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Introduction: The MATE (“Mars Array Technol- Although the purpose of the MATE is to gather
ogy Experiment” [1]) and DART ("Dust Accumula- data of utility to designing solar arrays for Mars sur-
tion and Removal Test" [2]) instruments were devel- face power systems, the radiometer and spectrometer
oped to fly as part of the MIP experiment on the [now measurements are expected to also provide important
postponed] Mars-2001 Surveyor Lander [3]. MATE scientific data in characterizing the properties of sus-
characterizes the solar energy reaching the surface opended atmospheric dust.

Mars, and measures the performance and degradation

of solar cells under Martian conditions. DART char- DART

acterizes the dust environment of Mars, measures the DART purposeDust deposition could be a signifi-
effect of settled dust on solar arrays, and investigatescant problem for photovoltaic array operation for long
methods to mitigate power loss due to dust accumula-duration missions on the surface of Mars. Measure-

tion. ments made by Pathfinder showed 0.3% loss of solar
array performance per day due to dust obscuration
MATE [4,5]. Thus, dust deposition is the limiting factor in

MATE Purpose:Until Mars Pathfinder landed in  the lifetime of solar arrays for power systems on Mars,
July 1997, no solar array had been used on the surfacand developing design tools to mitigate this deposition
of Mars. The MATE package is intended to charac- is important for extended mission duration.
terize the environment of Mars in order to gather The DART experiment is designed to quantify
baseline information required for designing power dust deposition from the Mars atmosphere, measure
systems for long duration missions, and to quantify the properties of settled dust, measure the effect of
the performance of advanced solar cells on the surfacedust deposition on the array performance, and test
of Mars. several methods of mitigating the effect of settled dust

MATE will measure the performance of five dif- on a solar array. Although the purpose of DART is to
ferent individual solar cell types and two different gather information critical to the design of future
solar cell strings. power systems on the surface of Mars, the dust char-

MATE Solar Characterization Sensoffo meas- acterization instrumentation on DART will also pro-
ure the properties of sunlight reaching the Martian vide significant scientific data on the properties of
surface, MATE incorporates two radiometers and a settled atmospheric dust.
visible/NIR spectrometer. Dust characterization on DART is done by two in-

The radiometers consist of multiple thermocouple struments: the dust microscope and the “MAE” com-
junctions using thin film technology. These devices mandable dust cover. The dust mitigation tests on
generate a voltage proportional to the solar intensity. DART consist of two tests: the tilted cell tests, and the
One radiometer measures the global broadband solaelectrostatic dust repulsion test. In addition, DART
intensity, including both the direct and scattered sun- will have a set of sun position sensors.
light, with an approximately 130° field of view. The Microscope. The DART microscope is a fixed-
second radiometer incorporates a slit to make a measfocus microscope, which images a transparent glass
urement of the direct (unscattered) intensity radiation. settling plate from below. As atmospheric dust settles
The direct radiometer can only be read once per day,on this settling plate, it is imaged. The microscope
with the sun overhead. uses a 40X objective, which focuses onto a 512x512

The spectrometer measures the global solar specpixel focal plane array. The microscope resolution is
trum with a 256-element silicon photodiode array, about 0.5 microns.
sensitive in the visible range (300 to 1100 nm), and an  Total mass of the microscope is 200 grams.
second InGaAs photodiode array, sensitive to the near The microscope is intended to furnish information
infrared (900 to 1700 nm). The spectrometer range about the size distribution of the settled dust. Since
covers 86% of the total energy from the sun, in ap- settled dust may be different in character from the
proximately 5 nm resolution. Each photodiode array dust, which remains suspended in the atmosphere, this
has its own fiber optic feed and grating. information is of considerable interest to the design of
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dust mitigation strategies. For the larger particles, the spectrum of the dust, and will image individual settled
DART microscope will also yield shape information.  particles to determine the size distribution and the
Dust coverage measurementThe "MAE" dust particle shape, as well as gathering information on
cover is based on the experiment flown on Pathfinder electrostatic properties.
[4], and consists of a transparent plate onto which dust  References:
settles. This plate is locatetbave three mall solar [1] D. Scheiman, C. Baraona, D. Wilt, G. Landis
cells, used in short-circuit current mode as solar inten-and P. Jenkins, "Mars Array Technology Experiment
sity measurement in three wavelength bands. A (MATE) on the Mars-2001 Lander2nd World Con-
mechanism allows the cover to be rotated away from ference on Photovoltaic Energy Conversion, Vol. IlI,
the cells. Comparison of the cell output with the dust- Vienna, Austria, July 1998, 3675-3678. [2] P. Jenkins,
covered plate in position and removed measures theG. Landis,et al, "Status of the Dust Accumulation
dust coverage independently of other changes in theand Removal Technology Experiment for the Mars
cell performance or the atmosphere. By taking a 2001 Lander,” ConfRecord of the ' International
spectrum of the sunlight through the MAE settling Conference on Mardasadena CA, July 18-23 1999.
plate, we can also obtain a transmission spectrum of[3] D. Kaplan, J. Ratliff, R. Baird, G. Sanders, K.
the settled dust. Johnson, P. Karlman, K. Juanero, C. Baraona, G.
Dust Mitigation ExperimentdMeasurements of the  Landis, P. Jenkins, and D. Scheiman, "In-Situ Pro-
camera window on the Viking lander showed no dust pellant Production on Mars: the First Flight Demon-
adhering to the vertical surface. Observations of the stration," presented 30th Lunar and Planetary Science
thermal shell of the Viking landers seemed to show Conf., Houston TX, Mar 15-19 1999. [4] G. Landis
that dust also did not build up on the tilted surfaces. and P. Jenkins, "Measurement of the Settling Rate of
Unfortunately, no quantitative measurement of accu- Atmospheric Dust on Mars by the MAE Instrument on
mulation could be made. A high priority is therefore Mars Pathfinder,"J. Geophysical Res. , Vol. 1090.
to see whether tilted solar cells avoid accumulation of E1, 1855-1857 (Jan 25, 2000presented at the AGU
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coverage. The tilted cell measurement consists of
solar cells tilted at 30°, 45°, and 60°, plus a horizontal
control, plus a solar cell tilted at 30° with low friction
(diamond-like carbon) coating.
Martian atmospheric dust is expected to be
charged. In order to test whether electrostatic fields
can be used to mitigate the deposition of dust on solar
arrays, the electrostatic experiment will test three
configurations. A high-voltage solar cell provides a
potential of about 80 volts to a transparent conductor
on the front surface of the solar cell coverglass. Three
configurations are tested: positive potential applied to
the cell cover, negative potential applied to the cell,
and transverse field across the cell. These will be
compared to the control cell with no applied potential.
Sun Position Sensorskinally, the DART experi-
ment includes a set of three sun position sensors, each
consisting of a cylindrical lens focusing light onto a
512-element linear photodiode array. The sun posi-
tion sensors have a mass of 18 grams each.
Summary: The MATE and DART experiments,
designed for the Mars-2001 Surveyor Lander mission,
contain a capable suite of sensors which provide both
scientific information as well as important engineer-
ing data on the operation of solar power systems on
Mars. MATE will characterize the intensity and spec-
trum of the solar radiation on Mars. DART will
measure the dust accumulation rate, the transmitted



