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Abstract

MHz clock rate.

Background

REGAE is a facility for ultrafast electron diffraction (UED) experiments based on a normal
conducting S-band gun and buncher cavity. Their RF regulation is performed by a single
cavity controller, implemented by an FPGA firmware and operating at 125 MHz. With a
variant of the Struck SIS8300-KU controller board that is equipped with 250 MSps ADCs we
were able to increase the frequency of the complete digital processing chain to 250 MHz.
This includes the ADCs, field detection, feedback controller and DAC. Doubling the
frequency reduced the overall controller latency by almost a factor of two. In the poster we
show which firmware components had to be optimized or rewritten to achieve the 250

In a short pulse machine with normal conducting cavities the LLRF controller requires a low
latency to regulate the higher cavity bandwidth. REGAE is one example for such a machine
that would benefit from a lower controller latency, making it the ideal target for developing
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Figure 1: Simplified LLRF controller overview on
a Struck SIS8300-KU board (MicroTCA.4)

Latency Contributions

adder

Figure 2: Schematic overview of the IQ demodulation in FPGA firmware

Input rotation

Optimized use of DSP slices reduces logic and routing in regular FPGA fabric

New overflow detection increments a counter on overflow for improved diagnostics
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Figure 3: Schematic overview of the 1Q vector rotation in FPGA firmware

the optimitzed structure
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Figure 5: 2" order IIR filter, transverse direct form Il, optimized FPGA implementation

in FPGA logic

Various firmware-related improvements

The AXIl interface for data acquisition (DAQ) via DDR RAM is now 512 bits wide
(instead of 256 bit), so it can provide sample data to the CPU at the full rate

An improved retrieval of samples from the sin/cos lookup table lead to a reduction

The overall utilization shows that the increased frequency of the firmware could
be achieved without an increase in FPGA resource usage

Table 2: Comparison of FPGA

resource usage
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controller behavior.

Summary and further work

This work has shown that with the optimizations demonstrated on this poster, the
digital LLRF controller developed by DESY is capable of operating at 250 MHz, reducing
the latency by close to 50% compared with a 125 MHz operation. This also resulted in
various improvements of the overall VHDL code quality.

Correct controller operation was verified in a test setup with a miniature cavity. As a
next step, tests at the REGAE facility could show if there is a positive effect on the

FPGA firmware source code

Git repositories at https://gitlab.desy.de/fpgafw

The build environment (fwk)
under the Apache Licence 2.0

Example firmware for Struck SIS8300-KU available under

is available as free software
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the CERN Open Hardware License (CERN-OHL-W-2.0)

Verification of DSP components was done with CoSimTcp

+ Python
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