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Qualification and verification of ad-
vanced electronic packaging and inter-
connect technologies, and various other
types of hardware elements for the Mars
Exploration Rover’s Spirit and Opportu-
nity (MER)/Mars Science Laboratory
(MSL) flight projects, has been per-
formed to enhance the mission assur-
ance. The qualification of hardware (en-
gineering camera) under extreme cold
temperatures has been performed with
reference to various Mars-related project
requirements. The flight-like packages,
sensors, and subassemblies have been se-
lected for the study to survive three
times the total number of expected diur-
nal temperature cycles resulting from all
environmental and operational expo-

sures occurring over the life of the flight
hardware, including all relevant manu-
facturing, ground operations, and mis-
sion phases. 

Qualification has been performed by
subjecting above flight-like hardware to
the environmental temperature ex -
tremes, and assessing any structural fail-
ures or degradation in electrical perform-
ance due to either overstress or thermal
cycle fatigue. 

Engineering camera packaging de-
signs, charge-coupled devices (CCDs),
and temp erature sensors were success-
fully qualified for MER and MSL per JPL
design principles. Package failures were
observed during qualification processes
and the package redesigns were then

made to enhance the reliability and sub-
sequent mission assurance. These results
show the technology certainly is promis-
ing for MSL, and especially for long-
term extreme temperature missions to
the extreme temperature conditions. 

The engineering camera has been
completely qualified for the MSL project,
with the proven ability to survive on Mars
for 2010 sols, or 670 sols times three. Fi-
nally, the camera continued to be func-
tional, even after 2010 thermal cycles. 
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Wireless sensors connected in a local
network offer revolutionary explo-
ration capabilities, but the current so-
lutions do not work in extreme envi-
ronments of low temperatures (200K)
and low to moderate radiation levels
(<50 krad). These sensors (tempera-
ture, radiation, infrared, etc.) would
need to operate outside the space-
craft/lander and be totally independ-
ent of power from the spacecraft/lan-
der. Flash memory field-programmable
gate arrays (FPGAs) are being used as
the main signal processing and proto-
col generation platform in a new re-
ceiver. Flash-based FPGAs have been
shown to have at least 100× reduced
standby power and 10× reduction oper-
ating power when compared to normal
SRAM-based FPGA technology. 

Supercapacitors are nanotechnology-
based electrochemical capacitors that
can be cycled millions of times, com-

pared to tens to hundreds of times for
batteries. This allows supercapacitors to
be used in conjunction with batteries by
acting as a charge conditioner, storing
energy for load-balancing purposes and
then using any excess energy to charge
the batteries at a suitable time. Superca-
pacitors are insensitive to radiation past l
Mrad. JPL has demonstrated supercapac-
itor electrolytes that function to 189K.

This technology uses the ultra-low-
power flash-based FPGA as the communi-
cation protocol (physical and medium
layers) generator that is powered by a hy-
brid combination of lithium-based batter-
ies and supercapacitors. A SiGe based RF
front end can be used to provide trans-
mitter/receiver capability for the 2.45-
GHz and 858-MHz ISM frequency bands
at low temperatures. The low power is
critical because it defines how long the
system can operate. The cold tempera-
tures will reduce the performance of the

batteries. Instead of lasting a year at room
temperature, a lithium battery may only
last a few weeks at cold temperatures.
Even at cold temperatures, the battery
output will be reduced. This means only
a very-low-power circuit can be consid-
ered for use. The supercapacitors provide
additional direct power capability for
short-burst communication, and they
provide the ability to extend the life of
the battery by maintaining the voltage
longer than the battery could alone. The
FPGA can implement load-balancing and
control logic to enable the battery to ei-
ther operate completely alone, in combi-
nation with the supercapacitors, or have
the supercapacitors alone power the
FPGA in standby mode and/or be the
startup power source if the FPGA is com-
pletely powered off. 

This powering-off capability exists due
to the use of the non-volatile flash mem-
ory cell-based FPGAs. This allows the su-


