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The main work that We have been doing in the last year 
has been:

Continue developing and updating a LLRF Control & 
Acquisition system based on uTCA, for testing of 
High-Gradient Acceleration Cavities.

This main work was divided into:

1) the acquisition, assembly and commissioning of several 
electronic modules to expand the current system

2) and also, the development of several Software and 
Hardware engineering tasks to control the system.

Introduction
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Block diagram of a LLRF system 
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Block diagram of a LLRF system 
Since last year, We have been working to upgrade 
our current system:

Focusing on components 
and functionality of the 
yellow blocks
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Block diagram of a LLRF system 
Some pictures of our initial hardware deployment 
(still in progress), located in the RF Lab at IFIC.
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Block diagram of a LLRF system 
Desired target configuration:
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Block Description:
Signal generation (Synthesizer, DownMixer)
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Block Description:
Signal generation (Synthesizer Updates)

● The Synthesizer developed and updated allow us:

– to generate all the high-frequency signals for a correct system 
operation, using for it an Ultra Low Jitter oscillator with some 
programmable Phase-Locked Loop hardware (PLL). 

– The most important feature is the low noise generated in the main 
clock signal.

– Every internal registers are configurable, to achieve the desired 
frequencies mentioned above, with the new software updates.
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Block Description:
Signal generation (Synthesizer Updates)
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● With the DownMixer built:

– We can mix, amplify and filter RF input signals to setup 
the system (Up to 8 channels).
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Block Description:
Signal generation (DownMixer Updates)
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– Now We are in construction of 2 new DownMixer 
equipments. 

– These will allow us to support for 16 new input 
channels (RF Signals).

Assembly sample:

Block Description:
Signal generation (DownMixer Updates)
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Block Description:
Signal generation (DownMixer Updates)

● All these components will be included in a new DownMixer 
crates:
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Block Description:
Signal generation (Signal conditioning Upgrade)

● We have also integrated a new block for conditioning 
external signals (Power Level Shifters):
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Block Description:
uTCA system
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● uTCA means: 

(Micro Telecommunications 
Computing Architecture).

● It is a modular system, 
composed by hardware 
cards (AMC) connected to a 
backplane to share data 
and signals. 

● Each card has a specific 
functionality.

Block Description:
uTCA system
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Block Description:
uTCA system. Initial Crate (2021-2022)
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Block Description:
uTCA system. Current Crate (2023)
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Block Description:
uTCA system. (Updated AMC cards)

● We have added and configured to our uTCA system:

– 3 new AMC cards (with RF Signal capture + Analog to Digital converters 
+ FPGA for signal processing).

– 3 new RTM boards (for RF pulse generation). 

This set allow us to have 26 more input channels (RF Signals).

2 new Vector Modulators for more pulse generation.

– 1 Zynq UltraScale+ FMC Carrier AMC

For critical supervisory tasks of the system (Interlock, Triggers, I/O...)
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Engineering tasks
Development of IP Cores for FPGAs

● For an optimal LLRF system response, it has been 
necessary to develop hardware components (IP Cores) 
that allow us to control various important functionalities.

● They have been developed for the FMC Carrier AMC 
designed system (into FPGA), with Verilog HDL language.

● Some critical hardware RT components are:

– Configurable Trigger generators
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Engineering tasks
Development of IP Cores for FPGAs

– Monitor and control of the configurable Interlocks system.

– Special Latches and Interrupts: Fundamental elements to 
detect fast input values (digital signals).
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Engineering tasks
Implementation of Real Time OS

● We have also implemented a Linux-based RTOS, to run critical control tasks 
from FPGA and MPSOC processing units. 

● We have used PetaLinux toolchain for this implementation which has allowed 
us to:

– Customize a Kernel and system Drivers.
– Critical task planner.
– Interrupt manager.
– Peripheral memory access.
– Install python interpreter.
– Create Tango DeviceServers.
– Communications over Ethernet.
– And more...
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Engineering tasks
Implementation of Real Time OS

● Some Screenshoots: Base System configuration
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Engineering tasks
Implementation of Real Time OS

● Some Screenshoots: Drivers configuration
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Engineering tasks
Implementation of Real Time OS

● Some Screenshoots: Network configuration (very 
important)
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Engineering tasks
Implementation of Control Software User Interface

● Apart of this, We have implemented a high-level application on the AMC 
CPU (running Debian Linux) programmed with C++ (using thread 
methodology and custom classes)

● Although it is under development, it allows us to:

– Full system access and control (such as Root user).
– Hardware access and configuration (with specific Drivers).
– QT Graphical User Interface (GUI) to interact.
– Generation of custom signals and triggers (communicating with the 

developed IP cores).
– Management of Interlocks.
– Logger
– ...
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Engineering tasks
Implementation of control Software User Interface

● Screenshoot: VM Tab to set pulse format
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Engineering tasks
Implementation of control Software User Interface

● Picture: Capture of the generated pulse and trigger
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Engineering tasks
Implementation of control Software User Interface

● Screenshoot: Interlock Tab to manage interlock signals
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Engineering tasks
Implementation of control Software User Interface

● Screenshoot: Triggers Tab to generate triggers
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Engineering tasks
Implementation of TANGO platform
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Engineering tasks
Implementation of TANGO platform

● Tango is an distributed control system framework to build 
software for large control systems.

● Defines a communication protocol, an Application 
Programmers Interface (API) and provides a set of tools 
and libraries.

● Tango is an Open Source solution for SCADA systems.

● It is build around concept of devices and device classes.
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Engineering tasks
Implementation of TANGO platform

After several tests…

● We have installed, configured and launched the TANGO platform on our 
server in LLRF system.

● We have learned how to use its set of tools and libraries.

● And We have implemented the necessary devices and device classes to 
access sensors of the system.

● We can monitor events and alarms.

● Programmed classes in Python.
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Engineering tasks
Implementation of TANGO platform
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● We have extended the first functional hardware version of 
our LLRF system.

● We have improved our knowledge of the uTCA open 
standard, and LLRF systems.

● We are close to finish an operational version (hardware + 
firmware + software) of  the system, to be tested at CERN.

Conclusions (2023)
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● We have some tasks to do in the coming months. 

We will:

– expand our software control application,
– develop graphical user interfaces to monitor and control the 

TANGO platform (with PyTango or Qtango frameworks), 
– program the rest of main software tasks over a real-time 

operative system,
– signal calibration,
– multiple capture and data synchronization,

Next Steps (2024)
To Do
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– optimize existing firmware and devices,
– develop new hardware or software to control the 

external equipament of an LLRF system.

– Finally, write a paper about the conclusions of the 
above content.

Next Steps (2024)
To Do
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Thanks 
for your attention

Thanks 
for your attention


