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ABSTRACT

Recent advancements in gallium arsenide (GaAs) solar cell technology have resulted in
appreciable improvements in solar panel performance. The effects of these improvements
on weight, size, and power are discussed for three typical satellites: a spin stabilized
satellite with rigid drum panels, a 3-axis stabilized satellite with rigid fold-out arrays, and a
3-axis satellite with flexible roll-out arrays. The satellites chosen for these examples are
the Hughes HS 376 series standard commercial spin-stabilized satellite, the NASA Solar
Max Mission Satellite, and the NASA Large Space Telescope Satellite. The discussion
also includes the effects of radiation at synchronous orbits compared to low earth orbits
and the effects of temperature on the performance of the solar panel.

Typical advantages of a GaAs solar cell spinning array having a beginning of life (BOL)
1 kW power level, in synchronous orbit, over the most efficient silicon solar panels are a
reduction of 27 percent in area and a reduction of 7 percent in weight. The improvements
are even more dramatic for higher temperatures as will be discussed in the text of this
paper. These GaAs solar cells are expected to be available in production quantities by
1985 at a price close to that of silicon cells.

INTRODUCTION

During the past ten years major advances have been made in increased efficiency of solar
cells. Figure 1 shows the steady improvement in silicon cells from an in-orbit efficiency of
9. 5 percent in 1961 to a present efficiency of 14. 8 percent. These efficiencies are given in
the customary conditions of air mass zero (AMO-meaning in orbit with no energy



absorption by surrounding air) at 28EC. A major jump in the efficiency was realized when
the gallium arsenide solar cell was developed. With Research and Development funds and
Air Force sponsorship, Hughes Aircraft Space and Communications Group and Research
Laboratories have been developing the GaAs solar cell for the past 7 years. The
development has reached the stage where cells are produced with yields approaching 50
percent in a manufacturing reactor that is suitable for mass production use. These cells
have been subjected to qualification tests and thermal cycles to temperatures up to 400EC.
Thermal vacuum and humidity tests have caused no degradation in cell performance.
Charged particle radiation experience has shown that GaA1As cells, when exposed to the
nominal synchronous orbit environment, have superior radiation resistance to that of the
latest silicon cells. Furthermore degradation with temperature is 50 percent less than that
of the silicon cell. The integrity of the cell contacts were unaffected by the welding
interconnections. These qualification tests are discussed further in the following sections.

Two additional stages in evolution are needed before these high performing cells are
routinely used for satellites. The first of these stages is to fly a sufficient number of
production-type cells to verify ground test results. It is expected that this flight will occur
late in the first quarter of 1982 onboard the Italian San Marco D/L satellite. The final stage
to make the cells generally available for space applications is to establish firm
manufacturing procedures and production lines. It is expected that this stage will be
completed within three years under a USAF Manufacturing Technology Program. With the
successful completion of these stages, the 17 to 18 percent efficient GaAs solar cell should
be available in production lots at a price only slightly higher than the same size best silicon
cells. The cost per watt of a total system is expected to be lower than that of a total silicon
cell panel because of the improved performance. Even though GaAs cells are denser than
silicon cells, the watt per pound figure will be greater on a system basis for the GaAs
system, discussed later in this paper.

GaAs CELL DESIGN

A structural diagram of a GaAs solar cell is shown in Figure 2. The basic cell carrier is a 
0.010" to 0.012" substrate of GaAs with either silicon or tellurium dopants. The ingot from
which the substate is cut is grown by the horizontal Bridgeman method. A 0.016" mil thick
1.125" x 2.125" substrate is cut from the ingot in the 100 plane. The substrate is ground to
a 0.010" thickness, polished on both sides, and the dislocations measured. Dislocations of
average values of 5000 per square centimeter are acceptable. This condition is easy to
realize and results in a substrate of acceptable cost.

The substrate after etching is (together with a number of other substrates) mounted in a
graphite cassette. The cassette is mounted into the “infinite-solution” liquid-phase epitaxial
(LPE) growth reactor (Figure 3). A 10 micron thick negatively doped GaAs buffer layer is



grown. After the buffer layer growth cycle, the cassette is withdrawn and the substrates
removed, cleaned and readied for the addition of the 0.5 micron window layer. The
window layer prevents surface recombination of the electron-hole pairs. This growth
process is a repeat of the previous buffer layer process but with an aluminum concentration
to provide the positive dopants. During this process, the positive dopant diffuses
#0.5 microns into the buffer layer to form the junction as illustrated in Figure 2.

After cleanup, the cell is cut to size, contacts added, an antireflective coating applied, and
current-voltage measurements made. These latter processes are similar to those applied to
silicon solar cell production (Figure 4).

It should be pointed out that aluminum and beryllium concentration in the reactor are
critical to obtaining good performance characteristics. When A1 concentration goes down,
the short circuit current of the cell falls. The Be concentration has to be adequate to give
~1 - 5 x 1018 cm-3 carrier concentration in the window layer as well as in the p-doped
GaAs layer. Insufficient Be concentration results in a loss of open circuit voltage and in
excessive series resistance. Both factors combine to reduce the maximum power produced
by the cell.

GaAs SOLAR CELL CHARACTERISTICS

A parameter comparison between the highest available efficiency silicon solar cells and
GaAs solar cells is shown in Table 1. Typical short circuit current, open circuit voltage
characteristics are shown in Table 2. It should be noted that the open circuit voltage is
double that of silicon solar cells. While the fill factor (measure of the squareness of the
current vs voltage curve) for the cells shown in Table 1 averages 0.78, a fill factor of 0.85
and cell efficiencies approaching 20 percent are achievable.

GaAs PERFORMANCE CHARACTERISTICS

Solar cells operate in a thermal environment between -100EC and +150EC, dependent on
spacecraft configuration and orbit. A typical silicon cell degrades approximately 0.5
percent for every degree Centigrade rise in temperature. The degradation due to the
thermal environment for GaAs is approximately one-half that of silicon, as shown in
Figure 5. This characteristic of GaAs allows the cells to function in an environment hereto
restricted to nonphotovoltaic devices and is particularly attractive for solar concentration
systems.



TABLE 1.  PARAMETER COMPARISON

Characteristics Si
(Efficiency = 15%)

GaAs
(Efficiency = 17%)

Power, mW/CM2 20.3 23.0

Size, CM 2 x 2
2 x 6.2

2 x 2
2 x 4

Thickness, CM 0.025 0.030/0.020

Grid lines, per CM 12 12

Bar contact width, CM 0.064 0.071

Diffusion depth, µ 0.1 <0. 5

Antireflection coating Ta2 O5 Ta2 O5

Numerous tests were conducted in the course of the GaAs solar cell development process
to determine their susceptibility to the radiation environment. Initial tests showed the
criticability of keeping the junction depth between 0.3 and 0.7 micrometers. As the
junction gets deeper, the short wavelength response suffers more heavily from radiation
damage. Indeed, since the short wavelength radiation is aborted closer to the surface, the
generated carriers must travel farther to reach the junction, and hence see the effect of
radiation damage more than the long wavelength generated carriers. Figure 6 shows the
electron radiation damage characteristics of a high efficient silicon cell (K7), as compared
to GaAs cells with 0. 5 µm and 0.3 µm junction depth. As shown when the junction depth
is reduced from 0.5 µm to 0.3 µm, the GaAs cell has almost paralleled degradation
compared to silicon. Since 18 percent efficient GaAs cells have been fabricated using the
present technology, the GaAs cell efficiency, will be approximately 40 percent higher than
that of the silicon cell after exposure to 1016 MeV electrons, if the junction depth can
consistently be decreased to 0.3 µm without other penalties.

Even though GaAs cells show greater degradation than silicon cells when irradiated by
protons with energy less than 1 MeV (Figure 7)all solar cells are normally protected from
these protons by the glass covers when used in space arrays. The more pronounced effects
of the low-energy protons on GaAs cells have to be expected since these particles are
stopped within the 2 to 3 µm active region of the GaAs solar cell. The normal glass cover
protection screens out all protons below 5 MeV energy levels and results in the GaAs cells
superior end of life power capability compared with Si. The measured changes in open
circuit voltage, short circuit current, spectral response, and characteristics after irradiation
at each proton energy and fluence occur reproducibly as expected by theory.



TABLE 2.  GaAs SOLAR CELL TYPICAL CHARACTERISTICS
AT 28EEC AMO

Manufactured
Cell-No.

ISC

mA
VOC

V

Fill Factor
(Measure of Squareness

of the IV Curve)
Efficiency,

%

3465

3467

3468

3471

3477

3479

3481

3482

3485

3486

116

116

118

118

116

118

117

115

120

120

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.78

0.78

0.78

0.76

0.78

0.77

0.76

0.79

0.76

0.77

16.8

16.8

17.0

16.6

16.6

16.9

16.4

16.7

16.8

17.1

ANNEALING

Hughes experiments have shown that the ability to anneal the radiation damage in GaAs
cells is considerably better than for Si cells. Ground tests usually expose the cell to the
total required fluence over a short period of time (high flux). As a result the cell has no
time to self anneal the damage. In space the flux is far less (although the fluence may be
the same). As a result the cell has time to self anneal the damage. As a result of this
annealing, the end of life (EOL) efficiency of GaAs may be very close to that at beginning
of life (BOL) providing much better power than shown in Figure 6. This annealing
characteristic offers exciting prospects, especially for missions which involve high
radiation belts.

Figure 8 shows some of the continuous annealing data obtained by Hughes. This aspect of
GaAs solar cell performance requires investigation in greater detail. Additionally, data has



been obtained from the Navy Technology Satellite (NTS2) solar cell experiment which
seems to verify the experimental data. Four GaAs cells were flown on the NTS-2; these
cells were the first GaAs cells produced by Hughes. Their efficiency was 13.6 percent with
a junction depth of 1.0 µm. the experiment was launched on June 23, 1977 into an 11,000
nautical mile 63E inclined orbit. The annual fluence was determines to be 3.5 x 1014 e/cm2.
After 1116 days in orbit, the cells degraded by 28.3 percent from the initial 61.4 Mw. With
the junction depth of 1.0 µm, the degradation should have been greater than 40 percent
when predicted from ground test data.

DESIGN COMPARISON OF GaAs PANELS WITH SILICON PANELS

The GaAs solar cell density and, therefore, weight for a similar dimension cell, is
approximately twice that of a silicon cell. However, fewer GaAs cells are needed for a
given power, thus cutting the weight of the other components of the array. A study was
made to determine the overall array weight of Si cell arrays versus GaAs cellarrays.

A standard Hughes HS 376 commercial spin-stabilized satellite was used for one system
weight and area comparison. The system produces 821 watts of power at end of life (EOL)
in a 7-year synchronous orbit where the temperature is fairly low (28 percent) due to the
spinning of the satellite. Table 3 shows a weight saving of 10 pounds and a panel area
reduction of 27 percent possible with the use of GaAs instead of silicon cells. Table 4
shows that by the substitution of GaAs for silicon cells for the same area of solar array, the
EOL power can be increased by approximately 300 watts or 37 percent.

TABLE 3.  COMPARISON OF GaAs WITH Si PANEL FOR
SAME POWER AT 28EEC



TABLE 4.  COMPARISON OF GaAs WITH Si PANEL FOR
SAME SIZE AT 28EEC

The use of a spinner and its relatively benign temperature and radiation environment does
not show the GaAs to its fullest advantage. Table 5 shows the weight advantage that GaAs
offers over silicon cells for a flat panel system such as the 1500 w Solar Maximum
Mission panel (with a thinner substrate). Table 5 also shows a weight comparison at array
temperatures of 28EC and 128EC. At an orbital temperature of 82EC and a 1 Mev electron
fluence of 1015 e/cm2, Table 5 shows a 45 percent weight saving with GaAs. At an orbital
temperature experienced by the NTS-2 satellite, 128EC, the weight saving is even more
dramatic.

Table 6 shows the comparison of GaAs cells and silicon cells for the Space Telescope
Solar Array. An additional 40 percent more power can be realized from the same array if
the silicon cells are replaced with GaAs cells.

CONCLUSIONS

The Hughes developed GaAs cells have been produced in a consistent manner in reactors
that are capable of being utilized in a production line. We have consistently produced 2 x 2
cm as well as 2 x 4 cm cells with efficiencies between 16 and 18 percent. The cells have
been subjected to the full qualification test environment and have successfully passed all
tests. At the present time two small panels utilizing the latest GaAs cells are being
prepared for flight as an active part of the San Marco D/L satellite scheduled for launch in
March 1982. Additionally, 300 cells are being prepared for delivery to the Navy to
produce a portion of the power on one of their soon to be launched satellites.



TABLE 5.  3 AXIS RIGID FOLDOUT ARRAY, 1500 W EOL AT 28EEC

(Continued next page)  



Table 5 (Concluded)

TABLE 6.  SPACE TELESCOPE

5 yr. EOL

Panel Weight

EOL Power-to-Weight Ratio

Silicon Cell

4000W

190 lb.

21 w/lb.

GaAs Cell

5600W

240 lb.

23 w/lb.

Weight Saving/Watt  Y 10%

The USAF GaAs cell program has been a great success. With the help of a Manufacturing
Technology program, it is hoped to be able to have a production line within 3 years to
produce the cells at a cost comparing favorably with that of silicon cells on a dollar per att
basis.

These GaAs cells will provide appreciable improvements in future satellite power systems.
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FIGURE 1.  SOLAR CELL POWER HISTOGRAM



FIGURE 2.  BASELINE DESIGN

FIGURE 3.  LPE SYSTEM FOR FABRICATION OF GaAs SOLAR CELLS



FIGURE 4.  GaAs SOLAR CELL FABRICATION AND TEST



FIGURE 5.  EFFICIENCY VS TEMPERATURE

FIGURE 6.  RADIATION DAMAGE-GaSa VERSUS Si SOLAR CELLS



FIGURE 7.  PROTON DAMAGE IN (AIGa) As-GaAs SOLAR CELL

FIGURE 8.  CONTINUOUS ANNEALING OF PROTON DAMAGE


