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Focusing Laser Beams through Opaque Scattering Media
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Abstract Because of multiple scattering, laser beam is diffused and transforms into speckle when propagating
through scattering media, such as milk, biological tissue et al. Realization of diffused light into a focal spot by
modulating the wavefront of the incident beams is of great significance. In this study, focusing laser beams through
opaque scattering media is achieved by introducing the spatial light modulator and continuous sequential feedback
algorithm to modulate phase of the incident beam. The maximum enhancement factor of intensity obtained is
50.6139. The influence of the number of square segments of the spatial light modulation and the phase precision
of every segment on the enhancement factor of intensity is discussed. Experimental result shows that light intensity
at the target area increases with the increasing number of square segments of the spatial light modulation, and
becomes stronger with the increasing phase precision.
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Fig.1 Schematic of the process. (a) Speckle pattern formed from a plane wave; (b) a single spot formed from the shaped wavefront
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Fig.2 Schematic of the experimental setup
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Fig.3 Diagrams of experimental results. (a) Random speckle pattern formed from unshaped incident light; (b) a single spot formed from
shaped incident light in center target area; (c) relation between enhancement and controlled segment when N=225; (d) phase pattern of

incident wavefront used to form (b)

0602004-3



L G-
A ] OO R R EUR A S T 2 B IR BUR S 2 SRR, i E 3@ iR . B TR
B AR T A S SO AR Ik R AT R R A R O A B T e g A R B T R A A
AR AR 7 & A el AR, CeD i B ek A s kAR ARk, — TR IR ORI IS S A FE JL IR AR
Jii , A E HAE CCD $2 TR B H O 7 B AR T 18— A~ 58 1 R BB BT, e s 1 K 7 4 50.6139., SEE0 45 B U 3
JE7R o B 3(b) Ry 2 5k R i 5 00 D' ROE B i) B S AR BRE 5 18] 3 ()2l N=225 B, H AR o7 B AL 14 S 5 16 K R Bl A o)
B IR AR At 26 18] 5 18] 3(d) Ry Fe S g AE SLM. T B 3(b) e 2R ARG B 4 4 102 %]

3 2 AR R B T BN, A5 R BT S B0 B R 25100, 144,225,400 T G R B K R T 2 T RE
FHE[R] A 06 2, LC R M B An B 4 it 7s o & b O Be 38R 26 R [0 S0 B T AN B0 9 Botsm i K I 7,
% 25 B R SR B A TR U Bl A bR o O 225 o AT R B R R B DT A B B0, DG s R R IR B
ZHE T FE A B D R L (R X R R BT A B A SRR K P T R L TR A b X 2
H T A0 S 118 W 75 5 e K% i T R I ) A 3, AR O BRI TR TR AR S K

A7 g A4 I 4 B G A A O~ 2 43 Y 003 B, 75 B A 007 (5 13 % 40 50 5.10.15.20.25 .30 F A6 i 43 K A
TR AE BRI 56 &, O R M R WS Bis o By B3 s 78 AS 5] 0 #8708 0 50T 187 2ok s i
PR, 15 2 W hy ol 5 14 PR 0 20 1 s v O 2 o DAL e mT R S B 3 RO L 93 B30 O, G B g A TR 14
4D R 8 AN A, TV R I (] 3G AR P . I ELAR AL 0 80K 31— 2 B OIS K B s T AR E , I DLZEAR AR
SR LB — A e A B

60 4000
60 [ —m—enhancement A 76000 [ N— A
sol —A— elapsed time I5000 50 - —a—elapsed time / 15000
§ 40 /f * lsooo £ 40 _
g1 ~ ;| g1 —— — 2
52T 2000 £ R o0 &
£ 20} 2000 22 1 -
: B -1 —
S = A~ 1000
10 _./ P 1000 0p ]
olam ! L L L ! L L 0 0 R T 0
0 100 200 300 400 5 10 15 20 256 30
Number of segments N Number of phase steps
Pl 4 B 31 PR SRR FH R 17 5 5 81 6 R T A s ¢ & A P 5 eI 7 SR I ) 5 0~ 2 70 ) 3 B0 ¢ R JA]
Fig.4 Relation between the enhancement and the elapsed time, Fig.5 Relation between the enhancement and the elapsed time,
the divided segment phase precision
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Fig.6 Diagrams of experimental result for focusing at arbitrary area
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