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The article is devoted to investigation of ion generation by tungsten filament in vacuum. Electron and ion cur-
rents from tungsten filament at different residual air gas pressures are measured and compared. Dependencies of ion
and electron currents from tungsten filament on its supply voltage are measured. Production of ions in the vicinity of
the filament is discussed. Prospects of tungsten filament’s application in pyroelectric and piezoelectric pulsed accel-

erators are discussed.
PACS: 29.17.+w; 29.25.Ni

INTRODUCTION

In work [1], we experimentally demonstrated the
possibility of X-ray generation at the operation of a py-
roelectric accelerator in a pulsed mode in a vacuum. The
implementation of pulsed generation became possible
due to the use of a tungsten filament as an emitter of
electrons. The flux of electrons from the filament was
accelerated towards the positively charged surface of
the pyroelectric crystal. Accelerated electrons produced
intense X-ray generation for several seconds after turn-
ing on of the filament. To date a pulse X-ray generation
is the most effective operation mode of pyroelectric
accelerator [2]. In work [3] devoted to the investigation
of properties of piezoelectric accelerator [4], the fila-
ment was used to increase the intensity of X-ray radia-
tion. In our works [5, 6], we experimentally demon-
strated the possibility of X-ray generation at the opera-
tion of ceramic piezoelectric transformer with filament
in a vacuum. In these experiments, the tungsten filament
emitted electrons and provided negative sinusoidal volt-
age on the high-voltage electrode of the piezoelectric
transformer. However, back in 1901 in [7] E. Ruther-
ford observed an ion current when a metal wire was
heated at low air pressure (see also [8]). To clarify the
possible role of ion generation by a filament in py-
roelectric and piezoelectric accelerators, the experiment
on the observation of the ion current from the filament
and comparison the ion current with the electron current
in the opposite accelerating field was carried out.

1. EXPERIMENT

Fig. 1 shows a diagram of the experimental setup. A
tungsten filament (1) from a flashlight bulb with a glass
bulb removed was located in the vacuum chamber (6).
The filament (1) was supplied by the controlled DC
current source (4). An isolated from the ground copper
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electrode (2) was installed against the tungsten filament,
connected to the positive (see Fig. 1,a) or negative (see
Fig. 1,b) pole of block of 9-volt batteries (5). This de-
sign of the power supply (5) was used in order to mini-
mize leakage currents. A picoammeter (3) was con-
nected sequentially to the electrical circuit of the copper
electrode (2) to measure the current of charged particles
from the tungsten filament.
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Fig. 1. Schematic diagram of the experimental setup:
a — measurement of electron current; b — measurement
of ion current from tungsten filament

At the first phase of experiment, we measured the
dependence of the electron and ion current on the resid-
ual gas pressure during the operation of a tungsten fila-
ment in a vacuum chamber. Initially, measurements of
the electron current were carried out at various pressures
of the residual gas. A positive potential +115 V was
applied to the copper electrode. A voltage 6 V was ap-
plied to the filament that lead to electron emission from
the filament. The electrons were accelerated in an elec-
tric field between the filament and the copper electrode.
The arrival of accelerated electrons to positively
charged electrode provided a current in the electrical
circuit. In this case, the pico-ammeter measured a nega-
tive current value.
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When the negative potential -115 V was applied to
the copper electrode and the same voltage 6 V was ap-
plied to the filament, the pico-ammeter measured posi-
tive current. This means that positively charged ions are
produced in the vicinity of the filament. Theses ions
accelerate in the electric field toward the copper elec-
trode and provide the current in the circle, as well as
described in [7, 8]. The results of both measurements
are shown in Fig. 2.

At the second phase of the experiment, the depend-
ence of the currents of electrons and ions on the supply
voltage (in the range from 0.5 to 6 V with a step of 0.5 V)
of the tungsten filament was measured at fixed residual
gas pressure in the vacuum chamber of 5 mTorr. The
results of the measurements are shown in Fig. 3.

2. RESULTS AND DISCUSSION

From Fig. 2 one can see, that maximum value of the
electron current of 26 pA, generated during the opera-
tion of a tungsten filament in a vacuum, is observed at a
residual gas pressure of 2:10° Torr. At increasing of
pressure to 8 mTorr, a decrease in the electron current to
6 LA is observed.

The opposite situation is observed with the depend-
ence of the ion current on the residual gas pressure. Ion
current increases from almost zero value to 9 nA at in-
creasing of the residual gas pressure from about
10 Torr to 8 mTorr.
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Fig. 2. Measured dependencies of electron
and ion currents on residual gas pressure
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Fig. 3. Measured dependencies of electron
and ion currents on filament supply voltage

From Fig. 3 one can see that almost linear increase
in both currents of electrons and ions from the filament
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in vacuum at fixed residual gas pressure of 5 mTorr is
observed with an increase in its supply voltage from 0.5
to 6 V. An increase in the supply voltage of the filament
leads to an increase in its temperature. The number of
ions is about 107 per electron in a wide range of supply
voltage and temperatures of the filament.

CONCLUSIONS

The ion current was experimentally observed at op-
eration of a tungsten filament in vacuum. We found,
that tungsten filament produces not only electrons but
also positive ions. The number of ions is about 10~ per
electron at the residual air gas pressure 5 mTorr and this
number is practically independent of the filament tem-
perature. The independence of this number on the fila-
ment temperature means that we observe the current of
ions of the residual gas, not the tungsten ions. Probably,
ions of the residual gas are produced in the vicinity of
the filament by electrons emitted from the filament.

Obtained results allow us to speak about the pros-
pects for using of the filament as a source of electrons
and positive ions in piezoelectric and pyroelectric accel-
erators. Such sources can operate in quasi-continuous or
in pulsed mode of accelerators during a cycle of thermal
or mechanical action on pyroelectric or piezoelectric
elements respectively in a vacuum.

The work was financially supported by a Program of
the Ministry of Education and Science of the Russian
Federation for higher education establishments, project
No. FZWG-2020-0032 (2019-1569). This work was
partially carried out within the State Program of FSRC
“Crystallography and Photonics” RAS (in a part of elec-
tron microscopy/ICP-MS), using the equipment of
Shared Research Centers of FSRC “Crystallography and
Photonics” RAS supported by the Ministry of Science

and  Higher Education of Russia  (project
RFMEFI62119X0035).
REFERENCES

1. O.0. Ivashchuk, A.V. Shchagin, A.S. Kubankin,
V.Y. Ionidi, A.S. Chepurnov, V.S. Miroshnik,
V.1. Volkov, and D.A. Lepeshko. Pyroelectric accel-
erator and X-ray source in pulsed mode // Journal of
Instrumentation. 2020, v. 15, p. C02002.

2. A.N. Oleinik, E.V. Bolotov, M.E. Gilts, O.0. Ivash-
chuk, A.A. Klenin, A.S. Kubankin, A.V. Shchagin.
Dependence of the maximum energy of X-ray radia-
tion on the value of the preliminary temperature
change during the operation of the pyroelectric
source in the pulsed mode // Bulletin of the Lebedev
Physics Institute. 2021, v. 48, Ne 5, p. 3-10.

3. 0.0. Ivashchuk, A.V. Shchagin, A.S. Kubankin,
A.A. Klenin, A.N. Oleinik, Yu.V. Grigor’ev,
A.S. Kumskov, E.V. Bolotov. X-ray Generation dur-
ing Piezoelectric Lighter Operation in Vacuum //
Glass and Ceramics. 2021, v. 12, p. 34-38.

4. 0O.0. Ivashchuk, A.V. Shchagin, A.S. Kubankin,
1.S. Nikulin, A.N. Oleinik, V.S. Miroshnik,
V.I. Volkov. Piezoelectric Accelerator // Scientific
Reports. 2018, v. 8, p. 816488.

5. A.V. Shchagin, V.S. Miroshnik, V.I. Volkov,
A.S. Kubankin, O.0. Ivashchuk. Ceramic Piezoelec-
tric Transformer in Vacuum for Acceleration of

83



Electrons and Production of X-rays // Materials. 7. E. Rutherford. Discharge of electricity from glowing

2018, v. 11, p. 1188. platinum and the velocity of the ions // Physical Re-
6. A.V. Shchagin, V.S. Miroshnik, V.I. Volkov, view. 1901, v. 13, Ne 6, p. 321.

A.S. Kubankin, O.O. Ivashchuk. Piezoelectric trans- 8. D.V. Sivukhin. General course of physics. Moscow:

former aided x-ray generation in vacuum // Glass “Nauka”, 1977, v. 3, p. 512-515 (in Russian).

and Ceramics. 2018, v. 74, p. 11-12. Article received 17.06.2021

TEHEPAIIMSI MIOHOB BOJIb®PAMOBOI HUTHIO U1 MUPOSJIEKTPUYECKOI'O
UMITYJbCHOI'O YCKOPUTEJIA

0.0. Heawyk, A.B. lllacun, A.C. Kyoankun, E.B. bonomos, B.C. Mupownuxk, B.H. Boakos, IO.B. I'puzopves

CraTbsl TIOCBSIIIICHA MCCIIEIOBAHUIO TeHEPAIlMd MOHOB BOJIB(PAMOBOI HUTHIO Hakaja B BakyyMme. M3MepeHbl u
CpaBHEHBI TOKH 3JIEKTPOHOB M HOHOB OT BOJIL()PaMOBOW HUTH HaKasa IPH Pa3IUuHbIX AaBJICHHIX OCTATOYHOI'O BO3-
JIYITHOT O ra3a. M3MepeHsl 3aBUCUMOCTH MOHHOT'O U 3JIEKTPOHHOTO TOKOB OT HUTH HaKaJHBAHUA U €€ HaIpsSKSHUS
nutanua. OOcyxpaoTcst o0pa3oBaHHe HOHOB B HEIMOCPEACTBEHHON OIM30CTH HUTH HakaiuBaHusa. OOCyXIaroTcs
TIepPCIIEKTUBHI IPUMEHEHHST BONb()PAMOBOH HUTH HaKaja B IMHPO3JIEKTPUIECKOM M MbE303JIEKTPHUECKOM UMITYJIbC-
HBIX YCKOPHUTESX.

I'EHEPAIIA IOHIB BOJIb®PAMOBOIO HUTKOIO JJIsA ITPOEJEKTPUYHOI'O
IMITYJIbCHOI'O TIPUCKOPIOBAYA

0.0. Isawyk, A.B. lazin, A.C. Kyéankin, €.B. bonomos, B.C. Mipownixk, B.l. Bonkos, IO.B. I pizopscs

CraTTsl IpUCBsUEHA JOCITIHKEHHIO TeHepallii i0HIB BOIL(PaMOBOI0 HUTKOIO pO3KapeHHs y Bakyymi. BumipsHi
Ta TIOPIBHSHI CTPYMH €JIEKTPOHIB Ta 10HIB Bl BOMB(PaAMOBOI HUTKH PO3KAPEHHS MPU Pi3HUX TUCKAX 3aJIMIIKOBOTO
TIOBITPSTHOTO Ta3y. BHUMipsHi 3aJI€KHOCTI 10HHOTO 1 €EKTPOHHOTO CTPYMIB BijJl HUTKH PO3KaplOBaHHA Ta ii HAaNpyru
xwuBJIeHHs. OOrOBOPIOIOTHCS YTBOPEHHS 10HIB y Oe31ocepeHii OJIM3BKOCTI HUTKH po3xkapioBaHHs. OOroBOpIOIOTh-
csl IEPCIEKTUBH 3aCTOCYBAaHHS BOJIB(PAMOBOI HUTKHM POIKAPEHHS B IIPOEIEKTPUUHOMY 1 M'€30€TEKTPHYHOMY 1M-
MyJIBCHHUX MTPUCKOPIOBAYaAX.
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