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ABSTRACT FREQUENCY CONFIGURATION FIRMWARE DESIGN
- _ Firmware is based on the open-source Bedrock library
The LEMPcontroller repla,c es aging CANMAC All system clocks and local oscillators are (LBNL) and adapted at SLAC for pulsed LEMP operation.
based LLRF controls in SLAC’s NC linac. The new hase-locked he 286 MH : . :
: : ) phase-locked to the 265 Z master A lightweight RISC-V (PicoRV32) core handles
system is built on the open-source Marble FPGA 11 MO). Ind d _ d S - . . o :
: L L : oscillator (MO). Independent up- an initialization, configuration, and monitoring. Firmware
carrier and Zest+ digitizer with a custom RF d _ : 1O hesized ) A : :
_ owIl-conversion S are synthesize controls ADC/DAC timing, trigger generation, and
front-end. A prototype has been deployed and - inole-sideband (SSB dulati ) , ) ) )

: _ - using single-sideband (SSB) modulation interlocks. Bedrock’s Packet Badger provides high-speed
tested at station 26-3, demonstrating RF derived from the MO, see the Table 1&2 access to EPICS for waveform capture and diagnostics
generation/control, interlocks, and waveform ’ Closed-1 lat lib P (od cavit g 1 '
capture. This poster summarizes the design, Generation | Relationship | f [MHz] 05€d~700D SIUATION USES a tdlIbTdted Cavily mode
bring-up results, and planned upgrades. RF 2856 B[ 2| | cmertaces | | cnteraces | | copps || capp Tesing

MO 2856 E E‘ FEED EPICS IOC Archiver Python API \é(;.'rr':ti:l::ttiig:
ADC .k LMKO01801 = MO 119 o <hel o
HARDWARE DESIGN DAC. LMKO1801 L MO 238 | natizaton| | 1507 Gagrl | | |momtoring
MO
Built on open-source LBNL hardware, the HOaw AL 28302 el [ rovers i@ agal g nurer [ menoc
. LOup LOgwn + ADC ik 2949.5 E v
system reuses the Marble carrier and Zest+ . R 1O 3 ADC b < 1| — —
digitizer platform already deployed for LCLS-II, . i} Hd“’“ EDACCIK ot : .
simplifying maintenance and keeping common . = ok ' T
hardware across the copper and superconducting L —
linacs. Custom SLAC modifications for pulsed Parameter Down LO | UpLO | Unit : o) () o o
Operation: LO frequency 2830.5 2949.5 MHZ E Tranceiver ADC x 4 ADC x 4 DAC x 2 125Msps GPIO
« Two ADC inputs converted to DC-coupled Spurious-free dynamic range (SFDR) > 90 >81 | dB
mode (LT1994) to digitize klystron beam MO carrier feedthrough <-80 | <-80 | dBc E—
voltage and beam current. RMS additive phase jitter [100Hz, IMHz] | 32 37 | ks PROTOTYPE TEST
« New RF front-end down-converts 2.856 GHz The prototype LLRF chassis was tested at station 26-3 in
to 25.5 MHz IF for digitization. — klystron gallery .The 2.856 GHz RF drive achieved =~ 82 dB
» Compact Rear I/O board buffers and ANALOG RF FRONT-END SFDR. Integrated phase noise over 100 Hz-1 MHz
attenuates Kklystron signals and manages corresponds to = 38 fs RMS jitter. Screenshots show the
handshaking/interlocks with the modulator The analog front-end down-converts the jitter integration measured spectra, waveform acquisition
PLC. | | . . 2.856 GHz RF to a 25.5 MHz IF. Each module during 5 ps RF pulse and EPICS control interface.
All functions are mtegrat.ed in a single 4U, 26- optimized for low noise, high linearity.
!nCh). Wa.ter -cooled chassis. Only an RF reference Single—Channel modules reduce crosstalk and _ i Cl S;NS;IN;MQMGIH AIGUATO_Ios2ss0moats 25 g i S ST i
is distributed along the gallery; local SSB improving isolation. The 2xIF spur at 51 MHz e I
modulator generates coherent up- and down- is 6/ dB below the fundamental.
conversion LOs inside the chassis. Two digitizer inputs were modified from |

transformer-coupled to DC-coupled using
single-to-differential amplifiers to monitor
beam voltage and beam current.
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Center 2.85600000 GHz Span 100.0 kHz
#Res BW 100 Hz VBW 100 Hz Sweep (FFT) ~20.00 ms (1001 pts)
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A prototype chassis for the LEMP project has been designed,
tested and deployed at station 26-3,based on previous LLRF

28305MHz 2995M}{z ZSSMHz 2856.0 MHz 28560Wh

NTROL @
Marble v1.4 User Image @ w

IP: 192.168.19.132 .’
MAC: 12:55:55:0:1:ab y 21 ”9

MARBLE MMC -
BEAM VOLTAGE USCOPETRIOC

projects. After successful verification of the main

functionality, the station was alighed to the accelerate event

and the phase setpoint was optimized. The system has been

LCLS LLRF CONTROLLER
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14 -m & m m " in operation for hundreds of hours, mostly in standby mode.
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CrX A Future work includes finalizing the design and building

more chassis to upgrade more stations.
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