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 Abstract–This article presents a generic digital control system 
for the stabilization of Radio Frequency (RF) fields used in 
particle accelerators, the Libera LLRF. Low Level RF (LLRF) 
systems have an important contribution in the overall 
performance of the accelerator since they are responsible for the 
control of amplitude and phase of electromagnetic fields inside 
the accelerating structures. The goal was to develop a high 
performance, small form factor system that uses the latest 
advances in technology. In order to fulfill these design goals 
Micro Telecommunications Computing Architecture 
(MicroTCA) and related standards were chosen as a basis for the 
system's hardware and software development. Results of 
hardware development are three different types of Advanced 
Mezzanine Cards (AMC), Interconnection Board (ICB), chassis, 
backplane and replaceable fan modules. The AMC boards are 
LLRF application specific and have input/output ports for RF 
signals. In order to enable support for different RF frequencies, 
they also include replaceable RF circuits. The ICB implements 
the functions of a MicroTCA Carrier Hub (MCH) and acts as a 
COM Express carrier board for the mounted COM Express 
module. With its different ports at the front, the ICB enables 
local and remote operation and maintenance of the Libera LLRF. 
Chassis management is implemented according to the Intelligent 
Platform Management Interface (IPMI) protocol. The LLRF 
application software, which runs on the Linux operating system 
and includes a Graphical User Interface (GUI), enables the user 
to operate the system and monitor different types of RF signals.   

I. INTRODUCTION 

he company Instrumentation Technologies is a provider of 
the Libera family of instruments. The state-of-the-art 

instrumentation systems are used for diagnostics and beam 
stabilization at particle accelerators around the world. The all-
in-one instruments cover analog and real-time Digital Signal 
Processing (DSP) and high-level software.  

Due to demanding requirements set by the digital LLRF 
application and in order to use the latest advances in 
technology a new platform was developed beyond that used in 
the established instruments. The newly developed instrument 
satisfies the following challenging hardware requirements:  

1. 36 RF input channels; 
2. High performance receiver of RF signals in terms of 

amplitude and phase noise; 
3. High performance transmitter of RF signals in terms of 

amplitude and phase noise; 
4. High quality clock generation and distribution; 

 
Manuscript submitted on May 28, 2010.  
Corresponding author: R. Cerne. All authors are with the Instrumentation 

Technologies, Velika pot 22, 5250 Solkan, Slovenia (telephone: +386-5-
3352600, e-mail: robert.cerne@i-tech.si).  

5. Dedicated low latency data transfer between Field 
Programmable Gate Arrays (FPGA); 

6. Distributed signal processing; 
7. High performance acquisition of data to Double Data 

Rate (DDR2) Random Access Memory (RAM) (eight 
channels at 130 MS/s); 

8. High data throughput between FPGAs and the Central 
Processing Unit (CPU); 

9. High performance CPU; 
10. Support for straightforward local and remote operation 

and maintenance; 
11. Generic design to support different LLRF application 

use cases; 
12. Generic design to support reuse of developed hardware 

for the development of new instruments; 
13. Small form factor. 

The new instrument satisfies the following software 
requirements: 

1. Implementation of Intelligent Platform Management 
Interface (IPMI) protocol for chassis management; 

2. Implementation of low latency data transfer between 
FPGAs; 

3. Implementation of Peripheral Component Interconnect 
Express (PCIe) in the FPGA;  

4. Development of drivers for control and transfer of user 
data between FPGA and CPU; 

5. Use of the Linux operating system (OS); 
6. Implementation of LLRF application specific 

algorithms in FPGAs and in application software 
running on Linux OS; 

7. Implementation of a Graphical User Interface (GUI) for 
local and remote operation and maintenance of the 
system.  

The Libera LLRF is based on Micro Telecommunications 
Computing Architecture (MicroTCA) and related standards 
[1]-[4].  

II. HARDWARE ARCHITECTURE 
Fig. 1. shows a fully populated Libera LLRF unit. The 

chassis is designed to fit into a 19 inch industrial rack and has 
2U height. It includes an integrated power supply module that 
produces 12 V DC payload power. The mechanical structure 
of the chassis including backplane can host up to eight 
application specific Advanced Mezzanine Cards (AMCs). 
Four slots accept double width mid-size AMC modules and 
the other four slots accept single width mid-size AMC 
modules. Two single width slots at the top right are not used 
by the current implementation of the LLRF application. The 
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Interconnection Board (ICB) is located at th
also connects to the backplane. Apart from t
connector, all connectors are at the front. Coo
by two replaceable fan modules located at b
chassis. They produce horizontal air flow. 
fans modules with front side access simplify u
This is of high importance, since fans usually
Mean Time Between Fault (MTBF) figure.   

  Fig. 1.  Front view of fully populated Libera LLRF  

III. BOARDS AND BACKPLAN

A. ICB 
Fig. 2. shows the bottom view of the 

implements the functions of MicroTCA Car
based on the MicroTCA standard and acts as
Module (COM) Express carrier board for th
Express module.  
 

Fig. 2.  Bottom view of the ICB   
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Fig. 3.  Bottom view of the 9 channel LLRF receive
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1. 3.3 V and 12 V payload power conn
ICB to all the AMC modules; 
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7. Differential lines between the Timin
and each AMC module used for 
distribution; 

8. Two digital lines (2x interlock bus)
modules for interlock information trans
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  Fig. 7. DSP support for digital signal monitoring  
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Fig. 8.  Software architecture 
 
 

Fig. 9.  Screenshot of the Libera LLRF GUI with dem
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VI. CONCLUSIONS 
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