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S.1 Kononenkol, o.V. Kalantaryanl, V.P. Zhurenkol, V.T. Kolesm'kl, V.1 Muratovl,
V.I. Karas”, V.E. Filippenko'
"Kharkov National University named by V.N. Karazin, Ukraine
’National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine
E-mail: zhurenko@htuni.kharkov.ua

The results of experimental investigations of prototype of secondary emission radioisotope current source are
presented. Novel physical idea of nuclear particle energy conversion into electricity by means of secondary ion in-
duced electron emission underlies this autonomous power supply. As primary particles we used H" ion beam from
Van de Graff accelerator with megaelectronvolt energy. Some possible regimes of the prototype operation were stu-
died. It was shown that load curve of the prototype had maximum. Output power up to 10 pWatt was obtained. It
was experimentally shown realizability of the energy conversion idea.

PACS: 84.60.Rb

1. INTRODUCTION

Fast ions passing through a substance loss the en-
ergy due to processes of atom ionization [1]. At that part
of substance electrons can leave the surface leading to a
secondary ion-induced electron emission [2-4]. The
integral characteristic of the emission is coefficient y
frequently termed in the literature as an electronic yield
[2-4]. Emission coefficient is defined as a relation of a
number of secondary electrons N, emitted to a number
of primary incident ions N;:

7=N/N.. (1)

Coefficient y can change depending on ion energy,

target substance and a number of other parameters [2-4].
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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 y it is possible to
convert energy of nuclear particles into electricity. This
idea underlies secondary emission radioisotope current
source (SERICS) [5-7].

SERICS schematic diagram is presented on Fig.1.
Radioisotope 2 emitting o-particles towards two half-
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 [5].

The paper deals with the results of experimental
study of SERICS prototype, which consisted of one
emitter with 5 binary cells. The experiments were car-
ried out with H' ion beam because we have studied
normal incident of primary particles. Dependences of
emission parameters on incident angles are well known
[3, 4]. In electrical engineering when some cells are in
parallel connection, important question is internal resis-
tance matching. In SERICS internal resistance of the
binary cells are not defined. Mismatch of binary cells
can give rise to low efficiency of the device. Thus, the
first purpose of the study was to clear up a question of
electron current growth in the prototype by means of
increase of binary cell quantity (hereinafter referred to
as current additivity). The second purpose was study
and optimization of load characteristics of this electric-
ity source.

2. PROTOTYPE DEVELOPMENT AND
MEASUREMENT PROCEDURE

Doubled SERICS prototype containing two convert-
ers was developed. The converters were identical in
construction but differ in composition (Al-Ni and Al-
Cu). The prototype was mount on sector-shaped metal
plate where two mentioned above emitters were ar-
ranged down arc of circle. The construction enabled to
put one of the converters to the beam without vacuum
failure and to measure beam current at the entry of con-
verter before each experiment. When ion path length in
the materials being used was greater than total thickness
of foils in the set, transmitted ion beam was collected by
Faraday cup.

Each converter included 5 binary cells, i.e. 10 paral-
lel emitting layers (thin foils of 13 mm effective diame-
ter) made from two consecutively alternate materials
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“A” and “B”. For the first converter “A” is aluminum
and “B” is nickel, for the second - aluminum and nickel,
correspondently. All of the foils were electrically insu-
late from each other and the other constructional ele-
ments and each of them was fixed in separated holder
with reliable electric and heat contact. Distance between
foils was 4 mm.

The experiment were performed on Van de Graf ac-
celerator at NSC “KIPT” with H' ions of 1.5, 1.7 and
1.96 MeV energy. Ion beam of 3 mm diameter im-
pinged on converter. Beam current varied in the range
of 0.14...1.21 pA. Residual gas pressure was no more
than 10 Pa.

We used program SRIM 2003 [8] for simulation
processes which take place in the converters under pas-
sage of protons with different primary energy. Having
analyzed proton path lengths in the materials under
study we calculated necessary foil thickness for both
variants of converter so that minimal primary energy of
protons would be 1.5 MeV. Thus foil thickness varied in
the range of 0.58...6 um, at that nearly all ions for pri-
mary energy of 1.5 MeV would slow down by the last
foil of the set (about 99.3%). For 1.7 and 1.96 MeV
energy almost all of ions pass through the last foil (for
1.7 MeV —98.85%, 1.96 MeV — 99.85%).
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Fig.2. Simulation of H' ion scattering in the prototype
multilayer structure

Simulation showed that nearly 99.81% of ion energy
was connected with electronic stopping power, while
energy losses for recoil atoms, phonon excitation and
sputtering of the foils were negligible. 1.5 MeV proton
trajectories in Al-Ni converter are shown on Fig.2.
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Fig.3. Electric circuit for study of current additivity in
the SERICS prototype

Prototype study was performed in two main directions:

1. Current additivity. At first we measured current
of each separated foil, while the others were grounded
(see Fig.3). Then current measurements of two, three
and so on foils connected in parallel were carried out,
while vacant foils were grounded.

2. Electrophysical characteristics. Output charac-
teristics such as current, voltage, power depending on
load resistance were measured.

We used Keithley 6487 picoammeter and digital
voltmeter for electrical measurements. Measuring cir-
cuits were electrometric. Resistance set overlapped
range of 10 kQ...500GQ.

Three operating modes of the prototype were exam-
ined.
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Fig.4. Electric circuits for load curve measurements:
a - the first operating mode;
b — the second mode (floating scheme);
¢ — the third mode (unipolar circuit)

At the first operating mode “A”-foils were con-
nected in parallel and loaded by resistance R (Fig.4,a).
One pole of picoammeter and “B”-foils were grounded.

The second mode is a floating scheme (Fig.4,b). In
this case “A”-foils were connected in parallel as well as
“B”-foils. “A” and “B” connection terminals were closed
by resistance R, picoammeter operated in floating mode.

The third operating mode (unipolar circuit) repeated
the first scheme but “A”-foils were connected in parallel
and ungrounded, i.e. “A” connection terminal was under
floating potential (Fig. 4c).

All of the operating modes were realized twice, it
means symmetry with regard to “A”- and “B”-foils.

3. RESULTS AND DISCUSSION

The experiments showed that total current of each
converter was exact sum of each separated foil currents
independently of ion energy and beam current. Thus
current additivity was observed. By the example of Al-
Ni converter with aluminum current-carrying foils the
current dependence of a set on the number of binary
cells are shown on Fig.5 for 0.91 pA beam current and
1.7 MeV ion energy. As it can be seen from the Fig.5,
strong additivity are fulfilled.

3.0 —m— measured current of the set of foils;
—v— sum of each separated foil currents.
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Fig.5. AI-Ni prototype current as a function of the num-
ber of binary cells for 1.7 MeV ions and 0.91 uA beam
current
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One of the basic characteristics of electricity source
is a load curve. Power developed across the load by
Al-Ni converter under the first operating mode as a
function of load resistance is presented on Fig.6 for
1.5 MeV ions and different beam currents. As it can be
seen, the power has maximum, i.e. there is optimal val-
ue of load resistance. For all of ion energy and beam
currents as well as for both variants of load connection
(Al grounded or Ni grounded) the optimal load resis-
tance is equal to 300...500 kQ. The output power of the
prototype is proportional to beam current.
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Fig.6. Load curve of AI-Ni prototype under the first op-
erating mode for 1.5 MeV ions and different beam cur-
rents

Fig.7 shows load voltage dependence on resistance
value for the first operating mode. Voltage does not
exceed 0.5V at the power maximum point and is no
more than 0.7 V at R=5 MQ.
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Fig.7. Load voltage dependence of Al-Ni prototype un-
der the first operating mode on resistance for 1.5 MeV
ions and different beam currents

For the second operating mode it was found that
load curve and load voltage dependence on resistance
were similar to the ones observed for the first operating
mode (taking into account normalization to beam cur-
rent).

Having studied the third mode with various beam
currents and ion energy we found that sign and value of
prototype current did not depend on fact what sort of
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foils (“A” or “B”) was under floating potential. Load
curves obtained for the unipolar circuit of Al-Ni SER-
ICS prototype operation (Ni foils were under floating
potential) are presented on Fig.8.

First of all let us give attention to the 1.5 MeV load
curves on Fig.8. As we mentioned above, passing
through the set of foils, practically all ions with such
primary energy slowed down in the last foil. In this
case, as it can be seen, the power is proportional to
beam current. The power is monotonically grows along
the whole range of load resistance. The load curve for
1.12 pA beam current reaches 9 pWatt value at 5 MQ
resistance. For such resistance value load voltage
amounts 6.5 V.

—m— 1.5MeV; 1.12 pA; v 1.7 MeV; 091 pA;
10 —*— 1.5MeV;0.43 nA; ¢ 1.96 MeV; 1.21 pA.
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Fig.8. Load curve of AlI-Ni prototype under unipolar
mode (Ni under floating potential) for different beam

currents and ion energy (1.7 and 1.96 MeV curves are

normalized to 1.12 yuA beam current)

When ions pass through emitter and hit the Faraday
cup (load curves for 1.7 and 1.96 MeV) power has
maximum. For 1.7 MeV ions the power maximum cor-
responds to resistance value of some tens MQ (for such
energy part of ions pass through the last foil, but not all
of that). For 1.96 MeV (almost all ions pass through the
last foil) the power maximum shifts to lower part of the
resistance range.

The SERICS construction should include a large
amount of consecutive elementary cells. Therefore, pri-
mary energy of a-particles inducing electron emission
would be different for each consecutive emitter layer in
real SERICS. As it was shown above, power maximum
in load curve depended on ion energy. In this connec-
tion, it is necessarily that load resistance for real SER-
ICS construction would be optimized.

CONCLUSIONS

Realizability of idea of the energy conversion by
means of secondary ion induced electron emission has
been demonstrated. Two variants of the prototype Al-Ni
and Al-Cu were experimentally studied with
MeV energy proton beam. Current additivity of binary
cell operation in the prototype was verified. Presence of
this effect enables to enlarge output power of the source
significantly by means of increase of emitting pair quan-
tity (foils).

It was found that the prototype could work on load
under two operating mode:



1) one pole (i.e. all of emitting layers of one sort
with high or low emission coefficient) is grounded;

2)  one pole is under floating potential.

The highest output electrical power (up to 10 pWatt)
of the prototype was reached under the latter operating
mode.
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SKCHHEPUMEHTAJIBHBIE UCCJIEJOBAHUS TPOTOTUITA BTOPUYHO-OSOMUCCHOHHOI'O
PAIMON30TOITHOI'O UHCTOYHHUKA TOKA

C.U. Kononenko, O.B. Kanaumapwoan, B.Il. Kypenuko, B.T. Konecnuk, B.U. Mypamos, B.H. Kapacbo,
B.E. @uaunnenko

IIpenctaBneHbl pe3ynbTaThl SKCHEPHUMEHTAIBHBIX MCCIENOBAHMH MPOTOTHIIA BTOPUYHO-3MHCCHOHHOTO
PaIroOM30TOITHOTO MCTOYHHKA TOKA. DTOT aBTOHOMHBIM MCTOYHMK ITUTaHHS OCHOBAH Ha HOBOHM (M3MYECKOW upee
npeoOpa3oBaHKsl SHEPrHM SACPHBIX YaCTUI B OIJIEKTPUYECKYIO HSHEPrHI0 C IOMOLIbI0O BTOPHUYHOH HOHHO-
3NIEKTPOHHOM SMUCHH. B KauecTBe MepBUYHBIX YaCTHIL MBI HCTIOJIB30BATH My4OK HOHOB H' MerasneKTpoHBONBTHBIX
SHEPrHuii, KOTOpBIN ObUI Moy4eH Ha yckoputene Ban ne I'paada. Bbuio n3yueHo HECKOJIBKO BO3MOXKHBIX PEKUMOB
pabotel npororuna. [lokasaHo, 4To Harpy3o4Has KpuBas NPOTOTUIIA MMEET MakcuMyM. [loiydeHa BBIXOJHAs
MouHocTh 710 10 MKBT. DkcneprMeHTanbHO ToKa3aHa OCYIIECTBUMOCTD HJIEH IPe0O0pa30BaHMs SJHEPTHH.

EKCIEPUMEHTAJIBHI JJOCJIIKEHHS TIPOTOTUITY BTOPUHHO-EMICIMHOI'O
PAJIOI3BOTOIIHOI'O /UKEPEJIA CTPYMY

C.1. Kononenxo, O.B. Kananmap’an, B.11. ’Kypenxo, B.T. Konecnuk, B.1. Mypamos, B.1. Kapacy,
B.IO. Qununnenko

[lpencraBneHo  pe3ysibTaTH  EKCIEPUMEHTANbHUX  JOCHI/UKEHb  NPOTOTHIY  BTOPHHHO-MICIHHOTO
pamioi3oTOMHOro JpKepena crpymy. lle aBTOHOMHE JDKEpeno KHBICHHS 0a3yeThbcs Ha HOBITHIM (i3wuHiil imel
MIEpETBOPEHHS €HEpPrii SJepHUX YaCTHHOK B €JIEKTPUYHY CHEPrilo 3a JONOMOIOI0 BTOPUHHOI 10HHO-EJIEKTPOHHOI
eMmicii. 3a MepBUHHI YACTHHKM MM BUKOPHUCTOBYBAJIM My4OK ioHiB H' MeraeneKTpOHBONBTHUX €HEprii, skuii 6yio
OTpUMaHO Ha mpuckopioBadi Ban ne I'paada. Bymo BHBYEHO KiNbka MOMJIMBHX PEXHMIB POOOTH NPOTOTHILY.
[TokazaHo, 0 HaBaHTa)XyBaJbHA KPHBA IPOTOTHITY Ma€ MakcuMyM. OTpHMaHO BUXiJHY MOTYXHICTh 10 10 MKBT.
ExcrniepuMeHTanbHO 1oKa3aHa 3/1iHCHIOBAHICTb i/1e1 IepeTBOPEHHS EHeprii.
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