D.N. Borisenko et al. 27

UDC 533.9.004.14; 621.039.6

'D.N. Borisenko, ?P.M.Walmsley, *A.I. Golov,
'N.N. Kolesnikov, 'Yu.V. Kotov, 'A.A. Levchenko®, 2M.J. Fear

'ISSP RAS, Chernogolovka, Moscow region, Russia, 142432
2The University of Manchester, Oxford Road, Manchester, M13 9PL, UK
"E-mail: levch@issp.ac.ru

Field-emission source of chages based on nanotubes
for low temperature experiments

In this report we present ftwo methods of production of field-emission charge sources based on carbon
nanotubes, that can be used in low-temperature investigation of properties of injected charges in cryogenic
liquids and crystals. The sources were made from metal disks with a diameter of 10 mm and thickness of
about 1 mm. The thermal emission on a source does not exceed E<10-6 W.
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[.H. Bopucenko, .M. Yonmcnen, A.WN. Tonos, H.H. KonecHukos, H0.B. KoTos,
AA. NleByeHko, M.J. ®eep
UcTOYHUK aBTO3IMMCCUOHHbBIX 3apAA0B Ha OCHOBE HAHOTPY6OK
ANA HU3KOoTeMMepaTypHbIX 3KCNEepUMEHTOB

B HacTosLieM AoKnaje Mbl NpeAcTaBisem Ba cnocoba Npon3BoACTBa aBTO3MUCCHOHHbIX UCTOUHN-
KOB 3apsfia Ha OCHOBE YrNepoAHbIX HAHOTPYOOK, KOTOpble MOTyT BbITb MCMONb30BaHbl B HU3KOTEMMNepa-
TYPHbIX UCCIeA0BAaHNAX CBONCTB MHKEKTUPOBaHHbIX 3apALO0B B KPUOTEHHbIX }XUAKOCTAX U KpUcTaniax.
N3mepeHus |-V (ToK-HanpsaxeHue) 3aBUCHMOCTU MCTOYHNKOB NEepBON Cepuu MoKasann, 4To B CBepxTe-
KyyeM renun He-ll Tok oTpuuaTtenbHbix 3apsAgoB Ha ypoBHe 10-12 A nosABnseTcs nNpu HanpsKeHUM Ha
nctouHuke U = -120 B, n yBenuunsaetcs go 10-9 A ¢ ysennyenunem Ugo -170 B. Takum obpa3om, Ha-
6nt0aaeMan 3aBUCUMOCTb CYLLECTBEHHO CUJIbHEe, YeM KBaApaTuyHas 3aBucmumoctb |(U), uTo MoxeT BbiTb
06bACHeHO Hannunem B 06beMe 0bpa3ua 6onblIoro KonmyecTsa AeeKToB, KOTOpble MOTYT yi1aBNMBaThb
WHXeKTMpyeMble 3apagbl.

KnioueBble cnoBa: aBT03MUCUOHHbIE 3apAJAbl, HAHOTPYOKM, KPUOKPUCTUCTANbI.

[.H. Bopucenko, .M. Yonmcnen, A.WN. Tonos, H.H. KonecHukos, H0.B. KoTos,
AA. JleBueHko, M.[. ®eep
TemeH TeMnepaTtypanbl ToXipubenep ywiH HaHOTYTiKWwenep HerisiHae
aBTO3MMCCUAJbI 3apAATAPAbIH KO3i

byn 6asHpamaga 6i3 Kpuorenii cyiblKTapia XaHe KpucTanzapiafbl VHXKeKTpiK 3apsATapAblH
KacueTiH TeMeH TemnepaTypanbl 3epTTeynepAe KONAaHbUlybl MYMKiH KeMipTeK HerisiHgeri
HaHOTYTiKLWeNepAiH aBTO3MUCCUANDBIK KO3iH anyablH eKi oibl Typanbl antambl3. |-V GipiHwi cepus
Ke34epiHiH TeyenainiktepiH enweynep (TOK-KepHey) acKblH akKbiw renninge He-1110-12 A peHreiingeri
Tepic 3apsaaTapably Torbl Kesge U = -120 B kepHey GonfaH Ke3sge KepiHeTiHi »kaHe U -170 B pgeitin
aptkanga 10-9 A peiiin apTaTbiHbIH KepceTTi. Ocbinaniwa, 6aKbinaHbIn OTbIpFaH ToyenAiNiK KBaapaTTbiK
Toyenginikke KaparaHaa anTapnbiKTan KywTi 6onaabl. byn yariHiH KenemiHge MHXKeKTpAEHreH 3apsATap-
Jbl YCTalTbIH aKayablH Ken 60nybIMeH TyciHaipinesi.

TyniH ce3aep: aBTO3MUCCUOHAbI 3apAATAP, HAHOTYTIKLWenep, KpoKpucTanaap.

In this report we present two methods of temperature investigation of properties of injected
production of field-emission charge sources based charges in cryogenic liquids and crystals. The
on carbon nanotubes, that can be used in low- sources were made from metal disks with a diameter
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28 Field-emission source of chages based on nanotubes for low temperature experiments

of 10 mm and thickness of about 1 mm. The thermal
emission on a source does not exceed E<10-6 W.
The first series of sources was prepared by the
deposition of nanotubes from the arc discharge on
a flat copper substrate, and the second series — by a
mechanical rubbing of nanotubes in porous metal.
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Figure 1 — The dependence of current through the diode in
superfluid helium He-II on voltage applied to the source at T=1.3K.
Curve 1 —negative charges, curve 2 — positive charges. Curve 3 —
current of negative charges in three weeks after first test.

In test experiments the sources were placed on inner

surface of a plate of the diode with gap 0.5 mm.
Measurements of [-V  (current-voltage)

dependence of sources from first series showed

that in the superfluid He-II a current of negative
charges at the level of 10>A occurred when the
voltage applied to the source was U = -120 V, and
it increased to 10°A with raising U up to -170 V.
When the polarity of voltage was changed the
current of positive charges in the diode occurred at
the voltage U>220 V. In a source from the second
series the current of negative charges at the level of
102A in the superfluid He-II was registered at the
voltage U= -260 V.

We applied the source from the first series
to investigate the motion of negative and
positive charges in the samples of solid helium at
temperatures down to 75 mK. Voltage dependence
of negative charges current at voltages above 250V
can be described by a power-law function, I ~ U™,
where nis closed to 7.5. The observed significantly
stronger than quadratic dependence of I(U) can be
associated with the presence in the volume of the
sample of a large number of defects that can trap
injected charges [1].
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