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Motivation®

Why uTCA?

v Open standard developed by PICMG for building high performance
switched fabric computer system

v More than 100 vendors offer different HW boards
v"Modular system (flexibility)

v Point-to-point, dual and mesh topologies for GigE, Fibre Channel, PCle,
SRIO

v Standard HW platform in several labs: DESY, ESS, Diamond, Sirius

' MicroTCA Carrier
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v'Support from Industry
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Motivation®

Why commercial?
v'Support from Industry
@ﬁer development costsShared by multiple customers

vPeger development time

» In-house: specs defined and later development started

» Commercial solution: specs defined and looked for an already
implemented solution

v' Convenient when manpower resources are limited and timelines

adjusted
v" Nowadays state-of-the-art HW available in industry
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Yy

= New AUBA LLRF.based

Commercial Solution : AMC Perseus 6010 from Nutaq
v Compliant with technical and economical requirements of ALBA
v'FW included with communications protocol embedded
v' SW migration from old to new system: 4 weeks work

DDR3 SDRAM SODIMM Lylr'glﬂwomm
— C/DC pModule regulators
NOR (VITA 57.1)
MicroBlaze's
QDR2 SRAM flash DDR3

banks (x2)

Mestor
interface

XILINX.
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2 —=_.  ALBALLRF requireiiet

Loops Resolution and bandwidth (adjustable parameters)

Resolution Bandwidth Dynamic Range
Amplitude Loop <0.5% rms [0.1, 50] kHz 30dB
Phase Loop <0.5°rms [0.1, 50] kHz 360°
Tuning <+0.5° -- <x90°

Present (old-2006) LLRF Main
Characteristics

v cPCI board with Virtex-4 FPGA

v Digital IQ demod

v"Main FB loops: Amplitude, phase and tuning

v Board drivers: WXP
Digital board: VHS-ADC from Nutaq

Upgrade needed for LLRF collaborations with Diamond,

Sirius and Maxlab
B
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= NewALBALLRF o v -3

Main Characteristics Front End

DC Qutput

propaortion
al to VCav

v AMC Board with Virtex-6 FPGA + 2FMC RF o
boards with 16ADCs and 8 DACs RF In2

RFIn3
RFIn4

v’ Board drivers: Linux RF Ind
n

v’ Loops: similar resolution and BW RF Ing

$

4GB
RAM

FMC Board 1
H MI125 - 16ADCs

v' Control of 2 cavities included in one FPGA .,

IR signals

Python Device Server

Board RF In10 : =
Oar n =
RFIn11 tv | Z
|
E,_E ||211§ | FMC Board 2
RE In14 MO1000 - 8DAC
RF In15

PLL & CLK
Distributor

Further utilities implemented

v 1Q loops and Polar Loops implemented Arome :
eqr . . . RFDrriI\\:eES RHIE E.
v’ Several cavities configuration implemented  rromes ”EST“{’“ BOX
v’ Interlocks handling ExtREF i L[
TRG Bo Ramp i vrri =0 ohms H’*'.E;
v/ Automated processes o

Ethernet Communications
with General Control System

Development of a DLLRF using commercial uTCA 14/19



Data from DIAMOND LLRF: Poster THPAB152
i 0.05546% RMS )
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ADCs Resolution

Amplitude < 0.06% rms
Phase < 0.04°rms
Signal to Noise Ration (SNR) 70 dB

Loops Resolution @ 80MHz

Amplitude 0.18% rms
Phase 0.1°
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A”:;A 3 Cavities Control.Confi

Booster Cavity Normal Conducting Super Conducting

v 5-Cells Cavity v’ 2 Cavities independently v’ 1 Cavity driven by 4
v Ramping controlled Amplfiers

v 2 Plungers control v’ 2 Drivers per CaVIty v Amp“tUde and phase

v’ 2 Plungers control balance compensation
independently applied

to each drive

RF Drive

Cel2 Cav Cel4
Volt VoIt  Volt
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IQ vs Polar- oo’

v IQ Loops: Smaller group delay - higher BW

v Polar Loops:
= Allows setting different BW for Amplitude and Phase loops

= Low BW Amplitude loop can be set to control cavity voltage with no
interference with synchrotron tune

= High BW Phase loop can be set to remove ripples of PS of RF amplifier

Fast&Slow IQ vs Amp&Ph Loop - BW comparison
——Fast + Slow |Q - Ki 100
-5
~-Amp & Ph Loop - Ki 100
-10 .
"1 /// . —4—Fast + Slow 1Q - Ki 200
20 " & /‘//_H -m-Amp & Ph Loop - Ki 200

Fast + Slow 1Q - Ki 400

Sideband Attenuation [dBc]

,ﬂ
4

Polar Loop 30

Amp & Ph Loop - Ki 400
Cavity Voltag ~<@—RF Drive 20 40
_| Perturbation Freq. [kHz]

DLLRF DSP Scheme BW of IQ vs Polar Loops
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r"

Fast interlocks

Interlocks inputs
v" Reverse Power interlocks: adjustable threshold
v" Digital interlock inputs: arc detectors, vacuum, MPS and others

Interlock Outputs:
it —
v'RF Drive cut in less than N teriock Output fo
10 us (pin diode switch) | »

. PLCCLT:r:T;I)Ierr RF Ampilifier
v'Trigger to FDL and MPS B
\/Trigger tO TX PLC - Machine Protection

Cavity End Swtich
v'LLRF loops set to STBY g e Swenes
¥ Vacuum Controller
Output for automatic
conditioning
LLRF Interlock Output [
—> Analog Output Pin diode Switch RF Reflected Power
—» Digital Output

— Interlock Output
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Manual Conditior:rrf

RF Drive square modulated

v'Duty Cycle of pulses adjustable (1-100%)

v’ Amplitude adjustable

v'Time between pulses = 100ms (10Hz)

v Tuning Loop only enable at top of the pulses

[} B 100s/ 10007 60,05/ B 0 @ ] & 10000 5008/ ] B 100/ @ L) Ll L

Drawbacks

v Vacuum levels not
considered by LLRF -
frequent interlocks

ame = Bonl_

56 New file name = Bond_500)
00| O Spell Enter Delete | ) Press to go Spell
vl & == Character | =/dr ived &

B 100/ § ] & 10000 5008/ (] B 0 § ] £ 26008 §00z/ o B 100 B (] & 26008 5002/
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Vac (mbar)

Vacuum signal connected to LLRF

x 10°

N
T

Vac Limit Up -

65

D
o

Power (a.u.)

[4)]
(3,1

50

Cavity Reference
Ca\ity Voltage

45
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Voltage Increase rate set to 0.03mV/s

v'Amplitude and duty cycle increase depending on vacuum levels
v’ Amplitude increase rate (slope): adjusted by operator

8KkW |-

Power (kW)

1kW -

600W H

Vacuum (mbar)

Cavity Reference |-
Cavity Voltage

» Vacuum < Limit Down - Voltage Amplitude Increases/Decreases
= Vacuum > Limit Up - Voltage Amplitude remains constant until vacuum is below limit down

Voltage Decrease rate set to 1mV/s
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4~ Fast Data Logger.for pc')""‘

AL B A

Vacuum Trip at 47kW Reflected Trip at 35kW Arc at 41kW

Cav‘VoIt e Cav Volt Cav Volt

35“3 — —+—— QCav

200 P R A T I B o>
—+— CavAmp s0f - - -S| oc
"""" 2001 — — —1— — L L _a___ Tl
0 Z S I | N D O S S N T
0
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I 200
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200 | rwlOT
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0
00
7.6 7.8 8 8.2
Rv Cav x 10"

e [RVCav

e QRVCav

e AMpRVCav (mV)

AmpRvCav (kW)
T

—+— IRvCav
—+— QRvCav
w, —— AmpRvCav

mV

|
|
8 8.2

. . t(s) _4 . . . . .t(s) . . g i )(1'0-4 7 7.1 7.2 7.3 7.4 \Zs&—), 7.6 7.7 7.8 7.9 xm:
Cavity Discharged in 35 us Cavity Discharged in 0.8 us Cavity Discharged in 1.2 us
Full reflected power AFTER Pin Short-circuit in the cavity Full reflected power during 4us until

diode opening arc occurs and Pin Diode gets opened

Pin Diode opened in less than 1.5us
after interlock detection
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Extra feature 1 _

Automatic startup for fast cavity recovery

Feed-forward loops for beam stability
v" FF loops for RF trip compensation
v" FF loops for beam loading compensation

Slave loop for power unbalance compensation

Tuning based on Freq modulation

Summarizing:

Commercial FPGA boards offer specs and flexibility which allows
adapting your control loops to the evolving needs of machine operation
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L= Summary and:Conch

AL B A

v Commercial uTCA Boards:

= Standard widely used in industry and accelerators
= Great variety of uTCA products in market to match your requirements

v' LLRF Capabilities

= FB loops for Amp, Ph control and tuning
= Control algorithms can be easily adapted to different machine needs in one single
system
» FPGAs increasing processing resources allows integrating further utilities in LLRF:
» Automatic conditioning
» Automatic startup
» Interlocks handling
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Thanks for your attention
Questions?
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