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OUTLINE
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ATOMIC FORCE MICROSCOPES
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AFM’s ATOMIC SCALE RESOLUTION

Image taken with NanoScope SPM 
(Digital Instruments, Santa Barbara, 
CA)
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APPLICATIONS

• Microcantilever employed to investigate 
electron spin dynamics
–Applications to unraveling electronic 

structure of material
–Quantum computers

• Applications to biology
–Cell dynamics
–Gene mapping



NanoDynamics Lab ISU 6

SAMPLE INTERROGATION
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THERMAL NOISE BASED IDENTIFICATION

z(x,t)

x F(t)

Joint work with, Bergh, Lai, Majumdar and McFarland
Multimode noise analysis of cantilevers for scanning probe microscop, Journal of Applied Physics, 
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COMPLEX DYNAMICS

Joint work with Ashhab, Mezic and Dahleh
Ref (1). “Melnikov-based dynamical analysis of microcantilevers in scanning probe microscopy”, Nonlinear 
Dynamics.;
Ref (2). “Dynamical analysis and control of micro-cantilevers”, Automatica, 
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COMPLEX DYNAMICS

Ref.  On the Dynamics of a Harmonic Oscillator Undergoing Impacts with a Vibrating Platform Work by 
Srinivasa Salapaka, Igor Mezic and Mohammed Dahleh
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TAPPING MODE
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SYSTEMS VIEWPOINT
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CANTILEVER A LOW PASS FILTER

+
+
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EXISTENCE/STABILITY OF PER. SOLNS.

Ref.  Work by Abu Sebastian; Follows from work by Yakubovic, Rantzer, Megretski
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BOUNDS ON HIGHER HARMONICS

Ref. Follows from work by Rantzer, Megretski
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A Priori Bounds on Harmonics

Work by Abu Sebastian
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HARMONIC BALANCE
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IDENTIFICATION: HARMONIC BALANCE

Ref. A. Sebastian, M. V. Salapaka, D. Chen, and J. P. Cleveland, “Harmonic and power balance tools for tapping-
mode atomic force microscope”, Journal of Applied Physics, June, 2001.
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AMPL. Vs SEPARATION
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PHASE Vs. SEPARATION
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SUMMARY
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NANOPOSITIONING
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NEW MICROSCOPE

Work by Srinivasa Salapaka. and Abu Sebastian.
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FLEXURE SYSTEM

Work by Srinivasa Salapala. and Abu Sebastian.
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IDENTIFICATION

Work by Srinivasa Salapaka. and 
Abu Sebastian.
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Step Response

Work by Srinivasa Salapaka. and Abu 
Sebastian.
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SPECIFICATIONS

+ -

+
+

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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SPECS. ON SENSITIVITY FUNCS.

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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SATURATION

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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MULTIOBJECTIVE CONTROL THEORY
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MULTIOBJECTIVE CONTROL

Joint work with Xin Qi, Mohammed Dahleh, Mustafa 

Khammash, Petros Voulgaris,
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PRESENT STATUS

• The only controllers employed at 
present are PI controllers.

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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H∞ DESIGN

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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HYSTERESIS EFFECTS MINIMIZED

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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POSITIONING RESOLUTION

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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CREEP EFFECTS MINIMIZED

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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PI Vs H∞CONTROL

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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TRACKING TRIANGLE SIGNALS

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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EXPERIMENTAL IMAGE

Work by Srinivasa Salapaka. and 
Abu  Sebastian.
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SUMMARY
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