ﬂ HAHOTEXHO/OrUU

MonyyeHo: 6.09.2023 . | MpuHsTO: 13.09.2023 1. | DOI: https://doi.org/10.22184/1993-8578.2023.16.6.370.377

WCCNEAOBAHME YC/IOBUI ®OPMUPOBAHUS HUTEBUAHDIX
HAHOPA3MEPHbBIX KPUCTA/IIOB HA NMOBEPXHOCTHU
ABTO3JIEKTPOHHDIX KATO4 OB MATHETPOHOB

C BE3HAKAJIbHbIM 3ANTYCKOM

H.E.llemeHuosal 2, K.T.H., Hau. ys1ab., ORCID: 0000-0002-7859-2048
I.B.BBIUKOB!, Bef. UHXK.-TexHojor, ORCID: 0009-0008-4792-0417

HU.IL.JIu" 2, 1.T.H., 3aM. red. gup., ORCID: 0009-0007-7731-2327 | i.li@pluton.msk.ru
A.B.IllymaHoB!, nup., ORCID: 0000-0002-6284-2700

B.I/I.Kanyc*rnﬂl, O.p.-M.H., 0pod., ri. crel., ORCID: 0009-0002-5807-1429

AHHOTalus. 3anycK 6e3HaKaAbHBIX MAaTHETPOHOB B peXKHM reHepalluu o0yCc/I0BlIeH TOKOM aBTO3eKTPOH-
HOM 3MHUCCHH C BUCKEPOB, GOPMHUPYIOMINXCS Ha JUCKIOKALHSIX IIOBEPXHOCTH TaHTA/IOBBIX aBTOKATOJOB B IIPO-
Llecce aKTUBUPOBAaHHUS KaTOLHO-TIOOrpeBaTeabHOro y31a (KIIVY). IIpu ypoBHe TOKA aBTO/1IeKTPOHHOM 3MHC-
CUHU, He JOCTAaTOYHOM [JI51 3aIlyCKa MarHeTPOHA, KaTOJ bl IPOXOST AOIOTHUTE/IbHYIO JHOAHYIO TPEHUPOBKY,
KOTOpasi yBeJlH4KBaeT BpeMeHHOM LMK/ 06paboTKU TaMIIbl U BK/IIOUaeT B ce6s MCII01b30BaHHe JOMOTHUTEb-
HBIX [IPOM3BOACTBEHHBIX PeCYyPCOB. B IIpe/icTaB/IeHHOM paboTe OTpaskeHbl Pe3y/IbTaThl UCC/IeSOBAHUM BIHSHUS
JedpeKTOB IIOBEPXHOCTH TAHTA/IOBBIX I1ak6, HCKYCCTBEHHO CO3/aHHBIX IOCPEACTBOM MOHHOIO U XMMHUUYeCKOr0
TpaBJIeHH s, Ha IIPOLIeCChl POCTa HAHOBUCKEPOB. PacCMOTpeHa BO3MOXKHOCTD HCII0/Ib30BAHU S BOJbOPAMOBBIX
M HUOOMeBBIX Ialb B KauecTBe aBTOKATOMOB /I MATHETPOHOB C "XOTOAHBIM" KaTOZIOM.
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Abstract. The launch of magnetrons with instant start into the generation mode is due to the current of field
emission from nanoscale crystals, formed on the surface of tantalum field emisson cathodes during the cathode-
heating unit (CHU) activation. When the current level is not sufficient to launch the magnetron, cathodes should
additionally trained in diode. This process increases magnetron cycle time and includes the use of extra produc-
tion resources. This work reflects the results of studies of the influence of surface defects of tantalum washers
artificially created by ion and chemical etching on the growth processes of nanowhiskers. Possibility of using
tungsten and niobium washers as autocathodes for magnetrons with "cold" cathode is considered.
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BBEJEHUE

TexHHUYecKoe Ha3HAUYeHHe MarHeTPOHA - FreHepal s
3JIEKTPOMArHHUTHOIO H31y4eHUs B guana3one CBY.
AO "IInyToH" 3aHUMaeT JTUIUPYIOLIYIO ITO3UIIHIO0
B CEpUMHOM BBHIIIYCKe MAarHETPOHOB C MITHOBEHHOM
FOTOBHOCTBIO, KOTOPEIe BXOAAT B rpymny IBII CBY-
npubopoB U BRIAENSIOTCS CPeH IPYTUX BpeMeHeM
3amycka. B 3TUX MarHeTpPOHaX 3aIIyCK B PesKUM I'eHe-
pauuu obecredyrBaeTCs TOKOM aBTO3JIeKTPOHHOM
smuccuu (A33), cosmaBaeMbIM aBTOIMHUCCHUOHHBIM
katogoM (A3K), a nojaep>kaHHe 3TOM reHepaluH
IIPOMCXOAHUT 32 CUeT BTOPUYHO-3JIEKTPOHHOM 3MHUC-
cuu c Pd-Ba BTOPHUYHO-3MHCCHOHHBIX KaTO0B (B3K).
Ha puc.1l cxeMaTH4YeCKH IIpefCTaB/IeH y3el "KaTol-
aHOA' TaKoro MarHerpoHa [1].

H3BeCTHO, 4TO B KadyecTBe pabouer ImoBepxHO-
CTH aBTO3MUCCHOHHBIX KaTOJOB BBICTYIIAIOT OCTPEIe
KpOMKH Ta Kojel, KOTopsle B IIpoliecce aKTHBHUPO-
BAaHUS KaToAa IIOKPBIBAKTCS IIJIEHKOHM BaO, uTo,
KaK CJIeICTBHE, CHHUKaeT paboTy BBIXOAA 3JIeKTPO-
HOB CO 3HaueHus 4,12 3B (Ta) [2] mo 2,1-2,3 3B (BaO).
[Toce mpoBefeHUs 60JIbIIEr0 KOJIHUYECTBA HCCIIe-
noBaHUM B AO "IInyToH" BBISICHUJIOCH, YTO Ha 6OKO-
BOI II0BEPXHOCTH TAHTAJJOBBIX AaBTOKATOMOB B IIPO-
Liecce aKTUBHPOBAHHUS KAaTOJa BO BPeMs OTKA4UKH
Y TPeHUPOBKH IIpUOOPA MPOUCXOOUT GOPMHUPOBaA-
HHe CHCTeMBl IIaJJaJHeBbIX OCTPUHN - BUCKEPOB,
YaCTUYHO WK IIOJTHOCTBIO IIOKPBITHIX BaO, criocob-
HBIX 00eCIIeYUTh JOCTATOYHBIN YPOBEHb aBTOIMHUC-
CHH JIJIsI 3aI1ycka pubopa B pesKUM TeHepauuH [3].
dopMHUpOBaHHE CHCTeMBl HAHOBHUCKEPOB IIPOHUC-
XOAUT Ha JUCIOKALMIX Ha I0BEPXHOCTH TaHTAaA.
B CBSI3HM C 9TUM, Ba>KHOU 3aJauel ABISeTCS IIOHUCK
CII0co60B CO3MAHUS U IIPeYMHOKEeHHU I TAKUX Jedek-
TOB Ha ABTO3JIEKTPOHHBIX SMUTTEPAX [0 TOCTAHOBKHU
B IpubOP, C I[e/IbI0 yBeJIMYeHHU S KOJTMYeCTBa HAHO-
BUCKEPOB, UX BbICOTH U KOHLIEHTPALIUH, YTO MOXKET
MIPUBECTH K MOBBIIIEHHIO TOKA aBTO3JIEKTPOHHOH
3MHCCHHU. B paboTe TakKe OymeT HcCIef0BaHA BO3-
MOSKHOCTb HCIIONb30BAHHUS APYTHUX MaTepHaJOB,

INTRODUCTION

The magnetron technical purpose is to generate of elec-
tromagnetic radiation in the microwave range. JSC
"Pluton" takes the leading position in serial production
of magnetrons with instantaneous readiness, which
are part of the group of EVD microwave devices and
stand out among others by the start-up time. In these
magnetrons start-up in the generation mode is pro-
vided by auto-electron emission current (AEC), created
by auto-emission cathode (AEC), and maintenance of
this generation is due to secondary-electron emission
from Pd-Ba secondary-emission cathodes (SEC). Fig.1
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Puc.1. Cxema KamodH020 y3Aa 6e3HAKAAbHO20 MAZHEMPOHA:
1 - aHoOHbIlU 60K, 2 — KepH Kamodd, 3 — mexHoAo2u4eckul
nodozpesamensb, 4 — KOHUEBble IKPAHbI, 5 — A8MO3MUCCUOHHbIE
amummepbl (MAHMaAnosbie KoAblid), 6 — MOPUYHO-3MUCCUOH-
Hble nannadut-b6apuesble IMummepbl
Fig.1. Diagram of the cathode assembly of a cathode-free magne-
tron: 1 - anode block, 2 - cathode core, 3 - process heater, 4 — end
shields, 5 — auto-emission emitters (tantalum rings), 6 - second-
ary-emission palladium-barium emitters
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Puc.2. BHewHul 8ud ycmaHosKu 0As UccAe008aHUs d8Mmo3amuc-
CUOHHbIX ceolicms KamodHbIX Mamepuanos

Fig.2. Appearance of the unit to study the autoemission properties
of cathode materials

schematically represents the "cathode-anode" node of
such a magnetron [1].

It is known that the working surface of autoemission
cathodes is the sharp edges of Ta rings, which in the
process of cathode activation are covered with BaO film,
which, as a consequence, reduces the electron work
function from the value of 4.12 eV (Ta) [2] to 2.1-2.3 eV
(BaO). After conducting more studies in JSC "Pluton”,
it was found out that on the side surface of tantalum
autocathodes in the process of cathode activation dur-
ing pumping and training of the device formation of
a system of palladium spicules - whiskers, partially
or completely covered with BaO, capable of providing a
sufficient level of autoemission to start the device in the
generation mode occurs [3]. Formation of the nanowhis-
ker system occurs on dislocations on the tantalum sur-
face. In this regard, an important task is to find ways
to develop and multiply such defects on autoelectron
emitters before putting them into the device, in order
to increase the number of nanowhiskers, their height
and concentration, which can lead to an increase in
autoelectron emission current. The work will also study
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Puc.3. KoHcmpykuyus KMY Ne 1:1 - kamodHas Hoxka, 2 — 08e 80Abdpamosbix 8myaku, 3 — 8oceMb 80AbGpamosbix walo,
5,5/, 7, 8 - uepedyrowuecs asmo- u nannaduli-bapuesbie 8MopuU4HO-3AeKmMpPOHHbIe KAModbl, 4, 6 — 3KpaHbl. ABMoKAmoo 5 — maH-
man moaujuHoli 0,01 mm, 5 = maHman moauuHoti 0,01 Mm, 00Ha CMOPOHA KOMOpP020 bblAa nodsepzHYmMa Npoueccy UOHHO-NAA3-
MeHH020 mpasneHUs 8 cpede azoma 8 meveHue 10 MuH, 7 — u3 80Abgpamosoli poabzu moawuHol 0,02 mm, 8 — U3 Huobuesol

donbzu moawuHot 0,03 Mmm

Fig.3. Design of KPU No. 1: 1 - cathode leg, 2 - two tungsten bushings, 3 - eight tungsten washers, 5, 5/, 7, 8 - alternating auto- and pal-
ladium-barium secondary-electron cathodes, 4, 6 - screens. Autocathode 5 - tantalum 0.01 mm thick, 5 - tantalum 0.01 mm thick, one
side of which was subjected to ion-plasma etching process in nitrogen medium for 10 min, 7 - from tungsten foil 0.02 mm thick, 8 - from

niobium foil 0.03 mm thick
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—— 200 MKM | pm

Puc.4. Cnesa: obuuli 8ud KamooHol cbopku; cnpasa:
POM-u3o6paxkeHue cbopku
Fig.4. Left: general view of the cathode assembly; right:
SEM image of the assembly

TaKHUX KaK HHOOUI U BoabdpaM, B KayeCTBe MaTe-
PHaJIOB AaBTOKATOOB.

I[Torck croco60B GOPMHUPOBAHUS CUCTEMBI IaJI-
NTafHueBBIX OCTPHEB UIPaeT BaXkKHYIO POJIb B II0JIY-
YeHUHU TpebyeMBIX aBTOSMHUCCHOHHBIX II1apaMe-
TPOB KaTOJa U SIBJSIeTCS IePCIeKTHBHOM K BaK-
HOM 3ajadvyel INpHU pa3paboTKe HOBBIX MOIIHBIX
npubopos.

OBOPYAOBAHUE U NOJNIYYEHHDIE PE3Y/IbTATDI

B mpencraBneHHON paboTe mpouecc akTUBUPO-
BaHMS KaToJa IIPOM3BOAHUJICS B BHICOKOBAKYYM-~
HOH YCTaHOBKe [/I51 UCC/IelOBAaHU S aBTOIMHUCCHOH-
HBIX CBOMCTB, IIpe/iCTaBAeHHON Ha puc.2. OTKa4Ka
KaMephl C IOMeIlleHHbM B Hee aHOLHBIM 6i10-
KOM C KaTOJHO-IIOJOTpeBaTe/IbHBIM Y3JIOM IIPOU3-
BOAHIACh GOPBAKYYMHBIM HaCOCOM, 3aTeM Mar-
HUTOpA3psAAHBEIM Hacocom HMI-0,25 go maBie-
HHUS B Kamepe ~3-108 Topp. KoOHTpo/Ib faBleHUS
B KaMepe OCYL[eCTB/SJICA MarHUTOPa3psAIHBIM
BakKyymmeTpoMm IIMM-32, pasMelleHHbBIM HeIO-
CpeAcTBeHHO moj obpasnomM. I[Ipy HelmpepblBHOM
obe3rakMBaHUM KaMepBbl, BBIIIOJHSJIOCh aKTH-
BHpOBaHHe KaToha. M3MepeHHe TOKa aBTOIMHUC-
CUU NPOU3BOAUIU BBHICOKOBOJIBTHBIM MMIIY/IbC~
HBIM HCTOYHHKOM C aMIIJIUTYAOH MMIIyIbCca
HamOpsKeHUs 40 5 KB, AJIMTeIbHOCTHIO UMITY/IbCa
(usmensemas) 0,5/1/6 MKC U CKBa>kKHOCTbIO 1000.
Peructpauusa 3HadeHuu U, u I,, 1o BpeMeHHU
BBIIIOJIHAIACh HA IEePCOHAJbHBIHM KOMIIBIOTEP
B IIporpaMMHOM nakete Excel. KoHCTpyKkLus mep-
Boro KIIY npencTaBiieHa Ha puc.3. KaTogHBIH y3en
ObIJ1 aKTUBUPOBAH I10 PeXHUMY, aHAJTOTHUUYHOMY
peskuMy 06paboTKu cepuiiHBIX KIIY.

ITocnme akKTUBUPOBAHHUSA TOK aBTOIMMCCHHU
KaToJa OKa3aJiCs Ha YpOoBHEe 3KCIIePHUMEHTa/lb-
HOM IIOrpelIHOCTH. Ha puc.4 mpeacTaB/leHO H30-
OpaskeHHe JeMOHTHPOBAHHOM COOPKHU, MOTyUeH-
HOH C MCIIOJb30BaHHeM PacTPOBOIO 3JIeKTPOHHOIO
MHUKpocKoma ¢pupmel "ZEISS EVO 40", lns ynobcTBa

NANOTECHNOLOGIES

——— 200 MKM | pm

cps/eV

Puc.5. Mukpogpomozpacdus nosepxHocmu 60Abppamosozo as-
mokamodd u 3nemMeHmMHbIlU cocmas

Fig.5. Micrograph of tungsten autocathode surface and elemen-
tal composition

the possibility of using other materials such as niobium
and tungsten as autocathode materials.

The search for methods of formation of the palla-
dium spike system plays an important role in obtaining
the required autoemission parameters of the cathode
and is a promising and important task in development
of new high-power devices.

EQUIPMENT AND RESULTS

In this work, the cathode activation process was car-
ried out in a high-vacuum unit for study of auto-
emission properties, shown in Fig.2. The cham-
ber with the anode block equipped with the cath-
ode-heating unit was pumped out by a forevacuum
pump, then by a magnetodischarge pump NMD-0.25
up to the chamber pressure ~3-10°8 Torr. Pressure
in the chamber was monitored by a magnetic-
discharge vacuum gauge PMM 32 placed directly
under the sample. During continuous degassing
of the chamber, activation of the cathode was per-
formed. The autoemission current was measured
using a high-voltage pulse source with a voltage

VoL.16 No.6 2023 NANO INDUSTRY
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Puc.6. Mukpogpomozpaus nogepxHocmu HU06UEB020 A8MO-
Kamooa u 3AemMeHMHbIl cocmas

Fig.6. Micrograph of niobium autocathode surface and elemen-
tal composition

HMCCIeNOBAHUS aBTOSMHUTTEPH OBITM 3aTHYTHI

B OJJHY CTOPOHY.

Huske Ha puc.5-8 mpencTaB/lIeHb MUKPOPOTO-
rpaduu MoBepxHOCTEH BOIbdpaMoOBOro, HHOOHUe-
BOT'O M TAHTAJIOBBIX aBTOKATOJ0B U X 3IeMeHTHBIU
COCTaB, COOTBETCTBEHHO.

[ToBepXHOCTH BOTbGPAMOBOH U HUOOHEBOH a6
IIOKPBITHI IVIEHKOU MaJIJIaf U, OFHAKO POCTa BHUCKe-
poB He HabmomaeTcs (puc.5, 6).

Pe3l0oMHPYs MOJMyUYeHHEIE pPe3yJabTaThl UCCIef0-
BaHUH IIePBOM KAaTOJHOM COOPKU MOXKHO OTMETHUTh
clepympomee:

* BHCKepHI Ha [I0BePXHOCTH BOJIb)PAMOBOTO U HHO-
O1eBOro aBTOKaTO/IOB He 06Hapy>KeHBI. BeposdTHO,
OaHHBIK 30 deKT BBI3BAaH OTCYTCTBHMEM Ha HX
[IOBEPXHOCTH MUKPOepeKTOB, KOTOpble HUBEe/IH-
PYIOTCS, IIPeAIOoI0KUTe/IbHO, BO BpeMsl peKpHu-
CTa/I/IM3aLlMOHHOIO OTSKUTA IIPU IIPOKAaTKe QOJIbT;

* Ha IIOBEPXHOCTH TPaBJIeHHOTO K He TPaBJIeH-
HOTO TaHTaJIOBBIX aBTOKATOJI0B OTYET/IHUBO BUJHBI
3apoAbIIIM BUCKEPOB, IIPUYEeM HX KOJIHYECTBO
Ha TPaB/IeHHOM [T0OBePXHOCTH HEeCKOIbKO DOJIbIIIe.

HAHO MHAVCTPUA Tom 16 Ne6 2023

Puc.7. Mukpodomozpagus nogepxHocmu maHman0602z0 as-
mokamoda, N08epXHOCMb KOMOpP020 6biAd NpOMpasAeHa NAas-
moll azoma 6 meyeHue 10 MUH U 3AeMeHMHbIl cocmas

Fig.7. Micrograph of the tantalum autocathode surface etched
with nitrogen plasma for 10 min and elemental composition

pulse amplitude up to 5 kV, pulse duration (vari-
able) 0.5/1/6 s, and pulse ratio is 1000. Registration of
U, and I,, values by time was performed on a personal
computer in the Excel program package. The design of
the first CHU is presented in Fig.3. The cathode node was
activated according to the mode similar to the processing
mode of serial CHUs.

After activation, cathode autoemission current was at
the level of experimental error. Fig.4 shows an image of
the disassembled assembly obtained using a scanning
electron microscope by "ZEISS EVO 40". For convenience
of the study, the autoemitters were bent to one side.

Microphotographs of the surfaces of tungsten, nio-
bium and tantalum autocathodes and their elemen-
tal composition, respectively, are presented below in
Figs.5-8.

The surfaces of the tungsten and niobium washers are
covered with a palladium film, but no whisker growth is
observed (Figs.5, 6).

Summarizing the obtained results of the studies for
the first cathode assembly the following can be noted:
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BeposiTHO, HM3Kast aBTO3MHUCCHUS 6bls1a 06yCI0B-

JleHa He J0CTaTOYHO Pa3BUTOU CTPYKTYPOH HaHO-

BUCKepPOB, TO eCTh KaTof 6Bl He JOCTAaTOUHO

AKTHBHPOBaH.

B cBsI3M C TeM, YTO BUCKEPHI PaCcTyT HA MUKPoOJe-
dexTax, JaJbHeHIIas HcCaefoBaTenbCcKkas pabora
6y,aeT nposoguThcsa Ha KIIY 2, aBTOKATOABL KOTO-
poro 6yayT mpoTpaBJieHbl He TOJIBKO B MOHHOM
Ijasme, HO U MeTOJaMU XMMHKO-TeXHOJOru4ye-
cKo 06paboTku. Huxke mpeAcTaBleHa KOHCTPYK-
nus KITY Ne 2, KoTopbeli (3391 co6paH 15 IIpoBee-
HMS aHaJOTHMYHOTO 3KCIIepUMEHTaA.

KITY Ne2 cocTosi1 U3 KaTOLHOM HOXKH 1, 3KpaHa 2,
CeMH Najnagui-6apreBbIX SMUTTEPOB 3 U 4, UeThIP-
HaAllaTH BoAbOPaMOBBIX IIalb 5, TAHTATOBOIO
aBTOKaToza, ToJIuHON 0,004 MM, IIeCTH TaHTa-
JIOBBIX aBTOKATOMOB, TonmMuHOM 0,01 MM, 06pabo-
TaHHBIX CJIelyI0MKUM 06pa3om:

e "0,01" - TagTan TonmuHoM 0,01 MM, 06e3RHpeH-
HBIU B TPUXJIOP3TUJIEHE C YIbTPa3BYyKOM;

e "i1" m "i2" - TaHTaN C MOHHBIM TpaBJIeHHEM
B IIJ1a3Me a30Ta B TeyeHHe 15 u 30 MHUH,
COOTBETCTBEHHO;

e "h1" - TanTan, 06paboTaHHBIH XUMHUKO-TEXHO-
JIOTMYeCKUM MeTo#oM B pacTBope HNO; u 5% HF
(40%-51);

e "h2" - TanTan, 06paboTaHHBIN XUMHUKO-TeXHO-
JIOTMYeCKHUM METOLOM B TeYeHHe 2 MUH B CMeCH
HNO; u H,SO, (3:1) ¢ y1pTpa3ByKoM;

e "0,01Y3" - Ta”Tas TonmuHon 0,01 MM, 06e3KU-
PeHHBIN B TPUXJIOP3THUJIEHe C yIbTPa3BYKOM
Y [OIOJHUTEIbHO IOJBEePrHYTHIH yIbTPa3BYKO-
BOI 06paboTke B abCONMIOTHPOBAHHOM CIIHPTe.
KITY Ne2 6p1s1 aKTUBHUPOBAH I10 PeKMMaM aKTH-

BHUPOBKHU KaTOJOB CEPUHHO BBIIIyCKaeMBbIX MaTHe-

TPOHOB B YCTAHOBKE /ISl MCC/IeJOBAHHUA aBTOIMHMC™

CHOHHBIX CBOMCTB. TOK TEPMO3MHUCCHUHU COOTBET-

CTByeT yPOBHIO ToKa T33, 1mojiyyaeMoMYy C KaTOL0B

CepUIHBIX U3/e/IHH.

[Tocne akTUBUpoBaHUS KIIY Ne 2 6Bl Takke
IOeMOHTHPOBAH M, aHasoru4yHo KIIY Ne 1, uccieno-
BAaH B PAaCTPOBOM 3/IeKTPOHHOM MHUKpocKorie "ZEISS
EVO 40". Insa YILO6CTBa HCC/IeJOBaHUS aBTOSMUT-
Teprl OBIIM 3aTHYTHI B OlHY CTOPOHY. [Ioy4deHHbBIe
pe3yabTaThl IpeacTaBaeHbl Ha puc.10-11.

J7IeMeHTHBIM COCTaB BCeX IIpeJCTaBJIeHHbIX TaH-
TaJI0OBBIX aBTOKATO/JIOB CXOX C COCTaBoM obpasia
"0,01", moka3aHHBIM Ha puc.llc. TakKe U3 HONy-
YeHHBIX U300pakeHUH BUAHO, UYTO HaHOPa3Mep-
Hble HUTEeBUOHbIe KPUCTAJIB IPUCYTCTBYIOT
Ha BCeX aBTOKATOJAX, OZIHAKO BOJIbIIee KOTUYIEeCTBO
BUCKePOB 6b1/10 C)OPMHUPOBAHO Ha IIOBEPXHOCTHU
ADK "0,01", a Tak>Ke II0CIe XUMHUYeCKOTO TpaBiie-
Hus. Helb3q He BBIAEIUTD PA3HYIO IJIOTHOCTH pac-
rpejeneHuss HAHOBUCKEPOB U UX GOPMY Ha Pa3HBIX
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Puc.8. Mukpogpomozpadus nogepxHocmu maHmano80zo0 ag-
mokamoda u 3nemMeHmHbIU cocmas

Fig.8. Micrograph of tantalum autocathode surface and elemen-
tal composition

+ whiskers on the tungsten surface and niobium auto-
cathodes were not detected. Probably, this effect is
caused by absence of microdefects on their surface,
which are leveled, presumably, during recrystalliza-
tion annealing during foil rolling;

« on the surface of etched and unetched tantalum auto-
cathodes, whisker nuclei are clearly visible, and their
number on the etched surface is somewhat higher.
Probably, low autoemission was caused by the insuffi-
ciently developed structure of nanowhiskers, i.e., the
cathode was not sufficiently activated.

Due to the fact that whiskers grow on microdefects,
further research work will be carried out on CHU 2,
whose autocathodes will be etched not only in ion
plasma but also by chemical-technological treatment
methods. The design of CHU No. 2, which was assem-
bled for a similar experiment, is presented below.

CHU No. 2 consisted of cathode leg 1, screen 2, seven
palladium-barium emitters 3 and 4, fourteen tungsten
washers 5, tantalum autocathode, 0.004 mm thick, six
tantalum autocathodes, 0.01 mm thick, processed as
follows:
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HAHOTEXHO/OrUU

0,004 0,01 il 2 h1 h2 0,01v3

N (40:1)

0,2

0,4 0,01

0,004 0,02

Puc.9. KoHcmpykuusa KITY Ne 2
Fig.9. Design of CHU No. 2

obpasmax: Ha obpasue "0,01" - mI0CKHe, IIMPOKHUeE
B 6opIoM KonuvecTBe; Ha ob6pasue "hl" - B 6051b-
IIOM KOJIMYeCTBe, HO PACIIOJNIOKEHbl He PaBHO-
MepHO; Ha obpa3ue "h2" - ToHKHe, BBITSIHYTHIE,
B GospIIOM KoMHUYecTBe; Ha obpasme "il" - gauH-
Hble, TOHKHE, B OTHOCHUTE/IbHO HebOoJIbIIOM KOJIH-
yecTBe; Ha obpasuax "0,004" u "0,01Y3" - B 0oTHO-
CUTEeIbHO HeGOIbIIOM KOTHYECTBE, [10 CPABHEHHUIO
C APyTHMH.

3AKNIOYEHUE

Pe3ynbTaThl IpoAenaHHON paboThl mocmocob-
CTBOBA/IM BBISIBJIEHHIO IOJIOXHUTEIbHOIO BIIHS-
HHUS UCKYCCTBEHHOTO CO3/laHUSI MUKPOAedeKTOB

Puc.10. Obwuii 8ud kamodHoul cbopKu
Fig.10. General view of the cathode assembly

HAHO MHAVCTPUA Tom 16 Ne6 2023

+ "0.01"- 0.01 mm thick tantalum degreased in trichlo-
roethylene with ultrasonication;

+ "i1"and "i2" - tantalum with ion etching in nitrogen
plasma for 15 min and 30 min, respectively;

« "h1" - tantalum chemically treated in a solution of
HNO; and 5 % HF (40 %);

« "h2" - tantalum treated by chemical engineering
method for 2 min in a mixture of HNO, and H,SO, (3:1)
with ultrasound;

+ "0.01UZ" - tantalum 0.01 mm thick, degreased in tri-
chloroethylene with ultrasound and additionally
ultrasonically treated in absolute alcohol.

CHU No. 2 was activated according to the cathodes
activation modes of commercially available magne-
trons in the unit for study of autoemission properties.
Thermal emission current corresponds to the TEE level
of current obtained from the cathodes of commercially
available products.

After activation, the CHU No. 2 was also dismantled
and, similarly to CHU No. 1, was examined in a ZEISS
EVO 40 scanning electron microscope. For convenience
of the study, the auto emitters were bent to one side.
The obtained results are presented in Figs.10-11.

The elemental composition of all presented tanta-
lum autocathodes is similar to composition of the sam-
ple "0.01" shown in Fig.11c. It is also evident from the
obtained images that nanoscale filamentous crystals
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Puc.11. a-asmokamod "0,004"; b — asmokamod "0,01"; ¢ — 3nemeHmHbIl cocmas asmokamoda "0,01"; d — asmokamod "i1"; e — as-
mokamod "i2"; f— asmokamod "h2"; g — asmokamod "h1"; h - aemokamod "0,01Y3"

Fig.11. a- autocathode "0.004"; b - autocathode "0.01"; c - elemental composition of autocathode "0.01"; d - autocathode "i1"; e - auto-
cathode "i2"; f- autocathode "h2"; g — autocathode "h1"; h - autocathode "0.01UZ"

Ha ITOBEPXHOCTHU TaHTAaJld Ha POCT U KOJIUYE€CTBO
BHCKepOB, YTO HECOMHEHHO MOJKET IIOCIY>XXHTb
HOBBIM II€PCIIEKTHBHBIM HAIIPpABJIEHHEM IIPDH CO3~
OJaHHUH MAaTrHETPOHOB C MT'HOBEHHOM I'OTOBHOCTBIO.

WHOOPMALMUA O PELLEH3UPOBAHUN

Pemakuus 61arofapuT aHOHHMHOTO pelleH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B pelileH3UPOBAHHE
3ToX paboThl, a Tak>ke 3a pa3MelleHHe CTaTeHn
Ha CaMTe XXypHaja U lepefavyy UX B 37IeKTPOHHOM
Buge B HO6 eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3098~
Asilom 06 omcymemauu KOHPAUKMO8 UHMepecos UAU AUMHbLX
0MHOWeHUil, Komopble Mo2Au bblL nosAuAMb Ha pabomy, nped-
cmasAexHyto 8 daHHo cmambe.
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are present on all autocathodes, however, more whis-
kers were formed on the surface of the "0.01" AEC, as
well as after chemical etching. It is impossible not to
emphasize different distribution density of nanowhis-
kers and their shape on different samples: on sample
"0.01" - flat, wide in a large number; on sample "h1" - in
a large number, but not evenly arranged; on sample
"h2" - thin, elongated, in a large number; on sample
"i1" - long, thin, in a relatively small number; on sam-
ples "0.004" and "0.01UZ" - in a relatively small number,
compared to others.

CONCLUSIONS

The results of this work have contributed to identifica-
tion of the positive effect of artificial development of
microdefects on the tantalum surface on the growth
and number of whiskers, which undoubtedly can serve
as a new promising direction in magnetrons design
with instantaneous readiness.
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