
Acoustic Sensors

Arrayed acoustic sensors for:
•Target determination/acquisition
•MEMS microphones

Completed Accelerometer fits into 8 pin TO-
5 Package
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Patents
6,581,465
“Micro-electro-mechanical systems ultra-sensitive accelerometer”

6,550,330
“Differential amplification for micro-electro-mechanical ultra-sensitive     accelerometer”

6,546,798
“Micro-electro-mechanical systems resonant optical gyroscope”
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Modulated Photocurrent 
Transconductance (slope): gm ~ 1 mA/V             

Transduction >9000 A/m
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Next-Generation MEMS USA Sensor
Adjacent photodiodes
for differential 
amplification

• Increased Proof Mass 
• Double-bonded structure Dual 

upper & 
lower 
springs 
for 
improve
d 
stability

MEMS USA
Micro-Electro-Mechanical

Systems
Ultra-Sensitive
Accelerometer

• The MEMS USA device is a tunable Fabry-Perot interferometer, composed 
of two parallel mirrors.  

• The upper mirror is free to move with an applied force or acceleration, 
thereby adjusting the spacing between the mirrors.

• As the spacing changes, the transmission of light through the cavity is 
modulated. 

• This modulated light signal is then detected by a photodiode underneath the 
cavity.
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SEM Micrographs of Released SensorSEM Micrographs of Released Sensor
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Accelerometer Performance Comparisons and 
Technology Chart
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MEMS USA

R&D

Commercial

Has potential performance to 
meet the requirements for all 
these applications

MEMS USA Current MEMS 
R&D

Commercially 
Available

• Piezoresistive => Pyroresistive
• Large Resistive Noise
• > 10-mg resolution

Concept conceived by
Dr. R.L. Waters
SSC San Diego

• Scale Factor 
about 

1 part-per-billion 
per µg

• >100-µg 
resolution

Resonant Vibratory
(passive)

Tunneling (passive)

20001980 1990

MEMS Accelerometer Technology
Development Timeline

MEMS Accelerometer Technology
Development Timeline

Piezoresistive (passive)

• 1-G Acceleration 
⇒∆C < 100 aF 

( 1aF = 10-18 F )• Must increase size 
for more 

sensitivity

Capacitive
(passive)

• > 50-µg resolution

MEMS USA (active)
• Current > 1 
mA• Transduction > 9000 
A/m 

• Active Transistor-like  
Device 

• Small size• Potential Resolution < 1 
µg

• Current = 1 to 2 nA
• Sensitivity = 9.4 A/m
• Developed by JPL and HRL
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Mobile Phone Receiver uses 
~20fW

Theoretically expected power 
output ~10mW

Magnetic Material

CHEM/BIO Detection
White Light Source

Filter Array

Organic Coating Array

Air Flow Out Package Concept

Air Flow In

PorphyrinPorphyrin FilmsFilms

• Cyanide
• Proteins/toxins
• Nerve and Mustard Agent Simulants
• Amino and Nucleic acids
• Bacillus spores (Anthrax)
• Organics

� ALCOHOLS
� ACETONE/KETONES
� FORMALDEHYDE
� BENZENE
� SUGARS

Examples of Naturally Occurring Porphyrin Films:
Heme (Hemoglobin); Chlorophyll-a

In the UV-visible absorption spectrum, the highly conjugated porphyrin macrocycle
shows intense absorption (extinction coefficient > 200,000) at around 400 nm (the 
"Soret" band), followed by several weaker absorptions (Q Bands) at higher wavelengths 
(450 to 700 nm). Variations of the peripheral substituents on the porphyrin ring often 
cause minor changes to the intensity and wavelength of these absorptions.

Chemicals / biological agents that can be detected with porphyrin films:

Energy Harvesting

35300Motorcycle 
handlebars

80010Truck floor
40010Car floor

Excitation
Amplitude (µµµµm)

Frequency
(Hz)

Application
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