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MODE INTERACTION FOR RANDOM SIGNAL GENERATION
IN MM-WAVEBAND VACUUM OSCILLATORS

E. M. KHUTORYAN

We consider transformation of single frequency oscillations to multi-frequency and to the chaotic ones in
Smith-Purcell radiation (SPR) multiplier. It consists of grating with upper mirror that enables both BWO and
diffraction radiation oscillator (DRO) modes excitation. We consider the case when fundamental frequency
oscillation corresponds to backward wave oscillator mode. The SPR condition holds for nth harmonic (3rd in
our case). When operating-to-starting current ratio exceeds unit value for both modes the auto-modulation
process takes place, which leads to generation of oscillations with multifrequency spectrum. The reason for
this is BWO and DRO modes interaction. When operating current exceeds starting one many times both for
BWO and DRO mode the oscillation spectrum becomes a continuous one. The spectrum behavior has been
studied for various system parameters such as electron beam current, grating length, OR quality factor, etc.
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INTRODUCTION

The electron vacuum oscillators can generate
stochastic oscillations when electron beam (EB) is
overbunched and there is time delay of wave propaga-
tion. One of the most known examples are backward
wave oscillator (BWO) and reflection diffraction ra-
diation oscillator (R-DRO) [1, 2]. Also reason for
stochastic oscillation can be the mode interaction in
overmoded resonant devices such as gyrotron, reso-
nant BWO, DRO, etc. Mode interaction is possible
also for different types of feedback. In [3] the mode
competition between BWO and DRO modes has
been studied both theoretically and experimentally. It
was shown that for moderate operating current single
frequency oscillatory mode is established: for low EB
velocity BWO when coupling impedance is rather low
the DRO oscillations are excited; for higher EB ve-
locities BWO oscillations occur. Later experimentally
was shown possibility of BWO and DRO simultane-
ous oscillations [4]. It can lead to stochastic oscilla-
tory mode. Another case of BWO and DRO modes
interaction is Smith-Purcell multiplier [5]. In this
case BWO mode self-excites on the fundamental fre-
quency and SPR condition holds for " harmonic. Ifit
coincides with the open resonator resonant frequency
the DRO mode is excited |6, 7]. Here we consider the
case when operating-to-starting current ratio exceeds
unit value for both modes that can lead to generation
of EM oscillations with continuous spectrum.

THEORY

As it is known, for BWO mode the phase shift ¢
over grating period / is between ©t and 2xn. If the EB
velocity is v then oscillation frequency will be close
to f= vl/¢. The n™ harmonic frequency is nvl/¢ and
ne = 2nm. This gives certain values of phase shift ¢ for
SPR. Since BWO wavelength approximately equals
quarter of grating depth A~h/4 the effective SPR takes
place for odd harmonics. Let’s consider the case when
n =3 and m = 2 (Fig. 1). Then BWO electric field
may be represented as superposition of forward and
backward wave:
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whose amplitudes have been governed by following
excitation equations:

1 aoC oC” o ~1 J-st

Vg, O 0Oy N ,5
L£+£+1{C*=0 (1)
Ve OF oy

C"(0,H)=RC (0,1)

C (L,t)=R,C*(L,t)e"***

The vortex field DRO of high Q cavity can be
represented as an expansion by cavity eigenmodes:

Epro =Y C, (D E,, (p,2)e"4™/1=30

where Em(r) is electric field of the cavity eigenmode.
If resonator is not overmoded the only single DRO
mode is assumed to be excited. Then, in a weakly
non-stationary approximation the equation for the
DRO complex mode amplitudes becomes
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where N, =4LJ'8E,idV is the m™ mode norm, ]'1’3
T
v

is the current density of first and third harmonic, re-
spectively, which are to be found from the motion
equation.
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Fig. 1. Dispersion of BWO

51



RANDOM NOISE SIGNAL GENERATION

RESULTS

Solving the equations (1) and (2) together with
EB motion equation we obtain time dependence of
BWO and DRO amplitudes. Let’s note that for case
[3, 4] when wpro # nw the solution for single fre-
quency regime occurs when Ct=0, C=0 or Ct= 0,
C = 0. At SPR multiplier owpro = nw both amplitude
non-equal to zero. Therefore for arbitrary frequency
ratio the following regimes have been observed [4]:
1) single frequency; 2) two-frequency with different
frequency steepness: 3) BWO frequency spectrum
enrichment due to auto-modulation; 4) stochastic
mode interaction; 5) mutual mode synchronization
for fpwo/foro = 5/6 with the same frequency steepness
for both modes.

For case of SPR multiplier the parameters to be
varied are resonator Q-factor, EB current, reflection
factors, grating length, frequency mismatch, EB in-
clination angle.

Amplitude time dependences and correspond-
ing FT for matched BWO (R; > = 0) have been shown
in Fig. 2. EB current-to-starting one ratio for BWO
equals 6 and for DRO is 2.3; frequency mismatch is
0 and Q = 200. Let’s note that even for exact relation
between ‘cold’ frequencies (opro = 3w) the electron
frequency shift for BWO mode results in some mis-
match. Additional BWO mode automodulation (ap-
pearing additional frequencies in BWO spectrum)
makes DRO dynamics much more complex. From
Fig. 2 one can see that DRO automodulation is deep-
er than that for BWO. If frequency shift is more than
DRO resonator bandwidth there is DRO mode col-
lapse. In this case near DRO modes should be con-
sidered.
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Fig. 2. Amplitudes time dependence EB
current-to-starting one ratio for BWO equals 6
and for DROis 2.3
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Fig. 3. DRO amplitudes FT for EB current-to-starting
one ratio for DRO equals a) 0.7; b) 2; ¢) 3.5

FT evolution at EB current change shown in
Fig.3 indicates enrichment of oscillation spectrum
due to deep automodulation.

CONCLUSIONS

The mechanism for stochastic oscillation gen-
eration in SPR multiplier has been considered. It is
shown that BWO and DRO modes interaction leads
to deep automodulation and multifrequency spec-
trum and there is feasible possibility for stochastic
oscillations. The variation of large quantity of both
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modes parameters enables different ways of oscilla-
tion spectrum transformation.

Author would like to thank Konstantin Lukin for
the suggested topic and useful discussions and sug-
gestions.
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B3aumoneiicTBie MO B BAKYYMHBIX F€HEPATOPAX MUJI-
JIMMETPOBOTO IMANIA30HA /I TeHePAIUH CJIyYailHbIX CUTHA-
JoB/ D. M. XyrtopsiH // [IpukiiagHast panroaJieKTpOHMKA:
Hayy.-TexH. XypHai. — 2013. — Tom 12. — Ne 1. —
C.51-53.

PaccmaTtpuBaeTcst rpeobpa3oBaHue OIHOYACTOTHBIX
KoJyie0aHUI B MHOTOYACTOTHBIE M XaOTUYECKME B YMHOXH -
tese Ha appexkre Cmura-Ilapcenna (CIT), cocrosiiem u3
rpeOeHKM U BEpXHETOo 3epKajia U TMOIACPKMBAIOIIEM BO3-
oyxnenue pexumoB JIOB u I'ZIN. Paccmatpusaetcs ciy-
yaii Bo30yxkneHus pexxnma JIOB Ha ocHOBHOIT TapMOHUKE.
Pexxum nznyuenust CIT npu 3Tom HaGro1aeTcst Ha TPETheit
rapmMoHuke. Korma pabounii TOK MPeBBIIIAET CTAPTOBBIN
IJIs1 O0OMX peXXMMOB, HaOJII0aeTCsl MHOTOYACTOTHAS Te-
Hepauus, TPUIMHOM KOTOPOU SABJISETCH B3aUMOJICUCTBUE
Moz JIOB u I'/IN. Korna pabouyuii TOK HAMHOTO MPEBbI-
IIaeT CTapTOBBbIN IS 00OMX PEKMMOB, CIIEKTp KoJjeba-
HUIi CTAHOBUTCS HENpepbIBHBIM. M cciienyercst moBeneHue
CIeKTpa B 3aBUCUMOCTH OT Pa3JIMYHBIX ITApaMETPOB, TAKUX
Kak TOK, JJIMHA rPeOeHKM, JOOPOTHOCTh Pe30HATOPa U T.JI.

Karouesvie crosa: Bzaumoneiictsue mon, JIOB, T'/IU,
MHOT'OYAaCTOTHbIE KOJIeOaHMsI, BBICIINE MPOCTPAHCTBEH-
Hble TAPMOHMKH.

Wn. 03. bubmmorp.: 07 Ha3B.
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B3aemogiss Mox y BakKyyMHHUX reHeparopax Mijiive-
TPOBOTO Aiana3oHy IS reHepamii BUMAAKOBUX CHTHAJIB /
E. M. Xyropsin // llpukianHa pamioeseKTpoHiKa: HayK.-
TexH. xypHas. — 2013. — Tom 12. — Ne 1. — C. 51-53.

PosrnssHyTo mepeTBOpeHHsI OJHOYACTOTHUX KOJIW-
BaHb B 0araro4yacToTHi i XaOTMYHi B TIOMHOXYyBadi Ha
edekTti Cmita-Ilapcenna (CIT), o ckinamaeThes 3 rpebiH-
KU i BEpXHBOTO J3epKaja, sIKi MiATPUMYIOTb 30YIKEHHS
pexxumiB JI3X i ['JIB. Po3rasinaeTbest BUIamoOK 30y/1KEeH-
Hs1 pexkumMy JI3X Ha ocHOBHIlt rapMmoHilii. Pexxum Bumnpo-
miHtoBaHHs1 CII mipu 11bOMY CITOCTEpIira€Tbcsl Ha TpeTiit
rapmodHini. Konu pobouunii cTpyM repeBUIIyE CTapTOBUI
IIJIsT 000X peXXMMiB, CIIOCTEpIra€Thcsl ObaraTo4acTOTHA Ie-
Hepallisl, MPUYNHOIO sIKOoi € B3aemomisa mox JI3X i I'JIB.
Konu pobouuii ctpym Habarato IepeBUIIYE CTapTOBUIA
IIJIs1 000X PEXKMMIB, CIIEKTP KOJIMBaHb CTa€ Oe3IepepBHUM.
JlocimKy€eTbest TOBeliHKa CIIEKTpa B 3aJIEXKHOCTI Bifl pi3-
HUX MapaMeTpiB, TAKUX SIK CTPYM, JIOBXXKMHA TpebiHKH, J10-
OpOTHICTb pe30oHaTOpa i T. 1.

Karouosi crosa: B3aemonis mon, JI3X, I'JIB, 6araro-
YaCTOTHI KOJIMBAHHS, BUILI IPOCTOPOBi TApMOHIKMU.

1. 03. Bi6miorp.: 07 Haiim.
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