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Abstract

The klystrons at the S-band test facility at DESY
require high voltage pulses of 550kV at a flat top pulse
duration of 3µs, at  a current of 700A and a repetition
frequency of 50Hz. Two HV pulse modulators with a
nominal power of 375MW were built. The design and
results of the commissioning of the first system were
described in [1]. The second system came into operation
and was operated at an output power up to 475MW
(610kV, 780A). In addition it was modified to investigate
capacitor charging power supplies, which might be used
in a linear collider tunnel. This type of power supply
promises a better efficiency than the conventional
resonant charging method and also saves space in the
linear collider tunnel. This paper describes the operation
experience with the HV modulators at the test facility
especially with the second system. It reports the
modifications, which were required to operate the
modulator with the new type of HV power supply and
presents results of the operation.

1  INTRODUCTION
The S-band test facility at DESY is a 400MeV electron

linac, which serves for the development and evaluation of
components which might be used for an S-band linear
collider. Two pulse klystrons operating at 2.998GHz with
a nominal output power of 150MW are installed at the test
facility.  The pulse duration is 3µs and the repetition rate
50Hz. In order to generate the  microwave power of
150MW a klystron cathode voltage up to 550kV and a
current up to 700A are required. The high voltage pulses
of 3µs flat top pulse duration are produced by line type
modulators. Although the resonance charging method,
used in both modulators, is a well established and reliable
technique to charge the capacitors of pulse forming
networks, a new type of capacitor charging power supply,
which is now available from different manufacturers, was
installed at the second modulator. It can be used
alternately with the existing resonance charging system.
Constant current capacitor charging power supplies have a
high efficiency and a compact size. Both are properties,
which are especially desirable for modulators, which need
to be installed in a linear collider tunnel, but of course are
also of interest for other linear accelerators. The first
modulator is in operation since three years and the second
since one year. In the following we present a short

overview of the modulator system and report on our
operation experience so far. After that we describe the
modifications required to install the new charging power
supply and present results of the measurements performed
on the system.

2  LINE TYPE MODULATOR LAYOUT
Table 1 shows the parameters of the modulator and

figure 1 shows the basic circuit diagram.

Table 1: Modulator parameters
Pulse Voltage 550 kV
Pulse Current 700 A
Flat Top Pulse Duration 3 µs
Repetition Rate 50 Hz
Equivalent Square Wave
Duration

4.8 µs

Rise Time  10 - 90 % 700 ns
PFN four lines parallel,

each line ten sections
PFN Impedance 1.34 Ω
Total Capacitance 1.8 µF
Capacitor Capacitance 45 nF
Coil Inductance 1.3 µH
Charging Voltage 50 kV max.
Peak Current (primary side) 16 kA
Pulse Transformer Ratio 1 : 23
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Figure 1: Basic circuit diagram

The pulse forming network is formed by four parallel
lines of ten sections. They are discharged by two
thyratrons, ITT F303, via the pulse transformer into the
klystron. There is a slight positive mismatch between the
pulse forming network and the klystron. The capacitors of
the lines are charged by a resonant charging system
consisting of a DC power supply (26.5kV, 5A), a charging
choke of 16H and a charging diode capable to withstand
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80kV. The PFN can be charged up to 50kV by a sinus half
wave current of 17ms duration. This allows to operate the
modulator at a repetition rate up to 50Hz. The DeQing
system shown in the figure 1 was not installed, because
the DC power supply has good regulation properties,
which already allow a pulse to pulse variation smaller
than 0.5%. Figure 2 shows typical waveforms at more
than 500kV.

Ch2: Klystron Voltage 537kV
Ch3: Klystron Collector Current 623A
Ch4: Klystron Gun Current 624A

Figure 2: Typical waveforms

More detailed information can be found in [1].

3  OPERATION EXPERIENCE
At the beginning of operation electromagnetic noise

generated by the modulators was a major concern. It
entered  the interlock system or other components and
could lead to interruptions of the modulator operation. In
the worst case it could even muddle up the thyratron
driver trigger logic and damage components in the driver,
especially the drivers thyristor switches. Since the source
of noise could not be eliminated, we installed RC filters in
the drivers and also in other components, which were
affected by the noise. This solved our problem and
allowed to operate without interruptions.

It is necessary to control the thyratrons reservoir
voltage carefully. Otherwise the situation can occur, that
instead of firing both thyratrons simultaneously, the
thyratrons fire at different times or in the worst case one
thyratron fails to fire. This does not harm the klystron, but
leads to large thyratron grid spikes and can damage the
thyristor switches in the driver circuits.

Besides these we had no major problems.
The klystron output power of 150MW could be reached

with a cathode voltage of 550kV. With a PFN charging
voltage of 50kV even 610kV could be achieved at the
klystron. At this voltage an output power of 213MW
could be extracted from the klystron. Since the klystron
was developed for an RF power of 150MW at 3µs pulse
duration and a repetition rate of 50Hz, we reduced the RF
and HV pulse duration to 1µs and the repetition rate to
12.5Hz.  The reduction in pulse width was accomplished
by removing five capacitors per PFN line. At a flat top
pulse duration of 1µs a maximum voltage of 610kV at
780A, which corresponds to a power of 475MW, was

achieved and could be handled without problems. Longer
pulses might be even possible but have the risk of
damaging the klystron or the modulator. Since we need
the klystron to operate the test facility linac, we refrained
from running at longer pulse width at this power level.

4 MODIFICATION
The second modulator was modified in order to

investigate the properties of a constant current capacitor
charging power supply. This type of power supply might
be able to replace the resonant charging method. It
charges a pulse forming line with a constant current to the
desired voltage without the use of a charging choke.
Maxwell (San Diego, USA) offers power supply modules
up to a voltage of 50kV and a power rating of 10kJ/s.
Modules can be connected in parallel to build one power
supply with more output power. In a first stage we
installed three modules, which are sufficient to operate the
modulator at maximum peak power, but at a reduced
repetition rate of 12.5Hz instead of 50Hz. In a later stage
the new power supply could be upgraded to full average
power by installing up to twelve modules in parallel. In
the meantime the existing resonance charging system
must be used, if operation at 50Hz repetition rate is
required. Therefore all modifications of the existing
modulator needed to be done in a way, which allows to
switch easily between the two charging methods.

A freewheeling diode and two series resistors must be
installed between the pulse forming network and the
constant current charging power supply output. This is
necessary, because the charging power supply must be
protected from negative voltage at its output.  In this case
a current could flow through the power supply rectifier
diodes, which might exceed  their capabilities. Negative
voltage at the power supply output arise during fault
conditions like klystron arcing or PFN breakdown and
even also during normal operation conditions. The EOLC
diode is not sufficient to protect the power supply,
because it does not connect the power supply output and
ground. We therefore installed a another diode at the
thyratron side of the PFN. Figure 3 shows the diagram of
the modified circuit.
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Figure 3: Diagram of the modified circuit
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The protecting diode is made of 25 high voltage diodes
in series (4kV each), each with a varistor in parallel. Two
30Ω series charging resistors serve for the decoupling of
the two thyratrons. This allows switching of both
thyratrons at the same time.  Each of the power supply
modules has a separate output cable, which is terminated
by a another series resistors. We did not combine the
output of modules directly after the output and did not use
just one cable and resistor instead of many, because this
would have made it more difficult to install or remove
modules for test purposes. For a set up, which does not
require this flexibility, a connection with just one cable
could of course be made. The protecting diode and the
resistors were installed in the PFN cabinet.

The compact size of this new type of power supply
makes it attractive if space availability is an important
aspect, e.g.  in the case of a linear collider tunnel. The size
of each of the modules in use is 220mm high, 508mm
long and 19 inch wide. All modules, which would be
sufficient for a modulator operation at full average power,
would fit in two 19 inch racks. This reduces the space
required by the existing DC power supply and the
charging unit by about a factor of ten.

Another motivation to test the new type of power
supply results from the efficiency demands of a linear
collider. The existing resonance charging method has an
efficiency of 88% for the charging path from the mains to
the PFN, partly caused by the DC power supply efficiency
and partly caused by ohmic and eddy current losses due to
the charging choke. We measured the efficiency of the
power supply at various output voltage settings. At the
maximum voltage of 50kV it reaches 93%. Even if one
includes the losses in the series charging resistors, the
efficiency for the charging path from the mains to the
PFN is still 91.5%.
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Figure 4: Charging power supply efficiency versus PFN
voltage

The pulse to pulse variation was measured in the same
way as for the resonance charging method by superposing
1500 klystron voltage pulses. The variation did not change
significantly. and is still smaller than 0.5%.

An important aspect for a linear collider is the impact
of the modulator power supplies on the line. Therefore we
measured the voltage and the current of each of the input

phases and calculated the input power of each phase.
Figure 5 shows the linear ramp of the PFN voltage and the
power extracted from the three phases of the mains. It is
basically a picture one would expect from a three phase
double way rectifier, which has do provide a linear
increasing output power. This process is repeated with the
modulators repetition rate. The power consumption from
the mains is not constant and in case of a large number of
modulators would probably disturb the mains. Further
development to limit this effect is required.
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Figure 5: Charging voltage and power extracted from the
three phases of the mains during one charging cycle

More detailed  information about the modification of
the second modulator can be found in [2].

5 CONCLUSION
The high voltage pulse modulators at the S-band test

facility are in operation at nominal conditions of 550kV at
3µs pulse duration and a repetition rate of 50Hz. The
second system can be even operated at a higher power
level up to 475MW (610kV, 780A) at 1µs pulse duration
and 12.5Hz repetition rate. The operation of the
modulators is reliable, but the thyratron reservoir voltage
setting needs careful control and adjustment. A new type
of charging power supply was installed at the second
system.  It has a high efficiency and is of compact size,
which makes it attractive for linear collider applications.
Its reaction to the mains was investigated, but further
work is necessary to limit disturbing effects to the mains.
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