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4 Tokyo U. A&T Japan 0 9 9
4 BP Solar USA 0 9 9
7 Georgia Tech. USA 0 8 8
7 ECN Netherlands 0 8 8
7 Konstanz Univ. Germany 0 8 8
7 UNSW Australia 3 5 8
11 Spectrolab USA 6 1 7
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Fig. 11. Light I-V curve of highest AMO efﬁaency cell measured
at 30.1% (4.0 cm? 5 AMO, 0.1353 W/cm®, 28°C) using the same

- full-size (26.62 cm®) balloon-flight standard reference cells used
for production ITJ solar cells, and 29.7% using more recent 4-cm?
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Fig. 3 The 1 sun AMO efficiency distribution of 1800 production triple junction and 2000
advanced triple junction solar cells are shown in (a) and (b) respectively.
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Figure 1: Schematic representation of the triple-junction cell under development.

N

! Work supported by Air Force SBIR Phase 11 contract F29601-99-C-0135 sponsored by AFRL Space Vehicles
directorate (AFRL/VS). The POC for this cffort is Dr. Donna Senit and can be contacted at 505-846-9340.
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Figure 1: Sketch of the mechanically stacked triple- ! Co:\gentration {xAM1.5d}

junction cell using a monolithic dual-junction ¢ell as top

Figure 4: Efficiency versus concentration for the
cell and a GaSb bottom cell.

mechanically stacked triple-junction cell and its subcells.
In addition, the influence of the flasher spectrum on the
measurement of the monolithic tandem cell is shown.
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Photographs of the modules under test. Left: Test module with an geometrical concentration of C=123. This
module showed an maximum efficiency of 24.8 %, see below. Right: Test module with a geometrical
concentration of C=500. Results of his type of module will be presented at the conference.
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Figure 2. Arrhenius plot of DLTS data collected on samples using a reverse bias
of 1 V, a pulse amplitude of 0.4 V, and a pulse width of 5 ms.
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O 00S.W. Johnston et al. (NREL), “Deep-level transient spectroscopy in InGaAsN
lattice matched to GaAs”
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reflector and reflectivity vs. number of layer pairs in a multilayer reflector, with Al
content x in the AlxGai-xAs layers as a parameter.
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0 00S.A. Ringel et al .0 Ohio State Univ.0O ,”Progress in 111-V solar cells on high
quality SiGe/Si substrates”
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Figure 2. Light I-V response for a representative cell of a different series of InGaP/GaAs cell (0.2 cm x 0.2
cm) growths. The high V,, in excess of 1 V but still below the GaAs/GaAs control, displays evidence of a

very small sub-gap photoresponse indicative of an active GaAs/Ge interface that is now under evaluation.

agoao

ooooooa
O00O00S. Bailey et al. (NASA), “Photovoltaic cell and array technology development

for future unique NASA missions”

gogd

oo
Table 1. Commercial Space Solar Cells
Parameter Silicon High Single Dual Triple
Efficiency Junction Junction Junction
Silicon GaAs
Status Obsolete SOA Obsolete Nearly SOA
Obsolete

STC Efficiency (%) 12.7-14.8 16.6 19 2 26.8

STC Operating Voltage (V) 0.5 53 90 2.06 226

Cell Weight (mg/cm’) 13-50 13-50 80.- 100 80-100 80-100

Temp Coefficient at 28°C -0.55%/C -0.35%/C -0.21%/C -0.25%/C -0.19%/C

Cell Thickness (um) 50 -200 76 140 to 175 140t0 175 | 140to 175

Radiation Tolerance 66-.77 5 .80 .84

Absorptance 75 .89 91 0.92
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Table 2. Current Status of Thin-film Cell Efficiencies for AM1.5 and AMO.

Cells Efficiency(%) Efficiency(%) Area | Description

AM 1.5 global AMO (em?)
Cu(Ga,In)Se 18.8 16.4* 1.04 NREL, on glass’
CdTe 16.4 14.7% 1.131 | NREL, on glass’
a-Si/a-Si/a-SiGe** 13.5 12,0 27 ussc’
Photo-electrochemical | 10.6 9.8% 25 EPFL, nanocrystalline dye’

* Courtesy of Keith Emery, NREL. The efficiency and Jsc for global reference conditions (25°C, 1000 Wim?, IEC 60904-3, ASTM E892
global) were taken from the references and translated to AMO using the new ASTM E490-2000 reference spectrum. The calculated efficiency
assumes that the fill factor does not change for the increased photocurrent. Quantum efficiencies corresponding to the table entries were used in
the calculations.

**unstabilized.
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O 0O 0O A. Jasenek et al. (Univ. Stuttgart),
electron-irradiated Cu(ln, Ga)Se2 solar cells”
0 00S. Kawakita et al . (NASDA), “In-situ measurement of degradation of Cu(ln, Ga)Se2
thin film solar cells during electron and proton irradiation”
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éu 20l ] circuit voltage loss AV,. of two CIGS
310 40l AM1.5 illumination 1 solar cells irradiated with an electron
§ soll ] fluence of ¢, = 10'® cm. On cell is stored
© L { in dark, one 1is kept under AMI.5
§ 80 i 7 illumination under open circuit conditions,
_E 100 - 7 both at room temperature. Illumination
é 120 ; .o storage in dark "1 drastically enhances the annealing of
é 140 L :”’:{/’./’.’”J J ] electron-irradiated defects in CIGS. The
o 10 102 10° 10° 10° 10° open circuit voltage loss is reduced from

AV,.= 125 mV to 45 mV, already under
illumination at room temperate.
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Fig. 5. Arrhenius plot of annealing rate obtained from
proton and electron irradiation in-situ measurement under
ilumination (solid symbols). The open triangles depict
isochronal annealing results of 3MeV proton irradiated
the cells in dark in air. The open cubes presents the re-
sults of isochronal annealing experiment of 1MeV-
electron irradiated cells in air by University Stuttgart.
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Fig. 3. Bandgap energy dependence of energy levels,
Fig.4. The maximum power recovery of an InGaAsP cell thermal  annealing  activation  energies  and

due to current injection of 1A cm™ at 70°C. minority-carrier-injection-annealing  activation energies for
major defect centers in In, ,Ga,P materials.
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