Prototype coded aperture miniature mass
spectrometer using a cycloidal sector mass
analyzer, a carbon nanotube (CNT) field
emission electron ionization source, and an
array detector
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CAMMS-ES Vision

A CAMMS-ES: Coded Aperture Miniature Mass Spectrometer for Environmental
Sensing

A Traditional miniature mass spectrometers suffer from a throughput vs. resolution
tradeoff

A CAMMS-ES employs coded apertures to break this throughput vs. resolution
tradeoff

A CAMMS-ES will enable the production of portable instruments with high
sens™ g
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Portable high performance mass spectrometer
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CAMMS-ES and ARPA-E MONITOR

ARPA-E MONITOR

A Methane Observation Networks with Innovative Technology to
Obtain Reductions (MONITOR) program is developing innovative
technologies to cost-effectively and accurately locate and measure
methane emissions associated with natural gas production.

CAMMS-ES

APortable mass spectrometer with high resolution and high
sensitivity for VOC leak detection

A Detection of not only methane, but other compounds of interest
including
A Butane, propane, ethane, benzene, ethylbenzene, toluene, xylene
A Thermogenic/biogenic differentiation using higher order alkyl chains

AApplications
A Ad hoc leak detection at refineries
A Fence line monitoring at refineries
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People have been trying for 60 years!

' mass spectrometry

Cycloidal mass
analyzer
advertisement in
1956 issue of
Analytical Chemistry

out of the laboratory....into the plant

CEC's two companion instruments . . . Types 21-610
and 21-620 . . . have taken mass spectrometry out of
the purely laboratory-instrument class and made the
inherent speed and accuracy of this analytical method
practical for industrial use, As a process-stream an-
alyzer, the mass spectrometer is exeeptionally ver-
satile, provides stream-composition information on
the spot for regulating plant start-up procedures,
optimizing operations and products, and minimizing
process interruptions.

SEVERAL MODES OF OPERATION

Both 21-610 and 21-620, together with available
accessory systems, work on cither a batch or contin-
uous basis, permit . . .

® continuous determination of a single component
® alternate determination of several components
® automatic scanning of a complete spectrum

@ programming up to six mass numbers for auto-
matic, repetitive monitoring

® alternate monitoring of more than one process
COMPANION INSTRUMENTS stream through auromatic manifolding, valving,
Both the 21-610 and 21-620 Mass and timing systems.

Spectrometers are flexible and simpli-

fied, need only 115 volts and a small  APPLICATION...INSTALLATION

supply of cooling water, are easily g _ R 3

moved around the plant. The Type 21. CEC's Application Engineers offer without charge
610 is useful for monitoring streams  experienced help in fitting the mass spectrometer to
ith components fo mass 80. The Type  your specific application. In addition, all mass spec-
Eéfc.lgidezﬂ?';}]?i{istinz"ﬂ;:ﬂ:};i:le:fii:[:i trometers are instalrlcd and put imq initial operation
abie for accurate readings from mass 2 by a skilled CEC Field Service Engineer. Send today

to mass 150, for Bulletin CEC 1824B-X1.
= = !
Consolidated Electrodynamics | el ecTronc
Sformerly Consolidated Eng ing Corporatic Corporation : INSTRUMENTS FOR
300 North Sierra Madre Villa, Pasadena, California + SALES AND SERVICE OFFICES IN: | MEASUREMENT
Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit,New York, Pasadena, Philadelphia, | AND CONTROL
San Francisco. Seattle, Washington, D.C. 1

For further information,

cle number 15 A an Readers’ Service Card, page 63 A
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Our 4 technologies will finally make this possible!
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Microfabricated CNT field

Four Enabling Miniaturization Technologies
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Aperture Coding: increased throughput, no loss in resolution

emission ion source

Duke BRTI

UNIVERSITY

Carbon Nanotube Forest
100 um

z

lon source with Coded Aperture ‘__L
E ¥

THE UNIVERSITY
INTERNATIONAL OFARIZONA

Cycloidal mass analyzer

Focal plane array detector




What is Aperture Coding?

A Conventional
instruments act as
sorters

A Inputis sorted via a
system architecture
and relevant physics

A Inthe absence of
sorting the system
throughput is large,
however no information
can be inferred

A In a conventional
system, the
architecture is
designed using the
relevant physics to
achieve near perfect
sorting

A Spectra can be

obtained via a A There is a continuum between no sorting and perfect sorting
simple calibration A With appropriately structured sorting, the ability to discern the spectrum is
of the sorting maintained via a computational inference eliminating the throughput vs.

13 resolution tradeoff
A Aperture coding breaks the throughput vs. resolution tradeoff

C t THE UNIVERSITY
DU-ke pﬁ%l\ge OF ARIZONA 6




