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SOLEIL in a few figures

SOLEIL is a light source, that uses
photon to explore matter at the
atomic level in labs (Beamlines)

Located 25km from Paris

| Some dates :
* Building Construction began : August 2003

Machine (electron accelerators) :

-  Linac (110 Mev)

- Booster (157m circumference)

- Storage ring (circumference : 354 m)
Energy : 2.75GeV
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' Beamlines (BL) :
| - 43 BL possible, 29 funded

Soleii Permanent Staff: 358 persons

ECA: 8 permanent staff (4 engineers, 4
technicians)

for PLC, CPCI, Muotion control, specific
electronics embedded software

=> 10 000 items managed




INTRODUCTION
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Soleil approach

Soleil context to OHWR collaboration
Our questions, a few years ago ...
1. Analyse compatibility between Europractice and open hardware

2. Analyse the open hardware licence

3. Wait for feedback from our colleagues in academic institutions and
public funded research laboratories

Now...

1. Soleil has bought a commercial Cadence licence, shared with some

other SOLEIL groups. This licence enables us to share source files on
OHWR.

2. ECA has chosen to use the OHL licence to share our designs.
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Soleil approach

ECA Evaluation é

OHWR i
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Package

ECA Contribution
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EXPECTATIONS

} 3 Sk I Open Hardware Collaboration: A Way to Improve Efficiency for a Team— October, 6 " 2013 7



Expectations

Technical feedback and peer reviews improve reliability:
If you are a designer in a somewhat small team, or even alone, you can get
very useful feedback from others by exposing your ideas in an open space.
Chances are somebody has similar interests to yours and more experience.
Developing collaborative work and design reuse:

The OHWR has its origins (and initial scope) in the community of electronics
designers working in experimental physics laboratories. One of its goals is to
reduce the number of different teams working independently to solve the same

problems, in order to make better systems with less time and effort.
Promote and share projects with OHW community
Reduce project development cycle and resources

Encourage openness and collaboration with industry
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PROJECT EVALUATION
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OHWR Project Evaluation: Context

Project choice through technology watch on open har dware projects we
identified the TDC Core Project as a good candidate

TDCs are already used at SOLEIL with commercial products. We think that this TDC
solution is a good alternative for three main reasons:

» Flexibility (number of channels for example), beamlines using TDC do not necessarily
have the same needs and specifications

* Low price
* Not dependent on a single industrial supplier

Project followed by
Guillaume Renaud :
Shu Zhang :

In the future we also plan to evaluate FMC (FPGA Me zzanine Carrier) carrier
products from OHWR

PJ
S E F || . pr
‘ﬁ:ﬁ,i &t Open Hardware Collaboration: A Way to Improve Efficiency for a Team— October, 6 " 2013 19



Project Evaluation: TDC Core evaluation

Specifications from OHWR:

TDC core project is a high precision (sub-nanosecond) time to digital conversion
core for Xilinx Spartan-6 FPGAs.

Measured precision: +/- 52ps
Typical range: 268ms
Latency: 6 cycles at 125MHz

Two calibration mechanisms: startup calibration (delay line non linearities
compensation) and online calibration (temperature, voltage compensation)

ACCUEIL  PROJETS  LIWCEMSES  COMPANIES
@ HDL CORE LIB » TDC CORE

APERCU WIKI ACTIVITE MAILING LIST DEMANDES ANNONCES DOCUMENTS FICHIERS DEFIT
PERI

S 3" _-_'-.' - — License
| ———— - | ——
'LGPL v2.0
0 £

ATime to Digital Converter core for Spartan 6 FRGAS,
= Status: Beta

Dernigres annonces

First test results

Ajouté par Sebastien Bourdeauducy il v 3 emviron un an
Preliminary design of the data path done

40ns total latency at 1 25MHz with 400 taps in XCESLH45T
Ajouté par Sebastien Bourdeauducy il v a plus d'un an

Voir toutes les annonces

SCHEIEL

Open Hardware Collaboration: A Way to Improve Efficiency for a Team— October, 6 t" 2013 11




OHWR Project Evaluation: TDC Core

AN
tan-6 FPGA Design architecture

/ Synchrotron Soleil TDC Core Evaluation report availade on OHWR

http://www.ohwr.org/projects/tdc-core/documents

A brief presentation of our work on the OHWR TDC Core conducted
at Synchrotron SOLEIL:

* A PowerPoint presentation (INF-ECA-PST-3013):Study project,
project integration on a FPGA base board, first tests and
measurements, synthesis.

w\ comparative study of TDCs (INF-ECA-LI-3012) ...
mﬁi\ e Tirger Timer /Sij,:s

N )
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TDC Core additional implementations

Soleil control integration:
Multi-buffering process

UDP Ethernet communication
through SFP connectivity

Adaptation for the beamline
application
Timebase mode
External trigger mode
Events filter arbitration
« Gating
» Single Start / Single Stop

Supervision / Control : TA@EU
1

Spartan-6 FPGA Design architecture

@ Process Management

General Services: Archiving, Configm%n,

. TANGO

Shared bLls arbitratich

WISHBONE
ster

fon _ o
/ RV == ’\m {
- I ?NE bUST L Profibus TDC
Alﬂ\ﬂwi% R $/|
Timing systems Equipmen ui
BRA | | SRA B(;;R i Tp”;:; WISHBONE
M M g slaves
e
< CSR bus >
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TDC Core tests on beamline detector

Punctual Photon
Source

CH2

PSD

CH3 (

Variable Gap Slits \

—
<

NIM Pulse Shaping Stages

FMC DIO

—
—

;

SP605

TTL Inputs

CH2 : start
CH3 : stop
CH4: enable

FMC i

g

Ethernet link

PC Host Interface

First results on SIRIUS beamline:

temporal resolution.

. Good gualification of the detector and acquisition performances.

. First test with two flat fields illuminating each of the two halves of the detector (histogram
on the left) confirms the homogeneity of the detectors

. The second test with a fine beam (histogram on the right) visualizes many very localized
shots. Moreover compare to an acquisition with MCA and TAC, the TDC has better
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OHWR Project Evaluation: TDC Core

advantages:
Portability, flexibility (easy integration in another FPGA platform)

Project development cycle reduced (in 10 months between downloading on
OHWR up to testing it on Sirius beamline)

Costs reduced (the price of the FPGA evaluation board)
Good and efficient feedback from the developer (S. Bourdeauducq)

limitations :
* LM32 microprocessor

— Incomplete LM32 Compiler Library: “long int” (64 bits) and “float” types
not supported

— Without LM32 microprocessor software debug
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OHWR Project Evaluation: Soleil others perspectives

FMC(FPGA Mezzanine Carrier)Project evaluation
Carrier boards : SPEC (Simple PCI Express FMC Catrrier)..
FMC Mezzanine boards : FMC (I/0O mezzanine module) ..

SPI
boards
Package

FMC DIO 5CH TTL

FMC ADC 100M 14B 4CH

FMC DEL 1INS 4CH
FMC carrier board SPEC

FMC DAC 250MSPS 16B 4CH
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PROJECTEOQNRRBEBUMAN

SPI
BOARDS
PACKAGE
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SPI BOARDS PACKAGE

Our contribution
SPI BOARDS PACKAGE:

Projects shared on the OHWR under CERN OHL V1.1 Licence.

» anyone should be able to see the source, study it, modify it and
share it.
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PROJECTS SHARED

Two projects already available:

e SPICONTROLLER:
« SPIETBOX:

Official access point to share information and files

Information about the projects easy to access on the wiki page and documents
page.

Documentation about the Hardware

Application note about the way to use the hardware in Synchrotron application

Design and Firmware Source files are shared in the SVN repository
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Collaboration

Several institutes have shown interest in the SPI Boards package

Community
Informed through the mailing list address:
News over the OHWR web site
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Application using SPI Boards Package

Feedforward architecture for EMPHU insertion devices

Feedforward architecture

Architecture using SPI BOARDS PACKAGE,
can be used to synchronously drive the main
coils power supply and correctors power
supplies in order to:

o Improve beam orbit stability
GAP movements
Electromagnetic field changing

0 Improve dichroism experiments
fast switching of polarisation
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Latest results with feedforward correction

The purple curve shows that with
correction there is a weak field
integral (£0.04 G.m).

That mean beam orbit is stable
during polarisation switching.

\

The green curve shows that without
correction the field integral is
important (max -1.5 G.m).

In that case it generates a fault and
an unstable beam orbit
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CONCLUSION
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Difficulties:
Requiring significant lobbying of managment.
Expecting feedback to improve our contribution

Benefits of the OHWR:
A way to promote our projects
An easy way to share files and documentation
A good way to collaborate
A good way to save time in development (TDC and FMC)

Limits of the OHWR:
Based on best efforts for technical support
Different level of functional guarantee on the hardware
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Next steps for SOLEIL on OHW:

Enhance documentation for SPICONTROLLER and SPIETBOX projects
datasheet and user documentation.

Share new boards in the SPI BOARDS PACKAGE
Technology watch: Evaluation of some FMC boards

Find a company that could provides and support our projects

We are convinced about OHW but progress to
collaborate is required!
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