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e E.coli0157:H7 is the main cause of :

— Foodborne iliness
o Contaminated meat — improperly cooked beef
e Lettuce
o Unpasteurized milk and juice
e Salami
e Sprouts

— Waterborne illness

» Creeks, rivers, streams, lakes, ground water,
portable water and swimming pools

E coli alone killed some 240 people in 2001!
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Sample water

> — T > =
Wait for a day

filter

Disadvantages:

dSlow

dNot real-time, In-situ
dNot qguantitative

Need: a sensor that is
direct, sensitive, rapid, real-time, and in-situ



Dynamic Applications: Biosensors
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U Rapid real-time detection
U Airborne and in-liquid



Piezoelectric Microcantilever Biosensing 1),Exe|
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Avidin binding on 3-mercatopropionic acid
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Dlsadvantag es. Biophysical Journal,78, 487 (2000) L

J need adriver for actuation

1 Need optical system for detection OCantilever of 0.7 mm long PZT

- Qfactor =1 in water, with a 2.5 mm tip is already 16

J in-water detection difficult times more sensitive in Af than the
O Difficult for multiplexing most common 5MHz QCM

T. Thundat, E. A. Wachter, S. L. Sharp, and R. J. Warmack, Appl. Phys. D AISO d|ff|CU|t fOr mU|tip|eXing

Lett., 66, 1695 (1995).
B. llic, D. Czaplewsli, H. G. Craighead, P. Neuzil, C. Campagnolo, and C.
Batt, Appl. Phys. Lett., 77, 450 (2000).
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At 100um length, Am/Af will approach 10-16 g/Hz !

J. W. Yi, W. Y. Shih, W. —H. Shih, J. Appl. Phys., 91(3), 1680-1686 (2002).
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Tasks:

Q

To develop highly piezoelectric lead magnesium niobate-lead
titante (PMN-PT) films for microcantilever miniaturization

To fabricate and characterize highly PMN-PT microcantilever
sSensors

To use sub-millimeter PZT cantilevers for immediate pathogen
detection development
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in Ecoli Solution (100 mg/L)
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Immobilization on glass, Ti, and Au
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Multiplexing

Detection with
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PZT/Au-coated glass cantilever
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Resonance frequency shift (Hz)
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MPA exposure to EDC +NHS
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Antibody immobilization detection
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Salmonella detection at 10° cells/ml
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Salmonella T. at 10° cfu/ml
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C (cells/ml) | 1x10° 1x10° 5x104 1x10%
Af 1400 Hz | 300 Hz 180 Hz 90 Hz
Am 42 ng 10 ng 6 ng 3 ng
Cells 3x10° 4000 3000 1500
needed

Vol. 4 ul 50 70 ul 170 pl
needed

Diffusion Linear 3-d 3-d 3-d

type
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Peak Position Change (kHz)
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Novel Coating Process for PMN-P T

Intensity (a.u.)
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Phase Angle (degree)
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PZT/Mo microcantilevers
AM/Af=1
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Conclusions Drexe]
UHigh piezoelectric PMN-PT films have been successfully made with
better than specially cut single-crystal piezoelectric properties

UArray PMN-PT/Cu microcantilevers 500 um long were made showing
better than 10-12g/Hz

Owe demonstrated in-situ real time detection of Salmonella in standing
water with PZT/glass and PZT/Ti cantilevers with various immobilization
schemes

0.4 mm long PZT/glass cantilevers of 3x10-11 g/Hz sensitivity 3-4 times
more sensitive than 10MHz QCM in protein/molecular detection, 6-7 times
more sensitive than 10MHz QCM'’s planar detection in cell detection

UThe better than 104 cfu/ml detection sensitivity comparable to a 10 MHz
QCM, better than commercial ELISA, and tapered optical fiber sensors

UFurther sensitivity improvement includes using PMN-PT/Cu
microcantilevers, using a flow cells
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