The Ultra-Sensitive Interfacial Force Microscope
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Scientific Accomplishment

We have invented a new Interfacial Force Microscope sensor concept which incorporates a double laser-interferometer scheme for displacement detection offering dramatic improvements in the capabilities of the IFM. The Sandia developed IFM has made significant contributions to areas such as nano-indentation, adhesion and molecular-level tribology.  However, the breadth of its application has been limited by its use of an RF-bridge displacement-detection scheme whose sensitivity is limited to ~ 10 nN.  The new sensor concept will overcome this limitation and greatly enhance the IFM’s sensitivity.

The advantages of the IFM center around its use of a self-balancing sensor concept.    Because of the stability of the sensor, quantitative data of normal and friction forces can be obtained over the entire range of interaction, which heretofore has not been available.  In the new sensor, an interference cavity is formed in each of the two capacitor gaps.  Laser beams interfering independently in the two gaps produce an interference fringe pattern in signals from the two detectors.  Voltages placed on the two pads, along with a feedback control system, permit the position of the two sides of the common plate to be independently fixed.  If a downward normal force is placed on the tip, voltages will be reduced on both pads and the sum of the two will be proportional to the force.  Lateral forces will require an increase in voltage on one pad and a reduction on the other.  Thus, the difference in these voltages will be proportional to the lateral force.  The advantages of this system include: 1) a 50-fold increase in sensitivity with the present sensor, 2) a dramatic simplification of the control electronics and 3) the capability of reducing the sensor size and spring constants to produce even further increases in sensitivity.

Significance

It is difficult to overstate the significance of the self-balancing sensor concept.  In fields dealing with interfacial adhesion, tribology and mechanical properties, there are no instruments available that are capable of obtaining mechanically stable force data over the range necessary to obtain a fundamental understanding of the details of the atomic and molecular-scale interactions responsible for macroscopic properties.  The situation becomes even more pressing when problems are being explored involving nano-scale materials.  Scanning probe techniques have become very important in this latter area, but are seriously limited, except in their ability to produce incredible nano-scale images, by the inherent mechanical instability present in all of the their displacement force detectors.  The new interferometer IFM sensor promises to greatly expand the significant impact already achieved in materials studies by the IFM concept.
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