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Libera LLRF system

- Digital RF stabilization system:
all-in-one,
customizable,
ready to integrate in the control system
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RF cavity (“Elettra” 500 MHz, Q=42000)
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RF system & LLRF
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Cavity probe

Cavity tuner

Input power coupler
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Klystron Directional

(power amplifier) coupler RF cavity

1 or more MW

N N

Master Oscillator (reference)

Forward and reflected power
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LLRF and cavity-beam model

Klystron

Directional

Zcav (neglecting the beam contribution)
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LLRF system

LLRF System (implementing the cavity field stabilization)

RF cavities
(up to 32 / RF plant)

Customer
specific
controller

S

Preamplifier
and klystron
amplifier
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RF system characteristics

1) SuperConducting vs. NormalConducting RF systems:
- NC: EMMA: RF freq. 1.3 GHz, BW=56 kHz, Q=23000
- SC: XFEL: RF freq. 1.3 GHz, BW=100 Hz, Q=13EG6 (sophisticated tuning system (piezo))

2) Pulsed vs. CW:
- CW: RF field on all the time (storage rings)

- Pulsed systems: RF field active during a limited period of time (few ms) repetition rates
from 10 Hz to 100 Hz
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The set-point signal generator drives the set-point

Bunch train reference. Therefore the regulator ramps the cavity field.
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Libera LLRF

Digital RF stabilizotion system

ALL-IN-ONE / Integrated
The allin-one unit replaces a field of different instruments and crates:
B Builtin RF system diagnostics: automatic phase and gain correction, cavity field

LE
oble conroller: eosy vpogrodeobls

ara LIRF fisld progmmmable gote

control loop stability analysis, cavity decay analysis monitoring B B bl o ot i
. . . st spacific needs
B Cavity tuning included o bt et

a RF Input fraguancy up o 12 GHz

m Cavity field stabilization: jitter cancellation, vector sum alignment, calibration ~ frerbperisen
system, computation of the cavity field vector sum, cavity field control by
means of a programmable Pl controller, feed-forward system

m Builtin interlock system
e SUITABLE FOR THE LATEST GENERATION
assis health monitoring
m Builtin local oscillator generation LIGHT SOURCES and HADRON
ACCELERATORS

® Phase and amplitude stability meets 4th
generation light sources’ requirements

B Compatible with normal-conducting and super-
conducting RF systems

SUITABLE FOR THE LATEST GENERAT| Chl
LIGHT SOURCES and HADRON
ACCELERATORS

" Rt it s aepimean” - B Supports pulsed and continuous wave
® Compatible with normol-conducting and wpe- .
L] gi:iﬁ:gj;:‘::::;mﬁnunu: E- Operutlon mOdES
ojperafion modes
" ow e B [ow latency
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Hardware Interfaces

Vector modulator module:
Receives the partial vector sum signals
from four satellite ADC modules through
low-latency low-voltage differential

Intel dual core COM Express with extensive communication signaling (LVDS) lines. The global vector

interfaces: sum is then processed by means of FFGA

The latest FPGAs and a powerful personal computer based on the PCle algorithms. The output of the control

interface offer good resources for the implementation of low-latency control algorithms is then up-converted to the RF Optional fast
algorithms, realtime data processing and dedicated RF system diagnosfics frequency and used as the transmitter communication
tools. drive signal. modules

Timing module:

Generates a low jitter local oscillator (LO)
signal and a suitable sampling clock for the
down-conversion and acquisition processes.
The designed acquisition structure enables a
high level of amplitude and phase cavity field
stabilization.

" i

RF acquisition modules:

The system is configured to have four satellite modules,
each of which can process up to @ RF inputs. One
channel on each board is used as RF reference signal
for measurement and jitter cancellation purposes. Each
RF acquisition module includes a builtin calibrafion
system, temperature stabilization, jitter cancellation, LO
distribution, partial vector sum computation and vector
sum phase alignment functions.
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LLRF signal levels

ADCO:

-RF inputs 1-9: 20 dBm
20 dBm
0 dBm

-Cal. input
-LO
TCM:
-Ref. Input
-LO output
VM:

-LO input
-RF in ;
-RF out ;

In

input

0 dBm
18 dBm

0 dBm
20 dBm
12 dBm

Hardware Interfaces

Intel dual core COM Express with extensive communication

interfaces:

The latest FPGAs and a powerful personal computer based on the PCle
interface offer good resources for the implementation of low-latency control
algorithms, realtime data processing and dedicated RF system diagnosfics

toals.

Vector modulator module:

Receives the parfial vector sum signals

from four satellite ADC modules through

low-latency low-voltage differential

signaling (LVDS) lines. The global vector

sum is then processed by means of FPGA

algorithms. The output of the control

algorithms is then up-converted to the RF Optional fast
frequency and used as the transmitter communication
drive signal. modules

™

Timing module:

Generates a low jitter local oscillator (LO)
signal and a suitable sampling clock for the
down-conversion and acquisition processes.
The designed acquisition structure enables a
high level of amplitude and phase cavity field
stabilization.
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RF acquisition modules:

The system is configured to have four satellite modules,
each of which can process up fo 9 RF inputs. One
channel on each board is used as RF reference signal
for measurement and jiter cancellation purpases. Each
RF acquisition module includes a builtin calibration
system, femperature stabilization, jitter cancellation, LO
distribution, partial vector sum computation and vector
sum phase alignment functions.




Distributed processing
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Data paths

up b 32 channels

FPGA

T e

ADC module Wi moduie
Decimated 54 - Decimation Decimated SA
stream stream
ADC module e o WM module
History buffer (DoD} H‘?;gﬁ“@” History buffer (DoD)
{raw samples) (raw samples)
/ ADC module Multiplexer \ VM module Multiplexer
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SW interfaces

Contrl System Graphical User nteface

Measurement and Control Interface Hsrcpacitic

] ]

Libera LLRF Application A S e
algorithms, control and monitoring Jser-speifi .

ADC driver W driver

Hardwars:
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Flat top analysis

Tha caviy vollzge
amplivde crd phase
slability con be
eentily measured from
the ocquired
samples. A lang
history of row
samples s evailable
from dhe buffer. The
effectivenass of the
contred algerithms in
suppressing
distrbonces of the
covity +'|ﬂ|d. o b

measured using tis
ool

Myquist stability analysis

A powwarful BF dicgnostics
syslem complelely clioractanizes
1|'|:_=. RF 5,!:'.‘|:rn |'r:,- MmN qf. L‘.l_lil'l'-
it neteork veclor anolyss,
Libero LLEF aulomotically uses
diognestic meosuremants o
cormputs he aplimal phose
rofotion for enobling o stobla
LLEF lpop The user iz ak=a
pravided with phass and gais
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System monitoring

The Libera LLEF system hos an advenced heolth
ronisaning systern thar fakes care of fans, voltages
and rempearatuse.

Decimated signals

A the sigsnoals of the (ke
LIRF system ore olso
avgilelbla in 0 decimod
ferm for easy processing
and cisplay an eanrel
system screans The coviky
respansa to BF pulsas is

olready cvoiloble in the
frm of amplitvde and

Configurable LLRF controller application

phase sigrals.
RF systam
diegnostics
A Dwring operation, the cavity
- oo decay analysi and

diraclional coupler signels
ara usad to moniior ord
ceniral the cavily uning.

srohility momins. The open lzop Paramator Valus
farter funchon K depldysd o Mumber of inpul shannels 36°{0 par module)
a Myguist diagroem. The
application suggests the ADG resolufion 16 bits
ophmum working porarmetars. -

Maw: ADC sarmpling clock fregwency 130 MHz
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Cavity simulator

Designed to model the CPI IOT power amplifier non linear effects, limited bandwidth and the EMMA NC
cavity.

- Based on upconversion and downconersion chains + BBFP
- Nominal RF frequency 1.3 GHz

- Nominal BW= 56 kHz (Q=23000)

- IF frequency 100 MHz

- Sampling frequency for IF 350 MHz

- Conversion LO frequency: 1400 MHz

- other features: variable gain, phase, resonant frequency and group delay

RF cavity and RF system simulator  —
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Libera LLRF performance

Input RF Chain CrOSStalk (far end): - 70 dB g | o7e7 | -eoa | -mio 817 | -832 | -g19 | -s02

. 733 733 | -821 809 817 | -825 627 797

Crosstalk ratio at IF level: - 60 dB
799 692 837 | -784 808 | -824 825 -80.1
Open IOOp Stablllty 817 814 | -727 -734 -79.1 | -808 -82 -805
B 828 | -808 | -734 767 | -792 797 -784

AmpIItUde 0007 % 624 835 | -824 | -s06 | -764 -798 Siiii? 775
Phase. O 005 deg 823 845 | -829 | -ez2 | -828 705 638 769

-81.1 -838 -8348 -g2 -82458 -79 =71 -8845
Estimated latency: 200 ns 03| ets | e2s | 07| 75| saa |02 | -roz
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Thank you!
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PROBE SIGNALS

CAVITY FORWARD AND REFLECTED SIGNALS
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XFEL LLRF example

19” Rack (Stack of 3 LLRF units
serving 1 RF plant (Nth))

Piezo & steppermotor control unit

32 CAVITY PROBE SIGNALS

KLYSTRON N

1 KLYSTRON
DRIVE

A 4

32 cavities

GOES to 2 LLRF units
<

KLYSTRON FWD AND REF. —

16 FORWARD AND 16 REFLECTED —
POW. SIGNALS

1U

16 FORWARD AND 16 REFLECTED
POW. SIGNALS

64 STEPPERMOTOR CONTROLS
(WAVEGUIDE TUNING)

32 PIEZO AND 32 STEPPERMOTOR CONTROLS (CAVITY TUNING)
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