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Benefits

Many instruments. Many people.

Working together.

Stability means knowing your machine
has innovative solutions. For users, stabil-
ity means a machine achieving its full po-
tential, enabling them to do more science.
For us, stability means synchronized,
connected, dynamic state-of-the-art in-
strumentation, working together as one
system.

Because we know that the machine is

more than just the sum of its parts.

Libera LLRE stabilizes the

accelerators RE field by applying
real-time digital feedback
and feed-forward.

All-in-one

The all-in-one unit replaces a field of different instruments and crates:

¢ built-in RF system diagnostics: automatic phase and gain correction, cavity field
control loop stability analysis, cavity decay analysis monitoring

¢ cavity tuning included

* cavity field stabilization: jitter cancellation, vector sum alignment, calibration
system, computation of the cavity field vector sum, cavity field control by means
of a programmable PI controller, feed-forward system

*  built-in interlock system

* self calibration

* chassis health monitoring

* built-in local oscillator generation

Customizable

*  SW configurable controller: easy upgradeable firmware

¢ using the Libera LLRF field programmable gate array (FPGA) pre-build blocks
that interfaces with the hardware, it is possible to customize the product to your
specific needs

* FPGA development kit available

¢ customizable RF input frequency up to 12 GHz

* up to 32 cavity signals per station

*  FPGA facilitates fast signal processing and logic interfacing

¢ easy maintenance through modularity

Ready to integrate in the control system

* network-attached device

¢ the Libera LLRF high-level software library measurement and control interface
(MCI) separates control-system specific knowledge from low level details and
logic related to a Libera processor

Suitable for the latest generation light sources and hadron accelerators

+  phase and amplitude stability meets 4th generation light sources’ requirements
¢ compatible with normal-conducting and super-conducting RF systems

* supports pulsed and continuous wave operation modes

* low latency
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The Libera LLRF system can process up
to 38 RF input signals per unit. Probe,
forward and reflected signals are con-
nected to the RF inputs of one or more
Libera LLRF units. Each unit can popu-
late up to 4 front-end modules. The
front-end modules are equipped with
temperature stabilization and drift com-
pensation systems. Each RF front-end
module converts 9 RF input signals to
an IF frequency. The converted signals

| (pulses) Q

are then sampled by the 16-bit ADCs.
The sampled IF signals are subsequent-
ly processed in real time in a powerful
Virtex 5 FPGA. The partial vector sum
is transferred to the vector modulator
module by means of a low-latency link.
In the vector modulator module, anoth-
er Virtex 5 FPGA implements the LLRF
control algorithm, and an RF output
drive signal is generated and applied to
the transmitter.

Libera LLRF is an industrial digital RF
stabilization system. The system can be
used to control normal and supercon-
ducting accelerating structures. Both
pulsed and CW operation modes are
supported. The high-performance field
stabilization meets the 4th generation
light sources’ requirements.

The Libera LLRF system is a program-
mable network-attached device. The
user can connect different RF inputs to
the unit: cavity probes and directional
coupler signals, and therefore easily
configure the software to perform dif-
ferent LLRF functions such as cavity
field stabilization, cavity and waveguide
tuning, and RF system diagnostics.
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The Libera LLRF high-level application
software performs RF system response
characterization and therefore uses the
results for automatic loop stability opti-
mization. The system can also be used
to provide optimal RF system frequency
tuning and optimal RF distribution sys-
tem tuning by means of the implemen-
tation of slower tuning loops. During op-
eration, the system provides diagnostics
information to the user and triggers the
interlock if a failure is detected.

Parameter

Number of input channels

ADC resolution

Max. ADC sampling clock frequency
Memory size per module
Customizable topology
Customizable RF input

Maximum RF input power

Value

36 (9 per module)

16 bits

130 MHz

up to 8 Gbits

up to 32 cavities per plant
up to 12 GHz

20 dBm

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 al-
gorithms, real-time data processing and dedi-

cated RF system diagnostics tools.

RF acquisition modules: The system is con-
figured to have four satellite modules, each
of which can process up to 9 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 built-in calibration system, temperature sta-
bilization, jitter cancellation, LO distribution,
partial vector sum computation and vector

sum phase alignment functions.

Vector modulator module: Receives the par-
tial vector sum signals from four satellite ADC
modules through low-latency low-voltage dif-
ferential signaling (LVDS) lines. The global vec-
tor sum is then processed by means of FPGA al-
gorithms. The output of the control algorithms
is then up-converted to the RF frequency and

used as the transmitter drive signal.

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.

Optional fast communication modules

The Libera LLRF system architecture is
based on PCle implemented on AMC
standards. It is a user-friendly network-
attached device that has a powerful
computational interconnect board (ICB)
managing a number of satellite boards.



Graphical User Interface
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system that takes care of fans, currents, voltages and tem-
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Related Products in the
Accelerator System -

Hadron _— ~_
accelerators / N

Light sources |

\\
\\
FELs and ERLs
o Libera Brilliance o Libera LLRF e Libera Sync
Electron beam position processor Digital RF stabilization system Low-jitter clock distribution system
o Libera Brilliance Single Pass 0 Libera Single Pass ° See the cover spread for the whole
Electron beam position processor Single bunch position processor for cavity product range
Jfor single pass machines and stripline BPM pickups
e Solution Building Block

Linac energy stabilization Libera LLRF + Libera Sync + Libera

Brilliance Single Pass (or Libera Single Pass)

Beam dump for injection efficiency studies Libera Brilliance + Libera LLRF

Turn-by-turn beam studies Libera Brilliance + Libera LLRF

More at www.i-tech.si Technical Support

Visit our website to read more about Libera products, download conference papers Prompt and reliable. You can ask for on-site support or we can assist you remotely.

on the use of Libera at different accelerators around the world, subscribe to the You are also welcome to join us at the Libera Workshop training sessions to get the

|I-Tech Newsletter and learn about the next gathering of the community at the Libera most out of Libera products.

Workshop.

Instcumentation
echnologies

When your users demand stability.

Instrumentation Technologies, d. d., Velika pot 22, SI-5250 Solkan, Slovenia, P: +386 5 335 26 00, F: +386 5 335 26 O],
E: info@i-tech.si, sales@i-tech.si, support@i-tech.si, W: http://www.i-tech.si




