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The calculation and experimental results for a magic tee with movable choke plungersin E- and H-arms for tun-

ing the coupling-factor and RF phase of high-power accelerating cavities are presented. The investigations were car-
ried out a 1.3 GHz. The so-called E-H tuner shall provide the possibility of independent external Q-factor and RF

phase adjustment for the TESLA cavity structures.
PACS: 29.20.-c

1. INTRODUCTION

The high-power RF distribution system of the elec-
tron-positron collider TESLA [1] is designed to ensure
independent external Q-adjustment of each supercon-
ducting cavity by a factor of 10 and also adjustment of
independent cavity RF phases. A further demand is the
individual adjustment possibility of the cavity power
feed. For this item adjustable waveguide couplers are
provided.

For Q and phase adjustment it is planned to use E-H-
tuners. An E-H-tuner is a Magic-T with a variable short-
ing plunger in each of the E- and H-arms. Such a tuner
allows an arbitrary load impedance transformation with-
in the whole Smith-chart area. In practice it is possible
to transform a reflection factor > 0.9 to a reflection
factor of 0 and to shift the RF phase over the +180°
range. The transmission S, can be adjusted between
0.98 and 0.03.

For matching the RF power distribution system to
cavities with different quench thresholds, the investiga-
tion of adjustable hybrid couplers is underway. For the
TESLA machine it is planned to feed 18 cavities with
one 5-MW Klystron-output. Therefore waveguide
couplers having different coupling factors between 1/18
(12.6dB) and 1/2 (3.0 dB) with an adjustment range of +
20% (1 dB) are necessary. The directivity should not
be less than 25 dB. In afirst step an adjustable 3 dB and
12.5dB hybrid couplers are investigated because of
their maximum and minimum adjusting range.

2. E-H TUNER

Fig.1 shows a magic tee, matched to reflection factor
of <-28 dB, using inductive irises in the E- and H-arms
(3 and 4 respectively) [2].

The EH-tuner parameters dependence on manufac-
turing inaccuracy simulation was done. The maximum
tolerance is 0.5...1 mm. The fully operational EH-tuner
prototype was manufactured and tested. The calibration
was done and the main rf parameters were measured.
EH-tuner was matched by irises for reflection factors
S11 from al ports less than —30 dB. Being matched EH-
tuner was calibrated in low power rf network including
waveguide to coaxial adapters and Agilent Network An-
alyzer 8752. The calibration procedure included scatter-
ing matrix parameters S11 and S21 amplitude and phase

measurement in the whole plungers moving range being
equal half of wavelength.

Fig.1: Magic tee, matched using inductiveirises

The calibration was done automatically under con-
trol of specialy developed with LabVIEW computer
code. The calibration results are presented on fig.2.
They form the set of circles while one circle corre-
sponds to one plunger moving at the other hold its posi-
tion. The curves cover the whole diagram area. This in-
dicates that the EH-tuner developed is capable to pro-
vide practically any coupling between feeding waveg-
uide and accelerating cavity, provide the necessary ex-
ternal quality factor or match any load. There are two
different plungers positions yielding arbitrary load
match as demonstrated on fig.3.
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Fig.2 Calibration results - S12

The necessary power capability for the E-H tuner is
280 kW x 1.3 ms pulse power with a totally reflecting
load. This corresponds to 1100 kW to a matched |oad.
Therefore it isimportant to provide optimum conditions
for the short circuit current at the sliding shorts and min-
imum field strength at sparking endangered locations.

The maximum field strength inside al the gaps does
not exceed 65% of the incident wave. The transmission
ratio RF leak / RF input is—65 dB in this design.

The choke plungers are motorized by stepping mo-
tors. In a calibration mode the computer moves both
plungers successively over the full diding range defined
by limit sensors and measures the S-matrix via a net-
work-analyzer. Plunger positions and associated S-pa-
rameters are stored in a computer table. In the normal
operating mode the user can define desired S-parame-
ters, coupling factors or phases, which are then adjusted
automatically by the computer-controlled plungers.

The fully operational EH tuner prototype including
the waveguide tee, two movable plungers with actua-
tors, electronic control unit and the necessary software
and technical documentation were passed to DESY for
high power tests.
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Fig.3. EH-tuner with load S11 reflection coefficient
= 0,82

versus plunger position. ‘S“”

3.ADJUSTABLE HYBRID COUPLERS

In order to demonstrate the coupler proposed suits
for the whole rf power feeding system the computer
simulation was done for two couplers with directivity of
12.6 dB and 3 dB. The smulation was done with HFSS
ver. 5.5 code.

Adjustable directional couplers for independent ad-
justment of RF input power for the TESLA cavity struc-
tures are investigated. The cal culations show that the de-
scribed principle allows the design of a hybrid coupler
with an adjustable coupling factor over arange of 2 dB
with the directivity more than 29 dB - Table. The pa-
rameters are defined as following:
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Fig.4: Adjustable direction coupler with inductive
plungers
(1 —waveguide bridge, 2 — waveguide with mov-
able plunger, 3 — plunger positioning system with
end switches, 4 — step motor, 5 —waveguide bend,
6 — standard flange)

Parameter 3dB 12,5dB
coupler coupler

Coupling factor C adjusting | 5, 4| 115 135
range, dB
Plungers moving range, mm 32 18
Directivity D in full tuning
range, dB, lessthan 36 29
Input reflection coefficient
in adjusting range, dB, less -39 -29
than

The waveguide with the plunger width is large than
the standard waveguide. Because of this fact the Hyo and
H2o could propagate and the specia plunger design was
necessary to ensure its electric strength. The small mov-
ing range of 30 mm allowed the membrane-type plunger
usage. It is more compact and easier to manufacture as
compared to the choke type. The membrane-type
plunger designed for hybrid coupler designed is present-
ed in fig.5. Two plungers are simultaneously positioned
with step motors.
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Fig.5. Membrane based plunger for adjustable hy- Collider with Integrated X-ray Laser Facility,

brid-coupler. Waveguide type 276 x 82.55 mm DESY 1997-048, ECFA 1997-182, v.1.
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3JEMEHTBI CHCTEMBI CBY IIUTAHUS CBEPXITPOBOISIINX PE3OHATOPOB JIUHEMHOI'O
KOJIJIAMJIEPA

B.1O. bozoanoeuu, I1.A. beckposnwtii, B.U. Kamunckuii, M.B. Jlanasan, H.II. Cooenun, /1.A. 3asaduyes

[IpuBeneHs! pe3ynbTaThl pacyeTa M SKCHEPHMEHTANBHOTO HccnenoBanuss EH cormacoBatens u perynupyeMbIx
HalpaBJICHHBIX OTBETBHUTEINICH, paccuMTaHHble Ha padoty Ha wactore 1,3 I'Tn mpm wmMmynbcHOM MomiHOCTH
1...5 MBT. EH-cornacoBareins 03BOJISIET HE3aBUCHMO M3MEHSTH BHEIIHIOI JOOPOTHOCTH CBEPXIIPOBOASIINX YCKO-
PSIOIINX PE30HATOPOB JIMHEWHOTO cBepxnpoBosiero komtaaepa TESLA u ¢asy BoiHBL, MOABOANMON K pe3oHa-
TopaM. B KkauecTBe Takoro coryiacoBaresis MMIIEAAHCOB HCIIOJIB3YEeTCS COTJIACOBAaHHBIM JBONHON BOJIHOBOAHBIM
TpOHHUK, B Tuiedax E n H xoToporo npemrycMoTpeHbl OIBHKHbBIE KOPOTKO3aMbIKATEIIH.

EJIEMEHTU CUCTEMW HBY )XUBJIEHHSI HAAMPOBIZHMUX PE3OHATOPIB JIIHIMHOIO
KOJIJIAMJIEPA

B.1HO. BorgaHoewy N.A. BeskposHnij B 1. Kamunckuii, M.B. JIanasan, H.N. Cobenun, B.A. 3asadyes

MpvBeseHo pe3ynbTaTy PO3paxyHKy M ekcriepyuMeHTanbHOro AocnimkeHHs EH-y3romkyBava i perysisoBaHnx
CMPSIMOBaHMX oTBeTBUTENEH, PO3PAX0BaHi Ha PoboTy Ha YacToTi 1,3 [T Npy iMMYbCHINA NOTYXXHOCTI 1...5 MBT.
EH-y3ropKyBay [O03BONSE HE3ANIEXKHO 3MIHIOBAaTU 30BHILLHIO A0BPOTHICTL HaAMPOBIAHUX  MPUCKOPIOKUMX
pe3oHaTopiB NiHIMHOro HaANPOBIAHWX Konnanaepa TESLA i a3y xBuni, WO NiaBoASTb A0 pe3oHaTopiB. Y SKOCTi
TaKOoro y3rofpKyBaya iMneaaHciB BUKOPVCTOBYETLCS MOFOMKEHUI NOABIHNIA XBUMBOBWIA TPIMHKMK, y nnedvax E n H
AKOrO NepeabdadeHi pyxnmBi KOPOTKO3aMMKaui.
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