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Motivation of this work is to examine the 
properties of individual nanostructured ZnO
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Zinc oxide is a key nanomaterial due to ease of 
synthesis and interesting properties

JAP, 97, 044304  (2005) APL, 84, 2635 (2004)
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ZnO crystal structure has permanent dipole 
which gives rise to piezoelectric effect

ZnO wurtzite structure  P63mc (6mm)

Defect incorporation, surface stability, 
piezoelectric, electric, optical properties
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Crystal polarity is determined using 
piezoelectric force microscopy

Morphology
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Coaxial impact ion spectroscopy
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Adapted from Laudise & Ballman, J. Phys. 
Chem, 64, 688 (1960).
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Crystal polarity is determined using 
piezoelectric force microscopy
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Piezoelectric effect relates the mechanical state 
to the electrical state in a material
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Direct Effect Converse Effect
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• Amplitude
• Phase

Spatial variation :

V

Surface Oscillation

Applied Voltage

Piezoelectric force microscopy (PFM) is used to 
measure nanoscale piezoelectric response

Topographic Data
+

Piezoelectric Data
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Strength of piezoelectric response (d33)

Polar axis
orientation
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Polar axis
orientation

[0001] face = In phase with AC voltage
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• Amplitude
• Phase

Spatial variation :

V

Piezoelectric force microscopy (PFM) is used to 
measure nanoscale piezoelectric response

Topographic Data
+

Piezoelectric Data
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[0001] face = Out of phase with AC voltage
[0001] face = In phase with AC voltage
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PFM measures strength of d33 response and 
determines crystal orientation

10 pm/V0 180°-180°
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D. A. Scrymgeour, et al, JAP, 101, 014316; (2007).
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Piezoelectric response of ZnO nanorods shows a 
distribution of magnitudes
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Nanorods   4.41 ± 1.73 pm/V

Li-doped ZnO   12.4 pm/V

0.67 to 8.87 pm/V

D.A.Scrymgeour et al, JAP, 101, 014316 (2007). 
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Piezoelectric variation is not correlated to physical 
dimensions of nanorods

Rod Height Rod Diameter
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Conductive AFM is used to determine intrinsic 
electrical properties of nanorods 
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Applied Bias (V)
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There is a large variation of resistivity in single 
population of ZnO nanorods
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Piezoelectric response and resistance are 
correlated in individual rods
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Piezoelectric response correlates directly with 
the resistivity of nanorods
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D. A. Scrymgeour, et al, Nano Letters , in press, (2008).
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ZnO nanorod response similar to other 
piezoelectric semiconductors
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Bond strength along polar axis is related to the 
strength of the piezoelectric effect
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Shielding of ionic bonds by conduction electrons 
reduces piezoelectric response
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Madelung constant calculation with constant 
mobility does not model experimental data well 
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Conclusions

‣ Distribution of piezoelectric responses and resistivity 
‣ Rod resistivity and d33 response are correlated
‣ Conduction electrons reduce piezoelectric coefficient 

through reduction of Madelung energy of crystal
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The End!The End
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Both coated and uncoated rods have the same 
piezoelectric response distribution
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