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Applicants: TAKAOKA ELECTRIC MFG COLTD

inventors: ISHIHARA MITSUHIRO

Cilassifications:
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TWO-DIMENSIONAL-ARRAY-TYPE CONFOCAL OPTIC DEVICE
Abstiract

PROBLEM TO BE SOLVED: To obiain an oplic system wherein a structure is simple, manufacture is easy, illumination efficiency

is high and chservation in color and fluorescent light is possible by positioning a pin hole array having the same amray as that of a
micro lens array on its focal face, projecting passed illumination light to an cbject and receiving reflected light. SOLUTION:

itumination fight which passed through a light path branch oplic element 5 is incident {o a micro lens array 8 and condensed ic a

focus of sach micro lens. A pin hole array is placed at this focal position, while each pin hole exists at a focal position of
condensed illumination fight. The iluminatien light which passed through a pin hole is incidenti fo an objective iens 8, is made into
circular polarized light by a 1/4-waveiength plate 10, and an image of the pin hole is projected onto an object A. Reflecteo light

incideni to an image forming optic pat 16 is condensed by an image forming lens 12 so that an image of a face of the micro lens
array & may be formed on a two-dimensional photoelectiic sensor 15, and a confecal image can be oblained on the sensor 15,

https:/'worldwide espacenet.com/patent/search/family/014116990/publication/JPHU9257440A7a=pn%3DJPHOD257440A
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from the projection lens 14 an an object to be monitored 42 Since the wo-dimensionally arranged diodes 13 can wo-
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JPHO7181023A

[0001]

12 INDUSTRIAL APPLICABILITY The present invention relates to a three-dimensional shape
measuring device to which a cofocal optical system is applied, and particularly to a cofocal
optical device that performs three-dimensional measurement using a hologram or a diffraction
grating type half mirror.

[0002]

2o [Problems to be Solved by Conventional Techniques and Inventions] There is a so-called
confocal optical system as a technique for measuring a distance.

22 FIG. 22 shows the principle of the confocal optical system.

[0003]

26 In FIG. 22, the light of the light source 1 is focused by the lens 12 and then incident on the half
mirror 31 through the pinhole PH1 arranged at the focal point F1.

2g The light of the light source 1 becomes the light equivalent to the point light source by the
pinhole PH1 arranged at the focal point F1. The light reflected by the half mirror 31 is
collected by the lens 8 and projected onto the surface of the object 9. In this case, the case
where the surface of the object 9 is located at the focal position F2 of the lens 8 is shown, and
the object 9 is moved and scanned in the XYZ directions by the three-dimensional moving
stage 40. The light scattered on the surface of the object 9 passes through the lens 8 and
passes through the half mirror 31, and then is focused on the point F3 conjugate with the
focal position of the light source 1. A pinhole PH2 is placed at the position of the focal point
F3 so that the passing light is detected by the optical sensor 10.
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[0004]

40 According to this configuration, as shown in FIGS. 23 (a) and 23 (b), when the object surface
70 deviates from the front and rear Z1 and Z2 of the focal position F2, the focal point '3 on
the conjugate point side moves and the light is emitted by the action of the pinhole. The
output of the sensor 10 is significantly reduced.

14 FIG. 24 shows the relationship between the position of the object surface and the output of the

optical sensor 10.

[0005]

49 According to this configuration, the object 9 to be measured is displaced in the Z-axis direction
(optical axis direction) for each XY coordinate position by the three-dimensional moving stage
40, and the output of the optical sensor 10 is sampled according to this displacement. The 7
position when the sampling output is maximized can be detected as the surface position of the
object 9.

54 Therefore, if the XY coordinate positions are sequentially changed to perform the same
measurement, the three-dimensional measurement of the object to be measured 9 can be
performed.

[0006]

60 However, this conventional device has a drawback that it takes a lot of time to detect the
surface shape because only one point of information in space can be obtained at each
measurement time point.

[0007]
66 Therefore, in Japanese Patent Application Laid-Open No. 4-265918, the confocal optical
system is arranged two-dimensionally so that the positions of each object are detected in

parallel, and the configuration is shown in FIG.

[0008]

7z That is, in the device shown in FIG. 25, the light of the light source 1 becomes parallel light
through the lenses 12 and 2 and is incident on the pinhole array PHAT.

74 The pinhole array PHA1 has pinholes arranged in a matrix.

75 The light that has passed through the pinhole array PHA1 passes through the half mirror 31,
is collected by the lenses 8a and 8b, and is projected onto the object 9 to be measured.

77 The object 9 to be measured is placed on a moving stage 35 that can be displaced in the Z-axis
direction. The light reflected by the object 9 to be measured is focused by the lenses 8a and
8h, reflected by the half mirror 31, and imaged at a position conjugate with the pinhole array
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PHAT1. A pinhole array PHAZ is arranged at this imaging position, and the light passing

through the pinhole is detected by each optical sensor 10 of the optical sensor array.

[0009]

85 According to this conventional configuration, the cutput of each optical sensor 10 of the
optical sensor array is sampled separately while the moving stage 35 is displaced in the Z-axis
direction, and the Z direction when each optical sensor output is maximized. The position can

be detected as the surface position of the object 9.

[0010]

9z According to this conventional technique, it is not necessary to move the moving stage in the
XY directions, so that the measurement time can be shortened as compared with the
conventional configuration shown in FIG. 22 above.

[0011]

98 By the way, also in the device shown in FIG. 25, it is necessary to move the moving stage 35 at
a higher speed in order to further increase the shape measurement time, but since the moving
stage 35 must place the measurement target. , There is a limit to its high-speed movement.

101 That is, for example, a very heavy and large measurement target, a measurement target that

cannot withstand the inertial force due to high-speed displacement because it has a very
delicate structure, and the like are difficult to move by the high-speed moving stage.

[0012]

107 As a method for solving this problem, it is conceivable to fix the measurement target 9 and
move and displace the measuring instrument itself in the 7 direction.

100 However, in order to displace the measuring instrument at high speed, the measuring
instrument itself must be small and lightweight, its structure must be robust, and it must be
able to withstand the inertial force due to the high speed displacement.

112 However, in the conventional technique shown in FIG. 25, since measures for high-speed
movement are not taken, problems such as the confocal optical system being broken may
occur when moving at high speed.

115 Eispecially in the confocal optical system, it is important to always accurately position the
pinhole arrays PHA1 and PHAZ at the position conjugate with respect to the half mirror 31
so that the confocal optical system is always effective. In the past, there was a limit to
satisfying both the fact and the demand for smaller size and lighter weight.

[0013]
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12z Further, the half mirror 31 of FIG. 25 usually uses a prism type, but since this prism type
requires a cubic region, the focal position of the light source (pinhole array PHA1) and the
focal point of the light receiving light (pinhole array PHAZ2). Must be located outside the cube
region where the half mirror 31 is located, so that the distance from the lens 8a to each focal
point cannot be less than the length of the cube of the half mirror 31.

127 Further, the geometric distance between the focal point of the light source of the confocal
unit and the focal point of the light receiving light with respect to the half mirror 31 is
different for each confocal unit. Therefore, in the conventional configuration shown in FIG.
25, there is a limit to the size and weight reduction, and it is necessary to accurately align the
focus of the light source and the focus of the light receiving.

[0014]

135 The present invention has been made in view of such circumstances, and a confocal optical
device capable of reducing the size and weight of the device, performing three-dimensional
shape measurement at high speed and with high accuracy, and facilitating the alignment of
each part. The purpose is to provide.

[0015]

142z Means and Actions for Solving the Problems In the present invention, a light source, a first
opening that allows light emitted from the light source to pass through to be point source
light, and light that has passed through the first opening. An objective lens that condenses
light on the object to be measured, a second opening located on a surface conjugate to the
condensing surface on the object to be measured, and light that detects light that has passed
through the second opening. In a cofocal optical device having a detector, the first and
second openings are arranged at the same position and shared by the same opening, and the
detection surface of the optical detector is shared by the same opening. It is characterized in
that it is arranged on almost the same surface as the portion.

[0016]

154 According to the invention, the first and second openings are shared by the same opening,
and the detection surface of the photodetector is arranged on the same surface as the same
opening, , The second aperture and the photodetector can be easily aligned, and the

configuration of these parts can be made thin, compact, and robust.

[0017]

161 Further, according to the present invention, a light source, an optical element that receives
light from the light source and acts as a half mirror and a diffraction lattice, and an optical
element that is arranged in close contact with or close to the optical element, and O from the
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optical element. A first condensing means for condensing the next light, a pinhole for passing
the light condensed by the first condensing means, and a pinhole for condensing the light
passing through the pinhole to the object to be measured. A second condensing means for
projecting light and condensing the light scattered by the object to be measured to the
pinhole is provided, and the optical element is provided via the pinhole and the first
condensing means. The primary diffracted light of the re-incident light is incident on the first
condensing means, and further includes a light detector that receives the primary diffracted

light condensed by the first condensing means. I am trying to do it.

[0018]

175 That is, according to the configuration of the present invention, since the focal point of the
light source and the focal point of the light receiving light of the confocal optical system are
at the same position, it is sufficient to arrange a common pinhole for both focal points at this
position, so that a stable confocal focus can be obtained. The effect can be obtained, the
alignment of each focus becomes unnecessary, and the device can be made smaller and
lighter.

181 In addition, since optical elements such as a flat hologram and a flat diffraction grating half
mirror are used to obtain the effects of the half mirror and the diffraction grating, the
confocal optical system should be arranged in an extremely thin region. Can be done.

[0019]

187 Further, in the present invention, a parallel slit light generating means for generating parallel
slit light that is sequentially moved and scanned and a plurality of openings for passing light
are arranged two-dimensionally, and the parallel slit light from the parallel light generating
means is incident. An optical element that acts as a half mirror and a diffractive element by
incident light that has passed through the aperture array and the aperture array, and is
arranged close to the optical element to collect Oth-order light from the optical element. A
lens array in which a plurality of lenses to be formed are two-dimensionally arranged, a
pinhole array in which a plurality of pinholes for passing light collected by each lens of the
lens array are two-dimensionally arranged, and each of the pinholes. The optical element is
provided with a condensing means for condensing the light passing through the object and
projecting it onto the object to be measured, and condensing the light scattered by the object
to be measured on each pinhole. The optical detector that receives the primary diffracted
light of the light re-incident through the lens array is incident on the lens array, and further
receives the primary diffracted light collected by each lens of the lens array. A plurality of
two-dimensionally arranged light detector arrays and at least a part of the parallel slit light
generating means, aperture array, optical element, lens array, pinhole array, condensing
means, and light detector array are arranged in the optical axis direction. A three-
dimensional distance measuring means that measures the three-dimensional distance of the
object to be measured based on the moving control means to be moved and the output of
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each optical detector corresponding to the moving scanning of the parallel slit light and the

movement control of the moving control means. T am trying to prepare for.

[0020]

211 According to the invention, parallel slit light is incident on a confocal optical system in which

an aperture, a lens, a pinhole, and a photodetector are arranged two-dimensionally, and each

photodetector receives reflected light from an object to be measured. To do.

214 Then, the three-dimensional distance measurement of the object to be measured is performed

based on the output of each photodetector corresponding to the moving scan of the parallel
slit light and the moving scanning by the movement control means.

[0021]
zzo Turther, in the present invention, a surface light generating means for generating a surface

light, an aperture array in which a plurality of openings for passing light are two-
dimensionally arranged and the surface light from the surface light generating means is
incident, and the opening array. An optical element that acts as a half mirror and a diffractive
element and a plurality of lenses that are arranged close to the optical element and collect
the Oth-order light from the optical element are two-dimensional. The lens array arranged in
the above, the pinhole array in which a plurality of pinholes for passing the light collected by
each lens of the lens array are arranged in two dimensions, and the light passing through
each pinhole are collected. It is provided with a condensing means for projecting light onto
the object to be measured and condensing the light scattered by the object to be measured to
each pinhole, and the optical element is regenerated via the pinhole and the lens array. Light
in which the primary diffracted light of the incident light is incident on the lens array, and a
plurality of light detectors that receive the primary diffracted light collected by each lens of
the lens array are arranged in two dimensions. The detector array, the movement control
means for moving at least a part of the surface light generating means, the aperture array,
the optical element, the lens array, the pinhole array, the condensing means, and the light
detector array in the optical axis direction, and the movement. It is provided with a three-
dimensional distance measuring means for measuring the three-dimensional distance of the
object to be measured based on the output of each of the light detectors corresponding to

the movement control of the control means.

[0022]

243 According to the invention, a surface ray is incident on a confocal optical system in which an

aperture, a lens, a pinhole, and a photodetector are arranged two-dimensionally, and each
photodetector receives reflected light from an object to be measured. ..

246 Then, the three-dimensional distance measurement of the object to be measured is performed

based on the output of each photodetector corresponding to the movement scanning by the
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movement control means.

[0023]
252 Hereinafter, the present invention will be described in detail with reference to Examples

shown in the accompanying drawings.

[0024]

257 FIG. 2 shows the basic configuration of the present invention.

[0025]

261 In FIG. 2, the laser light (or monochromatic light equivalent to the laser light) output from the
light source 1 becomes parallel light 3 by the lens 2 and is incident on the reflective
hologram 4.

264 The reflective hologram 4 acts as a half mirror and a diffraction grating, and is exposed by
parallel light forming an angle @ with the optical axis direction as shown in FIG. 3A.

266 When this hologram 4 is developed so as to have a diffraction efficiency of 40%, for example,
when the parallel light shown by the solid line in FIG. 3B is incident, the Oth-order light (-
dotted chain line) and the 1st-order light (broken line) are generated. It is obtained with an
intensity of 60% and 40% of the incident light, respectively.

z7o Further, if parallel light in the direction opposite to that in FIG. 3 (b) is incident on this
hologram, as shown in FIG. 3 (c). the Oth-order light and the primary light are 60% and 40%
of the incident light, respectively. Obtained with strength.

[0026]

276 In FIG. 2, slit parallel light is incident on the hologram 4 in the same direction as in FIG. 3 (b),
and the Oth-order light is focused on the focal position 6 by the lens 5 close to the reflective
hologram 4.

279 A pinhole 7 is arranged at the focal position 6, and light passes through the hole of the
pinhole 7.

281 The light that has passed through the pinhole 7 is again focused by the lens 8 and irradiated
onto the object to be measured 9.

283 The light reflected by the object 9 to be measured is collected again by the lens 8 and passes
through the pinhole 7 again.

2g5 The light that has passed through the pinhole 7 is collected by the lens 5 and incident on the
hologram 4 as parallel light in the opposite direction to the parallel light 3 from the light
source.

288 As shown in FIG. 3C, the first-order diffracted light of the parallel light incident on the
hologram 4 is reflected at an angle @ and condensed through the lens 5.
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290 A photodetector 10 is arranged at this condensing position, and detects the amount of light
incident by the photodetector 10.

[0027]

295 That is, according to this configuration, the focal position on the light source side and the
focal position on the light receiving side of the confocal optical system are the same position
6, and the pinhole 7 can be shared.

298 Therefore, a stable confocal effect can be obtained, and the conventional alignment between
the focus of the light source and the focus of the received light source becomes unnecessary.

aoo Further, by making the reflective hologram 4 function as a half mirror, it is possible to realize
miniaturization (flattening) and weight reduction that could not be achieved by the
conventional configuration.

[0028]

306 F1G. 1 shows a first embodiment of the present invention, in which the present apparatus
includes a fixed portion 20 and a movable portion 30 that moves along the optical axis
direction (7 direction).

[0029]

312 The laser light generated from the laser light source 1 is converted into slit parallel light by
the lenses 11 and 12, and is deflected by the polyhedral rotating mirror 13.

314 The deflected slit parallel light is incident on the telecentricly arranged cylindrical lens 2, is
deflected in the optical axis direction, and is sequentially scanned in the direction of arrow A
shown by rotation by the polyhedron rotating mirror 13.

217 The polyhedral rotation mirror 13 is rotationally scanned by the movement control unit 50. In
this way, the parallel slit light [.a scanned in the A direction is sequentially incident from the
fixed portion 20 to the movable portion 30.

[0030]

32z A galvano mirror may be used instead of the polyhedral rotating mirror 13, and an f— 0 lens

may be used instead of the cylindrical lens 2 to perform constant velocity scanning.

[0031]

328 At the light inlet of the movable portion 30, an aperture array 14 in which an aperture 14a
for effectively injecting light into each lens 5a of the lens array 5 is formed at a position
corresponding to each lens is arranged, and a half is arranged below the aperture 14a. A
reflective hologram 4 that functions as a mirror and a diffraction lattice is arranged.
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332 The reflective hologram 4 functions in the same manner as that shown in FIGS. 2 and 3
above.
334 The vertical positional relationship between the reflective hologram 4 and the aperture array

14 may be reversed.

[0032]

339 Under the reflective hologram 4, a lens array 5 is arranged close to or in close contact with
the reflective hologram 4, and the Oth-order light of the light incident on the hologram 4 is
focused on the focal position of each lens 5a.

342 Fach pinhole 7a of the pinhole array 7 is arranged at the focal position of each lens 5a, and
each of the focused light passes through the pinhole 7a. The width of the parallel slit light is
smaller than the pitch of each lens 5a of the lens array 5.

[0033]

348 The lenses 8a and 8b are a so-called telecentric system, and all images of the pinhole array 7
are imaged in parallel in the optical axis direction.

350 Therefore, even when the movable portion 30 is moved in the optical axis (Z-axis) direction,
the XY positions of the light spots formed on the measurement object 9 do not change.

[0031]

355 The light scattered by the measuring object 9 is collected by the lenses 8b and 8a, passes
through the pinhole array 7 having a cofocal effect, is incident on the lens array 5, and is
transmitted from the lens 2 by the individual lenses 5a of the lens array 5. It is incident on
the reflective hologram 4 in the same direction as shown in FIG. 3 (c) as parallel light in the
direction opposite to the emitted slit parallel light.

z60 The primary diffracted light of the reflective hologram 4 is again incident on the individual
lenses 5a of the lens array 5 and condensed at an angle @, respectively. The photodetector
array 10 is arranged so that the individual photodetectors 10a are arranged at each of these

light collection positions.

[0035]

267 In such a configuration, the measuring object 9 is fixedly arranged on an appropriate table

369 On the other hand, the movable unit 30 is moved along the optical axis (Z axis) direction by
the movement control unit 50 in synchronization with the rotational scanning by the
polyhedral rotation mirror 13. In the three-dimensional measuring unit 60, the outputs of the
individual detectors 10a of the photodetector array 10 are sequentially sampled as the
movable unit 30 moves, and the Z position when each output is maximized is the position of
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the object surface. Detect as.

[0036]
a7g Further, in such a configuration, the aperture array 14, the reflective hologram 4. the lens
array 5, the photodetector array 10 and the pinhole array 7 are integrally formed in a plane

by using a semiconductor process as shown in FIGS. 4 and 5. Ts formed.

[0037]

381 That is, in FIGS. 4 and 5, the aperture array 14 is formed of a light-shielding plate, and the
aperture 14a is formed at a position corresponding to each lens 5a of the plate.

386 Tor the light-shielding film of the aperture array 14, for example, a three-layer film of Cr203
/ Cr / Cr203 is formed by sputtering.

asg The light reflected by Cr in the intermediate layer of the three-layer film is multiple-reflected
and attenuated by the Cr203 film.

[0038]

392 In this case, the lens array 5 uses a flat plate microlens (PML).

394 The flat plate microlens creates a plurality of lens 5a portions by forming a refractive index
distribution by selectively diffusing ions in a flat glass substrate 5. A non-reflective coating is

applied to the light incident portion of each lens portion 5a of the lens array 5.

[0039]

100 Therefore, the hologram 4 exposed and developed as shown in FIG. 3A is brought into close
contact with the glass substrate 5 of the lens array thus produced, and the aperture array 14
is further formed on the hologram 4.

403 If heat resistance during manufacturing of the hologram 4 becomes a problem, the aperture
array 14 may be formed on the glass substrate of the lens array 5, and then the exposure-

developed hologram 4 may be brought into close contact with the aperture array 14. ..

[0040]
409 Further, the photodetector array 10 and the pinhole array 7 are formed on the flat glass
substrate 15 having the non-reflective coating on the contact surface with the glass substrate

5 at a pitch corresponding to the lens pitch of 5 of the lens array.

[0041]

415 Then, the flat glass substrate 15 on which the photodetector array 10 and the pinhole array 7
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are formed and the glass substrate 5 on which the aperture array 14, the hologram 4 and the
lens array 5 are formed are aligned and brought into close contact with each other. , Form

this part.

[0042]

12z When joining the microlens substrate 5 and the glass sensor substrate 15, it is possible to
prevent inconvenient reflection at the interface between these substrates by filling a
transparent refracting liquid having a refractive index substantially the same as that of glass
between them. it can.

[0043]

429 Similarly, when joining the microlens substrate 5 and the hologram 4, a transparent refracting
liquid having substantially the same refractive index as glass is filled between them to
prevent inconvenient reflection between these substrates. You can also.

[0044]
135 I'IG. 6 shows the manufacturing process of the pinhole array 7 and the photodetector array
10, and the details thereof will be described below in the order of manufacturing.

[0045]

440 (a) Flat glass substrate 15 (b) A transparent conductive film (TCO) 16 is formed on the flat
glass substrate 15.

442 TCO uses SnO2 or the like.

142 (¢) Except for the photodetection element portion 17 and the pinhole portion 18 is removed
from the transparent conductive film 16 by, for example, etching.

445 The reason why the transparent conductive film of the pinhole portion is left in this step is to
prevent the glass at the opening of the pinhole from being eroded by the etching in the
subsequent step (g).

448 (d) Amorphous silicon 19 is formed on this.

449 (¢) The pinhole portion 18 of the amorphous silicon 19 is removed by etching or the like.

450 (f) The nickel film 21 is formed. (g) For example, the nickel film 21 is removed from the nickel
film 21 except for the photodetector portion 22 and the pinhole portion 23. In addition, each
opening of the pinhole is also formed by etching. (h) A transparent insulating film 24 is
formed on this upper layer. (i) Further, a nickel film 25 is formed. (j) The pinhole portion 26
of the nickel film 25 is formed by etching.

[0046]
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458 Through these series of treatments, a photodetector element composed of amorphous silicon
19, a transparent anode electrode 17, and a metal cathode electrode 22 is formed, and a

light-shielding portion of a pinhole is formed by nickel films 23 and 25.

[0047]

164 FIG. 7 shows another manufacturing method, and the details therecof will be described below
in the order of manufacturing.

[0048]

169 (a) Flat glass substrate 15 (b) A transparent conductive film (TCO) 16 is formed on the flat
glass substrate 15.

471 (c) Except for the photodetection element portion 17 and the pinhole portion 18 is removed
from the transparent conductive film 16 by, for example, etching.

473 The reason why the transparent conductive film of the pinhole portion is left in this step is to
prevent the glass at the opening of the pinhole from being eroded by the etching in the
subsequent steps (e) and (k).

476 (d) Amorphous silicon 19 is formed on this. (¢) The pinhole portion 18 of the amorphous
silicon 19 is removed by etching or the like. (f) The nickel film 21 is formed. (g) Except for
the photodetector portion 22 is removed from the nickel film 21 by, for example, etching. (h)
An insulating film 24 is formed on this upper layer. (i) The pinhole portion 27 is removed
from the insulating film 24 and the amorphous silicon 19 by etching or the like. (j) A nickel
film 25 is formed. (k) The pinhole 26 portion of the nickel film 25 is removed by etching to
form a pinhole.

[0049]
186 Through these series of treatments, a photodetector element composed of amorphous silicon
19, a transparent anode electrode 17, and a metal cathode electrode 22 is formed, and a

light-shielding portion of a pinhole is formed by a nickel film 25.

[0050]
492 F1G. 8 shows still another manufacturing method, and the details thereof will be described

below according to the manufacturing order.

[0051]

497 (a) Flat glass substrate 15 (b) A transparent conductive film (TCO) 16 is formed on the flat
glass substrate 15.

499 (¢) Except for the photodetection element portion 17 and the pinhole portion 18 is removed
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from the transparent conductive film 16 by, for example, etching.

50t The reason why the transparent conductive film of the pinhole portion is left in this step is to
prevent the glass at the opening of the pinhole from being eroded by the etching in the
subsequent step (j).

504 (d) Amorphous silicon 19 is formed on this. (e) The nickel film 21 is formed. (f) Except for the
photodetector portion 22 is removed from the nickel film 21 by, for example, etching. (g) An
insulating film 24 is formed on this upper layer. (h) The pinhole portion 27 is removed from
the insulating film 24 by etching or the like.

[0052]

511 (i) A nickel film 25 is formed.

512 (j) The nickel film 25 and the pinhole portion 28 of the amorphous silicon 19 are removed by
etching to form a pinhaole.

[0053]

517 Through these series of treatments, a photodetector element composed of amorphous silicon
19, a transparent anode electrode 17, and a metal cathode electrode 22 is formed, and a
light-shielding portion of a pinhole is formed by a nickel film 25.

sz0 That is, according to this manufacturing method, the pinhole portions of the nickel film 25

and the amorphous silicon 19 are removed every time by etching in the step (j).

[0054]

525 F1G. 9 shows a photodetector array 10 composed of n ¥ m photodetectors S11 to Snm and a
circuit configuration for reading signals of these photodetectors S11 to Snm, and shows an
odd-row photodetector. Is connected to the analog multiplexer M1 with a common
connection line for each column, and the photodetectors in even rows are connected to the
analog multiplexer M2 with a common connection line for each column.

530 The hatched photodetectors E1 to Em are for generating the read timing signals VD1 and
VD2 in line units, and the photodetector F is for outputting the start timing signal FD of one

read scan. It is a thing.

[0055]

536 The region surrounded by the broken line in FIG. 9 is the irradiation region at a certain point
in time of the parallel slit light La in FIG. 1, and the irradiation region is moved and scanned
in the direction of arrow A by scanning with the polyhedral rotating mirror.

539 That is, the moving scanning of the parallel slit light is performed alternately in the order of
odd-numbered rows — even-numbered rows, and the signal detected by the photodetector of
the odd-numbered rows is sequentially read out column by column by the multiplexer M1 to
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obtain even-numbered rows of light. The signals detected by the detector are sequentially

read out in sequence by the multiplexer M2.

[0056]

547 According to such a configuration, even when the incident parallel slit light is incident across
the odd-numbered rows and the even-numbered rows, both signals can be read
independently from each row.

550 Therefore, the photodetectors can be arranged close to each other, the area of the light-
shielding portion of the aperture array 14 can be reduced, and the configuration of this
portion can be further miniaturized.

[0057]

556 In T1G. 9, the hatched photodetectors E1 to Em for generating the timing signal are arranged
at the matrix position where the pinhole 7 at the end of the photodetector matrix should be
located, and are arranged from the fixed portion 20. The parallel slit light La is directly
incident.

560 The signal VD1 is a signal for determining the read timing of odd-numbered lines, and the
signal VD2 is a signal for determining the read timing of even-numbered lines. Further, the
photodetector T for generating the reading start timing signal FD is arranged at a matrix
position where the pinhole 7 should be located at the opposite end to the photodetector E1

in the first row, for example.

[0058]

568 I1G. 10 shows the timing of the output signals V1 and V2 from the timing signals FD, VD1,
VD2 and the multiplexers M1 and M2. In this case, each photodetector S11 to Smn functions
as a charge storage type. It acts to read the output of the odd-numbered line detector at the
falling edge of VD1 and to read the output of the even-numbered line detector at the falling
edge of VD2.

573 Therefore, according to this circuit configuration, while the light is incident on the odd-
numbered row detector, the output of the even-numbered row detector that has already

accumulated charge is read out, and vice versa, and so on.

[0059]
579 Instead of the multiplexers M1 and M2, the charge transfer method applied in the CCD
camera sensor may be used.

[0060]
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584 Further, in the above circuit, the signal VD1 is delayed and the output of the even-numbered
line detector is read out by using this delay signal as a trigger, and the signal VD2 is delayed
and the output of the odd-numbered line detector is read out by using this delay signal as a
trigger. You may.

588 Further, the rise of the signals VD1 and VD2 may be delayed, and the output of each detector

may be read by these delay signals.

[0061]

593 FIG. 11 shows another embodiment of the present invention. In this case, instead of using the
scanning slit parallel light as in the previous embodiment of FIG. 1, a non-scanning parallel
plane ray Lb is used. Try to use it.

596 Turther, the movable portion 30 is composed of only the lens 8a, and the other portions are
arranged on the fixed portion 20 side.

598 Other configurations are the same as those in the embodiment of FIG. 1, and components that
achieve the same function are designated by the same reference numerals.

[0062]

603 That is, in FIG. 11, the laser light generated from the laser light source 1 is converted into Lb
by the cylindrical lenses 12 and 2 into parallel plane rays, and is incident on the aperture
array 14.

606 The light that has passed through the aperture of the aperture array 14 is focused on the
measuring object 9 via the hologram 4, the lens array 5, the pinhole array 7, and the lenses
8a and 8b, as described above. The light scattered by the measuring object 9 is incident on
the hologram 4 via the lenses 8b and 8a, the pinhole array 7, and the lens array 5, is
diffracted by the hologram 4, and is incident on each detector of the photodetector array 10.
Will be done.

[0063]
615 In this case, since the parallel plane ray Lb is used, the return light of the parallel plane ray Lb

is simultaneously incident on all the detectors of the photodetector array 10.

[0064]

620 According to this embodiment, since the movable portion 30 is composed of only the lens 8b,
the loading weight can be reduced and the configuration for mobile scanning can be
simplified.

0065
[
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626 [iven when the parallel plane ray Lb is used as shown in FIG. 11, as shown in FIG. 1, the lower
portion {(aperture array 14, hologram 4, lens array 5, light detection) is provided by the
aperture array 14. The instrument array 10, the pinhole array 7. and the lenses 8a and 8b)
may be configured as movable parts.

630 Further, in FIG. 11, all the components other than the measurement target object 9 may be

configured as the movable portion 30.

[0066]

635 FIG. 12 shows yet another embodiment of the present invention, in which case the entire
device is configured as a movable portion 30.

637 Further, as a light source for generating a surface ray, a laser light source array 40 in which a
plurality of laser elements are arranged in a matrix is used.

639 This laser light source array is known as a PHOTONICS RESERCH INCORPORATED array type
surface emitting semiconductor laser.

641 Turther, the lens array 50 is used as a lens for changing the light beam output from the array
type surface emitting semiconductor laser 40 into parallel light. Other configurations are the
same as those of the embodiment of FIG. 1 or FIG. 11, and the components that achieve the
same function are designated by the same reference numerals.

[0067]

648 That is, in FIG. 12, the laser light generated from the laser light source 40 is converted into
parallel plane rays by the lens array 50 and incident on the aperture array 14.

650 The light that has passed through the aperture of the aperture array 14 is focused on the
measuring object 9 via the hologram 4, the lens array 5, the pinhole array 7, and the lenses
8a and 8b, as described above. The light scattered by the measuring object 9 is incident on
the hologram 4 via the lenses 8b and 8a, the pinhole array 7, and the lens array 5, is

diffracted by the hologram 4, and is incident on each detector of the photodetector array 10.
Will be done.

[0068]

650 In this embodiment, the array tvpe surface emitting semiconductor laser 40 may be
sequentially emitted in row units to function as slit light as in the previous embodiment of
FI1G.

[0069]

665 F1G. 13 shows still another embodiment of the present invention. In this embodiment, a
diffraction grating type half mirror 41 as shown in FIG. 14 is used instead of the reflective
hologram 4 in each of the above embodiments. , The 1/4 wavelength plate 42 is interposed
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between the lenses 8a and 8b.
669 In FIG. 13, the arrangement position of the 1/4 wavelength plate 42 may be any position as

long as it is in the optical path of the confocal optical system.

[0070]

674 The diffraction grating type half mirror 41 acts as a half mirror and a diffraction grating like
the reflection type hologram 4, and is disclosed in Japanese Patent Application Laid-Open
No. 61-17103.

677 That is, a plurality of inclined surfaces are provided on the transparent members 43 and 44
having substantially the same refractive index, and a polarization-dependent reflective film
45 is formed on these inclined surfaces to form a relief type diffraction grating. It is
supported by parallel flat plates 46 and 47 provided on the.

68t The reflective film 45 is configured to have a transmittance of approximately 100% for P-
polarized light and approximately 100% for S-polarized light.

[0071]

686 Therefore, in FIG. 13, when a P-polarized wave is emitted from the light source 1 using a laser
having a linear polarization characteristic, the P-polarized wave is incident on the diffraction
grating type half mirror 41, and most of the P-polarized wave is transmitted.

689 Further, this P-polarized wave is circularly polarized through the 1/4 wavelength plate 42,
and is focused on the object to be measured 9 by the objective lens 8b. The light reflected by
the object 9 to be measured becomes an S-polarized wave by passing through the 1/4
wavelength plate 42, and is incident on the diffraction grating type half mirror 41 through
the lens 8a and the pinhole 7, and the half mirror 41 Tt is reflected by the reflective film 45
of the above and is incident on the light detector 10.

[0072]

698 In the embodiment shown in FIGS. 2, 11 or 12, the diffraction grating half mirror 41 as
shown in FIG. 14 may be used instead of the hologram 4.

7o0 Of course, in that case, the 1/4 wavelength plate 42 is arranged in the optical path of the

confocal optical system.

[0073]

705 Next, FIG. 15 shows a modified example of the thin plate-shaped optical device portion shown
in FIG. 5, and in this case, the microlens array 5 and the glass substrate 15 are brought into
close contact with each other as shown in FIG. Instead, the microlens array 5 and the
photodetector array 10 are brought into close contact with each other.
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[0074]

712 That is, the function of the photodetector array 10 and the pinhole array 7 are configured by
the configuration of the upper light-shielding film 51, the lower light-shielding film 52, the
upper insulating film 53, the lower insulating film 54, the upper electrode 55, the lower
electrode 56, and the photodetector portion 57. The function of the above is realized, and
such a component is brought into close contact with the microlens array 5 by a refractive

index adjusting liquid 58 or the like.

[0075]
721 FIG. 16 shows the manufacturing process of the photodetector array 10 and the pinhole array
7 in the configuration of FIG. 15, and the details thereof will be described below in the order

of manufacturing.

[0076]

727 (a) Flat glass substrate 15 (b) A lower light-shielding film 52 is formed on the flat glass
substrate 15.

729 (¢) A pinhole array 7A is formed on the lower light-shielding film 52.

730 (d) A lower insulating film 54 is formed on this.

731 (¢) Further, a lower electrode 56 is formed on the lower electrode 56. (f) A pattern of the
lower electrode 56 is formed.

733 (g) Further, a light detection portion (amorphous silicon) 57 is formed on the photodetector
portion 57. (h) A pinhole array 7B is formed on the photodetector portion 57. (i) Film the
upper electrode 55 (j) Form the pattern of the upper electrode 55. (k) The upper insulating
film 53 is formed. (I) The upper light-shielding film 51 is formed. (m) A pinhole array 7C is
formed on the upper light-shielding film 51, and an opening 7D of a photodetector is formed.
Next, FIG. 17 shows that the photodetector portion 57 is made of a single crystal silicon
semiconductor instead of amorphous silicon. The same components as those shown in FIG.

15 are designated by the same reference numerals.

[0077]

744 That is, in this case, a SiO2 film is formed on both sides of the silicon substrate by a thermal
oxidation method or a CVD method, and a pn junction is formed by using a thermal diffusion
method or an ion implantation method using the SiO2 film as a mask to form a
photodetector. Form an array part.

748 After that, the SiOZ2 film is formed and patterned again, and the pinhole array portion is
formed by an etching technique such as the RIE method. Then, the photodetector array
having the pinholes thus created is brought into close contact with the microlens array 5 by
the refractive index adjusting liquid 58. In the case of close contact with the microlens, the
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silicon and the microlens array may be directly bonded by using the bonding SOI technique.
Further, instead of single crystal silicon, a material capable of photoelectric conversion such
as a IlI-V semiconductor may be used. Further, the upper electrode 55 and the lower

electrode 56 may be sandwiched as in the examples of FIGS. 15 and 17, but may be formed

in the same plane as shown in FIG.

[0078]

760 Next, FIG. 19A shows yet another modification of the thin plate-shaped optical device portion
shown in FIGS. 5 and 15, and FIC. 19B is a plan view of the annular photodetector 10a. Is.

[0079]

765 That is, in FIG. 19, the action of the half mirror is realized by the half mirror coating film 59,
and the light reflected by the half mirror film 59 can be detected by the photodetector 10 by
making the photodetector 10 annular. T am trying to do it.

[0080]

771 In the configuration shown in FIG. 19, the light from the light source passes through the
aperture array 14 formed of the light-shielding film, is collected by the microlens of the
microlens array 5, and the pinhole 7a formed on the glass substrate 15 Pass through.

774 The reflected light from the object to be measured passes through the pinhole 7a, is reflected
by the half mirror coating film 59, and is incident on the annular photodetector 10a.

[0081]
779 The annular photodetector 10 and the pinhole array 7 are formed on the glass substrate 15
by using a semiconductor process.

[0082]
784 F1G. 20 shows a modified example of the circuit configuration for reading the signal of each
detector of the photodetector array 10 shown in FIG. 9, and in this case, each detector is

divided into four blocks. [ am trying to do it.

[0083]

790 That is, the photodetector in row (4n-3) is connected to the analog multiplexer M1, the
photodetector in row (4n-2) is connected to the analog multiplexer M2, and the
photodetector in row (4n-1) is analog. It is connected to the multiplexer M3, and the 4n-row
photodetector is connected to the analog multiplexer M4. By increasing the number of
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divisions as compared with the previous two-division embodiment, the signal reading speed

is increased. There is.

[0084]

799 The analog multiplexer may be connected to the photodetector array by wire bonding or the
like, or may be monolithically configured on the same substrate as the photodetector array.

sot Turther, not only the row direction but also the column direction may be divided into a
plurality of blocks.

[0085]

so6 Next, as shown in FIGS. 11 and 12, FIG. 21 illustrates a signal readout circuit of the
photodetector array when the surface light is irradiated. In this case, the photodetector array
has a transistor or the like. The XY address method incorporating the switching element of is
adopted.

g0 A charge transfer method may be adopted as the read method.

[0086]

814 By the way, in the embodiment shown in FIGS. 1, 11 and 12, the object 9 to be measured is
fixed, but the object 9 to be measured is placed on the XY moving stage so as to be movable,
and the measurement target area. May be changed as appropriate so that measurement can
be performed.

s1g T'urther, by configuring the XY moving stage or the movable portion 30 so as to be finely
displaced in the XY direction, higher resolution measurement becomes possible.

[0087]
sz3 Turther, in the embodiment shown in FIGS. 1, 11 and 12, the measuring instrument side may
be fixed and the object 9 to be measured may be moved and scanned in the three-

dimensional direction to perform three-dimensional measurement.

[0088]
829 Turther, the configuration of the confocal optical system is shown as an example, and other
configurations may be adopted as long as the same functions as those shown in the examples

can be achieved.

[0089]
835 INDUSTRIAL APPLICABILITY As described above, according to the present invention, since
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the focal point of the light source and the focal point of the light receiving light of the
confocal optical system are obtained by pinholes arranged at the same position, the
measuring device is compact, lightweight and robust. If it is adopted in a configuration in
which the whole or a part of the measuring device is moved, it is very advantageous in
various aspects such as high-speed measurement, alignment, stability, and measurement

accuracy.
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*atent Transiate

Fowersd by BRO and Google

Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JP2012202776A

16 Distance measuring device

[0001]

14 The present invention relates to a distance measuring device.

[000Z]

18 Conventionally, a distance measuring device that irradiates an object to be measured with an
optical pulse, measures the response time required from the emission of the optical pulse to
receiving the reflected light pulse, and measures the distance to the object to be measured. It
is used. In the distance measuring device, when the distance to the object to be measured
becomes long, the signal intensity due to the reflected light pulse becomes small due to factors
such as disturbance, and the measurement accuracy deteriorates. On the other hand, if the
photodetector is adjusted so that it can detect a weak signal, the photodetector becomes
saturated with high-intensity reflected light such as a reflected light pulse from a
measurement object located at a short distance, and measurement becomes impossible.

[0003]

20 In particular, a distance measuring device for a vehicle is required to have a performance
capable of accurately measuring a distance to a measurement object in a wide range from
several tens of centimeters to 100 m or more ahead.

22 The intensity of reflected light changes in inverse proportion to the square of the distance. For
example, when the distance to the object to be measured changes from 1 m to 100 m or more,
the intensity of the reflected light changes by four orders of magnitude or more. Usually, the
dynamic range of a photodetector is about 2 to 3 digits. If the intensity of the reflected light
changes by four orders of magnitude or more, the dynamic range of the photodetector
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becomes insufficient.

[0004]

42 In order to solve this problem, various methods for expanding the dynamic range of the
photodetector have been studied.

44 For example, the reflected light from the distance measurement object is separated into a
plurality of received lights, the separated received lights are attenuated by different amounts
of light attenuation, and the signal whose level is equal to or higher than a predetermined
discrimination threshold and is the smallest is selected. , A pulse laser ranging device that
measures the reciprocating time of the pulsed laser beam based on the selected signal and the
transmitted light to the ranging object has been proposed (Patent Document 1).

[0005]

53 When low-intensity incident light is incident on the light-receiving optical system, the output
of the highly sensitive first light-receiving element (avalanche photodiode: APD) is used, and
high-intensity incident light is incident on the light-receiving optical system. In this case, a
radar device using the output of a low-sensitivity second light receiving element (PIN type
photodiode: PD) has been proposed (Patent Documents 2 and 3).

[0006]

st BT —6 942 2B4%
22008 2020 350
3Bl 2 008 20204540

[0007]

67 However, the apparatus described in Patent Document 1 requires an optical system that
separates the reflected light from the distance measuring object into a plurality of received
lights, a plurality of optical attenuators, and a plurality of photodetectors (light receiving
elements). There is a problem that the entire device becomes large.

71 Further, if an optical attenuator is provided for each photodetector, there is a problem that the

total amount of received light is reduced and the signal noise ratio (S / N) is lowered.

[0008]

76 Further, in the devices described in Patent Documents 2 and 3, two types of light receiving
elements having different operating principles, a first light receiving element (APD) and a
second light receiving element (PD), are required, and the configuration of the drive circuit is
complicated. There is a problem of becoming.
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so Further, the intensity of the reflected light incident on the light receiving optical system
changes according to the distance from the object to be measured, and there may be an
intensity range that cannot be measured between APD and PD having significantly different

light receiving sensitivities. There is sex.

[0009]

87 The present invention has been made to solve the above problems, and an object of the
present invention is to expand the intensity range (dynamic range) of reflected light that can
be detected by a light detector with a simple configuration, and to measure. It is an object of
the present invention to provide a distance measuring device capable of accurately measuring
the distance to a measurement object regardless of the distance to the object.

[0010]

95 In order to achieve the above object, the invention according to claim 1 is a light projecting
unit that projects measurement light onto a measurement object and condensing optics that
collects reflected light reflected by the measurement object. The system, a photodetector in
which a plurality of light receiving elements having a constant light receiving sensitivity are
arranged in the irradiated surface, and the condensing optical system and the photodetector
are arranged, and the light receiving elements are arranged on the irradiated surface. A light
amount distribution conversion element that converts the light amount distribution of the
reflected light collected by the condensing optical system so that a predetermined light
amount distribution can be obtained according to the position where each of the plurality of
light receiving elements is arranged, and the above. It is a distance measuring device including
a control unit that acquires detection signals from a plurality of light receiving elements and
calculates the distance to the measurement target based on the acquired plurality of detection
signals.

[0011]

111 According to the second aspect of the present invention, the control unit selects a detection
signal that has not reached the saturation level from the plurality of acquired detection
signals, and reaches the measurement object based on the selected detection signal. The
distance measuring device according to claim 1, wherein the distance is calculated, or the
sum signal of a plurality of acquired detection signals is obtained, and the distance to the

measurement object is calculated based on the obtained sum signal.

[0012]
120 According to the third aspect of the present invention, in the photodetector, the plurality of
light receiving elements are arranged in a plurality of sets, and the light amount distribution
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conversion element changes the amount of received light between the plurality of sets. The
control unit acquires the detection signals for each of the plurality of sets, selects the
detection signals that have not reached the saturation level from the acquired plurality of
detection signals, and selects the detection signals that have not reached the saturation level.
Calculate the distance to the measurement target based on the selected detection signal, or
obtain the sum signal of the acquired plurality of detection signals and calculate the distance
to the measurement target based on the obtained sum signal. The distance measuring device

according to claim 1 or 2.

[0013]

132 The distance measurement according to any one of claims 1 to 3, wherein the invention
according to claim 4 is a Geiger mode APD array in which the photodetector has a plurality
of avalanche photodiodes operating in Geiger mode. It is a device.

[0014]

139 The invention according to claim 5 is a light-shielding plate which is arranged between the
condensing optical system and the light amount distribution conversion element to allow the
reflected light to pass through and to block the light emitted around the opening. The
distance measuring apparatus according to any one of claims 1 to 4, further comprising a

light receiving field limiting unit for limiting the light receiving field.

[0015]

147 The invention according to claim 6 is any of claims 1 to 5, wherein the light amount
distribution conversion element has a function of diffusing the reflected light collected by the
condensing optical system toward the photodetector. The distance measuring device
according to item 1.

[0016]
154 The invention according to claim 7 is the distance measuring device according to any one of
claims 1 to 6, wherein the light amount distribution conversion element is a diffusion plate

that diffuses and transmits incident reflected light.

[0017]

160 According to the eighth aspect of the present invention, the light amount distribution
conversion element includes a reflecting mirror having an opening and having the light
detector side as a reflecting surface, and a light transmitting plate for transmitting reflected
light passing through the opening. The distance measurement according to any one of claims
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1 to 6, wherein a slope that reflects the reflected light incident at a position facing the
opening of the light transmitting plate in the direction of the reflecting mirror is arranged. Tt

is a device.

[0018]

170 The invention according to claim 9 is the distance measuring device according to any one of
claims 1 to 6, wherein the light amount distribution conversion element is a diffracting
optical element that diffracts incident reflected light.

[0019]

176 According to the distance measuring device of the present invention, the intensity range
(dynamic range) of the reflected light that can be detected by the light detector can be
expanded with a simple configuration, and the measurement target can be expanded
regardless of the distance to the measurement target. The distance can be measured
accurately.

[0020]

184 It is the schematic which shows an example of the structure of the distance measuring
apparatus which concerns on 1st Embodiment of this invention.

186 It is an exploded perspective view which shows an example of the structure of the light
receiving part of the distance measuring apparatus.

188 Tt is a figure which shows the light amount distribution on the irradiated surface of a
photodetector.

190 It is a schematic diagram which shows the relationship between the total incident light
amount and the output signal of each element.

192 Tt is a flowchart which shows the processing routine of "distance calculation processing”.

192 Tt is a flowchart which shows an example of the processing routine of "detection signal
identification processing’.

195 It is a flowchart which shows the other processing routine of "detection signal identification
processing”.

197 (A) to () are schematic diagrams showing various configuration examples of the light amount

distribution conversion element.

measuring apparatus which concerns on 2nd Embodiment of this invention, and the light
amount distribution on the irradiated surface of the said light detector.

20z It is a top view which shows an example of the structure of the Geiger mode APD array used
as a photodetector.

204 It is a graph which shows the output photon number with respect to the total number of
absorbed photons when using the Geiger mode APD array.
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206 (A) is a plan view showing an example of the configuration of a split detector type
photodetector, and (B) is a schematic view showing an example of modularizing each unit.
208 (A) and (B) are diagrams showing various variations of the light amount distribution on the

irradiated surface of the photodetector.

[0021]
213 Hereinafter, an example of the embodiment of the present invention will be described in detail

with reference to the drawings.

[0022]

218 <First Embodiment> (Rough configuration of a distance measuring device) First, an example
of a configuration of a distance measuring device will be described.

zzo Here, an example will be described in which the distance measuring device is configured as a
laser radar device capable of measuring the distance to an object in a wide range by utilizing
the straightness of the laser beam.

223 TIG. 1 is a schematic view showing an example of the configuration of a distance measuring
device according to the first embodiment of the present invention.

225 I'IG. 2 is an exploded perspective view showing an example of the configuration of the light

receiving unit of the distance measuring device.

[0023]

230 As shown in TIG. 1, the distance measuring device 10 is referred to as an object to be
measured (hereinafter, referred to as an "object”.

23z), A light projecting unit 20 that projects the measurement light, a light receiving unit 30 that
receives the reflected light reflected by the object to be measured, and a control unit 40 that
performs various calculations and controls each unit of the device. There is.

2as Further, a display unit 42 for displaying a measurement result or the like may be connected
to the control unit 40.

237 The light projection unit 20 includes a laser light source 24 that emits measurement light, a
drive unit 26 that drives the laser light source 24, and a projection optical system 22 that

projects the measurement light onto an object.

[00241]

243 The drive unit 26 is electrically connected to the control unit 40.

244 The drive unit 26 lights and drives the laser light source 24 based on the control signal from
the control unit 40.

246 As the laser light source 24, a semiconductor laser (LD) or the like can be used.

247 Tor example, a semiconductor laser having an oscillation wavelength of 1.55 pm or the like
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can be used.
240 The laser light source 24 usually has a built-in photodetector for an output monitor.
250 The detection signal from the built-in light detection unit is input to the control unit 40 via

the drive unit 26 as a “measurement light output signal’ .

[0025]

255 The light receiving unit 30 is a condensing optical system 32 that collects the reflected light
reflected by the object, a light receiving field limiting unit 34 that is arranged at the focal
position of the condensing optical system 32 and limits the light receiving field, and
condensing optics. It includes a light amount distribution conversion element 36 that
converts the light amount distribution of the reflected light collected by the system 32, and a
photodetector 38 that detects the reflected light.

261 Fach of these parts is arranged in this order from the incident side of the reflected light.

262 The photodetector 38 is electrically connected to the control unit 40.

[0026]

266 The photodetector 38 includes a plurality of light receiving elements 50 as described later,
and the optical signal received by each of the plurality of light receiving elements 50 is
photoelectrically converted into an electric signal.

269 The electrical signal photoelectrically converted by the photodetector 38 is input to the
control unit 40 as a “reflected light detection signal ™ .

271 In the present embodiment, the reflected light detection signal is input corresponding to each
of the elements 1 to 3 described later.

[0027]

z76 As shown in FIG. 2, in the present embodiment, the photodetector 38 includes a plurality of
light receiving elements 50.

z7g Tach of the plurality of light receiving elements 50 is arranged in an array in the irradiated
surface 38A of the photodetector 38.

2s0 In the illustrated example, six light receiving elements 501 to 506 are arranged in a one-
dimensional array in the irradiated surface 38A.

282 On the left side of the center line in the arrangement direction of the light receiving elements
50, the light receiving elements 503, 502, and 501 are arranged in this order from the
center line.

285 On the right side of the center line, light receiving elements 504, 505, and 506 are arranged
in this order from the center line.

287 When it is not necessary to distinguish the light receiving elements 501 to 5086, they are
collectively referred to as the light receiving element 50.
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[0028]

292 As the light receiving element 50, a photodiode such as a PIN type photodiode (PD) or an
avalanche photodiode (APD) can be used.

294 For example, when a semiconductor laser having an oscillation wavelength of 1.55 pm or the
like is used as the laser light source 24, a photodiode having a wavelength of 1.55 pm and

having sensitivity to infrared rays can be used as the light receiving element 50.

[0029]

300 The control unit 40 includes an A / D converter, a storage unit such as a ROM and a RAM, and
a central pracessing unit such as a CPUL

302 The ROM stores programs and various data for executing various processing routines such as
calculation of the distance to the measurement target.

304 The RAM is used as a work area or the like for performing various operations performed by
the CPU.

306 As described above, the output signal of the measurement light and the detection signal of the
reflected light are input to the control unit 40.

308 These analog signals input to the control unit 40 are converted into digital signals by an A/ D
converter (not shown) and held in a storage unit (not shown).

[0030]

313 (Light amount distribution conversion) Next, how the light amount distribution of the
reflected light is converted will be described.

315 Tirst, the operation of the light receiving unit 30 will be described with reference to FIG.

a16 As described above, the light receiving unit 30 includes a condensing optical system 32, a
light receiving field view limiting unit 34, a light amount distribution conversion element 36,
and a photodetector 38.

319 The reflected light reflected by the object is incident on the condensing optical system 32,
condensed by the condensing optical system 32, and irradiated to the light receiving visual
field limiting unit 34.

[0031]

325 The light amount distribution conversion element 36 is not particularly limited as long as it
has a function of converting the light amount distribution of the reflected light into a desired
light amount distribution.

328 For example, a filter having a transmittance distribution may be used, but in order to detect a
weak optical signal with high accuracy, a filter having a small amount of light loss is
preferable.

331 As the light amount distribution conversion element 36, as described later, a diffuser plate
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that diffuses and transmits the incident reflected light, a light guide plate provided with a
reflector having an opening, a diffracting optical element that diffracts the incident reflected
light, and the like are used. Can be done.

235 The details of these configurations will be described later.

[0032]

339 The light receiving field view limiting unit 34 is composed of a light-shielding plate provided
with an opening 34A for passing reflected light.

341 The reflected light passes through the opening 34A, and the ambient light emitted around the
opening 34A is blocked by the light-shielding plate.

242 By limiting the light receiving field of view, excess ambient light is blocked.

344 In the illustrated example, the light receiving field limiting unit 34 has a slit-shaped opening
34A whose length direction is orthogonal to the arrangement direction of the light receiving
elements 50.

[0033]

350 The reflected light that has been condensed by the condensing optical system 32 and has
passed through the aperture 34A is incident on the light amount distribution conversion
element 36.

353 The light amount distribution conversion element 36 converts the light amount distribution of
the reflected light so that a non-uniform light amount distribution can be obtained on the
irradiated surface 38A of the photodetector 38.

356 The light amount distribution on the irradiated surface 38A is preset according to the position
where each of the plurality of light receiving elements 50 is arranged.

358 The photodetector 38 detects reflected light having a non-uniform light amount distribution.

[0034]

362 FIG. 3 is a diagram showing a light intensity distribution (light intensity distribution) on the
irradiated surface 38A of the photodetector 38.

34 The light intensity distribution is represented by shading, and the darker the light, the larger
the light, and the lighter the light, the smaller the light.

sé6 In the illustrated example, the reflected light that has passed through the slit-shaped opening
34A of the light receiving field limiting portion 34 is spread in the arrangement direction of
the light receiving element 50 by the light amount distribution conversion element 36, and
reaches the irradiated surface 38A of the photodetector 38. Be irradiated.

370 The amount of light on the irradiated surface 38A is the largest at the center line in the
arrangement direction of the light receiving element 50, and decreases toward the outside
from the center line.
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[0035]

376 Here, the light receiving elements 503 and 504 in the first row from the center line are
"element 1", the light receiving elements 502 and 505 in the second row from the center line
are "element 2", and the light receiving elements 501 and the light receiving elements 501 in
the third row from the center line. Let 506 be "element 3".

3s0 The light amount distribution is set according to the position where each of the elements 1 to

3 is arranged so that the light amount decreases by 1/10 from the center to the outside.

[0036]

285 (Expansion of Dynamic Range) FIG. 4 is a schematic diagram showing the relationship
between the total amount of incident light and the output voltage (detection signal) of each
clement.

388 In general, the light receiving element 50 becomes saturated when the amount of light
exceeds a certain level, and a correct detection signal cannot be obtained.

390 Moreover, even if the amount of light is too small, the detection signal is buried in noise.

391 Therefore, the detectable range of the amount of light from which a correct detection signal
can be obtained is limited to the range from "noise level (lower limit)" to "saturation level

(upper limit)".

[0037]

397 When the light amount distribution is set so that the light amount decreases from the element
1 to the element 3, the detection signal from each element with respect to the total incident
light amount draws a curve having a different inclination for each element, as shown in FIG.

100 That is, the "element 1" at the position with the largest amount of light reaches the saturation
level first, and the "element 2" at the position with the next largest amount of light reaches
the saturation level next and has the highest amount of light. The "element 3" at a small

position finally reaches the saturation level.

[0038]

407 Therefore, by selecting the detection signal from the element in the detectable range
according to the total incident light amount, the photodetector 38 as a whole can obtain the
detection signal over a wide light amount range. ..

410 That is, the intensity range (dynamic range) of the reflected light that can be detected by the
photodetector 38 is expanded.

112 For example, the detection signal of "element 1" is selected until "element 1" is saturated, the
detection signal of "element 2" is selected when "element 1" is saturated, and "element 3" is
selected when "element 2" is saturated. ” Detection signal is selected.
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[0039]

418 In the present embodiment, the light amount distribution is given so that the light amount
decreases by 1/10, but it is sufficient if the detection signal from the light receiving element
within the detectable range can be selected. The light amount distribution on the irradiated
surface 38A of the photodetector 38 may be set according to the detectable range of the

light receiving element 50.

[0040]

126 (Distance calculation processing and detection signal identification processing) Next, the
operation of the above-mentioned distance measuring device 10 will be described.

428 T1G. 5 is a flowchart showing a processing routine of “distance calculation processing”
executed by the control unit 40.

430 Further, FIG. 6 is a flowchart showing a processing routine of “detection signal identification
processing’ executed as a subroutine of “distance calculation processing’ .

[0041]

435 The processing routine of the "distance calculation process” is started at the timing when the
light projecting unit 20 of the distance measuring device 10 projects the measurement light
onto the object.

138 That is, the control unit 40 inputs a control signal to the drive unit 26 that drives the laser
light source 24 so as to project the measurement light onto the object.

440 The drive unit 26 lights and drives the laser light source 24 based on the control signal from
the control unit 40.

442 The measurement light emitted from the laser light source 24 is projected onto the object by
the projection optical system 22.

444 The output signal of the measurement light is input to the control unit 40.

[0042]

448 In step S100, the “measurement light output signal” is acquired from the drive unit 26.

449 Next, in step S102, the timing at which the measurement light is projected is calculated based
on the acquired “measurement light output signal” , and the calculated projection timing is

stored.

[0043]

455 Next, the light receiving unit 30 of the distance measuring device 10 receives the reflected
light from the object.

457 As described above, the reflected light collected by the condensing optical system 32 and
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passed through the aperture 34A is spread in the arrangement direction of the light
receiving element 50 by the light amount distribution conversion element 36, and is spread
on the irradiated surface 38A of the photodetector 38. Be irradiated.
461 The photodetector 38 detects reflected light having a non-uniform light amount distribution.
162 When the reflected light is detected by the photodetector 38, the detected signal of the
reflected light is input to the control unit 40.

[00441]

467 In step S104, the “reflected light detection signal” is acquired from the photodetector 38.

468 The control unit 40 acquires three types of detection signals corresponding to each of the
elements 1 to 3.

470 Next, the "detection signal identification process” for specifying the detection signal used in
step S106 is executed.

472 Here, the “detection signal identification process” will be described with reference to FIG,

[0045]

476 As shown in F1G. 6, first, in step S200, it is determined whether or not the detection signal of
the "element 1" is less than the saturation level.

478 If the saturation level has not been reached, an affirmative determination is made in step
S200, the process proceeds to step 202, the detection signal of "element 1" is selected in step
202, and the routine ends.

18t When the saturation level is reached, a negative determination is made in step S200 and the
process proceeds to step 204.

[0046]

486 Next, in step S204, it is determined whether or not the detection signal of the "element 2" is
less than the saturation level.

a8 If the saturation level has not been reached, an affirmative determination is made in step
S204, the process proceeds to step 206, the detection signal of "element 2" is selected in step
206, and the routine ends.

491 When the saturation level is reached, a negative determination is made in step S204, and the

process proceeds to step 208.

[0047]

196 Next, in step S208, it is determined whether or not the detection signal of the "element 3" is
less than the saturation level.

498 If the saturation level has not been reached, an affirmative determination is made in step
S208, the process proceeds to step 210, the detection signal of “element 37 is selected in

02-04-2021 12

1246



step 210, and the routine ends.
so1 When the saturation level is reached, a negative determination is made in step S208, and the

process proceeds to step 212.

[0048]

506 In step 212, it is displayed that the signal is saturated.

507 That is, it notifies that there is no valid detection signal and ends the routine.

508 In the "distance calculation process’, it is determined whether or not a valid detection signal
exists based on the "notification”.

510 When the signal is saturated, it is difficult to calculate the exact distance, but the presence of
an object can be detected.

[0049]

515 Next, returning to TIG. 5, as a result of performing the “detection signal specifying process”
in step S108, it is determined whether or not a valid detection signal exists.

517 That is, it is determined whether or not the detection signal from the element within the
detectable range could be selected.

519 If a valid detection signal exists, a positive determination is made in step S108 and the
process proceeds to step S110. If a valid detection signal does not exist, a negative
determination is made and the routine ends.

szz In step S110, the timing at which the reflected light is received is calculated based on the
acquired “reflection light detection signal” |, and the calculated light reception timing is
stored.

[0050]

528 Next, in step 112, the response time required from the projection of the measurement light to
the reception of the reflected light is calculated based on the timing of projecting the
acquired measurement light and the timing of receiving the reflected light.

531 Then, based on the calculated response time, the distance to the object to be measured is
calculated, and the routine is terminated.

532 The distance to the measurement object obtained by the calculation may be displayed on the

display unit 42 as the measurement result.

[0051]

538 In the above-mentioned "detection signal identification process”, an example of selecting a
detection signal from an element within the detectable range has been described, but a sum
signal of the detection signals from each element may be used.

s41 FIG. 7 is a flowchart showing another processing routine of “detection signal identification
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processing’’ .
543 As shown in TIG. 7, first, in step S300, the sum (sum signal) of the detection signals of the
elements 1 to 3 is calculated.

545 Next, in step 302, it is determined whether or not the sum signal is below the saturation level.

[0052]

549 If the saturation level has not been reached, an affirmative determination is made in step
S302, the process proceeds to step 304, and the sum signal is used as a detection signal in
step 304 to end the routine.

552 When the saturation level is reached, a negative determination is made in step S302 and the
process praoceeds to step 306.

554 In step 306, it is displayed that the signal is saturated.

555 That is, it notifies that there is no valid detection signal and ends the routine.

[0053]

550 (Example of Configuration of Light Amount Distribution Conversion Element) Next, the
configuration of the light quantity distribution conversion element 36 will be described.

561 8 (A) to 8 () are schematic views showing various configuration examples of the light
amount distribution conversion element.

563 FIG. 8A is an example in which a diffractive optical element 36A that diffracts the incident
reflected light is used as the light amount distribution conversion element.

565 As the diffractive optical element 36A, a diffractive optical element (DOE), a holographic
optical element (IHOT), or the like, which can arbitrarily design the wave surface of the
diffracted light, can be used.

568 According to these optical elements, the light amount distribution on the irradiated surface
38A, the spreading angle of the diffracted light, and the like can be arbitrarily designed.

[0054]

573 When the diffractive optical element 36A is used as the light amount distribution conversion
element, the light receiving visual field limiting unit 34 may be arranged apart from the
diffractive optical element 36A as shown in FIG. 8 (A).

576 Further, as shown in FIG. 8B, the light receiving field view limiting unit 34 may be arranged

so as to be in contact with the diffraction optical element 36A.

[0055]

581 FIG. 8C shows an example in which a diffuser plate 36B that diffuses and transmits the
incident reflected light is used as the light amount distribution conversion element.

583 It is only necessary to dispose the diffuser plate 36B between the light receiving field of view
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limiting unit 34 and the photodetector 38, and the dynamic range of the photodetector can
be expanded with the simplest configuration.

586 As the diffusing plate 368, a conventionally known diffusing plate such as a frost type
diffusing plate or a diffusing plate in which a milky white light diffusing substance is

dispersed in glass or resin can be used.

[0056]

592 Further, with an isotropic diffusion plate, diffusion may not be possible in a desired direction
and angle, for example, diffusion is performed in the same direction as the length direction of
the slit.

595 Therefore, by using the anisotropic diffuser as the diffuser 36B, the spread of the diffused
light can be reduced.

597 When the diffuser plate 36B is used as the light amount distribution conversion element, as
shown in FIG. 8C, the diffuser plate 36B is brought into contact with the photodetector 38 in
order to reduce the light leaking out of the light receiving region. It is preferable to arrange it
in.

60t Turther, as shown in FIG. 8C, the light receiving field view limiting portion 34 may be
arranged so as to be in contact with the diffusion plate 36B.

[0057]

606 8 (D) and 8 (F) are examples of using a light guide plate 36C provided with a reflector having
an opening as a light amount distribution conversion element.

608 As shown in TIGS. 8D and 8L, the light guide plate 36C transmits the reflected light that has
passed through the reflector 31 having the opening 31A and the light detector 38 side as the
reflecting surface, and the opening 31A. A light transmitting plate 33 for transmitting is
provided.

612 A slope 35 that reflects the incident reflected light in the direction of the reflecting mirror 31
is arranged at a position facing the opening 31A of the light transmitting plate 33.

[0058]

617 In the illustrated example, the surface of the light transmitting plate 33 on the light emitting
side is cut out in a V shape to form two slopes 35, whereby a groove extending in the length
direction of the slit-shaped opening 34A is formed. ..

620 In the light guide plate 36C, the reflected light that has passed through the slit-shaped
opening 34A of the light receiving field limiting portion 34 is partially reflected in the
direction of the reflector 31 by the slope 35, and the direction of the light detector 38 by the
reflector 31. By being reflected by the light receiving element 50, it is expanded (guided) in
the arrangement direction of the light receiving element 50 and irradiated to the irradiated
surface 38A of the light detector 38.
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[0059]

629 When the light guide plate 36C is used as the light amount distribution conversion element, it
is preferable to arrange the light guide plate 36C so as to be in contact with the
photodetector 38 as shown in FIG. 8 (D).

622 Further, as shown in FIG. 8D, the light receiving field view limiting unit 34 may be arranged

so as to be in contact with the light guide plate 36C.

[0060]

637 As described above, according to the present embodiment, a plurality of light receiving
elements are arranged in a one-dimensional array in the irradiated surface of the
photodetector, and the reflected light having a non-uniform light amount distribution is
transmitted to the plurality of light receiving elements. By converting the light amount
distribution of the reflected light with the light amount distribution conversion element so as
to be irradiated, it is possible to obtain a detection signal over a wide light amount range
even if the light receiving sensitivities of the plurality of light receiving elements are the
same. become.

645 That is, the intensity range (dynamic range) of the reflected light that can be detected by the
photodetector is expanded.

[0061]

650 <Second Fmbodiment> Next, another configuration of the distance measuring device of the
present invention will be described.

652 T'1G. 9 is a diagram showing an example of the configuration of a photodetector in the
distance measuring device according to the second embodiment of the present invention and
the light amount distribution on the irradiated surface of the photodetector.

655 Since the photodetector 38 has the same configuration as the distance measuring device
according to the first embodiment except that a photodetector in which a plurality of light
receiving elements 50 are arranged in a two-dimensional array is used, the same

configuration portion is used. The description of the above will be omitted.

[0062]

66z As shown in FIG. 9, in the present embodiment, each of the plurality of light receiving
elements 50 is arranged in a two-dimensional array in the irradiated surface 38A of the
photodetector 38.

665 In the illustrated example, 36 light receiving elements 5011 to 5066 are arranged in a matrix
of 6 rows and 6 columns.

667 Here, the light receiving elements 50 arranged in m rows and n columns are referred to as
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"light receiving elements 50 mn".

669 On the left side of the center line in the arrangement direction of the light receiving elements
50, the light receiving elements 50m3, 50m2, and 50m1 are arranged in this order from the
center line.

672 On the right side of the center line, light receiving elements 50 m4, 50 m5, and 50 m6 are
arranged in this order from the center line.

674 When it is not necessary to distinguish the light receiving elements 501 to 5066, they are

collectively referred to as the light receiving element 50.

[0063]

679 A Geiger mode APD array can be used as the photodetector 38 in which the plurality of light
receiving elements 50 are arranged in a two-dimensional array.

68t F1G. 10 is a plan view showing an example of the configuration of the Geiger mode APD array
used as the photodetector 38 in the present embodiment.

683 A Geiger mode APD array is an APD array in which a plurality of avalanche photodiodes
(APDs) operating in Geiger mode are arranged in a two-dimensional matrix.

685 Normally, the Geiger mode APD array has a structure in which APDs are connected in parallel
in two dimensions, and is used as a photon counter.

[0064]

690 Fach APD outputs a constant pulse when a photon is incident.

691 All APDs are connected to one read channel, and the pulse output from each APD becomes
one large pulse, and the number of photons detected by the APD array can be measured by
the magnitude of this pulse.

694 In other words, an APD array having N APDs can detect 2N gradations of light.

695 That is, by reducing the size of the APD and increasing the number of APDs, the dynamic
range of the photodetector is expanded.

697 On the other hand, when the number of APDs is increased, the area of the element separation

band increases and the effective light receiving ratio (fill factor) decreases.

[0065]

70z In this embodiment, a plurality of light receiving elements (APDs) 50 are arranged in a matrix
of m rows and n columns.

704 Hereinafter, in the present embodiment, the light receiving element 50 is paraphrased as

“APD50" .

706 Further, in the present embodiment, the plurality of APD 50s are divided into a plurality of
sets 52, and the "detection signal” from the photodetector 38 is input corresponding to each
of the plurality of sets 52.

709 In the illustrated example, 36 APDs 5011 to 5066 are arranged in a matrix of 6 rows and 6
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columns, APD50m3 and 50m4 in the first column from the center line are "group 521", and
APDS50mM2 in the second column from the center line. And 50m5 are referred to as "group
522", and APD50m1 and 50m6 in the third row from the center line are referred to as

"group 523"

[0066]

717 FIG. 11 is a graph showing the number of output photons with respect to the total number of
absorbed photons when the Geiger mode APD array is used.

719 The horizontal axis represents the total number of absorbed photons, and the vertical axis
represents the number of output photons.

721 As the photodetector 38, the Geiger mode APD array shown in FIG. 10 is used, and the light
amount distribution conversion element 36 is used on the irradiated surface 38A of the
photodetector 38 so that different light amounts can be obtained for each of the groups 521
to 523. Designed.

[0067]

728 Here, 90% of the total light amount is irradiated to the APD50 constituting the "group 5217,
and 9% of the total light amount is irradiated to the APD50 constituting the "group 522" to
form the "group 523". The light amount distribution is set according to the position where
each of the groups 521 to 523 is arranged so that the APD 50 is irradiated with light of 0.9%

of the total light amount.

[0068]

7a6 Tor comparison, "Homo" in the graph is the output when a uniform amount of light is applied
to each of the plurality of APD50s (that is, the irradiated surface 38A of the photodetector
38) as in the conventional case. Detection signal).

739 "Hetero 1st row" represents the output from the APD50 constituting "Group 521", "Hetero
2nd row" represents the output from the APD50 constituting "Group 522", and "Hetero 3rd
row" represents the output from "Group 523", Represents the output from the APDS50 that
constitutes.

743 Further, "Hetera" is an output from the APD50 constituting the "group 521" (Hetero 1st row),
an output from the APDS50 constituting the "group 522" (Hetero 2nd row), and an APD50
constituting the "group 523", Represents the sum (sum signal) of the output from (Hetero

3rd row).

[0069]
750 When the irradiated surface 38A of the photodetector 38 is irradiated with a uniform amount
of light, the inclination becomes gentle from about 20 absorbed photons, and when the
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absarbed photons reach 100, the light becomes almost flat. The output of the detector 38
becomes saturated.

754 On the other hand, in the present embodiment, the tilt is maintained until the number of
absorbed photons becomes close to 1000 by irradiating the reflected light obtained by
converting the light amount distribution so that the light amount distribution becomes non-
uniform on the irradiated surface 38A. be able to.

758 As a result, the dynamic range can be expanded 10 times or more as compared with the

conventional case.

[0070]

762 For example, when selecting any of the "detection signals (Hetero 1st row / Hetero 2nd row /
Hetero 3rd row)" corresponding to each of the groups 521 to 523, even if the number of
absorbed photons is close to 1000, the "detection signal (Hetero 1st row / Hetero 2nd row /
Hetero 3rd row)" Since the "detection signal” is not saturated, the reflected light can be
detected by selecting the detection signal of the set 523.

765 Further, even when the "hetero” of each detection signal of the set 521 to the set 523 is used,
the "sum signal” is not saturated even if the number of absorbed photons is close to 1000, so
that the reflected light is reflected by the "sum signal”. Can be detected.

[0071]

774 As described above, according to the present embodiment, a plurality of light receiving
elements are arranged in a two-dimensional array in the irradiated surface of the
photodetector, and the reflected light having a non-uniform light amount distribution is
transmitted to the plurality of light receiving elements. By converting the light amount
distribution of the reflected light with the light amount distribution conversion element so as
to be irradiated, it is possible to obtain a detection signal over a wide light amount range
even if the light receiving sensitivities of the plurality of light receiving elements are the
same. become.

782 That is, the intensity range (dynamic range) of the reflected light that can be detected by the

photodetector is expanded.

[0072]

787 Further, even when the Geiger mode APD array is used as the photodetector, the dynamic
range of the photodetector is expanded without increasing the number of APDs, that is,
without lowering the effective light receiving ratio (fill factor). Can be done.

[0073]
793 <Other Modifications> (Light-Receiving Field of View Limiting Part) In the above embodiment,
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the light-receiving field of view becomes wider than necessary, and extraneous ambient light
such as outdoor sunlight is incident to increase noise. In order to avoid this, an example of
providing a light receiving visual field limiting portion (opening diaphragm) having a slit-
shaped opening has been described. but if there is another mechanism for limiting the light
receiving visual field, the light receiving visual field limiting portion may be omitted. ..

799 For example, the intensity distribution may be given to the measurement light projected on

the object by the light projecting optical system of the light projecting unit or the like.

[0074]

804 (Application to a split detector type photodetector) The present invention can also be applied
to a split detector type photodetector.

s06 T1G. 12A is a plan view showing an example of the configuration of a split detector type
photodetector, and FIG. 12B is a schematic view showing an example in which each unit is
modularized.

809 As shown in T'1G. 12 (A), when the photodetector 38 is a split detector type photodetector
divided into a plurality of units 381 to 384, the amount of light for each of the plurality of
units 381 to 384 Modules that transform the distribution may be formed.

[0075]

815 For example, as shown in FIG. 12B, the module including the unit 381 includes a light
receiving field view limiting unit 341, a light amount distribution conversion element 361,
and a unit 381.

818 The light amount distribution conversion element 361 converts the light amount distribution
of the reflected light that has passed through the opening 34A1 of the light receiving visual
field limiting unit 341 so that the light amount distribution on the irradiated surface of the
unit 381 becomes non-uniform.

szz In order to reduce crosstalk between each of the plurality of units 381 to 384, the light
amount distribution conversion element 361 should arbitrarily design the light amount
distribution on the irradiated surface, the spread angle of the diffracted light. and the like.

Diffractive optical elements such as DOE and HOT are preferable.

[0076]

g29 (Modified Example of Light Amount Distribution) In the above embodiment, an example in
which the light amount on the irradiated surface is the largest at the center line in the
arrangement direction of the light receiving elements and becomes smaller toward the
outside from the center line has been described. It suffices to irradiate the reflected light with
a non-uniform light amount distribution, and the light amount distribution is not limited to
the above example.

835 It may be changed as appropriate according to the paosition where a plurality of light receiving
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elements are arranged.

837 13 (A) and 13 (B) are views showing various variations of the light amount distribution on the
irradiated surface of the photodetector.

839 As shown in TIGS. 13A and 13B, the light amount distribution on the irradiated surface 38A
of the photodetector 38 may be the light amount distribution of the central object.

841 For example, as shown in FIG. 13 (A), the amount of light may be increased toward the central
portion and decreased toward the peripheral portion.

843 On the contrary, as shown in FIG. 13B, the amount of light may be smaller in the central
portion and larger in the peripheral portion.

[0077]

845 10 Distance measuring device 20 Light projecting unit 22 Light projecting optical system 24
Laser light source 26 Driving unit 30 Light receiving unit 31A Opening 31 Reflector 32
Condensing optical system 33 Light transmitting plate 34A Opening 34 Light receiving field
limiting unit 35 Slope 36 Light intensity Distribution conversion element 36A Diffraction
optical element 36B Diffuse plate 36C Light guide plate 38 Light detector 38A Trradiated
surface 40 Control unit 42 Display unit 50 Light receiving element 52 sets
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