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Abstract

The next-generation synchrotron radiation source project to provide a highly brilliant soft X-ray beam for users is
underway. The injector linac to inject to the low-emittance storage ring generates a high-quality beam, which is highly
stable and repeatable. To produce the beam in the linac, a new low emittance thermionic electron gun system with a 238-
MHz RF cavity demanded with a 42 kW RF input power has been developed. We manufactured a 42 kW semiconductor
amplifier that is the RF power source for the 238-MHz RF cavity. This amplifier comprises an ultra-low noise power
supply, an RF part and a control part. The power supply greatly helps the highly stable RF output of the amplifier. The
RF part is composed of semiconductor amplification modules having the several stages of laterally diffused metal oxide
semiconductor (LDMOS) field-effect transistors (FET). In a test, an RF power of 42 kW with a pulse width of 100 us
was outputted through a reentrant cavity type RF combiner, which has one output and 36 input ports connected to the
output of the amplifier modules. In this report, we describe the details of the design and the test result for the RF amplifier.
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Table 1: Specifications of the Pulse RF Amplifier

Frequency 238 MHz
Output RF Power 42 kW (peak)
Pulse Width 100 ps
Repetition 30 pps
Amplification Class Aor AB
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Figure 1: Configuration of the 238-MHz 42-kW solid-state pulse RF amplifier.
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Table 2: Specifications of LDMOS FET

Frequency 1.8 ~500 MHz

Handling Power 1500 W (CW or Pulse)
Gain 23.7 dB at 230 MHz, Maximum

Efficiency 74 % at 230 MHz, Maximum
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Figure 2: Input-to-output characteristic of the amplifier
unit.
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Figure 3: The magnetic field distribution of the power
combiner by HFSS simulation.
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Figure 4: RF-power transmission rate S;, from each input
port to the combined output port. The averaged
transmission rate of -15.58 dB is close to the ideal design
value of -15.56 dB.
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Figure 5: Phase of the transmission from the input port to
the combined output port. The deviation of the measured
phase is 2.3 degree (peak-to-peak).
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Figure 8: Block-diagram of the output power measurement.
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42-kW solid-state pulse RF amplifier.

i Agilent Technologies

42 RF HHZEMRE

g OO RF HERIEL A3 rAa—7" T
TE2 R E LT-(Fig. 8), 7SV ADSLH _ESOEERE]T 284 ns.
SED FAEER X 148 ns, H71X 1.9 % Th o7z, 7B T
I EILBIE LIZE B LD B RKER 42 kWpeak
H 1D EE S 288013 0.01 %(rms) Tdh-7=(Fig. 9),

NEFEFRFER Fig. 10 (R 3 [E1EEA FWVCRIE L7, RF
H DERIZIO AR 7= eSS #8050 RF 1%L
FAZEFHL . FEYE RF 155 & DBM(double balanced mixer)
ZHWTHITADLELZLICIVEWOMAEZELL TH
HLTW5, RFZSVANOAAEZEARIZ 0.3 FEELL T CTho
7 EERT LSRN LA YRR — I CRIEL-ATH
WIRLD ., BRER 42 kWpeak H 1B ONFH 2 E FE
0.02 fE(rms) Td->7=(Fig. 11),

g
0.1 degree/div

Figure 11: Phase variation of the RF output of the 238-
< MHz 42-kW solid-state pulse RF amplifier.
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