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Microsensors and Sensored Microsystems

An overview of Sensor Efforts in Sandia’s Microsystems ST&C Center

ORGANIZATION, CUSTOMERS, & PROGRAMS
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Primary Departments Focused on

Local Sensing

e Activities in chem, bio, radiation, nuclear and
explosives detection (CBRNE) in addition to physical
sensing

— Biosensors and Nanomaterials — Steve Casalnuovo
¢ Hand-held portable bio-identification.
— Micro-Total-Analytical Systems — Larry Stotts

Microsystems Sensor Customers

e Programs support internal SMUs:
— NW: weapon system surveillance |§

— DS&A: chem/bio/rad sensors for
intelligence gathering.

— ER&N: chemical/physical sensing

— HSD: Facility Monitoring (Boston
subway demonstration...)

¢ Portable chemical identification. « Deploying capabilities to industry
Advanced Sensor Technologies — Richard Cernosek

¢ Chemical and physical detection

— Photonic Microsystems Technology — Jim Hudgens
¢ Transduction to optical signal

— MEM Technologies — Keith Ortiz
¢ Microfluidics and microsensors

and OFA:

— Water sampling

— Hydrogen sensors

¢ Commercialized through H2Scan
Physical/Chemical Sensing

Chemical/biological detection for
Intelligence Agencies

Demonstrated CO detection for
CPSC

qualification 380.000 sq ft ) Sandia | \ Sandia
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Sensor

‘Sample Collection
and Processing

p-Fabrication

Integrated Microsensors
for Persistent Surveillance & Condition Monitoring

+ Self test

« State-of-health

« Environmental sensing

« Joint Test Assembly
(JTA) components

Supporting:

» Nuclear weapons

« Military vehicle PHM
+ Industrial machines

passive shock sensors

Assembly Test Chips:
CMOS-integrated

qualified: OTS components
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An Electrochemical Microarray Sampling System for
Multiple Biological Agent Detection

Application: Simultaneous detection of multiple pathogens (i.e. CusrentCapakilities

anthrax, avian flu, tuberculosis) using a single detection system Simultaneous and selective detection of three

sirmilar proteins on a single chip
Simultanesus detection of DMNA and protein on

Proposed Integrated Electrochemical Biodetection System a single chip
Selective patterning and protein detection on

Aerosol Sampler

Simultaneous DNA CombiMatrix 12,544 electrode chip (see image
and Protein Detection

Electrochemical 1 [
Detector - below)

Selective patterning of ¢ 8
2,181 electrodes forming
the Sandia Thunderbird |8 §

and Combitatrix logo.
Bright pixels correspond 38

to electrochemical
detection of protein.
DNA and Antibody

Functionalized
Electrodes

12,544 Electrode Array

Next Steps

Benefits :
Lrevelop and demonstrate simultanecus

detection assays for multiple class A simulants
Integrate cormeraally avalable sample
collectot/ concentrator with detector
Dremonstrate prototype systern

Simultaneous detection of hundreds of agents 15 possible
Multiple signatures can be obtained for each agent — inecreases confidence

in sensor results
May detect multiple biological, chemical, and explosive targets within a

sinigle handheld unit

— Separation/selection
e GC Columns Enzymatic Module
e Lyse "
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Optical detection
Y R Supramolecular self-assembly with

dramatic shift in fluorescence
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Catalytic deoxyribosyme molecular beacons to
eliminate need for PCR

SnifferSTAR™ —

Chemical Sensor for micro & mini-UAVs
Developed in conjunction with Lockheed Martin

Sample Chemically

+ Detects CWA, TICs, TIMs

» Micromachined components enable
miniaturization and rapid, low power
response

Collection/ Separation Selective
Concentration
System parameters:
* light weight: ~ 16 grams

* low power consumption: ~ 0.5 W
+ 15 to 20 s processing time

* nerve & blister agents

« System has been assembled into a
Hesterear g i AT user-friendly hand-held unit

Insulated g0 Channels Sensor Arrays q

« ppb detection levels

Sample Resistive Chemically Thin Film Materials Patterned Chemically Exhaust

Inlet

Silver Fox Mini-UAV

- Deployed by battalion leaders

- Flies 500 to 1,000 feet high

- 20 Ibs., 8 feet long. 6 foot Wing_span-——

- Detachable wings & tail fins, fits in a ;
converted golf bag

- Launched by compressed air catapult |

- Runs on Glo-Fuel (model airplane fuel)

- Office of Naval Research & Advanced
Ceramics Research

MEMS microhotplate i
reconcentrator (PC) '
Inte grated SAW

detector array

+ 2 minute analysis time
 Live agent tests at ECBC

* Field tests at subways and airports

« Specialized systems fielded by
government agencies.

o

Technology to detect multiple CBNE
threats simultaneously
Quantum dot tagged magnetic bead-based detection

Multi-Spectral
Magnetic
Bead P preconcentration +

Suspension Polymerized wash inerrogation
Magnetite Particles
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= Tailor ElectroNeedle heightto
access various analytes

Epidermis: glucose,
ionic conductivity

‘-‘.."Gda.
Geesaniana
Seeedesave

Dermis: antibodies,
proteins, enzymes

bocaco...

Auzflior g g 4 ’ Cross section of skin

target . z
LiurABL ElectroNeedle™ Sensor Array: (A) a 1 ¢m?, 10 x 10 array of
Susptavidin  Mylti-Spectral T S“.}‘ individually addressable ElectroNeedles™; (B) the backside
il Bsa'g:?';i'l'ﬁ“m ) electrical contacts; and (C) a single Electro-Needle™, showing
Poly=yrena 0 the protective dielectric sheath, leaving the electrode exposed
only at the very tip.

In Vitro Glucose
Detection through
Pig Skin

» Novel electrochemical assays and
surface chemistry provide reagentless
and label-free detection.

« Microfabricated array of biosensors for
real-time, point-of-care medical

diagnostics. _
* Impacts emergency and third-world

« Sensor patch, pressed against skin, healthcare.
provides minimally invasive biomarker

mieasurement » Technology initially developed through

Bio Micro Fuel Cell GC LDRD.

+ Electrochemical detection minimizes
system size and improves portability.

Magnetic Trap Concertrator with inset close up of
channels inside trap

Dernanstration unit with purmp, trap,
and fluid handling

Contact: Wahid Hermina, Senior Manager
Sandia National Laboratories,

Programs Supporting Technology
Discovery and Maturation

e LDRD program supports discovery and
development:
— ST&E LDRD: Innovative concepts
+ Functionalized nanoparticles
+ SH-SAW
— Grand Challenge: Integrated concepts
and prototypes
¢ Micro chemlab (| ~N
« Bio-fuel cell: electroneedle ==leleaie ==
— SMU: Mature technology to address
customer needs

+ Prototype sensors for intelligence
applications

¢ NW program funding for sensor
maturation (Enhanced
Surveillance/Embedded Evaluation...)
* No ITS analogy to NW program
funding
+ Programs/Customers mature,
demonstrate and deploy technology
— Prototypes
— Custom implementation

- Complex/Kansas City produces limited
special products

Battery powered DAQ and Integrated ) Sandia
SH-SAW Detection system Emm

MESA Provides Enabling Technologles

F.'e_xibl_e- Photonics
Fabrication
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Semiconductor

Advanced

Packaging
Si Bulk Si Surface

~ Micromachining Micromachining

Micro-Gas Analyzer DARPA
Program Structure: 1 ) : _—~

» Phase 1 =$3.2M, Phase 2 = $5M
« Phase Ill award $8.5M including
subcontracts with Caltech, LSU,
UIUC, Honeywell, Northrop-
Grumman
— 18-month Phase lll beginning FY08.
Hardware deliverables in 12 mo., live
agent testing in 18 mo.
Deliverables:
« Chemical warfare agent detection: [l
High speed (<4 sec), low power,
small volume, low detection limit
and false alarms
— Goal of ppt detection

Key Technologies and approaches:
Gas microvalves (fast injection)

Micro Gas

.
N rticl
Chromatography anoparticle

chemiresistor !

Figure D3: Analyte Binding to pi Conjugated
Bridging Ligand Reduces Current Flow.

H, Carrier (fast separation)

2 Columns (reduce false positives,
increase selectivity)

Nanoparticle chemiresistor (increase
sensitivity, lower power)

Modeling of pre-concentrator

adsorption/desorption to shorten
design cycle

Summary

» Novel microsensor technologies are being
developed and deployed.

« Emphasis placed on handheld and
autonomous technology.

+ Nationally recognized with significant
activities for Federal Agencies and Industry.

« Sandia’'s microsystems capability is
addressing national security needs in
CBRNE and physical sensing.
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