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State of the Art LLRF controls

State of the art digital LLRF (low-level radio frequency) controls General limitations of todays field detectors
= Simplified modular LLRF regulation scheme = Single receiver performance = Beam energy stability (out of loop) . Non—IQ fleld detector (noise balanced)
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= Single detector performance . Phase resolution < 1.5m" (3fs) (Short-term, 1.3GHz) /><
Amplitude resolution < 2.6E-5 (Short-term, 1.3GHz) Ap) ]
= Beam energy stability . BE-5 (Shot-to-shot) \J .
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- Resolution, 0.003%, 0.003deg, < 10fs - Low latency links via MTCA-backplane

DetECtO rS fOr AttOseCOnd LLRF CO nthlS = Limited spectral density of available best ADCs

Apply substantial new detector concepts for 1/f-noise reduction
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= Overcome ADC noise limitation by RF amplification before |Q-detection using a carrier suppression

Linear Technology (2007) Analog Devices (2009) Texas Instruments, (2012) Texas Instruments, (2012)
Interferometer (simplified) Saturated Mixer LTC220x, 10nV/[Hz AD9268-125, 9nV/[Hz ADS42LB69 , 14nV/[1Hz ADC12D800RF, 9nV/(1Hz
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= Field detectors:
= - Needs drift calibration, efficient for continuous wave (CW) operations e g > -15dB...-25dB

: . . : : : - Interferometer
ol Smgle cavities: Analog bypassed dlgltal system (hyb”ds) using Complementary filters - Superscaling B R AR R R AR
= > Multi cavities: ~V3 (passive receivers) x V8 (VS-scaling) x V8 (8 receivers per cavity) “
Special acknowledgments to: Frank Ludwig, Uros Mavric, Holger Schlarb, Christian Schmidt, Sven Pfeiffer, Tim Berenc
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by-step critical Attosecond LLRF controls
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= Carrier suppression A ‘:M | Cotrtesy of 1. Borenc Courtesy of 1. Berens S Wyg 9 Froe Eleciion Laser EPAC 2006, Edinburgh, UK.
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Fl'eq Uency [HZ] T. Berencc:j et. al. “An Interferometric Residual Phase Noise Measurement System
at S-Band”, Low Level RF Workshop 2013, Lake Tahoe, California, USA.
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How to use analog small signal detectors in a digital LLRF system? IR LA 1 R T o = & W
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= - Automated carrier suppression tracking (compensates small drifts, gradients) E thpmsinaNG e e o00as (rms)
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= - Combine interferometer and non-1Q detector (AM, PM 360" detection) E
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= - [teratively or using complementary filters %
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