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VENUS LANDER POWER GENERATION BY INFRARED PHOTOVOLTAIC 
CONVERSION. Devon G. Crowe and Daniel T. Britt, Lunar and Planetary 
Laboratory, University of Arizona, Tucson, AZ 85721. 

Introduction 

A principal problem in the long term study of the surface of Venus is 
identifying a power source suitable for a lander. The familiar application of 
photovoltaic electric power generation using solar illumination is not 
suitable on the surface of Venus, and the established alternative sources, such 
as nuclear reactors, are not attractive in at least some respects. The use of 
ambient infrared (IR) radiation from the earth as a power source for earth 
orbiting satellites has been suggested [1,2]. This IR approach is potentially 
competitive with solar power in the earth case, and is potentially far superior 
at Venus. On Venus, the IR power density emitted by the surface approaches 
two orders of magnitude higher than that emitted by the earth. Another 
factor favoring IR photovoltaic power on Venus is the high emissivity of the 
atmosphere, so that both the ground-facing and sky-facing sides of a panel 
could be used for power generation. A solar power panel in orbit around 
Venus would need about twice the area of an IR panel on the surface to 
receive the same total irradiance (at different wavelengths, of course), and it 
would need significantly more area than that to compensate for planetary 
shading in low orbit. This paper suggests an approach for fabricating IR 
photovoltaic arrays. 

Approach 

The principal issue in examining this approach is to determine the 
efficiency of an IR photovoltaic array which can withstand the environment 
at the surface of Venus. This is both a materials and fabrication question. The 
feasibility of using modern integrated circuit ("micromachining") technology 
to fabricate arrays of millimeter wave antennas and rectifiers for radiative 
power transfer has been demonstrated [2]. Similar techniques can work in the 
infrared, and the open question is not "how?", but "what?". What materials 
can be used which will not quickly degrade in the environment on Venus? 
The approach is to use micromachining techniques to create an IR 
photovoltaic module of many individual antennas and rectifiers which can 
be combined into arrays of modules to populate power panels. 

At radio wavelengths, arrays of antennas and rectifiers can approach 
100% efficiency. At IR wavelengths, an efficiency comparable to space 
qualifiable silicon solar cells ( ~ 2 0 % )  should be attainable in many 
combinations of materials. A course of development for such a power supply 
for a Venus lander could include these steps: 
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1. Identify candidate materials suitable both for use in IR arrays and for 
long-term survival in the environment on Venus. 

2. Fabricate test structures in candidate materials. 

3. Subject test structures to aging tests in simulated Venus 
environments. 

4. Select materials for fabrication of IR power modules. 

5. Test power modules in simulated Venus environments while 
producing power at the full efficiency and loads attainable. 

Successful completion of this course of development would achieve 
demonstration of the solution to one of the primary problems in the long 
term study of the surface of Venus. 
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Figure 1. Comparison of Venus thermal ernittance with earth thermal 
emittance and sun reflected emittance. 
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