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Abstract

A new linear accelerator was constructed for the New SUBARU (NS), a 1.5 GeV synchrotron radiation facility. The
accelerating frequencies used at the new linac are 238 MHz, 476 MHz, 2856 MHz, and 5712MHz. The required phase
and amplitude of the accelerating field are 8.0 x 10 and 0.2 degree, respectively in the most severe case. Also, the master
trigger of the linac must be synchronized with both the aimed bucket timing of the ring and the linac master clock. To
fulfill these requirements, the timing system and Low-Level RF (LLRF) control system were developed using the modules
of Micro Telecommunication Computing Architecture 4 (MTCA .4) standard. The master trigger and the clock of the linac
are generated at the master unit located near the LLRF station of the ring, and are delivered to four LLRF subunits of the
linac through the optical links. The phase and amplitude of the accelerating field are controlled based on In-phase and
Quadrature (IQ) scheme. The achieved stabilities in rms are 7.0 x 10* in amplitude and 0.2 deg in phase, which satisfy
the requirements. The operation of the NS has been carried out stably since April 2021 with no significant faults.
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Figure 1: Block diagram of LLRF at NS the linac.
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Table 1: MTCA .4 Modules Used at the New Linac

unit name supplier location

All sub

Digitizer AMC SIS8325 Struck units

Trigger AMC mmetrg01b MDT All units

RF conditioning > 238

RTM DWC8VM1 Struck MHz

RF conditioning

RTM 72DSR238A01 Candox 238 MHz

synchronizing Master

RTM 72TSR508B01 Candox unit

NAT-MCH-

MCH PHYS80 N.AT. All units

Power supply MTCA 4 We-ie-ne-r All units
All sub

Crate 11850-026 Uber units

Specifications [used condition]

10 ch 250 Ms/s 16 bit ADCs, 2ch 250 Ms/s 16bit DACs

[Clock frequency: 238 MHz @476, SB, CB units, 191
MHz @ 238 unit]

16ch front and 8ch backplane output, 24bit delay count, fine
adjustment with 78 ps resolution [238 MHz clock input]

8 ch RF input with down conversion, 1ch vector modulation
output, 2ch DC input

[LO frequency: reference frequency - 238/4 MHz]

9 ch RF input for under sampling, 1ch vector modulation
output, 1ch DC input

AC input, 500 MHz clock input, master trigger output, [2C
control

support GbE and PCle Gen 3

1000 W output, low noise

12 slots, fan speed control
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Figure 2: Timing chart of the RF reference clocks fi; and fi.
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Figure 3: Block diagram of the clock and trigger distribution
system.
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Figure 4: Block diagram of the LLRF system at SB.
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Table 2: Integrated Phase Noise of RF Signals at the
Sub-units

Frequency [MHz] Integrated phase noise [fs rms]

238 288
476 1062
2856 257
5712 248
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Figure 5: Measured (left) and corrected (right) VM output.
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Table 3: Rms Values of RF Phase and Amplitude for 1
Hour

Frequency Phase [degree] dv/v
[MHZ] Measured/Required Measured/Required
238 0.098/0.5 7.0x10*/80 % 10+
476 0.170/0.2 29x10*/15x 107
2856 0.107/0.5 64 x10%/3.0x% 103
5712 0.064/2.5 6.7x10%/3.0x% 103
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Figure 7: Amplitude and phase waveforms of pulsed RF
signals.
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