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(57) ABSTRACT

A time-domain pulsed spectroscopy apparatus which has a
pulsed laser light source; a splitting unit to split pulsed laser
light; a pulsed-light emitting unit; a detector; a sample holder;
and a sample-unit entrance and exit optical systems; wherein
the time-domain pulsed spectroscopy apparatus further com-
prises: at least one optical-path-length varying unit for setting
a photometric range; at least one optical delay unit for the
wave form signal measurement; and, at least one gate member
to pass or block the pulsed light to a reflector.
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OPTICAL-PATH-DIFFERENCE
COMPENSATION MECHANISM FOR
ACQUIRING WAVE FROM SIGNAL OF
TIME-DOMAIN PULSED SPECTROSCOPY
APPARATUS

[0001] This application is a Continuation of copending
application Ser. No. 10/568,528 filed on Feb. 17, 2006 and for
which priority is claimed under 35 U.S.C. § 120. Application
Ser. No. 10/568,528 is the national phase of PCT Interna-
tional Application No. PCT/JIP04/11926 filed on Aug. 19,
2004 under 35 U.S.C. § 371. This application claims priority
of' Application No. JP 2003-299373 filed in Japan on Aug. 22,
2003, respectively, under 35 U.S.C. § 119; the entire contents
of all are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a time-domain
pulsed spectroscopy apparatus, and in particular, to a scan-
ning mechanism and optical system alignment structure (op-
tical arrangement) for acquiring a wave form signal thereof.

BACKGROUND ART

[0003] Due to the practical adoption of ultrashort pulsed
laser technology in recent years, emission techniques and
detection techniques for pulsed, coherent, far-infrared (par-
ticularly in the terahertz region) electromagnetic waves have
progressed rapidly. Accordingly, time-domain pulsed spec-
troscopy using these pulsed far-infrared electromagnetic
waves has become possible, and the pioneering development
of practical time-domain pulsed spectroscopy apparatuses
has progressed in Japan too.

[0004] Time-domain pulsed spectroscopy is a spectroscopy
method in which, by measuring the time-dependent electric
field intensity of the pulsed electromagnetic field and by
Fourier transforming this time-dependent data (time-series
data), the electric field intensity and phase of individual fre-
quency components forming this pulse are obtained. One
feature of this spectroscopy method is that the measurement
wavelength range is the boundary region between light and
electromagnetic waves, which is difficult to achieve with
conventional measurement. Therefore, this spectroscopy
method is expected to elucidate the properties of novel mate-
rials and new phenomena. Furthermore, only the electric field
intensity of an electromagnetic wave can be obtained with
conventional spectroscopy methods; however, this time-do-
main pulsed spectroscopy method has the unique feature that,
by directly measuring temporal changes in the electric field
intensity of electromagnetic waves, it can obtain not only the
electric field intensity (amplitude) of the electromagnetic
waves, but also the phase thereof. Therefore, it is possible to
obtain a phase-shift spectrum by comparison with a case
where there is no sample. Because the phase shift is propor-
tional to the wave vector, it is possible to determine the
dispersion relation in the sample using this spectroscopy
method, and it is also possible to determine the dielectric
constant of a dielectric from this dispersion relation (see
Japanese Unexamined Patent Application Publication No.
2002-277394).

[0005] FIG. 1 shows one example of a conventional time-
domain pulsed spectroscopy apparatus.
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[0006] Reference numeral 1 is a light source for emitting
femtosecond laser. Femtosecond laser light [.1 emitted from
the light source 1 is split at a beam splitter (splitting unit) 2.
One of the femtosecond lasers is radiated onto a pulsed-light
emitting unit 5 as excitation pulsed laser light (pump pulsed
light) L.2. At this time, after being modulated by an optical
chopper 3, the excitation pulsed laser light [.2 is focused by an
objective lens 4. This pulsed-light emitting unit 5 is, for
example, a photoconductive element in which an electric
current flows momentarily when the excitation pulsed laser
light [.2 is radiated, and emits a far-infrared electromagnetic
pulse. This far-infrared electromagnetic pulse is guided by
parabolic mirrors and is irradiated onto a measurement
sample 8. Reflected or transmitted pulsed electromagnetic
waves (in this example, transmitted pulsed electromagnetic
waves) from the sample 8 are guided to a detector 12 by
parabolic mirrors 9 and 10.

[0007] The other laser light split at the beam splitter 2 is
guided to the detector 12 as detection pulsed laser light (sam-
pling pulsed light) L.3. This detector 12, which is also, for
example, a photoconductive element, becomes conductive
only for the instant when the detection pulsed laser light [.3 is
irradiated; therefore, it is possible to detect the electric field
intensity of the reflected or transmitted pulsed electromag-
netic waves from the sample 8, arriving at that instant, as an
electrical current. A wave form signal of the electric field
intensity of the reflected or transmitted pulsed electromag-
netic waves from the sample 8 can be obtained by applying a
delay time at predetermined time intervals to the detection
pulsedlaser light [.3 with respect to the excitation pulsed laser
light .2 using an optical delay unit 13 (or 14). In this example,
in addition to the optical delay unit 13 (or 14) for wave form
signal measurement, an optical delay unit 14 (or 13) for
adjusting the temporal origin is also provided.

[0008] Each item of time-resolved data of the electric field
intensity of the reflected or transmitted electromagnetic
waves from the sample 8 is processed by a signal processing
unit. More specifically, the data is transferred to a computer
17 via a lock-in amplifier 16 and is then stored as time-series
data, and amplitude and phase spectra of the electric field
intensity of the reflected or transmitted electromagnetic
waves from the sample 8 are obtained by applying Fourier
transform processing to one sequence of time-series data in
the computer 17 to transform it into vibration-frequency (fre-
quency) space.

[0009] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2003-131137.

[0010] [Patent Document 2] Japanese Unexamined Patent
Application Publication No. 2003-121355.

[0011] [Patent Document 3] Japanese Unexamined Patent
Application Publication No. 2003-83888.

[0012] [Patent Document 4] Japanese Unexamined Patent
Application Publication No. 2003-75251.

[0013] [Patent Document 5] Japanese Unexamined Patent
Application Publication No. 2003-14620.

[0014] [Patent Document 6] Japanese Unexamined Patent
Application Publication No. 2002-277393.

[0015] [Patent Document 7] Japanese Unexamined Patent
Application Publication No. 2002-277394.

[0016] [Patent Document 8] Japanese Unexamined Patent
Application Publication No. 2002-257629.

[0017] [Patent Document 9] Japanese Unexamined Patent
Application Publication No. 2002-243416.
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[0018] [Patent Document 10] Japanese Unexamined Patent
Application Publication No. 2002-98634.

[0019] [Patent Document 11] Japanese Unexamined Patent
Application Publication No. 2001-141567.

[0020] [Patent Document 12] Japanese Unexamined Patent
Application Publication No. 2001-66375.

[0021] [Patent Document 13] Japanese Unexamined Patent
Application Publication No. 2001-21503.

[0022] [Patent Document 14] Japanese Unexamined Patent
Application Publication No. 2001-275103.

[0023] [Non-patent Document 1] Q. Wu and X.-C. Zhang,
Appl. Phys. Lett. 67 (1995) 3523).

[0024] [Non-patent Document 2] M. Tani, S. Matsuura, K.
Sakai, and S. Nakashima, Appl. Opt. 36 (1997) 7853.
[0025] [Non-patent Document 3] Kiyomi SAKAIL Bunko
Kenkyu (Spectroscopy), S0 (2001) 261.

[0026] [Non-patent Document 4] Seiji KOJIMA, Seiji
NISHIZAWA, and Mitsuo TAKEDA, Bunko Kenkyu (Spec-
troscopy), 52 (2003) 69.

DISCLOSURE OF INVENTION

[0027] The above time-domain pulsed spectroscopy appa-
ratus is not limited to including the far-infrared wavelength
region in the spectroscopic measurement range, which is
difficult using a conventional spectroscopy apparatus, and
can independently measure not only the intensity distribution
but also the phase distribution in the measurement spectra
thereof. Furthermore, time-resolved spectroscopy for observ-
ing a picosecond-domain transient phenomenon in real-time
is also possible. Due to the provision of such features, the
type, state (solid, liquid, gas, etc.) and so on of samples that
can be measured or that are desired to be measured with the
time-domain pulsed spectroscopy apparatus cover a wide
range. However, in order to carry out time-domain spectros-
copy of such a wide range of samples and states thereof,
different optical systems or optical arrangements are required
accordingly, and therefore, there is a drawback in that a sub-
stantial burden is placed on the operator and, in addition, a
long time is required for preparation and so on until measure-
ment starts, after replacing the sample.

[0028] Therefore, the present invention has been conceived
in light of the circumstances described above, and it is an
object thereof to provide a time-domain pulsed spectroscopy
apparatus that can perform time-domain pulsed spectroscopy
of'a variety of samples and states thereof, easily and in a short
period of time.

[0029] In order to achieve the object described above, the
present invention employs the following configurations.
[0030] A time-domain pulsed spectroscopy apparatus of
the present invention comprises a pulsed laser light source; a
splitting unit configured to split pulsed laser light from the
pulsed laser light source into excitation pulsed laser light and
detection pulsed laser light; a pulsed-light emitting unit con-
figured to emit pulsed light including wavelengths in the
far-infrared wavelength region due to irradiation of the exci-
tation pulsed laser; a detector configured to detect a wave
form signal of the electric field intensity of reflected or trans-
mitted pulsed light from the sample onto which the pulsed
light from the pulsed-light emitting unit is radiated; a sample
holder configured to hold the sample; and sample-unit
entrance and exit optical systems configured to guide the
pulsed light from the pulsed-light emitting unit to the sample
and to guide to the detector pulsed light reflected from or
transmitted through the sample due to the irradiation; wherein
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the time-domain pulsed spectroscopy apparatus further com-
prises at least one optical-path-length varying unit for setting
aphotometric range, disposed in an incident-side optical path
from the splitting unit to the pulsed-light emitting unit and/or
in a detection-side optical path from the splitting unit to the
detector; and at least one optical delay unit for the wave form
signal measurement, disposed in the incident-side optical
path from the splitting unit to the pulsed-light emitting unit
and/or inthe detection-side optical path from the splitting unit
to the detector.

[0031] Here, “sample-unit entrance and exit optical sys-
tems” are optical systems including optical systems before
and after a sample for which replacement and adjustment of
the optical systems and/or changing and adjustment of the
optical arrangement is necessary when changing the type or
state of the sample, and means optical systems disposed
between the pulsed-light emitting unit and the detector.
[0032] “Optical-path-length varying unit for setting a pho-
tometric range” is a device for compensating for changes in
the optical path length when the optical path lengths of the
sample-unit entrance and exit optical systems change due to
replacement of the optical systems and/or variations in the
optical arrangement as a result of changing, for example, the
type or state of the sample, and for setting the measurement
start position of the wave form signal of the electric field
intensity of a pulsed electromagnetic wave reflected from or
transmitted through the sample. In particular, it means a
device having a configuration that can compensate for large
changes in the optical path length, for example, simply by
scanning a reflector, even for large changes in the optical path
length as a result of replacing the optical system.

[0033] The variation in optical path length by the optical-
path-length varying unit may be achieved by a configuration
that can vary sequentially it or a configuration that can vary it
non-sequentially. In other words, it may be a configuration
that sequentially varies the optical path length by, for
example, scanning a reflector disposed in the optical path, or
alternatively, it may be a configuration in which an optical
path for which the photometric range is set for one sample is
switched by means of a reflecting mirror and changed to an
optical path that sets the photometric range for another
sample.

[0034] “Optical delay unit for wave form signal measure-
ment” is a device in which each optical delay unit has the
same functionality as the conventional optical delay unit for
wave form signal measurement (reference numerals 13 and
14 in FIG. 1); however, when multiple optical delay units are
provided, it differs from the conventional optical delay unit in
that it has a configuration capable of measuring a wave form
signal over a period of time that is increased according to the
number of optical delay units.

[0035] Itgoes without saying that various arrangements are
possible for the “optical-path-length varying unit for setting a
photometric range” and the “optical delay unit for wave form
signal measurement”, regardless of whether they are parallel
arrangements or series arrangements.

[0036] According to the present invention, when the optical
path length of the sample-unit entrance and exit optical sys-
tems changes, an advantage is provided in that itis possible to
compensate for that change in optical path length and to set
the measurement starting position of a wave form signal of the
electric field intensity of a reflected or transmitted pulsed
electromagnetic wave from the sample. In particular, even for
a large change in optical path length as a result of replacing
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the optical system, an advantage is afforded in that it is pos-
sible to compensate for that large change in optical path
length using the optical-path-length varying unit for setting
the measurement range. A further advantage is provided in
that the photometric range can be freely set. When a plurality
of optical delay units for wave form signal measurement are
provided, an advantage is provided in that measurement of the
wave form signal is possible over a time period that is
increased by an amount according to the number of optical
delay units.

[0037] Furthermore, in the time-domain pulsed spectros-
copy apparatus of the present invention, the optical-path-
length varying unit for setting a photometric range is a mov-
able reflector.

[0038] The “movable reflector for setting the photometric
range” is a reflector of the type that can vary the optical path
length typically by scanning, but it may be based on a tech-
nology that is completely different from the conventional
reflector (reference numeral 13 or 14 in FIG. 1) for adjusting
the temporal origin, required as a result of adjusting the
optical arrangement. In other words, regarding the actual
difference in configuration, because the conventional reflec-
tor for adjusting the temporal origin adjusts the temporal
origin which is shifted in optical adjustment carried out dur-
ing measurement, and it does not matter if the scanning range
of the reflector is reduced, it is sufficient to provide a single
reflector. With the apparatus, by also providing the function
for adjusting the temporal origin in the “optical delay unit for
wave form signal measurement”, there are some cases where
a reflector for adjusting the temporal origin need not be inde-
pendently provided, which means that the reflector for adjust-
ing the temporal origin is not an essential component.
Accordingly, the movable reflector for setting the photomet-
ric range in the present invention is an essential component of
the present invention and enables even large variations in the
optical path length to be compensated for; therefore, a notice-
ably wider scanning range combining one, two, or more mov-
able reflectors for setting the photometric range is formed
compared with the reflector for adjusting the temporal origin.
Therefore, providing a larger number of reflectors results in a
configuration that is capable of widening the scanning region
even more. Accordingly, the movable reflector for setting the
photometric range in the present invention features an oper-
ating method that is completely different from the conven-
tional one for a scannable reflector, and can thus be consid-
ered advantageous in that it enables simple measurement
merely by scanning the reflector for setting the photometric
range, even for a wide range of samples for which a large
change in optical path length is unavoidable.

[0039] Furthermore, the “movable reflector for setting the
photometric range” is a structure in which, by disposing a
plurality of reflectors in parallel when the scanning distance
of'one reflector cannot be increased above an upper size limit,
it is possible to ensure a longer optical path length by an
amount corresponding to the number of these reflectors.
[0040] It goes without saying that the “movable reflector
for setting the photometric range” is not limited to setting the
measurement start position of the wave form signal but can
also be used for adjusting the temporal origin, and it can be
used to set various photometric ranges which require changes
in the optical path length.

[0041] The “movable reflector for setting the measurement
range” is a reflecting mirror such as a corner cube mirror, for
example, but it is not limited thereto.
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[0042] According to the present invention, an advantage is
provided in that it is possible to continuously vary the optical
path length.

[0043] In the time-domain pulsed spectroscopy apparatus
of the present invention, the optical-path-length varying unit
for setting a measurement range is a movable or fixed reflec-
tor; and either reflector includes, at the incident side of the
pulsed light to the reflector, a gate member configured to pass
or block the pulsed light to the reflector, and by switching
between passing or blocking, it is possible to add an optical
path via one, two, or more of the reflectors to extend the
optical path length and/or to skip one, two, or more of the
reflectors to shorten the optical path length.

[0044] The gate member is, for example, a reflecting mirror
and switches the optical path of the pulsed light by inserting
and removing this reflecting mirror into and from the optical
path to vary the optical path length. In other words, by insert-
ing and removing the reflecting mirror, the pulsed light is
incident on a predetermined reflector or blocked, and the
optical path via that reflector can be added to extend the
optical path length, or that reflector can be skipped to reduce
the optical path length.

[0045] The gate member may be configured to pass and
block the pulsed light without moving it spatially.

[0046] The switching between passing and blocking states
of the gate member may be automatic or manual, and varia-
tion of the optical path length may be carried out by a plurality
of gate members.

[0047] According to the present invention, an advantage is
provided in that it is possible to vary the optical path length
without moving the reflector spatially. In other words, an
advantage is provided in that, since the optical path length can
be varied even with a fixed reflector, it is possible to construct
a low-cost apparatus. An advantage is also provided in that it
is possible to select a reflector to be used from among a
plurality of reflectors, and it is possible to freely set the optical
path according to the measurement. Therefore, an advantage
is afforded in that it is possible to select a reflector to be used
and to perform measurement for each measurement of the
same sample, not just each time the sample is replaced. Fur-
thermore, when a problem occurs with one, two, or more
reflectors of the plurality of reflectors, an advantage is
afforded in that it is also possible to replace that reflector and
set the optical path. Moreover, an advantage is atforded in that
a wider range of arrangements is possible in terms of the
optical arrangement of the optical system involving a plural-
ity of reflectors.

[0048] Furthermore, in the time-domain pulsed spectros-
copy apparatus of the present invention, passing or blocking
of at least one of the gate members is performed by inserting
and removing the gate member, by translational motion, into
and from the optical path.

[0049] The gate member may be configured to be translated
together with the reflector.

[0050] Furthermore, in the time-domain pulsed spectros-
copy apparatus of the present invention, passing or blocking
of at least one of the gate members is performed by inserting
and removing the gate member, by rotation, into and from the
optical path.

[0051] Here, the term “rotation” includes all cases where
the optical path switching operation can be accomplished by
rotationally driving the gate member.

[0052] Furthermore, the time-domain pulsed spectroscopy
apparatus of the present invention further includes a driving
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device configured to automatically scan the optical-path-
length varying unit and/or the optical delay unit; and a com-
puter control apparatus configured to automatically control
the driving device.

[0053] Here, as the “driving device”, it is possible to use a
standard driving device for scanning, such as a stepping
motor, for example.

[0054] According to the present invention, an advantage is
provided in that it is possible to automatically scan the opti-
cal-path-length varying unit and/or the optical delay unit, and
the scanning thereof can be automatically controlled by the
computer.

[0055] Furthermore, in the time-domain pulsed spectros-
copy apparatus of the present invention, the sample holder
and the sample-unit entrance and exit optical systems are
provided inside an auxiliary optical unit that can be attached
to enable replacement thereof.

[0056] The auxiliary optical unit is preferably a specialized
unit provided with sample-unit entrance and exit optical sys-
tems with optimum designs for each sample.

[0057] With this time-domain pulsed spectroscopy appara-
tus, the spatial dimensions of the apparatus equipped with the
auxiliary optical unit can be set within a range that allows
changes in the optical path length to be corrected by the
scannable reflector for setting the photometric range. There-
fore, the spatial dimensions are, for example, a width of 150
mm or more, a depth of 180 mm or more, and a height of 150
mm or more.

[0058] According to the present invention, because a large
change in the optical path length as a result of replacing the
auxiliary optical unit can be compensated using the optical-
path-length varying unit for setting the photometric range, an
advantage is provided in that the preparation time until com-
mencement of measurement can be reduced. Also, by using a
specialized auxiliary optical unit provided with sample-unit
entrance and exit optical systems having optimum designs for
each sample, an advantage is afforded in that it is not neces-
sary to adjust the sample-unit entrance and exit optical sys-
tems when replacing the auxiliary optical unit.

[0059] Furthermore, the time-domain pulsed spectroscopy
of the present invention has an optical design such that pro-
vides optical alignment with respect to the auxiliary optical
unit.

[0060] Here, the term “provides optical alignment” means
that the FOV (Field of view) values match.

[0061] According to the present invention, an advantage is
afforded in that it is possible to prevent light loss at the
connection portion between the auxiliary optical unit and the
apparatus, even as a result of replacing the auxiliary optical
unit.

[0062] Furthermore, in a time-domain pulsed spectroscopy
apparatus comprising a pulsed laser light source; a splitting
unit configured to split pulsed laser light from the pulsed laser
light source into excitation pulsed laser light and detection
pulsed laser light; a pulsed-light emitting unit configured to
emit pulsed light including wavelengths in the far-infrared
wavelength region due to irradiation of the excitation pulsed
laser; a detector configured to detect a wave form signal of the
electric field intensity of reflected or transmitted pulsed light
from the sample onto which the pulsed light from the pulsed-
light emitting unit is radiated; a sample holder configured to
hold the sample; and sample-unit entrance and exit optical
systems configured to guide the pulsed light from the pulsed-
light emitting unit to the sample and to guide pulsed light
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reflected from or transmitted through the sample due to the
irradiation towards the detector; the present invention is char-
acterized in that, from the pulsed-light emitting unit to the
sample-unit entrance and exit optical systems and/or from the
detector to the sample-unit entrance and exit optical systems,
one or a plurality of planar mirrors and one or a plurality of
aspherical mirrors are disposed in this order.

[0063] The aspherical mirror disposed in the incident-side
optical path between the pulsed-light emitting unit and the
sample-unit entrance and exit optical systems converges the
pulsed light towards the sample. On the other hand, the planar
mirror is disposed between the pulsed-light emitting unit and
the aspherical mirror and deflects the pulsed light emitted
from the pulsed-light emitting unit. Therefore, the optical
path length of the pulsed-light emitting unit and the aspheri-
cal mirror can be increased. By increasing this optical path
length, it is possible to reduce, as much as possible, the focal
area focused by the aspherical mirror, and consequently, it is
possible to increase the spatial resolution of the sample to be
measured.

[0064] Also, because the pulsed light is deflected at the
planar mirror, it is possible, as well as increasing the optical
path length, to make the apparatus configuration extremely
compact.

[0065] Because the optical path length of the pulsed-light
emitting unit and the aspherical mirror can be increased, it is
possible make the distance between the aspherical mirror and
the sample large, while maintaining a desired focal area.
Therefore, sufficient space can be ensured around the sample,
in other words, space for the sample-unit entrance and exit
optical systems and the sample holder, thus allowing the
degree of freedom for the analysis procedure to be increased.
[0066] In the same way as the incident-side optical path
described above, the detection-side optical path between the
detector and the sample-unit entrance and exit optical sys-
tems has a configuration in which a planar mirror is disposed
between the aspherical mirror and the detector to increase the
optical path length; therefore, it is possible to reduce, as much
as possible, the focal area of the beam focused by the aspheri-
cal mirror, and consequently, it is possible to increase the
spatial resolution of the sample to be measured.

BRIEF DESCRIPTION OF DRAWINGS

[0067] [FIG. 1] Outline configuration diagram of a conven-
tional time-domain pulsed spectroscopy apparatus.

[0068] [FIG. 2] Outline configuration diagram of one
embodiment of a time-domain pulsed spectroscopy apparatus
of the present invention.

[0069] [FIG. 3] (a) Outline configuration diagram of an
embodiment of an optical-path-difference compensation
mechanism for wave form signal acquisition in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion. (b) Diagram showing a configuration in which configu-
rations shown in (a) are disposed in parallel.

[0070] [FIG. 4] Outline configuration diagram of another
embodiment of an optical-path-difference compensation
mechanism for wave form signal acquisition in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0071] [FIG. 5] (a) Outline configuration diagram of
another embodiment of an optical-path-difference compen-
sation mechanism for wave form signal acquisition in the
time-domain pulsed spectroscopy apparatus of the present
invention. (b) Magnified view of part of (a).
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[0072] [FIG. 6] Outline configuration diagram of another
embodiment of an optical-path-difference compensation
mechanism for wave form signal acquisition in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0073] [FIG. 7] (a) Outline configuration diagram of
another embodiment of an optical-path-difference compen-
sation mechanism for wave form signal acquisition in the
time-domain pulsed spectroscopy apparatus of the present
invention. (b) Diagram showing a case where gate members
and a reflector in (a) are moved.

REFERENCE NUMERALS
[0074] 1 pulsed laser light source
[0075] 2 splitting unit
[0076] 8 sample
[0077] 12 detector
[0078] 20 time-domain pulsed spectroscopy apparatus
[0079] 26, 27, 28, 29 aspherical mirror
[0080] 30 auxiliary optical unit
[0081] 31 sample holder unit
[0082] 32, 33, 34 sample-unit entrance optical system
[0083] 35, 36, 37 sample-unit exit optical system
[0084] 41, 42 optical-path-length varying unit or optical
delay unit
[0085] 51, 52, 53 reflector
[0086] 61, 62, 63, 64 reflector
[0087] 71,73, 75 gate member
[0088] 81, 82, 83 reflector
[0089] 91, 93 gate member
[0090] 101, 102 reflector
[0091] 112 gate member
[0092] 115 reflector

BEST MODE FOR CARRYING OUT THE
INVENTION

[0093] FIG. 2 shows the outline configuration of an
embodiment of a time-domain pulsed spectroscopy apparatus
and an optical-path-difference compensation device for wave
form signal acquisition. The same constituent elements as
those in FIG. 1 are assigned the same reference numerals and
a description thereof is omitted.

[0094] This time-domain pulsed spectroscopy apparatus 20
includes a pulsed laser light source 1. Pulsed laser light L1
from this pulsed laser light source 1 is guided to a splitting
unit 2 that splits it into excitation pulsed laser light .2 and
detection pulsed laser light [.3.

[0095] The time-domain pulsed spectroscopy apparatus 20
further includes a pulsed-light emitting unit 5 that emits
pulsed light including wavelengths in the far-infrared wave-
length region upon being irradiated with the excitation pulsed
laser 1.2 and a detector 12 for detecting a wave form signal of
the electric field intensity of reflected pulsed light from a
sample 8, which is irradiated with the pulsed light from this
pulsed-light emitting unit 5.

[0096] Between the pulsed-light emitting unit 5 and the
detector 12 are provided a sample holder 31 for holding the
sample 8; a sample-unit entrance optical system 32, 33, and
34 for conveying pulsed light from the pulsed-light emitting
unit to the sample; and a sample-unit exit optical system 35,
36, and 37 for conveying pulsed light reflected from the
sample due to this irradiation towards the detector 12.
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[0097] Furthermore, the time-domain pulsed spectroscopy
apparatus 20 includes at least one optical-path-length varying
unit (a corner cube mirror in the case of FIG. 2) 41 for setting
a photometric range and at least one optical delay unit 42 (a
corner cube mirror in the case of FIG. 2) for wave form signal
measurement. Here, the optical-path-length varying unit 41 is
a movable reflector that can be scanned.

[0098] Driving devices (not shown in the drawing) for auto-
matic scanning are provided in the optical-path-length vary-
ing unit 41 for setting the photometric range and in the optical
delay unit 42 for wave form signal acquisition, and in addi-
tion, a computer control apparatus (not shown in the drawing)
for automatically controlling these driving devices is pro-
vided. (However, regarding the reflectors 41 and 42, it is also
acceptable that the former is used for wave form signal mea-
surement and the latter is used for setting the photometric
range.)

[0099] Furthermore, the sample holder 31 and the sample-
unit entrance and exit optical systems 32, 33, 34, 35, 36, and
37 are provided inside an auxiliary optical unit 30, which can
be detached from the time-domain pulsed spectroscopy appa-
ratus and replaced.

[0100] An ellipsoidal mirror (aspherical mirror) 26 and a
planar mirror 27, serving as optical elements, are provided in
the incident-side optical path between the pulsed-light emit-
ting unit 5 and the auxiliary optical unit 30. The ellipsoidal
mirror 26 converges the pulsed light from the pulsed-light
emitting unit 5. The planar mirror 27 is located between the
pulsed-light emitting unit 5 and the ellipsoidal mirror 26 and
serves to deflect the pulsed light from the pulsed-light emit-
ting unit 5. There may be one ellipsoidal mirror 26 and one
planar mirror 27, as in the present embodiment, or a plurality
thereof may be combined.

[0101] An ellipsoidal mirror (aspherical mirror) 28 and a
planar mirror 29, serving as optical elements, are provided in
the detection-side optical path between the detector 12 and
the auxiliary optical unit 30. The ellipsoidal mirror 28 con-
verges the reflected pulsed light from the sample 8. The planar
mirror 29 is located between the ellipsoidal mirror 28 and the
detector 12 and serves to deflect the reflected pulsed light
from the ellipsoidal mirror 28. There may be one ellipsoidal
mirror 28 and one planar mirror 29, as in the present embodi-
ment, or a plurality thereof may be combined.

[0102] The ellipsoidal mirror 26, the planar mirror 27, the
ellipsoidal mirror 28, the planar mirror 29, which are optical
elements, and other unillustrated optical systems have an
optical design such that they are optically aligned with respect
to this auxiliary optical unit 30.

[0103] This embodiment is configured to detect a wave
form signal of the electric field intensity of the reflected
pulsed light from the sample. Of course, it may be configured
to detect a wave form signal of the electric field intensity of
transmitted pulsed light.

[0104] In the time-domain pulsed spectroscopy apparatus
of the present invention, configured as described above in
outline, preparations for sample measurement are carried out
as follows.

[0105] First, the sample 8 to be measured is attached to the
sample holder 31 in the auxiliary optical unit 30. Then, the
auxiliary optical unit 30 is loaded in the time-domain pulsed
spectroscopy apparatus 20. Then, in order to set an origin for
the time-series position of an output signal for a specific
optical path length in the sample-unit entrance and exit opti-
cal systems 32, 33, 34, 35, 36, and 37 inside this auxiliary
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optical unit 30, the driving device and computer control appa-
ratus, which are not shown, are operated to scan the reflector
41 for setting the photometric range. Thus, preparations for
sample measurement are completed.

[0106] The time-domain pulsed spectroscopy apparatus of
the present invention also carries out sample measurement in
substantially the same way as the conventional apparatus
shown in FIG. 1.

[0107] More specifically, the pulsed laser light .1 emitted
from the light source 1 is divided, by the splitting unit 2, into
the excitation pulsed laser light (pump pulsed light) .2 and
the detection pulsed laser light (sampling pulsed light) L.3.
[0108] The excitation pulsed laser light [.2 is radiated onto
the pulsed-light emitting unit 5 via a lens 4. Due to this
irradiation, the pulsed-light emitting unit 5 emits a far-infra-
red electromagnetic pulse. After this far-infrared electromag-
netic pulse has its optical path deflected by the plane mirror
27, it is guided to the ellipsoidal mirror 26 where it is focused.
The far-infrared electromagnetic pulse guided inside the aux-
iliary optical unit 30 is focused via the sample-unit entrance
optical system 32, 33, and 34 and is radiated onto the sample
8. The reflected pulsed electromagnetic wave reflected from
the sample 8, including optical information about the sample
8, is reflected, via the sample-unit exit optical system 35, 36,
and 37, at the ellipsoidal mirror 28 outside the auxiliary
optical unit 30, and is thereafter deflected at the plane mirror
29 and then guided to the detector 12.

[0109] On the other hand, the detection pulsed laser light
L3 split off at the splitting unit 2 defines the conductivity of
the detector 12 only at that instant and enables detection, as an
electrical current, of the electric field intensity of the reflected
pulsed electromagnetic wave arriving from the sample 8 at
that instant. Here, by applying a delay time difference at
predetermined time intervals to the detection pulsed laser
light [.3 with respect to the excitation pulsed laser light [.2, it
is possible to acquire a wave form signal of the electric field
intensity of the reflected pulsed electromagnetic wave from
the sample 8.

[0110] Although it is not illustrated in the drawings, this
time-domain pulsed spectroscopy apparatus may be provided
with a reflector exclusively for adjusting the temporal origin.
[0111] Therefore, according to the present embodiment,
the pulsed light emitted from the pulsed-light emitting unit 5
is deflected by the plane mirror 27 disposed between the
pulsed-light emitting unit 5 and the ellipsoidal mirror 26.
Thus, it is possible to increase the optical path length of the
pulsed-light emitting unit 5 and the ellipsoidal mirror 26 and
the focal area of the beam focused by the ellipsoidal mirror 26
can be reduced as much as possible; consequently, the spatial
resolution of the sample 8 to be measured can be improved.
[0112] Also, since the pulsed light is deflected by the plane
mirror 27, as well as increasing the optical path length, it is
also possible to make the apparatus configuration extremely
compact.

[0113] Furthermore, because the optical path length of the
pulsed-light emitting unit 5 and the ellipsoidal mirror 26 can
be increased, it is possible to increase the distance between
the ellipsoidal mirror 26 and the sample 8 while maintaining
the desired focal area. Accordingly, sufficient space can be
secured for installing the auxiliary optical unit 30, thus facili-
tating analysis.

[0114] Similarly to the incident-side optical path, the detec-
tion-side optical path between the detector 12 and the auxil-
iary optical unit 30 is configured such that the planar mirror
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29 is disposed between the ellipsoidal mirror 28 and the
detector 12 to increase the optical path length; therefore, the
focal area of the light beam converged by the ellipsoidal
mirror 28 can be reduced as much as possible, and conse-
quently, it is possible to improve the spatial resolution of the
sample 8 to be measured. Furthermore, similarly to the inci-
dent-side optical path, the apparatus configuration can be
made compact, and a sufficient space for installing the aux-
iliary optical unit 30 can be ensured.

[0115] FIG. 3(a) shows the outline configuration of another
embodiment of an optical-path-difference compensation
mechanism for wave form signal acquisition of the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0116] Inthis embodiment, in the incident-side optical path
from the splitting unit to the pulsed-light emitting unit and/or
in the detection-side optical path from the splitting unit to the
detector, a plurality of optical-path-length varying units and/
or optical delay units (reflectors in the case of FIG. 3) are
disposed opposite each other such that the paths of light
incident on and reflected from the reflectors are parallel and
the optical paths are staggered. In the case shown in the figure,
the reflectors are corner cube mirrors. In this configuration,
the pulsed laser light [.2 or L3 incident on the scanning
mechanism are sequentially reflected at corner cube mirrors
51, 52,53, ..., guided outside the scanning mechanism, and
sent to the pulsed-light emitting unit 5 or the detector 12.

[0117] Due to this configuration, compared to the case of a
single reflector, the optical path length can be varied by
amounts according to the number of reflectors. Also, accord-
ing to this configuration, it is possible to greatly vary the
optical path length in a case where there is insufficient space
in the scanning direction of the reflector but where there is
sufficient space in a direction orthogonal to the scanning
direction. In this embodiment, as shown in FIG. 3(b), scan-
ning mechanisms with a configuration like that in FIG. 3(a)
may be disposed in parallel in the incident-side optical path
and/or the detection-side optical path.

[0118] As shown in FIG. 3(b), optical-path-length varying
units and/or optical delay units with a configuration like that
in FIG. 3(a) may be disposed in parallel in the incident-side
optical path and/or the detection-side optical path.

[0119] FIG. 4 shows the outline configuration of another
embodiment of an optical-path-difference compensation
mechanism for wave form signal acquisition in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0120] This embodiment is configured such that two reflec-
tors for setting the photometric range (corner cube mirrors in
the figure) and two reflectors for wave form signal measure-
ment (corner cube mirrors in the figure) (61 and 62, and 63
and 64) are aligned and scanned simultaneously, and the
reflectors 61 and 62 for setting the photometric range and the
reflectors 63 and 64 for wave form signal measurement are
disposed opposite each other such that the optical paths are
staggered. In this configuration, the excitation pulsed light .2
or the detection pulsed light L3, split into two by the splitting
unit, is reflected by the mirror 65; thereafter, it enters the
scanning mechanism, is reflected in turn at the reflectors 63,
61, 64, and 62 for setting the photometric range and for wave
form signal measurement, is guided outside the scanning
mechanism, and is then reflected at the mirrors 66 and 67 and
sent to the pulsed-light emitting unit 5 and the detector 12.
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[0121] This configuration, compared to the case of a single
corner cube mirror, has the feature that the optical path length
can be changed by a factor of two relative to the scanning of
the reflector. Therefore, an advantage is provided in that pho-
tometric range setting and setting for wave form signal mea-
surement can be performed quickly. The configuration in
FIG. 4 may be used in either the optical-path-length varying
unit or the optical delay unit.

[0122] FIG. 5(a) shows an outline configuration of another
embodiment of an optical-path-difference compensation
mechanism for acquiring a wave form signal in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0123] Inthe embodimentin FIG. 5(a), optical-path-length
varying units 81, 82, 83, . . . for setting the measurement range
are movable or fixed reflectors, and by providing any of these
reflectors with gate members 71, 73, and 75 for passing or
blocking pulsed light to these reflectors, at least at the incident
side of the pulsed light to these reflectors, and switching
between these passing or blocking modes, itis possible to add
optical paths via one, two, or more of the reflectors 81, 82, 83,
. .. to extend the optical path length, and/or it is possible to
skip one, two, or more of the reflectors 81, 82, 83, . . . to
shorten the optical path length. Also, in the case shown in
FIG. 5, the gate members are reflecting mirrors, and reflecting
mirrors 72,74, . . . forreflecting the pulsed light reflected from
the reflectors 81, 82, 83, . . . towards the adjacent reflectors are
provided. In this embodiment, the passage or blocking of at
least one reflecting mirror (gate member) is carried out by
inserting it into and removing it from the optical path of the
reflecting mirror by rotation of the reflecting mirror. In the
figure, the arrows in the vicinity of the reflecting mirrors and
the solid lines and dotted lines indicating the reflecting mir-
rors schematically illustrate switching between the passing
and blocking states of the reflecting mirrors.

[0124] The operation of this embodiment will be described
using FIG. 5(b), which is an enlarged view of part of FIG.
5(a). For example, before switching, when the reflecting mir-
ror 71 is inserted into the optical path (solid line) and the
reflecting mirror 72 (solid line) is removed from the optical
path, the laser light 1.4 is reflected at the reflecting mirror 71,
becomes [.41, and proceeds as 5. In such a case, the reflector
81 is skipped. In contrast, when the reflecting mirrors 71 and
72 are switched and the reflecting mirror 71 is removed from
the optical path and the reflecting mirror 72 is inserted into the
optical path, as shown by the dotted lines, the laser light [.4 is
reflected, as .42, at the reflector 81, becomes [.43, is reflected
again, becomes .44, is reflected at the reflecting mirror 72,
and proceeds as L5. By switching in this way, an optical path
length via the reflector 81 is added. Accordingly, if this
switching order is reversed, conversely, the optical path via
the reflector 81 is eliminated, and the optical path length is
reduced. The configurationin FIG. 5 may be used in either the
optical-path-length varying unit or the optical delay unit.
[0125] FIG. 6 shows the outline configuration of another
embodiment of an optical-path-difference compensation
mechanism for acquiring a wave form signal in the time-
domain pulsed spectroscopy apparatus of the present inven-
tion.

[0126] This embodiment has a configuration in which a
plurality of reflectors 101, 102, . . . are disposed in appropriate
positions according to the application, and the optical path
length is varied by gate members 91, 93, . . . and reflecting
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mirrors 92, 94, . . . for sending light to the adjacent reflectors.
In the case shown in FIG. 6, the gate members are reflecting
mirrors.

[0127] Inthis embodiment, when the gate members 91, 93,
... and the reflecting mirror 92, 94, . . . for sending light to the
adjacent reflectors are disposed at the solid-line positions, the
pulsedlight incident on the optical-path-length varying unit is
first reflected at the gate member 91, passes near the reflecting
mirror 92, the gate member 93, and the reflecting mirror 94,
and is reflected at the reflecting mirror 95 to be guided out-
side. Inthis case, measurement of the sample is not carried out
using the reflectors 101 and 102. On the other hand, by
switching the gate member 91 and the reflecting mirror 92 to
the dotted-line positions, it is possible, with the pulsed light,
to measure the sample using the reflector 101 (reflection
measurement in the figure). Furthermore, by switching the
gate member 91 and the reflecting mirror 92 to the solid-line
positions and switching the gate member 93 and the reflecting
mirror 94 to the dotted-line positions, itis possible to measure
the sample using the reflector 102 (gas-cell measurement in
the figure).

[0128] FIG. 7(a) and FIG. 7(b) show the outline configu-
ration of another embodiment of an optical-path-difference
compensation mechanism for acquiring a wave form signal in
the time-domain pulsed spectroscopy apparatus.

[0129] In this embodiment, passing or blocking of at least
one gate member 112 is performed by inserting it into and
removing it from the optical path by translating the gate
member 112. In particular, in the case shown in FIG. 7, the
gate member 112 and a reflector 115 are provided together on
a motion apparatus 116. Furthermore, a reflecting mirror 113
for reflecting and forwarding pulsed light reflected from the
reflector 115 towards a reflecting mirror 114 is provided on
the motion apparatus 116. In the case shown in the figure, the
gate member 112 is a reflecting mirror.

[0130] In this case, when the motion apparatus is disposed
atthe position in FIG. 7(a), the pulsed light reflected from the
reflecting mirror 111 passes near the gate member 112 and the
reflecting mirror 113 and is reflected at the reflecting mirror
114 to be guided outside. When the motion apparatus 116 is
moved from the position in FIG. 7(a) to the position in FIG.
7(b), the gate member 112, the reflecting mirror 113, and the
reflector 115 are translated together, thus adding the optical
path via the reflector 115 to extend the optical path length,
which enables measurement using the reflector 115.

1. A time-domain pulsed spectroscopy apparatus compris-

ing:

a pulsed laser light source;

a splitting unit configured to split pulsed laser light from
the pulsed laser light source into excitation pulsed laser
light and detection pulsed laser light;

a pulsed-light emitting unit configured to emit pulsed light
including wavelengths in the far-infrared wavelength
region due to irradiation of the excitation pulsed laser;

a detector configured to detect a time-serial signal of the
electric field intensity of reflected or transmitted pulsed
light from the sample onto which the pulsed light from
the pulsed-light emitting unit is radiated;

a sample holder configured to hold the sample; and

sample-unit entrance and exit optical systems configured
to guide the pulsed light from the pulsed-light emitting
unit to the sample and to guide to the detector pulsed
light reflected from or transmitted through the sample
due to the irradiation,
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wherein, from the pulsed-light emitting unit to the sample-
unit entrance and exit optical systems and/or from the
detector to the sample-unit entrance and exit optical
systems, one or a plurality of planar mirrors and one or
a plurality of aspherical mirrors are disposed in this
order.

2. A time-domain pulsed spectroscopy apparatus compris-

ing:

a pulsed laser light source;

a splitting unit configured to split pulsed laser light from
the pulsed laser light source into excitation pulsed laser
light and detection pulsed laser light;

a pulsed-light emitting unit configured to emit pulsed light
including wavelengths in the far-infrared wavelength
region due to irradiation of the excitation pulsed laser;

a movable reflector for setting the photometric range;

a detector configured to detect a time-serial signal of the
electric field intensity of reflected or transmitted pulsed
light from a sample onto which the pulsed light from the
pulsed-light emitting unit is radiated;

a sample holder configured to hold the sample; and

a sample-unit entrance optical system and a sample-unit
exit optical systems configured to guide the pulsed light
from the pulsed-light emitting unit to the sample and to
guide to the detector pulsed light reflected from or trans-
mitted through the sample due to the irradiation,

wherein, from the pulsed-light emitting unit to the sample-
unit entrance optical system, one or a plurality of planar
mirrors and one or a plurality of aspherical mirrors are
disposed to converge the pulsed light from the pulsed-
light emitting unit; and

wherein from the sample-unit exit optical system to the
detector, one or a plurality of planar mirrors and one or
a plurality of aspherical mirrors are disposed to reduce
the focal area focused by the at least one aspherical
mirror and to increase spatial resolution of the sample to
be measured to the detector.

3. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 2, wherein the movable reflector for setting the
photometric range is a corner cube mirror.

4. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 2, wherein the planar and aspherical mirrors are
ordered such that the pulsed light emitted from the pulsed-
light emitting unit passes first to a planar mirror, then is
reflected to an aspherical mirror, and then reflected to the
sample-unit entrance optical system.

5. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 2, wherein the planar and aspherical mirrors are
ordered such that the light from the sample-unit exit optical
system passes first to an aspherical mirror, then is reflected to
planar mirror, and then reflected to the detector.

6. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 2, further comprising an auxiliary optical unit
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that can be attached to and removed from the time-domain
pulsed spectroscopy apparatus.

7. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 6, wherein the auxiliary optical unit comprises
the sample-unit entrance optical system, the sample-unit exit
optical system, and the sample holder.

8. The time-domain pulsed spectroscopy apparatus accord-
ing to claim 6 having an optical design that provides optical
alignment with respect to the attached auxiliary optical unit.

9. An auxiliary optical unit for use in a time-domain pulsed
spectroscopy apparatus, comprising:

a sample holder configured to hold the sample;

a sample-unit entrance optical system; and

a sample-unit exit optical system;

wherein the auxiliary optical unit has an optical design

such that when the auxiliary optical unit is attached to
the time-domain pulsed spectroscopy apparatus the
sample-unit entrance optical system and the sample-unit
exit optical system are in optical alignment with respect
to the time-domain pulsed spectroscopy apparatus.

10. The auxiliary optical unit for use in a time-domain
pulsed spectroscopy apparatus of claim 9,

wherein the sample-unit entrance optical system comprises

one or a plurality of planar mirrors and one or a plurality
of aspherical mirrors.

11. The auxiliary optical unit for use in a time-domain
pulsed spectroscopy apparatus of claim 9,

wherein the sample-unit exit optical system comprises one

or a plurality of planar mirrors and one or a plurality of
aspherical mirrors.

12. The auxiliary optical unit according to claim 9 that is
designed for a particular sample.

13. The auxiliary optical unit according to claim 9 wherein
the field of view values of the auxiliary optical unit match
field of view values of the time-domain pulsed spectroscopy
apparatus.

14. The auxiliary optical unit according to claim 9 having
a light-proof connection to the time-domain pulsed spectros-
copy apparatus when the auxiliary optical unit is attached to
the time-domain pulsed spectroscopy apparatus.

15. A method of placing a sample in a time-domain pulsed
spectroscopy apparatus comprising:

placing the sample to be tested in a sample holder config-

ured to hold the sample;

wherein the sample holder is located in an auxiliary optical

unit;

attaching the auxiliary optical unit to a time-domain pulsed

spectroscopy apparatus with a movable reflector for set-
ting the photometric range;

wherein, when attached, the auxiliary optical unit is

designed for optical alignment with respect to the time-
domain pulsed spectroscopy apparatus.

sk sk sk sk sk



	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000001.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000002.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000003.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000004.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000005.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000006.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000007.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000008.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000009.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000010.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000011.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000012.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000013.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000014.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000015.tif
	G:\UNIVENTIO_PDF\OUTPUT\UA\090623\TEMP\2009-25\US\2009\0152\469\A1\00000016.tif

