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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. Ad-
vantages of Solid State High Power RF System are: simple triggering, synchronization, output power and phase ad-
justment for all cavities separately, operation both in pulse and in CW modes, unlimited lifetime, no high voltage, no

oil-tank, compactness.
PACS: 29.17.4+w:85.25.]

1. INTRODUCTION

RF power supply system for superconducting (SC)
accelerating cavities of European XFEL [1] and Interna-
tional 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
Fig.1 [1]. RF power from one klystron is divided
between 32 cavities in 4 cryomodules.
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Fig. 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 devel-
oped for XFEL and ILC accelerators includes individual
RF power supply for each SC cavity and common con-
trol&synchronization system.

2. COMPONENT SET

Each RF power supply includes Solid State Genera-
tor, ferrite circulator and Q-tuner.

Solid State Generator consists of following parts:
LLRF (32 W output); eight amplifier units (sixteen
1 kW outputs); eight 16-channel air-isolated water-
cooled strip line RF power adders (16 kW output);
8-channel waveguide RF power adder (128 kW output);
PLC; 50 V DC, 6 kW power supply.
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3. 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 MHz 10
frequency
Average power kW 1.8
CW power kW 2.5
Output waveguide WR650
port
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 transi-
tion, 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 cou-
pler for SC cavity without waveguide to coaxial transi-
tion with coaxial input port.

4. LLRF

Low level RF power supply (LLRF) includes:
master-generator; RF switch; vector-modulator; 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.
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RF power at the three stage pre-amplifier output is
32 W. This power is divided by 8 and passes to the in-
puts 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.

5. AMPLIFIER UNIT

Each amplifier unit includes seventeen 1 kW ampli-
fiers: 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 transis-
tors. 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.

6. 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 (see Fig.2).

7. 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 (see Fig.3).

8. CONTROL

PLC based control system is used in Solid State
Generator.

9. COOLING

Water-cooling of Solid State Generator is assumed.

Fig.2. Strip line RF power adder

Fig.3. Waveguide RF power adder

10. ENGINEERING DESIGN AND
EQUIPMENT LAYOUT

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

LLRF 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 Fig.5.

Fig.4. General view of Solid State Generator
1 is amplifier unit, 2 is strip line RF power adder,
3 is waveguide RF power adder

CONCLUSIONS

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

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:

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

Adjustment of input RF power for all cavities is pos-
sible individually in contradiction to High Power RF
System of XFEL TDR [1]. All cavities have different
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 accelerat-
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ing 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.

Table 2

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

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

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

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

Klys[t;(l)irtn RF System Ont SOhdS::;:e RE Sy(sztflin Solid State High Power RF System is very simple

Modulator 29 | Solid State | 928 | @ndcompact
Generator

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 pump 29 Fig.5. Accelerator module with Solid State High Power
power supply RF System in XFEL tunnel.
Waveguide gas filling | 29 1 is Solid State Generator, 2 is ferrite circulator,
system 3 is tuner, 4 is accelerator module
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TBEPAOTEJIBHASA CBY-CUCTEMA ITUTAHUA JJIsA CBEPXITPOBOJAIIINX PE3OHATOPOB

A.A. 3asaoues, /I.A. 3asaoues, JI.B. Kpasuyk, C.B. Kyyaes

[Ipemnoxxen TBepaoTensHBIN BapuaHT CBY-cuctemsl mutanus it npoekToB XFEL u ILC, BKTtowarommii WH-
JTUBHUTyaIbHBIN UCTOUHUK MUTaHus i kaxaoro CII-pe3oHaropa u oOIIyro cuctemy ympasieHus. Kaxmpiit ucrou-
HUK TIATaHUSA COAEPKUT TBEPIOTEIBHBIA TEHEPATop, HUPKYIATOP U CHCTEMY MOICTporkn nodpoTHOCcTH. [lepekiio-
YCHUE, CHHXPOHM3AIIUS, BBIXOIHAS MOIIHOCTh U (ha3a KaXKIOTr0 TBEPIOTEIBHOTO TeHEpaTOpa KOHTPOIUPYIOTCS 00-
el CUCTEMOMW YTIPaBIICHUS TI0 CPEICTBAM ONTOBOJOKOHHOTO Kabens. OCHOBHBIE TTapaMeTPhl TBEPAOTEIHHOTO Te-
Heparopa: yactora 1,3 I'Tu, nmukoBas momHocTh 128 kBt, miuna ummynsca 1,4 mc, yactora nmoBropenust 10 I',
cpenssist MomHOCTh 1,8 kBT, HenpepriBHas MomHOCTE 2,5 KBT. [Ipenmymiectsa tBepaorensHoit CBU-cucTemsl -
TaHUA: NPOCTHIC MEPEKITIOYCHNE U CUHXPOHU3allusA, pa3aciibHasd HOJICTpOﬁKa BleO[lHOﬁ MOIIHOCTHU U (ba31)1 JUIA Ka-
JKJIOTO Pe30HATOpa, BOBMOXKHOCTh Pa0OTHI KaK B MMITYJECHOM, TaK M B HEMPEPHIBHOM PEKUME, HEOTpaHNICHHBII
CPOK CITY>KOBI, OTCYTCTBUE BHICOKOTO HAIIPSDKCHHS U MACJISIHOTO 0aka, KOMIAKTHOCTh

TBEPJAOTIJIBHA HBY-CUCTEMA KUBJIEHHS JUIS1 HAAITPOBIJHUX PE3OHATOPIB

A.A. 3asaoues, /I.A. 3asaoues, J1.B. Kpasuyk, C.B. Kyuacs

3anpornoHoBaHO TBepAOTLIRHKH BapianT HBU-cuctemu xuBnenns mis npoekriB XFEL i ILC, mo BkIto4ae iH-
JUBIyalibHE JDKEPEIo KHUBJIeHHs uist kKoskHoro HIT-pe3onartopa i 3aranpHy cucreMy kepyBanHs. KoxkHe mkepeno
JKUBIICHHS MiCTUTh TBEPIOTLUIHHUHN TeHepaTop, MUPKYIATOP 1 CHCTEMY IiICTPOIOBaHHSA H0OpoTHOCTI. [lepemMukaHHs,
CHHXPOHI3allisl, BUXiJJHA MOTYXHICTh 1 (ha3a KOKHOTO TBEPAOTIIBHOTO FeHEPATOPa KOHTPOJIIOIOTHCS 3arajibHOK CH-
CTEMOIO KepyBaHHS 110 3ac00aX ONTOBOJOKOHHOTO Kabemss. OCHOBHI mapaMeTpHl TBEPAOTLIHHOTO TeHepaTopa: Jac-
tora 1,3 I'T'u, mikoBa notyxHicte 128 kBT, noxuna immyinscy 1,4 Mc, yacrora nostopenss 10 I'u, cepenns nory-
xkHicTh 1,8 kBT, Oe3mepepsHa moTyxHicTh 2,5 KBT. [lepeBaru tBepaoTineHOi HBU-cructeMu XuBIIEHHS: TIPOCTI TIe-
PEMUKaHHSI 1 CHHXPOHi3allisi, pO3JUIbHE iJCTPOIOBAHHS BUXIAHOI MOTYXXHOCTI 1 (ha3u Uil KOXKHOI'O Pe30HaTopa,
MOJKJIMBICTH POOOTH SK B IMITYJIbCHOMY, TaK i y Oe3MepepBHOMY PEKUMi, HEOOMEKEHHUA TEPMiH CITy>KOH, BiICYT-
HICTh BHCOKOT HalpyTy 1 MacisTHOTO 0aka, KOMIIaKTHICTb.
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Solid State High Power RF System allows us to ad-
just 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. 2.

Solid State High Power RF System allows us to op-
erate in pulse mode as well as in CW mode as this is 3.
planned in Item #4.1.3.3 of XFEL TDR. This is enough
only to choose operating mode (pulse/CW) in the inter-
face of the control terminal.




