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What is the GBT-based Expandable Front-End (GEFE)
BE-BI-QP

• General purpose FPGA-based radiation tolerant board

• Features different components of the GBT-Versatile Link  ecosystem from CERN PH-ESE

• FPGA Mezzanine Card (FMC) High-Pin Count (HPC) connector

• Clocks

• Upgradable:

• 2x GPIO connectors (24 & 13 user I/Os respectively)

• Flexible schemes for:

• Resets

• FPGA programming

• Power
• Slow Control (SC) E-link

Target Total Ionizing Dose (TID): up to 75 krad

• Optical & Electrical interfaces

• Rad-Hard FPGA ProAsic3 (ACLA3PE3000-FGG896) from Microsemi
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• New Back-End systems in beam instrumentation already unified
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• Use of active components already qualified in terms of radiation hardness: 

• Use advise about radiation hardness from other groups (e.g. TE-EPC, BE-CO, RadWG, etc.)

• Follow typical procedures for rad-hard electronic devices (e.g. simple design, rad-hard components)

• The GEFE board 

- GBT-Versatile Link ecosystem (VTRx, GBTx, etc.) 
- Microsemi ProAsic3 FPGA
- Other active components (BJT, Schmitt-Trigger, etc.) 
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• The GEFE community

• Regular meetings with the different teams 

• Open HardWare Repository (OHWR) Wiki

• Updates through email lists:

• Specifications (User Guide)

(5 of 5)

• Use of active components already qualified in terms of radiation hardness: 

• Use advise about radiation hardness from other groups (e.g. TE-EPC, BE-CO, RadWG, etc.)

• Follow typical procedures for rad-hard electronic devices (e.g. simple design, rad-hard components)

• The GEFE board 

- Email list for all GEFE community: gefe@ohwr.org

- Email list for GEFE community from CERN only: gefe-community@cern.ch

- GBT-Versatile Link ecosystem (VTRx, GBTx, etc.) 
- Microsemi ProAsic3 FPGA
- Other active components (BJT, Schmitt-Trigger, etc.) 

mailto:gefe@ohwr.org
mailto:gefe-community@cern.ch
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Radiation Hardness

(9 of 9)

Qualified up to 75 krad
Qualified bellow 75 krad

Not Qualified
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Advanced Wakefield Experiment BPM (AWAKE BPM) (BE-BI-QP)

New WorldFIP devkit (BE-CO)
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• Design of GEFE v1 finished

• 4 PCBs already fabricated

• 2 prototypes of GEFE v1 foreseen by the end of next week (week 38)

• Radiation hardness qualification required for:
- Active components not qualified up to 75 krad
- The full GEFE board 

(1 of 2)

The GEFE board
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• Specification in version 0.8.5 (may be used as User Guide)

- New Multi-Orbit POsition System SPS (MOPOS SPS)  (BE-BI-QP): Requested 300 pieces

• Projects in the GEFE community:

- Motor Controller Optical Interface (MCOI) (BE-BI-PM): Requested 25 pieces
- CLIC Acquisition and Control Module (CLIC-ACM) (BE-CO): Interested
- New WorldFIP devkit (BE-CO): Interested

- Beam Wire Scanners (BE-BI-BL): Interested

- Advanced Wakefield Experiment BPM (AWAKE BPM) (BE-BI-QP): Requested 30 pieces

• Open HardWare Repository (OHWR) Wiki and Email List

• Increasing the number of members

- Function Generator Controller Lite (FGClite) (TE-EPC): Interested

The GEFE community

- CHARM test board (EN-STI): Interested

(2 of 2)
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Summary & Outlook (1 of 2)
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Summary

• General purpose FPGA-based radiation tolerant board

Target Total Ionizing Dose (TID): up to 75 krad

• Specifications in version 0.8.5 (may be used as User Guide)

• Several projects (More than 350 pieces requested)

• Open HardWare Repository (OHWR) Wiki and Email Lists

• The GEFE community

• 2 prototypes of GEFE v1 expected by the end of next week (week 38) 

• The GEFE board

- Rad-Hard FPGA ProAsic3 (ACLA3PE3000-FGG896) from Microsemi

- Features different components of the GBT-Versatile Link  ecosystem from CERN PH-ESE

- Optical & Electrical interfaces (FMC HPC, etc.)

• Increasing the number of members
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• Update specifications after assembly of first GEFE v1 prototypes

• Organise production of GEFE for the different projects  

• Validity test of the first 2 prototypes of GEFE v1 (October 2015)

- Prototype of GEFE v1 (First half of 2016)

• Design and implementation of a fully automated test bench for production testing (First half of 2016)

• The GEFE board

• The  GEFE community

• Update Open HardWare Repository (OHWR) Wiki

• Increase the number of members

• Production stage (First half of 2017)

Ph.D. Student (Christophe Donat Godichal) in charge of the radiation tests

• Organise periodical meetings

• Radiation hardness qualification of:
- Active components of GEFE v1 not qualified up to 75 krad (Second half of 2015)
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http://www.ohwr.org/projects/gefe

gefe-community@cern.org

mailto:gefe@ohwr.org
http://www.ohwr.org/projects/gefe
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GBTx ASIC
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mm
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VTRx

VTRx & GBTx
• Main components of the new “Rad-Hard Optical Link for Experiments”

• Developed at CERN by PH-ESE  

• VTRx

• Rad-Hard Optical Transceiver
• Bidirectional Link at 4.8 Gbps (Versatile Link)

• GBTx

• Rad-Hard ASIC
• Single Electrical Link with VTRx at 4.8 Gbps

• Multiple Electrical Links with Front-End Electronics (E-Links) 
- 40 Links @ 80 Mbps
- 20 Links @ 160 Mbps
- 10 Links @ 320 Mbps

• Widely used at CERN (Experiments & Accelerators) and External institutions (Desy, etc.)
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Particularities of the FMC connector in GEFE
• High-pin count (HPC) socket

• The different control signals of the FMC standard are supported

• The targeted user-specific I/O data rate is up to 700 Mbps

• The high-speed lanes (DP) connected to user-specific I/Os

• Special functions of DP lanes:
• Direct SC e-link between GBTx and the FMC HPC connector

• FPGA programming by JTAG master (e.g. SCA) placed on FMC 

• Accessible from the rear of the board

• Up to 160 Single-Ended (or 80 Bidirectional) user-specific I/Os

• 6 differential clock lines (4 inputs and 2 bidirectional)

• Direct signals from GPIO connector A to FMC HPC connector

BDF

Single width conduction cooled FMC Module
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FPGA (ProAsic3)
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Slow Control (SC) E-Link
• Single E-link @ 80 Mbps
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Low-Speed Electrical Link
• Tested up to 10 Mbps over 2 Km of coper cable
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Clocking Scheme
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Clocking Scheme
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Resets Scheme
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FPGA Programming Scheme
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