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Introduction to STM and AFM

Lecture 17
Piezoelectricity

A Schematic of Scanning Tunneling Microscope

Key elements: Piezoelectric scanner, Tunnelingeturdetection electronics,
Feedback system, Computer control and display systébration isolation.

A Schematic of the Atomic Force Microscope

Figure 1 in the first paper on AFM.

Common elements with STM: piezoelectric scannertiack system,
computer control and display system, vibrationdtioh.

Unique elements: cantilever, modulating piezo, sedip to detect
displacement of the cantilever.

Elementary elasticity theory (1)
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Normal stress: normal force per unit area.

Normal strain: elongation along a direction.

Hooke’s law: normal strain is proportional to noirs@ess.
Young's modulus: the constant of proportionality.

Poisson’s ratio: lateral contraction vs. normagssr

Elementary elasticity theory (2)
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Shear stress: tangential force per unit area.
Shear strain: angular deformation along a diagonal.
Hooke’s law: shear strain is proportional to stetegss.
Shear modulus: the constant of proportionality.

Relation between Young's modulus, Poisson’s ratid 8hear modulus.

Bending of a beam (1)

Relation between vertical force, tangential foared torque.




Bending of a beam (2)

Relation between bending angle and torque.

Vibration of a beam

The simple case of one-end clamped and one-end free

Piezoelectricity (1)

The simple case of one-end clamped and one-end free

The piezoelectric effect: generating electricalrgearom force.

Piezoelectricity (2)

The inverse piezoelectric effect: generating fdroen electricity.

Piezoelectricity (3)

Definition of the piezoelectric coefficients.

Quartz (1)

Cultivated quartz is the main raw material for pietectric devices.




Quartz (2)

Various cuts of quartz crystal for various piezotie devices.
Many popular cuts are designed for zero temperainefficients.

Lead zirconate titanate ceramics (PZT) (1)

PZT is a ferroelectric material. Piezoelectricifjyappears after
poling with a strong electric field, similar to femagnetic materials.

Lead zirconate titanate ceramics (PZT) (2)

Lead zirconate titanate ceramics (PZT) (3)

Piezoelectricity of PZT has a strong temperatupgeddence.

The tripod Scanner

The first successful scanner to achieve atomiduésa.

The bimorph (1)

A strong bending motion can be generated.




The bimorph (2)

Deflection due to a voltage can be calculated aicaljy.




