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Abstract

The problems of construction choice and tuning of the cou-
pler for DESY Linear Collider accelerating section which
is fed through the narrow walls of the rectangular waveg-
uides are considered. A technique for the couplers tuning
onto the operaticnal frequency is developed.Measurements
was carried out on couplers model and prototype.

1 INTRODUCTION

It’s known that for the electromagnetic field symmetriza-
tion in the vicinity of the beamline inside couplers of linear
accelerating sections two coupler constructions are used.
In the first one a cut-off or short-circuited waveguide sec-
tion 1s used which is placed opposite the feeding rectan-
gular waveguide (RW) [1]. In the second construction two
power feeds are used. They are situated opposite each
other with respect to the coupler cavity, the power from
the r.f. source being divided in a waveguide bridge [2]. For
the DESY linear collider project the coupler version shown
m fig.1 1s being considered.It is characterized by small di-
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Figure 1: Schematic geometry of DESY linear collider cou-
pler

mensions. Here the power is fed into the coupler through
the side walls of two rectangular waveguides connected to

an r.f. power source by means of T-junction, the opposite
ends of the waveguides beings short-circuited.

2 TUNING METHOD

Consider the principles which are basic for the tuning
of the coupler with additional waveguides having short-
circuited plungers.According to [3], the reflection coeffi-
cient at the input of the T-junction when the coupler
1s connected with an infinite uniform lossless disc-loaded

waveguide (DLW) is defined as
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Where : f, and Q. is the resonance frequency and Q-
factor of the coupler, % and y are the coefficient char-

acterizing the coupling between the coupler and adjacent
DLW cell,and between the coupler and each of the rectan-
gular waveguides, f. and %‘L are the resonance frequency
of the DLW cell and coefficient characterizing the coupling
between adjacent cells, f and ¢ are correlated by the dis-

persion characteristic of the infinite lossless DLW,
f = /T Focosp, xprw = Q. (k) Lesing,
Y=~ 41‘“, Aw is the wavelength in the RW.

In the p;ocess of coupler tuning as was shown in [3]
its inner dimensions 2b., 2a.,1. should be chosen in such a
way that the coupler own frequency f. and loaded Q-factor
Q. were equal to the values calculated in term of known
values of phase shift per DLW cell g at the operational
frequency fo and coupling coefficients kg and k.:
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In the first approximation we can assume for the cho-
sen coupler geometry that k. = ky at the input and out-
put ends. For the experimental determination of the cou-
pler own frequency at fixed inner dimensions we have to
In the
first one (I'y) the coupler is detuned and in the second
one (I'}) the DLW first cell is detuned. Such measure-
ment were made for several positions of the short-circuiting
plungers. At every position of plungers we find the fre-
quency fo at which argly(fo) — arglo(fe1) = 7. Then
Wargly(for — Af) +argli{(fa + Af) = 2argTi(fo1) we
have ¢» = 7, so f.; is the coupler resonant frequency f.. In
case this condition for I'y arguments is not met we have to
change the positions of the short-circuiting plungers and
repeat the measurements. It should be noticed that if
argly(for = Af) + argl1(for + Af) > 2argTy(fur) the
plungers had to be displaced toward the coupler and vise
versa.

measure the reflection coeflicients for two cases.

In case when the coupler own frequency measured value
is not equal to the calculated one according to Eq.(2) the
coupler inner diameter 2b, should be changed and the
whole cycle of measurements repeated. In case when the
coupler loaded @-factor is not equal to the calculated one
according to Eq.(3) the coupling slot width 2a, should be
changed [3].

3 COUPLER DESIGN

The development and experimental study of the coupler
for DESY accelerating section were carried out separately
for the input and output ends of the section. For this pur-
pose DLW sections consisting of 11 cells with dimensions
a//\ = (.1551 and a/)« = 0,10885 (a 1s the disk aperture
diameter), the structure period 33.33 mm and cell shape
as in [4]. Keeping in mind that the sections would be op-
erated in vacuum condition and at temperature 40°C for
the purpose of fine tuning of DLW cells to the frequency
2998 MHz the changing of cells outer diameter was provi-
sioned by means of walls deformations in four points. For
this purpose 4 holes with diameter 12 mm were drilled in
each cell so that the wall thickness was 1 mm. The tuning
was realized with the temperature, pressure and humidity
at the moment of measurements. Accounted for thus, if
these environmental parameters were t = 18°C, p = 760
mm Hg and humidity 50% then for obtaining the opera-
tional frequency 2998 MHz the cells should be tuned to
the frequency 2998.13 MHz [3].

The connecting feeding guides (72 x 28.33 x 4 mm?®) were
fabricated out of standard rectangular waveguides with di-
mensions 72 x 34 x 4 mm® | but the r.f power divider was
made from one piece copper blank. For matching of the
power divider an inductive diaphragm were used. By us-
ing a symmetrical inductive iris (width 47 mm, thickness
2 mm) for the T-junction matching we obtained the ex-
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perimental value of VSWR equal to 1.03. The iris was
placed at the distance 111.5 mm from the T-junction fork.
The calculations with MAF1A code gave the corresponding
value - 36 dB.

The fact that all measurements were conducted on sec-
tions consisting of cells similar to the first one (for the
input coupler) and the last one (for the input coupler) is
of no importance. Really the reflection coeflicient com-
putations with IMPEDANCE program [3] show that sub-
stitution of ten identical cells by ten cells with variable
dimensions [4] leads to only slight variation of VSWR at
operational frequency from 1.000 to 1.005 for the input
coupler.

All preliminary investigations connected with the cou-
pler optimal dimensions determination as well as measure-
ment of its electrodynarmic characteristics were carried out
on models The fabrication tolerances on the coupler in-
ner dimensions and on the short-circuiting plungers po-
sitions and those of T-junction matching elements were
determined with these models schemes.

For the coupler prototype we made provisions for the
construction elements soldering,as well as for replacement
of choke plungers for short-circuited planes with adjust-
ment screws and also grooves for the coupler effective inner
diameter regulation.

4 COUPLER TUNING

The coupler dimensions such as the inner diameter 2é.,
coupling slot width 2a. and coupling slot thickness ¢, were
first calculated on the basis of approximate resonator-
analogue technique [6]. The tuning to the operational
frequency was carried out by means of the technique de-
scribed above as well as by using absorbing loads [§].

The movable absorbing load technique enables to de-
termine the position of iconocenter (scattering matrix el-
ement S11) by means of proper choice of the shape and
surface resistance of the absorbing load. The best mea-
surement results obtained for the input and output ends
of the DLW with absorbing loads having the length about
3 =4 cells length. The treatment of these results according
to different techniques [6] resulted in the values of |T'| and
¢ with errors £5%, +£2°.

It’s possible to study the influence of 2b. and 2a, dimen-
sions variations on positions of the iconocenter in Smith’s
chart by using absorbing loads . The corresponding mea-
surement results for the input and output couplers are
shown in fig.2.

Since there would be no possibility of fine tuning by
means of changing 2a. in the working version of the cou-
pler we have been considering a technique of fine tuning by
changing the 2b, and positions of short-circuited plungers.
The following arguments have been considered,to get the
basis of such a technique. From Eq.(1) it follows that with
changing of the short-circuiting plungers positions (that is
the 1 value) the reflection coefficient T' is changed in such
a way (x, Qo, fo ,xprw(fo), are all fixed) that in Smith
chart the end of the complex vector I' would move along



Figure 2: Impedance variations at input (1) and output
(ID) couplers with changing dimensions 2b, and 2a,. 1.
2b, = 75.50 mm; 2. 2b, = 75.98 mm; 3. 2b, = 76.03 mm;
4. 2a. = 36 1mm; 5. 2a. = 36.19mm; 6. 2b, = 77.15mm;
7. 26, = T7.25mm; 8. 2b, = T7.30mm; 9. 2a. = 25.45mm;
10. 2a, = 25.55 mm;

the circle passing through the point I' = +1. When the
frequency f. changes the vector I' end is also moving along
the circle but the latter passes through the point I' = /¥ .
So the change of frequency and plungers positions leads to
the replacement of the vector I end along crossing circles.
Such cireles are shown in Fig.3 for the case when the cou-

f.= const
¥ =var

Figure 3: Schematic of overloaded coupler tuning

pling coefficient exceeds the required one (slightly overcou-
pled case) and the frequency f, is less than operational one.
The initial plunger position was corresponded to 1o = .
When )y # 7 we have the case marked by dashed lines in
the same figure. Thus we can make a conclusion that if
the circle I'(f.) surrounds the Smith chart center then in
some cases it’s possible to improve the matching by means
of plungers removing (the initial points 1 and 1’ as well
as point 2). For obtaining the matching the frequency f.
should be changed so that the initial point ( 1 or 1) would
be placed on the circle I'() passing through Smith chart
center.

It’s very important to evaluate the fabrication toler-
ances (for dimensions 2b, and 2a. ) and that on posi-
tions of short-circuiting planes in the rectangular waveg-
uides. The effect of 2b, and 2a. dimensions variations is
shown in Fig.2. The tolerance on 2¢. dimension was fixed
as £0.05 mm. The coupler inner diameter 26, tolerance
should be +0.02 mm. The plungers positions should be
set with tolerance £0.1 mm. Because the change of the
coupler inner dimensions is not possible by the construe-
tion adjustment elements we have made provisions for 2b,
dimension variation by means of coupler wall deformations
in four points. Such deformation results in the frequency
change up to 4 MHz. Also the sealed off construction was
considered in which the position of short-circuits in con-
necting rectangular guides can be changed by means of
cylindrical tuning plunger with diameter 21 mm and max-
imal replacement 5 mm.

As a result of the input and output couplers tuning
at the operational frequency the VSWR value practically
reached equal to unity. The input coupler dimensions ap-
peared to be 2b, = 75.99340.01 mm, 2a, = 36.5+0.05 mm.
The position of the short-circuing planes turned out to be
at the distance Az, =~ 24 mm from the middle of slots
The corresponding results for the output coupler were:
26 = 77.25 % 0.01 mm, 2a, = 2545+ 0.05 mm and
Az, =26 mm .

5 CONCLUSION

The tuning technique developed for DESY linear collider
couplers in which coupler own parameters are used simpli-
fies the procedure of coupler inner dimensions experimen-
tal determination. This technique can also be applied for
the tuning of other types of couplers.
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