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A Proposal of a Linked Optical Rotor and its Fundamental Characteristics

Hiroo Ukita*, Member, Yusaku Ibe"", Non-member, Takakazu Ohnishi™™", Non-member

A clockwise rotor and a counterclockwise rotor are linked on the optical axis to control the rotation direction by displacing the

trapping position. The optical torque of the linked rotor is analyzed for upward-directed focused laser illumination using a ray

optics model, under the condition that laser light is incident to not only the lower surfaces but also the side surfaces of both

rotors. The trapping position is estimated to be 1.1 pm up the center plane of an SU-8 double rotor (20 um diameter, 10 um thick,

3.3 um wing width) with a laser power at 200 mW via an objective lens with a numerical aperture of 1.4.
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Fig. 1.
rotor illuminated upwards by a focused beam. The optical

Optical torque analysis for 3-wing solitary optical

torque M, exerted on a rotor when incident light enters the
lower surface and is transmitted from the side surface is not
shown. On the other hand, the optical torque M, exerted when
incident light enters the side surface and the optical torque M;
exerted when the light is transmitted from another wing side

surface are shown in the figure.

Table 1. Conditions for optical torque simulation.
Laser power P (mW) 200
Objective lens NA 14
Refractive index of the medium n, 1.33
Refractive index of the rotor n, 1.6
Rotor diameter d (um) 20
Rotor thickness ¢ (um) 10
Wing width w (pm) 3.3
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Fig. 2. Optical torque dependence on trapping position for
My, My, Ms and Miga= M+ My+ M; simulated for an SU-8

rotor under the conditions listed in Table 1.
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Fig. 9. Bottom view of a 3-wing double rotor with no link

cylinder. The solid line shows the lower rotor and the dotted
line shows the upper rotor with wing angle of (a) 0° and (b)
60°.
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of a double rotor for different wing angles as a parameter.
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Fig. 3. Three-wing linked rotor that rotates clockwise and
counterclockwise by displacing its trapping position. The
upper rotor is an upside-down version of the lower rotor and

they are linked by a cylinder.
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following cases: (a) Trapping position is outside the lower
rotor; incident light enters the lower surface and is transmitted
from the side surface. The optical torque M, exerted on the
side surface leads to a clockwise rotation. (b) The trapping
position is in the lower rotor; the optical torque M, exerted
when incident light enters the side surface of the lower rotor
and the optical torque M; exerted when incident light is
transmitted from another wing side surface lead to clockwise
rotation. (c) The trapping position is in the upper rotor; the
optical torques M, and M; exerted as in (b) result in a
counterclockwise rotation owing to the upside-down form of

the rotor.
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Fig. 13. Relationship between trapping position and optical
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double rotor; density p =1.2, diameter d = 20 pm, thickness ¢

=10 um and rotor angle = 60°.

Table 2. Optical pressures at surfaces of upper and lower

rotors when trapping position is z =0 um.

Rotor Lower Upper
Lower surface (pN) -504(F) | -227(F")
Upper surface (pN) 344 (F)H 0.79 (F")
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Fig. A.1. Rotation rate dependence on trapping position for a
solitary rotor in water at a laser power of 200 mW with wing

width as a parameter.
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