Piezoelectricand Electrical

Properties of Zn0 Nanorods

for sensor applications
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Statement of Problem -
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Manostructured zinc oxide, with its high surface area to volume ratio and unique piezoelectric P R W e
andl semiconadu :'Iinﬂ Im:lpr-rliw., s h"!.' mailerial for the I:rl!'\l'\vl'-llll_'l-n'lr'l'l‘l ol rrnf-p,rnrrqlinn TSI i |
arrays. The motivating idea behind this research is to utilize the combination of pieroelectric X ’
eficct and the small geometries of panosiruciures, which fogether give an intrinsically h \ - : -
high-frequency resonant behavior. These features can be exploited to create sensors analogous F——— B I—— ¥ T 0 _‘ ‘ ) r ::
o thie quarkz crystal microbalanee, bul have the .|1il.'.|nl.1H-|_= af enhanoe] sensilivily doe e .-_ " i i i
higher operating frequency and smaller surface area. However, the basic properties of = | - F =M R B 4 ; ' . j i R . -
nanoscale piceoelectric structures mast st be understood 1o implement such devices, E i T 2 e | :' '.' r
This work characterizes the piezoefectric and electrical properties of individual H al ¥ A =y = 18 ¥
nanosiruciures and the measurement of high-irequency impedance characteristics of - A : l:E £ ] 3 ,_I::_,,,,:, P
both arrays and individual nanostructures. N r ; S
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High-frequency Impedance Spectroscopy
Individual piezoelectric and electrical properties of nanorods: Collaboration with Clark Highstrete and Mark Lee
= Built and calibrated piezoelectric force microscope (PFM) capable of measuring Cirplamar Woy ngwride Clomtwiry
piezoelectric distortions to -1 pm Sl
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= Allowed sequential property measurements on individual nanorods - t -
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High frequency impedance spectroscopy of arravs and individual nanorods: = =
= Dielectrophoretic assembly of suspended nanorods onto coplanar - -
waveguide structures I ‘ Stesamparciic skl Faid .
= Measure transmission and reflection scattering parameterss from 0.1 to 50 GHz . e 3 118 gL AT | .
using nebwork analveer i L e
= Examine both arrays and individual nanorods and look for high frequency resonances * Probe impedance properties at high frequency (0.1-50 GH2) a
* Characterize high-frequency electrical properties
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Piezoelectric response and electrical resistivity show much variation within a single
populition of Zedd panorods, Pleroeleciric response varies widely, very surprising N
considering that it depends on crystal structure. Likewise, the electrical resistivity varies
by over 3 orders of magnitude.  This distribution would not be evident using ensemble
measurements, indicating that individual measurements of nanorod properties is necessary.
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Prcsuclecine response (pmiy)

Wide varialion in resistivity due to unintentional impaurity of defect incorporation during
synthesis

Direct correlation between electrical and pieroslectric properties in individual S0 mano-
structures

Lower-resistivity rods have higher free carrier concentration that reduces pieroelectric
rEspOnse

Distribution of resisfivities explains range of pleroelectric response

Sandio is 0 rudiiprogrom laboratory opermded by Sandio Gor poratican,
& Lo kbweed Mariin Company, for che Unived S4aies Deparmseni
il Energys Mivvtonnd Maclear Securiity Admdsistrateon under oomtrmot I ACDHE S0 LTSIHNE

EANLD E ST Creaninve Arfs UL LWCH AN

or individual nanorods

* Lack of resonance at high
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0 resonances observed In either nanorod arrays
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electrical signal to mechanical motion

& Higher-resistivity rods pequired io observe resonances

Significance

Individual Properties of Zn0 nanorods
* Large variation of resistivity (0.1 - 155 pem)
. "qur||r|\.i|1._u| witle varialion of Ilii‘ﬂ!l‘ll'l"ril' coefficient (0.7 - 8.8 pr V)
* Piezoelectric response and electrical resistivity is coupled in Zn0 nanorods
* Low-resistivity rods have low piezoclectric response
* Lack of control of synthesis leads to uncontrollable properties

High-irequency impedance properties of Zn0 nanorods
* Sucessiully measured impedance properties of arrays and single Zn0 nanorods
* Modeled as 3-element crouit model sith Tow aanorod resistivity
* High-frequency resonances not observed
* Better control of properties needed to observe high-irequency resonances
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