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Disclaimer

This document was prepared as an account of work sponsored by an agency of the
United States government. Neither the United States government nor Lawrence
Livermore National Security, LLC, nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States government or Lawrence Livermore National Security, LLC, and shall not be
used for advertising or product endorsement purposes.
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o Project Overview

This report describes progress achieved in a one-year LDRD feasibility study of a Photo
Acoustic Spectrometer (PAS). Specifically, this team sought to create an all-optical and
very small PhotoAcoustic Spectrometer Sensing system (PASS system). The PASS
system includes all the hardware needed within a gas environment to analyze the
presence of a large variety of molecules. The all-optical PASS system requires only two
optical-fibers to communicate with the opto-electronic power and readout systems that
exist outside of the gas environment. These systems can be at any distance from the
PASS system as signal loss through the optical fibers is very small.

The PASS system is intended to be placed in a small space where gases need to be
measured and thus must be very small. The size and all-optical constraints placed on the
PASS system demand a new design. The PASS system design includes a novel acoustic
chamber, optical sensor, power fiber coupling and sensing fiber coupling.

o Project Goals

Our collaborators at the Atomic Weapons Establishment (AWE) have proven the
capabilities of a complete photoacoustic spectrometer that uses a macro-scale PASS
system (first 2 references). It was our goal to miniaturize the PASS system and turn it
into an all-optical system to allow for its use in confined spaces that prohibit electrical
devices. This goal demanded the study of all the system components, selection of an
appropriate optical readout system and the design and integration of the optical sensor to
the PASS system. A stretch goal was to fabricate a completed PASS system prototype.

o Relevance to LLNL Mission

Future surveillance of the nuclear weapons stockpile demands specialized sensors for
systems monitoring. This need includes broad-specie gas monitoring. A variety of
commercial gas monitoring tools is available but none of these tools come close to
meeting the stringent requirements for stockpile implementation. Specifically, material,
size, power, safety and security requirements eliminate the use of commercial devices.
For this reason, novel instrumentation must be developed. This effort is part of an
ongoing LLNL Microsensors Program that creates these novel sensing systems.

o FY08 Accomplishments and Results



During the year, the demand for a miniature, all-optical PASS system evolved from a
problem statement to an array of working prototypes. The following sections present
chamber design, sensor design, fiber coupling design and system integration.

Chamber Design

The PAS system depends on the measurement of pressure pulses if a gas of interest is
present. The sensitivity of this measurement depends on the magnitude of pressure
fluctuation around ambient. Although an open-air system is possible, the magnitude is
enhanced by an enclosure that constrains the gas volume. Modeling work preformed by
AWE suggests a cylindrical acoustic chamber with no significant openings provides
excellent pressure response. Modular cylindrical prototypes were designed and
fabricated to allow system characterization under varied chamber dimensions. Several
chamber lengths and diameters were created.

Sensor Design
A sensor design that shows excellent sensitivity and durability is desired. The material

choice must meet the stringent constraints of weapon systems and survive very long
deployments. A variety of optical films were created in the LLNL microfabrication
facility. These include combinations of silicon nitride, silicon oxide and metallic
coatings. Ultimately, a circular diaphragm was created that includes a multi-layer
material stack for stress-tuning (see Figures 1 and 2). Optical measurements show that an
excellent optical return is achieved with a pre-buckled diaphragm. The buckled
diaphragm is designed to give enhanced sensitivity by reducing the diaphragm stiffness.

Choice of a specialized optical interferometer readout system allows for very robust
diaphragm movement detection. Fiber alignment and positioning of the readout system is
not critical, making the overall PASS system very robust. The power and sensing
systems were designed to be insensitive to position variation enhancing the system’s long
term survivability and simplicity.

Fiber Coupling Design

For this study, both single and dual fiber designs were considered but only the dual fiber
design was pursued to simplify initial testing and to help isolate any difficulties that may
occur in testing. For PAS operation, laser power is coupled to the acoustic chamber in
either time or modulation-frequency division multiplexing via the power fiber. A single
fiber carries the stimulating laser light to the acoustic chamber. The interferometric
readout system also uses a single fiber to detect diaphragm motion. This fiber is coupled
to the opposite end of the acoustic chamber (see Figure 3). Both coupling ferrules are
modular and similar in form to allow efficient testing of varied diaphragm sensors.

o Project Summary

This one-year feasibility study proved the design and fabrication of a novel, miniature
photoacoustic spectrometer sensor system can be achieved. The system was conceived,



preliminary studies performed and ultimately, several prototypes were built that will be
tested by collaborators at AWE. Follow-on work is anticipated to advance the
technology beyond this study.
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Figure 1. Backside view of the MOMS diaphragm sensor
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Figure 2. Electron micrograph of a MOMS diaphragm sensor
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Figure 3. Components of the photoacoustic spectrometer system (PASS) and a
complete PASS prototype.



