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• XFEL RF System Requirements
• Overview Basic Layouty
• RF System Main Components

– Multibeam KlystronsMultibeam Klystrons  
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– RF Waveguide DistributionRF Waveguide Distribution
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– Preamplifier– Preamplifier
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RF System RequirementsRF System Requirements
Number of sc cavities: 928 total 
Power per cavity: 122 kW
Gradient at 20GeV: 23.6 MV/m 
Power per 32 cavitiesp
(4 cryo modules): 3.9MW 
Power per RF station: 5.2MW (including 10% losses in 

a eg ides and circ latorswaveguides and circulators 
and a regulation reserve of 15%)

Number of RF stations: 29 (26 active)
Number of RF stations for
injectors: 2 (5)
Macro beam pulse duration: 600μsMacro beam pulse duration:  600μs
RF pulse duration: 1.38ms
Repetition rate: 10Hz (30Hz)      
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Average RF power per station: 72kW (150kW)
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RF System RequiremetsRF System Requiremets

Overview Layout of the RF Stationy

Accelerator TunnelAccelerator Tunnel

Modulator

Modulator Hall
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RF System RequirementsRF System Requirements
Layout of the RF Station in the Accelerator Tunnel

•Tunnel components (klystrons, pulse transformers, aux. power supplies etc.) 
ill b i t ll d d th d lwill be installed under the cryo module. 

•The waveguide distribution will be installed on the side of the cryo module.

•These components are not accessible during accelerator operation
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•These components are not accessible during accelerator operation.
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RF System RequirementsRF System Requirements
Layout of the RF Station in the Modulator Hall

•The modulators will be installed in the modulator hall. 7x5 modulators in one hall.
M i t d i i ibl d i l t ti
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•Maintenance and repair is possible during accelerator operation. 
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Multibeam KlystronsMultibeam Klystrons

DESY asked 3 klystron vendors to develop MBK

 

y p

THALES TH1801 CPI VKL8301 TOSHIBA E3736
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THALES TH1801THALES TH1801

Operation Frequency: 1.3GHz
Cathode Voltage: < 120 kV
Beam Current: < 140 ABeam Current: < 140 A
Max. RF Peak Power: 10MW
RF Pulse Duration: 1.5ms
Repetition Rate: 10Hz
RF Average Power: 150kW
Efficiency: 65%c e cy 65%
Solenoid Power: < 5.5kW
Length: 2.5m

Stefan Choroba, DESY
ILC 2007, May 31, 2007 8



XFELThe European
X-Ray Laser Project X-Ray Free-Electron Laser

Status of the THALES TH1801Status of the THALES TH1801

•prototype: 20 000 hours operation since May 2000 stored at DESY•prototype: 20,000 hours operation since May 2000, stored at DESY
• series tube #003 in operation at FLASH since March 2006 (total 
operation time: ca: 6500+2100h)
• #001 was in operation at PITZ in Zeuthen till November 2006 now in• #001 was in operation at PITZ in Zeuthen till November 2006, now in 
operation at the klystron test stand in Hamburg
• #002 under reconstruction at Thales
• #004 fully tested at klystron test stand in Hamburg (250 hours) now• #004 fully tested at klystron test stand in Hamburg (250 hours), now 
in operation at PITZ, Zeuthen
• #005 new tube with modification in test 
at Thales

TH1801-SN5
500µs RF 1300 MHz- 578µs 27 Hz 118kV-142A HV

11at Thales
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Multi Beam Klystron CPI VKL 8301Multi Beam Klystron CPI VKL-8301

Design Features:
•6 beams
•HOM input and output cavity
•Cathode loading: <2.5A/cm2 lifetime 
prediction: >100000h
Status:Status:
Data taken at the klystron test 
stand at DESY
• 9 MW at 300 μs and 10Hz• 9 MW at 300 μs and 10Hz
• 8.1 MW at 1.3 ms and 10Hz
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The TOSHIBA E3736 MBKThe TOSHIBA E3736 MBK
Design Features:  
•6 beams
•Ring shaped cavities

2•Cathode loading: <2.1 A/cm2

Status:
June 8 - October 12, 2006,
• 10.4 MW, 1500 μs, 10 Hz, 116.1 kV,

h ~ 66%
• 750h at full power at present stored

Toshiba MBK, June 2006
U =115,8kV, I = 134A, Trf = 1500μS
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750h at full power, at present stored 
at DESY

Toshiba MBK (saturation mode)
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Status of the vertical MBK developmentStatus of the vertical MBK development

• 6 THALES TH1801 have been built (10MW, 1.5ms, 
10H 63% for #3) 1 is in test at THALES10Hz, 63% for #3), 1 is in test at THALES
klystrons in use at FLASH, PITZ, MBK test stand, 
several thousends of operation hours under differentseveral thousends of operation hours under different 
conditions, now stable operation

• 1 TOSHIBA E3736 at DESY (10 4MW 1 5ms 10Hz1 TOSHIBA E3736 at DESY (10.4MW, 1.5ms, 10Hz, 
66%), 750h operation hours

• 1 CPI VKL8301 at DESY (8.1MW, 1.3ms, 10Hz, 53%)1 CPI VKL8301 at DESY (8.1MW, 1.3ms, 10Hz, 53%)
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Horizontal MBK prototypesHorizontal MBK prototypes
2900

D 600

75
0

Horizontal klystron, side view

12
00

H i t l i f MBK b ll 3 d

Top view

•Horizontal versions of MBKs by all 3 vendors 
(THALES, CPI, TOSHIBA) are under construction 
•First klystron is expected in second half of 2007
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•First klystron is expected in second half of 2007
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ModulatorModulator

Modulator Requirements
•Modulators must generate HV pulses up to 120kV and 140A, 1.57ms 
pulse length and 10Hz (30Hz) repetition rate

Modulator Requirements

•The top of the pulse must be flat within 1% 

•The bouncer type modulator with its simple circuit diagram was yp p g
chosen

3 H

L1 10 kV S1

CHARGING

3 H
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CHARGINGCHARGING

MOV80Ω100 µF
1400 µF70 kJ

Klystron

1.4 ms

U C1

+

MOV80Ω100 µF
1400 µF70 kJ

Klystron

1.4 ms

U C1

1.4 ms

U C1

+

C2
2 mF

L2
330 µH

1:12 Pulse Transformer19%
U C2

t
ΔUtot ≤ 1%

+
C2

2 mF
L2

330 µH

1:12 Pulse Transformer19%
U C2

t
ΔUtot ≤ 1%

19%
U C2

t
ΔUtot ≤ 1%

+

Stefan Choroba, DESY
ILC 2007, May 31, 2007 14



XFELThe European
X-Ray Laser Project X-Ray Free-Electron Laser

ModulatorModulator
•3 bouncer modulators have been developed, 
built and delivered to TTF by FNAL since 1994
•They are continuosly in operation under 
different operation conditionsdifferent operation conditions
•Industry made subunits (PPT, ABB, FUG, 
Poynting)
•Constant power power supply for suppression of•Constant power power supply for suppression of 
10Hz repetition rate disturbances in the mains
•Compact storage capacitor bank with self healing 
capacitorscapacitors
•IGCT Stack (ABB); 7 IGCTs in series, 2 are 
redundant
•Low leakage inductance pulse transformer (ABB)Low leakage inductance pulse transformer (ABB) 
L<200μH resulting in shorter HV pulse rise time of 
<200μs
•Light Triggered Thyristor crowbar avoiding 

Stefan Choroba, DESY
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Modulator for Pulse Cable TestsModulator for Pulse Cable Tests
Bouncer at high 
potential

Modulator in hall 2
Low leakage 
inductance circuit

Stefan Choroba, DESY
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HV Pulse Cable TestHV Pulse Cable Test

•Pulse transmission has been 
successful tested at TTF/FLASH 
Modulator 5 Primary Current 1 1kAModulator 5.
•EMI caused by cable required 
modification of modulator internal 
layout (lower leakage

Klystron Voltage 128kV

Primary Current 1.1kA

Primary Voltage 10 6kVlayout (lower leakage 
inductances, EMC cabinets, 
bouncer at high potential)
•New modified modulator is

Primary Voltage 10.6kV

•New modified modulator is 
installed at DESY hall 2 and will 
supply HV pulses via a 1.5km 
long cable to PT/Klystron in hall 3long cable to PT/Klystron in hall 3 
(FLASH) during part of the next 
operation period of FLASH
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Qualification of additional modulator vendorsQualification of additional modulator vendors

• 2 additional XFEL prototype modulators have been 
ordered to qualify additional vendors besides the already 
know vendors of bouncer modulator components likeknow vendors of bouncer modulator components like 
PPT, ABB, FUG, Poynting 

• One modulator is a bouncer modulator by Imtech/Vonk 
NL

• The other modulator is a PSM modulator by Thomson 
BM CH:BM CH:
Much experience of about 20years exists with PSM 
modulators for SLS, fusion or radio station applications, pp

• Test of these devices is planned for 2008 at the 
modulator test facility at DESY Zeuthen. 
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ModulatorModulator

Planned Modulator Test Facility at DESY in ZeuthenPlanned Modulator Test Facility at DESY in Zeuthen
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Bouncer Modulator TestBouncer Modulator Test

Installation at DESY Zeuthen is foreseen for spring 2008

Stefan Choroba, DESY
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PSM ModulatorPSM Modulator

PSM Modulator by Thomson BM

Installation at DESY Zeuthen is foreseen for spring 2008
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Installation at DESY Zeuthen is foreseen for spring 2008
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ModulatorModulator

Status Modulator
• 11 Bouncer Modulators have been built, 3 by FNAL and 8 together 

with industry

Status Modulator 

with industry

• 11 modulators are in operation (FLASH, PITZ, XFEL Teststands)

• 10 years operation experience exists10 years operation experience exists

• Modulator foreseen for  waveguide tests will be installed in DESY 
hall 2 and connected to PT and klystron in hall 3 (Bouncer type plus 
improvements) and used for pulse cable tests 

• Order for more XFEL prototypes has been placed (1 Bouncer plus 1 
PSM)PSM) 

• Test of prototypes in Zeuthen starting spring 2008
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ILC 2007, May 31, 2007 22



XFELThe European
X-Ray Laser Project X-Ray Free-Electron Laser

Waveguide DistributionWaveguide Distribution

Di ib i f kl h d i i i• Distribution of klystron output power to the superconducting cavities

• Protection of the klystron from reflected power

C t l f h• Control of phase

Cryomodule 1 Cryomodule 2 Cryomodule 3 Cryomodule 4y y y y

DETAILto cavity 

RF from klystron

circulator loads

Phase shifter

Stefan Choroba, DESY
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Waveguide DistributionWaveguide Distribution

Many wave guide components have been developed over the last 

3 Stub Tuner (IHEP, Bejing, China) E and H Bends (Spinner) Circulator (Ferrite)

years and have been used for the operation of TTF/FLASH 

Type W FH I 3-4
Peak input power,  M W    0.4
Average power,  kW  8
M in isolation at 1 .3  GH z,  dB  > 30
M ax insertion loss at 1 .3  GHz, dB  ≤ 0.08
Input SW R at 1.3 GH z   
(for fu ll reflection) 

1.1

 

Changing phase,  degree 60
Impedance matching range 1/3Zw 3Zw
M ax power,  M W 2

* Zw – waveguide im pedance

Hybrid Coupler (RFT, Spinner) RF Load (Ferrite)

RF Load (Ferrite)

Type WFHLL 3-1
Peak input power,  MW 1.0
Average power,  kW 0.2
Min return loss at 1.3GHz,  dB 32 40
Max VSWR at 1.3 GHz 1.05
Max surface temperature,  T C 50

T ype W FH L  3-1 W FH L  3-5
Peak input pow er,  M W    2 .0 5.0
A verage pow er,  kW  10 100
M in return  loss at 1 .3  G H z,  dB  32÷40 32÷40
M ax V SW R  at 1 .3  G H z <1.05 <1.05
M ax surface tem perature,  Δ T  °C  
     (for fu ll average pow er) 

20 30

Physical length ,  m m  385 850

D irec tivity ,  dB 30
R etu rn  loss,  d B 35
C oup ling  fac tor,  dB
(due to  to le rance overlapping on ly 13  d ifferen t
coup ling facto rs instead  18  a re  nessesary)

12 .5 ; 12 .0 ; 11 .4 ;
10 .7 ; 10 .1 ; 9 .6 ;

9 .1 ; 8 .5 ; 7 .8 ;
7 .0 ; 6 .0 ; 4 .8 ; 3 .0

A ccuracy of coupling  factor,  dB 0 .2

Stefan Choroba, DESY
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p ,
    (for full average power)
Physical length,  mm 230
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Waveguide DistributionWaveguide Distribution

A New Waveguide Distribution for the XFEL has been

St d d FLASH lik Di t ib ti

A New Waveguide Distribution for the XFEL has been 
developed. It will be tested with ACC6 at TTF/FLASH
Standard FLASH like Distribution

Combined System with shunt tees: less space less parts lessCombined System with shunt tees: less space, less parts, less 
weight, lower costs, must be tested, planned for ACC6 at FLASH
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Old and new waveguide distributionOld and new waveguide distribution

OLD NEW
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Waveguide distribution in Halle IIWaveguide distribution in Halle II

FLASH like Combined system
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Waveguide distribution with shunt teesWaveguide distribution with shunt tees 

Shunt tee with integratedphaseshiftersShunt tee with integrated phaseshifters

Asymmetric shunt tee 3.0 dB, 4.77 dB, 6.0 dB

Fixed phaseshifters

y , ,

Fixed phaseshifters
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New Binary Cell with shunt tee with integrated phase shifterNew Binary Cell with shunt tee with integrated phase shifter
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Asymmetric shunt teeAsymmetric shunt tee

post 1
Coupling ratio 6dB

post 2post 2

70

Post position 
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Phasing of wavegude distributionPhasing of wavegude distribution

Combined system with asymmetric shunt teesCombined system with asymmetric shunt tees

-212º-212º-212º 165,1 12,0−

0º212º212º 212º 0º0º0º

Linear system with hybrids - FLASH like
-15º-25º-40º115º

165,1a mm= ,

-5º5º10º15º25º40º-115º0º 0º 0º0º
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RF InterlockRF Interlock 

•Zeuthen/HH•Zeuthen/HH 
development
•FPGA Based
V i #2 i t ll d•Version #2 installed 

at FLASH
•Version #3 installed 
at PITZ and module 
test facility,  will be 
tested at FLASH too
•Version #3 allows 
setting of interlocks 
remote controlled
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PreamplifierPreamplifier

•Specification reworked•Specification reworked  
•Several new amplifiers are 
ordered some received andordered, some received and 
in test
•Will be used at MBKWill be used at MBK   
teststand, FLASH, Zeuthen
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HV Pulse CableHV Pulse Cable

•Transmission of HV pulses (10kV, 1.6kA, 1.57ms, 10Hz (30Hz)) from theTransmission of HV pulses (10kV, 1.6kA, 1.57ms, 10Hz (30Hz)) from the 
pulse generating unit (modulator hall) to the pulse transformer (accelerator 
tunnel) 

•Maximum length 1 5km•Maximum length 1.5km 

•Impedance of 25 Ohms (4 cable in parallel will give 6.25 Ohms in total) to 
match the klystron impedance

•Triaxial construction (inner conductor at 10kV, middle conductor at 1kV, 
outer conductor at ground)

diameter 30mm
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diameter 30mm
dielectric material: XLPE


