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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a technique for detecting back-scattering light from a scattering potential which
has a scattering center at a micro object or the like located within, for example, a living body, which is a medium that
strongly scatters light; obtaining information regarding a scattering position and information regarding reflection amplitude
by use of interference measurement means which utilizes a phenomenon that coherence is present even in reflection
light from an object that strongly scatters light and which utilizes the shortness of coherence length of low-coherence
light; and obtaining single-dimensional or two-dimensional image data, or multidimensional image data such as three-
dimensional image data, while scanning the interior of the object. More particularly, the present invention relates to an
optical interference tomographic image observing apparatus which enables easy observation of a tomographic image
of a light-scattering medium such as a living body by use of a remote device.

BACKGROUND ART

[0002] An attempt for obtaining a reflection tomographic image of a living body, which is a medium that strongly scatters
light, starts from construction of an interferometer by use of low-coherence light (see Naohiro Tanno, "Kogaku" Vol. 28,
No. 3, pp. 116-125 (1999)). A conventional technique will be described with reference to FIGS. 1 and 2.

[0003] FIG. 1isadiagram showing the structure of a conventional light-wave reflectionimage measurement apparatus
proposed by the present inventors.

[0004] In this light-wave reflection image measurement apparatus, a light beam from a low-coherence (also referred
to as partial-coherence) light source 71 is introduced directly to a Michelson’s interferometer in order to split the beam
into two beams by means of a beam splitter 73. One of the split beams, which is to be used as reference light, undergoes
frequency shift. The frequency-shifted light beam is reflected by a movable reflection mirror 72, which also serves to
change a depth position within an object, and is caused to enter a photo detector 75. The other light beam or transmission
light is supplied to an object 74 to be measured as object irradiation light. The light is scatter-reflected by a layer of
scattering objects located at a deep portion of the object 74 and having a different refraction index. The reflection light,
serving as object reflection light, is mixed with the reference light by means of the beam splitter 73 so as to cause
interference. As a result, a beat signal is detected by means of the photo detector 75. While the positional relation
between the illumination light and the object is changed in order to effect scanning, the detected electric signals are fed
to a computer via a filter and an amplification/signal processing section, whereby the detected electric signals are stored
in the computer. The thus-stored electric signals are converted to image data in order to obtain a reflection tomographic
image.

[0005] FIG. 2is a diagram showing the structure of a conventional tomographic-image observation apparatus which
employs a structure on the basis of the above-described principle and in which optical fibers are disposed to form optical
paths in order to cope with vibration and facilitate handling (see, for example, Japanese Kohyo (PCT) Patent Publication
No. 6-511312, or WO 9219930).

[0006] As shown in FIG. 2, a light beam from a light source 81 propagates through a fiber 82 and enters a splitter/
mixer circuit 86. One light beam emitted from the splitter/mixer circuit 86 propagates through a fiber. Light coming out
from the outgoing end of the fiber is converged by means of a convex lens 83. As a result, the light is reflected by an
object 84, and the reflection light serves as object reflection light. After impartment of a frequency shift by means of a
piezo-oscillation phase shifter 85, the other light beam emitted from the splitter/mixer circuit 86 is reflected by a movable
reflection mirror 80, and the reflection light serves as reference light, which is mixed and is caused to interfere with the
object reflection light by means of the splitter/mixer circuit 86. The mixed light enters a photo detector 87, whereby a
reflection tomographic image can be observed in the same manner as described above.

[0007] Conventional interference measurement methods all utilize a movable reflection mirror for changing light re-
flection position (reference reflection position). In general, the movable reflection mirror is a reflection mirror attached
to a linear actuator or a galvano-motor. Since the linear actuator moves an object back and forth via gears, the moving
speed is as low as several mm/sec. In another method, a long fiber is wound around an electrostrictive element such
as an element made of PZT, and the length of a reflection light path is changed through extension and contraction of
the fiber.

DISCLOSURE OF THE INVENTION
[0008] Among the above-described conventional methods, the method employing a reflection mirror attached to a

linear actuator or the like involves problems in that high-speed sweeping is difficult, and that when the mirror is moved
back and forth periodically, linearity is deteriorated due to backlash and other causes.
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[0009] Meanwhile, the method in which a long fiber is wound around an electrostrictive element such as an element
made of PZT and the length of a reflection light path is changed through extension and contraction of the fiber involves
a problem in that since a path for reference light becomes excessively long, the temperature varies, and the length of
a path for object light must be increased.

[0010] Furthermore, the apparatus utilizing a linear actuator and the apparatus utilizing an electrostrictive element are
both large in size, and fabrication of a compact, transportable apparatus including an interferometer is difficult.

[0011] Moreover, when sweeping speed is low, a very long time is needed to complete tomographic image measure-
ment, which makes applying the tomographic image measurement to examination of a living body or a moving object
difficult. In addition, when the path for reference light and the path for reflection light are made excessively long, optical
signals attenuate excessively. In this case, the SN ratio of an obtained image decreases, which makes observation of
a deep portion of an object difficult.

[0012] In order to solve the above-described problems, the present invention proposes a specific apparatus which
utilizes a rotating Littrow reflector prism and which can reflect a light beam in order to produce a delay reflection light
beam or a progressive reflection light beam which travels toward the incoming direction of the light beam, even when
the reflection point moves along a circumference of a rotary body upon rotation thereof or a surface of the prism facing
the vertex thereof inclines. The method and the apparatus utilize the features of the prism such that the prism reflects
a light beam toward the direction from which the light beam comes, and even when the incoming light beam inclines
with respect to the surface facing the 90-degree vertex, the prism accurately reflects a light beam toward the incoming
direction. Further, the present invention realizes a reliable, high-speed-scanning reflection mirror by attaching prisms
on a small, high-speed motor, and opens to the road to a compact, simplified, transportable apparatus which can be
used practically for optical interference tomographic image observation, which is an object of the present invention.
Moreover, another object of the present invention is to provide an optical interference tomographic image observing
apparatus which extracts reflection signals of wide dynamic range and high SN ratio through high-speed scanning in
order to detect a static or dynamic structure of a deep portion of, for example, a living body and to produce a multidi-
mensional image for observation.

[0013] In order to achieve the above objects. the present invention provides the following.

[1] An optical interference tomographic image observing apparatus, characterized by comprising a rotary prism
apparatus which includes a Littrow reflector prism having a 90-degree vertex and disposed near a circumference
of a rotary body in such a manner that a surface facing the vertex extends substantially perpendicular to a tangential
line of the circumference, the prism having a characteristics such that when a light beam impinges the surface, the
lightbeamis reflected in a direction parallel to the incidence direction, wherein through utilization of the characteristics,
the reflection point can be scanned in a predetermined direction as the rotary body rotates; and a delay reflection
light beam is periodically generated when the rotary body rotates in the travel direction of the light beam and a
progressive reflection light beam is periodically generated when the rotary body rotates in the opposite direction
further comprising:

means for splitting a light beam from a low-coherence light source into two light beams, one of the light beams,
serving as reference light, being delayed or advanced by means of rotary scanning of the reflection point in
order to obtain a reflection light beam having a Doppler shift frequency, and the other light beam being converged
to an object to be measured which has a multilayer structure in terms of refraction index distribution; an objective
lens for capturing object reflection light from a scattering potential portion at a deep portion of the multilayer
object; a photo detector for performing heterodyne detection for obtaining a beat signal of the shift frequency,
which is generated on the basis of the low coherence, characterized in that a maximum interference signal can
be obtained only when the reference light and the object reflection light merge together after passage through
respective optical paths having the same optical path length as measured from the split point; means for cal-
culating, in the form of coordinates, the scanned reflection point of the delay or progressive reflection light beam;
and a signal control processing system, a computer, and a display which measure and display a reflection
tomographic image, while using, as image data, the coordinates and an amplitude of the beat signal representing
reflection light from the scattering potential at the deep portion of the object to be measured.

[3] An optical interference tomographic image observing apparatus as described in [2] above, wherein the means
for calculating, in the form of coordinates, the scanned reflection point of the reflection light beam includes a photo
detector for capturing deflection angle reflection light from the rotary prism, wherein the photo detector generates
a timing pulse upon detection of the deflection angle reflection light before generation of the reflection light beam;
and the scanned reflection point is calculated from the rotation frequency, rotation circumferential length, and rotation
angle of the rotary prism, and is used as a coordinate of the scattering potential.

[4] An optical interference tomographic image observing apparatus as described in [2] above, wherein the travel
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direction of the light beam emitted from the low-coherence light source is referred to as a Z axis; a semi-transparent
reflection mirror is provided as the means for splitting the light beam into two beams; the objective lens is disposed
in a direction toward which a light beam passing through the semi-transparent reflection mirror travels, the light
beam serving as object irradiation light; a direction along which a reflection light beam from the semi-transparent
reflection mirror serving as reference light travels is referred to as a Y axis; the light source, the semi-transparent
reflection mirror, and the objective lens are integrated into a unit structure; and a mechanism for rotating the unit
structure about the Y axis is provided in order to rotate the unit structure to thereby sweep the irradiation point on
the object to be measured along the X-axis direction, whereby observation of a two-dimensional tomographic image
on an X-Z plane is enabled.

[5] An optical interference tomographic image observing apparatus as described in [2] above, wherein the respective
means are accommodated within a casing; a dielectric multilayer film reflection mirror which reflects only the wave-
length band of the low-coherence light source is disposed before the photo detector in order to reflect and guide
the mixed-wave interference wave to the photo detector; a light source whose wavelength band differs from that of
the low-coherence light source is provided; a second half mirror is provided in order to reflect light emitted from the
second light source and cause the light to pass through the dielectric multilayer film reflection mirror, the half mirror,
and the objective lens in order to radiate the object to be measured, reflection light from the surface of the object
traveling back along the above-described optical path, and passing through the second half mirror; a CCD camera
is provided in the same casing in order to capture the image of the surface having magnified by the objective lens;
and a display is disposed outside the casing in order to enable previous observation of a measurement position on
the object.

[6] An optical interference tomographic image observing apparatus as described in [5] above, wherein the casing
is equipped with a grip handle which has a switch for starting acquisition of measurement data of the tomographic
image after positioning of the measurement point through observation of the measurement point.

[7]1 An optical interference tomographic image observing apparatus as described in [4] above, further comprising a
rotation mechanism which rotates about the X axis and which receives the casing on which the unit structure is
disposed at an angle of 90 degrees, whereby, in addition to the observation of a two-dimensional tomographic image
on an X-Z plane, scanning along the Y-axis direction is effected by the rotation mechanism in order to enable
observation of a three-dimensional tomographic image.

[8] An optical interference tomographic image observing apparatus as described in [7] above, wherein the objective
lens is replaced with an objective lens for funduscopy; and the object irradiation light is scanned by use of a galvano-
mirror.

[9] An optical interference tomographic image observing apparatus as described in any one of [1] to [7] above,
wherein the optical path for reference light is turned up and down by a group of reflection mirrors in order to increase
the length of the optical path; and an optical fiber having a length corresponding to the increased length is disposed
in the optical path extending between the half mirror for splitting and the object, whereby remote measurement is
enabled.

[10] An optical interference tomographic image observing apparatus as described in any one of [1] to [7] above,
wherein an optical fiber is disposed in the optical path for reference light in order to increase the length of the optical
path; and an optical fiber capable of transmitting images and having a length corresponding to the increased length
is disposed in the optical path extending between the half mirror for splitting and the object, whereby remote meas-
urement is enabled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a structural diagram of a conventional light-wave reflection image measurement apparatus configured by
use of a movable reflection mirror.

FIG. 2 is a structural diagram of a conventional tomographic-image observation apparatus configured by use of
optical fibers and a movable reflection mirror.

FIG. 3 is a structural diagram of a reflection-point scanning rotary prism apparatus according to an embodiment of
the present invention.

FIG. 4 is a diagram to be used for explaining light reflection characteristics of a 45-degree right-angle prism of the
reflection-point scanning rotary prism apparatus according to the embodiment of the present invention.

FIG. 5 is a view showing an embodiment of an optical interference tomographic image observing apparatus which
includes the reflection-point scanning rotary prism apparatus according to the present invention.

FIG. 6 is a set of graphs showing waveforms of mixed wave interference signals.

FIG. 7 is a view showing another embodiment of the present invention which is equipped with a mechanism for
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scanning along an X-axis direction of an object to be measured.

FIG. 8 is a view showing another embodiment of the present invention in which a low-coherence light source, a half
mirror, and an objective lens are connected to form a single unit.

FIG. 9 is a view showing an embodiment of a compact, portable, simplified apparatus according to the present
invention.

FIG. 10 is a view showing an embodiment in which the apparatus of the present invention is applied to an ophthalmic
examination apparatus.

FIG. 11 is a view showing an embodiment of an optical interference tomographic image observing apparatus ac-
cording to the present invention equipped with an optical bundle fiber.

FIG. 12 is a view showing an embodiment of an optical interference tomographic image observing apparatus ac-
cording to the present invention equipped with a galvano-mirror scanning mechanism.

FIG. 13 is a view showing an embodiment of an optical interference tomographic image observing apparatus ac-
cording to the present invention equipped with a two-axis galvano-mirror scanning mechanism.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Embodiments of the present invention will now be described in detail.

[0016] FIG. 3is a structural diagram of a reflection-point scanning rotary prism apparatus according to an embodiment
of the present invention, wherein FIG. 3(a) is a top view of the apparatus, and FIG. 3(b) is a side view of the apparatus.
FIG. 4 is a diagram to be used for explaining light reflection characteristics of a 45-degree right-angle prism of the
reflection-point scanning rotary prism apparatus, wherein FIG. 4(a) is an explanatory view showing reflection light in the
case in which an incoming beam enters a diagonal surface perpendicularly thereto, and FIG. 4(b) is an explanatory view
showing reflection light in the case in which an incoming beam enters the diagonal surface not perpendicularly thereto,
due to rotation of the prism.

[0017] As shown in these drawings, an incident light beam 2 from a low-coherence light source is caused to enter a
rotary prism 1. As shown in FIG. 4, the rotary prism 1 is a Littrow reflector prism whose one vertex angle is 90 degrees
and in which a reflection thin film 1a of a metal, such as aluminum, which reflects light is vapor-deposited on the sides
forming the 90-degree vertex. As shown in FIG. 3, in consideration of load balance, two or three prisms 1 are disposed
on and fixed to a rotary plate 4, serving as a rotary body, symmetrically with respect to the axis of rotation. The rotary
plate 4 is rotated by power of a motor 3. FIG. 3 shows an example in which the rotary plate 4 rotates in the direction
indicated by ¢.

[0018] First, light reflection characteristics of the Littrow reflector prism will be described with reference to FIG. 4.
[0019] When a light beam U enters a diagonal surface BC perpendicularly thereto, as shown in FIG. 4(a), 45-degree
incidence/reflection is repeated at two sides (AB, AC) of the prism, and thereby producing a reflection light beam U’,
which travels toward the direction from which the light beam U comes. The position of the light beam U is determined
in such a manner that its cross section becomes symmetric with respect to a center line of the vertex. In this case, a
left-hand half of the light beam is reflected to the right side, and a right-hand half of the light beam is reflected to the left
side. Therefore, the light beam is reflected toward the incidence direction in such a manner that its entire wave front
becomes parallel to the diagonal surface.

[0020] Next, there will be considered a case in which the prism 1 has been rotated by a rotation angle 6i about the
rotational axis O. In this case, internal reflection as shown in FIG. 4(b) occurs. Specifically, the light beam U enters the
diagonal surface BC at an angle 8i. When the refraction index of the prism glass is represented by n, the incident angle
0, to the side AB is represented by 45° - Or, where 6r is determined by sin-'(sin8i/n) in accordance with Snell’s law. Since
the reflection light beam traveling from the side AC forms the same angle with respect to a line s shown in FIG. 4(b) as
that formed by the incident light beam traveling to the side AB, the reflection light beam U’ becomes parallel to the
incident light beam U in accordance with Snell’s law. At this time, the reflection light beam is shifted to the right, depending
on the rotation angle and the radius r of the light beam. In the present invention, the radius of the light beam is set to 6
mm, and the reflection point scanning distance L is as small as about =1 mm. Therefore, when the turning radius OR
is set to 7.5 mm, the rotation angle 6i becomes about = 7.6 degrees. In this case, the amount of shift of the axis of
reflection light becomes about 10%. Since the amount of shift is sufficiently small as compared to the diameter of the
incident light beam, such a shift does not raise any problem in optical interference detection of the present invention.
Various types of Littrow reflector prisms are available; e.g., a 45-degree right-angle prism which has only two surfaces
forming a 90-degree vertex, a cube corner prism which has six such surfaces, and a prism which has a conical surface.
The latter two prisms can reflect a light beam to a direction from which the light beam comes, regardless of whether the
light beam approaches the prism from the upper side, the lower side, the left side, or the right side. The prism of the
present embodiment provides satisfactory delayed reflection light only when the entire cross section of the light beam
is located within the diagonal surface BC of the prism. When the length of the side BC is 10 mm, this requirement is
satisfied sufficiently within the above-described rotational angle. As shown in the present embodiment, when the rotational
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angle is set to 15.2 degrees, a desired reflection-point scanning distance of 2 mm can be attained.

[0021] The presentinvention requires repeated scanning. When the rotational speed of the motor is set to, for example,
6,000 rpm, reflection light can be obtained at a frequency of 300 Hz through reflection by the three prisms shown in FIG.
3, and thus, delay reflection light can be generated at high frequency. The rotational speed of 6,000 rpm can be realized
with ease by use of a commercially available small motor. Apparently, progressive reflection light can be generated
when the prism apparatus is rotated in a direction opposite that shown in FIG. 3. The prism apparatus can generate
delay (progressive) reflection light at an arbitrary period through adjustment of the voltage of a motor power supply 5.
[0022] FIG. 5 is a view showing an embodiment of an optical interference tomographic image observing apparatus
which includes the above-described rotary prism apparatus.

[0023] As shown in FIG. 5, a low-coherence light source 6 is constituted by a light-emitting diode and a convex lens
and emits substantially parallel light rays. The light source has a center wavelength A of 0.88 wm and a wavelength
width AA of 40 nm and is estimated to have a spatial resolution AZ of 8.5 wm, as determined on the basis of the coherence
length. The emitted light beam is split into two beams by means of a half mirror 7. One light beam is reflected by means
of areflection mirror 8 and enters the rotary prism 1 of the above-described embodiment. Thus, the light beam is converted
to delay reflection light 2 at a predetermined position. The delay reflection light 2 travels back to the half mirror 7 as
reference light.

[0024] The reflection light from the high speed rotary prism 1 has a Doppler shift frequency fb. For example, in the
case of the above-described embodiment, fb = 10.6 MHz, as determined from the rotational angular speed of a circum-
ferential point. Meanwhile, the other light beam or transmission light passes through an objective lens 10 and reaches
an object 11 to be measured, which has a multi-layer structure, such as a living body. Object reflection light from a deep
portion of the object is collected by the objective lens 10 and is caused to travel to the reflection mirror 8, at which the
object reflection light is mixed with the reference light so as to produce mixed-wave interference light. The mixed-wave
interference light is reflected by means of a reference mirror 12 and is then reflected by means of a dielectric multi-layer
film reflection mirror 13 capable of selectively reflecting light having a wavelength of 0.88 uwm (wavelength width: 40 nm)
such that the reflection light propagates along a direction perpendicular to the sheet of FIG. 5. The reflection light is
converged by means of a convex lens 14 and is detected by a photo detector 15. When the electric field of the reference
lightis represented by Er and the electric field of the object reflection light is represented by Es(x, y, z), due to the square-
law detection action involved in photoelectric conversion, the photo detector 15 outputs a signal represented by the
following expression, including a heterodyne beat signal.

Hxy2)= 5 [GO1JE, +E,(xy,2 ) df

2
= [DCterms]+ E,E (x,y,z) ﬁicos(bszt)axp{— %z-[Af(t -2/ c)]z-}

[0025] Here, Af represents a frequency width of the light source; and G(f) represents its frequency distribution function,
wherein the frequency is assumed to follow a Gaussian distribution. [DCterms] represents the DC component serving
as background noise. T = (dr-ds)/c, where dr represents the optical distance between the half mirror 7 and the reflection
position of the rotary prism 1, ds represents an optical distance to a reflection point on the surface of the object, and z
represents the distance between the surface of the object and a reflection position at a deep portion. Accordingly, t
represents a delay time produced by the rotary prism 1 when the surface of the object used as a reference. From
Expression (1), it is understood that a sine wave of the beat frequency fb is modulated by a Gaussian function, and that
the position of a peak of the modulated wave represents a Z-axis coordinate of a deep portion of the object that reflects
light, and the amplitude of the peak represents the scattering intensity of a scattering potential at a reflection point.
Reference numeral 19 denotes a wiring terminal; 20 denotes wiring; and 60 denotes a casing.

[0026] FIG. 6 is a set of graphs showing waveforms of mixed-wave interference signals in relation to the present
invention, wherein FIG. 6(a) shows timing pulses and a waveform of a beat signal in the case of a stationary mirror, FIG.
6(b) shows a waveform of a beat signal showing a distribution of reflective objects in a deep layer of an object to be
measured and setting of gate pulses for determining measurement points, and FIG. 6(c) shows an image signal which
is obtained through beat-frequency filtering and representing the distribution of the reflective objects.

[0027] FIG. 6(a) shows timing pulses output from a photo diode 9 shown in FIG. 5 and a Doppler beat signal observed
when a stationary mirror is placed in place of the object. The timing pulses can be obtained by capturing reflection light
from, for example, the metal reflection thin film 1a of the side AB of the rotary prism, before the rotary prism receives
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the light beam. The time between the pulses corresponding to the distance between the rotary prism. From this, the
relative position of the stationary mirror can be calculated. Due to low-coherent time c/Af (c: velocity of light) shown in
Expression (1), the beat signal assumes a pulse shape, which provides a resolution AZ in relation to the Z-axis distance
of the deep portion of the object. Within an object having a refraction index n, the resolution is represented by AZ/n. In
a living body or the like, the resolution becomes about 6.5 pm. When the object has a multi-layer structure, a reflection
signal as shown in FIG. 6(b) is observed. The incident light beam 2 is received by the rotary prism 1 over a limited period
of time. Therefore, a surface position of the object is identified and a gate pulse is generated on the basis of the surface
position, and only the beat frequency is filtered. As a result, the waveform shown in FIG. 6(c) is obtained. When the
position of the irradiation point on the object 11 to be measured is scanned for each rotary prism, a signal can be obtained
each of successive positions Xn, Xn+1, etc., along the X-axis. A pixel signal is produced for each combination of an Z-
axis section having a length corresponding to the distance of resolution and an X-axis section having a length corre-
sponding to the diameter of the focal point of the objective lens; e.g., 20 um, and is then subjected to image processing.
A computer 22 performs control of the rotational speed of the prism, storage of data, and necessary computation
processing via a control system 21. By virtue of these operations, the computer 22 can immediately display a two-
dimensional tomographic image on a display during observation thereof.

[0028] The present embodiment includes means for enabling a user to microscopically observe the surface of the
object 11 via the objective lens 10. Specifically, as shown in FIG. 5, a high-intensity light emitting diode 16 is disposed
at a predetermined position; and the light emitted from the diode 16 is reflected by means of a half mirror 17 as shown
in the drawing and is passed through the above-described dielectric multi-layer film reflection mirror 13. At this time, the
wavelength range of the light emitting diode 16 is selected so as to fall within a visible range. This visible light is reflected
by means of the half mirror 7 so as to illuminate the surface of the object. As a result, reflection light travels backward,
passes through the half mirror 17, and reaches a CCD camera 18. For example, when the objective lens 10 has a focal
distance f of 16 mm and the CCD camera 18 is equipped with a close-up lens, a microscopic image magnified some
tens of times can be obtained. This magnified image is observed by use of a compact liquid-crystal display unit 23 or
the like disposed separately. Since light emitted from the low-coherence light source 6 contains a slight amount of a red
component, an irradiation point at which a tomographic image is to be observed is also observed within a field of view
of the microscope. This method facilitates positioning within the field of view.

[0029] Next, FIG. 7 shows another embodiment which is equipped with a mechanism for scanning along the X-axis
direction.

[0030] As shown in FIG. 7, a low-coherence light source 6, a half mirror 7’ (a cube half mirror in this example), and
an objective lens 10 are arranged along a straight line and are connected together to form a unit structure 50. As shown
in FIG. 7, the direction along which a reflection light beam and a mixed-wave interference light beam travel is referred
to as a Y axis. The unit structure 50 is provided with a deflection angle turning mechanism 51, which rotates the unit
structure 50 about the Y axis over an angle 6 = =4.5 degrees. As a result, when the distance between the Y axis and
the object is set to, for example, about 40 mm, as shown in FIG. 8, the irradiation point on the surface of the object can
be changed along the X-axis direction by about =3.0 mm. In an example case in which the X-axis is divided into 300
sections in consideration that the objective lens has a spatial resolution of 20 .wm as measured on the irradiation surface,
the 300 sections are scanned over one second when the rotary prism generates delay light at 300 Hz. As a result, a
two-dimensional tomographic image can be converted to image data within 1 second. In this case, since the irradiation
surface becomes arcuate, a correction surface is calculated in advance before obtaining imaged data during subsequent
image processing.

[0031] Next, FIG. 9 shows an embodiment of a compact, portable, simplified apparatus.

In the present embodiment, the control processing system 21, the computer 22, and the compact liquid-crystal display
23 shown in FIG. 5 are disposed outside a casing 60’; and the above-described various components are accommodated
in the casing 60’ so as to constitute an observation head as shown in FIG. 9. The casing 60’ is equipped with a handle
60a for transport, and a switch SW for starting and stopping data acquisition after determination of a measurement point.
Thus, the observation head is made transportable. In this case, unlike the case of FIG. 7, the above-described unit
structure 50a is rotated by 90 degrees in order to facilitate approach to an object to be measured. When a unit structure
50b oriented as shown in FIG. 9 is provided on the casing 60’, the handle is provided as indicated by 60b.

[0032] Next, FIG. 10 shows an embodiment in which the present apparatus is applied to an ophthalmic examination
apparatus.

[0033] AsshowninFIG. 10, the objective lens 10 shown in FIG. 5 is replaced with an objective lens 24 for funduscopy;
a mechanism 24a for moving the lens 24 back and forth is provided; and an enclosure casing 60" is mounted on a rotary
table 26. The irradiation position at the eyeground can be changed freely by appropriately controlling the rotary table 26
and the turning mechanism 51 shown in FIG. 7. The turning mechanism 51 is provided to constitute a tomographic image
observation head 90 for ophthalmic use.

[0034] Next, FIG. 11 is a view showing an embodiment of an optical interference tomographic image observing ap-
paratus equipped with an optical bundle fiber, which is used as a probe for forming an optical path to an object to be
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measured.

[0035] The optical path of FIG. 7 which extends from the objective lens 10 to an object to be measured is replaced
with an optical bundle fiber 10a as shown in FIG. 11. The optical bundle fiber 10a guides irradiation light emitted from
the objective lens 10. For example, a GRIN lens (distributed index fiber-type lens) 10b is attached to the tip end of the
fiber in order to radiate light onto the object. Reflection light from a deep portion of the object is collected by the lens
and is caused to reach the photo detector 15, whereby a tomographic image is observed in the same manner as in the
case of FIG. 7. In this case, the length of the optical path for reference light must be increased by the length of the fiber.
Therefore, as shown in FIG. 11, a plurality of reflection mirrors 8a and 8b, etc. are used in order to turn the path up and
down such that the path attains a desired length. Needless to say, a similar optical fiber may be disposed on the optical
path for reference light. Moreover, it is apparent that the same observation is possible even when a distributed index
fiber capable of transmitting images is used instead of the optical bundle fiber 10a (a bundle of fibers).

[0036] The present embodiment enables provision of endoscopes, microscopes, fiber catheters, and remote meas-
urement in processes for fabricating various materials.

[0037] FIG. 12 shows an embodiment of an optical interference tomographic image observing apparatus equipped
with a galvano-mirror scanning mechanism.

[0038] As shownin FIG. 12, a galvano-mirror 8c is provided in a path for object irradiation light in order to change the
traveling direction of light radiated onto an object to be measured, to thereby sweep the irradiation point along the Y’
axis in FIG. 12, whereby a desired tomographic image is obtained.

[0039] FIG. 13 shows an embodiment in which another galvano-mirror 8d is disposed in order to enable scanning
along the X-axis direction, to thereby constitute an apparatus for examination of the eyeball.

[0040] AsshowninFIG. 13, by virtue of scanning along two directions, radiation light can be swept freely. The simplified
compact apparatus which utilizes the features of the embodiment shown in FIG. 5 can be used with ease at medical sites.
[0041] Although wiring is partially omitted in FIGS. 12 and 13, apparently, a drive power source and wiring therefor
are necessary.

[0042] Even when any of the structures of the embodiments is employed, there can be realized an optical interference
tomographic image observing apparatus in which an object to be measured includes a dynamic scattering potential
portion and generates object reflection light having a Doppler shift frequency, characterized by comprising a computer
which passes a Doppler shift beat component output from the photo detector for detecting the mixture inference light
through an electric filter and detects the Doppler shift beat component in order to synthesize a plurality of spatial pixel
component signals, to thereby extract information regarding the amplitude of light scattered from the dynamic scattering
potential portion; calculates and displays, on the basis of the frequency of the Doppler shift beat component, the moving
speed and direction of the dynamic scattering potential portion for each three-dimensional pixels of a depth reflection
image and a vertical cross-sectional image; thereby enabling visualization of a dynamic structure, such as blood flow
distribution at a deep portion of a living body.

[0043] As described above, the present invention has the following features.

(1) There is provided a rotary prism which includes a Littrow reflector prism having a 90-degree vertex and disposed
at a circumferential portion of a rotary body in such a manner that a surface facing the vertex extends substantially
perpendicular to a tangential line of the circumference. The prism has a characteristics such that when a light beam
impinges the surface, the light beam is reflected in a direction parallel to the incidence direction. Through utilization
of the characteristics, the reflection point can be scanned in a predetermined direction as the rotary body rotates.
A delay reflection light beam is periodically generated when the rotary body rotates in the travel direction of the light
beam and a progressive reflection light beam is periodically generated when the rotary body rotates in the opposite
direction. A means for splitting a light beam from a low-coherence light source into two light beams is provided. One
of the light beams, serving as reference light, is delayed or advanced by means of rotary scanning of the reflection
point in order to obtain a reflection light beam having a Doppler shift frequency. The other light beam is converged
to an object to be observed which has a multilayer structure in terms of refraction index distribution. An objective
lens is provided in order to capture object reflection light from a scattering potential portion at a deep portion of the
multilayer object. A photo detector for performing heterodyne detection is provided in order to obtain a beat signal
of the shift frequency, which is generated on the basis of the low coherence, characterized in that a maximum
interference signal can be obtained only when the reference light and the object reflection light merge together after
passage through respective optical paths having the same optical path length as measured from the split point. A
means for calculating, in the form of coordinates, the scanned reflection point of the delay or progressive reflection
light beam is provided. Further, a signal control processing system, a computer, and a display are provided in order
to measure and display a reflection tomographicimage, while using, as image data, the coordinates and an amplitude
of the beat signal representing reflection light from the scattering potential at the deep portion of the object to be
measured. The means for calculating, in the form of coordinates, the scanned reflection point of reflection light beam
includes a photo detector for capturing deflection angle reflection light from the rotary prism, wherein the photo
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detector generates a timing pulse upon detection of the deflection angle reflection light before generation of the
reflection light beam; and the scanned reflection point is calculated from the rotation frequency, rotation circumfer-
ential length, and rotation angle of the rotary prism, and is used as a coordinate of the scattering potential. Thus,
an optical reflection tomographic image can be observed.

[0044] Moreover, the travel direction of the light beam emitted from the low-coherence light source is referred to as a
Z axis; a semi-transparent reflection mirror is provided as the means for splitting the light beam into two beams; the
objective lens is disposed in a direction toward which a light beam passing through the semi-transparent reflection mirror
travels, the light beam serving as object irradiation light; a direction along which a reflection light beam from the semi-
transparent reflection mirror serving as reference light travels is referred to as a Y axis; the light source, the semi-
transparent reflection mirror, and the objective lens are integrated into a unit structure; and a mechanism for rotating
the unit structure about the Y axis is provided in order to rotate the unit structure to thereby sweep the irradiation point
on the object to be measured along the X-axis direction, whereby observation of a two-dimensional tomographic image
on an X-Z plane is enabled. The respective means described in claim 2 are accommodated within a casing; a dielectric
multilayer film reflection mirror which reflects only the wavelength band of the low-coherence light source is disposed
before the photo detector in order to reflect and guide the mixed-wave interference wave to the photo detector; a light
source whose wavelength band differs from that of the low-coherence light source is provided; a second half mirror is
provided in order to reflect light emitted from the second light source and cause the light to pass through the dielectric
multilayer film reflection mirror, the half mirror, and the objective lens in order to radiate the object to be measured,
reflection light from the surface of the object traveling back along the above-described optical path, and passing through
the second half mirror; a CCD camera is provided in the same casing in order to capture the image of the surface having
magnified by the objective lens; and a display is disposed outside the casing in order to enable previous observation of
a measurement position on the object. The casing described in claim 5 is equipped with a grip handle which has a switch
for starting acquisition of measurement data of the tomographic image after positioning of the measurement point through
observation of the measurement point. The optical interference tomographic image observing apparatus further com-
prises a rotation mechanism which rotates about the X axis and which receives the casing on which the unit structure
is disposed at an angle of 90 degrees, whereby, in addition to the observation of a two-dimensional tomographic image
on an X-Z plane, scanning along the Y-axis direction is effected by the rotation mechanism in order to enable observation
of a three-dimensional tomographic image. The objective lens is replaced with an objective lens for funduscopy; the
rotation mechanism described in claim 7 is provided; and thus a galvano-mirror scanning apparatus for ophthalmic
measurement is provided. In the above-described apparatus, the optical path for reference light is turned up and down
by use of a group of reflection mirror by a group of reflection mirrors in order to increase the length of the optical path;
and an optical fiber having a length corresponding to the increased length is disposed in the optical path extending
between the half mirror for splitting and the object, whereby remote measurement is enabled. Alternatively, a fiber bundle
or distributed index optical fiber, which can transmit images and has a length corresponding to the increased length is
disposed in the optical path extending between the half mirror for splitting and the object, whereby remote measurement
is enabled.

[0045] In order to increase operation speed, the optical interference tomographic image observing apparatus is pro-
vided with a computer display which detects conditions of a deep portion of an object to be measured over a desired
area; and which records and stores a reproduction signal of each pixel, performs signal processing therefor, and displays
the processed signal as a multidimensional deep-portion tomographic image.

[0046] The respective structures of the above-described embodiments may be modified without departing from the
spirit of the present invention, and such modifications fall within the scope of the present invention.

[0047] The presentinvention is not limited to the above-described embodiments. Numerous modifications and varia-
tions of the present invention are possible in light of the spirit of the present invention, and they are not excluded from
the scope of the present invention.

[0048] As have been described in detail, the present invention achieves the following effects.

(A) There are provided a method and a specific apparatus which utilizes a rotating Littrow reflector prism which can
reflect a light beam in order to produce a delay reflection light beam or a progressive reflection light beam which
travels toward the incoming direction of the light beam, even when the reflection point moves along a circumference
of a rotary body upon rotation thereof or a surface of the prism facing the vertex thereof inclines. The method and
the apparatus utilize the features of the prism such that the prism reflects a light beam toward the direction from
which the light beam comes, and even when the incoming light beam inclines with respect to the surface facing the
90-degree vertex, the prism accurately reflects a light beam toward the incoming direction. Moreover, a reliable,
high-speed-scanning reflection mirror can be realized by attaching prisms on a small, high-speed motor; and such
a reflection mirror opens to the road to a compact, simplified, transportable apparatus which can be used practically
for optical interference tomographic image observation.
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(B) Moreover, reflection signals having a wide dynamic range and a high SN ratio can be extracted through high-
speed scanning in order to detect a static or dynamic structure of a deep portion of, for example, a living body and
to produce a multidimensional image. Thus, morphological information, medical information such as blood flow
distribution, and structural information of various materials such as semiconductor materials, etc. can be observed
in a non-invasive or non-destructive manner at high spatial resolution of a microscopic level. In addition, a novel,
transportable, compact optical interference tomographic image observing apparatus can be provided. Moreover,
the present invention is expected to create a new industry for practical apparatuses which can be used for various
non-destructive material inspections and various non-invasive inspections for living bodies in relation to dermatology,
cosmetic dermatology, and dentistry.

INDUSTRIAL APPLICABILITY

[0049] The optical interference tomographic image observing apparatus according to the present invention can detect
a static or dynamic structure of a deep portion of, for example, a living body and to produce a multidimensional image.
Thus, morphological information, medical information such as blood flow distribution, and structural information of various
materials such as semiconductor materials, etc. can be observed in a non-invasive or non-destructive manner at high
spatial resolution of a microscopic level. In particular, the optical interference tomographic image observing apparatus
according to the present invention is suitable for various non-destructive material inspections and various non-invasive
inspections for living bodies in relation to dermatology, cosmetic dermatology, and dentistry.

Claims

1. Anoptical interference tomographic image observing apparatus, comprising a rotary prism apparatus which includes
a Littrow reflector prism having a 90-degree vertex and disposed near a circumference of a rotary body in such a
manner that a surface facing the vertex extends substantially perpendicular to a tangential line of the circumference,
the prism having a characteristics such that when a light beam impinges the surface, the light beam is reflected in
a direction parallel to the incidence direction, wherein through utilization of the characteristics, the reflection point
can be scanned in a predetermined direction as the rotary body rotates; and a delay reflection light beam is periodically
generated when the rotary body rotates in the travel direction of the light beam and a progressive reflection light
beam is periodically generated when the rotary body rotates in the opposite direction, wherein the optical interference
tomographic image observing apparatus further comprises: means for splitting a light beam from a low-coherence
light source into two light beams, one of the light beams, serving as reference light, being delayed or advanced by
means of rotary scanning of the reflection point in order to obtain a reflection light beam having a Doppler shift
frequency, and the other light beam being converged to an object to be measured which has a multilayer structure
in terms of refraction index distribution; an objective lens for capturing object reflection light from a scattering potential
portion at a deep portion of the multilayer object; a photo detector for performing heterodyne detection for obtaining
a beat signal of the shift frequency, which is generated on the basis of the low coherence, whereby a maximum
interference signal can be obtained only when the reference light and the object reflection light merge together after
passage through respective optical paths having the same optical path length as measured from the split point;
means for calculating, in the form of coordinates, the scanned reflection point of the delay or progressive reflection
light beam; and a signal control processing system, a computer, and a display which measure and display a reflection
tomographic image, while using, as image data, the coordinates and an amplitude of the beat signal representing
reflection light from the scattering potential at the deep portion of the object to be measured.

2. An optical interference tomographic image observing apparatus as described in claim 1, wherein the means for
calculating, in the form of coordinates, the scanned reflection point of the reflection light beam includes a photo
detector for capturing deflection angle reflection light from the rotary prism, wherein the photo detector generates
a timing pulse upon detection of the deflection angle reflection light before generation of the reflection light beam;
and the scanned reflection point is calculated from the rotation frequency, rotation circumferential length, and rotation
angle of the rotary prism, and is used as a coordinate of the scattering potential.

3. Anoptical interference tomographic image observing apparatus as described in claim 1, wherein the travel direction
of the light beam emitted from the low-coherence light source is referred to as a Z axis; a semi-transparent reflection
mirror is provided as the means for splitting the light beam into two beams; the objective lens is disposed in a
direction toward which a light beam passing through the semi-transparent reflection mirror travels, the light beam
serving as object irradiation light; a direction along which a reflection light beam from the semi-transparent reflection
mirror serving as reference light travels is referred to as a Y axis; the light source, the semi-transparent reflection
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mirror, and the objective lens are integrated into a unit structure : and a mechanism for rotating the unit structure
about the Y axis is provided in order to rotate the unit structure to thereby sweep the irradiation point on the object
to be measured along the X-axis direction, whereby observation of a two-dimensional tomographic image on an X-
Z plane is enabled.

An optical interference tomographic image observing apparatus as described in claim 1, wherein the respective
means are accommodated within a casing; a dielectric multilayer film reflection mirror which reflects only the wave-
length band of the low-coherence light source is disposed before the photo detector in order to reflect and guide
the mixed-wave interference wave to the photo detector; a light source whose wavelength band differs from that of
the low-coherence light source is provided; a second half mirror is provided in order to reflect light emitted from the
second light source and cause the light to pass through the dielectric multilayer film reflection mirror, the half mirror,
and the objective lens in order to radiate the object to be measured, reflection light from the surface of the object
traveling back along the above-described optical path, and passing through the second half mirror; a CCD camera
is provided in the same casing in order to capture the image of the surface having magnified by the objective lens;
and a display is disposed outside the casing in order to enable previous observation of a measurement position on
the object.

An optical interference tomographic image observing apparatus as described in claim 4, wherein the casing is
equipped with a grip handle which has a switch for starting acquisition of measurement data of the tomographic
image after positioning of the measurement point through observation of the measurement point.

An optical interference tomographic image observing apparatus as described in claim 3, further comprising a rotation
mechanism which rotates about the X axis and which receives the casing on which the unit structure is disposed at
an angle of 90 degrees, whereby, in addition to the rotation mechanism in order to enable observation of a three-
dimensional tomographic image.

An optical interference tomographic image observing apparatus as described in claim 6, wherein the objective lens
is replaced with an objective lens for funduscopy; and the object irradiation light is scanned by use of a galvano-mirror.

An optical interference tomographic image observing apparatus as described in any one of claims 1 to 6, wherein
the optical path for reference light is turned up and down by a group of reflection mirrors in order to increase the
length of the optical path; and an optical fiber having a length corresponding to the increased length is disposed in
the optical path extending between the half mirror for splitting and the object, whereby remote measurement is
enabled.

An optical interference tomographic image observing apparatus as described in any one of claims 1 to 6, wherein
an optical fiber is disposed in the optical path for reference light in order to increase the length of the optical path;
and an optical fiber capable of transmitting images and having a length corresponding to the increased length is
disposed in the optical path extending between the half mirror for splitting and the object, whereby remote meas-
urement is enabled.

Patentanspriiche

1.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung, die eine Drehprismavorrichtung umfasst, welche ein
Littrow-Reflexionsprisma enthélt, das einen Spitzenwinkel von 90 Grad aufweist und nahe einem Umfang eines
Drehkdrpers so angeordnet ist, dass sich eine dem Spitzenwinkel gegentiberliegende Flache im Wesentlichen
senkrecht zu einer tangentialen Linie des Umfangs erstreckt, wobei das Prisma ein Merkmal so aufweist, dass,
wenn ein Lichtstrahl auf der Flache auftrifft, der Lichtstrahl in einer Richtung parallel zu der Einfallsrichtung reflektiert
wird, wobei durch die Nutzung der Merkmale der Reflexionspunkt in einer vorher bestimmten Richtung abgetastet
werden kann, wahrend sich der Drehkoérper dreht; und ein verzogerter Reflexionslichtstrahl regelmaRig erzeugt
wird, wenn sich der Drehkérper in der Bewegungsrichtung des Lichtstrahls dreht und ein fortschreitender Reflexi-
onslichtstrahl regelmaRig erzeugt wird, wenn sich der Drehkérper in der entgegengesetzten Richtung dreht, wobei
die Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung ferner umfasst: Mittel zum Teilen eines Lichtstrahls
von einer Lichtquelle niedriger Koharenz her in zwei Lichtstrahlen, wobei einer der Lichtstrahlen, der als Bezugslicht
dient, mittels einer Drehabtastung des Reflexionspunkts verzdgert oder beschleunigt wird, um einen Reflexions-
lichtstrahl mit einer Doppler-Frequenzverschiebung zu erhalten, und der andere Lichtstrahl zu einem zu messenden
Objekt hin konvergiert wird, welches eine mehrschichtige Struktur in Bezug auf die Brechungsindex-Verteilung
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aufweist; eine Objektivlinse zum Erfassen von Objektreflexionslicht von einem Streupotenzialteilbereich her an
einem tief liegenden Teilbereich des mehrschichtigen Objekts; einen Fotodetektor zum Durchfiihren einer Uberla-
gerungserkennung, um ein Schwebungssignal der Verschiebungsfrequenz zu erhalten, welches basierend auf der
niedrigen Koharenz erzeugt wird, wobei ein maximales Interferenzsignal nur zu erhalten ist, wenn sich das Bezugs-
licht und das Objektreflexionslicht nach dem Durchtritt durch entsprechende Lichtwege mit der gleichen Lichtweg-
lange gemaR der Messung ab dem Teilungspunkt vermischen; Mittel zum Berechnen des abgetasteten Reflexions-
punkts des verzogerten oder fortschreitenden Reflexionslichtstrahls in Form von Koordinaten; und ein Signalsteue-
rungsverarbeitungssystem, einen Computer und eine Anzeige, welche ein Reflexionstomographiebild messen und
anzeigen, wahrend sie, als Bilddaten, die Koordinaten und eine Amplitude des Schwebungssignals nutzen, welche
Reflexionslicht von dem Streupotenzial her an dem tief liegenden Teilbereich des zu messenden Objekts darstellt.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 1, wobei das Mittel zum Berechnen des
abgetasteten Reflexionspunkts des Reflexionslichtstrahls in Form von Koordinaten einen Fotodetektor zum Erfassen
von Ablenkwinkelreflexionslicht von dem Drehprisma her enthélt, wobei der Fotodetektor bei der Erkennung des
Ablenkwinkelreflexionslichts vor der Erzeugung des Reflexionslichtstrahls einen Zeitimpuls erzeugt; und der abge-
tastete Reflexionspunkt anhand der Drehfrequenz, der Drehumfangslange und des Drehwinkels des Drehprismas
berechnet wird und als Koordinate des Streupotenzials genutzt wird.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 1, wobei die Bewegungsrichtung des
von der Lichtquelle niedriger Koharenz her emittierten Lichtstrahls als eine Z-Achse bezeichnet wird; ein halbdurch-
I&ssiger Reflexionsspiegel als das Mittel zum Teilen des Lichtstrahls in zwei Strahlen vorgesehen ist; die Objektivlinse
in einer Richtung angeordnet ist, zu der sich ein durch den halbdurchlédssigen Reflexionsspiegel hindurchtretender
Lichtstrahl hin bewegt, wobei der Lichtstrahl als Objektbestrahlungslicht dient; einer Richtung, entlang der sich ein
Reflexionslichtstrahl von dem als Bezugslicht dienenden halbdurchlédssigen Reflexionsspiegel her bewegt, als eine
Y-Achse bezeichnet wird; die Lichtquelle, der halbdurchlassige Reflexionsspiegel und die Objektivlinse in einer
Bauteilstruktur integriert sind; und ein Mechanismus zum Drehen der Bauteilstruktur um die Y-Achse herum vorge-
sehen ist, um die Bauteilstruktur zu drehen, um dadurch den Bestrahlungspunkt auf dem zu messenden Objekt
entlang der Richtung der X-Achse zu Uberstreichen, wobei die Beobachtung eines zweidimensionalen Tomogra-
phiebilds auf einer X-Z-Ebene ermdglicht wird.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 1, wobei die jeweiligen Mittel in einem
Gehause untergebracht sind; ein dielektrischer mehrschichtiger Schichtreflexionsspiegel, welcher nur das Wellen-
langenband der Lichtquelle niedriger Koharenz reflektiert, vor dem Fotodetektor angeordnet ist, um die Mischwel-
leninterferenzwelle zu reflektieren und an den Fotodetektor zu leiten; eine Lichtquelle, deren Wellenlangenband
sich von dem der Lichtquelle niedriger Kohdrenz unterscheidet, vorgesehen ist; ein zweiter halbdurchlassiger Spiegel
vorgesehen ist, um von der zweiten Lichtquelle her emittiertes Licht zu reflektieren und zu verursachen, dass das
Licht durch den dielektrischen mehrschichtigen Schichtreflexionsspiegel, den halbdurchldssigen Spiegel und die
Objektivlinse tritt, um das zu messende Objekt zu bestrahlen, wobei sich Reflexionslicht von der Flache des Objekts
her entlang dem oben beschriebenen Lichtpfad zurlickbewegt und durch den zweiten halbdurchldssigen Spiegel
hindurchtritt; eine CCD-Kamera in demselben Gehause vorgesehen ist, um das Bild der Flache nach einer Vergro-
Rerung durch die Objektivlinse zu erfassen; und eine Anzeige auRerhalb des Gehauses angeordnet ist, um die
vorherige Beobachtung einer Messposition auf dem Objekt zu ermdglichen.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 4, wobei das Gehause mit einer Griff-
vorrichtung ausgestattet ist, welche einen Schalter zum Starten der Erfassung von Messdaten des Tomographiebilds
nach der Positionierung des Messpunkts durch Beobachtung des Messpunkts aufweist.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 3, die ferner einen Drehmechanismus
umfasst, der sich um die X-Achse dreht und der das Gehause aufnimmt, auf dem die Bauteilstruktur in einem 90-
Grad-Winkel angeordnet ist, wobei aulRer dem Drehmechanismus die Beobachtung eines dreidimensionalen To-
mographiebilds ermdglicht wird.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach Anspruch 6, wobei die Objektivlinse durch eine
Objektivlinse fir Funduskopie ersetzt ist; und das Objektbestrahlungslicht durch Nutzung eines Galvano-Spiegels

abgetastet wird.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach einem der Anspriiche 1 bis 6, wobei der Lichtweg
fur das Bezugslicht von einer Gruppe Reflexionsspiegeln verlangert und verringert wird, um die Lange des Lichtwegs
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zu erhdhen; und eine Lichtleitfaser mit einer Lange, die der erhdhten Lange entspricht, auf dem optischen Weg
angeordnet ist, welcher sich zwischen dem halbdurchlassigen Spiegel zum Teilen und dem Objekt erstreckt, wobei
eine entfernte Messung ermdglicht wird.

Lichtinterferenz-Tomographiebildbeobachtungsvorrichtung nach einem der Anspriiche 1 bis 6, wobei eine Lichtleit-
faser auf dem Lichtweg fiir das Bezugslicht angeordnet ist, um die Lange des Lichtwegs zu steigern; und eine
Lichtleitfaser, die zum Ubermitteln von Bildern fahig ist und eine der erhdhten Lange entsprechende Lénge aufweist,
auf dem Lichtweg angeordnet ist, welcher sich zwischen dem halbdurchlassigen Spiegel zum Teilen und dem Objekt
erstreckt, wobei eine entfernte Messung ermdglicht wird.

Revendications

Appareil d’observation d'image tomographique par interférence optique, comprenant un appareil a prisme variable
qui comporte un prisme réflecteur de Littrow ayant un sommet a 90 degrés et disposé a proximité d’'une circonférence
d’'un corps rotatif de maniere a ce qu’une surface tournée vers le sommet s’étende de maniéere substantiellement
perpendiculaire a une ligne tangentielle de la circonférence, le prisme ayant une caractéristique telle que lorsqu’un
faisceau lumineux touche la surface, le faisceau lumineux est réfléchi dans une direction paralléle a la direction
d’incidence, dans lequel en utilisant cette caractéristique, le point de réflexion peut étre balayé dans une direction
prédéterminée lorsque le corps rotatif tourne ; et un faisceau lumineux de réflexion a retardement est périodiquement
généré lorsque le corps rotatif tourne dans la direction de déplacement du faisceau lumineux et un faisceau lumineux
de réflexion progressif est périodiguement généré lorsque le corps rotatif tourne dans la direction opposée, dans
lequel I'appareil d’observation d'image tomographique par interférence optique comprend en outre : un moyen pour
diviser un faisceau lumineux provenant d’'une source de lumiére a faible cohérence en deux faisceaux lumineux,
I'un des faisceaux lumineux servant de lumiere de référence, qui est retardé ou avanceé a l'aide d’un balayage rotatif
du point de réflexion afin d’obtenir un faisceau de lumiére de réflexion ayant une fréquence de décalage Doppler,
et I'autre faisceau lumineux étant ramené par convergence vers un objet a mesurer ayant une structure multicouche
en termes de distribution de l'indice de réfraction ; une lentille de focalisation destinée a capturer la lumiére de
réflexion de I'objet provenant d’'une partie ayant un potentiel de diffusion située au niveau d’une partie profonde de
I'objet multicouche ; un photodétecteur destiné a réaliser une détection hétérodyne afin d’obtenir un signal de
battement de la fréquence de décalage généré en fonction de la faible cohérence, moyennant quoi un signal d’in-
terférence maximum peut étre obtenu uniquement lorsque la lumiére de référence et la lumiére de réflexion de
I'objet fusionnent aprés étre passées par des trajets optiques respectifs ayant la méme longueur de trajet optique
mesurée a partir du point de séparation ; un moyen permettant de calculer, sous la forme de coordonnées, le point
de réflexion balayé du faisceau lumineux de réflexion retardé ou progressif ; et un systéme de traitement de controle
de signal, un ordinateur, et un dispositif d’affichage qui mesurent et affichent une image tomographique de réflexion,
en cours d'utilisation, en tant que données d'image, les coordonnées et une amplitude du signal de battement
représentant la lumiére de réflexion du potentiel de diffusion au niveau de la partie profonde de I'objet a mesurer.

Appareil d’observation d’'image tomographique par interférence optique selon la revendication 1, dans lequel le
moyen permettant de calculer, sous la forme de coordonnées, le point de réflexion balayé du faisceau lumineux de
réflexion comprend un photodétecteur destiné a capturer la lumiére de réflexion de I'angle de déviation du prisme
variable, dans lequel le photodétecteur génere une impulsion de rythme lorsqu'’il détecte la lumiére de réflexion de
I'angle de déviation avant de générer le faisceau de lumiére de réflexion ; et le point de réflexion balayé est calculé
a partir de la fréquence de rotation, de la longueur circonférentielle de rotation et de I'angle de rotation du prisme
variable et est utilisé comme coordonnée du potentiel de diffusion.

Appareil d’observation d’'image tomographique par interférence optique selon la revendication 1, dans lequel la
direction de déplacement du faisceau lumineux émis par la source de lumiere a faible cohérence est appelée axe
Z ; un miroir de réflexion semi-transparent est prévu comme moyen pour diviser le faisceau lumineux en deux
faisceaux ; la lentille de focalisation est disposée dans une direction vers laquelle se dirige un faisceau lumineux
passant a travers le miroir de réflexion semi-transparent, le faisceau lumineux servant de lumiére d’irradiation de
I'objet ; une direction le long de laquelle se déplace un faisceau de lumiére de réflexion provenant du miroir de
réflexion semi-transparent servant de lumiére de référence est appelée axe Y ; la source lumineuse, le miroir de
réflexion semi-transparent et la lentille de focalisation sont intégrés dans une structure unitaire ; et un mécanisme
permettant d’entrainer en rotation la structure unitaire autour de 'axe Y est prévu afin d’entrainer en rotation la
structure unitaire pour ainsi balayer le point d’irradiation sur I'objet @ mesurer le long de la direction de I'axe X,
moyennant quoi on peut observer une image tomographique bidimensionnelle sur un plan X-Z.
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Appareil d’observation d'image tomographique par interférence optique selon la revendication 1, dans lequel les
moyens respectifs sont logés dans un boitier ; un miroir de réflexion a film multicouche diélectrique qui réfléchit
uniquement la bande de longueur d’onde de la source de lumiére a faible cohérence est disposé devant le photo-
détecteur afin de réfléchir et de guider 'onde d’interférence des ondes mélangées vers le photodétecteur ; une
source lumineuse dont la bande de longueur d’onde est différente de celle de la source de lumiére a faible cohérence
est fournie; un second demi-miroir est prévu afin de réfléchir la lumiére émise par la seconde source lumineuse et
a la faire passer a travers le miroir de réflexion a film multicouche diélectrique, le demi-miroir et la lentille de
focalisation afin d’irradier I'objet & mesurer, la lumiére de réflexion provenant de la surface de I'objet repartant en
sens inverse le long du trajet optique décrit ci-dessus, et passant a travers le second demi-miroir ; une caméra CCD
est prévue dans le méme boitier afin de capturer 'image de la surface agrandie par la lentille de focalisation ; et un
écran d’affichage est disposé a I'extérieur du boitier afin de permettre 'observation préalable d’une position de
mesure sur I'objet.

Appareil d’observation d’'image tomographique par interférence optique selon la revendication 4, dans lequel le
boitier est muni d’'une poignée comportant un commutateur pour déclencher I'acquisition des données de mesure
de I'image tomographique apres avoir placé le point de mesure par I'observation du point de mesure.

Appareil d'observation d'image tomographique par interférence optique selon la revendication 3, comprenant en
outre un mécanisme de rotation qui tourne autour de I'axe X et qui recoit le boitier sur lequel la structure unitaire
est disposée en formant un angle de 90 degrés, moyennant quoi, en plus du mécanisme de rotation on peut observer
une image tomographique tridimensionnelle.

Appareil d’observation d’image tomographique par interférence optique selon la revendication 6, dans lequel la
lentille de focalisation est remplacée par une lentille de focalisation pour ophtalmoscopie ; et la lumiére d’irradiation
de I'objet est balayée a I'aide d’un miroir galvanique.

Appareil d'observation d'image tomographique par interférence optique selon I'une quelconque des revendications
1 a 6, dans lequel le trajet optique de la lumiére de référence est orienté vers le haut et vers le bas par un groupe
de miroirs de réflexion afin d’accroitre la longueur du trajet optique ; et une fibre optique ayant une longueur cor-
respondant a la longueur accrue est disposée dans le trajet optique s’étendant entre le demi-miroir pour la division
et I'objet, moyennant quoi on peut procéder a un mesurage a distance.

Appareil d'observation d'image tomographique par interférence optique selon I'une quelconque des revendications
1 a 6, dans lequel une fibre optique est disposée dans le trajet optique de la lumiére de référence afin d’accroitre
la longueur du trajet optique ; et une fibre optique capable de transmettre des images et ayant une longueur cor-
respondant a la longueur accrue est disposée dans le trajet optique s’étendant entre le demi-miroir destiné a la
division et I'objet, moyennant quoi on peut procéder a un mesurage a distance.
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