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The article describes the system of phase tuning based on waveguide phase shifter. Phase shifter is represented
by the dielectric plate with low dielectric permittivity placed inside a travelling wave resonator waveguide ring close
to the narrow wall. Phase shift is defined by the plate displacement relative to the waveguide wall. Plate displace-

ment is introduced by the stepping motor providing high precision of the positioning or manually. Graphs of elec-
trodynamic characteristics dependences from the plate position and its parameters are listed. Several variants of mo-

tion input into the vacuum volume are described.
PACS: 84.40.Az, 29.20.Ej

INTRODUCTION

Travelling wave accelerating systems for electron
beams acceleration are widespread because of high val-
ues of shunt impedances. Despite this fact travelling
wave systems have large disadvantage concerning low
amplitude of accelerating field amplitude that is several
times lower that in standing wave accelerators [1]. To
increase the intensity of accelerating fields in the travel-
ling wave accelerators without amplifying the input RF
power the travelling wave resonator (TWR) system was
proposed [2].

Principal scheme of the TWR is depicted on the
Fig. 1 (1 — accelerating section, 2 — directional coupler,
3 — TWR ring, 4 — vacuum ports). Power input is orga-
nized with the directional coupler inside the ring of the
travelling wave resonator formed of the accelerating
structure and the rectangular waveguide short-circuiting
the power input and output of the accelerating structure.
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Fig. 1. General scheme of the TWR

The power circulates multiple times in the TRW ring
and accumulates there. The TWR ring length for this
must be equal to even number of the wavelengths. Elec-
trical field amplitude increase in such a scheme of pow-
er input can reach 5 times or more compared to the con-
ventional power input scheme in case of low reflection
values of power from the accelerating system and low
values of power attenuation coefficient in the walls of
the ring. However the TWR structure assumes strict co-
phased composition of the wave on each turn of the
ring. This condition cannot be satisfied without the ex-
ploitation of the phase shifter. The high values of the
circulating power in the ring supposes the application of
the high-power waveguide phase shifters that must pro-
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vide precision phase tuning in wide phase band and low
power reflection coefficient.

1. WAVEGUIDE PHASE SHIFTER
CALCULATION

The waveguide phase shifter was calculated to pro-
vide required level of phase tuning in the TWR. It is
proposed to place the phase shifter inside the TWR ring
(Figs. 2-4). The ring length the phase shifter placed in
the waveguide transition before the power input or pow-
er output from the structure. Geometrical sizes of the
waveguide transition were chosen for the accelerator
working in n/2 mode, frequency 3000 MHz and relative
phase velocity =0.999. In case of choosing for the in-
vestigation case of accelerating structure working on
2n/3 mode of other value of phase velocity only the
width of the waveguide narrow wall will differ though
so the results of investigation will not differ much from
each other. Phase shift in the unit is provided by the
bringing in the waveguide volume dielectric object that
disturbs the electromagnetic field. In this particular case
disturbing object is chosen to be the plates fabricated
from quartz glass (£=3.8 at 20°C) or fluoroplastic
(£=2.1 at 20°C). Both materials have high strength and
stability to high microwave fields. Plate has length
equal to generators wavelength (100 mm at 3000 MHz)
and length is varied along the longitudinal position in
the waveguide transition and in each point is 2 mm dis-
tant from the waveguide wall. From two sides plate has
chamfer edges that equals quarter of the generators
wavelength that are made to minimize the reflections of
the power from the phase shifter.

Plate is brought in the waveguide and is fixed on
two bars placed on the half of the waveguide width.
Distance between these two bars equals quarter of gen-
erators wavelength that allows to annihilate the field
disturbance by the first bar with the second bar field
disturbance. Bars can be fabricated of the fluoroplastic
with the dialectical permittivity 2.1. Fixation of the bars
inside the body of the plate can be realized using the
vacuum glue or with the grooved slots inside the plate.

Phase shift in the unit at the certain position of the
plate can be estimated using the theorem of small per-
turbations that defines the variation of the electromag-
netic fields characteristics in case of perturbation body
insertion [1].

ISSN 1562-6016. BAHT. 2013. Ne6(88)



34
32

19
i

25 25

100

Fig. 3. Phase shifter left cut view
Re

R3

37,7 25

|
Fig. 4. Right view of the phase shifter

Using this theorem phase shift resulting from the in-
serted dielectric plate with the length | and width equal
to the width of the narrow wall of the waveguide can be
estimated by:

ol ==
Ay = (K, —k)l :ES‘)(E_DAIS EEods, (1)

where w is a microwave field phase; @ is an angular
frequency of the microwave field; P is a waveguide
power loss; & is a relative dielectric permittivity of the
free space; ¢ is a relative dielectric permittivity of the

plate; E; is a magnitude of the electrical field in the

hollow waveguide; E is a magnitude of the electrical
field in the system with perturbation object.

For approximate results the equation that links the
field phase shift with the thin dielectric plate position that
is placed parallel to the narrow wall can be written as:

K hd sin’ (Zxoj, 2)
a

Ay =(e-)| ——F=——=—
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where k, is a longitudinal wave number; A is a microwave
wavelength; 4,, is a critical wavelength of the waveguide;
h is a thickness of the dielectric plate; d is a length of the
plate; a and b are transverse sizes of the waveguide; X,
is a distance between the plate and the narrow wave-
guide wall.

However more certain data were required for the
TWR modeling that would include the variable cross-
section of the waveguide, presence of fluoroplastic plate
holding bars and variable plate thickness. CST Studio
Suite [3] modeling was held to investigate the 3D EM
modeling of the phase shifter model depicted on the
Figs. 2-4. The power reflection coefficients from the
phase shifter power input and EM field phase on the exit
of the phase shifter were calculated to estimate the ef-
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fect of the inserted dielectric plate and bars on the EM
fields in the waveguide. The variation of the plate input
depth and thickness of the plate were considered (letters
X and Xs on the Fig. 1. Thickness was varied from 2 to
5 mm with half millimeter step, position of the plate vs.
the waveguide wall — from 0 to 5 mm. Results of inves-
tigation are shown of the Figs. 5, 6.
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Fig. 5. Dependences of the phase shifter reflection coef-
ficient (@) and EM field phase on the phase shifter exit
(b) from the quartz glass plate position and thickness
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Fig. 6. Dependences of the phase shifter reflection coef-
ficient (a) and EM field phase on the phase shifter exit
(b) from the fluoroplastic plate position and thickness

Graphs 5 a,b shows that increase of the quartz glass
plate thickness greatly enlarge the phase shift angle of
the propagating wave. Difference between the phase
shift for the 5 and 2 mm plates equals 22 degrees at
maximum plate input depth (12 mm). Herewith the in-
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crease of the plate thickness also increases the reflection
coefficient of the phase shifter. However the difference
between reflection coefficients for 2 and 5 mm plates in
whole band of considered parameter values lies within
1.5dB.

Applying the fluoroplastic plate doesn’t change the
dependence’s characters. As fluoroplastic has lower
dielectric permittivity than glass, to reach the same val-
ues of phase shift larger plates thickness are required.
For instance, the 6 mm fluoroplastic plate with 6 mm
thickness 12 mm depth of the plate position provide 12
degrees phase shift. The same shift can be acquired with
the quarts glass plate with 2.5 mm thickness. And re-
flection coefficients of the phase shifter in both cases
are approximately the same within 0.5 dB limit.

It is important to notice that without any dielectric
objects in the waveguide the reflection coefficient from
the power input equals -31.8 dB. It means that dielectric
plate and bars have not much impact on the propagating
wave and will not affect the performance of the TWR.

2. MOTION INLET

Two schemes of plate depth variation were pro-
posed. Schematic views of the constructions are depict-
ed on the Figs. 7 and 8. Construction is based on the
application of the stepping motor. As the total weight of
the phase shifter plate including the bars is less than
100 g (density of the fluoroplastic is 2.20-10° kg/m?,
quartz glass — 2.20-10° kg/m®) it is possible to use low
power stepping motors. Using the 40 mm diameter cog
wheel for setting in motion the dielectric plate the step-
ping motors with quasi static synchronizing moment
equal or larger than 0.2 kg-cm. Two discussed schemes
are varied from each other by the method of setting in
motion the cog wheel by the stepping motor.

Construction of the first type motion inlet is shown on
the Fig. 7. On the figure plate 2 that is attached to the
fluoroplastic bars 1 is set in motion with the cog wheel 3
that is connected to the stepping motor 4 [4]. At the rota-
tion inlet cog wheel rotates and moves the metal plate
along the rail runner 7. Case of the stepping motor is not
vacuum-tight so it has to be placed outside the vacuum
chamber 8. Axle is inserted inside the vacuum chamber
through the vacuum-tight rotation movement input 9.

Second type of the plate movement is based on the
stepping motor with vacuum-tight case 4 (see Fig. 8)
[5]. This motor can be placed inside the vacuum volume
because it doesn’t cause pollution of the vacuum with
the motor oil vapors.

Thus instead of rotating motion input inside the vac-
uum chamber it is enough to use vacuum-tight electrical
wire input 8 inside of the chamber that simplifies the
construction.

Both variants of stepping motors have possibility to
operate in the mode of minimal angle step equal
1.8 degrees. In case of using the 4 cm diameter cog-
wheel gives the plate motion step equal 0.628 mm. So
the phase tuning in the phase shifter reaches the accura-
cy of 1 degree/step within all phase shifter geometrical
parameter values take in consideration.

At small values of plate disposition from the wave-
guide wall the accuracy reaches the values of around 0.2
degrees/step.
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Fig. 7. Elements of the phase shifter based on conven-
tional stepper motor: 1 — dielectric plate with bars;

2 —metal plate with grooves for motion transmission;
3 — shaft of the motor with cog wheel; 4 — stepper motor;
5 — electrical wires; 6 — supporting plate;

7 — guiding slots; 8 — vacuum casing;

9 — vacuum-tight inlet of the rotating motion

Fig. 8. Elements of the phase shifter based on vacuum-
tight stepper motor: 1 — dielectric plate with bars;

2 —metal plate with grooves for motion transmission;
3 — shaft of the motor with cog wheel; 4 — stepper motor;
5 — electrical wires; 6 — supporting plate; 7 — guiding
slots; 8 — vacuum-tight inlet of electrical wires;

9 — vacuum casing

Another important investigation is to analyze the part
of the power from the waveguide that penetrates the mo-
tor section of the phase shifter through the circular holes
for the holding bars. The power transmitting coefficient
was measured for different values of plate disposition and
different holes diameters. The results are show on the
Fig. 9. Additionally the distribution of the electrical field
distribution is presented on the Fig. 10. The figure depicts
the case of 3.5 mm holes radii and disposition of the plate
equal 7 mm (see Fig. 9). As it can be seen from the pic-
ture the part of the picture 9 the power branched into the
motor section of the phase shifter doesn’t exceed -40 dB
for practically all values of holes radii. It can also be no-
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ticed from the Fig. 10 that amplitude of the electrical field CONCLUSIONS

is close to 0 in the motor section. Waveguide phase shifter based on the dielectric mate-
o rial plate (quartz glass or fluoroplastic) seems out to be a
1] ‘ﬁ o good candidate for implementation of the phase shift of
42 —a—Rx=4 the microwave power circuating inside the travelling

“31 /M —— waveguide resonator. Due to optimized geometry of the
j:: phase shifter it provides low level of reflected power —
4] ﬁ 30 dB and provides enough width of phase shifting. This
47] phase shifter also allows tuning the microwave field
] phase at MW values of power that is highly important in
oy = TWR application. Maximal phase shift on the exit of the
] ) phase shifter is reached on the plate displacement ap-

T T
0 5 10 15

$31 (dB)

X (mm) peared to be 30 degrees at 5 mm plate thickness and
Fig. 9. Power branching coefficient from waveguide 13 degrees at the 6 mm plate thickness. Two principal
to the motor section of the phase shifter vs. schemes of phase shifter elements arrangement were pro-
Plate disposition and holes radii posed. Mation input of perturbation plate is proceeded by
— conventional or vacuum-tight stepper motor.
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CHUCTEMA ®A30BOM MTOJCTPOIIKHA PE3OHATOPA BET'YIIEW BOJIHBI
T.B. Bonoapenxo, H.C. Illleopun

OnuceiBaercsi cucteMa (pa3oBoil MOACTPOWKU B KONblle pe3oHaropa Oeryiieit BonHbl (PBB), ocHoBaHHas Ha
BOJIHOBOJHOM (ha3oBpaimarene. da3zoBparuaTens NpeAcTaBIseT COOOH IMAIEKTPHYECKYIO IUIACTUHY C HU3KUM
YPOBHEM JTU3JIEKTPUUECKON MPOHUIIAEMOCTH, PACIIONArafollyrocs BHYTPU BOJIHOBOAHOrO Kojbia PBB BOMM3mM y3-
KO cTeHKH BoHOBOxa. CIBUT (ha3bl pacrpOCTpaHsIONIeHcs BOJTHBI BAPbUPYETCS MOJIO)KEHHEM IIACTUHBI OTHOCH-
TEJIHO CTEHKH BOTHOBOZA. MI3MEeHEHNE MOI0KEHUST IUIIEKTPUIECKOH MIIACTHHBI IPOU3BOIUTCS C IIOMOIIBIO IIar 0-
BOTO JBHUraTellsl, 00eCIeUHBAIONIEr0 BHICOKYIO TOYHOCTh YCTaHOBKH (ha3el, b0 BpyuHyto. [IpuBeneHs! rpaduxu
3aBHCHMOCTEH 3JIEKTPOANHAMHUYECKUX IapaMeTpoB (pazoBpamiarelnsi B 3aBUCHMOCTU OT IOJOKEHMS AUIIIEKTPHUYe-
CKOMH IUTaCTHHBI U ee napaMeTpoB. ONHCcaHbl HECKOIBKO BApHAHTOB BBOJA JBIKEHHUS B BAKYYMHBIH 0OBEM.

CUCTEMA ®A30BOI NIJICTPOMKHA PE3OHATOPA BII'YUOI XBHJII
T.B. Bonoapenxo, 1.C. Iedpin

OmmcyeTtbest cucreMa (ha3oBOro TiCTPOIOBAHHS B Kijiblli pe3oHaTopa 6irywoi xsmwm (PBX), mo 3acHoBaHa Ha
XBUIIEBOTHOMY (pazoobepradi. ®azoobepTad sBIsiE COOOIO AiCNEKTPUUHY TUIACTUHY 3 HU3BKUM PiBHEM [i€IEKTPHU-
HOIi MIPOHUKHOCTI, IO PO3TAMIOBYETHCS B CEPEAMHI XBIIIEBOIHOTO KiTbIld PBX mo6mm3y By3bpKOi CTIHKH XBHJICBOY.
3cyB ¢a3m XBWI, MO MOMIMPIOETHCS, BAPIIOETHCA CTAHOBUIIEM IUIACTHHU MIOJ0 CTIHKM XBHJICBOTY. 3MiHA IIOJIO-
JKEHHS J[IeJIeKTPUYHOI IIACTHHH NPOBOAUTHCS 32 JIONIOMOTOK0 KPOKOBOTO JIBUTYHA, L0 3a0e31euye BUCOKY TOUHICTb
ycraHoBkH (a3u, abo BpydHy. HaBemeHo rpadikm 3ayie)kHOCTEH eIeKTpOIUHAMIYHUX IapamerpiB (azoobeprada
3aJIe)KHO BiJ TTOJIOXKEHHS MIENEeKTPHYHOI IDIACTUHM 1 1i mapameTpiB. OmucaHO KijlbKa BapiaHTiB BBEJICHHS PYXY Y
BaKyyMHHH 00’ €M.
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