A3 A 12 ooE % Ok Vol. 43, No. 12
2016 4F 12 CHINESE JOURNAL OF LASERS December, 2016

JEFRERE I M SE RO RO B R R A
I B f ]

FERZ K &' FAN BAF' #Fr
U [ R 2 B K AR OGRS S AU S W B O TR Ok TR BRI L, AR KB 130033
Srp ERR A BE R 2%, LR 100049

E  MOCR BN R T B PO ST S A R HCEE I R ), FE M B R R T 3 (LCoS) &3 [ A
il 25 (SLMD [R] B e pe 13 1) B84 7 35 . ) R A 69 08 2 T A4 (DOED R 4 A6 15 3 JE AR R 3 T 5 %208 DOE (9 41 057 43
A7 T LA T] 2558 et 42 1 SR A 5 SRR A LA A ) S 0 BB 4 A o 4 IR TS o 30 4 A HR A S8 o 4 T T U T S 3 5
AR B IR AR L 45 1T L B3 B 09 208 DOE A= B EL A A1 IR 58 B2 43 7 LA 6] A0 437 43 A0 09 177 5 LR . >4 SLM K Kk i)
il H 3 AT S5 TR R 3 e ESF I B 340 33K S A S5 TR AR AT A8 T RS RT A — 2 4 v SR B B 50 [ B AT L0 OB
P ELAE R 58 & N 16 MR AT T IR 1205 2k T IR S BE 2 50 DA 74 Y03 R B 92.57 %6 . 5 % I TR B OB K L
1 0.991 J8i/N Ky 0.2508. 1ZJ7 ik Fa i 1k i« REAEAR . FLAT R0 RSE/ A AR % BOR 5 Rt T 25 5% .
KB WOLLE s AFHDOEE WM 2 EDGIE G s AT EOLFE TR BOLBOY R

FESES 0436 XEkFRIZED A

doi: 10.3788/CJL201643.1201001

Beam Homogenized Shaping and Speckle Suppression in Laser Projection
Display System Using Liquid Crystal on Silicon

Liang Chuanyang'? Zhang Wei' Rui Dawei’ Sui Yongxin' Yang Huaijiang'
'Engineering Research Center of Extreme Precision Optics, Changchun Institute of Optics, Fine Mechanics
and Physics, Chinese Academy of Sciences, Changchun, Jilin 130033, China
*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Laser projection display usually need to solve the issues of beam shaping homogenization and speckle
suppression. This paper proposes a method that liquid crystal on silicon (LCoS) spatial light modulator (SLM) is
used to solve the problems simultaneously. The idea of fine design for diffractive optical element (DOE) is used to
design phase distribution of DOE that needs to be shaped, which can control the intensity distribution of sampling
points and other points. The circular Gaussian laser illumination beam is shaped into a flat-top rectangular profile.
Under different initial phase conditions, the designed DOEs generate diffraction patterns with the same intensity
distributions and different phase distributions. When diffraction patterns are modulated by SLM and they are
overlapped by time integral, the uniformity of illumination spot can be improved, and image speckles can be
suppressed. The simulation results show that by overlapping 16 diffraction patterns, the proposed method can
improve the uniformity from 74 % to 92.57%, and reduce the speckle contrast of the screen from 0.991 to 0.2508.
The proposed method has high stability, low power consumption and small size, which provide good reference for
display structure of pico-projector.
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Fig. 1 System apparatus of laser projection displays using an SLM for beam shaping and speckle suppression
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Fig. 3 (a) Diffraction pattern of ordinary DOE; (b) diffraction pattern of ordinary DOE with the sampling space of A/2;
(c¢) diffraction pattern of fine designed DOE; (d) diffraction pattern of fine designed DOE with the sampling space of A'/2
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Fig. 4 Uniformity and SC of the diffraction patterns generated by 16 DOEs
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Fig. 5 Illumination pattern generated by superposition of 16 DOEs diffraction pattern
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Table 1 Correlation coefficients of the intensity distribution of the diffraction patterns generated by 16 DOEs

DOE
2 3 1 5 6 7 8 9 10 11 12 13 14 15 16

number

1 1.0000 0.0521 0.0461 0.0443 0.0314 0.0475 0.0380 0.0466 0.0376 0.0422 0.0405 0.0485 0.0389 0.0440 0.0357 0.0393
0.0521 1.0000 0.0349 0.0432 0.0375 0.0373 0.0431 0.0385 0.0406 0.0469 0.0497 0.0447 0.0307 0.0465 0.0431 0.0399
0.0461 0.0349 1.0000 0.0364 0.0337 0.0471 0.0392 0.0385 0.0412 0.0387 0.0385 0.0418 0.0399 0.0467 0.0315 0.0392
0.0443 0.0432 0.0364 1.0000 0.0432 0.0423 0.0313 0.0375 0.0317 0.0437 0.0509 0.0479 0.0459 0.0316 0.0368 0.0321
0.0314 0.0375 0.0337 0.0432 1.0000 0.0507 0.0392 0.0513 0.0411 0.0338 0.0442 0.0434 0.0409 0.0450 0.0490 0.0379
0.0475 0.0373 0.0471 0.0423 0.0507 1.0000 0.0339 0.0432 0.0360 0.0448 0.0320 0.0400 0.0417 0.0377 0.0495 0.0378
0.0380 0.0431 0.0392 0.0313 0.0392 0.0339 1.0000 0.0478 0.0303 0.0474 0.0448 0.0286 0.0273 0.0428 0.0368 0.0359
0.0466 0.0385 0.0385 0.0375 0.0513 0.0432 0.0478 1.0000 0.0265 0.0382 0.0484 0.0374 0.0395 0.0373 0.0400 0.0392
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DOE
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

number
9 0.0376 0.0406 0.0412 0.0317 0.0411 0.0360 0.0303 0.0265 1.0000 0.0417 0.0471 0.0377 0.0517 0.0355 0.0385 0.0391
10 0.0422 0.0469 0.0387 0.0437 0.0338 0.0448 0.0474 0.0382 0.0417 1.0000 0.0530 0.0368 0.0416 0.0384 0.0494 0.0323
11 0.0405 0.0497 0.0385 0.0509 0.0442 0.0320 0.0448 0.0484 0.0471 0.0530 1.0000 0.0366 0.0441 0.0449 0.0450 0.0450
12 0.0485 0.0447 0.0418 0.0479 0.0434 0.0400 0.0286 0.0374 0.0377 0.0368 0.0366 1.0000 0.0508 0.0489 0.0404 0.0406
13 0.0389 0.0307 0.0399 0.0459 0.0409 0.0417 0.0273 0.0395 0.0517 0.0416 0.0441 0.0508 1.0000 0.0356 0.0419 0.0356
14 0.0440 0.0465 0.0467 0.0316 0.0450 0.0377 0.0428 0.0373 0.0355 0.0384 0.0449 0.0489 0.0356 1.0000 0.0346 0.0471
15 0.0357 0.0431 0.0315 0.0368 0.0490 0.0495 0.0368 0.0400 0.0385 0.0494 0.0450 0.0404 0.0419 0.0346 1.0000 0.0336
16 0.0393 0.0399 0.0392 0.0321 0.0379 0.0378 0.0359 0.0392 0.0391 0.0323 0.0450 0.0406 0.0356 0.0471 0.0336 1.0000
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Fig. 6 SC while 16 DOEs diffraction pattern is projected to screen
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Table 2 Theoretical value and simulation of SC and SCR of temporal superposition of several DOEs speckle pattern

Speckle contrast

Number of DOEs added

1 4 8 12 16
SC 0.991 0.4955 0.3504 0.2861 0.2477
Theoretical value
SCR 1 0.5 0.3536 0.2887 0.25
SC 0.991 0.4968 0.3521 0.2879 0.2508
Simulation value
SCR 1 0.5013 0.3553 0.2905 0.2531
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