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(57) Abstract: To provide an electromagnetic pulse
transmitting apparatus and a tomography apparatus
capable of shortening an electromagnetic pulse. The
apparatus performs processing such that two electro-
magnetic pulse portions emitted to an object have an
electric field intensity of mutually opposite polarity
and the time difference between pulse peaks of the
two electromagnetic pulse portions is a time ditfer-
ence within a time of a pulse width.
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'DESCRIPTION
TOMOGRAPHY APPARATUS AND ELECTROMAGNETIC PULSE
TRANSMITTING APPARATUS

Technical Field

[0001]The present invention relates to a tomography apparatus
using an electromagnetic pulse, and more particularly
to a tomography apparatus using a terahertz wave
containing an electromagnetic component having a
frequency domain of a millimeter-wave band to a
terahertz band (30 GHz to 30 THz), and an
electromagnetic pulse transmitting apparatus that
transmits an electromagnetic pulse usable in such an
apparatus.
Background Art

[0002]In recent years, a non-destructive sensing technique
using a terahertz wave has been developed. As an
application field of the electromagnetic wave of this
frequency band, there is an imaging technique for a
safe tomography apparatus instead of an X-ray apparatus.
Examples of the tomographic imaging method include a
method in which an electromagnetic pulse is transmitted
to a sample, and the reflected time waveform is
measured to calculate the distance between two
interfaces of the sample from the time difference of
each electromagnetic pulse reflected on the two
interfaces (Time-of-Flight method).

N [0003]An example of the tomographic imaging method includes a
technique disclosed in Non Patent Literature 1. The
Non Patent Literature 1 discloses a technique for
imaging a coating of a tablet using a terahertz pulse.
According to the technique of the Non Patent Literature
1, a terahertz pulse emitted to a coated tablet is
reflected on an interface between air and the coating
and an inside intefface between the coating and the

tablet. As a result, the measured time waveform of a
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reflected terahertz wave includes two peaks
corresponding to the two interfaces. Assuming that At
denotes the time interval between the two peaks, the
coating width d can be expressed by the following
expression.
2d = Atc/n
where c denotes the speed of light in a vacuum, and n
denotes the refractive index of the coating material.
The measured coating width is about several 10 um. The
Non Patent Literature 1 discloses an example of
measuring the correlation between the coating width
calculated by the aforementioned method and the drug
release rate.
~Citation List
Non Patent Literature
[0004INPL 1: Journal Of Pharmaceutical Sciences, VOL. 94, NO.

1, 2005. International Journal of Pharmaceutics, 382,
151-159, 2009. '
Summary of Invention
Technical Problem

[0005]The narrower the pulse width of an electromagnetic
pulse, the more the depth resolution of tomographic
imaging by the Time-of-Flight method increases.
According to- the method disclosed in the Non Patent
Literature 1, the terahertz pulse emitted from the
light source is used for imaging as is without pulse
shortening. Thus, the depth resolution needs more
improvement.
Solution to Problem

[0006]In view of the above problem, the tomography apparatus
of the present invention includes: a light source that
generates an electromagnetic pulse; a detection
section; an optical system that guides the
electromagnetic pulse to the detection section; a
processing section; and an electromagnetic pulse

shaping section. The detection section detects the
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electromagnetic pulse. The prdcessing section
calculates a time waveform of the‘electromagnetic pulse
from a signal transmitted from the detection section.
The electromagnetic pulse shaping section is provided
in an optical path reaching the detection section. The
electromagnetic pulse shaping section divides the
electromagnetic pulse into a plurality of
electrémagnetic pulse portions in such a manner that
When transmitted, an electromagnetic pulse portion
includes a portion having an electric field intensity
of mutually opposite polarity and has a time difference
within the time of a pulse width of the electromagnetic
pulse.

[0007]In view of the above problem, further, the
electromagnetic pulse transmitting apparatus of the
present invention includes: a light source that
generates an electromagnetic pulse; and an
electromagnetic pulse shaping section. The
electromagnetic pulse shaping section is provided in an
optical path from the light source. The
electromagnetic pulse shaping section divides the
electromagnetic pulse into a plurality of
électromagnetic pulse portions in such a manner that
when transmitted, an electromagnetic pulse portion
includes a portion having an electric field intensity
of mutually opposite polarity and has a time difference
within the time of a pulse width of the electromagnetic
pulse.

Advantageous Effects of Invention

[0008]The present invention has the aforementioned
electromagnetic pulse shaping section and hence can
shorten the electromagnetic pulse emitted from the
light source with a simple configuration. As a result,‘
the present invention can provide tomographic imaging
of improved depth resolution.

[0009])Further features of the present invention will become
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apparent from the following description of exemplary
embodiments with reference to the attached drawings.
Brief Description of Drawings

[0010] [Fig. 1]Fig. 1 is an overall outline drawing of a

' tomography apparatus according to a first embodiment of

the present invention.
[Fig. 2]Fig. 2 1is a'prinéiple drawing for pulse
shortening of an electromagnetic pulse according to the
present invention.
[Fig. 3]Fig. 3 is a drawing illustrating a
configuration example of an electromagnetic pulse
shaping section according to the first embodiment.
[Fig. 4]Fig. 4 is a drawing illustrating another
configuration example of an electromagnetic pulse
shaping section according to the first embodiment.
[Fig. 5]Fig. 5 is a drawing illustrating a
configuration example of an.electromagnetic pulse
shaping section according to the first example of the
present invention.
[Fig. 6]Fig. 6 is a drawing illustrating an example of
a time waveform of an electromagnetic pulse obtained by
the tomography apparatus of the present invention.
[Fig. 7]Fig. 7 is a drawing illustrating a
configuration example of an electromagnetic pulse
shaping section according to a second embodiment.
[Figs. 8A and 8B]Figs. 8A and 8B are drawings
illustrating a configuration example of an
electromagnetic pulse shaping section according to a
fourth embodiment.
[Fig. 9]Fig. 9 is an overall outline drawing of a
tomography apparatus according to the fourth embodiment
of the present invention.
Description of Embodiments

[0011]The present invention is characterized in that an
electromagnetic pulse shaping section is used to divide

an electromagnetic pulse in such a manner that a
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divided electromagnetic pulse portion includes a pulse
portion having an electric field intensity of mutually
opposite polafity and has a time difference within the
time of a pulse width of the original electromagnétic
pulse. The electromagnetic pulse shaping section may
be any configuration as long as the electromagnetic
pﬁlse shaping section can divide the electromagnetic
pulse into a plurality of electromagnetic pulse
portions in such a manner that an electromagnetic pulse
portion at the time of transmission includes a portion
having an electric field intensity of mutually opposite
polarity and has a time difference within the time of a
pulse width of the electromagnetic pulse. The later
described embodiments will focus on a simple
configuration example having a plurality of interfaces
contacting materials of different refractive index.
However, the present invention is not limited to such a
configuration, but, for example, may include a
configuration in which an electromagnetic pulse 1is
spatially divided into a plurality of electromagnetic
pulse portions by a beam splitter or the like and each
of the plurality of electromagnetic pulse portions is
joined again through a different optical path. Such a
configuration satisfies the polarity and time
difference conditions in such a manner that at least
one optical path of the different optical paths
includes an optical delay system such as a movable and
folded optical system.capable of changing the optical
path length, and the difference in the number of
polarity reversal sections such as a total reflection
mirror located in each optical path is odd. The number
of electromagnetic pulse portions to be divided is
typically two, but may be three or more. 1In order to
divide the electromagnetic pulse into three or more
portions, the polarity and the time difference of each

electromagnetic pulse portion may be appropriately set
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as needed based on the principle in Fig. 2 described
later. The frequency of the electromagnetic pulse
includes not only a terahertz band but also a
millimeter-wave band and a microwave band.

'[0012]The electromagnetic pulée shaping section includes, for
example, a first region; a second region contacting the
first region; a third region; and a fourth region
contacting the third region, as described later. Such
a configuration is used to divide an original
electromagnetic pulse into at least two portions: an
electromagnetic pulse portion passing through the first
region and reaching an interface with the second
region; and an electromagnetic pulse portion passing
through the third region and reaching an interface with
the fourth region. _

[0013]Now, referring to the accompanying drawings,
embodiments and examples of the tomography apparatus
and the electromagnetic pulse transmitting apparatus of
the present invention will be described.

First embodiment

[0014]The tomography apparatus and the electromagnetic pulse
transmitting apparatus according to a first embodiment
of the present invention will be described referring to
Fig. 1. In the configuration of Fig. 1, a light source
1 of the electromagnetic pulse transmitting apparatus
generates an electromagnetic pulse 2. Examples of the
light source 1 may include a light source that emits a
femtosecond laser beam with a wavelength of 1.5 pum band
when a voltage is applied to a photoconductive element.
The electromagnetic pulse 2 is formed into a beam with
an appropriate diameter by an optical system 15 and is
incident into an electromagnetic pulse shaping section
5. _

[0015]According to the present embodiment, the
electromagnetic pulse shaping section 5 of the

electromagnetic pulse transmitting apparatus includes a
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first region 6; a second region 7 contacting the first
region 6; a third region 8; and a fourth region 9
contacting the third region 8. 1Inside the
electromagnetic pulse shaping section 5, the
electromagnetic pulse 2 is divided into an
electromagnetic pulse 3 passing through the first
region 6 and reaching an interface 10 between the first
region 6 and the second region 7; and an
electromagnetic pulse 4 passing through the third
region 8 and reaching an interface 11 between the third
region 8 and the fourth region 9. Each of the
electromagnetic pulse.3 and the electromagnetic pulse 4
is an electromagnetic pulse portion that is reflected
on the interface 10 and the interface 11 respectively
and is transmitted from the electromagnetic pulse
shaping section 5. Then, the electromagnetic pulse 3
and the electromagnetic pulse 4 are emitted to a sample
12 by an optical system 15. In Fig. 1, the '
electromagnetic pulses 3 and 4 are shaped by the
electromagnetic pulse shaping section 5, pass through
an optical system, and reach the optical system 15.
Then, the electromagnetic pulse 3 and the
electromagnetic pulse 4 reflected on the sample 12 are
made incident into detection section 13 by the optical
system 15. Specifically, there is provided an optical
system that irradiates the sample 12 with a plurality
ofbelectrOmagnetic pulse portions transmitted from the
electromagnetic pulse shaping section 5 and guides the
electromagnetic pulse portions reflected on or
transmitted through the sample to a detection section
13. The detection section 13 detects the electric
field intensity of the incident electromagnetic wave.
Examples of the detection section 13 may include a
detection section that irradiates the photoconductive
element with a femtosecond laser beam with a wavelength

of 1.5 um band and measures a current flowing between
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the electrodes of the photoconductive element.
[0016]The two electromagnetic pulses 3 and 4 are processed by
the electromagnetic pulse shaping section 5 so that the
polarity of the electric field intensity is mutually
opposite and the time difference between the pulse
peaks is within the time of the pulse width of the
electromagnetic pulse 2 in the detection section 13. A
specific configuration of the electromagnetic pulse
shaping section 5 having such a function will be
described later. In this description, the time of a
pulse width refers to the FWHM (Full Width at Half
Maximum) of the electric field intensity of the
electromagnetic pulse 2. In the detection section 13,
the electromagnetic pulse 3 and the electromagnetic
pulse 4 are incident on the same detection element. As
a result, the detection section 13 detects a combined
electric field intensity of the electromagnetic pulse 3
and the electromagnetic pulse 4. The detected electric
field intensity is sent to a processing section 14
which calculates a time waveform thereof. A so-called
time-domain spectroscopy can be used to detect the time
waveform of such an electric field intensity. The
processing section 14 can build, for example, an image
in the depth direction of the sample 12 from the time
waveform. Note that while in this embodiment the
electromagnetic pulse 3 and the electromagnetic pulse 4
are spatially overlapped and incident on the same
detection element in the detection section 13, only a
part thereof may be spatially overlapped in the
detection section 13 or the electromagnetic pulse 3 and
the electromagnetic pulse 4 may be close but not
overlapped in the detection section 13. Even in a
partially overlapped or non-overlapped state in the
detection section 13, as long as the irradiation
position of the electromagnetic pulses 3 and 4 can be

considered as a position of substantially the same
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state in the sampie 12, the combined electric field
intensity of the pulses 3 and 4 can be detected in the
position of the same state. Specifically, even in such
a state, the detection section 13 can obtain
information about the sample portion considered as the
position of the same state with an effect of improved

. depth. resolution by electrically overlapping and
processing a signal by the electromagnetic pulses 3 and
4. Therefore, at least a part of the electromagnetic
pulses 3 and 4 may be spatially overlapped or none
thereof may be overlapped in a position of
substantially the same state in the sample. Note that
in a case in which the electromagnetic pulses 3 and 4
are emitted to positions of different states of the
sample, electrically'overlapping and processing a
signal by these pulses in the detection section is
useless because no information about these positions is
provided. Thus, preferably at least a part of the
plurality of electromagnetic pulse portions is
spatially overlapped in the detection section or at
least a part thereof is spatially overlapped in the
sample.

[0017]Next, the principle of pulse shortening will be
described. Fig. 2 illustrates a principle drawing of
pulse shortening. The horizontal axis indicates time
and the vertical axis indicates electric field
intensity. As illustrated by the solid lines, a time
waveform 21 of one electromagnetic pulse portion and a
time waveform 22 of the other electromagnetic pulse
portion have a different polarity of the electric field
intensity (namely, an opposite direction of the
electric field) and the time difference between the
pulse peaks is within the time of the original pulse
width. The dotted line in Fig. 2 indicates a combined
time waveform of the time Waveform 21 of one

electromagnetic pulse portion and the time waveform 22
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of the other electromagnetic pulse portion. It is
understood that the pulse is shortened because the
right side portion of the peak of the time wavefbrm 21
of one electromagnetic pulse portion is cancelled by
the time waveform 22 of the other electromagnetic pulse
portion. Here, if the two pulse portions are far away
from the time of the original pulse width, the time
domain for cancelling the two pulse portions 1is reduced,
leading to a reduction in pulse shortening effect.
Thus, the present invention provides pulse shortening
by reversing the polarity of the electric field
intensity of the electromagnetic pulse 3 and the
electromagnetic pulse 4 and providing the
electromagnetic pulse 3 and the electromagnetic pulse 4
with a time difference within the time of the original
pulse width.

[0018]The polarity of the electric field intensity of the
electromagnetic pulse 3 and the electromagnetic pulse 4
is reversed using a principle that when an
electromagnetic wave is reflected on an interface
between the two materials, the polarity of the electric
field intensity of the reflected electromagnetic~wave
depends on the relationship in magnitude between the
refractive indexes of the two materials in the
wavelength range of the electromagnetic wave.

According to the Fresnel equations given in the
following expression 1, when a refractive index nA of
an incident-side material of the electromagnetic wave
is less than a refractive index nB of another material
forming an interface therebetween, the polarity of the
electric field intensity of the reflected
electromagnetic wave is reversed from the polarity of
the incident electromagnetic wave. Meanwhile, when the
refractive index nA is greater than the refractive
index nB, the polarity of the electric field intensity

of the reflected electromagnetic wave is the same as
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the polarity of the incident electromagnetic wave.

r = (nA-nB)/ (nA+nB) Expression 1

where r denotes the field reflectance, nA denotes the
refractive index of the incident-side material, and nB
denotes the refractive index of another material
forming the interface therebetween.

[0019]Examples of the material for the refractive index nB
forming the interface may include metal. For example,
gold can be used assuming that its refractive index is
approximately infinite with respect to the
electromagnetic wave of the terahertz band. The
electromagnetic pulse has a wide spectrum, and the
major shape of the time waveform depends on a component
of a large electric field intensity on the spectrum.
Therefore, the relationship between the refractive
indexes of the two materials may be satisfied by the
component of a large electric field intensity on the
spectrum. For example, the relationship may be
satisfied in a frequency domain from a maximum electric
field intensity to minus 3 dB or more on the spectrum.
Apparently, the relationship between the refractive
indexes is preferably desired to be satisfied in a
wider range of the Spectrum of the electromagnetic
pulse.

[0020]Next, in order to cause the electromagnetic pulse 3 and
the electromagnetic pulse 4 to have a time difference,
an optical path length difference may be given between
the two pulses. The optical path length OL is given as
OL = n x L, where n denotes the refractive index of a
material through which the electromagnetic wave
propagates, and L denotes the propagation distance.
Thus, in order to change the optical path length, the
refractive index of the propagating material may be
changed or the propagation distance may be changed. In
order to cause the time difference between the pulse

peaks to be within the time of the pulse width of the
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electromagnetic pulse 2, for example, assuming that the
pulse width of the electromagnetic pulse 2 is 300 f£s,
the optical path length difference may be set between
the two pulse portions only by the optical path length
90 um or less corresponding to the original pulse width.

[0021]Fig. 3 illustrates an example of the configuration of
the electromagnetic pulse shaping section 5. In such a
configuration in which the electromagnetic pulse 3 and
the electromagnetic pulse 4 are reflected to the
incident side of the electromagnetic pulse 2, in order
to mutually reverse the polarity of the electromagnetic
pulse 3 and the electromagnetic pulse 4, the refractive
indexes need to satisfy the relation: nl < n2 and n3 >
nd; or nl > n2 and n3 < n4, where nl denotes the
refractive index of the first region 6, n2 denotes the
refractive index of the second region 7, n3 denotes the
refractive index of the third region 8, and n4 denotes
the refractive index of the fourth region 9. Fig. 3
illustrates an example in which the electromagnetic
pulse is incident perpendicular to the interface 10 and
the interface 11 of the electromagnetic pulse shaping
section 5, but the electromagnetic pulse may be
incident obliquely to the interfaces as illustrated in
Fig. 4. This configuration can prevent the optical
axis of the electromagnetic pulse incident into the
electromagnetic pulse shaping section 5 from being
overlapped with the optical axis of the electromagnetic
pulse transmitted from the electromagnetic pulse
shaping section 5. Thus, the configuration eliminates
the need of a beam splitter for separating the optical
axis of the two pulses and has an advantage of reducing
power loss. Note that in this case, consideration
needs to be made about the propagation distance L which
is obtained by dividing the distance between the

interfaces by cos a, where o denotes the incident angle
of the electromagnetic pulse incident on the interface.
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[0022]1As described above, the tomography apparatus of the
present embodiment can use shortened electromagnetic
pulses to perform tomography and obtain tomographic
images. The pulse shortening can generally improve the
depth resolution of tomography using the Time-of-Flight
method and hence the tomography apparatus of the
present embodiment can obtain tomographic images of
improved depth resolution.

[0023]1A further specific example of the first embodiment will
be described.

First example

[0024]As a design example of the tomography apparatus and the
electromagnetic pulse transmitting apparatus of the
first example, the detail of the electromagnetic pulse
shaping section 5 and the acquired time waveform will
be described. The outline of the tomography apparatus
of the present example is the same as that illustrated
in Fig. 1 (except that the sample 12 is not present for
ease of illustrating pulse shortening effect). The
light source 1 emitted a femtosecond laser beam with a
wavelength of 1.5 pm band when a voltage was applied
between the electrodes of LT (Low-Temperature) - InGaAs
photoconductive elements~ The detection section 13
converted the femtosecond laser beam with a wavelength
of 1.5 um band to a double wave through a nonlinear
crystal to be emitted to the LT-GaAs photoconductive
element. The time waveform of the terahertz pulse 2
was processed in the processing section 14 by measuring
the current flowing between the electrodes of the
photoconductive element of the detection section 13
while changing the relative delay time between the
femtosecond laser beams on the generation side and the
detection side according to a well-known terahertz
time-domain spectroscopy.

[0025]Fig. 5 illustrates a configuration of the

electromagnetic pulse shaping section 5 used in the
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present example. In the present example, the second
region 7 is integrated with the third region 8.
Specifically, each region is serially arranged along
the optical axis of the electromagnetic pulse. 1In
contrast to this, in the electromagnetic pulse shaping
section 5 illustrated in Fig. 1, the two regions are
arranged parallel to each other along the optical axis
of the electromagnetic pulse. Thereby, in the
configuration of Fig. 5, a part of the electromagnetic
pulse 2 is reflected on the interface 10 into the
electromagnetic pulse 3, and another part thereof is
‘"reflected on the interface 11 into the electromagnetic
pulse 4. The electromagnetic pulse 3 and the
electromagnetic pulse 4 are transmitted from the
electromagnetic pulse shaping section 5, and then the
advancing direction thereof is changed by a beam
splitter 16. Here, in order to reverse the polarity of
the electromagnetic pulse 3 and the electromagnetic
pulse 4, the refractive indexes need to satisfy the
relation: nl < n2 and n2 > n4; or nl > n2 and n2 < n4,
where nl denotes the refractive index of the first
region 6, n2 denotes the refractive index of the second
region 7 (integrated with the third region 8 according
to the present example), and né4 denotes the refractive
index of the fourth region 9.

[0026]Fig. 6 illustrates an example of the time waveform of
the electric field intensity of an electromagnetic
pulse measured using the above configured tomography
apparatus {excluding the sample 12 as described above).
The FWHM (electric field intensity) of the
electromagnetic pulse 2 emitted to the electromagnetic
pulse shaping section 5 was 350 fs, and the major
frequency range contained in the electromagnetic pulse
2 was about 0.1 to 5 THz. Further, the depth
resolution obtained by témographic measurement of the

electromagnetic pulse 2 without passing through the
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electromagnetic pulse shaping section 5 was about 20 pm.
The solid line indicates the time waveform of the
reflected electromagnetic pulse when a polyethylene
terephthalate (PET) sheet (with a thickness of 16 um
and a refractive index of 1.9) as the electromagnetic
pulse shaping section 5 described in the present
example was used. There was air (a refractive index of
1) outside the PET sheet. The PET sheet corresponds to
the second region 7 and the third region 8. The air on
the front side of the PET sheet (on the incident side
of the electromagnetic pulse) corresponds to the first
region 6, and the air on the back side of the PET sheet
corresponds to the fourth region 9. The
electromagnetic pulse 3 was reflected on the front
surface of the PET sheet, and the electric field
intensity of its peak was about 30 percent of the
original electromagnetic pulse 2. Meanwhile, the
electromagnetic pulse 4 was reflected on the back
surface of the PET sheet, and the electric field
intensity of its peak was about 30 percent of the
original electromagnetic pulse 2. The electromagnetic
pulses 3 and 4 had a mutually opposite polarity of the
electric field intensity. The dotted line indicates
the time waveform when the PET sheet was replaced with
an aluminum mirror in the position of the
electromagnetic pulse shaping section 5. The time
waveform thereof corresponds to the time waveform of
the electromagnetic pulse 2 when the electromagnetic
pulse shaping section 5 wés not used. According to Fig.
6, the FWHM of the electromagnetic pulse 2 (indicated
by the dotted line) when the electromagnetic pulse
shaping section 5 was not used was 350 fs, while the
FWHM of the electromagnetic pulse 2 (indicated by the
solid line) when the electromagnetic pulse shaping
section 5 was used was 290 fs, which means that pulse

shortenihg was achieved. This indicates that the FWHM
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of the electromagnetic pulse was reduced by 17% by the
electromagnetic pulse shaping section 5. The pulse
shortening of the electromagnetic pulse 2 improves the
depth resolution for tomographic measurement. Assuming
that for the sake of simplicity, the depth resolution
is proportional to the pulse width, the depth
resolution is expected to improve from 20 pm to 17 um.
Second embodiment

[0027]The second embodiment of the present invention relates
to a tomography apparatus and an electromagnetic pulse
transmitting apparatus using a transmission type
electromagnetic pulse shaping section. The present
embodiment will be described referring to Fig. 7. The
present embodiment is characterized by being different
from the first embodiment in that the advancing
direction of the electromagnetic pulse 3 and the
electromagnetic pulse 4 transmitted from the
electromagnetic pulse shaping section 5 matches the
advancing direction of the original electromagnetic
pulse 2 incident into the electromagnetic pulse shaping
section 5. The present embodiment has the same
components as those of the first embodiment except the
electromagnetic pulse shaping section 5. In order to
achieve this characteristic, the present embodiment is
configured such that the electromagnetic pulse 3 is not
reflected on the interface 10 or the interface 11,
while the electromagnetic pulse 4 is first reflected on
the interface 11 and then is reflected on the interface
10.

[0028]Here, in order to reverse the polarity of the
electromagnetic pulse 3 and the electromagnetic pulse 4,
the refractive indexes need to satisfy the relation: nl
< n2 and n2 < n4; or nl > n2 and n2 > n4, where nl
denotes the refractive index of the first region 6, n2
denotes the refractive index of the second region 7

(integrated with the third region 8), and n4 denotes
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the refractive index of the fourth region 9. Examples
of the material having the relation of the refractive
indexes in the terahertz band include air (nl=1) for
the first region 6, cycloolefin resin (n2=1.5) for the
second region 7 (integrated with the third region 8),
and silicon (n4=3.4) for the fourth region 9. The
present embodiment has been described using the
configuration illustrated in Fig. 7, but for example,
the electromagnetic pulse 2 may be obliquely incident
on the interface 10 and the interface 11.

[0029]As described above, the tomography apparatus of the
present embodiment can match the optical axis of the
original electromagnetic pulse 2 with the divided
optical axes of the electromagnetic pulse 3 and the
electromagnetic pulse 4, thus simplifying the alignment
of the optical system. Further, the present embodiment
can avoid power loss because no beam splitter is used.
Third embodiment

(0030]The third embodiment of the present invention relates
to a tomography apparatus and an electromagnetic pulse
transmitting apparatus using a variable time difference
between the electromagnetic pulse 3 and the
electromagnetic pulse 4. The present embodiment is
characterized by being different from the first
embodiment in that the optical path length difference
between the electromagnetic pulse 3 and the
electromagnetic pulse 4 is made variable in the
electromagnetic pulse shaping section 5. The present
embodiment has the same components as those of the
first embodiment except the electromagnetic pulse
shaping section 5.

[0031]The optical path length difference between the
electromagnetic pulse 3 and the electromagnetic pulse 4
can be made variable by changing any one of the
refractive indexes of the first region 6, the second

region 7, the third region 8, and the fourth region 9
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through which the electromagnetic wave propagates, or
changing the propagation distance. The refractive
index may be changed by changing the material in the
optical path to another material having a different
refractive index, using an electro-optical effect, or
the like. The electro-optical effect may be used, for
example, by controlling the voltage to be applied to
any region made of an electro-optical material. The
propagation distance may be changed by moving the
relative position between the interface 10 and the
interface 11 in a direction of the optical axis.
Specifically, a movable unit using a mechanical method
and a piezo method or so may be used to move the
material forming one. of the interfaces in a direction
of the optical axis. Thus, the present embodiment
includes a unit for adjusting the time difference
between a plurality of electromagnetic pulse portions
incident into the detection section.

[0032]Several electromagnetic pulse shaping sections 5 which
can be exchangeable and have different optical path
length differenées may be included. A reduction in
optical path length difference shortens the pulse but
reduces the electric field intensity. The reduction in
electric field intensity is due to the effect that the
electromagnetic pulse 3 and the electromagnetic pulse 4

- cancel the mutual electric field intensity. The
smaller the pulse interval between the two pulses is,
the more remarkable the effect is. This mode may be
used to acquire an image of high depth resolution.
Meanwhile, an increase in optical path length
difference increases the electric field intensity but
increases the pulse width (close to the pulse width of
the original electromagnetic pulse 2). This mode may
be used to acquire an image of high SN ratio.

[0033]As described above, the tomography apparatus of the

present embodiment can use the electromagnetic pulse
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shaping section to select an imaging mode focusing on
one of the depth resolution and the SN ratio. Thus, an
imaging mode can be selected according to the object to
be measured and hence high quality imaging can be
performed.
Fourth embodiment

[0034]The fourth embodiment of the present invention relates
to a tomography apparatus and an electromagnetic pulse
transmitting apparatus using the electromagnetic pulse
3 and the electromagnetic pulse 4 of different
frequency spectral shapes. The present embodiment is
characterized by being different from the first
embodiment in that the electromagnetic pulse 3 and the
electromagnetic pulse 4 as the divided electromagnetic
pulse portions have different frequency spectral shapes.

[0035]This characteristic may be achieved, for example, using
the effect that when an electromagnetic pulse is
focused, a low-frequency component is focused in a
wider range than a high-frequency component. Fig. 8A
illustrates the electromagnetic pulse shaping section 5
viewed along a direction of the optical axis of the
electromagnetic pulse 2. Fig. 8B illustrates the
electromagnetic pulse shaping section 5 viewed from a
direction perpendicular to the optical axis thereof.
An inside region 17 includes a first region 6 and a
second region 7 contacting the first region 6 through
an interface 10. An outside region 18 includes a third
region 8 and a fourth region 9 contacting the third
region 8 through an interface 11. The electromagnetic
pulse 4 reflected on the interface 11 of the outside
region 18 contains.relatively more low-frequency
components than the electromagnetic pulse 3 reflected
on the interface 10 of the inside region 17. As
described in the first embodiment, the two pulse
portions are incident into the detection section 13

after the electric field intensity is mutually reversed
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and a time difference within the time of pulse width is
given by the electromagnetic pulse shaping section 5.

[0036]Fig. 9 is an overall outline drawing of the tomography
apparatus including the electromagnetic pulse shaping
section 5. The present embodiment is the same as the
first embodiment except that the electromagnetic pulse
2 is focused and is incident into the electromagnetic
pulse shaping section 5. Fig. 9 illustrates an example
of using the focused electromagnetic pulse 2, but even
collimated beams can achieve the characteristics of the
present embodiment as long as the electromagnetic pulse
2 has a frequency distribution in the wavefront.

[0037]As described above, the tomography apparatus of the
present embodiment can use the electromagnetic pulse 3
containing more high-frequency components and the
electromagnetic pulse 4 containing more low-frequency
components. Therefore, for example, high-frequency
components contained in the original electromagnetic
pulse 2 can be moved to the electromagnetic pulse 3 so
as to have more high-frequency components for pulse
shortening.

[0038]While the present invention.has been described with
reference to exemplary embodiments, 1t 1is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0039]This application claims the benefit of Japanese Patent
Application No. 2011-002584, filed January 8, 2011,
which are hereby incorporated by reference herein in
their entirety.

Reference Signs List

[0040]1 1light source

2 electromagnetic pulse

3, 4 electromagnetic pulse portion



WO 2012/093615 21 PCT/JP2011/080145

electromagnetic pulse shaping section

5

6 first region

7 second region

8 third region

9 fourth region

10, 11 interface

13 detection section
14 processing section

15 optical system
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(1]

CLAIMS
A tomography apparatus comprising:
a light source that generates an electromagnetic pulse;
a detection section that detects the electromagnetic
pulse;
an optical system that guides the electromagnetic pulse
to the detection section;
a processing section that calculates a time waveform of
the electromagnetic pulse from a signal transmitted
from the detection section; wherein the apparatus
further comprising
an electromagnetic pulse shaping section which is
provided in an optical path of the electromagnetic
pulse from the light source to the detection section,
and which divides the electromagnetic pulse into a
plurality of electromagnetic pulse portions in such a
manner that when transmitted from the electromagnetic
pulse shaping section, the electromagnetic pulse
portions include a portion having an electric field
intensity of mutually opposite polarity and have a time
difference within a time of a pulse width of the
electromagnetic pulse.

The tomography apparatus according to claim 1, wherein

"the electromagnetic pulse shaping section includes a

first region, a second region contacting the first
region, a third region, and a fourth region contacting
the third region; and divides the electromagnetic pulse
into at least two portions: an electromagnetic pulse
portion passing through the first region and reaching
an interface with the second region, and an
electromagnetic pulse portion passing through the third
region and reaching an interface with the fourth region.
The tomography apparatus according to claim 2, wherein
the electromagnetic pulse shaping sectioﬁ satisfies:

nl < n2 and n3 > n4; or nl > n2 and n3 < n4,

where nl denotes the refractive index of the first
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region, n2 denotes the refractive index of the second
region, n3 denotes the refractive index of the third
region, and n4 denotes the refractive index of the
fourth region.

The tomography apparatus according to claim 2, wherein
the electromagnetic pulse shaping section satisfies:

nl < n2 and n3 < n4;‘Qr nl > n2 and n3 > n4,

where nl denotes the refractive index of the first
region, n2 denotes the refractive index of the second
region, n3 denotes the refractive index of the third
region, and n4 denotes the refractive index of the
fourth region.

The tomography apparatus according to claim 4, wherein
an advancing direction of the electromagnetic pulse
incident into the electromagnetic pulse shaping section
matches the advancing direction of the electromagnetic
pulse portion transmitted from the electromagnetic
pulse shaping seétion.

The tomography apparatus according to any one of claims
1 to 5, wherein at least a part of a plurality of the
electromagnetic pulse portions is spatially overlapped
in the detection section.

The tomography apparatus according to any one of claims
1 to 6, further comprising an optical system that
irradiates a sample with the electromagnetic pulse
portions transmitted from the electromagnetic pulse
shaping section, and guides, to the detection section,
the electromagnetic pulse portions reflected on or
transmitted through the sample.

The tomography apparatus according to claim 7, wherein
at least a part of a plurality of the electromagnetic
pulse portions is spatially overlapped in the sample.
The tomography apparatus according to any one of claims
1 to 8, further comprising a unit for adjusting a time
difference between a plurality of the electromagnetic

pulse portions incident into the detection section.
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The tomography apparatus according to any one of claims
1 to 9, wherein the plurality of the electromagnetic
pulse portions have different frequency spectral shapes.
An electromagnetic pulse transmitting apparatus
comprising:

a light source that generates an electromagnetic pulse;
and

an electromagnetic pulse shaping section which is
provided in an optical path of the electromagnetic
pulse from the light source, and which divides the
electromagnetic pulse into a plurality of
electromagnetic pulse portions in such a manner that
when transmitted from the electromagnetic pulse shaping
section, the electromagnetic pulse portions have an
electromagnetic pulse portion having an electric field
intensity of mutually opposite polarity and have a time
difference within a time of a pulse width of the
electromagnetic pulse.

The electromagnetic pulse transmitting apparatus
according to claim 11, wherein

the electromagnetic pulse shaping section includes a
first region, a second region contacting the first
region, a third region, and a fourth region contacting
the third region; and divides the electromagnetic pulse
into at least two portions: an electromagnetic pulse
portion passing through the first region and reaching
an interface with the second region, and an
electromagnetic pulse portion passing through the third
region and reaching an interface with the fourth region.
A tomography apparatus that performs processing such
that two electromagnetic pulse portions emitted to an
object to obtain a tomographic image have an electric
field intensity of mutually opposite polarity, and a
time difference between pulse peaks of the two
electromagnetic pulse portions is a time difference

within a time of a pulse width.
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AMENDED CLAIMS
received by the International Bureau on 1 June 2012 (01.06.2012)

(Amended) A tomography apparatus comprising:

a light source that generates an electromagnetic pulse;
a detection section that detects the electromagnetic
pulse;

an optical system that guides the electromagnetic pulse
to the detection section;

a processing section that calculates a time waveform of
the electromagnetic pulse from a signal transmitted
from the detection section; wherein the apparatus
further comprising

an electromagnetic pulse shaping section which is
provided in an optical path of the electromagnetic
pulse from the light source to the detection section,
and which divides the electromagnetic pulse into a
plurality of electromagnetic pulse portions in such a
manner that when transmitted from the electromagnetic
pulse shaping section, the electromagnetic pulse
portions have electric field intensities of mutually
opposite polarities and have a time difference within a
time of a pulse width which is a full width at half
maximum of the electric field intensities of the
electromagnetic pulse.

The tomography apparatus according to claim 1, wherein
the electromagnetic pulse shaping section includes a
first region, a second region contacting the first
region, a third region, and a fourth region contacting
the third region; and divides the electromagnetic pulse
into at least two portions: an electromagnetic pulse
portion passing through the first region and reaching
an interface with the second region, and an
electromagnetic pulse portion passing through the third
region and reaching an interface with the fourth region.
The tomography apparatus according to claim 2, wherein
the electromagnetic pulse shaping section satisfies:

nl < n2 and n3 > n4; or nl > n2 and n3 < n4,

AMENDED SHEET (ARTICLE 19)
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where nl denotes the refractive index of the first
region, n2 denotes the refractive index of the second
region, n3 denotes the refractive index of the third
region, and n4 denotes the refractive index of the
fourth region.

The tomography apparatus according to claim 2, wherein
the electromagnetic pulse shaping section satisfies:

nl < n2 and n3 < n4; or nl > n2 and n3 > n4,

where nl denotes the refractive index of the first
region, n2 denotes the refractive index of the second
region, n3 denotes the refractive index of the third
region, and n4 denotes the refractive index of the
fourth region.

The tomography apparatus according to claim 4, wherein
an advancing direction of the electromagnetic pulse
incident into the electromagnetic pulse shaping section
matches the advancing direction of the electromagnetic
pulse portion transmitted from the electromagnetic
pulse shaping section.

The tomography apparatus according to any one of claims
1 to 5, wherein at least a part of a plurality of the
electromagnetic pulse portions is spatially overlapped
in the detection section.

The tomography apparatus according to any one of claims
1 to 6, further comprising an optical system that
irradiates a sample with the electromagnetic pulse
portions transmitted from the electromagnetic pulse
shaping section, and guides, to the detection section,
the electromagnetic pulse portions reflected on or
transmitted through the sample.

The tomography apparatus according to claim 7, wherein
at least a part of a plurality of the electromagnetic
pulse portions is spatially overlapped in the sample.
The tomography apparatus according to any one of claims
1 to 8, further comprising a unit for adjusting a time

difference between a plurality of the electromagnetic

AMENDED SHEET (ARTICLE 19)
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[10]

[11]

pulse portions incident into the detection section.

The tomography apparatus according to any one of claims
1 to 9, wherein the plurality of the electromagnetic
pulse portions have different frequency spectral shapes.
(Amended) An electromagnetic pulse transmitting
apparatus comprising:

a light source that generates an electromagnetic pulse;
and

an electromagnetic pulse shaping section which is
provided in an optical path of the electromagnetic
pulse from the light source, and which divides the
electromagnetic pulse into a plurality of
electromagnetic pulse portions in such a manner that
when transmitted from the electromagnetic pulse shaping
section, the electromagnetic pulse portions have
electric field intensities of mutually opposite
polarities and have a time difference within a time of
a pulse width which is a full width at half maximum of
the electric field intensity of the electromagnetic
pulse.

The electromagnetic pulse transmitting apparatus
according to claim 11, wherein

the electromagnetic pulse shaping section includes a
first region, a second region contacting the first
region, a third region, and a fourth region contacting
the third region; and divides the electromagnetic pulse
into at least two portions: an electromagnetic pulse
portion passing through the first region and reaching

an interface with the second region, and an
electromagnetic pulse portion passing through the third
region and reaching an interface with the fourth region.
(Amended) A tomography apparatus that performs
processing such that two electromagnetic pulse portions
emitted to an object to obtain a tomographic image have
electric field intensities of mutually opposite

polarities, and a time difference between pulse peaks

AMENDED SHEET (ARTICLE 19)
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of the two electromagnetic pulse portions is a time
difference within a time of a pulse width which is a
full width at half maximum of the electric field

intensities of the electromagnetic pulse portions.

AMENDED SHEET (ARTICLE 19)
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