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Fig. 1. Structure of dual-trap optical tweezer metalens:
(a) SbySs in both parts A and B are in crystalline state;
(b) SbyS3 in part A is in crystalline state, while SbyS; in
part B is in amorphous state; (c¢) SbyS; in part A is in
amorphous state, and Sb,S; in part B is in crystalline state;

(d) SbySs in both parts A and B are in amorphous state.
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Fig. 2. (a) Structural diagrams of the unit cell, from top to bottom, SbyS; with H of 1 pm and different W/ L, ITO layer with T of
0.03 pm, and SiO, base, and unit cell P of 0.5 um, respectively; (b), (¢) PCE diagrams of the nanosquare pillars with different W/ L
when Sb,S; is in the amorphous and crystalline states, respectively; (d) the plots of phase and PCE versus rotation angle 6 for

SbyS3 nanosquare pillars with L = 220 nm and W = 160 nm.
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Fig. 3. The electromagnetic field intensity distribution in the zz plane and zy (z = 3.3 pm) plane, respectively: (a), (b) SbyS; in both

parts A and B are in crystalline state; (c), (d) SbySs in part A is in crystalline state, while SbyS; in part B is in amorphous state;

(e), (f) SbyS; in part A is in amorphous state, and Sb,S3 in part B is in crystalline state; (g)

in amorphous state.

, (h) SbyS3 in both parts A and B are
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25, 1 B #4319 SbySs AT AEMZS; () A FRAMAY ShySs Ab FAE S A, B 431 SbySy Ab T HHAS; (d) A 1 B FAMY ShyS, ¥4k TR 4
Fig. 4. Plots of F,and F, for the particle versus z displacement and z displacement, respectively: (a) SbySs in both parts A and B
are in crystalline state; (b) SbyS; in part A is in crystalline state, while Sb,S3 in part B is in amorphous state; (¢) SbyS; in part A is
in amorphous state, and Sb,S; in part B is in crystalline state; (d) Sb,S3 in both parts A and B are in amorphous state.
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FMSHAERA 30 2 i — 30 R/ Fl B, 2 SO T P E T0. M 4 45K
F. W% 0.006 pN, XETRI T AR B AL, STty b Fbe s 5 st 5
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Fig. 5. Plots of F, for the particle versus y displacement: (a) Sh,Sy in part A is in the crystalline and amorphous states, respectively;

(b) SbyS4 in part A is in the crystalline and amorphous states, respectively.
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Fig. 6. Potential depth plots of F, and F, when parts A and B are crystalline state: (a), (b) potential depth U, plots of Fj;

(c), (d) potential depth U, plots of F..
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Fig. 7. (a), (b) Structure of the multi-trap optical tweezer metalens, (a) SbyS; in the middle part is in the amorphous state, and

SbyS; in the rest parts are in the crystalline state, (b) Sb,ySs in all parts are in the crystalline state; (c), (d) the electromagnetic field

intensity distributions in the zy (z = 3.3 pm) plane and 2z plane in (a) state, respectively; (e), (f) the electromagnetic field intensity

distributions of zy (z = 3.3 pm) plane and zz plane in (b) state, respectively.
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Fig. 8. Sb,yS; in the middle part of the multi-trap optical tweezer metalens under the crystalline and amorphous states: (a) F, of
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particles versus z displacement; (b) F, of particles versus z displacement; (c), (d) potential depth plots of F, and F, for Sb,S; in the

middle part of the multi-trap optical tweezer metalens in the crystalline state.
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Fig. 9. Electromagnetic field intensity distribution of zy (z = 3.3 pm) plane and zz plane for six focusing states of the multi-trap op-

tical tweezer metalens to achieve different shapes of trapping arrays: (a)—(c) and (g)—(i) are zy (z = 3.3 pm) planar intensity distri-
butions; (d)—(f) and (j)—(1) are the corresponding zz planar intensity distributions.
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Abstract

Novel dual-trap and multi-trap optical tweezers are designed and analyzed, in order to enhance the particle
trapping performance of optical tweezers in three-dimensional (3D) space. Firstly, controllable dual-trap optical
tweezers are proposed based on metalens and the low-loss optical phase-change material SbyS;. The horizontal
and axial analysis of the optical force acting on two 250-nm-radius SiO, particles are also carried out. The
simulation results show that when Sb,Ss is in the crystalline state, the transverse optical trap stiffness k, of two
particles reaches about 25.7 pN/(pm-W) and 37.4 pN/(um-W), respectively, and the axial optical trap stiffness
k. for each particle is about 10.0 pN/(um-W). When the SbyS; is in the amorphous state, both k, and k. are
about 1/10 of the counterpart of its crystalline state. As a result, the particle is not stably trapped in the 2
direction, and thus enabling the controllability of trapping particles in 3D space. Furthermore, array-type multi-
trap optical tweezers are proposed. By regulating the crystal state and noncrystal state of phase-change
material SbySs, it is convenient to form different combinations of 3D trap schemes. These new optical tweezers
can realize 3D space particle trap in various ways, thereby improving the flexibility of optical tweezers, and

providing a series of new ways of implementing the metalens-based optical tweezers.
Keywords: metalens, optical tweezers, optical phase-change, three dimensions space
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