Evaluation of “Environments stressful to materials in low earth orbit,” (Musikant, 1991)

Scientists and engineers interested in design of systems or components that will be used in low earth orbit will find the information presented in this paper valuable.  The critical degradation modes investigated are atomic oxygen, micrometeoroids and manmade debris, particulate and molecular contaminants, ionizing radiation and single particle phenomena.


Atomic oxygen attack is generally a line of sight reaction and hermetic sealing is not required.  Optical coatings such as vapor deposited diamond and magnesium fluoride can react with atomic oxygen.  The reaction rates are on the order of 0.01 x 10^-24 cm^3 per atom of oxygen, which are very small, but for long duration flights, film thicknesses will decrease, and a degradation in optical performance is therefore of concern.  Silver, polymeric materials and organically-based paints, coatings and films are all poor choices due to their high reaction rates with atomic oxygen.  Coatings resistant to atomic oxygen have been developed, and are often silica-based.  Many metals are resistant, and anodized aluminum is a decent choice.  Atomic oxygen can attack graphite epoxy structural elements in optical benches, which can affect optical performance.  Protection can be attained by covering these elements with aluminum or anodized aluminum.


Micrometeoroids, which are naturally occurring solid particles originating from comets and asteroids, are constantly entering the earth’s atmosphere and being pulled by earth’s gravitation, causing an increase in particulate density as distance from the earth decreases.  These micrometeoroids and manmade debris, generally paint flakes, will damage critical surfaces.  Surface orientation will strongly affect the flux of debris encountered by a given surface.  Surfaces facing nadir will experience maximum shielding.  Small particles result in material erosion, but larger particles can cause catastrophic damage.  Shielding can be design to protect critical components, but shielding can also limit field of view and add weight.

Contaminants are due to residual particulates left on equipment during manufacture, shipping and deployment, or secondary particles emitted from micrometeorite or debris impact.  Molecular contamination is due to outgassing from materials, plumes from thrusters, vents, fluid and gas leaks.  Molecular deposition can be anticipated and factored into optical system performance predictions.

High energy electrons and protons geomagnetically trapped in the Earth’s magnetosphere, solar flare particles and galactic cosmic rays all contribute to the ionizing radiation environment in low earth orbit.  Most of these ionized particles are trapped in the Van Allen Belts.  This environment will degrade semiconductor device performance.  This occurs because trapped charge is deposited at critical interfaces within the device.  Long term radiation is most degrading to metal oxide silicon microcircuits, but can also affect bipolar microcircuits.  Solar flare particles are effectively shielded by the Earth’s geomagnetic field, so do not contribute significantly to degradation in low earth orbit.

Single particle induced device transients, or single particle phenomena generally cause upset of stared data in a microcircuit, but can lead to permenant damage.  The cosmic ray environment is difficult to protect from due to the high energy of the particles, so devices should be selected so that they use error detection or correction and thus minimize sensitivity to single electron events.


Low earth orbit has a significantly different environment than higher orbits, so it is important to understand exactly the degradation modes to be anticipated at this orbit if a system must be designed to survive for long time periods in low earth orbit.  These dangers are primarily atomic oxygen, micrometeoroids and manmade debris, but also particulate and molecular contaminants, ionizing radiation and single particle phenomena can degrade instrument performance or lifetime.

