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(57) Abstract: ABSTRACT A detection apparatus for
detecting an electromagnetic wave passed through an object is
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an electromagnetic wave therethrough and a detector for
detecting an electromagnetic wave passed through an object,
wherein the transmission line has a gap for disposing the
object therein.
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DESCRIPTION

DETECTION APPARATUS FOR bETECTING ELECTROMAGNETIC
WAVE PASSED THRCUGH OBJECT
TECHNICAL FIELD
The present invention felatés to a technique

for'detecting é change in propagation state of an
electromagnetic wave paésed through an object to be
inspected or examined"hereinafter, simply referred
to as “object"), and more pgrticularly té a deteétion
apparatus for'détecting a Change in prdpégation state

of an electromagnetic wave passed through an object

to perform measurement, sensing and/or analysis of

the object.

BACKGROUND ART

In recéht years,.attention has been focused on
a technique using the so-called terahertz—wéve. A
spectral analysis using the teraheftz—wave,>imaging
using the terahertz-wave, and the like have been
expected for industrial applications.

For example, techniques now under development
in application fields of the terahertz-wave include
an imaging technique using a safe fluoroscopic
apparatus alternative to anIX—ray apparatus, a

spectral technique for obtaining an'absorption
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spectrum or complex dielectric constant of a
substance to examine a bonding state thereia,.a.
technique forvanalyzing biomolecules, a technique for
estimating a carrier concentration or moBiLity.

Of the techniques, ae a method of
spectroscopically analyzing a substance using the

terahertz-wave, there has been known a method of

irradiating a substance to be analyzed with the

terahertz -wave. to obtain a spectrum of a transmltted
or reflected terahertz-wave.
Meanwhile, water has a number of Very strong-

absorption spectrums.in a frequency range of 30 GHz

‘to 30 THz. Therefore, the terahertz-wave is almost

shielded by, for example, a container with a
thickness of_i mm' containing liquid water. Thus, it
is relatively difficult to obtain an information of a

substance contained in water by means of a terahertz-

. Wave,passed through'the water.

Therefore, as a method of determining ah
absorption spectrum or complex dielectricvconstant of
a substance euch aslwater having a strong absorption |
spectrum band within the terahertz range or molecules
contained in such a substance, there has been known a
method using an evanescent wave of a terahertz-wave
which is generated in total reflection in a prism, as
disclosed in‘"Extended’Abétracts, The 51st Spring

Meeting, 2004, The Japan Society of Applied Physics
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and Related Societies, 28p-YF-7". In this method, a
terahertz-wave emitted from a terahertz-wave
generator is made incident on a first surface of a

prism and totally reflected by a second surface the

.prism. Then, a terahertz-wave exited from a third

surface of the prism is detected by a detector, and-a
sample is disposed on the second surface so as to
interact with an evanescent wave of the terahertz-
wave which is generated upon the total reflection of .
the terahertz—wéve by the second‘surface, thereby_
spectrosco?ically analyzing the sample. According to

this method, it is possible to analyze a sample in a

. form of solid, bowder, liquid, or the like. However,

because the method disclosed in "Extended Abétracts;

The 51st Spring Meeting, 2004,_The Japan Society of
Applied Physics and Related Societies,_ZBp—YF¥7" uses
a spatial optical system, system size reduction as

well as optical adjustment is difficult.‘

DISCLOSURE OF INVENTION

It is, therefore, an object of the present
invention to provide a detection apparatus which is
capabie of easy system size reduction and optical
adjustment.

According to a first aspect of the present .
invention, there is proVided a detectidn apparatus

for detecting an electromagnetic wave passed through
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an object,‘comprising a transmission line for
transmitting an electromagnetic wave theretthugh;
and a detector for detecting an electromagnetic wave
passeo through an object, wherein the transmission
5 1line has a gap for disposing the object therein.
According to a second aspect of the present
invention, there is provided a detection method of
detecting an electromagnetic Qave passed through an
object; comprising the steps of disposing an object
10 in a gap of a transmission line for transmitting an
electromagnetic wave therethrough; and detecting an
electromagnetic wame passed through the object.
According to a third aspect of the present
- invention, there is provided a transmission line forA
15 . transmitting an electromagnetic wave:therethrough,
for useein a detection apparatus for detecting an
electromagnetic wave passed through'ah object,
comprising a gap for disposing'an.object in the
transmiesion line.
20 . - According to the present invention, -system size
| _reduction‘and easy optical adjustment can be realized.,
Other features and advantages of the present
invention will be apparent from the following
description taken in conjunction with the
25 accompanying drawings, in which like reference
'characters designate the same or similar parts

throughout the figures thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are
incorporated in and constitute a part of the
specificatioh, illustrate embodiments of the

5 invention and, together with the description, serve
te explain the principles of the invention.

FIGS. 1A and 1B are schematic views showing a
detection apparatus in accordance with a preferred
embodiment of the present invention, and FIG. 1A is a

10 plan view and FIG. 1B is a perspeetiVe view;

FIG. 2 is a schematic diagram showing a
detection apparatus in accordance with a preferred
embodiment of the present invention; | |

FIGS. 3A, 3B, and 3C are echematic graphical

15 representations each showing a change in state of an
electromagnetic wave obtained by a detection
apparatus in aecordance with a preferred embodiment
of the present invention; |

FIG. 4 is a'schematic perspective view showing

20 a detection apparétus in accordance with a preferred
embodiment of the present invention;

FIG. 5:is a schematic perspective view shOwing
a detection apparatus in accordance with a preferred
embodiment of the present invention;

25 FIGS. 6A and 6B are schematic Views.shewing a
detection appararus inAaccordance with a preferred

embodiment of the present invention, and FIG. 6A is a
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plan view and FIG. 6B is a frbnt view;

. FIG. 7 is a schematic perspective view showing
a detection apparatus in accordance with a preferred
embodiment of the present invention; .

5 | FIG. 8 is a schematic perspective view showing
a detection appapaﬁus in accordance with a préferred
embodiment of thé present invention;

FIG. 9 is a schematic perspectiVe view showing
a detection'apparatus in accordance with a preferred
10 embodiment of the present inventioﬁ; aﬁd‘

| FIG. 10. is a schematic perspective view showing

a detection apparatus in accordance with a pféferred

embodiment of the present invention.

15 - BEST MODES FOR CARRYING OUT THE INVENTION
Hereinafter, preferred embodiments of the
present invention Qill be more specifically described.
it ié'preferable that a transmissién.line'for
guiding a-terahertz—Wéve have a flow path through
20 whiéh a flowable substance such as liquid or powder
| can .be introduced. ' Any path capable of disposing an
objective‘sﬁbstance to be inspected or examined
(hereinafter, simply referred to asl“object
substance”) in the transmission line may be used. It
25 is preferable that the flow path is not parallel to a
propagation directién of an electromagnetic wave and

is provided so as to pass through a region of the
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transmission line in which the electromagnetic wave
is strongly distributed. By utilizing the phenomenon
that the terahertz-wave guided through the |
transmission line and the flowable substance in the’
flow path interact with each .other to change thex
propagation state of the terahertz-wave passed

through the flowable substance, and by comparing

propagation states of the terahertz-wave before and

after introduction of the flowable substance into the
flow path with each other, the physical properties of
the flowable substance can be examined or the
substance can be identified, for example..

Even for a substance having a terahertz—wa&e
absorbing characteristic such as water, by designing
such that the thickness of the flow path in the

propagation direction of the terahertz-wave is small,

the terahertz-wave can pass through a sample of such

substance.

When a waveguide is used as the transmiSsion
line, a gap may be provided at a part of a cladding
and a core which compose tﬁe wa&eguide to thereby
form a flow path. When a metallic waveguide tube is
used.as the transmission line, a pipe-shaped hollow

member made of a dielectric may be provided in a

cavity of a waveguide tube composing the metallic

waveguide tube to thereby form a flow path. When a

waveguide tube used is filled with a dielectric, a
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gap may be provided in a portion of the dielectric to

thereby form a flow path. When a transmission cable

is used as the transmission line, a gap may be
provided at a part of‘é dielectric portion between a
ground cable and a signal cable which compose the
transmiséion cable to ﬁhereby form a flow path.

When a metallic waveguide tube used as the
transmission line has a cavity therein, a pipefshaped
hollow member made of a dielectric can be provided in
the caviﬁy to thereby form a flow path. In such a
case,'it is desirable that the pipe-shaped hollow
member constituting the flow path is a dielectric
with a low loss, a low dispersion and a low
refractive index. Further, when a metallic waveguide
tube is'internaily filled with a dielectric and a gap
is provided iﬁ a portion of the dielectric to thereby
form a flow path, ‘it is desirable that the dielectric
has a low loss, a low dispersion and a low refractive
index. By forming such a flow path, even when only é

small amount of sample is obtained, measurement can

' be performed. Further, by forming a flow path so as

25

to be shielded from outside air, it is possible to
sense a.substance which is susceptive to outside air.
A terahertz-wave may be coupled from the
outside into a transmission line, while a terahertz-
wave generator may be integrated in a portion of a

transmission line. For example, when a waveguide or
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a waveqguide tube is used, a terahertz-wave generator
may be integrated at an end surface of the waveguide
or the waveguide tube. When a transmission cable is

used, a terahertz-wave generator may be integrated on

the transmission cable. Further, similarly, a

terahertz-wave propagating through a transmission
Iine may be radiated outside and detected by a
terahertz-wave detector, while a terahertz—wavg
detector may be integrated in a portion;of a |

transmission line. In such a case, there are

‘advantages that the terahertz-wave is not influenced

by moisture in air, optical adjustment is unnecessary,
and size reduction can be realized.

Examples of the terahertz-wéve generator and
terahertz-wave generating method includeva method of

applying a voltage to-a photoconductive antenna

“formed on gallium arsenide formed by a low-
 temperature growth method and irradiating a

femtosecond laser light thereto. Examples of

integration of a terahertz-wave generator include a
metﬁod in which such a photoconductive antenna aé'
méntioned above is providéd on, for example, an end
surface of a.waveguide tube. Further, examples of
the terahertzhwave detector include one utilizing a
method of irradiating a femtosecond laser light tbAa
photoconductive antenna without applying a voltage

thereto and measuring a current. As another example
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of the integration of a terahertz-wave detector, the
above-mentioned photoconductive antenna may be
provided on .an end surface of a waveguide tube from
which a terahertz-wave is exited. Thereby, sensing
can be performed with a terahertz-wave being not -
influenced by mgisture'in air.

Moreover, there may be employed a method in

which an EO crystal having an electrooptic effect:

(such as ZnTe) is provided on an'end.surface from

-which aeﬁerahertz—wave is eXited, and the crystal

orientation-ef the Eo:crystal and the polarization
direction of the terahertz-wave areisuitably selected,
thereby utiliiihg a pheqomenon in which thev«
reflecﬁahceAand refractive index of the EO crystal
are changed with polarization dependence;

" In addition, as another example of integration
method of a terahertz-wave generator, a nonlinear
sﬁbstance (such as DAST crystal) may be provided

inside or at an end surface of a waveguide tube or

‘waveguide.

Further, when it is necessary to take a sample
at a separate position as in the case of, for example,
biood, by connecting a sampling tool (such as a
needle for syringe) as heans for obtaining an object
and tﬂe flow path es conﬁeeting means for connecting
the obtained object to a path through another flow |

path (such as a tube), the sample can be set at a
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predetermined position simultaneously with sampling.
In addition, because an area of the sample in the

flow path which is in contact with outside air is

"small, such configuration is advantageous in the case

whefe a sample susceptible to outside air is to be
measured. | ‘

" When specific (one or more kinds of) particles
or molecules contained in a flowable sample is to be
sensed, by introducing the flowabie sample from one

end of a flow path and providing on the other end

thereof a filter (for example, a semipermeable

membrane) which does not allow passing of ‘the
specific particles or molecules but allows passing of
other flowable substances (such as water), sensing

can be performed while increasing the concentration

of the specific particles or molecules in a sensing

portion. This method makes it possible to

Successively or simultaneously perform'sample

concentration and sensing, and is therefore

advantageous for improving working efficiency.
Moreover, by disposing on a wall surface.of a

flow path a substance which absorbs or is bonded to

Aspecific (one or more kinds of) particles or

molecules contained in a flowable substance, and by
capturing the specific particles or molecules on the
wall surface of the flow path, it is possible to

sense a flowable sample'and particles or molecules
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contained therein based on a change in the complex:

dielectric c?nstant or absdrption spectrum of the

substance.disposed on the wall surface of the flow

path resulting from the absorption or bonding of the
5 particles or molecules.

Moreover, as the electromagnetic wave, it is

preferable to use an electromagnetic wave including

‘én arbitréry'component in a frequency’range of 30 GHz

to 30 THz.

10 - 4Hereinafter,'preferred embodiments of the
present invention will be described with reference to
the accdmpanying‘drawings.

(First Embodiment)  |
A first émbodiment of the present’invention

15 wili be.described with feference to FIGS. 1A, iB, and
FIG. 2. A parallel plate waveguide 10 has a
structure in which a polystyréne plate 12 is
interposed between metallic plates lia) 11b. The
pblystyrene plate’12’has a gap 13 provided therein.

20 The interval between the opposed surfaces of the

| metallic plates 1lla, 1lb is about 100 um. A typical
size of each of the metallic plates 1lla, 11b is about
10 mm to 20 mm in each of x—diréction éna z-direction.
The gap 13 is about 50.pm in x-direction. A flowéble

25 sample such as a fluid can be introduced into the gap

13." In this embodiment, the interval between the

metallic plates l1lla, 11lb is set to 100 pm. However,



WO 2006/070852, o PCT/JP2005/024017

10

15

20

25

- 13 -

thevpresént invention is not limited thereto.
Further, although polystyrene is used for the member
interposed between the metallic plates lla, 1l1lb, the
present invention is not limited thereto. For the
memﬁer interposed between the metallic plates 1lla,

11b, any other dielectric (resin or semiconductor)

'may be used as long as it is sufficiently small in

absorption (loss) and dispersion with respect to the
terahertz-wave. Moréovér, it is desirable.that the
refraction index is close to i. Further, a
semiconductor having a high conductivity may be used
instead of the metallic plates ila, 11b.

In FIGS. 1A and 1B, a terahertz-wave enters the
parallel plate waveguide lo‘in a direction indicated

by the left-hand arrow in the figures and exits from

the parallel plate waveguide 10 in a direction

indicated by the right—hand arrow in the figures.
The terahertszéve propagating through the parallel
plate waveguide 10 interacts with avflOWable sample
introduced into the‘gap'iB. By utilizing the
phenomenon,that the spectrum or propéQatiOn state of
the terahertz-wave passed through the parallel platé

wavéguide 10 changes before and after the

introduction of the flowable sample into the gap 13,

the flowable ‘substance can be measured, sensed, or
analyzed.

Hereinafter, an entire senéing system will ‘be
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described with reference to FIG. 2. A laser light

having a pulse width of about 100 fs (femtoseconds)

cemitted from a femtosecond laser 20 is split by a

'beam splitter 21 into two optical paths, one of which

is irradiated onto a biased gap portion of a
photoconductive antenna 22a made of low-temperature
grown GaAs (LT-GaAs) or the like to geherate'

terahertz-wave pulses 27 (a hemispherical lens made

j of high—resistanCe Si or the like being in ciose

contact with a rear sufface of the photoconductive
antenna); The terahertszave pulsesv27 are reflected
by a parabolic mirror 23a, pass through a
semicylindrical lens 24a made of,high—resistance Si
(for example, 10 kQ-cm) or the like’and are coupled
to the parallel.plate waveguide 10 at a first end of
the parallel plate waveguide 10. The terahertz-wave
pulses inféract with the sample (not-shown)”
introduced into the gap 13 éf the parallel plate
waveguide 10 ahd are then exited from a second end of
the paraliel plate waveguide 10 and reach a |
photoconductive antenna 22b through a semicylindricai

lens 24b and a parabolic mirror 23b. On the other

hand, the other compOneﬁt of the laser light as split

by the beam splitter 21 passes through a time delay

device 26, is reflected by a mirror 25 and reaches
the photoconductive antenna 22b simultaneously with

the arrival of the terahertz-wave pulses. At this
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time, by shifting the timing of the laser light beam
réaching the photoconduétiVe antenna 22b through the
time delay device 26 énd the timing of the terahertz-
wave pulses reaching the photoconductive antenna 22b
through thé parallel plate waveguide 10 from each
other by use of the time delay device 26, the
waveform of the terahertz—wave pulse can be obtained.
When the femtosecond laser light beam passing through
the time delay device 28 is irradiafed to the
photoconductive antenna 22b, a current fiows through
the photoconductive antenna”22b for a period which
corresponds to the pulse time width.of the
femtosecond laser and a carrief life of a
semiconductor film constituting the'pﬁotoconductive
antenna 22b. - The magnitude of the current at .this

time reflects the magnitude of electric field

amplitude of the terahertz-wave pulse 27 incident on

the photoconductive antenna 22b. .Therefqre,'
measuring the current that flows through the
photoconductive antenna makés it possible to obtain

the waveform of the terahertz-wave pulse 27, which is

‘then subjected to Fourier transform to give a

spectrum of the terahertz-wave pulse 27.

The parallel plate waveguide cah transmit an
electromagnetic wave in a TEM mode. Therefore, when
no sample exists in the.gap 13, the teréheitz—wave

pulses 27 propagate through the parallel plate



WO 2006/070852 PCT/JP2005/024017

10

15

20

25

- 16 -

waveguide 10 without changing the pulse waveform
before and after the parallel plate waveguide 10.

That is, when no sample exists in the gap 13, the

waveform of the terahertz-wave pulse 27 before

incidence: on the parallel plate waveguide 10 and the
waveform of the terahertz-wave pulse 27 after passing
through the parallel plate waveguide 10 are
substantially similar to each éther.

Because the gap 13 has such a sufficiently

small thickness as about 50 um in the x-direction,

even when the gap 13 is filled with a sample which

well absorbs the terahertz-wave, such as water, the

terahertz-wave pulses propagating through the’

parallel plate'waveguide 10 can pass through the gap
13 without being'completely absorbed.

Next, a measurément example in this eﬁbodiment
will be specifically described with reference to FIGS.
EA, 3B, and 3C. FIGS. 3A, 3B, and 3C are schematic
graphical representations showingvspectrums of the
terahertz-wave which are obtained in the embodiment
of the present invention. First, in a state in which
a flowable sample is not introduced into the gap 13
as shown in FIGS. 1A and 1B, the waveform of the
ferahertz—wave passing through the parallel plate\
waveguide 10 is recorded and sﬁbjected to Fourier
transform to obtain a power spectrum 30 (FIG. 3A).

Next, in a state in which a flowable sample is
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iﬁtroduced intohthe gap 13, the waveform of the
terahertz—wavé passed through the parallel plate
waveguide 10 is recorded and subjected to Fourier
transform to obtain a power spectrum 31 (FIG. 3B).
By determining the ratio between the power spectrums

30 and 31, an absorption spectrum 32 of the flowable

Sample»to the terahertz—wave is obtainéd (FIG. 3C).

.In this method, the volume of the gap 13 is

sufficiently‘small and only a slight amount of sample

is required. Therefore, this method is advantageous

in the case where an expensive sample (for example, a
solution containing an antibody) is to be'ekamined-

Further, in this emquimeht; the terahertZ—Wéve-
pulse generation has been described by taking as an
example a method using a photoconductive antenna.
However, there may also be used otﬂer'methods such as
a method of radiéting a nonlinear crystal with aﬁ

femtosecond laser light or a method using parametric

Qsdillation. Moreover, as the detection method,

there may also be used, for exémple, a known method

using an electrooptic crystal.
(Second Embodiment)

A second embodiment of the present invention
will be described with reference to FIGS. 4 and 5.
In the second émbodimént of the present invention, as
shown in‘FIG. 4, photoconductive antennas 33a, 33b

are provided in both ends of the parallel plate
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waveguide 10. However, in this émbodiméht, unlike
the first embodiment, é hemispherical lens made of
high-resistance Si‘or the like is not in close
contact with the photoconductive antennas 33a, 33b.
In this case, it is unnecessary to perfdrm optical
axis aligﬁment of the terahertz-wave spatial

propagation optical system, so that the size

reduction of the system can be attained.

The photocohducfive antennas 33a, 33b each
typically has a substrate with a size of about
several millimeters to bne céntimeter in each of the
y—- and z-directions and are each provided with an
antenna pattern (not shown) on its-outé: sﬁrface;
Typical sizes of the metallic plates 1la, 11b, the
polystyreﬁe plate 12, and the gap 13 are identical to
those described in the first embodiment. When thé

length (thickness) of each of the metallic platesflia,

' 11b in the y-direction is set to about 5 or more

millimeters, the photoéonductive antennas 22a, 22b
can be provided in both endé of the parallel piate
waveguide 10. |

Alternatively, as shown in FIG. 5, a
photoconductive antenna 33a and an EO crystal 34
which is a substance having an electrooptic effect
(such as ZnTé) ﬁay be provided in the respective ends
of the parallel platé wavequide 10. In this case,

the terahertz-wave is detected using a known
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technique of utilizing a phenomenon in which when a
terahertz-wave generated by irradiating a femtosecond 
laser to theAphotoconductive antenna 33a passes
through the gap 13 and then reaches the EO crystal 34,
the reflectance of the EO crystal 34 to the laser
light varies depending on a wave amplitude of the
reached terahertz-wave, thereby bbtaining the
amplitude of the terahertz-wave.

Alternatively, a nonlinear opticai crystal such
as a DAST crystal or InP may be provided at an‘end bf'
the parallel plate waveguide 10 instead of the

photoconductive element 33a. In this case,

irradiaﬁing such a nonlinear optical crystal diréctly

with a femtosecond laser generates a terahertz-wave.

(Third Embodiment)

A third embodiment of the present invention

'will be described with reference to FIGS. 6A and 6B.

The detection apparatus in accordance with this
embodiment has a structure in whichya'hollowlmember
40 made of a substance with less absorption/loss and
dispersion to the terahertz-wave, such as polystyrene
is interposed between metallic plates 1lla, 1llb
composing the parallel plate wayeguide 10. -With this

structure, for example, when an end of the hollow

member 40 is connectedAto a tube 41 and another end

of the tube 41 is connected to a needle for syringe

42, blood is sampled from a human body and
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simultaneously introduced into the waveguide, so that
~a terahertz transmission Spectrum of the blood can be
easily obtained.

With this embodiment, it is possible to

5. euccessively perform the sampling of a flowable
semple~and,the measurement, sensing, and anelysis of
the'sample,

(Fourth Embodiment) ' .f
A fourth embodiment of the present inventien

10 will be described with reference to FIGS. 7 and 8.
In the fourth embodiment, a waveguide tube'whose
section is square or circular is used instead of the
parallel plate waveguide. . As shown in fIG. 7, a
~hollow member 40 for flowablewsample introduction is

15 provided in a waveguide tube 50 having. a square

section. A typical size of the section of the équare
waveguide tube is 100 um to 200 pm in each of the y-
and z-directions. When such a waveguide tube is used,.
there is an advantage that size reduction can be

20 realized as compared'with the case where the parellel
plate waveguide is used.

Further, a gapjcapable of introducing a
flowable sample may be provided betheq a signal
cable and a ngund cable of a transmission cable. As

25 shown in FIG. 8, a flow path 63 is provided between a
signal cable 61 and a ground cable 62 of a

" transmission cable 60 (microstrip line in the example
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shown .in the figure). When the flow path is provided
in the tradsmission cable, the sample introducing
flow path and the terahertz-waveguide portion
(transmissidn cable) can be integrally formed on the
same‘substrate, so that further size reduction can bé
realized.
(Fifth Embodiment)

A fifth embodiment of‘the present inventién
will be described with reférence to FIG. 9. 1In a
parallel plate wéveguide 10 having a gap 13 such as
désCribed in the first embodiment, a filter 14 is
provided 1in a‘portion of the gap 13. In FIG. 9, a
metallic plate 11lb as illustrated in FIGS. 1A and 1B

is omitted for convenience of description. In the

figure, a terahertz-wave enters the parallel-plate

" waveguide 10 in a direction indicated by the left-

hand arrow and exits from the parallel plate

waveguide 10 in a direction indicated by the right-

hand afrow. Here, it is assumed that an end of the
gap 13 at which the filter 14 is provided is a first
end of the gap 13 and an end opposed to the first‘end
is a second end of the gap 13. For example, wheﬁ a

certain type of protein contained in body fluid is to

.be sensed, a filter (for example, a semipermeable

membrane) which allows passing of water but does not
allow passing of the certain type of protein is

provided. When the'body fluid is continuoﬁsly flown
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into the gap 13 from the second'end, the
concentration of the certain type of protein in the
gap 13 increases, so that a transmission spectrum of
the certain type of protein can be measured at a high
sensitivity with a high precision.

With this structure, samplé concentration
increase and Sensing can be performed in the same
pprtion,_so that it is possible to omit wérk such as
sample transfer.

(Sixth Embodiment) _ : .

A sixth embodiment of the present inventién
wiil be described with refepénce to FIG. 10. In a
parailel plate waveguide 10 héving a gap 13 such as
described in the first embodiment, a first substance
15 (e.qg., biotin) which is épecifically bonded to or
ébsorbs a given Substénce.in a solutioﬁ is applied to
the inner surface of the gap 13. In FIG. 10, a
metallic plate 1lb as illustrated in FIGS. 1A and 1B
is omitted fér convenience of description. In the
figure, a terahertz-wave enters the péfallel plate
waveguide 10 in a direction indicated by the left-
hand arrow and exits from the parallel plate
waveguide 10 in a direction indicated by the right-

hand arrow. A solution containing a second substance

‘(e.g., avidin; not shown) which is specifically

bonded to the first substance 15 is flown into the

gap 13. The second substance in the solution is
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bonded to the first substance 15 applied to the-inner

surface of the gap 13, so that a complex dielectric
constant and an absorption spectrum of the first
substance 15 in the frequency range of the terahertz-
wave are changed, based on which the second substance
can be sensed at a high éensitivity; With this
Structure, in addition to the "high-sensitivity

sensing of a given substance, it is possible to

‘distinguish between a substance which is non-

specifically absorbed to the substance 15 and a

substance which is specifically absorbed to the

"'substance 15 based on the spectrum of the transmitted

terahertz-wave.

As many apparently widely-differeﬁt embodiments
of thé present invention can be made without
departing from the sbirit and scope thereof, it is to

be understood that the invention is not limited to

the specific'embodiments thereof except as defined in

the claims.

This application claims priority from Japanese
Patent Application-No. 2004-376370 filed on December
27, 2004, the éntire content of which is hereby

incorporated by reference herein.
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CLAIMS

1. A detection apparatus for detecting an
electromagnétic wave paSsed through an object,
comprising: | |

a transmission line for transmitting‘én
electromagnetic wave therethrough; and

a detector for detectihg an electromégnetic
wave passed through an object, )

whérein the transmission line has a gap for
disposing the object therein.

| 2. The detection apparatus apcording to claim 1,

whereln the transml851on line comprises a waveguide,

a wavegulde tube, or a transmission cable.

3. The detection apparatus according to élaim 1,
wherein the gap comprises a flow path for introducing
the object into the transmission line.

4. The detection apparatus according to claim 1,
which comprlses the detector in plurallty

5. The detection apparatus accordlng to clalm 1,
further comprising means for obtaining the object.

6. The détection apparatus according to claim ‘1,
fﬁrther comprising a generating means for generating
the electromagnetic wave.

7. The detection apparatus according to claim 1,
wherein the electromagnetic wave includes an
arbitrary component in a frequency range of 30 GHz to

30 THz..



WO 2006/0.70852 PCT/JP2005/024017

10

15

- 25 -

8. A detection method of detecting an
electromagnetic wave passed through an object,
comprising the steps of:

disposing an object‘in a gap of a transmission

line for transmitting an electromagnetic wave

therethrough; and

detecting an electromagnetic wave passed
through the object.

9. The detectien method according to cla;m 8,
further comprising the step of generating an
electromagnetic wave:

10. A transmission line for éransmitting an
electromagnetic wave therethrough; for use in a
detection apparetds for detecting an electromagnetic
wave passed through an object, the transmission line -

comprising a gap for disposing an object therein.
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