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ABSTRACT: The use of the bifacial solar cells started in space for additional energy conversion by utilizing the Earth’s 
albedo. The promise of bifacial Si solar cells for space application is based on a proven energy generation increase of 10-20% 
when using bifacial solar cells instead of regular Si cells in low earth orbits (LEO). Bifacial solar cells can also be applied for 
other orbits, when orientation is restricted. Among different types of bifacial cells only Si solar cells with n+-p-p+ structure 
are used for space applications. High quality bifacial cells are produced by industrial fabrication technology based on the 
combination of thermal P diffusion for n+ layer doping and B ion implantation with subsequent annealing for p+ layer doping. 
Fabrication technology optimization resulted in improved bifacial solar cell parameters. The bifacial Si solar cells approach 
the high efficiency multijunction cells in energy generation ability on LEO. Despite the higher sensitivity to hard radiation of 
back illuminated bifacial Si solar cells, their advantage due to simultaneous contributions of both cell sides, can be retained 
for a longer period of time. 
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1  INTRODUCTION 
 

The bifacial solar cell is able to generate 
photocurrent with front as well as back illumination. The 
reflected or scattered solar light incident upon a cell back 
provides energy in addition to that generated by the light 
incident upon the cell front. Therefore bifacial solar cells 
can produce more energy than a conventional cell under 
certain conditions The practical use of bifacial solar cells 
started in space. Initial interest for the space application 
of bifacial cells was based on the opportunity of using the 
Earth albedo for illumination of the back side of solar 
arrays in low Earth orbits. A wide spectrum of fabrication 
procedures, starting materials and designs have been 
investigated to find the simplest way of achieving high 
efficiency conversion by both sides of bifacial solar cells. 
However, among different types of bifacial cells only Si 
solar cells with n+-p-p+ structure are used for space 
applications. The first cells of this type were proposed, 
fabricated and published on, by the authors of this paper 
[1, 2]. It was also shown that Si in a very wide resistivity 
range can be used for bifacial cell fabrication [3, 4]. 
(Useful information on terrestrial bifacial solar cells can 
be found in the review [5]).  

The first experimental PV modules made from pilot 
production bifacial Si solar cells were tested on the space 
station Salut-3 launched in 1974 [6, 7]. The gain of 
power due to use of Earth albedo by bifacial cells was 
recorded during the flight of this space station. Practical 
application of bifacial Si solar arrays became possible on 
Russian spacecrafts due to a special design of mesh and 
string substrates transparent for a sunlight. Later a 
significant increase in generated power was recorded 
during the flight operation of bifacial solar arrays on 
several spacecrafts in LEO orbits. More, than 10% gain 
of the bifacial Si solar array generated power has been 
recorded in the flight operation of spacecrafts "Zarya" 
and "Zvezda" of the Russian segment of the International 
Space Station (Fig.1). 

 
 

 

 
 

Fig.1 Bifacial Si solar arrays were mounted on 
spacecrafts "Zarya" and "Zvezda" of Russian segment of 
the ISS. 

 
Bifacial solar arrays for high orbit satellites can also 

be beneficial if special orientation requirements exist. 
There is also an increase in spacecraft reliability in the 
event of disruption of the solar array orientation [7]. 

Industrially produced bifacial Si solar cells 
demonstrate quite high efficiency [8]. Improvements of 
fabrication technology lead to an increase of conversion 
efficiency under both front and back illumination [9]. An 
additional advantage of bifacial cells is lower equilibrium 
temperature due to the transparency of these cells for IR 
light, and therefore higher generated power.  

The superiority of bifacial cells over standard Si 
solar cells is decreased when used on space vehicles 
exposed to damaging fluxes of trapped particles or solar 
protons [10, 11]. 

A brief analysis of results achieved in industrial 
production, cell fabrication technology improvement and 
space application, as well as evaluation to what degree 
space radiation can affect the superiority of bifacial solar 
cells are given in this paper. 
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2  GOALS AND ACHIEVEMENTS 
 

2.1 Arguments for using bifacial solar cells in space 
The first studies of bifacial solar cells were for cells 

dedicated for space applications. The obvious goal was to 
collect and convert additional radiation scattered by the 
Earth (albedo). Calculations of back solar array 
irradiation were done by authors of [6] for different 
altitudes and sun tracking modes. Light energy incident 
on the solar array back is shown in Table 1 as a 
percentage of front irradiance.  

 
Table 1: Average calculated light energy incident on the 
solar array back (percent of front irradiance), when the 
sun is in the plain of the satellite orbit.  
 

Full two-axis 
sun tracking 

One-axis sun
tracking 

Feathered solar array
for minimize the drag

Altitude of circular orbit, km 

Character 
of light 

200 600 1000 200 6001000 200 600 1000

Direct - - - - - - 3 9 14 
Earth 

scattered 
17 12 10 15 10 8 34 31 28 

 
The calculations were made for three typical 

orientation modes: two-axis sun tracking; one-axis sun 
tracking with the normal to the solar array in a plain 
passing through the direction to the sun and the radius-
vector of the satellite; feathered solar array (not sun-
tracking) to minimize the aerodynamic drag forces, 
particularly important for low flying vehicles. Not only 
earth scattered light but at times direct sunlight can reach 
the solar array back. 

As can be seen in the Table, albedo can add quite 
significant light energy even in the worst case of back 
illumination. The contribution of back illumination to 
solar arrays of vehicles with minimum drug orientation 
can exceed one third of average front incident light. 
Similar results of modeling the earth albedo contribution 
were obtained by the authors of [12, 13]: 5-15% or 25-
30%, respectively.  

An additional increase of bifacial solar cell output is a 
result of the cells improved optical properties, 
particularly, transparency in the IR range. Spectral 
dependences of absorption of Si solar cells of different 
designs are shown in Fig. 2 [14 ]. 
 

 
 
Figure 2: Spectral absorption of antireflective coated 

and glass covered Si solar cells. 
1 - Conventional cell with non polished back completely 
covered by Ti-Pd-Ag contact. 2 - The same design with a 
polished back. 3 - Solar cell with a back reflector. 
4 - Bifacial cell with both sides polished, antireflective 
coated and glass covered. 

Due to high transmission for IR light the sun 
absorption coefficient of the bifacial Si solar cell is low: 
αs=0.71 comparative to  αs=0.87 for a regular solar cell. 
It results in ~15oC decrease of equilibrium working 
temperature (see Table 2). The same decrease in working 
temperature (15oC) of bifacial solar array on the low 
altitude space station was computer modeled by [10]. 
More than 6% increase in generated power can be 
expected due to lower bifacial solar cell temperature. 
 
Table 2: Optical, thermal and power parameters of 
silicon solar cells with decreased solar absorptance. 

 
Emittance, εTType 

of solar cell
 αs

Front Back 
ΔT, 0C 

Power 
enhancement,
ΔP/P·100 % 

Non polished
back 0.87 0.81 0.90 0 0 

Polished back 0.82 0.81 0.90 6 2.5 

Bifacial 0.71 0.81 0.81 15 6 

 
2.2 Progress in bifacial solar cell design and fabrication 
technology 

A bifacial Si solar cell with n+-p-p+ structure can 
effectively convert the light energy incident on the back 
surface if two main requirements are satisfied: i) the 
recombination on the back surface is effectively 
suppressed, and ii) minority carrier diffusion length in the 
base region L>d, where d is the base thickness. The cell 
has two light receiving surfaces - n+ and p+ - with contact 
grids and antireflective coatings on both surfaces. 
Traditionally, one side is the front, as a rule the side with 
the n-p junction, and the other side is defined as the back 
of the cell. 10-25 Ω·cm p-Si is mainly used for their 
production. However, Si in very wide resistivity range 
can be used for bifacial cell fabrication [10]. 

The relatively high and approximately identical 
properties of n+ and p+ layers were provided by 
"KVANT" fabrication technology based on the 
combination of thermal P diffusion for n+ layer doping 
and B ion implantation with subsequent annealing for p+ 
layer doping. Despite the imperfect design of bifacial 
solar cells (symmetry factor is 75-80%), there is a 
significant gain in available energy in space, as can be 
seen in Table 3. 

Optimization of fabrication technology resulted in 
improved bifacial solar cell parameters. Optimized  
parameters are recombination losses in the passivated 
emitter and suppressed effective back surface 
recombination. The last one is affected by BSF quality 
and by defects introduced into the base section adjacent 
to the p+ layer due to ion implantation [17]. Examples of 
front and back I-V curves of improved bifacial solar cell 
at AM 0 simulated illumination are shown in Fig. 3. The 
20×20 mm 250μm thick laboratory cell was fabricated 
using 22 Ω·cm FZ Si. A thickness decrease should 
increase the symmetry factor to 0.85-0.95. The combined 
thermal diffusion/ion implantation technology is very 
promising for both increasing efficiency and decreasing 
cost of bifacial Si solar cells. 
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Table 3: Power generation enhancement achieved using 
industrial bifacial instead of regular Si solar cells (Flight 
data) 
 

Spacecraft 
name 

Launch 
year 

Orbit
type 

Power generation
gain, % 

Reference

Salut-3 1974 LEO 17-34 [6, 15] 
Salut-5 1976 LEO 17-45 [16] 
Kosmos-1870 1987 LEO 12 [16] 
Almaz  1991 LEO 10-20 [15] 
Electro 1993 GEO Reliability 

improved 
[15] 

Zarya, Zvezda 
(ISS segments)

1998- 
2000 

LEO 10-20 [15] 

 
 

 
 

Figure 3: Front and back I-V curves of a Si bifacial solar 
cell (corrected for 7% reflection). 
 

Based on the data of improved bifacial solar cells 
(which is far from the practically achievable maximum), 

the values of additional light energy incident on the solar 
cell back (Table 1), as well as the power increase due to a 
lower working temperature, an "equivalent efficiency" of 
bifacial solar cells for different altitudes and orientation 
modes can be evaluated. "Equivalent efficiency" is equal 
to the efficiency of a regular solar cell able to generate 
the same energy. The "equivalent efficiency" values may 
obviously be higher if the front efficiency and the 
symmetry factor of bifacial cells will be further 
increased. As demonstrated in Table 4, the bifacial Si 
solar cells on LEO spacecrafts approach high efficiency 
and very expensive multi junction cells, in their ability to 
generate energy 
 
Table 4: "Equivalent efficiency" of bifacial Si solar cell 
with front and back efficiencies 16.1 and 12.1%, 
respectively 
 

 
 
3  RADIATION DEGRADATION 

 
Increased sensitivity to radiation damage under back 

illumination is the weak point of bifacial Si solar cells. 
Different degradation rates are observed when bifacial 
solar cells are back or front illuminated [10, 11]. Shown 
in Table 5 are the results of experiments with back low 
energy proton irradiation illustrating this statement [18]. 

 
  

Table 5: Effect of back proton irradiation on photovoltaic characteristics of bifacial Si solar cells. (Cell thickness is in the 
range 200±15 μm). 
 

Energy of protons, E, keV 500 800 
Irradiation fluence, cm-2 2·1010 1011 2·1010 5·1010 
Illuminated surface front back front back front back front back 
Short circuit current, (∆Isc/Isco)·100, % 4.2 23.3 5.2 55.6 2.7 27.4 5.1 49.6 
Open circuit voltage, (∆Voc/Voco)·100, % 3.5 5.0 7.8 11.2 4.0 5.8 6.8 9.8 
Maximum power, (∆Pmax/Pmaxo), % 7.3 28.1 12.7 61.6 7.0 32 13.3 55.1 

 
 
However, the problem of radiation degradation is in 
general not so critical for bifacial Si solar cells on LEO 
vehicles, since the penetrating protons and electrons 
radiation fluxes are relatively small. It is more 
pronounced, when the altitude exceeds 700 km. 
Noticeable fluxes of protons, including low energy 
protons, can appear in polar orbits when solar flares 
occur. Several examples of standard and bifacial Si solar 

cells radiation degradation are shown in Table 6. For 
comparison simplicity, the power values of the bifacial 
cell are given as a ratio of the starting power of the 
standard cells. As demonstrated in the Table, bifacial 
solar cells retain their superiority over regular Si solar 
cells despite the increased sensitivity of the back to 
radiation damage. 
 

Full two-axis 
sun tracking

One-axis sun 
tracking 

Feathered solar array 
for minimize the drag 

Altitude of circular orbit, km 

200 600 1000 200 600 1000 200 600 1000 

Equivalent efficiency 

19.218.818.319.0 18.3 18.2 21.7 22.0 22.3 
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Table 6: Effect of space radiation on advantage of bifacial Si solar cells on LEO space crafts 
 
Orientation mode Full two-axis sun tracking Feathered solar array for minimize the drag 
H, km, α∼90o 500 800 500 800 
T, year 0 5 10 0 5 10 0 5 10 0 5 10 
Pstand/P0 stand 1 0.96 0.91 1 0.88 0.82 1 0.96 0.91 1 0.88 0.82 
Pbif/P0 bif 1 0.95 0.89 1 0.86 0.78 1 0.93 0.85 1 0.80 0.70 
Pbif/Pstand 1.16 1.15 1.13 1.15 1.12 1.09 1.37 1.33 1.28 1.39 1.26 1.19 
 
 
4  CONCLUSIONS 

 
• Bifacial Si solar cells are able to supply 15-45% 

more energy than regular Si cells on LEO 
spacecrafts. The advantages of bifacial Si solar cell 
are due to additional conversion of earth scattered 
light and to lower working temperatures.  

• The use of bifacial Si solar cells can improve the 
reliability of the energy supply in a wide range of 
orbits, when orientation restricted 

• Bifacial cells with efficiency and symmetry factor 
improvements will approach multi junction cells as 
energy sources for LEO vehicles.  

• Bifacial solar cells retain their superiority in a wide 
range of orbits, including LEO with real radiation 
hazard, despite their increased sensitivity to radiation 
damage under back illumination. 

 
 

ACKNOWLEGMENT 
 
We are grateful to our colleagues, Mr. Yu. Lisovsky, Mr. 
D. Hanin and Mr. J. Broder, for help in the preparation of 
the paper. 
 
 
REFERENCES 
 
[1] N.M. Bordina, V.V. Zadde, A.K. Zaitseva, A.P. 

Landsman, D.S. Strebkov, V.I. Streltsova, V.A. 
Unishkov "Semiconductor Photoelectric Generator". 
Patent USA N 3,948,682, Apr. 6, 1976.  

[2] N.M. Bordina, T.M. Golovner, V.V. Zadde, A.K. 
Zaitzeva, A.P. Landsman, and V.I. Strel`tsova, 
Geliotekhnica, Vol. 11, 6 (1975) 12. 

[3] K.S. Azimov, N.M. Bordina, G.M. Grigorieva, L.B. 
Kreinin, and A.P. Landsman, Phys. Tekh. Poluprov., 
Vol. 7 (1973) 2257. 

[4] N.M. Bordina, T.M. Golovner, G.M. Grigorieva, 
K.N. Zvyagina, L.B. Kreinin, N.A. Milovanova, 
Applied Solar Energy Vol. 14, N 6 (1978) 3. 

[5] A.Cuevas, Proceeding 20th European Photovoltaic 
Solar Energy Conference (2005) 801. 

[6] N.M. Bordina, N.A. Borisova, G.S. Daletskii, A.K. 
Zaitseva, A.P. Landsman, V.A. Letin, Cosmic Res. 
Vol. 14, 2 (1976) 266. 

[7] V.A. Letin, M.B. Kagan, V.P. Nadorov, V.R. 
Zajavlin, Proceeding 28th IEEE Photovoltaic 
Specialist Conference (2000) 1067. 

[8] M.B. Kagan, V.A. Letin, V.M Rjevsky, V.A 
Unishkov, Proceeding 1St World Conference 
Photovoltaic Energy Conversion (1994) 2238. 

[9] L. Kreinin, N. Bordin, N. Eisenberg, G. Grigorieva,  
K. Zviagina, M. Kagan, Opto-Electronic Review, 
Vol. 8, 4, (2000) 47. 

[10] N.M. Bordina, G.M. Grigorieva, K.N. Zvyagina, 
Applied Solar Energy Vol. 30, 5 (1994) 13. 

[11] G.M. Grigorieva, M. B. Kagan, K. N. Zvyagina, 
Proceeding 20th European Photovoltaic Solar 
Energy Conference (2005) 484. 

[12] D.R Lillington, J.R. Kukulka, A.V. Mason, B.L. 
Sater, J. Sanchez, Proceeding 20th IEEE 
Photovoltaic Specialist, Conference (1988) 934. 

[13] G. Strobl, C. Kasper, K.-D. Rasch, K. Roy, 
Proceeding 18th IEEE Photovoltaic Specialist 
Conference (1985) 454. 

[14] N.M. Bordina, T.M. Golovner, E.V. Zhidkova, 
A.K. Zaitseva, L.B. Kreinin, V.A. Letin, N.V. 
Penkina, Journal of Applied Spectroscopy Vol. 32 
4 (1980) 408. 

[15] V.A. Letin, M.B. Kagan, V.P. Nadorov, V.R. 
Zajavlin, Proceeding 28th IEEE Photovoltaic 
Specialist Conference (2000) 1067. 

[16] N.M. Bordina, V.R Zayavlin, M.B. Kagan, V.A. 
Letin, Applied Solar Energy Vol. 14, 6 (1978) 3. 

[17] N. Bordin, L. Kreinin, J. Broder, N. Eisenberg, G. 
Grigorieva, K. Zvyagina, M. Kagan, Proceeding 
4St World Conference Photovoltaic Energy 
Conversion (2006).  

[18] L. Kreinin, N. Bordin, N. Eisenberg, G. 
Grigorieva, M. Kagan, K. Zvyagina, V. 
Kulikauskas, Proceeding 21th European 
Photovoltaic Solar Energy Conference (2006) 
2DV.2.7.

 
 
 
 
 
 

 

21st European Photovoltaic Solar Energy Conference, 4-8 September 2006, Dresden, Germany

492


