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High Voltage Modulator

Klystron XL5 Magnet and lon
1 pump power
Development of a new solid . supplies
state modulator by e
SCANDINOVA 1

Solid State Switch
modules
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Specification : X
N
High Voltage : 450 kV 3
Current : 335A <
Flat pulse length: 1.5us
Pulse length at 50%: 2.3 us
Repetition rate: 50 Hz
HV ripple: 0.25 % Oil tank with
Pulse to pulse stability: 0.1 % .pulse transfomer L Water cooling
Tuning circuit o
Oil pump and circuit
filter
A
L1 — PULSE
22— KLYSTR
L3 TRANSFORMER STROT
1000vDC L[ 1000V L[ 450kV
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’I Resistive
¢ Load 15830
lon Pump PS
HPSU 1to 5+ 1 spare
(1to 10)
HVPS1 & Solenoid PS1
HVPS2 and PS2

Modulator finished to be assembled : beginning of April but only missing the

bucking coil power supply for the klystron
A. HAMDI - 05/05/10
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¢S Factory Acceptance Test

saclay

\/ Test performed With a resistive Ioad “ Cursors  Measure Math Analysis Utilities Help —
v Long run Test at 430kV/270A 1.3us/50pps ~ CVD~ 430kV T
v Test during few minutes at 450kV ISR P P Y IR SYPPT (ERA B S P R
v' At nominal point, FWHM is 2.6s
v"  Flat top ripple and pulse to pulse stability
measurement will be achieved with the
load at CERN
CT2 at load
leg™ 269A
S h i p p i n g a n d I n Sta | I at i O n Measure F“1:rise(C1) é?’z:fall(C3) P3;widn(04) P4:rise(C4) P5:rise2080(C4) PB:area{C3)

value 1111041 ps 1.828700ps 2.628697 ps 1.766485ps 1.097110ps 75.6523274 pvs
status v v v v v v

Timebase -1.54 ps) (Trigger
1.00 psidivfNormal  -2.30Y
250kS 25GSis|Edge MNegative

Script running long run test 8 hr. 4127i2010 1:36:57 PM

e Modulator already shipped, should be
at CERN in few days.

e Installation to be foreseen with CLIC
colleagues at CERN

& Installation and Site Acceptance
Test with klystron ? Summer 2010

A. HAMDI - 05/05/10
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CERN Supplied
Components

, General Performance
Observations

The tube operated quietly in terms of gun arcs and tube
vacuum spikes during the initial run-up, perhaps better
than most. The majority of activity was in the external
waveguide system.

The extemal wavegunde system suffered from outgassmg,
1 ar |  DE [ ll'l th .

April 27, 2010 XL5-1 Tube Processing
Daryl Sprehn Slide 3
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Pulse waveform after SLED compression

Input PC power Input PC power
60 amplitude (MW) phase (deg) 250
QO = 150000
S0 T 200
w0 — i (Ampl) QL — 25000
s Pinc (Phase) + 150
30 A —_ —_
| B=Q0/Qx =5
200 A

Phase step of 86 deg (1.5 rad) and

. - - 50
10 1 linear variation from 86 to 180 deg

Reflexion coef = 0.67
EJ 200 400 g00 200 1000 1200 1400 SLED FI”IHQ tlme - 0663 IJS

Time (ns)

‘Output PC power
160 [amptitude (MW)
140 7‘ o Ftrans, (Ampl) . . . A s
150 : e Ftrans with 15% losses (Ampl) Power m u |t| pl ICa‘tlon

factor = 2.75

100
g0
g0

Slope phase !
40 step: 20 ns \ 120 MW, 300 ns
® ] I | 1 assuming 15% of losses
D 2EI]O 400 6EI]O 8EI]O 'lOIOO 12?00 14IOO In the RF network

Time (ns)

Filling SLED: 1.2 ps

Flat top : 300
ns !






12 GHz klystron design and production: performance
up-to expectations; SLAC A

Solid State Modulator: from order to delivery 11 m;
performance 0.k.; SCANDINOVA:; CEA; PSI

ompressor: compact design; fast prod

e performance issues: GYCOM




Layout Phase 1
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Stand alone Test Stand in CTFII

6 HE LI C}Uq.; Courtesy: S. Doebert
Circular WG

WG valve
Mode
converter
. pump
coupler
Pump Tee 0.5m
—
F-Cup-+lsolator I;Ilh el D A
I 0.5m
[ girder Jol girder girder \’

Concrete block

N
Vv




RF-Valve
Courtesy:
F. Peauger CEA




RF Valve

Design and fabrication by

CEA/CERN

The RF valve has been introduced by A. Grudiev (CERN) in the CTF3 30 GHz test stand. It works on the circular
mode TEy;° mainly to avoid surface electric field and have steps in diameter to “focus” the wave in the center of
the guide. Based on the same principle, RF valves working at 11.4 GHz have also been developed at SLAC for
accelerating structure testing. The 12 GHz RF valve is a scaled version of the SLAC one.

E Field[¥/n]

l 1.0154e+084 At 11.9942 GHz, after scaling:

9.5194e+003 =
5. 884804003 Sip=a218 Frequency: 11.994 GHz

8. 25014003 $12=-1.65.104dB
7.6155¢+003

6. 98094003 Peak power: 120 MW

6. 3463e+003

5.7116e+003
5.8770e+003
4. 4424e+003
! 3. 8078e+003

3.1731e+003

2,5385e+003
1.903%e+203
1.2693e+003
6. 3463e+002
0. 0000e+000

100,00

Pulse length: 300 ns
Repetition rate : 50 Hz

10.00 ] Curve Info

— Gate valve
Setup : LastAdaptive
— Input/output
Setup1 : LastAdaptive

19dB

Magnetic field H (A/m)

0.10 Name | X ¥ Magnetic field on the valve
] m | 2756 | 15895 | surface at 11.9942 GHz for 1
m2 21.3809 0.2435 P
injected
L e s e A, 5 A AL AL AL UL
0.00 5.60 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

Distance [mm]



Irfu CLIC Test Stand 12 GHz

12 GHz RF valve and
saclay circular taper status

Fabrication of two RF Valves and four circular tapers

Raw material CUC2 ready

Call for tender for machining of CUC2 pieces to be done quickly
-> Objective: CuC2 pieces ready for cleaning in April 2010

g 1k

36 mmI’ 100 mm

ey

= CTFAPWPX0006
CTFAPWPX0003 Qty=4

Qty=4

To be done at CERN (same as mode converter)

- Fabrication of circ. and rect. Stainless Steel flanges (raw material,
machining)

- Cleaning

- Brazing, machining, brazing, machining, brazing...

F. Peauger, A. Hamdi—27/01/10



1 fu CLIC Test Stand 12 GHz P i e
&SP Circular taper design

saclay
A circular taper is needed to connect the existing circular waveguides (50 mm diameter) with the RF valve and the mode

converter calculated previously (with a diameter of 36.27 mm). It is composed of different steps of diameters with various
lengths optimized for matching on a large bandwidth. It has been scaled from part of the 3 GHz power phase shifter of
CALIFES.

éziéi Sfi 1 W injected

5. 702100603 —
5.1837¢+803
| u.66suci003 | |

F u 1470e+003

I

Peak power: 120 MW

‘ Pulse length: 300 ns
Repetition rate : 50 Hz
Anso:l Corporation XY Plot 1 HFSSDesign2 3 (77 7

iy 15%@] Electric field at 11.9942 GHz fT Frequency: 11.994 GHz

2.5913£+803
2.87352+003
1,5551e+003
1.0367¢+003

5.1837e+002
0.0000e+000

(130)

@50

7#36.27

(2x)114)

dB(S(WavePort1 WavePort1))
&

(132.4)

The reflectlon is Iess than 30 dB between 11 82 and 12.18
GHz, which gives a bandwidth of 360 MHz



Mode converter

[ Name x ¥ XY Plot 1 Dia-36-28

Design and fabrication by R s

CEA/CERN S11 =
] arameters

The mode converter is made in two parts. The first part is @ ...
rectangular waveguide bend on H plane. It converts the TE,;,” mode |
into a TE,,” mode. The second part is a circular waveguide with two ==«
posts positioned at 180 ° at a certain distance of the rectangular -
section. This design is based on an original idea of S. Kazakov
(KEK). It is compact and relatively easy to fabricate

-40.00—|

-50.00—

E Field[¥/n] ®=36.27mm

Frequency: 11.994 GHz
Peak power: 120 MW

5.6975e+007
5.3414e+007
4.9853e+007
4.6292e+0@7
4.2731e+0@7
3.9170e+0@7
3.5609e+0@7

1170 1150 1150 1200 1210 1250 1230
Freq[GHz]

Bandwidth of 150 MHz @ -20dB reflection
N Pulse length: 300 ns and -0.0618 dB transmission at 11.994 GHz
o Repetition rate : 50 Hz giving 98.6% conversion efficiency in power

1. 424424007 % N
1.06832+007 Ny N N
7.1218¢+006 \

3.5609e+0@6
0. Be00Ee +000

The fabrication technology is based on
classical high temperature vacuum
brazing of machined CuC2 and 316LN

Eq"®=52.5MV/m
with 150MW input

Hau™=162 kA/M _ _
powerat11.9942GHz with 150MW input -~ | pieces. First the two half parts of the
| . . .
power at ' bend and the circ. waveguide with the

11.9942GHz giving
AT=5.8° with 250 ns
pulse length

two posts are brazed separetly. The
stainless steel flanges are brased in a
second step after re-machining. The
third brazing concerns the two sub-
assemblies and an intermediate round
base used for the transition between the
rect. and the circ. Parts. 1




12 GHz Bayonet Mode co

TE E, "=37.2 MV/m
10 with 150MW input
power at 11.9942GHz

H Field[A_per_m

1.4921e+205
1.3145e+805
. 1.2268e+005
1.1392e+005
1.8516e+805

9. 6395e+204
8. 7631e+00Y4

7.8868e+004
7.91085e+204
6.1342e+00Y4
5.2579e+004
4. 3816e+204

E Field[Y_per_m

3.7187e+007
3. 4863e+007
3.2539+007
3.0214e+007

2.7890e+007
2.5566e+007
2.3242e+007
2.0918e+007
1.859%e+007
1.6269e+007
1.3945e+007
1.1621e+007
9. 2968e+006
6.9726e+006
4, B484e+006
2.3242e+006
0. 0000 +000

3.5853e+204
2.6289e+004
1.7526e+004
8.7631e+0803
0. 0P00e +B08

Hou™*=140 KA/m
with 150MW input
power at

11.9942GHz giving
AT=4.3° with 250 ns

pulse length
Elliptical profile

YV TE,,°

®=36.27mm

O Half of the structure is represented
O Total length = 175 mm

F. Peauger — 11/02/10 =



“=-) Schedule (05/2010)

Task Mame

2010
1=t Cuarter 2nd Gwarter 3rd Cuarter 4th Cuarter 1=t CQuarter
a Mo Dec Jan [ Fen | Mar sor [ may [ Jun Ju | | Sep ot [ mMov [ Dec Jan | Feb |
1 v Hlvztron Supgply Klystron Supply
- == G.McMonagle
2 Modulator Supply Modulator Suppl}'.
@ == Saclay.G. Mchnagle
3 |y Pulse Compressar (GYCOM) Pulse Compresser (GYCOM) supply
SUpply _ Karl-Martin Schirm[30%:],lgor Syratchev[50%]
4 | Lowe-level RF an-leuelRFé
= Luca Timeo !
5 |Fd RF components (CERN, CEA, RF components {CERHN, CEA, SLAC?)
SLACT) SSsSss—————————aso Ly 6 Riddone; s, Doebert; K. Schirm,Saclay
6 |Ed  Cortrols Controls
= M. Draper:5.Doebert
7 |Ed  Test-Stand Test-Stand
b/ G. Riddone; 5. Doebert; K. Schirm
& |Ed Infrastructure Infrastructure
il J Munt!eiru; K. Schirm,G. McMonagle
] E System cammizsioning Sy:rstem commissioning

w

e —— L= 72




Conclusion

» Installation is started and main supplies are at CERN
(in time and in budget)

Performance of power source better than specs
RF component issues will cost time and money




