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ABSTRACT

We introduce a technology for robust and low maintenance sensor networks capable of detecting micro-g accel-
erations in a wide frequency bandwidth (above 1,000 Hz). Sensor networks with such performance are critical
for navigation, seismology, acoustic sensing, and for the health monitoring of civil structures. The approach is
based on the fabrication of an array of highly sensitive accelerometers, each using a Fabry-Perot cavity with
transparent passbands at specific wavelengths that allows for embedded optical detection and serialization. A
unique feature of this approach is that no local power source is required for each individual sensor. Instead one
global light source is used, providing an optical input signal which propagates through an optical fiber network
from sensor to sensor. The information from each sensor is embedded into the transmitted light as a wavelength
division multiplexed signal. We present for the first time the preliminary demonstration of a system of two linear
serialized wavelength division multiplexed Fabry-Perot sensors with the potential for a less then 1.5dB through
signal loss per device. The sensors are formed using an optical thin film multilayer structure that takes advantage
of the natural non-uniformity in deposited thin films to allow serialization.
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1. INTRODUCTION

Fiber optic sensors (FOS) networks are an attractive approach for the pervasive monitoring of a wide variety of
systems. FOS operate through the modulation of a light beam signal carried by an optical fiber by environmental
effects in terms of its intensity, phase, frequency, polarization, spectral content, or some combination there of.
It is widely reported that FOS have the advantages of being small and lightweight, immune to electromagnetic
interference (EMI), passive, low power, have a wide signal bandwidth, and can be made environmentally rugged.
They have been shown to be able to accurately sense many measurands including displacement, position (linear
and angular), vibration, bending and torsion, acceleration, current, voltage, pressure, acoustic waves, tempera-
ture, strain and a wide variety of chemicals and biological substances.1–3 Systems based on FOS can range over
1m to 100s of km with little change in architecture due to signal propagation range available to fiber optics.4

The versatility and scalability of such systems have seen their practical deployment in a variety of applications.5

Such properties are essential for monitoring highly distributed constructed infrastructure6, 7 and for military or
peace keeping operations.8 In addition, the possibility of integrated physical monitoring of communications
infrastructure has homeland security and commercial implications.9, 10

A number of FOS networks have been previously developed. The most popular are those based on the fiber
bragg gratings (FBG).11, 12 FBG are composed of a series of closely space partially reflective elements (bragg
gratings) lithographically embedded into an optical fiber core. Optical resonance forms a characteristic signal of
intensity fringes in reflection based on the spacing of the fringes. Gratings of different spacings can be placed on
different sections of the fiber to form distributed sensor nodes that response with fringes at different wavelengths.
Their popularity is due partially to the relative simplicity of such systems since FBG are ‘intrinsic’ sensors formed
inside and composed of the bulk of the optical fiber. It is also partially due to fact that optical signals from the
network sensors nodes are readily multiplexed forming a wavelength division multiplexed (WDM) system.
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Less explored are FOS networks based on Fabry-Perot Interferometer (FPI) sensors. FPIs are optical devices
that use two parallel high reflectance plates to transmit a narrow optical fringe whose spectral location is highly
dependent on the spacing between the plates. As such, they are fundamentally loss filters and cannot be easily
serialized. FPI sensors can be both intrinsic (fiber Fabry-Perot Interferometers or FFPI) or ‘extrinsic’, being
formed of a structure outside the fiber itself. In the case of conventional FPI, the node signals are not readily
multiplexed in series like FBG since the FPI acts as a optical filter, removing all light outside the transmitted
sense signal carrying fringe. Distributed sensor systems based on conventional FPI sensors generally require
additional hardware or complicated signal processing dedicated to the multiplexing of signals or introduce the
signal bandwidth limitations of time division multiplexing.13–16

FBG sensors are based on optical signal modulation due to the deformation of the fiber itself. Due to the high
modulus of the fiber (E ∼ 100GPa), FBG based sensors are focused on applications in strain and temperature
monitoring. Such a high modulus sensing element works against the creation of inertial sensors based on FBG
since high modulus bulk materials are not amenable for the creation of the high compliance suspended structures,
such as is required for inertial devices. In contrast, FPI devices can be formed from compliant materials for the
creation of inertial sensors, though their main limitation remain their difficulty to be linearly serialized.

Investigated is a transparent (all optical) WDM sensor system of FPI sensors in series, where the sense
information is encoded onto different wavelengths of a light input. This is achieved by creating optical windows
(transparent regions) or passbands in the spectral characteristics of the devices through which WDM signals
from other devices can be passed. In this way WDM channels are formed. The optical characteristics are similar
to FBG except that the FPI signal is transmitted downstream instead of reflected. This is advantageous since
back-reflected signals can cause effects such as signal loss, noise, cross-talk, and pulse broadening.4

Such a system based on FPI sensors would be scalable and have a high potential sensitivity for both inertial
sensors as well as other deformation based devices, such as pressure or acoustic sensors.17 In addition this
system would be power passive and immune to electromagnetic interference. The proposed system eliminates
the complicated multiplexing hardware or signal processing required in other similar sensor network schemes by
shifting the task of multiplexing to the optical structure of the sensors themselves. Sensor nodes can be potentially
added or dropped from the system without additional hardware or reconfiguration. The technology is developed
to be compatible with existing WDM communications hardware such that costs will scale downward with the
inevitable maturation of that technology. In addition, such compatibility suggests the potential to integrate
physical sensor nodes into communication networks. Furthermore, the development is applicable to the entire
class of FPI sensors and implies the possibility of both the extension to different varieties of sensor systems and
systems that include different sensor types.

We present for the first time the preliminary demonstration of a system of two wavelength division multiplexed
FPI sensors. The devices are demonstrated in simple linear serialization coupled through free space transmission.
Although designed as accelerometers, the devices are demonstrated under acoustic excitation. Each device is
embedded with a transparent region exhibiting less then 1.5dB of signal loss per device. The sensors are formed
using a low-loss optical thin film multilayer interference filter that provide spectrally distinct highly reflective and
high transmissive regions to provide wavelength divided interferometric sensing and multiplexing regions. Taking
advantage of the natural non-uniformity in deposited thin films these regions are wavelength shifted amongst
the fabricated devices to allow serialization into a sensor network.

The paper is organized as follows: Section 2 describes the background of the mechanism of FPI sensor and
explores its resolution as an accelerometer. Section 3 describes the FPI serialization technique. Section 4 describes
the fabrication process and shows the optical characteristics of the sensors. Section 5 shows a demonstration of
the multiplexing capabilities of two sensors in series.

2. THEORY OF FABRY-PEROT INTERFEROMETER (FPI) BASED SENSORS

A parallel plate Fabry-Perot Interferometer (FPI) is an elegant device consisting of two parallel partially-
transmissive plates with highly reflective inner surfaces, whose principle of operation was conceived over a
century ago.18 These surfaces form a resonant optical cavity of which only wavelengths that match the optical
resonant condition can escape and pass through the device, the operation of which is well understood.19, 20 These
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