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AHHOmMauyusi — PaccmatpuBaeTcsa ycunutenb cybTeparep-
LLOBOro AmanasoHa ¢ ABYMS OTAEMbHbIMW BXOOHBIMU cUrHana-
MW pasfnyHblX YacToT. YCUINEHNe oCyLEeCTBNSIETCS Ha NOBEPX-
HOCTHbIX W OOBEMHbIX BOMHAX [ABYXPEXUMHOMN 3rEeKTPOHHO-
BOMHOBOW cuctembl O-Tuna. TeopeTuyeckuidi aHanmMa npoBo-
OUTCA HA OCHOBE HENMWHENHOW MHOTOMEPHOW TEopUn. YCTaHOB-
NeHbl YCIOBUS peanusauun pexvma pereHepaTMBHOro ycurie-
HUS U CMHXPOHU3ALMW MPU YCUINIEHUU HA NEPBOW U TPeTben
rapMOHWKE YacTOTbl MOBEPXHOCTHOW BOSHbI.

|. BBegeHue

Pas3sntne anemeHTHoOW 6Gasbl cybTeparepLoBOro wu
TeparepLoBOro AnanasoHOB BOSTH OCHOBLIBaeTCs B nep-
BYIO ovepefb Ha pa3paboTke ahHEKTUBHBIX UCTOYHUKOB
nsnyyexus. MpumeHeHve ang atow uenu npubopos Auv-
(PPaAKLMOHHON SMEKTPOHUKM SBMSETCA MEPCrneKTUBHbLIM
HanpaBneHMemM COBPEMEHHON pagnouankm n gusmde-
CKOW 3neKkTpoHuKkn. OcoBEHHOCTb 3TUX YCTPOWCTB CO-
CTOWUT B peanusaumv OgHOro M3 ABYX PEXUMOB paboThl
KonebaTenbHOM CUCTEMbI — Ha MOBEPXHOCTHbLIX BOJTHAX
3aMeqnsaowen cucTeMbl U Ha OBBEMHbIX BOMHax Au-
dpakumoHHoro manyyexus (OW), sHeprust KOTopbIX Ha-
KannueaeTca B pesoHaTope. [pevmyLlecTBo ogHoBpe-
MEHHOr0 MCMOoNb30BaHWS ABYX PEXMMOB CBSA3aHO C TEM,
4YTO, C OAHOWN CTOPOHbI, 3TN PEXMMbI pa3BsA3aHbl Mexay
coboli No BbIBOAY 3HEPruu: AN MOBEPXHOCTHBLIX BOJH
OH OCYLIECTBNSETCH HEMNOCPEeACTBEHHO W3 3aMefrnsio-
Len cuctembl, a Ans o6beMHbIX BONTH — 4Yepes3 oTBep-
CTUE CBsI3N B OTKPLITOM pe3oHaTope. C gpyron cropo-
Hbl, OHW B3aMMOCBS3aHbl 33 CYET B3aUMOAENCTBUSA C
3NEKTPOHHBLIM NMOTOKOM, KOTOPbIN SBMSETCA HEMUHENHON
cucteMon. B cBA3M ¢ 3TMM NoOsIBNAETCS BO3MOXHOCTb
O[HOBPEMEHHOIO (POPMUPOBAHMS BLIXOAHbLIX CUTHANOB
pasnuuHbIX YacToT 3a cyeT BO30YXOEeHUsT OOBEMHbIX
BOJTH HA OZHOW M3 BbICLUMX FAPMOHMK YacTOTbl MOAYnsi-
UMM 3MEKTPOHHOrO NoTOoKa MOBEPXHOCTHOW BonHoMW [1].
Takaa [OBYXpeXuMHasi [ABYXYacCTOTHAs SMEKTPOHHO-
BOIHOBasi c1CTEMa MOXET UCMONb30BaTbCsA Takke Ans
YCUMNEHNS1 HECKOIbKUX CWUrHarmoB, MpUY4eM B [aAHHOM
cnyyae He TpebyeTcs (hopMUPOBaHUE MHOrOKackagHoM
CXeMbl M JOMOMHUTENbHbIX YCTPONCTB NOAABMNEHUS MO-
Oynauum 3neKTPoOHHOro NOTOKa.

B paHHol paboTe paccmaTpuBaeTcsi yCunuTenb C
OBYMSI BXOAHBIMW CUTHanamu pasfnmnyHbiX 4acToT, KOTO-
pble MOCTynawT B MPOCTPAHCTBO B3aMMOOEWCTBUS Ye-
pe3 oTAenbHble YCTPOWCTBa CBS3N, obecnedvvBatoLime
BBOZ SHEPruu Mo nosn NOBEPXHOCTHOM U NO Nomnto 06b-
€MHOMI BOJTHbI HE3aBNCKMO.

Il. OcHOBHasA yacTb

Cxema [ByxamManasoHHOro ycunuTens npegcraerne-
Ha Ha puc. 1. MNMepBbIi CUrHan ¢ 4YacToToM » NOCTynaeT B
npmbop BOMM3N KOMNMEKTOPHOro KOHLA 3ameanswoLlen
cucteMbl. B aTom cnyyae ocyuiecTBnsieTcs ycunenme Ha
obpaTHOI NOBEPXHOCTHOM BosHe (pexwum JIOB) n BbiBOA,

3Heprum pacnonaraetcs BOMM3N SNEKTPOHHON MyLUKK.
MpegnonaraeTcs, 4TO B pexvMe OOBbEMHbIX BOSH CUC-
Tema BO30OyxgaeTcsd Ha N-i rapMOHMKE YacTOTbl MOAy-
NAUUM  3MNEKTPOHHOrO MOTOKA MONieM MOBEPXHOCTHOM

BOMHbI, T. €. Ha YyacTtoTe nw. BTopon curHan Ha aton
YyacTtoTe NocTynaeT B pe3oHaTop 4Yepe3 OTBEepCTME CBS-
31. Pa3Bsa3ka C BbIXOOHbIM CUrHaNoOM OCYLLECTBMSETCS

Yyepes UMpKynsTop.

T =

v 4

Puc. 1. Cxema 08yx0uana3oHHO20 ycuaumeris.
Fig. 1. The dual band amplifier diagram

Puc. 2. 3asucumocmu ammniumyodb! konebaHul om
pasHocmu ¢ha3 npu crnabom 8xXoOHOM cuzHare.

Fig. 2. Oscillation amplitude vs. phase difference for a
weak input signal

Ecnu Tok nyyka B cucteMe He npeBbILLaeT NyCKOBOro
3HavyeHua ana pexuma JIOB, TO Ha MNOBEPXHOCTHOM
BOMnHe OyaeT oCyLlecTBNATLCS pereHepaTuBHOE ycune-
HMe 6e30THOCUTENBHO K YPOBHIO BXOAHOMO curHana. [ns
BTOPOro, 6omnee BbICOKOYACTOTHOIO CUrHana, B pexume
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ON peanusyeTtca ycuneHue npu CUHXPOHWU3ALMW, MO-
CKOMNbKy napameTpuyeckasi CBsi3b PEXMMOB MOBEPXHO-
CTHbIX U OOBEMHBIX BOMH MPUBOAMUT K CyLLECTBEHHOMY
CHWXEHMIO MyCKOBOro Toka. Ecnn Tok nyyka npesbiwaeT
nyckoBoe 3HaveHue ansa pexuma J1I0B, To ycunexne npu
CUHXpPOHM3aumMn 6HydeT npouMcxoanMTb OAHOBPEMEHHO
Ans obonx pexMMoB 3MEeKTPOHHO-BOMTHOBOW CUCTEMbI. B
3TOM Crnyyae BaXKHbIM acnekToM 1ccrnefoBaHns ABnseT-
Csl aHanus3 ycrioBuri amnnuTygHon 1 pa3oBon yCTONYM-
BOCTM konebaHuii B HeaBTOHOMHbIX CUCTEMAX.
TeopeTnyeckuin aHanu3 OBYXAMANa30HHOroO YCUnu-
Tensd NPoBOAMTCHA Ha OCHOBE HENMHENHOW MHOTOMEPHON
TEOpUM [ABYXPEXMMHON [ABYX4AaCTOTHOW SMNEKTPOHHO-
BonHoBoOW cuctembl O-Tuna [2]. Ha pwuc. 2 npeacrtaene-
Hbl pesynbTaTbl PeLleHns CTaLMOHApHOro YpaBHEHWS
B0O30OyxaeHust B pexume [ Ha TpeTben rapmMoHuke pe-
*uma JIOB c yyeTom cnaboro BHELUHEro BO3L4ENCTBUSI

Ha konebaTenbHylo cuctemy. A — pasHocTb das, F —
amnnutyaa konebaHuin, ® — napameTp OTHOCUTESIbHOMO
pPacCUHXPOHM3Ma CKOPOCTM 3M1EeKTPOHOB U ha3oBoW CKO-

POCTW CMHXPOHHOMN C MY4YKOM BOIHbI Ha YacToTe ®. M30-
NVHUW NOCTPOEHbI ANSi Pa3fUYHbIX 3HAYEHU HOPMUPO-
BaHHOro TOKa ny4yka. 34ecb NpenMmyLLecTBEHHO Habnio-
[alTCs MHOro3Ha4yHble 3aBUCMMOCTH F(A(p), 4yTO cBuae-
TenbcTByeT 06 ycuneHunm amnnutygbl konebaHuin npu
CUHXPOHM3aLNN.

YBenvyeHve amnnuTydbl BHELUHEro BO34EenNCTBUA
COMpPOBOX/AAeTCA NepexofoM K O4HO3HAYHbIM 3aBUCK-
MOCTAM amnnuTyAbl konebaHun oT pasHocTn a3
(puc. 3), xapaKkTepHbIM ANA pexuma pereHepaTUBHOIO
ycuneHums.

0,84

0.6+

0.4+

0,24

Ag

Puc. 3. CmayuoHapHbie 3HadyeHus: amnaumyodbi u gasbl
8bIXOOHO20 Cu2Hara ycunumerns.

Fig. 3. Stationary amplitude and phase of
the amplifier output signal

lIl. 3aknoyeHne

[MocTpoeHa HenuHenHas MHOromepHass Teopus
OBYXAMANa3oHHOro YCUIUTENS B PEXUME MOBEPXHOCT-
HbIX 1 06beMHbIX BONH. [NokasaHo cyulecTBOBaHWe 06-
nactemn ycTomumBoro Bo3OyxaeHus konebaHum B pexu-
ME pereHepaTuMBHOIO YCUIIEHUS U YCUIEHUSI MPU CUH-
XpOHM3aumm konebaHnii Ha OCHOBHOW U TpeTbew rapmo-
Hukax JIOB-koneGaHuit. Mcnonb3oBaHune BbICLIMX rap-
MOHMK MO3BONSIET OCYLUECTBNSATL YCUIEHWE CUrHarnoB
cybTeparepuoBoro ananasoHa.
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Abstract — The subterahertz amplifier with two input signals
is considered. Theoretical analysis is performed on the basis of
nonlinear multidimensional theory of the beam-wave interaction.
Conditions of the regenerative amplification and locking on the
first and third harmonics of the surface wave frequency are
obtained.

|. Introduction

Application of the diffraction radiation electron devices for
development of the subterahertz and terahertz generators is the
promising area of the modern radio-physics and physical elec-
tronics. There are two modes in these systems — with the slow-
wave system surface waves and diffraction radiation bulk
waves. Signals outputs are different for these modes. Energy of
the surface waves outputted from slow-wave system. Bulk
waves energy leaves the opened resonator through the cou-
pling hole. Therefore this beam-wave system may be used for
amplification of the two signals with different frequencies with-
out forming the multistage scheme of the device.

In this report the dual band O-type amplifier with two input
signals is considered. Energy input is realized by means of two
different couplers.

Il. Main Part

The dual band amplifier is shown on fig. 1. The first signal
input (frequency is ®) is arranged near the slow-wave system
collector edge. Amplification is carried out on the backward
surface wave (BWO mode). The diffraction radiation mode is
excited by one of high harmonics of the beam current (fre-
quency is nw).

The second input signal comes in the resonator through the
coupling hole with a circulator. In fact these two parametrically
coupled oscillation systems are formed in the one-stage elec-
tron device.

Steady-state output amplitude and phase values are shown
in fig. 2 for diffraction radiation mode and different values of the
normalized beam current. It is clear that multifunctions F(A)
are formed. Thus the amplification with locking is realized in this
case. The input signal amplitude increase results in unique
dependences F(Ap) (see fig. 3) which are characteristic for
regenerative amplification mode.

lll. Conclusion

The nonlinear multidimensional theory of the dual band
amplifier in the surface and bulk waves modes is developed.
Excitation of the oscillations for regenerative amplification and
amplification with locking modes is shown for the first and the
third harmonics of the BWO oscillations. The proposed electron
device can be used in subterahertz and terahertz bands for
amplification of the two signals with different frequencies.
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