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It was shown that ratio of forward and backward yields for Ti-Ti binary cell of the SERICS was close to other

materials. Isotropic emission of alpha particles from the surface of radioisotope source led to dependency of projec-
tile effective charge and convoy electron yield on incidence angle. The influence of convoy electrons on total elec-

tron yield can be neglected.
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1. INTRODUCTION
1.1. BACKGROUND

An ion propagating through a matter produces free
electrons, some of which, with the proper values and
directions of momentum, can escape from the medium.
This process is called ion induced electron emission
(IIEE). At present, it is proved theoretically and experi-
mentally that the IIEE coefficient in the case of light
ions is directly proportional to the mean specific ioniza-
tion loss dE/dx of an ion in a matter [1, 2]. Consequent-
ly, the investigation of SEE makes it possible to derive
information about the energy lost by an ion as it moved
through a solid-state plasma and about how this energy
is distributed between different electron groups. The
mean specific ionization loss dE/dx of an ion at each
point in a medium can be represented as a sum of the
losses associated with energy transfer to the electrons
that move in the same direction as the primary ion,
(dE/dx)g, and with the energy transfer to the electrons
that move in the opposite direction, (dE/dx)g:
dE/dx = (dE/dx)e+(dE/dX)g. In our opinion, it is quite
natural that the quantities (dE/dx)r and(dE/dx)g are pro-
portional to the coefficients of IIEE in the propagation
direction of a fast light ion (in the forward direction),yg,
and in the opposite (backward) direction, yg , respective-
ly. Hence, by investigating the kinetic ion-electron
emission from a thin film in the forward and backward
directions, it is possible to study the anisotropy of ener-
gy transfer from a primary ionizing charged particle.

In the energy spectrum of the secondary emission
electrons we can distinguish three electron groups:

1. Slow electrons with energies E < E,, where E, = hay,
is the energy of the plasma oscillations with fre-
quency . These electrons are produced from the
ionization by plasma oscillations and from direct
collisions with large impact parameters, accompa-
nied by small momentum transfers.

2. Moderate-energy electrons, which are produced ex-
clusively in direct collisions accompanied by mod-
erate momentum transfers.

3. Fast electrons, which move preferentially in the
propagation direction of the ion. These are convoy
electrons and &-electrons, which produced from di-
rect collisions with small impact parameters, accom-
panied by large momentum transfers. The velocity
convoy electrons, coincides in magnitude with the
velocity of the ion, v, = v, and has the same direc-
tion. The velocity of the 8-electrons that corresponds
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to the maximum possible momentum transfer can be
defined as vs = v,c080, where v, is the velocity of a
bombarding ion and the angle 6 is measured from its
propagation direction.

1.2. SECONDARY EMISSION RADIOISOTOPE
CURRENT SOURCE

New technique for nuclear decay energy conversion
to electrical was based on the power law distribution of
emission electrons induced by ions. This phenomenon
was predicted theoretically early [3]. Some differences
between the experimental values and theoretical power
law indexes were related with the time evolution of the
electron distribution function [4]. Main channel of fast
ion energy loss in matter is processes of atom ionization
[5]. At that part of substance electrons can leave the
surface leading to a secondary ion-induced electron
emission [6 - 8]. The integral characteristic of the emis-
sion is coefficient y frequently called in the literature as
an electronic yield [6 - 8]. Emission coefficient is de-
fined as a relation of a number of secondary electrons
N, emitted to a number of primary incident ions N;:

7=Ng/N;. (1)

Coefficient y can vary depending on ion energy, tar-

get substance and a number of other parameters [6 - 8].
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Fig. 1. Schematic diagram of SERICS: 1 — vacuum
container; 2 — a-radioisotope; 3 and 4 — emitting thin
layers with different emission coefficients

By using a-particles emitted by radioisotope as pro-
jectiles and pair of thin emitting layers (insulated from
each other) with different coefficients vy it is possible to
convert energy of nuclear particles into electricity. This
idea underlies secondary emission radioisotope current
source (SERICS) [9 - 11].

SERICS schematic diagram is presented on Fig. 1.
Radioisotope 2 emitting a-particles towards two half-
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spheres is situated in vacuum container 1. Two emitters
of electrons are located on both sides of the radioiso-
tope. Each emitter is a set of some pairs of thin emitting
layers (so-called binary cells) of two different materials
3 and 4. One of the materials should have high emission
coefficient, whereas the other should have low one. All
of the layers are parallel and insulated with each other.
Layers from one material electrically connected in par-
allel and have own contact. As a-particle passes through
emitter, difference of charges between the layers of bi-
nary cell arises. By close the circuit with useful load it is
possible to use the charge difference as a source of cur-
rent. Effectiveness of energy conversion is proportional
to the number of emitting pairs N and difference of the
emission coefficients [6].

Fig. 2. Binary cell of SERIC: 1 —layer of higher IIEE
yield (y1); 2 —layer of lower IIEE yield (y,);
o, and o, SEEE yields respectively

The basis of SERICS is a binary cell which consists
of two different materials (Fig. 2). We established that
secondary electron-electron emission (SEEE) (tertiary
emission) influenced strong at efficiency of SERICS.

Titanium and some other materials have SEEE vyield
less than one. We carried out forward and backward
emission study for Ti-Ti binary cell. The results are pre-
sented in this paper.

2. THE EXPERIMENTAL SETUP

The experiments were carried out with the device,
which schematic diagram is shown in Fig. 3.
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Fig. 3. The experimental device: 1 — vacuum chamber;
2 — Pu239 radioisotope source of a-particles;
3 — target; 4 — movable diaphragm; 5 - collector;
6 — B5-50 dc source; 7 — electrometric voltmeter

The prototype of the binary cell, consisting of radio-
isotope source of a-particles with Pu-239 isotope 2, the
emitter of a titanium foil 3 and the Ti massive collector
5, were placed in a vacuum cylinder chamber 1. The
radioisotope source 2 produced a-particle flow with
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intensity of 4.64.10° particles/s and energy of
5.15 MeV. The alpha-particles current 1, was measured
of multiple Faraday cylinder collector. The titanium foil
thickness of 5.6 um was chosen to be less than a mean
path of o-particle with given energy in this material.
The a-particle passed through the emitter 3 and induced
the electron emission from the forward emitter surface
and from the surface of the massive collector 5. The
measurements of a collector current were made by an
electrometric voltmeter 7 with input impedance of
10 Ohm. Voltage of different polarities was applied to
the emitter-collector gap and was changed from 1 to
300 V. For adjusting the system a moveable damper 4,
shutting the flows of a-particles and emitted electrons,
was placed between the emitter and the collector. The
residual gas pressure in the vacuum chamber was less
than 10™* Pa. The chamber was pumped out with a mag-
netic discharge pump 9 and mechanical rough pump
with a nitrogen-cooled trap.

3. THE EXPERIMENTAL RESULTS
AND DISCUSSION

The collector current as a function of voltage applied
between the titanium foil (as emitter) and titanium plate
(as collector) is shown in Fig. 4.
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Fig. 4. The experimental current-voltage character-
istics for Ti-target and Ti-collector

This coefficient y for forward and backward cases
was calculated by the following formulas:

2kf|a0+|c 2kf|a0_|c

kf IaO kf IaO
where I is the collector current and k; is the fraction of
alpha-particles that have passed through the target. The
ratio R of the forward IIEE coefficient j to the back-
ward one yg, was measured earlier and was equal to 1.57
for aluminum, 1.69 for copper, and 1.82 for nickel [13].
We found thatR ratio for titanium was equal to 1.62.
According to these data, the R ratio for different sub-
stances varies insignificantly (lower than 10% of the
mean value).

The charge of moving projectile in matter depends
on its velocity. In our case, different incidence angles
for alpha particles led to various effective charges on
the target surface. Analytical formula for effective
charge Z ¢ calculation according to the Bohr model was
obtained in [12]:

Ve = ) Vg = (@
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where Z, and Z, are charges of projectile and target at-
oms respectively, v, is projectile velocity, vy is Bohr
velocity. The best agreement with experiment is given
by the formula obtained in [13]
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When fast ions penetrate a solid or gaseous medium,

they can be accompanied by electrons which move at

nearly the same velocity as the ion. These electrons

have been called convoy ones [15]. Influence of differ-

ent interaction parameters on convoy electrons was

studied in many investigations (see for example [16,

17]). Authors [17] summarized their experimental re-

sults by the empirical equation for yield of convoy elec-
trons:

7, =1x107*C(Z,)Z*"E*®,  (5)

where Z is the effective charge of the incident particle
with energy E; in MeV/amu, and C is a constant de-
pending on the target material; C(Au) = 1.65, C(Ag) =
1.25, C(Al) = C(C) = 1.0. All the values have accuracy
0.15.

Alpha particles were emitted isotropically from the
surface of radioisotope source. These projectiles moved
at different angles with respect to the target surface and,
consequently, passed different path in the matter of the
foil. As a result, their energy losses were different too
(Fig. 5).
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Fig. 5. Dependence of alpha-particle energy at the back
surface of the titanium foil
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Fig. 6. Effective charge of alpha-particles in the target
foil as function of incidence angle

The effective charge is a function of projectile ve-
locity. Consequently, it depends on the incidence angles
too (Fig. 6).

In this case, yield of convay electrons according (5)
varied from 5.7-10™* (0°) to 0.82 (75°). The influence of
convoy electrons on total electron yield can be neglect-
ed. However, these electrons have considerable energy
from 578 eV (0°) to 71 eV (75°). It means that convoy
electrons enable to knock out secondary electrons from
the opposite electrode. These additional electrons influ-
ence on charge balance between the electrodes and de-
crease the conversion efficiency of SERICS.

CONCLUSIONS

In this paper the investigation of the forward and
backward electron emission in Ti-Ti binary cell of the
SERICS induced by alpha-particles have been carried
out. It was shown that ratio of forward and a backward
yield was close to the other materials. Isotropic emis-
sion of alpha particles from the surface of radioisotope
source led to distribution of the projectile’s energy in
binary cell. As a result, the effective charges of projec-
tile and convoy electron yield depend on incidence an-
gle of alpha-particles. The influence of convoy electrons
on total electron yield can be neglected.
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SJIEKTPOHHAS DMUCCHUS BIEPEJ] 1 HA3AJI B BUHAPHOUN AYEMKE PAITMON3OTOITHOT O
HNCTOYHUKA TOKA

C.U. Kononenxo, B.11. Kypenxo, O.B. Karanmapvan, A.A. Cemepenckui

[Toka3aHo, 4TO OTHOIICHHE JIEKTPOHHBIX BBIXOAOB B NPSIMOM M 0OpaTHOM HampaeieHHusx 1 Ti-Ti-OuHapHoit
syelikn SERICS 0:1m3k0 k HEKOTOpBIM JpyruM MaTepuanam. M30TporHoe ucryckaHue aibda-qacTHil ¢ TOBEPXHO-
CTH PaJMOM30TOITHOTO MCTOYHHKA MPHUBEJIO K 3aBUCHMOCTSM 3(P(QEKTUBHBIX 3apsA0B M BBIXOJAa KOHBOMHBIX JJIEK-
TPOHOB OT yIJla B3aUMOJCHUCTBUS. BIisHIEeM KOHBOWHBIX JIEKTPOHOB Ha OOILHH BBIXOM JICKTPOHOB MOKHO ITpeHe-
Opeus.

EJEKTPOHHA EMICIS BIEPE I HA3AJT YV BIHAPHIA KOMIPIII PAIOI3OTOIMHOT O JKEPEJIA
CTPYMY

C.I. Kononenxo, B.I1. JKypenko, O.B. Kananmap’an, A.A. Cemepencokuii

INokazaHo, 110 BiTHOMIEHHS EJICKTPOHHHUX BHUXOMIB Yy TPSIMOMY 1 3BOPOTHOMY HampsiMkax uist Ti-Ti-GiHapHOT
koMipk SERICS Onu3bke 10 Aeskux iHIIUX MarepianiB. [30TporHe BUIIPOMIHIOBaHHS allb(a-4aCTHHOK 3 TIOBEPXHi
Paioi30TOIMHOrO JUKEpesa NPU3BEIIO A0 3aJIeKHOCTI e()eKTUBHUX 3apsiliB 1 BUXOy KOHBOWHUX €JIEKTPOHIB Bl KyTa
B3a€MO1ii. BIuIMBOM KOHBOWHUX €JIEKTPOHIB Ha 3arajlbHUH BUX1J1 €JIEKTPOHIB MOKHA 3HEXTYBATH.

334 ISSN 1562-6016. BAHT. 2015. No4(98)



	1. INTRODUCTION
	1.2. secondary emission radioisotope current source
	3. The experimental results  and discussion
	references

