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The results of solid-state thermo-ionic emitters of Cs" and T1" ions investigations are presented. These emitters are
planned to use in heavy ion beam diagnostic system for “Uragan-2M” stellarator. According to estimations for HIBP
diagnostic system operations it is necessary to have primary beam current up to 0.5 mA. The aim of these investigations
was determination of emission rate, mass-spectrum of ion beam during the beam extraction time and heavy ion beam

current stability in area of 0.5 mA.
PACS: 52.70.Nc

1. INTRODUCTION

The HIBP diagnostic system for “Uragan-2M” has
been developed in 2009[1]. Numerical modeling of
trajectories of passage of a probing beam has shown that
for installation with parameters “Uragan-2M” it is
necessary to use primary beam Cs’ or TI" with an ion
current to 0.5 mA. The purpose of the spent researches is
determination of emission rate and a mass spectrum of an
ion beam, stability of its parameters at a ion current to
0.5 mA.

2. EXPERIMENTAL SET-UP

The investigations were carried out at the emitter
manufacturing and testing device [2]. Beam energy was
up to 6 keV, ion current up to 1 mA. The device permits
to measure the ion beam current and mass-spectrum.
Emitters were manufactured from following materials —
doped sodium zeolite for thallium emitters and natural
mineral pollux or mixture based on CsNO; for cesium
emitters. Fig. 1 shows a general view of cesium emitters.
Emitter were baked on tantalum base with 0.2...0.3 mm
thickness. The base has a diameter of 8 mm and allow
baking 150 mg of emitter material. A power of emitter
heater is up to 250 W.

Fig. 1. Cesium ion emitters:
Left up — pollux emitter after preparation,
right bottom — emitter after 1.5 mA*hour operation

3. EXPERIMENTAL RESULTS

A. Cesium emitters

Investigations of an emission rate was carried out
with extracting voltage up to 6 kV and emitter — extractor
gap 10...15 mm. Emitter was placed inside of Pierce
electrode (60° cone with 13 mm aperture), extractor
electrode was also conical (45° with 22 mm aperture).
Emitter heating power was up to 140 W. Fig. 2 illustrated
cesium ion current depending on heating filament current.
Emitter was manufactured from mineral pollux [5]. One
can see current saturation areas for different extracting
voltage from 2 to 4 kV with heating power more than
100 W.
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Fig. 2. Ion current value in saturation area limited by
Chaild-Langmuir law

It was applied time-of-flight method for
investigations of ion flux mass-spectrum. We use the
generator G5-63 with pulse amplitude of 60V and
duration of 50 us. This voltage was applied to extractor
electrode, emitter potential varied from 100 to 600 V.
Fig. 3 illustrated the beam mass-spectrum with emitter
heating power 65 and 85 W. It was registered up to 20%
of impurities (sodium and potassium ions due to time of
flight) for low heating power. Sodium and potassium
impurities placed in natural pollux. A pollux may has
these alkali metals up to 30% in its structure.
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Fig. 3. The beam mass-spectrum, emitter heating power
is: a)65W,b) 85 W; Upy=250V,d =15 mm

Emitter was tested for its ion resource with
extracting voltage 5kV and extracting ion current
0.5 mA. Emitter heating power was increased time to time
in order to have a stable ion current during all testing
time. Ion current extracting has 3 hour duration, initial
heating power was 70 W, finish power — 130 W. Full
extracted ion resource was 1.5 mA*hour. Further emitter
exploitation in diagnostic injector will be inexpediently
due to too high emitter heating power that leads to
worsening of injector vacuum conditions.

It was done the work in order to manufacture a
composite emitter from CsNOs, Al,Os, SiO, in the frame
of cesium emitters investigations. Composite emitter has
better adhesion to the metal base than pollux material,
100% pure mass-spectrum and high emission rate. Fig. 4
illustrated ion current depending on extracting voltage of
composite emitter after its manufacturing.

0,74 g
06 first test

80 W| Cs', 8 mm, d = 10 mm
05
203

0,2 /&/
R

, mA

Fig. 4. lon current depending on extracting voltage of
composite emitter

This emitter resource (90 mg of initial material) was
1.1 mA*hour. Testing operations were the same as
described above instead of more heating power. Initial
power was 80 W, finish power — 170 W. In comparison
with pollux emitter this one has less resource, needs more
heating power but has 100% pure ion flux and may be
manufactured from accessible components. Work on
optimization of this emitter composition is not finished
yet.

B. Thallium emitters.

Substituted sodium zeolite was used for thallium
thermo-ion emitters manufacturing. TINO; water solution
was used for its purpose. The emitter base was
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manufactured from molybdenum or tantalum, the
diameter of emission area was also 8 mm, initial mass of
emitter material — up to 100 mg. Thallium emitters
investigations were carried out in the same conditions as
cesium emitters. Fig. 5, 6 illustrated thallium ion current
dependences on extracting voltage: Fig. 5 — after emitter
manufacturing, Fig. 6 — after extracting of 0.3 mA*hours.
After extracting of 0.3 mA*hours the emission rate is
decreases to 80% of initial rate with heating power
conservation, after 0.6 mA*hours emission rate drops in
several times. Exact estimation of emission rate
decreasing — 3.5 times, was done during mass-spectrum
measurements (with fixed 100 W heating power and
400 V extracting voltage).
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Fig. 5. Emission rate measurements after emitter
manufacturing
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Fig. 6. Emission rate measurements after extracting
of 0.3 mA*hours

After extracting of 0.5 mA*hours resource one needs to
increase the heating power to 150 W in order to have the
initial level of extracting current.

Fig. 7 illustrated thallium beam mass-spectra with
different extracting voltage.

Fig. 8 illustrated the mass-spectrum of T1" beam for
less emitter-extractor distance and corollary of higher ion
current level. One can see that impurities (Na" and K")
have 20...25% level.
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Fig. 7. Thallium beam mass-spectra:
a) heating power 65 W, U= 250V, d = 12 mm,
b) heating power 65 W, U,,= 600V, d = 12 mm
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Fig. 8. Mass-spectrum with heating power 75 W,
U= 600V, d =5 mm

As one can see from above results that after the
extraction of 0.6 mA*hours the emitter operation with
0.4...0.5 mA ion current will require heating power up
to 150 W. This power will lead to serious worsening of
injector vacuum conditions and expediently will be to
replace the emitter.

CONCLUSIONS

The results of this work show that heavy ion
thermo-emitters elaborated in NSC KIPT are suitable

beam injector of HIBP diagnostic system at
“Uragan-2M” stellarator.
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NCCIEJOBAHUE TEPMOMNOHHBIX SMUTTEPOB TAKEJIBIX HIEJTOYHBIX METAJIJIOB LIS
NHKEKTOPA JUATHOCTHYECKOI'O KOMIIVIEKCA CTEJIVIAPATOPA «YPAT'AH-2M»

HU.C. bonoapenko, A.A. Umwvica, I.H. /lewiko, A./l. Komapos, A.C. Kozauex, JI.H. Kpynnuk, C.M. Xpeomoe,
10.U. Tawes, A.U. Kesxncepa

IIpesncTapiieHbl pe3yIbTaThl HCCIEN0BAHMI TBEPAOTENBHBIX TEPMOIMHUTTEPOB TsikenbiX MoHoB Cs' u TI'. Jlanuslit
TUI SMUTTEPOB IUIAHHPYETCS MCIOJIB30BaTh B JMAarHOCTMYECKOM KOMIUIEKCE Ha cTeiiapaTtope «Yparan-2My.
CorjacHO TPOBEACHHBIM pacyeTaM, i paboThl JUATHOCTHYSCKOrO KOMIUICKCA HEOOXOMMa BEIUYMHA MEPBUYHOTO
Toka WoHOB mopsuka 0.5 MA. Ilenpro uccinemoBaHuii OBUIO OMPEACICHHUE SMHCCHOHHOW CIIOCOOHOCTH 3MUTTEPA,
MacCCOBOTO CIICKTpa MMOTOKAa MOHOB B MPOIECCEe OTOOpa TOKA M CTAOMIIBHOCTH BEIIMUYMHBI TOKA MOHOB TSDKEJIBIX MCTAIOB B
pexume 0.5 MA.

JOCJIILI)KEHHSA TEPMOIOHHUX EMITEPIB BA’KKHX JIYKHUX METAJIIB JJI5 IHHKEKTOPA
JIATHOCTUYHOT O KOMIIVIEKCY CTEJIVTIAPATOPA «YPAT'AH-2M»

L.C. bonoapenxo, 0.0. Unuza, I'M. /lewmko, O./]. Komapos, O.C. Kozauox, JI.I. Kpynuix, C.M. Xpeomoe,
10.1. Tawes, O.1. Kescepa

[IpesicTaBieHo pe3ysbTaTH JOCHiIKeHb TBEPAOTIIHX TepMoeMiTepis Baxkux ionis Cs™ Ta TI'. Lleit Tun emirtepis
IUTAHY€ETHCS BUKOPHUCTATH y MIarHOCTUYHOMY KOMIUIEKCI Ha cTeyumaparopi «Yparan-2My». 3riiHO 3 TpOBEICHUMHU
po3paxyHKaMu JJIsl POOOTH TiarHOCTUYHOTO KOMIUICKCY Ha MydYKax Ba)KKHUX 10HIB HEOOXigHA BEIMYHMHA MEPBUHHOIO
ctpymy Oust 0.5 MA. Metoro tociipkeHb Oyl0 BU3HAUSHHS eMICIHHOT 3IaTHOCTI eMiTepiB, MaCOBOT'O CIIEKTPY ITOTOKY
10HIB Yy TIpolIeci BiI0OOPY CTPyMy Ta CTaOUILHOCTI BETMYMHU CTPYMY 10HIB BOXKKUX MeTalliB y pexxumi 0.5 MA.
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