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BEAM POSITION MONITOR
ELECTRONICS

Libera Beam Position Monitor (BPM) electronics feature a high-resolution position
measurement of the beam (electrons, protons, ions, photons, etc.). Their flexible digital
signal processing calculates the beam position with different bandwidths and techniques,
enabling measurements in different beam modes and regimes.

pulsed, single bunch
pulsed, micro/macro pulse
bunch-by-bunch
turn-by-turn

first-turn measurement
closed loop (fast, slow)

HADRON ELECTRON X-RAYS
Libera Hadron - Libera Brilliance+ - Libera Photon
Libera Single Pass H - Libera Single Pass E
Libera Spark - Libera Spark

Libera CavityBPM

Instruments intended for use in Hadron
machines are shown in Figure 1. Several
versions are available, based on different
technology and form factors. They provide
various levels of measurement performance
and functionalities. The BPM pickup types
supported are button and shoebox pickups.



Libera Hadron

Libera Hadron is a beam position processor. It can perform beam position measurements,
tune measurement, FFT processing, FFT peak calculation, slow position monitoring, etc.
The modular platform hosts up to four BPM modules, a timing module and optionally
a Gigabit Data Exchange (GDX) module for Orbit Feedback solution or real-time data
streaming.

Accessories: Libera Ampilifier 110.

Extensions: Real-time data streaming, feedback application, serial I/O interface.

BPM modules Network

CPU module GDX module

MRF optical event reception

O O
7 7 0 w = &
~ ‘. : al » d
I
ACQ trigger
| Amplifier 110 —
PM trigger
(optional) m
D ] D W Ext 10 MHz reference

Matching transformers

BPM pickup button/shoebox (optional)

Libera Single Pass H

Libera Single Pass H is a beam position and phase processor. It can perform beam position
and phase measurements for two signal harmonics simultaneously. The modular platform
hosts up to four BPM modules, a timing module and optionally a Gigabit Data Exchange
(GDX) module for real-time data streaming.

Extensions: Real-time data streaming, feedback application, serial I/O interface.

BPM modules Network
CPU module GDX module
TR P T -
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A - LIBERA / Single Pass H
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RF reference Interlock output

(Master oscillator signal) T YANRVANIVAN

ACQ trigger

Optional preamplifiers MRF optical event reception

Button pickup



Libera Spark HR

Libera Spark HR is a beam position processor that supports the readout from a single
BPM pickup and enables bunch-by-bunch data processing. The instrument can output
a real-time data stream and can be integrated with the machine protection system
(Interlock detection).

Extensions: Interlock output, real-time data streaming, analog output, digital (serial) I/O.

USB console Ethernet interface Timing signals
Memory slot for Micro SD card usB RF input channels Interlock output
| o
T e - S St S s AT s o o
= 566622000 5 M
par = ( ) S
‘ . b ‘—
Real-time data output Optional preamplifiers VAN Acquisition trigger

Pulse detection signal

Button/shoebox pickup

Libera Spark HL

Libera Spark HL is a beam position processor that supports the readout from a single
BPM pickup. Position information is accessible at various configurable data rates. The
instrument can output a real-time data stream and can be integrated with the machine
protection system (Interlock detection).

Extensions: Interlock output, real-time data streaming, analog output, digital (serial) I/O.

The front and back panel of the Libera Spark HL are identical to those shown in Figure 4.



Table 1: Technical specifications of hadron beam position monitors

For CIRCULAR machines

Libera Spark HR

Libera Hadron

For LINEAR machines

Libera Spark HL

Libera Single Pass H

General product code LSHR LHAD LSHL LSPH

Capabilities
BPM slots 1 1-4 1 1-4
Supported input frequency range <35 MHz/<45 MHz <55 MHz <750 MHz <700 MHz

A/D conversion

125 MHz/14 bit

250 MHz/16 bit

125 MHz/14 bit

130 MHz/16 bit

Cooling

Passive

Active (fans)

Passive

Active (fans)

Power supply

PoE

10/220 V, 250 W

PoE

110/220 V, 250 W

Timing signals

Electrical (up to 3) *

Electrical (4)/Optical

Electrical (up to 3) *

Electrical (4)/optical

Fast data links R3J-45 RJ-45 & SFP RJ-45 R3J-45 & SFP

Maximum input signal * <1.2 V peak pulse <2V peak pulse <+10 dBm * <+10dBm *
voltage * voltage *

Input gain/attenuation Programmable, 31dB Fixed Programmable, 31dB Fixed

Temperature drift, typical <2 um/°C <2 ym/°C <1 pm/°C <1um/°C

Position RMS at bunch-by-bunch 10 pum ** 6 um ** / /

data rate

Position RMS at fast 10 kHz data rate | / <] gm ** / /

Position RMS at slow 10 Hz data rate | / <1 um ** / /

Position RMS at 1 MHz data rate / <lpm <3um, <0.03°

Dimensions

H:1U, W:9.5" (rack
mountable with a kit),
D: 210 mm

H:2 U, W: 19" (rack
mountable), D: 310 mm

H:1U, W: 9.5" (rack
mountable with a kit),
D: 210 mm

H:2 U, W: 19" (rack
mountable), D: 310 mm

* Can be extended/customized depending on user requirements

** Measured with K=10mm

Functionalities

Bunch-by-bunch processing Yes Yes No No
Real-time data streaming Optional * Optional * Optional * Optional *
Slow data No Yes No No
Gain control Yes Libera Amplifier 110, Yes No
external variable gain
amplifier
Selectable processing window Yes Yes Yes Yes
Processing delay Yes Yes Yes Yes

Multi-chassis synchronization

Trigger-based

Reference clock with
PLL

Trigger-based

Trigger-based

Data time stamping

Trigger-counter

Based on external RF

Trigger-counter

Trigger-counter

clock
Interlock detection and output Optional ** No Optional ** Yes
Postmortem capability No Yes No Yes
FFT/FFT peak No Yes No No
Single-pass measurement Yes Yes Yes Yes
Additional Digital /O channels and Optional ** No Optional ** No
Analog output
Closed Orbit Feedback Application No Yes, see page 38 No No
* Requires additional module GDbE interface GDX module GbE interface GDX module

** Requires additional module

DAI module

DAI module




Instruments intended for use in linear and circular electron machines are shown in Figure
5 and Figure 6. Several versions are available, based on different technology and form
factors. They provide different levels of measurement performance and functionalities.
The BPM pickup types supported are button, stripline, and cavity-type pickups.

Libera Brilliance+

Libera Brilliance+ is a beam position processor. The modular platform hosts up to four BPM
modules (4 channels each), a timing module and a Gigabit Data Exchange (GDX) module.
The main advantage of the Libera Brilliance+ is in its active mechanism that compensates
the drift in electronics as well as in RF cables (using Libera XBS FE).

Extensions: Fast Orbit Feedback application, serial 1/O interface.

CPU module GDX module SER module
&= EETI
e / Brilliance* ;
a S & , -

—— -

BPM module EVRX BPM module
module
Timing system

(e.g. MRF)

Interlock [
output Libera XBS FE
A A
s 5
8 3 2 B
cl g S|c—
D © D

Button pickup
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Libera Brilliance X

Libera Brilliance X is a beam position processor. The system is using various module types
that run in the MTCA.4 chassis. It is designed for a high channel density and can connect
to from two to twelve or more BPMs (depending on the MTCA.4 chassis configuration).
The analog signal treatment is applied in the Libera XBS FE (at the BPM in the tunnel)
first with more filtering and A/D conversion in the Libera 2BPMRTM module. Digital
signal processing and timing signals are controlled by the DAMC-UNIZUP module.

The processing modules of the Libera Brilliance X can run in parallel to general purpose
AMCs in the same chassis where other BPM-related functionalities can be implemented
(like FOFB).

Libera Brilliance X front panel and back panel

DAMC-UNIZUP Main CPU

Libera 2BPMRTM

Power supply

2BPMRTM

The module features 8 input channels with an analog front-end customized for the
BPM application for electron synchrotrons. The input channels are equipped with a
programmable attenuator and a combination of low-pass and band-pass filtering
components. Typically, the central frequencies are around 352 MHz and 500 MHz but
others can be supported, too. The 2 RJ-45 interfaces are intended for driving the Libera
XBS FE.

Digitized signals are transferred through the D1.2 connector to the DAMC-UNIZUP module.

Interfaces towards Libera XBS FE (BPM1 and BPM2)

Input channels (BPM2) Input channels (BPM1)
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DAMC-UNIZUP

The DAMC-UNIZUP is a versatile, high-performance MTCA.4 AMC board based on AMD
Zyng Ultrascale+ MPSoC, with the emphasis on the RTM 1I/O connectivity. The board was
designed by DESY and industrialized by Instrumentation Technologies. It will be used for
the BPM electronics of the PETRA |V project at DESY, where the signals from the BPM
sensor are acquired and digitized by the Libera 2BPMRTM, and passed to the DAMC-
UNIZUP through the Zone 3 connector. This makes the DAMC-UNIZUP a perfect AMC
candidate for multi-channel signal processing applications like Beam Position Monitoring.

Figure 10: Libera DAMC-UNIZUP front panel

Triggers (IX type A and B)

SPF+ SMA CLK

DAMC-UNIZUP
EG

(micro USB) serial console USB-C/display port

Table 2: Technical specifications of DAMC-UNIZUP

Capabilities Details

MPSoC Options | AMD Zynqg UltraScale+ XCZU7EG or XCZUTIEG

CPU Dual/Quad-Core ARM Cortex-A53,1.2 up to 1.5 GHz*

Memory 4 GB DDR4 (PS) at 2400 MT/s + 4 GB DDR4 (PL) at 2666 MT/s*

PCle Gen 3 x4 or Gen3 x8 support, depending on RTM class configuration

Connectivity

4x SFP+ (12.5/16.375 Gbps), USB Type-C DisplayPort, USB 3.0, IX trigger and interlock connectors

Clocking

Flexible clocking with backplane (TCLK) and front-panel clock I/O, 2 PLLs and White Rabbit receiver
support

Trigger Inputs

4x fast trigger differential inputs (LVDS, IX Type A) and 4x slow trigger inputs (RS-485, IX Type B) on
the front panel

Storage

SD 3.0 (UHS) card slot (front panel) and 8 GB eMMC

Compliance

MTCA 4.1 D1.2/D1.3, full M-LVDS and DESY interlock support

Supported Tools

AMD Vivado, Petalinux, Yocto, SDSoC, and more

RTM class

D1.2 or D1.3 configuration support (assembly option)

Debug

Support for ISM via backplane, dual USB command line (front panel) and Serial-over-IPMI support

*The actual CPU core frequency is dependent on MPSoC Speed Grade. Connect with us for options not listed in this table

12



Libera Spark ERXR / ERPT

Libera Spark ERXR / ERPT is a beam position processor that supports the readout from
a single BPM pickup (4 channels) and processes the data both in frequency and time
domains. The ERPT version supports the Libera Pilot Tone FE and processes the input
signals at two RF frequencies. The instrument can output a real-time data stream (e.g. at
10 kHz) and can be integrated with the machine protection system (Interlock detection).
Extensions: Interlock output, real-time data streaming, analog output, digital (serial) I/O.

USB console Ethernet interface

usB

T
/ Spark _ﬁ@

Real-time data output

Memory slot for Micro SD card

Timing signals imi i
liming signals Interlock output Timing signals Interlock output

RF input channels RF input channels
nnnnnnnnnnnnnn C L‘ ’»T g E5) i TK e “"\y
oio ol o ? Q . . . Aout pio
@ =~ A A A 0O ¢ ¥ gz
‘\', ‘/ S = ® 2
Po(l

Libera Pilot Tone FE

Button pickup Button pickup %

Libera Single Pass E

Libera Single Pass E is a single pass beam position processor. With its flexible digital signal
processing, it can process various filling patterns from single bunch to CW and it can
be integrated with the machine protection system (Interlock detection). The modular
platform hosts up to four BPM modules, a timing module and optionally a gigabit data
exchange (GDX) module for real-time data streaming.

Extensions: Real-time data streaming, serial I/O interface.

Accessories. Libera DWC.

13



CPU module Network GDX module

|

i
S LIBERA / Single Pass E
A = A
b

€ £ £ A
€ ' -E‘

f €

Optional preamplifiers /\ /\ /\ /\

Interlock output

BPM pickup Trigger input
button L
stripline Sync signal

Libera Spark EL

Libera Spark EL is a beam position processor that supports the readout from a single BPM.
With its flexible digital signal processing it can process various filling patterns from short
macro-pulse to CW and deliver results at various configurable data rates. The instrument
can output a real-time data stream and can be integrated with the machine protection
system (Interlock detection).

Extensions: Interlock output, real-time data streaming, analog output, digital(serial) I/O.
Accessories. Libera DWC.

The front and back panel of the Libera Spark EL are identical to those shown in Figure 4.

Libera CavityBPM

Cavity beam position monitoring (Cavity BPM) offers superior position resolution for
LINACs due to its resonant approach, which features a narrower bandwidth. This narrower
bandwidth enhances signal strength by effectively filtering noise and amplifying the
beam-induced response within the cavity's resonance frequency. However, to fully
leverage these benefits, precise readout electronics are essential.

Memory slot for Micro SD card Ethernet interface

Network uUsB
-
< A/ Cavityee o= "@ =
W Timing signals Power switch and supply

Reference signal
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The Libera CavityBPM is specifically designed to process these cavity signals with high
accuracy, ensuring reliable and precise beam position determination.
Extensions: Interlock output, real-time data SFP streaming

Table 3: Technical specifications of electron beam position monitors for circular machines

for CIRCULAR machines

Libera Spark ERXR | Libera Spark ERPT | Libera Brilliance+

Libera Brilliance X

General product code LSXR LSPT LBRP LBRX

Capabilities

BPM slots 1 1 1-4 2-12

Supported input frequency range | <750 MHz <750 MHz <700 MHz <700 MHz

A/D conversion 125 MHz/14 bit 125 MHz/14 bit 130 MHz/16 bit 125 MHz/16 bit

Cooling Passive Passive Active (fans) Active (fans)

Power supply PoE PoE 10/220 V 110/220 V

Timing signals Electrical (3) * Electrical (3) Electrical (4)/Optical| Electrical (4)

Calibration Manual Pilot Tone **** Crossbar switch Crossbar switch

DSC Libera XBS FE | DSC Libera XBS FE

Fast data link RJ-45 RJI-45 RJ-45 & SFP SFP

Maximum input signal * <+5 dBm <-10 dBm <+4 dBm <+4 dBm
continuous continuous continuous continuous

Input gain/attenuation

Programmable,
31dB

Programmable,
31dB

Programmable, 31 dB,
automatic mode

Programmable, 31
dB, automatic mode

Temperature drift, typical 2 um/°C <1 pum/°C *** 0.2 ym/°C 0.2 ym/°C

Position RMS at turn-by-turn 0.3 um ** T pm 0.5 pm ** 0.5 pm **

data rate

Position RMS at fast 10 kHz data rate| 0.04 ym ** 0.1 pm *** 0.07 pm ** 0.07 pm **

Position RMS at slow 10 Hz data rate| 0.02 pm ** 0.05 pm *** 0.02 pm ** 0.02 uym **

Position RMS at single bunch <10 pm ** / / /

Position RMS at macro pulse/ / / / /

continuous wave

Dimensions H:1U, W:9.5" (rack | H:1U, W:9.5" (rack | H:2 U, W:19" (rack | depends on
mountable with a | mountable witha | mountable), 4MTCA. crate
kit), D: 210 mm kit), D: 210 mm D: 310 mm

* Can be customized

** Measured with K=10 mm

*** Depends on setup configuration

*** Requires Libera Pilot Tone FE - see page 43

Bunch-by-bunch processing

No (only single
bunch/single turn)

Functionalities

Turn-by-turn processing Yes Yes Yes, multi-bunch Yes, multi-bunch
option option

Real-time data streaming Optional * Yes Optional * Optional *

Slow data Yes Yes Yes Yes

Gain control Yes Yes Yes (automatic) Yes (automatic)

Multi-chassis synchronization

Reference clock
with PLL

Reference clock

Reference clock

Reference clock

with PLL with PLL with PLL
Data time stamping Yes Yes Yes Yes
Interlock detection and output Optional ** Optional ** Yes Yes
Postmortem capability No No Yes Yes
Single-pass measurement No No Yes Yes

Frequency down-conversion

Direct (with ADCs)

Direct (with ADCs)

Direct (with ADCs)

Direct (with ADCs)

Additional Digital 1/0 channels and Analog

Optional ** Optional ** No /
output
Closed Orbit Feedback Application No No Yes, see page 38 Yes, see page 38
* Requires additional modules GDbE interface GDX module GbE interface GDX module
** Requires additional modules DAI module DAI module
*** Requires additional modules Libera DWC
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Table 4: Technical specifications of electron beam position monitors for linear machines

for LINEAR machines

Libera Spark EL

Libera Single Pass E

Libera CavityBPM

General product code LSEL LSPE LCAV

Capabilities

BPM slots 1 1-4 1

Supported input frequency range <750 MHz <700 MHz <6.5 GHz

A/D conversion 125 MHz/14 bit 160 MHz/16 bit 500 MHz/14 bit
Cooling Passive Active (fans) Passive

Power supply PoE 110/220 V 110/220 V

Timing signals

Electrical (up to 3) *

Electrical (4)/Optical

Electrical (up to 3) *

Calibration Manual/Static Manual/Static Manual/Static

Fast data link RJ-45 RJ-45 & SFP SFP (optional)

Maximum input signal * <5V peak pulse <7V peak pulse 16 dBm
voltage voltage

Input gain/attenuation

Programmable, 31 dB

Programmable, 31 dB

Programmable, 31 dB

wave

Temperature drift, typical 0.3 ym/°C 0.3 um/°C 0.3 um/°C
Position RMS at turn-by-turn data / / /

rate

Position RMS at fast 10 kHz data rate / / /

Position RMS at slow 10 Hz data rate / / /

Position RMS at single bunch 4 pm ** Tpm ** <l um
Position RMS at macro pulse/continuous | <4 um <lum <lum

Dimensions

H:1U, W:9.5" (rack
mountable with a
kit), D: 210 mm

H:2 U, W:19" (rack
mountable),
D: 310 mm

H:1U, W:19” (rack
mountable),
D: 236 mm

* Can be customized

** Measured with K=10 mm

*** Depends on setup configuration

**** Requires Libera Pilot Tone FE - see page 43

Functionalities

Bunch-by-bunch processing Yes Yes Yes
Turn-by-turn processing No No No
Real-time data streaming Optional * Optional * Optional
Slow data No No No
Gain control Yes Yes Yes

Multi-chassis synchronization

Trigger-based

Trigger-based

Trigger-based

Data time stamping

Trigger-counter

Trigger-counter

Trigger-counter

Interlock detection and output Optional ** Yes No
Postmortem capability No No No
Single-pass measurement Yes Yes Yes

Frequency down-conversion

Optional ***

Optional ***

Internal (with mixer)

Additional Digital I/O channels and Optional ** No No
Analog output

Closed Orbit Feedback Application No No No
* Requires additional modules GDX module

** Requires additional modules DAI module

*** Requires additional modules Libera DWC Libera DWC
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X-RAY

Beam Position Monitor Electronics

a Libera Photon

Used in synchrotron and FEL beamlines

The Libera Photon serves as an X-ray beam position processor, designed to work with
diamond detectors, blade XBPMs, and ionization chambers. It supports external bias
source that is applied to each of its 4 input channels. Beam position information is
available in sevral datarates, including precise turn-by-turn data, enabled by PLL-locking
to the machine clock.

Additionally, Libera Photon features a RJ-45 interface, dedicated for real-time streaming
of data, which can be used for FOFB or SOFB integration.

Figure 16: Libera Photon front and back panel

USB console

Memory slot for Micro SD card Ethernet interface Input channels Timing signals
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i
4
i
I
il
>

LIBERA / Photon
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Fast data output UsB External BIAS input

WARNING

e
AN\ s s

Table 5: Technical specifications of photon beam position monitors

General product code LPHO

Capabilities

Input channels 4

Current ranges 60 nA, t02 A, +2 A, £.20 YA, £200 A, 22 mA

Input frequency range Depends on current data range, from 10 kHz to 80 kHz

A/D conversion 2.5 MHz/18 bit

Cooling Passive

Power supply PoE

Timing signals LVTTL (3.3 V), ~10 kQ termination

External BIAS support External bias support | up to +/-150 V applied to input connectors

Fast data link R3J-45,, can be used for FOFB or SOFB integration.

Maximum input signal <2 mA

Temperature drift, typical 0.01 ym/°C

8-hour stability (23 °C, 200 pA) 0.02 um

RMS uncertainty at 180 pA (10 kHz data rate) | <0.02 um

RMS uncertainty at 180 pA (10 Hz data rate) <0.01um

Dimensions: H:1U, W: 9.5" (rack mountable with a kit), D: 210 mm

Position calculation Based on A,B,C,D inputs and pre-processing (dark current removal). Different pick-up configurations supported.
Post-mortem data storage Upon an external T1 trigger event, data right before a critical event is stored.




BEAM LOSS MONITOR

Libera BLM

Libera BLM can process various types of beam losses, ranging from single particles to
strong irregular losses, including both slow and fast losses. Along other signals, it
provides data in precise turn-by-turn and bunch-by-bunch domains and it is capable of
auto-detecting and counting individual pulses. Dedicated interlock detection processing
and trigger outputs make it a vital piece of the Machine Protection System.

Console connection

) ) RF inputs from Power supply and gain
Micro SD card Network interface and PoE detectors control for the detectors
Q B s e et TR < ¢
—— ) (e e 2, 9 2 1 1 1 6 6
S ) 3 & o @ @ @ 000 T . s
3% LIBERA / BLM . cl > B B L | - i
” X < @’ \\*o @.‘ 'Z? ut e
‘—‘T—‘g DIP switch to set
Optional ILK outputs ——— power supply and
(per channel/grouped) Trigger gain control range
inputs/outputs

Various detector types can be connected to the 4 channels of Libera BLM, and it can also
provide them with power and control voltages, allowing centralized regulation and
calibration. Together with Libera BLD detectors, it forms a complete beam loss
monitoring system.

Beam Loss
Detector

-p "y Electromagnetic
b shower
UTP or 6-pole cable
50 Q) coax
cable
A B C D A B C D
RF inputs Power supply
ain control
Ref. clock 4|> TO o
Post mortem
trigger [> ul Libera BLM Network
Acquisition Trigger 4|>T2 ILK_A ILK_B ILK_C ILK_D GbE
ILK outputs (optional) iz

(grouped/invidual)
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The Libera BLM provides power and gain control to up to four detectors (Libera BLD)
which can be placed up to 100 m/330 ft away. Installation requires a 6-pole flat cable and
a standard 50-Ohm cable. Detectors are optionally shielded by a 2 mm thick Pb shield.

Optionally, the Libera BLM can be provided with an Interlock detection functionality and
can be integrated into the Machine Protection System.

Loss counter stream:

Counting
algorithms R i

- coincidence

ILK_A
Interlogk ILK_B
detection —— KkcC
and logic =
ILK_D

Input 4|> RF front end ADCI ﬁl {> Raw ADC buffer

Decimation

Machine-tuned signals:

TO
and . {> - SUM (turn-by-turn)
processing i - Int ADC (bunch-by-bunch)
T

—— - Post-mortem buffer

g):glmatlon 4|> Slow monitoring signals:
rocessin - AVG
P 9 - Slow Acquisition

Libera BLD

Libera BLD is a beam loss detector, composed of a scintillator and a photomultiplie
tube. Its key features include very fast response time (<1 ns), dynamic range from single
particles to strong losses, adjustable sensitivity and responsivenss to various radition types:
X-rays, gamma, beta and others. For light source applications, a lead shield is included to
attenuate the background synchrotron radiation. The detectors are calibrated during the
production and they integrate seamlessly with the Libera BLM readout electronics, which
also provides them power and controls their sensitivtiy.

‘ 5 & =
(o4 )
Mgﬁéf )

Special Libera BLD versions are available for neutron detection and for direct coupling
with scintillating fibre beam loss detectors.

19



Table 6: Technical specifications of Libera BLM and the Libera BLD

Libera BLM

Libera BLD

Detection of slow and
fast losses of low an
high loss levels

Functionalities

Configurable input termination (50 Ohm / HizZ) and
attenuation (0-31 dB) allow monitoring fast and slow
losses of a wide range of magnitudes.

Machine-tuned signal
outputs

Loss data in turn-by-turn and bunch-by-bunch domain
are available by locking the sampling clock to Machine
Clock and setting the right decimation factors.

Human-timescale
signals

For everyday regular monitoring, AVG buffer, Slow
Acquisition stream and Counter stream are available.

Counting modes

Real-time algorithms detect and count individual
loss pulses to provide a “counts-per-second” output.
Coincidence counter monitors simulatanous events
across channels.

Signal
customization

Signal processing can be customized by configuring
various decimation factors, masks, windows and offsets.

Calibration
functionality

Configurable compensation for any differences across
channels. Libera BLD detectors are calibrated during
production.

Auto-triggering
acquisition

Automatic data acquisition upon a loss event detection.

Synchronization

Synchronization of the machine times of all Libera
instruments in the timing system.

Power supply and
control voltage output
for detectors

Users don't need a separate power supply system for
their detectors - it can be provided directly from the
Libera BLM, along with gain control voltage.

Post-mortem

Storing the data right before an interlock event: post-
mortem buffer freezes writing upon an external T1
trigger or internal interlock event.

Interlock detection
and output

Based on real-time
monitoring of the
accumulated loss value or
on counting mode. Output
trigger for MPS is provided
through 4 differential
LEMO connectors, which
can supply 24 V internally
or work in open-drain
configuration. Output can
be per-channel or grouped.
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General product code LBLM1.000.001 LBLM1.100.004 General LBLD1.000.002
product code | FBEP100000T1 g1 57000,003 | LBLD1000.004
Capabilities Capabilities
Input channels 4 Scintillator | EJ-200 scintillating neutron-
- - material scintillating optical fibre sensitive
Input frequency ~35 MHz large signal bandwidth rod P scintillator
range ~50 MHz small signal bandwidth E3-410
Input impedance 50 Ohm /1 Mohm (fast / slow losses) Sensitivity X-ray, depends on neutrons
- - to radiation | gamma, beta, |fibre
A/D conversion 125 MHz/14 bit type ons .
Cooling Passive Scintillator 425 nm depends on 450 nm
I emission fibre
Power supply PoE peak
Timing signals 3x electrical, LVTTL, 10kOhm wavelength
Maximum input ¥.25V@IMQ PMT
signal *I5V@50Q0 absoprtion 400 nM
Dimensions H:1U, W: 9.5” (rack mountable with a kit), D: 210 mm peak
wavelength
Input attenuation 0-31dB
P FfMT . 0.57 ns
Output channels 4x power supply 4x power supply rise-time
(up to +15 V) (up to £15V) Supply 5V
4x gain control 4x gain control (up to +12 V) voltage
(up to +12 V) 4 x differential LEMO
connectors for interlock Gain control Oto1V
output (open-drain or 24 V) voltage




DIGITIZERS

Libera digitizers are designed to turn various raw detector signals into meaningful data
and deliver it to user’s control system. The instruments provide a base from which to
develop users own application by combining their domain knowledge with our expertise
ininstruments design. All the building blocks from the analog front-end, FPGA processing,
supporting firmware and software infrastructure, as well as the high-level user interface
adaptersform aworking template with the possibility to extend its functionalities - allowing
users to focus only on the core part: thesignal processing algorithms. AC- and DC-coupled
versions provide input bandwidths that suit both time-domain processing and narrow-
band or frequency domain applications. The instruments are network-attached devices,
with standard interfaces that facilitate integration into the control system (EPICS, TANGO,
TCP-IP socket, HTTP etc.).

Libera Digit 125

The Libera Digit 125 is a 4 channel general-purpose digitizer and a sampling frequency of
125 MS/s with 14 bit resolution. Data is stored in a configurable buffer, with a maximum of
8 million data samples stored per channel.

USB console

Memory slot for Micro SD card Ethernet interface RF input channels Timing signals
A & 6 006 o« & m
© © 000 O L'J‘

Y <©
¥ LIBERA / Digit 125 =L L SN ‘

Fast data output (optional) UsB DAI module (optional)

&

4 independent input channels
125 MS/s and 14 bit resolution

T2

faoe Trigger ADCs
_ AC coupled and DC coupled
A ~ Variable ADC | | versions
Attenuator . .
o - DC version includes a 31dB
l variable attenuator
B Variable .
B > variable e | Support for EPI;ZS, TANG?
INPUT SIGNALS o XiinxzZNQ | | - post-mc?rtem unc‘Flona ity
! FPGA and CPU i - processing: avergaing
e __Variable ADC to 5MS/s and IMS/s
Attenuator . .
. - global machine time
! synchronization
D | __Variable
Attenuator ADC
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) Libera Digit 500

When higher sampling rates and more powerful, platform is required, Libera Digit 500 is
the preferred instrument. It can perform as a low-noise and wide dynamic range digitizer
with 4 channels. Additionally Libera Digit 500 can be used as Beam Current Monitor (see

page 23).

The data is stored in a confgurable segmented buffer, with different acquisition modes
and trigger rates up to 1 kHz. The instrument is available in AC and DC coupled version. It
can optionally provide 4 SFP ports for fast ADC data streaming.

Figure 24: Libera Digit 500

Table 7: Technical specifications of digitizers

Libera Digit 125 Libera Digit 500

Variant

DC

AC

A
g

DC

AC

General product code

Capabilities

L1251.00D

L1251.00A

L5001.00D

L5001.00A

length [samples]

Channel number 4 4 4 4

Sampling frequency 125 125 500 500

[MS/s]

Resolution [bit] 14 14 14 14

BW DC-40 MHz 10 MHz-700 MHz DC-250 MHz 1MHz-2 GHz

Coupling 50 Q/IMQ 50 Q 50 Q 500

Max input B5V@500,125V@ |1V/10dBm 1V/10 dBm 1V/10 dBm
™MQ

Input gain / attenuation| 0-31dB 0-31dB 0-31dB

Triggering level 3.3V TTL LEMO 33V TTLLEMO 3.3V TTLLEMO 3.3V TTLLEMO

Max trigger frequency |2 2 500 (can be 500 (can be

[Hz] extended up to 1000)| extended up to 1000)

Reference clock Yes No Yes Yes

FPGA AMD Zynq 7020 AMD Zynq 7020 AMD Zynq 7035 AMD Zynq 7035

PoE Yes Yes No No

Access interfaces SSH/TANGO/EPICS/ | SSH/TANGO/EPICS/  |SSH/TANGO/EPICS/ SSH/TANGO/EPICS/
HTTP/ LabView HTTP/ LabView HTTP/ LabView HTTP/ LabView
Python/Matlab Python/Matlab Python/Matlab Python/Matlab

Available extensions DAN module DA module DAI1 module DAIT module

SFP connectors SFP connectors
Max acquisition 8M 8M ~500 M ~500 M

Dimensions

H:1U, W:9.5" (rack
mountable with a kit),
D: 210 mm

H:1U, W: 95" (rack
mountable with a kit),
D: 210 mm

H:2 U, W: 19" (rack
mountable),
D: 236 mm

H:2 U, W:19" (rack
mountable),
D: 236 mm




BEAM CURRENT MONITOR

Libera Digit 500

Libera beam current monitors and provide users with several powerful options for readout
and processing of signals from beam charge or beam current measurements, which
are typically detected using integrated current transformer sensors (ICTs) or even beam
position monitor pickups. With a sampling rate of 500 MHz, external reference locking
and phase shifters for fine-tuning, our instrument handles even the fastest signals and
turns them into meaningful data with up to bunch-by-bunch resolution. The instrument
is network-attached and supports various communication protocols that enable seamless
control system integration.

Timing signals

RF input channels ;
RF input channels DAI module (optional)

5 5" 6" Ol sosless €

LI

T I T

SFPs (optional)

AC and DC coupled versions are available and 4 optional SFP ports for fast data streaming
can beprovided. Common point for all associated use-cases is pulse processing, but based
on user requirements, Libera Digit 500 supports four applications:

1. Linacs and transfer lines: pulse auto-detection and characterization

SUM = Y0, (z)
PEAK = maxt_,(;)
AVG =Y"__(2:)/(b—a)

threshold
: = 2
detection RSS =y af
T T Fu ;) T T T T T
Chi, FPGA & CPU SYSTEM MEMORY
ch2, 4 x ADC Q | ADC segmented buffer
Ch3, "] [ch1, ch2, Ch3, Ch4]
Ch4 Variable
attenuator e
Phase shifter
offset
REF PLL
v L Pulse processing stream
Pulse MAX[Ch1, Ch2, Ch3, Ch4]
Pulse detection : H»  AVG[Ch1, Ch2, Ch3, Ch4]
T2 Trigger > block ™ pr%clziimg INT[Ch1, Ch2, Ch3, Ch4]
RSS[Ch1, Ch2, Ch3, Ch4]
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2. Synchrotrons: Fill pattern monitor with bunch-by-bunch resolution

Figure 27: Averaged bunch-by-bunch charge setup and processing

! /.~ BPM pickup:
4 channels SUM

Libera Digit 500 A _
I ESRF

NS = The European Synchrotron

ol i

Synchrotron (BR or SR)

ADC locked to RF

. ]

Analog w0 i -3
bunch signal o *
from BPM J ) . |H=352 1
- 3 . [|N=1000 i
Digit 500 ADC signal ‘,%ADC #lasdo noc i 1000 Anc ’ y

*
Sampling - locked to RF j¢—280s 4 M‘ o

—m—mm

Turn1 1500 1700 2000

Turn 2 1400 2600 1100 1800 1900

T T 1400 2600 1100 1800 1900
b z z

z z
| output  Zbunch1 | Tounch2 | Tounch3 |- | Zbunch3si | Tbunch3s2

3. Resonant cavity beam current monitor:

- turn-key solution with Bergoz (CR-CDS)

- digital down conversion: mixing with REF signal and IQ demodulation for precise
amplitude extraction (lock-in detection).

Figure 28: Resonant cavity beam current monitor (CR-CDS) setup and processing

ber

INSTRUMENTATION

SEm
b | hodil i
= I

leera Dlglt 500

CR-BCM
signal amplitude
> user [
frequency
RF
reference

4. Advanced users: custom design.

We have expertise in combining users domain knowledge with our knowledge of
instrumentation design. Based on that, Libera Digit 500 can be treated as a starting-point
platform to which various tailored features can be added or functionalities extended.
More information is available in the Digitizers section.
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CURRENT METER

Libera Current Meter

The Libera Current Meter is a 4 channel, general purpose current meter with an operating
range from sub-nA to 2 mA.

It is applicable as a readout device for various detector types, including blades, diamonds,
fission chambers, SPND and Faraday cups. With a 2.5 MS/s sampling rate and 18-bit
ADC resolution, it allows high-precision monitoring of rapid effects. The digital signal
processing includes several stages of averaging, allowing users to record short events as
well monitor data on a human timescale. Built-in adapters enable seamless integration
with the user’s control systems (EPICS, TANGO, etc ...). TRIAX version allows high voltage
bias for the detectors up to +/- 150 V.

USB console Ethernet interface
Memory slot for Micro SD card UsB Input channels Timing signals
r ] r

Q&
PR Y

S comsoie e use v s © @ o %
2 =T Ee @ @ \ A 000
< (OMCRON »
ZR LIBERA / Current Meter _ & A\ \ @/@

b,

Input channels

Timing signals

HV bias
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Figure 30: Libera Current Meter digita

| signal processing

Input
channel . .
A/D | Calibration —|> ADC 2 MS/s (buffer)
Averaging
| Calibration—{> FDS | 100 ks/s
| (circular buffer)
Averaging
and
filtering

| | Calibration —[> IDS 1KkS/s (stream)

Averaging
and
filtering

| Calibration —[> SDS 10 S/s (stream)

Table 8: Technical specifications of the Libera Current Meter

Variant

BNC version TRIAX version

General product code

Input channels

Capabilities

LCMB LCMT

4

Current ranges

160 nA, 0.2 pA, £2 pA, 120 pA, £200 pA, £2 mA

Input frequency range

Depends on current range, from 10 kHz to 90 kHz

A/D conversion

2.5 MHz (default 2 MHz)/18 bit

Cooling

Passive

Power supply

PoE

Timing signals

LVTTL (3.3 V), ~10 kQ termination

High voltage polarization No Support up to ¥150 V
(needs an external high voltage source)
Temperature drift, typical <1%/°C

8-hour stability (1°C) (23 °C, 1pA)

30 nA peak-to-peak

RMS uncertainty @ 1 JA (slow 10 Hz data)

<50 pA

RMS uncertainty @ 1pMA (slow 10 Hz data)

<50 pA

Dimensions

WebGUI

Functionalities

H:1U, W: 9.5” (rack mountable with a kit), D: 210 mm

Easy access is provided by a WebGUI: to connect and acquire data it is
sufficient to simply connect to the instrument using a web browser.




DIGITAL LLRF

Libera LLRF

The Libera LLRF is a digital processing and feedback system that monitors and stabilizes
the quality of the beam acceleration by controlling the phase and amplitude of the RF
field injected into the machine accelerating structures. Being designed to be modular
and reconfigurable, the system can fit the exact requirements of any kind of accelerator,
providing three core functions: stabilization of the cavities’ RF fields, keeping the cavities

at resonance through tuning, and machine diagnostics for signal analysis and event
monitoring.

CPU module Vector modulator module
Nl 1 [ h E
5 S LIBERA / LLRF p
A — A
SHAAIZASBDD = =
66 . ©6 u’

ADC module Timing module

The system can incorporate up to four ADC modules, with the channel configuration (6
or 8 channels per module) depending on the version. This setup enables the processing
of a total of 24 to 32 channels. Depending on signal requirements, the number of ADC
modules can be adjusted accordingly.

Lt o> 8

ILK ILK DRIVE Driver Klystron
OUT IN
Water load
Ethernet
Libera LLRF

<——D{ ETH system

Reflected
cH3 K]
Forward
——> ETH2 cH2 <
Cavity Cavity voltage J
tuning REF IN cH1 (<

Master é CCH cavity

Oscillator

Stepper Stepper ‘r ..........
D> motor  <}—> motor <}—> Stepper
: controller : i driver i motor
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Figure 33: Libera LLRF system signal processing

—> Decimation Decimated Slow > Decimation D Decimated Slow
stream stream
——> History buffer |—> t)ata) on demand ——> History buffer > I(Data)on demand
raw; raw,
ADC module VM module
Multiplexer Multiplexer
— >
’ Ph Vect: Control
ase ector ontro
. Igr':)nt = rotation > sum > algorithms D> LLRF drive
: End
—
up to 32 input

RF channels

The phase rotation block ensures calibration of each input signal's phase and amplitude,
mitigating the impact of RF cabling variances and beam time delays on LLRF control.
This functionality supports both intra-pulse and pulse-by-pulse feedback mechanisms,
typically applied to either individual signals or the vector sum of all signals. The vector
sum combines all acquired signals into one unified input for the control algorithm.

The signals acquired by the Libera LLRF can be also used for diagnostics purposes and
represented with the expert GUI provided with the instrument.

Table 9: Technical specifications of the Libera LLRF system

General product code

Capabilities

LLRF

RF input channels

Up to 24/32 channels (6/8 channels per ADC module)

RF input frequency

Up to12 GHz

Maximum RF power input

+20 dBm

A/D conversion

130 MSps/250 MSps (16 bits)

FPGA processing

Xilinx Kintex Ultrascale

RF output channels

2 (1 RF drive, 1 auxiliary)

Maximum RF drive output power

+10 dBm

Cooling

Active (Forced Air)

Power supply

10/220 V

Dimensions

Functionalities

Supported modes of operation

Libera LLRF processing unit: H: 2 U, W: 19" (rack mountable), D: 310 mm
Libera TSRF: H: 2U, W: 19" (rack mountable), D: 456 mm

Pulsed
Continuous Wave (CW)

Feedback and
control

Intra-Pulse and Pulse-by-pulse feedback
Beam loading compensation
Power amplifier non-linear response compensation

Cavity tuning

Directional coupler based detuning calculation and cavity field decay analysis
Slow tuning PID controller and different stepper-motor interfaces support

Machine protection

Low-latency interlock interface (Input and Output) with failsafe logic

Temperature stabilization

Temperature stabilized RF front-end option

Amplitude stability

< 0.01 % RMs*

Phase stability

< 0.01° RMS*

Latency (input to drive output)

Down to 250 ns

Long-term temperature stability with
temperature stabilized RF front-end

<100fs RMS/72 hours

* Pulse-by-pulse performance
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The Libera TSU (Trigger Synchronization Unit) is designed to ensure precise distribution
and synchronization of electrical trigger signals, eliminating asynchronous triggering and

associated jitter by re-synchronizing triggers with the Master Oscillator.

The device not only synchronizes externally provided triggers, such as asynchronous
signals, but also allows individual fine-tuning of trigger outputs to optimize machine
timing—for example, adjusting the timing advance and pulse duration for RF modulators
and preamplifiers. With 26 trigger input lines and 39 output trigger lines, the system
provides flexible signal distribution and timing adjustments. Additionally, the Libera TSU
can function as a standalone timing system, internally generating triggers harmonically
related to the Master Oscillator and synchronized with the AC mains.

eeeee

s & s 3 8 N 4w O N T )

< 5 P
Qisizeisicielel ClscioeloE
Trigger Synchronisation ‘

Trigger inputs (2 x 13 LEMO)

Trigger outputs (2 x 13 LEMO)

Trigger outputs (13 BNC) MO reference

29



SYNCHRONIZATION

Synchronization of different devices e.g. LLRF stations along an accelerator is crucial for

its operation. It is achieved by means of reference RF signals. A synchronization system
typically consists of the following building blocks:

- A reference master oscillator, which serves as a common source of the reference RF
signal for all devices

- Distribution amplifiers split and generate all RF reference signals that can be used by
multiple devices

- Reference transfer systems enable to transfer the reference signals over longer
distances while preserving the required quality

Reference
Master
Oscillator

v

Distribution Amplifier

vVVVY

Reference Reference Reference Reference Reference
transfer system qi transfer system signals transfer system 4{> transfer system
Receiver Transmitter Transmitter Receiver

v v

| Distribution Amplifier | | Distribution Amplifier |

VvV v vV VY

Reference signals

Reference signals

Libera RMO

The Libera RMO - Reference Master Oscillator is a low phase noise and stable source of
an RF signal, which can be used as a reference signal for synchronization of different
devices (e.g. LLRF stations in an accelerator). The device free-runs on an internal Oven

Controlled Crystal Oscillator (OCXO) which can additionally be locked to an external 10
MHz reference signal.

Trigger input
Service ports LED indicators (Trigger, Error, PLL locked, Power)
Ethernet port

RF output
"~ ( ) /a @ ; ““““ e
On/Off switch PLL locked LED indicator
Power inlet 10 MHz reference input

Ground terminal
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Figure 39 : Libera RMO block diagram

Ethernet

:

Microcontroller

Low noise
OCXO

10 MHz
reference
input

Table 10: Technical specifications of the Libera RMO

PLL _/._D@—D DDS [ > RFoutput

General product code

Capabilities

LRMO

Supported frequency ranges

50 MHz - 3120 MHz

RF output

1, SMA connector, 50 QQ

Nominal RF output power

+15 dBm at least

RF output power stability

0.05 dB/K

Phase noise (integrated from 10 Hz
to 10 MHz)

Max: <90 fs RMS
Typically: 40 - 60 fs RMS

Harmonic suppression

<50 dBc up to the 5" harmonic

Frequency stability (in free running mode)

5*10A-11 (Allan deviation)

RF output return loss

-15dB

RF reference input

1, SMA connector, 50 Q

RF reference input frequency

10 MHz + 20 Hz

RF reference input power

-20 dBm - +10 dBm

PLL lock time <30s
Stability operation temperature range 20-25°C
Operating relative humidity range 0-80%

Dimensions

H:1U, W:19" (rack mountable), D: 358 mm

Functionalities

Locking to an external 10 MHz reference signal by means of a PLL

Frequency sweep

Frequency setting on trigger

Remote control via Ethernet

EPICS I0C
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Libera Distribution Amplifier

The Libera Distribution Amplifier serves to split an input RF signal to multiple output RF
signals at specified output power levels. Additionally, by applying frequency multiplication,
frequency division, and PLL, it also enables the generation of higher and sub harmonics
coherent with the input RF signal. These functionalities are performed with minimum
added jitter and assuring long-term phase stability.

Service ports

RF outputs Internal temperature LED indicators

-_7 -
o OCLLPOLHLHOO06 L
OLOOLO660000

uuuuuuuu

. I8

I
L

@ cammo QM - e
|
:‘-‘.‘ }r-
e © . 2
Ground terminal ower Inlet

On/Off switch

The modular design of the Libera Distribution Amplifier supports up to 6 custom output
modules with up to 4 RF outputs each. The output modules can be customized to generate
coherent harmonics according to the user’s needs.

Custom output module 1 >

Custom output module2  [—>

Amplifier Custom output module 3 5

RF input —[> and

RF splitter

up to 24 RF outputs

Custom output module 4 >

Custom output module 5 5

bbb 4 g
!

Custom output module 6 5
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Table 11: Technical specifications of the Libera Distribution Amplifier

General product code LMDA

Capabilities

Supported input frequency ranges 50 MHz - 3120 MHz

RF input 1, SMA connector, 50 Q
Nominal RF input power +15dBm #1dB*

RF outputs Up to 24, SMA connectors, 50 Q
Nominal power per RF output +16 dBm +1dB

Added jitter (integrated from 10 Hz to 10 MHz) <10 fs RMS **

Long-term drift between input and output in the range of 10 fs

(typical in 24 hours)

Long-term drift between two outputs in the range of 10 fs

(typical in 24 hours)

Operating temperature range 20 -27°C

Operating relative humidity range . 0-80%

Dimensions H:2 U, W:19"” (rack mountable), D: 456 mm

* RF input power can be adapted to a fixed value down to +5 dBm

** For outputs at ~3 GHz. Added jitter of the outputs at higher and sub harmonics depends on multiplication and division factors

Functionalities

RF signals ampilification and fan-out

Generation of harmonics coherent with the input RF signal

Temperature stabilization to guarantee long-term phase stability

e Libera Sync

The Libera Sync is a continuous wave reference transfer system, which is used to transmit
the RF signals over longer distances while preserving their high-quality in terms of low
jitter and good long-term stability. The Libera Sync is based on the RF over fiber (RFoF)
technology. It consists of a transmitter and a receiver unit.

Figure 42: Libera Sync Transmitter front panel
Service port

RF input LED indicators (RUN, LOCKED, ERROR)

°
= =
==

LcD

—

Local control

Ethernet port

— rotary knob
Memory card and keys

Figure 43: Libera Sync Receiver front panel

° oL L

S o

S

i LIBERA /|Sync Recelver

RF output 1 RF monitor output
RF output 2 33



Figure 44: Libera Sync Transmitter and Receiver back panel

On/Off switch

External sensor connector

¥ ommmwo

@
D)
-||-/

Ground terminal

Figure 45: Libera Sync setup

Libera Sync
Transmitter

RF input
+15dBm
Low drift optical output

Low noise optical output
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B

Power inlet
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/A UseSC/APC connector type ONLY

& Use dust covers to protect optical connecfors
and fibers when not in use

Low noise optical Low drift
connector optical
connector
Ethernet
Libera Sync
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Optical link (up to 1500 m)

-

Low drift optical intput

Low noise optical intput

v

v
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Optical signal Control signal

Table 12: Technical specifications of the Libera Sync

RF output 1
+15dBm

RF output 2
+15dBm

RF monitor
output
-10 dBm

General product code

Capabilities

LSYN

Carrier frequency *

2.6 GHz -3 GHz

Added jitter (integrated from 10 Hz to 10 MHz)

<8 fs RMS

Long term drift (typical in 24 hours)
Long term drift (typical in 16 hours)

<40 fs peak-to-peak
<20 fs peak-to-peak

Optical link length

Up to 1500m, longer would require more stable environmental conditions

along the link

Optical fiber drift compensation range

500 ps

RF input

1, SMA connector, 50 Q)

RF input power

+15dBm *1dB

RF outputs

2, SMA connectors, 50 Q)
1 monitor, SMA connector, 50 Q

RF output powers

+15 dBm +0.5 dB
-10 dBm +2 dB (monitor output)

Operating temperature range 20 - 28°C
Operating temperature stability +1°C
Operating relative humidity range 0 -80%
Operating relative humidity stability 5%

Dimensions

H:2 U, W:19” (rack mountable), D: 456 mm

frequencies below 2.6 GHz

* Custom frequencies are possible, e.g. 178.5 MHz, 500 MHz, etc. The performmance parameters are deteriorated for
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Fully automated start-up and tuning procedure

Remote and/or local control and monitoring

Local data logging on the memory card

EPICS IOC

ARCHITECTURE AND CONTROL
SYSTEM INTEGRATION

All Libera instruments, regardless of the Hardware platform on which they are based,
have a similar SW architecture. At the lowest levels, the Firmware and the FPGA code run
in the dedicated Hardware modules and interface with the higher-level software through
the libera-kernel layer.

The Software runs within the CPU of the instruments, where standard Linux distributions
are used (e.g. Ubuntu, Rocky OS, etc.). Most of the Software is based on a general Software
framework called Libera BASE, which on the lowest end provides hardware abstraction
and interfaces to the Hardware components. The instrument-specific application is
integrated within the Libera BASE framework that provides access to the application’s
configuration parameters, data buffers, and data streams. Finally, the Measurement and
Control Interface (MCI) layer transfers parameters and data between the Libera application
and various control system adapters, such as latest versions of EPICS, TANGO etc. (see
Figure 46).

Client LabVIEW : . WEB

side EPICS TANGO MATLAB Python Libera-ireg Eliant
Network

Server Libera g 5 |

side Libera-ioc  Libera-ds telnet L'bﬁ:;_ lejira— L':tira*

(instrument) -server Py P

Upper layer (Libera-mci)

Firmware, FPCA, (Libera) software

For most of the instruments, an EPICS-based Graphical User Interface is available to the
user, providing access to all the instrument parameters and data. Depending on the GUI
technology used, GUIs are currently available based on EDM panels, CSS, and Qt: see the
examples in Figures 47 and 48. In the last years, for some instruments also a Web-server
was introduced as well as a web-based GUI (see Figure 49).
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If you are interested in accessing the FPGA and Software sources, please contact

sales@i-tech.si.
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EXTENSIONS

Libera instruments can be integrated with other accelerators’ subsystems by extending
their functionalities using specific modules and custom-developed applications (refer to
Table 13).

Fast Orbit Feedback
solution

Complete solution for electron
machines that use Libera
Brilliance+ and Libera Brilliance X
instruments (Figure 50)

Libera Brilliance+
Libera Brilliance X

GDX module

SER module

Orbit Feedback application software
Dedicated optical network

Magnet correction data receiver*
DAMC - UNIZUP module

Complete solution for hadron
machines that use Libera Hadron
instruments (Figure 50)

Libera Hadron

GDX module

SER 2 module

COFB application software
Dedicated optical network
Magnet correction data receiver*

Real-time data
streaming

Real-time data streaming
directly from the FPGA through a
dedicated instrument interface

Libera Brilliance+
Libera Single Pass E
Libera Hadron
Libera Single Pass H
Libera Spark

Libera Digit 500**

GDX module or GbE interface
(depending on the instrument)

Interlock detection
and output

Interlock detection and hardware
interface towards Machine
Protection System

Compatible with Libera integrated
platform instruments

Libera Spark
Libera BLM

DAl module
Interlock detection software

Additional Digital
I/O channels

Add 2 extra digital I/O interfaces
(LEMO) for communication and/or
control of auxiliary components

Libera Spark
Libera Digit 125
Libera Digit 500

DAl module
I/O control software**

Analog outputs

Add an analog output to control
an auxiliary component or
transform a selected digital value
(e.g. SUM, position, etc.) into a
16-bit analog value

Libera Spark
Libera Digit 125
Libera Digit 500

DAI module
DAC control software**

Serial interface

Add a RS-485 interface for half-

Libera Spark

DAI module RS-485 control

duplex communication with Libera Digit 125 software**
auxiliary components Libera Digit 500
Add multiple RS-485 interfaces
for real-time data streaming
towards magnet receivers
Frequency down Convert the RF input signal to Libera Spark EL Libera DWC

conversion

a lower frequency to match the
input capabilities of a Libera
instrument

Libera Single Pass E
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0 Orbit feedback solutions

Orbit feedback application is implemented in the GDX module which is compatible with
Libera Brilliance+ and Libera Hadron instruments. Beam position data is exchanged via
a dedicated network (daisy chain). Inside of every GDX module, corrections for magnet
controllers are calculated in several matrix multiplication stages. Correction values can be
applied locally (via the optional SER or SER 2 modules) or globally via optical or copper link.

Default implementation supports up to 256 BPM IDs and 128 magnet IDs, but can be
extended, if required. Calculation rate is conditioned by the beam position data update
rate (tested up to 30 kHz).

For testing and diagnostic purposes, synthetic waveform generation inside of the BPM
electronics modules is supported.

Figure 50: Complete orbit
feedback solution for electron/
hadron machines

=== Global orbit position data

= Magnet control data

a DAI module

The DAI module extends the interconnection capabilities of Libera instruments as shown
in Table 14 (Applicable for Libera Spark, Libera Digit 125 and Libera Digit 500).

Figure 51: DAl module Table 14: Technical specifications of the DAl module

General product code: MDAI1.000.001

Interface Description

LEMO single (2x) | Single-ended LEMO, Input/Output
configurable

LEMO Differential LEMO, Interlock output

differential (1x) (requires external circuit)

SMA (1x) 16-bit 100 kSps DAC output, 1V at 50 Ohm

R3-14 (1x) Up to 20 Mbps, half-duplex
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e SER module

The SER module features four RS-485 interfaces directly controlled from the GDX module.
The protocol and the baud rate are specified by the application in the GDX modue (Table

15).

Figure 52: SER module Table 15: Capabilities of the SER module

General product code: MSER1.000.001

1/O interfaces

R3J-25, LVDS links to GDX

Baud rate*

Up to 2.5 Mbit/s

Protocol*

Asynchronous protocol
EIA 485, byte per byte

() SER2module

The SER 2 module features eight RS-485 RJ-45 interfaces controlled via the PCl express

link (Table 16).

Figure 53: SER 2 module Table 16: Capabilities of the SER 2 module

General product code: MSER1.000.002

1/O interfaces

R3J-45, PCl express link to
AMC connector

Electrical

EIA 485

Protocol

High speed USI protocol
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e GDX module

The GDX module extends the interconnection capabilities of the BPM electronics. Four
protocol independent small form pluggable (SFP) slots can be used to build a closed loop
of all the instruments in the accelerator. It features a Virtexé FPGA, which is completely
open to user-developed applications. It can process the internal (within the chassis) and
external position data at various data rates (Table 17).

Figure 54: GDX module

e Libera DWC

Table 17: Capabilities of the GDX module

General product code: MGDX1.000.001

FPGA chip

Xilinx Virtex 6

Memory

2 GB DDR3

I/O interfaces

4x SFP+ compliant, multiprotocol
operations, LVDS links to AMC connector

SFP protocol

AURORA, GbE, others on request;

independent to each SFP

PCI express x4 bus interface to AMC connector

On-board clock synthesizer and programmable VCXO
for clock generation

Board management is already established

The DWC-SP circuit is a four-port RF downconverter that can be used to down-convert the
RF input signals from S-band to an intermediate frequency (Table 18).

Figure 55: Libera DWC
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Table 18: Technical specifications of the Libera DWC module

1GHz 1.3 GHz 3GHz
General product code [LDWC1.000.001 | LDWC1.000.002 | LDWC1.000.003
Supply voltage 6V DC 6V DC 6V DC
RF input connector |[SMA SMA SMA
RF input frequency |~1000 MHz ~1300 MHz ~3000 MHz
RF input power Max 15 dBm Max 15 dBm Max 15 dBm
LO input connector |SMA SMA SMA
LO input frequency | Max 500 MHz Max 900 MHz Max 2800 MHz
LO input power 5dBm 5dBm 5dBm
RF output connector | SMA SMA SMA
RF output frequency | <600 MHz <600 MHz <600 MHz




Libera Amplifier 110

The Libera Amplifier 110 is a four-channel, low noise, non inverting measurement amplifier.
Its gain can be set in increments of 10 dB from -50 dB to 60 dB via an SPI control interface

(Figure 56).

The Libera Amplifier 110 is intended to reduce wide dynamic ranges in order to enable
further signal processing and acquisition. An example of an application is pickup signals
in beam position monitoring in accelerators, where the Libera Amplifier 110 can be used in
combination with Libera Hadron.

Monitoring RF outputs

Amplifier control input

Calibration input

RF inputs Power supply inlet

—
© ©

RF outputs

@

©

Dynamic range

From -50 dB to 60 dB

Input voltage

Max. 230 V peak (max. average input power 1.5 W per channel)

Output voltage

+2 V peak

Bandwidth

From 40 kHz to 55 MHz

Gain error between channels

Max. 0.1 dB

Output referred added noise

<15 mVrms, for gain 60 dB
<5 mVrms, for gains <60 dB

Input and output impedance

50Q
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Libera BPM AMP

The BPM RF amplifier is designed to increase the amplitude of RF signals generated
by the beam position monitor pickup electrodes prior to signal processing by the BPM
electronics. The amplifier provides precise, low-noise, and stable gain to ensure optimal
signal integrity. This enhances the accuracy, resolution, and overall reliability of beam
position measurements, particularly under low beam charge operating conditions.

Two amplifier variants are available to accommodate different beam operation modes:

- CW Version — Optimized for continuous-wave (CW) beam operation as well as beams
structured in macropulses.

- Pulsed Version - Optimized for single-bunch beams and other single-pulse operating
modes. The pulsed version incorporates integrated bandpass filtering, optimized for
short-duration pulsed signals.

. On/Off switch
RF inputs X
Power inlet
B c D PWR )
i @ =
5 @ © 6 =
D @ B A
il e’ Taf ' laf AF%‘?
. © Q) < ©
(2 ‘ £°)
svawe (82 2 82 22
RF outputs
CW version Pulsed version
Gain ~25dB ~16.5 dB
P1dB 17 dBm 13dBm
Bandwidth < 850 MHz 494.5 MHz - 504.1 MHz
NF <3.4dB @ 750 MHz <7.5dB @ 500 MHz
Power consumption 12 VA
Supply voltage 85-264 VAC, 47-63 Hz
Dimensions 43.8 x 210 x 173 mm
Weight 1.65 kg
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Libera Pilot Tone FE

Elettra Sincrotrone Trieste

The Libera Pilot Tone FE is an analog front-end installed in the tunnel and connected
between the BPM pickup and BPM electronics. It combines the RF BPM signals with a
pilot tone signal that is slightly offset to the RF. Both signals pass through the RF cables
to the BPM electronics and are exposed to the same disturbances.

The Libera Pilot Tone FE is the result of a partnership between Elettra Sincrotrone Trieste

and Instrumentation Technologies.

RF inputs

External Pilot Tone (optional)

";’-'“L\ 'ﬂiﬁ AALLRRYEN L]
<
= [} — I .
) * = ®) |
2 7 P [ optoour ETHPOE @ fu ( ! ( ‘<\-) X)
A B o g R O)! W e e AT
e g DxHor o 2442 | INSTRUMENTATION q Sincrotrone Trieste
$12 LIBERA/Pilot Tone FE @ st ShcrotioneTieste \ 7% | TECHNOLOGIES e
Optical output RF outputs
Power supply and
network interface
Frequency versions | 200 MHz
quency 408 MHz
A A
5 8 ) 5 Read-out 352 MHz
5 -
3 2 electronics Input/Output 4 [ 4 (SMA-F connectors)
c g 5c (E.g. Libera Spark ERPT) channels
D o D
Button pickup Input impedance | 50 Ohm
External Pilot tone
L ( :) Programmable 0to 90 dB
. attenuation
Optical output
1dB compression +16 dBm

Most common RF frequencies are supported:
352 MHz, 408 MHz and 500 MHz. The Libera
Pilot Tone FE is powered and controlled through
a PoE RIJ-45 interface via TCP-IP. Important
parameter settings are confirmed through an
optical interface.

Such BPM system ensures stable position
readout with long-term stability <1 um.

point

Crosstalk Better than -60 dB
Pilot tone Internal or external
generation (SMA-F input)

Control interface

TCP-IP over Ethernet

Power supply

PoE or9-12V,1A

Dimensions

175 x 151 x 40 mm

Weight 1,2 kg
Temperature Frequency dependence:
dependence Approximately -250 Hz/°C

Amplitude dependence:

Approximately -0.03 dB/°C

43



Libera XBS FE

Libera XBS FE is a supplementary analog front-end for the Libera Brilliance+ and Libera
Brilliance X BPM electronics, to be used in combination with the 3rd generation BPM
module and Libera 2BPMRTM. The Libera XBS FE contains a cross-bar switch matrix,
similar to the one used in the standard Libera Brilliance+ BPM modules, and is intended
to be installed in the tunnel, as close as possible to the BPM pickup.

The advantage of switching the RF signals already in the tunnel, is the possibility to
compensate the long-term drifts that are induced on the long RF cables, in addition to
the ones in the electronics.

The system of Libera XBS FE and Libera Brilliance+ or Libera Brilliance X ensures a stable
position readout with RF cables as long as 200 meters.

Libera 2BPMRTM module

Libera XBS FE

or

3rd generation BPM module in Libera Brilliance+

TN

Button
pickup

The Libera XBS FE supports all standard synchrotron RF frequencies. It is powered and
controlled by the 3rd generation BPM module through a standard Cat.7 cable and RJ-
45 interface. The switching frequency is configurable by the digital control in the Libera
Brilliance+ and is fully synchronized with the Digital Signal Conditioning that calculates
the calibration coefficients.

Frequency range 350 MHz to 510 MHz
Input/Output channels 4[4 (SMA-F connectors)
Maximum input signal range +4 dBm CW

Maximum distance to the BPM module 200 meters (tested)

Power supply and control cable Cat.7 S/FTP
Temperature dependence <200 nm/K
Dimensions 173 %129 x 19 mm
Weight ~0.8 kg
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LIBERA VIVA

Every Libera instrument is delivered with a standard warranty, ensuring compliance
with the agreed specifications and freedom from manufacturing and software defects.

To ensure long-term support beyond the standard warranty period we offer
Libera VIVA, a flexible service program designed to keep your instruments up to
date while ensuring predictable maintenance costs and minimized downtime.

For customers who wish to extend their coverage, Libera VIVA may be activated after the
expiration of the standard warranty and customized to specific operational need.

Libera VIVA offers the following program options:

-Regular OS maintenance

-New SW updates and bugfixes
-Extended remote support

-HW diagnostics and repairs
-HW obsolescence management

-Regular OS maintenance

-Regular OS maintenance -New SW updates and bugfixes
-New SW updates and bugfixes -HW diagnostics and repairs
-Extended remote support -HW obsolescence management

-Extended remote support
-Stock service to minimize
downtime

Additional services can be integrated into a Libera VIVA program or discussed separately
as standalone options:

SECURITY UPDATE PROGRAMS

Customized solutions designed to proactively address software vulnerabilities and
strengthen the cybersecurity of Libera instruments.

ON-SITE ASSISTANCE
Professional support provided during the installation, commissioning, and integration of

Libera instruments into your control system, ensuring smooth setup and operation.

Contact our team to explore more about Libera VIVA programs and other services.

Instrumentation Technologies
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