. Rare isotope Tesla Technology Collaboration 2020
Accelerator complex for Feb 4-7, 2020
ON-line experiments
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RF power coupler for QWR and HWR cavity

€ Layout of QWR RF power coupler
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€ Layout of HWR RF power coupler
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RF power QWR HWR
coupler
Frequency 81.25 MHz 162.5 MHz
RF power <4 kW <4 kW
ExternalQ 3.0~5.0x10> 1.0~2.0x10°
Cu plating No No
(outer conductor)
TiN Yes Yes
coating (5~10 nm) (5~ 10 nm)
# of 22 106
product (20) (6)

@ Power Coupler Specifications



v’ Contamination of RF power coupler
v’ Uncertainty of external Q in HT
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Contamination of the RF power coupler
Blowing
Dl-water

*  Frequency : 40 kHz * N, gas(6N), 5 min
* DlI-water resistance : > 15 MQ

* Temperature : > 40 degree

* Time:40 min

Dl-water (by capillary force)

gap size : ~um

Ceramic

Metallization (AgCu alloy, Ag-50% Cu-50%)

e DlI-water can be remained in the gap by the
capillary force after USC.
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Contamination of the RF power coupler
USC with Blowing
ethanol

Frequency : 40 kHz * N, gas(6N), 5 min
Ethanol : >99.9 %

Temperature : 40 ~ 50 degree

Time : 40 min

e USC with DI-water e USC with the ethanol (volatility)
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Loaded Q
(HT)

Decay time
measurement

Uncertainty of external Q in HT
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Uncertainty of decay time measurement in HT

KEYSIGHT Input RF Input Z: 50 Alten: 10 dB PNO: Best Close  Avg Type: Log-Power |T; 4 Select Marker KEYSIGHT Input: RF Input Z 50 0 Atten: 10 dB PNO: Best Closes  Ava Typer Log-Power
y Coupling
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- - [ Marker A Time - SIECON Marker A Time m
1 Spectrum v AMKr1 1.542 s{}; 54203 ¢ 1 Spectrum v AMKr1 715.5 P9} 715.486 ps

Scale/Div 1 dB Ref Level -13.70 dBm -3.00 dB Peak Scale/Div 1 dB Ref Level -20,67 dBm -3.00 dE Peak
; Marker Mode e 1 Search
Normal Pk Search Pk Search

Config Config
Detta (4) o

Properties ~L_ Properties

Fixed
Marker T Marker
off Function ~_ Function

Marker— Marker—

Counter

& 73 Marker Settings
Diagram

All Markers Off

Center 81.264270 MHz Video BW 1.0 kHz Span 0 hz||CouPle Markers Center 81.249459 MHz Video BW 1.0 kHz " spanoHi
Sweep 3.000 s (1001 pts) = Res BW 1.0 kHz Sweep 2.000 ms (1001 pts

Oct 11, 2018y - ¥ - Nov 07, 2019 /o v O —
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There is no non-linearity of the decay M PORZ00 1000 N0 Oy g Lo

L

time measured in VT. m@ A = mnmwsos.aus
Non-linear of decay time is observed i ] =
only in HT. e
* The longer decay time causes the error __ :ﬁ"
of the loaded Q and external Q of RF |
power coupler.
* The linear part of measured decay time | . ~
is now used for calculation of loaded Q. FiEEErEE=T Bk
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BR Bandpass
Ref to Mkr

Bandstop
Refto Max

B eval
X Range..

Result
off

Search

Search Made
Ref to Max

& tracking

Search now
| NN center 81.25 MH2 Pwr 0dBm Bw 100 Hz

VNA

521 dB Mag 3 dB/ Ref -70 dB Cal

1

Bandwidth (IF)
Span

# of points
Loaded Q
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Setting A

100 Hz
200 kHz
4001
3.7E5

Bandpass Ref to Max Track
Bandwidth 167.000000 Hz
Center 81.248537 MHz
Lower Edge 81.249454 MHz
Upper Edge 81.249621 MHz
Quality Factor (3dB) 486.524 kU
4 Loss. 46.8666 dB
. M1 81.249538 MHz -46.8666 dB
M2 81.249454 MHz -49.8727 dB
M3 81.249621 MHz -49.8542 dB
M2 M3 M4 81.249537 MHz -46.8874 dB
-70 dB 4
Ch1 Center 81.2494 MHz Pwr 0 dBm Bw 10 Hz Span 1 kHz
.
Setting B
10 Hz
1 kHz
4.8 E5
)

Rare Isotope
Science Project



[
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LG Now A

Bandwidth (IF)
Span
# of points
Decay time

Loaded Q

Setting A
100 Hz
200 kHz

4001

3.7E5

L

Span 0 Kzl
Sweep 2.00 ms (1001 pts)

Setting B
10 Hz
1 kHz
1001

4.8 E5

KEYSIGHT :WKW e
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InputZ 500 WAtien: 4048

Frea Ref. £ (5)

Video BW 1.0 kHz
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617.1 us
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Linear
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020 1:48:36 PM
010K22-101330-2)

Trcl

$11 dB Mag 0.2 d8/ Ref 0.6 dB Cal 1 Trc2

522 dB Mag 0.001 dB/ Ref -0.375 dB Cal 2

M1 81.249594 MHz -0.0583 dB +M1 81.249624 MHz -0.3767 dB

-06dB

-0.375 dB (|

A
A

i

Ch1 Center 81.25 MHz Pwr 0 dBm Bw 100 Hz Ch1 Center 81.25 MHz Pwr 0 dBm Bw 100 Hz Span 200 kHz

Span 200 kHz

Tra3 521 dB Mag 10 dB/ Ref -80 dB Cal 3
M1 81.249750 MHz -52.0596 dB
M2 81.249422 MHz -55.0399 db
M3 81.249826 MHz -55.0596 dB
M4 81.249624 MHz -52.3881 dB
Bandpass Ref to Max  Track
Bandwidth 404.000000 Hz
Center 81.249624 MHz
Lower Edge 81.249422 MHz,
Upper Edge 81.249826 MHz
Quality Factor (3dB) 201.113 kU
52.0596 dB

-80dB

Ch1 Center 81.25 MHz Pwr 0dBm Bw 100 Hz

Span 200 kHz

VNA measurements

Setting A
100 Hz

200 kHz
4001
2.0 E5

Bandwidth (IF)
Span
# of points
Loaded Q
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@ 1/30/2020 3:40:45 PM
131 0K22-101330-aV

Trcl 511 dB Mag 10 dB/ Ref -30 dB Cal Off 1 Tre2 522 dB Mag 0.001 dB/ Ref -0.876 dB Cal Off 2
M1 81.249020 MHz -0.2682 dB M1 81.249624 MHz —
M1
-30dB -4-0.876 dB -+
1
Ch1 Center 81.248596 MHz Pwr 0 dBm Bw 10 Hz Span 1kHz  Ch1 Center 81.248536 MHz Pwr O dBm Bw 10 Hz Span 1 kHz
Tra3 521 dBMag 1 dB/ Ref -56 dB Cal Off 3

! ”\iﬂ- M1 81.248594 MHz -51.7420 dB
M2 81.248592 MHz -57.6687 dB
M3 81.248642 MHz -55.7870 dB

* M4 81.248617 MHz -51.9840 dB

Bandpass Ref to Max Track
Bandwidth 50.000000 Hz
Center 81.248677 MHz
Lower Edge 81.248592 M_H“
Upper Edge 81.248642 MHz

Quality Factor (3dB) 1.625 MU

51.7420 dB

Ch1 Center 81.248596 MHz Pwr 0 dBm Bw 10 Hz

Span 1 kHz

Higher resolution
of the VNA setting
could not measure
the loaded Q?

Setting B
10 Hz
1 kHz
1001
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Uncertainty of RF power levels in HT

measured 2 measured 1/ \
f, Pref f, Pref
c/'ceu{tdr
SPA Directional I Directional
Coupler Coupler
circulator3 \ CM_& /
[ Pf, Pref Cavity
Directjonal
Cou

Dummy load
Coupler coupling

Qext,in 5.0E5 Qext,t 9.5E10
Eacc [MV/m] Pg (calculation) Pf (measured 1) Pf (measured 2)
1 31.22848881 31 59
2 127.2235634 148 244
3 287.9958022 309 461
4 513.5452052 524 752
5 801.9288806 795 1100
6 1151.983209 1053 1400
6.1 1175.373134 1100 1490
1 31.22848881 28.8 35
2 127.2235634 115.4 121
3 287.9958022 263.9 251
4 513.5452052 477 430
5 801.9288806 766 674
6 1151.983209 1121 986
6.1 1175.373134 1159 1017
Loaded Q : 5.0E5 confirmed by measured RF powers loaded Q: 1.77E+06 by decay time (linear part)

and the calculation.
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v Contamination of RF power coupler
» Dl-water infiltrates to the gap between the outer conductor and the
metallization. This caused the contamination of the RF power coupler.
Substitute the ethanol for the DI-water, the contamination is not
occurred after the USC procedure.
v’ Uncertainty of external Q in HT
» The loaded Q in HT is obtained by the decay time measurements or
VNA measurements in RISP.
» The non-linear part of decay time makes the uncertainly of loaded Q.
» The resolution of VNA makes the measurement errors of loaded Q.
» The circulator causes the errors in the measurement of RF power
levels.
» Theses errors cause the uncertainty of the loaded Q.
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