Couplers

Design and Fabrication Issues of
High Power & Higher Order Modes
Couplers for Superconducting Cavities

Shuichi Noguchi, KEK
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RF Power Input Coupler

Power
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Coupler Design & Fabrication

Design Fabrication

Coaxial

RF Geometry Rectangular

. . Cu Plated SUS
Mechanical Material

Tig Welding
Brazing, EBW
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Design Issues of Input Coupler

Requirements Choices

| Specification _ |
Type ; Coaxial or Wave Guide

Frequency Position ; Cell or Beam Pipe

Maximum Power Number of Windows ; Single

Operation Mode or Double

Heat Load Cooling ; Conduction, G-He,

Coupling L-He, L-N2, Water

Tune-abllity Number of Couplers

"
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Best Choice for SC

Coaxial Antenna Type Coupler on Beam Pipe
IS usually the Best Solution.
Exception ;
Low 3 Cavity ; Coaxial Antenna on Cavity
High Frequency Cavity ; Wave Guide

Coupler [ 2
: *. {}‘“ '_|
Cavity \ Qa1 7Y
Beam Pipe , W\
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Major Couplers used

Accelerator | TRISTAN| SNS LEP FLASH | CEBAF
KEKB

Frequency | 508MHz | 805MHz | 324MHz | 1.3GHz | 1.5GHz
Power CW Pulse CW Pulse CW
Requirement | 400kwW | 400kw | 100kw | 300kW | 10kwW
Coupler Type | Coaxial | Coaxial | Coaxial | Coaxial | Wave
Antenna | Antenna | Antenna | Antenna | Guide

Window Type | Coaxial | Coaxial | Cylinder | Cylinder | Square

Size Disk Disk

Ceramic Size | ¢$180,t10 | $100,t9 $150 | 940, $60 | 60 x 120

Used Coupler ~40 ~80 ~200 ~80 ~350

Shuichi Noguchi, KEK
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Coaxial Antenna Coupler

Examples
Components
Coupling
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Coax couplers, two cylindrical windows

TESLA Coupler

Waveguide to
coax transition

Qg
tuning
knob

Pumping
port

- 70 K point
)/
] -

"
i

4 K point

Room
temperature \
winc?ow Room temperature ] _
Isolation vacuum flange Cold window Flange to cavity
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waveguide to room _
coax temperature TTF I I I

transition window warm vacuum warm coax cold coax
pumping port @ 62 mm @ 40 mm

Qext Z=50 Ohm Z="T70 Ohm

tuning

knob

cold window
4.2 K point

bias voltage
feedthrough tuning
rod

isolating roomtemperature 70 K point 1.8 K
Kapton foil 1solation vacuum flange to
flange cavity




Cavity

Processing Stand TT F - 3 CO U p | er

Coupler Support

pe. |
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Coaxial Disk Type Window Coupler

KEK-JAEA

Shuichi Noguchi, KEK SRF2009Tutorial, Berlin



STF-1

STF-2

TTF-V

KEK-ERL
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CW Input Coupler for KEK-ERL

Coaxial Ceramic Window

Extension to

80k

5k
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ERL Injector Cryomodule

- Vacuum Vessel

Input Coupler
Double Feed i
=

[2

I
e

1
X P R T T

T

N Cavity
3 x 2-cell

i
I /

Shuichi Noguchi, KEK SRF2009Tutorial, Berlin 16



Components
of Coaxial Antenna Coupler

Coaxial Line (Cu Plated SUS)
Window ( High Purity Al,O; )
Wave Guide to Coaxial Transformer
Diagnostics

Vacuum, Arcing, Electron

Shuichi Noguchi, KEK SRF2009Tutorial, Berlin
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RF Design Criteria

Maximum Peak E ( Pulse High Power
Application )

Loss ( CW Application )

Reflection

Multipacting

Fabrication, Assembly, Risk, etc.
7\
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Coaxial Waveguide ( TEM-Modes )

E,=0, H. =0

r b
: : AEEREA
—(rE, )=0, —(rH,)=0 N ARIR
ar(r ) ar(r ) \U/l ____________________ \/
E, _Agin H, = 2 A
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V = bEr dr :AInEe‘jﬂZ , :r” Jsadé’:ZﬂAe‘mZ
a a 0 i
Z, _V_ 4 In IO; Characteristic Impedance
| 27 a
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Power Loss
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Power Loss & E-Field Strength

0.3

0.2

0.1

Loss (Cu)
W/KW.m

N

E Filed —
kV/MW.mm

TTF-lII

Impedance
|
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1.5

1.3

Shuichi Noguchi, KEK

SRF2009Tutorial, Berlin

60

700 \;
21



RF Windows of Coaxial Coupler

WG
Coaxial Conical Capacitive Cylinder Cylinder at WG
Disk Transformer

7\
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Coaxial Disk Window
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Ceramics Window

Gold I:)Ioss _ 2_72- tan 5 (ml)

Braze P A

ALO,; 95— 99 %
E:~9
1 Tan§:~0.0003 = ~0.0001

Molybdenum
Copper ——

TIN Coating on Vacuum Side
Mo, Mn "

Difference in thermal expansion coefficient is key.
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HFSS Simulation
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Warm window and Doorknob

Plot 1 :5 Matrix Data

P

Mogritute (8]
Ih ‘. o

Part by Part

Mogrifude (B}

N ] {40.00
145.00
-5 / Chi: Stan 1.20000 GHz — Stop 140000 GHz
Sll - -26 dB \ / Staus CH 1: [511 | 2P soLT oL
- 0 - y 1
/
t1.3G ’ \
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Coupling / Tune-ability

= — 4+ —
Qn Qo R ) Q @

>>P; Q. =Q,, dependson Beam Current

Optimum Coupling ; 1 _1 (1+ Pbeam]_ 1.1

P

beam

Coupling Tune -ability may be useful.

Q. <10’ is desireble for better RF controll.

7\
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Double Couplers

Coupler #1 ; B, Coupler #2 ; B,
Pgl ’ E o ej(a)t kz) sz : E , o eJ(a)t+kz+llf)
I:)outl 1 E>out1 E E>t1 I:)out2 J Igoutz E EtZ

Optimum Coupling ; P

outl

I:)outz :O
v\
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Superposition




At Resonance

_Ey _|1+B,-8 P _ 24/ (1+5,) 5,
Pgl Egl 1+ 181 + 182 Pgl 1+ ﬂl + 182

Re _Bo _ 2NAP P _
Pu Eu 145+ 5, Py 1+ﬁ1+ﬂ2

E —F ej(a)’[—kz)

gl gl accl

jot
accl €

=E
E’rl _ Erlej(a)t+kz+¢) Etz _ Etz ej(a)t+kz'+CD)

¢ =0 ; Overcouple (,Bl* > 1) ¢ = 7 ; Undercouple (,81* < 1)
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Optimum Coupling P,,,=P,,, =0

Poutl OC‘ Er1 + Etl 2 = Er21 T Et21 + 2Er1Et1 COS[¢_(\P_CD )]

If g=r7and ¥ =D P oc(Erl—Etl)2

outl

2
1-pi+p,—2\ b P
fP =P p P =2 AP,
g1 g2 outl OC[ 1+,81+,82 j

1"',61_:82_2 :81:82 2 . . 1
Pout2 OC[ 1_|_ﬂ1_|_ﬂ2 } ﬂl p— ﬂz — E
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Processing ( Acceptance Test)

Make them Clean

Keep them Clean

Careful Processing with Diagnostics
Arc Detector, Electron Monitor, Vacuum

"
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Processing of TTF-V Couplers at KEK

Step 1 ; Target for XFEL
1.0 MW /400 us. 500 kW /1.3 ms. 5

1500 ——— 71— ——— 1T
< > % s
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e
o
o
o

!
N
TP
N B
9
0o
N
=
T

500 F——r S A N7 |

0 10 20
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TTF-V Couplers at KEK

20 us 50 us 100 ps Step 2 ; Target for ILC 100 ps

2.0 MW /400 us, 1.0 MW/1.5ms, 5Hz 200 ps
o380 /1200 us b

= : 2d us 5Hz 10 ps,1Hz. 10 50 ps,5 Hz N f=4oo ust 5 Hz
= 2000 W s e )( ........................... T Y ———— e :2 0 MW
g 15{"] ; g ............................... . ................ H.
2 1000 ' |
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)
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l
D
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HOM Coupler

Device to lower Q-Values of HOM’ s

Output Coupler for HOM’ s excited by
Beam

Need Filter for the Operating Mode

So Many HOM Couplers have been
designed and used.

Beam Pipe Absorber Is an Alternative.
7/ \
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Design Issues of HOM Coupler

Requirements Choice

| Specification | _
Type ; Coaxial or Wave Guide

Frequency Position ; Cell or Beam Pipe
Dumping Welded or Flange
Maximum Power Number of Couplers

Operation Mode Cooling
Heat Load Position of Loads

"
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Best Choice

Coaxial Loop Type Coupler on Beam Pipe
IS the Best Solution. ( TESLA-like )
Being used up to 3.9GHz Cauvity.

Beam Pipe

Shuichi Noguchi, KEK SRF2009Tutorial, Berlin H



The TESLA —like HOM couplers are nowadays
designed in frequency range: 0.8-3.9 GHz

J. Sekutowitz DESY

=1 log MAG 10 dE~ REF —a0 odE
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S21[dB]

High-pass Filter ( + Notch Filter )

high pass filter transmission high pass filter transmission
2stub, S=50mm

S21[dB] offset=0, 2stub, 50mm
S21[dB] offset=2, 2stub, 50mm B
| m———- S21[dB] offset=4, 2stub, 50mm [.. ]
--| m—S21[dB] offset=6, 2stub, 50mm g
S21[dB] offset=8, 2stub, 50mm

S21[dB]

offset=0,no stub
—&—S21[dB] offset=10,no stub ] ! - )
""" S21[dB] offset=10, Istub | - $21[dB] offset=-2, 2stub, 50mn
s21[dB] offset=10, 2stub, 40mm | ; ‘ ‘ ‘ ‘ ‘

S21[dB] offset=0, 2stub, 40mm [..J :”f S R

freq[GHz] freq[GHz]
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HFSS Simulation HOM Coupler

H Field[a/m]
GEERE +BA5 i
| 6375e+003 ‘
| 5750e+003 r| | |

BE25e+803
75@0e+E03 m
4375e+203
125me+a03
§125e+203
5EERE-+EE3
1875e+203
375@e+B03
5E256+883
258Ae+B03
375@e+B02
2580e+662
125@e+B82
. BABAE+BAA

-

n

H Field

@ W @O E R MR W W W FFF

-

H Field[a/m]
1. ORB0E+AAS5
3. 3750e+aEY4
5, 7500 +28Y T
8. 1250e+@@4
7. SAE0e+BEY
6. G7S0e+EY4
6. 2500 +AEY4
5, G258 +EAY
5. DA +@a
4, 3750e+EY4
3. 7500 e+@EY4
3. 1250e+@@4
2. SREDe+BEY
1. G750e+EY4
1. 2500 e+@EY4
6. 2500 ¢+B83
0. DAE0 & +383




CEBAF/Cornell 1.5 GHz

Waveguide HOM couplers

_HOM ports ~

Design (1982) works at present in
HOI>/I loads CEBAF both linacs with

> oo ~ 8OUAX4 @ Eacc 7 MV/m

HOM power is very low. It can be
dissipated inside cryomodule.

Design proposed by G. Wu (JLab)
1500 MHz for 100 mA class ERLs
LINAC2004

Design proposed by R. Rimmer (JLab)
750 MHz for 1A class ERLs

PAC2005
7\
41
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Heatlng at HOM pick- up antenna
Hsp/20

1o sIsttEst oG antenng) 2nd FEst antenna -tip -
Qo _..nn-ln.#.“.“(Snortantenna) &y
_ ss pE oS e s /I NI
1010 ] / -‘
Y i
. Slow
i Recovering ............... _ Quench Fast -
10° | Time ] t=10s Quench
- > 30 min. T~1ms =
& #1:zt -test
1 @ #2 2nd test (zhart antenna) At EaCC = 10 MV/m!
2 . :
10 ! | APo=8 W
. 5 A R P-loss (cal.) = 2 W x 2

Eacc [MV/m]
Fast Quench ~ 1 msec.

Slow Quench ~ 10 sec.

i
3

2 sec/div. ~] 1 msec/div.

1st test

Transition from SC state to normal state occurred

SRF2009Tutorial, Berlin

Shuichi Noguchi, KEK



Design for CW Application
needs

Lower the Magnetic Field at an Antenna.
Improved Thermal Design

7\
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KEK cERL Design
H-Field Distribution

—

H-field distribution at 1.3 GHz (acceleration load)

N\
b
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conditions 15MV/m 20MV/m 25MV/m other
Antennatype : New , improve inner conductor (probe tip = from HOM coupler center)
(1)c=10mm, 850~1000 A/m 1150~1350 A/m 1400~1650 A/m Probe gap=0.5mm
u=smm Offset = Omm
Antenna type : old c=0mm, u=0mm (probe tip = from HOM coupler center)
(0)c=0mm, 2400~2850 A/m 3000~3500 A/m 3700~4400 A/m 0.5mm
u=0mm Offset = Omm
loop type : New , improve inner conductor (probe tip = from HOM coupler center)
(1)c=10mm, 1800~2050 A/m 2400~2720 A/m 3000~3360 A/m 0.5mm
u=3mm Offset = 6mm
loop type : old c=0mm, u=0mm (probe tip = from HOM coupler center)
(0)c=0mm, 2200~2400 A/m 2900~3150 A/m 3500~3850 A/m 0.5mm
u=0mm Offset = 6mm

STF type : New , improve inner conductor (probe tip =

from HOM coupler center)

(1)c=10mm, | - e e Offset=10 mm
u=2mm
STF model : old c=0mm, u=0mm (probe tip = from HOM coupler center, due to cut 2mm inner
conductor)
(0)c=0mm, 4000~4250 A/m 5200~5600 A/m 6800 ~ 7200 A/m 0.5mm
u=0mm

Heating limit at CW

Not use ? CW operation

Not use ? CW operation

Offset=10 mm




2 Stub HOM coupler for cERL
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Vertical Test
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Qo-E... Curve for ERL 2-cell #1 @1.5K & 4.2K

Q,s. E,,, Curve @ modgfor ERL 2-cell #1 I V.T. (2009/4/2)

1.0E+10

Qg 1.0E+09

1.0E+08

HOM #2 (antenjha) heating

SoogOomeOOtDO@Og%o
T ©o |0 o
— T i >0 ° 4 !
o O
o © o 30.LMV/m
o)
o
o)
5 o ‘8 aQ
H o)
5 o)
P 8o 2 %O a ©
OOO é)
000,’.” .jii
N o 1.
L 2
11.3MV/ml
0 5 10 15 20 25 30 35
E cc [MV/m]
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