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Abstract

A high power solid state amplifier (SSA) has been developed for a future replacement of the RF source of the SPring-
8-1I storage ring. In order to obtain a 100 kW RF power, we should combine RF power from 160 LDMOS (Laterally
Diffused Metal Oxide Semiconductor) outputs. Therefore a power combiner with low loss and an amplifier module are
important for better power efficiency and cost reduction. We designed an 80-way power combiner using a TM010 mode
cavity with 80 input loop couplers attached on the cylinder inner surface of the cavity. The design simulation shows the
power loss of the combiner is less than 2% in the ideal case. We also designed an amplifier module which consists of
four high-power LDMOS-FETs (Field-Effect Transistors) as the main-amplifier and a high-efficient GaN-HEMT
(Gallium Nitride High-Electron-Mobility Transistor) as the pre-amplifier. We made a prototype combiner and a
prototype amplifier module and measured those RF characteristics. A 4-way power combining with a 94% combined
efficiency, which was consistent with our designed value, was confirmed. In addition, we demonstrated the power
combining from the amplifier module with a 635W combined power, a 94% combined efficiency.
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Figure 1: Concept of the solid state Amplifier.
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Figure 2: Image view of the cavity Combiner.

Table 1: Cavity Combiner, Design Parameters

Resonant Frequency 508.762 MHz

Input power 800 W

Output power 64 kW

Combining efficiency 99 % over

-3dB band width 5.1 MHz

Number of input 80

Cavity size D:446 x H:400 (mm)
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Table 2: Amplifier Module, Design Parameters

Frequency 508.762 MHz
Input Power 1w
Output Power 800 W

Number of output 4

Module size W:67 x L:568 x H:498 (mm)
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Figure 3: Concept of amplifier Module.
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Table 3: Cavity Combiner, Design and Test Result

Cavity combiner,

Prototype combiner, Prototype combiner,

design Target. Design. Measured.
Cavity material Copper Aluminum (AL5052)
Output coax. WX-152D WX-77D
Input antenna 80 4
Combining efficiency >99 % 95 % 94 %
-3dB band width 5.1 MHz 0.7 MHz 0.8 MHz
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Figure 4: The output Power (Pout) and the drain
efficiency (ND) of the GaN-HEMT.
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Figure 5: The output power (Pout) and the drain
efficiency (ND) of the LDMOS-FET, with a vendor’s
demonstration amplifier circuit Board.
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Figure 6: The input-output characteristic of the
prototype amplifier Module.

Table 4: Performance of the Prototype Amplifier Module

Frequency 508.762 MHz

Input Power 0.16 W (22.0 dBm)

426 W (56.3 dBm) min.
476 W (56.8 dBm) max.

Output Power

Power deviation 50 W (0.5 dB)

Efficiency 58 % min. to 61 % max.

Figure 7: Photograph of the prototype power combiner
and the amplifier Module.

423 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP034

3.3 MAERHm

SPring-8 RF 7 AhAK L RIZT, ARk L HiE T
Va—VEHL, BRE O TSR EE IMW Ut —
Z—a—RICEHEL T, MA SRR A e L 72 (Figure
8). ARENRIIMIRES 2— 1D 4 HHOEFE
T D E s I OEIG TR L,

BEEHE I EE 10W 2558 600W FTEbSE =L
EOE AN REMEGR LT, T 2a— D 4 M EAK
PRI FRIC 4 DD AN LT A OB R HE T 94%
THY ., /IMEFHRBRERIEDRE R A G, — it 4 B
DATI T, FEB R TO B RE T HD, FHRIC
FAMEEBYTH-7= (Figure 10, 11), 72720, Bkas A
HBNV VXS THHREN ORI, 4%
DOREDBLBELI 2T,

Figure 8: Photograph of the high power combining test
at SPring-8 RF test Stand.
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Figure 9: Location of the input Antennas.
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Figure 10: Comparison of the combined power with
different location of the 4 input antennas; 1) vertically
aligned, 2) 90 degree rotationally Symmetric.
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Figure 11: Comparison of the combining efficiency with
different antenna configuration, same as the Figure 10.

424 -



