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Abstract

In LLRF (Low Level RF system) and BPM (Beam Position Monitor), the picked-up high frequency signal is frequency-
converted and detected and A/D (Analog/Digital) converted and used for digital control and monitoring. It is difficult to
correct variations in characteristics because circuits with nonlinear characteristics are used for these. Therefore, using the
latest FPGA (Field Programmable Gate Array) RF-MPSoC (Radio Frequency-Multi Processor System on Chip), the A/D
conversion of the RF signal is performed directly, or the D/A (Digital/Analog) conversion is performed. We evaluated
the performance of a configuration that eliminates nonlinear circuits as much as possible by directly using RF signals. In
RF-MPSoC, high-speed digital signal processing can be performed by FPGA, and flexible software processing can be
done in 1 chip by built-in APU (Application Processor Unit) and RPU (Real-time Processor Unit). We examined the

possibility of making very small LLRF and BPM systems by eliminating the need for DSP and CPU modules.
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Figure 2: Evaluation module. (Rear-side)
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Figure 3: Evaluation module. (Block)
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Figure 4: 1.0GHz input 8 decimation after DDC.
(BW500MHz)
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Figure 5: 1.0GHz input from DAC 8 decimation after DDC.
(BW500MHz)
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Table 1: Peak Level of Other CH when Input to CH4
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Figure 6: CHS spectrum when inputting 1.0 GHz to CH4.
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Figure 7: Amplitude stability (BW500MHz) when
synchronized with external 10MHz.
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Figure 8: Phase stability (BW500MHz) at external 10MHz
synchronization.
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Figure 9: Delay time measurement between input and
output.

Fafreq(C1y
105.30 MHz
100.2126 MHZ
98.76 MHz
106.77 MHz
1.0836 MHz
1.45608+3

PE:QU(C1)
55.41%
493898 %

StdHor Flrise(C1) FZfall(C1) FEperiodic) PEWIINICT)
value 3.268ns 3216 ns 9.497 ns 5262 ns
9.97990ns
9366 ns
10.126 ns
103.45 ps
1.4600+3

49290418
407208 4330%
5368 ns 66.20 %

121.59 ps 11583 %
1.4500+3 1.4508+3

mean 3.26627ns
min 2979ns
max 3631 ns
sev 101.38 ps
1431043

3.28892ns
29253
2663 ns
10254 ps
1.302e+3

num
status

o 1306
¥2= 112.0ns UaX= .66 MHZ
121102019 10:23:32 AM

Cray

Figure 10: Delay time measurement between input and
output @4.096GSPS.
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Table 2: Comparison of FFT Calculation Processing Time

CPU/OS FFT FFT FFT FFT
(256) (512) (1024) (2048)
Cortex-RS
0.5GHz 4.64 11.14 2620 60.96
FreeRTOS
Cortex-A53
1.2GHz 1.702 3907 8.897  20.113
Ubuntsul6.04
[msec]

Table 3: Comparison of Fluctuations in Processing Time

CPU/OS SEEIE RME RRfE MR 2

Cortex-R5

0.5GHz
FreeRTOS

Cortex-AS3
1.2GHz
Ubuntsul6.04

24.458 24.458 24459  0.000

25.190 25.178 25214  0.011

[sec]
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Figure 11: Configuration when using OpenAMP.
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[1] Xilinx ZYNQ UltraScale+ RFSoC;
https://japan.xilinx.com/products/silicon-
devices/soc/rfsoc.html

[2] ARM CPU Cortex-AS53;
https://www.arm.com/ja/products/silicon-ip-cpu/cortex-
a/cortex-a53

[3] ARM CPU Cortex-RS5;
https://www.arm.com/ja/products/silicon-ip-cpu/cortex-
r/cortex-r5

[4] Xilinx Zynq UltraScale+ RFSoC ZCU111 EVM;
https://japan.xilinx.com/products/boards-and-
kits/zcu111.html
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