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1. Description

Design & production of a 96-channel ADC-FPGA instrumentation module in a 9U x 400mm VME64x form-factor for CALICE ECAL beam test in 2004.

In order to save time & development costs the design will re-use the Back End section of the CMS Tracker FED ADC-FPGA module and associated firmware.

The CMS FED Module is a monolithic 9Ux400mm VME Form Factor PCB constructed using modular design as 8 identical ADC-FPGA Front End (FE) Modules connected to an FPGA based Back End (BE) section. 

The CMS ADC-FPGA FE modules will be replaced with a CALICE specific design but the CMS BE section will be retained with only minor modifications including firmware.

The new CALICE FE module will have 12 differential analogue and 27 LVDS electrical inputs via a dual front panel VHDCI SCSI connector. The ADC will be a dual 16 bit part with a sampling rate of 500 kHz and the FPGA will be a Virtex II part.

The CALICE FE modules will be required to have the same I/O, control and data communications protocols as the CMS FE modules.

A Jumper array in each FE module will allow some flexibility in selecting the amount of analogue versus digital I/O on the input connector, see table in section 2.3.

Buffer requirements in the BE section will be increased to 8 Mbytes in order to allow for complete buffering of data from a spill – this reduces the requirements on the VME interface data rate to 2 Mbyte/s.

Additionally the option exists to add the trigger logic to the BE Section BE FPGA which reduces the need for an extra module in the system.

1.1 Scope

1.2 Includes

System Design Consultancy

Design of the ADC/FPGA FE Module

Procurement and production of 2 prototypes

Basic Test of prototype ADC modules including JTAG

Procurement and production of 9 final modules

Procurement of cables - 10 prototypes and 64 production

Basic Test of final ADC modules including JTAG

Access to CMS VHDL FPGA firmware & limited support

1.3 Excludes

Development of CALICE Front End firmware

Development of CALICE Trigger firmware

Integration and test of CALICE firmware

CALICE System Software

VME Crate and VME-PC link

2. Deliverables
2 Prototype Boards

9 Production Boards

10 prototype Cables

64 production cables

Board Documentation

Access to CMS VHDL FPGA Firmware & documentation

Constraints

2.1 Budget

Total budget for RAL deliverables estimated at £95.4K hardware & 25 Staff Months effort.

2.2 Schedule

Milestone Summary;

Global

Prototype Design Complete
24-10-2003

Prototype Fabrication Complete
17-11-2003 

Prototype Testing Complete
31-03-2004

Design Iteration Complete
31-04-2004

Production Board Fabrication Complete
31-05-2004

Production Board Testing Complete
30-07-2004

PCB

PCB tape out
Fri 24/10/03

Assembled PCB at RAL
Fri 14/11/03

Module ready for FPGA development
Tue 18/11/03 - earliest

Basic Test Development

Basic ADC performance tests  firmware ready
Tue 18/11/03

Basic ADC performance tests complete
Fri 12/12/03

VFE Test Development

Ready for VFE tests
Fri 05/12/03

VFE Test complete
Fri 12/12/03

Final System Test Development
Final firmware development start
Thu 06/11/03

FE-BE FPGA Integration Complete
Wed 03/12/03

2.3 Performance

Front End Module;

Parameter
Value
Note
Comment

No of Analogue Inputs
12 (6)
1
Differential

Analogue input 
+/- 1.25V 
2
Into 120R nominal about 0V

ADC type 
ADS8361

Analogue Devices






No of Analogue outputs
1 (1)*

Differential

Analogue outputs 
+/- 1.25V into 120 R

( +/- 2.5v Into open circuit)

120 R output impedance.

DAC type
?



No of Digital input/outputs
21 (27)*

Differential 120 R

Digital I/O
Bus LVDS

Virtex II –4 speed grade

Back End Section;

Parameter
Value
Note
Comment

Data Merging
8 @ 80 Mbyte/s



Synchronous Controls
8 x  8 @ 40 MHz



Data Buffer
8 Mbytes



VME 
32A/32D with BLT



VME
2 Mbytes/s

Average

Notes;

1. Configurable via jumpers

2. Assumes Madison universal SCSII cable 120 R – non halogen free

2.4 Regulatory
The module will not be EMC tested.

3. IPR and Confidentiality
Schematics and layouts are marked CCLRC copyright

All CCLRC-RAL supplied schematics, layouts, source code should be treated as confidential, for non-commercial use and restricted for use on CALICE project.

4. Project Monitoring

Customers will hold their own progress meetings.

Internal Project Monitoring will be by weekly Project Monitor Forms
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