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A Laser Projection System by a Phase Contrast Filtering Employing a Self-Alignment

Optical Arrangement
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A laser projection system by a phase contrast filter (PCF) technique is demonstrated and
discussed. The PCF technique is well known as a Zernike phase contrast microscope to visualize
phase distribution. We have previously demonstrated an extension of the Zernike technique
named the generalized PCF method. In this paper, we propose and demonstrate a robust general-
ized PCF system on the two tasks on the optical alignment and an adaptive image display
capability. Our proposed system consists of two modules such as a phase image display module
and a PCF module. We have used liquid crystal spatial light modulators named PAL-SLM as key
devices for the both modules. The optical setup employs a self-alignment optical arrangement. We
have experimentally confirmed that our proposed system has given a desired intensity image with
adequate contrast and energy efficiency, and robustness on PCF alignment.
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Fig.1 Fundamental setup of phase contrast filtering system.
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Table1l Comparison of our proposed method and others.
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Fig. 2 Our proposed optical setup utilizing self-alignment.
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Fig. 3 Experimental setup.
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Fig. 4 Structure of PAL-SLM.
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Table 2 Characteristics of PAL-SLM.

Area 20X 20 mm

Phase modulation 27 (at 680 nm)

Sensitivity 30 uW/cm? (z-modulation)
Resolution 20 Ip/mm (50% MTF)

Response time
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(rise time)
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Fig.6 Phase modulation characteristic of LCD coupled
PAL-SLM.
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Fig. 9 Experimental result 1 (line pattern). Intensities of
the images are normalized.

y—E L TRLE, 22T, BEEP e LT 10kHz ©
R % F v, Bl Fig. 5 & [FBEIC ASHEE O35
fCh D, AMIIEHE S ERE 2R3, RS B AAHZE
POV DL TR E D ERBIFE LW L o THIITE 2 2 &
bird, ez, 0 RMHS % 2 ZFS LT 0EEIC
i3, 4.9V REOHEIZH 2 BB & L & &g, x4
(fafiv~ov) BB,

s

4. £ B & R

EERTH, 2 OOMHEER T A =5 — (0, §) (O
AJT 2 AR OZFE, 6 - PCF ofiiffy 7 &) %
HIGHET 2 2k, SESEnH/BEELE DD
2ME NS — > (REMHEGR) 23, 2> b T A b O X LR
BELTERABETHL 2 EE2RT, 22T, EEOHE
BRICHIETE 2 2 ARSI, MREHRE LT, it
WY =V e T YT LRy bXY—> D2 FEEREAL.,
HE2Fig. 9 BX O Fig. 10 1R d, BRI 0ny —7 v
MERIE, 25~50% 0 [/ R E b O 2 {HERTH 5.
ETNTNOERIZBNT, HIEPRbLI > 7 A PD &
WHEESE NS LT, (0, §) EFEEEL .

Fig. 9 idfitifi 88 — > 2RI L s 8 Of R %2R L
7. ADODREY — ik, TS A SRR b D
Eowfr Lz, 7, B/Bmbithe L T25, 30, 40,
50%DfE% b D7z, FHEND/NY —> T EICEWL D Y
PTANDRONDRTRGEM (0, ) 3RT L, EBRT
i, HRICEOV GO b I A MR b KEL %5 &
S (0, 6) HFEL, WIND/RY —ICBWTY,
Bifgary b7 A 26O %G, 7 Fig. 102
i3, 25~50% D/ BEEILE b DT VS ARy by —
VT AERERT, BRFMFOREFHERIT - 124G
B, FfC, @muay T A RS o R EEHRIR ]
RETH 2 2 L ERER LT,

DX, Ny —>, TUFARY MY —2DWn

36 (36)

(c)

a=40%
P=0.571
0=15n

(d)

a=50%
d=0.57
0=15n

Fig. 10 Experimental result 2 (random dot pattern).
Intensities of the images are normalized.
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Table 3 Efficiency on experimental result 1 (line pattern).
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(a) 25 4.0 64 7.64
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(c) 40 2.5 81 14.6
(d) 50 2.0 36 10.9

Table 4 Efficiency on experimental result 2 (random dot
pattern).
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(d) 50 2.0 89 10.3
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Fig.11 (a) Intensity pattern on PCF-plane (line pat-
tern). (b) Intensity profile at the horizontal line including
Oth-order light position (line pattern). (c) Intensity on
PCF-plane (random dot pattern). (d) Intensity profile at
the horizontal line including Oth-order light position (ran-
dom dot pattern).
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