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The effect of temperature on the output performance of four different types of betavoltaic microbatteries
was investigated experimental and theoretical. Si and GaAs were selected as the energy conversion
devices in four types of betavoltaic microbatteries, and 63Ni and 147Pm were used as beta sources.
Current density–voltage curves were determined at a temperature range of 213.15–333.15 K. A simplified
method was used to calculate the theoretical parameters of the betavoltaic microbatteries considering
the energy loss of beta particles for self-absorption of radioactive source, the electron backscatter effect
of different types of semiconductor materials, and the absorption of dead layer. Both the experimental
and theoretical results show that the short-circuit current density increases slightly and the
open-circuit voltage (VOC) decreases evidently with the increase in temperature. Different combinations
of energy conversion devices and beta sources cause different effects of temperature on the microbatter-
ies. In the approximately linear range, the VOC sensitivities caused by temperature for 63Ni–Si, 63Ni–GaAs,
147Pm–Si, and 147Pm–GaAs betavoltaic microbatteries were �2.57, �5.30, �2.53, and �4.90 mV/K respec-
tively. Both theoretical and experimental energy conversion efficiency decreased evidently with the
increase in temperature.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, microelectromechanical systems (MEMS) have
played an important role in the rapid development of military,
aerospace, biomedical, industrial, and agricultural fields [1]. As
an important part of MEMS, micropower is one of the bottlenecks
that affect its development. Thus micropower has attracted consid-
erable research attention [2]. A betavoltaic microbattery has
potential long life, high energy density, stability, miniaturization,
no external power supply, which make it compact and light, with
small footprint. These characteristics are modified with the devel-
opment of micropower [3–5]. In 2002, Blanchard’s research team
demonstrated that the energy released from a radioactive element
could serve as a power source of a MEMS [6]. With the develop-
ment of semiconductors, MEMS, based on the power supply for
betavoltaic microbatteries, has broad application prospects in
polar sea, desert, and space exploration. Temperatures in these
environments significantly vary. Daytime temperatures in the
desert can reach up to 50 �C, whereas Antarctic temperature
reaches as low as �90 �C. In addition, daytime temperatures on
the lunar surface can reach as high as 127 �C as low as �183 �C
at night. Therefore, temperature dependence is an important issue.

The effects of temperature on betavoltaic microbatteries has
been investigated. Wang [7], Liu [8], and Nejad [9] studied 63Ni–
Si betavoltaic microbatteries. Chandrashekhar [10] analyzed
63Ni–4H–SiC betavoltaic microbatteries. These studies indicate
that the short-circuit current density (JSC) slightly increases,
whereas the open-circuit (VOC) decreases significantly with the
increase in temperature. These studies focused on the single-beta
source and the single-energy conversion device. For practical appli-
cations, the effects of temperature on more kinds of betavoltaic
microbatteries should be studied.

In the current paper, 63Ni and 147Pm sources are chosen as the
two types of beta sources, and Si and GaAs are selected as the
two energy conversion devices. Hence, four types of betavoltaic
microbatteries are fabricated. The effects of temperature on the
characteristic parameters of the betavoltaic microbatteries are
studied in a temperature ranging from 213.15 to 333.15 K. The
energy loss of beta particles for self-absorption of the radioactive
source, the influence of electron backscattering from different
semiconductor materials, and the absorption of the dead layer
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Fig. 1. Radioactive sources used in the experiment: (a) 63Ni and (b) 147Pm.

Table 1
Basic parameters of the radioactive sources.

Isotopes Active area diameter
(mm)

Factory apparent activity density (mCi/
cm2)

Apparent activity density in testing (mCi/
cm2)

Maximum energy
(keV)

Average energy
(keV)

63Ni 25 5 4.889 65.87 20.532
147Pm 25 5 2.130 224.7 62.576
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are considered in the investigation. The characteristic parameters
include JSC, reverse saturation current density and VOC.
2. Materials and methods

2.1. Radioactive sources and energy conversion devices

Betavoltaic microbatteries are primarily composed of radioac-
tive sources and energy conversion devices. For convenience, the
betavoltaic microbatteries that are based on Si and under the irra-
diation of 63Ni are named 63Ni–Si, the three other microbatteries
are 147Pm–Si, 63Ni–GaAs, and 147Pm–GaAs. Fig. 1 shows the
radioactive sources used in experiment. The basic parameters are
listed in Table 1. Based on the factory apparent activity density,
apparent activity density in testing was calculated using the law
of radioactive source decay. The average energy of the beta parti-
cles emitted from radioactive sources can be calculated by Monte
Carlo particle transport code [11,12].

Given that the semiconductor materials have different band-
gaps, Si and GaAs were prepared using an early maturation process
technology, which has relatively low production cost among the
current manufacturing processes. These materials are widely used
in solar cells, MEMS, and other devices, as well as in many studies
on isotope microbatteries [7,9,13]. Fig. 2 shows the energy conver-
sion devices, structural representation and their basic parameters
are listed in Table 2. The thickness of the dead layer (wd1) is the
thickness of the heavily doped region on the surface of energy con-
version devices.
2.2. Experiment and measurement

The high and low temperature–humidity test chamber (Model
641A, DRK, CHINA) was used to control the temperature in the test
environment. All the four types of betavoltaic microbatteries,
namely, 63Ni–Si, 147Pm–Si, 63Ni–GaAs, and 147Pm–GaAs, were eval-
uated. At the temperature of 213.15–333.15 K, the current den-
sity–voltage (J–V) curves of the betavoltaic microbatteries were
tested every 10 K by using a dual-channel system sourcemeter
(Model 2636A, Keithley, USA). Fig. 3 shows the entire testing
system, in which the 147Pm–Si betavoltaic microbattery was being
tested.

2.3. Theoretical analysis

For betavoltaic microbatteries, beta particles emitted from the
radioactive source pass through a dead layer of semiconductor
material into the p–n junction and generate electron–hole pairs
by ionization and excitation. Electron–hole pairs move to the ends
of the junction under the action of an electric field and generate
current if the microbatteries are connected with an external
resistor.

In this article, the energy loss of beta particles for the
self-absorption of a radioactive source, the electron backscatter
effect of different semiconductor materials, and the absorption of
dead layer are considered. Supposing that all electron–hole pairs
are recombined in the dead layer and the collection efficiency is
0% and that all the electron–hole pairs are collected outside the
dead layer, and the collection efficiency is 100%, JSC can be deter-
mined by [14]:

JSC ¼
q
e

EaAað1� gbÞ expð�lwd1Þð1� expð�lwd2ÞÞ; ð1Þ

where q is the electric charge in coulombs, e is the energy required
for the formation of an electron–hole pair, Ea is the average energy
of beta particles emitted from the radioactive source surface after
the self-absorption, Aa is the surface activity density of the radioac-
tive source, gb is the electron backscatter coefficient, l is the linear
attenuation coefficient, wd1 is the thickness of the dead layer, and
wd2 is the thickness of the semiconductor intrinsic layer. In addi-
tion, e can be computed by [15]:

e ¼ 2:8Eg þ 0:5; ð2Þ

where Eg is the bandgap of the semiconductor material. Eg is related
to temperature and can be expressed by [16]:

EgðTÞ ¼ Egð0Þ �
aT2

T þ b
; ð3Þ

where Eg(0) is the bandgap when the temperature is 0 �C, a and b
are constants related to the materials. For Si, the Eg(0), a, and b



Fig. 2. Two kinds of energy conversion devices used in experiment: (a) Si and (b) GaAs; (c) the structural representation of energy conversion device.

Table 2
Basic parameters of the two kinds of energy conversion devices.

Material Type of substrate
impurity

Substrate doping concentration
(cm3)

Substrate thickness
(lm)

Sensitive area
(cm2)

Intrinsic layer
(lm)

Dead-layer thickness
(lm)

GaAs N 1–4 � 1018 350 1 4 0.53
Si P 9.3 � 1013 300 0.25 300 0.68

Fig. 3. Testing system for the effect of temperature on betavoltaic microbatteries.
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Table 3
Values of l of the betavoltaic microbatteries.

Betavoltaic microbattery l (cm�1)

63Ni–Si 1037.024
63Ni–GaAs 1212.519
147Pm–Si 167.652
147Pm–GaAs 196.024

Table 4
The gb of Si and Ge irradiated by 63Ni and 147Pm.

Material gb

For the energy of 20.532 keV For the energy of 62.576 keV

Si 0.169 0.149
Ge 0.327 0.319
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values are 1.17 eV, 4.73 � 10�4 eV/K, and 636 K, respectively. For
GaAs, the Eg(0), a, and b values are 1.519 eV, 5.405 � 10�4 eV/K,
and 204 K, respectively. For 63Ni and 147Pm, the Ea values are
20.532 and 62.576 keV respectively [11]. l can be determined using
[17]:

l ¼ 15:2
Z4=3

A
1

E1:485
max

; ð4Þ

where Z, A, and Emax are the relative atomic number, relative atomic
mass, and the maximum energy in the b energy spectrum, respec-
tively. According to ICRP 38 [18], the Emax of 63Ni and 147Pm are
6.587 � 10�2 and 2.247 � 10�1 MeV, respectively. The l of the four
types of betavoltaic microbatteries are listed in Table 3.
Fig. 4. The J–V curves of four betavoltaic microbatteries: (a) 6
When the beta beam irradiates the sample, the electrons dif-
fract within the sample, change direction, and are likely to lose part
of the energy. In the elastic scattering and inelastic scattering pro-
cesses, the accumulated scattering angle of the incident electrons
exceeds 90�. These electrons become backscattered electrons and
escape from the surface of the sample. According to Drescher H
et al. [19], the electron backscatter coefficient (gb) is related to
the atomic number of the material and the energy of the incident
particle. Irradiated by 63Ni and 147Pm, the gb of Si and GaAs are
listed in Table 4. The gb of GaAs cannot be obtained directly.
Given that the atomic numbers of Ga and As are very close (31
and 33 respectively), the gb of Ge with an atomic number of 32
is used to replace that of GaAs.

Thus, JSC of the betavoltaic microbatteries can be calculated
using Eq. (1). When energy conversion devices have ideal p–n junc-
tions, VOC of betavoltaic microbatteries can be expressed as:

Voc ¼
nkT

q
ln

Jsc

J0
þ 1

� �
; ð5Þ

where n, k, T, and J0 are the ideality factor, Boltzmann’s constant, the
temperature (in K), and J0 respectively. In theoretical calculation,
the n values for Si and GaAs are equal to 1 and 2, respectively.
3. Results and discussion

3.1. Measurement of J–V curves

The J–V curves of the four types of betavoltaic microbatteries
were measured at a temperature range of 213.15–333.15 K. The
results are shown in Fig 4. The trends of all of the J–V curves are
3Ni–Si, (b) 147Pm–Si, (c) 63Ni–GaAs, and (d) 147Pm–GaAs.



Fig. 5. Experimental and theoretical relationship between JSC and temperature. Ex
indicates the experimental value of the JSC, whereas Th indicates the theoretical
value.

Table 5
The R of the four kinds of microbatteries.

Betavoltaic microbattery Range (lm)

For the energy of Emax For the energy of Ea

63Ni–Si 27.98 3.07
63Ni–GaAs 12.13 1.33
147Pm–Si 216.26 25.51
147Pm–GaAs 93.83 11.07
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the same. As the temperature increases, the inverse of the slope of
the curves in the open point and in the short-circuit density point
decrease gradually.

3.2. Short-circuit current density

The experimental value of JSC can be obtained based on the
intersection point of the curve and the vertical axis in Fig. 4. The
theoretical value of JSC can be obtained using Eq. (1). The experi-
mental and theoretical values are shown in Fig. 5. Both experimen-
tal and theoretical values show that the JSC values of the four types
of microbatteries slightly increase with temperature. This observa-
tion is attributed mainly to the decrease in bandgap of the semi-
conductor materials with the increase in temperature. The
energy required for the formation of electron–hole pair slightly
reduces, whereas the radioactive source is affected by temperature,
hence the number of electron–hole pairs increases. As temperature
rises from 213.15 K to 333.15 K, for Si, Eg drops from 1.1316 eV to
1.1016 eV with a reduction of 2.65%, leading to a decrease in e by
2.28% and an increase in the number of electron–hole pairs by
2.33%. These changes imply that the number increases by only
0.019%/K. For GaAs, the number increases by only 0.030%/K.
Therefore, the increase in the number of electron–hole pairs causes
JSC to increase slightly with temperature.

According to the obtained experimental and calculated JSC val-
ues, the curves of JSC with regard to T are plotted in Fig. 5. The the-
oretical values is significantly higher than the experimental value.
This observation is a result of the backscattering of the secondary
electron, collection efficiency of electron–hole pairs in the theoret-
ical analysis, and influence of the leakage current in testing.

The range of beta particles in semiconductor materials R can be
calculated by [20]

R ¼ 0:412E1:265�0:0954 ln E=q; ð6Þ

where E is the energy of beta particles (MeV) and q is the density of
the material (g/cm3). The maximum energy (Emax) and Ea of 63Ni
and 147Pm can be obtained in Table 1, and the q of Si and GaAs
are 2.33 and 5.37 g/cm3, respectively. Hence, considering the Emax

and Ea, the R of the four kinds of microbatteries can be calculated
and shown in Table 5.

For 147Pm–Si and 63Ni–Si, the thickness of the intrinsic layer is
300 lm and larger than the R. Hence, all of the beta particles which
enter into the intrinsic layer are absorbed. According to Eq. (1), the
power density deposited in the intrinsic layer can be calculated by

p ¼ EaAað1� gbÞ expð�lwd1Þð1� expð�lwd2ÞÞ ð7Þ

Hence, the p of 147Pm–Si and 63Ni–Si can be calculated and they
were 6.647 � 10�7 and 4.608 � 10�7 w/cm2, and the former is lar-
ger. As a result, the JSC of 147Pm–Si is larger than that of 63Ni–Si. It
can be found in Fig. 5.

For 147Pm–GaAs and 63Ni–GaAs, the intrinsic layer is only 4 lm
leading to a part of the beta particles are absorbed. According to Eq.
(7), the p of 147Pm–GaAs and 63Ni–GaAs can be calculated and they
are 4.015 � 10�8 and 1.443 � 10�7 w/cm2 and the former is smal-
ler. Hence, the JSC of 147Pm–GaAs is smaller than that of 63Ni–
GaAs as shown in Fig. 5.

As shown in Fig. 5, both the experimental JSC of the 63Ni–Si and
63Ni–GaAs increase slightly with the temperature, however, the
growth of the former is larger. The same trend can be observed
in the theoretical calculations. This finding can be attributed to
two reasons. First, the gb and wd2 of 63Ni–Si and 63Ni–GaAs are dif-
ferent. According to a database [21], gb is larger because the high
atomic number of the material. Compared with GaAs, the wd2 of
Si was enough thick. Hence, more electrons enter the intrinsic layer
of Si. Second, the bandgap of Si is smaller than that of GaAs. As a
result, e of Si is smaller than that of GaAs and more electron–hole
pairs generated in Si. Thus, JSC of 63Ni–Si is larger than that of 63Ni–
GaAs, in a similar fashion, JSC of 147Pm–Si is larger than that of
147Pm–GaAs.

3.3. Reverse saturation current density

J0 is also an important factor that affects the output of the beta-
voltaic microbatteries. J0 can be expressed as [13]:

J0 ¼
qniðwn þwpÞffiffiffiffiffiffiffiffiffiffisnsp
p ; ð8Þ

where ni is the intrinsic carrier density that is significantly affected
by temperature, wn and wp are the n-type and p-type depletion
widths, sn and sp are the electron and hole lifetime, and wn, wp,
sn, and sp are slightly affected by temperature. ni can be expressed
as:

ni ¼
ffiffiffiffiffiffiffiffiffiffiffiffi
NcNV

p
exp � Eg

2kT

� �
; ð9Þ

where NC and NV are the effective densities of the state of the elec-
trons in the conduction band and holes in valence band. For Si, NC

and NV are equal to 2.6 � 1019 (T/300)3/2 and 1.04 � 1019

(T/300)3/2, respectively. For GaAs, NC and NV are equal to
4.7 � 1017 (T/300)3/2 and 7 � 1018 (T/300)3/2, respectively [22]. J0

can be uniformly expressed as:

J0 ¼ M
T

300

� �3=2

exp � Eg

2kT

� �
; ð10Þ

where M is a constant related to the material. In Si and GaAs, the
curve of the dark current considering V was measured respectively
at 300 K, as shown in Fig. 6. According to the computing method of
Li [23], the reverse saturation current density of Si and GaAs are
9.76 � 10–10 and 3.48 � 10–10 (A/cm2), respectively. Thus, according
to Eq. (10), for Si and GaAs, M is 2.716 and 294.115, respectively. Eq.
(10) can be converted into Eq. (11).



Fig. 6. ln Jdark–V curves of (a) Si, and (b) GaAs.
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ln J0 ¼ ln M
T

300

� �3=2

� Eg

2kT
ð11Þ

From 213.15 K to 333.15 K, Eg
2kT value is much greater than

ln Mð T
300Þ

3=2 value, therefore ln J and 1/T have an approximately liner
relationship, as shown in Fig. 7. For Si and GaAs, the difference
Fig. 7. ln Jdark–V curves of Si and GaAs in the temperature range of 213.15–333.15 K.
shown in Fig. 6 is attributed to the different Eg values, according
to Eq. (11). In the same temperature range, ln J0 of GaAs is smaller
than Si and changes more sensitively with increasing temperature
because of the larger Eg.

3.4. Open-circuit voltage

By using the values of JSC and J0, theoretical VOC can be calcu-
lated using Eq. (5). By contrast, experimental VOC can be obtained
using the intersection point of the curve and the horizontal axis
in Fig. 4. The curves of the experimental and theoretical VOC with
regard to T are shown in Fig. 7, both values decrease as T rises.
The relationship between the theoretical VOC and T is almost linear.
In a low temperature, the relationship between experimental VOC

and T is almost linear. However, this relationship is not apparent
at high temperatures, in which JSC value is much greater than J0

value, VOC can be approximated by:

VOC ¼
nkT

q
ln

JSC

J0

� �
; ð12Þ

where n is the ideal factor. VOC sensitivity can be calculated by

@VOC

@T
¼ nk

q
ln

JSC

J0
þ nkT

qJsc

@Jsc

@T
� nkT

qJ0

@J0

@T
ð13Þ

According to Eq. (10), @J0
@T can be obtained using:

@J0

@T
¼ J0

T
3
2
� 1

2k
@Eg

@T
þ Eg

2kT

� �
ð14Þ

According to the above analysis, the JSC changes slightly with tem-
perature, hence Eq. (13) can be simplified as

@VOC

@T
¼ nk

q
ln

JSC

J0
� n3k

2q
� nEg

2Tq
� na

2q
TðT þ 2bÞ
ðT þ bÞ2

ð15Þ

Therefore, VOC sensitivity is negative and decided by JSC, J0, Eg, a, and
b. Table 6 shows the sensitivity of the experimental and theoretical
VOC in the linear interval which can be obtained from Fig. 8.

For 147Pm–Si and 63Ni–Si, the intrinsic layer is 300 lm and all of
the beta particles which entered into the intrinsic layer are
absorbed. Because of the larger JSC, the first item on the right side
of Eq. (15) of 147Pm–Si is larger than that of 63Ni–Si. The other
items in Eq. (15) were the same. Ultimately, VOC sensitivity of
147Pm–Si was smaller than that of 63Ni–Si.

For 147Pm–GaAs and 63Ni–GaAs, the intrinsic layer is only 4 lm
leading to a part of the beta particles are absorbed. According to
the values of p, the larger JSC is obtained in 63Ni–GaAs. Hence, the
theoretical VOC sensitivity of 147Pm–GaAs is larger than that of
63Ni–GaAs. However, for the experimental VOC sensitivity, the VOC

sensitivity of 147Pm–GaAs is smaller than that of 63Ni–GaAs in
low temperature (from 213.15 K to 263.15 K). There are inflection
points in both the experimental curves of 147Pm–GaAs and 63Ni–
GaAs at 263.15 K. However, in high temperature (from 263.15 K
to 313.15 K), the VOC sensitivity of 147Pm–GaAs is larger than
63Ni–GaAs and they are �2.39 and �2.22 mV/K, respectively. It
may be the actual dopant which is mixed with impurities in the
intrinsic layer leading to the appearance of the inflection point.
Table 6
Sensitivities of the theoretical and experimental VOC in the linear interval.

Betavoltaic
microbattery

Theoretical (mV/
K)

Experimental (linear interval)
(mV/K)

63Ni–Si �1.67 �2.57 (213.15–293.15 K)
63Ni–GaAs �4.55 �5.30 (213.15–263.15 K)
147Pm–Si �1.64 �2.53 (213.15–303.15 K)
147Pm–GaAs �4.65 �4.90 (213.15–263.15 K)



Fig. 8. Curve of theoretical and experimental VOC in terms of T. Fig. 9. Experimental and theoretical relationship between g and temperature.

Table 7
Sensitivity of the theoretical and experimental g in the linear interval.

Betavoltaic
microbattery

Theoretical (%/
K)

Experimental (linear interval) (%/
K)

63Ni–Si �0.733 �1.140 (213.15–283.15 K)
63Ni–GaAs �0.805 �1.561 (213.15–253.15 K)
147Pm–Si �0.708 �1.118 (213.15–283.15 K)
147Pm–GaAs �0.850 �1.607 (213.15–253.15 K)
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The reason for the inflection point would be researched in the lat-
ter work.

When irradiated by the same radioactive sources, VOC sensitiv-
ities of the microbatteries are primarily decided by the first item
and the last two items of Eq. (15). For GaAs, the value of Eg and n
are larger than Si. The absolute value of the VOC sensitivities of
the microbatteries based on GaAs is larger. Therefore, the absolute
value of the VOC sensitivity of 147Pm–GaAs and 63Ni–GaAs is larger
than that of 147Pm–Si and 63Ni–Si, respectively, and the same trend
is observed in the experiment, as shown in Table 6.

As shown in Table 6, the VOC sensitivity of the theoretical calcu-
lation and experimental measurement differs. According to Eq. (8),
VOC sensitivity is related to the ideality factor (n), in theoretical cal-
culation, for Si and GaAs, n are 1 and 2, respectively. In reality,
however, at 300 K, the computed n is 1.15 and 2.19 by using the
measured dark current curve, according to Li’s work [23]. These
values are larger than the ideal values that are used in the theoret-
ical calculation. In other temperatures, similar observations are
found. Meanwhile, J0 is based on the J0 at 300 K, which is calculated
using the measured dark current curve that is influenced by the
shunt resistance. Thus, a larger theoretical J0 is obtained. A larger
J0 indicates a lower shunt resistance, which leads to a smaller
VOC sensitivity [10]. Hence, a smaller VOC sensitivity is obtained
in the calculation.

3.5. Energy conversion efficiency g

The energy conversion efficiency g can be calculated by

g ¼ Pmax

AaEa
� 100%; ð16Þ

where Pmax is the maximum output power density of the beta-
voltaic microbatteries. Pmax can be calculated by

Pmax ¼ FF � JSC � VOC; ð17Þ

where FF is the fill factor and can be calculated by [24]

FF ¼ mOC � lnðmOC þ 0:72Þ
mOC þ 1

; ð18Þ

where mOC is the ratio of VOC and nkT/q. By using the theoretical JSC

and VOC as calculated above, the theoretical g can be obtained.
According the J–V curves in testing, those parameters can also be
obtained and the experimental g can be calculated. For different
microbatteries, the theoretical and experimental g are shown in
Fig. 9 and the former is one order of magnitude larger than the
latter. g is influenced by JSC and VOC which are related to tempera-
ture closely. Therefore, as shown Fig. 9, both theoretical and exper-
imental g decrease evidently with the increase in temperature. The
relationship between g and T is almost linear in a low temperature
and the linear temperature range is larger for theoretical g. g sensi-
tivity (%/K) can be calculated by

1
g

dg
dT
¼ 1

g
1

AaEa

1
VOC

dVOC

dT
þ 1

Jsc

dJsc

dT
þ 1

FF
dFF
dT

� �
; ð19Þ

which means the percentage of changes for each degree rise in tem-
perature with respect to the value of g in a certain temperature.
According to Fig. 9, the sensitivity of the theoretical and experimen-
tal g in the linear interval can be obtained and shown in Table 7.

Based on Eq. (19), the g sensitivity is affected by VOC. As shown
above, VOC is affected by J0. However, in this paper, large J0 is
obtained using the measured dark current curve that is influenced
by the shunt resistance. The ideal J0 can be calculated by [25]

J0 ¼ 1:5� 108 exp � Eg

kT

� �
ð20Þ

which is much smaller than the measured J0 used in the calculation
above. After calculating the two kinds of J0, it can be found that the
difference of the J0 for GaAs is larger than that for Si. Furthermore,
the VOC is affected. As a result, the g sensitivities of GaAs based
microbatteries are larger than that of Si based microbatteries.
Considering the ideal J0, for example, the g sensitivity of 63Ni–
GaAs and 63Ni–Si are �0.500 and �0.721%/K, respectively. Hence,
based on the ideal J0, the g sensitivities of GaAs based microbatter-
ies are smaller than that of Si based microbatteries.

4. Conclusion

The effects of temperature on four types of betavoltaic micro-
batteries, namely, 63Ni–Si, 147Pm–Si, 63Ni–GaAs, and 147Pm–GaAs
were investigated. By using a simplified theoretical calculation,
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the relationship between JSC and T was obtained and found to be
consistent with the experimental measurement. The JSC values of
63Ni–GaAs and 147Pm–GaAs were smaller than that of 63Ni–Si
and 147Pm–Si. The J0 values of the betavoltaic microbatteries based
on GaAs were smaller than that of the betavoltaic microbatteries
based on Si. In addition, the J0 value easily changes with the
increase in temperature. For microbatteries based on Si, the VOC

sensitivity of 147Pm–Si was smaller than that of 63Ni–Si. For micro-
batteries based on GaAs, the theoretical VOC sensitivity of 147Pm–
GaAs was larger than that of 63Ni–GaAs; the experimental VOC sen-
sitivity of 147Pm–GaAs is smaller than that of 63Ni–GaAs in low
temperature but the experimental VOC sensitivity of 147Pm–GaAs
is larger in high temperature.

Moreover, for microbatteries irradiated by the same radioactive
source, the VOC sensitivities of the microbatteries based on GaAs
were higher than that that of the microbatteries based on Si. g
decreased evidently with the increase in temperature. Because of
the large J0, the g sensitivities of GaAs based microbatteries were
larger than that of Si based microbatteries. Therefore, higher VOC

can be obtained by choosing a semiconductor material with larger
bandgap for the for the energy conversion device; however, VOC

sensitivity will also be high. The different effects of temperature
on the characteristic parameters should be considered to guaran-
tee normal working performance of devices when materials with
larger bandgaps are used in betavoltaic microbatteries manufac-
tured in places where temperature changes dynamically.
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