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Heteroface AlGaAs/GaAs Solar Cells grown by MBE
(MBEol ¢Jal] A 2% Heteroface AlGaAs/GaAs B ¥ #])
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(Ho Sung Chang and Sung Kyoo Lim)

Ak
1=

g 08

conventional Bf ok 2] & A
Ao g w35l conventional
- 53 e A g

Sasaaddol hg S

Azl wle]l ot olulHel ve T

sepoieh, melme ofop
odeiel FE7 UAelA HEE e
4

oraae) A% 7

P

old Z3hg ol&sted AAIE 0.39emx0.39%em 2719 B oFA 3 5o el
E dlopAa el A9 AM 1.5 2764 15.9% °lgond gt FRE (Jo )& 19.00 mA/em?, 7HA g}
(Voo) 2 0.93V, F4%= 0,780

Abstract

Heteroface AlGaAs/GaAs drift solar cells with an active area conversion efficiency of 15.9 %
under one sun and AM 1.5 condition have been grown by molecular beam epitaxy (MBE). These
drift solar cells have linearly graded doping profiles in the base and emitter regions. The cells have a
short circuit current density (Jg¢) of 19.00 mA/cmz, an open circuit voltage (Voc) of 0.93 V, and
a fill factor (FF) of 0.78, respectively. Conventional solar cells with fixed doping profiles were
also grown by MBE for comparison with the drift solar cells. Even though the fabrication cost of
MBE grown solar cell is higher, the expected highest conversion efficiency of the single or multiple
cells could compensate for the increased cost, particularly in case of space applications.

L. Introduction conversion efficiency of 15.8% (AM1.5, 100

mW/cmz), without an antireflective coating have
been demonstrated [7]. The conversion efficiency
of AlGaAs/GaAs solar cells have been improved
continuously. The most recent report shows the
conversion efficiency of 21% under one sun and
AMO condition for an MOCVD grown solar cell
{6]1.

In this paper, we report MBE grown AlGaAs/
GaAs drift solar cells (0.39 cm x 0.39 cm) with
active area conversion efficiency of 15.9% under
one sun, AM1.5 condition. The doping concentr-

A number of AlGaAs/GaAs heteroface solar
cells with high conversion efficiency have been
fabricated by liquid phase epitaxy (LPE) [1,2,3,4]
and metalorganic chemical vapor deposition
(MOCVD) {5,6). MEB grown solar cells with
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ation of a conventional solar cell was constant
while that of a drift cell gradually changed from
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high to low in the base and from low to high in
the emitter to create field-aided regions. It is
reported that the presence of a field-aided region
leads to a high collection efficiency of photogener-
ated carriers and increased open circuit voltage[8].
Eenergy band diagrams of the active layers of con-
ventional and drift solar cells are shown in Fig.1.
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Fig.1. Active layer energy band diagram
(a) Drift, and (b) Conventional solar cell

In conventional cells, only the electron-hole pairs
(EHP) generated within the minority carrier diffu-
sion length from the depletion region or in a
depletion region contribute to the photovoltaic
effect. In drift cells, however, EHP’s generated
outside a diffusion length may also contribute to
the photovoltaic effect. This is due to the drift
field created by the intentional doping gradient
in the active layer. In a conventional solar cell,
current within a minority carrier diffusion length
of the space charge region is due to diffusion while
for the drift cell it is due to both diffusion and
drift. The drift field also reduces the transit time
of minority carriers, which results a lower recom-
bination rate of the carriers. The structure was
designed using a simple computer simulation.
Therefore, the present structure may not be
completely optimized.

II. Fabrication

The solar cells were fabricated by MBE on n-
type (100) GaAs Bridgeman substrate with con-
centration of 2 x 10'® cm™. The structure and
doping profiles of the fabricated solar cells are
shown in Fig.2. Before the substrate was loaded
into MBE, it was cleaned in boiled trichloroethy-
lene, and rinsed in aceton, methanol and deionized
water. After removing oxide by wet etching it
was rinsed in deionized water agan and blow
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dried with filtered nitrogen gas. The cleaned
substrate was then mounted on a preheated Mo
sample holder with In soldering for adhesion and
loaded into MBE system. The MBE system
was pumped down and cooled with liquid
nitrogen, and by using a combination of ion, cryo,
diffusion, sorption, and sublimation pumps, high
vacuum condition of 4 x 10°® Torr in the growth
chamber was maintained.

Device Structure
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Fig.2. Solar cell
(a) Device Structure (b) Drift, and
(c¢) Conventional doping profiles
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A Si doped 0.5 um thick n* buffer layer was
grown with the concentration of 1 x 1018 cm'3,
and the 2 um thick Si doped n+ layer with gradu-
ally changing doping concentration from 1 x 1018
em™ to 1 x 10'7 cm™ was grown. By varying the
effusion cell temperature it was possible to grow
epitaxtial layers with graded doping concentration.

A 1 um thick p layer was then grown with Be
doping concentration gradually changing from
5 x 1017 ¢m™ to 2 x 10'® cm™. The substrate
temperature was kept at 560 :C during the grow-
ing of GaAs layers. A 300 A thick AlxGa;_xAs
(x=0.9) p layer with doping concentration of
2 x01018 cm 3 was grown and was capped with a
30 A thick high conductivity p GaAs layer with
doping concentration of 2 X 1018 ¢cm™3. While
growing AlGaAs layer, the substrate temperature
was 680 °C. The epilayer growing speed was about
1 um/hr. The thickness of the conventional cell
was the same as above, but the doping pofiles
were kept constant. The base was doped with Si
to 1 x 1017 c¢m™ and the p type emitter was
doped with Be and the doping level was 5 x 1017
em™3.  AlxGa; xAs (x=0.9) layer was used as
window. The nt buffer layer was essential for the
successive growth of high quality epitaxial layers.
The doping concentration gradient in the base and
emitter creates drift field in the region. A 30 X
thick capping layer was grown to protect AlGaAs
surface during the fabrication process and from
oxidation and for ohmic contact. Other resear-
chers used 500 X GaAs capping layer for ohmic
contact to the top electrode and the other parts
were removed for better light absorption. The grid
pattern occupied 13% of the solar cell area. The
recent report showed that the grid area could be
reduced to 4% of solar cell area[9]. 0.2 um thick
Au-Zn(10% Zn) layer was evaporated on the p+
GaAs capping layer for ohmic contact in drift
solar cell and then annealed at 450 °C for §
minutes. In conventional solar cell Mn-Au was
used for p type ohmic contact. The annealing
was carried out at 450 °C for 20 sec. Lift-off
technology was used for the metal electrode. Mn-
Au was used to minimize perturbation of the
doping profile during ohmic contacts annealing in
the conventional solar cells. The back of the cell
was soldered with In to thin Cu plate for n type
ohmic contact and for heat sinking. SiO, layer
was deposited by plasma enhanced chemical vapor
deposition (PECVD) for AR coating and passi-
vation layer.
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III. Results and Discussion

The active area conversion efficiency of our
best drift cell was 15.9% under one sun, AM 1.5
illumination (100 mW/cmz) while that of con-
ventional cell was 16.0% under the same con-
dition. Fig. 3(a) shows the current-voltage relation-
ship of a drift cell under illuminated condition
(The numbers in parentheses are for the conven-
tional solar cell.). The short circuit current density
(Jse¢) was 19.00 (22.17) mA/cm2 and the open
circuit voltage (Vo) was 0.93 (0.86) V. The fill
factor (FF) was 0.78 (0.72) resulting in a con-
version efficiency of 15.9 (16.0) % . The fill factor
of 0.78 (0.72) of the fabricated solar cell was
lower than optimal because of the series resis-
tance associated with the very thin p type ohmic
contact layer. If the contact grid was plated to a
thickness of 3 um, the series resistance of the solar
cell could be reduced and would yield higher
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Fig.3. I-V Characteristics of
(a) Drift, and (b) Conventional solar cell
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efficiency. Contrary to our expectation, the
conversion efficiency of the drift solar cell was a
bit lower than that of the conventional solar cell.
The reason was due to the lower quantum  effi-
ciency of the drift solar cell as shown in Fig.4. The
external quantium efficiency of the conventional
solar cell was higher than than that of the drift
solar cell. The lower quantium efficiency of the
drift solar cell was believed mainly to be due
to the poor surface state of the AR coating layer.
If the same external quantum efficiency is
assumed, the expected conversion efficiency of
drift solar cell will be 17.8% which is much greater
than that of the conventional solar cell. All the
measurements were performed at the SERI (Solar
Energy Research Institute). The important para-
meters including short-circuit current density
(J.), open-circuit voltage (V. ), fill factor (FF),
and conversion efficiency for the fabricated solar
cells are listed in Table 1.
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Fig.4. External quantum efficiency of drift and

conventional solar cell

Table 1. Measured solar cell performance
parameters under one-sun, AM 1.5
condition at 25TC.

Cell No. | Jgq (mA/em®) | Voo (V) | FF (%) | Efficiency (%)
C1 23.17 0.877 | 71.72 16.0
Cc2 22,46 0.872 | 60.62 13.7
D1 18,57 0.927 | 78.80 15.6
D2 19. 00 0.927 78.19 15.9
D3 18.79 0.923 | 77.79 15.5
D4 19.07 0.927 | 76.72 15.6
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The AlGaAs/GaAs solar cells grown by MOCVD
showed 18.7% and 21% of conversion efficiency
under one sun, AM O condition [5,6]. And these
values were very close to the maximum conversion
efficiency of 21% derived by computer calcul-
ation[10]. High series resistance and large grid
contact area caused lower conversion efficiency
of MBE grown AlGaAs/GaAs solar cells. By
choosing optimized performance parameters it will
be possible to fabricate high quality solar cells
by MBE.

IV. Conclusion

In conclusion, AlGaAs/GaAs heteroface drift
solar cell with a conversion efficiency of 15.9%
was fabricated by MBE. The best conventional cell
efficiency was 16.0%. Because of the consistent
quality of MBE material, large area solar cell may
have the same high efficiency as that of small
area solar cell. Much research has been done on
AlGaAs solar cell for its application as an upper
cell in the development of high-efficiency multiple
solar cell [8,9]. The work described herein was
done for a first step to the fabrication of high
efficiency cascade solar cells. The expected con-
version efficiency of the two junction or three
junction cascade solar cells could be greater than
30%(1].
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