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Fig. 1. Real part of the transadmittance 

-4 -3 -2 -1 0 1 

A 0  
Puc. 2. P e s o ~ a ~ c ~ b i e  xapaKmepucmuKu ann 

Fig. 2. Amplitude response for different harmonics 
of the input signal frequency 
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qacToTbi BxonHoro cnrtiana (HoMep K P M B O ~  cosnaAaeT c 
HoMepoM rapMonuKM N). n o ~ a 3 a n b i  TaKme OnTMManb- 
nbie 3 n a q e n ~ ~  @ a m  BbixoAnoro curnana y AnR pa3- 
nMwbix 3 ~ a q e n ~ h  N. Y e e m c l e w e  HoMepa rapMoHmM 

BMR ( ~ ~ K T P O H H ~ I ~  KnQ nponopwonanen SI). v l s ~ e n e -  
w e  conpowsnenw C B H ~ M  c ysenwewehn N o6ycnos- 
nmaeT AonontiMTenbtioe yMeHbueHMe SI. vl3 rpa@uKoe 
Ha p ~ c . 1  cneAyeT, C~TO An9 Aannoro ~ a 6 o p a  napaue-r- 

npMBO#4T K CHMXeHMIO 3@@eKTMBHOCTM B3aMMOAehCT- 

POB CMCTeMbl 3@@?KTMBHOe YMHOXeHMe '4aCTOTbI MOX- 
HO nOnyclMTb n M W b  npM N e 5 .  qTO6bl nOny.lMTb 6onee 
BblCOKMh K03Ct)@MuMeHT YMHOXeHMSI, CneayeT CKOMneH- 
CMPOBaTb YMeHblueHMe COnPOTMBneHMR CBRJM npM no- 
BblWeHMM 'iaCTOTbl BblXOAHOrO CMrHana. 

M3MeHeHMe OnTMMaJlbHOrO 3HacleHMR aa3bl BblXOA- 
Horo cMrHana AnR pa3n~clnbix snaren~h N ceMAeTenb- 
cTByeT o TOM,  TO AnR AaHnoro YPOBHR B X O A H O ~  MOU- 
HOCTM npoyecc 3 ~ e p r o o 6 ~ e n a  B Moaynmope flenfleTcR 
cyuecTsenwo HenwiehnbiM H Ansl TeopeTwecKoro aHa- 
nM3a Henb3R OrPaHMqMBaTbCR JlMHehHblM n p ~ 6 n ~ x e n ~ -  
eM. B 3TOh CBR3M CneAyeT OTMeTMTb, ClTO An9 3Ha'-IeHMR 
Po= -60 dB AJlR BCeX raPMOHMK OnTMManbHOe 3HacleHMe 
@a3bl y OAMHaKOBO M PaBHO X. 

Ha PMC. 2 npeacTaenenbi pe30nanc~bie xapauepu-  
CTHKM Anfi p a 3 n ~ q ~ b i x  s ~ a r e ~ ~ h  N. Cnnounbie KpMBbie 

HoMepa ymnMeaeMoh rapMotiMKM conpoeoWaeTc9, 

COOTBeTCTBYIOT YCTOh'4MBblM 3HWeHMRM aMnnMTyAbl 
~ o n e 6 a ~ ~ h ,  LLlTPMXOBble - HeyCTOhYMBblM. YBenMcleHMe 

nOMHMO CHMXeHMSI MaKCMManbHOh aMnnMTyAbl ~ o n e 6 a -  
H M i ,  M3MeHeHMeM OnTMManbHOh claCTOTHOh PaCCTPOhKM 
Aw M cyxemeM nonocbi CMHXPOHM~~WIM. 

nOBblWeHMe MOUHOCTM BXOAHblX CMrHanOB npMB0- 
AMT K M3MeHeHMtO YCnOBMh YMHOXeHHR WCTOTbl B MC- 
CneAyeMOh CMCTeMe. Pe3ynbTaTbl PaCcleTOB nOKa3blBa- 
IOT,  TO Ann s ~ a c r e ~ ~ h  PO, npeebiuatoqMx HeKoTopoe 
noporosoe 3 n a c l e ~ ~ e  (onpeAenfieTcfi ~ a 6 o p o ~  ~ e 3 a s ~ -  
CMMblX napaMeTpOB CMCTeMbl), 3@@eKTMBHOe YMHOXe- 
HMe WCTOTbI  CTaHOBMTCR np06neMaTM'-iHblM. 6 3TOM 

Cny'iae AaXe N R  BTOPOh M TpeTbeh raPMOHMKM YPO- 
BeHb BblXOPHOh MOUHOCTM OKa3blBaeTCR IlpMMepHO 
PaBHblM M n M  MeHbWMM MOU(H0CTM BXOAHOfO CMrHana. 
QatitiaR cMTyat#m x a p a ~ ~ e p ~ 3 y e ~ c ~  3 ~ a w ~ e n b n b i ~  
ypoeneM rpynnMposKM n y w a  Ha sxoae p e 3 0 ~ a ~ c n o r o  
YWCTKa npOCTpaHCTBa B3aMMOAehCTBMR. B 3TOM Cny- 
We BblXOAHble XaPaKTePMCTMKM CMCTeMbl B OCHOBHOM 

HaHCHbIX) YclaCTKOB np~6opa. 
onpeaenflmcn ceohcTsaMM MogynMpytoqMx ( ~ e p e s o -  

1 1 1 . 3 a ~ n m ~ l e ~ ~ e  
PaCCMOTpeHHble 3aKOHOMePHOCTM YMHOXeHMR W C -  

TOTbl B ~ M ~ P M A H O ~  3neKTpOHHO-BOnHOBOh CMCTeMe 00- 
3BOnRIOT OnpeAenMTb OCHOBHble @aKTOPbI, B03AehCT- 
BYIOUMe Ha 3$@eKTMBHOCTb 3 n e p r o o 6 ~ e n a  npM YCMne- 
HMM rapMOHMK MCXOAHOh WCTOTbI. CneAyeT OTMeTMTb 
BOJMOXHOCT~ a n a n ~ 3 a  B pawax ~ c n o n b a y e ~ o h  MoAencl 
p a 3 n ~ w b i x  cxeM yMnoxenm M n p e o 6 p a 3 0 e a ~ ~ ~  clacTo- 
Tbl M pa3pa60TKM Ha 3TOh OCHOBe J@Et)eKTMBHblX MHO- 
rO@YHKL&4OHanbHblX YCTPOhCTB. 
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Abstracf - Using of hybrid 0-type beam-wave system as a 
frequency multiplier is theoretically researched. We have carried 
out the analysis on the base of nonlinear self-consistent theory of 
beam-wave interaction, which takes into account the multidimen- 
sionality of electron-optical and electrodynamic systems. The 
main regularities of input signal harmonics amplification for dtffer- 
ent parameters of the beam-wave system are obtained. 

I. Introduction 
The interaction of charged particles with electromagnetic 

fields in multistage beam-wave systems results in the creation 
of electron streams time-space structure with variety of harmon- 
ics. The increase of input signals power Po complicates the in- 
teraction between the electron beam and synchronous wave, 
which is stipulated by nonlinearity of physical processes. Using 
of particular sections of interaction region for input signal har- 
monics amplification allows, on the one hand, to increase the 
radiation frequency, and on the other hand - to enhance the 
efficiency under certain conditions. 

The present work describes one of the possible schemes of 
the frequency multiplication in the hybrid beam-wave system 
including nonresonance and resonance sections of the interac- 
tion region on the basis of the multidimensional self-consistent 
theory [I ] .  Theoretical investigation of different power levels of 
input signals in view of effects stipulated by multi-regularity of 
electrons trajectories and electromagnetic fields of the slow- 
wave circuits is performed. 

I I .  Main part 
In this paper considered is the hybrid scheme of frequency 

multiplier, in which the initial signal enters the input of the non- 
resonance beam-wave system, and amplification of the frequency 
harmonics of this signal takes place in the resonance 0-type sys- 
tem with prolonged interaction. Generally the nonresonance sec- 
tion of the interaction region is partitioned with the purpose of effi- 
ciency enhancement and parasitic feedbacks elimination. The 
present work is focused on the analysis of amplification of rather 
powerful input signals. The velocity-modulated and density- 
modulated electron beam enters the resonance section of the 
interaction region. 

The calculations were performed for the Gauss amplitude dis- 
tribution of rf field in resonance section of interaction region. We 
also assumed that impedance surface is disposed only on one 
plane of nonresonance planar structure. 

Fig. 1 shows amplitude depending on the real part of tran- 
sadmittance of resonance stage oscillatory characteristic for dif- 
ferent harmonics of the input signal frequency (number of the 
curve coincides with harmonic number N). The optimum values of 
the output signal phase for different N are also shown. 

Fig. 2 shows the amplitude-frequency responses for different 
values N. Solid curves indicate the steady values of oscillations 
amplitude; dashed curves indicate the unstable amplitude values. 
The increase of amplificated harmonics number results in the de- 
crease of maximum oscillations amplitude, change of the opti- 
mum frequency detuning, and synchronization band narrowing. 

Ill. Conclusion 
The considered regularities of frequency multiplication in 

the hybrid beam-wave system allow to determine the main fac- 
tors influencing the efficiency and output power. Used physics- 
based nonlinear model provides the opportunity of the analysis 
of the different frequency multiplication and conversion 
schemes and multidimensional simulation capability for high- 
performance devices design. 

285 2003 13th Int. Crimean Conference "Microwave & Telecommunication Technoloyy" (CriMiCo'2003). 8-12 September, Sevastopol, Crimea, Ukraine 
0 2003: CriMiCo'2003 Organizing Committee; Weber  Co. ISBN: 966-7968-26-X.  IEEE Catalog Number: 0 3 E X 6 9 7  


