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Abstract As one of the most important techniques in optical tweezers, two-dimensional array optical tweezers have
the widespread applications in nanofabrication and biochip manufacturing. Diffractive optical element is the key device
to design array optical tweezers. Combined theoretical simulations using pseudo-random phases encoding through
Gerchberg-Saxton (G-S) algorithm with experimental measurements, we find that obvious background noise appears
when the regular output distribution is array points. A double amplitude filter is adopted to effectively suppress the
background noise and impove the quality of diffraction images. These findings are helpful for designing array optical
tweezers in the near future.
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Fig. 1 Schematic diagram of the principle of

spatial light modulator in array optical tweezers
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Fig. 2 Flow chart of G-S algorithm with

pseudo-random coding
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Fig. 3 Simulated results of G-S algorithm with pseudo-random coding
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Fig. 4 Simulations with bi-amplitude phase filter

L RS

BEXT 4 510 B0 A B SR R A B T — A
LI R IE D 3 X3 Bt S FES L 5 Ca) o A
AREJF BRI 3 K O 256 pixel X 256 piexl, 4
Je a5 pixel X5 pixel . Zid 10 YA UGS 153 B AL &
EE N 256 1AL o0 A B, A& 5 (b) iR I
TLARAL T B i ) A0 57 2 9] ' 3 o 45 o

Bl 5 SCunsh
Fig. 5 Experimental results
Szge R Al HOLOEYE 2 Al 5 HEO-1080P J
Ui N T N VAR Tl 1 I i ST I B
1920 pixel X 1080 pixel, 3 75 K T £ 87 %6 . I il IR &
2n, FEBBMIGEHEARE T 3X3 ML s FEs], LI
HOR A 532 nm BYEOLYT R ME B HE BDCIE AR
29789 mm, F3E A 220 1 AR 2 Ak 1 OB A

0109003-4



WA

51

1T LA R B

SR EI2 [B) G ) 28 s )G IR 25 0 S R R
WIS — A R B R A R R BB S R EAR
FNPHHOCAHR I L K SO FR. b T R
15 T 8D ) XoF A S T 0% ) 55 D 7 23 TR0 R o 5 114
SR EEE TSI T — AR G, b E RS A T
Kt 1 A] G ) /INFL s DA AR ASEAELAE AR 67 98 i) v 3 in
U R 8 1] LI 25 SR 5 (D R .

S A X A A SRR AT T A G
D 5 S 380 2 TR 68 ] 28 1 BO6 SR B 110 mW,
S A DI 2 7 B S SR BE 295 0,99 mW, T B in R
W 9 T B B S BB 290 0. 25 mW ., X HE AT
J& B I A Sk Al R AT L B L 3 i i A o RE A AR
HI 55 28 07 S o ) R MR A H A BRI T B O AR
MOGERAE . (EAR4E B, B SO (D i T 7
14 D' met S 2 [ ] i g 79 22 GATT S 6 B IR o 4 1Y
AR 25 ¥ 1 B AL 55 0 00 A D g T & RO6BE I AF
FESS S AT DL 2o A I B R R
JEBE AL B 3K SR R A — R

SR AE R W] K Oy B ML A S 1Y G-S SR A )
{14 7 1] i A\ 380 05 AF A7 1) VR s 25 1) 0 o o 8
REME 7R e 0y 5 fam AR T IE g K. S H
P A2 a5 R DU o A B 378 37 107 B 2 A AE RN 43
A1 (R SR A SR OB R DB D RE A% 10 ) T R I
o [ B AR T O R BE

5 4% g2

THEENIAE AL A 0 G-S s Hope S it a8
A HRT B 2k AR T DA B 5 B AR
LRIz S A0 5 e . X B IS T F i A 4 O Bl AL 24 B
MK A AR AL AR S 2 AE AL B R TR AR B R4
W A B0 1R 43 AT W SR 25 5 T Gt i JIT 5K ) il ML A2
S IR L 2 AE O Y R R S LSS T PR IR
A X BEALAE B A AR 52 e o 50 e M S A5 2 TP
EE S RE SRR T o anda] LL—Fp o8 45 1) 7 X
TR ALAE S, o B PR Hb ik B3 11 H AR . 308 2 5 B
TAET W,

5 F X

1 Wu Jianguang, Ren Yuxuan, Wang Ziqiang et al.. Time-sharing
multiple optical traps using rotating glass plate [J]. Chinese J.
Lasers, 2009, 36(10): 2751~2756
REG, B, AR % RIS EHZ R
[J]. ¥ Bk, 2009, 36(10); 2751~2756

2 Ren Hongliang, Zhuang Lihui, Li Yinmei. Measurement of
interaction potential between colloidal particles using dual optical
tweezers[ ] ]. Chinese J. Lasers, 2008, 35(1): 151~155
FEBEsE, EALME . 2B k. XU S5 0 2 JB A FRIRL i) AH B AR T A
[J]. ¥ HEsk, 2008, 35(1); 151~155

3 Li Yali, Wang Zhijian, Gong Tianlin et al.. Experiment of
controllable double-well optical trap and application of asymmetric
double-well optical trap [J]. Acta Optica Sinica , 2009, 29(10) :
2924~2928
AW, EREWR, SRRMR S TG XU 9 6 K AR X BR B
BIR (1. 65 53, 2009, 29(10) : 2924~2928

4 Wang Chu, Li Qin, Cao Qun e al.. Development of optical
tweezers array [J]. Laser & Optoelectronics Progress, 2007,
44(5): 62~66
oL H.W OB S BIDCEMERRE L] stk ke
F R, 2007, 44(5); 62~66

5 K. Sasaki, M. Koshioka, H. Misawa et al.. Pattern formation
and flow control of fine articles by laser-scanning
micromanipulation[J]. Opz. Letz. . 1991, 16(9): 1463~1465

6 W. H. Guilford, J. A. Tournas, D. Dascalu et al.. Creating
multiple time-sharing laser traps with simultaneous displacement
detection using digital signal processing hardware [ J]. Anal.
Biochem. , 2004, 326: 153~166

7Y. X. Ren, J. G. Wu, M. Chen et al.. Stability of novel time-
sharing dual optical tweezers using a rotating tilt glass plate[J].
Chin. Phys. Lett., 2010, 27(2). 028703

8 Ren Yuxuan, Wu Jianguang, Zhou Xiaowei et al.. Experimental

generation of Laguerre-Gaussian beam using angular diffraction of

binary phase plate [ J]. Acta Physica Sinica, 2010, 59 (6):

139~144

AR, A, /N S AL A 1 35 5 7 A= B 38 R m ot

HIGSB W), HE R, 2010, 59(6): 139~144

E. R. Dufresne, G. C. Spalding, M. T. Dearing e al..

Computer-generated holographic optical tweezer arrays [J]. Rev.

Sci. Instrum., 2001, 72(3): 1810~1816

10 Y. X. Ren, M. Li, K. Huange al.. Experimental generation of

©

Laguerre-Gaussian beam using digital micromirror device [J].
Appl. Opt. 2010, 49(10); 1838~1844

11 J. A. Grieve, A. Ulcinas, S. Subramanian e al/.. Hands-on
with optical tweezers: a multitouch interface for holographic
optical trapping [J]. Opt. Express, 2009, 17(5): 3595~3602

12 R. W. Gerchberg, W. O. Saxton. Apractical algorithm for the
determination of phase from image and diffraction plane pictures
[J]. Optik, 1972, 35(2); 237~246

13 V. Soifer, V. Kotlyar, L. Doskolovich. Iterative Methods for
Diffractive Optical Elements Computation [ M]. London: Taylor
and Francis, 1997

14 Liu Bohan, Wu Liying, Zhang Jian. Fast phases retrieval for
diffraction optical devices optimal design [J]. Acta Optica Sinica
2007, 27(2): 219~224
XA, REEA, 5k fd — B0 TG IC RO A B Y Pk
FILMBEE (1], e # 5 4, 2007, 27(2): 219~224

15 Liu Wenyao, R. W. Cohn. Pseudo-random encoding for phaser-
only filters [J]. Acta Optica Sinica, 1998, 18(6): 783~788
XISCHE . R W. Cohn. 4l AE A7 58 ok & 1 D BE AL A [T, k&
FI%, 1998, 18(6): 783~788

16 R. W. Cohn, M. Liang. Approximating fully complex spatial
modulation with pseudo-random phase-only modulation [ ] J.
Appl. Opt. . 1994, 33(20); 4406~4415

17 Liu Wenyao, R. W. Cohn. An improved method for design of
pseudo-random encoding of phase-only filters [J]. Acta Optica
Sinica , 1998, 18(7): 950~955
KUSCHES R. W, Cohn. 6 I 50 3 6 25 B 01 B BL 463 8 3 1
stk (1] e 4R, 1998, 18(7): 950~955

18 Cai Dongmei, Yang Huizhen, Ling Ning ez al.. Diffraction effect
of liquid crystal spatial light modulator using for beam deflection
[T]. Chinese J . Lasers, 2008, 35(4): 491~495
SRAM, HES ., B T S IS DGR A TO6 AR e 4
Wl r RS a8 (1] . F B#ok, 2008, 35(4): 491~495

19 Zhang Hongxin, Zhang Jian, Wu Liying. Phase modulation of
liquid crystal spatial light modulator measured by a Twyman-
Green interferometer [ J|. Chinese J. Lasers, 2008, 35(9):
1360~1364
skt sk 4l RIS MR W OO B A DGR
5 AR L 98 R R [T, F Bk, 2008, 35(9): 1360~1364

0109003-5



