JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 8 No 2, 02034(8pp) (2016)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 8 Ne 2, 02034(8cc) (2016)

Diffraction Radiation Oscillator with Asymmetric Open Resonant System.
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The hot test results of diffraction radiation oscillator with asymmetric open resonant system, in which
the periodic structure was shifted to the field spot periphery of the operating TEMo-mode, are presented.
It is shown, that displacement of the periodic structure, in double grating form, to field spot periphery of
TEMoo-mode allows extending the single-mode frequency tuning range and improves the overall efficiency
of diffraction radiation oscillator. The mode competition features in diffraction radiation oscillator with
double grating and asymmetric open resonant system are considered. The investigations were carried out

in 8-mm waveband.
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1. INTRODUCTION

Diffraction radiation oscillator (DRO) with periodic
structure in double grating form has more higher level
of output power and efficiency due to effective using of
the ribbon electron beam on its thickness [1, 2]. The
significant disadvantage such DRO is relatively narrow
frequency tuning range, as a result of the strong double
grating influence on resonant field of operating
TEMoog-mode into its open resonant system (ORS). To
extend DRO frequency tuning range we suggest using
of asymmetric ORS, in which the double grating is dis-
placed from longitudinal axis of the system to field spot
periphery of operating TEMooq-mode. In the first part of
present paper [3] the cold test results of resonant
modes properties, exciting in the asymmetric ORS with
double grating, were shown. It was established, that
the double grating shifting to field spot periphery re-
duces its influence on resonant field of operating
TEMoog-mode and decreases ohmic loss in the grating,
that contributes to increase of ORS Q-factor and to
expand of single-mode frequency tuning range.

In the present paper the hot test results of the
DRO-model with asymmetric ORS are presented.
The mirrors parameters and the optimal displace-
ment of double grating from resonator longitudinal
axis were used according to the cold test results of
the resonant modes properties in asymmetric ORS
[3]. In order to estimate the advantages of DRO with
the asymmetric ORS, the measurements of output
characteristics of the DRO-model were carried out in
parallel for symmetric and asymmetric location of
the double grating in the field spot of operating
TEMooq-mode. For the DRO-model with asymmetric
and symmetric ORS a comparison of following output
parameters were conducted: single-mode frequency
tuning range, oscillations starting current, output
power level and overall efficiency of the oscillator.
Also in the present paper the feautures of modes
competition in DRO-model with symmetric and
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asymmetric ORS were analyzed. The investigations
were carried out in 8-mm waveband.

2. DISMOUNTABLE DRO-MODEL AND HOT
TEST EQUIPMENT

For experimental investigations the dismountable
model of DRO with symmetric and asymmetric ORS,
operating under continuous vacuum pumping, was
used (Fig. 1). The DRO-model included: cylindrical vac-
uum chamber 1 with inner diameter &80 mm; moving
spherical mirror unit 2; flat mirror unit 3 with a double
grating 4 and electron gun 5. The cylindrical grooves
with vacuum rubber at the each mirror units provided
coincidence of the longitudinal ORS axis with the vacu-
um chamber axis. The electron gun formed ribbon elec-
tron beam with cross-section 0.12 x 3.8 mm?2, which was
passed in the double grating channel of width 0.30 mm.
The electron beam axis was placed at the double grat-
ing half-height. The one side of double grating was lev-
eled to the flat mirror surface. The external electro-
magnet 7 provided focused magnetic field with strength
B=0.5T. The interception of electron beam by double
grating was controlled by isolated collector 8. The flat
mirror unit 3 allowed symmetric placement of the dou-
ble grating relative to ORS axis, and also its shifted
location along OX axis to field spot periphery of
TEMooq-mode.

The measurements of output parameters had been
carried out at pulsed operation, that allowed to de-
crease thermal heating of DRO-model in ~ 4 times. The
accelerating voltage pulses with controlled amplitude
(2.5 + 4.0) kV and repetition frequency 50 Hz were fed
by power supply without ripple filter. The oscillation
pulse length was ~ 2 ms at duty cycle ~ 10 %, that al-
lowed direct measurements of output power by wattme-
ter with the thermoelectric transducer (Pmax< 10 W).
The oscillation frequency of DRO-model had been con-
trolled by the resonance wavemeter (Fig. 2).
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Fig. 1 — The schematic of the dismountable DRO-model, oper-
ating under continuous vacuum pumping: 1 — cylindrical
chamber; 2 — moving spherical mirror unit; 3 — flat mirror
unit; 4 — double grating; 5 — electron gun; 6 — ribbon electron
beam; 7 — electromagnet; 8 — isolated collector
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Fig. 2 — The schematic of hot test equipment for the DRO-
model: 1 — dismountable DRO-model; 2 — directional coupler
(- 30 dB); 3 — wattmeter; 4 — adjustable attenuator; 5 — reso-
nance wavemeter; 6 — detector section; 7 — oscilloscope

The TEMooq-mode identification, excited in DRO by
electron beam at oscillation frequency f, was made on
accelerating voltage amplitude U,, which satisfies the
synchronism of electron beam velocity ve with phase
velocity vpn for 1-st space harmonic of the double grat-
ing field:

l
Ve = Upp =€ = 5,93-10° U, [Volt], 1)

where c is the speed of light, [ is the grating period, A is
free-space wavelength. Also, for the TEMoog-mode iden-
tification we took into account the resonant distance
between mirrors Dooq(f), which was defined at the cold
test of ORS parameters [3]. Note, that for the TEMooq-
mode we assumed that longitudinal index g describes
only the number of resonant field variation along OZ in
the intermirror space, as in OR with smooth mirrors.
For the higher TEMmnq-modes the transversal indexes
m, n describe the number of field variation along OX
and OZ axis (Fig. 1).

Let’s designate as f, — the frequency for complete
matching of “half-wave” double grating with resonant
field:
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where b is the double grating height along OZ axis
(Fig. 1), A« is a critical wavelength of the Hio-mode in
the elementary waveguide, formed by opposite slots of
double grating [3]. At frequency f, the resonant dis-
tances Dung(f) for TEMmng-modes can be defined from
the resonant condition in semispherical OR with
smooth mirrors:
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Initially, in the experiment, to make a correct prop-
erties comparison of DRO-model with symmetric and
asymmetric ORS, the double grating was placed sym-
metric to longitudinal ORS axis (OZ axis), and then it
was displaced along OX axis to the optimal distance
£=6.0 mm [3]. The used mirrors in DRO-model had the
same parameters, as it was at the cold test of ORS [3]:
the spherical mirror had curvature radius Rspr = 50 mm
and diameter @55 mm; the flat mirror with double
grating had diameter @58 mm and was symmetrically
truncated on two sides to 32 mm to allocate electron
gun and collector in DRO-model.

3. DRO-MODEL WITH DOUBLE GRATING OF
HEIGHT B = 8.0 MM

The possibility of extending the single-mode fre-
quency tuning range at significant growth of ORS Q-
factor was shown by the cold test of resonant modes
properties in asymmetric ORS with a double grating.
However, many additional factors influence on the out-
put parameters of DRO. So, just carrying out the hot
test of DRO with the asymmetric ORS by oscillations
operation allows us to estimate the advantage of its
using in DRO-modifications.

The oscillation starting current and output power
level of DRO througout frequency tuning range were
determined at hot test. The loaded Q-factor and the
coupling coefficient of ORS on operating TEMooq-mode
were defined at cold test [3]. In DRO-model we used the
double grating with length L =25 mm, grating period
[=1.00 mm, slots width d =0.50 mm, and slots depth
h =2.56 mm. The double grating height along longitu-
dinal ORS axis was b = 8.0 mm (OZ axis on Fig. 1). The
selected parameters of double grating provide the com-
plete phase matching with resonant field at frequency
f.=33.7 GHz.

The investigations of DRO output power level along
the frequency tuning range were measured at electron
beam current I = 120 mA. The output power maximum
on the operating TEMoos-mode in DRO with the sym-
metric ORS was observed on frequencies near
f»=33.7 GHz, and was Pmax =39 W. The frequency tun-
ing range at the output power level P> 0.5 Pnax was
Af/f,=6.3 %. In DRO with the asymmetric ORS, when
the double grating was shifted on £=6.0 mm, the out-
put power maximum on the operating TEMoos-mode
was observed on frequency f=32.8 GHz and was
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Prax =34 W. The frequency tuning range extended to
low-frequency region and was: Af/f,=9.4% (Fig. 3a).
The oscillation starting current in DRO with the
asymmetric ORS increased in 1.5 + 2 times in compari-
son with starting current in DRO with symmetric
placement of double grating and was Iy = (45+60) mA
at frequencies near f, (Fig. 3b).
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The resonant effect of the radiation loss on the fre-
quency tuning range was more clearly demonstrated,
when DRO operated on TEMoos-mode. Thus, the maxi-
mal output power of DRO was observed near f, inde-
pendently from the type of used ORS and was
Prax =34 W (Fig. 4a). In DRO with asymmetric ORS,
the frequency tuning range extended to Af/f,=8.5%
and the drops of the output power reduced at frequency
tuning.
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Fig. 3 — The characteristics of DRO-model with symmetric
and asymmetric ORS at operation on TEMoos-mode

The increase of loaded Q-factor in asymmetric ORS
on TEMoos-mode was not significant (Fig. 3c), therefore
the starting current growth probably due to resonant
field amplitude decrease in double grating by its dis-
placement to field spot periphery of TEMoos-mode. In
the same time, the significant growth of coupling coeffi-
cient f# in asymmetric ORS (Fig. 3c) promoted the
growth of overall efficiency of DRO and the growth of
output power level at low-frequency region.
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Fig. 4 — The characteristics of the DRO-model with symmetric
and asymmetric ORS at operation on TEMoos-mode

The oscillation starting current in DRO with asym-
metric ORS growth not more than in 1.5 times (Fig. 4b)
and on frequencies near f, was Iy = (41+44) mA. Here,
the increasing of loaded Q-factor in asymmetric ORS
plays an essential role (Fig. 4c). The coupling coefficient
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of asymmetric ORS reached the maximum f=1.6 on
frequencies near f,.

A comparison of the beam-field interaction efficien-
cy in DRO with symmetric and asymmetric ORS had
been carried out on frequencies near f,, where DRO
had maximal output power throughout frequency tun-
ing range. The first investigations of efficiency on
beam-field interaction were realized in DRO with dou-
ble grating length L =25 mm ~ 3woy (woy is the field
spot radius on flat mirror along OY axis). For DRO-
operation on TEMoos-mode the linear growth of output
power at beam current increase was observed in DRO
with symmetric and asymmetric ORS (Fig. 5a). The
overall efficiency N in DRO with symmetric ORS
reached saturation Nmax=8.4% at beam current
Ia> 120 mA. In DRO with asymmetric ORS overall effi-
ciency reached saturation Nmax= 7.9 % at beam current
1. > 140 mA.
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Fig. 5 — The efficiency and output power of DRO with sym-
metric ORS and asymmetric ORS for double grating length
L =25mm (a) and L = 17 mm (b)

When we shortened the double grating length to
L =17 mm ~ 2woy the saturation of overall efficiency
wasn’t observed up to beam current I, = 150 mA both in
DRO with symmetric ORS and with asymmetric ORS
(Fig. 5b). In DRO with asymmetric ORS at beam cur-
rent I, > 90 mA the output power and overall efficiency
of DRO exceeded the same parameters for DRO with
symmetric ORS. The maximal output power and over-
all efficiency of DRO with the asymmetric ORS were
obtained at beam current I,=153 mA and were:
Ninax =11 %; Pmax=60W. For DRO with symmetric
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ORS the maximal output power and overall efficiency
at beam current I,=150mA were: Npax=9.4%;
Pmax = 50 W

4. DRO-MODEL WITH DOUBLE GRATING OF
HEIGHT B =10.0 MM

For DRO with double grating the significant elonga-
tion of Hio-mode in elementary waveguides, formed by
opposite slots of double grating, is typical. This fact
allows using in DRO the broader electron beam, that is
especially important at operating in short millimeter
waves [2]. On the other hand, selection of double grat-
ing parameters, which provides high elongation of Hio-
mode in its cell, is conducted by narrowing of DRO fre-
quency tuning range and decreasing of ORS Q-factor
due to ohmic loss growth in double grating. The prob-
lems can be overcome by using in DRO an asymmetric
OR with the double grating, shifted to field spot pe-
riphery of operating TEMooq-mode.

The verification of asymmetric ORS influence on
output characteristics of DRO at double grating height
increasing was conducted on DRO-model with double
grating of height b = 10.0 mm. The used ORS was in
semispherical OR form (focusing mirror with curvature
Rspr = 50 mm and aperture @55 mm). The other double
grating parameters were: grating length — L = 32 mm;
grating period — [/ =1.00 mm; slots width d =0.50 mm,
and slots depth h =2.67 mm. The estimated frequency
of the complete phase matching of double grating with
resonant field was: f,=31.0 GHz.

The output power maximum of DRO-model with
symmetric ORS at operating on TEMoos-mode was ob-
served near f,=31.0 GHz and was Pnau=25W, the
frequency tuning range at the output power level
P> 0.5 Pnax was Af/f,=5.2%. When the double grating
was shifted on £=6.0 mm from ORS longitudinal axis,
the oscillation output power maximum increased to
Prax =32 W, and the frequency tuning range extended
to Af/f,=6.8% (Fig. 6a). Due to increasing of the inter-
action space length to L =32 mm ~ 3.6 woy the oscilla-
tion starting current in DRO with symmetric ORS was
only Iss ~15 mA. The oscillation starting current in
DRO with asymmetric ORS increased in ~ 2 times and
was Is = (24+33) mA at frequencies f=(29.5-31.0) GHz
(Fig. 6b).

A comparison of efficiency on beam-field interaction
in DRO-model with the double grating of height
b=10.0mm had been carried out at frequency
f=31.0 GHz. It was established, that overall efficiency
in DRO with symmetric ORS reached saturation
Nmax = 7.5 % at beam current I, > 100 mA, and when we
used asymmetric ORS the overall efficiency increased
without saturation to Nmaxr=8.8% at beam current
I, = 144 mA (Fig. 6c¢).

5. MODE COMPETITION FEATURES IN DRO
WITH SYMMETRIC AND ASYMMETRIC ORS

Mode competition, excited by electron beam in ORS,
significantly influences on DRO output parameters.
Especially strong mode competition phenomenon ob-
served when symmetric ORS was used in DRO. Thus,
for DRO with symmetric OR in hemispherical form,
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Fig. 6 — The output characteristics of DRO-model with double
grating of height b = 10 mm at operating on TEMoos-mode

the spectrum crashing of resonant modes is observed
near semiconfocal geometry at D ~ 0.5Rspr. In this case,
according to the dispersion equation (3) the resonance
frequencies placed closely for the fundamental TEMooq-
mode and higher transversal TEMumng.1-modes with
transversal indexes m + n = 4.

The usage in DRO an asymmetric ORS allows sig-
nificant decrease the influence of mode degeneracy
near semiconfocal geometry, that was confirmed at ex-
perimental investigations of DRO-model with double
grating of height 6=8.0 mm and interaction space
length L =25 mm (Rspr = 50 mm). So, when DRO oper-
ated on TEMoos-mode near the semiconfocal geometry
(D ~ 25 mm), the asymmetric ORS usage allowed sig-
nificant the frequency tuning range extension without
decreasing of DRO output power level. Also, for DRO
with symmetric ORS, operated on TEMoos-mode, the
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frequency tuning range was Af/f,= 3.8 % due to modes
degeneracy. For DRO with asymmetric ORS the fre-
quency tuning range on TEMoos-mode extended to
Af/f=6.2 % (Fig. 7).
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Fig. 7 — The frequency tuning range of DRO with symmetric
and asymmetric ORS at operating on TEMoos-mode near semi-
confocal geometry at D ~ Rypn = 25 mm

Significant elongation of Hio-mode in the elementary
waveguides, formed by opposite slots of double grating
[3] leads to slope increasing of dispersion curve Doog(f) for
fundamental TEMoog-mode, especially at the low-
frequency tuning range of DRO at A — Ae. For higher
TEMmng-modes the influence of double grating on reso-
nant field is negligible and their dispersion curves
Dung(f) have a smaller slope and can be defined accord-
ing to the resonance condition in OR with smooth mir-
rors (3). The difference in slope of dispersion curves D(f)
for operating TEMoog-mode and higher TEMmng-modes
may leads to mode degeneracy and their competition at
low-frequencies of DRO tuning range [4]. Besides, owing
to small asymmetry in DRO-model, caused by mirrors
distortion, a competition of operating TEMoog-mode oc-
curs both with even and odd higher TEMmnq-modes.

For example, consider the modes degeneracy fea-
tures in DRO-model with symmetric and asymmetric
ORS (Rspr = 50 mm; b = 8.0 mm; f,= 33.7 GHz) at oper-
ating on TEMoos-mode. The output characteristics of
DRO-operating on TEMoos-mode are shown on Fig. 3.
The experimental dispersion curves Doos(f) for DRO-
operating on TEMoos-mode with symmetric and asym-
metric ORS are shown on Fig. 8. Here the dispersion
curves for nearest resonant modes in hemispherical OR
with smooth mirrors are shown by solid lines: TEM40s3-
mode (Fig. 8, curve 1); TEMoos-mode (Fig. 8, curve 2)
and TEMs03-mode (Fig. 8, curve 3).

The competition of operating TEMoos-mode with the
higher ones should be expected in DRO near the inter-
section points of the dispersion curves. Thus, for DRO-
model with symmetric ORS the intersection point of the
dispersion curves for the TEMoos mode and higher
TEMs03-mode is on frequency f = 31.6 GHz (Fig. 8, point
A). In DRO-model with asymmetric ORS the influence
of double grating on resonant field decreases, and dis-
persion curve slope for operating TEMoos-mode is di-
minished. As a result, the intersection point of disper-
sion curves for TEMoos- and TEMso03-modes shifts to the
low-frequency region (Fig. 8, point B), and this fact
leads to extension of DRO frequency tuning range on
TEMoos-mode without mode competition (Fig. 3a).
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Fig. 8 — Degeneracy mode features in DRO with symmetric
and asymmetric ORS (dispersion curves Dmng(f) for the reso-
nant modes in OR with smooth mirrors are shown by solid
lines: 1 — TEMasos-mode; 2 — TEMoos-mode; 3 — TEMs03-mode)

The shown above cases of modes competition influ-
ence on DRO output characteristics by means of energy
exchange between modes at resonant field. But DRO
operating can be affected by the ORS modes, which
don’t interact through resonant field, but directly in-
teract with electron beam. We'll call this case, as mode
competition on beam accelerating voltage. For DRO
with double grating, operated on TEMooq-mode, the
potential competitor on accelerating voltage is the
TEMoiq-mode with two antiphase field spots along in-
teraction space [5, 6]. The suppression of DRO excita-
tion on TEMoiq-mode is realized by reduction of ORS
mirrors aperture along OY axis (Fig. 1) and truncation
of interaction space length. A more radical way is the
DRO-operating only on TEMoi1q-mode, using the shift-
ing of grating slots periodicity in the center of interac-
tion space [7].

For DRO with asymmetric ORS, operated on
TEMoog-mode, except the TEMoig-mode a potential
competitor on accelerating voltage is the TEMioq-mode
with two field spots along OX axis (Fig. 9a). The DRO
excitation on TEMiog-mode isn’t observed when we use
the symmetric ORS, due to symmetric location of dou-
ble grating in anti-phase field spots of this mode. In
DRO with asymmetric ORS the double grating is
placed on flat mirror near the field maximum of
TEMiog-mode (Fig. 9a), that promotes the effective en-
ergy exchange between electron beam and resonant
field of TEM10q-mode. The resonant frequencies of these
modes at fixed distance between ORS mirrors satisfy
the inequality fioq > fooq, and DRO electronic tuning
zone of TEM1oq-mode is placed above on DRO electronic
tuning zone of TEMooq-mode (Fig. 9b). This leads to
hard condition of DRO-operating on TEMooq mode near
the output power maximum and to failure of oscilla-
tions at the increase of beam current value.

The experimental studies of the competition fea-
tures by accelerating voltage between TEMoos and
TEMjio04-modes had been carried out in DRO-model with
asymmetric ORS and double grating of height
b =10.0 mm. The output characteristics of such DRO at
the tuning on TEMoos-mode are shown on Fig. 6. The
resonant frequencies separation of TEMio4 and TEMoo4-
modes at the equal distance D between ORS mirrors
was fio4 — fooa # 1,3 GHz throughout the all tuning
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range (Fig. 10a), i.e. the direct mode competition on
resonant field wasn’t observed. The excitation of oscil-
lation in DRO-model on TEMios-mode was observed at
starting current, comparable to the oscillation starting
current on TEMoos-mode. At the DRO-operating on
TEMios-mode the resonant increase of starting current
was observed near the frequency fios ~ f,=31.0 GHz at
D =21.5 mm (Fig. 10a), caused by the degeneracy of the
TEMios and TEMoi4 modes in ORS at complete phase
matching of double grating with resonant field.
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Fig. 9 — The sketch of field structure of TEMooq, and TEMioq-
modes on the flat mirror of asymmetric ORS (a) and the rela-
tive position of DRO electronic tuning zones for TEMooq and
TEM1oq-modes (b)

In the experiment, at the same distance D between
ORS mirrors we registered the value of accelerating
voltage at the beginning (Unin) and at the end of elec-
tronic tuning zone (Unax) for DRO-operation on TEMoo4
and TEM1o4-modes.

The synchronous accelerating voltage Upn, which
satisfies the velocity synchronism between electron
beam and 1-st space harmonic of doble grating periodic
field for TEMoos and TEMios-modes was obtained ac-
cording to (1) on measured in experiment resonant fre-
quencies of modes at the given distance D between mir-
rors of ORS.

The beginning of DRO electronic tuning zone on
TEMoos-mode (Unin-004) practically coincided with syn-
chronous accelerating voltage for TEMoos-mode (Uph-004)
(Fig. 10b). The end of DRO electronic tuning zone on
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TEMoos-mode (Unmax-004) exceeded the synchronous volt-
age for TEMios-mode (Upn104) practically throughout
the frequency tuning range of DRO (Fig. 10b). Only on
the upper frequency tuning area at the distance be-
tween mirrors D =(19.5+19.9) mm, where the DRO
operated at low level of output power, the overlapping
of electronic tuning zone for TEMoos and TEM1os-modes
wasn’t observed.
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Fig. 10 — The competition by accelerating voltage for TEMoos
and TEMios-modes in DRO with asymmetric ORS: a compari-
son of oscillation starting current for DRO-operating on
TEMoos and TEMios-mode (a) and overlapping of electronic
tuning zones for DRO-operating on TEMoos and TEMips-mode
at the same distance D between ORS mirrors (b)

The result of considered above modes competition
on accelerating voltage is a hard condition of DRO-
operating on TEMoos-mode near output power maxi-
mum. The suppression of DRO excitation on TEMio4-
mode is realized by reduction of ORS mirrors aperture
along OX axis (Fig. 1).
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The next case of mode competition on accelerating
voltage in DRO is the interaction of electron beam with
slow backward wave in periodic structure (so called the
BWO-mode of operation) [8-10]. The starting current
growth in DRO with asymmetric ORS can lead to hard
competition of DRO-mode and BWO-mode. To suppress
the excitation of DRO-model on BWO-mode it is neces-
sary to reduce the length of periodic structure, or to use
the periodicity failure in the centre of grating.

6. CONCLUSION

1. The hot tests of DRO-model confirm the ad-
vantages of using asymmetric ORS for frequency tun-
ing range extension. Thus, in DRO-model with double
grating of height b=8.0 mm the frequency tuning
range extended in 1.5 times and for the output power
level P> 0.5 Pmax was Aflf;=9.4 % at Pmax =35 W. The
usage of asymmetric ORS for DRO-model with double
grating of height b=10.0 mm allowed to extend the
frequency tuning range in 1.3 times: Af/f,=6.8 % at
Pmax = 32 W

2. The displacement of double grating to field spot
periphery in asymmetric ORS led to increasing of oscil-
lation starting current in 1.5-2 times, but also reduced
the influence of electron beam regrouping on output
power level of DRO at beam current increasing. Also,
DRO with asymmetric ORS had the advantage in out-
put power and overall efficiency at beam currents
Io>90 mA. Thus, at beam current I,=150 mA the
overall efficiency in DRO with asymmetric ORS was
N=11% and maximum output power level was
Prax =60 W, but when we used symmetric ORS in DRO
at the same beam current the output parameters of
DRO were: N=9.4 % and Pmax =50 W.

3. It is shown, that in DRO with asymmetric ORS it
is possible to avoid traditional mode degeneracy near
semiconfocal ORS-geometry. Also, in such DRO it is
possible to shift zone of modes competition for operat-
ing TEMoog-mode and higher TEMmn -1 modes in re-
gion of lower frequencies, and it contributes to extend
the DRO single-mode tuning range.

4. The disadvantage of DRO with asymmetric ORS
is the presence of additional competition by accelerat-
ing voltage between operating TEMoog-mode and
TEMioq-mode, one of two field spots of which falls on
the double grating, shifted from the longitudinal axis of
ORS.
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I'eneparop aud pariiiiHOro BUIIPOMIHIOBAHHA 3 ACUMETPUYHOIO BiTKPHUTOIO
pe3onancHoI0 cucreMmor. Yacruua 2. PeaysnpraTtu “rapadux” mociaiaskeHb reaeparopa
O PaKIiAHOro BUIIPOMiHIOBAHHA

B.C. Mipomuuuenko, €.0. Kosaabos

Inemumym paodiogpizuxu ma enexmponirxu im. O.A. Yeuxvosa HAH Yipainu,
eya. Axaodemira IIpockypu, 12, 61085 Xapkis, Vepaina

Ilpencrasieni pesynabraTé ‘rapayux’ JOCTIIKeHb TeHepaTopa AUQPAKINMHOIO BUIIPOMIHIOBAHHS 3
ACHMETPUYHOI0 BIIKPUTOI PE30HAHCHOIO CHCTEMOIO, B AKIM MepioguyHa CTPYKTypa 3MillleHa Ha repudepio
rwsimu 110J1s1 po6o4ol TEMoog-momu. [TorasaHo, 1110 po3aMilneHHs IePIOAMYHOI CTPYKTYPH Y BUIJISL 3IBOEHOI
rpebinku Ha nepudepii mwiismu mosst TEMoog-Momu gae MOKIUBICTD POIIIUPUTH OJHOMOOBHI JT1aIa30H IIe-
pebymoBu 1o dactoTi Ta miasuimuTu 3araiabauii KKJI remepatopa mudpakiritinoro sumpomiaoBaunsa. Poar-
JIAHYTO 0COOJIMBOCTI KOHKYPEHIIII MOJI B TeHepaTopl TudpaKIliifHOr0 BUIPOMIHIOBAHHS 31 3IBOCHOI0 I'pebiH-
KOI0 Ta aCHMETPUYHOI0 BIIKPHUTOI PE30HAHCHOI crcTeMo.. JlocmkeHHA BUKOHAH] Y 8-MM Iialla3oHi J0B-
SKUH XBUJIb.

Kmouoei ciosa: ['emeparop nqudpaxitiiiaoro BupomMiHOBaHHs, Biqkpura pesonancHa cucrema [lepiommy-
HAa CTPYKTypa, 3aBoeHa rpebinka, MisiMeTpoBl XBUIIL.

I'eneparop nudppaKIMOHHOr0 U3JIyIE€HUA C ACHMMETPUYHON OTKPLITOM
pe3onancHoi cucremoi. Yacte 2. Peayabrars! “ropaunx” ucciiemoBaHuil remeparopa
I PaKmUOHHOTO U3JIyJYeHUd

B.C. Mupomranuenko, E.A. Kosases

Hrnemumym paduogpusuru u snekmporuru um. A.A. Yeurosa HAH Yipaunut,
ya. Axademura Ipockypot, 12, 61085 Xapvros, Yipauna

IlpexcraBiieHbl pe3yabTaThl “TOpAYnMX’ WCCIEAOBAHUU TIeHepaTtopa AU(QPAKIIMOHHOIO H3JIYYEHHS C
aCUMMEeTPUYHON OTKPHITOM Pe30HAHCHOM CHCTeMOM, B KOTOpPOH mepmogudeckas CTPYKTypa cMellleHa Ha Iie-
pudepuio nsTHa mosst padodeit TEMoog-monsr. I[lorkasano, 4To pasmelreHne IepHOSHMIECKON CTPYKTYPHL B
BHJE CABOEHHOU rpebeHkn Ha nepudepun nsarHa 1mosst TEMoog-MOIBI faeT BOZMOMKHOCTD PACIIMPUATH OJHO-
MOJIOBBIH TUATIA30H IIePecTPOUKH 110 yactore u yryunmuTs obmuit KI1J] rereparopa gudpakIimoHHOro namy-
geHUs. PaccMoTpeHBl 0c00EHHOCTH KOHKYPEHIIMH MOJ B reHeparope JUMPAKIIMOHHOIO U3JIYIEHUS CO CIBO-
E€HHOM I'pe0eHKON M aCMMMETPUYHOM OTKPBITON PEe30HAHCHON crcreMoil. VcenenoBaHusa BBIOIHEHEl B 8-MM
IuamnasoHe JJIMH BOJIH.

Knrouessie ciosa: ['eneparop mudparipontoro usnydenusi, OTKpeITast pe3oHAHCHAs cucTeMa, [lepuomu-
dJeckas cTpykrypa, Casoennas rpeberka, MusmmMeTpoBbie BOJIHEL.
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