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Context <)

« Many systems are exposed to the radiation environment induced by the LHC
- FPGAs are widely used because of cost, performances, and flexibility

« Radiation-induced failures can lead to beam dumps

Radiation qualification is fundamental to ensure a reliable operation of the experiments

T
@@2\ @:’\ 05.10.2023 CRaTeBo: A High-speed Radiation-Tolerant and Versatile Platform for FPGA Testing 2



Challenges )

Radiation testing of FPGA-based systems can take several months

Test Test Test
identification development execution

« FPGA Firmware : :
« Test board  Setup installation

« Data retrieval -
analysis

~
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Where do we test? )

Nl A
Active Elementary Devices Integrated Circuits Optoelectronics

MOSFET BJT Diodes IGBT Thyristor CMOS Bipolar, BiCMOS LED Optocoupler PhotoMOS

Si-based Optronics
l l Thermal neutrons Si-based l
v v v
CCe0 PSI — 200 MeV Proton ILL — Thermal Neutron CHARM - Mixed field
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CERN Cobalt 60 Facility Proton Irradiation Facility TENIS: Thermal And Epi- Cern High energy
Geneva, Switzerland Paul Scherrer Institute thermal Neutron Irradiation AcceleRator Mixed field
100 Tbcq Co60 Source Viligen, Switzerland Station, Grenoble France facility, Geneva, Switzerland
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Where do we test?

445 i

PolarFire DevKit under neutron beam @
Institute Laue-Langevin (ILL)

300

¥

PolarFire DevKit under proton beam @ i L
Paul Scherrer Institute (PSI)

P L L N T P A R e e TRl el B 4o

CC60 facility at CERN

~
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The CHARM facility

« 24 GeV proton beam coming from PS strikes on atarget

« The secondary radiation field is like the LHC radiation fields

« It can be modulated with different targets, shielding, test positions

L

| Target | Shielding 13 different positions

*  Copper, Aluminum, Aluminum Hole * Concrete, Iron

 Entire room is irradiated, so high probability of destructive event on commercial boards!

» User should develop their radiation tolerant tester board > More development time and cost to perform a radiation test
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Our proposal

Use position GO inside CHARM:

« Low TID (~ 20 Gy per week )

« High availability (tests can run for weeks)

A permanent installation of a tester board in GO will
* Increase availability for testing

 Minimize development time and cost for the user

« Provide high-flexibility for testing FPGA systems

GO Position (Grid) @ CHARM

~
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CRaTeBo - CHARM Radiation tolerant Tester Board )
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CRaTeBo Power Power Power Power Power Power
module module module module module module

Communication FMC FPGA under test DUT FMC
System-on-Module

[ swappable

Configuration

Data

e-links

FMC-compatible
DUT
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CRaTeBo - CHARM Radiation tolerant Tester Board ()
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FPGA interface ©)

e Custom solution based on System on Module
(SOM)

 The FPGA is connected to:

« A Communication interface

 An HPC-FMC connector for interfacing analog/mixed
front-end

« External signals (clocks, triggers) through SMA
connectors

» An Optical link through SFP+ connector

« JTAG programming

~
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Communication interface

« Based on the GBT/Versatile Link!2]

* Optical link up to 4.8 Gbit/s used in beam instrumentation at CERN

* |t reuses the L-GEFE mezzanine developed for the GEFEL!
« GBTx ASICI (radiation hardened by design, tolerant up to 1 MGy)

« VTRXx optical transceiver (radiation tolerant up to 500 kGy)

 Advantages

« It allows testing high-speed FPGA applications

« |t provides the user an already validated radiation tolerant link
for the DUT interface

Ethernet

VC709 NicR iamwwm,,&é ‘... _—*—‘ @E ' 7

Back-end in control room

~
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Communication interface )

Nl oA
« FPGA back-end .
VC709 Virtex7
* The Xilinx VC709 implements
« GBT core
_ Eth. wrapper
» User logic (for eventual
processing) : UDP core
» Ethernet wrapper to IP core ) ° User =y “
Logic

interface with host-PC

e Host-PC firmware: 1000Base-X

* Implement a communication
interface for the DUTs
transparent to the user

T
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Device programming &)

JTAG chain can be configured using

jumpers
CRaTeBo ] Swafépab'é
Configuration
1. JTAG on-board connector S
o Useful for debugging, out of Communication FMC FPGA under test DUT FMC
radiations, with commercial System-on-Module
programmers

FPGA FMC-compatible

DUT
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2. Slow-Control Adapter (SCA)e=!

« Connected on a dedicated port of
the GBTx ASIC

* Implements a JTAG master

« JTAG over radiation tolerant optical
link — To use when board is in the
radiation room
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Power modules

« Implemented through swappable power modules that
can be configured to provide the desired voltages

e 2 options
« CERN radiation hardened DCDC converter — bPOL12V!6]
e COTS-bhased, tested and validated at CERN

 FPGA power is decoupled from the FMC power -

Avoid propagation of destructive events from CRaTeBo power module

commercial mezzanine cards to CRaTeBo

T
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FPGA testing ©)

GateMate — SRAM-based FPGA

« SOM developed in collaboration with Fachhochschule Dortmund University
« Radiation qualification of the GateMate FPGA according to [1]

« DUT: Ring oscillators circuits to measure the propagation delay variation with the
dose

GateMate-SOM for CRaTeBo

« Test facility: CC60 at CERN T
« 0.1 Gy/h to 450 Gy/h 1
depending on the location 3

Irradiated area

~
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FPGA testing

 Test setup
« CRaTeBo + GateMate SOM

Tester FPGA measuring the ring oscillator frequency with the dose
* Host-PC monitoring the test

* CRaleBo == ="
5 £ £1 £ Pureran

Test performed at CC60
facility, CERN, Geneva
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Software-Defined Radio testing

A SDR is a wireless platform composed of
« RF Transceiver: RF, analog/digital conversion
« FPGA: signal processing algorithms

« Modulation, demodulation, filtering, packet detection, data
generation

SDR under test
e RF Transceiver: AD9361
* Flash-based FPGA: PolarFire FPGA

Application under test

« Packet-based communication using Pulse Position
Modulation at 1 Mbit/s

Antenna

Configurable RF Front-end

RF Conversion

ADC

Tl

DAC

Processing

FPGA

Physical layer
MAC layer

AD9361 mounted on the
FMCOMMS3 evaluation
board

CRaTeBo SOM of the
PolarFire FPGA
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Software-Defined Radio testing

« Test facility: TNF at TRIUMF
« 10 -400 MeV Neutron
PPM

. . Up- li .
« 5x12 cmirradiated area p-samping Modulation

e Test setup
* Transmitter: CRaTeBo + PolarFire SOM + AD9361

* Receiver: RF back-end receiving packets in the control room

Ethernet

Packet
generation

o
e
8
8
-
]
-3
=
s

~
(C\E/RWE\ (Ce:"\ 05.10.2023 CRaTeBo: A High-speed Radiation-Tolerant and Versatile Platform for FPGA Testing



GBT-based system )

« CRaTeBo can ease testing of GBT-based systems at CERN
Status

1. Communication link working (back-end <-> front-end)

CRaTeBo
Power Power Power Power Power
module module module module module

Communication FMC FPGA under test DUT FMC

2. Software on the Host-pc in development

- Swappable

Power = Configuration
module — Data

System-on-Module

e-links
FMC-compatible
DUT

OIN4-OdH
ON4-OdH
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Conclusion & outlook )

« Radiation testing of FPGA-based systems is a challenging task

« Complexity increases when irradiate area >> DUT size, i.e. at CHARM

The CHARM Radiation Tolerant Tester Board was developed to ease their radiation testing

1. It provides high availability for testing in CHARM

1. Itis permanently installed in position GO in the facility

2. It can be used in multiple configurations to test a variety of systems

1. FPGA-only, wireless applications, and other systems working with analog/mixed front-end electronics

3. It will minimize user’s burden in the installation and development of a test setup

. It provides power, FMC interface, and a radiation-tolerant link to use during the experiment

~
C\E?W (@N\ 05.10.2023 CRaTeBo: A High-speed Radiation-Tolerant and Versatile Platform for FPGA Testing 21



References o))

Nol A

[1] A. Scialdone, R. Ferraro, R. G. Alia, L. Sterpone, S. Danzeca and A. Masi, "EPGA Qualification and Failure Rate Estimation Methodology for LHC
Environments Using Benchmarks Test Circuits,"” in IEEE Transactions on Nuclear Science, vol. 69, no. 7, pp. 1633-1641, July 2022

[2] F. Vasey, D. Hall, T. Huffman, S. Kwan, A. Prosser, C. Soos et al., “The Versatile Link common project: feasibility report,” Journal of Instrumentation, 7 (2012)
C01075

[3] M.B. Marin, A. Boccardi, C.D. Godichal, J. Gonzalez, T. Lefevre, T. Levens et al., “The Giga Bit Transceiver based Expandable Front-End (GEFE)—a new
radiation tolerant acquisition system for beam instrumentation,” Journal of Instrumentation, 11 (2016) C02062

[4] P. Moreira, S. Baron, S. Bonacini, O. Cobanoglu, F. Faccio, S. Feger et al., “The GBT-SerDes ASIC prototype,” Journal of Instrumentation 5 (2010) C11022

[5] A. Caratelli, S. Bonacini, K. Kloukinas, A. Marchioro, P. Moreira, R.D. Oliveira et al., “The GBT-SCA, a radiation tolerant ASIC for_detector _control and
monitoring applications in HEP experiments,” Journal of Instrumentation 10 (2015) C03034

[6] F. Faccio, S. Michelis, G. Blanchot, G. Ripamonti and A. Cristiano, “The bPOL12V DCDC converter for HL-LHC trackers: towards production readiness,” PoS
TWEPP2019 (2020) 070

~
C\E?W (@N\ 05.10.2023 CRaTeBo: A High-speed Radiation-Tolerant and Versatile Platform for FPGA Testing 22


https://ieeexplore.ieee.org/document/9740673

