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Spatial Coherence Measurement of a Scanning Laser Beam

Shigeo KUBOTA

University of Tokyo, Institute of Industrial Science, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8505

Spatial coherence of a scanning laser beam was tested on the Young’s experiment setup using 200 ym-
separation, 50 um-wide, 600 um-long double air slits. The fringe visibility formed after the Fourier
transform lens was measured on the CCD camera with 6.45 um square pixel. The fringe visibility is
significantly reduced when the translation velocity of the laser beam on the double silts is as fast as nearly
3,000 m/s. The primary reason for the fringe visibility reduction is due to the double slit scan by finite
and inhomogeneous intensity beam profile of the laser.

Key words: laser display, speckle, double slits, image sensor, Doppler effect

T C & (I PEEE £ 1% 18.4 mm IkE— L 7=,

e 41, 4 (2012) 242-249

RAZBL—HF =R —ITEFAF Y L= —
E—AHVENTWS, Z02E#ae—L Yy 2AZHET
5 LE, BEIRDOAXy 7 VS OBIR»S, LI
BUIRZE Y BEHEEA D & 9 2Rk a b —L v 2K
FBEA I 0L —F WG e EeEfae—L
VARET LG, ZOEKHITHE L saL—HF—7
0P x 7Y —DIEHA 7 ) — EEIRIE, SRRy 7
Nav FFAMRRTIZTTHS., LL, EHEICERI
NBARy 7 av b7 AME, ZHRUEEEL 2\, Kb
XTI, L—HF—E—L2ZAF XT3 LHMKD, L—
P—HR 2o ae—L Y MET 2 FRBICR->TY
% 2 & MR, ORISR,

2. 12 B

L—H—t—2a3&EDTC, BEOEMat—L v R,
FTNAY) y b EHOEY Y TOFEBTHET S Z 8T
2%V 1/ ERTImmED, L—¥F—DHE—24
WL 7% 70V A Yy % Fig. 1ITRT,

Fig.2 T, (a) B#ILL —¥—E—2IcRT 27D
FEEEONFEEERN, (b) BAFry L —F—E—AIC
NTBZ2OEET, Ebod, 7Y 8LV ADER

E-mail: kubota@iis.u-tokyo.ac.jp

242 (74)

%&v—%—B—A@t%,@)Lﬁﬁfwavb
77—V LML v XORTHIESALE (=
E%ﬁ@:UX—&—VyftmL@t—AlﬁxA/

V—uyf@eyw:ﬁ*M%Ltw ik L — Y —
E—2GRIE, FEERL —F—lcaY X =y ==L 7

bDTH5.

A¥x v —HF—E—2DtE, (b) LIF7TLRAY Y
M, L= —=7aP ¥ —HNAF YT —0lih
DICHIERZ B 0 LYy A5, HEEICz—d=1£IC
BE, L—Y—E—L»N¥ 7Ry MHEICEEIZA ¥ ¥
VIR EHIREBELEZ (FLeYy Py IO L VYRR
X¥ V), AF¥ ¥ L —HF—E—24lF, KD MicroVision
D ShowWX Z H W THAEIR, Zo7/adzry—
T, 2V X—F3INLFRBEOL —F %z 1 RICH
, ERXT222000EHEFT s~ 7037 —TX
TLAF v L T0B I LR TH B,

2.1 BIEL—Y—E—-LOYV>JTiHiE

Fig. 11237, L—¥—D k) hHifa5ELae—L v b
R CTHAINALY 7VAY v b Py, P, LORK ¢ 128
I 2WEENGE Vi), Ve(t) E T2 L E, ZOMHEER

L=Vi(t)Vi" (1)), L=(Va(®)V2"(t))



Fig. 1 The Young’s experiment using double air slit photo-etched on the 30 um-thick stainless

steel disk. The disk diameter is 10 mm.
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Fig. 2 Optical geometries in the Young’s experiment for (a) a stationary laser beam and for
(b) a scanning laser beam. In (b), the fringe should be broaden as a result of Doppler effect.
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Fig. 4 The Young’s fringe of the double slit illuminated by a
stationary laser beam at 658 nm. (a) Experimental and (b)
simulation based upon Ref. 2), while (c) experimental with a
diffuser, and (d) with a moving diffuser. In (a) and (c), fringe
visibility is nearly 1 as predicted by (b). Much reduced in (d)
at vibration frequency 68 Hz. Horizontal axes of figures are
positions on the CCD imager in unit of micron.
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Fig. 5 Optical Doppler effect and diffraction by the double slit.
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Fig. 6 Scan frequency modulated, diffracted light after the
double slits, where T is interaction time between the scan-
ning laser beam and the double slits. (a) simulation and (b)
experimental results.
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Fig. 7 Calculated fringe pattern at x=wvt=0, 0.18p, 0.36p,
0.54p, 0.72p, 0.9p, 1.08p, 1.26p, 1.44p, 1.62p, 1.8p in Eq.(18) with
o/p=1.2, where the horizontal axis is the position on CCD
corresponding to the spatial frequency denoted by # in mm.
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Fig. 9 Externally triggered time-dependent Young’s fringe of the double slit
illuminated by a scanning laser beam at 530 nm (upper) and 630 nm (lower),
where horizontal axes of figures are positions on the CCD imager in unit of
micron. Fringe visibilities of 0.4 are observed.

Table 1 Time averaged fringe visibility as a function of scan beam
width (unit: p=200 um).

Scan beam width (o) 1.0p 1.1p 1.2p 1.3p 14p 1.5
Time averaged visibility (7) 0.27 0.34 0.40 0.46 0.51 0.56
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