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XFEL ] Outline 2

RF System Requirements
RF Station Layout
Status of RF Components
= Klystron
= Pulse Transformer and Connection Module
- Modulator
= Pulse Cable
- RF Waveguide Distribution
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XFEL

XFEL Accelerator High Power RF Requirements

Number of sc cavities:
Power per cavity:
Gradient at 17.5GeV.:
Power per 32 cavities
(4 cryo modules):
Power per RF station:

Number of RF stations:
Number of RF stations for
Injectors:

Macro beam pulse duration:
RF pulse duration:
Repetition rate:

Average RF power per station:

800 (928) total for 17.5GeV (20GeV)
122 kW
23.6 MV/m

3.9MW
5.2MW (including 10% losses in
waveguides and circulators
and a regulation reserve of 15%)
25, active 23

4 mime A
2 g hmdmmr r Acceleraing vdiage
650us : e
1.38ms A— - -
10Hz (30Hz) - o
72kW (150kW)
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XFEL | RF Station Layout

Layout of one RF Station

Accelerator Main Control

Accelerator Tunnel

Control I | Control

Moduiatar [Hall)Inietioci | Interlock Cable \lKlystron (Tunnel) Interlock d

|

Julator

Pulser

Aux.

Klystron

- Pulse
HYV Pulse Cable Transformer

LLRF ‘  Distributi \
Hall RF Distribution

Modulator Hall
Tunnel
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Tunnel RF Components

Layout of the RF Station in the Accelerator Tunnel

*Tunnel components (klystrons, pmmrme , aux. power supplies etc.)
will be installed underneath the cryogenic modu

*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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Hall RF Components

Layout of the RF Station in the Modulator Hall
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*The modulators will be installed in the modulator hall.
*Maintenance and repair is possible during accelerator operation.
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THALES TH1801 CPI VKL8301
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XFEL | Status of vertical MBKs
8 THALES TH1801 have been built

. Prototype had been in use at Flash, now stored at DESY

. #1 and #4 in use at PITZ for 1500h and 8700h

. #2 did not pass acceptance test some years ago, will be rebuild as #8

. #3 has been in use at FLASH, failure after 17000h

. #5 in use at FLASH now for 9500h

. #6 passed acceptance test at Thales, passed acceptance test at DESY
. (10MW, n=61%)

. #7 passed acceptance test at Thales, passed acceptance test at DESY
. (10.5MW on matched load, n=62%)

1 TOSHIBA E3736 at DESY

10.4MW, 1.5ms, 10Hz, 66%
750h, ~80% at full power
will be used at the modulator test stand in Zeuthen

1 CPI VKL8301 at DESY
8.1MW, 1.3ms, 10Hz, 53.5% in use at CMTB at DESY for 6000h
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XFEL | Horizontal MBK requirements

Horizontal versions are required to install klystrons in the XFEL
accelerator tunnel.

All three vendors of the vertical multibeam klystrons have received
contracts to develop and manufacture horizontal prototypes of the
multibeam klystrons.

2900 .

A 4

Horizontal klystron, side view
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XFELToshiba E3736H

Status

Delivered and accepted at DESY
February 2008

10MW at 118.8kV and 129.5A
=>65.4%

Reliable operation

10 A
10 A . - —e
— < 8 A
= 38 =
E'].I.IQIZ-%V:’ \E/ ....... Oeenseenns O TE:
D 61 g 67
< )
8_ o
- - 1 1 / 5 1
= 4 Efficiency 65.4% & *
g 5
S (@)
O 21 —e— U=118.8kV, 1=129.5A 2 ] )
-0 U=106.8KV, [=111A —e— Saturation .
o ~@-- 90% of Saturation
Ch1l 500mv M 200ps A Ch1 L —-120mV 0 T T T T T T T T 0 | | | - - - |
0 20 40 60 80 100 120 140 160 180 1297 1298 1299 1300 1301 1302 1303
Input power (W) Frequency (MHz)
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XFEL| Thales TH1802
Status

achieved 10.1MW, h=63% full pulse length in vertical test

vacuum leak opened during test in horizontal orientation at THALES
at output waveguide

has been rebuild and is now in test at THALES
FAT planned for Sept 009 TH1802-001 20/10/08

RF 1.50 ms HV 1.55 ms 10Hz Fo=1300MHz

12.0
1 I ./A_,_r/-' = 1
z 80 / i —
s | / e
g 6.0 / >
o
é 4.0 /

' —a— 115.8kV-138.3A n=63.1%
| | ——104.5kV-118.8A n=60.9%
2.0

0.0

0 20 40 60 80 100
Drive Power W
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XFEL] CPI VKL8301B

Status

I
T oarion s

achieved 10.1MW, n=66% at full
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FAT at CPI April 2009
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XFEL I MBK to Pulse Transformer Connection

Base |ine- Tank hatch for
) filamentconnection Oil cooling
direct connection Oil expansion vegsel Cables natching stem
Klystron/PT F £ =

Pulse transformer
+

Filament
+

U,l measurement

1400

being investigated
with BINP/Novosibir

T~ 150 kV insulator (Oil)

HV cable

Cathode heater transformer
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Double wall pulse trnsformer
(XFEL prototype) on DESY site

Connection module will be
tested with horizontal klystron.

Cable between connection
module and tank needs further
investigation.
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XFELI HV Pulse Modulator

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

The bouncer type modulator with its simple circuit diagram was chosen
as base line

11 bouncer type are now in operation at FLASH, PITZ and XFEL test
stands since more than 15 years

Although these work well and the vendor of the main pulse generating
unit is a qualified supplier, additional suppliers are being reviewed

Tek Run: ZSOKSISW Sample
[

1

: ! lai1.32v
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L1 10 kv s1 1»«?& ..../[_
CCCCCCCC e 2+ “l : : ia
- . “ R CERERLRE: S i & e RRPRNR
{3
RF Output PowerArml R o
Klystron / ]
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" 10% L2 1:12 Pulse Transformer : :
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XFEL | Alternative Modulators

1 PSM system constructed by
Thomson BM in test at the MTS
at DESY, Zeuthen (see
pictures)

1 additional bouncer modulator
still in development/construction
at Imtech/Vonk

ains Input 830 Y 20 Switching Madules Low Pass Filter Cable Matching  Pulse
+ Standard Configuration 4x280hm  Network Transformi
Transform = < 1700m and Kly:
e »
|

Features

Pulse step modulator. This technology allows
the regulation of the pulse voltage during the
pulses > this results in a good flatness.

Modular design: 24 switching modules
connected in series (20 standard + 4 two-
quadrant modules in order to demagnetize the
core of the pulse transformer between the
pulses)

The system is able to operate with 22 modules
at full performance, resulting in a redundancy
of 2 modules

» . Modulator Voltage

f | 2kv/DIV
» s — —| Kiy

I |

| / f\16

I g
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Setup
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XFEL|HV Pulse Cable

] Trig'd

- Primary Current 1.1kA
Pulse transmission has ~ Klystron=\eltage 128kV

been tested successfully at |- -PrimaryVoltage 10.6kV
TTF/FLASH Modulator 5. ;

EMI caused by cable
required modification of
modulator internal layout
(lower leakage inductances,
EMC cabinets, bouncer at

high voltage potential). Modlater i |

FACK:

e

chil 1.00V  [®i¥ 200mv _ M|400us| A Chl 7 560mV
Ch3[ 200mV

New modified modulator
has been installed at DESY
hall 2 and supplied HV Pulse cable
pulses via a 1.5km long
cable to a PT/Klystron in hall
3 (FLASH) during part of the
2007/08 operation period of
FLASH, test has been
successful.

______
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XFEL | Waveguide Distribution

Distribution of klystron output power to the
superconducting cavities

Protection of the klystron from reflected power
Control of phase

08 September 2009 # neLmnoirz
Stefan Choroba, DESY | ASSOCIATION



1 | XFEL RF System Overview

European

XFEL| Module Waveguide Distribution

Fixed phase

shifters Asymmetric shunt tee

3.0dB, 4.77 dB, 6.0

<A

[N |

| Shunt tee with 500kW OOk Waveguide
mtegratled phase Ferrite e Bellow
shifters Load Irculator
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XFEL ] Test of XFEL distribution at FLASH
XFEL type distribution at FLASH

Waveguide in the XFEL Tunnel

//f;/ I '\'" \'\ \k\:é

//I"iff'

FLASH ACC7 will be XFEL module
and equipped with XFEL type
waveguide distribution.
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XFEL | Appendix
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XFEL | RF High Power Source

Requirements

Operation Frequency: 1.3GHz

Cathode Voltage: <120 kV QN
Beam Current: <140 A W |
Max. RF Peak Power: 10MW R

RF Pulse Duration: 1.5ms

Repetition Rate: 10Hz

RF Average Power:  150kW

Efficiency: 65%

Solenoid Power: < 5.5kW s
Length: 2.5m e

Multibeam Klystrons  (MBK) have === |
been chosen

08 September 2009 % # neLmnoirz
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With the exception of the RF gun klystrons, all MBKs shall
be operated with air at atmospheric pressure at output
window.

Open point: Will the horizontal MBKs work reliable at 2 x
5MW with air at atmospheric pressure at output window?
Eax at window is 14kV/iem at 2 X SMW, Ejpeq IS

30kV/cm. Problem to test klystrons with loads in air at test
stand.

It seems that 3.5-4MW is reliable, this (7-8MW) is enough
for the FEL (5.2MW). But our goal was 10MW.

Alternative: e.g. flow of dry air with small overpressure
(200mbar) from klystron to modules in waveguide.

08 September 2009 # neLmnoirz
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XFEL|HV Pulse Cable

Transmission 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

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

Triaxial construction (inner conductor, middle conductor, outer
conductor at ground)

cond. 75mm?2, Cu tinned,
fine-strand
semicond. layer

semicond. layer
insulation

semicond. layer insulation

Aluminum foll semicond. layer

cond. 75mms2, Cu bare
fine-strand

diameter 30mm
dielectric material: XLPE

outer sheath
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XFEL | Asymmetric shunt tee

CST

Computer Simulstion
Technology

post 1

Coupling ratio 6dB

' . > post 2
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XFEL | Interlock

Modulator interlock is integral part
of the modulator

RF interlock is a DESY Front view
Zeuthen/HH development

Both parts are connected by glass
fibers

FPGA based

Version #2 in use at FLASH at
present

Version #3 installed at PITZ and Screen shot
module test facility, will be installed gierlock WebServer_Screeshor 1

at FLASH too

Version #3 allows setting of
interlocks remote controlled

The interlock will be installed in
shielded racks in the accelerator
tunnel
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XFEL | Other Components

Off the shelves PS will be used
for the klystron solenoid,
filament, vacuum pumps and
pulse transformer core bias

A semiconductor preamplifier
will be used for amplification of
the LLRF signals up to the
Klystron input level

Components will be installed in
shielded racks in the tunnel

08 September 2009
Stefan Choroba, DESY



