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Introduction

One of the key components of Low-Level RF systems (LLRF) in Free Electron Lasers
(FELs) is the RF field detector that converts the detected cavity field signal to an
intermediate frequency (IF) for digital sampling. For a reliable and robust operation of free-
electron lasers with bunch-arrival time variations on the sub-10fs scale, the short-term
and long-term RF stability of the cavity field is a crucial factor. Temperature and humidity
changes cause amplitude and phase drifts of the RF field detectors.
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For the European XFEL we used a drift compensation module operating at 1.3GHz to remove
long-term amplitude and phase variations of the MicroTCA.4 Low-Level-RF control system
on the fs-scale. The module showed excellent suppression of environmental temperature
and humidity changes of about two magnitudes down to an amplitude and phase stability of
0.01%, respectively 0.01deg or 20fs (all peak-to-peak values). In the article we present the
method, hardware, performance and operation of the module.
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e  RF switch used for selecting reference of the cavity signal (only for pulsed machines)

« compensation is done relative to the reference signal

 an accurate amplitude detector is required due to the reference signal amplitude
instability

e  for multichannel system a low drift reference signal splitter has to be added

e calibration hardware has to be temperature stabilized and hermetically sealed
(environmental stabilization of one PCB board instead of the entire rack)

Drift Compensation Module
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The DCM crate:

« 19" form-factor, 2 units height

e calibrates 16 channels of cavity signals

N-type RF input connectors

two 8xFBM multicoax RF outputs

e communicates with MTCA.4 Based LLRF
System via SFP optical links

. contains axial FANs, TEC units, heat sinks,
thermal isolation,
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Drift Compensation (FPGA firmware)
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Performance (laboratory)
1. Amplitude detector performance
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Amplitude of the reference signal has been measured with two detectors: internal DCM
peak detector and external RMS detector, both values have been compared.

2. Phase performance
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The measurement setup:
« reference signal provided symmetrically to the DCM REF and RF inputs
e accuracy defined as a difference between measurements in both switch states

Operation of the module
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Improvement on beam arrival time stability due to the drift compensation, measured with
2°C induced rack temperature change at FLASH
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