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Construction and Application of a High-resolution-range

Photonics Force Microscope by Using an Off-focus Probing Beam

Student: Chia-Chieh Fan Advisors: Dr. Long Hsu

Department (Institute) of Electro Physics
National Chiao Tung University

ABSTRACT

Photonic Force Microscopy is a single particle tracking technique which operates by combining an optical
tweezers and a quadrant photo detector (QPD). The movement of the micro-particle is tracked by using a QPD
to detect the scattering light from the particle, which is illuminated by the laser beam. The spatial resolution of
this particle-tracking technique can reach undersasfew nanometers. Nevertheless, the size of micro-particle
influences the scattering light a lot and consequentlyyinfluence, the response of the QPD to the scattering light. .
Therefore, we propose to import another. laser beam to'be a probing beam. By adjusting the focus of the probing
beam according to different sizes of-parti¢le;-one-can-always obtain the best response of the QPD to the
scattering light. In this thesis, we focused the probing beam in front of micro particle, and let the QPD could
have the best response by the micro lens effect of the micro particle. We used optical-simulation program and
an experiment to observe the scattering light under different probing beam focusing position, and we also
observe the response of the QPD to these different scattering patterns. We performed the simulation and
experiments of the signal response upon three kinds of trapped polystyrene beads whose size are 1-um, 3-um,
and 6-pum-in-diameter, respectively. It also obtained that the optimized distance between the probing laser focus
and a trapped bead is one third of the diameter of the bead in front of the center of the bead. Besides, we
attained that the spatial resolution of our Probing Beam Type Photonic Force Microscope (PBPFM) to track a
particle is less than 10 nm. At last, the stiffness of our optical tweezers with our PBPFM is calibrated and the
possibility to measure the adhesive stiffness of biological samples by stiffness method is also confirmed. At last,
the stiffness of our optical tweezers with our PBPFM is calibrated and the possibility to measure the adhesive

stiffness of biological samples by stiffness method is also confirmed.
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