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Abstract

LIPAc (Linear IFMIF Prototype Accelerator) is a EU-JA collaboration 9 MeV and 125 mA CW hadron linac that aims
to validate the technology will be used in the IFMIF accelerator (40 MeV, 2 x 125 mA CW). The RF accelerating system
of LIPAc consists of three types of components: RFQ cavity, buncher cavities, and superconducting half wave resonators
(SRF). The RF control system of LIPAc is designed to optimized CW operation, and 8 high power RF amplifier chain is
used for each RFQ cavity and SRF cavities, individually. After amplification by tetrodes, a Y-stripline ferrite circulator
controls RF with nominal output power 220kW for RFQ and 105kW for SRF. During the Phase-B+ beam commissioning
and RFQ conditioning campaign started from FY2021, strong RF signal with similar pulse shape for set RF parameters
had been detected by using spectrum analyzer. The RF leak can make noise floor and unexpected malfunctions for each
diagnostic. By measuring the noise from the cables and free space, we could find one of critical sources of RF leakage.
In this report, measurement and analyzation results, ideas to fix them, and discussion about other candidate of the large
RF leakage is summarized.
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Figure 1: Configuration of the RF amplification chain for
RFQ.
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Figure 2: Master and slave control schematic for driving
RFQ cavity of LIPAc.
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Table 1: Design Value of the Circulator for RFQ Chains

Parameters Values
Center Frequency 175MHz
Bandwidth 1.2MHz
Forward Power 250kW in CW
Reverse Power 100% at any phase
Insertion Loss 0.15dB max
Return Loss at center freq. 26dB min
Isolation at center freq. 26dB min

Dummy load

{\Copper tube for

coolant (water) VNA
Dummy load S12

. J Port1
Circulator

Figure 3: VNA measurement setup for RF leakage from

Figure 4: Af)pearance photo of a circulator.
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Figure 5: A loop antenna we used and largest leakage
source in the circulator.
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Figure 6: Photo of circulator hole where a copper pipe
penetrates to circulate coolant near Ferrite material and
Y-stripline.

Figure 7: Circulator hole sealed by copper tape.
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Figure 8: Positions for VNA measurement to see RF
leakage from the circulator.

Figure 9: Screenshot of VNA measurement of position
9, without any sealing.
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Table 2: Measured Values by VNA for the Circulator
RF Leakage at Each Position Explained in Fig. 8

Position (Fig.8) 175MHz 350MHz
#1 -65.41 dB -68.31 dB
#2 -62.78 dB -81.55 dB
#3 -87.31 dB -91.86 dB
#4 -89.82 dB -93.05 dB
#5 -84.51 dB -81.99 dB
#6 -88.50 dB -94.31 dB
#7 -89.51 dB -88.11 dB
#8 -76.55 dB -96.26 dB
#9 -47.55 dB -81.38 dB
Background ~-100.8 dB ~-97.32 dB
4. 200 kW-CW EAE&

41 KEIRBROERK

Dummy load

Tetrode
final power amplifier

< ® ) PSYS
Circulator
Q Spectrum ®)
Analyzer e ?

Figure 10: Setup to measure RF leakage from the
circulator with injecting 200kW-CW RF to dummy
loads.
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Figure 11: Plot of the spectrum analyzer measurement
for position-2 of Figure 12 with inserting 20 dB
attenuator, before scaled.

Table 3: List of the Results in High Power Test at
200 kW-CW by Using a Spectrum Analyzer

Position (Fig.10) 175MHz 350MHz
#1 9.65 dBm -6.02 dBm
#2 11.98 dBm 421 dBm
#3 -3.12 dBm 3.61 dBm
#4 -14.26 dBm -21.87 dBm
#5 -13.57 dBm -25.21 dBm
#6 -8.57 dBm -18.28 dBm
#2 after seal -10.30 dBm -29.56 dBm
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Fiure 12: RF leak source at theout flange of the
final power amplifier.
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Table 4: Antenna Angle Dependency of RF Leakage
from Flange Line at Output of Final Tetrode Cavity

Antenna angle 175 MHz 350 MHz

~ 0 Deg. (max) -9.29 dBm -32.84 dBm
~20 Deg. -10.28 dBm -33.60 dBm
~ 45 Deg. -17.70 dBm -36.87 dBm
~ 70 Deg. -20.12 dBm -36.35 dBm
~ 90 Deg. -28.12 dBm -39.37 dBm
~ 0 Deg. afterseal | -12.65 dBm -35.56 dBm
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