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Work is inspired by idea of Alexsey Grudiev to use combination of TEOQ1-
TEO2 modes in RF valve:

Proceedings of EPAC 2006, Edinburgh, Scotland TUPCHI142

DEVELOPMENT OF A NOVEL RF WAVEGUIDE VACUUM VALVE
A. Grudiev, CERN, Geneva, Switzerland
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In our design we decided to use the similar approach but different modes

combination. In our case we are using combination TE11+TM11. In this case we
do not need TE10-TEO1 mode converters. In some cases it can be convenient.

We used before the TE11+TM11 combination in Mixed-Mode RF window to
decrease fields at brazing area:
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X-band TW mixed-mode window

E[V/m]

5.26E0e+007
5. 04EER400T
4.8172e4007
4.6070e+007
4.3833e+007
163%e+007
394554007
3.7301e4007
3.5107e4007
3.1913e+007
1.0718e4007
285244007
2.6330e+007
2.4138e4007
2.1942e+007
1.9748e4007
1.755%e+007
1.5350e+007
1.3165e4007
1.0971e+007
B.Te7e+00s
6. 58254000
4.3833e4006
2.194Ze4006
0.0020e+000
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Lhe+004
6.9357e+004
£.5045e+004
6.2534e~004
5.2123e+004
5.5T12e+004
5.23008+004
4.5880e+004
4.5376e+004
4.2057e+004
3.B535e+004
3.5244e+004
3.18330+004
2.8421e+004
1.5010e+004
2.1560e+004
1.8 188R+004
1.4776e+004
1.1365=+004
T.9539.+003
4. 5426m+003
1.1314e+002
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Ideal case — to eliminate all field at the wall. But we can not do it with these two

mode only. But we can eliminate H, at some point! In this case the combination
of modes becomes similar to TEO1 mode and we can make a slot without
radiation.

The circular waveguide with 40mm diameter was chosen for 11.424 GHz.
Reasons: cutoff for TE12; there are commercial ®40mm valves.

For ®40mm waveguide the TM11 / TE11 amplitude ratio have to be 0.48 to provide
H,=0
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TE11+TM11 Launcher




Fields on the surface of the launcher
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Field in cross-section, where H, =0

S H-field



portl:ml portZ:ml

portl:ml | {0.00045,-164.495) {l.00000, 114.232)
portZ:ml | (1.00000, 114.232) {0.00048,-147. 038)
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Slot 5mm
E[V/m]
1.0000=+001
9. 5833e+000
5.0000e+003 9. 16674000
4.7917e+003 &, 7500=+000
4. 5833e+003 5.33332+000
<. 3750e+003 7. 9167e+000
4.1667e+003 7, 5000e+000
3.9583e+003 7.0833e+000
3.7500e+003 6. 6667e+000
3.5417e+003 6.2500e+000
3.3333e+003 5.8333e+000
3.1250e+003 5. 4167e+000
2.9167e+003 5.0000=+000
Z.70583e+003 4. 5833=+000
2. 5000e+003 4. 1667e+000
Z.2917e+003 3. 75008+000
2.0833e+003 3.3333=+000
1.8750e+003 2.9167=+000
1.6667e+003 2. 5000e+000
1.45832+003 Z.08338+000
1.2500e+003 1. 6667+000
1.0417e+003 1.2500=+000
§.3333e+002 8.3333e-001
6.2500e+002 4.1667e-001
4. 1667e+002 0. 0000e+000
Z.0833e+002
0.0000e+000
.
E -field
H[A/m]
Ev/m] 2.0000e+001
1.4998e+001
. 1.1247e+001
B 1-0000=+004 8. 4339e+000
— 7. 4389e+003 6.3246e+000
— 5.6234e+003 4, 7427e+000
4,2170e+003 3. 5566e+000
3.16238+003 2. 6670e+000
Z.3714e+003 2.0000e+000
1. 7783e+003 1. 4998e+000
1.33352+003 1.1247e+000
1.0000e+003 &, 4339e-001
7.43898+002 6. 3246e-001
5.62348+002 4.7427e-001
— 4.2170e+002 3. 5566e-001
| 3.1623e+002 z.6670e-001
2.3714e+002 Z.0000e-001
1. 7783e+002 1.4398e-001
1.33358+002 1.1247e-001
1.0000e+002 &.4339e-002
7. 4389=+001 6. 3246e-002
5.6234e+001 4.7427e-002
4,2170e+001 3. 5566e-002
3.16238+001 2.6670e-002
Z.3714e+001 2.0000e-002
1. 7783e+001
1.33352+001
1.0000e+001




E[V/n]

0o00e+003
7917e+003
5833e4+003
3750e4+003
1ab67e+003
9583e+003
7500e+003
5417e+003
3333e4+003
L1250e+003
9167e+003
7083e+003
S000e+003
2917e+003
0833e+003
§750e+003
666Te+003
4553e+003
Z500e+003
0417e+003
F333e4+002
Z500e+002
L66Te+002
0833e+002
Qa00e+000
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E[V/n]

ao0ode+004
4989e+003
6234e+003
2170e4+003
1623e4+003
3714e+003
T763e+003
3335e+003
0000e4+003
49539e+002
6234e+002
2170e+002
le23e+002
3714e+002
TTE3e+002
F335e+002
0o00e+002
4959e4+001
6234e+001
2170e+001
1623e+001
3714e4+001
7733e+001
F335e+001
0o00e+001
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E-field

Slot 8mm
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H[&/m]

0000e+001
5833e+000
1667e+000
7500e+000
3333e+000
9167e+000
5000e+000
0833e+000
B66Te+000
2500e+000
333e+000
4la7e+000
0000e+000
5833e+000
1667e+000
7500e+000
3333e+000
9167e+000
5000e+000
0833e+000
6667e+000
2500e+000
3333e-001
1667e-001
0000e+000

H[A/n]

0000e+001
4998e+001
1247e+001
4339e+000
3246e+000
T42%e+000
5566e+000
BE670e+000
0000e+000
4393e+000
124%7e+000
433%-001
3246e-001
T4z27e-001
5566e-001
6670e-001
0000e-001
4998e-001
1247e-001
4339e-002
3246e-002
T427%e-002
5566e-002
B670e-002
0000e-002
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Slot 10mm

2170e+001
1623e+001
3714e+001
T763e+001
3335e+001
0000e+001

433%e-002
3246e-002
T427e-002
5566e-002
6570e-002
0o00e-002

E[¥/n]
H[Arm]
5. 00002+003
4.7917e+003 1.00008+001
4.5833e+003 9. 5833e+000
4.3750e+003 9. 1667e+000
4. 16674003 8. 7500e+000
3.9583e+003 §.3333e+000
3.7500e+003 7.9167e+000
3.5417e+003 7. 5000e+000
3.33334003 7.0833e+000
3.1250e+003 6. 6667e+000
[ 2:8167e4000 6. 2500e+000
2. 70834003 5.8333e+000
2. 5000e+003 5. 4167+000
= 2.2917e+003 5. 0000e+000
W 2-083%e+003 4. 5833e+000
1.5750e+003 4. 1667+000
= 1. 66674003 3.7500e+000
1.4583e+003 3.3333e+000
1.2500e+003 2.9167e+000
= 1.0417e+003 2. 5000e+000
B.3333e4002 2.0833e+000
&.2500e+002 1. 6667e+000
4, 16674002 1.2500e+000
. i 8.3333e-001
0. 0000e+000 4,1667e-001
- 0. 0000e+000
. .
E-field H-field
H[&/n]
E[V/n]
|
e
7.4909e+003 B
523t B s a0
4.2170e+003 ]
[ e 6. 3246e+000
2.3714e4003 4.7427e+000
1 778304005 3.55662+000
1. 333504003 2. 66702+000
1.0000e+003 2.0000e+000
7. 495584002 1.4398e+000
5.6234e+002 1.1247e+000
4,2170e+002 5.43392-001
3.1623e+002 6. 3246e-001
2.3714e4002 4,7427e-001
1. 778324002 3.55662-001
1.3335e+002 2. 66702-001
1.0000e+002 2.00002-001
7. 498924001 1.4398=-001
5.6234e+001 1.1247e-001
a. a.
3. 6.
2 4.
1. 3.
1. 5
1. Y




E[V/u]

.9811le+003
. 556%9e+003
. T3ETe+003
.6055e+003
L A543e+003
.3601e+003
L 835%9e+003
.1117e+003
L 9574e+0073
. 8632e+003
. T390e+0073
.6ld8e+003
. 4906e+003
. 3664e+003
. 242Z2e+003
.1179e+003
L9373e+002
.6952e+002
L4531e+002
. 210%9e+002
L 9655e+002
. T267e+002
L 4546e+002
. 2424e+002
L9366e-002
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E[V/1]

. 9810e+003
LG565e+003
L T326e+003
LBO0S4e+003
L A54Ze+003
L3600e+003
L 2358e+003
L1115e+003
L 987 3e+003
L 8631e+003
L T3E%e+003
. 6147e+003
L A905e+003
L 3663e+003
242 1e+003
L1179e+003
L9387e+002
LB946e+002
LA525e+002
L2104e+002
L 968 3e+002
. TE63e+002
LASAZe+002
24z 1le+00z
. Q000e+000

[ R R e == el el i (S U N R U S )

E-field

5mm

10 mm

E[V/u]

. 0000e+003
. 2497e+003
L6870e+003
. 2651e+003
. 4B65e+002
.1l4le+002
. 3348e+002
. 0006e+002
. 0000e+002
2497e+002
6570e+002
2651le+002
4568e+001
1l4le+001
3348e+001
0006e+001
0000e+001
2497e+001
L6870e+001
. 265le+001
. 4565e+000
.114le+000
. 3348e+000
. 0006e+000
. 0000e+000
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E[V/u]

L 0000e4+003
L 249724003
. 6870e+003
L 2651e+003
L 4da8e+002
L1141e+002
. 3348e4+002
L0006e4+002
. 0000e+002
L 2497e+002
LBE370e+002
L 2651e+002
. 4dage+001
L1141e4+001
. 334584001
L0006e+001
L 0000e+001
. 2497e+001
L6E70e+001
LZ651e4+001
. 4365e4+000
. 114le+000
. 3348e+000
L 0006e+000
L 00004000
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H[&/u]

- £735e+000
- G5571e+000
- S007e+000
- lld3e+000
- 72759e+000
-3415e+000
-9551e+000
- 56E7e+000
- 1823e+000
- T958e+000
- 4096e+000
-023Ze+000
-G365e+000
- 2504e+000
- 5640e+000
2477 6e+000
-0912e+000
- 70453e+000
-31l84e+000
- 9320e+000
- 54%ge+000
- 159Ze+000
-T279e-001
«G640e-001
- 0000e+000

L R R B VB NI P RV R S SN [, R s = VN« (R S O« e T

H[&/m]

. 2730e+000
L BEE6e+000
- 500Ze+000
-1139e+000
L T275e+000
L 3d11le+000
- 9547e+000
- 5684e+000
L l820e+000
. 79562+000
L A09Ze4+000
-0ZZ89e+000
-6365e+000
L 2501e+000
. B637e+000
- 4774e+000
L 0910e+000
L 7046e+000
. 3182e+000
L 9319e+000
- 5455e+000
L 1581e+000
. T275e-001
L B637e-001
-0000e+000
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H-field

5mm

10mm

H[4/u]

0000e+001
4959e+000
6234e+000
2170e+000
1623e+000
3714e+000
T7E3e+000
3335e+000
0000e+000
4959e-001
6234e-001
2170e-001
1623e-001
3714e-001
7763e-001
3335e-001
0000e-001
4959e-002
6z234e-002
2170e-002
l623e-002
3714e-002
T763e-002
3335e-002
0000e-002
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H[4/m]

-0000e+001
- 4959e+000
- 6234e+000
- 2170e+000
- 1623e+000
- 3714e+000
- 77E3e+000
- 3335e+000
- 0000e+000
-4959e-001
-6234e-001
-2170e-001
-1a23e-001
-3714e-001
- 776E3e-001
-3335e-001
-000oe-001
-4959e-002
-6234e-002
- 2170e-002
-1l6&3e-002
-3714e-002
- 1783e-002
- 3335e-002
-0000e-002

[l T P RN . T I e L R O R e B Ll o % I I S 4 IR By P}




Fields decay in the slots

Decay of electric field Decay of magnetic field

E-field
H-field

— S5IM
- 111101]
— 10mm
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Radiated power, dB

Radiated power through slots

— 5 MM
— 8 M
— 10 mm

11.024

11.124

11.224

11.324

11.424
GHZ

11.524

11.624

11.724

11.824



Simulations of geometry close to commercial valve




H[A/m]
E[V/m]

. 0000e+00L
. 5833e+000
. 1667e+000
. 7500e+000
. 3333e+000
.9167e+000
. 5000e+000
.0833e+000
. 666T7e+000
. 2500e+000
. 8333e+000
.4167e+000
. 0000e+000
. 5833e+000
. 1667e+000
. 7500e+000
. 3333e+000
.9167e+000
. 5000e+000
. 0833e+000
. 666T7e+000
. 2500e+000
. 3333e-001
.1667e-001
. 0000e+000

0000e+003
7917e+003
5833e+003
3750e+003
1867e+003
9583e+003
. 7500e+003
. 5417e+003
. 3333e+003
lz50e+003
9167e+003
. 7063e+003
. 5000e+003
. 2917e+003
05833e+003
G750e+003
.6667e+003
. 4583e+003
. 2500e+003
0417e+003
3333e+002
. 2500e+002
.1867e+002
. 0833e+002
0o00e+000
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S-parameters

S-parameters,
Real geometry
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Resonances




Parameters:

Max. E-field (L0OMW)
Max. E-field ( 50MW)

Max. H-filed (LOOMW)
Max. H-filed (50MW)

Pulse heating (LOOMW x 10s)
Pulse heating (50MW x 10-s)

Length

855 kV/cm
605 kV/cm

234 KA/m
165 KA/m

22°
11°

~230mm



