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TABLE III
EFFICIENCIES FOR CELLS WITH ONE THROUGH SIX BANDGAPS, FOR CASES 1-3, UNDER 1 SUN

Eg1 Eg» Ey3 Eg4 Egs Eg6 Case la No Case 1b No Case 2a No Case 2b No Case 3 Air gap
[eV [eV] [eV [eV] [eV] [eV] intermediate intermediate intermediate intermediate intermediate
reflectors, no reflectors, no reflectors, reflectors, reflectors,
rear mirror, rear mirror, perfect rear perfect rear perfect rear
optically thin optically thick mirror, optically mirror, optically mirror
thin thick
1.34 30.1% 31.3% - - -
1.73 0.94 41.1% 42.8% 44.0% 44.7% 45.7%
2.04 1.40 0.93 47.1% 48.8% 49.0% 50.1% 51.5%
2.23 1.63 1.14 0.702 50.4% 52.3% 52.1% 53.5% 55.3%
239 1.83 1.37 0.97 0.695 52.9% 54.9% 54.1% 55.7% 57.7%
253 2.02 1.64 1.34 0.96 0.694 54.7% 56.7% 55.8% 57.4% 59.4%
Efficiency Voltage Current of being optically thin to the internal luminescence can be a
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Fig. 7. Tandem cell efficiency, top cell open-circuit voltage, and bottom cell ~ spectrum of real materials, nonradiative recombination, the ac-

current for bandgaps E,1 = 1.73 eV and Ego = 0.94 eV, for case 2a, with
no intermediate reflector and with a perfect rear mirror, assuming cells that are
optically thin to the internal luminescence, and case 3, which has an air gap
intermediate reflector and a perfect rear mirror.

for the one to three cell stacks are calculated at the optimal
bandgaps for case 3. The bandgaps for four to six cells are taken
from [6], as the optimization of four or more bandgap cells is
out of the scope of this paper (the bandgaps taken from [6] are
for the case of electrically independent subcells).

We see an increase of ~1% absolute by adding an intermedi-
ate reflector for cells that are optically thick to the luminescence,
case 3 minus case 2b, for the dual-bandgap cell. In the work
by Marti and Aradjo [8], the efficiency boost calculated from
adding an intermediate reflector in a similar situation is only
~ 0.2% absolute. This is because there is no refractive index
mismatch with air in their work. Consequently, an intermediate
reflector to assist in the recycling of photons in the top cell in
their calculations has minimal effect on the open-circuit voltage,
as the photons already have a significantly higher probability
of escape.

When we make the comparison with the optically thin case
rather than the optically thick case, we see a greater boost in
efficiency with proper mirror design. In a real material, the
absorption of the luminescence depends on the degree of overlap
between the luminescence spectrum and absorption spectrum.
As absorption is usually low near the band-edge, the assumption

tual quality of the antireflection coatings, shading losses be-
tween cells, resistive losses from introducing contact fingers
above and below each cell, and the actual differing indices of
refraction for the subcells, among other nonidealities.
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