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AHHOTauua - lMpeactaBneHbl pesdynbTatbl 3-0 moaenupo-
BaHWe npouecca BTOPUYHO-3/IEKTPOHHOIO Pas3MHOXEHUS B Mar-
HEeTpOHe C XO0/I04HbIM BTOPUYHO-3SMUCCUOHHBLIM KaTtoAoM B KO-
TOPOM MCTOYHWKOM MNEPBUYHLIX 3/1IEKTPOHOB AB/IAOTCA NoJsie-
Bble amutTepsbl (M3). MNokaszaHo, YTO NPUMEHeHWe TaHAema UM-
My/IbCOB aHOAHOrO HanpshkeHus Crnocob6CTBYeT MOBbILLEHUIO
3(phekTMBHOCTM M HAZEXHOCTM 3anycka npouecca Bo36yxae-
HUA 3N1EKTPOMArHUTHbIX aBTokosiebaHuii B MarHeTPOHHOM re-
HepaTope npu reHepupoBaHUN HaHOCEKYHAHbIX UMMYNbLCOB W3-
nyyeHus.

|. BBegeHune

B YkpaunHe u Poccuum npoposkaeTcsa paspaboTka u
nccnepgoBaHne MarHeTPOHHbIX TeHepaTopoB 3/1EKTPO-
MarHUWTHOro M3/1ly4eHUs CaHTUMETPOBOro M MUNIUMET-
pOBOro Anana3oHOB AJINH BOJIH C XONOAHLIM BTOPUYHO-
S/IEKTPOHHbIM amMuTtTepom (B33) [1]~[4]. KoHCTpyKuuMK
MarHeTpoHoB, pa3paboTka KOTOpbIX AOBefeHa [0 ce-
PUAHOrO NPOM3BOACTBA, Kak MpaBuio, UMEKT KaToLHYH
cuctemy, cojepxallyt ABa aMuTTepa - AONONHUTESb-
HbliA 3MUTTEP NEPBUYHbIX 3NIEKTPOHOB. M OCHOBHOI XO-
NOAHbIA 3MUTTEP BTOPUYHbIX 3/IEKTPOHOB.

B MMNYyNbCHbIX MarHeTPOHHbLIX reHepaTopax BOJIH
CaHTMMETPOBOro Auana3oHa MNPUMEHAT AONONHUTESb-
Hble 9MUTTEpPbl MEPBUYHbIX 3/1EKTPOHOB B BUAE N€3BUNA-
HbiX M3 [2], [4] v noneBbIX OCTPUIHbIX aMUTTEpPOB [3].,
AnHamuka npouecca BTOPUYHO-3/IEKTPOHHOIO pasMHO-
XeHusa (BAOP) npu 6ombapanpoBKe OCHOBHOIO XOJ/I04HO-
ro aMuTTEpa nepBUYHbIMU 3NekKTpoHamu [13 HepocTa-
TOYHO u3ydyeHa. VHopmaunsa o TeHAeHunAX pas3BUTUA
YNOMSAHYTOro mnpouecca BaxHa npu pas3paboTke ontu-
ManibHOW KOHCTPYKLMM MarHeTPpOHOB C XOJI04HbIM KaTo-
aom (XK).

B coobuweHun npeacTtassieHbl pe3ynbTaTbl Uccnepno-
BaHMA BO3MOXHOCTM CO3[aHuA MarHetpoHa c adpgek-
TUBHbIM XK Ha OCHOBe pe3y/ibTaTOB M3Yy4YeHUs AUHaAMW-
kn BOP npu 6ombapanpoBke OCHOBHOro B33 nepsuuy-
HbIMW 3neKTpoHamu c¢ [13. WccnepgoBaHue [UHAMUKK
BOP ocywecTB/1eHO C NOMOLWbIDO TPEXMEPHOW KOMMbIO-
TEPHON MOAeNn marHeTpoHa.

Il. OcHOBHaA 4acTb

Mpn co3pgaHnm XK, B cocTaB KOTOPOro BXOA4AT 3ne-
MeHTbl B33 u N3 Heobxoammo onpepenuTtb npodunb
paboynx MNOBEPXHOCTEN 3MUTTEPOB W WX B3auUMHOe
pacnonoxeHune. 3apgada cuHTe3a addektnBHoro XK
ynpouiaeTtcsa, ecnu u3BecTHa AnHamuka BOP.

Hwmxe onucaHbl OCOGEHHOCTW KOHCTPYKUWI Yy3/10B
XK, cogepxawmx OCHOBHON X0n04HbIA B33 1 gononHu-
TenbHbIA 13, KOTOpble MNPUMEHSAKTCA B WUMMYJ/IbCHbIX
MarHeTpoHax [2]-[4]. PaccmoTpeHa AMHaMuKa npolecca

B3P B mMarHetpoHe c BTOPUYHO-3IMUCCUMOHHBLIM XK npwu
reHepupoBaHNUN HaHOCEKYHAHbIX MMMNYNbCOB U3/TyYEHUA.
Cxembl (puc.l,a, 6) koHCcTpykumin XK cogepxat B ce-

6e M —1... sanemeHTOoB 1 3 NEepBUYHLIX 3N1EKTPOHOB,

# = 1... aneMeHTOB 2 xosiogHoro B33, kepH 3, dpnaH-
ubl 4, 6 Ha Topuax kKepHa 1, BbINOSIHAKLWMUMM POb do-
KYCUPYHOLWNX 3KpaHOB, nogorpesartenib 5, KOTOpbIA WUC-
nosib3yeTca ANd TPEHUPOBKM M akTmBauum XK B npouec-
ce TexHonoruyeckoro uukna. B nepsoii cxeme (puc.l,a)
KOHCTpyKunm XK B KayecTBe 3/iemeHToB 1 13 nepsBuu-
HbIX 3/1EKTPOHOB NMPUMEHEHblI AUCKU (/1e3BUA) TONLLMNHOM

1-10 mkm wu3 Tyronnaskux wmetannos (Cr,/1/o0,)XKn

Ap.), a B KayecTBe 3fiemeHTOoB 2 BB3 - uunuHgpuue-
Ckue  BTY/KM U3  TOKOMPOBOAALLEro  3MWUCCUOHHO-
aKTUBHOro Matepuasna. BHewHnin punameTp [AUCKOB-
nessnii 1 60/iblle BHEWHEro AguameTtpa UuWanHapuye-
CKUX BTY/0K 2 Ha (10-20)%.

Btopasa cxema (puc. 1,6) kKoHCTpyKumMn XK oTnnyaet-

cA OT NepBoOi TeMm, 4To B KkayectBe 1 —\ 371emMeHTOB
1 M3 nepBUYHbIX 3N1EKTPOHOB MPUMEHEHbI AUCKA W3 Ty-

ronnaBkux wmetannoB (Cr*Mo,>)K m ap.) TONUWMHOIA

(0.5-150) MKM Ha KpomMKax KOTOPbIX BbIMNOJIHEHbI MEpPUO-
ANYECKON CTPYKTYpbl Tuna aweneTT. Mpu 3ToM Beplun-
Hbl BbICTYMOB 3lleneTra B BUAe /ie3BUIN PacrnosioXeHbl
BAO/Ib OCU KaToja.

B TpeTbeil cxeme (puc.2) KOHCTpykuum XK npume-
HeH 3 nopgobHbin katoay CnuHaTa. Ha anektpoge 1,
KOTOpbIA M30/1MPOBaH OT KepHa 2 M Kopnyca marHeTpo-
Ha, pasMelieHbl asieMeHTbl 3 13 B Buae octpuin (Uro-
NOK) u3 TyronnaBkux meTtannoB. B nposBogsuwein cTeHke
kKepHa 2 n B cnoe 4 BB3 Hap KaXXAbIM ocTpuem 3 Bbl-
NOMIHEHbI KPYr/ble KOHLUEeHTPU4YHble OTBepcTuda. dnaHubl
5,6 BbIMNOJ/IHAKT POSb (POKYCUPYHOLLUX IKPAHOB.

OTMeTM O0COBEHHOCTM reHepauum NepBUYHLIX U BTO-
PUYHbIX 3/1EKTPOHOB C MOMOLLbLIO MpeAcTaB/IEHHbIX CXeM
XK. B nepsoit (puc.1,a) n sToponn (puc.1,6) CXEMaAX KOHCT-
pykumn XK nonesas amumccusa (aBToaMumccud) peanusyet-
cA nNpu nofgavye UMNYNbCOB paboyero HanpsxXeHUs Mexay
aHOflOM W KaToAOM W JOCTVMXEHWUU BeIMUYNHbI HanpskeH-

y
HecTU anektpuyeckoro nons (3-5)-10 B/cm. Bbige-

UM MPUYUHBI, onpejensiouime HecTabwu/bHbIN 3anyck
npouecca reHepauum 3/71€KTPOMarHUTHbIX KonebaHui
MarHeTpoOHOM nNpu ucnosb3oBaHUM XK, BbIMOSIHEHHbLIX MO
cxemam (puc, 1 a, 6) KOHCTpyKummn. OgHa VB. HUX - OTCYyT-
CTBME Ha KPOMKax AMUCKOB 1 3 HanpsXXeHHOCTU 3NekK-
TPUYECKOro nons [ocTaTovyHou AN obecneyeHus cTa-
6UNBbHOI NOMEBOM IMUCCUM INTEKTPOHOB.
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Puc. 1. Cxema y3na Xon04HOro Karoja:
1- ne3BuitHble anemMeHTbl M3; 2 - walbbl B33;

3 - KepH KaToaa; 4,6 - hnaHybl-aKpaHsbl;

5 - nopgorpeBaTeNb.

Fig. 1. The scheme ofthe coid-cathode assembly:
1- blade-shaped PE elements; 2 - SEE washers;
3 - cathode core; 4,6 - flanges-screens; 6- heater

A-A

Puc. 2. Cxema y3/1a X0/104HOro KaToja:
1- n30nMpoBaHHbIN OT KepHa anekTpog MN3J; 2 - KepH
KaToga; 3- OCTpUitHble aneMeHTbl M3; 4-cnoin B33J;
5,6 - donaHubl-3KpaHbl.

Fig. 2. A PE electrode isolated from the core; 2 - SEE
washers; 3 - spiked PE elements; 4 - SEE layer;
5,6 - flanges-screens

BTopasa - KuHeTnyeckaa 3Heprna nepBUYHbLIX 3N1EKTPO-
HOB E wH = eV (e —3apag anekTpoHa, V —pasHOCTb

noTeHLUMasioB Mexzay aHo4oM U KaTogoM) HefocTaToyHa
Ana  3anycka agdekTuBHOro npouecca B3P, ecnu
y4yecTb 4YTO 3nieMeHTbl 1, 2 19 n B3O HaxogAatca noa
O4HMM noTeHuuManom. B CKpeweHHOM, CcTaTu4yeckom
9N1EeKTPNYECKOM M MarHUTHOM TMOJMAX, Bbl/ieTeBWNe C No-
BEPXHOCTW 3MUTTEpa 4acTuubl CcoOBepllalwT UUKIOU-
AanbHoe ABwxXeHue. [lpu 3TOM YacTuubl, BO3Bpalliato-
umeca Ha noBepxHocTb B33, 6ombGapaupyoT eé c Toli
9Heprnen, ¢ KOTOPOA OHM TMOKMHY/IN 3Ty MOBEPXHOCTb.
OHeprna a/eKTpoHOoB, MoKngawuwmx NOBEPXHOCTb 3IMUT-
Tepa, cocTaBngder:

- [na TepmMoKkaTonoB A0 5 3B;

- 4NA BTOPUYHO-3IMUCCUOHHbIX KaTtogos Ao 10 3B;

- ANA NOoJieBbIX aBTOSMUTTEPOB MeHble 5 3B.

Cxewmbl (puc. 1) XK obecneunBalT 3HEpPru nepsuuy-
HbIX 3/IEKTPOHOB AOCTATOYHYK AN 3anycka npoueccos
BOP, B uyactHoCTW, npu nopgayvye TaHAema WMNYNbCOB.

MepBblAi BCNOMOratesibHbIA MMNY/AbLC WUMEeT AJINTeNb-
HOCTb B Tpu pasa 6onbwyto, 4yem 70-HAHOCEKYH[HbI
MMnNynbc paboyero HanpsXeHus u aMnanTyay MeHb-
Wwyto, 4yem amnautyga pabouyero HanpskeHuA. MOXHO
npeanosioXnTb, 4YTO B 3TOM C/llydyae aBTO3MUCCUOHHbIN
npouecc Ha paboumx noBepxHocTax 1D obecneunBaeTr
co3fgaHnue B MPOCTpaHCTBE MexXAy aHoAOM W KaTogoM
«HayasibHOM» MN/IOTHOCTM TMPOCTPAHCTBEHHOrO 3apsaja
(MN3), kotopas 3anyckaeT npouecc B3P npu cnage
BCnomoraTtenbHoro umnynsca. lNpouecc B3P 3nekTpo-
HOB B TakMX 3MMUCCUOHHBLIX CUCTeMax Npu BO3pacTaHuu
BennunHbl MM3 go 3HavyeHunsa (3-5)% nnoTHocTn paboye-
ro Toka 3anyckaeTtcs Takxe nog pgencresnem cun KynoHa
[6], [7]. Mpn BO36YyXAeHUM aBTOKO/eb6aHUn - npouecc
BOP naBmHooGpa3HO HapacTaeT nog Aaeincrtemem BY-
nonfa. B ynOMAHYTbIX CXemaX KOHCTpyKuum XK anemeH-
Tol 1 M3, pacnosnioxeHHble B NPOCTPaHCTBe B3auMopei-
CTBUSA, NOCTOAHHO HaXOOATCHA nop nencrteumemMm (pakTtopos
(3NneKkTpokoppo3nsA, NOHAEPMOTOPHbIE CWUJbl), KOTOpble
YyMeHbLWakT CPOK CAYXObl NAEHOYHbIX M3 1 marHeTpoHa
B uLesnioMm. B cxeme (puc.2) KOHCTpyKuuMm XK mexay ane-
MeHTamun 3 M3 n cnoem 4 B33 mmeeTcd pasHOCTb MNO-
TeHumnanos, B aTom cnydyae KaxAabli MepBUYHbIA 31eK-
TPOH TYHHENWpOBaHHbLIK U3 anemeHToB 3 M3, ABUrasach
B CKpeWeHHbIX CTaTUYeCKUX 3/IeKTPUYECKOM M MarHuT-
HOM noniax, 6ombapanpyeT pabouyyio nNoBepxHOCTb B3
4 c aHeprmen gocTtaTtoyHOW ANs 3anycka npouecca BOP.
Takum o6pa3om, AN yChnewHoro 3anycka npouecca
BOP, 3neKkTpoHbl A0/DKHbI MONYYUTb HEKOTOPYH «A0-
6aBKy» KMHETUYECKOIN 3Heprun. Ty «f006aBKy» IHEpruu
MOXHO o6ecneynTb 3a cYeT AOMNOSIHUTENbHOINO UCTOYHMU-
Ka UnuM npu ABWKEHWUM 4YacTuly, B HEOLHOPOAHOM 3Jiek-
TPUYECKOM nose.

B ocHoBe Mofenn nexuT pelleHue camocorsaco-
BaHHON 3ajauyn (T.e. pelweHue ypaBHEHUN [ABMXKEHUA,
BO30OyXAeHUa n ypaBHeHUsa [lyaccoHa) B TPeXMepHOW
noctaHoeke. MogenuposaHne gnHaMmukn npouyecca BIOP
B C/lyyae npumeHeHus cxem (puc.la, 6) KOHCTpyKuuu
XO/I04HOr0 Katoga OCyWecTB/IEHO Npu cnefywuwmux yc-
NOBUAX:

- HE y4YuTblBAeTCsH HepaBHOMEPHOCTb 3/1IeKTpoCcTaTu-
4eCcKoro nonas no ocu Xo0/A04HOro Katoaa;

- AUCKN 1 Ne3BUNHbIX 3/1EMEHTOB MOJIEBOr0 3IMUTTE-
pa npeanosiaralnTcsa «MNpo3payvyHbIMm».

Ha puc.3,a nokasaHa AuHamuka npouecca B3P Ha
HayanbHoOl cTagun ansa cxem (puc.l,a,6). Ha pwuc.l1,6
ana cxembl XK (puc.2). OTamune guHamunkm npouecca
BOP B HauyanbHOW cTaaum OODBACHAKTCA TEM, 4YTO B
cxeme (puc.2) KoHCTpykuumnm XK npouecc qoopmMmnpoBaHus
9N1EKTPOHHOI BTY/KM ocyulecTBnsgetTca 6bicTpee Bcrepn-
CTBME TOro, 4YTO BCE 3/IEKTPOHbI, TYHHE/NIMpOBaHHbIE W©3
3/1IeMeHTOB 1 NnosieBOoro amMuTTEpa, NMPUHMMAKT yyacTtue
B npouecce B3AP. B cxeme (puc. la, 6) KOHCTpyKumum XK B
npouecce BOP n opmunpoBaHuUs 3/1€KTPOHHON BTY/KM
NPUHUMAIOT yyacTue MepBUYHble 3N1EKTPOHbI, BblN1IeTEB-
e npn TYHHeNnupoBaHWM n3 anieMmeHToB 1 3 nop He-
60/1bWNM YIIOM K OCU KaToga. OTU 3/1IEKTPOHbI ABUXYT-
cA MO uukiouge C Manoin amnauTyaol npakTuyecku
BAONb JIMHWUIA nNapannenbHbiXx pabdoyeinl MNOBEPXHOCTU
BTOPUYHOSIMUCCUOHHOTO KaTtoga (puc.4). HesaBucumo ot
MecTa pasmelieHus nessuiiHoro M3 (B 61mxe K KoHUAM
- puc.4,a nnn B UeHTpanbHol o6nactn XK - puc.4.6)
npouecc B3P HaumHaeTca B ABYX KOHLEBbIX 06/1acTaAX
B33. Tlpu pocTtuxeHuum TOpLOB aHofa, MNepBUYHbLIE
3/1eKTPOHbI (aBTO3/IEKTPOHbI) nonagawT B HeEO4HOPOA-
Hoe 3nekTpuyeckoe nosie (4TO aHaNIONMYHO [ABWKEHUI
nog LAeWcTBMeM 3/IeKTPUYECKOro MnoJsis Ha cnage WM-
nynbca aHOAHOro HanpsXxeHua) n 6omMbapAupyrOT KOH-
uesble obnactn B33, 3anyckaa npouyecc BOP (puc.4).
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Puc. 3. HayanbHas cTaguMa AMHAMUKUN BTOPUYHOIMUCCUMOHHOTO Pa3MHOXEHUS
3/1eKTPOHOB NPN CTUMYyNMpoBaHuy BO3 nepBUYHbIMU 31EKT POHAMMU:
a) C N1e3BWIAHOro NofeBoro aMUT Tepa;
6) C OCTPUMHOTO NONEBOro aMUT Tepa.

Fig. 3. Initial stage ofthe secondary emission electron multiplication
in bombarding the SEE by primary electrons:
a) from the blade-shaped emitter;
b) from the spiked field-emitter

/ Ts= 223 4 Ts = 79
Ua= 0,S0QEKA \ lJa=0.800E+04
np 3 Vv Np. = 2
* N= 1
Rv= 2
a) 6)

Puc. 4. nnwcTpayuunsa Havyana npouecca pasMHOXeEHUA B TopueBbiXx obacTax B33.
Fig. 4. lllustration of dpe multiplication process initiation in We SEE end regions

Puc. 5 lnHaMWKN BTOPUYHOIMUCCUOHHOIO PpasMHOXEHNs
ANIEKTPOHOB Ha CcTagun rpynnmpoBkKn N pexnma aBT OKONebaHuii.

Fig. 5. ({lustration of We multiplication process initiation in the SEE end regions

2005 15th Int. Crimean Conference "Microwave < Telecommunication Technology” (CriMiC0’2005). 12-16 September, Sevastopol, Crimea, IJkraine
© 2005: CriMiCo0°2005 Organizing Committee; Weber Co. IEEE Catalog Number: 05EX1089



l1l. 3akroyeHune

KoHueBble ob6nactm B33 BHOCAT BKiajg B npouecc
BOP npu cpaBHUTeNbHO Hebosbwolh MM3 B npocTpaH-
cTBe B3aumoencTeuA MarHetpoHa. [lpu ysBenuyeHuu
M3 B npouyecc B3P naBnHooO6Gpa3HO BKIO4YaETCA BCA
paboyas noBepxHOCTb BI3.

PesynbTatel mogenuposaHusa guHamukn BIOP B mar-
HeTpoHax € XK, BbINO/IHEHHbIMW B COOTBETCTBUW CO
cxemamun (puc.l wn puc.2), Ha cTaguax rpynnupoBKu U
nepexoja K pexumy reHepauun cosnagawT (puc.5).

Pe3ynbtaTtel 3-D mogennpoBaHua mMarHeTpoHa C XoO-
NOAHbIM KaToAOM NOKas3blBaKT TakXe, 4To Ha AMHaMWUKY
BOP Bnunaet BennunHa yrna nageHnsa nepBuUYHbIX 3/ek-
TPOHOB Ha NOBEepPXHOCTb B33
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Abstract - Presented in this paper are the results of 3-D
simulation of the secondary-electro multiplication process in a
magnetron with cold secondary emission Pd-Ba alloy cathode
in which the primary electron sources are the blade-shaped

field emitters. The application of the anode voltage pulse tan-
dem is conducive to improving the efficiency and reliability of
triggering the electromagnetic self-oscillation excitation in mag-
netron oscillator, as the nanosecond radiation pulses are gen-
erated-

l. Introduction

Specialists from Ukraine and Russia proceed with devel-
opment and investigation of magnetron oscillators of electro-
magnetic radiation in cm and mm wavebands with cold secon-
dary-electron emitter (SEE) [1]-[4]. The design of magnetrons
whose development has been brought up to a commercial Level
is normally featured by a cathode system that comprises an ad-
ditional primary electron emitter and the main cold secondary-
electron emitter.

The dynamics of the secondary-electron multiplication
process, with the main cold emitter being bombarded by primary
electrons (PE) is not adequately understood. The information
on the trends towards developing the above process is essen-
tial when designing an optimal construction of cold SEE magne-
trons.

Presented in this paper are the results of the study on the
possibility for creating an effective cold cathode and oscillatory
magnetron are given. These results are based on investigation
of the secondary-electron multiplication dynamics while the
elements of the basic cold SEE are being bombarded with pri-
mary electrons from the elements of additional PE. The secon-
dary-electron multiplication dynamics in crossed static electrical
and magnetic fields is examined using CAD involving 3-D proc-
ess model.

II. Main Part

In order to develop cold cathode which comprises the SEE
and PE elements it is necessary that the profile of the emitters’
operating surfaces and their mutual arrangement would be ap-
propriately defined. The problem pertinent to cold cathode syn-
thesis is simplified if the secondary-electron multiplication dy-
namics is known. A description is given for design features of
cold cathode assemblies (see Figsl and 2), which are used in
cm-wave pulse magnetrons [2]-[4]. The dynamics of the secon-
dary-electron multiplication in cold cathode magnetron when
generating nanosecond radiation pulse is considered.

The proposed model is based upon the solution of self-
consistent problem (the solution of equations of motion, excita-
tion and those of Poisson) in three-dimensional statement.

Simulation of secondary-electron multiplication dynamics is
performed when the schemes (see Fig.1l, a, b) of the cold-
cathode design are realized under the following conditions:

- non uniformity of the electrostatic field along the cold
cathode axis is not taken into consideration;

- the discs 1 of the field emitter blade-shaped elements
are assumed to be “transparent”.

The results from simulating the secondary-electron multipli-
cation dynamics suggest that the above process in the afore
mentioned cold cathode constructions is observed to differ
solely in the early stage of forming the space charge electron
sheath (Fig.3).

There is no sharp difference at the stage of grouping with
spokes being formed and self-oscillation emergence (Fig.4). A
key role of end regions of the cold cathode when forming elec-
tron sheath (Fig.5) is demonstrated.

The ways for development of “transparent” field emitters re-
sponsible for generating primary electrons are specified.

[ll. Conclusion

The 3-B model of the secondary-electron multiplication dy-
namics in cold cathode magnetrons having a SEE, which is bom-
barded by the primary electrons from the field emitter, makes it
possible to create the optimal magnetron constructions that pro-
vide for the nanosecond electromagnetic radiation pulses.
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