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ABSTRACT

A RF cavity emulator is developed for integrated testing with Low Level RF (LLRF) system.
Cavity model is implemented in digital on FPGA and includes cavity dynamics of
fundamental mode, detuning model, delay model and electromechanical modes. RF cavity
parameters such as cavity frequency, quality factor, coupling factor and detuning are kept
programmable to emulate behaviour over wide range of these RF parameters covering both,
superconducting and normal conducting cavities. Integrated testing with LLRF is
successfully performed and the results are presented.

LLRF integration with Emulator
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Introduction

Accelerator Control Division (ACnD) is involved in design,
development and commissioning of Low Level RF(LLRF)
control system for a number of accelerators, including Low
Energy High Intensity Proton Accelerator (LEHIPA) at BARC [1],
Horizontal Test Stand (HTS) at RRCAT [2] and BARC-TIFR
Superconducting Linac [3]. LLRF systems monitor, control and
regulate the amplitude, phase and frequency of cavity RF fields
in particle accelerators. LLRF signal processing algorithms are
designed in digital domain to monitor the change in the RF field
of cavity and to provide feedback and/or feed-forward
regulations depending on system configuration and
operational scenarios such as type of RF
cavity : superconducting or normal, pulse width of operation,
beam-loading effect, amplifier characteristics etc. Testing
LLRF and control algorithms directly at plant is not only difficult
but also undesirable as it involves interfacing with sensitive
and costly entities such as RF cavities and RF power amplifiers.
With this motivation, RF cavity emulator is developed. Fig.1
shows the simplified block diagram for testing LLRF with cavity
emulator.

Using the emulator, LLRF systems and the control
algorithms can be thoroughly tested in the lab before
commissioning in the plant. The RF cavity model implemented
in digital domain provides for programmability of cavity
parameters. Cavity pickup and reflected power drives are
generated for normal conducting cavities which are deployed
at LEHIPA, BARC and for superconducting cavity commissioned
at HTS, RRCAT. The article presents the architecture, signal
processing flow and implementation aspects of RF cavity
emulator. Results are illustrated in the form of pickup and
reflected power for normal conducting as well as
superconducting cavity. Integrated testing with LLRF system is
also demonstrated.

Architecture and Implementation

The cavity emulator is cPCI crate based and its signal
processing chain [1] shown in Fig.2 consists of ADC, FPGA, DAC
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Fig.1: Testing of LLRF with Cavity Emulator.
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and modulator. It takes the outputs from LLRF i.e. RF forward
power drive and generates pickup and reflected power. The
Forward Power output of LLRF is digitized using direct sampled
ADC, using a clock thatis derived from the Reference clock, and
processed in FPGA. RF cavity emulator is implemented using
cavity equation [3] given by:

Vo+ 2xwixV, + w2+ V. = wall

2 2
Where V, is cavity voltage, w,, is cavity half bandwidth, w, is
resonant frequency of the RF cavity and U is the normalized
input drive to the cavity. The continuous time equation is first
expressed in in-phase and quadrature signals in the base-band
and subsequently transformed to discrete time and
implemented on the FPGA. The in-phase and quadrature
components of the drive are the inputs to this model. The
output of the model is the in-phase and quadrature signal of
the Pickup. The in-phase and quadrature components of the
reflected signal are generated by subtracting the drive signal
from the pick-up. Reflected Power and Pick-up signals in the
base-band are fed to DACs. The analog outputs of the DACS are
up-converted to RF in a quadrature modulator. RF reference
signal feeds the RF port of the modulator. This model is for
fundamental mode of the RF cavity. Quality Factor, Frequency,
coupling factor and detuning are the programmable
parameters of the model.

Results of Normal Conducting Cavity

The RF cavity emulator for normal conducting cavity is
modeled after Drift Tube Linac of LEHIPA with a frequency of
352 MHz, Quality Factor of 38000, coupling factor of 2 [4]. All
the parameters are programmable to model plant conditions.
Fig.3 and Fig.4 show Pickup Power and Reflected Power RF
signals on oscilloscope.
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Fig.2: Signal Processing chain of RF cavity.
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Fig.8: LLRF GUI with Reflected Power and Pickup Power.

Results of Super Conducting Cavity

The RF cavity emulator for a superconducting cavity is
modeled after AES-010 [5] Superconducting RF cavity at HTS,
RRCAT of 650 MHz with quality factor of 2*10*, coupling factor
of 1000 and with no detuning. Fig.6 shows the successful
implementation of emulator for superconducting cavity with
Pickup Power and Reflected Power RF signals on oscilloscope.

Electromechanical dynamics of superconducting RF
cavities cause detuning, called Lorentz force detuning (LFD),
which is given by the equation given below [3].

LW 2 _ 22
Avih + ) Ay + wiAwy = =K Ve Wy
1

Where w, is the resonance frequency of mechanical
mode, Q, is the Quality factor of mechanical mode 1, k; is the
dynamic detuning coefficient of mode 1, V_, is the cavity
voltage. Detuning effects of LFD are also implemented in the
cavity emulatorand Fig.7 shows the results.

Conclusion

RF cavity emulator has been successfully developed and
demonstrated for normal conducting cavity as well as for
superconducting cavity with electromechanical modes.
Integrated testing with cPCl based LLRF system developed for
LEHIPA DTL normal conducting cavity 352 MHz is successfully
carried out. Integrated testing with LLRF system developed for
HTS, RRCAT superconducting cavity of 650 MHz is tested.
Using this emulator, resonance control system's detuning
correction algorithms are being tested.
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