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Abstract

Solid State High Power RF System is proposed for
XFEL and ILC. It includes individual RF power supply
for each SC cavity and common control system. Each RF
power supply includes Solid State Generator, circulator
and Q-tuner. Triggering, synchronization, output power
and phase of each Solid State Generator are controlled
from the common control system through fiber-optic
lines. Main parameters of Solid State Generator are:
frequency 1.3 GHz, peak power 128 kW, pulse length 1.4
msec, repetition rate 10 Hz, average power 1.8 kW, CW
power 2.5 kW. Advantages of Solid State High Power RF
System are: simple triggering, synchronization, output
power and phase adjustment for all cavities separately,
operation both in pulse and in CW modes, unlimited
lifetime, no high voltage, no oil-tank, compactness.

INTRODUCTION

RF power supply system for superconducting (SC)
accelerating cavities of European XFEL [1] and
International Linear Collider (ILC) [2] are based on high
peak power klystrons. RF power from the klystron is
distributed between the cavities through complicate
waveguide RF power distribution system. The XFEL
waveguide RF power distribution system is shown in
Figure 1 [1]. RF power from one klystron is divided
between 32 cavities in 4 cryomodules.
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Figure 1: RF waveguide distribution of klystron based
XFEL RF station.

So there is the first problem to create high peak RF
power using complicate multi-beam klystrons and high
power modulators and the second problem to distribute
this peak RF power between many cavities.

A development of solid state components during last
years allows us to consider another approach to creation
of RF power supply system to feed SC cavities in linear
accelerators. Solid state high power RF system developed
for XFEL and ILC accelerators includes individual RF
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power supply for each SC cavity and common
control&synchronization system.

COMPONENT SET

Each RF power supply includes Solid State Generator,
ferrite circulator and Q-tuner.
Solid State Generator consists of following parts:
e LLRF (32 W output)
e cight amplifier units (sixteen 1 kW outputs)
e cight 16-channel air-isolated water-cooled strip
line RF power adders (16 kW output)
e 8-channel waveguide RF power adder (128 kW
output)
e PLC
e 50V DC, 6 kW power supply.

MAIN PARAMETERS

Main parameters of Solid State Generator are shown in
Table 1.

Table 1: Main parameters of Solid State Generator

Parameter Units Value
Operating frequency MHz 1300
Peak power kW 128
Pulse length msec 1.4
Pulse repetition rate Hz 10
Synchronization frequency MHz 10
Average power kW 1.8
CW power kW 2.5
Output waveguide port WR650
Feeding line V/kW/ph/Hz 400/6/3/50

Most input couplers for SC cavity include coaxial
antenna, coaxial line and waveguide to coaxial transition,
needed to connect to the klystron with waveguide output
port. In case of solid state RF generator 8-channel
waveguide RF power adder can be changed by 8-channel
strip line (or coaxial) RF power adder with coaxial output
port. It allows to use coaxial input coupler for SC cavity
without waveguide to coaxial transition with coaxial input
port.

LLRF

Low level RF power supply (LLRF) includes
e  master-generator,
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e RF switch,
e vector-modulator,
e pre-amplifier.

Input 10 MHz synchronization signal comes to the
master-generator through fiber-optic line from common
control system. Output frequency of the master-generator
is 1300 MHz.

RF switch forms 1.4 msec 10 Hz pulses.

The vector-modulator allows to control amplitude and
phase of RF power at the cavity input.

RF power at the three stage pre-amplifier output is 32
W. This power is divided by 8 and passes to the inputs of
8 amplifier units.

Triggering, synchronization, output power and phase of
each Solid State Generator are controlled from the
common control system through fiber-optic lines.

AMPLIFIER UNIT

Each amplifier unit includes seventeen 1 kW
amplifiers: 16 amplifiers for 16 output channels, one the
same amplifier as a pre-amplifier for first 16 amplifiers
and one-transistor 62 W amplifier stage. The amplifier
unit has one 4 W input and sixteen 1 kW outputs.

Each 1 kW amplifier includes four 250 W transistors.
The powers of these transistors are added to one coaxial
line. Output RF power of the amplifier is 1 kW.
Amplification gain is 12 dB. Input RF power is to be 62
W. The transistors are equipped with water-cooled sink.
The whole amplifier is assembled on one PCB.

STRIP LINE RF POWER ADDER

Strip line RF power adder is to collect RF power from
16 amplifiers to one output line. It includes 15 strip line
bridges. Strip line is air isolated. Strips are mounted in the
water-cooled body through quarter wave length line
pieces, allowing to fix the line and to cool it.

There are 16 strip line RF power adders in the Solid
State Generator.

WAVEGUIDE RF POWER ADDER

RF power from 16 strip line RF power adders comes
through coaxial lines to 16 inputs of waveguide RF power
adder, which includes 7 waveguide bridges. Each bridge
is equipped with water-cooled waveguide load. The body
of whole waveguide RF power adder is made of one Al
piece.

CONTROL

PLC based control system is used in Solid State
Generator.

COOLING

Water-cooling of Solid State Generator is assumed.
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Figure 3: Waveguide RF power adder.

ENGINEERING DESIGN AND
EQUIPMENT LAYOUT

Figure 4 shows general view of the Solid State
Generator. It includes 8 amplifier units, 8 strip line RF
power adders and 1 waveguide RF power adder.

LLREF is assembled in separate unit. RF power at LLRF
output is 32 W.

The layout of the solid state based equipment in XFEL
tunnel is shown in Figure 5.
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Figure 4: General view of Solid State Generator.
1 is amplifier unit, 2 is strip line RF power adder, 3 is
waveguide RF power adder.

CONCLUSION

Comparison of the equipment for XFEL on base of the
klystron [1] and solid sate generator is shown in Table 2.

Table 2: Comparison of the equipment for XFEL on
base of the klystron and solid sate generator

Klystron RF System Solid State RF System

Unit Qnt Unit Qnt
Modulator 29  Solid State Generator 928
Klystron 29  Circulator 928
Solenoid 29  Q-tuner 928
Directional coupler 812
Load 812
Circulator 928
Tuner (phase & Q) 928
Waveguide (~100 m) 29
LLRF 29

Solenoid power supply 29

Klystron  Ion
power supply

pump 29

Waveguide gas filling 29
system

The tuner in TDR system is to adjust both loaded Q-
factor and the phase. The tuner in Solid State High Power
RF System is simpler. It is to adjust loaded Q-factor only.

Advantages of Solid State High Power RF System are:

1. Triggering, synchronization, output power and
phase can be carried out separately for all cavities from
control system through fiber-optic lines. This is very
simple and reliable control way.

2. Adjustment of input RF power for all cavities is
possible individually in contradiction to High Power RF
System of XFEL TDR [1]. All cavities have different
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maximum accelerating gradient. TDR scheme allows us
to have the same input power at all cavities (fed by the
same klystron) and therefore to operate at low
accelerating gradient corresponding to the maximum
accelerating gradient of worst cavity. Solid State High
Power RF System allows us to operate at maximum
power in each cavity and therefore at higher total
acceleration rate.

3. Solid State High Power RF System allows us to
adjust loaded Q-factor by tuner and accelerating phase by
vector-modulator of Solid State Generator separately,
unlike by the same tuner as in High Power RF System of
XFEL TDR.

4. Solid State High Power RF System allows us to
operate in pulse mode as well as in CW mode as this is
planned in Item #4.1.3.3 of XFEL TDR. This is enough
only to choose operating mode (pulse/CW) in the
interface of the control terminal.

5. Solid State High Power RF System has no
limited lifetime practically after test and rejection of the
transistors, unlike High Power RF System based on
klystrons with limited lifetime.

6. Solid State High Power RF System is low
voltage equipment, unlike klystron based High Power RF
System having 100 kV modulators.

7. Solid State High Power RF System has no oil-
tank.

8. Solid State High Power RF System is very
simple and compact.

1

Figure 5: Accelerator module with Solid State High
Power RF System in XFEL tunnel.

1 is Solid State Generator, 2 is ferrite circulator, 3 is
tuner, 4 is accelerator module
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