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We had developed a laser scanning microscope (LSM) with a differential heterodyne optical
probe. This LSM had the optical probe formed as the small crossing region of two incident
laser beams whose frequencies were slightly different from each other. In this study we changed
the shape of the A4/2 plate from a rectangle to an annulus in order to form a coaxial laser
beam whose “core” and “clad” have different frequencies. By this improvement the probe
becomes circular symmetry and the imaging quality becomes direction independent. Another
configuration for differential heterodyne detection using two photomultipliers was examined
also. The contrast of the beat signal and the resultant image quality were fairly improved.
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Fig. 1 Laser scanning microscope with a dif-
ferential heterodyne optical probe. B.E.: beam
expander, HWP: half wave plate, PBS: po-
larizing beam splitter, QWP : quarter wave
plate, L : lens, P. M.: photomultiplier tube.
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Fig. 2 Change of polarization states of two
incident laser beams whose frequencies are vi1
and va.
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Fig. 3 Profile of a concentric type heterodyne
probe compared with a previous type.

1 J‘(Z”" %)
an—a—
vz

E123. R(4), B)TRINZIBEDHIKHEL S
ICEBL, To—TEtkicE53 2 REE A4 O cos 5k
AHBE = MEBORFRMCHIET 5. R(4), (5)D
RHEBRAORIEZFHE L, RRLICSD Fig. 3 TH
L, O 2/Af 3 —T7OhLEE-T, JthhcE
BERHAHROEELREIL LD, CORTREKLT
HHY, ERBEDOT 0 —T O yFHADIEL, zHHODIE
D 1/211>THBY, HagE®LH 5. K LT
FLEO7 e -7 TRR(5) DAHEERE o=V 22+
OEBTEY LT LD, FPuo—THRBFFNEE
%, ¥lozFHICOWTIE Fig. 8 X0 MBREOHES
Wi Tx5.

cos(2m 4 ft) (5)

4. RBRBELUHER

AEBRTRIE—VEEMK 68kHz D€ —= v L —9—
ARV, ERIIMEREEFELEO 7 o — 7 Ok ik
OHF MIKEEDOFRATERT 2/cDICv A 7 u R —u
EKEEBED 2HAKEBEEZNENDO T 0 —7 Do
THlELR. 20fER%E Fig. 4 1c/Rd. Fig. 4(a)ix
w4 782y — ORI TIHAE TH - 7o NI A RlE L
TWwa. (b), (c)DRRBOFERTR 2RO~
ROKESFHICRELTNS., Flhevf 7 0Rr —u%k
BEICEWK (c), () DHEIERETRES oMK
FSAER TN TN 5. RERBOBERTIIFig. 4(b)d
FHTHRERD BEBICEEINZOICH LT (c)DF
HMTRERD OB 1T BRI, Bk
W TRERRH 2 &b 5. chick LROE®
7r—=7TR(d), (e)ELLDHHM» S bRkICHELE

Fig. 4 LSM images (50x50 gm? 1 um step) of
a microscale whose outline is skectched in Fig.
4(a), Fig 4(b) and 4(c) are obtained with a
previous type of heterodyne LSM, and Fig. 4
(d) and 4(e) are obtained with a concentric
type.

Fig. 5 LSM image (100%100 ym? 2 ym step) of
LiNbOs crystal obtained with a concentric type
LSM, by focussing on (a) the surface, and (b)
200 gm, (c) 400 gm, (d) 600 ym, (e) 800 yum
beneath the surface
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Fig. 6 Differential heterodyne detection for
LSM.

Fig. 7 LSM image (100x100 gm? 2 um step) of
LiNbOs crystal obtained with differential heter-
odyne detection LSM, by focussing on (a) the
surface, and (b) 200 um, (c) 400 gm, (d) 600
um, (e) 800 #m beneath the surface.
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(a) (b)
Fig. 8 LSM image (100x 100 g#m? 2 um step) of
LiNbOs crystal obtained with differential heter-
odyne detection LSM. The image (a) is ob-
tained under similar condition as Fig. 7(b),
while the image (b) is obtained by rotating
the crystal by 90 degrees.

Fig. 9 LSM image (100X 100 gm? 2um step) of
another LiNbOs crystal obtained with differen-
tial heterodyne detection LSM, by focussing on
(a) the surface, and (b) 200 um, (c) 400 ym,
(d) 600 um beneath the surface.
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Fig. 10 LSM image of a third LiNbOs crystal.
Conditions are the same as in Fig. 9.
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