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GOAL: 

To gather enough facts to be able to start 

designing a 324MHz FETS RFQ coupler. 

The design will be a first best guess that will 

enable us to do some modelling (COMSOL) 

so that we start to understand the problems.
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Using an existing tuning port (DN40CF) as a coupling port gives the following dimensions – roughly.

5mm

5mm

DN40CF port

Assuming coupler is design for a characteristic impedance (Zc) of 50 ohms.

Characteristic Impedance (Zc) = 60 ln (b/a) where b is the outer radius = 15mm

therefore, b/a = 2.3

a = 6.5mm = 0.0065m

In other words, a DN40CF port suggests an inner core diameter of approx 13mm.

QN: What size is the coupler at the loop end?
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Toshiba Klystron E3740A

Specification

Frequency (MHz) 324

Output Power (MW) 3.0

Efficiency (%) 55

Gain (dB) 50

R.F. Pulse Length (μs) 620

Beam Pulse Length (μs) 700

Pulse Rate (pps) 50

Beam Voltage (kV) 110

Anode Voltage (kV) 94

Beam Current (A) 50

Beam Perveance (I/V1.5) 1.37 x 10-6

No. Of Cavities 5

Window Coaxial

Output Flange WR-2300

Weight (kg) 730

Tube Length (m) 4.55

Klystron can deliver 3 MW, we need approx 1 MW

Beam power = energy rise x current

= 3 x 106 (eV) x 65 x 10-3 (A)

= 195 kW

Leaving approx 800kW going into bulk copper

How much power?
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The 324MHz Klystron can deliver 1MW peak power and hence 100kW average power at 10% duty cycle.

As a starting point let’s assume we have 4 couplers delivering an average power of 25kW each.

For a power P (in Watts) flowing along the coax line the peak voltage between the inner and outer 

conductor is given by:

Vpeak = √2.PP.Zc where: PP = 250kW

Zc = 50 ohms

therefore Vpeak = 5000V

But! If the power should get reflected we could get double that so let’s assume:

Vpeak = 10kV       .............for reference, vane voltage = 85kV

Surface a

Surface b
Vpeak

QN: What is the peak voltage?

NOTE: (for each coupler)

Average power PA = 25kW

Peak power PP= 250kW
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Electric field E (V/m) = Vpeak / r.ln.(b/a) where r = a = 0.0065m

or r = b = 0.015m

Electric field at a = Ea = 10000 / 0.0065 ln (2.3) Ea = 1.85 MV/m

Electric field at b = Eb = 10000 / 0.015 ln (2.3) Eb = 0.8 MV/m

Surface a

Surface b

QN: What are the electric fields at surfaces a and b?

Kilpatrick limit at 324MHz in a vacuum = 17.8 MV/m

Our highest electric field (at surface a) is 1/10th the limit.

Conclusion: A DN40CF port could be used for a 250kW coupler.
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“For an air line the limit is given by the 

breakdown strength of air. 

Looking at commercial lines of ~1”-9” diameter 

they seem to be rated for a limit of 1.1-1.3 

MV/m which is I guess consistent with the DC 

breakdown limit in dry air of ~3 MV/m. 

A commercial 1-5/8” diameter air coax I found 

for example has a max (peak) power rating of 

270 kW. However the average power is limited 

to 11 kW at 300 MHz so losses would seem to 

be more of a limit than sparking for our high 

duty factor. 

If we wanted to have 1 MW divided 4 ways at 

10% duty factor then we need 25 kW average 

per coax and it looks like that would need 3-

1/8” coax even though it is well over-rated in 

terms of voltage.” – Alan Letchford

QN: What size cable do we need?

ANSWER: 3-1/8” if we use 4 x 250kW couplers.
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CONCLUSION:

Knowing the impedance leads us to the 

geometry - and knowing the power and 

frequency we can calculate the peak voltage, 

and then the electric fields – to see whether 

breakdown is a problem.

I have enough info to create a CAD model 

using the geometry shown here for the loop 

end and assuming a 3-1/8” coax at the air 

end.

Between the vacuum and air side I will use an 

ISIS based window design.
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MORE:

“Just one caveat though about using the 40mm port: If we 

have an RF vacuum window at the port then it is likely to be 

the window that is the limiting factor not the peak surface 

field in the coax line. Because the window material will 

have a higher dielectric constant than air or vacuum the 

field will be concentrated around the area of the window. 

Also the coax inner diameter has to be adjusted at the 

position of the window because the formula you’ve used is 

for a dielectric constant of 1 ie air/vacuum*. There’s no 

simple way of determining the field enhancement at the 

window so we’ll only get this from some further modelling 

which will tell us if there’s likely to be a problem of 

breakdown at the window”. – Alan L.
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From ISIS coupler to FETS coupler

1. Reuses ISIS coupler back end – need to design this to suit coax connector.

2. Reuses ISIS design ceramic window.

3. Extended and reduced diameter nose to suit DN40CF tuner port flange.

4. Diameters of inner and outer coax conductors follow ratio of 2.3 maintaining 

impedance of 50 ohms.

5. Coupling loop is water cooled.

6. Outer copper conductor is a vacuum brazed assembly.
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More images....
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More images....
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More images....
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More images....



Slide 16 of 21

More images....

Using an ISO-K flange 

to allow rotation of the 

end loop.
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CONCLUSION:

1. Please let me know if you spot anything 

obviously wrong with this design.

2. Once we are all happy I can create a de-

featured model to be used for FEA 

simulation.
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