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1. Abstract

LLRF Is used to precisely control the amplitude and phase of the RF field in cavities. Often times, access to test the control algorithms with RF equipment,
especially in the presence of beam, is limited or beyond reach. In such cases, testing must be done through computer modeling or simulations. Computer
modeling is often too slow and difficult to interface with the LLRF hardware. Analog or digital cavity simulators are preferred as they allow for interaction with the
LLRF controls platform in real-time, and compared to their analog counterparts, FPGA-based digital cavity simulators allow for a more adjustable and
sophisticated implementation. The newly developed FPGA-based cavity simulator includes the cavity electrical model, the cavity mechanical model including
Lorentz Force Detuning and microphonics, an amplifier model which can simulate real amplifier nonlinearities, and a beam model. The simulator will be
validated using measurements from BNL's CeC 500 MHz NCRF cavity and the CeC 704 MHz 5-cell SRF cryomodule.

2. Implementation
Electrical Model Mechanical Model Amplifier Model

The cavity electrical model can be described by a According to [4], the cavity mechanical model can The simulator models both the

RLC-type resonant circuit. Then the RF drive and | be represented using resonators. Specifically, the | frequency response and saturation i::

beam serve as sources of excitation for the circuit. § k’'th mechanical mode Is described by the following behavior of the amplitier. .
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pseudo random bit values.
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Results And Validation existing controls
VNA measurement: Blue = Cavity Simulator, Orange = Model Lorentz Force Detuning SOftware (Pet
PLL Detuning Data : Blue = CeC 7Z04.MHz.Cavity, Orange = Cavity Slinulator P ag es. GPMs etC_)

|
I /J[ Conclusion and Future Work

| | The cavity simulator is already proving to be useful for testing RF controls
| algorithms, specifically for SRF cavity field control. However, there still remains work
v related to the simulator.

| | | | The microphonics implementation using the LFSR does not seem to work on HW,

| | ’ this is still a work in progress.
Also, the loop delay through the simulator is rather excessive (~3.4 us). A majority
Cavity Pickup, Forward, Reverse Signals : Blue = CeC 704 MHz Cavity, FFT of LESR output, used to generate of the delay is due to data transmission from the ADC to the DAC, but the VHDL code
_ Orange = Cavity Simulator microphonics. Fs = 10 MHz can also be optimized to lower the delay. In some sense though, this is not the worst

| Issue as a longer loop delay only complicates the control problem more.

The simulator would also greatly benefit from resonance control capabilities in the
form of a stepper or ferrite tuner model. Lastly, a high-gain, low-delay feedback model

must be added.
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