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Introduction

Abstract. The design of semiconductor-based heterojunction structures can be turned
useful to raise the efficiency of nuclear micro-batteries. In this study, we have investigated
a micro-power alphavoltaic battery by using a lab-made software. The nuclear battery
consists of an Ing 49Gag 5;P/GaAs heterostructure irradiated by americium-241 (Amz“) alpha
particles with an average kinetic energy of 5.485 MeV. The alphavoltaic battery exhibits an
overall active area of 1 cm?. Based on a comprehensive analytical model, the device current
density-voltage J(V) and output electric power P(V) characteristics are simulated extracting
the energy conversion efficiency. The model takes into account the reflection of the
incident alpha particles, the ohmic losses, the effect of the boundary between the two
layers, and the depletion region borders. Different values of the radioisotope apparent
activity density, the emitter and base dopant concentrations, and the surface recombination
velocities in both the front and back layers are considered during the simulations to
optimize the battery performance. The present study reports that by irradiating by a
2.4 mCi/cm? Am?*! source, the obtained energy conversion efficiency of the battery can
reach 10.31% with a maximum output power density of 16.07 uW/cm? Therefore,
Ino.49Gag5:P/GaAs heterostructure coupled with Am*** seems a promising design for long-
term energy supply in harsh environments.
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according to a mechanism that recalls photoelectric
phenomena. In this context, alphavoltaic and betavoltaic

As human interest in alternative, efficient and sustainable
energy sources increases day by day, different natural
resources are restlessly exploited and probed including
energy emitted from radioactive materials. In the past,
low-bandgap semiconductors were used to absorb
photons from different types of hot radioactive sources.
Such converters were applied e.g. to provide power for
navigation and communication in many successful space
missions since the 1960s. Moreover, by using semi-
conductor technology, other converters were designed to
convert kinetic energy of alpha or beta particles emitted
from radioactive materials into electrical energy,

nuclear batteries were considered for many applications
and systems with low energy consumption. In particular,
pacemakers powered by nuclear batteries were designed
and implanted in thousands of patients. However,
although the betavoltaic and alphavoltaic mechanisms
were discovered long ago (Mosely, 1913) [1], and the
first betavoltaic battery was reported in 1953 by
Rappaport etal. [2], designing and manufacturing
nuclear batteries did not see as much progress as did the
photovoltaic field started to develop in the same period.
The main reason for this is the low energy conversion
efficiency, despite it is theoretically possible to raise
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the energy density of nuclear batteries above the one of
the chemical counterparts. Moreover, nuclear batteries
are costly and require appropriate radioactive sources as
well as expertise to deal with them. Furthermore, the
common non-positive perception of nuclear energy by
the general public should be taken into account.
Therefore, marketing nuclear batteries is  still
undoubtedly a challenge.

During the past few decades, great efforts have been
done to create effective nuclear batteries. Different
natural and synthetic radioactive sources, such as H?,
Ni®, Pm'*’ Cs™’ Co® and Sr for beta radiation and
Am?, Po?® Pu?® and Th®? for alpha radiation, have
been tested. At the same time, different semiconductors,
such as Si [3], GaN [4, 5], SiC [6, 7], diamond [8, 9],
B,4C [10], SeS [10], AlGaAs [11], GaAs [12] and InGaP
[13-15], have been also considered for the mentioned
batteries. Alphavoltaic batteries have shown particular
importance for various civil and military applications.
The energy density reserves of the radioactive nuclei that
emit alpha particles exceed those of the best chemical
sources by many folds, and this may be a great service to
humanity. However, alphavoltaic batteries still face an
important technological issue that leads to rapid
deterioration of electrical energy production. This issue
consists in the damage by alpha rays to the
semiconductor crystal structure coupled to a radioactive
source. To reduce this damage, the research efforts are
focused on unconventional battery designs comprising
semiconductors suitable to withstand the impact of
highly energetic alpha particles. In particular, the device
structures should detect and convert the energy of alpha
particles and heavy ions. Therefore, wide bandgap
materials with a high damage threshold energy and high
carrier mobility should be used. These theoretical bases
prompted the researchers’ interest for several
semiconductor compounds. The most significant results
obtained over the past two decades are summarized in
Table 1.

Table 1. Literature data about different alphavoltaic batteries.

. - Effi-
Material | Structure _Radlo- Act_|V|ty2 ciency | Ref.

isotope | (mCi/cm®) %)
Diamond | Schottky | Pu?® 2.1 36 [8]
Diamond | Schottky | Am?* | 0.00885 | 0.83 | [9]
SiC p-i-n Am?# - 10 | [10]
SiC Schottky | Am** 0.018 01 | [16]
GaN p-i-n Am?4 - 10 | [10]
B.C p-i-n Am?4 - 10 | [10]
Ses p-i-n Am?* - 10 | [10]
InGaP p-n Am?! | 0.00056 | 0.04 | [13]
InGaP p-n P 0.141 32 | [13]
InGaP n-i-p-i | Po*? 0.14 41 | [14]
InGaP n-i-p-i | Po*? 280 104 | [14]

Different designs, including p-n, p-i-n, n-i-p-i, and
Schottky junctions, have been proposed, and different
radioactive sources have been tested. The obtained
maximum conversion efficiency was 10.4% for an InGaP
battery (n-i-p-i structure) irradiated by a Po?° source
with a radioactivity density of 280 mCi/cm? [14].

However, limited attempts to investigate the
performance of heterojunction-based batteries, which
could take benefit of the advantages of different materials
in the device structure, have been inferred from the
analysis of the literature sources. Heterojunction
structures have been already known to improve
conversion efficiency of different photovoltaic devices
[17, 18].

In this work, we investigate the performance of an
alphavoltaic heterojunction battery using a lab-made
software and accurate analytical modeling. The battery
consists of an n-type In;_,Ga,P layer with x = 0.51 grown
on a p-type GaAs substrate. It converts alpha radiation
with an average decay energy of 5.485 MeV emitted by
an Am?* source [1, 10]. Am*** radioisotope is a low-cost
material and has a long half-life exceeding 400 years.
Previous results on Am***-based alphavoltaic batteries
evidence this radioisotope as very attractive from a
power density perspective [19]. The bandgap of InGaP
and GaAs alloys are 1.9 and 1.42 eV, respectively. These
materials have been reported to tolerate high doses of
alpha particles [20]. The values of the InGaP threshold
displacement energy (Ey) to generating defects for In,
Ga, and P are 290, 255, and 115 keV, respectively [21].
At the same time, Ey, values for Ga and As in GaAs are
255 and 270 keV, respectively [21]. Therefore, a long
term stability and reliability of the designed device
structure for harsh radiation environment applications
may be expected.

To shed light on the performance of the proposed
battery structure, we have used our simulation software
which enables the analysis of current density-voltage
J(V) and power density-voltage P(V) device characte-
ristics. From the calculations, we have extracted the key
alphavoltaic parameters of the battery, which are directly
related to the physical properties of the materials and
enable design optimization. Finally, the effects of
increasing operation temperature on the output
performance of the device have been evaluated in the
300...350 K temperature range.

2. Device structure

The schematic cross-section of the proposed
Iny.49Gag 51 P/GaAs alphavoltaic battery is shown in Fig. 1
(plot not to scale). An Am?* source emitting alpha
particles is attached to the battery. The simulated device
active area is 1 cm® As demonstrated experimentally in
Ref. [22] and the references therein, an In,_,Ga,P alloy
with a Ga composition ratio of 0.51 (Ing4Gags:P) can be
grown on a GaAs layer with appropriate lattice match.
More specifically, the lattice mismatch rate A is given by
[23]:
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Fig. 1. Cross-sectional view of the Ing49GagsP/GaAs

alphavoltaic battery.
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where a; and a, — lattice constants of GaAs and InGaP,
respectively. Knowing that a;(GaAs) = 5.65325 A [24]
and a,(InGaP) = 5.655418 A [25] the following empirical
formula is applied for any value of x [25]:

a,(In,_,Ga P, )="5.8687 —0.4182x . )
For x=0.51, the lattice mismatch rate is A =0.038%.
This value is an indication of a high quality
Ing.49Gay5:P/GaAs heterojunction.

The total thickness of the device is 16 pm, where
the emitter thickness is 4 um, the base thickness is
12 um, and the depletion edge is located at the depth of
0.2 um. These thicknesses are adopted for calculating the
effective minority carrier diffusion lengths (Lne). In
particular, the following values have been obtained:
Ly = 1.7 um in the InGaP layer and L, = 16.26 um in the
GaAs layer.

As is well known, alpha particles have energies
ranging from 4 to 10 MeV. Their path length spans from
5to 10 um in air and from 25 to 80 um in a solid matter
making this type of radiation the least penetrating [20].
Moreover, Am*** source appears very suitable to use
in nuclear batteries because of its distinct properties such
as significant decay energy, very long half-life, and
absence of other types of more penetrating radiation. A
comparison between alternative alpha particles sources is
reported in Table 2.

The energy of the incoming alpha particles is
transferred to the heterojunction by elastic and inelastic
collisions. In more detail, Coulomb scattering induces
production of several electron-hole pairs, the electrons
and holes of which are separated in the depletion region
(DR) and adjacent regions by the internal electric field.
These carriers are drained to the external circuit through
the battery electrodes. Free carriers formed far from the

Table 2. Comparison between alternative alpha-particles sources.

soope | Or | ey | ey | Ref
Am*! 432.2 5.638 | 5.485 | [1,10]
Pu®® 87.74 5593 | 5.499 | [1,10]
Th*® 1.91 552 | 5.423 [1]
Po*° 0.379 5.305 | 5.304 | [1,27]

DR can also drift into the device structure contributing to
the output current, although they rather tend to be
involved in recombination processes.

3. Modeling setup

3.1. Equivalent circuit

To study different operation conditions of the proposed
Iy 49Gay5:P/GaAs alphavoltaic battery, an equivalent
circuit model, which includes one diode, was used. The
diode comprises a series resistance Ry = 4.0 Ohm-cm?
and a shunt resistance Ry, = 6:10° Ohm cm?® The R,
value was fixed according to the approximate criterion
[28]:

>10\|/OC ,

sC

Rsh (3)

where V. and Jg. are the open-circuit voltage and the
short-circuit current of the battery, respectively.

The ideality factor of the diode (quality factor),
which is a measure of how closely the diode behavior
follows the ideal model, was fixed to be 1.55. This
dimensionless number characterizes deviations of the
diode I-V curve from the ideal one due to recombination
phenomena and/or high injection levels. Typically, it
varies from 1 to 2 and can be higher in some cases
depending on the diode fabrication process and
semiconductor material used.

By assuming that the alphavoltaic battery under
irradiation operates as a photovoltaic cell, the device total
current density Jya that circulates in the external circuit
is [23]

Jtot,:-ll :Jrad_‘]D_‘]sh! (4)

where J;,q is the overall contribution to the current by the
carriers generated by alpha particles in three device
regions: the DR (Jpg), the quasi-neutral emitter regions
(Jg) and the base (Jg). The current components Jpg, Jg,
and Jg have the following forms:

quEk (1_ Rl) (e’alnGaPyl — g~ %InGaPY2 )
€inGapP

Jpr = +

()
+ Naq Ek (1_ RZ) (e*“InGaPYZ _ e’“InGaPVZ’“GaAs(VS*YZ))’
€GaAs
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where y, is the Ing4Gags P layer thickness, y; is the
distance between the Ing49Gags.P layer surface and the
DR edge in the GaAs substrate, N, is the flux of incident
alpha particles, ojngap and agsas are the absorption
coefficients of alpha particles, Ey is the kinetic energy of
alpha particles, and S, Dnp, and L,, are the surface
recombination velocities, diffusion constants and
diffusion lengths of minority carriers, respectively. The
concentrations of donor and acceptor dopants are
designated as Ng and N,, respectively. Rg, Ry, R, and R
are the reflection coefficients at the cell front surface, the
DR edge in the Ing49Gags:P layer, the boundary between
the Ing49Gags:P and GaAs layers, and the DR edge in the
GaAs layer, respectively. The average energy required to
generate one electron-hole pair by ionization when alpha
particles pass through the Ing 49Gags:P and GaAs regions
(i.e., €necap and egaas) is calculated by the following
empirical formula [1]:

&;(eV)=267xE,; +0.87, (8)

where Eg; is the bandgap energy of the respective
material (Ing 49Gags:P or GaAs).

Referring to Eq. (4), the current density through the
shunt resistance (Jq,) is given by

V+ Rs‘]total )

‘]h:
) Rsh

©)

Finally, the current density across the diode (Jp)
under an external bias (V) is given by

(v +RsJrotar)
‘]D — ‘]0 e nkT —11. (10)

where Jj is the reverse saturation current given as

5 cosh[yJ smh[ ]
aD,Ni ingap N L
L, N
P smh(ylj cosh[ ]
- (11)
) cosh(y ]+smh[ J
aDnNi Gans L,

X
L. N
noe Snisinh Ya |, cosh| Y4
Dn Ln Ln

Here, vy, is the thickness of the neutral region in the
INg49Gags:P layer, y, is the overall cell thickness
(16 pm), k is the Boltzmann constant, T is the
temperature, and q is the elementary charge, respectively.
The intrinsic carrier concentration has been calculated by
the following expression:

&
= NN, e % (12)

where N, and N, are the effective densities in the
conduction and valence bands, respectively.

The dependence of the In,_,GaP bandgap energy
on the gallium (Ga) stoichiometry is assumed to be [29]

Jo =

E,(x)=-0.2722x* +1.1925x+1.3399 , (13)

while the temperature dependence of the GaAs bandgap
energy is expressed as [30]

aT?
B+T

with o = 5.405-10“eV/K and p = 204 K.

The bandgap narrowing effect, which appears when
highly doped regions in the device structure are involved,
is modeled for the InGaP and GaAs layers by performing
the calculations by the following expression:

13 Y4 12
N N N
AE = A[ OIB\J + B( 018] +C(10Wj y (15)

where A, B, and C are specific constants as listed in
Table3 [31], and N is the local (total) dopant
concentration.  This  phenomenon is  attributed
experimentally to the emergence of an impurity band
formed by overlapped impurity states.

E,(T)=1519-

(14)
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Table 3. Values of the specific constants (in meV) for

calculating the bandgap narrowing effect.

InGaP (n-type) GaAs (p-type)
A 18 9.71
B 9.04 12.19
C 93.46 3.88

Table 5. Simulation parameters at T = 300 K.

Ro R, Th(S) Sy (cm/s) S, (cm/s)
0.05 | 0.1 10°® 10° 10°

R, Rs 7(5) n S(cm?)
015 | 0.2 2:10°° 1.55 1

To describe the dependence of the carrier mobility
in the Ing 49Gag 5 P and GaAs layers on the doping level, a
low field mobility model based on the Caughey and
Thomas expression at room temperature [32] is used:

max min
i Hon p —Hon p
min ’ ,
Hap =Honp T Bop (16)
N
1+ Ncrit
n,p
The model reference parameters ugy', , uonp » Npp, and

s, are listed in Table 4.

After calculating J(V) characteristics, the
conversion efficiency (or alphavoltaic efficiency) n is
defined as the ratio of the maximum output electric
power P, generated by the heterojunction battery to the
power density of the incident alpha particles:

Prax _ Imep XVep
n= = , 17
P P 7

inc inc

where P;.. is given by [8]
P

inc

=3.7-10" -gAZE,, . (18)

Here, A, Z and E,, are the apparent activity density, the
decay mode coefficient, and the average energy of alpha
particles emitted by the Am*** source. For alpha decay,
Z takes the value of 2 [16].

Charge accumulation at the two battery electrodes
creates an open-circuit voltage V,. across the battery
terminals expressed as

v :nk—Txln[J“ +1]. (19)
q J

oc
0

Table 4. Reference parameters for the Caughey and Thomas
carrier mobility model at T =300 K.

IN;.49Gag 51P GaAs
Hony (CM?/V-s) 400, 15 0
Hons  (CM?/V-s) 4300, 150 9400, 400

NTE em®) | 210 15107 | 1107, 1.6:10°
Sn,p 0.7,0.8 051

At zero voltage (V =0), the short-circuit current
density is exactly Jyag.
The fill-factor (FF) of the battery is defined by the
ratio
P

FF = e (20)

sc”oc

4. Results and discussion
4.1. Doping influence

The heterojunction depth is 0.2 um. During the
simulations, the doping level of the emitter (n-type) was
varied from 110 to 5-10" cm™, while the doping level
of the base (p-type) was varied from 1-10'° (intrinsic
carrier concentration) to 5-10"® cm™> The other
fundamental physical parameters of the device are
summarized in Table 5.

The influence of the dopant concentrations on the
battery performance is shown in Fig. 2.

The main figures of merit (FOMs) of the device,
namely m, Ppax, Jso Voo, and FF, are calculated for a
default radioactivity density of 0.2 mCi/cm? and an
alpha-particle average energy of 5.485 MeV.

We can see that for donor and acceptor
concentrations of 3-10*° and 5-10% cm3, respectively,
the battery conversion efficiency exhibits a maximum
value of 7.05%, while Ppay, Jse: Voo, and FF are equal to
0.91 uW/em?, 117 pA/em?, 1.06V, and 73.94%,
respectively. More specifically, both the maximum
electric power and the conversion efficiency start to
increase with the doping level up to the mentioned
dopant concentrations. After this, the battery
performance gradually decreases. This result may be
explained by analyzing the behavior of V. and Jg. In
fact, increase of the doping level (especially in the base
layer) leads to enhancement of V. and Js. and, hence, the
conversion efficiency. In accordance with Eq. (11), an
inverse dependence of the reverse saturation current Jy on
the dopant concentration should be taken into account.
Therefore, the open-circuit voltage V,. increases with the
decrease of Jo (Eg. (19)). Furthermore, the bandgap
narrowing effect tends to enhance generation of free
carriers in the device structure. However, higher doping
levels (Ng> 3-10"° cm™ and N, >5-10" cm™) reduce
both the diffusion lengths and the mobilities of minority
carriers thus decreasing Js. and the conversion efficiency
as shown in Fig. 2.
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Fig. 2. Variation of 1, Pray, Jse, Voo, and FF with N, and Ng.

4.2. Effect of surface recombination velocity

From the literature, various numerical and experimental
studies have been focused on the effects of surface
recombination velocity (SRV) in semiconductor devices
[33,34]. In fact, surface recombination phenomena,
which are non-radiative recombination processes, mainly
occur due to defects and impurities (e.g., recombination
centers) contained within the semiconductor crystal
lattice. These processes may be dominant in determining
the device effective current capabilities [33]. With this in
mind, we have evaluated the SRV impact on the battery
performance by using several simulations. As expected,
the overall performance of the proposed InGaP/GaAs
alphavoltaic battery is highly influenced by the SRV
value and, in fact, the key parameters Vo, Jsc, Pmax, @Nd 1
decrease at high SRVs. In particular, to investigate the
SRV effects, we have considered the values of the front
surface recombination velocity (FSRV), S, and the back
surface recombination velocity (BSRV), S, in the ranges
of 5-10%...10° and 5-10°...10° cmV/s, respectively.

The impact of the FSRV and BSRV values on the
device FOMs obtained by calculating the J(V) and P(V)
characteristics of the battery is shown in Figs. 3 and 4.

As can be seen from Fig. 3, n and P, decrease
sharply when the recombination velocity on both the front
and the back surface increases. More specifically, for
FSRV = BSRV = 10° cm/s, i and Py are equal to 5.84%
and 0.76 pW/cm?, respectively. These values steeply
increase to 8.25% and 1.07 pW/cm?, respectively, when
FSRV decreases to 5-10°cm/s and BSRV decreases to
5-10%cms, indicating the enhanced recombination losses
at higher SRVs. At the same time, as depicted in Fig. 4
and expected from Egs. (3)-(5), (9), and (17), Jsc and V.
increase with the decrease of the FSRV and BSRV values.

In particular, when FSRV and BSRV decrease from
10° cn's to 5-10% and 5-10° cm/s, respectively, J; and Vo,
increase from 1.02 pA/cm? and 0.98 V to 1.31 pA/cm® and
1.11V, respectively. Analyzing the influence of FSRV
and BSRV on FF, we find that FF peaks to 77.41% at
FSRV = 5-10?cm/s and BSRV = 10°cm/s and gradually
decreases to 73.67% at FSRV = 10° cm/s and BSRV =
10° cms.
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Fig. 3. Evolution of n and P, with FSRV and BSRV.

It may be concluded that the SRV parameters have
an important influence on the device performance.
Therefore, it is critical to reduce the SRV at both the
front and back surfaces. For example, in designing high
performance alphavoltaic batteries, it could be useful to
reduce the number of dangling bonds at the surface by
depositing a passivation layer.

241

4.3. Impact of Am=*" apparent activity density

Am?* radioisotope is an effective power supply for the
proposed alphavoltaic battery. In general, physical
properties of a radioisotope, such as the type of radiation
emitted, the radioactivity intensity, the decay energy, and
the half-life, all affect the performance of a nuclear
battery. Therefore, it is very important to evaluate the
radioisotope properties that fit the required battery design
criteria.

In this study, we considered a unidirectional alpha-
radiation Am?*** source with an apparent activity density
A = 0.2 mCi/cm?. The source was placed at the optimum
distance to the junction that corresponds to the maximum
energy delivered by the alpha particles inside the device.
In this section, we investi%ate the impact of the apparent
activity density of the Am?* radioisotope in the range of
0.2 to 2.4 mCi/cm? on the electrical characteristics of the
proposed heterojunction. For simulating the J(V) and
P(V) characteristics, the other device parameters were
fixed to the values Ny =3-10cm =, N, = 5-10°cm3,
S, =5-10%cm/s, S, = 5-10% cm/s, and y; = 0.2 pm.

Jsc (nAcm'Z)

Sn (cm/s)

Sp (cm/s)

Sn (cm/s)

FF (%)

Sn (cm/s)

10* 10° 10°

Sp (cm/s)
Fig. 4. Evolution of Js, Vo and FF with FSRV and BSRV.

10°

Fig. 5 shows that both the conversion efficiency and
the electric output power density of the battery
remarkably increase with the increase of the Am?**
apparent activity density. Moreover, Ji and V.. as
functions of A show similar behavior (see Fig. 6). The
observed variations are due to the direct proportionality
between Ji. and the alpha-particles flux that depends
on A. More specifically, we achieve the conversion
efficiency of 10.31% and the electric power density
of 16.07 uyW/ecm? at A=2.4mCilcm?. The other
FOMs of the battery improve from Jo; = 1.31 pA/cm?,
Vo = 1.11 V, and FF = 84.94% at A = 0.2 mCi/cm’ to
Je = 15.69 pA/em? Voo = 1.21V, and FF = 85.85%
at A = 2.4 mCi/cm?.
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It can be seen from Fig. 5 that the conversion
efficiency increases to 12.58% and the output power

2.4 mCi/cm? when

reflection of alpha particles as well as ohmic losses are

neglected.
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4.4. Impact of temperature

The J(V) characteristics for an apparent activity density
of 2.4 mCi/cm? shown in Fig. 7 evidence an increase of
the short-circuit current and a decrease of the open-
circuit voltage when increasing the device operation
temperature from 300 to 350 K.

This behavior may be explained by taking into
account the temperature dependence of the bandgap
energy. In particular, a temperature increase causes a
reduction in the material bandgap width, and, therefore,
the reverse saturation current in the device structure tends
to increase. This variation causes a reduction of the open-
circuit voltage, and the mechanism of carriers generation
becomes increasingly significant leading to an increase
of the short-circuit current as shown in Fig. 8. It may be
also seen in Fig. 8 that the fill factor decreases with
increasing the value of T, following the increase of the
dark saturation current. The decrease in FF is caused by
the fact that the decrease of the open circuit voltage is
more significant than the increase of the short circuit
current. The device conversion efficiency also decreases
as shown in Fig. 9.
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Fig. 6. Jsc and V versus A.
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Summarizing, these four parameters m, Prax Voo
and FF linearly decrease with the increase of the
temperature from 10.31%, 16.07 pW/cmz, 1.21 V, and
85.0% at T = 300 K to 8.30%, 12.94 uW/cmz, 0.99 V,
and 80.96% at T = 350 K, respectively. On the other hand,
Joc weakly increases from 15.69 pA/cm® at T = 300 K to
16.15 uA/em?® at T = 350 K.

5. Conclusions

An n-p Ing49Gags;P/GaAs heterojunction battery has
been proposed and evaluated as a practical carrier
separating structure to convert the energy of alpha
particles emitted by an Am*** source to electrical power.
Theoretical calculations have been made to evaluate the
battery performance. It has been found that the proposed
device can provide a power density of about 16 p\W/cm?
being irradiated by an Am*** emitter with a decay energy
density of 2.4 mCi/cm? at T =300 K. By increasing the
temperature to T = 350 K, the maximum output power
decreases to about 13 pW/cm?.

By optimizing the battery structure and connecting
alphavoltaic batteries in series or shunt configurations,
the output power density can be increased to the levels
required for practical use to power the next-generation
electronic systems.
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MoaeaoBaHHs BHCOKOMOTY:KHOI aib(a-BoabTaiuHoi OaTapei Ha ocHoBi rerepomepexoxy InGaP/GaAs,
ONPOMiHIOBAHOT0 BUITPOMIHIOBAHHSIM aMepHLil-241

F. Bouzid, E. Kayahan, M.A. Saeed, B. Babes, S.S.M. Ghoneim, F. Pezzimenti

AnHoranisi. KOHCTpYKIif0O CTPYKTyp Ha OCHOBI HaIiBIIPOBIIHMKOBUX T€TEPOIEPEXOIB MOXXHA IOKPALIUTH JUIs
MABHUINCHAS e(DeKTUBHOCTI SIepHUX MikpoOaraped. Y wmiif poOOTi 3 BHKOPHCTaHHAM JIa0OPATOPHOTO MPOTPAMHOTO
3a0e3neueH s JOCIDKEHO anb(a-BoJbTalyHy Oarapero Manoi MNOTYXHOCTI. SlnepHa OaTapes CKIAQJAETbCS 3
reTepoCTpyKTYpH Ing 49Ga05:P/GaAs, omnpominioBaHoi aibha-yacTHHKaMH aMepHiio-241 (AmM**) 3 cepennborO
KiHeTHYHOIO eHepriero 5.485 MeB. 3arampHa akTMBHa IIoma anbga-BoJabTaiuHO{ Oarapei CTaHOBUTH 1em® 3
BHKOPHUCTAHHSIM KOMILUICKCHOT aHATITHIHOT MOJENi TPOMOIEIbOBaHO 3anexHocTi ryctuau ctpymy J(V) i BuximHOi
enekTpruaHOi oTyxkHocTi P(V) Bim Hampyru Ta BH3HAYCHO BENMUYMHY e(PEKTHBHOCTI MEpPETBOPEHHsS eHeprii. Momennb
BpaxoBye BIIOUTTS Majarounx ajb(a-uacCTUHOK, OMIYHI BTpaTH, eeKT MEeXi MDK JBOMA HIapaMH Ta I'paHUIlb 00JacTi
BHCH@)XEHHS. 3 METOI0 ONTHMi3amii MPOAYKTUBHOCTI OaTapei MOJENIOBAHHS NPOBOAWIM ITIPH DPI3HUX 3HAYEHHSX
e(eKTUBHOI T'YCTUHHM aKTUBHOCTI pajioi30TOIly, KOHIIEHTpalill Jieryoodoi JOMIIIKM B eMirepi Ta 0a3i, a Takox
HIBUJKOCTI MOBEPXHEBOI pexoMOiHamii sk y (poHTANbHOMY, Tak 1 TWJIBHOMY IIapax. Pe3ympTaTu JOCIIIHKEHHS
T0KA3yIOTh, 0 TPH ompoMineHHi 3 mxepema Am**! 3 moryxuictio 2.4 MKi/cM® eeKTHBHICTD IEpETBOPEHHS eHeprii
Garapei Moxe nocsrati 10.31% Npu MaKCHMAIbHOMY 3HAYCHHI TYCTHHH BHXigHOI moTyxHOcTi y 16.07 MkBT/cM?.
OTtxe, rerepocTpykTypa Ing49Gags;P/GaAs y mnoennanHi 3 Am*! € 6araroobirsouo KOHCTPYKITIEIO  JUTS
3a0e3IeueHHs JOBrOCTPOKOBOTO €HEProNOCTa4aHHs B CyBOPUX YMOBaX.

KaiouoBi ciioBa: anbda-Bonbraiuna 6aTapest, reTepoCTpyKTypa, amepunii-241, anbha-4acTHHKH, OMIYHI BTPaTH.
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