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A BSTRACT

A microfine light source characterized by irradiating
laser to non—-spherical particulates in which laser dve is
doped to induce light emission. A micro memory sensor
making use of the light confinement of these non—-spherical
particulates.

It becomes possible to form a microfine light source
which is applicable to a new physical and chemical process,
the process and modification of particulates and which also

permits the new development of photon STM.
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A MICROFINE LIGHT SOURCE

FIELD OF THE INVENTION
The present invention relates to a microfine light
source and, more specifically, to a method for forming and
applying the microfine light source useful for micromemory
sensors, or in fields of physical and chemical processes and

electronicse as a new method for manipulating particulates.

PRIOR ART AND PROBLEMS

The practice of irradiating laser beams to particulates
for trapping has been conventionally kKknown. By the inven-
tors of the instant invention, it has been made possible to
upgrade this laser—trapping method to a level where non-
contact, nondestructive free manipulations of particulates
of micrometer order are feasible.

In this laser trapping, the particulates trapped are
irradiated with light beams 0of energy in the order of sever-—
al tens to hundreds of MW/cmz. It is expected that in such
a system, reactions in nonlinear chemistry occur readily.
Another way of saying this is that compared with the case
where a container of cm order 1is used, these extreme condi-
tions can be created more easily. This 18 also one of the
most distinctive features of microfine chemistry, which can
be utilized to induce chemical reactions measurable only by
means of a micrometer.

From this point of view, Btudies have been made on the
advanced use and more extensive application of laser tech-

nology for manipulation of particulates. As & result,

several new developments have been achieved, but in the

course of these developments, there have been some improve-
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ments yvet to be done. Particularly important of these has
been thé formation of a microfine light source for particu—
lates.

The reason is that if a microfine light source of
micrometer order becomes available and can, like laser,
produce a highly monochromatic and coherent beam of light,
then it will be able to serve as i1mportant technology in the
realization of a microfine chemical plant. Also in optical
measurement, represented by photon STM (NSOM), there have
been a great deal of studies on the techniques by which
beams of light are confined to submicron space, the size of
which is smaller than that of the wavelength thereof. A
microfine Jlight source can also find its application in this
field. The recent studiesa on microfine light sources in-
clude those on the oscillation by dye laser of droplet poly-
mer—latex particulates. With spheres of 4 m order as cavi-
ties, oscillation of a mode called Whispering Gallery oc-—
cCurs.

Several theories have been derived concerning these
microfine light sources. Examples include: a theory of an
electromagnetic field in a microsphere of dielectric materi—

al was announced early in the 20th century. It is known as
the theory of Mie scattering. Immediately thereafter, Debye
used a similar theory to derive the force (radiation force)
exerted by an electromagnetic field upon microspheres of
dielectric material. This constituted a theory based on
which Ashkin showed later that in laser trapping, there are
found ripple structures in the particle size and rate of
dependency on wavelength (as witih Whispering—Gallery Mode).
Subsequently, this phenomenon was referred to as Whispering-

Gallery Mode by Rayleigh. This theory is known as Rayleigh
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theory, Mie Debye theory or Lorenz—-Mie theory in the field
of laser—excited oscillation of particulates.

This idea was corroborated by Carrolls, et., al. of
Bell Institute in 1961. They experimented laser—-excited
oscillation of microspheres: they employed as samples
crystals of CaF, Sm+1 that were polished into several mm
(not 4« m) of spheres (in liquefied hydrogen),and as pumping
light, high-voltage xenon flash lamp (peak power:50W/cm?).
From the dependency of the intensity of light emitted upon

that of pumping light, they confirmed that the emission in

question 1s of induced type. This experiment was outstand-—
ing enough, but for some reason or others, no similar at-
tempts followed. The subject came to receive attention again
in the latter half of the 1970s, when laser started to gain
itse popularity. Since around this time, numerous reports
have been presented. First of all, i{ was experimentally
shown that fluorescent spectra of dye doped in spherical
particulates with a diameter of several tens of 4 m come to
have a mode structure due to resonance.

Using column—-shaped fibers, another attempts were made
to measure a similar mode structure. These two experiments
were, however, concerned with the mode structure of sponta—
neously emitted beams of light. They were nothing more than
the experiments, at best on the same level as the observa-—
tion of fluorescence through ethalon, and did not deal with
laser oscillation (induced emission). The first report on
laser oscillation with particulates of um order came from
Teng, et., al. in 1984. The samples used then were droplets
in the air of ethanol containing rhodamine 6G(10“4 ~ 10™3

M)*. These droplets were prepared with a vibrating orifice

whose frequency was used to adjust particle =zizes. In this
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test, droplets with particle size of up to 60u m were em-—
Ployed, and, using an argon ion laser (514.5nm), the pumping
light was restricted to 2004 m. Measurements were conducted
on each droplet in such a manner that droplet after droplet
was pumped at a certain timing while it was dropping.
Induced emission was confirmed in this case, because the
ratio of the peak strength of a mode to that of background
(spontaneous emission light) was dependent upon the intensi-—
ty of the pumping light and & relaxation oscillation was
measured through time—-division measurements in the order of
/£ sec. The reported data seemingly contained not only
those of dye laser oscillation, but those of ethanol—-induced
Raman scattering. In fact, just shortly following this,
induced Raman scattering (the one whieh occurs due to the
feedback of microsphere cavities) in microdroplets (alcohol
or water) were reported. This hes a definite mode struc—
ture, and can be considered to be & sort of Raman laser.
Thereafter, for dye laser oscillation, Lin, et. al.
examined the dependency of laser—-oscillated spectra on
particle size [water drop containing rhodamine 590 (10™4
— 10~3 M) 40 — 60 um, Q switched YAG 532nm, 20ns)]. Quian
et., al. presented photographs which enabled us to observe
the process of laser oscillation. Bismas et., al., moreo-—
ver, effected nsec—-order time-division mesasurements of laser
oscillation, clearly showing relaxation oscillations. For
induced Raman scattering, however, Quian et., al. measured
CC14 droplets, and nsec—order time~division measurements
were conducted earlier than for dye laser oscillation.
Since 1990, there have been a great deal of studies on the
induced Raman scattering of microdroplets, but sSubsequently

with little progress.
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However, in all the examples cited above, except for
the observation of spontaneous emission light (fluorescent
light), droplets were observed in the air.

Although they were of academic importance, these stud-
ies were entirely insufficient in the application'and devel -
opment of the light source as practical technology. in
practical terms, mere confirmation 0of light emission of
droplets in the air and the laser oscillation thereof was
not sufficient enough to permit the technology to be applied
to a microfine reaction field and to photon STM as particu-
late manipulation method.

Under these circumstances, the inventors of the present
invention trapped particulates with laser, and irradiated
lagser thereto, thereby exciting laser oscillation success-—
fully. They have established a method for using laser
oscillation to form a microfine light source (Japanese
Patent Provisional Publication No. 175616/93).

This formation of microfine light sBources received
attention as being innovative by the technological standards
heretofore, permitting the application thereof to the fields

of microfine reaction and to photon STM.

However, to proceed with further investigations, the
studies made by then on the method for forming microfine
light sBources had suffered from restrictions:they had been
concerned only with spherical particulates,and less than
sufficient considerations had been given to the optical
resonance effect of particulates.

For this reason, the instant invention has been made
considering the foregoing status of research and development

that were made heretofore. Making further improvements on

the manipulation method of particulates by laser and taking
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notice of optical resonance effects, the present invention

has the objective of providing a new method for forming

microfine light sources useful 1n the application to micro-

fine reaction fields, and a method for manipulating micro

sensors and particulates using the microfine light source.

SUMMARY OF THE INVENTION

As a meansg for solving the foregoing problems, the
present invention provides a microfine light source charac-
terisized by using laser beams to radiate non-spherical
particulates which are doped with a laser dye, and thereby
causing them to emit light.

This invention also provides a method for manipulating a
microfine light source as described above. This method

g

comprises steps of

(a) trapping said non-spherical particulate dispersed
in a ligquid medium by irradiating with a trapping
laser pbeam;

(b) irradiating said trapped particulate with a pumping
laser beam; and

(c) emitting light from the irradiated particulate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a process diagram illustrating the prepa-
ration process of nonspherical particulates according‘to the
present 1lnvention.
Fig. 2 shows a process diagram showing the taking-out

of the particulates as 1in Fig. 1.
Fig. 3 shows nonspherical particulates given as one
embodiment.

Fig. 4 shows nonshperical particulates given as one

embodiment
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Fig. 5 shows a laser irradiation system.

Fig. 6 shows oscillation spectra as an embodiment.

Fig. 7 sBhows the osc¢cillation spectra of spherical par—
ticulates as & comparative example.

Fig. B shows oscillation spectra as an embodiment.

Fig. 9 shows oscillation spectra as an embodiment.

Fig. 10 shows the locations of excitation.

Fig. 11 shows oscillation spectra corresponding to the

locations of excitation.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, laser dye has been
doped in spheroidal particulates or other non—sapherical
particulates, which are irradiaeted with laser beams to emit
light. The present invention permits laser oscillation.

In this case, particulates may be provided in a plural—
ity of groups, and may be used in any arbitrary combination
of those with and without laser dye doped therein. There isg

no specific limitation to the kind of particulates used: as

long as laser dye can be doped, any type may be employed.
The non-spherical-shaped particulates with dye doped
therein may be readily produced by, usually, impregnating
dye into spherical particulates, maeking them dispersed in a
film and drawing or otherwise transforming the film. Here
is a more detailed description of the process.
(1) Impregnation of dye
Take, as an example, the impregnation of dye into
pPolymer particulates. Dye is dissolved in an appropriate
organic solvent which is a poor solvent against the partjc—

ulates to be used and natural or synthetic organic polymer

particulates are immersed in the solution. The particulates
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are swollen to some degree with the organic solvent, with
which the dye enters the parficulates. The particulates are
then filtered using a micropore filter and allowed to dry,
thus giving the particulates in which dye is doped. Per-
taining to when to impregnate dye , there are two methods
available: impregnating dye into the particulates after and
before they are transformed.

(2) Traneformation of particulates

Now, let us take, an example where spherical-shaped
polymer particulates are transformed into spheroidal (a
football—-shaped) particulates. By means of water—soluble
polymers, particulates insoluble to water are allowed to be
dispersed in a polymer aqueous solution of adequate concen-—
tration,preparing the cast film thereof.It is then drawn to
a proper tensile ratio in an o0il bath maintained at high
humidity. The polymer particulates will be subjected to
affin transformation under the inherent circumstances there-—
of. After they are transformed, the water—soluble polymers
are dissolved and filtered, giving spheroidal—-shaped parfic-
ulates.

Whether transformation can occur depends on drawing
temperature. At room temperatures, polymer particulates are
usually in glass form, and hence cannot be drawn. For the
glass to be drawn, it is required to raise the drawing
temperatures to higher than the glass transition tempera-
ture: Tg (e.g., 80 — 120°C for poly—-methyl methacrylic acid
ester: PMMA, and 82°C for polystylene: PSt). For the par-—
ticulates to become transformed into spheroidal shape, the
cast film thereof must be elastic. PVA, for instance,
satisfactorily meets these requirements when Tg is 80-140°C.

The foregoing process of preparation of spherical-
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shaped particulates is illustrated in Fig. 1. The pro-
cedures for taking out non-spherical-shaped particulates is
shown in greater detail in Fig. 2.

The non—s&pherical—-shaped particulates applicable to
this invention are not restricted to spheroidal
particulates, nor are the preparation method thereof limited
to the aforestated procedures. Various other methods can be
applied.

The microfine light source produced according to the
present invention can be utilized for various applications:
the physical/chemical alteration and modification of other
co—existing particulates, or the applications as display
devices, optical devices, optical memory devices, optical
sensors, and other electronic devices, or as photon STM.

The particulatea to be used in the instant invention may
include organic matter as well as cells of living matter and
virus.

The microfine light source of the present invention is
effective as a microfine resonator having its specific
optical resonation effect. It can also be used to consti-
tute a micromemory sensor due to light confinement technolo-—
EY -

Light can be emitted either by the irradiation of
trapping laser besams in liquid, or by the irradiation of
pulse laser and other forms of laser with that trapping
laser.

Depending on the kinds of these laser beams, the power
thereof, irradiation method and the types of dye, the pres-—
ent invention become possible in various con— figurations.

Now, embodiments will be given for more detailed

descriptionse of the present invention.
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EXAMPLES
(1) Doping of dye on particulates

The particulates were dipped for a day into organic
solvent in which dye was dissolved and filtered with a
micropore filter (having 8 u4um pores). Here, for poly-—
methylacrylic acid ester (PMMA: Soken, MP-2700M, D=120 i m),
a solution (epproximately 2 X 1072 mol/l saturated solu—
tion) in which rhodamine B (RhB: Exciton, R610 Chloride,
MW479.02) was dissolved into methy—-alcohol was used. For
the polystylene (PSt: Polysciences Tne. Polybead Polystyrene
45.0 u#m, 2.5% solid-Latex D=41.17 u m SD=7.613 4« ), a
solution (2 x 1074 mol/]l saturated solution), in which Nile

Red (Aldrich Chem. Co., MW31B.3) was dissolved into acetone

was employed.

(2) Production of spheroidal particulates
Football=shaped particulates were produced by the

application of the following sequential procedures.

1) Production of a cast film in which the particulates

are dispersed

concentration:10%) (Nakaraitex) therein.

For PVA, the degree of polymerization about 500 was
applied. This is because PVA will get dissolved easily.
when it is stirred at 50 to 70°C for scores 0f minutes,
After being drawn, the cast film produced under the condi-
tion will be dissolved easily in water, making it easy to
produce particulates.

The cast film was produced in such a manner that the

PVA aqueous solution in which the particulates were dis-—

10
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Solved was placed horizontally on slideglass (MATSUNAMI
MICROSLIDE GLASS, Thickness 0.8 — 1.0mm, Pre-cleaned, 76 X
Z6mm) in an amount of 5ml Using pasteur pPipette, and dried
in the normal temperature. The thickness of the dried film
was about 0.15mm when measured with a micrometer.

2) Drawing of cast film

A small piece of film in a size of 10 X 70mm which wasg
cut off from sufficiently dried film was fixed on a drawing
machine, and drawn at 120°C at a required tensile rate. The
drawing was done by manually operating the Emall piece of
film at a mean speed of 3 — 5cm/s in an automatically tem-—
perature—=controlled o0il bath (using silicon oil: Toray Dow
Corning Silicon Co. SRX310, 1.0Kg). The film was drawn from
Bem to 7.2cm (at a drawing rate of 1.2). Thereafter, the
drawn film was adequately cooled at room temperature, and
the 0il adhered thereon was removed (the 0il was first wiped
off with paper, and then, due to its sO0lubility in water,
PVA was clearly removed with hexane. )

3) Collecting transformed Particulates from the drawn

£film

Football-shaped particulates were obtained in the

following procedure: first the film was taken out of the

drawing stand main body. The portion near the clamping part

ly 10 hours as indicated in Fig. 2, in a mixture of 30/7T0%
(V/V) isopropanol/water (200ml per four sheets of film),
allowing the film to get gelatinized. The temperature of

the solution was,thereafter, raised up to B0 — BS5°C, temper-—

atures at which PVA is dissolved, causing the particulates

11
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dispersed in the film to be separated. Then, a micropore

filter (having 8 u«m pores) was used to filter the mixture

of isopropanol/water: in this case, in order to clean the

particulates, distilled water was poured with the filter

fixed. The resultant particulates were stirred for approx-—

imately one hour in the distilled water (about 200ml

—shaped particulates
thus obtained were found to be in good agreement with the

drawing ratio of the film.

Fi1g. 3 shows those PMMA particulates having an axial

ratio of 12:10 (1.2) which were doped with RhB (2 X 102

mol/l) and drawn at a drawing ratio of 1.2.

Fig. 4 is PSt particulates having an axial ratioc of

©96:47 (1.19) which were doped with NR (2 x 104 mol/1l)and
produced by being drawn at a drawing ratio 1.2.

In the same way, PMMA nonspherical particulates may be
obtained by doping in rhodamine 6@G.

4) Irradiation of spherical particulates by laser

beams

For
& @ switch Nd: the secondary higher harmonics

, 10mJ/pulse, 10Hz) of YAG laser was used.

The laser beam was introduced into a microscope (Nikon

12
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Optiphot XF), focused on a particulate with an object lens
(X 40,NA=0.85). Associate with the above process, the
object lens was put out of focus into a defocusing state so
that the whole area of one piece of particulate was able to
be irradiated uniformly. The emission of light from the
particulate was kept focused on a pin hole on the plane of
image—-formation by the object lens, so that it was enabled
to execute spectra measurement on the image incorporating
high sensitive multichannel spectrophotometer (Hamamatsu
Photonics, PMAI1Q, containing double tier MCP, and the reso-
lution — 2nm). In this case, laser trapping may be done in
ligquid media. For the purpose of the above, for instance,
CWNA:YAG laser (spectron SL902T, wavelength:1064nm, straight
line polarized light) might be used as the Ltraepping laser
beam. This laser beam was circularly polarized with a A /4
Plate, and was divided with a Polarized beam splitter. This
two laser beams were polarized into two axial directions by
means of two sheets of galvanomirror (GSZ Q325 DT) respec—
tively. They were then made coaxial with a polarized beam
splitfer.

These Jlaser beams were further fed into a microscope

together with the pumping laser beam coaxially to be focused

on the specimen. The size of the focused spot was - 1 um.
The two beam—focused spots could be freely moved on the
surfaece of the specimen using a galvanomirror controlled by
& computer (NEC PC9B01RA). The status of the particulate
laser emission could be observed by a CCD camera andg by a
video image display.

Fig. 6 shows the radiation spectra of the football
shaped spheroidal particulate composed of the PMMA particu-

lates (with a longer axis of approx. 16 £ m) doped with

13
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Rhodamine 6G produced by the sequential procedures 1) thru.
4) above and having an axial ratio 16:12. Fig. 7 is provid-—
ed for comparison, showing the radiation spectra for 12 um
diameter of spherical perticulates. Fig. 8 indicates the
radiation spectra of particulate having an axial ratio
14:12, and Fig. 9 shows the radiation spectra of particu-—
lates with an axial ratio 14:10.

Fig. 10 shows the state where the excitation positions
are taken on L point and S point of the spheroid. Fig. 11
indicates the difference 0f the radiation specirum in terms
0f the excitation positions taken.

From the above, it can be seen clearly that:

1) Compared with the spherical particulates, the laser
oscillation peak will appear on the shorter wave length side
for the nonspherical perticulates.

Threshold value of laser emission is high.
2) Compared with the spheriecal particulates, the number of
peaks of laser emission will be inereased for the non—spher-—
ical particulates.

This has made i1t possible to form the memory on the
nonspherical particulates more easgily and more deeply , com—
pared with the spherical particulates, by effecting photo-
chemical hole burning at room temperatures.

3) When the whole particulate is excited, the locations of
the laser emission peak points will be in conformity with
each other, irregardless of the position of obgervation.

4) The position of laser emission peak will vary depending
On where excitation will occur.

AS noted above, not only nonspherical—-shaped particu—
lates can be used to achieve microfine light sources, but

light confinement due to optical resonance can be utilized

14
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Lo give a micromemory B8ensor.

As described in deteail, the present invention permits

the formation of a microfine light gource besed on light

resonance effect. This is applicable to new physical and

chemical processes that can be applied to sensors and memo-—

~ries, to the process and modification of particulates, and

further to new developments of photon STM.

15
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Claims

1. A microfine light source comprising a non-spherical
particulate doped with a laser dye, which emits light

followling irradiation by a laser beam.

2. The microfine light source as described in claim 1,

wherein sald the non-spherical particulate has a spheroidal

shape.

3. A method for manipulating a microfine light source
having a non-spherical particulate doped with a laser dye
in order to emit light followling irradiation by a laser
beam, the method comprising steps of

(a) trapping said non-spherical particulate
dispersed 1n a ligquid medium by 1rradiating with a trapping
laser beam;

(b) irradiating sald trapped particulate with a

pumping laser pbeam; and

(c) emitting light from the irradiated

particulate.

16
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Fre. 7

Doping dye into particulates

Preparing a cast film in which
Particulates are dispersed

Drawing the cast film

Dissoluving the cast film
Taking out particulates

PATENT AGENTS
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fFre 2

immersing the film in
isopropanol| /water solution

Raising the temparature
for stirring

Filtering
lmmefsing'the product [n
distilled water
Raising the temperature
for stirring

Ultrasonic washing

Acquiring particulates

PATENT AGENTS
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