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This study explore the radiation damage effects on GaInP/GaAs heterojunction (HJT) solar cells when subjected
to 1-MeV electron irradiation. Light I–V measurements show that Voc, Jsc, and Pmax of the cells exhibit a logarithmic
degradation pattern with increasing electron irradiation fluence. Under identical irradiation conditions, the degradation
of Jsc is substantially less pronounced than that of Voc. Under the same conditions, the heterojunction cell shows better
radiation resistance, mainly as its Voc degradation rate with fluence increase is lower than the homojunction cell. Spectral
response analysis reveals that 1-MeV electron radiation mainly causes longwave zone damage in the GaInP/GaAs HJT
cells, which intensifies as irradiation fluence accumulates. Dark characteristic analysis indicates that both recombination
and diffusion currents in the cells rise with increasing irradiation fluence, with recombination current dominating the dark
current. Deep level transient spectroscopy tests show that 1-MeV electron irradiation introduces four defects (H1–H4) in the
cells, located at H1 (Ev+0.717 eV)/H∗

1 (Ev+0.744 eV), H2 (Ev+0.369 eV), H3 (Ev+0.282 eV), and H4 (Ev+0.032 eV).
Among these, the concentration H1 of defects increases most drastically with fluence and directly correlates with the rapid
degradation of cell performance under high fluence, making it the crucial factor responsible for the swift degradation of
GaInP/GaAs HJT cells under high fluence 1-MeV electron irradiation.

Keywords: 1-MeV electron radiation, GaInP/GaAs HJT solar cell, deep level transient spectroscopy (DLTS)
PACS: 88.40.jp, 88.40.H–, 88.40.fh
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1. Introduction

In the past half century, solar cells have become a main
energy source for space exploration spacecraft since NASA
first applied photovoltaic technology to satellites. As human
exploration extends to deep space, space-specific solar cells
face challenges from extreme environments like temperature
cycles and radiation.[1–4] Recent progress in photovoltaic ma-
terials, such as wider temperature adaptability and better ra-
diation resistance,[5–7] has driven high conversion efficiency
photovoltaic arrays forward remarkably. Advanced photo-
voltaic systems, with great radiation resistance and long term
stability, are key for space exploration power.[8–10] Among
photovoltaic tech, III–V group solar cells, particularly GaAs
ones, are crucial in multi-junction cells and widely used in
spacecraft power systems due to their radiation resistance and
adaptability.[11,12] Research shows that for GaInP/GaAs/Ge
three-junction solar cells, radiation damage mainly affects
the GaAs sub-cell, whose fast degradation limits the overall
cell efficiency.[13–15] 1-MeV electron irradiation causes the

EOL Jsc of the GaAs sub-cell in the GaInP/GaAs double-
junction cell to drop to 83% of its initial value,[16,17] in the
GaInP/GaAs/Ge triple-junction cell, the EOL Jsc retention rate
of its GaAs sub-cell reaches 93%.[18,19] As space exploration
missions grow more demanding, solar cells need better perfor-
mance, especially stability in high energy particle radiation.
Recently, heterojunction solar cell technology has gained at-
tention for optimizing GaAs solar cell design to meet these
complex space mission needs.

GaInP/GaAs HJT solar cells, a promising photovoltaic
tech, leverage high/low bandgap semiconductor interfaces for
a simple hetero p–n junction. Their excellent passivation con-
tact and stability make them a likely next-gen mainstream
product.[20,21] They outperform homojunction cells in effi-
ciency due to dark current’s exponential drop with p–n junc-
tion bandgap rise, driven by non-equilibrium carrier recom-
bination and non-radiative SRH recombination. This phe-
nomenon impacts the open-circuit voltage more than the short-
circuit current, thereby enhancing the cell’s efficiency.[22] KL
Schulte’s team modeled and simulated GaAs heterojunction
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solar cells, finding that emitter doping and band offset are
key for efficiency. They designed a GaAs/GaInPAs cell via
HVPE with 27% efficiency under AM1.5 (1 Sun).[22] Antonio
Marti’s modeling showed heterojunction cells’ open-circuit
voltage can exceed the low-bandgap semiconductor’s bandgap
under finite carrier mobility.[23] Hwang et al. built an Al-
GaAs/GaAs cell with a logarithmic bandgap grading layer,
achieving 28.7% efficiency via AFORS-HET optimization.
This proved collaborative heterojunction and bandgap grading
layer design boosts solar cell performance.[24] In space, abun-
dant free charged particles are bound by planetary magnetic
fields, forming radiation belts. Solar cells on orbiting space-
craft are exposed to radiation from these particles, causing a
decline in their electrical performance.[25–31] Wang et al. used
DLTS to study GaInP/GaAs/InGaAs IMM3J solar cells after
1-MeV electron irradiation. They found GaAs sub-cell defects
at Ev + 0.36 eV/Ev + 0.42 eV and InGaAs sub-cell defects at
Ev+0.29 eV/Ev+0.24 eV. DLTS results showed effective mi-
nority carrier lifetime in GaAs/InGaAs cells decreased with
increasing irradiation fluence.[19] Zhou et al. used DLTS to
study InGaAs (1.0 eV/0.7 eV) cells in IMM4J solar cells after
5-MeV proton irradiation. They found radiation introduced H
(Ev + 0.09 eV) and H1 (Ev + 0.07 eV) hole traps, with defect
concentrations increasing with higher fluences.[31] These re-
search findings underscore the significance of gaining a deep
understanding of radiation damage mechanisms for optimizing
solar cell structures and enhancing their radiation resistance.

To conduct an in-depth analysis of the radiation resis-
tance performance of GaInP/GaAs heterojunction solar cells.
In this work, this paper conducts 1-MeV electron radiation ex-
periments on cells at varying fluences, simulating space radi-
ation conditions. Using optical IV (LIV), external quantum
efficiency (EQE), dark characteristics (DIV), and deep-level
transient spectroscopy (DLTS) techniques, the study analyzes
the cells’ electrical, spectral degradation, and defect evolution
before and after radiation.

2. Experiment
GaInP/GaAs heterojunction (HJT) solar cell with a size

of 0.6 cm×0.6 cm was epitaxially grown on GaAs substrate
using the metal organic chemical vapor deposition (MOCVD)
technique. The structural schematic is shown in Fig. 1. The
emitter region comprises high bandgap GaInP, while the base
region consists of low bandgap GaAs. To mitigate the adverse
effects of band discontinuity at the heterojunction interface on
carrier drift, the emitter was heavily doped during growth to
enhance the depletion region electric field. Additionally, a
window layer and a back surface field (BSF) layer were incor-
porated to improve spectral utilization and carrier collection

efficiency. Figure 2 shows the I–V characteristic curve of the
GaInP/GaAs HJT solar cell before radiation under the stan-
dard test environment (AM0, 135.3 mW/cm2, 25±2 ◦C). This
curve directly reflects the initial photovoltaic performance pa-
rameters of the GaInP/GaAs HJT solar cell, including a short-
circuit current (Isc) of 11.07 mA, an open-circuit voltage (Voc)
of 1.01 V, and a maximum power (Pmax) of 8.65 mW. Based
on these parameters, the power conversion efficiency of the
GaInP/GaAs HJT solar cell is 17.8%, fully demonstrating its
excellent energy conversion performance.

Window AlInP 100 nm 1T1018 cm-3

Emitter n GaInP 30 nm 
5T1017 cm-3

Base p GaAs 3000 nm 
2T1016 cm-3

BSF AlGaAs 100 nm 2T1017 cm-3

GaAs substrate

Electrodeposition

Cap

Elec
tro

dep
osi

tio
n

Fig. 1. Schematic diagram of the GaInP/GaAs heterojunction solar cell
structure.
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Fig. 2. Before radiation, the light I–V curve of the GaInP/GaAs hetero-
junction solar cell under standard conditions.

This study conducted irradiation experiments on
GaInP/GaAs HJT solar cells using 1-MeV electron ac-
celerator at the Heilongjiang Institute of Nuclear En-
ergy. At room temperature, irradiation experiments
were carried out on GaInP/GaAs HJT cells with ra-
diation fluxes of 1×1011 cm−2·s−1 and fluences of
1×1014 cm−2, 3×1014 cm−2, 5×1014 cm−2, 8×1014 cm−2,
and 1×1015 cm−2 at 1-MeV electrons. Following irradia-
tion, samples underwent 3-day RT annealing. Post-annealing
electrical performance was measured under standard test con-
ditions (AM0, 135.3 mW/cm2, 25± 2 ◦C). Spectral response
(external quantum efficiency, EQE) was measured as a func-
tion of irradiation fluence, and the scanning step size of the QE
test is 5 nm. Dark current–voltage (DIV) characteristics, mea-
sured via the four-probe method to minimize series resistance
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effects, were fitted with a double-exponential diode model to
extract recombination parameters. Deep level transient spec-
troscopy (DLTS) was employed to analyze defect evolution
post-irradiation. In the DLTS test, the reverse bias voltage UR

was set to 5 V, the pulse voltage Up was set to 0.1 V, the pulse
width tp was set to 0.2 ms, and tw was set to 19.2 ms, 192 ms,
and 1.92 s.

3. Results and discussion
3.1. Analysis of light I–V characteristics

Figure 3(a) presents the light I–V characteristic curve of
the GaInP/GaAs HJT solar cell after 1-MeV electron irradia-
tion. From the figure, it can be seen that at room temperature,
the 1-MeV electron irradiation causes a certain degree of dam-
age to the electrical performance of the cell, and the degree of
damage is positively correlated with the irradiation fluence. As
the irradiation fluence increases, the degradation of the cell’s
electrical performance becomes more significant. This is be-
cause the number of displacement defects generated during the
1-MeV electron radiation increases rapidly with the increase
in the irradiation fluence, thereby accelerating the recombina-
tion rate of photogenerated electron–hole pairs and leading to
a significant decline in the cell’s electrical performance. To
present the damage effect of electron irradiation on the solar
cell more intuitively, this paper normalizes the key parameters
of the solar cell (Jsc, Voc, Pmax). A large number of studies
have shown that the degradation of the solar cell’s electrical
performance has a logarithmic relationship with the irradiation
fluence.[24,25] The degradation follows the empirical model

P = 1− cp log
(

1+
ϕ

ϕ0p

)
, (1)

where P represents the normalized electrical performance pa-
rameter; cp is the performance degradation rate, which is usu-
ally limited to a dimensionless constant within the range of 0–
1 during the fitting process; ϕ0p is the critical fluence, which is
related to the intrinsic properties of the solar cell and the type
of irradiation particle energy.

Figure 3(b) presents the normalized degradation curves of
the three main electrical parameters for the GaInP/GaAs HJT
solar cell post 1-MeV electron irradiation, with fitting param-
eters in Table 1.

Table 1. Fitting parameters of the degradation curves of the electrical
performance parameters of GaInP/GaAs HJT solar cells after 1-MeV
electron irradiation.

Jsc Voc Pmax

cp 0.24 0.05 0.26
ϕ0 3.83×1014 6.19×1012 1.84×1014

Equation (1) can fit the cell’s electrical damage and out-
put pattern well, with a coefficient of determination (R2) above
0.99. The results show a positive correlation between the
degradation of these parameters and the radiation fluence. At
the same fluence, Voc degrades more than Jsc. As shown in
Table 1, the critical fluence of Jsc is 62 times that of Voc.
So, rapid Voc attenuation is a key factor in the cell’s perfor-
mance degradation. When the cumulative irradiation fluence
reaches 1×1015 cm−2, further analysis shows that the Jsc, Voc,
and Pmax of the GaInP/GaAs HJT solar cell degrade to 86.9%,
88.1%, and 78.6% of the initial values respectively. Notably,
Pmax degrades fastest as radiation fluence increases, since it’s
jointly impacted by Voc and Jsc degradation. Despite this, the
GaInP/GaAs HJT solar cell’s power conversion efficiency re-
mains at 13.8%, indicating its excellent radiation resistant per-
formance.
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Fig. 3. After different fluences of 1-MeV electron radiation, for the
GaInP/GaAs HJT solar cell (a) the LIV characteristic curve and (b) the
degradation curves of the normalized electrical performance parameters
with respect to the irradiation fluence.

Figure 4 compares the open-circuit voltage degradation
trends of GaAs heterojunction and homojunction solar cells af-
ter 1-MeV electron irradiation. Under the same conditions, the
heterojunction cell shows better radiation resistance, mainly as
its Voc degradation rate with fluence increase is lower than the
homojunction cell. The heterostructure shifts part of the p–n
junction depletion region to high-bandgap GaInP, lowering the
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SRH recombination rate.[18] This inhibition reduces the Voc

degradation trend with radiation fluence increase, enhancing
the cell’s radiation resistance.
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Fig. 4. Comparison chart of the normalized Voc of GaInP/GaAs het-
erojunction and homojunction solar cells after irradiation with different
fluences of 1-MeV electron radiation.

3.2. Analysis of external quantum efficiency

Figure 5(a) presents the spectral response curves of
GaInP/GaAs HJT solar cells after irradiation with different flu-
ences of 1-MeV electrons. As the fluence increases, the EQE
decreases overall. Analysis of the spectral response degrada-
tion reveals that the radiation damage primarily manifests as
reduced response in the long-wavelength band, with the degra-
dation magnitude increasing with fluence. The 1-MeV irradi-
ation energy is sufficient to generate displacement damage in
GaInP/GaAs HJT solar cells. Given that the penetration depth
of 1-MeV electrons exceeds the cell thickness, the damage dis-
tribution in the active region is uniform.[13,27] Based on the
structure, where the GaAs base region is ∼ 100 times thicker
than the GaInP emitter, the damage is concentrated primarily
in the GaAs base. As GaAs is a direct-bandgap semiconductor,
photons penetrate deeper at longer wavelengths. Thus, photo-
generated carriers produced by long-wavelength photons orig-
inate farther from the junction. This increases the probability
of carrier capture by defects, explaining the long-wavelength
band degradation observed.

Photocurrent density (Jph), a key parameter for evaluat-
ing solar cell performance and material properties, is obtained
from spectral response measurements. Figure 5(b) shows the
normalized Jph as a function of 1-MeV electron irradiation
fluence. After irradiation, the degradation of Jph is well de-
scribed by Eq. (1), with the R2 above 0.99. The fitting re-
sults reveal that the electrical performance degradation rate
cp of the Jph fitting curve is 0.23, and the critical fluence is
3.63×1014 cm−2. As shown in Fig. 5(b), as the irradiation
fluence increases, Jph degrades slowly initially; however, once
the fluence exceeds 3.63×1014 cm−2, the degradation rate in-
creases significantly. When the irradiation fluence reaches
1×1015 cm−2, Jph still retains 87% of the initial performance

of the GaInP/GaAs HJT solar cell. This further demonstrates
that GaInP/GaAs HJT solar cells possess excellent radiation
resistance performance.
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Fig. 5. After different fluences of 1-MeV electron radiation for
GaInP/GaAs HJT solar cells: (a) spectral response curves and (b) the
degradation curves of normalized Jph with respect to irradiation fluence.

3.3. Analysis of dark I–V characteristic

To eliminate the interference of photogenerated carriers
and deeply reveal the damage mechanism of GaInP/GaAs HJT
solar cells under 1-MeV electron irradiation, and to quantita-
tively analyze the performance degradation law before and af-
ter irradiation, this study uses a double-exponential model to
fit and analyze the dark characteristic curve. This model splits
the reverse saturation current into two components: diffusion
current (Jdiff) and recombination current (Jrec), thereby more
effectively characterizing the intrinsic performance of the so-
lar cell. The equation is expressed as

JL = Jdiff

(
exp

U − JLRs

A1UT
−1

)
+Jrec

(
exp

U − JLRs

A2UT
−1

)
− U − JLRs

Rsh
. (2)

Among them A1 = n1/KT , A2 = n2/KT , n1 and n2 repre-
sent the diffusion ideality factor and the recombination ide-
ality factor respectively. Series resistance (Rs) and shunt re-
sistance (Rsh) represent the series and parallel resistive losses,
respectively. Measurements using the four-probe method min-
imized contact and series resistance effects, ensuring consis-
tency across the batch of GaInP/GaAs HJT solar cells stud-
ied. Before and after irradiation measurements showed Rs <
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0.1 Ω·cm2 and Rsh > 106 Ω·cm2. Therefore, in this experi-
ment, Rs and Rsh were not the main influencing factors of the
dark current of the solar cell, and they were ignored in the sub-
sequent analysis. Figure 6 shows the DIV of GaInP/GaAs HJT
solar cells under different irradiation fluences of 1-MeV elec-
trons. From the figure, two typical features can be observed:
(i) When the scanning voltage is lower than the forward turn
on voltage, the current remains at a low level; (ii) After the
voltage crosses the forward turn on threshold, the current in-
creases linearly, indicating that the device enters the low resis-
tance working region. It is worth noting that as the electron ir-
radiation fluence increases, the dark characteristic curve shifts
overall towards lower voltage and higher current. This indi-
cates that with the increase of irradiation fluence, the dark cur-
rent increases significantly under the same forward bias volt-
age.
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Fig. 6. DIV curve of GaInP/GaAs heterojunction solar cell after 1-MeV
electron irradiation.

To simplify curve fitting and enhance accuracy, the dif-
fusion ideality factor n1 was set to 1. Table 2 lists the fitted
parameters of the DIV curves under various irradiation flu-
ences obtained from the double-exponential model. Figure 7
reveals the trends of diffusion current Jdiff and recombination
current Jrec with irradiation fluence. From Fig. 7(a), Jdiff in-
creases significantly with rising irradiation fluence. This stems
from irradiation induced reduction in minority carrier diffu-
sion length (Lp) which directly elevates Jdiff. Since Jdiff is gov-
erned by carrier recombination within a characteristic distance

Lp from the space charge region edge,[32] defect accumulation
near the junction enhances recombination, further increasing
Jdiff. Under 1-MeV electron irradiation, GaInP/GaAs HJT so-
lar cells show uniform radiation damage defect distribution.
With the introduction of irradiation defects, the effective num-
ber of minority carriers that can migrate to the junction region
is reduced, resulting in a decrease in the short-circuit current.
This mechanism is highly consistent with the Jsc change trend
shown in Fig. 3, revealing that the abnormal increase in diffu-
sion current is one of the key factors causing the degradation
of the short-circuit current. Figure 7(b) experimentally shows
a strong positive correlation between Jrec and 1-MeV electron
irradiation fluence. This current component originates from
Shockley–Read–Hall (SRH) nonradiative recombination via
defects in the space charge region.[33] Under 1-MeV electron
irradiation, the space charge region defect concentration rises
with fluence, amplifying recombination center density. These
centers reduce minority carrier lifetime (τ) through enhanced
SRH recombination, thereby elevating Jrec. Further analysis
reveals that when the radiation fluence reaches 1×1015 cm−2,
the Jdiff and Jrec of the GaInP/GaAs heterojunction are approx-
imately increased to 130 times and 1.6 times of the initial val-
ues, respectively. The maximum Jdiff is of the order of 10−17,
and the maximum Jrec is of the order of 10−9. Jrec is more than
108 times that of Jdiff. Thus, after 1-MeV electron irradiation,
the dark current of the GaInP/GaAs heterojunction solar cell
is dominated by the recombination current.
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Fig. 7. The trend of diffusion current Jdiff and recombination current
Jrec of GaInP/GaAs heterojunction solar cells after 1-MeV electron ir-
radiation with the variation of irradiation fluence.
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Table 2. Fitting parameters of the DIV curve for GaInP/GaAs HJT solar
cells after 1-MeV electron irradiation.

Jdiff (A/cm2) Jrec (A/cm2) n1 n2

Unirradiated 8.68×10−20 8.55×10−10 1 2.28
1×1014 1.70×10−18 9.55×10−10 1 2.26
5×1014 5.18×10−18 1.04×10−9 1 2.23
8×1014 1.05×10−17 1.15×10−9 1 2.22
1×1015 1.13×10−17 1.36×10−9 1 2.21

3.4. Deep-level transient spectroscopy analysis

In solar cells, SRH recombination is the main factor af-
fecting the diffusion of excess carriers. Defects induced during
fabrication and irradiation act as recombination centers, ac-
celerating SRH recombination, thus reducing carrier lifetime
and degrading cell performance. Therefore, accurately char-
acterizing the energy levels, concentrations and capture cross-
sections of these defects is of great significance for deeply un-
derstanding the performance degradation of radiation-induced
solar cells. The DLTS technique based on the capture and
emission processes of carriers by deep-level traps, and through
systematic temperature scanning and rate window analysis,
can quantitatively measure and analyze key parameters such as
the energy level positions, concentrations, and capture cross-
sections of the defects.[34,35] So, in this study, we conducted
systematic DLTS tests on GaInP/GaAs HJT solar cells under
different irradiation fluences.
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Fig. 8. DLTS curve of GaInP/GaAs heterojunction solar cell after 1-
MeV electron irradiation: (a) DLTS test results, (b) magnified view.

Figure 8 shows the evolution of the DLTS spectra for the
GaInP/GaAs HJT solar cell measured between 20 K–380 K

as a function of irradiation fluence. The defect characteris-
tics change significantly with fluence, manifested primarily by
differing growth rates in the intensities of the characteristic de-
fect peaks. Given that the sample structure used in this study
is n+p, the majority carriers in the low-doped base region are
holes, so the four characteristic defect peaks shown in the fig-
ure all correspond to hole defects, and their energy levels are
located above the valence band top. The DLTS analysis re-
sults show that 1-MeV electron irradiation conditions mainly
introduce four characteristic hole defect peaks (H1–H4) in the
GaInP/GaAs HJT solar cell. Their energy level positions are
presented in Table 3: H1 (Ev +0.717 eV)/H∗

1 (Ev +0.744 eV),
H2 (Ev + 0.369 eV), H3 (Ev + 0.282 eV), and H4 (Ev +

0.032 eV). Further analysis revealed that the concentrations of
all defects increased with the increase in irradiation fluence.
Among them, the growth rate of H1 defect concentration was
significantly higher than that of other defect types (H2, H3,
H4). When the radiation fluence reached 5×1015 cm−2, the
concentration of H1 defects rose to 7.11×1014 cm−3, while
the concentrations of H2, H3, and H4 defects respectively were
3.32×1013 cm−3, 3.85×1013 cm−3, and 2.84×1013 cm−3. At
this irradiation fluence, the concentration of H1 defects was
approximately 20 times that of other defect concentrations,
indicating that the defects introduced by high-fluence 1-MeV
electron irradiation were mainly H1 defects. Moreover, by fit-
ting with the Arrhenius formula (Fig. 9), the capture cross-
section σ of H1 defects reached 1.78×10−12 cm2, which was
much higher than that of other defect types. The substantial
increase in H1 concentration and its efficient recombination
characteristics are thus a key factor in the rapid degradation of
GaInP/GaAs HJT solar cells under high-fluence 1-MeV elec-
tron irradiation. As an efficient SRH recombination center,
H1 reduces carrier lifetime and diffusion length, diminishing
the collection of photogenerated carriers. This leads to a sig-
nificant increase in recombination current with irradiation flu-
ence, consistent with the DIV analysis. Consequently, in the
phot I–V test, the phenomenon of the electrical performance
of GaInP/GaAs HJT cells rapidly degrading with the increase
in irradiation fluence is manifested.

Based on the analysis of comprehensive literature
data,[36,37] it was found that H3 (Ev +0.282 eV) and H4 (Ev +

0.032 eV) in the GaInP/GaAs HJT cell might belong to the
intrinsic point defect cluster. Their essence is that electron ir-
radiation directly induces as lattice vacancies-interstitial atoms
(VAs–IAs) through the displacement damage effect. Combined
with the experimental results and theoretical analysis, H1

(Ev +0.717 eV)/H∗
1 (Ev +0.744 eV), and H2 (Ev +0.369 eV)

might originate from the migration of As interstitial atoms
(IAs) induced by irradiation, and form defect complexes com-
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bined with inherent impurities in the material.
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Fig. 9. Arrhenius fitting of various defects in GaInP/GaAs heterojunc-
tion solar cells after 1-MeV electron irradiation.

Table 3. 1-MeV electron radiation-induced defect energy levels and
concentrations in GaInP/GaAs heterojunction solar cells by DLTS
method.

ET–EV (eV) NT (cm−3) σ (cm2)

5×1014 cm−2 H1 0.716 3.27×1013

H2 0.369 1.88×1013

H3 0.282 9.48×1012

H4 0.032 7.42×1012

1×1015 cm−2 H∗
1 0.744 2.55×1014 3.83×10−15

H2 0.368 2.49×1013

H3 0.301 1.96×1013

H4 0.032 2.19×1013

5×1015 cm−2 H1 0.717 7.11×1014 1.78×10−12

H2 0.368 3.32×1013 1.02×10−13

H3 0.277 3.85×1013 9.09×10−18

H4 0.032 2.84×1013 8.82×10−20

4. Conclusion and perspectives

This study systematically investigated the radiation dam-
age effect of GaInP/GaAs HJT solar cells under different ir-
radiation fluences of 1-MeV electrons at room temperature.
Through LIV and EQE tests, the degradation laws of the cell’s
electrical performance were analyzed. The results showed that
the three key electrical performance parameters of the solar
cell: open-circuit voltage (Voc), short-circuit current density
(Jsc), and maximum output power (Pmax), followed the loga-
rithm degradation law when subjected to the electron irradia-
tion fluence. The rapid degradation of Voc is an important fac-
tor causing the degradation of solar cell performance. Under
the same radiation conditions, the degradation amplitude of Jsc

is significantly smaller than that of Voc, and the critical injec-
tion fluence of Jsc is 62 times that of Voc. And the heterojunc-
tion cell shows better radiation resistance, mainly as its Voc

degradation rate with fluence increase is lower than the homo-
junction cell. The spectral response test results show that the
radiation damage of 1-MeV electron to GaInP/GaAs HJT cells
mainly manifests as long-waveband damage. The degradation

amplitude increases with the accumulation of irradiation flu-
ence, and the degradation process of photogenerated current
density Jph shows a trend of first slow and then fast. DIV re-
veals that after 1-MeV electron irradiation, the dark character-
istic curve presents two typical features, and both the recom-
bination current and diffusion current have an increasing rela-
tionship with the irradiation fluence. After analysis, it is found
that the dark current of GaInP/GaAs HJT cells is dominated by
the recombination current. DLTS test reveals that after 1-MeV
electron irradiation, four characteristic hole defect peaks (H1–
H4) are mainly introduced into the GaInP/GaAs cells. Their
energy level positions are calculated as H1 (Ev+0.717 eV)/H∗

1

(Ev+0.744 eV), H2 (Ev+0.369 eV), H3 (Ev+0.282 eV), and
H4 (Ev +0.032 eV), and in the high fluence condition, the H1

defect is an important factor causing the rapid degradation of
the solar cell.
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