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Optical tweezers are foreseen as a method for producing a three-dimensional micro-structure. In
this paper, the optical trapping characteristics of spherical particles are theoretically and experi-
mentally analyzed. In theoretical analysis, ray optics theory is used to calculate the optical
trapping forces by considering the Brownian movement. In the experimental analysis, we have
constructed an experimental setup to trap and manipulate particles with upward-directed and
downward-directed laser beams, and have measured the minimum laser power for axially trap-
ping particles. As a result, the experimental value is in fairly good agreement with the theoretical
one (only about 1.5 times differences) for glass (heavy) particles 5.8 ym in diameter. Further-
more, we confirm the posibility to manipulate particles with upward-directed and downward-
directed laser beams at the same time to construct a three-dimensional micro-object.
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Fig. 1. Trapping efficiency @ along the Z axis calculated

as a function of the focal position f.
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Fig. 2. (a) A photograph of an experimental setup to
trap and manipulate particles using a YAG laser beam, (b)
transmittance or reflectance of each optical element in the
optical setup.
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(b) Upper objective

Upper beam (N4=1.25)

1704 m

Stage Lowerbeam Lower objective

(NA=1.25)
Fig. 3. (a) A photograph of the optical trapping micro-
scope stage. Upper and lower objectives are seen in the
figure. (b) Two objective lenses used to trap particles with
downward-directed and upward-directed laser beams.

Table 1. Particles used for the experiment.

Light particles Heavy particles

Material Polystyrene Glass
Density

(g/m) 1.06 2.54

Index of

refraction 1.6 1.51
Diameter 3.23 5.8 7.73 1.0 2.5 3.1 5.8
(em)

BEREEAERRTH 5. HE AWM T, BuEH)
PHEIORELZT I WENTFOL 7 A (EE 3.1
um, Table 1 2R) #RA, WERAE L Z v 73T
—, B Sy SRBE T Tha, "Iy FMUEBE T i
HE—LDEHREIN—F T AEBEDFMTHSE (LF
E— A TIE L S OJERE : Fig. 3(b) 2, THE—
LTI Timh & OJEEE) . I E 6~10 SOV EZ
Ol (EASY, o H (FAH) THLZ.

FT oy PAE T T TRANEN 7 v P77 —
EEARAICHEIML, B FEmELIc<®5, i,
BT AEMADRTEDE DS T 23T L REINZED
BNL, XE—LEZERISERTERLR>TI IV

P



Upper beam

1.5 |-

05

Minimum trapping power [mW]

0 | | 1 | | | 1

0 20 40 60 80 100 120 140

Trapping position T'[ ££m]
Fig. 4. Dependence of the minimum axial trapping power

for a glass particle, d=3.1 ym in diameter, on the trapping
position from a coverslip.
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Fig. 5. Dependence of the minimum axial trapping power
on the diameter for polystyrene particles.
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Table 2. Trapping power (experimental/theoretical) for
polystyrene particles.

Diameter (xm) Upward-directed = Downward-directed

3.25 7.6 4.0
5.85 3.5 1.7
7.73 2.4 1.5
Table 3. Trapping power (experimental/theoretical) for

glass particles.

Diameter (xm) Upward-directed = Downward-directed
1.0 40 50
2.5 2.5 2.2
3.1 1.9 2.0
5.1 1.8 1.7
5.8 1.5 —
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Fig. 6. Dependence of the minimum axial trapping power
on the diameter for glass particles.
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(2) (b)

Fig. 7. Manipulation of particle(s) by upward-directed
and downward-directed laser beams. (a) Transfer of a
single particle in the vertical direction, (b) contact of two
particles.
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Fig. 8.
cles. (a) Trapped with upper laser beam (left) and with
lower laser beam (right), (b) contact of two particles.

Photographs showing how to contact two parti-
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