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Development of next generation high efficiency space monolithic multifunction
solar cells will involve the development of new materials lattice matched to GaAs. One
promising material is 1.05 eV InGaAsN, to be used in a four junction
GaInP2/GaAs/InGaAsN/Ge device. The AMO theoretical efficiency of such a device is
38-42%. Development of the 1.05 eV InGaAsN material for photovoltaic applications,
however, has been difficult. Low electron nobilities and short minority carrier lifetimes
have resulted in short minority carrier diffusion lengths. Increasing the nitrogen
incorporation decreases the minority carrier lifetime.

We are looking at a more modest proposal, developing 1.25 eV InGaAsN for a
triple junction GaInP2/InGaAsN/Ge device. The AMO theoretical efficiency of this
device is 30-34%. Less nitrogen and iridium are required to lower the bandgap to 1.25
eV and maintain the lattice matching to GaAs. Hence, development and optimization of
the 1.25 eV material for photovoltaic devices should be easier than that for the 1.05 eV
material.

Figure 1 is a schematic of the test structures that we are growing to evaluate the ,
1.25 eV InGaAsN material. We have found that the best way to evaluate the InGaAsN
material. is to grow, process, and test actual photovoltaic devices. Because EMCORE’s
current GaInP2/GaAs dual and GaInPz/GaAs/Ge triple junction cells have the n-on-p
configuration, we are looking at n-on-p InGaAsN junctions. The thicker GaInPL window
is chosen to give an indication of how the InGaAsN would actually perform in a triple

junction device. We have looked at 3 ~m and thinner InGaAsN base thicknesses. The
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thinner InGaAsN bases are used because growth of InGaAsN requires a large amount of
dimethylhydrazine, and hence growth of thick layers is expensive. Trimethylgallium,
triethylgallium, solution trimethylindium, diethylzinc, disilane, arsine, and phosphine are
the other precursors used in the growth of the devices. Cells 1 cm2 in area are processed
using standard III-V device processing techniques.

HH
7 x 10i8 cm-3

n+-InGaP2 0.7 ~ 2 x 101gcm-3

n+-InGaAsN 0.2 pl 2 x 10’8 cm-3

p-InGaAsN 1.5 ~ 2 x 1017cm-3

p-GaAs lpm 5 x 101~cm-3
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Figure 1. Schematic of the basic InGaAsN cell structure.

Table 1 contains a summary of different InGaAsN growth conditions that we
have examined. We have primarily looked at growth rate and post-growth annealing
temperature. We have also used several different dimethylhydrazine sources from
chfferent vendors, but have seen little effect on device results.

Run# Window Mat’1 W(A) BSF Mat’1 BSF(~) Base(um) Emtier(vm) Rg (Ah) 650”C, Nz ,

91@034-02 lnGaP 6700 GaAs 500 3 0.2 -20 4 reins

91yol A-06 lnGaP 5450 GaAs 500 3 0.1 -20 4 reins
91yOlB-03 lnGaP 5450 GaAs 500 3 0.1 -20 30 reins 1
91y06A-06 lnGaP 6700 (Al)GaAs 250 1.2 0.2 -12 30 reins ~
91y06B-06 lnGaP 6700 (Al)GaAs 250 1.2 0.2 -12 45 reins
91yOl9-06 lnGaP 6700 (Al)GaAs 250 1.2 0.2 -7.2 30 reins I

Oayl 8A-06 lnGaP 6700 (Al)GaAs 250 1.8 0.2 -7.2 45 reins
Oayl 8B-05 lnGaP 6700 (Al)GaAs 250 1.8 0.2 -7.2 60 reins

Table 1. Summary of growth conditions and structure for InGaAsN solar cells. W(A)
refers to the window thickness in angstroms, Rg (Ms) refers to the growth rate in
angstroms/see, and 650°C, N2 refers to the post growth annealing time and temperature.

Table 2 has the device results for the growth conditions described in Table 1. The
currents, voltages, and fill factors all lower than expected for a material with bandgap of
1.25 eV. To be current matched with a GaInP2 upper cell in a triple junction device, the
InGaAsN would need to generate about 20 mA/cmz. The devices do not have an anti-
reflection coating (ARC). Reflection off of the front surface is about 30%, so addition of
the ARC would add about 3-4 mA/cm2 to the currents shown in Table 2. Increasing the
base thickness does not add significantly to the current. Figure 2 has the IQE curves for
several of the devices in Tables 1 and 2. While being able to achieve a peak IQE close to
the band edge, there is significant roll off at longer wavelengths. An increased base
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thickness (91yOOOlB-03) did not increase the IQE at longer wavelengths, compared to a
thinner base thickness ((OayOOl8C-03). This is consistent with a short minority carrier
diffusion length in the p-type base, rather than due to insufficient absorption in the base.

Run# PIQE Voc, mV Jsc, mA/cm2 \ FF Eff, 7. 3

9ky034-02 0.57 680.4 8 61.2 2.4

91yol A-06 0.72 741.2 10.25 4.1

91yOlB-03 0.77 756.6 11.6 I 7:9 4.6

91y06A-06 0.61 640.6 9.5 71.2 3.2

91y06B-06 0.64 647.2 10.1 69.6 3.3

91yOl9-06 0.76 711.7 9.9

Oayl 8A-06 0.82 714.58 9.84 I 61.7 3.2
Oayl 8B-05 0.83 733.4 10.56 I 62.7 3.6

Oayl 8C-03 0.74 747.65 10.74 I 65 3.8

Table 2. Summary of results for InGaAsN devices. PIQE refers to the peak internal
quantum efficiency. All devices are 1 cm2 in area, were measured under simulated AMO
illumination, and do not have anti-reflection coatings.

The lower than expected voltages in Table 2, for a material of 1.25 eV bandgap,
are consistent with the lower currents and short minority carrier diffusion lengths. A
short minority carrier lifetime and high bulk recombination are the most likely
explanation for the low currents and voltages.
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Figure 2. IQE curves for several samples. See text for discussion.

The longer post-growth annealing time also improves device performance. We
are not certain as to the exact mechanism causing this. Work is ongoing to further
improve the InGaAsN material quality. Different precursors, different growth conditions,
and different post-growth treatments are all being examined, with the results to be
presented at the conference.
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