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We have developed optical second harmonic (SH) and sum frequency (SF) microscopies as probes of
non-centrosymmetric structures in solid state materials. In this paper, recent several studies performed by
the SH and SF microscopies are presented. The oxidation of carbon monoxide on the Pt surface, a
multi-stack film of two metal species, the electric field near a silver grating, the spatial distribution of elec-
tronic states of an arsenic ion implanted Si(111), the hydrogen desorption by laser pulses from a hydrogen
terminated Si surface have been investigated by the SH microscopy. Nondestructive chemical analysis of
starch granules in a water plant have been performed by the SH and SF microscopies. The distribution of
asymmetric species is demonstrated to be mapped by the SH and SF microscopies.
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Fig. 1. (a) Classical model of optical second harmonic genera-
tion from a banana-shaped molecule.(b) Quantum mechanical
model of optical second harmonic generation.
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Fig. 2. Playing card symbols of "diamond" and "heart", mod-
eling centrosymmetric and non-centrosymmetric molecules,
respectively. (b) Linear optical image and (c) optical second
harmonic image of a sample composed of the four types of
molecules modeled by the four playing card symbols.
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Fig. 3. (a) Crystal composed of centrosymmetric molecules
modeled by the diamond symbol and (b) the image of the same
crystal cut down by an oblique angle and seen with a second
harmonic microscope.
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Fig. 4. Optical second harmonic microscopy system combined
with an ultra-high vacuum chamber.
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Fig. 5. (a) Optical second harmonic image of a Pt surface in an
ultra-high vacuum. The dark spots are photons. The image of
the clean Pt surface is seen in the left part of the panel. (b)
Optical second harmonic image of a Pt surface exposed to
oxygen and CO gases at room temperature. The profiles of the
SH intensity in the two images are shown on the right hand
side [6].
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Fig. 6. Optical second harmonic image of semicircular Au and
Ag films deposited on a glass substrate with a part of the films
overlapped. The image was taken from the glass side.
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Fig. 7. Optical second harmonic image of a blazed holographic
grating covered with a Ag film of 100nm thickness. The pitch
and the depth of the grooves are 5 um and 1 pm, respectively.
The polarization of the incident wave is perpendicular to the
groove lines.
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Fig. 8. Profiles of the SH intensity from a Ag grating illumi-
nated by a fundamental light polarized (a) perpendicular and
(b) parallel to the groove lines, and linear profiles of the same
grating illuminated by light polarized (c) perpendicular and (d)
parallel to the groove lines.
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Fig. 9. Optical second harmonic image of Si(111) doped with
As" of concentration 107 cm™ at the SH photon energy of (a)
2h@=2.33 eV and (b) 4.43 eV, and the linear image of the same
sample at the photon energy of (c) #@=2.33 eV and (d) 4.43
eV. The domain in the lower left part in each image is the
doped area.
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Fig. 10. Optical second harmonic intensity as a function of the
SH photon energy for As” doped and undoped Si(111). The
doping concentration was 10'7 cm™.
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Fig. 11. (a) Schematic configuration of hydrogen desorption
from Si(111):H by laser light irradiation. (b) Optical second
harmonic image of a Si(111):H surface after hydrogen desorp-
tion by a laser beam with a striped mask pattern. SH intensity
patterns of similar surfaces after hydrogen desorption by laser
beams scanned in (¢) J and (d) O patterns, respectively.
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Fig. 12. SH intensity from Si(111):H as a function of the illu-
minating laser pulse energy of wavelength 355 nm and the
pulse width of 30 ps.
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Fig. 13. Schematic diagram of the electronic transitions in op-
tical second harmonic generation (SHG) and optical sum fre-
quency generation (SFG). The solid lines represent real states
and the dashed lines represent imaginary states.
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Fig. 14. Schematic SF image from a mixture of four shapes of
molecules like that in Fig. 2 (b). Centrosymmetric molecules
are invisible and non-centrosymmetric molecules have differ-
ent resonances as a function of the infrared frequency.
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Fig. 15. (a) Microscopic image near an oogonium and an an-
teridium of a Chara fibrosa in water and (b) a SH image of the
same sample. (c) and (d) Microscopic and SF image near an
oogonium of a Chara fibrosa in air, respectively.
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ule.
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Fig. 17. SF intensity spectra of C-H stretching vibration of (a)
the oogonium of Chara fibrosa, (b) amylopectin, (c) amylose,
(d) glucose, and (e) B-cyclodextrin.
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