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Abstract

We have developed a MTCA .4-based LLRF system for the injector LINAC of the next generation synchrotron radiation
facility. This LLRF system consists of RF frontends, digital-analog conversion parts with ADC and DAC, and on-board
processing circuits. By using this system, we can set, monitor and apply feedback-control to the phase and amplitude
of the RF signals for acceleration cavities within a single module. The MTCA.4 modules have high performance and
high channel density features, and thus we can build compact and high-speed systems with small amount of cables and
reasonable costs. It also provides better usability on operation such as controlling and configuring operational parameters
remotely via networks. We describe the architecture of the MTCA.4-based digital LLRF system, and the results of the
performance evaluation tests, such as resolutions and stabilities, obtained with prototype modules.
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Table 1: Requirements for Amplitudes and Phases of Indi-
vidual Components of the Injector LINAC

BRAE | 0A/A[%)] d¢[deg]
238MHz | +£0.08 | £05(ZVAN)
476 MHz +0.15 +0.2

S-band +0.3 +0.5

C-band 10.1 | £25(ZVAN)
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Figure 1: Schematic view of the digital LLRF system (for
238 MHz cavity, as an example).
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Figure 2: Schematic diagram of the under-sampling
method (left, 238 MHz) and the down-conversion method
(right, S-band).
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Figure 3: Schematic view of the under-samping method.
Here, the input RF is sampled when the sampling clock is
at the maximum peak (=1).
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Figure 4: Schematic diagram of the MTCA.4 AMC and
RTM of the LLRF system.
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Figure 5: Result of crosstalks between channels for 238
MHz input signals.
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Table 2: Observed Resolutions of Amplitude and Phase
with 238 MHz and S-band Inputs; Top half was obtained
with 4 sampling points (one I/Q-pair), and bottom half was
obtained by averaging them with the limited bandwidth.

oa/A[%] | ggldeg]
238 MHz 0.07 0.07
S-band 0.07 0.07
238 MHz (avg, BW: 1 MHz) 0.02 0.02
S-band (avg, BW: 20 MHz) 0.02 0.02
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Figure 6: Stability of amplitude (top) and phase (middle)
of the 238 MHz signal measured with mmeadcO1b and
72DSR238M. The temperature deviation during the mea-
surement is also shown at the bottom.
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Figure 7: Observed phase shift as a function of triggered
time by displacing input RF frequency slightly from the

reference frequency.
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Figure 8: Observed deviations of amplitude and phase as a
function of input phase.
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Table 3: Deviation of the Vector Modulator Output for the
Phase [0, 27]
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Figure 9: Characteristic of vector modulator outputs for
238 MHz: Normalized output (left), and the deviations of
amplitude (middle) and phase (right) from the set values as
a function of amplitudes and phases.
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Figure 10: Characteristic of vector modulator outputs for
C-band: Normalized output (left), and one obtained with
DAC inputs applying the 1Q-axes correction (right).
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Figure 12: Stability of VM output: amplitude (left) and
phase (right).
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