
Technology Focus: Sensors

A method was developed for perform-
ing relatively high-speed wavefront sens-
ing and control to overcome thermal in-
stabilities in a segmented primary
mirror telescope [e.g., James Webb
Space Telescope (JWST) at L2], by using
the onboard fine guidance sensor (FGS)
to minimize expense and complexity.
This FGS performs centroiding on a
bright star to feed the information to the
pointing and control system.

The proposed concept is to beam split
the image of the guide star (or use a sin-
gle defocused guide star image) to per-
form wavefront sensing using phase re-
trieval techniques. Using the fine
guidance sensor star image for guiding
and fine phasing eliminates the need for

other, more complex ways of achieving
very accurate sensing and control that is
needed for UV-optical applications.

The phase retrieval occurs nearly con-
stantly, so passive thermal stability over
fourteen days is not required. Using the
FGS as the sensor, one can feed segment
update information to actuators on the
primary mirror that can update the pri-
mary mirror segment fine phasing with
this frequency. Because the thermal time
constants of the primary mirror are very
slow compared to this duration, the mir-
ror will appear extremely stable during
observations (to the level of accuracy of
the sensing and control). The sensing
can use the same phase retrieval tech-
niques as the JWST by employing an ad-

ditional beam splitter, and having each
channel go through a weak lens (one
positive and one negative). The chan-
nels can use common or separate detec-
tors. Phase retrieval can be performed
onboard. The actuation scheme would
include a coarse stage able to achieve
initial alignment of several millimeters
of range (similar to JWST and can use a
JWST heritage sensing approach in the
science camera) and a fine stage capable
of continual updates.

This work was done by Lee Feinberg, Bruce
Dean, and Tupper Hyde of Goddard Space
Flight Center. For further information, con-
tact the Goddard Innovative Partnerships Of-
fice at (301) 286-5810. GSC-15758-1
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Goddard Space Flight Center, Greenbelt, Maryland

Carbon-Nanotube-Based Chemical Gas Sensor 
This sensor has applications in leak detectors for the automobile, electronics, and 
medical industries. 
NASA’s Jet Propulsion Laboratory, Pasadena, California

Conventional thermal conductivity
gauges (e.g. Pirani gauges) lend them-
selves to applications such as leak detec-
tors, or in gas chromatographs for iden-
tifying various gas species. However,
these conventional gauges are physically
large, operate at high power, and have a

slow response time. 
A single-walled carbon-nanotube

(SWNT)-based chemical sensing gauge
relies on differences in thermal con-
ductance of the respective gases sur-
rounding the CNT as it is voltage-bi-
ased, as a means for chemical

identification.  Such a sensor provides
benefits of significantly reduced size
and compactness, fast response time,
low-power operation, and inexpensive
manufacturing since it can be batch-
fabricated using Si integrated-circuit
(IC) process technology. 
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A schematic (a) of the CNT Gas Pressure or Chemical Sensor. Au/Cr electrodes anchor the tube during exposure to 10:1 BHF for removing SiO2 beneath the
tubes. Critical point drying in an IPA bath is used for the final release. (b) The comparison of conductance for an unsuspended and suspended tube.  The
suspended tube shows a negative differential conductance (NDC) regime. The inset shows the current is still linear up to a current as large as 8 µA for the
unsuspended tube. 
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The mechanism by which the sens-
ing occurs is enabled by the reduced
dimensionality for phonon scattering
in 1D systems — in particular, sus-
pended SWNTs — which can cause
unique effects to arise at large bias
voltages and power. Such effects are
completely absent in 2D or 3D conduc-
tors such as within the filament of a
conventional Pirani gauge. In sus-
pended SWNTs at high fields, a large
non-equilibrium optical phonon popu-
lation exists, and their long relaxation
times result in non-isothermal condi-
tions along the length of the tube. In
unsuspended tubes, the I-V character-
istic increases monotonically at high
voltages suggestive of isothermal con-
ditions, since the substrate facilitates
in the relaxation of optical phonons
emitted through electron scattering.
In contrast, the current in the sus-
pended tube saturates and a negative
differential conductance (NDC)
regime is encountered, which cannot
be explained by velocity saturation (at
–5 kV/cm).  This is a signature of the
effective temperature rise within the

tube that can be used to enhance sen-
sitivity for gas detection. The large op-
tical phonon density in suspended
SWNTs at high fields with long life-
times may play an important role in
determining the rate of temperature
rise in the tubes, which can be ex-
ploited maximally for their utility as
thermal conductivity-based gas sen-
sors. 

The method used to form suspended
long (>5 µm) SWNTs is novel and has
not been reported in the past. A dry re-
lease technique is used based on critical-
point drying. In the past, the reduced
surface tension of various solvents has
been used; however, these are all based
on wet processes that will inherently suf-
fer to a larger extent from capillary
forces upon release. 

The SWNT-based chemical sensor de-
scribed here could be useful for future
NASA astrobiology missions to detect
specific biomarkers in the gaseous
phase or to decipher biological activity
by measuring outgassing rates; for ex-
ample, within microcavities. The sensor
could be used in future NASA instru-

ments that require gas chromatographs
to identify chemical species in planetary
atmospheres, as well as future Lander
missions. 

The sensor could also be used aboard
NASA spacecraft or instruments as a
low-power, low-mass, compact leak de-
tector with a fast response time com-
pared to conventionally used thermal-
conductivity-based leak detectors such
as the Pirani gauge.

This work was done by Anupama B. Kaul of
Caltech for NASA’s Jet Propulsion Laboratory. For
more information, contact iaoffice@jpl.nasa.gov. 

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to:

Innovative Technology Assets Management
JPL
Mail Stop 202-233
4800 Oak Grove Drive
Pasadena, CA 91109-8099
E-mail: iaoffice@jpl.nasa.gov
Refer to NPO-46844, volume and number

of this NASA Tech Briefs issue, and the
page number.

The Ps-aerogel system [Ps is positron-
ium (an electron-positron-hydrogen-like
atom)] has been evaluated and opti-
mized as a potential tool for planetary
exploration missions. Different configu-
rations of use were assessed, and the re-
sults provide a quantitative measure of
the expected performance. The aerogel
density is first optimized to attain maxi-
mum production of Ps that reaches the
pores of the aerogel. This has been ac-
complished, and the optimum aerogel
density is ≈70 mg/cm3. The aerogel is
used as a concentrator for target volatile
moieties, which accumulate in its open
porosity over an extended period of
time. For the detection of the accumu-
lated materials, the use of Ps as a probe
for the environment at the pore surface,
has been proposed.

This concept is based on two steps:
(1) using aerogel to produce Ps and
(2) using the propensity of Ps to inter-
act differently with organic and inor-

ganic matter. The active area of such a
detector will comprise aerogel with a
certain density, specific surface area,
and gas permeability optimized for Ps
production and gas diffusion and ad-
sorption. The aerogel is a natural ad-
sorber of organic molecules, which ad-
here to its internal surface, where their
presence is detected by the Ps probe.
Initial estimates indicate that, e.g.,
trace organic molecules in the Martian
atmosphere, can be detected at the
ppm level, which rivals current meth-
ods having significantly higher com-
plexity, volume, mass, and power con-
sumption (e.g. Raman, IR).

This method carries important bene-
fits in working toward NASA/JPL goals,
and has the potential to advance organic
detection capabilities. It is intended to
work toward feasibility studies. At the
same time, it is recognized that a full-
scale investigation will profit enormously
from an achieved optimization of the

aerogel microstructure for Ps produc-
tion and gas percolation.

The Ps-aerogel system provides an en-
tirely new approach toward sensing of
trace volatile components in vacuum or in
the atmosphere. Contrary to all other con-
ventional methods, which use “momen-
tary sensing” and analyzing the content,
the Ps-aerogel system relies on a continu-
ous passive exposure to the environment.
An instrument built on this new technol-
ogy will be lightweight, small in size, and
will not consume power during accumula-
tion. In testing, the adsorption of simple
organic materials, such as alcohols, naph-
thalene, etc, has been detected. Also, with
the optimization of the Ps-aerogel system,
a number of other applications, ranging
from thermal insulation to charge storage
systems, have been discovered.

This work was done by Mihail P. Petkov and
Steven M. Jones of Caltech for NASA’s Jet
Propulsion Laboratory. Further information is
contained in a TSP (see page 1). NPO-46762

Aerogel-Positronium Technology for the Detection of Small
Quantities of Organic and/or Toxic Materials 
Potential applications range from life detection and human life support, to sample return missions.
NASA’s Jet Propulsion Laboratory, Pasadena, California
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