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(57) ABSTRACT 

Disclosed is an optical device for illuminating a chip having 
a sample provided thereto with a beam in an apparatus for 
observing the sample. The optical device comprises a light 
source; and a first reflector reflecting the beam of the light 
source to allow the reflected beam to be incident on the chip 
at an inclined angle. In addition, the invention provides an 
apparatus for observing micro particles having the optical 
device. When the light of the light source is incident on the 
sample at an incline angle according to the optical device of 
the invention, it is possible to maximize a transmittancy of the 
light. Accordingly, the light emitted from the sample is clearer 
and a clear image can be thus obtained. 
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OPTICAL APPARATUS AND AN 
OBSERVATION APPARATUS HAVING THE 
SAME FOR OBSERVING MICRO PARTICLES 

TECHNICAL FIELD 

0001. The present invention relates to an optical device for 
illuminating a chip having a sample provided thereto with a 
beam in an apparatus for illuminating the chip with the beam 
and reading-outlight emitted from the sample to observe the 
sample. More specifically, the invention relates to an optical 
device comprising a light source generating a beam to be 
illuminated to the sample, and a first reflector reflecting the 
beam of the light source to allow the reflected beam to be 
incident on the chip at a predetermined inclined angle. In 
addition, the invention relates to an apparatus for observing 
micro particles having the optical device. 

BACKGROUND ART 

0002. In apparatuses for observing micro particles, optical 
devices for clearly photographing the micro particles have 
been developed. 
0003 FIG. 1 shows an optical section used for an appara 
tus of counting micro particles which is developed by 
Chemometek in Denmark. The optical section consists of a 
plurality of LEDs 111 to 114. Some LEDs 111, 112 are 
arranged above a sample chip 250 having a sample provided 
thereto and illuminates the sample chip 250 with light and 
some LEDs 113, 114 are arranged below the sample chip 250 
and illuminates the sample chip 250 with light. The lights 
emitted from the LEDs 111 to 114 are incident on the sample 
chip 250 at an inclined angle of about 35° relative to a per 
pendicular direction of the chip. 
0004. A sample image formed by the lights emitted from 
the LEDs 111 to 114 is photographed by image photograph 
ing means 500 via an objective lens 400. 
0005. However, the optical device occupies a space too 
much since the plurality of LEDs are arranged. In addition, 
when a filter passing through only light having a wavelength 
region of 550 nm or less is used, a filter transmissivity T is 
79% at the most, as can be seen from FIG. 2 and a table 1. In 
FIG. 2, the region with hatched lines are an area of passing 
through the filter. 

TABLE 1. 

Range of wavelength Q; (A) = 
(2) (nm) P" (2) Q', (J) P, (2) P, (2)x Q" (W) 

450-475 10 O.3 O.OS6 O.O168 
47S-SOO 30 O6 O.167 O.1002 
500-525 70 O.85 O.389 O.3310 
525-550 70 O.95 O.389 O.3690 

X P’ = 180 X P = 1.0 X, Q = 0.82 
TF = filter transmittancy (0.96) x Q = 0.96 x 0.82 = 0.79 

0006. In the table 1, 
0007 P',() is luminosity of LED, 
0008 Q',( ) is excitation efficiency of propidium iodide 
(PI) which is fluorescent dye, 
0009 Pi() is equivalent luminosity of LED, which is 
calculated by an equation of P(a)=P/XP-P/180, and 
0010 Q,(%) is excitation efficiency of PI by LED. 
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DISCLOSURE OF INVENTION 

0011. Accordingly, the present invention has been made to 
solve the above problems. An optical device of the invention 
comprises a first reflector reflecting a beam of a light Source to 
allow the reflected beam to be incident on a chip at a prede 
termined inclined angle. 
0012. When the above optical device is used, it is possible 
to maximize a transmittancy of the light of the light Source 
and to make light emitted from a sample clear, thereby obtain 
ing an accurate image. 
0013. Accordingly, an object of the invention is to provide 
an optical device. In addition, another object of the invention 
is to provide an apparatus for observing micro particles hav 
ing the optical device. 
0014. In order to achieve the above object, there is pro 
vided an optical device for illuminating a chip having a 
sample provided thereto with a beam in an apparatus for 
illuminating the chip with the beam and then reading-out light 
emitted from the sample to observe the sample, the optical 
device comprising a light source generating a beam to be 
illuminated to the sample; and a first reflector reflecting the 
beam of the light source to allow the reflected beam to be 
incident on the chip at an inclined angle. 
0015. According to an embodiment of the invention, the 
optical device may further comprise a second reflector re 
reflecting the beam having passed through the chip to allow 
the re-reflected beam to be again incident on the chip at an 
inclined angle. At this time, the second reflector is preferably 
arranged at a position opposite to the first reflector on the 
basis of the chip. 
0016. According to an embodiment of the invention, the 

first reflector is preferably arranged so that the beam of the 
light source is incident on the chip at an inclined angle of 20° 
to 40° relative to a perpendicular direction of the chip. In 
addition, the second reflector is preferably arranged so that 
the beam having passed through the chip is re-reflected and 
then again incident on the chip at an inclined angle of 20° to 
40° relative to the perpendicular direction of the chip. When 
the beam is inclinedly incident as described above, it is pos 
sible to maximize a transmissivity of the beam of the light 
source for the chip. 
0017. The inclined angle may be varied depending on a 
kind of the chip or transmitted light. For example, when a 
laser light is illuminated to a sample chip made of transparent 
plastic such as polymethylmethacrylate (PMMA), it is 
obtained a maximum transmissivity at an inclined angle of 
about 30° relative to the perpendicular direction. In addition, 
since the beam having passed through the sample chip is 
again incident on the sample chip by the second reflector, it is 
possible to maximize a quantity of light to be illuminated to 
the sample chip. 
0018. According to an embodiment of the invention, the 
optical device is preferably provided with an incident light 
regulating lens between the light Source and the first reflector, 
the lens being capable ofregulating a size of the beam emitted 
from the light source and a focal distance. In addition, the 
optical device may further comprise an incident light filter 
passing through only light having a specific wavelength 
region of the lights emitted from the light source or an output 
light filter passing through only light of a specific region of 
the lights emitted from the sample. 
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0019. According to an embodiment of the invention, the 
light source may be a laser light Source or LED depending on 
a kind of micro particles to be observed. In particular, when 
dyeing the micro particles with a dye responsive to a fluores 
cent light such as propidium iodide (PI) So as to observe them, 
it is preferred to use the laser light source. 
0020. According to the invention, there is provided an 
apparatus for observing micro particles comprising: a light 
Source section illuminating a sample chip having a sample 
including micro particles provided thereto with a beam; an 
objective lens abutting the chip so as to magnify a sample 
image formed by the beam illuminated from the light source 
section; means for photographing the sample image magni 
fied through the objective lens; and an image reading-out 
section for reading-out the image photographed by the image 
photographing means. 
0021. According to the invention, the above described 
optical device is applied as the light Source section. 

BRIEF DESCRIPTION OF DRAWINGS 

0022. The above and other objects, features and advan 
tages of the present invention will be more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 
0023 FIG. 1 is a view showing a structure of an optical 
device according to the prior art; 
0024 FIG. 2 is a view showing a transmittancy depending 
on wavelengths when using the optical device of the prior art; 
0025 FIG. 3 is a view showing a structure of an optical 
device according to an embodiment of the invention; 
0026 FIG. 4 is a view showing an illuminated area when a 
beam is illuminated using an optical device according to an 
embodiment of the invention; 
0027 FIG. 5 is a sectional view of a sample chip to which 
an optical device according to an embodiment of the inven 
tion can be applied; and 
0028 FIG. 6 is a view showing a transmittancy depending 
on wavelengths when using an optical device according to an 
embodiment of the invention. 

DESCRIPTION OF REFERENCE NUMERALS 
FOR IMPORTANT PART OF THE DRAWINGS 

0029) 

100: light source 150: incident light-regulating lens 
200: first reflector 250: sample chip 
300: second reflector 400: objective lens 
500: image photographing means 500: image reading-out section 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0030 Hereinafter, an optical device and an apparatus for 
observing micro particles having the optical device according 
to a preferred embodiment of the present invention will be 
described with reference to the accompanying drawings. It 
should be noted that the invention is not limited to the 
embodiment. In the following description of the present 
invention, a detailed description of known functions and con 
figurations incorporated herein will be omitted when it may 
make the subject matter of the present invention rather 
unclear. 
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0031 FIG. 3 is a view showing a structure of an optical 
device according to an embodiment of the invention. 
0032. The shown optical device is an optical device for 
illuminating a chip 250having a sample provided thereto with 
a beam and comprises a laser light source 100 emitting a laser 
beam to be illuminated to the sample, and a first reflector 200 
reflecting the beam of the light source 100 to allow the 
reflected beam to be incident on the chip 250 at a predeter 
mined inclined angle (C) relative to a perpendicular direction 
of the chip. 
0033. A laser light source having a power of 20 mW and 
emitting a beam having a diameter of 1 mm is used as the light 
SOUC. 

0034. In addition, a second reflector 300 is further pro 
vided which re-reflects the beam having passed through the 
chip 250 to allow the re-reflected beam to be again incident on 
the chip 250 at the inclined angle (C.). At this time, the first and 
second reflectors 200, 300 are opposite to each other on the 
basis of the chip 250. 
0035 An incident light-regulating lens 150 capable of 
regulating a size of the beam emitted from the light source and 
a focal distance is provided between the light source 100 and 
the first reflector 200. A transmissivity (T,) of the incident 
light-regulating lens 150 is about 0.98. The lens magnifies a 
size of the beam from the light source 100 by three times. 
0036. The beam having been reflected by the first reflector 
200 is incident on the chip 250 at the inclined angle (C.) of 20° 
to 40° relative to the perpendicular direction of the chip. In 
addition, the light having been incident on the chip 250 pen 
etrates the chip 250 and is then re-reflected by the second 
reflector 300 and again incident on the chip at the inclined 
angle (C.) of 20° to 40° relative to the perpendicular direction. 
0037. A reflectivity (R) of the first and second reflectors 

is about 0.98. 
0038. When the light of the light source is incident on the 
chip 250 at the inclined angle (C.) relative to the perpendicular 
direction of the sample chip, as described above, it is possible 
to maximize the quantity of light to be illuminated to the 
sample chip. The inclined angle may be varied depending on 
a kind of the chip or transmitted light. For example, according 
to an embodiment of the invention, the chip was made of 
polymethylmethacrylate (PMMA) and the transmissivity 
thereof was maximal when the inclined angle (C.) was 32.5°. 
0039. A total amount of the lights illuminated to the 
sample chip can be represented as E-E--E. Each of 
the amounts is as follows: 

E=PxT.xRm/A=2.35 mW/mm’ Equation 1 

E.-E.XTPaxR-1.91 mW/mm. Equation 2 

Es=E-E-4.26 mW/mm. Equation 3 

0040 wherein 
0041 P is energy of light source, 
0042 T is transmissivity of incident light-regulating lens, 
0043 R is reflectivity of first and second reflectors, 
0044) A is illuminated area on the sample chip, and 
004.5 T is transmissivity of sample chip. 
0046 When the laser of the light source is illuminated on 
the sample chip, micro particles dyed with a fluorescent mate 
rial emit a fluorescent light having a specific wavelength. 
Accordingly, it is possible to obtain a sample image by detect 
ing the emitted fluorescent light. 
0047 FIG. 4 is a view for explaining a relationship 
between a size of the beam and an illuminated area on the 
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sample chip when the beam is incident on the sample chip at 
the inclined angle (C) relative to the perpendicular direction 
of the sample chip. An area of the beam A' is La and an 
illuminated area on the sample chip A is nab Ta?cos C. 
0048 FIG.5 is a sectional view of the sample chip used for 
the invention. The chip is made of PMMA and a refractive 
index mea is 1.494. Accordingly, the transmissivity 
T can be obtained as follows: 
Pff 

TPA444mpatacos C. cos Ci'nPMMA cos Cr'+cos 
C=0.94 

0049 wherein C. arcsin(sin C/m). 
0050. An apparatus for observing micro particles accord 
ing to the invention uses the above-described optical device as 
a light Source section, and further comprises an objective lens 
400 abutting the chip so as to magnify a sample image formed 
by the beam illuminated from the light Source section, means 
500 for photographing the sample image magnified through 
the objective lens, and an image reading-out section 600 for 
reading-out the image photographed by the image photo 
graphing means. 
0051. In the mean time, the quantity of light to be illumi 
nated on the sample chip in the optical device of Chemometek 
as shown in FIG. 1 can be calculated as follows. 
0052. It is used a LED having a power of 5.4 mW and 
emitting a beam having a radius of 5 mm. An energy gener 
ated from each of the LEDs is E,-(PxT/Tr) cos C.<0.044 
mW/mm, wherein P is an energy of the LED, T is filter 
transmission efficiency, r is a radius of the beam of the light 
source, and C. is an inclined angle formed between the beam 
of the light source and the perpendicular direction of the 
sample chip. 
0053 When 30 LEDs are used, the maximum energy is 
1.32 mW/mm. 
0054 Accordingly, the optical device of the present inven 
tion (maximum energy: 4.26 mW/mm) can transmit more 
energy to the sample, compared to the prior optical device. 
0055 FIG. 6 is a graph showing a transmittancy depend 
ing on the wavelengths in an apparatus for observing micro 
particles using the optical device of the present invention. 
0056. In the graph, the laser beam (0.532 mm) exhibits an 
efficiency of 98% and an energy exciting the fluorescent is 
E=ExQ-4.26 mW/mm x0.98–4.17 mW/mm. 
0057. In the mean time, in a case of the optical device 
available from Chemometek, the energy exciting the fluores 
cent is E=ExQ=1.32 mW/mm x0.82=1.074 m W/mm. 
0058 Accordingly, it can be seen that the quantity of light 
illuminated to the sample chip is maximized when using the 
optical device of the invention. 

Equation 4 

INDUSTRIAL APPLICABILITY 

0059. As described above, according to the invention, 
when the light of the light source is incident on the sample at 
a predetermined inclined angle, it is possible to minimize a 
noise due to the light source and to maximize the energy 
efficiency. In particular, the quantity of light to be illuminated 
to the sample chip can be maximized by re-reflecting the light 
of the light source to the sample using the second reflector. 
Accordingly, the light emitted from the sample is clearer and 
a clear image can be thus obtained. As a result of that, it is 
possible to accurately observe and analyze the micro par 
ticles. 
0060. While the invention has been shown and described 
with reference to certain preferred embodiments thereof, it 
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will be understood by those skilled in the art that various 
changes in form and details may be made thereto without 
departing from the spirit and scope of the invention as defined 
by the appended claims. 

1. An optical device for illuminating a chip having a sample 
provided thereto with a beam in an apparatus for illuminating 
the chip with the beam and then reading-out light emitted 
from the sample to observe the sample, the optical device 
comprising: 

a light source generating a beam to be illuminated to the 
sample; and 

a first reflector reflecting the beam of the light source to 
allow the reflected beam to be incident on the chip at an 
inclined angle. 

2. The optical device according to claim 1, further com 
prising a second reflector re-reflecting the beam having 
passed through the chip to allow the re-reflected beam to be 
again incident on the chip at an inclined angle, wherein the 
second reflector is arranged at a position opposite to the first 
reflector on the basis of the chip. 

3. The optical device according to claim 2, wherein the 
light Source is a laser light source. 

4. The optical device according to claim 2, wherein the 
light source is an LED. 

5. The optical device according to claim 1, wherein the first 
reflector is arranged so that the beam of the light source is 
incident on the chip at an inclined angle of 20° to 40° relative 
to a perpendicular direction of the chip. 

6. The optical device according to claim 5, wherein an 
incident light-regulating lens regulating a size of the beam 
emitted from the light source and a focal distance is provided 
between the light source and the first reflector. 

7. The optical device according to claim 5, wherein the 
sample chip is made of a transparent plastic material. 

8. An apparatus for observing micro particles comprising: 
a light source section illuminating a sample chip having a 

sample including the micro particles provided thereto 
with a beam; 

an objective lens abutting the chip so as to magnify a 
sample image formed by the beam illuminated from the 
light Source section; 

means for photographing the sample image magnified 
through the objective lens; and 

an image reading-out section for reading-out the image 
photographed by the image photographing means, 

wherein the light source section comprises a light Source 
generating a beam to be illuminated to the sample; and a 
first reflector reflecting the beam of the light source to 
allow the reflected beam to be incident on the chip at an 
inclined angle. 

9. The apparatus according to claim 8, wherein the light 
source section further comprises a second reflector re-reflect 
ing the beam having passed through the chip to allow the 
re-reflected beam to be again incident on the chip at an 
inclined angle, the second reflector being arranged at a posi 
tion opposite to the first reflector on the basis of the chip. 

10. The apparatus according to claim 9, wherein the light 
Source is a laser light source or an LED. 

11. The apparatus according to claim 8, wherein the first 
reflector is arranged so that the beam of the light source is 
incident on the chip at an inclined angle of 20° to 40° relative 
to a perpendicular direction of the chip. 
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