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March 03:Common Diagnostics 
between Soleil and Diamond?



May 03: First Glimpse at what 
will become Libera Electron



June 03: Design Review at 
Soleil provides unique Insight 



Nov 03: Design Review at 
Diamond: More Block Diagrams



Jan 04: First DLS Visit to IT:
Hardware fine. Any Software ?



Feb 04: Original Libera EBPP 
Tech Specs: Generic on Software



Apr 04: Demonstration of ‘Fully 
Functional’ Prototype to DLS

• Hardware is there, nearly 
final version (production 
run imminent!)

• FPGA code ‘bare 
minimum’ for ADC minimum’ for ADC 
sample capture, no DDC, 
no switching

• No Driver FPGA to Linux
• No CSPI or EPICS



Apr 04: First Concepts of a 
Software Stack emerge



June 04: Software Stack 
evolves during Soleil CS review

Anticipates software 
complete by Sept 04!



Aug 04: DLS contract SCS with 
Design of FOFB

• Super Computing Systems signs NDA with 
IT to agree interfaces inside FPGA

• Scope of supply by SCS (beyond original 
EBPM specs) is agreedEBPM specs) is agreed

• The result of this work later becomes the 
‘Diamond Communication Controller’, 
which now runs at Diamond, Soleil, ESRF, 
ALBA and Delta



Sept 04: Software/Firmware 
delayed, new schedule

Anticipates software 
complete by June 05!



Jan 05: First Liberas received, 
software/firmware rudimentary

• Only Turn-by-Turn data is available, 
limited to 130008 samples

• Conversion from ABCD-IQ to XY is in 
software using emulated floating point software using emulated floating point 
(slow!)

• Input switches only under manual software 
control, no fast switch rotation, filtering etc.



Feb 05: Software delivery 
schedule slips further

Anticipates software 
complete by Mid July 05!

Outside scope of contract



Feb 05: Testing at DLS shows 
up two Problems (1)

• Fan rotation signal appears in position signal
• Removed by adding filtering on tacho signal



Feb 05: Testing at DLS shows 
up two Problems (2)

• ADC sample rate at precise multiple of 
revolution frequency creates noise

• Addressed by offset tuning of VCXO



Apr 05: First results from ‘real 
beam’ at SRS Daresbury



May 05: Signal Conditioning 
Design Specs evolve 



July 05: Fast Feedback 
Application Interface proposed



Oct 05: Slow Progress on 
Software

• 2nd milestone including SA data and 
switching still not delivered or in sight 

• Instrumentation Technologies decides to 
‘Call in the cavalry’ and outsources FPGA ‘Call in the cavalry’ and outsources FPGA 
design

• New plan sees 1.0 software/firmware 
(including all important functionality) by 
Jan 06



Jan 06: Software release 1.0!

• Adds ADC rate buffer, 
just in time to see first 
turns in our booster

• Adds SA data rate, but • Adds SA data rate, but 
still no switching in 
FPGA (postponed to 
May 06)

• Adds FFAI, so DCC is 
integrated and first FA 
data is received



May 06: A Small Change which 
will later limit a nice functionality
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May 06: First turns in Diamond 
Storage Ring, Liberas help



July 06: Software release 1.2

• Finally, Switching in the 
FPGA and Digital Signal 
Conditioning are included!

• This reveals new issue with 
offset-tuning and switching, 

tuned

offset-tunedoffset-tuning and switching, 
mitigated by changing the 
switch to be in sync with MC

• Orbit Interlock functionality 
included (needed for Sept 06 
storage ring commissioning)

• Manual gain/attenuator 
control and AGC

offset-tuned

offset-tuned and
switching sync to MC



Dec 06: Software release 1.4

• DSC contains phase compensation 
(essential for performance)

• Switching can now be sync’ed to MC when 
offset-tuning in useoffset-tuning in use

• Interlock no longer dropped when 
attenuators switch

• Offset-tuning finally in an official release 
(22 months after showing it is necessary!)



What happened next?

• Diamond began user operation in Jan 07
• Further software releases as part of support contract
• 1.60 in July 07

– Linux kernel 2.6 and everything related (fixes long standing 
Ethernet problems)Ethernet problems)

– Introduces ‘proper’ threads and stops using emulated floating 
point operations

• 1.80 in Dec 07
– New PLL daemon and health daemon
– More parameters through CSPI
– More Interlock diagnostics 



And even later...

• Sept 08: IT licenses DCC for packaged 
distribution to ESRF and ALBA

• Feb 09: Software release 2.0 adds 
features requested by user communityfeatures requested by user community

• Oct 09: DLS helps to track down problems 
with DCC producing lots of errors at ESRF

• Mar 10: DLS upgrade to completely self 
built OS: uboot, Linux, rootfs, driver 
(based on IT), EPICS



Summary: What did we put in?

• Supplied lots of time from 3 people 
• Endless testing both in the lab and on beam
• Nearly 1000 emails sent over the years
• Dug deep into hardware / schematics / firmware / • Dug deep into hardware / schematics / firmware / 

software
• Supplied various features/patches

– Communication Controller, parts of PLLd
– MAXADC, ADC overflow variation



Email Traffic Statistics 
Year Sent by DLS Sent by IT

2003 42 36

2004 87 104

2005 225 200

2006 142 181

2007 116 197

2008 96 149

2009 90 200

2010 64 41

2011 43 63

2012 87 90

Total 992 1261



Summary: What did we get out?

• ‘Access to all areas’: All sources and 
schematics, allowing us to fix problems 
ourselves

• Learned a lot about digital signal • Learned a lot about digital signal 
processing, software development, project 
management 

• Able to influence a number of design 
decisions



One Problem remained: 
Spontaneous Crashes/Reboots

• About one crash observed every 1-2 
weeks on a population of 200.

• Most lead to driver or kernel crash and halt
• A few (about 1 per year) spontaneously • A few (about 1 per year) spontaneously 

reboot, thus dropping the interlock and 
the beam

• A problem only at Diamond?



Results of Poll in 2011

Now: 50 crashes in 3 years.
Beam trips: 1 in 2010Beam trips: 1 in 2010

0 in 2011
1 in 2012
3 in 2013



Solution found!

• In the meantime, we had received the sources for the 
CPLD on the CEP

• We worked through those, and checked timing of 
interlock loss relative to CPU reset

• It turned out, it was not the CPU reset which caused the • It turned out, it was not the CPU reset which caused the 
FPGA init, but a register write in uboot, which was easily 
changed

• New uboot  and small change to init scripts rolled out in 
March 13

• On a reboot the FPGA will not be reset, interlock is not
dropped, but FOFB will stop and EPICS alert.



Thank you!

• Everyone at IT we have worked with: 
Ales, Allen, Andrej, Borut B, Borut R, Borut S, Breda, 
Elvis, Gasper, Hinko, Iris, Matej K, Matej O, Matjaz, Miha, 
Mojca F, Mojca K, Mojca S, Peter L, Peter P, Primoz, 
Rok H, Rok M, Rok U, Sasa, Tanja, Teja, Tomaz B, Rok H, Rok M, Rok U, Sasa, Tanja, Teja, Tomaz B, 
Tomaz K, Uros M, Valentina M, Valentina P, Vladimir

• Everyone at DLS that contributed:
Michael Abbott, Mark Heron, James Rowland, Isa Uzun

• The audience for listening



All the best for the next 10 years,All the best for the next 10 years,
the DLS Libera Familythe DLS Libera Familythe DLS Libera Familythe DLS Libera Family


