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Coupler design for an L-band electron linac
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Abstract: The RF coupler is a key component for an accelerating structure which is the most important

component for a linac. In order to feed microwave power into the accelerating cavities effectively, the coupler

has to be well matched with the feeding waveguide. In this paper, an electron linac coupler was designed,

constructed and tested. A numerical simulation method based on the Kyhl’s method was employed to search

for the optimal dimensions of the coupler. The frequency and the coupling coefficient as a function of the

coupler dimensions were also calculated. The results fitted the Kyhl’s method simulation results well and

gave tolerances of the coupler. The coupler was brazed to the accelerating cavities and it was cold-tested and

hot-tested. The experimental results were consistent with the numerical simulation results.
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1 Introduction

An L-band linac is constructed for industrial irra-

diation. The RF coupler is a key component for the

accelerating structure which is the most important

component for the linac. It has to be well designed in

order to deliver power from the RF source to the disk-

loaded accelerating structure efficiently. For a well

tuned and matched coupler, it can couple the maxi-

mum amount of power into the accelerating structure.

It must be tuned to the synchronous frequency of the

accelerating cavities and the RF source for the proper

phase advance in the accelerating cavities [1].

Before three-dimensional electromagnetic field

simulation was available, the coupling cavity for a

disk-loaded linac was designed by machine and mea-

surement which needed a sequence of experiments.

The whole procedure needed several iterations on pro-

totypes before optimal dimensions could be obtained,

so it was very time consuming. After the development

of the numerical electromagnetic field simulator, com-

puters were used to design the couplers for the accel-

erating structure [1–3]. In this paper, we employed

a three-dimensional electromagnetic field code which

was based on the Finite Element Method (FEM) to

design an L-band linac coupler. The simulation pro-

cedures were based on the Kyhl’s method [4]. Since

the relationship between the microwave parameters

and the coupler dimensions has rarely been shown in

previous numerical simulation papers based on the

Kyhl’s method, we also investigated the dependence

of the microwave parameters of the coupling cavity

on the coupling cavity dimensions. The results fitted

the Kyhl’s method simulation results well and gave

the coupler tolerances.

The L-band linac coupler was fabricated accord-

ing to the numerical simulation results. It was brazed

to the accelerating cavities and the whole accelerat-

ing structure was cold-tested and hot-tested. The ex-

perimental results were consistent with the numerical

simulation results. The present work demonstrates

numerical simulation can be helpful for the coupler

design.

2 The L-band linac

The L-band linac was a constant impedance

traveling-wave (TW) structure operating in the 2π/3
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mode. Its operating frequency was 1.3 GHz. The

linac had been conditioned so far. The test results

showed that the maximum electron energy was larger

than 10 MeV§which meant that the design specifi-

cation had been satisfied. The average-power of the

linac was 50 kW which was larger than the design

specification which was 30 kW. A tapered rectangular

waveguide was connected to the coupling cavity. The

first accelerating cavity was next to the coupling cav-

ity, as shown in Fig. 1. The dimensions of the coupler

were the coupler diameter 2b, the iris aperture 2w and

its thickness t. In this paper, the three-dimensional

electromagnetic field code was employed to calculate

these dimensions when the coupler was matched and

tuned.

Fig. 1. Schematics of the L-band linac coupler.

3 The Kyhl’s method

The Kyhl’s method is an impedance matching

method when a rectangular waveguide is connected

to the traveling wave periodic structure[4]. So the

method can be used to design the L-band electron

linac coupler. In this section, we will describe the

measurement procedures and explain the theoretical

basics for the method.

First, based on the Kyhl’s method, three frequen-

cies are needed to design a coupler for the 2π/3

mode: the computed frequency of the 2π/3 mode

f2π/3, the computed frequency of the π/2 mode fπ/2

when keeping the coupler dimensions the same and

the arithmetic mean of the previous two frequencies

fmean§respectively. Second, detune the coupler cav-

ity with a copper plunger. The phase of the reflection

R1 in this case is almost independent of the frequency

and it should be recorded. Then detune the first ac-

celerating cavity with the copper plunger. The phases

of the reflection R2 must be recorded for the f2π/3,

fπ/2 and fmean. If the diameter of the coupler cav-

ity is correct, then the phase of the reflection R2 at

fmean will be different from the phase of the reflection

R1 when the copper plunger is in the coupling cav-

ity by 180◦. If this is not true, then the diameter of

the coupling iris must change to bring the phase of

the reflection to the right value. Next, if the coupling

iris aperture is correct, then the reflection points fall

on the Smith chart as shown in Fig. 2. If the angle

between R2(π/2) and R2(2π/3) is larger than 120◦,

the coupler is undercoupled. The iris aperture must

increase to achieve critical coupling. If the angle be-

tween R2(π/2) and R2(2π/3) is smaller than 120◦,

then the coupler is overcoupled. The iris aperture

must decrease to achieve critical coupling.

Fig. 2. Smith chart for reflections from the cop-

per plunger.

Now we explain why the previous procedures can

be used to match and tune a TW structure coupler

[5]. According to the impedance matching, the input

coupling network provides critical coupling into 2π/3

mode accelerating structure. Then the admittance of

the coupling network is equal to the admittance of

the 2π/3 mode accelerating structure
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Detuning the first accelerating cavity is equiva-

lent to disconnecting the network from the coupling
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Since Xser is linear with frequency, and we have

Xser(π/2) = 2Xc,

Xser(2π/3) = 3Xc, (4)

Xser(mean) = 5Xc/2.

Thus we get

R2(π/2) = exp(j2π/3),

R2(2π/3) = 1, (5)

R2(mean) = exp(jπ/3).

So when the first accelerating cavity is detuned,

the phase of the reflection coefficient R2 of the struc-

ture should follow the Smith chart shown in Fig. 2.

Fig. 3. Equivalent circuit for the accelerator

structure (a) with coupler cavity detuned by

the plunger, and (b) with the first accelerating

cavity detuned by the plunger.

4 Simulation

Since the π/2 mode frequency fπ/2 of the structure

was requested, the two-dimensional electromagnetic

field code SUPERFISH [6] was employed to calcu-

late the frequencies. The calculated frequencies fπ/2,

fmean and f2π/3 were then implemented in the three-

dimensional electromagnetic field code which mod-

eled the detuned coupler, shown in Fig. 4. Proper

maximum number of passes and maximum delta fre-

quency per pass were set. The tuning and matching

procedures were based on the Kyhl’s method. The

coupler diameter and the iris aperture were changed

to make the phase of the reflection coefficient fall on

the right value on the Smith chart. Finally, optimal

dimensions were found for the coupler.

Fig. 4. Coupling structure modeled by the

three-dimensional electromagnetic field code

(a) coupler cavity detuned and (b) the first

accelerating cavity detuned.

Further simulation was done, including the cou-

pler cell’s frequency deviation as the cell’s dimensions

varied from the optimized values when the first ac-

celerating cavity was detuned. The dependence of

the cell’s frequency on the dimensional deviation was

shown in Fig. 5. In both plots we can see that the

frequencies were quasi-linear with the coupler dimen-

sions. The frequencies decreased as the coupler di-

mensions increased which was expected by the the-

oretical analysis. When the first accelerating cav-

ity was detuned, the frequency of the coupler struc-

ture with optimal dimensions was close to the ex-

pected value. The discrepancy was most likely at-

tributed to the systematic error between the two-

dimensional simulator SUPERFISH and the three-

dimensional electromagnetic field code. We also pre-

sented the relationship between the coupling coeffi-

cient and the iris aperture, as shown in Fig. 6. The

coupling coefficient β was calculated by [7]

β =
1

k
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where θ0 was the operating mode of the accelera-

tor, ∆φ1 and ∆φ2 were the phase differences of the

reflection coefficient measured for the two frequen-

cies, ω1 and ω2, respectively. Coupling between the

rectangular waveguide and the accelerating structure

was quite good when the optimal value was achieved.

Thus the frequency and the coupling coefficient cal-

culation results fitted the Kyhl’s method simulation
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results well. Furthermore, Fig. 5 and Fig. 6 could give

tolerances of the coupler cell. It could be seen from

Fig. 5 that 0.05 mm deviation in b or 0.5 mm devi-

ation in w produced almost 2 MHz frequency shift.

This meant that the frequency was much more sensi-

tive to the coupler diameter than to the iris aperture.

Fig. 6 shows the coupling coefficient changed by about

±0.03 when w had 0.2 mm deviation. The tolerances

were required after fabrication.

Fig. 5. The dependence of resonant frequency

on coupler dimensions (a) b, (b) w when the

first accelerating cavity is detuned with the

plunger.

5 Comparison with experiment

The L-band linac coupler was brazed to the ac-

celerating cavities and the whole accelerating struc-

ture was cold-tested and hot-tested. The experimen-

tal results were very close to the numerical simula-

tion results. The error of w was ∆w = wsim−wexp =

−0.07 mm, namely the error of the iris aperture was

−0.14 mm. This was encouraging because it meant

that the proposed design was achieved.

Fig. 6. The dependence of coupling coefficient

on iris aperture.

6 Conclusion

A coupler was designed, constructed and tested

for an L-band linac. The linac was used for industrial

irradiation and completed a cold-test and hot-test.

Numerical simulation based on the Kyhl’s method

was employed to find the optimal parameters of the

coupler. Further numerical simulation including the

frequency and the coupling coefficient calculation

were also investigated. The results fitted the Kyhl’s

simulation results well and gave the coupler toler-

ances. The coupler was fabricated according to the

numerical simulation results. Good agreement was

found between numerical simulation results and ex-

perimental results. This work demonstrates that the

numerical simulation is very useful in coupler design,

tuning and matching.
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