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Stand alone Test Stand in CTFII

Courtesy: S. Doebert
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RF network layout

Layout phase 1 (—11.2010)

Layout phase 2 (—01.2011)
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Puls Comg:gssor:

szz Poster J.

Status of the SLED type pulse compressor for the CERN X-band test stand

-Pulse compressor was assembled and rf | Factor 3 at 2ys
measured after realignment (2.5 at 1.5ps)!
- First pulse compression with synthesized low
power input pulse and phase program

- Very sensitive to detuning, requires temp.
stabilization to 0.1K, failsafe tuning
mechanism and fast interlocks on reflection

Amplitude [1]

Measured parameters:
QIoaded = 26300
(design: 25000)

Q, = 90000 - 100000
(design: 150000)
B=2.4

Reflection [dB]

Max. compression 2.5
(design: 2.7)

Reflection to klystron:

5t L L i L L i i L
_20dB 11984 11986 11988 1193 11992 11934 11996  11.998 12 12.002

Frequency [GHz|

Reflection (detuning full step.motor steps)




Irfu 12 GHz RF components (1/3)

= Development strategy:
saclay

» RF design by CEA
» HFSS
» Scaling of existing SLAC components or new design based on SLAC
experience and publications

» Mechanical design and drawings by CERN or CEA
= Tolerance of 20 um
= Internal surface roughness of Ra=0.11t0 0.2

» Precise machining of Cu-OFE elementary pieces by CEA
» Done in firms

» Precise machining of Stainless steel elementary pieces by CERN

» Cleaning, Ni and Cu (thickness>2um) coating, brazing and re-machining by CERN
= Vacuum brazing at high temp (>780°C)

» Hydrogen baking 800 °C ?...

» Storage under N2

F. Peauger



Irfu 12 GHz RF components (2/3)
e

sacl

Bent Mode Converter RF Valve

At 11.9942 GHz, after scaling:

S$11=442dB
$12=-165.10* dB

0]
TEo Equ™®=52.5MV/

m with 150 MW

TEo

\ & 2 ready for rf tests

Circular taper 36-50 mm

< 2 ready for rf tests and 2 in order & 4 ready for rf tests

F. Peauger



lrfu 12 GHz RF components (3/3)

€Sy

Straight Mode Converter

sacl a? TEy Equ™*=37.2 MV/m
» with 150MW
WR90
TE,,
Elliptical
profile gE"l
& Tender done, order in progress
90° circular bend
# Finalization of mechanical drawings

F. Peauger

Rectangular Pumping ports

& 4 ready for rf tests

3 dB Hybrid coupler

Clamp to range: (Min: ©/ Hax: 3.5e+007) u/n

3.50e7
3.88e7
2.78e7
2.48e7
2.18e7
1.88e7
1.58e7
1.28e7
9.75e6
6.75e6
3.75e6

Type E-Field (peak)
Honitor e-field (F=12) [1[sqr(300e+6),0]]
Component Abs

Haximum-3D 3.57376e+807 U/m at -81.2763 7 39.5999 / 5.68
Frequency 12

Aamplitude Plot

< under call for tender







Schedule (10/2010) (@

Task Name

2010 2011
2nd Quarter 3rd Quater 4t Quarer 1st Quaner 2nd Quarer 3rd Quarter
o Mar Apr May | Jun Jul [ Aug [ Sep ot [ Nov | Dec Jan | Feb | Mar Apr May | Jun Ju [ Aug | Sep
1 |  Klystron Supply Kiystron Supply
" = G.McMonagle
2 E Modulator Supply Modulator Supply
. Saclay,G McMonaglg
3 E Pulse Com pressor (GYCON Pulse Compress or (GYCOM) supply
supply [ P Karl-Martin Sc hirm[10%}lgor Syratc hev[40°%],Jan Kovermann[50%]
4 |Ed Low-level RF Low-evel RF
- LucaTimeo
5 |Ed RFcomponentis (CERN,CE RF}:omponents (CERN, CEA, SLAC?)
SLAC? - G. Riddone;S. Doebert; K. Schirn,Saclay
) _
6 |[E§ Controls Controls :
- - - M.DraperS.Doebert
7 |F4 Test-Stand TestStand :
" G.Riddone;S. Doebert; KL Schim
8 |  |Infrastruciure Infrastructure
J.Mopteuro;K. Schirm,G. McMonagIg
9 E System commissioning - System comniission'ng .
G AT
10 E RF Control Software RF Control Software




Conclusion:

Hardware is finally coming together — the “real” work
Is started. Klystron installation and commissioning
with SLAC assistance in November.

All RF network components are prototypes — layout
allowing for interchanging between different types.

Structure test program can be established when phi
L commissioning is under control.

ompressor prototype needs improver

ent for 2nd test stand incl. 2 kI
S O Proauce

CLIC WS 10/2010 KM Schirm BE-RF 13



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]



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




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

|
—
=
(00)
X
w
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



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 !



Propagation in the circular higher order mode TE,,°

Attenuation:
RS (2. k2 - o
o, (dB/m) =8.686 K¢ for TE,,° in circ. waveguide with radius a (m)
apnk P's 01 p2-1
o, (dB/m) =8.686 3bR,B ” (bﬂ +a k2 for TE,,” in rect. waveguides with dimensions a x b (m?)
7

With Rs the surface resistance, p’;,=3.832 the first root of J'; which is the derivative of the Bessel function of first kind J,,, B the
propagation constant, k the wavenumber, kc the cut-off wavenumber and n = 376.7 ohm the impedance of free-space.

1.E-01 I
1.E-01
9.E-02 -
8.E-02 +«
7.E-02 4 =@ circular, radius=25mm
6.E-02 - —&—_circular, radius=18.135mm
= rectangular, a=22.86mm, b=10.16mm
m 5.E-02 A
=
= 4. E-02 -
3.E-02 -
2.E-02 b
1.E-02 -.\-ﬂ*-ﬂﬁ‘I_H_._T
0.E+00 T T T T T T T T :
11 12 13 14 15 16 17 18 19 20
Frequency (GHz)

At 12 GHz, losses are almost ten times lower in 50 mm diameter circular wg than in
rectangular wg

(“Microwave Engineering”, D.M. Pozar, p.125 and 136):
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