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1. Abstract

t Transceiver based Expandable Front-End (GEFE) is @ multipt
license (GERN OHL). It is foreseen to be the new standarc
from fast data acquisition systems to slow control instal
fa krad (7al Gy). This poster introduces the architecture of the GEFE, its features as well as examples of

FME carrier

2. The GEFE

rpose FPLA-based radiation tolerant card,
for digital front-end applications in the CE
ed close to the beamlines, in a radioactive e

wironment ex
its applicatior

(A new radiation tolerant acquisition system for beam instrumentation)
The GEFE team: M. Barros Marin, A. Boccardl, C. Donat Godichal, J.L. Gonzalez, T. Lefevre, T. Levens & B. Szuk
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yroduced under the CERN Upen Hardware
N BE-BI group. Its intended use ranges
nosed to total ionizing doses of up to
in different setups.

General purpose FPGA-based radiation tolerant (2.1) board

Optical & Electrical interfaces (2.2):

o [BT-Versatile Link from CERNPH-ESE
e [ustom Electrical Serial Link Transceiver (ESLI)

Upgradable (2.3):
« [PGAMezzanine Card (FMC) High-Pin Count (HPC) connectar

« 7xGPI0 connectors (24 & |3 user |/0s respectively)
Flexible (2.4):

 FPGA ProAsic3d (ACLASPES000-FGGBSE) from Microsem
e [locks, Resets, FPGA programming, Slow Control (SC) E-link & Power

2.] Radiation Tolerant

Target Total lonizing Dose (TID): up to 75 krad
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In order to maximice its radiation tolerance. the number of
active components has been reduced as much as possible
in terms of number and type. These components are either
radiation tolerant by design (e.g. the GBIx. VIRx, etc.).
capable to stand a TID in the order ot MGy or Components-
Of-The-Shelt (COTS) qualified for a TID up to 7a0 bLy.
In GEFE, the critical COTS (all CMOS-based) are not affected
by displacement damage and present very low SEE cross
section. Moreover, the ProAsicd FPGA (the main COTS of the
GEFE board) features flash-based configuration memaory,
immune to SEE as well as mitigation techniques that
may be implemented in the user logic. The maximum
acceptable system SEE cross section is application
dependent. The TID is the most critical radiation effect.
since it determines whether the COTS will withstand
the expected doses of radiation without permanent damage.
The target TID level of the GEFE board has been set to
7al Gy. This level is a limitation imposed by the ProAsicd
FPGA. It is important to mention that the previously
mentioned TID limit may only be achieved by applying
specific design techniques for improving the radiation
tolerance of the FPGA (e.qg. highly pipelined FPGA firmware,
reprograming of the FPGA during operation. etc.).
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GEFE Config. ID

Resistors
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Secondary Components
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GEFE Config. ID Resistors (10-bit)

FMC DP (40 pins)

JTAG
FMC HPC (160 pins)

GBT M2C clocks (x2)
M2C clocks (x2)
BIDIR clocks (x2)

Vadj

VTRx SFP+
Power ? Power

Main Power

V12p0 Power
Connector

H

>y V12p0

4

GPIO Connector B (24 user pins)
GPIO Connector A (13 user pins)

FMC HPC

V3p3 & V3p3Aux

bidirectional, optical link for communication with back-end electronics,

low-speed (4080 MHz,
communication with digital front-end electronics. The link can be fixed and deterministic
in clock phase and data latency if required. In addition to the high-speed optical link, the
GEFE features a custom Electrical Serial Link Transceiver to be used in low-speed
communications over copper cable through long distances (tested up to Z2 km@&10 Mbps).
The variety of optical and electrical interfaces on the board. in addition to its flexible
architecture, mean that it can easily be adapted for use in many different applications
where radiation tolerance is a requirement.

2.2 Optical & Electrical Interfaces

The GEFE takes advantage of the Giga Bit Transceiver (GBT)/Versatile Link platform
developed by the CERN PH-ESE group. This provides a radiation hard, high-speed (4.8 Gbps).

Timing/Trigger/Ctrl
(TTC/BST)

Data Acquisition

(DAQ)

3. Application Examples

Multi-Orbit POsition System SPS (MOPOS SPS) (BE-BI-QP)

STANDARD BACK-END (VFC-HD)

Motor Controller with Optical Interface (MCOI) (BE-BI-PM)

GEFE

BPM Digital Front-End AMC
(BDF)

STANDARD BACK-END (VFC-HD)

Motor Driver Interface

VERSA EUROPE 3U (MDI) board

STANDARD BACK-END (VFC-HD)

New WorldFIP devkit (CERN BE-CO)

_| WorldFIP

FE

| WorldFIP
" FE

_| WorldFIP

STANDARD BACK-END (VFC-HD)

FE

_| WorldFIP

Advanced Wakefield Experiment BPM (AWAKE BPM) (CERN BE-BI-QP)

USER LOGIC

SMA
SMA

GEFE

Low-Speed Electrical Link

FE

20160 MHz or (0@&320 MHz) electrical

and multiple

links (e-links) for

2.4 Flexible
The interface between the e-links and
the digital front-end electronics

plugged onto the different on-board
connectors as well as the control of
the ditferent on-board resources (e.g.
LEDs, etc.) is carried out by a
Microsemi ProAsic3d flash-based
FPGA. device that has been qualified
for operating in radiation environments.
All other components are also (or will
be) qualitied for use in environments
with high levels ofradiation. The use
of an FPGA., coupled with flexible
poOwering. clocking and FPGA
programming schemes, provides the
capability to adapt the GEFE for
interfacing to the user’'s systems.

& Microsemi
ProASIC3E | | - A3PE3000
System Gates 3,000,000
Equivalent LEs 35K
VersaTiles (D-Flip-Flop) 75,264
RAM kbits (1,024 bits) 504

4 608-Bit Blocks 112
FlashROM Bits 1,024
Secure (AES) ISP? Yes
Integrated PLLs in CCCs? 6
VersaNet Globals 18

I/O Standards Pro
I/O Banks (+JTAG) 8
Maximum User 1/Os 620
Typical Static / Flash*Freeze Power (mW) at V=12V 3.30

Single-Ended I/Os / Differential /O Pairs

| FG896 620/310

2.3 Upgradable

In order to maximize the versatility,
the GEFE is expanded with dedicated
front-end cards through a High-Pin
Count FPGA Mezzanine Card (FMC
HPLC) connectaor which features up
to IBO user-specitic |/0s (that can be
configured both as single-ended or
differential pairs) as well as 4
differential clock inputs and 27
differential bidirectional clocks. The
high-speed lines (DP) of the FME HPC
connector are used as user-specific
|/0s and can also be used for special
functions (Please note that the use of
the DP lines in GEFE does not comply
with the FMOEC standard). In addition
to the FMC HPC connector. the GEFE
offers Z general purpaose
connectors. Both presenting the same

form-factor (26-pin - .030" pitch).

4. Status & Outlook
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fication of components (Second halt of 20fa)
and full board (First halt 201B)

re-production stage (First half of 201) (small arders for protatyping)
Troduction stae (First half of 2017)

The GEFE community

Onen HardWare Repository (DHWR) Wiki and Email Lists

d projects interested so far (New MOPUS SPS, CHARM test board,
New Rad-Tolerant Hieldbus, etc.)

About soll pieces requested so far (36 already tabricated)

Contact manoel barros.marin@cern.ch

Web site: http://www.ohwr.org/projects/gefe




