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Introduction RF power coupler for QWR and HWR cavity

 Layout of QWR RF power coupler

 Layout of HWR RF power coupler

RF power 
coupler

QWR HWR

Frequency 81.25 MHz 162.5 MHz

RF power <4 kW <4 kW

External Q 3.0 ~ 5.0 x 105 1.0 ~ 2.0 x 106

Cu plating
(outer conductor)

No No

TiN
coating

Yes
(5 ~ 10 nm)

Yes
(5 ~ 10 nm)

# of 
product

22
(20)

106
(6)

 Power Coupler Specifications
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Topic1 Contamination of the RF power coupler

USC with 
DI-water

• Frequency : 40 kHz 
• DI-water resistance : > 15 MΩ
• Temperature : > 40 degree
• Time : 40 min

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

O
u

te
r

Ceramic

DI-water (by capillary force)

Blowing

• N2 gas(6N), 5 min

• DI-water can be remained in the gap by the 
capillary force after USC.

gap size : ~ um
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Topic1 Contamination of the RF power coupler

USC with 
ethanol

• Frequency : 40 kHz 
• Ethanol : > 99.9 %
• Temperature :  40 ~ 50 degree
• Time : 40 min

Blowing

• N2 gas(6N), 5 min

• USC with DI-water • USC with the ethanol (volatility)
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Topic2 Uncertainty of external Q in HT

VT HT

HT

Loaded Q
(HT)

Decay time 
measurement
s

VNA 
measurement
s

VTRF power 
measurement
s

Pinc
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2

𝑄𝐿 = 𝑄𝑒𝑥𝑡,𝑖𝑛 =
𝜔𝜏

𝑙𝑛2

𝑄0 ≫ 𝑄𝑒𝑥𝑡,𝑖𝑛 → 𝑄𝑒𝑥𝑡,𝑖𝑛 ≈ 𝑄𝐿

• Non-linearity? • Resolution?

• Circulator?
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Topic2 Uncertainty of decay time measurement in HT

• There is no non-linearity of the decay 
time measured in VT.

• Non-linear of decay time is observed 
only in HT.

• The longer decay time causes the error 
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.

VT HT

HT



- 8 -

Topic2 Uncertainty of VNA measurement in HT

VT HT

HT
VNA Setting A Setting B

Bandwidth (IF) 100 Hz 10 Hz

Span 200 kHz 1 kHz

# of points 4001 1001

Loaded Q 3.7 E5 4.8 E5
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Topic2 Uncertainty of decay time measurement in HT

VT HT

HT

VNA measurements Decay time measurements

Setting A Setting B Non-linear Linear

Bandwidth (IF) 100 Hz 10 Hz

Span 200 kHz 1 kHz

# of points 4001 1001

Decay time 617.1 us 511.7 us

Loaded Q 3.7 E5 4.8 E5 4.6 E5 3.7 E5
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Topic2 Uncertainty of VNA measurement in HT

VT HT

HT

VNA measurements

Setting A Setting B

Bandwidth (IF) 100 Hz 10 Hz

Span 200 kHz 1 kHz

# of points 4001 1001

Loaded Q 2.0 E5 -

Higher resolution 
of the VNA setting 
could not measure 
the loaded Q?
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Topic2 Uncertainty of RF power levels in HT

VT HT

SSPA

circulator

Directional 
Coupler

Directional 
Coupler

CM & 
Cavity

Dummy load

Directional 
Coupler

measured 1
Pf, Pref

measured 2
Pf, Pref

circulator3
Pf, Pref

Coupler coupling

Qext,in 5.0 E5 Qext,t 9.5 E10

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 : 1.77E+06 by decay time (linear part)Loaded Q : 5.0E5 confirmed by measured RF powers 
and the calculation.
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Summary

 Contamination of RF power coupler
 DI-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.

 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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Thank you
Merci


