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Abstract

Optical trapping and manipulation provides a precise, non-contact. and noninvasive method for

manipulation of micro/nanoscale objects. This technique is realized mainly by optical tweezers, evanescent waves,

photophoresis or photothermal effect, etc. A review on the progress of optical trapping and manipulation is

presented, and the trend of the research is analyzed.
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Fig. 1 Schematic of optical tweezers. Particle is trapped

by the strong optical gradient force toward the

focus of the laser beam
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Fig. 2 Tapered fiber-based optical tweezers. (a) Distribution of optical fields at the tip of a fiber taper;

(b) trapping of a yeast cell by injecting a 980-nm-wavelength laser into the fiber
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Fig. 3 Optical trapping of nanoparticle with a photonic crystal resonator. (a) Schematic of a one-dimensional photonic

crystal resonator; (b)~ (e) trapping and release of polystyrene particle of diameter 60 nm by the photonic crystal resonator
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Fig. 4 Optical manipulation of nanoparticles with a sub-wavelength slot waveguide. (a) SEM image of a 100-nm slot
waveguide; (b) laser switched on, particles trapped; (c) laser switched off, the trapped particles released;

(d) released particles swept off by the fluid flow
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Fig. 5 Simulations for trapping and delivery of PS nanoparticles with a defect NF
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Fig. 6 Targeted delivery and controllable release of PS nanoparticles with a defect NF. (a) ~(d) A 980 nm wavelength laser

(39 mW) injected into the NF, PS particles (713 nm diameter) are delivered along the NF and accumulated at the

defect; (e)~(h) laser switched off, the accumulated PS released
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Fig. 7 Thermal distribution at the surface of small object irradiated by an incident light when photophoresis phenomenon

occurs. (a) Positive photophoresis (cenergy concentrated on the front surface); (b) negative photophoresis (energy

concentrated on the back surface)
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Fig. 8 3D-FDTD simulated electric field amplitude distributions at the surfaces of the Si0, particles with diameters

of (a) 500 nm; (b) 1 pms; (¢) 2 pms; (d) 4 pms; (e) 6 pms; (H 8 pm
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Fig. 9 Optical microscope images of SiO, particles assembled and diffused by the subwavelength diameter fiber. (a) Without

light; (b) with light for ¢,, =25 s; (¢) t,, =360 s; (d) suspension of diffused particles after light switched off for z,4 =220 s
TE 58 UM ARG 36 7] DUE S AT B s KO0t 20 pm) o BR T 7R TR R b 52 B0 X K SOURL B 14K
LE PN AR MO Y I A% . B 10 SR TR S AL T A AR ST A0 T P KOG £F iR ] LS AE
3100 mW BF, R EAZ 1.3 pm MW B GEF X 0% W00 38 18 S5 A /0N %5 P41 23 () PN 08 G K A R R 4
CHRM SIO, Pkl (E 12 2. 08 po) FEAREATIERS 45 W1 WP KOGLT & TR BAE N . 2ok
MR OL . MIERE ISR L0t 119 s BF K25 8500 (1 KA 155 pm, JEOEII L 200 mW I, [/ £ 7] LA
SiO, Wki iE #8 2] 7 B 09 AL B (BB R a0 E 2y RSERIR TP R0 SIO, BURL CEAZ 3. 14 pm) FEAT AR

0900126-6



PREREL . SR M R R

I3E 3 78 B WG LF SE BT RS AN IE 11 Rt s RS S B A B ORI A A i 1 R A 3R
YL KRR B ROE LT X A i Ik RS ER .

®) t =25

@ t,=119s

B 10 Ja B A G LF X SIO, BRI DG I B . (@) ITRFTM NI (=00 5 (WY BEEKIGL T
TR THEWRALEN 20 pm A0 TR T 2, =2 s IIFLL: (O 10 =24 s WWITEBAFN; (D 6, =119 s BT HAE L
Fig. 10 Optical microscope images for migration of assembled SiO, particles by the subwavelength diameter fiber.

(a) Before migration (¢, =0); (b) migration for ¢, =2 s after moving the subwavelength diameter fiber to a new

location of 20 pm away from its original location; (¢) migration for ¢, =24 s; (d) migration for 7, =119 s
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Fig. 11 Trapping and migration of SiO, particles in a capillary. (a) Microscopic image of a 1. 3-pm-diameter fiber placed in
the capillary; (b) before migration (¢, = 0); (¢) migration for , =9 s; (d) 2, =19 s; (e) t, =29 s; () £, =49 s,
over 90 % particles migrated to the new location
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Fig. 12 Simulation results of optical field distribution (1. 55 pm in wavelength) around the fiber ring. Insets I and 1I

show the optical field distributions on the left and right boundaries, respectively
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Fig. 13 Optical microscopic images for trapping and removal of the particles in big quantity by fiber ring. (a) ~ (d) Trapping

and collection process of particles in large range; (e), (f) removing the collected particles by moving fiber ring
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