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I. INTRODUCTION
The radio frequency cavities, used to accelerate charged
particle beams, need to be charged to a nomial voltage after
which the beam can be injected into them [1]. The nomial
voltage is provided by means of RF power sources considering
such as: Klystrons, Tetrodes, Inductive Output Tubes, and
Solid State Amplifiers (SSAs). A step charging profile is used
as a conventional procedure in order to fill such cavities to the
nomial voltage. During the initial time of such filling process
using the step input, a large amount of RF power fed into
the cavity is reflected as can be seen in the below figure. A
novel strategy was proposed for cavity filling by shaping the
temporal profile of the RF signal applied to a cavity in order to
significantly minimize such reflection energy [1]. In this paper,
we introduce the solid state developement at FREIA laboratory
[2] using the optimal charging scheme. The theoretical results
are also presented.

Fig. 2: The power from generator starts filling with very
low power, then increases exponentially. Consequently, the
reflection power is much smaller compared to step filling in
Fig.1.

Fig. 3: (a) The solid state based RF power source efficiency
versus power using the SSPA modules [4]. (b) The ratio
between energy drawn from wall plug by the step filling and
the optimal filling.

Fig. 1: The reflected power during the step filling, before
beam injection is given by the red region, and the power falls
exponentially as filling continues. The aim of the proposed
scheme is to minimize the region shaded in red.
II. RESULTS
The proposed scheme is demonstrated for particular parameters of the superconducting spoke cavities of European
Spallation Source (ESS) [3]. For such cavities the power
required from the RF power sources is calculated to be 400
kW with 4% duty cycle (3.5 ms at a rate of 14 Hz) [2]. In
order to deliver 400 kW output power, the solid-state based
RF source is combined using several hundreds of SSPA (solid
state power amplifier) modules, as publised in [4]. Applying
the optimal scheme for such RF power source, the RF power
profile and the reflected power are obtained as in Fig. 2. The
reflected power is as small as about 8 kW at start, compared
to approximate 400 kW in step filling, and then descreases
exponentially as filling continues. The SSPA module achieves

optimum efficiency when it is operated in compression. The
dynaic effiency of the 400kW solid-state based RF source
can be improved by using drain voltage modulation, in which
the drain voltage of each module is controlled following an
optimal shape. The presented system exhibits as high as 70%
in efficiency, and about 24% of energy from wall plug can be
saved using the optimal scheme with the beam injection time
of approximate 300 us.
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