong team includes Saclay, LLR, Lisbon, and CERN.  Saclay will take responsibility for the SRP board, LLR for the TCC board, Lisbon for the DCC board, and CERN for the CCS system. 

6.1 Electronics Integration and System Commissioning

The study concluded that the electronics integration system proposed by the review would meet the required performance.  
This project is responsible for mounting the front-end electronics on to the 'Super Modules' (SM) and the 'Endcap Dees' (Dee) and ensuring that the electronics is integrated with the cooling system, the data link system, and the low voltage power system.  It is also responsible for ensuring that all the electronics is functioning to the required specification before the SM or Dee is closed ready for calibration and subsequent installation into the detector.

The schedule constrains are such that it is essential that all SMs are completed in 2004 and all Dees are completed in 2005.  This implies that the required integration process must be able to install all of the electronics systems and the cooling system into a SM in ~ 1 week.  This in turn implies that the systems for an individual module should be installed in ~ 1 day.  The design of the system must also meet these constraints.

6.2
Status of the Electronics Integration and System Commissioning
To reduce the physical constraints on the position of the VFE cards and to reduce the heat leaks from the cards into the crystal enclosure, below the electronics enclosure, it was decided to couple the VFE board to the input socket with a flexible ribbon cable.  It was also decided to mount the cards from two rows of input sockets onto a common cooling bar.  A module has 10 cooling bars, and the detailed design is investigating either mounting these bars individually or as one system for a complete module.  One of these designs is shown in figure 5. 

The detailed design of the mounting of the VFE boards and the cooling, data link and LV systems is well advanced. In parallel with the preparation of detailed mechanical drawings for the fabrication of the final system, prototype test will be performed with dummy electronics that dissipate the same power as the real system, to ensure that everything fits together and that the cooling calculations are correct.  In Q4 2002, a system with real electronics will be prepared, which will be the basis for the final system to be used in the beam tests in April 2003.  The detailed specification of the system integration is given in Appendix 4.
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Figure 5
A layout of the VFE boards mounted in a module

6.3   
Project Plan

The project plan presented to the review continues to be realistic.  The detailed plan is shown in figure 6.  

6.4     
Staffing Plan

The team involved in the feasibility study of the electronics integration (Appendix 4) will continue to be involved in the detailed design, prototyping and system test phases of the project.  An Electronics Integration Centre will be established at CERN where all of the electronics from the regional test centres will be collected before mounting on to the SMs and Dees.  This Integration Centre will require additional technician support, which will be provided by ETH.  

7.1 The Power System, Slow Control system and the Preshower Integration Project and the extension of the barrel systems into the End Caps.

A good start has been made to all of these projects.  

The power system required a decision from CMS on the proposal to develop a common LV system for the whole experiment based on power transmission to the experiment at 400 Hz and 400 V.  Now that this decision has been made the design of the system that transmits power from the edge of the magnet to the SMs or Dees can continue. 

The specification of the detector control system has made good progress and a preliminary specification is included in Appendix 5.

The integration of the preshower electronics system into the ECAL system required a more complete specification of the off detector system, which now exists.  The data link system and the control system will be the same as ECAL and there is now scope for further rationalization.

The end cap electronics system is part of the ECAL electronics system, which has a number of different constraints and will be delivered after the electronics for the barrel.  The project plan figure 6, shows tests of the Y2K module (4 super Crystals), with barrel electronics in 2003 and with endcap electronics in 2004.  The motivation for these plans is to ensure that all system issues for the end cap system have been resolve before production starts in 2005.  

8.1 Conclusion

The Feasibility Study phase of the ECAL electronics systems has been successfully completed for the four major projects, and has been successfully started for the remaining three projects.  The specifications of the ECAL electronics systems have been completed and detailed design has started.  The project plan has been completed and the staffing plan and spend profiles are in preparation and will be complete in July 2002.  The ECAL electronics design and development is on schedule.  There remains much work to be done, but there is every reason to believe that the system will be ready for an Electronics Systems Review in 3Q 2003 in preparation for production of the electronics in Q4 2002.

 Peter Sharp

9 July 2002
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