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Abstract. The use of three-module cathode heating units in the instantaneously ready magnetrons makes it pos-
sible to increase stability and reproducibility of the electrical parameters of devices. Such design of the cathode
heating units can be successfully used in production of magnetrons with a non-heating start having a pulse
power up to several hundred kilowatts.
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MNOCTAHOBKA 3AJ1AYH

Brimmyckaemble B HacCTosllee BpeMs MarHeTPOHBI
C MTHOBEHHOI TOTOBHOCTBIO OT/IMYAIOTCS CPaB-
HUTeJBbHO HU3KOM, He boee 20-25 kBT, HMIIYJIbC-
HOM MOILIHOCTBIO TeHepHpyeMbIXx CBU-KomebaHHUI.
B sTux nmpubopax HUCIOAB3YIOTCS CTaHAAPTHBIE
IOBYXMOJYyJIbHBIEe KaTOAHBIe y3/1bl (pHc.la), cocTos-
IHe M3 YepeayoIKuXCsa aBTO3IeKTPOHHBIX U BTO-
PHYHO-9MHCCHOHHBIX KaTo0B [1-4].

ABTO3/JIeKTPOHHBIE KAaTOJbl, OTBeTCTBeHHEIE
32 MHHULMHUPOBAHHE Hayajla TeHepaluu, Ipej-
CTaBASIOT co60¥ mMarbbl U3 TAHTAJIOBOM QOJIBTH.
B xauecTBe BOK B 3THX y3/laX IPUMEHSAIOTCS IIpec-
COBaHHBIe Majyafguii-6apueBble KaTOAbl, KOTO-
phle HapsAny CO CBOMM OCHOBHBIM IIpeAHa3Ha-
YeHHeM JOJIKHBL obecliednBaTh HellpepPBIBHOE,
OT UMIIYJIbCa K UMIYJIbCY, aKTUBHUPOBAHHE aBTO~
3JIeKTPOHHBIX KaTOAO0B. B MarHeTpoHax C moj06-
HOM KOHCTpYKIHeH KIIY BTOpUYHO-9MHUCCHOHHBIN
KaToJ nopBepraeTcsi 6ombapaupoBKe 06paTHEIMHU
3JIeKTPOHAMM, B pe3yjabTaTe Yero MOTYT IPOHCXO-
OUTHh HeobpaTHUMble H3MeHEHHUS KaK CTPYKTYPHI,
TaK K COCTaBa IMPUIIOBEPXHOCTHOTO C/IOS SMHUTH-~
pYIOILeH IIOBePXHOCTH, 00yC/IaBIUBAOI[HE B COBO-
KyIIHOCTH Jerpafaluio 3MHCCHOHHBIX CBOMCTB.
Kpome 3TOro, ecnu 3Heprus 6oMbapaUpyoOIUX
3JIEKTPOHOB LOCTAaTOYHO BBICOKA, TO BO3MOJKEH
Ieperpes KaTojla U U3MeHeHHe ero reoMeTpuye-
CKHMX pa3MepoB. B CBSA3M C 35TUM HCIIOJIb30BaHUE
CTaHJAPTHOM JBYXMOZYJIbHOM KOHCTPYKIHH KITY
B MOIIHBIX MarHeTPOHAaX C HMIYJIbCHOM MOIIHO-
cThI0 601€e 50 KBT MoxkeT He obecreuuTs He06Xx0-
OUMYIO JOJITOBEYHOCTD.

Jl7s1 co3MaHUsI COBPeMeHHBIX OBICTPOeHCTBYIO-
IUX KOMIIJIEKCOB, IIpeJHa3HaYeHHBIX I/ JIOKa-
MU U COINPOBOXIEHUHS BBICOKOCKOPOCTHBIX
06BbeKTOB (paKeT, CaMOIeTOB, OECIUIOTHUKOB
U Ap.) ¢ 6ONBIIMM pagHuyCcoOM IeHCTBUS, HeobXo-
OUMBI TeHepaTopbl CBU-KomebaHU ¢ COBePUIEHHO
HOBBIMH TAaKTHUKO-TEXHHUYECKHMMH XapaKTepu-
CTUKAaMH, B YaCTHOCTH MaJiorabapuTHbIe MarHe-
TPOHBI C MTHOBEHHOM TOTOBHOCTBIO C UMITY/IbCHOU
MOIIHOCTBIO B HECKOJIBKO COTeH KHJIOBATT. BpeMms
TOTOBHOCTH CEePHUHHO BBIIIYCKaeMbIX MOIIHBIX Mar-
HeTPOHOB, B KOTOPBIX UCIIONb3YIOTCS OJHOMOLYIb"
Hble KIIY (HakanuBaeMble MarHeTPOHBI), COCTAB-
nseT 3-5 MUH u 6onee. [To3ToMy 3ajada I10 CO34a-
HHIO MAarHeTPOHOB C MTHOBEHHOM TOTOBHOCTBIO
C BBIXOLHOM MOIIHOCTbIO 6osee 100-150 KRBT upes-
BBIYAMHO aKTyaJbHa U BocTpeboBaHa. OLHAKO

STATEMENT OF THE TASK

The currently available instantaneously ready magnetrons
are characterized by a relatively low, no more than
20-25 kw, pulse power of the generated microwave
oscillations. These devices use standard two-mod-
ule cathode assemblies (Fig.1a) consisting of the
alternating auto-electron and secondary emission
cathodes [1-4]. The auto-electron cathodes respon-
sible for initiating the onset of generation are tan-
talum foil washers. Pressed palladium-barium
cathodes are used as secondary emission cathodes
(SECs) in these assemblies which, along with their
main purpose, should provide continuous, pulse to
pulse, activation of the auto-electron cathodes. In
magnetrons with such design of the cathode-heat-
ing units (CHUs) the secondary emission cathode is
bombarded by return electrons, which can result in
the irreversible changes in both structure and com-
position of the near surface layer of the emitting
surface causing together degradation of the emis-
sion properties. In addition, if the energy of the
bombarding electrons is high enough, the cath-
ode may overheat and change its geometric dimen-
sions. For this reason the standard dual-module
design of the CHU in high-power magnetrons with
a pulse output of more than 50 kW may not provide
necessary durability.

Microwave oscillators with completely new tac-
tical and technical characteristics, in particu-
lar, small-sized magnetrons with instantaneous
readiness and pulse power of several hundred
kilowatts are necessary for manufacturing mod-
ern high-speed complexes, designed for location
and tracking of high-speed objects (missiles, air-
craft, drones, etc.) with a large action range. The
readiness time of commercially available high-
power magnetrons, which use single-module CHUs
(incandescent magnetrons), is 3-5 minutes and
more. Therefore, the task of manufacturing mag-
netrons with instant availability and an output
power exceeding 00-150 kW is extremely relevant
and pressing. However, the standard approach to
solving this problem by designing a new type of
device or improving the design of existing magne-
trons is too time consuming and expensive.

The research carried out in recent years by employ-
ees of the Technical Centre "Basic Technologies
EVP" JSC "Pluton" showed that such a problem, for
the first time in world practice, can be success-
fully solved by commercially available powerful

Vor.15 No. 7-8 2022 NANO INDUSTRY



OBOPYAOBAHME A/11 HAHOUHAYCTPUM

WA

PdBa akTnBaTtop
PdBa activator Ta aBTo3MUTTED

Ta auto emitter

2 b BTopuyHbin ¢
X A F 3MUCCUOHHbBIN
AHoA | Anodes arop
Secondar
\ 7 I 7 emissiony PdBa akTtusatop
% cathode PdBa activator Ta aBTOSMUTTEP
Ta auto emitter
P T
)
/
g |
by
e,

[~ AHog [Anode ]

Puc.1. Cxemamuuyeckoe U306paxkeHue KOHCmMpyKuuu 88yxmodyabHozo KIY (a), mpexmodyabHozo KIY (b) u koHcmpykuyuu A3B (c)
Fig.1. Schematic diagram of two-module CHU design (a), three-module CHU design (b) and AEU design (c)

CTAaHZAPTHBHIH MOAXO/ K pPelleHHI0 3TOM 3aJadH
3a CueT KOHCTPYHMPOBAaHUS HOBOTO THIIA pubopa
HUJIH YCOBEPUIeHCTBOBAHMS KOHCTPYKILHMH JeHCT-
BYIOLUMX MarHeTPOHOB CJIHIIKOM TPyLOeMOK
U IOPOT.

ViccnemoBaHM s, BEIIIOJIHEHHBIE B [IOC/IeLHKE [OJbL
corpynHuKaMu TexHU4YecKoro LleHTpa "Ba3oBble Tex-
Hosoruu IBIT" AO "TlnyToH", MOKa3anau, YTO 1oL06-
Has 3a/ilaya, BIepBble B MUPOBOL IIPaKTHKe, MOXET
OBITB YCIIELIHO pellleHa B pe3y/IbTaTe HCIIOIb30BAHMUS
B CEPUHHO BBIIIYCKaeMbIX MOIIHEIX MarHeTPOHOB
C HaKaJIMBaeMBbIM KaTOJIOM, YHHUKa/bHEIM 10 CBOEH
CYTH, KOHCTPYKIUH KaTOLHOIO y3Jia ~ TPEXMOZY/Ib-
Horo KIIY, paboTa KOTOpOro oCHOBaHa Ha codeTa-
HUU TPex BHUJO0B 3MUCCHH: TEPMO3MHCCHOHHOMU;
aBTO3JIeKTPOHHOU M BTOPHUYHO-3IMHCCHOHHOH.
st TpeXMOAYAbHOM KOHCTPYKIMU KIIY BBefeHEI
cnenywouue onpefeneHusa: ADK - mepBbIM MOAYIIb;
akTuBaTop A3K - BTOpor MoAynbs U BOK - TpeTun
Moaynb. [IPpUHLIUIIHATBPHOMN 0COOeHHOCTHIO TPex-
moxynabsHOoro KIIY (puc.lb) sBinsieTcs paszeneHue
KaToja Ha ABa QYHKIIMOHAJIbHEIX 3JIeMeHTa, KaK-
JOBIH M3 KOTOPBEIX BBIIIOJHSET BIIOJHE OIpefesieH-
HYI0, KOHKPeTHYI0 posib. OMHHUM K3 3JIeMEeHTOB KOH-
cTpyKuuu KIIY SBIseTCsl aBTOSMHUCCHOHHBIN 610K
(puc.1c), cOCTOSMMI U3 aBTO3IeKTPOHHOT0 KaTo/a,
1o obe CTOPOHBI KOTOPOr0 CHMMETPHUYHO pa3Me-
IeHbl aKTUBATOPHI ADK, a BTOPBIM QYHKIIMOHAJIb"
HBEIM 3JIeMEHTOM SIBJISIeTCSl BBICOKO3)YeKTHBHBIU
BTOPHYHO-3MHCCHOHHBIH KaTof,. IIpu sTom ADB ciy-
SKUT MCTOUHHKOM IEPBUYHBIX 3JIEKTPOHOB, MHHU-
UMUPYIOIKX Havyajao reHepalMyd MarHeTpOHA,
a BOK, 61aromapsi CBOMM CBOMCTBaM, obecriedyrBaeT
NoAAepsKaHHe PesKMMa reHepaly Ha IPOTAKeHUH
BCEero Cpoka cny>k6sl mpubopa. ABTO3/1eKTPOHHBIH
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magnetrons with incandescent cathode that include
unique cathode unit: a three-module CHU whose
operation is based on a combination of three types
of emission: thermal emission, auto-electronic, and
secondary emission. The following definitions are
introduced for the three-module design of the CHU:
OEC - the first module; OEC activator being the sec-
ond module, and SEC - the third module. A funda-
mental feature of the three-module CHU (Fig.1b)
is the division of cathodes into two functional ele-
ments, each one performing a well-defined, spe-
cific role. One of the elements of the CHU design is
the auto-emission block (Fig.1c) which includes the
auto-electron cathode with OEC activators symmet-
rically placed on both sides of the cathode, and the
second functional element is a high-efficiency sec-
ondary emission cathode. In this case the auto emis-
sion units (AEUs) serve as a source of primary elec-
trons, initiating the start of magnetron genera-
tion, while the SEC, due to its properties, ensures
maintenance of the generation mode throughout
the lifetime of the device. The auto-electronic cath-
ode is made of tantalum foil and the activators are
made, for example, by pressing and sintering pal-
ladium powder or a mixture of palladium powders
with the Pd;Ba phase. Different types of SECs char-
acterized by high form stability, stable thermal and
secondary-emission properties with g,,,,>2.5-3.0,
sufficient resistance to influence of reverse elec-
tron bombardment, operating temperature range
within 900-1050 °C, etc. can be used. The proposed
design of the three-module CHU consists of alternat-
ing auto-emission blocks and secondary emission
cathodes - the optimum distance between the AEUs
should be within 0.5...1.0 mm.
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KaToJ, BEIIIOJIHEH U3 TaHTa/J0BOM $OJIbIH, & aKTH-
BaTOPHI M3rOTABJIMBAKTCSA, HAIIPUMep, IIpeccoBa-
HHeM U CIIeKaHHeM IIOPOIIKA Majaagus UK CMeCH
IIOPOLIKOB Iayaaus ¢ pasont Pd;Ba. B kauecTBe BOK
MOTYT 6BITh MCII0Nb30BAHBI PA3/IMYHbIe TUIIBI 3 deK-
THUBHBIX KaTOJI0B, IMEIOIIHX BEICOKYI0 GOPMOYCTOM-
YUBOCTb, CTabM/IPHBIE TEPMO- U BTOPUYHO-3MHC-
CHOHHBIE CBOMCTBA C 0,,,22,5-3,0, JOCTAaTOUYHYIO
YCTOMUYHBOCTD K BO3JIeHCTBHIO 0OPAaTHOM 3/IeKTPOH-
HOI 60MOapoUpOBKH, AHAIIA30H paboder TeMIiepa-
Typsl B ripegenax 900-1050 °C u ap. IlpeaioskeHHas
KOHCTPYKILHSA TpexmonayabHoro KIIY cocTout
13 yepeyIoIUXCsl aBTOIMHUCCHOHHEBIX 67I0KOB 1 BTO-
PHUYHO-3MMCCUOHHBIX KaTOLOB, IIPHYEM OIITUMAJ/Ib
Hoe paccTosiHHe Mexxay ADB momskHo 6bITh B IIpefe-
nax 0,5...1,0 mMm.

OYHKLUOHA/IbHbIE OCOBEHHOCTU PABOTbI A9B
CTabuabHOCTb paboThl aBTOAMUCCHOHHOTO 610Ka
OCHOBaHAa Ha 3MHCCHHU 37IeKTPOHOB C aKTHBHUPOBaH-~
HBIMHU KPUCTA/UIMTAMHU OKHUCH 6apus maiagueBbIx
BHCKepOB, C)OPMHUPOBAaHHEIX Ha TOPLIEBOK I10BEPX-
HocTH ADK B pesybpTaTe CIleljMaJbHOro akTUBHUPOBA-
Hus KITV B 3/ileKTpr4ecKoM moje [5-10].

HccnenoBaHus, BEIIIOJTHeHHBIe B MaKeTaX MarHe-
TPOHOB U B IpHUbOpax 371eKTPOHHOM MUKPOCKOIIKH,
MOATBePAH/IH, YTO TOK aBTO3JIEKTPOHHOM 3MHC-
CHH IIPEHMYINeCTBeHHO QOPMUPYETCS 3a CYeT TOKA
3MHCCHH C IaJIJIalUeBbIX BUCKePOB, 00pa3yoIuxcs
Ha TOPLeBOM IToBepXHOCTH ADK Bo BpeMs aKTUBHU-
poBanusg KIIY. Ha puc.2 npuBegeHa MUKPOPOTO-
rpa¢us CTpyKTYyphl BUCKePOB Ha IIOBePXHOCTU AJK,
a Ha pMC.3 - pacnpefeleHUe HHTE@HCUBHOCTH CHUT-
HaJIOB TaHTana, 6apus U maanagus Ha TOPLIEeBOM
IIOBEPXHOCTHU, IIOJYYeHHOE METONOM PEeHTreHO-
GayopeclieHTHOTO aHa/IKM3a [IPY Pa3/IMYHbBIX 3HaYe-
HHAX SHEePTHUHU 3JIeKTPOHOB 30HAUPYIOIIEro IIy4yKa.
C yBesiMYeHHEeM SHePIUH 30HIUPYOIIUX 3JIeKTPO-
HOB BO3pacTaeT MHTEeHCHMBHOCTh CMTHAJ/Ia TaHTajaa
C OMHOBPEMEHHBIM YMeHbIIeHHeM CUTHajIa Iaaaa-
nusi 1 6apHs, 9TO CBUIETEIBCTBYET O MaJIIa HeBOk
IIpUpoOJie BUCKEPOB.

OlLleHKa 3MUCCUOHHOHU criocobHocTHu ADB IIPOBO-
OUJIACh C IIOMOINBIO CIIeIMATBHOI0 UMIIY/JIbCHOIO
BBICOKOBOJIBTHOTO MCTOYHHKA MUTAaHUs, paboTaro-
IIero B CJIeAYIOIIMX PeKUMAaX: aMIIUTYAHOE 3Ha-
yeHue U, = 5,0 KB; ckBaskHOCTh Q = 1000; CKOpOCTH
JTMHEeHNHOH Pa3BepPTKU BBICOKOBOJIBTHOIO HaIlpsKe-
Hus 200 B/c; AIUTeNbHOCTh UMITY/1bCa HAMIPSASKeHUS
OoucKkpeTHas: t=0,5; 1; 6 MKc.

Vi3mepeHMe TOKa aBTO3/1eKTPOHHOMU SMHCCHHU I1PO-
BOJIMJIOCH C UCIIOTIb30BaHHEM 3JIeKTPUYeCKOM CXeMBbl
(ycTaHOBKHM), IIOKa3aHHOM Ha PHUC.4, a TUNIHMYHAs
BOJIbTaMIIepHas XapakTepHUcTHKa (BAX) MarHeTpoHa
IIpUBeIeHa Ha pucC.5.

Puc.2. Mukpogomozpacdus ppazmenma ASK ¢ suckepamu
Fig.2. Microphotograph of an AEC fragment with whiskers
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Puc.3. PacnpedeaeHue UHMeHCUBHOCMU CUZHAAOB NAAAGOUS,
bapus u maHmana Ha nogepxHocmu ASK npu pasAu4HbIX IHep-
2USIX 31eKMpoH08

Fig.3. Distribution of palladium, barium and tantalum signal
intensities on AEC surfaces at different electron energies

Puc.4. dnekmpuyeckas cxema 043 U3MepeHust moKa aemo3nek-
MpPOHHOU 3Muccul

Fig.4. Electrical circuit for measuring auto-electronic emission
current
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OueHka CTabHUIBHOCTH aBTO3MHCCHOHHBIX
CBOMCTB TpexmogyabHoro KIIY mpoBoguaach U3Me-
peHHeM BeJIHMYMHBL CIlaJla TOKA SMHCCHUHU IIpHU
GUKCUPOBAHHOM HaNpPSKeHUH, HAIIPUMED, IIPU
U, = 4,5 kB (puc.0).

Ha puc.7 npuBeneHbl rpa@uKU CKOPOCTH CIlaza
TOKa 3MMHCCHUU TPeXMOAYyAbHOro (1) U ABYXMOAYJIb-
Horo KITY (2).

M3 aHanM3a XapaKTepUCTUK, NPUBEJEeHHBIX
Ha pHC.6 U 7, cleAyeT, YTO TpeXMoAyibHbie KIIY
B CPaBHEHHUH C ABYXMOAYIbHBIMH y3J1aMU UMEIOT
SIBHOE IIPEHMMYILIeCTBO. B YaCTHOCTH, IIPU IPOUYHX
PaBHBIX YCJIOBHUSAX, CKOPOCTh CIIaZa TOKA aBTO3JIeK~
TPOHHOH 3MHCCHHU Y TpexmMmogyabHoro KIIY mpomuc-
XOJHT B IIeCTh pa3 MeJjleHHee, YeM y IBYXMOIY/Ib
HOI'0, a ypOBeHb TOKA aBTO3/IeKTPOHHOM 3MHUCCHH
B XapaKTepUCTHUYEeCKOH TO4YKe y 3TOoro ysia boiee
4eM B /IBa pa3a MPeBOCXOAUT aHAJIOTHYHBIM ITapa-
MeTp Y CBOETO BH3aBH.

BTOPUYHO-IMUCCUOHHDIW KATOJ,

B kauecTBe BOK B TpexmoayabHeIxX KIIY, moMuMO
naalagui-6aprueBbIX KaTOLOB, MOTYT OBITh HCIIOJIb-
30BaHBI IJIaTHHa-6apueBble KATOAbl, MeTaJIJIONO-
pHCTBIe NPONUTAHHbBIE UIU IIPECCOBAHHBIE BOJIb-
dpaM-aJlIOMUHATHBIE KaTOJbI (MIIK), a”Haloruu-
Hble KaToAbl, 06paboTaHHBIe UMITYyIbCHBIMHU I10TO-
KaMH I1JIa3MBbl, IIPeCCOBAHHbIE OKCUIHO-HHUKe/IeBbIe
karonpl (ITOHK) ¢ araoMepHpoOBaHHBIM SMUCCHUOHHO-
aKTHBHBIM KOMIIOHEHTOM [6], TeXHOTOIUsI H3TOTOB-
JIeHHU s KOTOPBIX He IIpeAyCMaTpUBaeT UCIIOIb30Ba~
HHe CBA3YIIIHX Ha OCHOBE OPraHUYeCKHUX CoeuHe-
HUH U Op.

ITpu 3TOM, C/iefyeT OTMETUTH, YTO €C/IM Y CTaH-
OapTHOTo AByxMoayabHoro KIIV c mannagui-6a-
pueBpiM BOK mpenenbHO SOIYCTHMAas TeMIiepa-
Typa He mnpesbimaeT 950-970 °C, To y TpPeXMOAY/Ib-
Horo KIIY TeMmmepaTypa MoXeT 6BITh yBelHUYeHa
1,0 1050-1070 °C. 3T0 06BSICHSIETCS TEM, UTO Y TPex-
mopynbHOro KIIY B KauecTBe MaTepuasia BTOPUUHO-
SMUCCHOHHOIO KaToha MCIIONb3yKTCI COeIUHEe-
HHs, 061a1afon e BBICOKOM GOPMOYCTOMUHBOCTBIO,
a U3MeHeHHe reoOMeTPUYECKHUX Pa3MepoOB aKTHUBa~
TOpa, BIIJIOTH J10 5-7%, He BjledeT 3a C060M yxy/Ie-
HHS 37IeKTPHUYECKHX ITapaMeTPOB MarHETPOHOB.
9To Ba’KHeHIIee CBOMCTBO TpeXMOAYyAbHBIX KITY
I103BOJISI€T IPOBOAMTD IIOTHOLIEHHOE aKTUBHUPOBa-
HHe KAaTOOHBIX Y3/I0B, B KOTOPhIX B KayeCTBe Tpe-
Thero Mo yas ucroab3yorcs MIIK, ITOHK unu gpy-
rve TUIBI BOK.

ANPOBALUA TPEXMOAY/IbHLIX KNY B MATHETPOHAX
TeXHO/IOrus U3TOTOBJIEHUS KOMIIOHEHTOB U IIOPS-
nok cbopku TpexmonyabHoro KIIY a1st pa3snu4HBIX
THUIIOB MarHETPOHOB BJISIOTCS CTAHLAPTHBIMH.
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Puc.5. TunuuHas 8oAbmamnepHas xapakmepucmuka mazHe-
mpoHa
Fig.5. Typical volt-current characteristics of a magnetron

FUNCTIONAL FEATURES OF AEU OPERATION

Stability of the auto-emission unit is based on elec-
trons emission from the activated barium oxide crys-
tallites of palladium whiskers formed on the end sur-
face of the AEC as a result of special activation of the
CHU in electric field [5-10].

The studies carried out in magnetron mockups
and electron microscopy instruments confirmed that
auto-electron emission current is predominantly gen-
erated by the emission current from palladium whis-
kers formed on the end surface of the AEC during acti-
vation of the CHU. Figure 2 shows a microphotograph
of a whisker structure on AEC surface, and Fig.3 - sig-
nal intensity distribution of tantalum, barium and
palladium on the end face obtained by X-ray fluores-
cent analysis at different values of probing beam elec-
tron energy. With increasing probing electron energy
the signal intensity of tantalum increases in parallel
with a simultaneous decrease of palladium and bar-
ium signals indicating the palladium nature of the
whiskers.

An estimation of AEU emissivity was carried out
using a special pulse high-voltage power supply
operating in the following modes: amplitude value
U, = 5,0 kv; duty cycle Q = 1000; speed of a linear
sweep of high-voltage 200 V/s, pulse duration of volt-
age discretet =0.5, 1, and 6 ps.

The measurement of the auto-electron emission
current was carried out using the electrical circuit
(device) shown in Fig.4, and a typical volt-ampere
characteristic (VAC) of the magnetron is shown in
Fig.5.

Stability of the auto-emission properties of the
three-module CUU was evaluated by measuring the
emission current decay value at fixed voltage, for
example, at U, = 4.5 kV (Fig.6).
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Puc.6. 3asucumocmb cnada moka agmo3AeKmpoHHoU 3muccuu
mpexmooyAbH020 KITY om dAumeabHOCMU MOKOCsemMa npu no-
cmosHHoM HanpskeHuu U, = 4500+20 B

Fig.6. Dependence of auto-electron emission current decay of tri-
ple-module CHU on current draw duration at constant voltage
U,=4500+20V

st uccnemoBaTeNbCKUX paboT 6BIIO M3TOTOB-
neHo ABa npubopa 2-3-cM JHaNa30HOB JJHH BOJIH
Ha OCHOBe Oe3HaKaJTbHOIO MarHeTpPOHAa CO CTAaH-
JapTHBIM JBYXMOAYIbHBIM KIIY ¢ HOMHHAJ/IbHOH
HMIIYJIbCHON MOLIHOCTBIO 7,5-8,0 KBT. B KauecTBe
A3K KCIIOIb30BaIM IMANOLI M3 TAHTAI0BOM HOIBIHU
CTaHJAPTHOM TOJNIIHMHBI, a aKTUBATOPHl TOJILHU-
HoM 0,2 MM 6bIJIM M3rOTOBJIEHBl MeTOAAMH MOPOIL-
KOBOM TeXHOJOTHH M3 CMeCH IIOPOIIKOB ITaJjjIa-
oust U Gasel PdsBa C KOHLIeHTpalluel Ba ~2% Bec.
BTOPHYHO-3MUCCUOHHBIN MOAY/Ib KaTola ObLI
M3TOTOBJIEH M3 IOPHCTOro BojJbdpaMa C IOpH-
CTOCTbIO 28+1%, NPONMUTAHHOIO AJIOMHUHATOM
coctaBa 3Ba0-0,5Ca0-Al,0;, moy4eHHBIM METOLOM
COBMECTHOI'0 OCaKAeHHU . B pe3ynbraTe UCIBITAHUS
npubopoB Ha COOTBETCTBHUE TpebOBaHUSIM IIPHUEMO-
CIATOYHBIX UCIIbITaHUM (TICH) [10JIy4YeHBI C/IeAy IOl e
pe3y/bTaThl: UMIIYJAbCHAS MOIIHOCTE 9,5 KBT (y mep-
Boro rpubopa) u 9,7 kBt (y BToporo npubopa), diayx-
Tyanuu CBU-KonebaHUI - MeHee 1%. [lony4eHHBIe
rapamMeTpsl IPUOOPOB MONTHOCTHIO COOTBETCTBYIOT
TpeboBaHuUsIM [ICH.

H1s OLleHKH BO3MOKHOCTH CO3J4aHHUS MOLIHBIX
MarHeTPOHOB c 6e3HaKaabHBIM 3aIlyCKOM ObLJI H3ro-
TOBJIEH KCIIePUMEHTA/lIbHBIM NPHU6Op Ha OCHOBe
HaKaJIMBaeMOI0 MarHeTpoHa C MeETaJIJIONOPH-
CTBIM OJJHOMOJY/JIBHBIM KaTOLOM C HOMHUHAJIbHOU
HMITIYJIbCHON MOIIHOCTBIO 110-150 XBT, B KOTOpOM
HakasuBaeMbIH MIIK Obls1 3aMeHeH Ha TPeXMOLYIb-
HbIU KIIY. B 3TOM y3J1e HCII0/Ib30Ba/THUCh aKTHBATOPHI
u3 crnaBa [Igb-2. B kavyecTtBe BOK Tak>ke HCII0/Ib30-
BajJIMCh METAJIJIOIIOPUCThIE BOAbpaM-alIIOMHUHAT-
Hble SMUTTepHI. [Ipy Mcc/lefoBaHUY 3IeKTPUYECKUX

Puc.7. CpagHumenbHble 2pauku cnadd moka asmo3AeKmpoH-
HoU 3MUCCUU om 8pemMeHU:

1 - mpexmodynbHbIl KIY;

2 — 08yxmo0ynbHbIl KITY.

KoopduHamel xapakmepucmu4eckux moyek: x; [t ~ 2000 c;
gy, ~ 37 MA];

X, [t~300¢; 1, ~17 mA]

Fig.7. Comparative curves of the auto-electron emission current
decay with time:

1 -three-module CHU;

2 - two-module CHU.

Coordinates of characteristic points: x; [t ~ 2000 c; I, ~ 37 MA;
X, [t~300¢; 1, ~17 MA]

Figure 7 shows dependencies of the emission cur-
rent decay rates of the three-module CHU (1) and two-
module CHU (2).

Based on the analysis of the characteristics shown
in Figs.6 and 7, it follows that the three-module CHUs
have a distinct advantage over the two-module units.
In particular, other things being equal, the rate of
auto-electron emission current decrease in three-mod-
ule CHU is 6 times slower than in the two-module, and
the auto-electron emission current level in the char-
acteristic point of this node is more than twice higher
than in its counterpart.

SECONDARY EMISSION CATHODE
In addition to palladium-barium cathodes, plati-
num-barium cathodes, metal-porous impregnated or
pressed tungsten-aluminate cathodes (matrix-type
cathodes, MTCQ), similar cathodes treated by pulsed
plasma currents can be used in three-module CHUs,
pressed oxide-nickel cathodes (PONC) with agglomer-
ated emission-active component 6, production technol-
ogy of which doesn’t provide for use of binders based
on organic compounds and others.

It should be noted that while standard dual-mod-
ule CHU with palladium-barium SEC has temperature
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OBOPYAOBAHME A/11 HAHOUHAYCTPUM

IapaMeTpoB OB IIOTyYeHBI CeyIoIIHue pe3yb-
TaThl: BpeMs FOTOBHOCTH MeHee 0,5 C; MMITYJIbC-
Has MOIIHOCTh P = 65-70 KBT; I10JIHOE OTCYTCTBHE
nBOoeHHUM criekTpa CBY-KonebaHuUIT; 6e3HAKAIBHBII
3amycK mpubopa B pe>kUM reHepalluy Ha X0Iofe IIpU
Temmeparype T =60 °C.

I[Ipy yBeJlHMYeHHUH AHOLHOIO HAIPAKeHHUS
10 HOMHUHAJIbHOI'O 3HAa4YeHHs UMIIYJIbCHAS MOIIL-
HOCTb YBe/JIMYMIACh 00 140 KBT, ogHaKO IIPHU 3TOM
MOSIBUJIMCH ABOEHHUS CIIEKTpPa CBY-koebaHUM.
[IpUYNHOM 3TOr0 HexkeslaTelbHOro GaKTopa SIBJIS-
J1aCh HeIOCTATOYHAs TeMIlepaTypa KaToAa, Harpes
KOTOPOro, P OTCYTCTBUU HaKaJla II0J0rpeBaTes,
obecrieurBaeTCs TOJIBKO JTHUIIb ero 60MbapaHpOBKOK
06paTHBIMHU 371eKTPOHAMHU. Ha OCHOBAaHUH aHAIH3a
KOHCTPYKL MU K TeXHOJIOTHHU U3roToBaeHU s KIIY oTy
npobseMy MOKHO pPa3pelllTh, HAIIPUMep, IIyTeM
CHUJKeHHUS TeIlJIOBBIX IIOTePb 3a CYeT BBeAeHHUS
TeIJIOBBIX Pa3Bs30K Ha KepHe KaToJa, U/IU 3aMeHBbl
MIIK Ha BbICOKO3PPEKTHUBHBIN IIPECCOBAHHBIN aryo-
MepHPOBAHHBIN OKCUAHO-HHKeJIeBBIH KaTO/,.

BbIBO/Lbl

[Tony4yeHHBIe Pe3y/IbTATEI IOATBEPAUIIN IPUHIIAIIH-
aJIbHYI0 BO3MOKHOCTb CO3[JaHUS TMHEHKH MaJlora-
OapHUTHBIX MAarHETPOHOB € 6@3HaKa/IBHBIM 3aI1yCKOM
C MIKMPOKUM JHANa30HOM HMIIYJIbCHON MOIIHOCTH
(OT IecsITKOB [0 HECKOJBKUX COTeH KBT) 6e3 KaKom-
nubo CyLecTBEHHOM MepepaboTKU UIH MOJEPHHU-
3allMM KOHCTPYKLMHU NPHUOOPOB IyTeM 3aMeHBI
KCITIO/IB3YIOIIMXCS B MaTrHeTPOHAX KaTOLHO-TIOA0rpe-
BaTeIbHBIX Y3JIOB Ha TpexMoayabHbIe KIIY c omipeme-
JIEHHBIM [1060pOM MOZYIIeH.

NHOOPMALUA O PELLEH3NPOBAHUU

Pemakuus 61arogapuT aHOHKMMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B peLleH3MPOBaHUe 3TOM
paboThl, a TakKe 3a pa3MelleHHe CTaTel Ha CanTe
SKypHaJ/ia U Ilepefavy KX B 3/IeKTPOHHOM Bu e B HOB
eLIBRARY.RU.

Jekaapayus o KoHpAUKMe uHMmMepecos. Asmopbl 3a9819t0Mm
06 omcymcmauu KOHPAUKMO8 UHMepecos UAU AUMHBLX 0MHOULe-
HULl, Komopble Mo2Au bbl nosAuLmb Ha pabomy, npedcmasAexHyto
8 daHHoll cmaroe.
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limit not exceeding 950-970 °C, the temperature of
three-module CHU can be increased up to 1050-1070 °C.
This is explained by the fact that the three-module
CHU uses compounds as the secondary emission cath-
ode material, which have high form stability, and the
change of geometric dimensions of the activator, up to
5-7%, does not imply worsening of the electric param-
eters of magnetrons. This is the most important prop-
erty of three-module CHUs which allows of full activa-
tion of cathode nodes where MTC, PONC or other types
of SECs are used as the third module.

TESTING TRIPLE-MODULE CHU IN MAGNETRONS

The component production technology and assembly
procedures of the three-module CHU for the different
magnetron types are standard.

Two devices of 2-3 centimetre wavelength range
based on a self-heated magnetron with a standard
dual-module CHU of the nominal pulse power of 7.5-
8.0 kW were fabricated for the study. Tantalum foil
washers of standard thickness were used as AEC, and
activators of 0.2 mm thickness were made by powder
technology from a mixture of palladium powders and
Pd.Ba phase with Ba concentration of ~ 2% wt. The sec-
ondary emission cathode module was made of porous
tungsten with porosity 28+1% impregnated with alu-
minate of composition 3Ba0-0,5Ca0-Al,0;, obtained
by co-deposition method. Compliance tests of the
devices allowed of obtaining the following results:
impulse power 9.5 kW (the first device) and 9.7 kW
(the second device), the fluctuations of microwave
oscillations is less than 1%. The obtained parameters
of the devices are fully compliant with the necessary
requirements.

In order to assess a possibility of creating high-
power magnetrons with a self-heated start, an exper-
imental device based on a heated magnetron with
a metal-porous single-module cathode with a rated
pulse power of 110-150 kW, in which the incandescent
MTC was replaced by a three-module CHU, was pro-
duced. In this node the activators made of PdB-2 alloy
were used. Metal-porous tungsten-aluminate emit-
ters were also used as SECs. When studying electrical
parameters, the following results were obtained: read-
iness time less than 0.5 s; pulse power P = 65-70 kW;
complete absence of doubling of the UHF oscillation
spectrum; no faulty start of device in the generation
mode under cold conditions at temperature T = 60 °C.

By increasing the anode voltage to its nominal
value, the pulse power was increased to 140 kW, but
it resulted in doubling of the microwave spectrum.
This undesirable factor occurred due to insufficient
cathode temperature, which heating is only provided
by return electrons bombardment in the absence of
a preheater filament. Based on the CHU design and
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manufacturing technology, the problem could be
solved, for example, by reducing the heat loss due to
introduction of thermal isolators at the core of the
cathode, or by replacing the MTC by a highly efficient
pressed nickel oxide cathode.

CONCLUSIONS

The results confirmed a principle possibility of creat-
ing the series of small magnetrons with a self-heated
start and a wide range of pulse power (from tens to
several hundred kW) without any substantial rede-
sign or upgrade of the design of devices by replacing
the cathode preheating units used in the magnetrons
with three-module cathode heating units provided a
certain selection of modules was accomplished.
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