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Super -resolution Fluorescence Microscopy in Nano-meter Scale
Region Using Two-color Laser Beams
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A super-resolution fluorescence microscopy using two-color laser beams was proposed. The microscopy is based on
the combination of two-color fluorescence dip spectroscopy and a phase modulation technique for the laser beam. By
applying the proposed technique to alaser-scanning microscope, a fluorescence image of a sample can be observed with
aspatial resolution overcoming the optical diffraction limit. To demonstrate validity of the microscopy, we constructed
a scanning microscope system using commercia nano-second pulse lasers. An image of micro beads containing dye
molecules was observed by the microscopy. We succeeded in obtaining the image with a resolution overcoming the dif-
fraction limit in nano-meter scale region. The experimental data showed that the resolution was improved three times at
least. The microscopy is expected to be an appropriate analysis method for the samples with nano-meter scale struc-
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tures.
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Fig. 1 Scheme of two-color fluorescence dip spectroscopy .
The pump beam excites a molecule with the ground
state (So) to the S, state. Then, the erase beam further
excites the S; molecule to higher excited states, S..
Due to various relaxation processes from an S, state,
such as an internal conversion to the ground state,
molecule from S, can decay without fluorescence.

Erase beam with
donut shape

Pump beam

Fluorescence Fluorescence area

depletion area

Fig.2 Principle of the proposed microscopy. The 1st-order-
Bessel beam with a“donut shape” for the erase beam
isintroduced onto some part of afocused pump beam
areaon adyed sample, and the fluorescence depletion
process takes place at the part where two beams over-

lap.
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Fig. 3 Schematic diagram of the experimental setup. The fluorescence depletion
process for Rhodamine 6 G is observed by using the two-color dip spec-

troscopy.
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Fig. 4 Fluorescence intensity at a wavelength of 552.76 nm
plotted as a function of the erase laser intensity. The

fluorescence intensity exponentially decreases corre-
sponding to the erase laser intensity.
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Fig.5 Evaluation of the generated 1st-order-Bessel beam. To examine the modulated patter of the beam, we
observed the reflection pattern of the beam from a slide glass located on the focal plane of the objec-

tive.

_# 2T%
Observed pattern of the 1st-order-Bessel beam at the
foca point. The image taken by the ICCD camerain-

dicates that the focused erase beam has the donut pat-
tern with a center hole with 1 um size.
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Fig. 7 Experimental setup for verification of the super-
resolution fluorescence microscopy. The 2-nd har-
monics of an Nd:YAG laser was used as the pump
beam. To generate the erase beam at a wavelength of
599 nm, a Ba(NOs). Raman crystal was irradiated by
another Nd: YAG laser. The pulse-delay generator
synchronized both lasers. Scanning the sample stage,
the fluorescence signal from the sample was detected
by the photo-multiplier.
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IE.I i —— Fig.8 Observed fluorescence spot profile on the
Hkfy U i PMMA film containing Rhodamine 6 G without
L[] P! N 1 and with irradiation of the erase beam with
R B S R S TR R doughnut shape. The spot size with the erase
‘ beam irradiation ((a)) reduces to that of 103 in

{a) Pump oaly (b} Pumpr+Erase the absence of the irradiation ((b)).

T finds g

£ frrin e 0 A o]

{a) Pump anly iy Pump+Ernse

Fig. 9 Scanning fluorescence image of 1 po-micro bead with Rhodamine 6 G taken by introducing only pump beam ((a))
and both pump and erase beams ((b)). The former corresponds to an image given by conventional optical microscopy,
and the observed image size of the micro bead is almost the optical diffraction limit of 2.4 um-FWHM. On the other
hand, the image given by the proposed method has a size smaller than that of half in the absence of the erase beam.

.'\. '.ll el " ll:'. '-l.'

(a) Pump only (b) Pump-+Erase

Fig. 10 Scanning fluorescence image of 175 nm-micro bead taken by introducing only pump beam
((a)) and both pump and erase beams ((b)). The image given by the proposed method ((b)) has
asize of 400 nm- FWHM. Thisvalueis smaller than the diffraction limit of 460 nm- FWHM.
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Fig. 11 Mesasured cross sectiona profile of the PMMA film

with Rhodamine 6 G by introducing only pump
beam (thick-line) and both pump and erase beams
(thin-line). The film was sliced by a microtome.
Roughness of the film surface and density distribu-
tion of Rhodamine 6 G influence on the measured
profile. As shown in the profile with the thin-line,
fine structures can be clearly observed, and this re-
sult shows that a resolving power is improved using
the proposal method.
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