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DESIGN OF A 100 KW SOLID-STATE RF PULSE AMPLIFIER WITH A TE011 MODE
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Abstract

Solid-state rf amplifiers with a long lifetime and small failures, are the recent trend of medium-power rf sources for
particle accelerators. Therefore, we designed a 100kW solid-state amplifier having a TEO11 mode cavity (Q0=100,000)
type rf power combiner with extreme low-loss. This amplifier is operated at 476 MHz with a 50 us pulse width. The
final amplification module and combiner of the amplifier are for realizing a high efficiency of over 60 %, like a klystron,
and reducing a number of rf solid-state amplification devices, respectively. Development of this amplifier is to replace
an induction output tube, 10T, in the X-ray free-clectron laser, SACLA. In SACLA, highly rf phase and amplitude
stabilities of less than 0.01 deg. and 10 in rms are necessary to stable lasing within a 10 % intensity fluctuation,
respectively. The amplifier comprises a drive amplifier, a reentrant cavity type rf-power divider, 100 final amplification
modules having a 1 kW output each and a TEO11 mode cavity type rf power combiner. A DC power supply with a noise
level of less than -100 dBV at 10 Hz for the amplifier is necessary to obtain the above-mentioned stabilities. Based on
the experiment results using a 1 kW test amplification module with an 60 % efficiency and combiner cavities,
possibility to realize an output rf-power of 100 kW, the extreme low-loss and the very stable rf characteristics is large.

We report the detail and performance of the amplifier.
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Table 1: Specifications of the 476 MHz, 100 kW Amplifier

Frequency 476 MHz
Output Power 90 ~ 100 kW
Pulse Width 50 us
Repetition 60 pps
Amplification Class Aor AB

20 W Pre-amptifier

-l 100 kW Output

Reentrant Cavity RF Powgy Divider 1

TEO11-mode Cavity

RF Power Combiner Cotinious Wave,

CW ~ Pulsed RF
Pulse Width 50 us
Repetition 60 Hz

100 Final AMplifier Modules

Figure 1: Block-diagram of the amplifier.
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Figure 2: Mechanical configuration of the amplifier.
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Table 2: Specifications of the LDMOS FET
(MRFE6VP61K25H, NXP)
Frequencies 1.6 ~ 500 MHz
Handing Power 1250 W (CW or Pulse)
Gain 27 dB at Maximum
Efficiency 84 % at 81 MHz, Maximum,
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Figure 3: (a) Magnetic field vectors of the TEO11 mode
cavity combiner, (b) an rf-return loss of the S11 value of
the combiner output and (c) rf-power transmission, S12
from one of the inputs to the output. A transmission ratio
of -6.0054 dB is close to an ideal value of -6 dB (meaning
low loss).
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Figure 4: (a) Block-diagram of the final stage amplifier
module, (b) the input-to-output characteristic of the final
stage amplifier (NXP, MRF6VP61K25HR6) and (c) the
efficiency and drain current of the amplifier, as functions
of the input/output power.
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