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KaTopgontoMuHecueHTHbIe JlaMIbl nepcneKTUBHbI

B KayecTBe MCTOYHUKOB UCKYCCTBEHHOIO

ocBeleHus. B Hux ntommHodop, Bo36yxaaembli
NOTOKOM 3/1eKTPOHOB C aBTOIMUCCUOHHOI O

KaTopa, ucnyckaet BUANMbINA cBeT. ConepHuyas

no ceeTooTaa4e co CBeToANoAHbIMU UCTOYHUKAMMN,
KaToA0J/IlOMUHECU eHTHbIe JlaMMbl BbIrOAHO OT/IN4AalOTCA
OT HUX NOJIHbIM OTCYTCTBUEM TOKCUYHbIX MaTepPUaJIOB.
Ha B3rnsp aBTopoB, A1 CEPUIMHOrO NPOU3BOACTBA
aBTOKaTOA0B HanboJsiee NepcnekKTUBHA TEXHOIOMUS
MCMNONb30BaHUS YINEPOAHOI0 BOJIOKHA, 3aK/II04E€HHOr 0
B CTEKJISSHHbIM Kanunnsp, ¢ nocneayoilein GopMoBKON
XONI0AHOM MNJ1a3MOW aproHa.

CBETOTEXHHUYECKOM IPOMBINIJIEHHOCTH 60Jb-
II¥e HageXKIbl BO3/JIaTal0T Ha KaTOMOJIOMMU-
HeCLleHTHBIe HCTOYHUKU cBera (KUC) Ha
OCHOBE aBTO3MHCCHOHHOIO KaTofa H3 YIJIepos-
HBIX BOJIOKOH. OIHAKO CJIOKHOCTh BBIIIOJIHEHHS
Tpe6OBaHUI K KadeCTBY KaToJa CHJIBHO OrPaHH-
YHBaeT KPYIIHOCEPUMHBIM BBIIIYCK 3THUX IpubO-
poB. Heobxogumo ofHOBpeMeHHO COOIIONATH CTa-
OMIBPHOCTE U PAaBHOMEPHOCTh aBTO3MHUCCHOHHOIO
KM306paskeHU s, HU3KOe HATPSKeHHe BKJIIOYEHU,
CTabUIBHOCTh SMHUCCHOHHOIO TOKA — BCE 3TH yCJIO-
BU S HELOCTATOYHO TeXHOJIOIUYHBI AJISI CEPUIHOI0
IIPOU3BOACTBA. M3 MHOXeCTBa BapHAHTOB H3rO-
TOBJIEHUS aBTOPMMCCHOHHBIX KaTOLOB Ha HaIl
B3I/Is1[, Haubosee IepCIeKTHBHOHM TeXHOJIOIHEH
SIBJISIeTCS. TeXHOJIOTHUS HCIIONb30BAHUS MOTHAKPHU-
noHUTpuabHOro (IIAH) yriepoaHoro BojiokHa (YB),
3aKJIIOUEHHOI0 B CTEeK/ISHHBIH KAaIllUJIISP.
9bdeKTUBHBIM METOAOM YAyUIIeHUS 3MHCCHU-
OHHBIX CBOHCTB SIBJISIeTCS TPeHHUPoBKa (PopMOBKa)
KaToJla IPK MHOIOCTYIIeHYaTOM HJIH JHUHEeNYaTOM
peskrMe TOKOOTHOopa, a TaK>Ke Pa3IMUHbIe CIIOCOOBI
dopMOBKH.
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Cathodoluminescent lamps are prospective sources
of the artificial illumination. Competing with the
light-emitting diode lamps on luminous efficiency
they advantageously distinguish from them by the
complete absence of toxic materials. Visible light
emanates from them with the luminophore activated
by the electron flow which was ejected from the field
emission cathode.

reat expectations are laid on the

cathodoluminescent light sources (CLS)

on the basis of field radiating cathode
of the carbon fibers. However, up to the present
moment the output of these devices has been quite
limited due to the specific requirements to the
cathode properties such as stability and evenness
of the field emission pattern, low turn-on voltage,
emission current stability. Many variants of the
field radiating cathodes manufacturing were
offered but they were not technological enough
for the batch production. At the moment the most
prospective method is the usage of polyacrylonitrile
(PAN) carbon fiber (CF) enclosed into the glass
capillary.

Effective method of the emission properties
enhancing is cathode training (forming) under the
multistage or linear conditions of current take-off
and various methods of the forming.

New method of forming of the field radiating
cathodes - treatment of the field radiating cathode
on the basis of CF placed into the glass capillary
with the argon cold plasma - was suggested
and tested in the paper for the first time. The
ArCPC-1 cold-plasmic argon coagulator (CPAC) was
used as generator of cold plasma in this paper.
This method of forming allows enhancing the
emission properties of the field radiating cathodes
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B mpennaraemort paboTe BIlepBble IpPe/IOKeH
1 onpob6oBaH HOBBIM MeToJ (OPMOBKHU aBTOKa-
TOoLoB - 06paboTKa aBTOKATOLOB Ha OCHOBe YB,
3aK/II0Y€HHOTO B CTeK/ISHHBIM KaIlMJISpP, XOJIOA-
HOM IJIa3MOM aproHa. Jns GOpMOBKHM KaToxa
B KauyeCTBe TeHepaTopa XOJIOJHOM IIJIa3MBbl IIpHU-
MeHSI/IM XOJIOLHOIIJIAa3MeHHBIM aproHOBBIM Koa-
rynartop (XITAK) ArCPC-1. 3ToT cmocob mo3BonseT
3HQ4YMUTeNbHO YJAYUYIIUTh 3SMHUCCHOHHBIE CBOM-
CTBAa aBTOKATOJOB: IIYYKH BOJIOKOH, IIPOIIEJ-
mue o6paboTKy XOJOAHOM IIJIa3MOM aproHa, IIpHU
paboTe B BaKyyMme JalOT CTabM/IbHBIM 3MHCCHOH-
HBIM TOK, 3MHCCHOHHBIe LIeHTPBI pacIpefeseHbl
pPaBHOMEpPHO II0 paboder MOBEPXHOCTH KaToAa.
[ToBepXHOCTh IYy4YKa BOJIOKOH YB, MOABEPrHYTHIX
TpPaB/JIeHUIO B XOJIOJHOM IIJIa3Me aproHa, CTaHO-
BUTCS Oolee paBHOMEPHOM.

OmHUM U3 KJTI0YeBBIX MOMEHTOB HCCJIeIOBAHUH
SBJISIeTCSL MOAOOP ONTHMAJIbHBIX PabodyMx Iapa-
MeTpOB Ipoliecca TPaBJeHHS aBTOIMHUCCHOHHBIX
KaToJ0B. I[IpoBefeHBl 3KCIIEPUMEHTBHI II0 HCCIef0-
BAHUIO BIMSHHUS PA3TUYHBIX PeXKHMOB paboThl
KOaryasiTopa Ha IIPefABApUTENbHYI0 (GOPMOBKY
ABTOSMUCCHOHHOIO KaTtoga Ha ocHoBe ITAH VB.

[IpenrosnaraeTcs, 4To IOAy4YeHHBbIE Pe3yIbTaThl
npuobpeTyT MmpaKTHUYeckoe 3HaueHHe IPH pas-
paboTke mpuOOPOB SMHCCHOHHOM 31eKTPOHHKH,
B YaCTHOCTH KaTOJONIOMHHECI@eHTHBIX HCTOYHU-
KOB CBeTa. TeXHOJIOTHUeCKHEe IIPHUeMBbl U MEeTOJBI,
npenjiockeHHble K MCIIOAb30BaHHBIe B Ppaborte,
MOIYT IOC/IYXUTb OCHOBOM IPU pa3paboTke IIpo-
MBIIIJIEHHOM TeXHOJOTUU IIPOU3BOJCTBA.

H3BecTHO, uTOo npuMeHeHHe KHC orpaHuYeHO
KPyrom 3ajady, TJe OHH MCIONb3YIOTCS B BHJe
3JIeKTPOHHO-JIyUeBBIX TPYOOK B MOHUTOPAX U Teje-
BU30pax. OQHAaKO Pa3BUTHe aBTOIMHCCHOHHBIX
TeXHOJIOTUM OTKpbIBaeT HOBBIe 06/acTU A/ pea-
MH3allUU BCex IPeHMYIIecTB KaTOHOJIOMHKHeC-
LIeHTHBIX HMCTOYHHKOB CBeTa. A TaKHMX II0JIOKH-
TeJIbHBIX CTOPOH MHOIO: BBICOKas 9KOJTOTHMYHOCTbD,
YCTOMYMBOCTD K MeXaHHYeCKMM BHOpamusiMm,
HU3Kass HHEPLUHUOHHOCTb, LIMPOKHUH JHAIA30H
pabourx TeMIlepaTyp M JHala3oH LBETHOCTH,
BBICOKAsl SIPKOCTb, [OJTOBEUHOCTb, OTCYTCTBHE
IPeIoIIMXCs YacTeH.

B aKTHUBHBIX HCCAeJOBAHUAX aBTOIMHCCHOH-
HBIX CBOMCTB Pa3JIMUYHBIX MaTepHanoB ocoboe
MeCcTO 3aHHMAaloT yIJlepofHBble MaTepHaabl [1],
B TOM 4HCJIe yIJIepofHble BolokHa (YB). Haunboiee
pacIpocTpaHeHHBIMHU SIBJISIOTCS II0JHaKPHUIJIO-
HuTpuneHble (IIAH) VB [2]. B mepBylo ouepenb
3T0 0OBSICHSIeTCS MX AOCTYIHOCTBIO M BBICOKOM
IIOBTOPSIeMOCTBIO CBOMUCTB. IIAH YB - HpOAyKTHI
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significantly: fiber bundles treated with the argon
cold plasma when operating in vacuum give stable
emission current, emission centers are evenly
distributed on the cathode operating surface.
Surface of the CF bundle exposed to the etching in
argon cold plasma becomes more even.

At this stage of experiments the influence of
various conditions of coagulator operation on the
previous forming of the field radiating cathode
on the PAN CF basis was studied. At the moment
one of the key aspects is selection of the optimal
parameters for the etching of the field radiating
cathodes.

Practical significance of this paper consists
in the applicability of obtained results when
developing the emission electronic devices,
particularly the cathodoluminescent light sources.
Technological procedures and methods suggested
and used in this paper can become the basis when
developing the manufacturing technology.

At the moment CLS are widely applied only
in the form of cathode-ray tubes in monitors
and TV sets. With the development of the field
emission technologies the new application areas
are opening up where the cathodoluminescent light
sources can implement all their advantages such
as high ecological compatibility, resistance to the
mechanical vibrations, low lag effect, wide range
of the operating temperatures and chromaticity,
high brightness, longevity, absence of hot parts.

At the present time research of the field emission
properties of various materials are conducted with
the purpose of their practical use. Carbon materials
(1] including the carbon fibers (CF) take a special
place in this research.

The most widespread carbon materials are the
polyacrylonitrile (PAN) CFs [2]; their availability and
high repeatability of properties explain it in the
first place. PAN CFs are the products of pyrolysis of
the polymeric fibers on the basis of polyacrylonitrile
and their further high-temperature treatment. CFs
have diameter of 6+10 pm and consist of carbon for
99.9%.

Unbeaten advantages of the field radiating
cathodes on the CF basis are longevity, availability
and cheapness of the material for manufacturing.
However, up to the present moment off-shelf
devices production with the field radiating
cathodes on the CF basis has been very limited.
Many variants of manufacturing of the CF field
radiating cathodes were offered but none of them
was technological enough for production. In paper
[3] the following method of the field radiating
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Puc.1. ABmokamod Ha ocHose YB, 3aKA0YeHHbIL 8 CMEeKASIH-
HbIl Kanuaasip

Fig.1. Field Radiating Cathode Manufactured of CF Which Was
Enclosed into the Glass Capillary

I POJIK3a IIOJIMMEePHBIX BOJIOKOH Ha OCHOBE IIOJIH-
AKPHUJIOHHUTPHJIA U HUX IOCJIeAYyIOIeH BBICOKOTEM-
nepaTypHou 06paboTku. YB uMeoT guamerp 6-10
MKM H COCTOAT Ha 99,9% u3 yriepona.
HemnpeB3oHJeHHbIe JOCTOMHCTBAa aBTOKATOMOB
Ha OCHOBe YB - [0JIFOBEYHOCTh, a TaKXKe HOCTYII-
HOCTh W JelIeBHM3HaA MaTepHajaa OJs HX IIPOH3-
BoACTBa. OLHAKO IIOKAa BBIIIYCK CePHUMHBIX IIPH-
60pOB C aBTOSMHUCCHOHHBIMHU KAaTOAAMU Ha OCHOBe
YB BecbMa orpaHu4eH. Ilpemnarasoch MHOXKe-
CTBO BAPHMAHTOB M3TrOTOBJIEHM I aBTOKaToAa U3 VB,
HO HM OJHH M3 HHUX He SBJSJICA JOCTATOYHO TeX-
HOJIOTUYHBIM JJIs1 IPOU3BOACTBA. B pabore [3] 6b11
OpenjiokeH MeTOJ, HM3TOTOBJIEHHS aBTOKaToxda,
Korga myd4ok YB 1o CIlelMajbHON TEeXHOJIOTUHU
3aKJIIOUeH B CTeK/ASHHBIM KaOW/AsAp. Takas KOH-
CTPYKIIMSI aBTOKaToma obecrmeduBaaa LeHTPHUPO-
BaHHBIM M ODHEHTHPOBAHHBIM BJOJNb OCH 3JIeK-
TPOHHOTO IIPOKEKTOPa HNYy4YOK YB IIpHM OTCYTCTBUU
MexaHHYeCKHX Harpy3oK Ha BojlokHa (puc. 1).
H3BecTHO, YTO IlapaMeTphl MHUKPOBBICTYIIOB
Ha 3MUTHPYIOIIel IIOBEPXHOCTH KaToAa B OCHOB-
HOM OIIpefie/IsSIlOT ero0 aBTOSMHCCHOHHEIE CBOH-
cTBa. B pabotax [4] u [5] mpuBefeHBl KaueCTBeH-
Hble pe3yJbTaThl, IIOKa3bIBAaION[Me CyIeCTBeHHOe
BJIMSIHHE IIePOXOBATOCTH IIOBEPXHOCTH aBTOIMUC-
CHOHHOIO KaToja Ha BeJHYHMHY 3MMHCCHOHHOTO
Toka. TakuM obpasoM, sl IOAydeHHUSs OoJblIei
CTabUIBHOCTH M PaBHOMEPHOCTH aBTO3MHCCHOH-
HOT'0 M300paskeHUs, HU3KOI0 HAIIPSIKeHHUS BKIIIO-
YeHM S, BBICOKOM CTaOHIBHOCTH 3MHCCHOHHOTO
TOKa SMUTHPYIOIIAsl YacTh KaToJa JOJIKHA OBITH
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cathode manufacturing was suggested - the CF
bundle was being enclosed into the glass capillary
according to the special technology. It allowed
making the field radiating cathodes with the CF
bundle centered and axially oriented along the
electron-beam generator under the condition of
absence of the mechanical loads on fibers. Cathode
manufactured with the application of this method
is shown in Fig. 1.

It is known that parameters of the
microasperities on the cathode emitting surface
generally determine its field emission properties.
The qualitative results which show the significant
influence of the inequality (value which is inverse
to the average radius of the microasperity rounding)
of the field radiating cathode surface on the value
of emission current are given in papers [4] and [5].
Thus, in order to receive higher stability, evenness
of the field emission pattern, low turn-on voltage,
high stability of the emission current the emitting
part of cathode has to be even without strongly
marked asperities.

One of the methods of the structure enhancing
is the training of cathode under the multistage
or linear conditions of current take-off which
was applied for the first time in paper [6]. It was
observed that after the training the microstructure
of operating surface and thus stability of the
emission current relaxes toward certain optimal
value.

The forming of cathode is required before the
training for the field emission characteristics
enhancement. General ideas of the influence of
carbon material surface on its emission properties
were given in paper [7] and therein the following

Puc.2. Xono0HonAa3meHHbIl ap20Ho8bil Kodzyasmop ArCPC-1
Fig.2. ArCPC-1 Cold-Plasmic Argon Coagulator
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PaBHOMEPHOH K He HMeTb SIPKO BBIpa’kKeHHBIX
BBICTYIIOB.

O ynydileHHs CTPYKTYyphl KaToJa MCIIONb-
3YIOT MeTOJ, TPeHHPOBKH KaTOAa IIPU MHOTOCTY-
[IeHYaTOM HJIH THHEeNYaTOM peKHuMe TOKooTbopa.
[Tocie TPeHUPOBKU MHUKPOCTPYKTypa paboueit
[IOBEPXHOCTH, a CJIeloBaTe/IbHO, M CTabU/IBHOCTH
3MHUCCHOHHOTO TOKa PeJIaKCHPYIOT K HEKOTOPOMY
ONTHMMa/JbHOMY 3HaueHMIO. BrepBrle MeTon 6bln
onucaH B pabore [6]. [lns ynydnieHUs aBTOIMHUCCH-
OHHBIX XapaKTePUCTHK KaToha Iiepe] TPeHHPOB-
KO HeobXOmHMO IIPOBECTU OIepPaLluI0 GOPMOBKH.
Pabora [7] maer obumue mpeacTaBlIeHHUS O BIHS-
HHHU [I0BEPXHOCTH YI/IePOJHOI0 MaTepHaJjia Ha ero
35MHCCHOHHBIE CBOMCTBA, B HEM OMKCAHBI CJIefylo-
mue MeTOAbl 0OpabOTKU IMOBEPXHOCTH: 3JIEKTPO-
3PO3MOHHAA, MeXaHHYeCKas, 3IeKTPO3PO3HOHHAs
C IIOCJIeAYIOII MM OTKMIOM B cpefie ¢Topa. OgHAKO,
K COKaJIeHHIO, [JISI MAaCCOBOTO U3IOTOBJIEHU S KaTO-
JI0B 3TH MEeTOJBl He IIOAXOMSAT H3-3a JOPOTrOBH3HBI
U CJIOKHOCTU aBTOMaTH3aLUH. B pabote [8] mpen-
JIO’KeH MeTOJ TpPaBJIeHUS IMy4YKa YB KOPOHHBIM
paspsnoom Ha Bosayxe (TKP). Ho U oH He JIHIIeH
HeJ0CTaTKOB - Pe3yJIbTAaThl 3aBHUCAT OT BHEIIHHX
ycJloBUM (BJIa)KHOCTH BO3[yXa, KOHLEHTpalUuU
rasoB B armocdepe), 10 OKOHUAHHUU (POPMOBKHU
Heob6X0AMMO OUYMIIATh YB OT ca’kM MU OCeBIleH
IIBLJIH.

B 3TOM OTHOIIEHHUH MCIIO/Nb30BaHHE XOJOJHOU
bHU3MYeCKOHn IIa3MBl O4eHb IepCrIeKTHUBHO. CyTh
MeToJa COCTOUT B 6ombapaupoBKe YB HoOHaMU
WHEePTHOro rasa. Ilo cpaBHeHHIO C ONHMCAHHBIMU
Bbllle cHocobaMu GOPMOBKM IIpeHMYIlecTBa
JaHHOTO METOAA 3aK/IKYeHbl B €ro JOCTYIIHOCTH,
OTCYTCTBHH 3aBUCHMOCTH OT BHEIIHUX YCIOBHUH, a
TaK>Ke B IIPOCTOTE MCIIO/Nb30BAHHS C TeXHOJIOTHYe-
CKOH TOYKH 3PeHHU4.

B KadecTBe reHepaTopa XOJOLHOH IIJIa3MBI
B 3KCIIEPUMEHTe MbI MCIIOJb30BaIK XOJIOHOIIIA3-
MEeHHBIH aproHOBHIK KoarynsaTop (XITAK) ArCPC-1
(pHC.Z). I[Mpunnun penctBus ArCPC-1 cocToUT
B HMOHM3AaLMU CTPyH HHePTHOTOo rasa (aprosHa)
C IIOMOIIbI0 YHHUIIOJSIPHOLO BBICOKOYACTOTHOIO
3JIeKTPOUCKPOBOro paspsana. CTpys aproHa MCKIIO-
yaeT obpa3oBaHHUe CaXkHd U OCeJlaHHe MBI Ha VB,
II09TOMY Heob6XO0gHMOCTh OYHUCTKU YB 110 OKOHYa-
HUU GOPMOBKH OTIIajaeT.

3amada cocTosiia B Ioabope ONTHMAaJIbHBIX
[IapaMeTpoB [Jisl IpoLecca GOpPMOBKH aBTOKATO-
noB: pabodero HamIpsKeHHUs] KOAryasiTopa, Beslu-
YMHBI I0TOKAa MHEPTHOrO rasa (aprosa), BpeMeHH
BO3[eMCTBHUS, PacCTOSIHUS OT YB [0 XoyomHO-
[IJIa3MEeHHOTO pas3psifa. DBelJI0O HpOBeAeHO TpU

il

1 2 3 4

Puc.3. Cxema ycmaHosku 04s1 popmosku: 1—Kkamoo; 2 - 3mu-
mupyouwas 4acme KAmMooa; 3 — XoA00HONAA3MeHHbIl paspsio;
4 - mpy6ka Koazyasmopa

Fig.3. Installation Diagram for the Forming: 1- Cathode;

2 - Emitting Part of Cathode; 3 - Cold-Plasmic Discharge;

4 - Coagulator Tube

methods of surface treatment were described:
electro-erosive, mechanical, electro-erosive with
the further fluorine annealing. However, these
methods are not applicable for the cathodes mass
production because of high cost and complicacy
of the treatment automation. Method of the CF
bundle annealing with the air corona discharge
(ACD) was suggested in paper [8]. Disadvantages of
this method are the dependence on environmental
conditions (air humidity, gas concentration in air)
and necessity of the CF cleaning of the soot and
accumulated dust after finishing the forming.

One of the prospective methods consists in the
usage of cold physical plasma. The main point
of this method consists in the CF bombardment
with the inert gas ions. In comparison with the
aforementioned methods of forming, advantages
of this method are availability, absence of the
dependence on environmental conditions, and
usability in terms of the technology. The ArCPC-1
cold-plasmic argon coagulator (CPAC) shown in
Fig. 2 was used as the generator of cold plasma
in this paper. Principle of the ArCPC-1 operation
consists in the ionization of inert gas (argon)
current using the unipolar high-frequency electric-
spark discharge. Usage of the argon current allows
avoiding the soot generation and dust deposition on
the CF, therefore the necessity of the CF cleaning
after forming stands no longer.

At the present time one of the key aspects
is selection of the optimal parameters for the
forming of the field radiating cathodes: coagulator
operating voltage, inert gas (argon) current,
exposure time, distance from the CF to the cold-
plasmic discharge. At this stage three experiments
were conducted; in the course of these experiments
the influence of distance from the CF to the cold-
plasmic discharge and time of exposure on the field
radiating cathode forming on the basis of vitrified
PAN CF was studied. The principal diagram of
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Puc.4. PM-u306paxkeHue kamoda A4 (ysenudeHue 1000x
u4000x)

Fig.4. A4 Cathode (SEM-Picture under Enlarging by 1000
and 4000x)

3KCIIepUMeHTa, B XOJe KOTOPBIX HCCIe0oBanu
3aBUCHMOCTb PAacCTOSHHS 0T YB [0 XomomHOIIAa3-
MEeHHOTO pa3psiia U BpPeMeHH BO3[eHCTBHUS Ha
$OpPMOBKY aBTOKATO[a Ha OCHOBE OCTeKJIOBAHHBIX
ITAH VYB. IlpyHUMIIHMAAbHAS CXeMa YCTaHOBKH,
KCII0/1b30BaABIIAACS B JaHHBIX 3KCIEePUMEHTax,
npencTaBieHa Ha puc.3. Ilo okoHUYaHHHU Op-
MOBKH IIOBePXHOCTb KaTOJOB IIPOAHA/IM3HMPOBaHA
B PaCTPOBOM 3JIeKTPOHHOM MHUKpockore (POM) FEI
Quanta 200 MK2.

3aTeM aBTOSMHUCCHOHHBIE KAaTOABI OBIIM IIOMe-
IIeHbl B BBICOKOBAKYYMHYIO KaMepy Ha OCHOBe
TypbomosnekyasipHoro Hacoca Agilent Technologies
Turbo-V 301-AG, rxe npu gasneHuu ~10°° Topp mog-
BepIJIMCh TPEeHHPOBKe IIPM MHOTOCTYIIeHYaTOM
pexxuMe TokooTbopa. Jpyras 4acTb HCCIefoBa-
HUH OBlJIa IIOCBSIMIEHA aBTOIMHUCCHOHHBIM Xapak-
TePUCTUKAM KaTO[OB M BKJIIOYaja aHA/IU3 BOJIbTI-
aMmnepHbx (BA) XapaKkTepHCTHK K IIOJNy4eHUe
ABTOSMHUCCHOHHBIX H306paskeHuM. Katonsl 6bl1H
BKJIFOYEHBI B JHOJHOM PekHUMe,

B 1mepBoM 3KCIepuMeHTe II0 HCCAe[0Ba-
HUIO BJHUSHHUS XOJOLHOM IIJIa3MBl HCIIOJb-
30BaHBl 4eThIpe obpasma - katogel Al, A2, A3
u A4. PaccTosiHUE OT 3M1/1T1/1py10me171 YacCTH KaToma
10 XOJOAHOIJa3MeHHOro paspsifia MmoAbHpanoch
TakKUM ob6pa3oM, 4ToO IpoboK MeXKAY HUMH IIPO-
ucxogunu c mepuomoMm 0,5 ¢ u 0,25 c. B ombiTe
¢ T=0,5 c ucrionp3oBaHsbl Katogsl Al, A2 u A3 (pac-
cTtosiHue 1 cMm), B onbiTe ¢ T=0,25 C MCIOIb30BaH
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installation which was used in these experiments
is given in Fig. 3.

Upon completion of the forming the pictures
of cathodes were taken in the FEI Quanta 200
MK2 scanning electronic microscope (SEM). Then
the field emission cathodes were placed into the
high-vacuum chamber on the basis of Agilent
Technologies Turbo-V 301-AG turbo-molecular pump
where under the pressure of ~10-6 torr they were
submitted to the training under the multistage
conditions of current take-off. Afterwards, the field
emission tests of the cathodes under study which
included the volt-ampere (VA) characterization
and obtaining the field emission patterns were
conducted. Cathodes were included in the diode
mode.

During the first experiment the influence of
cold plasma on four cathodes: Al, A2, A3 and A4
was being studied. Distance from the cathode
emitting part to the cold-plasmic discharge was
being selected in such a way for the bursts between
them to occur with the period of 0.5 seconds for
the Al-A3 cathodes (the distance was 1 cm) and
0.25 seconds for the A4 cathode (0.5 cm). It was
noted that after the expiration of 2-3 min of the
forming period the amount of bursts per time unit
was being noticeable. After analysis of the picture
of the A4 cathode in SEM which is given in Fig. 4,
the conclusion was made that it occurred due to
the obtaining of more even surface of the cathode
emitting part.

VA characteristics were taken from the Al-A4
cathodes and their field emission patterns under
the maximum measured currents were obtained
(refer to Fig. 5).
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Fig.5. VA Characteristics and Field Emission Patterns of the
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Katon A4 (paccrosinue 0,5 cM). O6HapyskeHO, YTO
[0 OOCTHXXeHHUH BpeMeHH (GOPMOBKHM IOpsSAKa
2-3 MHH KOJIHM4YeCTBO IIpoboeB B eJUHHUIY Bpe-
MeHH 3aMeTHO CcoKpaimaeTrcs. Ha oOCHOBaHHUHU
aHanu3a POM-uszobpaskeHus Katoma A4 (puc.4d),
MOXXHO CYIMUTH O TOM, YTO IPHYMHA IOSBIEHUS
3Toro 3pdexra - B obpaszoBaHUU Hojlee paBHOMEP-
HOM IIOBEPXHOCTH SMUTHPYIOLIEH 4YacTH KaToxa.
C KatonmoB Al-A4 6BIIM CHSITHL BOJBT-aMIIePHBIE
XapaKTepUCTUKH (BAX) M Mmony4eHBl HX aBTO3-
MHUCCHOHHBIe HM300paskeHUS IPHU MaKCHMAJTbHBIX
H3MepeHHBIX ToKax (puc.5). IIpu amanuse BAX
KaTomoB Al-A3 3aMeyeHO, YTO XapaKTePUCTUKHU
INpakTUYeCKH He MeHSIOTCS IpH BapHalUuix
BpeMeHU GopMoBKH. HM3MeHeHHs BAX Habmwoga-
I0TCA UMb y KaToda A4 (yMeHbIIeHHe HaIps-
KeHHUsI BKJIIOYeHHs, 6onpmas KpyTu3Ha BAX).
ABTO3MHUCCHOHHBIEe M300paskeHUsT KaTofoB Al-A3
BBIZIEISIINCh He CJIMIIKOM BBICOKOM CTabHIIBHO-
CTbIO, B OT/IIMYMe OT H300pakeHHUs KaToma A4.
CnenmoBaTenpHO, OAaHHBIE YC/JIOBUS He NPHUAAIOT
crrocoby $OpMOBKHM aBTO3MHCCHOHHOIO KaTOZA
3¢ PeKTUBHOCTE.

3aTo ycnoBus GOPMOBKM KaTofa A4 II03BOJISIOT
BbIOpaTh IyTh pa3paboTku 6osiee 3dPeKTHUBHOTrO
crrocoba. OH 6bIT HCC/IelOBaH BO BTOPOM 3KCIIePH-
MeHTe, B KOTOPOM HMCII0JIb30BaHBI 06pa3Iibl KaTo-
noB Bl, B2 u B3. XonoAHON/Ia3MeHHBIH pa3psif
HeIIOCpeJCTBeHHO Kaca/iCd SMHTHUPYOOIIeH 4YacTH
KaToJa. B 3ToM ciaydae 4acToTy mpoboeB MOKHO
IPUHSATb PAaBHOM 4YacTOTe pabouero HampsisKeHHUS
aprorHosoro koarynstopa XITAK. Ilo oKoHYaHHU
bopMoOBKM aHanu3 POM-n300paskeHHUI KaTOLOB
IoKa3aj, 4YTO IIOBEPXHOCTb KaTOJOB CTaja bosee
ofHOpoAgHOHU (pHc. 6). I[IpH 3TOM, 0JHAKO, 3aMeTHO
IOsIB/IeHHEe OTBEPCTHUI Ha OOKOBBIX IIOBEPXHOCTSX
Ha KOHIIaX YB, BO3HUKIIUX H3-32 60MOapaupOBKHU
HX MOHAMHU aproHa. C oJHOH CTOPOHBI, 3TO IIPH-
BOJHUT K YBeJIMUYEHHIO KOJTHYECTBA SMUCCHOHHBIX
LIeHTpOB, 61aromapst uemMy yBelHYHBaeTCs obmiast
IJIOmafb SMUTHPYOLEN MOBEePXHOCTH. OFHAKO
Takas SMMCCHUA IIJIOX0O KOHTpOJIHMpyema, H3-3a
Yero aBTOAMUCCHOHHOe H306paskeHHe MOXKeT ObITh
HecTabuIbHBIM. TaksKke IOSIBJIeHHEe OTBEPCTHUH Ha
OO0KOBOM MOBEPXHOCTHU IPHUBOAUT K yMeHbIIEHHUIO
IIPOYHOCTH YB.

beliu mpoaHaJM3upoBaHbl BAX M aBTOIMMCCH-
OHHBIe M306paskeHHUS IPH MAKCHMAJbHBIX 3Haue-
HHAX U3MEPEHHBIX TOKOB, CHATBIE C KaToL0B BI-B3
(puc.7). BolsiBJIeHa HX SIBHAS 3aBHCHUMOCTb OT Bpe-
MeHH QOPMOBKHM Katoma. Korga Bpems GOpMOBKH
He IpeBBINaeT 3-4 MHUH, HabmaomaeTcs yaIyd-
meHHe TaKUX IapamMeTpoB BAX, Kak KpyTH3Ha
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Puc.6. PoM-u3o6paxeHue kamoda B2 (yeeaudeHue 500x
U 5000x)

Fig.6. Pictures of the B2 Cathode (SEM-Picture under
Enlarging by 500 and 5000)

When analyzing the VA characteristics
of the A1-A3 cathodes it was noted that they
practically did not depend on the forming
period. Changes were observed only on the A4
cathode (decrease of the turn-on voltage, large
transadmittance). Field emission patterns of the
Al1-A3 cathodes distinguished in not very high
stability in comparison with the A4 cathode
pattern. Therefore, this method is not effective

way of the field emission cathode forming.

The forming method which was used for the
A4 cathode is peculiar transition to the more
effective method which is described below in the
second experiment.
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Fig.7. VA Characteristics and Field Emission Patterns of the
B1-B3 Cathodes
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Puc.8. PM-u306paxeHue kamoda Cl (yeeaudeHue 500x
u 5000x)

Fig.8. C1 Cathode (SEM-Picture under Enlarging by 500
and 5000)

M HaIpsoKeHHe BKIOYEHHUsS. JTo 06BsICHSIETCS
CTpaB/JIHBaHHEM HeOJHOPOLHOCTEH C IIOBEPXHO-
CTHU KaToJa W IOSIBJIeHHeM HOBBIX 3MHCCHOHHBIX
LIeHTPOB M3-32 6oMbOapIHpoBKH OOKOBOM IIOBEpX-
HOCTH YB MoHamu aproHa. OgHaKo, KOrjga BpeMsd
dopMOBKM IpeBHIIANO 5 MHH, Habaoganock
SBHOE YXyIOIIeHHe XapaKTePUCTHUK HK3-3a CHHXKe-
HUS OPOYHOCTHU U 061aMbIBaHUs YB.

DKCIIEpUMEHT I103BOJIMJ/ YyTBePXKIAaTh, YTO JaH-
HBIN MeTof, sBisieTcs 3¢PeKTUBHBIM CII0cObOM
yIydlleHHsI aBTOSMHUCCHOHHBIX XapaKTePUCTHUK
KaToja, OOHAKO [OJis OIpefeleHUs OITUMAb-
HBIX yCTOBUH GOPMOBKH TpebyeTcs IPOAOJIKHTD
HMCCIeSOBAHUSA.

B TpeTheM 3KCIIEpHUMEHTE SMUTHUPYIOIAas 4acCTh
KaTozla Obljla IMOJIHOCTBIO IIOMeNIeHA B XOJIOHHO-
IJIa3MeHHBIH paspsjf. B omblTaXx HCII0/Ib30BaHBI
obpasnsl karomos Cl, C2 u C3. AHAJIOTUYHO YCJIO-
BUSM BTOPOTO 3KCIIePHMEHTa 4YacToTa mpoboes
NIPUHSTA PaBHOM 4acToTe pabodero HampsisKeHHUS
XITAK. CornacHo POM-u3obpaskeHuio karoma Cl
(puc. 8) MmoBepxXHOCTb KaToAa CTajla OJHOPOLHOM
U npuobpena okpyriaywo ¢opmy. OLHAKO IIPHU yBe-
nudeHuU 5000x 06HAPYsKEHO, YTO pa3Mepsl OTBEP-
cTUi, obpasoBaBIIMecss Ha OOKOBOM IIOBEPXHO-
cTu YB, cTanu HamHoro 6oibiie Tex, KOTOPHIE
Habilofanuch BO BTOPOM 3KCIIePUMeHTe, IIPH-
yeM OTBepPCTHS pacIllojiaraloTcsi IO BCeH AJHHe
YB. KoHe4YyHO, 3TO BeJeT K 3HAYUTEJIbHOMY CHH-
SKEHHIO NPOYHOCTH YB, M3-3a Yero IosIBISeTCSH
IpoKaHHe, KOTOpoe B COBOKYIITHOCTH C 3MHCCHEH
M3 3TUX OTBEPCTHUM IIPUBOAUT K HECTabMIBHOCTHU
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In the second experiment the Bl, B2 and B3
cathodes were being studied. Cold-plasmic
discharge directly was touching the emitting part
of cathode. In this case the frequency of bursts can
be taken as frequency equal to the CPAC operating
voltage frequency. Upon completion of the forming
the picture of the B2 cathode was taken in SEM
(refer to Fig. 6); on the basis of this picture it was
concluded that the cathode surface became much
more even.

Appearance of holes on the lateral surfaces
of the CF edges which occurred as a result of
the bombardment with argon ions should not go
unnoticed. On one hand, it leads to the increasing
of the emission centers amount; due to this fact the
total area of emission surface increases. However,
such emission is hardly controllable and thus
the field emission pattern can be unstable. Also
appearance of holes on the lateral surface causes
the CF strength reduction.

Also VA characteristics were taken from the
B1-B3 cathodes and their field emission patterns
under the maximum measured currents were
obtained (refer to Fig. 7).

When analyzing these VA characteristics
their evident dependence on the cathode forming
period was revealed. When forming up to 3-4
min the enhancement of such parameters of VA
characteristics as transadmittance and turn-on
voltage were being observed; this could be due to
the etch removal of irregularities from the cathode
surface and occurrence of new emission centers
because of the bombardment of the CF lateral
surface with argon ions. After 5 minutes of forming
the characteristics degradation was being observed
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Fig.9. VA Characteristics and Field Emission Patterns of the
C1-C3 Cathodes
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Fig.10. Dependence of Area of the Emitting Surface on the
Forming Period

aBTOIMHUCCHOHHOIO H306paskeHUsi. BAX M aBTO03-
MHCCHOHHBIe M300paskeHHUs MPH MaKCHMalbHBIX
M3MepeHHBIX TOKax g Katomos C1-C3 mpepcTas-
JIeHBl Ha pHUC.9. M3 pesyinbTaToB 3KCIIEPUMEHTA
BUJHO, YTO [AJISl YAy4YLIeHKMS aBTOIMMHUCCHOHHBIX
XapaKTepPUCTHUK KaToJa JAaHHBIN C110cob $opMOBKHU
He IOJAXOAHUT, TaK KaK aBTOIMHCCHOHHOe H300pa-
>KeHHe He OT/IMYaeTcsl CTAabUIbHOCTBIO, HECMOTPS
Ha yny4uieHue BAX.

MudopManuss o mJIomaAsaX SMHUTHPYOILEH
IIOBEPXHOCTH KaTOAOB M KO3pPHIIMeHTax ycuse-
HUS II0Jisg, IONy4YeHHas C momoubio BAX wHccie-
nyeMbiXx 06pasioB, I103BOJISIeT IIPOTHO3HPOBATH
aBTOSMHUCCHOHHBIE CBOMCTBA KaTOJO0B IIPHU HHOM

i

as a result of the CF strength reduction and break
off. This tendency is well observed in Fig. 10 and
Fig. 11.

On the basis of this experiment it may be
concluded that this method is effective way of
enhancement of the cathode field emission
characteristics, however further research is
required for determination of the forming optimal
conditions.

In the third experiment the Cl, C2 and C3
cathodes were being studied. Cathode emitting part
was being completely placed into the cold-plasmic
discharge. Similarly to the second experiment the
frequency of bursts can be taken as frequency
equal to the CPAC operating voltage frequency.
According to the picture of the C1 cathode in SEM
(refer to Fig. 8) cathode surface became even and
obtained round shape. However, when enlarging
the picture by 5000x we could see that holes on the
CF lateral surface were much larger than in the
second experiment and situated along the CF full
length. It leads to the considerable reduction of the
CF strength and because of it the vibration takes
place which together with the emission from these
holes leads to the instability of the field emission
pattern.

VA charectaristics and field emission patterns
under the maximum measured currents for the
C1-C3 cathodes are given in Fig. 9.

Based upon the conducted experiment it can
be concluded that this method is poorly applicable
for the enhancement of the cathode field emission
characteristics because in spite of the enhancement
of VA characteristics the field emission pattern is
not stable.

Information of areas of their emitting surface and
field enhancement factors were obtained from the VA
characteristics of the samples under study; this allows
forecasting the field emission properties of cathodes
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BpeMeHU BO3[EeHCTBUS U CYAUTb O BO3MOXKHOCTSIX
HCII0/Ib30BAHUS KaskKJ0TO U3 CII0COO0B B YCIOBUAX
IIPOMBIIIJIEHHOTO MPOH3BOACTBA. TeHAEHIIMU
K YXYOIIeHHI0 XapaKTePUCTUK KAaTOAOB H3-3a CHU-
SKeHUS MPOYHOCTH U obrambiBaHHUS YB mposs-
AAITCA HPU YBeIHMYeHHUM BpeMeHH GOPMOBKHU
no 5 MmuH (puc.10 u 11). JaHHBIEe 0 KaTomax bes
obpaborku u obpaboraHHBIX TKP OBIIM B3STH
13 paboThl [8] A4 cpaBHeHHUS C IOJyYeHHBIMU
pe3yibTaTaMu.

Ha ocHOBaHMU MPOBeJEeHHBIX 3SKCIEpPHUMEH-
TOB MOXHO BHJETh, YTO Yy aBTOIMHCCHOHHBIX
KaToJo0B, CPOPMHPOBAHHBIX B YCJIOBHUIX, Korjga
XOJIOMHOIIZIa3MEeHHBIH Ppa3psi/i HelocpeACTBEHHO
Kacajcs 35MUTHUPYIOIeN 4YacTH KaToAa, 3aMeTHO
yaydiiaercs CTabUIBHOCTh SMUCCHOHHOTO TOKaA
Y YBeJIHYKMBAETCSI pPABHOMEPHOCTD pacIpese/ieHus
SMHCCHOHHBIX LIEHTPOB I10 pabouer MOBepXHOCTHU
KaToJa. B COBOKYIIHOCTH 3TO IIO3BOJISIET IIOJIYyUUTh
cTabulbHOe U paBHOMEpPHOe aBTOIMHUCCHOHHOE
n3obpakeHHe MPH Ma/blX HAIpSKeHUSIX BKIIIO-
yeHHUsl U pabodeM HampsikeHHH. Torja aBTOIMHUC-
CHOHHBIE KaTOAbl Ha OCHOBE OCTeKJOBaHHBIX [IAH
YB MoxxHO bynmeT ucrons3oBath B KMC B KauecTse
HMCTOYHHKOB CBOOOJHEIX 3/IEKTPOHOB.
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under the different exposure time and making
conclusions on the applicability of each method for the
industrial purposes. In Fig. 10 and Fig. 11 the diagrams
are given. Information of cathodes without treatment
and cathodes treated with ACD is taken from paper [8]
for the camparison with obtained results.

Based on the conducted experiments it can be
concluded that the CF bundles of the field emission
cathodes which were treated according to the
methods of the second experiment have enhanced
stability of the emission current and increased
evenness of distribution of the emission centers
on the cathode operating surface. In aggregate it
allows obtaining the stable and even field emission
pattern when having low turn-on and operating
voltage and due to this fact the usage of such
cathodes in CLS is made possible.

Therefore, cathodes forming with the usage
of cold plasma can considerably enhance the
characteristics of devices which use the field
emission cathodes on the basis of vitrified PAN CF
as the sources of free electrons; however, further
research is required to determine the optimal
conditions of forming. Technological procedures
and methods which were suggested and used in
this paper can become the basis for development
of manufacturing technology of light sources with
the CF field emission cathode.



