>
Microsystem Capabilities for
Prognostic Health Monitoring

Jay Jakubczak and Steve Martin

Microsystems Science, Technology, and
Components Center

Regan Stinnett
MESA Institute

Sandia
National _
W Kent Schubert/505-844-3930/wkschub@sandia.gov Laboratories



Integrated Microsystems:

The Next Technology Revolution

* The next leap in function of Integrated
Circuits will involve more than just
packing more transistors on the chip

It will involve combining Si, Ill-V, MEMS,
and advanced packaging technologies to
create an integrated capability to:
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} roducing Integrated Microsystems
R

equires a Broad Spectrum of Capabilities
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It is very difficult to obtain these capabilities
plus the flexibility for R&D and prototyping. @ S
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Sandia’s Enabling Capabilities
Produce Miniature Sensors,
Processors, and Communication Systems

icromachines,
Microelectronics

Microelectronics
Development Laboratory

Over 30,000 ftZ of
lean room, 0.35 ym CMOF; z
Fabrication Facilit Deposition and Surface and Reactive lon Beam Etching
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ﬂESA provides complete facilities for

microsystems design, integration, fabrication

and testing
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Microsensors for
PHM Applications

Sensor: Measures: To Indicate:
Quartz Fluid Properties _ Fluid
Resonator (density, viscosity) Degradation
MicroChem- , Chemical : Chemical
Lab Constituents Degradation
Micro — Acoustic ——»  Onset of
Resonators Spectrum Failure
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,_ TSM Resonator Fluid Monitoring
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AT-cut quartz crystal with gold electrodes on opposing faces

Application of RF voltage produces shear mode deformation; the fundamental
mechanical resonant frequencies are 5 to 6 MHz

Fluids are viscously entrained at the resonator surface and create a load
impedance

For Newtonian fluids, frequency shift (Af) and damping (AR) «< (p7)'2, where pis
fluid density and 7 is fluid viscosity.

Cernosek, 1764, 845-8818 @ ﬁaa%gﬁal
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LUBRICATING OIL CONDITION MONITOR

An inexpensive in situ monitor that measures lubricant viscosity
and indicates oil age and quality

y

Z Viscousy-Entrained i *A thickness_ shear mode quartz cr_'ys_tal
/ Liquid : resonator viscously-entrains liquid in contact
: x with the surface
Electrode / . . .
V] ATL;Qiartz < * Shifts in resonant frequency and magnitude are
V D'Spl';"(?’)“e”‘ proportional to liquid density-viscosity
Electrode o
-V

e Extracted oil samples can be placed on resonator
surface

* Robustly packaged resonators can be mounted in
vehicle oil pan or placed in oil flow line

* Tests conducted in laboratory, in engine
dynamometers, and in operating vehicles
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ne Photoresist and Spin-On-Glass Viscosity Monitor

Approach:

* Process fluids flow through cell at low
pressures

®* 5 MHz TSM quartz resonator measures
density-viscosity of contacting fluids

System Configuration:

* Flow-through cell containing resonator,
oscillator electronics, and temperature
probe

* Interface electronic module with power
supplies, signal conditioning, and data
acquisition

* Optional notebook computer for real-time
graphical display

Performance:

* Newtonian fluid calibration

® Viscosity range: 0 to 190 cP

® Accuracy: less than £ 10%

* Viscosity measurement resolution: ~
0.1%

®* Temp. range: 15 to 30 °C

e Sample interval: > 5 sec. @ Sandia
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' Measurement of Viscoelastic

-~ Properties of Polymer Films

Viscoelastic Film
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RF voltage on electrodes induces shear deformation in AT-cut quartz

Changes in surface mechanical load shift resonant parameters

Viscoelastic layer (chemical sensing polymer) on resonator surface produces

acoustic loss and phase delay (changes the measurable operating frequency and RF

amplitude)

Layer modulus (G = G' +G"), density (p;), and thickness (h;) control acoustic

parameters

Chemicals (from vapor or liquid phase) sorb into layer, creating changes in G, p,

and/or h; Sandia
Cernosek, 1764, 845-8818 @ National
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pChemLab™

A hand-held chemical analysis system that
uses three microfabricated analysis stages

Chemically
Selective
Detection

Sample
Collection/
Concentration

Gas Flow
Control

Separation

Preconcentrator accumulates Gas Chromatograph Acoustic Sensors provide
species of interest separates species in time sensitive detection
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Chromatographic Column
Fabricated On-Chip Packed Column

sch Deep Reactive lon Etching
Capability used to Fabricate
World’s Smallest Integrated Gas
Chromatograph Column.

Posts made
during
fabrication
eliminate need
FHERE fl to pack with
el beads

New GC Columns
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MESA West 18kU 588um
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Gas Chromatograms

Selectivity Shown for
Micromachined GC Column
Using Two Different
Coatings

60C, 10psig Ny
40 x 250p x 1m

Compound b.p.
Octane 126

pXylene 138
Decane 174

= Carbowax
s OV

Decane
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%‘, analysis components are

integrated on novel
electrical/fluidic circuit board

Electrical and fluid connections
are made simultaneously.

Preconcentrator | SAW Detector 3-Way Valve

Gas
Outlet

Inlet GC Column

Sandia
National _
W Kent Schubert/505-844-3930/wkschub@sandia.gov Laboratories



Icro Acoustic Spectrum Analyzer (MASA)

Array of
Mlcroxylophones Microxylophone
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Microresonator Development

l orentz Drive

Teeter-Totter Resonators

0.008 AN I I LI U A  Fabricated in Silicon-on-Insulator
Blue is Uncoated (11,891 Hz) _ 5 kHz <f <50 kHz
I | RedisCoated (11711 Hz) | | gotar fabrication control of f
n Coating: Polymer ) ) o
0.006 Vp-p =2V (AC) * Fine tuning of f_, through added
' o gatsg  thinfilms
_ Bandwidth: 67 Hz e Reduced temperature dependence
Operating in Air _| . .
*Single or Two-Port Devices
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Microresonator Development
Capacitive Drive/Piezoresistive.Readput
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fo Is electrically tunable & detectable
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1st Mode Resonant Frequency (Hz)
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* Modified SUMMIT V
WISFET for integration

«Strong interest in very low
frequencies

*Driven by acoustic energy
in air

“Horseshoe resonator”

Modeling indicates very low frequencies are possible
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Conclusions:

 Microsensors can be used to measure
mechanical and chemical properties
indicative of degradation.

* Their small size makes them robust, low
power, and able to be used in many
locations.
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