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Coupler Design and passed down Experience

Sectional Drawing of the PETRA Coupler 
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Coupler Design and passed down Experience

History and Facts

• Originally designed for DORIS-1 in 1972

• Nominal power 60kW, max. tested up to 140kW (once?)

• Modified for PETRA-1 1976 (mech. length reduced)

• At last 114 couplers were in Operation at HERA, 
PETRA-2, DORIS-3 and DESY-2; all operated at <90kW 

• Most couplers could be operated save up to 
100…120kW after a careful condition process.

• But some couplers failed already during the conditioning 
process at 50…70 kW.

• On the other hand very few couplers could be 
conditioned up to > 500 kW.

The vacuum window 
assembly remained 
unchanged since 1972
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Traditional Pre-Treatment and 
Conditioning

Time
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Pre-treatment:

�Etching of the ceramic (if 
required)

�Flushing first with 
demineralised water 
followed by alcohol or 
isopropanol.

�Drying

�Installing to a cavity and 
baking cavity together with 
coupler at about 200°C for 
one day.

�Conditioning

Diagram of RF Power Conditioning

This step
was often
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Traditional Preparation and Conditioning Method 

Coupler Test Station
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Traditional Preparation and Conditioning Method 

“Success” of Coupler Conditioning

The arcs caused copper 
erosion mainly on the 
centre conductor next to 
the vacuum window. 

Previous Experience:

Just few couplers could be 
conditioned up to 150 kW or 
higher. 

Most of them arced already 
at lower power levels. 

Copper deposition on the 
ceramic surface led to rf
losses and overheating of 
the vacuum window. 
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A First Successful Measure

The couplers failed during conditioning or 
operating show scars due to copper erosion 
mainly at a brazing joint of the centre conductor.

It was assumed that multipactoring is the cause 
(the used brazing solder has a high silver 
content).

The first idea was to cover the brazing joint region 
with a low SEY material.

Experiments with Aquadag® seemed to be 
promising. Two coated couplers reached 
250kW without problems. Aquadag® M is a 

colloidal dispersion of 
extremely fine, pure 
graphite in a water carrier 
that dries to form an 
adherent film on virtually 
all surfaces At the same time a couple 

of other measures showed 
success
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Successful Improvements

1. Installation of an arc detector in order to switch of the rf power 
already when the arc occurs and not until the vacuum pressure 
exceeds the switch-off level.

2. Exhausting the coupler two days at 200°C before i nstallation and
starting of the conditioning process.

3. Reducing of the rf power ramping speed from 60 kW/min to about 
15 kW/min

4. Extension of the intermediate plateau from 2 min to 30 min.

5. FM of the Klystron rf (fmod=400Hz, ∆f=±100kHz)

A coupler, failed twice during previous conditioning 
processes, could be conditioned to 200 kW by this 
measures!
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Successful Improvements 

Exhausting Set Up

Coupler to 
be 

exhausted

Waveguide 
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Successful Improvements

Effect of Reduced RF Power Ramp Speed

RF-Power [kW], Klystron-HV [kV], Klystron Drive Power [W], Cavity-Vacuum [mbar]

Heavy outgasing due to the high ramp speed 
(up to 60 kW/min)

Same coupler after the ramp speed was 
reduced to 15 kW/min
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Successful Improvements

Intermediate Constant Power Plateau Extended

RF-Power [kW], Klystron-HV [kV], Klystron Drive Power [W], Cavity-Vacuum [mbar]

After 40h conditioning the progress stagnates 
due to strong sporadic outgasing

By extending the time of the Intermediate 
Plateau from about 2 to 30 Minutes the strong 
sporadic outgasing has been overcome

Extended
Intermediate 

Plateau

2 orders of 
magnitude

1 order of 
magnitude
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Breakthrough

One day in July ´06 I saw the 
exhausting vacuum chamber 
lying on the dirty floor.

Upcoming question:

Could it be that decades of 
unqualified dealing with UHV 
components has 
contaminated the vacuum 
surfaces of our couplers 
deeper than etching can 
remove?

For the answer the next 
couplers were sandblasted.

vacuum 
chamber for 
exhausting 
our couplers
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Breakthrough

Sandblasting Experiments
• The vacuum surfaces of 4 couplers were sandblasted. 
• Result: all reach >250 kW without any problem.
• New question: 

– Were problems really caused by deep contaminations?
– Or was multipactoring the problem? 

• Experiment: 
– Of one coupler only the centre conductor was sandblasted. 
– Of another coupler just the outer conductor was sandblasted.

• Expectation: 
– Centre conductor sandblasted should help if m.p is the cause of arcing. 

Because the brazed joint of the centre conductor was suspected to be a source 
of m.p..

– Outer conductor sandblasted should help if contamination is the cause of 
arcing, because the surface of the outer conductor is > 2.3 times the surface of 
the inner conductor. 

• Result:
– The coupler with centre conductor sandblasted reach  >250 kW without any 

problem.
– The coupler with outer conductor sandblasted failed .
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Our Today's State-Of-The-Art

Max: 35h 
Ø:     24h 

Min:  5h 2)

Max: 118h 
Ø:     46h 

Min:  16h

Duration of the conditioning 
processes

Max: 34

Ø:     3 1)

Min:  0

Max: 212 

Ø:     60 

Min:  3

Number of vacuum breakdowns 
during conditioning caused by 
coupler arcing

14/14 = 100%8/27 ≈ 30%Percentage of couplers which could 
be conditioned up to 250 kW

Success by using the 
new invented pre-
treatment and 
conditioning method

Success by using the 
traditional pre-
treatment and 
conditioning method

1) One of 14 couplers arced 34, one 12, one 1 times,  11 couplers didn't arc at all!

2) The last 5 couplers are just ramped slowly from 0  to > 250kW without conditioning!

Traditional versus New Invented Pre-Treatment and Conditioning Method
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Summary

• After the implementation of a couple of new measures the power 
capability of the old PETRA-type cavity couplers has been upgraded 
from <100kW to >250kW. 

• Simultaneous the conditioning time has been reduced and the 
conditioning success has been improved.

1. Sandblasting of the vacuum surfaces in order to suppress multipactoring

2. ≈50h exhausting at 200…250°C @ p vac≈10-6mbar directly before installation to 
the cavity.

3. Optimized conditioning process 

� lower power ramp speed

� longer burn-in time at intermediate power levels, 

� FM of the rf.

4. Arc-Detector interlock for faster switch-off in case of coupler arcing

Successful Measures:
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ANNEX

• Sandblasted Center Conductor
• Coupler Test Station with Arc-Detector
• Arc-Detector vs Vacuum-Interock
• Data PETRA-3 TDR
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Annex

Sandblasted Center Conductor

Ra = 1.651 µm
Rz = 9.46 µm

Ra = 2.164 µm
Rz = 11.9 µm

Ra = 1.994 µm
Rz = 11.6 µm

Ra = 0.624 µm
Rz = 3.82 µm

Ra = 0.380 µm
Rz = 3.00 µm

Ra = 0.338 µm
Rz = 2.05 µm

Simulation Rauhigkeit vor dem Strahlen
Rz=3,8µm; Ra=0,66µm
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Simulation Rauhigkeit nach dem Strahlen 
Rz=10,3µm; Ra=1,9µm
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Ra:  Mittenrauwert,
average surface
roughness
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rouhgness depth
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Annex

Coupler Test Station with Arc-Detector
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Annex

Arc-Detector vs Vacuum-Interock

FM
Frequency Deviation: 100 kHz
Modulation Frequency: 400 Hz

163 ms

3*10-8 mbar

1*10-6 mbarVacuum Pressure

Arc-Detector Signal

Coupler Forward Power
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Annex

PETRA-3 Data from TDR

>55>50>60%Klystron Efficiency

720398800kWKlystron RF   -Output Power

499.67499.67499.67MHzRF    Frequency

<17<13<18AKlystron Current

736075kVKlystron Voltage

244-Number of Klystrons

122-No. of Transmitters

Data for 
1-Transmitter Operation 

@1440kW

Data for nominal Beam 
Operation 

@ 20MV, 100mA

Nominal DataUnitsTransmitter

52.563.2-kWPower to Beam per Cavity

113124200kWPower per Coupler

2.02.0--Coupling Factor

60.360.3>150kWCopper Loss per Cavity

17.721.3kHzCavity Detuning

35.240.4degreeCavity Detuning

22.3 22.3-degreeSynchronous Phase

83100-mABeam Current

2.62.6--Overvoltage Factor

1.671.67>2.5MVVoltage per Cavity

232323MWShunt-Impedance per Cavity

7-cell, copper7-cell, copper7-cell, copper-Cavity-Type

121212-No. of Cavities

Data for 
1-Transmitter Operation 

@1440kW

Data for nominal Beam 
Operation 

@ 20MV, 100mA

Nominal DataUnitsCavities


