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1
PLURAL THIRD HARMONIC GENERATION
MICROSCOPIC SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a plural third harmonic generation
(THG) microscopic system and method, in particular to a
plural third harmonic generation (THG) microscopic system
and method applied to bio-molecules in vivo and medical
engineering.

2. Description of Related Art

The technique of third harmonic generation (THG), with
the advantages of having no light harm, no light bleaching,
high penetrating depth and having resolution of sub-micron,
has been widely applied in research of bio-images. The har-
monic generation microscopy disclosed in U.S. Pat. No.
6,922,279 is directed to a microscopic system making use of
a third harmonic generation incorporated with a second har-
monic generation and having no fluorescent light, and is
focused on the application in bio-medicine. As revealed in an
essay published in “Resonant Frequency-domain Interferom-
etry via Third Harmonic Generation,” Optics Letter 32, 1265-
1267 (2007) by D. S. Stoker, J. W. Keto, J. Back and J. Ma, the
THG is also applied in the spectrum science to understand the
structure and characteristics of the material or bio-molecules.
However, such research is more or less insufficient with
respect to imaging of bio-molecules, due to that the existing
THG microscopic system merely provides a harmonic gen-
eration image with a single wavelength. That is, measuring
the strength of'the THG and then mapping the same to form an
intensity image. As a result, only the morphalogy of the
bio-cells and bio-tissues can be known. Further, the existing
research of applying the THG in the spectrum science makes
use of directly modulating the wavelength of a laser beam to
obtain a spectrum of the THG, while unable to provide spa-
tially distributed related information and unable to provide
the function of simultaneously presenting a plurality of THG
images.

SUMMARY OF THE INVENTION

The present invention is mainly purposed to provide a
plural third harmonic generation (THG) microscopic system,
utilizing lasers with different central wavelengths or a broad
band light source to simultaneously analyze THG response
with respect to different wavelengths, while to obtain a plu-
rality of THG images and THG spectrum of the material or
bio-tissues, and then to retrieve microscopic images of the
bio-molecules, such that it is adapted to provide molecule
imaging ability in THG microscopy of clinical medicine.

A further object of the invention is to provide a plural third
harmonic generation (THG) microscopic system, compris-
ing:

alaser device for irradiating a laser beam with a plurality of
different wavelengths;

a microscopic device for receiving the laser beam with a
plurality of different wavelengths and projecting the same
onto an observational sample, thereby producing a third har-
monic generation observational beam with a plurality of dif-
ferent wavelengths;

abeam splitter device for splitting the third harmonic gen-
eration observational beam into a first third harmonic genera-
tion portion and a second third harmonic generation portion;
and

a photodetective device for respectively detecting the first
third harmonic generation portion and the second third har-

30

35

40

45

65

2

monic generation portion and converting into a first third
harmonic generation image signal or a first third harmonic
generation spectrum signal and a second third harmonic gen-
eration image signal or a second third harmonic generation
spectrum signal.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the photodetective
device is used for respectively detecting the first third har-
monic generation portion and the second third harmonic gen-
eration portion and simultaneously converting the same into a
first third harmonic generation image signal or a first third
harmonic generation spectrum signal and a second third har-
monic generation image signal or a second third harmonic
generation spectrum signal.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the photodetective
device is used for further detecting a third THG portion or
more THG portions, while simultaneously converting into a
third THG image signal or a third THG spectrum signal and
more THG image signals or more THG spectrum signals.

The plural third harmonic generation (THG) microscopic
system of the invention further comprises a computer system
and an image processing software, for receiving the first THG
image signal or the first THG spectrum signal and the second
THG image signal or the second THG spectrum signal, while
simultaneously processing a first THG image or a first THG
spectrum and a second THG image or a second THG spec-
trum of the observational sample.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the laser device is pref-
erably a single laser for producing a broad band short pulse
laser.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the laser device is pref-
erably a short pulse laser to irradiate onto an optical fiber or
non-linear material for producing a laser beam with broad
band or having a plurality of various wavelengths.

According to the plural third harmonic generation (THG)
microscopic system of the invention, preferably, the laser
device includes a plurality of short pulse lasers having difter-
ent central wavelengths.

According to the plural third harmonic generation (THG)
microscopic system of the invention, preferably, the photo-
detective device includes a plurality of photomultiplier tube
photodetectors.

According to the plural third harmonic generation (THG)
microscopic system of the invention, preferably, the photo-
detective device includes a spectrometer.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the microscopic device
includes:

a scanning system for scanning the laser beam;

amirror for receiving the scanned laser beam and reflecting
the same; and

an object lens for focusing the reflected laser beam and
irradiating the laser beam onto the sample.

According to the plural third harmonic generation (THG)
microscopic system of the invention, the beam splitter device
is preferably a dichroic beam splitter.

A still further object of the invention is to provide a plural
third harmonic generation (THG) microscopic method, com-
prising the following steps:

providing a laser device for irradiating a laser beam with a
plurality of different wavelengths;

using a microscopic device for projecting the laser beam
onto an observational sample to produce a THG observing
beam having a plurality of various wavelengths, in which the
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THG observing beam includes a THG light having a first
wavelength and a THG light having a second wavelength;

separating the THG light having a first wavelength with the
THG light having a second wavelength;

respectively converting the THG light having a first wave-
length and the THG light having a second wavelength into a
corresponding first electrical signal and a second electrical
signal; and

processing the first electrical signal and the second electri-
cal signal to simultaneously forming a plural THG image or a
plural THG spectrum of the observational sample.

According to the plural third harmonic generation micro-
scopic method of the invention, the THG beam further
includes a THG light with a third wavelength or more wave-
lengths to be respectively converted into a corresponding
third electrical signal or more electrical signals.

According to the plural third harmonic generation micro-
scopic method of the invention, preferably, the laser device is
a single laser for producing a broad band short pulse laser.

According to the plural third harmonic generation micro-
scopic method of the invention, preferably, the laser device is
a short pulse laser to irradiate onto an optical fiber or non-
linear material for producing a laser beam with broad band or
having a plurality of various wavelengths.

According to the plural third harmonic generation micro-
scopic method of the invention, preferably, the laser device
includes a plurality of short pulse lasers having different
central wavelengths.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a plural third harmonic generation (THG)
microscopic system according to a first preferred embodi-
ment of the invention;

FIG. 2 shows a plural third harmonic generation (THG)
microscopic system according to a second preferred embodi-
ment of the invention;

FIG. 3 shows a plural third harmonic generation (THG)
microscopic system according to a third preferred embodi-
ment of the invention;

FIG. 4 shows a plural third harmonic generation (THG)
microscopic system according to a fourth preferred embodi-
ment of the invention;

FIG. 5 shows a function diagram of strength versus wave-
length of a laser source.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Accompanied by the drawings, it will be explained below
the preferred embodiments of the plural third harmonic gen-
eration (THG) microscopic system of the invention.

Please refer to FIG. 1. It shows a plural third harmonic
generation (THG) microscopic system 10 according to a first
preferred embodiment of the invention. The system 10 com-
prises a scanning device 112, capable of receiving a laser
beam 116 from a laser device or laser source 114. The scan-
ning device 112 provides the function of producing a two-
dimensional scanning laser beam, and is one, such as being
installed with a rotating two-dimensional lens set (not
shown), for directing the laser beam onto to a reflective mirror
113, in which the laser beam is reflected and directed to a
dichroic beam splitter 126 and then incident downward to a
microscopic device (not shown). The microscopic device
includes an object lens 122. After that, the laser beam is
focused by the object lens 122 and irradiated onto an obser-
vational sample 120 to produce a third harmonic generation
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(THG) signal. A third harmonic generation beam (THG
beam) 116', being reversely incident on the object lens 122
from the observational sample and irradiated to the dichroic
beam splitter 126, is split and irradiated onto a lens 128. The
third harmonic generation beam 116' is processed by a spec-
trometer 132, a signal of the third harmonic generation beam
116' is converted into an analog signal by such as a photode-
tector, and the analog signal is amplified by an electrical
amplifier and converted into a digital image signal or spec-
trum signal by an Analog/Digital converter, which is then
transferred to a computer system 140 to produce a plurality of
THG image signals with different wavelengths or a THG
spectrum, and then to show a plurality of THG images with
different wavelengths or a THG spectrum. FIG. 1 is directed
to a collection approach of backward collection.

Please referto FIG. 2. FIG. 2 shows a plural third harmonic
generation (THG) microscopic system 20 according to a sec-
ond preferred embodiment of the invention. The system 20
comprises a scanning device 212, capable of receiving a laser
beam 216 from a laser device or laser source 214. The scan-
ning device 212 provides the function of producing a two-
dimensional scanning laser beam, and is one, such as being
installed with a rotating two-dimensional lens set (not
shown), for directing the laser beam onto to a reflective mirror
2131. The laser beam 216 is then directed to a microscopic
device (not shown), being provided with an object lens 222.
After that, the laser beam is focused by the object lens 222 and
irradiated onto an observational sample 220 to produce a third
harmonic generation (THG) signal. A third harmonic genera-
tion beam (THG beam) 216' after collection is reflected by a
reflective mirror 2132, passes a light filter 229 and a lens 228,
and is directed to a spectrometer 232. A signal of the third
harmonic generation beam is converted into an analog signal
by such as a photodetector, and the analog signal is amplified
by an electrical amplifier and converted into a digital image
signal or spectrum signal by an Analog/Digital converter,
which is then transferred to a computer system 240 to produce
a plurality of THG image signals with different wavelengths
or a THG spectrum, and then to show a plurality of THG
images with different wavelengths or a THG spectrum. FIG.
2 is directed to a collection approach of forward collection.

Please referto FIG. 3. FIG. 3 shows a plural third harmonic
generation (THG) microscopic system 30 according to a third
preferred embodiment of the invention. The system 30 com-
prises a scanning device 312, capable of receiving a laser
beam 316 from a THG laser device or THG laser source 314.
The scanning device 312 provides the function of producing
a two-dimensional scanning laser beam, and is one, such as
being installed with a rotating two-dimensional lens set (not
shown), for directing the laser beam onto to a reflective mirror
3131. The laser beam reflected therefrom is directed to a
dichroic beam splitter 3261 and then incident downward to a
microscopic device (not shown), being provided with an
object lens 322. After that, the laser beam is focused by the
object lens 322 and irradiated onto an observational sample
320 to produce a third harmonic generation (THG) signal. A
third harmonic generation beam (THG beam) 316' is
reversely incident onto the object lens 322, and incident on a
lens 328. Then, after irradiating on a dichroic beam splitter
3262 and splitting, the THG beam downward passes an inter-
ferometric light filter 3311 and irradiates on a photodetector
3301. A signal of the third harmonic generation beam is
converted into an analog electrical signal thereby, and the
analog electrical signal is amplified by an amplifier and con-
verted into a digital image signal or spectrum signal by an
Analog/Digital converter, which is then transferred to a com-
puter system 340 to show a THG image signals with a first
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wavelength or a THG spectrum. The THG beam leftward
passes an interferometric light filter 3312 and irradiates on a
photodetector 3302. A signal of the third harmonic generation
beam is converted into an analog electrical signal thereby, and
the analog electrical signal is amplified by an amplifier and
converted into a digital image signal or a THG spectrum
signal by an Analog/Digital converter, which is then trans-
ferred to the computer system 340 to show a THG image
signal with a second wavelength or a THG spectrum. FIG. 3
is directed to a collection approach of backward collection.

Please refer to FIG. 4. FIG. 4 shows a plural third harmonic
generation (THG) microscopic system 40 according to a
fourth preferred embodiment of the invention. The system 40
comprises a scanning device 412, capable of receiving a laser
beam 416 from a THG laser device or THG laser source 414.
The scanning device 412 provides the function of producing
a two-dimensional scanning laser beam, and is one, such as
being installed with a rotating two-dimensional lens set (not
shown), for directing the laser beam onto to a reflective mirror
4131 and then incident downward to a microscopic device
(not shown), being provided with an object lens 422. After
that, the laser beam is focused by the object lens 422 and
irradiated onto an observational sample 420 to produce a third
harmonic generation (THG) signal. A third harmonic genera-
tion beam (THG beam) downward therefrom passes a beam
collection device 424 for collection and then reflected by a
reflective mirror 4132. after passing a light filter 429, the
beam irradiates and passes a lens 428 and is incident to a
dichroic beam splitter 4261. After splitting, the beam is inci-
dent upward to an interferometric light filter 4311 and irradi-
ated on a photodetector 4301. A signal of the third harmonic
generation beam is converted into an analog electrical signal
thereby, and the analog electrical signal is amplified by an
amplifier and converted into a digital image signal or spec-
trum signal by an Analog/Digital converter, which is then
transferred to a computer system 440 to show a THG image
signal with a first wavelength or a THG spectrum. The THG
beam leftward passes an interferometric light filter 4312 and
irradiates on a photodetector 4302. A signal of the third har-
monic generation beam is converted into an analog electrical
signal thereby, and the analog electrical signal is amplified by
an amplifier and converted into a digital image signal or a
THG spectrum signal by an Analog/Digital converter, which
is then transferred to the computer system 440 to show a THG
image signals with a second wavelength or a THG spectrum.
FIG. 4 is directed to a collection approach of forward collec-
tion.

According to the invention, the laser device or laser source
114, 214, 314, 414 may be a single laser output device. For
example, a broad band short pulse laser may be produced by
a single laser to thereby obtain a beam with a plurality of
wavelengths. As shown in FIG. 5, such a beam has a broader
band. Or, the laser device is a short pulse laser to irradiate onto
an optical fiber or other non-linear material for producing two
or more than two short pulse lasers having two different
central wavelengths as shown in FIG. 5. The laser source 114,
214, 314, 414 may be a plurality of laser output devices,
utilizing a plurality of short pulse lasers having different
central wavelengths as a multi-wavelengthed laser source.
The laser source may be one revealed in 1.2- to 2.2-um
Tunable Raman Soliton Source Based on a Cr: Forsterite
Laser and a Photonic-Crystal Fiber, IEEE PHOTONICS
TECHNOLOGY LETTERS, VOL. 20, No. 11, Jun. 1, 2008.

The photodetector of the invention may be any kind of
photodetector for sensing a laser beam, such as a photomul-
tiplier tube photodetector.
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The number of the photodetector in the invention is not
limited to two. Three or more than three photodetectors may
be allocated to detect three or more than three THG light
having different wavelengths.

In the microscopic device, the molecular images may be
inspected. Such an advantage further facilitates an applica-
tion of noninvasive clinical molecular imaging in vivo. For
example, from the flowing situation of the red blood cell in
capillaries of human tissue, the distributed microscopic
images of'the red oxyhemoglobin and dark deoxyhemoglobin
may be observed.

According to the invention, the computer system 140, 240,
340, 440 may be any kind of PC, notebook computer, and
small notebook computer. The image processing software
may be any kind of THG image processing software, such as
Fluoview 300 of Olympus.

The plural THG microscopic method of the invention may
further comprise a scanning step, which may use a THG beam
to proceed with a two-dimensional planar scanning and imag-
ing at a certain depth of the sample, so as to retrieve plural
THG images and THG spectrum with different wavelengths
in a noninvasive manner.

A further advantage of the invention lies in providing a
noninvasive, multi-wavelengthed THG microscopic system,
when incorporating with a THG spectrum analysis of differ-
ent wavelengths produced simultaneously, it is capable of
obtaining distributed microscopic images and characteristics
of bio-molecules.

Although the present invention has been explained in rela-
tion to its preferred embodiments, it is to be understood that
other possible modifications and variations can be made with-
out departing from the scope of the invention as claimed
below.

We claim:

1. A plural third harmonic generation (THG) microscopic
system for retrieving spatial distribution microscopic images
and characteristics of bio-molecules, comprising:

a laser device, for irradiating a laser beam with a plurality

of different wavelengths;

a scanning device for receiving the laser beam with the
plurality of different wavelengths, producing a two-di-
mensional scanning laser beam and directing the laser
beam onto a reflective minor;

abeam splitter device for receiving the laser beam reflected
from the reflective minor and directing the reflected laser
beam to a microscopic device;

the microscopic device, including an object lens, for focus-
ing the laser beam with the plurality of different wave-
lengths and irradiating the same onto an observational
sample of the bio-molecules, thereby producing a THG
signal for each wavelength responded from the observa-
tional sample, in which a THG beam with the THG
response signal for each wavelength is incident on the
object lens, irradiated to the beam splitter device, and
split and irradiated onto a lens;

a spectrometer, for processing the THG response signal for
each wavelength, which response signal for each wave-
length is each converted into an analog signal;

an Analog/Digital converter, for converting the analog sig-
nal for each wavelength into a digital image signal and/
or spectrum signal; and

a computer system for receiving the digital image signal
and/or spectrum signal and producing a plurality of
THG image signals with different wavelengths ora THG
spectrum.

2. The plural third harmonic generation (THG) micro-

scopic system as claimed in claim 1, wherein the spectrom-



US 8,941,087 B2

7

eter is a photodetective device for respectively detecting a
first third harmonic generation portion and a second third
harmonic generation portion and simultaneously converting
into a first third harmonic generation image signal or a first
third harmonic generation spectrum signal and a second third
harmonic generation image signal or a second third harmonic
generation spectrum signal.

3. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 1, wherein the laser device
is a single laser for producing a broad band short pulse laser.

4. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 1, wherein the laser device
is a short pulse laser to irradiate onto an optical fiber or
non-linear material for producing a laser beam with broad
band or having a plurality of various wavelengths.

5. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 1, wherein the laser device
includes a plurality of short pulse lasers having different
central wavelengths.

6. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 1, wherein the beam splitter
device is a dichroic beam splitter.

7. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 2, wherein the photodetec-
tive device is used for further detecting a third THG portion or
more THG portions, while simultaneously converting into a
third THG image signal or a third THG spectrum signal and
more THG image signals or more THG spectrum signals.

8. The plural third harmonic generation (THG) micro-
scopic system as claimed in claim 2, wherein the photodetec-
tive device includes a plurality of photomultiplier tube pho-
todetectors.

9. A plural third harmonic generation (THG) microscopic
method for retrieving spatial distribution microscopic images
and characteristics of bio-molecules, comprising the follow-
ing steps:

providing a laser device for irradiating a laser beam with a

plurality of different wavelengths;
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using a microscopic device, including an object lens, for
focusing the laser beam with the plurality of different
wavelengths onto an observational sample of the bio-
molecules to produce a THG response signal for each
wavelength responded from the observational sample, in
which the THG response signal includes a THG light
having a first wavelength and a THG light having a
second wavelength;
separating the THG light having a first wavelength with the
THG light having a second wavelength;

respectively converting the THG light having a first wave-
length and the THG light having a second wavelength
into a corresponding first electrical signal and a corre-
sponding second electrical signal; and

processing the first electrical signal and the second electri-

cal signal to simultaneously forming a plural THG
images or a plural THG spectrum of the observational
sample.

10. The plural third harmonic generation microscopic
method as claimed in claim 9, wherein the THG response
signal further includes a THG light with a third wavelength or
more wavelengths to be respectively converted into a corre-
sponding third electrical signal or more electrical signals.

11. The plural third harmonic generation microscopic
method as claimed in claim 9, wherein the laser device is a
single laser for producing a broad band short pulse laser.

12. The plural third harmonic generation microscopic
method as claimed in claim 9, wherein the laser device is a
short pulse laser to irradiate onto an optical fiber or non-linear
material for producing a laser beam with broad band or hav-
ing a plurality of various wavelengths.

13. The plural third harmonic generation microscopic
method as claimed in claim 9, wherein the laser device
includes a plurality of short pulse lasers having different
central wavelengths.



